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Preface

Let me teach you something
—Hans Popper

The complexity of managing patients with liver disease, liver failure, and advanced fibrosis 
requires a multidisciplinary approach. Physicians and scientists today are specialized in a vari-
ety of fields, including gastroenterology, internal medicine, radiology, pathology, surgery, and 
nutrition, and along with leaders in other fields they together constitute the multidisciplinary 
team.

The importance and input of the multidisciplinary team is clear during the time of pre-
transplant evaluation as well as post-transplant management. In large liver centers, the 
members of the “Liver Team” are creating the strategy regarding patient management at 
multiple levels.

Ideally, this concept can be instituted at an earlier stage with a focus on prevention and 
appropriate screening in order to avoid and prevent the detrimental complications of advanced 
liver diseases.

Liver Diseases: A Multidisciplinary Textbook has been written by an international assembly 
of outstanding experts in their field. These scientists have shared their knowledge on key ele-
ments such as an overview of basic liver concepts, functions and mechanisms of liver injury/
regeneration, epidemiologic data, clinical manifestations of the various stages of liver dis-
eases, and diagnostic tools and algorithms along with current and future treatment strategies.

The chapters are structured in a unique fashion incorporating key concepts and didactic ele-
ments, along with practical examples and exercises. A significant number of tables, figures, 
and illustrations have been included in each chapter.

We believe that this book, supported by the current international literature, written by dis-
tinguished leaders of hepatology and other research fields, will provide a platform for readers 
to better understand liver diseases and the opportunity to find the answers they are looking for 
and enhance their knowledge in the field of liver disease.

Bucharest, Romania Florentina Radu-Ionita
Newark, NJ, USA Nikolaos T. Pyrsopoulos
Bucharest, Romania Mariana Jinga
Bucharest, Romania Ion C. Tintoiu
Perth, WA, Australia Zhonghua Sun
Bucharest, Romania Ecaterina Bontas
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Anatomy and Embryology of the Liver

Sergio Morini, Guido Carpino, Simone Carotti, 
and Eugenio Gaudio

1.1  Introduction
The liver is the largest organ in the human body and repre-
sents 2–5% of body weight in adults.

It can perform both exocrine and endocrine-metabolic 
functions. A unique feature of the liver is that its cells, the 
hepatocytes, are able to exercise both exocrine and endocrine 
functions on their own, unlike the pancreas where the two 
functions are performed by different cells. The liver exer-
cises the exocrine function like a gland attached to the duo-
denum, from which it has its embryological origin, and in 

which it secretes the bile. Instead, endocrine functions 
include the secretion of some hormones such as Insulin-like 
growth factors, angiotensinogen and thrombopoietin.

The endocrine-metabolic function is made possible by the 
particular position of the liver in relation to the circulatory 
system: it is in fact interposed between the portal circle and 
the inferior vena cava. It therefore receives venous blood 
from the abdominal organs of the digestive system and from 
the spleen, containing the metabolites absorbed in the intes-
tine and the products of the splenic metabolism.

The liver can therefore play a key role in the metabolic 
homeostasis of the whole organism. It is in fact essential for 
the control of several metabolic functions, including glucose 
homeostasis, gluconeogenesis and glycogenolysis, fatty acid 
and cholesterol synthesis and processing of dietary fats to 
lipoproteins, drug detoxification, urea metabolism. Beside 
glycogen, it can storage iron, copper and some vitamins like 
vitamin A, D, K and B12. Finally, it secrets an extensive 
array of plasma proteins, among which albumin, binding 
proteins, apolipoproteins, fibrinogens and other coagulation 
factors.

1.2  Clinical Anatomy of the Liver

The liver is positioned in the right upper abdomen, corre-
sponding to the right hypochondrium, part of the epigastrium 
and of the left hypochondrium. It is therefore below the dia-
phragm, which separates it from the pleurae, the lungs and 
the heart, and above the stomach and the transverse colon; 
posteriorly it is in relationship with the last thoracic verte-
brae and with the retroperitoneal organs, such as the kidney, 
the right adrenal gland and the inferior vena cava.

Despite the advent of the modern diagnostic imaging 
techniques, the surface and clinical anatomy of the abdomi-
nal organs continues to be quite relevant in the clinical 
semeiotics. Due to variable shape and extension of the liver 
through different subjects, also the surface margins of the 
organ are variable. The projection of the liver on the anterior 

Key Concepts
• The liver is a gland that exerts both an exocrine and 

endocrine function, as well as a regulation of almost 
all the metabolic homeostasis.

• To support all these functions, it has a particular cir-
culatory system with blood supply from many 
abdominal organs via the portal vein.

• The division of the parenchyma into functionally 
independent segments, based on the vascular internal 
subdivision, is of importance in clinical practice.

• An amount of genes and transcription factors, acti-
vated by interaction with mesenchymal signals, 
regulate the embryonic development of the liver, 
until it progressively assumes its final configuration 
and function.

S. Morini (*) · S. Carotti 
Department of Medicine and Surgery, University Campus 
Bio-Medico of Rome, Rome, Italy
e-mail: s.morini@unicampus.it 

G. Carpino 
Department of Motor, Human and Health Sciences,  
University of Rome “Foro Italico”, Rome, Italy 

E. Gaudio 
Department of Anatomical, Histological, Locomotor and Legal 
Medicine Sciences, Sapienza University, Rome, Italy

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24432-3_1&domain=pdf
mailto:s.morini@unicampus.it


4

abdominal wall assumes a roughly triangular shape (Fig. 1.1). 
The upper margin corresponds to the contour of the dia-
phragm and, after a normal expiration, is represented by a 
line passes between the right fifth rib at the right mid- 
clavicular line, and the fifth intercostal space at the left mid- 
clavicular line. This line is slightly concave upward at the 
central tendon of the diaphragm on which the heart rests, and 
crosses the midline behind the xiphisternal joint. The lower 
margin correspond to a line passes between the intersection 
of the tenth costal cartilage at the right mid-clavicular line, 
and the intersection of the fifth intercostal space and the left 
mid-clavicular line. This margin crosses the right costal arch 
at the level of the tenth coast and the left one at the level of 
the seventh coast. In healthy subjects, this margin is appre-
ciable during a deep inspiration, lowering about 1–2 cm. The 
right border of the liver correspond to a slightly concave 
curve that joins the two right ends of the other margins.

The fundus of the gallbladder normally corresponds to a 
point between the tenth right costal cartilage and the lateral 
margin of the rectus abdominis (linea semilunaris).

1.3  Gross Anatomy and Surfaces 
of the Liver

The liver occupies a proper space of the peritoneal cavity 
(Fig. 1.2a). It has the shape of a horizontally arranged ovoid, 
cut from an oblique plane with the removal of the posterior- 
inferior portion. It measures about 25–28 cm in width, 8 in 
height and 16–17 in the anterior-posterior diameter; it weighs 
about 2000 g in living (slightly lower in females), and about 
1500 g, when eliminating the contained blood.

Its surface is smooth, surrounded by the Glisson connec-
tive capsule and largely coated by the peritoneum. It presents 
a diaphragmatic face, with anterior-superior extension, and a 

lower visceral face. The two sides meet in the thin anterior 
margin, corresponding to the lower projection line of the 
liver, and in the posterior margin. The latter is thin in the left 

Fig. 1.1 Projection of the liver on the anterior surface of the abdomen

Fig. 1.2 Position of the liver in the abdomen (a) and its relationship with 
the retroperitoneal organs. The inferior vena cava and the line of reflec-
tion of the peritoneum, forming the coronary ligament and delimiting the 
bare face (clearer area), are visible in transparency behind the liver; the 
stomach and the spleen have been removed. The anterior (b), posterior (c) 
and inferior (d) surfaces of the liver with the peritoneal ligaments

S. Morini et al.
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portion, but becomes thicker to the right, where it can be also 
considered as a back face of the liver.

The anterior-superior face, or diaphragmatic face, is lim-
ited by the anterior margin and at the top by the reflection of 
the peritoneum that forms the upper part of the coronary liga-
ment. The face is subdivided in a right lobe and a left lobe by 
a sagittal furrow. Along this furrow the peritoneum rises to 
form the falciform ligament. The inferior face, or visceral 
face, is turned backwards and downwards. It appears irregular 
due to the presence of three grooves and some imprints. The 
right sagittal groove, that corresponds to the main portal fis-
sure or Cantlie’s line, is broad and contains the gallbladder 
anteriorly and the inferior vena cava in the posterior portion. 
The left sagittal groove is deep and thin: in its anterior por-
tion, the umbilical fissure, it contains the round ligament, 
while in the posterior portion it assume the name of venous 
fissure containing the venous ligament. The deep transverse 
fissure included between the two sagittal ones constitutes the 
porta hepatis and contains all the structures of the hepatic 
peduncle that reach the liver. The three grooves delimit four 
lobes on the visceral face of the liver: right lobe, left lobe, 
square lobe, in front of the porta hepatis, and caudate lobe 
placed behind it. On the visceral face are also present the 
imprints of the abdominal organs: on the right the flexure of 
the ascendant colon, the duodenum, the right kidney and the 
adrenal gland; on the left the stomach and the esophagus; on 
the square lobe the impression of the pylorus. The posterior 
face of the liver is in relationship with the diaphragm, the last 
thoracic vertebrae, the large abdominal vessels and the esoph-
agus. It is bounded by the lines of reflection of the peritoneum 
that form the two parts of the coronary ligament of the liver: 
on the right the two sheets move away leaving a large surface 
of the liver free from the peritoneum and in contact with the 
diaphragm, the bare area.

1.4  Peritoneum and Ligaments 
of the Liver

The liver is closely linked to the diaphragm and the inferior 
vena cava. The adhesion to the diaphragm through the coro-
nary ligament and the bare face, where the Glisson capsule 
merges with the fascia of the muscle, allows the liver to remain 
as hanging to the diaphragm and to follow its movements. The 
inferior vena cava, which at the top is fixed to the orifice of the 
diaphragm, constitutes as a support pylon for the liver, which 
surrounds the vena and adheres to it in particular through the 
outlet of the hepatic veins. These two systems can be consid-
ered the true structures for the liver fixity, while the ligaments 
are formed by thin sheets of peritoneum and have the meaning 
of connection with the neighboring organs (Fig. 1.2b–d). In 
addition, the support provided by the right kidney and the 
duodenum-pancreatic complex, as well as the abdominal pres-
sure, contributes to maintain the position of the liver.

The coronary ligament is considered to be a suspensory 
ligament of the liver. It is formed by the reflection of the two 
upper and lower peritoneal sheets which, separated from 
each other, delimit the bare area of the liver. At both extremi-
ties, the upper and lower peritoneal sheets come closer 
together and become thicker, forming the two right and left 
triangular ligaments. The upper sheet of the coronary liga-
ment divides into two parts that rise up to form the two peri-
toneal sheets of the falciform ligament.

The falciform ligament originates at the upper sagittal 
groove of the liver where the peritoneum rises in two sheets 
that form the base of the scythe. The anterior margin of the 
ligament continues with the parietal peritoneum along a line 
extending between the diaphragm and the anterior abdomi-
nal wall, up to the navel; the free margin, facing towards the 
internal abdominal cavity and extending from the navel up to 
the anterior-inferior margin of the liver contains in its thick-
ness the round ligament of the liver. This ligament, residual 
of the umbilical vein, has the appearance of a fibrous cord 
that reaches the liver from the navel, and runs along the left 
sagittal sulcus up to the hilum of the organ; its continuation 
is the venous ligament, the residue of the venous duct 
(Aranzian duct) that connects to the inferior vena cava.

Finally, the lesser omentum is the remnant of the original 
ventral mesogastrium. It extends from the transverse sulcus 
at the porta hepatis to the small curvature of the stomach and 
to the upper margin of the first portion of the duodenum. It 
consists of two portions: the gastrohepatic ligament (pars 
flaccida), that is very thin and anteriorly delimits the supe-
rior recess of the lesser sac, and the hepatoduodenal liga-
ment (pars tensa). The latter is much thicker and contains all 
the structures that reach the liver: the portal vein, the hepatic 
artery, the extrahepatic biliary tract, as well as lymphatic and 
nervous trunks. Inside the ligament, the portal vein occupies 
the rearmost position, while normally the artery is located on 
the left anterior position and the common bile duct on the 
right anterior one.

1.5  Vessels and Nerves

The blood reaches the liver through two vessels, the portal 
vein and the hepatic artery, which penetrate the organ at the 
level of the hilum; a single venous system comes out of the 
organ, consisting of the hepatic veins that flow into the infe-
rior vena cava.

The portal vein is a large vessel, with a lumen of about 
1 cm, which forms behind the head or isthmus of the pan-
creas due to the confluence of the superior mesenteric vein, 
the inferior mesenteric vein and the splenic vein (Fig. 1.3). 
The last two usually converge to form a common trunk, 
although different variants of vein union exist with very dif-
ferent percentages in the literature. In particular, in the most 
frequent case the inferior mesenteric vein enters the splenic 

1 Anatomy and Embryology of the Liver



6

vein; in the variations it can converge at the angle of conflu-
ence of the splenic vein and the superior mesenteric vein, or 
enter into the superior mesenteric vein; other variants are 
very rare [1, 2]. After covering the entire hepatoduodenal 
ligament, the portal vein reaches the liver where it first sub-
divides into a right and a left branch; from these branches, an 
arborization originates with successive branches of progres-
sively smaller calibre, at the end of which the network of 
hepatic sinusoids originates.

Accessory portal veins are defined as veins that carry 
venous blood to the hepatic parenchyma without reaching 
the portal vein. These are the cystic veins, the veins accom-
panying the falciform ligament and the round ligament, and 
the veins of the lesser omentum.

The veins tributaries of the portal vein present some anas-
tomoses with veins that directly are headed to the district of 
the inferior vena cava, thus constituting collateral circles that 
bypass the liver. It deals of anastomoses with the esophageal, 
hemorrhoidal, paraumbilical veins, with the parietal veins of 
the Retzius’ circle, and with the accessory portal veins. All 
these anastomosis can constitute porto-systemic shunts that 
have no relevance under normal conditions, but acquire 
much relief in chronic hepatic diseases and in portal 
hypertension.

The hepatic artery (Fig.  1.3) originates from the celiac 
trunk, first as a common hepatic artery, which divides into 
the gastroduodenal artery and the proper hepatic artery. The 
latter joins the portal vein and reaches the liver. Within the 
organ, the artery subdivides following the way of branching 
of the portal vein. Before arriving at the liver, the hepatic 
artery gives rise to the cystic artery and to other branches for 
the extrahepatic biliary tract. Inside the liver, in addition to 
the branches destined to the capsule and the connective tis-
sue of the periportal spaces, the artery supplies the peribili-
ary plexus, a capillary network to nourish the intrahepatic 
bile ducts. The blood drained from the peribiliary plexus 
eventually flows into the network of the hepatic sinusoids. In 
about one third of subjects, variant of the left or the right 
hepatic arteries are present, and only few patients show a 
variant anatomy involving both arteries. The origin of the 
common hepatic artery from the superior mesenteric artery 
or from the aorta is rare. These anatomical variants of the 
hepatic artery have relevance for surgical and interventional 
radiological procedure [3, 4].

The portal vein is responsible for about 70–80% of the 
blood supply to the liver, while the remaining is due to the 
hepatic artery. The portal blood has a saturation of about 
80% and can give oxygen to the hepatocytes.

The hepatic veins constitute a system of veins that carries 
blood from the liver. They originate from the progressive con-
fluence of the central veins of the lobules in ever larger trunks 
that form the roots of the hepatic veins. At the end three main 
venous trunks are formed. In vivo studies showed that the pre-
vailing pattern of the three hepatic veins is a right hepatic vein 
and a common trunk for the middle and left hepatic veins 
(61%), while in the remaining patients the three veins drain 
independently into the inferior vena cava [5].

The right hepatic vein is the largest, but also the most 
variable in size, sometimes accompanied by a right inferior 
hepatic vein (21.0%), or an accessory vein (8%); it drains the 
whole segments VI and VII, and partially the segments V and 
VIII. The middle hepatic vein drains the central part of the 

Fig. 1.3 Representation of the portal vein with tributaries (a) and the 
hepatic artery with its divisions (b), according to the most frequent 
mode of organization

S. Morini et al.
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liver with variable blood supply from the segments IV, V and 
VIII, while the left hepatic vein collects blood from the seg-
ments II, III and IV, although intrahepatic venous anastomo-
ses are frequently reported [6]. Some minor hepatic veins 
drain blood from segment I, or caudate lobe. All the veins of 
the liver flow into the inferior vena cava. The knowledge of 
the venous hepatic anatomy of the right lobe is particularly 
important in living hepatic donors.

The lymphatic vessels are present in the liver only in cor-
respondence with the connective of the portal spaces [7]. The 
lymphatic ways of the liver may have different  destinies. 
Most of the intrahepatic deep lymphatic vessels converge 
towards the hilum where the hepatic lymph nodes are pres-
ent. Other lymphatic vessels can follow the hepatic veins and 
the inferior vena cava, joining the diaphragmatic groups of 
lymph nodes. Finally, the superficial lymphatic vessels that 
run under the peritoneum, can reach different stations of 
lymph nodes at the esophageal hiatus and cardias, around the 
vena cava and the coeliac nodes or drain directly into the 
thoracic duct, according to their position.

The liver is innervated by sympathetic fibers from the 
celiac plexus and parasympathetic fibers of the vagus nerve; 
despite having different origins, they unite in the hepatic 
plexus that surrounds the hepatic artery, distinguishing itself 
in an anterior and posterior plexus. Partly, nerve fibers reach 
the wall of the vessels, where regulate blood flow through the 
hepatic sinusoids, and the bile ducts; they also extend into 
the lobule in close relationship to stellate cells and hepatic 
parenchymal cells, exerting a direct stimulation and regula-
tion of the metabolic function on both hepatocytes and chol-
angiocytes. Aminergic, cholinergic, peptidergic and also 
nitrergic fibers are present in the liver [8], but their role does 
not seem to be essential, as it is shown in the transplanted 
and denervated livers.

1.6  Segmental Anatomy of the Liver

The division and distribution of the branches of the portal 
vein within the liver, accompanied by ramifications of the 
hepatic artery and the bile ducts, follows a quite constant 
organization, although variants [9, 10] should be taken into 
account by radiologists and surgeons.

It is therefore possible to describe within the liver some 
hepatic territories or sectors, classically described by 
Couinaud [11]; these sectors possess blood supply and bili-
ary drainage independent of neighboring territories, allowing 
a partial surgical resection of the organ. The portal vein, the 
main afferent vessel, divides into two branches that supply 
the right side and the left side of the liver. On the visceral 
surface of the organ, a line identifies the left and right territo-
ries, going from the cystic fossa to the left margin of the 
inferior vena cava (Cantlie’s line). The two main portal 

branches in turn divide into secondary branches: schemati-
cally, the left branch gives rise to a lateral and a paramedian 
branch, and a branch for the caudate lobe; the right branch, 
of larger caliber, divides into the lateral and the paramedian 
branches, each giving front and rear branches. Four sectors 
are thus distinguished: two right sectors, lateral and medial, 
and two left lateral and medial sectors. Among these sectors 
the three hepatic veins run following vertical planes called 
portal fissures: right portal fissure, main (middle) portal fis-
sure, left portal fissure. The further subdivision of the portal 
branches gives rise to two segments for each sector; veins 
distribute to more restricted parts of the parenchyma, with-
out exchanging anastomoses. Thus, we describe eight func-
tionally independent segments of the liver [12] (Fig. 1.4).

• Segment I.  It corresponds to the caudate lobe. It is in a 
dorsal position compared to segment IV, and adjacent to 
segment II, while on the right it enfolds the inferior vena 
cava. According to different classifications, two or three 
territories can be recognize within the segment, receiving 
vessels mainly from the left branch of the portal vein, and 
partly also from the right one. The efferent veins drain 
directly into the inferior vena cava. The bile ducts usually 
flow into the left hepatic duct very close to the point of 
confluence with the right one.

• Segment II. It is located laterally to the left portal fissure 
in a superior-lateral position in the left lobe of the liver.

• Segment III. It is on the left of the umbilical fissure, in an 
inferior-lateral position of the left lobe of the liver. It 
receives blood from one to two left portal branches, but it 
can also receive from a small right branch. It drains into 
the left hepatic vein.

• Segment IV. Located in front of the caudate lobe, at the 
right of the umbilical fissure and medially to the main or 
middle portal fissure. It is supplied with blood from the 
right branch of the portal vein and only occasionally also 
from a small left branch, and drains into the mean hepatic 
vein. An upper and a lower part are distinguished, respec-
tively IVa and IVb.

• Segment V. It is in anterior-inferior position, between the 
middle and right hepatic veins, where the blood drains 
from the parenchyma. It is vascularized by the right portal 
branches.

• Segment VI. It correspond to the lower part of the lateral 
or posterior right sector. It receives blood from the right 
lateral branch of the portal vein and drains into the right 
hepatic vein.

• Segment VII. Located above segment VI, it is supplied by 
lateral upper right branches of the portal vein and drains 
into the right hepatic vein.

• Segment VIII.  It is in anterior position above segment V, 
supplied by upper branches of the vein of the medial sector, 
while it follows the drainage modalities of the segment V.

1 Anatomy and Embryology of the Liver
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1.7  Extrahepatic Biliary Tract

The biliary ways constitute the system of excretory ducts of 
the liver that convey the bile towards the duodenum. About 
the biliary ways, we can distinguish an intrahepatic course, 
which originates in the hepatic lobules and ends in the porta 
hepatis, and an extrahepatic course.

The extrahepatic biliary tract originates from the two 
right and left hepatic ducts, which receive bile from the 
respective portions of the liver. Inside the liver, the ducts 
generally follow the ways of dividing of the portal vein, but 
frequent variations are possible, especially for the right duct. 
The two most common variations are the right anterior and 
posterior hepatic ducts converging to form the right hepatic 
duct, or a trifurcation where they join directly to the conflu-
ence with the left hepatic duct to form the common hepatic 
duct. For the left hepatic duct, the two most common varia-
tions are segment IV drainage to the left or right hepatic 
ducts [13].

The gallbladder is a container attached to the main bile 
duct with the function of accumulation and concentration of 
bile. It is located in the anterior part of the right sagittal 
groove of the visceral surface of the liver. Three portions are 
recognized in the gallbladder: the fundus, which protrudes 
beyond the anterior margin of the liver at the level of the 
tenth coast; the body that adheres to the liver and elongates 

backwards where it is thinned forming the neck of the gall-
bladder from which the cystic duct originates.

At the porta hepatis the right and left bile ducts are located 
in front of the corresponding portal branches and shortly 
after the exit from the liver they converge to form the com-
mon hepatic duct. In the adults the duct has a length of about 
3 centimeters, and a luminary diameter of less than 5 mm; it 
is included in the hepatoduodenal ligament and ends where it 
receives the confluence of the cystic duct.

The cystic duct comes from the gallbladder and joins the 
common hepatic duct giving rise to the common bile duct. It 
has a length and behavior that varies widely in different sub-
jects often showing a tortuous course [14].

The common bile duct has a length of about 6–8 cm. It 
runs downwards initially into the hepatoduodenal ligament 
where it is in relation to the portal vein and the hepatic artery. 
Then it passes behind the first portion of the duodenum and 
the head of the pancreas, and finally it crosses the pancreas to 
penetrate the second portion of the duodenum and to finish 
into the major duodenal papilla. In the distal portion the duct 
is provided with a proper sphincter. Together with the pan-
creatic duct, the common bile duct converge in the hepato-
pancreatic ampulla, where the two ducts are provided with a 
common sphincter that measures approximately 15–20 mm 
in length. This region deserves clinical importance because it 
can be affected by both congenital and acquired disorders 

Fig. 1.4 Segmental Anatomy 
of the Liver. (a) A midplane 
divides the liver in left and 
right hemi-livers. (b) Two 
intersectional planes divide 
the liver in four sections. (c) 
Eight segments of the liver. 
(d) The branches of the portal 
vein, supplying each segments 
of the liver, with the 
corresponding subdivisions of 
the hepatic artery and the bile 
ducts; the hepatic veins drain 
the liver determining the 
sectors

S. Morini et al.
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like gallstone obstruction, periampullary tumors and recur-
rent pancreatitis.

The arteries supplying the gallbladder are branches of the 
cystic artery, which in turn originates from the right hepatic 
artery, or from the proper hepatic artery; however variations 
are frequent. The biliary duct system is supplied by several 
arteries: the major arteries are the cystic artery, the posterior 
superior pancreaticoduodenal artery, the right hepatic artery, 
and the retroportal artery. All these arteries form different 
types of anastomotic patterns on the walls of the ducts [15].

1.8  Liver Development

The fundamental processes that govern the development of 
the liver was widely studied in the last decades: liver diseases 
are one of the leading cause of death in the middle-aged pop-
ulation, and the knowledge of their mechanism might open 
potential perspectives on future therapies. Many genes that 
contribute to hepatogenesis are now known, but signaling 
pathways and transcription factors that regulate their expres-
sion show different functions at different times of develop-
ment [16], and their precise temporal sequence and 

interaction is object of studies [17–20]. Here we propose a 
brief overview of the liver development.

The liver begins to develop early in the embryo, in the 
middle of the third week of gestation. At the tenth week of 
gestation its weight is about 10% of body weight and it rap-
idly grows to become one of the most voluminous organs in 
the fetus, due to its essential functions as metabolic organ 
and as site for hematopoiesis during fetal life. At birth its 
weight is about 5% of body weight.

The liver and the gastrointestinal tract derive from the defin-
itive endoderm. During the formation of the primitive gut tube, 
the endoderm is patterned along the anterior- posterior axis into 
foregut, midgut and hindgut by a concentration gradient of reti-
noic acid (RA) and secreted factors from the mesoderm. As a 
result, in each of these portions several transcription factors 
specify different tissues along both the anterior-posterior and 
the dorsal-ventral axes of the embryo (Fig. 1.5).

The dorsal endoderm does not activate liver genes, since 
FGF4 and Wnt ligands from mesoderm and ectoderm of the 
embryonic dorsal domain inhibit the liver development [21, 22]. 
The only tract of the primitive intestine that exhibit the 
capacity to develop into liver is the anterior-ventral domain 
of endoderm [23].

Fig. 1.5 Schematic 
representation of the stages of 
liver formation: (a) the 
anterior-ventral endoderm 
(green) forms the foregut 
from which the lung, liver and 
pancreas give origin; (b) 
subsequent stages of 
development of the liver

1 Anatomy and Embryology of the Liver
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1.8.1  Hepatic Competence

Before cell type differentiation, a network of transcription 
factors activates the transcription of the genes involved in the 
acquisition of hepatic developmental competence: at least 
HNFs (Foxa2), GATA4-6 and Hhex are implicated. 
Moreover, other factors, such as SOX transcription factors 
and Foxa family, play important roles in several phases of 
liver development and physiology [20, 24]. GATA4  in the 
septum transversum parenchyma regulates BMP4 [25], a 
secreted bone morphogenetic protein member of the trans-
forming growth factor (TGF) family; both GATA and BMP 
regulate hepatic development [26]. The homeobox transcrip-
tion factor Hhex, an essential transcriptional regulator of 
hepatic development, is involved at multiple time points [16, 
27], being expressed in both the endoderm and the liver. Wnt 
signaling acts in the posterior ectoderm to repress the expres-
sion of Hhex in early stage, but following specification in the 
ventral foregut, when cells are not yet determined to a spe-
cific fate and can be reversed to another fate, it promotes 
hepatogenesis [28, 29].

1.8.2  Hepatic Induction

The induction of hepatic fate in the ventral foregut occurs as 
result of signaling from the cardiac mesoderm and the sep-
tum transversum mesenchyma [22]. The developing hearth is 
in close proximity to the ventral foregut endoderm, so that 
different concentrations of several fibroblast growth factors 
(FGFs) signaling promote the development of lung, liver and 
ventral pancreas in the foregut [30]. The cardiac mesoderm 
expression of FGF-1, FGF-2 and FGF-8 is necessary and 
sufficient to induce hepatic gene activity within the endo-
derm. At the same time, the ventral foregut endoderm 
expresses FGF receptors (FGFR).

1.8.3  Liver Bud Formation and Growth

Few hours after liver genes activation the newly specified 
hepatic cells express liver genes. As the hepatic cells begin to 
multiply, the endoderm layer thicken and the proliferating 
cells emerge from the epithelium, forming the liver bud. 
Cells initiate to migrate and concentrate into the septum 
transversum mesenchyme. The cell migration is accompa-
nied by interruption and loss of the basement membrane, and 
by remodeling of the surrounding extracellular matrix. Prox1 
and Onecut factors (OC-1 and 2) downregulate E-cadherin in 
hepatoblasts and regulate the expression of enzymes (MMPs) 
for the remodeling of extracellular matrix and the control of 
hepatoblast migration [31]. Cells localized in the caudal part 
of the liver bud, maintaining the initial connection with the 

original epithelium, will give rise to the bile ducts, and those 
in the ventral portion to the gallbladder.

The growing liver progressively invades the septum trans-
versum mesenchyme, while cells are going to organize like 
cords of hepatoblasts. Once again, mesenchymal signals are 
essential: the extracellular matrix of the septum transversum 
mesenchyme further promotes hepatic cells proliferation, 
differentiation and migration through a large number of sig-
nals. Among these, FGF, BMP, Hepatocytes Growth Factor 
(HGF), Wnt, TGFβ, retinoic acid, stress-activated kinases 
SEK1/MKK4 and some other factors coordinate the hepatic 
growth through an extensive cross talk that activate a number 
of genes encoding regulators of proliferation and cell sur-
vival [16, 32, 33].

Endothelial cells also contribute to the liver formation 
[34]. The migrating hepatoblasts progressively settle around 
the capillary network and veins. The hepatoblast cords form 
the liver plates interspersed with capillaries, and will give 
rise to the sinusoidal architecture of the liver. This particular 
structure is critical for supporting both mature liver function, 
and fetal hematopoiesis. Sinusoids and hepatocytes growth 
supporting each other [35]: VEGF secret by hepatocytes pro-
motes both angiogenesis of endothelial cells and their matu-
ration up to reach the structural, molecular and functional 
characteristics of mature sinusoids; in response to their acti-
vation, endothelial cells secret some mitogen factors, such as 
HGF and IL6.

Starting from the fifth week, hematopoietic cells initiate to 
migrate to the liver from the yolk sack, and subsequently 
from the aorta-gonad-mesonephros region. Their activity 
reaches the maximum in the third month and progressively 
decreases until it ends in the seventh month. Hepatoblasts, but 
not hepatocytes, support hematopoiesis [36], so that hemato-
poietic stem cells move from the fetal liver to the adult bone 
marrow while hepatocytes differentiate. Endothelial cells and 
hematopoietic cells provide signals for hepatocytes growth 
and differentiation: oncostatin M [37] is the most effective, 
but some others have been described, like HNF-4α and metal-
responsive transcription factor-1 (MTF- 1) [38].

1.8.4  Hepatoblasts Fate and Function

At the fourth to fifth week the endodermal cells of the ventral 
foregut specified as hepatic cells express only a few liver 
genes, including albumin, α-fetoprotein (Afp), transthyretin 
(Ttr), retinol binding protein (Rbp) and the transcription fac-
tor Hnf4α. Later, the activity of the hepatoblasts increases, 
other specific liver genes are expressed, and several tran-
scription factors allow the expression of all the proteins that 
characterize the hepatic function: HNF1α and β, C/EBPα, 
HNF4α, and some others transcription factors act in combi-
nation for controlling hepatocytes differentiation and liver 
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function [39]. During embryogenesis HNF-4α plays a cen-
tral role in transforming the fetal liver into an epithelial 
parenchyma [40]; later it maintains a differentiated hepato-
cyte phenotype [41] and coordinates a transcription factor 
network regulating hepatic fatty acid metabolism essential 
for the maintenance of lipid homeostasis [42]. Hepatoblasts 
are quite immature cells as morphology and function, char-
acterized by the expression of cytokeratin-8, 18 and 19, and 
able to differentiate into hepatocytes and cholangiocytes.

The establishment of the hepatic architecture and the 
maturation of the parenchyma is a complex phenomenon 
[27]. It requires an expansion of the hepatocyte compart-
ment until it reaches the definitive volume, together with a 
concomitant extensive differentiation of parenchymal and 
 non- parenchymal cell types, and with organization of the 
extracellular matrix. Concurrently we observe the matura-
tion of the sinusoidal network and of the hepatic vascula-
ture, the formation of the biliary tract and the re-organization 
of the hepatocytes in epithelial polarized cells. Extensive 
interaction among the hepatoblasts and several types of 
mesenchymal cell are necessary.

1.8.5  Differentiation of Hepatocytes 
and Biliary Epithelial Cells

The hepatoblasts are bipotential cells [43]: initially they 
express genes associated with fetal liver, adult hepatocytes 
and biliary epithelial cells. Hepatocyte Growth Factor (HGF) 
inhibit biliary cells and promotes hepatocytes [44]. SOX4 
and SOX9 [45], TGFβ, Notch signaling pattern and Wnt pro-
mote the differentiation into biliary epithelial cells: these sig-
nals downregulate pro-hepatic factors (HNF4α, Tbx3 and C/
EBPα), and increase the expression of OC1-2 and HNF1β. 
Moreover, OC1 (HNF6) seems to control both the timing of 
differentiation for biliary cells, and their position close to the 
portal mesenchyme [46, 47], but also other transcription fac-
tors act to control cholangiocytes differentiation [35]. 
Recently, microRNAs have been identified as fine modula-
tors of both hepatocytes and cholangiocytes differentiation 
and of liver development and function [48].

The intrahepatic biliary tree develops in association to the 
portal vein starting from the hilum and extending towards the 
periphery of the liver. It gives rise to the definitive intrahe-
patic ducts, which remains in continuity with the extrahe-
patic tree; its complete maturation occurs after birth.

The periportal extracellular matrix, that is reach in lam-
inin, collagen and fibronectin, can influence the cell fate. The 
hepatoblasts close to the portal vein mesenchyme initially 
form a monolayer of cuboidal cells around the vessels. While 
the single layer duplicates the cells acquire a biliary pheno-
type by increasing cytokeratin-19 (CK-19) expression. In the 
bi-layer, focal dilations appear crowning a lumen of tubular 

structures that identify the primitive ducts surrounded by 
portal mesenchyme, while the remaining bi-layer cells 
regress. The process of ductal plate remodeling, involving 
tubulogenesis, apoptosis and outgrowth of the mesenchyme 
that separate biliary cells from the limiting plate of hepato-
cytes, continues until near birth (Fig.  1.6) [49]. At about 
20 weeks of gestation the expression of cytokeratin-7 (CK- 
7), another marker of biliary cells, begins in large bile ducts 
and reaches the entire biliary tree after birth.

The hepatoblasts that are not in close contact with portal 
veins differentiate into mature hepatocytes under oncostatin 
M, glucocorticoid hormones, HGF and Wnt signaling. 
Moreover, a role for HNF4α, C/EBPα and HNF1α in hepato-
cyte differentiation has been described [16]. Oncostatin M 
and HGF induce metabolic maturation and promote morpho-
logical maturation into polarized epithelial cells. The inhibi-
tion of this activity by TNFα maintains the proliferative 
capability of the cells, allowing liver growth up to the appro-
priate size [50].

While the entire parenchyma express hepatic genes, dif-
ferent expression of some genes characterizes zonal regions 
in relation to the proximity to the portal triad or the central 
vein [51]. The compartmentalized zonal expression may be 
due to the action of transcriptional repressors, among which 
a contribution of HNF4α and the WNT/β-catenin signaling 
pathway in controlling the positional identity of hepatocytes 
within the hepatic lobule has been described [52–54].

Hepatocytes express cytokeratin-8 and 18, but not cyto-
keratin- 19 and gradually acquire the characteristic morphol-
ogy arranged in epithelial chords. Starting from the 7–8 week 
of gestation bile canaliculi appear on the apical surfaces of 
the cells. The bile canaliculi network inside the hepatocytes 
plates links the intrahepatic bile ducts of the portal spaces, 
allowing the continuity of the biliary tree up to the smallest 
canaliculi.

Hepatocytes progressively assume their metabolic func-
tions: albumin and α-fetoprotein synthesis is precocious, the 
latter rapidly decreasing after birth; bile acid synthesis begins 
at 12  weeks, followed by bile secretion a few time later. 
Glycogen granules and glycogenesis are present within 
12–14 weeks. Glycerol and lipid synthesis occurs in parallel 
to glycogenesis. Cytochrome P-450, the most common drug 
metabolizing enzymes, are also expressed in liver fetus, 
although at low rate. The heterogeneity of most enzyme in 
relation to the zonal position of the cells will develop gradu-
ally during early post-natal life.

A quote of undifferentiated stem cells, the hepatic pro-
genitor cells, will remain in the adult liver. They reside in the 
small terminal bile ducts, and they can proliferate and dif-
ferentiate both in hepatocytes and in biliary cells under 
appropriate stimulation, such as in severe diseases.

In the growing liver, the hepatocytes initially form thick 
epithelial plates that persists during the fetal life and the first 
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years postpartum: some months after bird the sheets are two 
cells thick, to reach the single cell thickness around about 
5 years. Continuous growth of the sinusoids and remodeling 
of the parenchyma accompanies the changes in the structure 
of the liver.

The hepatic stellate cells reside in the perisinusoidal 
space. They are essential for sinusoids formation and main-
tenance, and for extracellular matrix deposition. They appear 
at 6–8 weeks of gestation, and their origin is still debated: an 
endodermal, neural crest, or mesenchymal origin have been 
reported, but more recent evidences have suggested that they 
are of mesenchymal origin [55]. During embryogenesis they 
contribute to the liver development. In adults they are able to 
store vitamin A, to modulate hepatic microcirculation and, 
when activated, to adopt a myofibroblast phenotype and to 
secrete collagen.

Kupffer cells are resident macrophages of the liver. They 
do not seem to be directly involved in liver development, but 
they contribute to the maturation of erythrocytes during fetal 
liver hematopoiesis.

1.8.6  Hepatic Vascular Development

When the hepatoblasts invade the transverse septum mesen-
chyme, they are arranged around a network of vessels that 
arises from the two vitelline veins. After forming the vascular 

plexus inside the liver, the vitelline veins flow into the venous 
sinus of the heart together with the adjacent umbilical veins. 
These latter come from the placenta, carrying oxygenated 
blood, and initially they constitute the major afferent vessels 
to the liver (Fig. 1.7). Subsequently the vitelline veins form 
various anastomoses inside and outside the liver, and the 
umbilical veins participate to the anastomosis with the sinu-
soids. Part of the vitelline veins and their anastomoses obliter-
ate over time; only a venous trunk will remain, which will 
become the portal vein, and progressively it begins responsi-
ble for most of the supply of the liver [56]. The proximal por-
tion of the vitelline veins, between the plexus of the liver and 
the venous sinus, will form the hepatic veins. The right umbil-
ical vein and part of the left vein collapse and atrophy. For 
some time the blood from the placenta passes through the 
liver into the right vitelline vein. Then the venous duct devel-
ops from the left umbilical vein as an independent venous 
trunk that runs diagonally to the inferior edge of the liver and 
enters the heart, and in a later period into the inferior vena 
cava: only a part of its blood passes through the liver. At birth, 
the venous duct is obliterated forming the venous ligament, 
and the residue of the by now occluded umbilical vein forms 
the round ligament.

The arterial supply of the liver competes to the hepatic 
artery, which arise from the celiac axis. The artery accompa-
nies the growth of the liver bud. It is directed from the hilum 
to the periphery, closely parallel to the growing bile ducts, a 

Fig. 1.6 Development of the 
intrahepatic biliary system. 
The process begins at the 
hilum and progressively 
advances towards the 
periphery along the portal 
branches. The hepatoblasts at 
the limiting plate (a) acquire a 
biliary phenotype (b), then 
form a second layer with 
some lumens of tubular aspect 
(c), the ductal plate; 
remodeling of the ductal plate 
give rise to the definitive bile 
ducts (d) surrounded by 
mature hepatocytes
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source of VEGF. The artery divisions mimics and follows the 
pattern of development of the biliary tract, providing a loose 
capillary plexus around the single ducts. The peribiliary 
plexus will differentiate into a double layer where the wall of 
the ducts is thicker, like in the extrahepatic tract.

1.8.7  Morphogenetic Events Accompanying 
the Liver Growth

The liver growths rapidly and gradually protrudes ventrally 
into the abdominal cavity. The ventral mesogastrium, 
together with the residue of the septum transversum mesen-
chyme placed between the liver and the anterior intestine, 
will form the lesser omentum (Fig. 1.8). The portion placed 
between the liver and the anterior abdominal wall, will form 
the falciform ligament, whose free margin extends to the 
entrance of the yolk sac and contains the umbilical vein. The 
mesoderm that delimits the septum transversum in the ven-
tral portion and envelops the liver will differ in the visceral 
peritoneum. The septum transversum will become the dia-
phragm and the portion of the liver adhering to it remains 
without peritoneal lining forming the bare area of the liver.

In the meantime, the rotation of the stomach and the 
lengthening of the duodenum cause the latter to assume a 

handle conformation with rotation towards the right. The 
head of the pancreas develops inside the duodenal loop. 
Following the duodenal rotation, the end of the biliary tract 
from anterior becomes posterior; the caudal portion of the 
common bile duct runs into the free margin of the lesser 
omentum (hepatoduodenal ligament), the ventral portion 
lying behind the duodenum and the head of the pancreas.

The morphogenetic events of liver and biliary tract forma-
tion could be considered completed at the end of the seventh 
week.

1.9  Conclusions

The anatomy of the liver has acquired an increasingly impor-
tant meaning for the modern physicians with both diagnostic 
and therapeutic implications. Especially the advancement in 
surgical techniques and the advent of the modern diagnostic 
techniques of imaging, has induced renewal of studies for 
deepening several aspects of the liver and bile tract anatomy. 
In particular, the knowledge of the modalities of vasculariza-
tion, has allowed to develop the modern surgical techniques 
of partial resection and selective catheterization, that are 
widely used in the treatment of primary and secondary 
lesions of the liver. On the other hand, the knowledge of the 

Fig. 1.7 Vascular 
development in the liver: 
schematic events are 
sequentially presented in 
figures a–c. The dotted lines 
correspond to the umbilical 
and vitelline veins after their 
obliteration
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molecular mechanisms that regulate the embryonic develop-
ment of the liver opens new perspectives also to the possibil-
ity of molecular and gene therapies for liver diseases.
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 Self Study

 Questions

 1. Which statement(s) is/are true?
 (a) The liver occupies the entire upper abdomen (right 

and left hypochondrium).
 (b) Liver fixation structures are the coronary ligament, 

the falciform ligament, the gastrocolic ligament, the 
adhesion to the diaphragm and the inferior vena cava.

 (c) In physiologic conditions the portal vein is responsi-
ble for more than 70% of the blood supply to the 
liver.

 (d) A focal lesion of the VIII segment of the liver is 
located in the lower part of the lateral or posterior left 
sector.

 (e) The extrahepatic biliary tract connects the liver with 
the gallbladder, pancreas and duodenum.

 2. Which statement(s) is/are true?
 (a) The liver begins to develop during the third week of 

gestation and completes its morphological formation 
after birth.

 (b) The liver develops from the primitive endoderm with-
out the contribution of cells from other embryonic 
tissues.

 (c) Undifferentiated stem cells completely disappear in 
the adult liver.

 (d) Different gene expression characterizes compartmen-
talized zonal regions in relation to the proximity to 
the portal triad or the central vein.

 (e) Hepatoblasts are bi-potential cells able to differenti-
ate into hepatocytes and biliary epithelial cells.

 Answers

 1. Which statement(s) is/are true?
 (a) The liver occupies the entire right hypochondrium, 

and only part of the epigastrium and of the left 
hypochondrium.

 (b) The main fixation structures of the liver are the adhe-
sion to the diaphragm through the coronary ligament 
and the bare area, and the vena cava. Other ligaments 
have little significance as fixation structures, and con-
nect the liver to other organs allowing the passage of 
blood vessels. The gastrocolic ligament is not prop-
erly a ligament of the liver and connects the stomach 
and the transverse colon.

 (c) The portal vein is responsible for 70–80% of the 
blood supply to the liver in physiologic conditions 
(CORRECT), while the hepatic artery provides the 
remaining supply.

Fig. 1.8 Development and 
final position of the liver and 
the organs of the upper 
abdomen following the 
rotation of the stomach and 
the lengthening of the 
duodenum
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 (d) The VIII segment of the liver is located in the anterior 
superior position of the right sector.

 (e) The extrahepatic biliary tract include the gallbladder, 
and connects the liver with duodenum.

 2. Which statement(s) is/are true?
 (a) The liver begins to develop in the middle of the third 

week of gestation and completes its formation at the 
end of the seventh week. However, it continues to 
acquire and increase its functions even after birth.

 (b) In the liver there are different populations of cells that 
come from various embryonic tissues (certainly at 
least from the endoderm and mesoderm): their inter-
actions are essential for the correct development of 
the organ.

 (c) A little quote of undifferentiated stem cells, the 
hepatic progenitor cells, still remain in the adult liver.

 (d) (CORRECT) The heterogeneity of most enzyme in 
relation to the zonal position of the cells will develop 
gradually during early post-natal life. This phenome-
non is the basis for the metabolic zonation of the 
adult liver.

 (e) Hepatoblasts are bi-potential cells that can differenti-
ate into hepatocytes and biliary epithelial cells in 
relation to their position near or far to the branches of 
the portal vein and the extracellular matrix 
(CORRECT).
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Liver Histology

Simone Carotti, Sergio Morini, Guido Carpino, 
and Eugenio Gaudio

2.1  Introduction: The Microstructure 
of the Liver

The liver is a parenchymal organ, covered for the greater part 
of its extension by a peritoneal lining consisting of a single- 
layer mesothelium disposed on a thin layer of sub- mesothelial 
connective tissue. Below the peritoneum, the organ surface 
consists of a thin but dense layer of connective tissue with 
rare elastic fibers, the fibrous capsule of Glisson. The 
Glisson’s capsule is adherent to the underlying parenchymal 
tissue, in which it sends short connective septa; at the level of 
the hepatic hilum, the connective tissue thickens and pene-
trates inside the organ following the ramification of the blood 
vessels, the bile ducts and the nerves, without however sepa-
rating autonomous areas of parenchyma inside the organ. The 
basic histological structure of the liver consists of closely 
intertwined epithelial cell cords that make it a cordonal gland.

2.2  Hepatic Morpho-functional Units: 
Hepatic Lobule, Portal Lobule, 
Hepatic Acinus

The lack of connective septa in humans cannot clearly iden-
tify structural units such as lobes and lobules. This has meant 
that the definition of the morpho-functional unit of the liver 
parenchyma has been the subject of countless studies over 
the centuries.

In 1833 Kiernan [1] came to the definition of classic 
hepatic lobule with the portal spaces in the periphery and the 
centrilobular vein in the center. The hepatic lobule, with a 
diameter of about 1 mm and a height of about 1.5–2 mm, in 
cross-section appears as an area of polygonal shape to  identify 
which, in humans, it is necessary to join with virtual lines the 
portal spaces surrounding a centrilobular vein (Fig.  2.1a). 
Each lobule is made up of laminae of epithelial cells, the 
hepatocytes, which are anastomosed to each other, forming a 
labyrinthine system of regular spaces in which the vascular 
network consists of capillaries with a tortuous course, the 
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Key Concepts

• Different hepatic morpho-functional units are pos-
tulated, including the hepatic lobule and acinus, 
through which microcirculatory and metabolic fea-
tures of liver parenchyma are described in terms of 
functional heterogeneity and liver zonation.

• Different cell types contribute to hepatic lobule 
organization: hepatocytes, forming epithelial lami-
nae; sinusoidal cells lining the fenestrated sinu-
soids; Kupffer cells belonging to monocyte/
macrophage system responsible for immune toler-
ance and surveillance together with lymphocytic 
cells; finally, the hepatic stellate cells, vitamin A 
storing cells, able to activate in a pro-fibrogenic and 
contractile phenotype.

• The biliary system is composed by ducts and duct-
ules lined by cholangiocyte heterogeneous in size 
and function with different sensibility to hormones, 
growth factors and hepatic damage.

• The peribiliary plexus is furnished by terminal 
branches of hepatic artery and supplies the bile 
ducts; it constitutes a microcirculatory system 
through which bile components could be reab-
sorbed and regulate their own production.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24432-3_2&domain=pdf
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hepatic sinusoids. The laminae of hepatocytes and the sinu-
soids from the periphery of the lobule converge towards the 
center, where the central (centrilobular) vein is located, whose 
wall is pitted by the opening of the sinusoids that converge 
there (Fig. 2.1c). The perilobular connective thickens to form 
an envelope at the terminal branches of the portal vein and of 
the hepatic artery and to collect the initial formations of the 
bile ducts and lymphatic vessels, forming the portal or porto-
biliary spaces located at the periphery of the hepatic lobule 
(Fig. 2.1d). The blood coming from the portal space is intro-
duced into the sinusoidal capillaries, conveys towards the 
centrilobular vein and subsequently flows into the sub-lobular 
veins; the latter form the roots of the hepatic veins through 
which the blood reaches the inferior vena cava.

In 1906 Mall [2] proposed the portal lobule as a structural 
unit, considering the portal space at the center and the centri-
lobular veins in the periphery (Fig. 2.1b). The exocrine func-
tion of the organ was thus placed at the center of the hepatic 
organization, constituted by the elaboration of the bile by the 
hepatocytes.

The observed histopathological outcomes of microcircu-
latory hepatic pathologies led in the 50’s Rappaport [3] to 
propose a new morphofunctional unit, identified as the 
hepatic acinus. The hepatic acinus is an area of roughly 

quadrangular shape in a cross-section, supplied by a terminal 
branch of the portal vein and of the hepatic artery and drained 
by the centrilobular vein. The hepatic acinus is obtained by 
joining with imaginary lines two portal spaces to the two 
centrilobular veins immediately adjacent (Fig. 2.1a, b).

Many aspects of liver physiology and metabolism show a 
heterogeneous distribution along the porto-central axis of the 
lobule. This functional heterogeneity is the basis of the meta-
bolic zonation. Three zones can be individuated in the 
hepatic lobule or acinus: the periportal zone (zone 1) at the 
periphery of the lobule, the centrilobular zone (zone 3) near 
the central vein, and a midzonal area (zone 2) between the 
previous ones. Hepatocytes located in the periportal area are 
more involved in lipid metabolism whereas those located in 
the pericentral one are the most able to detoxify. Also, glu-
cose metabolism at the hepatocytes level shows heteroge-
neous localization, with gluconeogenesis occurring mainly 
in the periportal while glycolysis in the pericentral region. 
There are several mechanisms responsible for metabolic 
zonation, ranging from the different blood solutes availabil-
ity in the different regions of the lobule, to the presence of 
oxygen and hormones gradients across the lobular paren-
chyma. At the molecular level, the Wnt/beta-catenin  pathway 
seems to play a major role in the determination of hepatic 

a

c

b

d

Fig. 2.1 Normal histology of the liver and hepatic morpho-functional 
units. (a) The classic lobule (thick dashed line) obtained by joining 
some portal tracts (PT) around a centilobular vein (CV); the acinus (thin 
dashed line) joining two portal tracts to two adjacent centrilobular 
veins. (b) In the porcine liver, the delimitation of the classic hepatic 
lobule is facilitated by the presence of interlobular connective septa. An 

acinus (thin dashed line) and a portal lobule (thin continuous line). (c) 
A centrilobular vein (CV) with the wall characteristically pitted by the 
openings of the sinusoids (S). (d) Portal space: branches of the portal 
vein (PV), branches of the hepatic artery (HA), bile interlobular ducts 
(BD). Original magnification: ×40 (a, b), ×200 (c, d). Scale bar: 250 μm 
(a, b), 50 μm (c, d)
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zonation [4]. Apc is able to control the precise zonal localiza-
tion of several genes regulated by beta-catenin such as GS, 
transporter-1 of glutamate (Glt1) and ornithine aminotrans-
ferase (Oat) [5]. If the inhibition performed by Apc is inter-
rupted selectively or the constitutive activation of the Wnt/
beta-catenin signaling pathway is promoted, the panlobular 
expression of genes involved in ammonium metabolism is 
determined.

Based on the microcirculatory and metabolic features of 
the liver, alternative functional unit has been proposed. 
Matsumoto and Kawakami [6] proposed a functional struc-
tural unit, the primary lobule: the classic lobule, or secondary 
lobule, consisted of the union of six to eight primary cone- 
shaped lobules. The metabolic lobule substantially coincides 
with it. Hofmann [7] identified a further morphofunctional 
unit that defined a choleon, consisting of a group of hepato-
cytes whose bile canaliculi drain into a single biliary duct. 
The hepatic microcirculatory subunit (HMS) [8] occupies a 
volume of tissue that coincides with the choleon. It consists 
of a group of sinusoids and related hepatocytes arranged in a 
cone with the apex towards the centrilobular vein, perfused 
by a terminal portal vein. The fusion of the choleon with 

HMS generates the most modern morphofunctional subunit 
that can be drawn inside the classic hepatic lobule, the 
choleohepaton.

2.3  Hepatic Cytotypes

The main cytotypes within the liver are hepatocytes, sinusoi-
dal cells, Kupffer cells, stellate cells, lymphocytic cells.

2.3.1  Hepatocytes

The hepatocyte is a polygonal epithelial cell with a diameter 
between 30 and 40 μm. Like other epithelial cells, it has a 
high polarization with a transport directed from the sinusoi-
dal surface to the one facing the biliary canaliculi (Fig. 2.2a). 
Three different specialized regions or domains of the plasma 
membrane can be described in the hepatocyte: the sinusoi-
dal, facing the sinusoid and the perisinusoidal space, the lat-
eral, facing the intercellular space between two hepatocytes 
and the canalicular, which surrounds that specific portion of 

a b

c d

Fig. 2.2 (a) Two adjacent 
hepatocytes face each other, 
delimiting a biliary 
canaliculus (BC). (b) 
Bi-nucleated (Nu) hepatocyte 
with a nucleolus (n). (c) 
Hepatic sinusoid lined by an 
endothelial cell (EC) with 
elongated nucleus. Outside 
the sinusoid, a hepatic stellate 
cell (HSC) is embedded 
between two hepatocytes in 
the perisinusoidal space of 
Disse. (d) Within a sinusoid, a 
Kupffer cell (KC) with its 
typical dendroid shape near a 
red blood cell (RBC). 
Original magnification: ×3000 
(a, b, d), ×1100 (c). Scale bar: 
2 μm (a, b, d), 5 μm (c). 
(Transmission electron 
microscopy images, courtesy 
of Dr. Maria Zingariello, 
Laboratory of microscopic 
and ultrastructural anatomy, 
University Campus Bio- 
Medico of Rome)
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the intercellular space that constitutes the biliary canaliculus. 
The demarcation of the different cellular domains is guaran-
teed by tight junction which delimit the sinusoidal and lateral 
domains from the canalicular one. In addition to tight junc-
tions, the lateral domain also houses other junctional devices 
such as desmosomes and gap junctions, the latter responsible 
for intercellular communication.

The sinusoidal domain of the hepatocyte is directed 
towards the perisinusoidal space of Disse between the hepa-
tocytes and the endothelial cells that line the sinusoids. At 
this level, the plasma membrane of the hepatocyte presents 
abundant microvilli of about 0.5 μm in length, which can be 
pushed through the fenestrations of the endothelial cells 
inside the sinusoidal lumen. The sinusoidal domain through 
microvilli and secretory vacuoles that open at their base, 
allows both absorption and secretion functions. Also at the 
base of microvilli there are clathrin-coated dimples involved 
in selective endocytosis mediated by receptors and caveolae, 
membrane microdomains rich in cholesterol, sphingolipids 
and caveolin that are responsible for selective trafficking 
from the membrane inside the cell [9, 10].

The lateral surface of the hepatocyte extends from the 
edge of the sinusoidal surface to the biliary canaliculus and 
presents intercellular junctions. Its surface is irregular for the 
presence of occasional folds and openings of pinocytosis 
vesicle and hosts gap junctions. Between the surfaces of two 
hepatocytes a depressed area forms a half-channel which, 
joining an adjacent analogous structure, constitutes the 
lumen of the biliary canaliculus: it is delimited by tight junc-
tions and isolated from the rest of the intercellular surface 
also by junctional complexes such as desmosomes, interme-
diate junctions and gap junctions. The diameter of the bile 
canaliculi varies between 0.5 and 1 μm at pericentral and 
between 1 and 2.5 at periportal level. The lumen is abun-
dantly characterized by the extroversion of microvilli 
(Fig. 2.2a).

The nucleus of hepatocytes is actively involved in protein 
synthesis. It occupies 5–10% of the cell volume; it is spheri-
cal in shape with one or more prominent nucleoli and dis-
persed chromatin. At birth, almost all hepatocytes are 
mononuclear with uniform size, while at least about 25% of 
adult hepatocytes are binucleated (Fig. 2.2b). Moreover, the 
DNA content is variable, since at birth almost all hepatocytes 
are diploid, but from 8 years of age the number of tetraploid 
nuclei increases to reach 15% at the age of 15 years [11]. The 
mitotic divisions of the hepatocytes determine a significant 
increase in the size of the organ in intrauterine and neonatal 
life, continue during childhood and then decrease in adult-
hood, when the liver has a very low mitotic index.

The endoplasmic reticulum constitutes 15% of the cell 
volume with a 35 times greater surface than that of the plasma 
membrane. The rough endoplasmic reticulum usually domi-
nates the smooth reticulum; the relationship between the two 

types varies according to the physiological state and the posi-
tion of the hepatocytes in the acinus. The surface of the 
smooth reticulum is double in zone 3 compared to zone 1 of 
the acinus. A precise topographic relationship was observed 
between glycogen deposits and smooth endoplasmic reticu-
lum membranes; such membranes with their enzymatic kit 
(glucose-6-phosphatase) can contribute to the glycogenolysis 
process, followed by the release of glucose into the blood. In 
addition, the lipids, absorbed from the blood, are conveyed 
into the smooth endoplasmic reticulum whose membranes 
are linked to part of the enzymes responsible for the synthesis 
of cholesterol and the degradation of many liposoluble drugs. 
The rough endoplasmic reticulum and free ribosomes are 
responsible for the synthesis of albumin, fibrinogen and 
plasma proteins released into the circulation. The endoplas-
mic reticulum of hepatocytes also performs the function of 
assembling lipoprotein molecules such as VLDL (very low-
density lipoprotein), protein complexes consisting of a 
nucleus of triglycerides and an envelope formed by proteins 
and a mixture of cholesterol and phospholipids. Cytochrome 
P-450 is located on the membrane of the smooth endoplasmic 
reticulum and represents an inducible way by which liver 
cells metabolize and detoxify xenobiotics. The preponder-
ance of smooth endoplasmic reticulum in the centrilobular 
region and the presence of heme in cytochrome P-450 
enzymes explain the darker color that this region of the lobule 
presents in a macroscopic inspection of fresh liver slices.

The Golgi apparatus has about 50 complexes that can be 
connected to each other. It locates more frequently near the 
nucleus or near the biliary canaliculus. From its concave 
edge originate secretory vesicles containing secretory pro-
teins, such as lipoproteins, for release in the sinusoidal sur-
face or, less commonly, in the canalicular domain. Also, the 
membrane proteins, before their final destination, are trans-
ported to the Golgi complex which possesses a considerable 
quantity of glycosylation enzymes.

Lysosomes are vesicles coated with a single membrane 
and contain about 60 types of acidic hydrolases such as acid 
phosphatase, aryl-sulfatase, esterase and beta-glucuronidase. 
The hepatocyte plays a pivotal role in the metabolism of cho-
lesterol and lipids in general and has a subpopulation of lyso-
somes accompanied by hydrolases that are especially 
concerned with that function. In the inner side of lysosomal 
membrane is located the glycocalyx, a thick layer of poly-
saccharides protecting the lysosomal membrane from the 
degradation of acidic hydrolases. Lysosomes are metabolic 
regulator of the cell, entertaining different networks with 
nucleus, cell membrane and other organelles such as lipid 
droplets and mitochondria and is involved in the phenomena 
of cell autophagy/lipophagy [12, 13].

The peroxisomes occupy 1.5–2% of the cell volume; they 
contain oxidases that use molecular oxygen to oxidize differ-
ent compounds with the production of hydrogen peroxide 
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then hydrolyzed by peroxisomal catalase. Through this 
mechanism, peroxisomes are capable of metabolizing an 
overload of alcohol via their catalase.

The mitochondria, which can reach a diameter of 1.5 μm 
and a length of 4 μm form about 20% of the cytoplasmic 
volume of hepatocytes. They are provided with an external 
membrane that is separated by an additional internal mem-
brane from which the mitochondrial crests are projected 
towards the inner lumen of the organ which contains the so- 
called matrix. A peculiar aspect of the hepatocyte mitochon-
dria is that their ridges make up about a third of the total cell 
membranes. The inner membrane and lamellar crests host 
the respiratory chain enzymes responsible for the oxidative 
phosphorylation necessary for the production of ATP. Within 
the matrix there are instead most of the components of the 
citric acid cycle, the enzymes involved in the beta-oxidation 
of fatty acids and in the urea cycle. In the matrix, circular 
DNA is depositary of genetic information for the synthesis 
of a portion of mitochondrial proteins, the rest of which is 
encoded by nuclear DNA. The distribution of mitochondria 
is subject to a certain variability on the basis of hepatic zona-
tion: at the centrilobular level the mitochondria are smaller 
and less numerous than the periportal area.

2.3.2  Endothelial Cells

The cells forming the sinusoidal wall are flattened endothe-
lial cells, which protrude into the lumen only with their 
dilated portion that contains the nucleus (Fig.  2.2c). The 
sinusoidal wall is discontinuous due to the presence of 
numerous pores and fenestrations of variable size and posi-
tion. The pores, with a diameter less than 0.1–0.2 μm, may 
be isolated or grouped together, while the larger fenestra-
tions may reach a diameter of more than 1 micrometer and 
are more abundant at the distal end of the sinusoid. The dis-
continuities are so abundant that most of the cell is pitted like 
a net and forms the slender wall of the sinusoid, reinforced 
sometime by the overlap of adjacent endothelial cells that 
apparently do not seem to form junctions between them. The 
porosity of the endothelial cell is greater in the perivenular 
area than in the periportal area. The fenestrations appear to 
be structures of variable diameter in response to both endog-
enous and exogenous mediators such as serotonin or alcohol. 
The extracellular matrix present in the space of Disse is itself 
capable of modulating the fenestrae. Since the fenestrations 
are not provided with diaphragms and the basal membrane is 
lacking on the deep surface of the endothelial cell, the sol-
utes pass freely through the fenestrations within the space of 
Disse and arrive in contact with the basal-lateral membrane 
of hepatocytes. Furthermore, the sinusoidal cells of the liver 
show a series of peculiar phenotypic characteristics. In phys-
iological conditions, they do not express, for example, the 

von Willebrand factor, which they acquire only in conditions 
of chronic liver disease. Moreover, they express at very low 
levels other characteristic molecules of the endothelium such 
as E-selectin, CD 31 and CD 34 [14]. They instead express 
ICAM-1 whose ligand, LFA-1, is present on cells of inflam-
matory processes such as Kupffer cells and lymphocytes and 
this involves sinusoidal cells in the dynamics of inflamma-
tory processes affecting the liver [15]. The sinusoidal endo-
thelial cells are heterogeneous within the lobule as regard the 
cell size, the ability to bind lectin, the expression of different 
receptors and the endocytotic capacity. The endocytosis is 
largely aimed at capturing and degrading compounds circu-
lating within the blood, molecules that are removed from the 
circulation as proteoglycans of the hyaluronic acid or chon-
droitin sulfate type or soluble immune complexes. Another 
part of the molecules that are taken by endocytosis are 
instead modified and reach the hepatocytes by transcitosis, 
thus achieving a more selective mode of transport of macro-
molecular solutes compared to transport through fenestra-
tions. Endothelial cells also have an active synthesis function 
and produce nitric oxide (NO), endothelin, prostaglandins 
and cytokines such as interleukin- 1 and interleukin-6, all 
mediators that have potent effects on vascular tone and the 
functions of surrounding cells. Sinusoidal endothelial by 
paracrine activity also regulates hepatic regeneration and 
fibrosis through the production of growth factors and media-
tors such as Wnt2 and hepatocyte growth factor (HGF) that 
promote hepatocyte proliferation [16]. Moreover, sinusoidal 
endothelial cells are able to modify the surrounding extracel-
lular matrix in response to tissue damage, for example 
through the production of the fibronectin cell isoform, a 
potent activator of hepatic stellate cells at the level of which 
stimulates endothelin-1 synthesis (ET-1) which in turn has a 
paracrine effect on stellate cells themselves. Soluble factors, 
including growth factors such as VEGF and others mediators 
such as angiopoietins, ephrines and fibroblast growth factors, 
are responsible for the regulation of the sinusoidal endothe-
lial cell phenotype. The phenotype of sinusoidal endothelial 
cells is also regulated by biomechanical forces such as shear 
stress, the most significant effect of which is to modulate the 
activity of nitric oxide synthase of the endothelium (eNOS) 
thereby regulating the flow and vascular tone in the 
sinusoids.

2.3.3  Hepatic Stellate Cells

The hepatic stellate cells are also known as perisinusoidal 
cells, Ito cells, fat-storing cells or lipocytes. They are 
localized close to the sinusoidal endothelial cells, within 
the perisinusoidal space of Disse and are probably of mes-
enchymal origin with a pericyte-like function (Fig. 2.2c). 
They share features with fibroblasts and myofibroblasts 
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and, due to the expression of some neural markers such as 
glial fibrillary acidic protein and reelin (Fig.  2.3a), with 
cells of neural origin [17, 18]. In addition, fibers of the 
autonomic nervous system seem to terminate on them. 
Finally, like most pericytes, they store vitamin A esters, 
containing about 90% of the total body retinoids. In the 
normal liver, the stellate cells are quiescent, showing by 
electron microscopy paucity of rough endoplasmic reticu-
lum and a small Golgi apparatus. They only produce mod-
erate levels of collagen proteins and matrix glycoproteins 
(mainly laminin, entactin and fibronectin). The liver dam-
age induces rapid and pleiotropic changes in the function 
of stellate cells that affect aspects such as proliferation, 
migration, contractility and increased matrix production, 
resulting in alterations generally referred to activation 
[19]. A salient aspect of stellate cell activation is the de 
novo expression of the muscle-smooth isoform of α-actin 
(α-SMA) (Fig. 2.3b) that has been extensively used as an 
activation marker [20]. Retinoid reserves decrease rapidly 
during activation and surface receptors for growth factors 
and cytokines, such as PDGF receptors that appear during 
activation to allow proliferation, mediated by PDGF, are 
also regulated. The major subunits of the TGF beta  receptor 

despite being present also in the quiescent and transition 
cells, change their expression in fully activated cells. 
Similarly, the endothelin receptors change during the acti-
vation of stellate cells being their contraction mediated by 
endothelial cells derived endothelin. Modifications also 
occur at the level of cell adhesion molecules, such as 
ICAM- 1, VCAM-1 and NCAM-1, which increasing levels 
help interaction with leukocyte integrins and mediate firm 
adhesion and transendothelial migration. Finally, the acti-
vation of stellate cells is characterized by the synthesis and 
secretion of matrix proteins, among which the type I and 
III collagen increase prevalently. Parallel to the secretion 
of a fibrillar matrix, the stellate cells produce metallopro-
teinases (MMPs) that degrade the basal membrane-like 
extracellular matrix with the result of a gradual substitu-
tion within the Disse’s space of the normal extracellular 
matrix with repair tissue. Among the cytokines produced 
by stellate cells are endothelin, PDGF, CTGF, TGFbeta, 
PAF and several peptide chemokines some of the which 
perform an autocrine action, other paracrine. Evidence has 
also shown that activated stellate cells are able to express 
the vascular factor of endothelial origin (VEGF) and its 
receptors [19].

a b

c d

Fig. 2.3 Hepatic cell types. (a) Quiescent hepatic stellate cells char-
acterized by little droplets in their cytoplasm (high power fields, 
arrowheads) in which vitamin A is stored (immunohistochemistry for 
reelin). (b) Hepatic stellate cells near to a portal tract exhibit the typi-
cal features of activated phenotype (high power field, arrowhead), 
with immunohistochemical positivity for alpha-smooth muscle actin. 
Portal vein (PV); hepatic arteries (HA); the smooth muscle cells in 

the arteries wall are also positive for alpha-smooth muscle actin. (c) 
CD68-positive hepatic macrophages with the typical dendroid shape 
(high power field, arrowhead). (d) Bile ducts (BD) and ductules (d) 
are identified by cytokeratin 7-positivity in a portal tract in a steato-
sic liver, in larger number than normal, due to a mild ductular reac-
tion. Original magnification: ×300, high power filed ×1000. Scale 
bar: 25 μm
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2.3.4  Kupffer Cells

Hepatic macrophages are represented by Kupffer cells 
(Fig. 2.2d): they originate from the fetal yolk sac, forming 
the permanently resident macrophage population, and from 
medullary-derived monocytes/macrophages, which subse-
quently infiltrate the organ and settle there when needed [21, 
22]. While it was believed for a long time that tissue macro-
phages originated from circulating blood monocytes, it is 
now fairly established that tissue macrophages are estab-
lished at the organ level during embryonic development and 
remain independent of the contribution of circulating mono-
cytes under homeostasis conditions. This results in a situa-
tion of high concentration of macrophage cells in the organ, 
since the liver accommodates about 80% of all macrophages 
present in the organism and is also guarded by populations of 
monocytes circulating in the blood. Circulating monocytes 
in case of damage infiltrate the organ and give rise to new 
macrophages. In homeostatic conditions, the macrophages 
residing in the liver self-renew their population thanks to 
resident stem cells originating from the fetal yolk sac. CD 68 
is traditionally used in the liver as a marker, although not 
exclusive, of Kupffer cells (Fig. 2.3c), while more recently 
CD163L has been proposed as a marker of tissue macro-
phages resident differently from CLC5A which would iden-
tify monocyte-derived macrophages with pro-inflammatory 
function [23]. Under hepatic injury subpopulations of circu-
lating monocytes are massively recruited into the liver and 
become the predominant fraction of organ macrophages. 
Although these monocyte-derived macrophages initially 
exert pro-inflammatory and pro- fibrogenic actions, they may 
differentiate into another sub- population likely to promote 
tissue repair and damage resolution.

Kupffer cells represent the first line of defense against 
hepatic damage and constitute a highly dynamic cellular 
complex able to counteract microorganisms and identify 
alterations in tissue integrity. Since the liver is constantly 
exposed to antigens of intestinal origin, as well as to low 
levels of bacterial endotoxins, mechanisms have been 
developed that can regulate the activation of the immune 
system; Kupffer cells play a significant role in the mainte-
nance of immune tolerance in the liver exerting an anti-
inflammatory action under conditions of homeostasis [24]. 
In fact, Kupffer cells secrete anti-inflammatory cytokines 
such as interleukin 10 and express MHC II molecules 
through which they are able to regulate T cells in particular 
by promoting the development of regulatory T cells stimu-
lating immune tolerance. The Kupffer cells recruit mono-
cyte populations in the liver during damage, thus preparing 
the tissue conditions for hepatic regeneration. In addition, 
Kupffer cells interact with stellate cells regulating the phe-
nomena that may eventually lead to hepatic fibrosis in case 
of persistent damage.

2.3.5  Lymphocytes or Pit Cells

As an organ with a lymphoid attitude, the liver contains sev-
eral lymphocyte populations dedicated to innate immunity 
such as NK cells, natural killer T (NKT) cells, gamma-delta 
T cells, which in humans can represent up to 65% of all liver 
lymphocytes. Only a minor part consists of lymphocyte pop-
ulations of adaptive immunity such as alpha-beta T cells and 
B cells. Overall lymphocyte cells represent a percentage of 
5% on the total liver cells. NK cells of rat liver, the “pit 
cells”, have a diameter between that of lymphocytes and 
granulocytes, similar to Kupffer cells with which they share 
an irregular and dynamic shape. The pit cells adhere to the 
endothelial lining; small microvillary structures can pass 
through endothelial discontinuities and contact similar 
microvilli of the parenchymal cells in order to anchor them-
selves to them. The most peculiar ultrastructural characteris-
tic are the numerous granules, 0.3 μm in diameter, which 
tend to be grouped in discrete areas of cytoplasm. These 
granules are rounded and provided with an electron-dense 
content surrounded by a light halo and a single membrane. 
The rest of the cytoplasm contains scant organelles, free 
ribosomes and few and small mitochondria. Unlike Kupffer 
cells, pit cells do not exhibit phagocytic or endocytic func-
tions and do not react to most experimental conditions except 
for partial hepatectomy, a condition in which such cells 
undergo mitosis in the remaining liver portion [25].

2.4  Cholangiocytes and the Intrahepatic 
Bile Ducts

The intrahepatic bile ducts have their roots in the bile cana-
liculi that run between adjacent hepatocytes forming a com-
plex network within the lobule. The diameter of the canaliculi 
gradually increases from the pericentral to the periportal 
region and physiologically enlarge under conditions of 
increased bile flow. At the boundary of the portal space the 
canaliculi continue in the channels of Hering or bile duct-
ules, whose wall initially consists partly of hepatocytes and 
partly of cholangiocytes, where the ductule-canalicular junc-
tion is formed. In the channels of Hering a resident progeni-
tor cell compartment is present. Hepatic stem/progenitor 
cells are bipotential stem cells, able to differentiate under 
appropriate stimuli towards mature hepatocytes and cholan-
giocytes. The topic is extensively treated in Chap. 62.

The ductules present an intralobular portion of variable 
length, and a more peripheral extremity within the portal 
space, where they are coated by a basal membrane and 
have their own complete wall consisting of three to six 
cholangiocytes. Their terminal portions join the interlobu-
lar bile ducts, whose minor branches have a diameter of 
15–20 μm (Fig. 2.3d).
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The interlobular bile ducts are coated with a single layer 
of cubic epithelium, possess a basal membrane and are fur-
ther coated by the connective tissue of the portal space. As 
they merge with each other, their size increases and consti-
tute septal ducts with a diameter of more than 100 μm cov-
ered by a simple columnar epithelium with basal nuclei. The 
major ducts are further anastomosed to form intrahepatic 
bile ducts of a diameter ranging from 1 to 1.5 mm which give 
rise to the main hepatic ducts. The presence of glandular ele-
ments around the larger intrahepatic bile ducts has recently 
been described and confirmed. These glandular elements 
consist of a population of intramural mucous glands in direct 
continuity with the lumen of the bile duct and a component 
of extramural mixed serum glands formed by branched 
tubulo- alveolar lobules and secretory ducts that drain into 
the lumen of the bile duct.

The cholangiocytes represent 35% of the cells in the liver 
and line the intrahepatic and extrahepatic bile ducts. 
Cholangiocytes are responsible for the modification of the 
bile composition during its course along the biliary tree, 
being able to secrete and absorb water, electrolytes and other 
organic solutes. At an ultrastructural level, cholangiocytes 
consist of a prominent Golgi complex, numerous cytoplas-
mic vesicles and short luminal microvilli. It is likely that 
between 20 and 40% of the basal biliary flow is produced by 
the epithelium of the ducts in humans. The secretion is 
regulated by secretin and somatostatin; in particular, secretin 
is released from the duodenum following vagal stimulation 
and the presence of acid, and stimulates the secretion of a 
bile rich in bicarbonate. The reabsorption concerns water, 
glucose, glutamate and urate. Bile acids reabsorbed through 
the biliary epithelium recirculate thanks to the hepatic-bili-
ary shunt via the peribiliary plexus. Cholangiocytes have a 
sodium dependent apical biliary transporter (ASBT) and are 
able to collect bile salts from within the lumen of the duct 
and direct them to the peribiliary circulatory plexus, which 
via a hepatic-biliary shunt puts them available again for the 
hepatocytes to stimulate a further secretion of bile [26].

The intrahepatic bile ducts can be classified in humans 
according to their diameter in large ducts (>800 μm), and 
then segmental, zonal, sepal, interlobular ducts (15–100 μm) 
and finally in ductules (<15 μm) [26, 27].

Cholangiocytes are heterogeneous in size and a direct 
correlation between diameter of the ducts and size of cholan-
giocytes has been demonstrated. Large cholangiocytes, 
located in the bile ducts up to the portal spaces, have a 
reduced nucleus/cytoplasm ratio, while the nucleus/cyto-
plasm ratio is greater in small cholangiocytes. Large cholan-
giocytes, about 15 μm in diameter, and small cholangiocytes, 
about 8  μm in diameter, both express cytokeratin CK19. 
However, they show differences in the expression of impor-
tant genes and proteins in the regulation of biliary function. 
The expression of molecules involved in secretion stimulated 

by secretin differs in fact along the different segments of the 
biliary tree [28]. Secretin receptor (SR), cystic fibrosis trans-
membrane conductance regulator (CFTR) and anion 
exchanger 2 (AE2) are expressed only by large cholangio-
cytes and are responsible for most of the biliary fluid secre-
tion that occurs through the activation of a cyclic dependent 
AMP pathway. On the other hand, in small cholangiocytes 
the Ca2+ activated signaling pathways seem predominant 
[29]. From a functional point of view, large cyclic AMP 
cholangiocytes are more susceptible to hepatic injury while 
small cholangiocytes are more resistant to it [30]. The prolif-
erative response to hepatic injury is different as cholangio-
cytes of the large ducts proliferate as a result of cholestatic 
stimuli, such as obstruction or ligation of the main bile duct, 
or hormonal, such as stimulation by estrogen, and are dam-
aged by administration of toxic substances such as carbon 
tetrachloride. Following the functional loss of the large 
ducts, the cholangiocytes of the ductules undergo prolifera-
tion and become sensitive to the stimulation of secretin 
replacing the larger cholangiocytes [31].

2.5  Hepatic Microcirculation

The blood supplying the hepatic lobule and its morphofunc-
tional units is distributed to the hepatic parenchyma by the 
branches of the portal vein and the hepatic artery. Inside the 
liver, the portal vein is divided into successive generations of 
portal branches that form interlobar, segmental and interlob-
ular branches in succession. The further branching of this 
last generation of portal vessels provide preterminal and ter-
minal branches that distribute the blood inside the sinusoids 
through venules that leave the portal space and penetrate into 
the parenchyma to open in the sinusoids. The portal system 
comprehends about 17–20 branching orders to supply the 
entire mass of the liver. However, the subdivisions are not 
strictly dichotomous and therefore the different branches do 
not have the same number of ramifications, giving a certain 
degree of irregularity to the general lobular organization.

The geometry of the hepatic sinusoidal network is highly 
complex (Fig. 2.4a). Its normal morphological organization 
supports the efficiency of exchanges between blood and 
hepatocytes, while the rearrangements of the microvascular 
organization in chronic pathological conditions are related 
with reduction or loss of liver function [32].

The ramifications of the hepatic artery follow substan-
tially those of the portal system penetrating the organ through 
it. The termination of the hepatic artery is a peribiliary vas-
cular plexus (Fig. 2.4b) with trophic functions at the level of 
all intrahepatic bile ducts [33]. Around the larger ducts the 
peribiliary plexus is disposed in two layers, one of which is 
more internal located at the sub-epithelial level made up of 
thin capillaries and another more external, periductular, con-
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sisting of a venous plexus receiving blood from the inner-
most layer. All smaller terminal bile ducts have only one 
capillary plexus. The peribiliary plexus drains mainly in the 
hepatic sinusoids and its embryological development takes 
place parallel to that of the intrahepatic bile ducts. The 
peribiliary plexus originates from the hepatic hilum and 
moves towards the peripheral portions of the liver, reaching 
full development with complete maturation of the biliary 
system. In addition to providing trophic support for the bile 
ducts, the peribiliary plexus is involved in the reabsorption of 
bile components, including bile acids; these are captured by 
cholangiocytes and secreted in the interstitium of the portal 
tract, where are reabsorbed into the capillaries plexus, pro-
viding the bases for bilio-hepatic re-circulation. In this way, 
in case of downstream biliary tract obstruction, the reabsorp-
tion of bile solutes can direct them into the systemic circula-
tion to be eliminated by the kidneys.

After having perfused the lobule, the blood penetrates 
into the central veins placed at the center of the classic 
hepatic lobule, whose wall presents the sinusoid openings. 
The centrilobular veins flow together forming, first, the sub-
lobular hepatic veins and then the tributaries of the hepatic 
veins. The arrangement of the hepatic vein system does not 
correspond to that of the portal system following alternative 
routes that intersect the portal system.

Total hepatic blood flow in the adult under resting condi-
tions is between 1500 and 1900  ml/minute, i.e. approxi-
mately 25% of the cardiac output. About two-thirds of this is 
provided by the portal vein while the remaining third by the 
hepatic artery. The venous flow coming from the portal vein 
is subject to changes that are determined by the splanchnic 
blood flow, increasing after meals and decreasing during 

exercise and sleep. For this reason, a direct external regula-
tion of hepatic blood flow can be mainly obtained through 
the hepatic artery [34, 35]. On the other hand, the intrinsic 
regulation of blood flow within the liver is rather complex 
and the precise mechanism that regulates liver microcircula-
tion remains controversial. Although the portal and hepatic 
veins and the hepatic arterioles have an endowment of 
smooth muscle cells in their wall that can provide a certain 
degree of regulation of the diameter through their contractile 
capacity, the main site of the regulation of hepatic microcir-
culation seems to be the sinusoids themselves. The sinusoi-
dal endothelial cells are able to respond to a series of 
vasoactive substances which, by determining their partial 
contraction or their relative relaxation, modify the sinusoidal 
diameter. Even the stellate cells with their long processes 
that embrace the sinusoidal wall, are able to respond to medi-
ators with a vasoconstricting action. Moreover, it has been 
observed that reductions in the portal blood flow decrease the 
blood flow inside the sinusoids with a significant reduction 
of their diameter [36].

2.6  Microstructure of the Extrahepatic 
Biliary Tract

Extra hepatic biliary tracts are primarily composed by the 
right and left hepatic ducts. These, at the level of the liver, 
get together to form the common hepatic duct; the latter, in 
turn, joins the cystic duct coming from the gallbladder. 
From this confluence, the common bile duct originates and, 
after a long course, ends in the second (descending) duode-
nal portion. The main biliary tract, therefore, consists of the 

a b

Fig. 2.4 Scanning electronic microscopy vascular corrosion casts of 
normal liver. (a) Lobular microvascular pattern is featured by a net-
work of tortuous sinusoids. (b) Separated from the sinusoidal network 
(S), a peribiliary plexus (arrows) run at the periphery of the lobule 
along with portal vein branches and furnished by terminal branches of 
hepatic artery (A). Original magnification: ×30 (a), ×60 (b). Scale 
bar: 300 μm (a), 150 μm (b). ((a) From Journal of Anatomy, 2005, 

vol. 207, p.  107–115; From Gaudio E, Chaberek S, Montella A, 
Pannarale L, Morini S, Novelli G, Borghese F, Conte D, Ostrowski 
K. Fractal and Fourier analysis of the hepatic sinusoidal network in 
normal and cirrhotic rat liver. J Anat. 2005 Aug; 207 (26):107–15. 
DOI: https://doi.org/10.1111/j.1469-7580.2005.00436.x. With per-
mission. (b) The Italian Journal of Anatomy and Embryology, 2007, 
vol. 112, p. 1–12)
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axis formed by the right and left hepatic ducts, the common 
hepatic duct and the common bile duct. The accessory bili-
ary pathway, which can be considered a diverticulum of the 
main way, is represented by the gallbladder and the cystic 
duct. The structure of the right and left hepatic ducts, of the 
common hepatic duct and of the common bile duct is consti-
tuted externally by a fibromuscular layer and internally by a 
mucosal one. The fibromuscular layer has numerous con-
nective, collagen and elastic fibers, mixed with poor smooth 
muscle fibers with a plexiform pattern. The mucosa is con-
stituted internally by a simple cylindrical epithelium with 
two types of cells: cells with microvilli and mucous secre-
tion cells. In the lamina propria of the mucosa, especially in 
the common bile duct, there are the biliary glands, simple or 
branched tubule-acinar with mucous secretion, going deep 
into the fibromuscular layer. The fibromuscular layer pro-
gressively increases consistency towards the duodenal open-
ing, where the circular component thickens, helping to form 
the Oddi’s sphincter apparatus and in particular the proper 
sphincter of the common bile duct. The mucosa of gallblad-
der is raised in ridges who are anastomosed to each other 
delimiting irregular recesses and diverticula that give to its 
internal surface a labyrinthine aspect (Fig. 2.5). The lining 
epithelium is constituted by a single layer of high cylindri-
cal cells with microvilli and glycocalyx. The cells are tightly 
joined to each other at the apical level by means of junction 
complexes that create a barrier impermeable to bile. At the 
basal level, these cells by means of deep interdigitations 
delimit an intercellular canalicular space that accounts for 
the remarkable absorbing activity of these cells. The reab-
sorption of water and solutes fluids for the concentration of 
bile, begins at the apical level through pinocytosis and ter-
minate in the blood and lymphatic circulation. The mucosa 

presents numerous glands with mucous secretion only at the 
neck of the gallbladder, while in the other portions the 
mucosa adheres directly to the underlying muscular layer. 
The smooth muscle cells that compose the muscular layer 
alternate with elastic fibers and their course is predomi-
nantly arranged in a spiral pattern. The serosal layer rests on 
a thin layer of loose connective tissue more or less richly 
infiltrated by fat cells. The cystic duct, with a general struc-
ture similar to that of the other parts of the biliary tract, pres-
ents a characteristic lifting of the mucous membrane 
internally reinforced by smooth muscle fibers coming from 
the fibromuscular layer, which forms the Heister’s spiral 
valve involved in the regulation of biliary flow.

2.7  Conclusions

The knowledge of the morphological and ultrastructural bases 
of the liver complex functions opens perspectives on the fur-
ther understanding of the mechanisms driving the develop-
ment and the progression of the liver diseases. Significant 
developments are expected in the treatment of serious condi-
tions such as fibrosis and liver tumors from going insight into 
the comprehension of the molecular bases of hepatic zonation 
and heterogeneity of liver cells and systems.

 Self Study

 Questions

 1. Which statement(s) is/are true?
 (a) The portal lobule is a morpho-functional liver unit 

obtained by joining different portal tracts each other 
and placing in the center the centri-lobular vein.

 (b) Glucose metabolism at the hepatocytes level shows 
heterogeneous localization, with gluconeogenesis 
occurring mainly in the periportal while glycolysis in 
the pericentral region.

 (c) The sinusoidal domain of hepatocyte through micro-
villi has only functions of absorption.

 (d) The fenestrations of sinusoidal endothelial cells are 
provided with diaphragms; hence the solutes don’t 
pass freely within the space of Disse and selective 
transcitosis is always required.

 (e) In the normal liver hepatic stellate cells are α-SMA- 
expressing cells that produce large amount of colla-
gen and matrix proteins.

 2. Which statement(s) is/are true?
 (a) The intrahepatic bile ducts have their roots in the bile 

canaliculi with cholangiocytes lining their wall.
 (b) Secretin receptor (SR), cystic fibrosis transmembrane 

conductance regulator (CFTR) and anion exchanger 

Fig. 2.5 Normal histology of the gallbladder wall with the mucosa 
raised in folds and the muscle bundles (Mu) close to the lamina propria. 
Glandular structures (G) are more frequent in the gallbladder neck. 
Original magnification: ×100. Scale bar: 50 μm
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2 (AE2) are expressed both by large and small chol-
angiocytes and are responsible for most of the biliary 
fluid secretion that occurs through the Ca2+ activated 
signaling pathways.

 (c) The ramifications of the hepatic artery follow sub-
stantially those of the portal system penetrating the 
organ through it and directly terminating into sinusoi-
dal bed.

 (d) The main site of the regulation of hepatic microcircu-
lation seems to be represented by sinusoids 
themselves.

 (e) The function of the gallbladder is only to contain the 
bile waiting for the bile to be pushed into the com-
mon bile duct and fed into the duodenum after a meal.

 Answer

 1. Which statement(s) is/are true?
 (a) The portal lobule is a structural unit in which the por-

tal space is at the center and the centrilobular veins in 
the periphery. The morpho-functional unit with the 
portal spaces in the periphery and the centrilobular 
vein in the center is the classic hepatic lobule.

 (b) (CORRECT) Many aspects of liver physiology and 
metabolism show a heterogeneous distribution along 
the porto-central axis of the lobule determining the 
so-called liver zonation. Hepatocytes located in the 
periportal area are more involved in gluconeogenesis 
and lipid metabolism whereas those located in the 
pericentral are the most able to detoxify and are 
involved in glycolysis.

 (c) At the level of the sinusoidal domain of the hepato-
cyte, the plasma membrane has abundant microvilli 
and secretion vacuoles that open at their base, respon-
sible for the processes of exocytosis; hence both 
functions of absorption and secretion are exerted.

 (d) The fenestrations of sinusoidal cells are not provided 
with diaphragms and the basal membrane is lacking 
on the deep surface of the endothelial cell; hence, the 
solutes pass freely through the fenestrations within 
the space of Disse and arrive in contact with the 
plasma membrane of hepatocytes. However, sinusoi-
dal endothelial cells exhibit also endocytotic capacity 
and part of the molecules that are taken by endocyto-
sis are modified and reach the hepatocytes by 
transcytosis.

 (e) In the normal liver, the stellate cells are quiescent; 
they only produce moderate levels of collagen pro-
teins and matrix glycoproteins. The liver damage 
induces activation of stellate cells affecting aspects 
such as proliferation, migration, contractility and 
increased matrix production; a feature of stellate cell 

activation is the de novo expression of the muscle- 
smooth isoform of α-actin (α-SMA).

 2. Which statement(s) is/are true?
 (a) The bile canaliculi run between adjacent hepatocytes 

that form the canaliculi’s wall with their canalicular 
domain; at the boundary of the portal space the cana-
liculi continue in the bile ductules, whose wall ini-
tially consists partly of hepatocytes and partly of 
cholangiocytes; then interlobular bile ducts in the 
portal tract are lined by cholangiocytes.

 (b) Secretin receptor (SR), cystic fibrosis transmembrane 
conductance regulator (CFTR) and anion exchanger 
2 (AE2) are expressed only by large cholangiocytes 
and are responsible for most of the biliary fluid secre-
tion that occurs through the activation of a cyclic 
dependent AMP pathway; on the other hand, in small 
cholangiocytes, the Ca2+ activated signaling path-
ways is predominant.

 (c) The ramifications of the hepatic artery follow substan-
tially those of the portal system; however, the termina-
tion of the hepatic artery is a peribiliary vascular plexus 
at the level of the intrahepatic bile ducts; then the peribili-
ary plexus drains mainly in the hepatic sinusoids.

 (d) (CORRECT) The sinusoidal endothelial cells are 
able to respond to a series of vasoactive substances 
which modify the sinusoidal diameter, by determin-
ing their partial contraction or their relative relax-
ation. Even the stellate cells with their long processes 
that embrace the sinusoidal wall, are able to respond 
to mediators with a vasoconstricting action.

 (e) The reabsorption of water and solutes fluids for the 
concentration of bile is a fundamental role of the gall-
bladder; thus, it is not designed only to storing bile.
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Hepatic Progenitor Cells and Biliary 
Tree Stem Cells
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3.1  Hepatic Progenitor Cells: Embryology 
Derivation and Anatomical Location

In the adult human liver, a resident progenitor cell compart-
ment is present in Canals of Hering (Fig. 3.1), which repre-
sent the smaller branches of intrahepatic biliary tree [1]. 
Hepatic stem/progenitor cells (HPCs or HpSCs) are faculta-
tive bipotential stem cells, which are capable to differentiate 

towards mature hepatocytes and cholangiocytes [2]. HPCs 
have unique phenotype (Figs. 3.1b and 3.2) since they can 
express stem cell (e.g. Sox9, CD44, CD133, EpCAM, 
NCAM), mature cholangiocyte (e.g. CK7, CK19), and hepa-
tocyte (Albumin, CK18) markers [3]. The differentiation 
toward a more mature phenotype is characterized by the pro-
gressive acquisition of mature traits and the appearance of 
cells with an intermediate phenotype, such as intermediate 
hepatocyte and immature bile ducts: intermediate hepato-
cytes are cells with a size between progenitor cells and 
mature hepatocytes, they express biliary cytokeratins (i.e. 
CK7 with a membranous pattern) and are positive for 
EpCAM; on the other side, immature bile ducts are charac-
terized by maintenance of stem cell markers and lack of spe-
cific mature markers (i.e. CFTR, SRCTR) [4].

The HpSC compartment embryologically derives from 
the ductal plate; at earlier stages of development, a common 
precursor for the liver and the bile duct system exists in the 
forming foregut [3]. In the human embryo, the primitive hep-
atoblasts around the mesenchyme of portal tracts become 
immunoreactive for Sox9 and biliary cytokeratins; this layer 
of cells is termed the ductal plate. The ductal plate undergoes 
a process of remodeling leading to the formation of intrahe-
patic bile duct system. At the end of this process, the canals 
of Hering is the remnant of the ductal plate in pediatric and 
adult liver and represents the Sox9+ HPC niche [3].

3.2  Role of Hepatic Progenitor Cells 
and Regeneration Pathways 
in Human Liver Pathologies

In adult organ, mature parenchymal cells (i.e. hepatocytes 
and cholangiocytes) have high proliferative capabilities 
and their proliferation supports the physiological turnover 
of liver parenchyma. Thus, a significant contribution from 
stem/progenitor cell niche in liver physiological renewal has 

Key Concepts
• Hepatic Progenitor Cells are facultative bipotential 

stem cells within the human liver.
• Hepatic Progenitor Cells are quiescent in normal 

conditions and activated in disease states.
• Hepatic Progenitor Cells are activated in human 

chronic liver diseases, including NAFLD, alcoholic 
hepatitis, viral hepatitis and cholangiopathies.

• Biliary tree stem/progenitor cells reside within 
peribiliary glands along the biliary tree and are acti-
vated in human primary sclerosing cholangitis, par-
ticipating in the progression of biliary strictures.

• Hepatic Progenitor Cells and Biliary tree stem/pro-
genitor cells could be a source for clinical programs 
in regenerative medicine of the liver and pancreas.
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been excluded and the normal turnover is ensured by the 
proliferation of mature cells. However, the activation of a 
stem/progenitor cell compartment in human livers has been 
described in disease conditions [3]. Human liver diseases 
are characterized by a severe and progressive impairment 
of hepatocyte or cholangiocyte proliferation capabilities [5]. 
This is due to chronic long-term damage and prolonged cell 
death or cell cycle arrest induced by specific insults (e.g. 
oxidative stress in NAFLD) [2, 5]. Thus, end-stage chronic 
liver pathologies are characterized by an increase of prolif-
erative senescence in hepatocytes and, in parallel, chronic 
cholangiopathies are characterized by increasing apoptosis 
and senescence of cholangiocytes [6]. Consequently, HPC 
compartment can be activated in a variety of human diseases 
on the basis of specific insults and pathogenesis [2, 5].

The hallmark of HPC activation is represented by the 
appearance of the so-called ductular reaction (DR) [7]; DR 
consists of strings of cells with irregular lumina (reactive 
ductules) and composed of cells with a highly variable phe-
notype [4]. Virtually, the emergence of DRs characterizes all 
chronic liver diseases and acute (or acute-on-chronic) liver 
failure [5]. Interestingly, the etiology of the disease strictly 
influences the variable phenotypes of DR. In chronic biliary 
diseases (Fig. 3.3), DR is mostly composed of cells express-
ing biliary, neuroendocrine, and stem cell markers (such as 
Sox9, CD133) [4, 5]. On the other hand, in liver diseases of 
non-biliary origin, the cells within reactive ductules show 
hepatocyte-like features [4, 5].

DR in humans is strongly correlated with the severity of 
liver damage and is associated with fibrogenesis. In adult and 

Fig. 3.1 Hepatic Progenitor Cells: anatomical position and progeny. 
(a) The cartoon shows the position of Hepatic Progenitor Cells (HPCs) 
within bile ductules and Canal of Hering. The HPC progeny comprises 
intermediate hepatocytes and immature cholangiocytes. CV central 
vein, PV portal vein, HA hepatic artery, IBD interlobular bile ducts. (b) 

The table summarizes key markers which distinguish HPCs from their 
progeny and mature parenchymal cells. K cytokeratin, EpCAM epithe-
lial cell adhesion molecule, ALB albumin, HNF hepatocyte nuclear fac-
tor, PC primary cilium, CFTR cystic fibrosis transmembrane regulator, 
SCTR secretin receptor
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Fig. 3.2 Hepatic progenitor cells in normal human liver. (a) 
Immunohistochemistry for cytokeratin 7 (K7). Single Hepatic Progenitor 
cells (HPCs) and bile ductules are located at the interface between liver 
parenchyma and portal tracts (arrow). Area in the box is magnified to 
show the anatomical continuity between bile ductule and hepatocyte 
plate (arrow) at the level of Canal of Hering where HPC are located. The 

green arrowhead individuates an interlobular bile duct within portal 
tract. PV portal vein, HA hepatic artery. Original Magnification: ×10. (b) 
Immunofluorescence for K7 and Hep-Par1 (hepatocyte marker). The 
anatomical continuity between bile ductule and hepatocyte plate at the 
level of Canal of Hering was indicated by the arrow. Nuclei are dis-
played in blue color. Original Magnification: ×20

Fig. 3.3 Hepatic progenitor cell and ductular reaction in human 
cholangiopathies. (a) Immunohistochemistry for cytokeratin 7 (K7). 
In Primary Sclerosing Cholangitis (PSC), a human cholangiopathy, 
Hepatic Progenitor Cells (HPCs) are activated and reactive ductules 
appear (Ductular Reaction: DR; arrows in the right image). Area in 
the box is magnified on the right. In magnified image, intermediate 
hepatocytes (arrowheads) are recognized for their shape and the K7 

patter expression (low expression in cytoplasm with membranous 
reinforcement). (b) Immunofluorescence for K7 and Hep-Par1 (left) 
or SOX9 (right). In Primary Biliary Cholangitis (PBC), DR is promi-
nent in cirrhotic stage and located in fibrous septa between cirrhotic 
nodules (green cellular strings) and at the interface with nodules 
(arrows in right). In PBC, DR is mostly composed by SOX9+ cells 
(arrows)
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pediatric [8] patients with Non Alcoholic Fatty Liver Disease 
(NAFLD), DR is prominent in steatohepatitis but not in simple 
steatosis; in this disease, DR appearance and signs of differen-
tiation are associated with hepatocyte cell cycle arrest and 
apoptosis, and DR extension is correlated with portal fibrosis 
[8] and portal inflammation [9]; from a clinical point of view, 
DR extension is predictive of clinical manifestations [10]. 
Alcoholic hepatitis (AH) represents a disease condition exem-
plificative for activation of HPC niche in human pathologies 
[11]. AH is a severe complication of alcoholic liver disease 
occurring in heavy drinkers and is associated with high mor-
bidity and mortality [11]. Biopsies obtained from AH patients 
at the diagnosis are characterized by HPC expansion, and the 
expression of HPC marker individuates a more severe liver 
damaging and can predict short-term mortality [11].

The inefficient maturation of HPC is a common feature in 
human liver disease where the inflammatory milieu alters sig-
nals within the niche. This is also the case of acute massive 
hepatocellular necrosis (fulminant hepatitis); in this condition, 
signs of differentiation toward hepatocytes are minimal in acute 
liver failure patients [12] and, when present, are a negative prog-
nostic factor; moreover, in acute hepatitis, HPCs predominantly 
proliferate rather than differentiate [4], and their differentiation 
starts not earlier than 1 week after the initial liver injury [12]. 
Interestingly, in acute-on-chronic liver failure, HPC activation 
and differentiation are more prominent in comparison with 
acute liver failure and in decompensated cirrhosis [12].

Finally, in chronic cholangiopathies such as Primary 
Biliary Cholangitis (PBC) and Primary Sclerosing 
Cholangitis (PSC), HPC activation (Fig. 3.3) is massive and 
is strongly correlated with fibrosis [13]. Moreover, in PBC, 
HPC ductular reaction was strongly correlated with clinical 
prognostic scores [13]. Interestingly, progenitor cell activa-
tion differs between PSC and PBC and is characterized by a 
divergent fate commitment, suggesting a different pathoge-
netic pathway in the two diseases [3, 13].

Taken together, evidence obtained from human liver dis-
ease indicates that the activation of the secondary pathway of 
HPC takes place in almost all human disease. HPCs are 
implicated in the formation of cirrhotic nodules and their 
potential to generate mature cells could be engaged by the 
inflammatory milieu or un-orchestrated signals within the 
niche. These alterations can be at the basis of pro-fibrogenic 
loop leading to the progression of liver fibrosis.

3.3  HPCs Activation Is Driven by 
a Specialized Niche and Signaling 
Pathways

Hepatic stem/progenitor cell response is surrounded by a 
specialized niche [14]. This niche furnishes several key sig-
nals driving HPC activity. The cellular components of the 

niche are represented by portal myofibroblasts (MFs), 
hepatic stellate cells (HSC), and resident macrophages (i.e. 
Kupffer cells) [14]. In pathological conditions, HSCs/MFs 
and macrophages can produce a variety of signals able to 
drive HPC response. Interestingly, macrophages are a main 
source of cytokines; among them, TNF-like weak inducer of 
apoptosis (TWEAK) has a key role in the prominent expan-
sion of undifferentiated HPCs [2]. Beside cytokine produc-
tion, macrophages can activate canonical Wnt pathway in 
HPCs triggering their differentiation towards hepatocyte 
[14]. On the other side, in biliary diseases, fibrogenetic cells 
secrete Notch ligands (e.g. Jagged1), thus inducing the acti-
vation of Notch signaling in HPC niche. Notch signaling 
pathway has been associated with promotion of biliary dif-
ferentiation [4]. In sum, Notch and Wnt signaling pathways 
have a key role in HPC proliferation and response [13, 14]. 
Furthermore, a key member of HPC niche is represented by 
the extra-cellular matrix (ECM) composition [15]; both mac-
rophages and myofibroblasts contribute to the precise com-
position of ECM around HPC through the secretion of ECM 
elements and by the production of several matrix metallopro-
teinases and their tissue inhibitors [14]. In this context, the 
formation of a laminin-rich niche is essential in inducing 
HPC proliferation and maintaining an undifferentiated phe-
notype [16]. By contrast, the differentiation into hepatocytes 
is determined by the leave of the laminin-rich niche [15, 16]. 
Interestingly, in alcoholic hepatitis, livers predominantly 
express laminin and, consequently, HPC expansion is ineffi-
cient at yielding mature hepatocytes [17].

In addition to signals from the niche, HPC may furnish 
signals to influence niche composition [14]; thus, HPCs 
could activate the myofibroblast pools via activation of the 
Hedgehog (Hh) pathway or by the secretion of Osteopontin 
and Transforming growth factor-β1 (TGF-β1). In chronic 
pathological conditions, this cellular cross-talk could be 
responsible of inducing collagen-I deposition and establish-
ing a pro-fibrogenic loop [1]; the myofibroblast activation 
follows the expansion of HPC compartment and this process 
is mediated by the Hedgehog pathway [18].

In general, the expansion of the HPC niche represents an 
attempt to participate in the regeneration of damaged liver; 
unfortunately, the persistent injury and the chronic inflam-
matory milieu activate pro-fibrogenetic pathways and lead to 
matrix deposition and fibrosis.

3.4  Biliary Tree Stem Cells and Peribiliary 
Glands

Beside HPCs in bile ductules and Canals of Hering, large 
intrahepatic bile ducts and extrahepatic biliary tree contain a 
large population of progenitor/stem cells named biliary tree 
stem/progenitor cells (BTSCs) [19]. Anatomically, BTSCs 
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reside within peribiliary glands, glandular elements located 
along the biliary tree [19]; embryologically, BTSCs are con-
sidered the remnant in the adult organs of the common bilio-
pancreatic progenitors of the ventral endoderm in the 
primitive duodenum [3]. BTSCs can be easily isolated from 
adult or fetal organs, showed clonal expansion capability and 
are multipotent since they can differentiate toward hepato-
cytes, cholangiocytes and pancreatic endocrine cells [19]. 
BTSCs and peribiliary glands are involved in the pathogen-
esis of human biliary disease; in liver transplantation proce-
dures, ischemia-reperfusion injury of the PBGs has been 
associated with the loss of epithelial cells and the develop-
ment of non-anastomotic biliary strictures [1, 3]. Furthermore, 
BTSCs are activated to proliferate in primary sclerosing 
cholangitis and have a key role in progression of biliary stric-
tures. Finally, they have been suggested as a cell of origin for 
cholangiocarcinoma [1, 14].

3.5  Stem Cells in Regenerative Medicine 
for Liver Diseases

In the field of liver diseases, orthotopic liver transplantation 
(OLT) represents the only curative treatment for acute liver 
failure and end-stage chronic liver disease [20]. Unfortunately, 
a major point is represented by the severe shortage of organ 
donors for OLT [21]. This has opened the need of innovative 
therapeutic strategies based on cell therapy as a possible 
option to support liver function. Cell therapies with mature 
hepatocytes have demonstrated that hepatocyte transplanta-
tion achieve only transient effects and hepatocyte cell func-
tion declines few months after cell transplantation. Moreover, 
a main obstacle to the clinical application of hepatocyte 
transplantation resides in sourcing of cells; given the compe-
tition with OLT procedures, current sources of tissue for 
hepatocyte isolation are limited and of poor quality, such as 
marginal organs unsuitable for OLT, livers that have under-
gone aggressive therapies, or surrounding parenchyma from 
tumor resection [21].

Thus, the identification of sustainable and readily avail-
able cell sources is required [20]. In keeping, the possibility 
of reprogramming adult somatic cells attracted attention for 
the possibility to generate mature hepatocyte readily avail-
able for transplantation. Recently, induced hepatocytes 
(iHeps) have been directly reprogrammed from fibroblasts 
by forcing the expression of specific hepatic transcription 
factors [22]. Unfortunately, the application of reprogrammed 
cells in clinics have major concern regarding the possible 
uncontrolled tumorigenic expansion within the recipient 
[20]. This aspect is crucial in pediatric patients for the long- 
life expectancy of recipient and in chronic liver diseases 
characterized by an “adverse” inflammatory niche which can 
favor mutations and tumorigenesis [20].

Besides cell reprogramming, the use of hepatic stem/
progenitor cells isolated from adult or fetal human organs 
has been proposed for the regenerative medicine of the liver 
and pancreas [21]. HPCs and BTSCs have the key advan-
tage to require minimal manipulation with respect to repro-
grammed cells and they can be easily isolate from human 
organs by immune-selection for specific surface antigens 
such as Epithelial Cell Adhesion Molecule (EpCAM) and 
single Leucine-rich repeat-containing G-protein coupled 
receptor 5 (Lgr5). Isolated cells can be expanded in vitro 
and are able to differentiate into functional hepatocytes and 
β-pancreatic cells in vitro and in vivo [3, 23]. Long-term 
expansion of adult bile duct-derived bipotent progenitor 
cells has been achieved and indicated a high stability at the 
chromosome and structural level and the single base 
changes occur at very low rates and have null tumorigenic 
potential [23]. However, few clinical trials were started 
with the use of human HPCs and, to date, the only com-
pleted was conducted at the Liver Institute in Hyderabad 
(India) [24]. Furthermore, a preliminary clinical report 
indicated the feasibility and safety of BTSC transplantation 
into the liver of patients with end- stage chronic liver dis-
ease [25]. In general, the use of determined stem cells has 
the advantage of lower manipulation in comparison with 
reprogrammed cells and no need of immunosuppression in 
comparison with mature cells.

3.6  Conclusions

The liver and the extrahepatic biliary tree contain distinct 
niches of stem/progenitor cells. HPCs and BTSCs are quies-
cent and are activated in human liver and biliary pathologies, 
participating in tissue regeneration after massive acute and 
chronic injuries. These cells can be easily isolated from adult 
or fetal human livers and could represent a possible source 
for cell therapy program for liver and pancreatic diseases.

 Self Study

 Questions

 1. Which statement is true?
 (a) Hepatic Progenitor Cells are located in Bile 

Canaliculi.
 (b) Hepatic Progenitor Cells are pluripotent stem cells.
 (c) Hepatic Progenitor Cells are facultative stem cells.
 (d) Hepatic Progenitor Cells do not express biliary 

markers.
 2. Which statement/statements is/are true?

 (a) Hepatic Progenitor Cells participate in hepatocyte 
physiological turnover.
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 (b) Hepatic Progenitor Cells are activated in human 
cholangiopathies.

 (c) Hepatic Progenitor Cells are quiescent in Non- 
alcoholic Fatty Liver Diseases.

 (d) Ductular Reaction represents the histological hall-
mark of hepatocyte apoptosis

 Answers

 1. Which statement is true?
 (a) False. Hepatic Progenitor Cells are located in bile 

ductules and Canal of Hering. Bile Canaliculi are 
comprised between adjacent hepatocytes

 (b) False. Hepatic Progenitor Cells are bipotential.
 (c) True. Hepatic Progenitor Cells are quiescent in nor-

mal conditions and activated in pathological 
conditions.

 (d) False. Hepatic Progenitor Cells express biliary cyto-
keratins (7 and 19).

 2. Which statement is true?
 (a) False. Hepatocytes have high proliferative potentiali-

ties and their proliferation supports parenchymal 
physiological turnover.

 (b) True. Both in primary biliary and primary sclerosing 
cholangitis Hepatic Progenitor Cells are activated to 
support biliary and hepatocyte regeneration in late 
stages.

 (c) False. Hepatic Progenitor Cell activation has been 
described in Non-alcoholic Fatty liver Disease both 
in adult and in pediatric patients. This activation was 
associated with portal fibrogenesis and with 
steatohepatitis.

 (d) False. Ductular Reaction represents the histological 
hallmark of Hepatic Progenitor Cell activation.
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4.1  Introduction

Hepatic tissue homeostasis is a based on the equilibrium 
between cell growth and cell death [1]. According to the 
known evidence, a number of hepatocellular death mecha-

nisms have been observed including apoptosis, autophagy, 
necrosis and necroptosis. Without a doubt, hepatocellular 
death exists in all types of human liver disease such as viral, 
metabolic, autoimmune and toxic conditions [2]. Consistent 
with this, hepatocyte death is the hallmark of liver disease 
development such as inflammation, fibrosis, cirrhosis, and 
hepatocellular carcinoma.

Presently, the recommendations of the Nomenclature 
Committee on Cell Death 2018 are grading cell death into 
three morphotypes (Fig. 4.1, Table 4.1) [3]:

 1. Type I cell death (apoptosis) is characterized by plasma 
membrane blebbing, reduction of cytoplasma, pyknosis 
or karyopyknosis (irreversible chromatin condensation) 
followed by karyorrhexis (nuclear fragmentation), and 
formation of “apoptotic bodies” (small vesicles) that are 
broke down inside of lysosomes;

 2. Type II cell death (autophagy) shows broad “cytoplasmic 
vacuolization” removed in same way inside of lysosomes; 
and

 3. Type III cell death (necrosis) without characteristics of 
type I or II cell death.

a

b c

d

necrosis

PCD

CELL
DEATH

caspase-dependent

caspase-independent

cathepsin-dependentcalpain-dependent

Apoptosis-like PCD Necroptosis Autophagic death

Apoptosis

Fig. 4.1 Types of cell death 
and their morphological 
hallmarks. Diagrammatic 
classification of different 
types of cell death. PCD: 
programmed cell death. 
Morphological features of (a) 
a healthy cell, (b) a necrotic 
cell, (c) an apoptotic cell and 
(d) an autophagic cell. 
[(Electron micrograph 
pictures adapted from ref. [4]. 
Scale bar: 1 mm.) [5]. With 
permission]

Key Concepts

• Cell death is classified into three morphotypes 
apoptosis, autophagy and necrosis.

• Apoptosis and necrosis represent the two major 
modes of hepatocyte death, and apoptosis assures 
tissue homeostasis by the physiologic removal of 
damaged hepatocytes.

• Hepatocyte autophagy is a protective pathway as 
survival mechanism in starvation.

• Cytoprotective autophagy inhibits apoptosis, 
whereas cytotoxic autophagy promotes apoptosis.

• Signaling death pathways of liver might carry sig-
nificant information for a correct treatment of 
hepatic disorders.
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Generally, apoptosis, necroptosis, and necrosis are a fea-
ture of acute and chronic liver diseases. Obviously, there is 
no separation between apoptosis, necrosis, and necroptosis 
in vivo. Moreover, all together may evolve in same time in 
acute and chronic liver disease [2]. However, all above men-
tioned death mechanisms can support inflammation with 
activation of liver stellate cells (HSC) and further prolifera-
tion of hepatocytes. Cell death is a constructive mechanism 
in acute liver disease. Subsequently, blocking of cell death 
pathways may be associated with no development of chronic 
liver disease. The process by which phagocytic cells engulf 
the apoptotic bodies with the removal of cellular debris is 
termed efferocytosis [8]. In this regard, efferocytosis by 
Kupffer cells (liver macrophages) can lead to their activa-
tion with death ligands exhibition and liver injury. 
Efferocytes assure removal of apoptotic cells and necrotic 
cells [8]. The absence of apoptotic bodies engulfing is 
termed “defective efferocytosis” and causes further necro-
sis. Ferroptosis is an intracellular iron-dependent cell death 
[9]. As a side note, the extremely difficult molecular biology 
and genetic taxonomy differentiates a gene from a protein 
by a general agreement [10, 11]. A human gene is described 
in italic uppercase letters (e.g., GATA4), while the protein 
obtained from this gene is described in nonitalic uppercase 
letters (e.g., GATA4) [10, 11].

4.2  Apoptosis

Apoptosis is the physiologically exclusion of unnecessary 
cells (impaired cells, senescent cells) through liver develop-
ment or mature liver [12]. It is a vital process that runs liver 
growth and regeneration, along with the hepatic tissue 
homeostasis through normal cell turnover. Nonetheless, 
apoptosis supports liver regeneration by producing of growth 
signals that increase the development of progenitor cells. 
Lastly, apoptosis is a final step during genetically pro-
grammed cell death (PCD) supporting adult tissue homeo-
stasis, morphogenesis and removal of senescent cells [6].

As expected, there is an increased apoptosis in cholesta-
sis, alcoholic hepatitis, non-alcoholic steatohepatitis, auto-
immune hepatitis, viral hepatitis, fulminate hepatic failure, 
ischemia-reperfusion injury, fibrosis and cirrhosis [1, 13]. In 
case of hepatitis, apoptosis is the major cell death [14], being 
a cytoprotective mechanism in clearance from infections. 
Importantly, it occurs mainly in perivenous acinar area of 
hepatocytes [1].

So, apoptotic cells are smaller than normal hepatocytes 
[8]. Morphologically, hepatocyte apoptosis is defined by a 
smaller spheric cell, reduction of cell or “cell shrinkage”, 
plasma membrane blebbing, chromatin condensation (pykno-
sis or small pyknotic nucleus), nuclear fragmentation (kary-
orrhexis), DNA splitting, mitochondrial permeabilization, 
cytoplasmic condensation (hypereosinophilic cytoplasm), 
followed by cell fragmentation into apoptotic bodies that are 
removed within lysosomes [12, 15]. Specifically, the apop-
totic bodies present “nuclear fragments” or “micronuclei” 
[16]. Typically, these apoptotic bodies exhibit on the external/
outer cell membrane phospholipid phosphatidylserine (PS) 
[8]. By definition, apoptotic bodies are fragments of apoptotic 
cells resulting from caspase 3 activation which have a pyk-
notic nuclear fragment with/without cytoplasm [15].

In fact, the elimination of apoptotic bodies is quickly 
being induced by PS that covers apoptotic bodies. Liver mac-
rophages (i.e. Kupffer cells, liver stellate cells) engulf apop-
totic bodies with no discharge of cellular components and 
therefore with reduced inflammation [2, 16]. Also, the 
engulfment of apoptotic bodies leads to exhibition of death 
ligands: (1) TNF-α; (2) TRAIL (TNF-released apoptosis- 
inducing ligand); (3) FasL (Fas Ligand) which further trigger 
“death receptor-mediated apoptosis” [16]. In chronic liver 
injury, hepatic stellate cells become activated with apoptotic 
bodies engulfment that leads to secretion of profibrogenic 
cytokines (TGF-β1 or Transforming growth factor, collagen 
type 1). Initially, liver stellate cells transform into myofibro-
blasts when phagocytose apoptotic bodies. These myofibro-
blasts secrete TGF-β1 and collagen type 1 with fibrosis and 
cirrhosis.

Table 4.1 Cell death mechanisms. (Adapted from [3, 6, 7])

Cell death Characteristics of process
Apoptosis Cellular shrinkage, caspase-3 activation, 

cytochrome c release, nuclear/nucleus 
condensation, DNA fragmentation, blebbing of 
cytoplasm/membrane, secretion of cellular 
components; main pathway caspase -3,-6, -7

Autophagy Nucleus condensation in late stage, Atgs recruit, 
autophagic vesicles, phagolysosome fusion, 
autophagosomes, chromatin condensation, 
autolysosomes, main pathway mTOR, Atg

Necrosis/
oncosis

Mild DNA damage, cell swelling, membrane 
blebbing, release of cellular components, main 
pathway ROS

Necroptosis Normal nucleus, cell swelling, membrane rupture 
with cellular components release, main pathway 
is RIP/RIP3

Pyroptosis Nucleus condensation, DNA fragmentation, cell 
swelling, membrane pores, release of cellular 
components, inflammasome, caspase-1 activation, 
pore formation, cell swelling and lysis; main 
pathway caspase -1

Apoptosis/
autophagy 
interrelation

Energy metabolism change, membrane 
asymmetry, PS exposure, membrane blebbing, 
small sealed membrane vesicles

DNA deoxyribonucleic acid, RIP1/RIP3 receptor interacting proteins, 
Atgs autophagy-related proteins, mTOR kinase the mammalian target of 
rapamycin kinase, PS phospholipid phosphatidylserine, ROS reactive 
oxygen production

4 Hepatocellular Death: Apoptosis, Autophagy, Necrosis and Necroptosis
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It should be stressed that in apoptosis, apoptotic bodies 
discharge decreased proinflammatory mediators (i.e. ATP—
adenosine triphosphate, UTP or uridine triphosphate, ade-
nosine, fractalkaline, and lysophosphatidyl choline, 
chemokines, sphingosine-1-phosphate) to be detected by 
phagocytes. Specifically, the discharge of nucleotides (UTP, 
ATP) modulate the P2Y2 purinergic receptors from myofi-
broblasts with increased collagen secretion [16]. The process 
by which phagocytic cells engulf the apoptotic bodies with 
the removal of the cellular debris by the process termed effe-
rocytosis. In this regard, efferocytosis by Kupffer cells (liver 
macrophages) can lead to their activation with death ligands 
exhibition and liver injury.

Biochemically, liver apoptosis is characterized by expos-
ing of PS on outer leaflet of the plasma membrane bilayer, 
increased permeability of mitochondrial membrane permea-
bility, and caspases activation [12]. Caspases are intracellu-
lar enzymes (cysteine-dependent aspartate or cysteinyl 
aspartate-specific proteases) that undergo proteolytic cleav-
age [1]. Initiator caspases are caspases 2, 8, 9, and 10. 
Caspases 8 and 10 modulate death receptor-mediated apop-
tosis whereas mitochondrial dysfunction is followed by cas-

pase 9-induced apoptosis. Effector or executioner caspases 
are represented by caspases 3, 7, and 6.

Caspase-independent apoptosis comprises (see Fig. 4.1) 
(1) mitochondrial malfunction caused by ROS; (2) mito-
chondrial release of AIF (apoptosis-inducing factor) into 
cytoplasm where activates DNA splitting with chromatin 
condensation; and (3) TNFα (tumor necrosis factor) inhibits 
caspases [13].

Apoptosis has three pathways (1) extrinsic apoptosis 
or death receptors pathway, (2) intrinsic apoptosis or mito-
chondrial pathway; and (3) perforin/granzyme pathway 
(Fig. 4.2) [15].

All forms of apoptosis present integrity of plasma mem-
brane until late in the process [15] with no cellular compo-
nents release into cytoplasm therefore no inflammation. 
The reduced inflammatory response of apoptosis is caused 
by decreased discharge of DAMPs (Damage-associated 
molecular patterns) and rapid exclusion of apoptotic bodies 
[2]. DAMPs induces the apoptotic inflammation from 
chronic liver diseases (i.e. ALD, NAFLD, viral hepatitis). 
However, the mainly discharge of DAMPs appears in necro-
sis and necroptosis.

FasL

Fas HCV core

FADD

TNF

TNF-R1

TRADD

Low/moderate
HBx

FADD

TRAIL

TRAIL-R

ROS
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HIRI, NAFLD

Drug, HCV core
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NF-kB
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TNF-α
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NF-kB
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Fig. 4.2 The schematic diagram of apoptotic pathways in hepatocytes. 
Blue lines indicate extrinsic pathways, whereas light brown lines indicate 
intrinsic pathways. The influence of virus infection, alcohol, fat, isch-

emia reperfusion, and drug on hepatocyte apoptosis is also indicated by 
italics and red arrows [13]. This is an open-access article distributed 
under the terms of the Creative Commons CC-BY-nC 3.0 license
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 1. Extrinsic apoptosis or death receptors pathway. 
Presently, the Nomenclature Committee on Cell Death 
2018 defines extrinsic apoptosis as a form of regulated 
cell death induced or triggered by “ perturbations of the 
extracellular microenvironment that are detected by 
plasma membrane receptors, propagated by caspase-8 
(with the optional involvement of MOMP), and precipi-
tated by executioner caspases, mainly caspase-3” [3]. 
Briefly, extrinsic apoptosis comprises death receptors, 
pro- apoptotic ligands, transduction of intracellular sig-
nals, adaptor proteins, DISC (the death-inducing signal-
ing complex) formation, and initiation of caspases 
through caspase 8 [15].

Extrinsic apoptosis is based on the triggering of death 
transmembrane receptors (TNF receptor gene superfamily) 
[15]. The death receptors are universally distributed in all 
liver and belongs to a family of cytokines receptors named 
the TNF/nerve growth factor (NGF) receptor family mainly 
type I transmembrane proteins [16]. Specifically, death 
receptors are “cysteine-rich extracellular domain and intra-
cellular cytosol death domain” [17].

Collectively, death receptors and their corresponding 
ligands are represented by (1) Fas (CD95/APO1/DR2) 
with its cognate ligand FasL (CD95L); (2) TNFR1 (or 
TNF receptor type 1, p55/CD120a/DR1) with its cognate 
ligand TNF; (3) TNFR2 (TNF receptor type 2, p75/80, 
CD120b); (4) TRAIL-R1 (death receptor 4, DR4); (5) 
TRAIL-R2 (death receptor 5-DR5/APO-2/KILLER/
TRAILCK2) and its cognate ligand TRAIL or Apo2L; 
and (6) DR6 with its cognate ligand TRADD (TNF recep-
tor associated death domain protein) [3, 16, 17]. The 
death receptors TRAIL-R (TNF-related apoptosis- 
inducing ligand receptor), TRAIL-R1 and TRAIL-R2 are 
highly expressed in cirrhosis, acute HBV hepatitis, and 
chronic HCV hepatitis. Subsequently, death receptors 
attach special ligands or cognate ligands TNF family that 
are mainly type II transmembrane proteins. The ligands 
of these death receptors are Fas ligand or FasL/CD95L, 
TNF (tumor necrosis factor) family or TNF-α, and TRAIL 
(TNF related apoptosis-inducing ligand), and are mostly 
displayed by immune system cells that further remove 
impaired hepatocytes [12]. These ligands initiate the 
extrinsic pathways of liver apoptosis “that overlap a part 
of intrinsic/mitochondrial pathway by the cleavage and 
activation of Bid” [16].

As well, the membrane associated Fas receptors 
have a soluble form (sFas) produced by alternative 
mRNA splicing. Both sFas and sFasL are non-invasive 
serum biomarkers of cell death. For the instance, studies 
proven that sFasL are boosted in hepatitis, acute liver 
failure, sepsis. sFas levels are increased in NASH and 
steatosis [7]. Hence, Fas/FasL signaling pathway is 
linked with several disorders such as acute fulminant 

hepatitis, alcoholic liver disease (ALD), Wilson’s dis-
ease, chronic viral hepatitis, fatty liver/steatosis caused 
by obesity [7].

Characteristically, Fas signaling triggers apoptosis via 
caspase-8 complexed with FADD.  Both Fas ligand and 
TNF elicit cell death by using a common signal transduc-
tion with final activation of caspase-8 and effector cas-
pases. RIP1 (receptor interacting proteins) characterizes 
the TNF pathway and it is a signaling molecule in cyto-
toxic/cytoprotective pathways. Activation of TNF recep-
tor is a feature of many cellular reactions such as survival, 
inflammation, proliferation, and cell death.

A keynote factor, TNF-α is a pleiotropic monocyte- 
derived cytokine. In normal hepatocytes, TNFα is not 
able to produce liver injury. It is related with the outcomes 
of liver injury. Respectively, TNF-α attaches two types of 
receptors TNFR1 and TNFR2. All tissue expresses 
TNFR1, whereas inflammatory cells exhibit TNFR2. 
Additionally, the association of TNF-α to TNFR1 induces 
the binding of TRADD to the death domain of TNFR1 
(TNF receptor type 1) [7].

As a matter of fact, within TNF signaling pathway, 
TRADD triggers at least three different signaling path-
ways (1) I-kappa B kinase (IKK) complex that triggers 
further pro-inflammatory and anti-apoptotic target genes; 
(2) DISC; and (3) c-Jun N-terminal kinase (JNK) [7]. 
DISC and JNK trigger apoptosis. MAPK (mitogen- 
activated protein kinases) through TNF signaling path-
way activates apoptosis [3]. In fact, JNK is a member 
MAPK (mitogen-activated protein kinases). Triggered 
JNK phosphorylates including the activation protein-1 
(AP-1) transcription factor subunit c-JUN, that leads to 
the raised transcriptional activity of AP1 (the activation 
protein-1) [3].

Hence, the association of death receptor-cognate 
ligand at the cellular plasma membrane leads to confor-
mational changes with trimerization of death receptor, 
with further recruitment of cytosol adaptor proteins (i.e. 
FADD, Fas-associated protein with a death domain; also 
known as MORT-1 or mediator of receptor-induced tox-
icity) and activation of signaling pathways (i.e. cas-
pase-8) [3]. Association of FADD with TRAIL-R1 
(TNF-related apoptosis-inducing ligand receptor) and 
TRAIL-R2 activate caspase-8. As described above, the 
attachment of TNF to TNFR1 induces trimerization and 
recruits the adaptor molecule TRADD that further 
enables the FADD binding with activation of caspase-8. 
Therefore, caspase- 8 binds to the adaptor protein FADD 
at the DISC with its conformational changes and its acti-
vation by proteolytic cleavage [3]. In fact, caspases 8 and 
10 activate further a proteolytic cascade that finally gen-
erates caspases 3, 6 and 7 with cellular proteins alteration 
and cell death.

4 Hepatocellular Death: Apoptosis, Autophagy, Necrosis and Necroptosis
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Hepatocytes (type II cells) can activate procaspase 8 
only in minimal amounts [1]. Its deubiquination dimin-
ishes the activity of caspase-8 and stops extrinsic apopto-
sis [3]. Correspondingly, caspase-8 is inhibited by c-FLIP 
[17]. Besides, NF-KB (transcription factor nuclear factor) 
causes the exhibition of c-FLIP. What is more, the forms 
of c-FLIP (c-FLIPS-short form; c-FLIPL-long form) regu-
late the conformational changes of caspase-8 with its acti-
vation or inhibition. In summary, caspase-8 and c-FLIP 
isoforms are enrolled to DISC [3].

In the death pathway autoproteolytic activation of 
procaspases-8 results in the DISC (Fig.  4.2) [18]. 
Activation of initiator caspases (caspase 8) splits pro-
apoptotic protein Bid producing truncated Bid (t-Bid) that 
gets inside mitochondria by translocation via 
N- myristoylation. Herein, tBid functions as a BH3-only 
protein activator and merges with the proapoptotic Bcl-2 
proteins Bax and Bak [1]. The activation of proapoptotic 
Bcl-2 family members Bax and Bak by caspase-8 leads to 
their oligomerization and incorporation into the mito-
chondrial membrane [18]. It has to be underlined that the 
complex formed by t-Bid and activated proapoptotic Bax 
and Bak leads to mitochondrial outer membrane per-
meabilization (MOMP) with cytochrome c release [16]. 
In same time, triggering of caspase-8 causes the discharge 
of the lysosomal enzyme cathepsin B known as an activa-
tor of intrinsic apoptosis [18]. Furthermore, the Bax/Bak- 
dependent MOMP with further activation of caspase-9 
happens [3]. Mitochondrial cytochrome c activates apop-
tosome formation that is a complex containing cyto-
chrome c, APAF-1 (apoptosis protease-activating 
factor-1), ATP and procaspases-9. Caspase 9 activates 
further caspase 3 [1]. In same time with apoptosome for-
mation, proteins Smac/DIABLO with low PI attach the 
XIAP (X chromosome linked inhibitor of apoptosis pro-
tein) with its deactivation [3]. This results in activation of 
apoptotic cascade.

As mentioned, the association of death receptors, 
adaptor proteins and apoptotic signaling pathways repre-
sents DISC [3] with the initiation of effector caspases (-3, 
-6, and -7). It is also important to acknowledge that DISC 
activates type I or type II signaling cascade [7]. In case of 
extrinsic apoptosis, DISC is triggering type I death 
receptor signaling (i.e., lymphocytes) where there is the 
activation of effector caspases by direct cleavage from the 
initiator caspases. So that, type I signaling pathway is 
characterized by the development of initiator caspase-8 
that leads to the activation of apoptotic executioner/effec-
tor caspases (caspase-3,-6, and -7) [7].

 2. Intrinsic apoptosis or mitochondrial pathway which 
can be activated by p53 upon DNA damage, is triggered 
by DISC that activates type II death receptor signal-
ing (i.e., hepatocytes, cholangiocytes) [12]. Importantly, 

Bcl-2 proteins family regulates mitochondrial-mediated 
intrinsic apoptosis pathway. Briefly, the activation of 
DISC leads to MOMP with discharge of cytochrome c 
(mitochondrial proapoptogenic factor). This process is 
mediated by Bcl-2 proteins which can act either pro-
apoptotic (e.g. Bid and Bax) or anti-apoptotic (e.g. 
Bcl-xL and Bcl-2). Characteristically, Bcl-2 family 
proteins are triggered by MOMP with the discharge of 
cytosol proapoptotic factors such as cytochrome c, 
Smac/DIABLO, endonuclease G, HrtA2 (high tempera-
ture requirement A2) and AIF (Apoptosis inducing fac-
tor) [16]. Cytochrome c induces APAF1 (apoptosis 
protease-activating factor-1) to undergo conformational 
changes (oligomerization) into apoptosome. As 
described above, released cytochrome c forms an apop-
tosome with APAF-1, dATP and procaspase 9. The sub-
sequent activation of caspase 9 can be counteracted by 
the proteins IAPs (inhibitors of apoptotic proteins) fam-
ily, which itself can be blocked by the Smac/DIABLO 
protein [1]. It is documented that mitochondria releases 
IAPs represented by cIAP1, cIAP2, NIAP, SURVIVIN, 
BRUCE [17]. The Smac/DIABLO proteins released 
from mitochondria isolate IAPs with activation of cas-
pases [17]. Further, caspase 9 triggers then caspase 3, 
which is a major executor of apoptosis by cleavage of a 
broad spectrum of cellular proteins [1]. Therefore, type 
II signaling pathway is based on mitochondrial dys-
function and apoptosome complex formation. To sum 
up, intrinsic apoptosis has an enhanced mitochondrial 
permeability, cytochrome c is released, apoptosome 
formation, and activation of caspases through caspases 
9 [15].

It is well documented that intrinsic pathway is initiated 
by various intracellular stress inducers (i.e. DNA dam-
age, oxidative stress, UV and γ-irradiation, toxins, 
absence of growth factors, p53 and endoplasmic reticu-
lum (ER) stress) [8, 12]. It should be stressed that ER 
stress is a possible another pathway of apoptosis. 
Misfolded proteins are a feature of ER stress. Furthermore, 
ER stress is induced by misfolded protein or damaged 
calcium homeostasis. Mild ER stress assures protection 
for cells, whereas important ER stress stimulate cell death 
through CHOP (the transcription factor C/EBP homolo-
gous protein) and JNK [2]. Importantly, ER stress causes 
Bax activation with apoptosis.

It is important to remember that p53 named the “guard-
ian of genome” is another intracellular regulator that 
decides if damaged DNA from an ongoing apoptosis may 
be removed or repaired [2]. In fact, altered DNA and 
senescence trigger oncogenes with further activation of 
p53. As such, p53 is triggered by damaged DNA, isch-
emia, oxidative stress, hypoxia and heat shock [5, 12]. 
Respectively, the apoptosis -related genes (i.e. Bcl-2, 
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Apaf1) are controlled by p53 [19]. Furthermore, p53 reg-
ulates MOMP dependent Bcl-2 family proteins with 
apoptosis [5]. A pivotal determinant, mTOR kinase (the 
mammalian target of rapamycin kinase) triggers apopto-
sis through p53, BAD, Bcl-2 proteins, PRAS40 (the 
proline- rich AKT substrate) and protein FLJ14213 [5].

As mentioned above, Bcl-2 protein family modulates 
the mitochondrial pathway of apoptosis. Activated intrin-
sic pathway results in activation of Bcl-2 family within 
mitochondria. Hepatocytes do not express Bcl-2 family 
proteins. There are three types of Bcl-2 proteins: (1) 
antiapoptotic proteins (Bcl-2, Bcl-XL, Bcl-W, Mcl-1 and 
A1); (2) Pro-apoptotic proteins (Bax, Bak, Bok); and (3) 
BH3-only proteins (Bid, Bim, Bad, Bik, Bmf, Hrk, Noxa, 
and Puma) [16].

Anti-apoptotic Bcl-2 family (Bcl-2, Bcl-XL) inhibit 
the activation of Bid and Bax and further inhibits apopto-
sis in hepatocytes [3]. Bcl-2 and Bcl-XL are anti- apoptotic 
by inhibition of cytochrome c release [17]. Anti-apoptotic 
Bcl-2 family (i.e. Bcl-XL, Bcl-2, Bcl-W, Mcl-1) inhibits 
the release of pro-apoptotic factors from mitochondria 
[5]. It should be reiterated that antiapoptotic Bcl-2 family 
proteins attach to the outer mitochondrial membrane with 
its decreasing permeability that leads to the absence of 
cytochrome c in cytosol.

Pro-apoptotic proteins (Bax, Bak) induce the pore 
development in the outer mitochondrial membrane [5]. 
The pro-apoptotic proteins are vital for MOMP. NF-KB 
mediates with upregulation the antiapoptotic genes (i.e. 
Bcl-xl, c-FLIP), intervenes to stop sustained JNK activa-
tion that it is coregulated by antioxidant proteins (i.e. fer-
ritin, SOD2) [2]. Blocking of NF-KB is associated with 
TNF pathway activation that further results in triggered 
JNK, cFLIP alteration, stimulation of proapoptotic Bcl2 
family with antiapoptotic Bcl2 family inhibition. TNF 
apoptotic death pathway is blocked by the NF-kB- 
regulated gene products. Moreover, TNF is regulating the 
cellular proliferation via the TNF-R1 (Fig. 4.2) [18]. In 
fact, activated IKKs leads to IkB phosphorylation with its 
proteasome-dependent degradation with further discharg-
ing of NF-kB heterodimers. By translocation, NF-kB het-
erodimers get into the cellular nucleus with genes 
activation required for TNF-induced hepatocyte prolifer-
ation [18]. Moreover, the JNK/c-Jun/AP-1 pathway acti-
vation can support hepatocyte proliferation through 
AP-1-dependent gene expression. On the other hand, the 
prolonged and sustained activation of AP-1 can trigger 
apoptosis via death pathway [18].

BH3-only proteins interrelate with pro-apoptotic and 
anti-apoptotic Bcl2-proteins and cause programmed cell 
death [5]. As described above, the BH3-only proteins rep-
resent the triggers of the mitochondrial cell death 
pathway.

 3. Perforin or granzyme apoptosis pathway. Perforin/
granzyme apoptosis pathway is a cytotoxic pathway regu-
lated by T-cells [15].

In fact, Elmore et al. defined the perforin or granzyme 
apoptosis pathway as the process that “it is characterized 
by secretion of the transmembrane pore-forming molecule 
perforin, exophytic release of cytoplasmic granules con-
taining serine proteases (granzymes) through the pore and 
into the target cell” [15]. This type of apoptosis is followed 
by either (1) dependent caspases pathway, or (2) caspases 
independent DNA splitting through a SET complex formed 
from nucleosome, protein SET, Ape1, pp32, and HMBG2 
(HMG2) (high- mobility group box-1) proteins [15].

Apoptosis biomarkers. Hepatocyte apoptosis is char-
acterized by the elevation of serum AST, ALT, cytokeratin 
18 (CK18) fragments (Fig. 4.3). Nonetheless, the acute 
hepatocyte apoptosis has an elevation of inflammatory 
markers. Importantly, in apoptosis the serum release of 
CK18 can occur [7]. CK18 (cytokeratin-18) is the mainly 
filament protein in the liver [7]. For instance, Mallory 
bodies from hepatocytes of alcoholic hepatitis or cirrhosis 
have cytokeratin 18. As such, CK-18 is degraded via cas-
pase 6/7/8 pathway and discharged into blood vessels. 
Increased CK18 and CK18 fragments occur in acute and 
chronic liver injury [7]. It remains to be firmly demon-
strated that the determination of ALFSG index (with 
CK18 fragments) predicts outcomes in patients with 
acute liver failure much better than both the King’s 
College criteria (KCC) and MELD score [7]. Importantly, 
future studies on cell death biomarkers may establish 
more precisely information regarding the treatment and 
prognosis from acute and chronic liver diseases [2].

4.3  Autophagy

In fact, it is Greek for “self-digestion”, “eating of self” or 
“self eating”. Hepatocyte autophagy is a protective pathway 
as survival mechanism in starvation [16]. It maintains cellu-
lar homeostasis being a catabolic cellular process in starva-
tion [16]. Overall, autophagy is triggered by starvation 
(nutrient deprivation), hypoxia, energy metabolism defi-
ciency and growth factor deficiency [5] with further trigger-
ing of LKB1-AMPK pathway. As a result, it is a vital process 
for normal development, metabolic balance and prevention 
of degenerative disease [6]. Hence, it is related with immu-
nity (innate, adaptive), developmental defects, tumorigenesis 
and cell death [6]. ER stress induces autophagy as an adap-
tive response [5]. Autophagy keeps ER function by removal 
of misfolded/unfolded proteins complexes [6]. However, 
autophagy characterizes many liver diseases such as 
ischemia- reperfusion injury, drugs (acetaminophen), alco-
holic liver disease, TNF-mediated liver injury, fatty diet.
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By definition, it represents a cytoprotective mechanism 
by which damaged intracellular components are eliminated 
through proteolytic digestion inside lysosomes [22]. Also, 
it is the only one removal mechanism of protein complexes 
and bulky intracellular organelle; eliminates large intracel-
lular organelle and regulates hepatic apoptosis via mito-
chondrial pathway with recycle of mitochondria [6]. It 
should be reiterated that lysosome is an important system 
of degradation from the eukaryotic cells including hepato-
cytes. Extracellular components get inside lysosomes by 
endocytosis. Further, their final degradation is accom-
plished by autophagy. As a side note, mitophagy is defined 
as a special or selective autophagy implied in mitochondrial 
regulation [23]. ER-phagy is degradation of ER by autoph-
agy. One major function of liver is to assure drug metabo-
lism. For instance, drugs which cause P-450 system 
activation cause increased catabolism in ER with is impor-
tant proliferation. As a result, autophagy clears extra ER 
membranes.

The development of autophagosomes characterizes 
autophagy. In fact, autophagosomes present a similar mor-
phology with apoptotic bodies (Fig. 4.4). Morphologically, 
autophagic cell death has significant increase of autophago-
somes in cellular cytoplasm in the absence of chromatin con-
densation (Note: chromatin condensation is a hallmark of 
apoptosis). On the other hand, the presence of autophago-
somes in dying cells is not correlated with the fact that cell 
death is mediated by autophagy [16].

Generally, cellular autophagic signaling pathways 
comprise: (1) stress signaling kinases (JNK-1) that supports 
Bcl-2 phosphorylation with further interrelation of Beclin1- 
VPS34; (2) inhibition by mTOR kinase of the Atg1/Ulk-1/
Ulk-2 complexes during the onset of phagophore develop-
ment; (3) diminished cellular ATP levels and hypoxia trig-
ger autophagia inhibition via mTOR kinase activity by 
decreased Rheb GTPase activity. Increased Rheb GTPase 
activity such as boosted growth factor signaling inhibits 
autophagy [22].

a
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Fig. 4.3 Detection of 
caspase-mediated CK-18 
cleavage in HCV-infected 
liver biopsies. (a) Pattern of 
CK-18 cleavage in liver from 
a healthy control and HCV 
patient as assessed via 
immunostaining (red color) 
with a monoclonal antibody 
recognizing a specific 
caspase-generated neoepitope 
of CK-18 (original 
magnification ×400). (b) 
Paraffin-fixed liver tissue 
sections with grades 0, 1, 2, 
and 3 of disease activity 
according to Batts and 
Ludwig [20] were analyzed. 
Immunoreactivity is elevated 
in tissue sections with higher 
grades of inflammatory liver 
injury. Note that many 
hepatocytes, though positive 
for caspase activation, do not 
exhibit an overt apoptotic 
morphology, indicating that 
CK-18 cleavage marks a very 
early event in the apoptotic 
process. HCV hepatitis C 
virus, G grade of disease 
activity [21]. (With 
permission)
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There are three types of autophagy: macroautophagy, 
microautophagy, and chaperone-mediated autophagy 
(Fig. 4.5).

Macroautophagy (Fig. 4.5). In general, macroautophagy 
is activated in physiological and pathological processes such 
as embryogenesis (removal of apoptotic cells), stress (starva-
tion) or removal of infections, altered organelles and misfolded 
proteins. Starvation activates autophagy. In fact, amino acids 
deprivation stimulate autophagy in liver with intense proteoly-
sis. Glucagon activates autophagy. On the other hand, autoph-
agy is inhibited by amino acids, and insulin. In starvation, 
macroautophagy triggers cellular  catabolism. As already men-
tioned, this form of autophagy is based on formation of 
autophagosomes which are structures with double membrane 
inside of cellular cytoplasm that contain intracellular organelle 
and cytoplasm. Autophagic digestion by lysosomal hydrolases 
delivers into cytosol amino acids, glucose and other small mol-
ecules used for energy production or recycling in hepatocytes 
[24]. Typically it has the smallest cell death phagocytosis [22].

It is well documented that autophagosome development 
comprises (1) ULK1 complex generation from ULK1Ser/
Thr protein kinase, Atg13 (autophagy-related proteins), and 
FIP200 (where ULK1, uncoordinated 51-like kinase 1; 
FIP200, 200-kDa focal adhesion kinase family-interacting 
protein); (2) Beclin 1-class III phosphatidylinositol 3-kinase 
(PI3K) complex; and (3) phagophore formation [3]. Beclin 
1 has a vital role in autophagosome development and it is a 
component of multiprotein PI3K complex [5]. In fact, multi-
protein class PI3K complex is formed from VPS34, Beclin 1, 
and VPS15 multiprotein class III phosphatidyl inositol -3 
kinase (PI3K) complex [3].

To begin with, stress autophagic signaling pathways trig-
ger phagophore formation by Beclin-1/VPS34 at the ER 
and other membranes [22]. Atgs (autophagy-related protein) 
genes mediate the phagophore formation. In line with this, 
TFEB (transcription factor EB) is an important transcrip-

tional factor that mediates autophagy, and one of its role is to 
regulate Atgs gene expression [23]. Phagophores are lipidic 
bilayer structures that develops from lipids and proteins orig-
inated from cell organelles (i.e. mitochondria, Golgi, ER, 
plasma membrane and endocytic system or endosomes) [23]. 
LC3B-II are receptors of the phagophore. Phagophore 
engulf intracellular components (ribosomes, organelles, pro-
tein aggregates) and become double-membrane autophago-
somes. Further, autophagosomes merge with lysosomes, 
constitute autophagolysosome or autolysosome (unilayer 
structures) so that its outer membrane fit in the structure of 
lysosome but the inner membrane is degraded by acidic lyso-
somal hydrolases inside the lysosome [16, 22]. As a result, 
the autophagosomes components are degraded by lysosomal 
acid proteases into amino acids and other products which get 
back into cytosol as energy source.

Importantly, signaling pathways (i.e. Sonic Hedgehog 
pathway) located in the primary cilia detect starvation. In 
fact, activation of these signaling pathways is made by Atgs 
(autophagy-related proteins) genes. Moreover, Atgs mediate 
every step of autophagy [23]. Beclin 1 (Atg6) joins to VPS34, 
VPS15 and Atg14. Bcl-2 inhibits Beclin 1/VPS34 complex 
formation. Essentially, Atgs proteins are necessary for the 
phagophore and the autophagosome formation [24].

Presently, the Nomenclature Committee on Cell Death 
2018 sustains that the development of autophagosome 
involves the joining of Atg5 and Atg12  in the presence of 
Atg7 and Atg10 [3]. The Atg5-Atg12 is a multimer complex. 
Further, the adding of Atg16L leads to the complex Atg5- 
Atg12- Atg16. In same time, LC3 interrelates with PE (phos-
phatidylethanolamine) at phagophore membrane. Once the 
complex Atg5-Atg-12-Atg16 is formed, the conjugated form 
of Atg8 (ubiquitin-like protein)/LC3-II (microtubule- 
associated protein 1 light chain 3) select the autophagosomal 
membrane. It results “autophagic vesicle-associated form 
(LC3-II)” with the autophagic vacuole development [3].

a b

Fig. 4.4 Electron micrographs showing ultrastructure of hepatocytes 
from a chronic hepatitis C patient. Black arrows point to autophagic 
vacuoles. (a) Low-magnification image showing hepatocytes containing 
several autophagic vacuoles (original magnification, ×8000). (b) Partial 

view of a hepatocyte containing an autophagic vacuole (original magni-
fication, ×100,000). F fibrosis, ld lipid droplet, m mitochondria, n 
nucleus [24]. (With permission)
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Likewise, mTOR kinase mediates growth for early devel-
opment or ageing. Upregulation of autophagy results from 
mTOR inhibition (i.e. starvation, increased ATP levels, 
decreased growth factors). Inhibition of mTOR causes 
diminishing of mRNA translation with autophagy activation 
[5]. As well, starvation inhibits TOR with autophagy activa-
tion. Starvation is also associated with decreased growth fac-
tory receptor activity that inhibits TOR kinase via Tsc1 and 
Tsc2. Also, sustained starvation re-triggers mTOR signaling 
with rebuilding of normal lysosome homeostasis [24]. 
Moreover, hypoxia generates unfolded protein response with 
ER stress and reduced oxidative phosphorylation with 
autophagic process. Low ATP levels trigger the activation of 

adenosine 5-monophosphate (AMP), activated protein 
kinase (AMPK) that further activates Tsc1/Tsc2 tumour sup-
pressor proteins with inhibition of a GTase (Rheb) necessary 
for mTOR activity [22].

Microautophagy describes unilayer invaginations of 
lysosomal membrane while engulfing cytosolic components 
(Fig. 4.5) [23]. Shortly, the cytoplasmic components (cyto-
sol, organelles, nuclear fragments) get inside lysosome by 
invaginations. As a result, cytoplasmic components are 
absorbed by lysosomes via the lysosomal membrane invagi-
nations [22]. Herein, lysosomal hydrolases degrade these 
invaginations. This endosomal microautophagy characterizes 
hepatocytes. Hsc70 (the chaperone heat shock cognate 70) 
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Fig. 4.5 Scheme of autophagy pathways in the liver. Schematic depic-
tion of the 3 types of autophagy that co-exist in liver. (Upper panel) 
Macroautophagy is (A) initiated with the formation of the limiting 
membrane using lipids and proteins from different organelles. Cargo 
sequestration (B) can occur in bulk or in a selective manner mediated by 
soluble protein receptors. After engulfment (C), the sealed vesicle 
(autophagosome) traffics (D) via microtubules and delivers cargo to 
lysosomes through membrane fusion (E) to form an autolysosome 
where cargo is degraded by lysosomal hydrolases (F). (Lower left 
panel) In CMA, all substrates carry a pentapeptide (KFERQ-like) rec-
ognized (A) by the cytosolic chaperone HSC70. The substrate- 
chaperone complex binds (B) to the CMA receptor LAMP-2A at the 
lysosomal membrane. The substrate must be unfolded (C) before trans-
location (D) through the multimeric complex formed by LAMP-2A at 
the lysosomal membrane. A luminal HSC70 assists in substrate translo-

cation into a lysosome, where the substrate finally is degraded (E). 
(Lower right panel) Microautophagy in liver has been observed in late 
endosomes where proteins also carrying KFERQ-like motifs are inter-
nalized in small microvesicles that form through invagination of the 
endosomal membrane. As in CMA, the consensus motif allows HSC70 
recognition (A), but in this case the substrate/chaperone complex binds 
directly to lipids at the endosomal membrane (B). Microvesicles trap-
ping this cargo that form in an endosomal sorting complex required for 
transport (ESCRT)-dependent manner are internalized (C) into the 
endosome lumen where degradation takes place (D). Some degradation 
also may be completed upon endosome/lysosomal fusion. In the case of 
yeast, direct trapping of lipid droplets by the vacuole (yeast lysosome 
equivalent) through a microautophagy-like process has been described, 
but whether or not this process also takes place in mammalian lyso-
somes requires future investigation [23]. (With permission)

F. Radu-Ionita et al.



47

binds selectively the proteins cargo. It should be pointed that 
the development of invaginating vesicles in the late endo-
somes is based on ESCRTI and ESCRTIII (the endosomal 
sorting complexes required for transport) pathway [23].

Chaperone-mediated autophagy (CMA). Madrigal- 
Matute et al. defines CMA as the “direct transport of soluble 
proteins with the consensus pentapeptide sequence KFERQ 
via Hsc70 (the cytoplasmic chaperone heat shock cognate 
70) to the lysosomal docking protein LAMP2A (lysosomal 
membrane receptor lysosomal-associated membrane protein 
2A) followed by translocation into the lysosomal for degra-
dation” (Fig. 4.5) [16, 23]. In fact, complexes formed from 
proteins with KFERQ motif firstly associate Hsc70 and co- 
chaperones (Hsp40, Hsp90, Hip so on) and binds to lyso-
somal membrane via LAMP-2A with their transportation 
across the lysosomal membrane. Within lysosomes, these 
proteins complexes are unfolded with digestion [22]. Shortly, 
CMA is a (1) cytoprotective mechanism in case of hepato-
cytes injury with the scope of proteins removal; and (2) is a 
hepatocyte mechanism in starvation [23].

CMA is regulated by unknown signaling mechanisms. 
Despite this, it turns out that CMA is triggered by NFAT- 
calcineurin axis (during T-cell activation), free fatty acids 
(FFA) and ketone bodies [23]. Moreover, CMA is inhibited 
by increased FFA and by the nuclear retinoic acid receptor 
alpha [23].

4.4  Necrosis

The term necrosis comes from the Greek “necros” for 
cadaver. It is also named “oncotic necrosis” or “oncosis” [7]. 
It is an irreversible incidental form or unprogrammed cell 
death due to physiochemical stress [2, 15]. Necrosis is a 
vital feature of APAP-induced liver injury (Acetaminophen- 
Induced Liver Necrosis) [12], of ischemia or hypoxic cell 
injury (ischemia-reperfusion injury) with diminished levels 
of ATP and increased ROS; other toxins (xenobiotics) and 
acute fulminant liver failure.

As briefly described, plasma membrane alteration and 
energy reduction are the major etiologies of necrosis [8]. It is 
also caused by acute cellular injury with metabolic failure [15] 
and ROS formation with mitochondrial damage and failure of 
ATP levels [7]. Basically, in necrosis there is an alteration of 
ion homeostasis with cell enlargement, the cellular free cal-
cium upsurges, initiation of multiple proteases and phospholi-
pases with mitochondrial damage. This further leads to 
decreased ATP and malfunction of ATP-dependent ion pumps. 
Also, the oncosis process (swelling of cell organelles and cells) 
is followed by cellular membrane blebbing with its rupture.

Morphologically, necrosis presents cell swelling (onco-
sis), plasma membrane blebbing without cellular organelles, 
intact and swollen nucleus with nuclear fragmentation 
unstained by hematoxylin, organelles swelling (mitochon-

dria, ER), rupture of organelle and plasma membrane rup-
ture, with cellular components discharge (Fig. 4.6, Table 4.2) 
[5, 7, 8]. (Note: in apoptosis—plasma membrane blebs con-
tain organelle). This leads to inflammatory process through 
release of HMGB1 and HDGF (Hepatoma Derived Growth 
Factor). NLRP3 is the main protein of inflammasome and 
activates inflammasome with further discharge of IL1β that 
is an pro-inflammatory cytokine. The activation of NLRP3 
inflammasome is caused by released mitochondrial ATP 
from altered cells [5]. The morphologic hallmark of necro-
sis is the damage of plasma membrane and release of intra-
cellular components including increased discharge of 
inflammatory DAMPs into extracellular environment [2]. 
Subsequently, important inflammatory reaction is triggered. 
Importantly, the inflammatory reaction from necrosis is 
higher than of apoptosis [12].

It should be stressed that the biochemical feature of 
necrosis is the lack of mitochondrial oxidative phosphoryla-
tion. In fact, the absence of mitochondrial oxidative phos-
phorylation involves rapid drop of cellular ATP, and further 
the alteration of ion pumps, intracellular calcium homeosta-
sis, and other cellular processes. Additionally, alteration of 
the ion gradients through the inner mitochondrial membrane 
produces loss of the mitochondrial membrane potential with 
the mitochondrial permeability transition (MPT). MPT 
(mitochondrial permeability transition) comprises the per-
meabilization of both mitochondrial membranes (outer, 
inner) with mitochondrial dysfunction or uncoupling of oxi-
dative phosphorylation [2, 16]. When inner mitochondrial 
membrane is losing its permeability, it follows the failure of 
ion gradients, the intracellular cytosol is getting alkaline, the 
fall of mitochondrial membrane potential and failure of oxi-
dative phosphorylation, failure of cellular ATP and final 
blebbing and swelling of cell with membrane rupture. (Note: 
mitochondrial dysfunction is a significant feature for both 
apoptosis and necrosis but with different molecular mecha-
nisms). Mitochondrial ROS induces signaling pathways 
(JNK, cyclophilin D) with MPT pore and necrosis [14]. By 
definition, MPT-driven necrosis is usually a regulated cell 
death triggered often by increased cytoplasmic calcium over-
load or severe oxidative stress that leads to necrosis [3]. 
Protein cyclophilin D (CYPD, PPIF, peptidylprolyl isomer-
ase F) has to be present for MPT forming [3].

All nuclear cells (eukaryotic cells) exhibit HMGB1. On 
the whole, necrosis comprises (1) cellular membrane integ-
rity failure with cellular swelling and organelle swelling; (2) 
organelle membrane damage; lysosomes release proteolytic 
enzymes in cellular cytoplasm with cellular degradation; cell 
swelling can cause plasma membrane rupture with release of 
pro-inflammatory cell components into cytoplasm and inter-
stitial space. Obviously, this leads to the recruitment of 
inflammatory cells (macrophages, natural killer cells, neu-
trophils, mature dendritic cells) which release HMGB1 pro-
tein in necrosis. HMGB1 protein is also known as amphoterin 
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(non-histone nuclear protein). HMGB1 activate RAGE 
(receptor for advanced glycan end products) and TLR4 (toll- 
like receptor 4) [7]. Further, RAGE and TLR4 trigger 
NF-KB. HMGB1 attaches TLR4 for advanced glycation end 
products with further involvement of (1) MyD88 with 
NF-KB activation via TRAF6, IRAK1 (interleukin-1 
receptor- associated kinase 1), and IRAK4; (2) attaches 
RAGE with NF-KB activation via CDC42/Rac1 or Ras/p38 
activation [7]. Specifically, inflammation with further injury 
in case of acute liver diseases (i.e. acetaminophen, ischemia- 
reperfusion injury) evolves when HMGB1 acts (1) by TLR4; 
(2) formyl peptides via FPR1; and via (3) ATP [2].

Within nucleus, HMGB1 protein suffers acetylation via 
NF-KB, MAPKM, and NFA; and regulates nucleosomes and 
favour genes transcription. Acetylated HMGB1 is discharged 
into blood vessel being interrelated with the activation of 
inflammasome via PKR activation [7].

4.5  Necroptosis

When necrosis happens in vitro as programmed cell death is 
named necroptosis or aponecrosis [15, 26]. On the whole, 
necroptosis is a protective mechanism implied in stress, nor-

Table 4.2 Patterns of necrosis in liver disease [25]. (With 
permission)

Pattern of necrosis Description Underlying cause
Apoptosis 
(apoptotic body, 
acidophil body, or 
Councilman body)

Necrosis of single 
cells

Hepatitis (viral, 
autoimmune, drug)

Focal/spotty Necrosis involving 
small clusters of 
hepatocytes

Hepatitis (viral, 
autoimmune, drug)

Zonal necrosis
Centrilobular Necrosis around 

central vein (acinar 
zone 3)

Ischemia, drugs, 
VOI, P/R injury

Periportal (IH/
piecemeal necrosis)

Necrosis of periportal 
zone (acinar zone 1)

Hepatitis (viral, 
autoimmune, drug)

Confluent necrosis
Localized 
(multilobular) 
necrosis

Necrosis of a part of 
the liver

Localized ischemia, 
transarterial 
embolization treatment

Submassive/
massive necrosis

Subtotal/total 
hepatocellular 
necrosis (often with 
prominent ductular 
reaction)

Hepatitis (viral, 
autoimmune, drug), 
acute allograft 
failure, fulminant 
Wilson’s disease

Abbreviations: P/R preservation/reperfusion, VOI venous outflow 
impairment

a b

c d

Fig. 4.6 Hepatocytes engulf necrotic and apoptotic cells in acute-on- 
chronic liver injury caused by hepatitis B infection (HBV) and in 
paracetamol injury (POD). (a) Hematoxylin–eosin staining of acute- 
on- chronic liver injury in a patient with HBV infection. Large areas of 
hepatocyte necrosis are evident. Inset image shows dark stained hepa-
tocyte nuclei in live hepatocytes (L) and pyknotic or karyolytic nuclei 
in necrotic hepatocytes (N). (b) Healthy hepatocytes with clearly 
marked nuclei are seen phagocytosing small apoptotic cells (arrows). 
Note hepatocyte invaginations which have formed to enable capture of 
apoptotic cells. (c) Hematoxylin-eosin staining of liver with 

paracetamol-induced injury, which causes centrilobular necrosis. Inset 
shows pink cytoplasm in necrotic hepatocytes (N) compared to surviv-
ing non-discolored hepatocytes with clearly defined nuclei (L). (d) In 
situ end labeling (ISEL) of apoptotic cell nuclei is seen here in pink, in 
a liver with ischemia-reperfusion injury. The marked hepatocyte has a 
non-apoptotic nucleus seen in blue, and has engulfed an apoptotic cell 
with a pink nucleus. Neighboring apoptotic hepatocytes can be seen 
with pink nuclei, and non-apoptotic cells with blue nuclei. The bars 
show 20 μm [7]. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY)
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mal development (before parturition) and adult T-cell 
homeostasis [3].

Presently, the Nomenclature Committee on Cell Death 
2018 defines necroptosis as a “form of regulated cell death 
initiated by perturbations of the extracellular or intracellular 
microenvironment detected by specific death receptors, 
including Fas and TNFR1, or pathogen recognition recep-
tors (PRRs), including TLR3, TLR4, and ZBP1 (Z-DNA 
binding protein1, DAI)” [3]. Likewise, it is a cell death 
mechanism same to necrosis triggered by blocked apoptosis 
[9]. Overall, necroptosis has same signaling pathways of 
apoptosis.

It is defined as the cytotoxic death cell due to the inhibi-
tion of caspase 8. As mentioned, necroptosis can be induced 
via PRR family from immunity system. It is mediated by 
PARP1 activation, Ca2+ dependent calpain Cys-proteases, 
and pro-apoptotic Bax [5]. Furthermore, necroptosis is acti-
vated by TNF family factors with caspase -8 inhibition and 
development of necrosome (RIPK1-RIPK3 complex IIb) 
[15]. Necroptosis has the death receptors (TNFR1, Fas, 
TNFR2, TRAILR1, TRAILR2). The spontaneous trimeriza-
tion of TNFR1 subunits leads to the recruitment of TRADD, 
RIP1, cIAP1, cIAP2, TRAF2 and TRAF5 with the complex 
I formation and NF-KB signaling pathway activation [5]. 

Essentially, liver necroptosis is a kinase-dependent cell 
death. Likewise, it is a process determined by the activity of 
kinases such as MLKL and RIPK3 [3].

Kinases family have proteins RIPs. RIP1 phosphorylates 
and activates RIP3 that together form with MLKL (mixed lin-
eage kinase domain-like) a complex [3, 9]. RIP1 and RIP3 
interrelate each other. As a result, the complex necrosome is 
formed from RIPK1/RIPK3 and MLKL; it induces the MLKL 
phosphorylation mediated by RIPK3 with its oligomerization 
that ultimately causes the lipid bilayer permeabilization [14]. 
Finally, Bid mediates Bax activation and necroptosis [5]. 
Presently, the Nomenclature Committee on Cell Death 2018 
states that signaling pathway of necroptosis happens without 
the involvement of mitochondria. As a consequence, there are 
no involvements in necroptosis of mitochondrial phospho-
glycerate mutase (PGAM) family member 5, serine/threonine 
protein phosphatase, PGAM5 and dynamin- related protein 
(DRP1)-driven mitochondrial fragmentation [3].

TNFα triggers PARP1 with diminishing ATP and necrosis 
[5]. The nuclear enzyme PARP1 regulates DNA being trig-
gered by altered DNA [5]. TNF pathway is used in necrop-
tosis and it is a feature of ischemia-reperfusion injury.

Necroptosis induced by TNF pathway (Fig.  4.7). The 
association of TNF with TNFR leads to an complex formed 
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Fig. 4.7 A simplified depiction of necroptosis induction by TNF. When 
TNF binds to its receptor (TNFR), complex 1 forms, which consists of 
the adaptor protein TRADD and ubiquitin ligases TRAF2 (also an adap-
tor), cIAPs, and LUBAC as well as the kinase, RIPK1. Ubiquitination of 
RIPK1 forms a platform to approximate key proteins leading to NFκB 
and MAPK activation and transcription of pro- survival and pro-inflam-
matory genes. Complex I internalization leads to the formation of the 
cytosolic complex II (not shown), which ultimately results in Caspase-8 
activation culminating in apoptosis. When caspases  +/−  cIAPs are 
inhibited in certain cells, RIPK1 then forms a complex with RIPK3, 

which oligomerizes and recruits the pseudokinase, MLKL. RIPK3 phos-
phorylates MLKL that activates the protein leading to its translocation to 
cell membrane where it forms tetramers to permeate the lipid bilayer. 
TNF, tumor necrosis factor; TRADD, tumor necrosis factor receptor 
type 1-associated death domain; TRAF2, TNF receptor-associated fac-
tor 2, cIAP, cellular inhibitors of apoptosis; LUBAC, linear ubiquitin 
chain assembly complex; RIPK1, receptor interacting protein kinase 1; 
NFκB, nuclear factor κB; MAPK, mitogen- activated protein kinase; 
RIPK3, receptor Interacting protein kinase 3; MLKL, mixed-lineage 
kinase domain-like [27]. Attribution 4.0 International (CC BY 4.0)
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from (1) the adaptor protein TRADD; (2) the adaptor ubiqui-
tin ligases TRAF2 (TRAF2, TNF receptor-associated factor 
2), (3) cellular IAPs, (4) LUBAC, linear ubiquitin chain 
assembly complex, (5) RIPK1 [14]. Necroptosis usually is 
regulated by TNFR1 [14]. Intracellular segment of TNFR1 
binds TRADD, and RIPK1 [9]. As already described, the 
association of TNFα with TNFR1 causes complex II DISC 
formation [5]. It seems that FADD-RIP1/3-NEMO complex 
leads to Bax/Bak-dependent mitochondrial damages with 
TNF α-dependent necroptosis [5]. The inactivation of cas-
pase 8 induces necroptosis [5]. In fact, caspase-8 is inhibited 
with RIP1/RIP3 association and induces the development of 
necrosome with necroptosis. As a result, RIPK3 triggers the 
production of ROS with membrane permeability by activa-
tion and production of MLKL oligomers. The complex 
necrosome is formed from RIPK1/RIPK3 and MLKL [9]. 
The generated MLKL bind at plasma membrane the phos-
phatidylinositol phosphate with further activation of plasma 
membrane permeabilization [3]. Also, RIPK3 can be acti-
vated by innate immunity proteins (i.e. TRIF, ZBP1) [3].

Importantly, a key mediator of necroptosis is MLKL that 
can support the production of mitochondrial ROS. p-MLKL 
is an activated tetramer form of MLKL that can induce 
necroptosis [14]. Currently, the Nomenclature Committee on 
Cell Death 2018 states that the mechanism by which MLKL 
induces necroptosis is not well-defined. However, oligomer-
ization and translocation of MLKL is promoted by HSP90 
(the heat shock protein 90 kDa alpha family class A member 
1) [3]. Oligomerization of MLKL is followed by calcium 
influx, exhibition of PS on plasma membrane bubbles. Also, 
MLKL from plasma membrane triggers ADAM family pro-
teins with magnesium channels generation [3].

Lastly, necroptosis may be inhibited by (1) caspase-8, 
FADD, and c-FLIP, and (2) c-IAPs (they ubiquitinate 
RIPK1) [3].

4.6  The Crosstalk Between Apoptosis, 
Autophagy, Necrosis and Necroptosis

Even if autophagy and apoptosis are independent processes, 
they overlap and crosstalk at many levels. Both apoptosis 
and autophagy may cause cell death. Importantly, these 
mechanisms may interrelate when autophagy stimulate via 
cytotoxic pathway or inhibit apoptosis (cytoprotective path-
way). Cytoprotective autophagy inhibits apoptosis, whereas 
cytotoxic autophagy promotes apoptosis [6].

As already mentioned, apoptosis is triggered by (1) acti-
vation of caspase-8 and caspase-3, or (2) pro-apoptotic pro-
teins activation (Bid, Bax). It leads to formation of the 
apoptosome complex (cytochrome C, Apaf-1, caspase-9) 
with further caspase-3 activation [7]. Regulatory genes p53, 
Atg5, Bcl-2 represent the interconnection between apopto-
sis and autophagy. As well, the subcellular localization of 

Bcl-2 can have two outcomes: (1) Bcl-2 reduces the dis-
charge of cytochrome c with pro-survival mitochondrial 
function and inhibited apoptosis; (2) Bcl-2 inhibits ER 
autophagy via Beclin1 [22]. As well, cleavage of Atg5 
calpain- mediated is followed by its translocation into mito-
chondria with Bcl-XL interaction and discharge of cyto-
chrome c, activation of caspase and apoptosis [22]. 
Additionally, Mcl1 known as anti-apoptotic Bcl-2 family 
regulates apoptosis and autophagy [5]. Moreover, the inter-
relation between Beclin 1 and the anti-apoptotic proteins 
Bcl-2 and Bcl-XL mediates the crosstalk between apopto-
sis and autophagy [5, 6].

Bcl-2 proteins (Bcl-2, BclXL, BcljB) attach Beclin-1 
with PI3KC3 complex and blocking of autophagy. Bcl-2 
proteins “downregulate” apoptosis and act together with 
Beclin-1 to block autophagy [6]. The ongoing interaction 
between Bcl-2 and Beclin-2 is interrupted by BNIP3 that 
increases apoptosis via Bax/Bad although isolates Bcl-2 
proteins [6]. Lastly, p53 regulates both autophagy signaling 
pathways (i.e. AMPK/mTOR, Bmf/Beclin-1) [19].

Apoptosis and necroptosis have same initiators of cell 
death: TNF-α, FasL, and TRAIL.  Moreover, apoptosis 
may develop secondary necrosis [2]. Notably, RIP1/RIP3 
kinase cascade activates JNK with mitochondrial oxida-
tive stress modulation. On the other hand, RIP1 and RIP3 
can induce the switch from apoptosis to necroptosis. 
Both kinases named RIP1 and RIP3 switch death receptors 
activation toward apoptosis or necroptosis. RIP1 activa-
tion can further lead to NF-KB, MAPK, apoptosis or 
necrosis [9].

If caspase-8 is triggered with the cleavage of RIP1/
RIP3, cell death is switched on apoptosis. RIP1/RIP3 
forms together with TRADD, FADD and caspase-8. 
Within complex II, the inactivation of RIP1 and RIP3 by 
caspase 8 is followed by pro-apoptotic caspases trigger-
ing. Cellular IAPs inhibition leads to inhibition of RIP 
ubiquitylation with complex II development and further 
caspase 8 activation [5]. What is more, serine-threonine 
kinase Akt inhibits apoptosis. This kinase triggers the 
transcription factor CREB and IKK complex with further 
inhibition of pro-apoptotic proteins Bad and caspase-9 
with necroptosis [5].

Increased intracellular ATP favours apoptosis, while 
diminished intracellular ATP facilitates necrosis [5]. It is 
important to underline that secondary necrosis defines 
switching of apoptotic cells into necrotic cells in case of ATP 
depletion [8].

Pyroptosis. It is a caspase-1 dependent cell death with 
morphologic features of apoptosis and/or necrosis. It is sup-
ported by activation of caspase-1, formation of inflamma-
some dependent caspase-1 activation, followed by pyroptotic 
cell death. Therefore, inflammasome triggers the caspase-1 
activation with further discharge of proinflammatory cyto-
kines IL-1β, and IL-18 [3].
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4.7  Conclusions

Without a doubt, cell death is a major determinant factor 
regarding the tissue injury severity and consequent organ and 
systems functions [14]. Regardless, hepatocyte death is the 
hallmark of liver disease development such as inflammation, 
fibrosis, cirrhosis, and hepatocellular carcinoma. Apoptosis 
and necrosis represent the two major modes of hepatocyte 
death, and apoptosis assures tissue homeostasis by the physi-
ologic removal of damaged hepatocytes. It is now clear that 
apoptosis is a significant finding of numerous liver disorders. 
Upcoming studies should reveal knowledge regarding the liver 
regulation of hepatic signaling death pathways. For instance, 
signaling death pathways with activation of hepatocyte prolif-
eration may bring benefits in acute liver disease, while inhibi-
tion of chronic liver disease development may be obtained by 
interruption of profibrogenic, proliferative, and proinflamma-
tory cell death pathways [2]. Correspondingly, signaling death 
pathways of liver might carry significant findings for a correct 
treatment of hepatic disorders [2]. For this reason, therapeutic 
modulation of liver cell death “holds promise” [12].

 Self Study

 Questions

 1. Which statement is true?
 (a) Cell death is grading into four morphotypes apopto-

sis, autophagy, necrosis and necroptosis.
 (b) Apoptosis is morphologically defined by a smaller 

spheric cell with plasma membrane blebbing.
 (c) Extrinsic apoptosis as a form of incidental cell death.
 (d) p53 is blocked by damaged DNA.

 2. Which statement/statements is/are true?
 (a) Mitochondrial dysfunction is a feature for both apop-

tosis and necrosis.
 (b) Apoptosis is a feature of cholestasis, alcoholic hepa-

titis, non-alcoholic steatohepatitis, autoimmune hep-
atitis, viral hepatitis, fulminate hepatic failure, 
ischemia-reperfusion injury, fibrosis and cirrhosis.

 (c) DAMPs have low release in apoptosis, necrosis and 
necroptosis.

 (d) Extracellular cytochrome c activates apoptosome 
formation.

 Answers

 1. Which statement is true?
 (a) Cell death is grading into three morphotypes apopto-

sis, autophagy and necrosis.
 (b) Hepatocyte apoptosis is morphologically defined by 

a smaller spheric cell, reduction of cell or ‘’cell 

shrinkage”, plasma membrane blebbing, chromatin 
condensation (pyknosis or small pyknotic nucleus), 
nuclear fragmentation (karyorrhexis), DNA splitting, 
mitochondrial permeabilization, cytoplasmic con-
densation (hypereosinophilic cytoplasm), followed 
by cell fragmentation into apoptotic bodies that are 
removed within lysosomes. Note: chromatin conden-
sation is a hallmark of apoptosis CORRECT.

 (c) Extrinsic apoptosis as a form of regulated cell death 
induced or triggered by perturbations of the extracel-
lular microenvironment that are detected by plasma 
membrane receptors, propagated by caspase-8 (with 
the optional involvement of MOMP), and precipi-
tated by executioner caspases, mainly caspase-3.

 (d) p53 named the ‘’guardian of genome” is another 
intracellular regulator that decides if damaged DNA 
from undergoing apoptosis may be removed or 
repaired. As such, p53 is triggered by damaged DNA, 
ischemia, oxidative stress, hypoxia and heat shock.

 2. Which statement/statements is/are true?
 (a) Mitochondrial dysfunction is a significant feature for 

both apoptosis and necrosis but with different molec-
ular mechanisms. CORRECT.

 (b) There is an increased apoptosis in cholestasis, alco-
holic hepatitis, non-alcoholic steatohepatitis, autoim-
mune hepatitis, viral hepatitis, fulminate hepatic 
failure, ischemia-reperfusion injury, fibrosis and cir-
rhosis. In case of hepatitis, apoptosis is the major cell 
death, being a cytoprotective mechanism in the liver 
clearance from infections. CORRECT.

 (c) The reduced inflammatory response of apoptosis is 
caused by decreased discharge of DAMPs (Damage- 
associated molecular patterns) and rapid exclusion of 
apoptotic bodies. However, the mainly discharge of 
DAMPs appears in necrosis and necroptosis.

 (d) Mitochondrial cytochrome c activates apoptosome 
formation that is a complex containing cytochrome c, 
APAF-1 (apoptosis protease-activating factor-1), 
ATP and procaspases-9. Caspase 9 activates further 
caspase 3.
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Liver Inflammation: Short Uptodate
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Abbreviations

ALD Alcoholic liver disease
DCs Dendritic cells
HMGB1 Protein (high-mobility group box-1) or HMG-1 

(high—mobility group)1
IL Interleukin
NAFLD Nonalcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
PAMPs Pathogen Associated Molecular Patterns
PRRs The pathogen recognition receptors
TNF Tumor necrosis factor

5.1  Introduction

According to current evidence the inflammation represents 
a complex immune reaction subsequent to an aggression. It 
is now well accepted that the innate immune cells are 
monocytes, macrophages, mast cells, neutrophils and natu-
ral killer (NK) cells, which identify PAMPs (Pathogen 
Associated Molecular Patterns) and endogenous ligands 
[1]. Briefly, PAMPs are represented by glycolipids, flagel-
lin, lipopolysaccharide (LPS), lipoproteins, bacterial DNA, 
and viral RNA. Endogenous ligands (heat shock proteins) 
are identified by innate immune cells via PRRs (Pattern-
Recognition receptors) [1].

Human liver has specific immune mechanisms of toler-
ance because it is primarily exposed to gut microbiome, 
dietary products and environmental antigens. Moreover, 
the liver is usually subject to a permanent aggression from 
bacteria or viruses that have an inflammatory potential. 
Antimicrobial factors are represented by complement sys-
tem, acute phase proteins, inflammatory cytokines and 
chemokines as well [1]. Under this perspective, the liver 
is considered a tolerogenical organ. In a simplified man-
ner, liver innate cells are resident macrophages (Kupffer 
cells), dendritic cells, NK cells, and NKT cells [1]. 
Therefore, in case of liver, the local immune system 
detects hepatotropic pathogens. These molecules are tol-
erated by the immune system of the liver, which, at the 
same time, must respond to danger. It means that this 
aggression leads to a persistent inflammation of the liver. 
Furthermore, the inflammation itself triggers the capillary 
permeability, leukocytes migration into tissue and the 
secretion of inflammatory mediators. To date, a healthy 
liver is characterized by (1) pro- inflammatory cytokines 
(IFNγ, IL-2, IL-7, IL-15), and (2) anti-inflammatory cyto-
kines such as TGFβ, IL-10 and IL-13 [2].
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Key Concepts
• Human liver is a tolerogenical immune organ with 

increased number of myeloid and lymphoid immune 
cells.

• Liver has specific immune mechanisms of tolerance 
because it is primarily exposed to gut microbiome, 
dietary products and environmental antigens.

• Liver fibrosis is considered a pathological feature, 
and it is an essential feature for liver wound repair 
or liver regeneration.

• Hepatic tolerogenic mechanisms are lost in the 
presence of severe inflammation.
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5.2  Liver Inflammation

If it is of note, the inflammation of the liver is due to a diver-
sity of causes, where the viral infection (hepatitis A, hepatitis 
B, hepatitis C, hepatitis D and E viruses) is the most impor-
tant of them. At the same time, there are other causes of liver 
damage such as autoimmune hepatitis, alcohol liver disease, 
nonalcoholic steatohepatitis or drug-toxicity. Liver 
 inflammation is also metabolically regulated, being evident 
in non- alcoholic fatty liver disease (NAFLD), hepatitis B 
virus and hepatitis C virus infections [2]. Moreover, as 
described above, the human liver has a constant exposure to 
gut microbiota and dietary components [1].

By definition liver inflammation requires the presence of 
inflammatory cells [1]. Liver has resident immune cells rep-
resented mainly by (1) antigen presenting cells (APC); (2) 
Kupffer cells or liver resident macrophages; (3) lymphocytes; 
(4) MDSC (myeloid-derived suppressor cells); and (5) den-
dritic cells (Fig.  5.1) [2]. Initially, hepatic inflammation 
recruits the innate immune cells (monocytes, neutrophils and 
NK cells). Liver resident dendritic cells evaluate and transport 
the foreign antigens into “local draining lymph nodes” pre-
senting antigens to adaptative naïve T cells [1]. Accordingly, 
acute liver inflammation determines the leukocytes recruit-
ment, with the activation and induction of fibrotic responses 
[3]. As a side note, the fibrosis present in the acute phase of 
liver inflammation protects the liver cells by cutting down the 
pro-apoptotic signaling [4]. While chronic inflammation can 
progress to fibrosis, cirrhosis and even liver cancer [2].

Another useful classification of liver immunological cells 
are myeloid and lymphoid cells [5]. Myeloid cells of liver are 
represented by Kupffer cells and DCs (dendritic cells) known 
also as hepatic non-lymphoid cells [5]. The main antigen-
presenting cells in liver are dendritic cells. Overall, the anti-
gen-presenting cells of liver are hepatic parenchymal cells 
represented by cholangiocytes and dendritic cells [5]. Liver 
Kupffer cells represent the biggest population of mononuclear 
phagocytes from human body [5]. Diseases and liver damage 
trigger the differentiation of resident monocytes into mature 
Kupffer cells [5]. If is of note Kupffer cells have their location 
at the luminal side of the liver sinusoidal endothelium [5].

Hepatic lymphoid cells are liver resident lymphocytes 
and are represented by B cells, CD4+ T cells, CD8+ T cells, 
natural Killer (NK) cells and non-conventional lymphoid 
cells such as NK T cells, gamma delta TCR+ T cells, 
CD4-CD8- T cells [5].

5.2.1  Macrophages

They are defined also as myeloid cells. Briefly, as stated 
above, myeloid cells comprise Kupffer cells, MDSC 
(myeloid-derived suppressor cells), and dendritic cells [2]. 

Resident myeloid cells are implied in the preservation of 
hepatic tolerance [2]. Importantly, the Kupffer cells are the 
liver resident macrophages. They have the capacity of auto- 
renewing and may also come from local progenitor liver 
cells [6]. Also, they express PRRs, Fc receptors and comple-
ment receptors [2]. Their role in “immune regulation, tissue 
repair, and liver regeneration” is well demonstrated [2].

When liver injury is initiated, the Kupffer cells get acti-
vated and may secrete powerful pro-inflammatory cyto-
kines. In fact, Kupffer cells receive signals for recognizing 
and discarding the pathogen agent through PRRs (pattern 
recognition receptors) that are TLRs (Toll like Receptors) 
and NLR (NOD like receptors). During the acute liver dam-
age, the activated Kupffer cells produce pro-inflammatory 
cytokines (IL-1, IL-6, GM-CSF and TNF-α), and chemo-
kines: MIP-1α (macrophage inflammatory protein-1α) and 
RANTES (Regulated upon activation normal T cell 
expressed and secreted) [7]. Also, Kupffer cells have a key 
role in liver regeneration through IL-6 and TNF-α with 
hepatocyte proliferation [2].

As well as the other macrophages, the Kupffer cells secret 
Il-1α and IL-1β and initiate the passage from phase G0 to G1 
of the cellular cycle. All this leads to hepatocytes prolifera-
tion. IL-1 has an essential role both in initiating some hepatic 
pathologic processes including inflammatory response and 
in hepatic regeneration [8].

In case of macrophages, that are derived from monocytes, 
both are essential cells in the acute and chronic liver inflam-
mation. Their classification comprises M1 macrophages 
responsible for inflammation initiation, also called pro- 
inflammatory; and M2 macrophages known as cellular heal-
ing and immunosuppressive macrophages. M1 macrophages 
are implied in the chronic inflammation initiation through 
the pro-inflammatory cytokines: IL1, IL6 and TNF. On the 
other side, M2 macrophages have anti-inflammatory effects 
and initiate cellular healing process [9].

5.2.2  Dendritic Cells (DCs)

They are characterizing the healthy liver and they can trig-
ger powerful stimulation of T-cells [2]. Published data sup-
port the fact that the dendritic cells are the main antigen 
presenting cells. They are involved in both the innate and 
acquired immune responses. There are three types of den-
dritic cells: type 1, type 2 and the plasmacytoid dendritic 
cells, each having a different function: type 1 dendritic cells 
present the antigen to T lymphocyte, type 2 dendritic cells 
have tolerogenic functions, and the plasmacytoid dendritic 
cells produce INF in viral infections [10]. Published data 
support the role of dendritic cells in viral infections, autoim-
mune diseases, hepatocellular carcinoma, and liver trans-
plantation [1].
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5.2.3  Lymphocytes

Among lymphocytes, those belonging to innate immune 
response are involved in the hepatic inflammation. Innate 
liver lymphocytes comprise natural killer (NK) cells, NKT 
cells, and MAIT (mucosal associated invariant T cells) [2]. 
Basically, all these lymphocytes produce powerful cytokines 
which activate liver immunity (innate or adaptive) [2]. On 
the other side, healthy liver has adaptive lymphocytes such 
as MHC-restricted CD4+ and CD8+ T cells, and lesser B 
cells [2]. Majority of the hepatic T cells are (1) apoptosing 
peripheral T cells; (2) moderate expression of the TCR; and 
(3) coexpress NK cell markers [5]. Particularly T-cells accu-
mulate in liver with the onset of apoptosis process [2].

Of note, NK cells and NKT cells stand for the first line 
against infections and tumor growth and contribute to the 
development of the hepatic chronic inflammation [11]. 
Moreover, both NK cells and NKT cells contribute to the 
liver aggression either by producing pro-inflammatory cyto-
kines or by making the hepatocytes to die [12].

NK cells or “pit cells” have an important role being 
involved in viral infections, liver regeneration, liver fibro-
sis, antitumour activity and hepatic tolerance [1]. 
Importantly, half of hepatic NK cells from human adult 
liver is formed from CD56bright NK cells [2]. Also, in the 
presence of NK cells, dendritic cells trigger tolerogenic 
regulatory T cells [1].

It is well demonstrated that NKT cells take part in the 
alcohol produced liver injury [13, 14]. By contrast, NKT 
cells may protect against the acute liver inflammation and 
damage induced by CCl4 [15]. Nonetheless, Treg (Regulatory 
T cells) populations sustain the balance between activation 
and immuno-tolerance [5]. In fact, modulation of Treg in 
therapeutic methodologies is ongoing [5].

5.2.4  Mucosal-Associated Invariant T (MAIT)

MAIT cells are innate-like T cell populations; and they rep-
resent 20–50% of intrahepatic T cells [16]. These MAIT 
cells represent a greatly specialized T cell population with 
specific immunological activity in the liver vessels [5].

MAIT are involving in inflammatory and autoimmune 
disease. For example, they appear in a reduced number in 
HCV chronic infection, but they remain reduced after the 
virus clearance with DAA (Direct Acting Antiviral) therapy 
[17, 18]. In obese NASH patients, MAIT cells appear in 
great numbers in the adipose tissue as compared to periph-
eral blood. Moreover, they secret IL-17. As a fact, after the 
bariatric surgery, the number of circulating MAIT cell is 
restored in 3 months [19], while their normal function comes 
back in 6 months [20].

5.2.5  Leukocytes

They accumulate in liver only in the presence of inflamma-
tion and infection [2]. They release the inflammatory cyto-
kines and growth factors that regulate the fibrotic process. 
These cytokines are: TNFα, IL-6, platelet derived growth fac-
tor and TGFβ. As a result, the hepatic stellate cells are acti-
vated by these cytokines and produce extracellular matrix 
components (α smooth muscle actin and type I collagen) [21].

The presence of neutrophils has been described in acute 
liver injury such as alcohol hepatitis, ischemia reperfusion 
injury, and sepsis [1]. As stated above, leukocytes accumu-
late in liver in the presence of chemotactic factors which pro-
duce their migration into liver. Only that, too much 
accumulation of neutrophils in liver may cause pathological 
pro-inflammation [1].

5.2.6  HMGB1 (High Mobility Group Box 1) 
Protein

It is defined as a nuclear and cytoplasmatic protein, and it is 
a compulsory mediator of the inflammation. It is released by 
necrotic liver cells [22]. Its presence as both actively and 
passively forms in the extracellular environment, it is 
observed after the hepatocyte necrosis. HMGB1 acts like 
cytokines, and chemokines which play an important part in 
the inflammation [23]. At present, HMGB1 is considered to 
be an essential protein both in acute and chronic liver injury. 
It is released from the injured hepatocytes and mediate the 
leucocytes attraction by connecting extracellular HMGB1 
with RAGE—a high specificity receptor [24].

As to the acute inflammation, HMGB1 is involved in 
ischemic/reperfusion lesions, sepsis and drug-toxicity. In 
chronic inflammation HMGB1 is observed in alcoholic and 
nonalcoholic liver disease. HMGB1 is also implied in the 
fibrosis process and liver cancer.

5.3  Pathological Liver Inflammation

Pathological liver inflammation enhances the development 
of liver fibrosis into cirrhosis. Even if liver fibrosis is consid-
ered a pathological feature, it is an essential feature for liver 
wound repair or liver regeneration [2]. Conversely, fibrosis 
becomes pathological as a result of a persistent inflammation 
with liver damage.

By definition, pathological inflammation is the constant 
triggering or activation of innate immune system pathways 
[2]. Further, alcohol, fat, chronic infection or tissue injury 
cause pathological liver inflammation. But then continual 
inflammation in liver leads to the permanent activation of 
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hepatic myofibroblasts produced by hepatic stellate cells [2]. 
Tolerogenical liver is supported by resident myeloid cells 
such as Kupffer cells, hepatic myeloid dendritic cells, liver 
sinusoidal endothelial cells (LSECs) and MDSCs (myeloid- 
derived suppressor cells) [2]. The anti-inflammatory cyto-
kine IL-10 is released by Kupffer cells, dendritic cells, and 
MDSCs. On the other hand, hepatic tolerogenic mechanisms 
are lost in the presence of severe inflammation [2].

5.3.1  Cholangiocyte Immune Response

The first barrier against components translocated from the 
gut to liver is represented by biliary epithelial cells [25]. In 
healthy liver, cholangiocytes protect against gut-derived 
molecules or gut microbiota. Cholangiocytes present secre-
tory, apoptotic and proliferative functions [5].

In general, they have the ability to release sIgA (secre-
tory immunoglobulin A) that protects against microbial 
attachment. Importantly, these biliary cells express PRRs 
which are activated by PAMPs. They also attach DAMPs 
(damage- associated molecular patterns) discharged by dam-
aged cells [25]. A major component of PRRs is TLRs (Toll-
like receptors). When cholangiocytes are exposed to 
PAMPs, it happens the activation of TLR4, that finally acti-
vate genes of pro-inflammatory cytokines such as AP-1 
(activator protein- 1) and Nf-kB (nuclear factor-kappa B) 
[25]. As a result, cholangiocytes secrete cytokines and che-
mokines with the activation of resident liver cells and 
immune cells (Fig. 5.2) [25].

Initial injury activates cholangiocytes into “reactive 
cholangiocytes” or “biliary epithelitis” to release IL-6 with 
proliferation of cholangiocytes [25]. These reactive cholan-
giocytes secrete pro-inflammatory and fibrogenic media-
tors. On the other hand, chronic biliary injury is associated 
with fibrogenesis (periportal fibrosis) and ductopenia [25]. 
Particularly, cytokine TGFβ inhibits the proliferation of 
cholangiocytes with loss of biliary ducts or ductopenia 
[25]. To sum up, “biliary epithelitis” is a finding of PBC 
(primary biliary cirrhosis) and PSC (primary sclerosing 
cholangites) [5].

5.3.2  Steatosis and Steatohepatitis

Nowadays, the commonest liver disorder is NAFLD (non-
alcoholic fatty liver disease) [26]. Briefly, its evolution is 
characterized by liver inflammation, steatosis to non-
alcoholic steatohepatitis (NASH), cirrhosis and hepato-
cellular carcinoma [26, 27]. It is already established that 
liver steatosis is a marker of insulin resistance and meta-
bolic syndrome [7].

Importantly, liver inflammation triggers the stress 
response in hepatocytes with further lipid addition [28]. 
According to this logic, hepatic steatosis may be “bystander 
phenomenon” secondary to inflammation [28]. However, 
liver steatosis may be a benign process or may further 
develop along with the stimulation of inflammation. As a 
result, liver inflammation is set up by resident Kupffer cells 
and innate immune cells such as infiltrating macrophages, T 
lymphocytes, neutrophils, and dendritic cells [7]. Moreover, 
steatosis continues with inflammation [29].

Hepatosteatosis or steatosis is the main histological fea-
ture in NAFLD (nonalcoholic fatty liver disease) and 
describes the excessive storage of triglycerides within hepa-
tocytes [26]. The minimum criterion for the histological 
diagnosis of NAFLD is the existence of >5% hepatocytes 
with steatosis or “steatotic hepatocytes” (Fig. 5.3) [26, 30].

Usually, NAFLD has a macrovesicular steatosis that 
describes the hepatocyte uploaded with one/many intracyto-
plasmatic fat droplets with its nucleus located to the cell 
periphery [26]. Furthermore, this macrovesicular steatosis 
has a panacinar or zone 3 distribution [31].

Macrovesicular steatosis is a histological finding in 
excessive alcohol consumption, parenteral nutrition, starva-
tion, hepatitis C (genotype 3), Wilson’s disease, lipodystro-
phy, abetalipoproteinemia, and medication (amiodarone, 
methotrexate, tamoxifen, corticosteroids) [26]. On the other 
hand, microvesicular steatosis is a histological finding in 
Reye’s syndrome, of medications (valproate, and anti- 
retroviral medicines), acute fatty liver of pregnancy and for 
inborn errors of metabolism (LCAT deficiency, cholesterol 
ester storage disease, Wolman disease) [26].

Importantly, nonalcoholic fatty liver disease usually pres-
ents the commonest form of histological steatohepatitis at 
liver biopsy, that it is a zone 3 borderline steatohepatitis [26]. 
It comprises inflammation, steatosis, ballooned hepatocytes 
frequently with Mallory-Denk bodies, with or without fibro-
sis [26]. If is of note, children have zone 1-borderline pattern 
that defines a steatohepatitis with portal inflammation, zone 
1 steatosis, sometimes zone 1-ballooned hepatocytes, and 
portal fibrosis [26].

In general, steatohepatitis is a marker of liver injury. And 
portal inflammation, liver distribution of steatosis, Mallory 
bodies (Mallory-Denk Bodies), and megamitochondria are 
correlated with steatohepatitis [26].

Non-alcoholic steatohepatitis (NASH) is described by 
inflammation with macrovesicular steatosis and apoptosis, 
with or without fibrosis [28]. On the other side, hepatocyte 
ballooning or ballooning injury is a key marker for non- 
alcoholic steatohepatitis (Fig. 5.4) [32–34].

Hepatocellular ballooning or “ballooned hepatocytes” are a 
marker of lipotoxic liver damage [35]. It is a key marker used 
in the diagnosis of NAFLD and NASH by liver biopsy [35]. 
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Ballooned hepatocyte is the undead degenerated hepatocyte 
with hepatocyte swelling, reticulated cytoplasm, central 
nucleus, hepatocyte polarity is dysregulated, and ubiquitina-
tion of proteins with further decreasing of keratin 8 and kera-
tin 18 (Fig. 5.5) [33, 35].

Hepatocyte ballooning is a process linked with the activa-
tion of “hedgehog signaling pathway” [35]. This Hedgehog 
pathway is crucial for hepatic repair and regeneration but its 
chronic activation causes liver fibrosis [35]. Mallory-Denk 
bodies are another histological feature of NASH, and repre-
sent ubiquitinated proteins [35]. In fact, apoptosis is trig-
gered in liver by Mallory bodies and hepatocyte ballooning 
[26]. Mallory bodies have a prognostic role in steatohepati-
tis, and are importantly correlated with liver mortality [26, 
36, 37].

Fig. 5.3 Steatosis. Hematoxylin-eosin stain [30]. (It is open access)

a b

Fig. 5.4 (a) Mini-laparoscopy showing the right liver lobe with chole-
static changes of the parenchyma, regenerative nodules, and capsular 
fibrosis. (b) Liver biopsy (HE, ×200) showing cholestasis, hepatocyte 
ballooning, ductular proliferation, and increasing fibrosis [34]. [Open 
Access . This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-

tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. The 
Creative Commons Public Domain Dedication waiver (http://creative-
commons.org/publicdomain/zero/1.0/) applies to the data made avail-
able in this article, unless otherwise stated]

a

b

Fig. 5.5 Liver biopsy. (a) Moderate fibrosis was observed in the low- 
power field (Azan-Mallory stain, ×40). (b) Higher magnification 
showed hepatic steatosis, hepatocyte ballooning, and polymorphonu-
clear cell inflammation (HE staining, ×400). (From [33]. It is open 
access. This is an open access article under the terms of the http://cre-
ativecommons.org/licenses/by/4.0/ License, which permits use, distri-
bution and reproduction in any medium, provided the original work is 
properly cited)
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5.3.3  Inflammation in NASH

It is characterized by powerful recruitment of neutrophils, 
monocytes and monocyte-derived macrophages and NK 
cells (Fig. 5.6) [35]. Furthermore, Fig. 5.7 shows “satelito-
sis” defined as the liver infiltration with neutrophils (poly-
morphs) in the vicinity of ballooned hepatocytes [26].

In fact, any type of steatohepatitis has hepatic neutrophil 
infiltration being higher in alcoholic steatohepatitis [35]. 
Characteristically, the chemokine receptors of monocytes 
such as C-C chemokine receptor (CCR)2 and CXCR3 are 
triggering monocytes with their activation and liver infiltra-
tion [35]. Also, in case of NASH, resident Kupffer cells elim-
inate by phagocytosis the dead cells, eliminate pathogens 
and their products; release proinflammatory cytokines (TNF, 
chemokines such as CXCL10 and IL-8) and trigger further 
liver inflammation and fibrosis by the continual ongoing and 
recruitment of immune cells in liver [35].

5.3.4  Metaflammation

It is defined as the low-grade inflammation caused by gradu-
ally expression of cytokines and the infiltration with immune 
cells [27]. This metaflammation is described for white adi-
pose tissue, liver, pancreas and gut cells. Basically, adipo-
cytes release TNFα, MCP1 (Macrophage Chemoattractant 
Protein 1) also known as CCL2 (CC-motif Chemokine 
Ligand 2), IL6 and IL18. Correspondingly adipocytes secrete 
adipokines such as adiponectin, leptin and resistin. Leptin is 
a pro-inflammatory adipokine that regulates food intake 
through the central nervous system [27].

In overnutrition, adipocytes release pro-inflammatory 
cytokines such as IL15, CCL2, CCL3, CCL4, CXL10, with 
the activation of innate and adaptive immune cells. 
Monocytes turn into M1 macrophages with final release of 
TNFα, IL6, iNOS, IFNγ, and IgGs (Fig. 5.8b). Recruitment 
of NK cells by adipocytes it is followed by increased secre-

Fig. 5.6 Mononuclear inflammatory infiltration. Hematoxylin-eosin 
stain. (From [26]. It is open access)

Fig. 5.7 Polymorph around ballooned hepatocytes, “satelitosis”. 
(From [26]. It is open access)

Fig. 5.8 Liver-adipose tissue cross-talk in lean and overnutrition 
state. (a) Lean state. Insulin signaling in the liver induces phosphoryla-
tion of the protein kinase AKT.  AKT-dependent downregulation of 
forkhead box (Foxo) transcription factor reduces the transcription of 
gluconeogenic genes, such as PhosphoEnolPyruvate CarboxyKinase 
(PEPCK), and hepatic glucose production (HGP). AKT-dependent 
upregulation of the mammalian target of rapamycin complex (mTORC) 
upregulates Sterol Regulatory Element-Binding Protein 1c (SREBP1c) 
thus inducing de novo lipogenesis (DNL) and triglyceride (TG) syn-
thesis. DNL inhibits both the transport of fatty acids in the mitochon-
dria via carnitine palmitoyl transferase carrier (CPT) and the 
β-oxidation (β-ox), which is controlled by peroxisome proliferator-
activated receptors α (PPARα). Hepatic TGs are secreted in the circu-
lation in form of very low-density lipoproteins (VLDLs) to reach 
muscle and adipose tissue where they are taken up, through the action 
of CD36 and lipoprotein lipase (LPL). In adipose tissue, insulin inhib-
its the release of nonesterified fatty acids (NEFAs). (b) Overnutrition. 
In obesity, hepatic DNL and HGP are both active. PPARγ is upregu-

lated in hepatosteatosis, further inducing DNL and hepatic TG content. 
Amino acids (AA) derived from the diet influence mTORC/S6 kinase 
(S6K) pathway that, through an intertissue connection, affects LPL 
activity in the adipose tissue and thus increases circulating TGs. 
Hepatic VLDL secretion increases, but their uptake by adipose tissue 
is reduced because of the low expression of CD36 and LPL. Conversely, 
CD36 and LPL are more expressed in muscles and liver that therefore 
internalize more VLDLs. HGP upregulation is due to different pro-
cesses: (a) lower utilization of glucose due to reduced glucokinase 
(GCK) activity, (b) increased adipose tissue lipolysis due to insulin 
resistance and consequent increase in the releasing of NEFAs in the 
circulation. Hepatic acetyl-CoA content and pyruvate carboxylase 
(PC) activity increase, with consequent higher transformation of pyru-
vate into glucose. In obesity, both liver and adipose tissue undergo an 
inflammatory response with production of proinflammatory cytokines: 
interleukin 6 (IL6), tumor necrosis factor alpha (TNF-α), C-reactive 
protein (CRP), plasminogen activator inhibitor 1 (PAI-1). (From [27] 
with permission)
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tion of leptin. The final outcome is worsening of inflamma-
tion because leptin activate CD4+ cells [27].

Conversely, fasting is defined by glycogenolysis, gluco-
neogenesis, and increased release of FFAs by lipolysis of 
adipose tissue (Fig. 5.8a). If it is of note, the key factor in 
fasting is PPARα (peroxisome proliferator—activated 
receptors) that is a “lipid sensor”. The nuclear receptor 
PPARα regulates liver for the duration of fasting, including 
mitochondrial β-oxidation and peroxisomal β-oxidation. 
As a result, fasting is correlated with raised afflux of FFAs 
to the liver by lipolysis, along with inhibited activity of 
LPL [27].

5.4  Conclusions

It is now well accepted that liver is a lymphoid organ with 
complex immunological mechanisms which assure a vital 
balance between immune tolerance and overreaction [5].

In healthy liver, inflammatory mechanisms have a broad 
spectrum of functions being vital to maintain a balanced 
tissue and organ homeostasis [2]. The molecular mecha-
nisms of the hepatic inflammation are involved in the main-
tenance of the liver homeostasis, by protecting the liver 
against pathogen agents (viral infections, tumors, alcohol 
and drug toxicity). Even if liver fibrosis is considered a 
pathological feature, it is an essential feature for liver 
wound repair or liver regeneration. Conversely, fibrosis 
becomes pathological as a result of a persistent inflamma-
tion with liver damage. On the other hand, hepatic tolero-
genic mechanisms are lost in the presence of severe 
inflammation [2].

Conflicts of Interest The authors declare no conflict of interest.

 Self Study

 Questions

 1. Which statement is true?
 (a) Liver is a tolerogenical organ
 (b) Liver resident immune cells are represented only by 

Kupffer cells.
 (c) Macrophages are myeloid cells.
 (d) M2 macrophages have anti-inflammatory effects and 

initiate cellular healing process.
 2. Which statement/statements is/are true?

 (a) Pathological liver inflammation enhances the devel-
opment of liver fibrosis into cirrhosis.

 (b) Cholangiocytes present secretory, apoptotic and pro-
liferative functions.

 (c) The spectrum of NAFLD (nonalcoholic fatty liver 
disease) is characterized by liver inflammation, ste-
atosis to non-alcoholic steatohepatitis (NASH), cir-
rhosis and hepatocellular carcinoma.

 (d) Hepatosteatosis or steatosis is the main histological 
feature in NAFLD (nonalcoholic fatty liver disease).

 Answers

 1. Which statement is true?
 (a) CORRECT. Human liver has specific immune 

mechanisms of tolerance because it is primarily 
exposed to gut microbiome, dietary products and 
environmental antigens.

 (b) INCORRECT. Liver resident immune cells are rep-
resented by Kupffer cells, dendritic cells, and resi-
dent lymphocytes and are represented by B cells, 
CD4+ T cells, CD8+ T cells, natural Killer (NK) cells 
and non-conventional lymphoid cells such as NK T 
cells, gamma delta TCR+ T cells, CD4-CD8- T cells.

 (c) Correct.
 (d) Correct.

 2. Which statement/statements is/are true?
 (a) CORRECT.
 (b) CORRECT.
 (c) CORRECT.
 (d) CORRECT.
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Disease: Impact of TGF-β and VEGF 
on Pathogenic Pathways
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6.1  Introduction

Chronic liver disease (CLD) is a comprehensive terminol-
ogy that includes persistent hepatitis, induced by hepatitis 
viruses such as HBV and HCV, alcoholic and non-alcoholic 
steatohepatitis, biliary atresia and so on. Regardless of the 

initial causes, liver cirrhosis (LC) is a common hallmark of 
CLD and is characterized by the progressive loss of func-
tional hepatocytes [1]. The defection of parenchymal area is 
replaced with the interstitial deposition of extracellular 
matrix (ECM) proteins, such as type-I and type-III colla-
gens. In other words, impairment of hepatocyte repair sys-
tem allows for unfavorable response of collagen deposition, 
and it takes longer than 10 years for injured livers to acquire 
the LC-like phenotypes, and LC is believed to be a precan-
cerous lesion leading to the progression of hepatocellular 
carcinoma. The cancer-associated fibroblasts are associated 
with LC lesions [2], such as hepatocyte loss, epithelial-to- 
mesenchymal transition (EMT) and ECM overproduction. 
Thus, it is important to elucidate the molecular mechanism 
of LC during CLD progression.

Transforming growth factor-β (TGF-β) is one of the most 
important cytokines for the onset and progression of LC [3]. 
TGF-β secreted from Kupffer cells (KCs) converts sinusoidal 
cells, such as hepatic stellate cells (HSCs) and endothelial 
cells (ECs), to smooth muscle cell (SMC)-like myofibroblasts 
(MyoFBs). TGF-β is also important to induce ECM produc-
tion in interstitial MyoFBs [3]. Several lines of clinical stud-
ies indicate an increase in blood and hepatic TGF-β levels of 
LC patients [4]. Of note, liver-specific activation of TGF-β 
transgene induces the LC-like lesions in mice [5]. Indeed, 
TGF-β is involved in multiple pathological steps, such as 
hepatocyte apoptosis, EMT, MyoFB conversion and ECM 
overproduction [3]. The studies of twentieth century identi-
fied TGF-β as a pivotal player for LC during CLD.

Recent emerging evidence indicates the important role of 
pathogenic angiogenesis during CLD [6]. Portal hyperten-
sion is, in part, a result of persistent fibrosis, and is respon-
sible for intrahepatic and extrahepatic angiogenesis that 
cause LC-associated complications, such as esophageal vari-
ces [7]. TGF-β (and its inducer, angiotensin-II) may induce 
hepatic hypoxia via recruiting vasoconstrictors, such as 

Key Concepts
• TGF-β plays multiple roles in establishing liver cir-

rhosis through inducing hepatocyte apoptosis and 
differentiation of liver cells to myofibroblasts for 
the efficient collagenous deposition.

• Recent studies delineated that VEGF-induced 
pathogenic angiogenesis is associated with TGF-β- 
conducted cirrhotic lesions.

• With regard to this, TGF-β-induced endothelin-1 is 
responsible for hypoxia and VEGF induction, 
whereas VEGF activates latent form of TGF-β, 
hence indicating a crosstalk between TGF-β- induced 
fibrogenesis and VEGF-induced angiogenesis.

• Not only TGF-β-antagonism but also anti-angio-
genic treatments can be a reasonable strategy to 
delay or arrest the progression of liver cirrhosis, a 
common final feature of chronic liver disease.
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endothelins. Under such a pathological circuit, vascular 
endothelial growth factor (VEGF) is upregulated, possibly as 
an adaptation to hypoxia, but VEGF-induced angiogenesis 
results in permeability and subsequent inflammation. With 
regard to this, Sakata et al. delineated a novel role of VEGF 
in facilitating TGF-β activation [8], hence suggesting a feed-
back loop between angiogenesis and fibrogenesis.

In this chapter, we will discuss the potential linkage of 
angiogenesis to fibrogenesis, with a special focus on TGF-β 
and VEGF as fibrogenic and angiogenic cytokine, respec-
tively. Indeed, TGF-β and VEGF cooperatively contribute to 
progression of LC, a common final outcome of CLDs. 
Antagonism of this cooperative pathway may open up a new 
avenue for arresting the progression of LC (and carcinoma) 
during CLDs.

6.2  Biology of TGF-β Signaling Pathway

TGF-β is a unique cytokine that elicits a multiple function 
required for controlling cellular growth and ECM homeostasis 
(see, Sects. 6.3 and 6.4). In the injured livers, TGF-β is secreted 
from hepatocytes and interstitial cells (including HSCs, KCs 
and macrophages) [9]. The transcriptional regulators, such as 
AP1 and Sp1, play a critical role in activating the TGF-β gene 
promoter region, as described in Sect. 6.4. The epigenetic his-
tone methylation regulates TGF-β gene expression, and the 
increased levels of active chromatin marks (such as H3K4me1, 
H3K4me2 and H3K4me3) and decreased levels of repressive 
marks (including H3K9me2 and H3K9me3) participate in 
TGF-β mRNA expression during LC [10], possibly via the 
concerted activation of a transcriptional modulator, MKL [11].

The latent form of TGF-β is bound for inhibitory anchors, 
such as LAP and LTBP1, and is enzymatically activated by 
thrombospondin-1 or plasma kallikrein [12]. In this process, 
αvβ1, αvβ3, αvβ5 and αvβ6-integrins are involved in the cleavage 
of LAP-TGF-β at cell surfaces. Interestingly, αvβ6 antagonist 
inhibited the TGF-β activation in a mouse model of LC, 
induced by bile duct ligation (BDL) [13], suggesting a pivotal 
role of this integrin in TGF-β activation during 
CLD. Thrombospondin-1 binds to PAR-1 receptor for intracel-
lular Rho→ROCK activation, and such a small-G protein- 
derived cascade is necessary for αv-type integrins to activate the 
latent form TGF-β [14]. Plasma kallikrein is known to activate 
pro-urokinase and enhance urokinase type plasminogen activa-
tor production [15]. This effect is also contributable for TGF-β 
activation, especially after VEGF induction [8] (see, Sect. 6.7).

After cleavage of the LAP-bound latent form, TGF-β 
induces biological functions via two types of receptors. The 
type-II receptor, TβR-II is a ligand-trapping receptor, while 
type-I receptor, TβR-I (also known as ALK5) acts as a sig-
naling transduction receptor. Once TGF-β binds to TβR-II, 
ALK5/serine- and threonine-type receptor is recruited to 

ligand-TβR-II complex. Immediately after the ALK5 phos-
phorylation, ALK5-targeted downstream effectors, such as 
Smad2 and Smad3, are also phosphorylated and moved into 
nucleus (i.e., canonical pathway) [3]. As a result, phosphory-
lated Smad3 acts like a transcriptional switch for initiating 
mRNA synthesis of TGF-β-targeted genes, such as NOX4. 
Noncanonical pathway is also important for TGF-β- mediated 
fibrotic events. Actually, JAK1-STAT3 and ERK activation 
are necessary for the induction of connective tissue growth 
factor (CTGF) [16] and Sp1-mediated activation of HSCs, 
including MyoFB conversion and ECM production [17]. 
Both canonical and noncanonical cascades additively con-
tribute to the acceleration of LC [3].

The sequential crosstalk among liver cells is important for 
LC during chronic hepatitis. For instance, hepatocyte-derived 
Activin-A elicits TGF-β production in KCs via a paracrine 
loop, and then HSCs are differentiated to MyoFBs for the 
efficient production of ECMs [18]. Oncostatin-M promotes 
TGF-β production in hepatic macrophages and induces tis-
sue inhibitor of metalloproteinase-1 (TIMP1) in HSCs, and 
both activities are necessary for LC progression through 
accelerating ECM synthesis and inhibiting its degradation 
[19]. HSCs highly express toll-like receptor-4 (TLR4), and 
bacterial components, such as LPS, stimulate TLR4, result-
ing in the secretion of several chemokines. Under infection, 
TLR4-primed event is critical for the activation of KCs, a 
key source of TGF-β. In addition, LPS-TLR4 axis on HSCs 
causes the downregulation of BAMBI, a pseudoreceptor of 
TGF-β. As a result, TGF-β-primed signaling transduction 
was enhanced in HSCs after bacterial challenge [20]. 
Hypoxia and oxidative stress are key events to link fibrogen-
esis to angiogenesis during CLD [21], and TGF-β production 
is also enhanced by hypoxia, especially in hepatocytes and 
hepatic macrophages.

Herein, we described the biological information on tran-
scription, activation and signaling pathway of TGF-β, related 
to LC progression. In addition, we emphasized the impor-
tance of intracellular network for understanding of molecu-
lar basis during LC process. In other words, there are some 
targeted points in each step for delaying LC progression, as 
discussed later.

6.3  Apoptotic and Fibrotic Effects 
of TGF-β on Hepatocytes

Tissue fibrosis progresses as a result of a decrease in func-
tional parenchymal cells, and defected epithelial cells must be 
replaced with pathogenic ECMs, such as collagens. Thus, 
chronic activation of epithelial death system is responsible for 
tissue fibrosis with dysfunction. Actually, apoptotic removal 
of hepatocytes induces liver fibrosis. For instance, Bcl-xL is a 
key anti-apoptotic molecule to stabilize mitochondrial mem-
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brane, and hepatocyte-specific deletion of Bcl-xL elicits liver 
fibrosis in mice [22]. TGF-β induces apoptotic death in hepa-
tocytes, possibly via Bcl-xL downregulation in  vivo. This 
section describes recent information on cytotoxic mecha-
nisms of TGF-β in hepatic parenchymal cells.

Oberhammer et al. found that active form TGF-β induced 
apoptotic changes in the primary culture of rat hepatocyte [23]. 
This effect was also reproduced in vivo: administration of ade-
novirus vector containing TGF-β1 plasmid induced apoptosis 
in hepatocytes (TGF-β1 group: 14.1% versus control group: 
0.25%) after 70%-partial hepatectomy in rats [24]. In a chronic 
model of CCl4-induced liver fibrosis,  hepatocyte apoptosis 
becomes evident, and this result was associated with the upreg-
ulation of TGF-β1. Importantly, neutralization of TGF-β1 by 
vaccination led to a decrease in apoptotic hepatocytes in the 
CCl4-treated mice [25], hence suggesting that TGF-β can be a 
target for inhibiting hepatocyte apoptosis during CLD. CCl4 is 
a hepatocyte-selective toxin. Thus, inflammation-induced 
TGF-β enhances this toxin-induced cell death (and in part, 
directly induces apoptosis).

TGF-β is now a key regulator for enhancing hepatocyte 
death under injurious conditions. Thus, it is important to eluci-
date the mechanism that underlies the TGF-β-induced apopto-
sis. Hepatocyte apoptosis depends on mitochondrial stresses, 
including cytochrome-c-conducted caspase activation for 
DNA fragmentation. TGF-β induces reactive oxygen species 
(ROS) through recruiting NOX4, a typical NADPH oxidase 
for cytoplasmic generation of hydrogen peroxide [26]. Such 
an oxidant stress leads to decreased Bcl-xL levels, loss of 
mitochondrial transmembrane potential, cytochrome- c release 
and caspase-3 activation (Fig.  6.1). Indeed, TGF-β- induced 
hepatocyte apoptosis was diminished by Z-VAD, a pan-cas-
pase inhibitor. The possible involvement of p53 stabilization, 
E2F transcriptional activation and PKA-STAT3 phosphoryla-
tion is a critical event for TGF-β to induce apoptosis [27, 28].

In addition to apoptotic action, TGF-β can induce EMT in 
hepatocytes to acquire MyoFB-like phenotypes for intersti-
tial ECM production. TGF-β induces G1/S phase-dependent 
EMT (and G2/M phase-related apoptosis) [29]. With regard 
to this, Snail or Slung are a typical transcriptional switch to 
induce EMT in numerous organs. Overproduction of Snail 
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Fig. 6.1 Multiple effects of TGF-β on hepatic cells. TGF-β is highly pro-
duced by KCs, HCSs and hepatocytes during CLD progression. TGF-β 
plays a key role in differentiation of ECs to MyoFBs (i.e., EndoMT) via 
Smad3- or ERG-dependent mechanisms. Furthermore, TGF-β induces 
MyoFB-like phenotypes in HSCs, whereas Id1 and Notch-induced HES1 
are critically involved in the HSC →  MyoFB conversion as transcrip-
tional regulators. MicroRNAs, such as miRNA-212 and miRNA-122 
participate in this process as positive and negative regulator, respectively. 

 MAPK-p38-induced production of CUGBP1 enhances HSC → MyoFB 
conversion via downregulation of IFN-γ, a counterpart of TGF-β. TGF-β 
has a dual effect on hepatocytes: one is induction of apoptotic cell death 
via an oxidative stress-dependent pathway (i.e., NOX4 → ROS → Bcl-xL 
loss  →  caspase-3 activation  →  DNA fragmentation). Another effect 
is EMT that depends on Snail or Slung- primed mechanisms. TGF-β-
mediated hepatocyte death and MyoFB deposition lead to parenchymal 
reduction and interstitial expansion, a common histological finding of LC
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confers resistance to TGF-β-induced apoptosis and is suffi-
cient to induce EMT in the primary culture of hepatocytes 
[30]. Thus, TGF-β contributes to LC progression via a dual 
function of apoptosis and EMT (Fig. 6.1), eventually leading 
to reduced epithelium and expanded interstitium.

6.4  Molecular Basis for Phenotypic 
Changes of HSCs to MyoFBs

Liver regeneration means a replacement of defected hepato-
cytes with newly generated hepatocytes, but such a repair 
system is impaired by TGF-β-mediated apoptosis and cell 
cycle arrest [3], resulting in collagenous deposition, rather 
than hepatocyte replication. In this process, interstitial 
MyoFBs play a central role in accumulation of ECM, and 
canonical signaling of TGF-β is critical for resident intersti-
tial cells (such as HSCs and portal fibroblasts) to acquire 
SMC-like phenotypes (i.e., MyoFBs). In this section, we will 
focus on HSCs to discuss the molecular mechanism of 
MyoFB transition.

Epigenetic regulation is important for differentiation, 
including conversion of HSCs to MyoFBs. Activation of 
TGF-β1 promoter region by AP1 and Sp1 is necessary for 
HSC → MyoFB transition [31]. Smad7 is a dominant sup-
pressor of TGF-β pathway [3]. In contrast, Id1 is identified as 
a negative regulator of Smad7 and is an essential mediator 
for TGF-β-induced conversion of HSCs to MyoFBs [32]. 
Smad7 inhibits MyoFB differentiation via suppressing Id1 
production. Conversely, TGF-β upregulates Id1 via an 
ALK1-Smad1 pathway, and this noncanonical pathway has a 
critical part in the release of Smad7-mediated inhibition, 
leading to the efficient conversion to MyoFBs. Several lines 
of evidence indicate a role of Notch signaling for 
HSC →  MyoFB transition. Noch1 and its ligand, Jagged1 
expression were increased during LC progression in rodents, 
while an inhibitor of Notch signaling cascade diminished 
HSC →  MyoFB conversion [33]. Notably, TGF-β induces 
HES1, a downstream effector of Notch signaling that acti-
vates DNA promoter regions of α-SMA and type-I collagen 
[34]. Overall, signaling cascade of TGF-β  →  Jagged1- 
Notch→HES1 between HSC-HSC was shown to be neces-
sary for the HSC → MyoFB differentiation (i.e., juxtacrine 
pathway) (Fig. 6.1).

MicroRNA (miRNA) is a small Noncording RNA and is 
important for RNA silencing and post-transcriptional regula-
tion. A recent report identified miRNA-212 as a Smad7- 
inhibiting regulator [35]. Actually, forced induction of 
miRNA-212  in HSCs enhanced the MyoFB differentiation. 
Of importance, TGF-β induces miRNA-212 expression. 
Thus, induction of miRNA-212 is necessary for TGF-β to 
induce MyoFB-like phenotypes in HSCs. In contrast to this 
miRNA, miRNA-122 is shown to reduce the transcription of 

α-SMA, a marker of MyoFBs, by inhibiting the expression of 
serum response factor that is a key transcription factor for tis-
sue fibrogenesis. Of interest, TGF-β decreases miRNA- 122 
levels in HSCs [36], and such an inhibitory cascade partici-
pates in MyoFB conversion (Fig. 6.1). RNA-binding proteins 
are also involved in the fibrotic events. SphK1 kinase is a 
downstream effector for TGF-β-induced HSC activation, 
while RNA-binding protein, HuR stabilizes SphK1 mRNA, 
resulting in the enhanced activity of this kinase [37]. Further 
studies on the roles of miRNAs or RNA- binding proteins will 
provide a molecular basis of MyoFB differentiation.

We next discuss the TGF-β-transduced downstream path-
way, with a focus on intracellular signaling kinases. 
MAPK-p38 kinase is necessary for TGF-β-induced MyoFB 
conversion. Upregulation of NOX4 by TGF-β results in ROS 
synthesis [26]. Under such an oxidative stress, p38 is acti-
vated via a noncanonical pathway, while Smad3 phosphory-
lation is also enhanced. The synchronized activation of 
noncanonical and canonical pathways leads to induction of 
differentiation-inducible master switches, such as Snail and 
Slung, for MyoFB transition [38]. IFN-γ is a counterpart of 
TGF-β to block MyoFB conversion. Recently, TGF-β- 
mediated p38 activation was shown to be critical for induc-
tion of CUG-binding protein 1 (CUGBP1) that suppress 
IFN-γ transcription via a direct binding to 3′-UTR region of 
IFN-γ mRNA. Overall, TGF-β → p38 axis was demonstrated 
to be necessary for MyoFB conversion, at least in part, via a 
CUGBP1-dependent decrease of IFN-γ levels [39] (Fig. 6.1). 
JNK kinase is also critical for MyoFB conversion through 
the enhancement of TGF-β-mediated NOX4 induction [40].

Finally, it is important to discuss the extracellular sub-
stances that trigger TGF-β production in HSCs. The local 
renin-angiotensin system is involved in TGF-β upregulation 
as an upstream effector beyond organs [41]. Pharmacological 
inhibitors of angiotensin-II conversion enzyme or angiotensin-
 II receptor antagonist delays the progression of LC in rodent 
models, associated with the lowered levels of TGF-β and sup-
pressed accumulation of interstitial MyoFBs [42]. Regardless 
of initial etiology, angiotensin-II may be a common trigger 
of TGF-β production in injured livers (Fig. 6.2). Tryptophan 
metabolism is also involved in TGF-β production. Serotonin 
is a tryptophan intermediate metabolite and stimulates de 
novo synthesis of TGF-β1 in HSCs. 5- hydroxytryptamine 2B 
receptor (5-HT2B-Rc) is the first gate for uptake of serotonin 
into HSCs [43]. Notably, 5-HT2B-Rc antagonist was shown 
to delay the progression of LC in rodents. Pharmacological 
targeting of 5-HT2B-Rc may be therapeutic in human CLD.

In summary, biochemical analysis revealed the potential 
mechanisms of TGF-β-mediated MyoFB conversion. CTGF is 
a downstream target of TGF-β/STAT3 axis [16]. Once HSCs 
are converted to MyoFBs, TGF-β-induced CTGF elicits pro-
duction of ECMs, such as type-I collagen, in MyoFBs [44], 
and these sequential events are critical for LC progression.
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6.5  Linkage of VEGF-Induced 
Angiogenesis with TGF-β-Induced 
Fibrogenesis

TGF-β is one of the most important cytokine for the patho-
genesis of LC. Local hypoxia is closely associated with the 
progression of LC during chronic hepatitis [45]. Under 
hypoxia, VEGF mRNA is upregulated via a hypoxia- 
inducible factor-1 (HIF1)-dependent pathway [45]. Indeed, 
VEGF is a potent mitogenic factor for ECs, but not pericytes. 
Thus, loss of pericyte recruitment leads to an increase in vas-
cular permeability and leucocyte extravasation (i.e., patho-
logical angiogenesis due to edema and inflammation). 
Recent reports identify the pathological angiogenesis as a 
risk factor for accelerating LC, as described below.

Hypoxia is a result of persistent LC, but inversely, it can 
be a causative factor to enhance the fibrogenic events in 
injured livers [45]. Thus, it is important to discuss how TGF-β 
induces local hypoxia in response to persistent injuries. 
Endothelin-1 (ET1) is a typical vasoconstrictor via selective 
contraction of SMCs. Clinical and experimental evidence 
have revealed that ET1 levels increase in the injured liver 

of humans [46]. Indeed, administration of recombinant ET1 
induced local hypoxia in the liver of piglets [47]. Conversely, 
ET1-blocking agent attenuated the hepatic hypoxia in a rat 
model of LC [48]. These studies identified ET1 as a critical 
hypoxia-inducing factor. Of note, TGF-β enhances the pro-
duction and secretion of ET1 in vascular cells [49]. Together, 
TGF-β likely contributes to vasoconstriction- based hepatic 
hypoxia, partly via recruiting ET1 in hepatic sinusoidal ves-
sels (Fig. 6.2).

As repeated, local VEGF expression depends on HIF1- 
conducted transcriptional cascade. Under hypoxic condition, 
cytoplasmic HIF1 becomes active for nuclear translocation, 
while VEGF gene promoter region contains HIF1-responsive 
element. As a result, RNA polymerase is recruited near the 
HIF1-binding site, followed by an initiation of VEGF tran-
scription. Given that VEGF induces perivascular edema, it is 
important to discuss how VEGF elicits vascular permeabil-
ity. Cytoskeletal structural components, such as focal adhe-
sion kinase and its adaptor, paxillin are required for sustaining 
endothelial barrier function. In this process, VEGF disrupts 
the barrier stability via Rho activation and paxillin dysfunc-
tion [50]. Cell surface VE-cadherin is also critical for 
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Fig. 6.2 Potential linkage of angiogenesis with fibrogenesis during LC 
progression. Renin angiotensin system (RAS) is locally activated in 
liver tissues, in response to persistent injuries, and then ET1 and TGF-β 
are upregulated via angiotensin II (Ang-II)-mediated pathway. ET1 
induces hepatic hypoxia by inducing constriction of vascular SMCs. 
HIF1α is upregulated under hypoxia, and then VEGF promoter regions 
are activated, followed by VEGF upregulation. During CLD progres-
sion, there are sequential circuits between TGF-β and VEGF: (1) 
Hypoxia-primed VEGF induces pathogenic angiogenesis with edema 

formation; (2) VEGF is able to activate latent form TGF-β via recruiting 
plasma kallikrein; and (3) TGF-β-induced MCP1 can induce perivascu-
lar infiltration of macrophages (i.e., a major source of TGF-β), resulting 
in an increase in hepatic TGF-β levels. Under such a hypoxic condition, 
differentiation of liver cells to MyoFBs (i.e., EndoMT, EMT and HSC- 
MyoFB conversion) becomes evident, in response to TGF-β upregula-
tion. Overall, LC progression is accelerated via a crosstalk between 
VEGF-induced angiogenesis and TGF-β-conducted fibrogenesis during 
CLDs
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 maintaining endothelial integrity. Of interest, VEGF 
enhances internalization of VE-cadherin via VEGFR2/KDR-
Src-PAK- mediated signaling cascades [51]. Interaction of 
angiopoietin- 2 with VEGF leads to enhanced edema forma-
tion [52]. Such a hypoxia-induced molecular crosstalk par-
ticipates in VEGF-triggered edematous lesions.

Local inflammation is characterized by infiltrated macro-
phages and is an important step for accelerating LC, espe-
cially after the onset of vascular permeability. Monocyte 
chemoattractant protein-1 (MCP1/CCL2) is a key cytokine 
to link local inflammation with hepatic fibrosis [53]. In an 
advanced stage, MCP1 is upregulated in injured livers, espe-
cially in bile duct epithelium near portal zones. Importantly, 
MCP1 antagonism produces anti-fibrotic outcomes in animal 
models of LC [54], thus establishing a major role of macro-
phages during LC progression. TGF-β → Smad3 canonical 
pathway phosphorylates MAPK-p42/p44, resulting in MCP1 
mRNA production. Inversely, recruitment of macrophages 
(i.e., TGF-β-producing cells) by MCP1 leads to an increase 
in hepatic TGF-β levels. Such a loop between MCP1- 
producing bile ducts and TGF-β-secreting macrophages con-
tributes to fibrogenesis post-angiogenic stage (Fig. 6.2).

How infiltrated leucocytes contribute to LC progression? 
After the successful extravasation from pathogenic vessels, 
macrophages play a central role in oxidant stress-based dam-
age in inflamed organs. In this process, ROS is involved in 
induction of fibrogenic events, including MyoFB differentia-
tion and collagen production. ROS is generated in cytosol by 
NADPH oxidases, such as NOX4 [55]. Notably, TGF-β sig-
naling transduction initiates NOX4 mRNA synthesis. Indeed, 
NOX4 promoter region contains Smad2/3-responsive ele-
ment, and after recruitment of Smad2/3 onto the element 
[56], NOX4 mRNA synthesis is initiated. Thus, TGF-β- 
induced NOX4 elicits generation and release of ROS from 
the infiltrated macrophages, and then ROS activates biologi-
cal functions of TGF-β. Such a positive feedback between 
TGF-β and ROS is also responsible for LC formation.

Another possibility of angiogenesis- or hypoxia-enhanced 
LC is that VEGF activates latent form of TGF-β on HSCs 
(i.e., direct action). Sakata et  al. reported that recombinant 
VEGF induced liver fibrosis in normal mice, associated with 
an increase in the number of ECs [8]. Using the primary cul-
ture, they found that VEGF enhances kallikrein production in 
sinusoidal ECs. The EC-derived condition medium enhanced 
TGF-β activation and MyoFB conversion in the culture of 
HSCs, and this effect was abolished by a kallikrein inhibitor. 
Overall, VEGF was shown to be critical not only for vessel 
formation but also for fibrosis via TGF-β activation on HSCs 
(Fig. 6.2). Local hypoxia upregulates VEGF and thrombos-
pondin-1 through HIF1-based cascades, while thrombospon-
din-1 is also important for activation of TGF-β [12, 57].

VEGF induces TGF-β activation on HSCs [8], whereas 
TGF-β enhances VEGF production in several organs. P300/

CREB-binding protein (CBP) is known to potentiate histone 
acetylation at nucleosomes and act as a coactivator to facili-
tate HIF1-primed transcription of VEGF mRNA. Of interest, 
TGF-β-phosphorylated smad2/3 directly binds to and acti-
vates CBP, resulting in the efficient production of VEGF 
mRNA [58]. A recent report described that hepatic MyoFBs 
promote vascular remodeling during CLDs in rodents 
through the release of VEGF-containing microparticles [59]. 
TGF-β-mediated induction of Jagged1 (i.e., a Notch ligand) 
onto MyoFBs leads to vascularization of ECs through 
VEGF-A production [60], and such a cell contact-based sys-
tem between “Jagged1 on MyoFBs” and “Notch on ECs” 
may be a critical event to explain the possible linkage of 
fibrogenesis with angiogenesis.

In summary, TGF-β promotes VEGF production via TGF- 
β- ET1-induced hypoxia (i.e., indirect effect) and enhances 
VEGF mRNA transcription via the CBP function (i.e., direct 
effect), contributing to the onset of pathogenic angiogenesis 
during LC. VEGF has a direct effect on pathogenic angio-
genesis and contributes to fibrogenesis through the following 
indirect events: (1) MCP1-based infiltration of macrophages; 
(2) production of NOX4 and ROS by infiltrated leukocytes; 
and (3) kallikrein-mediated enhancement of latent TGF-β 
activation. Such direct or indirect actions of TGF-β and 
VEGF provide a complicated crosstalk between ECs and 
MyoFBs for the potential linkage of angiogenesis with fibro-
genesis (Fig. 6.2).

6.6  Endothelial to Mesenchymal 
Transition (EndoMT) for LC

The major origins of collagen-producing MyoFBs during LC 
development are divided into three groups: (1) in situ acti-
vated HSCs; (2) resident fibroblasts around portal zones (i.e., 
portal MyoFBs); and (3) functional hepatocytes prior to 
EMT. In addition to these origins, ECs can be differentiated 
to MyoFB, associated with the loss of cell-cell contact and 
the acquisition of a contractile phenotype, like SMCs. This 
pathological change is defined as EndoMT.  In addition to 
EMT, TGF-β plays a key role in EndoMT during CLD in 
rodents and humans [61]. TGF-β-mediated induction of 
fibrogenic master switches, such as Snail and Slung, leads to 
EndoMT in  vitro [62], and possibly in  vivo. EndoMT is 
detected in a mouse model of diabetic nephropathy. Of 
importance, Smad3 inhibitor delayed the renal damages, at 
least in part, via a decrease in the number of EndoMT- 
positive cells [63], hence suggesting the contribution of 
TGF-β-Smad3 axis to the appearance of EndoMT in vivo.

EndoMT is, more or less, involved in fibrogenesis in injured 
organs, such as the kidney, skin and lungs. Until the mid 
2000s, little information was available about EndoMT in the 
liver. Kitao et  al. for the first time reported in 2009 that 
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EndoMT is also detectable in the livers of patients suffering 
from idiopathic portal hypertension (IPH) [64]. This group 
found the CD34+/S100A4+ cells (i.e., histological markers of 
EndoMT) in the portal vein endothelium of IPH-affected liv-
ers and emphasized that EndoMT is one of the key mecha-
nisms of IPH-related portal venous stenosis. It is, indeed, 
possible that pathogenic angiogenesis causes IPH [65], and 
VEGF is critical for the angiogenic response to persistent 
IPH. VEGF enhances bioactivity of TGF-β [8]. Thus, angio-
genetic induction by VEGF may lead to an increase in oppor-
tunity for ECs to undergo EndoMT, in particular, under the 
condition of IPH.

The possible contribution of EndoMT to liver fibrosis is 
now reproduced not only in IPH but also in other types of 
hepatitis in human and animals [66]. Ets-related gene (ERG) 
is known to control canonical signaling of TGF-β-Smad by 
repressing access of Smad3 to DNA. Using the EC-specific 
ERG-knockout mice, Dufton et al. demonstrated that ERG is 
necessary for protecting ECs from EndoMT [66]. Strikingly, 
genetic ablation of ERG expression in ECs led to the sponta-
neous occurrence of EndoMT, along with accelerated liver 
fibrosis in mice. This result was associated with the marked 
increase in Smad3 activity. Indeed, decreased ERG expres-
sion also correlated with the EndoMT score in the hepatic 
samples obtained from patients with CLDs. Overall, ERG 
was demonstrated to be a physiological regulator that is 
required for sustaining vascular homeostasis and avoiding 
overactivation of TGF-β-Smad3 axis.

TGF-β-induced EndoMT is a newly recognized source of 
activated MyoFBs, while HSCs are a major source of ECM- 
producing MyoFBs. Recently, Ribera et  al. reported the 
small population of EndoMT-positive cells (less than 4%) in 
a mouse model of CCl4-induced liver fibrosis [67]. The con-
tribution of EndoMT to human CLDs has not yet been 
accepted, except for IPH.  Thus, it is still controversial 
whether inhibition of EndoMT can be a primary choice for 
delaying LC, and future studies would shed more light on 
this notion.

6.7  Summary and Perspective

TGF-β is now an essential conductor for promoting tissue 
fibrosis beyond types of organs. In the liver, TGF-β induces 
apoptotic and fibrogenic phenotypes in hepatocytes. Under 
chronic inflammation, resident KC-derived or infiltrated 
macrophage-produced TGF-β differentiates sinusoidal HSCs 
or ECs to MyoFBs that produce pathogenic ECM proteins, 
such as type-I collagen. Thus, TGF-β neutralization is a rea-
sonable strategy for delaying the LC progression. For exam-
ple, anti-TGF-β antibody (1D11/CG1008) blocked the 
fibrotic lesions in a rat model of LC [68], and safety of this 
antibody was carefully evaluated in a phase-I clinical trial for 
patients bearing melanoma [69]. The chemical blocker of the 

TGF-β type-I receptor/ALK5 (i.e., EW-7197) is also promis-
ing for retarding LC progression, at least in rodents [70].

Emerging evidence delineated the major role of patho-
genic angiogenesis in LC progression. For the potential 
explanation, we focused on VEGF to link the hypoxia to 
fibrogenesis. Actually, TGF-β can promote VEGF produc-
tion via ET1-induced local hypoxia (i.e., indirect effect) and 
enhances VEGF mRNA transcription via Smad3-based acti-
vation of CBP function (i.e., direct effect), leading to the 
onset of pathogenic angiogenesis. Another terminology of 
VEGF is vascular permeability factor (VPF). As its name 
indicated, VPF/VEGF has a direct intractable effect on 
angiogenesis, leading to the perivascular edema formation.

There is now emerging evidence to show that anti- 
angiogenic treatment is reasonable for retarding the LC pro-
gression in animal models [6]. Not only anti-VEGF receptor 
antibodies but also chemical inhibitors to block the signaling 
transduction of VEGF reduced LC-like changes in rodents 
[6, 71]. Antagonism of angiotensin-II-TGF-β axis by cande-
sartan may be practical as a FDA-approved drug- repositioning 
therapy for delaying LC [72]. In addition, ET1-blocker may 
be a primary choice for attenuating IPH that causes extrahe-
patic angiogenesis, a common cause of esophageal varices 
and ascetic fluid accumulation in advanced stage of CLD [7, 
65]. The potential target molecules for delaying LC progres-
sion are summarized in Table 6.1.

 Self Study

 Questions

 1. Which statement is true?
 (a) MicroRNA (miRNA) is a small non-coding RNA and 

is important for RNA silencing and post- 
transcriptional regulation.

 (b) miRNA-122 decreases the transcription of α-SMA. 
CORRECT.

 (c) TGF-β increases miRNA-122 levels in HSCs.
 (d) TGF-β inhibits EMT in hepatocytes to acquire MyoFB-

like phenotypes for interstitial ECM production.
 2. Which statement is true?

 (a) Transforming growth factor-β (TGF-β) is one of the 
most important cytokines for the onset and progres-
sion of liver cirrhosis.

 (b) TGF-β secreted from Kupffer cells (KCs) converts 
sinusoidal cells, such as hepatic stellate cells (HSCs) 
and endothelial cells (ECs), to smooth muscle cell 
(SMC)-like myofibroblasts (MyoFBs).

 (c) In the injured livers, TGF-β is protective toward 
hepatocytes.

 (d) Oncostatin-M induces tissue inhibitor of metallopro-
teinase- 1 (TIMP1) in HSCs, and further stimulates 
liver cirrhosis regression.
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 Answers

 1. Which statement is true?
 (a) MicroRNA (miRNA) is a small non-coding RNA and 

is important for RNA silencing and post- 
transcriptional regulation. CORRECT.

 (b) miRNA-122 decreases the transcription of α-SMA. 
CORRECT.

 (c) TGF-β decreases miRNA-122 levels in HSCs. 
 (d) TGF-β can induce EMT in hepatocytes to acquire 

MyoFB-like phenotypes for interstitial ECM 
production.

 2. Which statement is true?
 (a) Transforming growth factor-β (TGF-β) is one of the 

most important cytokines for the onset and progres-
sion of liver cirrhosis. CORRECT.

 (b) TGF-β secreted from Kupffer cells (KCs) converts 
sinusoidal cells, such as hepatic stellate cells 
(HSCs) and endothelial cells (ECs), to smooth 
muscle cell (SMC)-like myofibroblasts (MyoFBs). 
CORRECT.

 (c) In the injured livers, TGF-β is apoptotic toward 
hepatocytes.

Table 6.1 Pathogenic molecule-targeting strategies for suppressing liver fibrogenesis and angiogenesis in animal models

Targets Agents Animal models Outcomes Investigators (Year) Ref no.

TGF-β1 Poly-peptide 
vaccine

CCl4 (i.p.) → Mice Suppressed fibrosis, Fan X et al. (2015) [25]

TGF-β1-[41-65] Suppressed apoptosis,

TGF-β1-[83-112] Enhanced regeneration

TGF-β1,2,3 Anti-panTGF-β 
mAB

TAA (i.p.) → Mice Reversed fibrosis post-onset, Ling H et al. (2013) [68]

(1D11) Decreased TGF-β1 and PAI-1 
levels

αvβ6 integrin 
antagonist

EMD527040 BDL → Rats Suppressed fibrosis, Patsenker E et al. (2008) [13]

Improved hepatic failure,
Suppressed cholangiopathy

Notch inhibitor Avagacestat CCl4 (i.p.) → Mice Suppressed MyoFB conversion, Bansal R et al. (2015) [33]

Decreased M1-type 
macrophages

Angiotensin II 
receptor

Candesartan BDL → Mice Suppressed fibrosis, Ueki M et al. (2006) [42]

Decreased TGF-β1 and CTGF 
levels

5-HT2B receptor SB-204741 CCl4 (i.p.) → Mice Suppressed MyoFB conversion, Ebrahimkhani MR et al. 
(2011)

[43]

Decreased TGF-β1 and TIMP 
levels

CTGF FG-3019 TGF-β2 and CTGF 
(i.p.)

Decreased fibrosis scores, Wang Q et al. (2011) [44]

(Anti-CTGF 
mAB)

→ Neonatal mice Decreased hydroxyproline 
levels

ET1 blocker Bosentan BDL → Rats Decreased VEGF levels, Hsu SJ et al. (2016) [48]

Ambrisentan Suppressed shunting and 
angiogenesis

MCP1 NOX-E36 CCl4 (i.p.) → Mice Suppressed macrophage 
infiltration,

Baeck C et al. (2014) [54]

(CCL2) (CCL2 
receptor-binder)

Decreased TNF-α levels

TGF-β type-I receptor EW-7197 CCl4 (i.p.) → Mice Suppressed fibrosis, Park SA et al. (2015) [70]

(ALK5) BDL → Rats Suppressed ROS accumulation

VEGF receptor Anti-VEGFR1 
mAB,

CCl4 (i.p.) → Mice Suppressed fibrosis, Yoshiji H et al. (2003) [71]

(VEGFR1, VEGFR2) Anti-VEGFR2 
mAB

Suppressed angiogenesis

Abbreviations are listed as followed: CCl4 carbon tetrachloride, i.p. intraperitoneal injection, mAB monoclonal antibody, TAA thioacetamide, PAI- 1 
plasminogen activator inhibitor-1, VEGFR1 VEGF type-I receptor, VEGFR2 VEGF type-II receptor. See text for other abbreviations
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 (d) Oncostatin-M induces tissue inhibitor of metallopro-
teinase-1 (TIMP1) in HSCs, and further stimulates 
liver cirrhosis progression.
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Abbreviations

ALP Alkaline phosphatase
ALT Alanine aminotransferase (glutamic-pyruvic trans-

aminase, SGPT)
AST Aspartate aminotransferase (glutamic-oxaloacetic 

aminotransferases, SGOT)
CB Conjugated (direct) bilirubin
GGT γ-Glutamyltransferase (γ-glutamyltranspeptidase, 

GGTP)
ICH International Conference on Harmonisation
INR International Normalized Ratio
TB Total bilirubin (sum of conjugated and non- 

conjugated serum bilirubin)
ULN Upper limit of the normal reference range (or N)

7.1  Introduction

Chemical injury to the liver presents diverse aspects includ-
ing the nature of the toxic agents, the character of the injury, 
the mechanism for the toxic effects, the conditions of expo-
sure, and the medical and social importance [1–5]. Some 
hepatotoxins are found in nature as products of plants or ani-
mals, fungal or bacterial metabolism [6–10]. Many hepato-
toxicants are products of the chemical, food or pharmaceutical 
industry [11, 12]. Other hepatotoxins are industrial byprod-
ucts or waste materials that, by polluting the environment, 
access humans [13–15]. Several agents have been shown to 
be synthesized in humans [16].

Morbidity and mortality caused by medications or inap-
propriate administration created a concern to health policy 

makers, and even patients [17, 18]. Hepatotoxicity caused by 
exposure to an agent produces injury to the liver that may be 
associated with impaired liver function [19].

The exposure to a drug that leads to histological or func-
tional damage to the liver and is associated with impaired 
liver role is defined as hepatocytotoxicity [20–23]. Drug- 
induced hepatic reactions may produce liver injury to engage 
liver cells’ function such as detoxification and transport. 
Moreover, DILI is the source of impaired bilirubin transport. 
The hepatotoxicity of this severity is likely to result in liver 
failure, especially if the offending drug is not stopped [3]. 
Other drugs lead to cholestatic injury by mechanistically 
impairing bile flow, which may lead to jaundice. However, 
the parenchymal injury is small [24]. Some therapeutic 
agents may produce degeneration of liver cells or vascular 
lesions of the liver [25, 26].

Other agents direct to a mixed type with simultaneous 
features of cytotoxic and cholestatic injury. Therefore, there 
may be considerable variability in causation and frequency 
of injury because of differences in the intrinsic and extrinsic 
factors, and the availability and prescribing patterns of the 
health products. Genetic polymorphisms affecting metabolic 
and transport pathways may affect the local concentration of 
the product or reactive metabolite at the cellular level, which 
in some instances may either form a covalent complex or 
trigger damage directly [27, 28]. Susceptibility may also be 
increased by the presence of another condition that impairs 
function in one or more metabolic or regulatory pathways. 
Product-induced hepatotoxicity may occur as an expected 
dose-dependent hepatic toxicity or as an unexpected idiosyn-
cratic reaction. Consequently, there is a connection between 
the stimulus, the individual response and risk of hepatotoxic-
ity. Diagnosis of chemically-induced hepatotoxicity relies on 
the exclusion of multiple elements, such as the medical his-
tory (risk factors, exclusion of other diseases), and presenta-
tion (time to onset of symptoms, jaundice or laboratory 
findings, and clinical features [29].

Detection of drug-induced liver injury depends on valid 
causality assessment and a sufficient number of subjects. 

M. G. Neuman (*) 
In Vitro Drug Safety and Biotechnology, Department 
of Pharmacology and Toxicology, Banting Institute, University 
of Toronto, Toronto, ON, Canada
e-mail: manuela.neuman@utoronto.ca

7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24432-3_7&domain=pdf
mailto:manuela.neuman@utoronto.ca


76

Absence of hepatotoxicity in clinical trials may only make 
available a limited predictive value on whether a product is 
hepatotoxic [3].

7.2  Hepatic Injury

Hepatic injury may result from direct damage to the hepato-
cytes, or from damage to bile canalicular cells, sinusoidal 
epithelial, stellate or Kupffer cells which alter function or 
indirectly damage the hepatocytes [21–26].

The liver has regenerative properties as an adaptive 
response to many agents. As a result, a range of clinical and 
pathological manifestations exist. Biochemical functions, 
metabolism and transport should be considered in assessing 
a drug’s potential for causing hepatotoxicity [27–31].

Table 7.1 defines terminology utilised in this chapter 
while Table 7.2 describes the names of enzymes and proteins 
important for healthy liver function.

The mechanisms of hepatotoxicity may cause presenta-
tions ranging from asymptomatic elevations of enzymes to 
severe dysfunction. Adverse drug reaction (ADR) can be 
consider any noxious, unintended and undesired effect of a 
drug, which occurs at doses used in humans for prophylaxis, 
diagnosis or therapy. This definition excludes therapeutic 
failures, intentional and accidental poisoning and drug abuse. 
Adverse drug reactions are classified as Type A and Type 
B. Type A reactions represent an extension of the drug’s ther-
apeutic effect. Type A, ADR occur frequently and are dose- 
related [5]. By contrast, type B reactions are unpredictable, 
occurring only in susceptible individuals. Type B ‘idiosyn-
cratic’ reactions are dose-independent. Pirmohamed and 
Park’s review ADR and make a classification of enzymes, 
transporters and immune response genes with associations to 
genetic individual susceptibility [32]. Table  7.3 presents a 
link between gene susceptibility and sensitivity specific 
medication.

ADRs are considered serious adverse drug reactions 
(SADRs) if they require hospitalization, prolonged hospitaliza-
tion, and/or result in permanent disability or are fatal [33]. 
SADRs can arise via Type A or B mechanisms. The overall 
incidence of SADRs in hospitalized patients in the United 
States has been estimated at 6.2–6.7% and the incidence of 
fatal ADRs is estimated to be 0.15–0.3% [32]. This results in 
over two million estimated SADRs among hospitalized patients 
annually, with more than 100,000 deaths, in USA. Studies in 
Europe and Australia have yielded similar estimates [34]. The 
resulting cost has an impact on both the healthcare and the 
pharmaceutical industry internationally [35].

Pharmacokinetics relates to the absorption, distribution, 
metabolism and excretion of a drug and its metabolites in the 
body. Pharmacodynamics involves mechanism of action of a 
drug, including receptor binding and signal transduction [36].

Regarding morphology, the hepatic injury is classed as 
hepatocellular, cholestatic, mixed (cholestatic and hepato-
cellular), immunologic and mitochondrial. The mechanisms 
of hepatic injury may include: disruption of intracellular 
calcium homeostasis (membrane); disruption of actin fila-
ments (canaliculus); covalent binding of a substance to cel-
lular proteins resulting in immune injury, inhibition of cell 
metabolic pathways, blockage of cellular transport pumps, 
induction of apoptosis, and interference with mitochondrial 
function [37, 38].

Liver injury may develop within days or after several 
weeks after exposure to the incriminated agent. The injury 
pattern may be consistent for a class of products, but not all 
products have a characteristic time to onset, pattern of bio-
chemical values, clinical course, or degree of severity [3].

Hepatocellular injury leading to hepatic necrosis is 
detected by increases in activity of serum aminotransferases, 
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST).

Table 7.1 Definitions

Definition Explanation
Abnormal 
liver test

Any AST, ALT, Bilirubin test value greater than the 
population-defined upper limit of the normal 
reference range (ULN).

Adverse 
event

Any problematic medical occurrence in a patient 
administered a health product and which does not 
necessarily have a causal relationship with this 
treatment. An adverse event can therefore be any 
unfavourable and unintended sign (for example, an 
abnormal laboratory finding), symptom, or disease 
temporally associated with the use of a medicinal 
product, whether or not considered related to this 
medicinal product.

Adverse 
reaction

A noxious and unintended response to a drug used 
for prophylactic, therapeutic or withdraw and 
includes an unwanted effect

Enzymes Alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase 
(ALP), and gamma-glutamyl transpeptidase (GGT)

Idiosyncratic Host response where the individual is unable to 
tolerate usually prescribed doses of a product that 
may be safe in others. The reaction is not predicted 
by the pharmacokinetic or pharmacodynamic 
properties of the stimulus, it is not dose dependent, 
and is independent of the frequency of the drug 
administration.

Liver failure Clinical manifestation of severe liver injury. The 
phenomenon encompasses both fulminant (within 8 
weeks of symptoms) and sub-fulminant (late-onset) 
hepatic failure in a previously healthy liver.

Serious 
adverse 
reaction

A noxious and unintended response to a health 
product that occurs at any dose and that requires 
in-patient hospitalization or a prolongation of 
existing hospitalization; that results in significant 
disability or incapacity that is life-threatening, or 
that results in death.

Xenobiotic A chemical that produces environmental 
contaminants.
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Table 7.2 Liver enzymes and proteins as laboratory tools in DILI

Enzyme/protein Origin, importance and role in toxic reaction
Alanine aminotransferase 
(ALT)

ALT is present in hepatocytes, and in smaller amounts in skeletal muscle and intestinal epithelium. ALT is more 
sensitive and specific than AST for liver inflammation and hepatocyte necrosis. It rises rapidly in patients with 
acute damage to the hepatocytes. The absolute value of ALT increase is not directly proportional to the degree of 
liver damage, the value of 3×ULN can always be considered to be abnormal if the value persists. The value 
usually correlates well with the development of disease.
If the hepatic injury is caused by biliary obstruction, then the increase in ALT is slower and is accompanied by 
increased ALP and GGT.

Aspartate 
aminotransferase (AST)

AST is found in many tissues (liver, skeletal muscle, heart, kidney, brain, erythrocytes, lung and pancreas) and 
may increase even if there is no hepatic injury. The increase in AST is usually less than the increase in ALT. AST 
higher than ALT may suggest, but not prove, alcohol-induced injury.

Alkaline Phosphatase 
(ALP)

ALP is a nonspecific screening test and may be increased by causes unrelated to liver (e.g. bone, kidney, breast, 
etc.). High ALP usually means that either the liver has bile duct damage or blockage or a condition causing 
increased bone cell activity is present. If other liver tests such as bilirubin, AST, or ALT are also high, usually 
the ALP is coming from the liver. If GGT or 5′-nucleotidase is also increased, then the high ALP is likely due to 
liver disease. If either of these two tests is normal, then the high ALP is likely due to a bone condition.

γ-Glutamyl- transferase 
(GGT)

Although present in many different organs, GGT is found in particularly high concentrations in the epithelial cells 
lining biliary ductules. It is a very sensitive indicator of hepatobiliary disease, but is not specific. Levels are elevated 
in other conditions including renal failure, myocardial infarction, pancreatic disease, alcohol use, and diabetes 
mellitus. Its major clinical use is to exclude a skeletal source of an elevated serum alkaline phosphatase level.

Bilirubin Hepatocytotoxicity leads to increase of conjugated bilirubin (CB). Increased total or unconjugated bilirubin may 
be a result of hemolytic, sickle cell or pernicious anemias or a transfusion reaction. If conjugated bilirubin is 
elevated, there is an obstruction of the vascular path or bile ducts, hepatitis, trauma to the liver, cirrhosis, a drug 
reaction, or long-term alcohol abuse.
Drug-induced hyperbilirubinemia may occur as a side effect due to inhibition of bilirubin UDP-glucuronyl-
transferase 1A1 (UGT1A1) activity by certain drugs. Predominantly unconjugated bilirubin and is not associated 
with liver injury or indicators of hepatobiliary damage. If total bilirubin (TB) is elevated due to CB in order to 
differentiate cholestasis from hepatocellular injury. ALP should be determined for the same reason. An increase 
in INR may precede an increase in serum TB level. TB increase due to liver toxicity it is accompanied by a rapid 
increase in ALT. Increased bilirubin due to biliary obstruction, is accompanied by increased ALP and GGT,

Prothrombin time and 
International Normalized 
Ratio (INR)

Coagulation factor I (fibrinogen), II (prothrombin), V, VII, IX, and X. The prothrombin time is useful in 
assessing severity and prognosis of acute live disease. Deficiency of one or more of the liver- produced factors 
results in a prolonged prothrombin time. Prolongation of the prothrombin time in cholestatic liver disease may 
result from vitamin K deficiency. Other explanations for a prolonged prothrombin time apart from hepatocellular 
disease or vitamin K deficiency include consumptive coagulopathies, inherited deficiencies of a coagulation 
factor, medications that antagonize the prothrombin complex.
Vitamin K deficiency diagnosis can be excluded if an administration of vitamin K 10 mg corrects or improves 
the prothrombin time within 24 h. This implies that hepatic synthetic function is intact. Prolongation of the 
prothrombin time that is unresponsive to vitamin K infusions suggests a fulminant liver disease.

Bile acids Bile acids are synthesized from cholesterol in the liver, conjugated to glycine or taurine, and excreted in the bile. 
Bile acids facilitate fat digestion and absorption within the small intestine. They recycle through the 
enterohepatic circulation; secondary bile acids form by the action of intestinal bacteria.
Elevated level of serum bile acids indicates biliary dysfunction. Normal bile acid levels in the presence of 
hyper-bilirubinemia suggests haemolysis or Gilbert’s syndrome.
High bile acid indicates chemical/drug/herbal-induced hepatotoxicity. This test provides diagnosis of 
hepatocellular dysfunction, but will not provide a definitive diagnosis of the nature of the hepatotoxicity. 
Additional test to establish or rule out liver failure are decreased albumin and clotting factors.

Cholestatic injury is due to disease or bile duct blockage 
or stricture among other reasons. The intrahepatic cholestasis 
causes include drugs, toxins, viral hepatitis, alcoholic liver 
disease, hemochromatosis, primary biliary cirrhosis, primary 
sclerosing cholangitis, steatohepatitis, and Wilson’s disease. 
From the biochemical perspective, cholestatic injury shows 
increases in alkaline phosphatase (ALP) and gamma- glutamyl 
transpeptidase (GGT) activity, and bilirubin level. Cholestasis 
is due to specific agents like terbinafine is chronic. In order to 
diagnose a hepatic damage, it is necessary to look at all the 
enzymes (ALT, AST, ALP, GGT) and bilirubin [5].

The immunologic mechanism of hepatotoxicity 
involves formation of a covalent complex between the 
product or its reactive metabolite and cellular protein. 
Human leukocyte antigen (HLA) polymorphism leads 
to an inappropriate local T-cell response. In addition, 
mitochondrial injury develops due to oxidative phos-
phorylation, mitochondrial adenosine triphosphate (ATP) 
depletion, interference of lipid metabolism. This may be 
identified by the presence of lactic acidosis and microve-
sicular steatosis; and enzymatic activities of respiratory 
chain complexes II–IV, manganese superoxide dismutase 
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(SOD2) and glutathione peroxidase (GPX1), which are 
involved in mitochondrial oxidative stress management 
[39–45].

7.3  Hepatic Function

The hepatic functions can be determined by measurement of 
total bilirubin (TB), conjugated (direct) bilirubin (CB), 
serum albumin and prolonged blood prothrombin time [5]. 
Clinically, acute liver failure is divided into: fulminant 
hepatic failure, with hepatic encephalopathy developing 
within 8  weeks of the onset of illness and subfulminant 
hepatic failure, with hepatic encephalopathy developing 
8 weeks to 6 months after the onset of illness. Subfulminant 
hepatic failure is more often caused by product-induced hep-
atotoxicity or unknown factors [5].

In chronic liver failure, there is progression of the hepatic 
injury leading to end-stage signs and symptoms like cirrho-
sis, ascites, malnutrition, encephalopathy, coagulopathy, 
malaise and fatigue, with bilirubin, decreased albumin, and 
increased International normalized ratio (INR).

7.4  Hy’s Law

Hy’s Law or rule can be used to estimate severity and the 
likelihood that a therapeutic will cause an incidence of severe 
hepatotoxicity. Hy’s Law is based on the combined evidence 
of hepatic injury, decreased hepatic function, and the absence 
of disease-induced damage [5, 46].

Criteria are: 1-injury: elevation of >3 × ULN ALT or AST 
activity; 2-function: >2 × ULN TB (another clinical marker 
for function, such as >1.5 × ULN INR may be acceptable if 
the change is clinically significant in the absence of obstruc-
tion) without >2 × ULN ALP; and 3-clinical verification to 

ensure that the liver injury is or is not induced by other dis-
eases or another cause.

However, there are limitations since ALT is sensitive 
but not specific for liver injury, and TB is specific but 
insensitive for determining liver function [17]. A combina-
tion of both predicts the development of severe hepatotox-
icity. The degree of ALT elevation determines serious liver 
injury. ALP >2 × ULN can be associated with subsequent 
liver failure. Sometimes a combination of the ratio: ALT [× 
ULN]/ALP [× ULN]) ≥5 with total bilirubin ≥2 × ULN at 
time of peak ALT may be considered a better and more 
predictive definition of Hy’s Law [47]. However, a single 
case of drug- induced hepatotoxicity meeting Hy’s Law 
should be considered as a signal of hepatotoxicity for the 
product.

7.5  Detecting and Assessing 
Hepatotoxicity

Clinical signs, clinical chemistry and microscopic changes 
should be made at multiple time intervals to determine the 
effect of exposure. When clinical chemistry or histologic 
evaluations indicate hepatic changes, studies on the mecha-
nism of action should be conducted with serial specimens of 
blood, urine or tissues, including samples from matched 
asymptomatic treated individuals.

The identification of mechanisms and characterization of 
sub-population differences that result in hepatotoxicity, 
in vitro studies may help to identify the mechanism and the 
specific drugs, chemicals or natural product that induced 
liver injury. Factors such as timing, concomitant and/or pre- 
existing liver disease, concomitant medications, the exclu-
sion of alternative causes of liver damage, the response to 
dechallenge, and where appropriate, rechallenge of the treat-
ment should be considered [47–49]. The risk profile may 

Table 7.3 Gene susceptibility to drug-induced liver injury

Drug Gene Drug class Toxicity
Ximelagatran DRB1∗07 Thrombin Elevation in transaminase

DQA1∗02 Inhibitor
Tolcapone UGT1A16 Catechol-O-methyl-transferase inhibitor Transaminases

Elevation
Amoxicillin/clavulanic 
acid

DRB1∗1501DRB5∗ Antibiotic/amino-penicillin β-lactamase inhibitor Jaundice

0101DQA1∗0102D Serum bilirubin

QB1∗0602
Diclofenac UGT2B7 NSAID High transaminase to  acute liver failure

CYP2C8
Tranilast UGT1A1 TGF-β-antagonist Unconjugated hyper-bilirubinaemia

Rifampin DRB1∗03 Antibiotic High transaminase
Bilirubin > 3.0 mg/dL

Isoniazid CYP2E1 Anti-tuberculosis antibiotic High transaminase
NAT2 Bilirubin > 3.0 mg/dL
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also be equally broad, and vary with factors including age, 
gender, ethnicity and concomitant diseases [50].

Assessment of hepatotoxicity requires a thorough clinical 
review of the patient and a systematic exclusion of other 
potential causes for the hepatic abnormalities as outlined in 
the chapter on DILI.  Methods have been proposed for the 
assessment of hepatotoxicity in individual subjects, includ-
ing but not limited to: Clinical Diagnostic Scale, Council for 
International Organizations of Medical Sciences (CIOMS)/
RUCAM scale, Maria and Victorino Scales, the Naranjo 
Adverse Drug Reactions Probability Scale, and World Health 
Organization (WHO) causality algorithm [50–56]. European 
Medicines Agency and FDA present additional guidance for 
pharmaceutical industry [57–60].

Other factors and diseases may mimic or increase sensi-
tivity towards drugs, or natural product-induced liver dis-
ease. These include: non-alcoholic steatotic hepatitis 
(NASH); Gilbert’s syndrome; co-morbidity; paraneoplastic 
phenomena; metastases; viral hepatitis (A, B, C or E); alco-
hol and drugs of misuse; biliary abnormalities; autoimmune 
disease or immunosuppression; haemodynamic, genetic and 
metabolic disorders; concurrent and previous therapy, envi-
ronmental and occupational exposures to xenobiotics includ-
ing plant and animal toxins [5].

7.6  Morphologic Pathology

Nonspecific histologic lesions typically include: hepatitis, 
hepatocellular necrosis, granulomas, inflammatory cell infil-
trates, zonal distribution of lesions, hepatocellular degenera-
tive effects, apoptosis, cholestasis, steatosis, vascular lesions 
and neoplasia. Liver biopsy is required to assess structural 
changes. Additional assessments may include ultra- structural 
pathology, morphometrics, special histological stains, or 
antibody detection. The pattern of cellular injury, the pres-
ence of cellular infiltrates, and the presence of necrotic and/
or apoptotic cells should all be assessed. The exclusion of 
other causes of liver injury requires a complete case report 
description, clinical laboratory radiology, and medical his-
tory to allow the evaluation of alternative causes [22, 23].

Hepatotoxins are found in nature as products of plants, 
fungal or bacterial metabolism, or as minerals [61–65]. Some 
toxins are products of the chemical or pharmaceutical indus-
try [66, 67]. Still others are industrial byproducts or waste 
materials that, by polluting the environment, may gain access 
to humans [68, 69]. The injury also includes necrosis or 
apoptosis. Others lead only to interference with bile secre-
tion and to jaundice with little injury to the hepatocytes [70].

A general scheme of toxin-induced liver injury is shown 
in Fig. 7.1.

Acetaminophen, may be safe in ordinarily therapeutic doses 
but hepatotoxic for a number of species in overdose or in 

 individuals with increased susceptibility [71]. Acetaminophen 
mechanism of toxicity has been extensively studied [72]. A 
fraction of a dose is metabolized by a cytochrome P450 oxi-
dase to a reactive intermediate. The metabolite is detoxified by 
conjugation with glutathione. If the dose given depletes gluta-
thione reserves, metabolites may then covalently bind to cell 
macromolecules with resultant hepatotoxicity [73].

Schematically acetaminophen-induced toxicity is pre-
sented in Fig. 7.2.

Increased toxicity could result from cytochrome P450 
enzyme induction or deficits in glutathione detoxification 

DRUG-HERBAL MEDICINE-
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Fig. 7.1 Drug-herbal medicine induced hepatotoxicity. The drug at the 
therapeutical plasma concentration arriving to the liver is 1—glucuro-
nate or sulphated to the non-toxic metabolite that is detoxify immedi-
ately or 2—undergo metabolization via Cyp 450 to the toxic metabolite. 
3—Glutathione depletion does not permit detoxification leading to hep-
atotoxicity or a reactive oxygen scavenger can help to detoxification

ACETAMINOPHEN HEPATOTOXICITY

Acetaminophen

Glucuronide and
Sulfate metabolites
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NAPQI
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Fig. 7.2 Acetaminophen-induced liver injury. A small fraction of a 
dose is metabolized by a cytochrome P450 oxidase to a reactive inter-
mediate. The metabolite is detoxified by conjugation with glutathione. 
If the dose given depletes glutathione reserves, metabolites may then 
covalently bind to cell macromolecules with resultant hepatotoxicity. 
High doses of acetaminophen or a combination of acetaminophen with 
alcohol deplete further the glutathione leading to hepatotoxicity
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from dietary deficiency or inborn errors of metabolism such 
as glutathione synthetase deficiency or regular alcohol con-
sumption [74–76].

There is a wide range of hepatotoxic potency among 
intrinsic toxins. Moreover, within the group of “true” toxins 
and the group that depends on idiosyncrasy, several different 
mechanisms may be responsible for the production of hepatic 
injury [5].

Some phytotoxins, like the amanitin from Amanita phal-
loides and the pyrrolizidine alkaloids from Caleolepis lau-
reola, are environmental hazards [77]. The phytotoxins are 
taken as “natural” medicines [78–81].

Important contributors to liver damage are environmental 
and occupational hazards. Ingestion of toxic agents (e.g. 
CCl4) [82–86], were reported. Bromobenzene, phosphorus, 
ethionine and dimethyl-nitrosamine may play a role in the 
production of hepatic injury [87–90].

Microbiome attention focused on the demonstration the 
nitrosamines may be formed by intestinal bacteria in animals 
that ingest food preserved with nitrites. These observations 
have led to the concern that ingestion of nitrites and second-
ary amines by humans might provide exposure to the power-
ful hepatotoxic and hepatocarcinogenic effects of 
dimethylnitrosamine. Some strains of Escherichia coli can 
produce ethionine. This implies a microbiome-induced hep-
atotoxic effect. The production of lithocholate by microbi-
ome should also be included [91].

The role of drug-induced hepatic injury becomes ever 
more important among elderly patients because of frequency 
of drug use and perhaps susceptibility.

The advances in the understanding of hepatotoxicity are 
due to revealing the enzyme mechanisms. The critical role of 
the cytochrome P-450 and its isoforms in drug metabolism 
as well as the development of molecular biology and the 
identification of cytokines have shed important light on the 
mechanisms of toxic hepatic injury.

7.7  Direct Hepatotoxins

Hepatotoxins that damage the liver by a directly destructive 
effect on the membranes of the hepatocyte are direct hepato-
toxins. An example is carbon tetrachloride [82–86]. The halo-
genated aliphatic compounds are used in industry and the 
home and are found in the environment. Chloroform (CHCl3) 
and carbon tetrachloride (CCl4) are hepatotoxins. CC14 is a 
potent hepatotoxin leading to hepatic zonal necrosis [5].

Alcohol and drugs of use and misuse induced 
hepatotoxicity.

The pathological consequences of acute and chronic alco-
hol abuse are multi-factorial and multi-systemic. The 
dynamic interaction between chronic and acute alcohol 
abuse appears to play differential roles in the patterns of tis-
sue injury and fibrogenesis between young individuals and 
elderly individuals [92–95].

CYP2E1 induction leads to increased metabolism of acet-
aminophen, valproic acid and methotrexate. Their toxic 
intermediates result in hepatocytes injury [96].

The interaction between alcohol and the anti-TB drug, 
isoniazid, also presents clinical importance since the metab-
olism of this drug involves acetylation. Since acyl transfer-
ase, the enzyme responsible for this step, is polymorphic, 
individuals who possess an acyl transferase with low activity 
may accumulate an intermediate which is then activated by 
CYP2E1 [97].

The interplay between alcohol and cytokine-mediated 
cellular effects is also important in the mechanism of liver 
injury. Chronic alcohol consumption may damage the liver 
by inhibiting the hepatoprotective actions of some cyto-
kines, while adding to the pro-inflammatory effect of other 
cytokines. The co-morbidity of ALD and hepatitis C virus 
(HCV) infection, hepatitis B virus (HBV) infection or 
human immunodeficiency virus (HIV) infection leads to 
enhanced liver damage. Moreover, medications used to 
treat viral infections or other co-morbidities can interact 
with alcohol [98, 99].

Table 7.4 presents some elements that may help to deter-
mine chemical or drug induce-toxicity.

Phenotypic both chemical-drug and herbal induce injury 
present as immuno-hepatitis autoimmune hepatitis, hepatic 
necrosis/apoptosis, Acute liver failure, Cholestatic hepatitis, 
Steatosis/Steatohepatitis Sinusoidal obstruction syndrome, 
Vanishing bile duct syndrome.

The micrographs (Figs. 7.3, 7.4, 7.5, and 7.6) present the 
biopsies of individuals diagnosed with hepatotoxicity due to 
interactions between alcohol consumption and drugs of use 
or misuse.

Acknowledgements All the micrographs presented are cases that 
consulted Dr. Neuman and belong to In Vitro Drug Safety and 
Biotechnology.

Table 7.4 Elements to determine chemical or drug induce-toxicity

Pathology Histopathology Critical for identification of 
certain hepatic changes

Gross pathology Critical for determination of 
pathogenesis/mechanism of 
change

Biochemistry

Clinical Clinical 
observations

In itself does not identify 
selected hepatic change, but 
does provide complementary 
data and clinical consequence 
to hepatic changes, includes 
accumulation of parent 
substrate and metabolite(s)

Body weight, Diet 
Alcohol 
consumption,
Other drugs of use 
and misuse or 
complementary and 
alternative medicine

Expression Metabolism and 
transport: inhibition/
induction

Provides complementary data 
for morphologic pathology 
findings
Critical for determining certain 
potential interactions
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Risperidone + alcohol

Fig. 7.3 Micrograph of a liver biopsy from a patient that consume 
alcohol and took risperidone. The diagnostic is non-alcoholic steato-
hepatitis. Large lipid droplets cover almost the entire hepatocyte and 
necrotic cells can be seen (magnification ×60)

PHENYTOIN + ALCOHOL + ADH POLYMORPHISM +
HLA POLYMORPHISM + ETHNICITY (HAN-CHINESE)

Fig. 7.4 Micrograph of a liver biopsy from a patient that consume 
alcohol and took phenytoin. The patient is ethnic Han-Chinese. He has 
a alcohol dehydrogenase polymorphism and a human leucocyte antigen 
polymorphism. Diagnosis is liver failure

Fig. 7.5 Micrograph of a 
liver biopsy of a patient that 
combine consumption of 
alcohol and Cannabis sp. 
Diagnosis is massive necrosis 
(Magnification ×20)

7 Hepatotoxicity: Mechanisms of Liver Injury
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 Self Study

 Questions and Answers

Which statement is true

 1. Acetaminophen at therapeutic concentration taken con-
comitantly with alcohol in normal doses is
 (a) not harmful
 (b) a deadly combination
Response correct (b)

 2. In drug-induced hepatitis, which of the following is 
correct?
 (a) ALT is higher than AST
 (b) AST is higher than ALT
Response correct (a)

 3. Herbal and complementary medicine may produce:
 (a) Liver damage
 (b) Enhancement of liver function
 (c) Liver failure
 (d) All of the above
Response correct (a)
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Crosstalk of Molecular Signaling 
in Hepatocellular Carcinoma

Huarong Chen and Jun Yu

8.1  Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver malignancy, which accounts for around 782,000 
new cancer cases and 745,000 deaths worldwide in 2012 
[1]. The major known risk factors for the development of 
HCC are chronic hepatitis B virus or hepatitis C virus infec-
tions, alcohol abuse, obesity and nonalcoholic fatty liver 
disease [2]. Surgical resection or percutaneous ablation is 
considered first-line treatment option for HCC patients in 
early stage, whereas the recurrence rate is nearly 50% at 
5 years [3–6]. In addition, more than 50% of patients with 
HCC present an advanced or unresectable disease at diagno-
sis, whose prognosis is very poor and the therapeutic options 

are limited [7]. For the past decade, sorafenib is the only 
molecular target drug approved for first-line treatment of 
advanced primary liver cancer, which extends median over-
all survival from 7.9 months to 10.7 months [8]. However, 
most patients are highly refractory to sorafenib treatment, 
inferring the existence of resistance factors in primary HCC 
tissues [9]. In this case, regorafenib and nivolumab were 
approved last year as second-line treatment for HCC patients 
who have previously received sorafenib. Even so, the objec-
tive response rate was only 10.6% in patients treated with 
regorafenib and 15–20% with nivolumab [10, 11], underlin-
ing the importance of systematical investigations of thera-
peutic strategies for HCC.

The development of HCC is a complex multistep process, 
characterized by alteration of multiple genetic and epigene-
tic events. Over the last few decades, a series of studies has 
unraveled several oncogenic signaling pathways implicated 
in HCC that regulate cell survival, proliferation, invasion, 
angiogenesis, and metastasis. These include mitogen acti-
vated protein kinase/extracellular-signal-regulated kinase 
(MAPK/ERK) pathway, phosphatidylinositol 3-kinase/pro-
tein kinase B/mammalian target of rapamycin (PI3K/Akt/
mTOR) pathway, Wnt/β-catenin signaling pathway, 
Transforming growth factor beta (TGF-β) pathway, Janus 
kinase/signal transducers and activators of transcription 
(JAK/STAT) pathway, and Mouse double minute 2 homolog 
(MDM2)-p53 pathway. Moreover, the advent of next- 
generation sequencing techniques vastly accelerate the 
acquisition of genomic data to decipher the mutational land-
scape of HCC and lead to the identification of main potential 
drivers with associated dysregulated pathways that trigger 
hepatocarcinogenesis. All these emerge as potential thera-
peutic targets. Importantly, signaling pathways within cells 
can crosstalk with each other. Alteration of one pathway may 
signal to either enhance or suppress another pathway. The 
crosstalk between pathways and feedback inhibition consti-
tutes a complex network of signal transduction that drives 
dynamic and adaptive cellular responses [12]. In cancer, 
aberrant regulation of crosstalk has been demonstrated, in 

Key Concepts
• Hepatocellular carcinoma is one of the most com-

mon cancers with high mortality worldwide.
• The development of sorafenib represents a break-

through in molecular targeted therapy for 
HCC.  However, high rate of sorafenib resistance 
greatly limits its beneficial effects.

• HCC is a highly heterogeneous malignancy, charac-
terized by alteration of a multitude of different sig-
naling pathways.

• Crosstalk among signaling pathways may play a 
pivotal role in affecting efficacy of molecular tar-
geted therapy for HCC.
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which oncogenic factors can cause rewiring of signaling net-
works [13]. This turns out to favor the adaptation of cancer 
cells to drug treatment, emphasizing the need and impor-
tance to illustrate crosstalk between major signaling path-
ways inside cancer. The purpose of this paper is to discuss 
the major dysregulated pathways, relevant somatic driver 
mutations, and the signaling crosstalk implicated in the 
pathogenesis of HCC (Fig. 8.1).

8.2  Receptor Tyrosine Kinases Signaling

Receptor tyrosine kinases (RTKs) are the high-affinity and 
single-pass transmembrane receptors, which bind various 
polypeptide growth factors, cytokines, and hormones [14]. In 
human genome, 58 of the 90 unique tyrosine kinase genes are 
identified to encode receptor tyrosine kinase proteins, e.g., 
epidermal growth factor receptor (EGFR), vascular endothe-
lial growth factor receptor (VEGFR), platelet- derived growth 
factor receptors (PDGFR), fibroblast growth factor receptor 
(FGFR), hepatocyte growth factor receptor (HGFR or 
c-MET) and insulin growth factor receptor (IGFR) [15]. All 

RTKs have a similar molecular architecture comprising a 
ligand-binding domain of the extracellular region, a trans-
membrane helix, and a cytoplasmic region recognized as 
catalytic domains and protein-protein interaction sites [16]. 
Upon binding growth factor ligands, the “inactive” RTKs 
undergo a substantial conformational change that allows it to 
be stabilized in an “active” dimer or oligomer, which in turn 
activate the intracellular signaling pathways [17]. A large 
body of evidence suggests that RTKs function as key regula-
tory nodes of critical cellular processes, such as proliferation, 
survival, differentiation, metabolism, motility and cell-cycle 
control [18]. Mutations and aberrant activation of RTKs sig-
naling pathways have been demonstrated in HCC, including 
MAPK/ERK and PI3K/Akt/mTOR pathway [19–21].

8.3  MAPK/ERK Pathway

The MAPK/ERK pathway, also known as Ras-Raf-MAP/
ERK kinase (MEK)-ERK pathway, is one of the most impor-
tant signaling cascades for liver tumorigenesis. The MAPK/
ERK pathway is activated in 50% of HCC patients in early 
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stage and almost all HCC patients in advanced-stage [22–24]. 
MAPK/ERK pathway transduces extracellular signals from 
“active” RTKs to the cell nucleus through a series of phos-
phorylation events regulated by specific kinases and GTP/
GDP exchange proteins. Upon epidermal growth factor (EGF) 
binding, EGFR can form active homo or hetero dimmers to 
stimulate its intrinsic intracellular protein-tyrosine kinase 
activity, resulting in autophosphorylation of tyrosine residues 
in its C-terminal domain [25]. Several adaptor proteins that 
contain Src-homology 2 domains (SH2), e.g., growth factor 
receptor-bound protein 2 (Grb2) and Src homology 2 domain-
containing transforming protein (SHC), can bind to the phos-
phorylated tyrosine residues of EGFR [26, 27]. Meanwhile, 
Grb2 also binds to the guanine nucleotide exchange factor Son 
of Sevenless (SOS) to form a  complex. Once the Grb2-SOS 
complex is recruited to activated receptors, SOS becomes 
active and subsequently promotes the switch of Ras from an 
inactive GDP-bound state to an active GTP-bound state [28]. 
Activation of Ras then stimulates a series of phosphorylation 
events downstream the MAPK cascade. Although mutations 
of RAS are frequent in human cancers, it is rare in HCC 
patients with a reported frequency of less than 3% [9, 29, 30]. 
Active Ras recruits Raf from the cytoplasm to the plasma 
membrane for activation. Raf is the best characterized Ras 
effector that functions as essential connector between Ras and 
the downstream MEK- ERK signaling [31]. Active Raf induces 
the phosphorylation of MEK1 and MEK2 which successively 
phosphorylate and activate ERK1 and ERK2 [32]. Upon acti-
vation, ERK can phosphorylate target proteins in cytoplasm, 
e.g., ribosomal protein S6 kinases (RSKs), which in turn phos-
phorylate several cytoplasmic targets and transcriptional regu-
lators [33]. Furthermore, phosphorylated ERK can translocate 
to nucleus and directly phosphorylates transcription factor 
substrates that promote cellular growth and inhibit apoptosis 
[34]. Proto-oncogene c-myc is one of direct target of ERK 
which is involved in multiple aspects of growth control. ERK- 
induced phosphorylation of c-Myc at serine (Ser) 62 promotes 
c-Myc protein stabilization, thus enhancing its expression and 
activity [35].

8.4  PI3K/Akt/mTOR Pathway

PI3K/Akt/mTOR pathway is another key mechanism for con-
trolling cell proliferation, survival, and metabolism in 
HCC. Binding of growth factors, e.g., IGF and EGF, to their 
receptors can activate class I PI3Ks through either direct recruit-
ment of PI3K or indirect recruitment involving the insulin 
receptor substrate (IRS) or GRB2-associated binder (GAB) 
docking proteins [20]. Activating mutations of PIK3CA, which 
encodes p110α catalytic subunit of PI3K, are also found to acti-
vate PI3K/Akt/mTOR signaling. Somatic mutations of PIK3CA 
are common in many cancer types [36], whilst a low frequency 

of 3% is observed in HCC [9, 29, 30]. The class I PI3Ks can 
phosphorylate phosphatidylinositol (4,5)-bisphosphate (PIP2) 
to produce phosphatidylinositol- 3,4,5-trisphosphate (PIP3), a 
phospholipid that resides on the plasma membrane [37]. PIP3 
recruits the protein kinase Akt and 3-phosphoinositide-depen-
dent kinase 1 (PDK1) to the cell membrane, where Akt is phos-
phorylated on threonine (Thr) 308 and Ser473 by PDK1 and 
mTOR Complex 2 (mTORC2), respectively [38]. Once acti-
vated, Akt phosphorylates and inactivates several substrates, 
such as forkhead box O (FOXO), BCL2-associated agonist of 
cell death (BAD) and Glycogen synthase kinase 3 beta (GSK3β), 
to enhance cell growth and survival [38]. Loss of phosphatase 
and tensin homolog (PTEN) function also leads to overactiva-
tion of Akt in cancer cells. PTEN is a lipid phosphatase that 
negatively regulates PI3K/Akt signaling by dephosphorylating 
the PIP3 [39]. Frequent loss of PTEN through gene deletion, 
mutation, or epigenetic silencing has been demonstrated in 
human HCC [40]. Targeted deletion of PTEN in mouse hepato-
cytes leads to the development of steatohepatitis and liver 
tumors [41]. In addition, we recently explore the role of squa-
lene epoxidase, a rate-limiting enzyme in cholesterol biosynthe-
sis, in promoting the development of non-alcoholic fatty liver 
disease-HCC through suppressing the expression of PTEN fol-
lowed by activation of PI3K/Akt/mTOR pathway [42]. The 
critical downstream effector of Akt, mTOR, is a serine/threo-
nine kinase that exerts profound effects on gene expression by 
translational control and plays a pivotal role in HCC [43]. 
mTOR protein serves as a core component of protein kinase 
complex mTOR complex 1 (mTORC1) by linking other pro-
teins including regulatory-associated protein of mTOR (Raptor), 
mammalian lethal with SEC13 protein 8 (MLST8), proline-rich 
Akt substrate of 40 kDa (PRAS40) and DEP domain-containing 
mTOR-interacting protein (DEPTOR) [44–46]. Akt activates 
mTORC1 through the phosphorylation and inactivation of 
tuberous sclerosis complex 2 (TSC2), thus relieving the inhibi-
tory effects of the TSC1-TSC2 complex on mTORC1 [47]. 
Inactivating mutations in TSC1 and TSC2, as well as activating 
mutations in MTOR have been identified in HCC with the esti-
mated frequency of 3%, 5% and 2%, respectively [29, 30]. 
Activated mTORC1 phosphorylates two major downstream 
effectors, eukaryotic initiation factor 4E-binding protein 1 (4E-
BP1) and 40S ribosomal protein S6 kinase (p70s6k), which are 
critical for translational regulation.

8.5  Crosstalk of ERK/MAPK and PI3K/Akt/
mTOR Pathway

Recent findings have uncovered modes of crosstalk between 
ERK/MAPK and PI3K/Akt/mTOR pathway, including cross-
activation, cross-inhibition and pathway convergence. 
Extensive negative- and positive-feedback loops exist between 
these two pathways, leading to sensitive pathway responses 
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and multi-stability. In case of cross-activation, Ras-GTP can 
directly bind and activate PI3K [48]. The interaction of RAS 
with PI3K p110 subunit is required for RAS-driven tumorigen-
esis, as shown in KRAS-induced lung tumorigenesis mouse 
model and HRAS-induced skin carcinogenesis mouse model 
[49, 50]. Co-expression of activated forms of Ras and Akt in 
the mouse liver promotes rapid hepatocarcinogenesis in mice, 
mainly through induction of mTORC1 [51]. Under these cir-
cumstances, activation of ERK/MAPK pathway can stimulate 
mTOR signaling. The phosphorylation and inactivation of 
TSC2 by active Erk and RSK disrupt the  association of TSC1-
TSC2, thus relieving the inhibition of mTORC1 [52, 53]. 
Besides, Erk and RSK can induce RAPTOR phosphorylation, 
which subsequently elevates mTORC1 activity [54, 55]. In 
addition to cross-activation, ERK/MAPK and PI3K/Akt/
mTOR pathways can negatively act on each other. In response 
to a selective small molecule inhibitor of MEK, feedback 
upregulation of the PI3K/Akt pathway is observed in basal-like 
breast cancer cells [56]. In keeping with this, blocking EGF-
stimulated ERK activation by MEK inhibitor can enhance the 
association between Gab1 and PI3K p85 subunit, resulting in 
increased phosphorylation of Akt and PI3K activity [57]. On 
the contrary, endogenous activation of ERK reduces insulin-
stimulated Akt activation via inducing Gab1 phosphorylation 
[58]. Another analogous cross-inhibition occurs between Akt 
and Raf. Strong IGF1 stimulation quickly activates Akt but 
induces phosphorylation of Raf at Ser259 to suppress its kinase 
activity [59]. Akt binds and antagonizes Raf activity by direct 
phosphorylation on Ser259  in the regulatory domain of Raf, 
thus causing inhibition of the ERK/MAPK pathway [60]. 
Protein phosphatases 1 (PP1) and 2A (PP2A) may remove 
these inhibitory phosphorylations to promote Raf-1 activation 
[61]. In addition to the negative- and positive-feedback loops, 
activation of ERK/MAPK and PI3K/Akt/mTOR signaling 
often converge on the same substrate, e.g., c-Myc, FoxO, BAD 
and GSK3 [51, 62, 63]. In response to arginine deprivation, 
ERK/MAPK and PI3K/Akt signaling cascades are activated to 
promote phosphorylation and stabilization of c-Myc [64]. 
There are two phosphorylation sites in the N-terminal of Myc, 
Thr58 and Ser62 that are critical for stability of Myc protein. 
As mentioned earlier, phosphorylation of Ser62 is required for 
Ras-induced stabilization of Myc. Conversely, GSK-3-
mediated phosphorylation of c-Myc at Thr58, a process that is 
dependent on Ser62 phosphorylation, primes c-Myc for degra-
dation [65]. Activation of PI3K/Akt phosphorylates GSK-3 
and held its activity in check [38]. In HCC, HBV-X protein can 
activate Erk to interact with GSK-3β, priming GSK-3β for sub-
sequent phosphorylation and inactivation [63]. Another mecha-
nism by which ERK/MAPK and PI3K/Akt signaling promotes 
the transcriptional activity of Myc is through accelerating the 
ubiquitination and degradation of Mad1, an important cellular 
antagonist of Myc [66]. FoxO transcription factors are other 
common substrates of ERK/MAPK and PI3K/Akt/mTOR 

pathway. Phosphorylation of FoxOs by Akt inhibits their tran-
scriptional activity and contributes to cell proliferation and sur-
vival [67]. Activated ERK directly interacts with FOXO3a to 
induce FOXO3a phosphorylation at Ser 294, Ser 344 and Ser 
425, leading to inactivation of FOXO3a which consequently 
promotes tumorigenesis [68].

8.6  Wnt/β-Catenin Signaling

HCC is characterized by the aberrant up-regulation of WNT/β-
catenin pathway. Wnt proteins are a large family of secreted gly-
coproteins that bind to the Frizzled (Fz) receptor family [69]. The 
Fz receptor is a seven trans-membrane span protein similar to 
G-protein coupled receptors [70]. In addition to the interaction 
between Wnt and Fz, single transmembrane proteins low-den-
sity-lipoprotein-related protein 5 (LRP5) and LRP6 act as co-
receptors for activating canonical Wnt pathway. In the absence of 
Wnt ligands, LRP5/6 and Frizzled remain inactive. The cytoplas-
mic pool of β-catenin is restrained by a multiprotein destruction 
complex consisting of Axin, adenomatosis polyposis coli (APC), 
GSK3 and casein kinase 1 (CK1) [71]. Axin1 is considered as 
the rate- limiting factor of the destruction complex which func-
tions as central scaffold and direct interacts with all other core 
components of the destruction complex [72]. CK1 phosphory-
lates β-catenin at Ser45, which in turn primes GSK3-dependent 
phosphorylation of β-catenin on the N-terminal Thr41, Ser37, 
and Ser33 residues [73]. Phosphorylated β-catenin is then tar-
geted by β-TrCP ubiquitin E3 ligase for proteasome- mediated 
protein degradation [74]. To activate the canonical Wnt signaling 
pathway, Wnt ligands bind to the Frizzled and LRP5/6 corecep-
tor complex. The activated receptors dissociate the destruction 
complex involved by dishevelled (Dvl), which in turn prevent the 
β-catenin degradation. As a consequence, active β-catenin accu-
mulates and translocates to nucleus where it binds to T-cell fac-
tor/lymphoid enhancer factor (TCF/LEF) and acts as a 
co-activator to drive the transcription of downstream genes 
involved in cell differentiation, proliferation and migration [75]. 
In addition to ligand-induced activation, mutations of major 
components for Wnt/β-catenin signaling are demonstrated in 
HCC. Activating mutations in β-catenin (20–40%), as well as 
inactivating mutations of AXIN1 (11%), AXIN2 (1%) and APC 
(1%) are described in human HCC samples, leading to stabiliza-
tion and intracellular accumulation of β-catenin [76–80].

8.7  Crosstalk of Wnt/β-Catenin Pathway 
with Other Pathways

Crosstalk between Wnt/β-catenin pathway and the other path-
ways might contribute to HCC progression. Activation of the 
canonical Wnt signaling not only induces β-catenin accumu-
lation and transcription activation, but also  stimulates the 
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mTOR pathway. Wnt-induced mTOR activation is through 
inhibiting the sequential phosphorylation of TSC2 by AMPK 
and GSK3, which is independent of β-catenin- dependent 
transcription [81, 82]. It is worth noting that TSC2 is also 
phosphorylated by Akt, ERK and RSK as mentioned above. 
Thus stimulation of phosphorylation events on TSC1- TSC2 
complex by distinct signaling pathways could either inhibit or 
activate the complex to modulate mTORC1 activity [83]. In 
HCC, activation of Erk by HBV-X can upregulate β-catenin 
in a manner dependent on phosphorylation and inactivation of 
GSK-3β [63]. Similarly, in response to insulin stimulation, 
active Akt phosphorylates and inactivates GSK-3β, leading to 
increased β-catenin-TCF/LEF-1 transactivation [84]. 
Meanwhile, Akt may directly induce phosphorylation of 
β-catenin, thus stimulate Wnt/β-catenin signaling [85]. 
Crosstalk between Wnt/β-catenin and TGF-β pathways may 
also occur in HCC. Treatment of TGF-β in HCC cell lines 
augments Wnt/β-catenin activity via altering subcellular 
localization of β-catenin [86, 87]. Consistently, phosphoryla-
tion of Smad3 by TGF-β1 induces rapid nuclear translocation 
of β-catenin in adult mesenchymal stem cells [88].

8.8  TGF-β Signaling

TGFβ is a growth factor and cytokine that belongs to the 
transforming growth factor superfamily. Three types of 
TGF-β ligands have been demonstrated: TGF-β1, TGF-β2 
and TGF-β3 [89]. All three ligands can bind to a transmem-
brane serine-threonine kinase receptor TGFβ type II receptor 
that recruits the type I receptor to form heterodimers [90]. 
Activated receptors then propagate the signal intracellularly 
through phosphorylation of the Smad proteins. There are 
eight distinct Smad proteins that are divided into three func-
tional classes: receptor-regulated Smads (R-Smads), com-
mon partner Smads (Co-Smads), and inhibitory Smads 
(I-Smads). Activated type I receptor kinases directly phos-
phorylate and activate R-Smads (Smad1, 2, 3, 5, and 8) 
which now undergo homotrimerization and form hetero-
meric complexes with the Co-Smad (Smad4) [90]. The acti-
vated Smad complexes then translocate into the nucleus and 
act as transcription factors to regulate the expression of tar-
get genes. I-Smads (Smad6 and Smad7) act as antagonists of 
TGF-β signaling by preventing association of R-Smads with 
receptor complex or Co-Smad and by targeting the receptors 
for degradation [91, 92]. Activation of TGF-β signaling is 
closely linked with liver fibrosis, cirrhosis and subsequent 
development of HCC. Although TGF-β functions as a tumor 
suppressor to inhibit cell growth and induce apoptosis in the 
healthy liver and during tumor initiation, it promotes cell 
migration and invasion once cancer cells evade the growth 
inhibitory effects of TGF-β. TGF-β1 promotes the epithelial- 
to- mesenchymal transformation (EMT) in HCC cells through 

down-regulation of E-cadherin and inducing nuclear translo-
cation of β-catenin [93]. EMT is known to mediate the drug 
resistance of tumor cells. In HCC, different studies have 
demonstrated that sorafenib resistance mechanisms may 
involve EMT [94, 95], although the exact mechanism 
remains unknown.

8.9  Crosstalk of TGF-β Signaling 
with Other Pathways

Besides Smad-mediated transcription, TGF-β also stimulates 
other oncogenic signals, e.g., PI3K/Akt and ERK/MAPK 
pathway [96]. TGF-β can induce PI3K-dependent Akt acti-
vation by a mechanism that may involve RhoA [97]. In addi-
tion, activation of PI3K/Akt signaling may also result from 
TGF-β-induced TGF-α expression and consequent phos-
phorylation and activation of EGFR [98]. Akt activation has 
been demonstrated to protect HCC cell line from TGF-β1- 
induced apoptosis [99]. Inactivation of PI3K signaling 
reduces TGF-β-induced Smad2 phosphorylation and tran-
scription [98]. TGF-β can also activate the ERK/MAPK 
pathways. Rapid activation of Ras by TGF-β in epithelial 
cells recruits Raf to the plasma membrane, leading to activa-
tion of Erk [100]. TGF-β-induced ERK/MAPK signaling is 
found to promote invasion and metastasis of cancer cells 
[101]. Conversely, treatment of TGF-β inhibitor in HCC 
cells has been shown to dephosphorylate Akt, mTOR, MEK 
and ERK, but activate PTEN [102].

8.10  JAK/STAT Pathway

Jak/Stat pathway is universally activated in human HCC and 
play a pivotal role for HCC development [23]. JAKs, STATs, 
and receptors are three key components of JAK-STAT path-
way to transmit intercellular signals. The binding of cyto-
kines to cell-surface receptors results in the formation of 
receptor dimers, which brings the receptor-associated JAKs 
into close proximity for transphosphorylation and activation 
[103]. JAK proteins are intracellular, nonreceptor tyrosine 
kinases, comprising JAK1, JAK2, JAK3 and TYK2 [104]. 
The cytokine-activated JAKs phosphorylate the cytokine 
receptors, creating a docking site for the SH2 domain which 
is present among STATs family members (STAT1, STAT2, 
STAT3, STAT4, STAT5A, STAT5B and STAT6). After phos-
phorylation by the JAKs, these STAT transcription factors 
form hetero- or homodimers and translocate to nucleus to 
induce transcription of target genes involved in cell differen-
tiation, proliferation and apoptosis. Among the downstream 
targets, positive and negative regulators of JAK/STAT path-
way have been identified which can modulate the magnitude 
and/or duration of signaling [105, 106]. Suppressors of 
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 cytokine signaling (SOCS) proteins are reported to be a part 
of a negative feedback loop in the JAK/STAT pathway. In 
HCC, SOCS-1 is silenced by methylation, which may con-
tribute to the constitutive activation of JAK/STAT pathway 
[107]. Next-generation sequencing of HCC leads to identifi-
cation of a low-frequency somatic mutation of JAK1 (around 
1%) [9, 29, 30], which may also cause the activation of 
JAK1/STAT signaling.

8.11  Crosstalk of JAK/STAT Pathway 
with Other Pathways

JAK-STAT pathway may interconnect with other pathways 
such as ERK/MAPK and PI3K/Akt/mTOR [108]. 
Overexpression of EGFR in primary esophageal keratino-
cytes activates STAT in a manner dependent on JAK [109]. 
Activated JAKs can phosphorylate tyrosine residues on 
receptors which can serve as docking sites for SH2- 
containing adapter proteins. Both Grb2 and PI3K protein 
contain an SH2 domain, implying the possibility that acti-
vated JAK-STAT pathway may also regulate ERK/MAPK 
and PI3K/Akt/mTOR signaling. However, the crosstalk of 
JAK/STAT pathway with other pathways in HCC remains 
largely unknown.

8.12  MDM2-p53 Pathway

The MDM2-p53 pathway is frequently altered in HCC [9, 
29, 30]. The p53 transcription factor serves as an important 
tumor suppressor regulating DNA repair, cell cycle, apop-
tosis and senescence to maintain the integrity of the 
genome. The E3 ubiquitin ligase Mdm2 is the major and 
essential negative regulator to hold the activity of p53  in 
check. On the one hand, Mdm2 can bind p53 at its transac-
tivation domain to inhibit the activity of p53 [110]. On the 
other hand, Mdm2 can promote the polyubiquitination of 
p53 for subsequent proteasome-dependent protein degra-
dation [111]. It is worth noting that p53 also enhances 
Mdm2 transcription through binding and activating the 
internal P2 promoter of Mdm2, thus leading to the forma-
tion of autoregulatory feedback loop between p53 and 
Mdm2 to maintain their balance [112]. Somatic mutations 
of p53 occur in approximately 30% of HCC, causing the 
loss of p53 suppressor function as exemplified by a lower 
affinity to bind its target genes at the sequence-specific 
response elements [113]. In addition, mutant p53 proteins 
often accumulate in the nucleus of in situ and metastatic 
cancer cells, exerting oncogenic gain-of- function proper-
ties to promote proliferation, survival, and metastasis of 
cancer cells or conferring a dominant-negative activity 
over remaining wild-type p53 [114].

8.13  Crosstalk of MDM2-p53 Pathway 
with Other Pathways

ERK activation may cooperate with p53 protein to regulate 
cell cycle arrest and apoptosis. ERK protein is capable to 
bind p53 and induce phosphorylation of p53 at Ser15 in vitro 
[115, 116]. Phosphorylation of p53 on Ser15 inhibits the 
p53-Mdm2 interaction to stabilize p53 protein and promotes 
its accumulation [116]. Thr55 is another important site of 
p53, the phosphorylation of which by activated ERK2 pro-
motes DNA-binding activity of p53 [117]. Moreover, sus-
tained ERK activation also induces phosphorylation of 
Mdm2 at Ser166, thus inhibiting its ubiquitin ligase activity 
toward p53 [118]. Cooperation of ERK activation with 
enhanced p53 activity induces cellular senescence in murine 
fibroblasts [119]. A negative-feedback loop exists between 
the p53 and Akt signaling to balance the pro-apoptotic and 
anti-apoptotic signals [120]. On the one hand, p53- dependent 
destruction of Akt promotes apoptotic cell death. On the 
other hand, the survival signals are effective for recruiting 
Akt to activate Mdm2, leading to inhibition of p53 and con-
sequent p53-dependent apoptosis. Akt-mediated phosphory-
lation of Mdm2 at Ser186 enhances the 
ubiquitination-promoting function of Mdm2, resulting in a 
reduction of p53 protein [121].

8.14  Other Signaling Pathways

There are several other molecular events that are involved in 
hepatocarcinogenesis such as telomere stability, NF-κB sig-
naling and Hedgehog (Hh) pathway. High frequency (over 
50%) of telomerase reverse transcriptase (TERT) promoter 
mutations, which are associated with an increase expression of 
TERT, are considered cancer drivers for HCC development [9, 
29, 122]. TERT is a catalytic subunit of telomerase that is 
responsible for maintaining telomere length. Telomere short-
ening plays a dual role in hepatocarcinogenesis, leading to 
chromosomal instability and tumor initiation, but providing a 
barrier for tumor progression [123]. Reactivation of telomer-
ase and maintenance of telomere are important for liver carci-
nogenesis. Activation of NF-κB signaling is a frequent and 
early event in HCC, which might be contributed by different 
factors, e.g., HBV-X protein, HCV core protein, LPS, and 
fatty acids [124]. However, to date no oncogenic mutations 
have been reported to be responsible for NF-κB activation in 
carcinomas [125]. We recently identified OGT, a unique gly-
cosyltransferase enzyme, plays an oncogenic role in non-alco-
holic fatty liver disease-HCC through activating oncogenic 
JNK/c-jun/AP-1 and NF-κB cascades [126]. Activation of 
NF-κB signaling might facilitate HCC progression through 
promoting the survival and expansion of tumor cells. Aberrant 
activations of Hh signaling are also demonstrated in HCC, 
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which may be contributed by the overexpression of the 7-trans-
membrane protein Smoothened (SMO) or induction of Sonic 
hedgehog (SHH) ligand [127, 128]. Reactivation of Hh path-
way in HCC is reported to sustain cancer cell growth and pro-
gression [129]. Hh signaling may promote the invasion and 
metastasis of HCC by a mechanism mediated by ERK-driven 
MMP-9 expression [130]. For the above-mentioned pathways, 
further attention should be paid to assess their significance and 
potential therapeutic value for HCC.

8.15  Conclusions and Perspectives

HCC is a highly heterogeneous malignancy, both clinically and 
biologically. With the advances of next-generation sequencing, 
genomic landscape of HCC has been identified to favor the 
understanding of genetic and epigenetic changes involved in 
the development of HCC. Among these changes, RTKs have 
emerged as attractive targets in molecular targeted therapy for 
HCC.  Sorafenib, an oral multikinase inhibitor of VEGFR, 
PDGFR and Raf, is the first effective systemic treatment in 
HCC, representing a landmark advancement in therapy of 
HCC. However, the overall treatment outcomes are far from 
satisfactory since most of patients are highly refractory to 
sorafenib treatment because of primary or adaptive resistance. 
The fact that a multitude of different signaling pathways 
emerge in liver cancer cells makes it difficult for effective treat-
ment of HCC. The tumor easily develops resistance against the 
blockade of a specific target via rewiring cell signaling. EGFR 
activation may interfere with the response of HCC to sorafenib 
[131–133]. As a consequence, some patients do not respond to 
the sorafenib treatment at all. In addition, several mechanisms 
have been proposed to explain the acquired resistance of HCC 
to sorafenib, of which the cross-talk between effector pathways 
and feedback inhibition has been attracting attention. Activation 
of PI3K/Akt pathway may be associated with sorafenib resis-
tance, considering the existing crosstalk between the PI3K/Akt 
and ERK/MAPK pathways. Treatment of sorafenib in HCC 
cell lines has been demonstrated to activate PI3K/Akt/mTOR 
pathway, as evidenced by increased phosphorylation of 4E-BP1 
and p70s6k [134, 135]. In keeping with this, sorafenib-resistant 
HCC cells show increased phosphorylation of Akt and PI3K 
p85 subunit [136]. Other mechanisms such as JAK-STAT path-
way may also contribute to the acquired resistance to sorafenib 
[137]. Therefore, exploring biomarkers to identify responders 
and non- responders to therapy for HCC is a priority for future 
study. Meanwhile, combinational therapy using other antican-
cer agents with sorafenib may improve the therapeutic efficacy 
for HCC.

In summary, multiple signaling pathways are frequently 
dysregulated in HCC.  The aberrant regulation of crosstalk 
between pathways may confer the resistance of HCC to 
molecular targeted therapy.

 Self Study

 Questions

 (a) The process by which molecular signals are transmitted 
from a cell’s exterior to its interior as a series of molecu-
lar events is called ________.

 (b) Instances in which one or more components of one sig-
nal transduction pathway affects another are called 
________.

 Answers

 (a) Signal transduction
 (b) Crosstalk
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9.1  Introduction

Diagnostic challenges in clinical medicine are patients with 
liver injury by chemicals such as alcohol [1], organic sol-
vents [2], and drugs [3–8]. It is the first cause of stopping 
drug development and drug withdrawal from the market. As 
compared to other causes of liver diseases, liver injury by 
drugs is a rare event in the general population and occurs 
with an annual estimated incidence of around 14 cases per 
100,000 inhabitants [7]. Consequently, physicians caring for 
patients with suspected drug induced liver injury (DILI) are 
confronted with a wide range of alternative diagnoses [7–9] 
that require a liver specific, validated, quantitative and scor-
ing diagnostic algorithm such as the Roussel Uclaf Causality 
Assessment Method (RUCAM) [3–8]. This is a tool to verify 
or revoke the diagnosis of DILI, an approach that should also 
followed by authors of DILI case reports or case series [3, 8]. 
Only DILI cases with a probable or highly probable causality 
level qualify for a correct characterization of clinical features 
and DILI risk factors [9]. In the past, many DILI cases were 
indeed not DILI but the liver injuries were likely due to 
another cause [4, 7], representing a problem for authors, edi-
tors, clinicians, pharmaceutical companies, and most impor-
tantly, for patients [7].

This chapter provides a critical insight in essential key 
elements of DILI including causality assessment.

9.2  Definitions

9.2.1  Idiosyncratic Versus Intrinsic Toxicity

Drugs are rare causes of liver injury, whether the toxicity is 
due to the interaction between the drug and patient factors 
(idiosyncrasy) or the drug only (intrinsic toxicity) [3, 9–12]. 
DILI commonly stands for idiosyncratic DILI, which is 
caused by drugs at therapeutic dosages in a few exposed 
patients and triggered by unpredictable, mostly immunologic 
and less frequently metabolic drug reactions [3, 8, 9, 12]. This 

Key Concepts
• Drug-induced liver injury (DILI) is the first cause of 

stopping drug development and withdrawal of mar-
keted products.

• At therapeutic doses, many drugs can lead to idio-
syncratic DILI in susceptible individuals, whereas 
intrinsic DILI is caused by overdosed drugs such as 
acetaminophen.

• The diagnosis of DILI requires chronological crite-
ria and the exclusion of alternative causes, both best 
achieved by using a transparent, specific, quantita-
tive, and validated causality assessment method 
(CAM) such as RUCAM (Roussel Uclaf Causality 
Assessment Method).

• The diagnosis of DILI should lead to quick discon-
tinuation of the suspected drug and most commonly 
to a favorable clinical outcome.

• Drug-induced acute liver failure (ALF) develops 
rarely, especially when the diagnosis is missed and 
drug discontinuation is delayed. It accounts for 
almost half of the ALF cases mostly attributed to 
overdosed acetaminophen, and remains the first 
cause of liver transplantation.
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is in contrast to intrinsic DILI characterized by a dose depen-
dent and therefore predictable reaction related to overdosed 
drugs such as acetaminophen [3, 9, 10]. Idiosyncratic and 
intrinsic DILI share the risk of acute liver failure (ALF) with 
high mortality rate or need for liver  transplantation. However, 
the identification of offending drug(s) often remains uncer-
tain essentially because the principles of diagnosis including 
causality assessment are not based on a quantitative and 
transparent scoring system such as RUCAM [3].

9.3  DILI Mechanisms and Hypothetical 
Cascade of Events

Hepatic drug metabolism proceeds along two phases, these 
reactions lead to conjugated products ready for biliary or 
renal excretion, unless there is a drug overdose. Conversely, 
conditions are different in acetaminophen (syn. paracetamol) 
overdose [10], because toxic metabolites are produced in 
excess that initiate liver injury following covalent binding 
with macromolecules. Liver injury is prevented if paracetamol 
sulfation and glucuronidation is sufficient or hepatic gluta-
thione levels are high enough to bind toxic metabolites.

In analogy to human and experimental liver injury by alco-
hol [1] and other hepatotoxins such as aliphatic  halogenated 
hydrocarbons [2], non-parenchymal cells of the liver like 
Kupffer cells, stellate cells, and sinusoidal cells likely play a 
contributory pathogenetic role for DILI whereas the focus is 
clearly on the hepatocyte [11, 12], with its endoplasmic 

 reticulum and mitochondria that are considered as the major 
cell organelle targets of liver injury [11, 12]. Most drugs are 
metabolized in the hepatocyte, mainly in the endoplasmic retic-
ulum, which corresponds to the microsomal fraction of the bio-
chemists obtained by ultracentrifugation of liver homogenates. 
Within the endoplasmic reticulum, drugs compete metaboli-
cally with other chemicals at the site of cytochrome P450 (CYP 
450) [1]. This cytochrome is present in various isoenzymes 
such as CYP1A1, CYP1A2, CYP2B6, CYP2C9, CYP2C19, 
CYP2D6, CYP2E1, CYP3A4, CYP3A5 and CYP3A7. Drugs 
enter as substrates in the microsomal CYP 450 circle and usu-
ally leave it as oxidized drugs. However, the introduction of 
electrons and O2 is risky if the reactions proceed incompletely 
and generate reactive oxygen species (ROS), in line with simi-
lar toxic intermediates observed in liver injury by alcohol [1] or 
aliphatic halogenated hydrocarbons [2].

Elucidating pathogenetic details of idiosyncratic DILI is 
hampered by the lack of experimental animal models, whereas 
those of intrinsic DILI are better investigated [12]. A body of 
evidence suggests that both, idiosyncratic and intrinsic DILI, 
are caused by drug metabolites rather than by the parent drug 
[5, 10–12] and may follow a three-step working model includ-
ing a cascade of events [11, 12]. In the first step of this model, 
common to idiosyncratic and intrinsic toxicity, drugs or their 
toxic intermediates generated through microsomal metabo-
lism cause injury of the endoplasmic reticulum and mito-
chondria of the hepatocyte (Fig.  9.1). The second hit is 
different in the two DILI types: in the idiosyncratic toxicity, 
the innate and adaptive immunity system triggers immune 

Drug

First
hit

Microsomal metabolism
to toxic intermediates

Injury of the endoplasmic reticulum and
mitochondria of the hepatocyte

Second
hit (A)

Innate and adaptive
immunity system

Second
hit (B)

Organelle stress
Perpetuation of injury

Initiation of apoptosis or
necrosis     cell death

Third
hit (A)

Aggravation of
liver damage

Third
hit (B)

Aggravation of
liver damage

Idiosyncratic DILI Intrinsic DILI

Initiation of apoptosis or
necrosis cell death

Fig. 9.1 Hypothetical 
cascade of events involving 
three hits and leading to cell 
death and DILI
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reactions whereas in the intrinsic toxicity, organelle stress of 
the endoplasmic reticulum and mitochondria is caused by 
reactive oxygen species (ROS) (Fig. 9.1). The second hit initi-
ates apoptosis, necrosis, and cell death, though not uniformly 
but at various degrees. For both types of toxicity the third hit 
is characterized by aggravation of the liver damage.

9.4  Clinical Aspects

9.4.1  Most Implicated Drugs

Considering published DILI cases with high causality levels 
assessed by RUCAM, consensus exists that most drugs are 
potential cause of liver injury in susceptible users [16–18]. 
However, the number of reported DILI cases in a given country 
or region is highly dependent on the use of the drugs in the 
same geographic area. This is the reason why the ranking of the 
most implicated drugs should be interpreted with the use of 
those drugs. For example, in Germany the drugs most com-
monly implicated were in descending order flupirtine, clar-
ithromycin, fluoroquinolones, oestrogen  +  diogenoest, 
irbesartan, terbinafine, and metamizole [16], while in India, 
these drugs are antituberculosis drugs (49%), antiepileptic 
drugs (12%), complementary and alternative medicine (10%), 
antiretroviral drugs (9%), and non-steroidal anti- inflammatory 
drugs (6%) [17]. In China, DILI is most frequently reported 
with antibiotics, antituberculosis drugs, antithyroid drugs, anti-
neoplastic drugs, hypolipidemic drugs, antipyretic analgesics, 
antiepileptics, hypoglycemic drugs, antivirals, glucocorticoids, 
antithrombotics, and antihypertensive drugs [18]. It is therefore 
important for the clinician in a specific region to be aware of 
the likely cases of liver injury induced by the drugs, herbs or 
complementary medicines used in the same region. This infor-
mation is usually provided by the regulatory agencies and by 
specialized DILI databases such as U.S. NIH LiverTox data-
base. Nevertheless, despite the great attention given to the pub-
lished cases, the site did assess the causality with a method 
mainly based on a mere opinion. For some cases it is hard to 
rely on cases poorly documented and assessed. It would be 
suitable to reassess the cases with a more transparent and quan-
titative method such as RUCAM [4].

9.4.2  Genetic and Non-genetic Risk Factors

Several risk factors of idiosyncratic DILI have been proposed, 
but some are still under discussion because the data derived 
from questionable DILI cases were not assessed with a robust 
CAM such as RUCAM [8, 9, 12–14]. In short, among the pro-
posed but not necessarily validated risk factors are drug lipo-
philicity, high daily dosage (>50 mg or 100 mg), high hepatic 
metabolism, comedications, and HLA alleles due to genetic 
variability. Although based on high profile studies, risk factors 
such as age > 55 years [3, 8], alcohol use [3, 8, 9], and some 

preexisting liver disease including nonalcoholic or alcoholic 
liver disease [15] are still subject to discussion. Because genetic 
factors, ethnicity, race, gender, and age are likely major con-
tributors to idiosyncratic DILI, our knowledge should be 
expanded by enlarging population analysis with prospective 
and scoring causality assessment such as RUCAM [6].

9.4.3  DILI Signatures for Specific Drugs

For some drugs, clinical and laboratory characteristics have 
been identified. They are called “signatures” such as the time 
to onset of the liver injury, the type of the liver injury and 
associated signs or symptoms. Although not necessarily 
 validated by a CAM, this profile may be obtained from the 
NIH LiverTox website and could help determine the offend-
ing drug; however, one drug can induce various types of liver 
injury that limits the interpretation of website-based signa-
tures [16–18]. The general rule is that DILI signatures for 
specific drugs must be validated by several cases of DILI 
cases with confirmed high causality levels using RUCAM.

9.4.4  Demographics and DILI Characteristics

Based on DILI cases with causality assessment by RUCAM, 
features of idiosyncratic DILI have been published [16–18]. 
These reports originating from Germany [16], India [17], and 
China [18], enable deep analysis through comparisons across 
populations. According to the DILI results of the hospital- 
based Berlin Case-Control Surveillance Study from Germany, 
mean age was 55  years, and there was preponderance of 
females with 58% and the hepatocellular type of injury with 
46–69% [16]. Comedication with another hepatotoxic drug 
and compatible time course was described with 49–66% [16]. 
In half of the patients of the study from Germany, time from 
beginning of the drug administration was within a period 
ranging from 5 days up to 90 days [16]. Somewhat different 
results have been reported in the DILI study from India, with 
a mean age of 40 years, an equal distribution of females and 
males, a mean duration of drug exposure of 34 days, a mean 
interval between symptom onset and DILI recognition of 
14  days [17]. There was a predominance of hepatocellular 
injury (50%) as compared to cholestatic injury (15%) and 
mixed injury (35%) [17]. Analyses of DILI cases in China 
provided a mean age of 43 years and a predominance of the 
female gender (51%) and hepatocellular injury (62%) [18].

9.4.5  Clinical Spectrum

A typical clinical example for idiosyncratic DILI is triggered 
by the anesthetic halothane. Risk factors for halothane liver 
injury and ALF included age, obesity, female gender, and 
especially reexposure with halothane within a short period, a 
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known risk often not considered by professionals. Liver his-
tology usually shows confluent liver cell necrosis without 
intact hepatocytes. Today, other fluorinated anesthetics have 
replaced halothane, but the risks of liver injury remained 
though at a lower level.

Early clinical recognition of DILI is essential in order to 
discontinue the therapy with the suspect drug and to facilitate 
a complete resolution. Physicians should inform patients 
about possible symptoms that may emerge under a drug ther-
apy especially when the drug is known to induce acute liver 
injury. Patients with DILI may experience a variety of signs 
and symptoms, which are not specific and require further 
diagnostic evaluation. In detail, in Germany, fatigue was 
described in 50–66%, jaundice in 25–44%, and pale  stool/
dark urine in 16–34% of the series [16]. Most common symp-
toms in India were nausea (91%), vomiting (85%), abdominal 
pain (73%), and anorexia (69%), with lower frequencies of 
dark urine (58%) and jaundice (55%) [17]. Non- survivors 
commonly experienced jaundice, vomiting, dark urine, and 
abdominal pain, whereas these signs and symptoms were less 
frequently observed in survivors [17], in China the frequency 
of signs and symptoms was not specified [18].

The mortality rate of DILI was 5% in Germany [16], 16% 
in India [17], and 2.8% in China [18]. Liver transplantation 
rate was variable: Germany (0.5%) [16], India (0%) [17], 
and China (0.8%) [18]. For ALF by idiosyncratic DILI, no 
proven antidotes or other therapy options are available [5, 
19, 20], whereas N-acetylcysteine is an established treatment 
to prevent aggravation of the acute liver injury to ALF due to 
acetaminophen overdose [10]. This treatment should be initi-
ated immediately after admission, even if the overdose is 
only suspected. Despite options of specific and effective 
therapy, ALF remains a clinical issue, as evidenced by the 
fact that the most common cause of liver transplantation is 
DILI caused by acetaminophen overdose.

Otherwise, the clinical outcome of DILI is usually a com-
plete resolution after cessation of the suspected drug. In rare 
instances, DILI may evolve to chronic liver disease [18]. 
However, once the offending drug is discontinued, the lesion 
becomes inactive but the sequelae are irreversible such as a 
vanishing bile duct syndrome or extensive liver fibrosis with 
the serious complications of these conditions. Overall prog-
nosis of DILI can certainly be improved if the offending drug 
is early discontinued, but this requires quick diagnosis of 
DILI after alternative causes have been ruled out that are 
considered as confounding factors [7].

9.4.6  Alternative Causes

DILI is, by essence, a diagnosis of exclusion, requiring con-
sideration of other liver diseases mimicked by DILI. In prac-
tice, they are compiled in a check list (Table 9.1), which is 

not a comprehensive list and should be adapted to the clinical 
context [3, 8]. Alternative causes were identified as so called 
DILI cases in 22 published DILI series, ranging from 4% to 
47%. Among 13,336 cases of initially suspected DILI, alter-
native causes were found more likely in 4556 patients 
(34.2%) [7]. Biliary diseases such as biliary obstruction, 
cholangitis, choledocholithiasis, primary biliary cholangitis, 
and primary sclerosing cholangitis were among the most 
missed diagnoses. Alternative liver diseases included hepati-
tis B, C, and E, CMV, EBV, ischemic hepatitis, cardiac hepa-
topathy, autoimmune hepatitis, non-alcoholic fatty liver 
disease, non-alcoholic steatohepatitis, and alcoholic liver 
disease [7]. For reasons of transparency, in publications on 
DILI case series the presentation of a flow chart signifying 
alternative causes is recommended [7].

9.5  Biomarkers

Biomarkers cannot solve the problems of alternative diagno-
ses confounding DILI. No valid diagnostic or prognostic bio-
marker currently exists for idiosyncratic DILI, and several 
studies failed to show good performance indicators of candi-
dates [12]. The main reasons would be that idiosyncratic 
DILI is (1) typically a human disease hardly reproducible in 
animals, and (2) DILI cases used for testing the new biomark-
ers are not correctly assessed for causality that would decrease 
substantially the power of the tested biomarker [8]. Here also 
RUCAM-based assessment will ensure homogeneity of cases 
tested with the new biomarker. However, diagnostic biomark-
ers as blood (or urine) tests would be of great help for clini-
cians and regulators, and pharmaceutical industry would be 
more comfortable if, in addition to RUCAM, causality of 
DILI can be objectively confirmed [12].

Among the potential biomarkers under discussion [12] 
are CK-18 (Cytokeratin-18), microRNA-122 (microarray 
RNA-122), total HMGB-1 (High Mobility Group Box pro-
tein- 1), GLDH (Glutamate dehydrogenase), SDH (Sorbitol 
dehydrogenase) proposed as marker for hepatocyte necro-
sis, ccCK-18 (caspase-cleaved CytoKeratin-18) proposed 
as marker for apoptosis, hyperacetylated HMGB-1, and 
MCSFR-1 (Macrophage colony-stimulating factor recep-
tor- 1) proposed as marker for immune activation [8, 12]. 
Other proposals included M-30 (apoptosis), M-65 (apopto-
sis/necrosis), and microRNA-192 (unspecified liver dam-
age). Some of the proposed biomarkers are not liver or not 
drug specific, others are difficult to be assessed due to the 
requirement of mass spectroscopy [8, 12]. Microarray 
RNAs (microRNAs) including microRNA-122 have been 
evaluated in experimental liver injury and in human intrin-
sic DILI caused by acetaminophen or paracetamol, but 
uncertainty exists on their diagnostic value in human idio-
syncratic DILI [12].
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(continued)

Table 9.1 Checklist of differential diagnoses of DILI

Differential diagnosis Diagnostic parameters
Done
Yes No Partially

Group I
Hepatitis A virus (HAV) Anti-HAV-IgM □ □ □
Hepatitis B virus (HBV)
(Hepatitis D virus, HDV)

Anti-HBc-IgM and HBV-DNA
(specific marker of HDV)

□ □ □

Hepatitis C virus (HCV) Anti-HCV and HCV-RNA □ □ □
Hepatitis E virus (HEV) Anti-HEV-IgM and HEV-RNA □ □ □
Ischemic liver necrosis Episode of severe hypotension, shock, hypoxia or heart failure within 

3 days before the onset of liver injury
□ □ □

Biliary obstruction Liver imaging (e.g., ultrasound, CT, ERCP, MRC) □ □ □
Alcoholic liver disease (ALD) History, clinical and laboratory assessment (AST/ALT>2), other 

alcoholic disease(s)
□ □ □

Group II
 • Cytomegalovirus (CMV) CMV-PCR, titer change for anti-CMV-IgM/anti-CMV-IgG □ □ □
 • Epstein Barr virus (EBV) EBV-PCR, titer change for anti-EBV-IgM/anti-EBV-IgG □ □ □
 • Herpes simplex virus (HSV) HSV-PCR, titer change for anti-HSV-IgM/anti-HSV-IgG □ □ □
 • Varicella zoster virus (VZV) VZV-PCR, titer change for anti-VZV-IgM/anti-VZV-IgG □ □ □
 • Other viral infections Specific serology of HIV, Adenovirus, Coxsackie-B- Virus, 

Echovirus, Measles virus, Rubella virus, Flavivirus, Arenavirus, 
Filovirus, Parvovirus

□ □ □

 • Other infectious diseases Specific assessment of bacteria, fungi, parasites, worms, and others □ □ □
 • Autoimmune hepatitis (AIH) type I Gamma globulins, ANA, SMA, AAA, SLA/LP, Anti-LSP, 

Anti-ASGPR
□ □ □

 • Autoimmune hepatitis (AIH) type II Gamma globulins, Anti-LKM-1 (CYP 2D6), Anti-LKM-2 (CYP 
2C9), Anti-LKM-3

□ □ □

 • Primary biliary cirrhosis (PBC) AMA, Anti PDH-E2 □ □ □
 • Primary sclerosing cholangitis (PSC) p-ANCA, MRC □ □ □
 • Autoimmune cholangitis (AIC) ANA, SMA □ □ □
 • Overlap syndromes See AIH, PBC, PSC, and AIC □ □ □
 • Non alcoholic steatohepatitis (NASH) BMI, insulin resistance, hepatomegaly, echogenicity of the liver □ □ □
 •  Cocaine, ecstasy and other 

amphetamines
Toxin screening □ □ □

 • Rare intoxications Toxin screening for household and occupational toxins □ □ □
 • Hereditary hemochromatosis Serum ferritin, total iron-binding capacity, genotyping for C2824 and 

H63D mutation, hepatic iron content
□ □ □

 • Wilson’s disease Copper excretion (24 h urine),
Ceruloplasmin in serum,
Free copper in serum,
Coombs-negative hemolytic anemia, hepatic copper
Content, Kayser-Fleischer- ring, neurologic-psychiatric
Work-up, genotyping

□ □ □

 • Porphyria Porphobilinogen in urine, total porphyrins in urine □ □ □
 • α1-Antitrypsin deficiency α1-Antitrypsin in serum □ □ □
 • Pancreatic diseases Clinical and laboratory assessment, sonography, CT, MRT □ □ □
 • Celiac disease TTG antibodies, endomysium antibodies, duodenal biopsy □ □ □
 • Anorexia nervosa Clinical context □ □ □
 • Parenteral nutrition Clinical context □ □ □
 • Cardiopulmonary diseases E.g., Assessment of congestive heart disease, myocardial infarction, 

cardiomyopathy, cardiac valvular dysfunction, pulmonary embolism, 
pericardial diseases, arrhythmia, hemorrhagic shock

□ □ □

 • Addison’s disease Plasma cortisol □ □ □
 • Thyroid diseases TSH basal, T4, T3 □ □ □
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9.6  RUCAM-Based Causality Assessment

9.6.1  Principles

RUCAM is characterized by seven well-defined and scored 
key elements, the sum of which provides a final score with 
causality grading [3]. In addition to the tables providing the 
key elements and the score (Tables 9.2 and 9.3), working 
instructions are available in order to consider the vast  majority 
of situations and therefore reduce inter rater variability [8].

Before assessing causality, the first step is to define a liver 
injury. Current definitions are based on serum activity of ala-
nine aminotransferase (ALT) of at least 5 x ULN (upper limit 
of normal) and/or hepatic alkaline phosphatase (ALP) of at 
least 2 x ULN [3].

The second step is to determine the type of the liver injury 
according to the R ratio. The numerator is the ALT value 
expressed as a multiple of ULN (ALT/ALT ULN) and the 
denominator the ALP value expressed also as a multiple of the 
ULN (ALP/ALP ULN). The ratio R should be calculated at 
the beginning of the liver injury as the initial type could evolve 
over time towards another type that would change the criteria 
for causality assessment. In practice, two types of liver injury 
are considered for evaluation: hepatocellular injury (R  >  5) 
and cholestatic/mixed liver injury (R ≤ 5) [3] as they have dif-
ferent risk factors and time courses of ALT and ALP.

Key elements of RUCAM and their respective scores are 
provided for the hepatocellular injury (Table  9.2) and the 
cholestatic/mixed liver injury (Table 9.3).

The discussion on each key elements has been detailed 
elsewhere [8]. In brief, the key elements are: the timing of 
events, dechallenge, risk factors, comedications, search for 
alternative causes, known hepatotoxicity of the suspect drug 
and the results of rechallenge. In any case of suspected DILI 
it is possible to give a score to each element even when there 

is no information on this element (score null). The final score 
for each suspect drug indicates causality degrees: ≤0 point, 
excluded causality; 1–2, unlikely; 3–5, possible; 6–8, prob-
able; ≥9, highly probable. In case of suspected drug-drug 
interaction, RUCAM should be applied to the suspected 
combination as a single product.

9.6.2  Alternative Approaches of Causality 
Assessment

CAMs such as Naranjo scale or WHO-UMC causality 
assessment method are not liver specific, and they should be 
seen as guide for any adverse event [3, 8]. A suspected DILI 
needs a more specific approach with precise elements as 
described in RUCAM.  Other CAMs proposed only some 
RUCAM elements and their scores [3, 8, 9] but due to short-
comings none was recommended for use [3, 8]. The global 
introspection method used by DILIN considers some 
RUCAM items but without formal algorithm [3, 8]. This 
approach results in a subjective causality grading expressed 
as arbitrary percentage ranges and leaves questions open as 
to how key elements and missing data were taken into con-
sideration. Finally due to the absence of items definition and 
scores it is not easy or even possible to re-assess indepen-
dently the cases [3, 8, 9]. Instead, RUCAM was designed to 
be a user-friendly method with a simple form to go through 
and associated recommendations to users [3, 8].

9.6.3  Global Usage

There is much international support using RUCAM to assess 
causality for drugs and herbs in suspected DILI and HILI 
cases [3, 8, 9] as evidenced by the large number of RUCAM- 

Table 9.1 (continued)

Differential diagnosis Diagnostic parameters
Done
Yes No Partially

 • Grand mal seizures Clinical context of epileptic seizure □ □ □
 • Heat stroke Shock, hyperthermia □ □ □
 • Polytrauma Shock, liver injury □ □ □
 • Systemic diseases Liver cancer, sarcoidosis, amyloidosis, liver metastases, sepsis □ □ □

This tabular listing, although not comprehensive, is to be used as a guide and in connection with the updated RUCAM (Tables 9.2 and 9.3), derived 
from a previous publication [3]. Abbreviations: AAA anti-actin antibodies, AMA antimitochondrial antibodies, ANA antinuclear antibodies, ASGPR 
asialo-glycoprotein-receptor, BMI body mass index, CT computed tomography, CYP cytochrome P450, DPH pyruvate dehydrogenase, HAV hepa-
titis A virus, HBc hepatitis B core, HBV hepatitis B virus, HCV hepatitis C virus, HEV hepatitis E virus, HILI herb induced liver injury, HIV human 
immunodeficiency virus, LKM liver kidney microsomes, LP liver-pancreas antigen, LSP liver specific protein, MRC magnetic resonance cholan-
giography, MRT magnetic resonance tomography, p-ANCA perinuclear antineutrophil cytoplasmatic antibodies, PCR polymerase chain reaction, 
RUCAM Roussel Uclaf Causality Assessment Method, SLA soluble liver antigen, SMA smooth muscle antibodies, TSH thyroid stimulating hor-
mone, TTG tissue transglutaminase
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Table 9.2 Drug or herb induced liver injury. RUCAM scale for hepatocellular injury

Suspected product: Date:
Items for hepatocellular injury Score Result
1. Time to onset from the beginning of the drug/herb
    • 5–90 days (rechallenge: 1–15 days) +2 □
    • <5 or >90 days (rechallenge: > 15 days) +1 □
Alternative: Time to onset from cessation of the drug/herb

    • ≤ 15 days (except for slowly metabolized chemicals: > 15 days) +1 □
2. Course of ALT after cessation of the drug/herb
Percentage difference between ALT peak and ULN

    • Decrease ≥50% within 8 days +3 □
    • Decrease ≥50% within 30 days +2 □
    • No information or continued drug use 0 □
    • Decrease ≥50% after the 30th day 0 □
    • Decrease <50% after the 30th day or recurrent increase −2 □
3. Risk factors
    • Alcohol use (current drinks/day: >  for women, > 3 for men) +1 □
    • Alcohol use (current drinks/day: ≤ 2 for women, ≤ 3 for men) 0 □
    • Age ≥ 55 years +1 □
    • Age < 55 years 0 □
4. Concomitant drug(s)/herb(s)
    • None or no information 0 □
    • Concomitant drug/herb with incompatible time to onset 0 □
    • Concomitant drug/herb with time to onset 5–90 days −1 □
    • Concomitant drug/herb known as hepatotoxin and with time to onset 5–90 days −2 □
    •  Concomitant drug/herb with evidence for its role in this case (positive rechallenge or validated 

test)
−3 □

5. Search for alternative causes Tick if 
negative

Tick if not 
done

Group I (7 causes)
    • HAV: Anti-HAV-IgM □ □
    • HBV: HBsAg, anti-HBc-IgM, HBV-DNA □ □
    • HCV: Anti-HCV, HCV-RNA □ □
    • HEV: Anti-HEV-IgM, anti-HEV- IgG, HEV-RNA □ □
    • Hepatobiliary sonography/Doppler/CT/MRC □ □
    • Alcoholism (AST/ALT ≥2) □ □
    • Acute recent hypotension history (particularly if underlying heart disease) □ □
Group II (5 causes)
    •  Complications of underlying disease(s) such as sepsis, metastatic malignancy, autoimmune 

hepatitis, chronic hepatitis B or C, primary biliary cholangitis or sclerosing cholangitis, genetic 
liver diseases

□ □

    • Infection suggested by PCR and titer change for □ □
      • CMV (anti-CMV-IgM, anti-CMV-IgG) □ □
      • EBV (anti-EBV-IgM, anti-EBV-IgG) □ □
      • HSV (anti-HSV-IgM, anti-HSV-IgG) □ □
      • VZV (anti-VZV-IgM, anti-VZV-IgG) □ □
Evaluation of groups I and II
    • All causes-groups I and II—reasonably ruled out +2 □
    • The 7 causes of group I ruled out +1 □
    • 6 or 5 causes of group I ruled out 0 □
    • Less than 5 causes of group I ruled out −2 □
    • Alternative cause highly probable −3 □
6. Previous hepatotoxicity of the drug/herb
    • Reaction labelled in the product characteristics +2 □
    • Reaction published but unlabelled

(continued)
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Table 9.3 Drug or herb induced liver injury. RUCAM scale for cholestatic/mixed liver injury

Suspected product: Date:
Items for cholestatic or mixed liver injury Score Result
1. Time to onset from the beginning of the drug/herb
    • 5–90 days (rechallenge: 1–90 days) +2 □
    • <5 or >90 days (rechallenge: >90 days) +1 □
Alternative: Time to onset from cessation of the drug/herb

    • ≤30 days (except for slowly metabolized chemicals: >30 days) +1 □
2. Course of ALP after cessation of the drug/herb
Percentage difference between ALP peak and ULN

    • Decrease ≥50% within 180 days +2 □
    • Decrease <50% within 180 days +1 □
    • No information, persistence, increase, or continued drug/herb use 0 □
3. Risk factors
    • Alcohol use current drinks/day: >2 for women, >3 for men) +1 □
    • Alcohol use (current drinks/day: ≤2 for women, ≤3 for men) 0 □
    • Pregnancy +1 □
    • Age ≥ 55 years +1 □
    • Age < 55 years 0 □
4. Concomitant use of drug(s)/herb(s)
    • None or no information 0 □
    • Concomitant drug/herb with incompatible time to onset 0 □
    • Concomitant drug/herb with time to onset 5–90 days −1 □
    • Concomitant drug/herb known as hepatotoxin and with time to onset 5–90 days −2 □
    • Concomitant drug/herb with evidence for its role in this case (positive rechallenge or validated test) −3 □
5. Search for alternative causes Tick if 

negative
Tick if not 
done

Group I (7 causes)
    • HAV: Anti-HAV-IgM □ □
    • HBV: HBsAg, anti-HBc-IgM, HBV-DNA □ □
    • HCV: Anti-HCV, HCV-RNA □ □
    • HEV: Anti-HEV-IgM, anti-HEV- IgG, HEV-RNA □ □
    • Hepatobiliary sonography/Doppler/CT/MRC □ □
    • Alcoholism (AST/ALT ≥2) □ □
    •  Acute recent hypotension history (particularly if underlying heart disease) □ □
Group II (5 causes)
    •  Complications of underlying disease(s) such as sepsis, metastatic malignancy, autoimmune hepatitis, 

chronic hepatitis B or C, primary biliary cholangitis or sclerosing cholangitis, genetic liver diseases
□ □

Table 9.2 (continued)

Suspected product: Date:
Items for hepatocellular injury Score Result
    • Reaction unknown 0 □
7. Response to unintentional reexposure
    • Doubling of ALT with the drug/herb alone, provided ALT below 5ULN before reexposure +3 □
    • Doubling of ALT with the drug(s)/herb(s) already given at the time of first reaction +1 □
    • Increase of ALT but less than ULN in the same conditions as for the first administration −2 □
    • Other situations 0 □
Total score

The above items specifically refer to the hepatocellular injury rather than to the cholestatic or mixed liver injury, adapted from a previous detailed 
report on the updated RUCAM [3]. Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase, CMV cytomegalovirus, CT 
computer tomography, DILI drug induced liver injury, EBV Epstein Barr virus, HAV hepatitis A virus, HBc hepatitis B core, HBsAg hepatitis B 
surface antigen, HBV hepatitis B virus, HCV hepatitis C virus, HEV hepatitis E virus, HSV herpes simplex virus, MRC magnetic resonance chol-
angiography, RUCAM Roussel Uclaf Causality Assessment Method, ULN upper limit of the normal range, VZV Varicella zoster virus. Total score 
and resulting causality grading: ≤0, excluded; 1–2, unlikely; 3–5, possible; 6–8, probable; ≥9, highly probable

R. Teschke and G. Danan



103

based DILI and HILI reports published worldwide by regula-
tory agencies, large medical centers, registries, and authors 
reporting case series, case reports, epidemiological studies, 
and clinical trials [3, 8]. RUCAM supports the contention 
that DILI requires a rigorous causality management for indi-
vidual case evaluation, as expressed in encouraging and criti-
cal publications reviewing actual liver injury cases [5, 19], an 
approach highly appreciated and discussed in another com-
mentary [20].

In addition to the many reports that professionally and 
successfully used RUCAM as referenced [3, 8], one thor-
ough publication of DILI cases assessed by RUCAM merits 
further attention as a report of excellence [17]. As this study 
had been conceptualized prospectively, this ensured com-
pleteness of case data and high RUCAM-based causality 
gradings of highly probable (18%), and probable (70%), 
with lower gradings of possible (5%), unlikely or excluded 
(9%). The prospective use of RUCAM also facilitated early 
recognition of alternative causes in eight patients of the study 
cohort: acute hepatitis E virus (HEV) in three patients, auto-
immune hepatitis in two patients, and hepatitis A and B, and 
sarcoidosis in one patient each [17]. Of note, HEV is a 
 specific item in the updated RUCAM [3, 8, 9], a relevant 

diagnostic parameter rarely considered by other CAMs. In 
line with previous views [3, 8, 9], the results of the study 
under discussion also confirm that reliable causality data are 
achievable without the need of large, costly DILI networks, 
dependent on global introspection [17].

Issues of achieving the correct diagnosis in liver injury 
cases have a long history, with problems not confined to 
DILI [5–8, 13–18] but recently expanded to herb induced 
liver injury (HILI) that could account for 12–20% of acute 
liver injuries due to xenobiotics [5, 9, 18–20]. Indeed, the 
diagnosis of DILI and HILI cases is made difficult by con-
founding variables which include missing alternative causes, 
unverified diagnoses, and limited data quality [3–9, 19, 20].

9.7  Practical Example

A 64 year-old female patient with osteoarthritis of the hip was 
treated with diclofenac 50  mg tablets three times daily. After 
85 days of treatment, she complained of dark urine, itching, jaun-
dice, and epigastric pain, which led her to discontinue the medi-
cation. At hospital admission, increased serum activities were 
found: ALT 1832 U/L (normal <34), AST 1586 U/L (normal 

Table 9.3 (continued)

Suspected product: Date:
Items for cholestatic or mixed liver injury Score Result
    • Infection suggested by PCR and titer change for
      • CMV (anti-CMV-IgM, anti-CMV-IgG) □ □
      • EBV (anti-EBV-IgM, anti-EBV-IgG) □ □
      • HSV (anti-HSV-IgM, anti-HSV-IgG) □ □
      • VZV (anti-VZV-IgM, anti-VZV-IgG) □ □
Evaluation of groups I and II
    • All causes—groups I and II—reasonably ruled out +2 □
    • The 7 causes of group I ruled out +1 □
    • 6 or 5 causes of group I ruled out 0 □
    • Less than 5 causes of group I ruled out −2 □
    • Alternative cause highly probable −3 □
6. Previous hepatotoxicity of the drug/herb
    • Reaction labelled in the product characteristics +2 □
    • Reaction published but unlabelled +1 □
    • Reaction unknown 0 □
7. Response to unintentional reexposure
    • Doubling of ALP with the drug/herb alone, provided ALP below 2ULN before reexposure +3 □
    • Doubling of ALP with the drugs(s)/herbs(s) already given at the time of first reaction +1 □
    • Increase of ALP but less than ULN in the same conditions as for the first administration −2 □
    • Other situations 0 □
Total score

The above items specifically refer to the cholestatic or mixed liver injury, adapted from a previous detailed report of the updated RUCAM [3]. 
Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase, CMV cytomegalovirus, CT computer tomography, DILI drug 
induced liver injury, EBV Epstein Barr virus, HAV hepatitis A virus, HBc hepatitis B core, HBsAg hepatitis B antigen, HBV hepatitis B virus, HCV 
hepatitis C virus, HEV hepatitis E virus, HSV herpes simplex virus, MRC magnetic resonance cholangiography, RUCAM Roussel Uclaf Causality 
Assessment Method, ULN upper limit of the normal range, VZV Varicella zoster virus. Total score and resulting causality grading: ≤0, excluded; 
1–2, unlikely; 3–5, possible; 6–8, probable; ≥9, highly probable
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<31), and ALP 168 U/L (normal <115); R value was 37, indicat-
ing a hepatocellular type of liver injury. Autoimmune parameters 
and viral hepatitis serology parameters were negative, as was 
abdominal ultrasound. Symptoms and jaundice resolved after 
four weeks months, and all liver tests were normal 3 months after 
onset. Causality was assessed prospectively with the updated 
RUCAM and its subscale for the hepatocellular injury (Table 9.2) 
[3] and revealed a highly probable causality for diclofenac, based 
on a final score of +10 achieved with the following items and 
scores out of the following seven categories:

 1. Time to onset from the beginning of the drug, 5–90 days, 
achieved score + 2;

 2. Course of ALT after cessation of the drug, percentage dif-
ference between ALT peak

and ULN, decrease ≥50% within 8 days, score + 3;
 3. Risk factor Age ≥ 55 years, score + 1;
 4. Concomitant drug(s), none or no information, score 0;
 5. Search for alternative causes, all causes—groups I and 

II—reasonably ruled out, score + 2;
 6. Previous hepatotoxicity of the drug, reaction labelled in 

the product characteristics, score + 2;
 7. Response to unintentional reexposure, other situations, 

score 0.

This case as example shows that the prospective use of 
RUCAM ensures completeness of data and helps achieve a 
high causality grading.

9.8  Conclusions

Idiosyncratic DILI is a rare, unpredictable event that affects 
susceptible users, and mimicks almost all liver diseases such 
as chronic hepatitis and nonalcoholic or alcoholic liver dis-
eases with their high prevalence in the general population. 
Therefore, alternative causes often confound the DILI diag-
nosis and causes a delayed cessation of the suspected drug. 
International preference of assessing causality in cases of 
suspected DILI focuses on the use of RUCAM, an approach 
supported by many advantages of RUCAM as compared to 
other causality assessment methods. The clinician facing an 
elevated value of ALT or ALP should systematically con-
sider a possible DILI not limited to the prescribed drugs but 
also to herbs and dietary supplements. These remedies are 
usually not reported by the patients and should always be 
subject to questions by the physician. Once a DILI is sus-
pected the approach should always be the same one: is it a 
liver injury? Which type of liver injury? What are the prod-
ucts prescribed or not to the patients? Finally apply RUCAM 
product by product filling the form according to the type of 
the liver injury. The final score usually permits to identify the 
most likely drug. If not all the possible drugs should be 

 discontinued unless they are indispensable. A discussion can 
subsequently conducted on the score found by RUCAM.

The future will certainly bring progress in several areas: 
diagnostic and prognostic biomarkers, improvement of cau-
sality assessment certainly based on RUCAM incorporating 
data and algorithms coming from the artificial intelligence 
and prevention of DILI in well identified susceptible patients.

 Self Study

 Questions

 1. Which statement is true?
 (a) RUCAM is the worldwide most commonly used cau-

sality assessment method to establish or dismiss the 
diagnosis of DILI.

 (b) Pathogenesis of idiosyncratic DILI is best studied 
with animal models.

 (c) Idiosyncratic DILI is not foreseeable and not 
preventable.

 (d) Patients with idiosyncratic DILI may profit from a 
variety of antidotes.

 2. Which statement/statements is/are true?
 (a) For the diagnosis of DILI, many alternative causes 

have to be excluded, since previous DILI cases often 
were not DILI but had to be attributed to other causes.

 (b) To describe the liver injury signature, a liver histol-
ogy is required.

 (c) RUCAM represents an objective, quantitative diag-
nostic algorithm that uses defined key elements with 
individual scores.

 Answers

 1. Which statement is true?
 (a) CORRECT: The worldwide preferred method is 

RUCAM, which is highly appreciated by regulatory 
agencies, large clinical centers, pharmaceutical man-
ufacturers and authors of DILI case reports. RUCAM 
received an update in 2016, and this updated version 
should be used for future DILI cases.

 (b) Human idiosyncratic DILI is not reproducible in ani-
mal models, which are therefore not suitable for char-
acterizing this toxic liver disease in humans.

 (c) CORRECT: Since idiosyncratic DILI is not predict-
able, patients under a drug therapy should be advised 
to carefully watch out for possible clinical signs

 (d) such as dark-colored urine, itching, jaundice, and 
abdominal pain.

 (e) No antidotes are available for idiosyncratic DILI, 
N-Acetylcysteine is an antidote only available for 
intrinsic DILI by overdosed acetaminophen.
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 2. Which statement/statements is/are true?
 (a) CORRECT: Alternative causes are a problem in DILI 

cases and can be found by using RUCAM for general 
case evaluation and specific causality assessment.

 (b) DILI signature is based on serum activities of ALT 
and ALP rather than on liver histology obtained 
through invasive liver biopsy. ALT and ALP values 
clearly define DILI signature as hepatocellular liver 
injury or as cholestatic/mixed liver injury.

 (c) CORRECT: RUCAM is the preferred tool to assess 
causality of suspected DILI cases and cannot be 
replaced by any global introspection approach, which 
is, by definition, a subjective tool, lacking definition, 
transparency, and scoring system, and may lead to 
questionable results and conclusions.
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Acquired Metabolic Disorders

Ivanesa L. Pardo Lameda and Timothy R. Koch

10.1  Introduction

The liver is a complex and critically important organ 
involved in both the biosynthesis of as well as the metabo-
lism of numerous biochemical products. Acquired meta-
bolic liver disorders result from the loss of this hepatic 
homeostasis. The most common metabolic liver disorders 
are the spectrum of non-alcoholic fatty liver disease/non-
alcoholic steatohepatitis (which are discussed in Chap. 24) 
and alcoholic liver disease (which is discussed in Chap. 25). 
The focus of this chapter is the potential origins for, diagno-
sis of, and treatment of acquired metabolic liver disorders, 
which include ornithine transcarbamylase deficiency, por-
phyria, hemochromatosis, and alpha 1 antitrypsin deficiency 
(see Table 10.1). This chapter also describes the important 
genetic metabolic liver disease, Wilson disease. This chap-
ter is not intended to provide a description of the mainly 
pediatric hereditary metabolic liver disorders, which include 
congenital hyperbilirubinemias, glycogen storage diseases, 
and lipid storage diseases.
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Key Concepts
• A diagnosis of ornithine transcarbamylase defi-

ciency must be considered early in individuals with 
suspected hepatic encephalopathy because rapid 
reduction in the production of nitrogenous waste 
and increased excretion of nitrogenous waste are 
required to prevent neurological damage.

• Exposure to multiple chemicals can alter the heme 
biosynthetic pathway in erythroid and nonerythroid 
tissues leading to increased levels of porphyrins in 
stool, urine, and plasma.

• Abnormal iron storage in hepatocytes, the pituitary, 
myocytes, keratinocytes, joints, and pancreatic beta-
cells results from an autosomal recessive disorder that 
involves the HFE gene, as well as from excessive intake 
or absorption of oral iron, repeated blood transfusions 
in individuals with anemia, or chronic hepatitis C.

• Decreased alpha 1 antitrypsin protein levels can be 
identified in individuals with genetic mutations of 
the alpha 1 antitrypsin gene located on chromosome 
14 or with Tropical Pulmonary Eosinophilia due to 
intestinal worm infestation.

• Excessive deposition of copper in the eyes, brain, 
and liver results from a mutation of the ATP7B gene 
located on chromosome 13, which alters the bio-
synthesis of the ATP7B protein and thus results in 
difficulty releasing copper from the liver.

Table 10.1 Metabolic diseases of the liver

Disorder
Excessive 
product Diagnosis

Ornithine 
transcarbamylase 
deficiency

Ammonia Increased serum ammonia; 
Elevated urinary orotic acid

Porphyria  
(Cutanea Tarda)

Porphyrins Increased urinary 
uroporphyrin & 7-carboxylate 
porphyrin

Hemochromatosis Iron Elevated serum ferritin or 
transferrin saturation; Genetic 
testing; MRI liver; Liver 
biopsy

Alpha 1 antitrypsin 
deficiency

Defective 
Alpha-1
Antitrypsin 
protein

Alpha 1 antitrypsin protein 
level; Alpha 1 antitrypsin 
Pi-typing; DNA variant 
testing

Wilson disease Copper Decreased serum copper and 
Ceruloplasmin; increased 24 h 
urinary copper

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24432-3_10&domain=pdf
mailto:timothy.r.koch@medstar.net
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10.2  Ornithine Transcarbamylase 
Deficiency

10.2.1  Brief Historical Overview

Ornithine Transcarbamylase (OTC) deficiency is the most 
common urea cycle disorder. It was first described in 1962 
by Russel, affecting 1 in 8000 live births in the US [1], with 
a prevalence of 1:14,000–70,000. When the urea cycle is 
impaired, it fails to eliminate nitrogen waste, which then 
accumulates in the form of ammonia. Late onset disease has 
been diagnosed in 12% of patients with OTC deficiency [2]. 
The timing of presentation is variable due to X-chromosome 
inactivation seen in X-linked recessive traits, such as this 
one. Hyperammonemia, if left untreated, will manifest as 
neurological symptoms that may range from mild cognitive 
and psychomotor changes, to altered level of consciousness 
and coma [3]. These complications are often irreversible [4] 
and can carry a high mortality rate, especially if a diagnosis 
is made late (13–50%) [2, 5].

There have been multiple case reports in the literature 
describing hyperammonemia induced encephalopathy, coma 
and death. Usually, these patients have had a recent increased 
stress to their physiology like an injury or surgery; or have 
had an alteration to their diet, such as high protein diets like 
Atkins or bariatric surgery early postop diets [5]. After a 
thorough workup, these patients are eventually diagnosed 
with OTC deficiency, although sometimes too late.

10.2.2  Definition of the Disorder

The liver is the only site of the complete urea cycle (see 
Fig. 10.1). Ornithine Transcarbamylase (OTC) is an intra-
mitochondrial enzyme that is responsible to convert car-
bamoylphosphate and ornithine into citrulline, primarily in 
hepatocytes. Decreases in the activity of OTC will impair 
the urea cycle in the removal of nitrogenous waste, which 
will translate into an accumulation of ammonia. 
Hyperammonemia will increase gamma amino butyric acid 
(GABA) activity, leading to neurological consequences [6].

OTC deficiency is an X-linked disorder. The OTC gene is 
located at band Xp21.1; and the mutation has over 150 varia-
tions, which is responsible for the different phenotypes of the 
disease. Most commonly, the disease presents in male new-
borns with a heterozygote gene. Heterozygous females may 
remain asymptomatic until they become acutely or chroni-
cally challenged by enough physiological stress [6]. The 
variety of symptoms in these patients will depend on the 
degree of X-chromosome inactivation in different tissues, 
and especially the liver. About 85% of female that carry the 
mutation will remain asymptomatic during their lifetime. 
The remainder of female carriers can have symptoms that 
may range from behavioral and learning disabilities to pro-
tein intolerance, cyclical vomiting, and episodes of hyperam-
monemic coma (Table 10.1).

Symptoms of hyperammonemia are usually neurologi-
cal and range from mild cognitive and psychomotor 
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OTC : ornithine transcarbamylase
PRPP : phosphoribosyl pyrophosphate

Fig. 10.1 Ornithine 
transcarbamylase (OTC) 
deficiency is the most 
common urea cycle disorder. 
Inadequate levels of the liver 
enzyme ornithine 
transcarbamylase leads to 
overproduction of ammonia. 
[Reproduced with the 
permission of Springer 
International Publishing from 
Hartung B, et al. Int J Legal 
Med (2016) 130: 783–785]
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changes, to altered level of consciousness. An ammonia 
level > 200 micromol/L will cause cerebral edema, hernia-
tion and death [3]. An acute hyperammonemic episode may 
start with mild symptoms such as poor feeding, vomiting, 
and irritability; rapidly advancing to lethargy, tachypnea, 
hypoxemia, ataxia, seizures and coma. Patients will rapidly 
decompensate, and demise is imminent, if undiagnosed, 
and untreated.

10.2.3  Diagnosis

Patients with OTC deficiency present with an increase 
blood ammonia level as well as an increased urine orotic 
acid (as shown in Fig. 10.1), while liver function remains 
normal. The initial battery of labs to assist with diagnosis 
include: plasma ammonia, liver function test, arterial pH, 
lactate, glucose, electrolytes, anion gap, plasma amino 
acids, urine organic acids and urine orotic acid. In order to 
differentiate OTC deficiency from other urea cycle disor-
ders, quantification of amino acids will be needed. In OTC 
deficiency, the following will be observed: low citrulline 
and arginine, and increased glutamine and alanine levels. A 
normal liver and kidney function will be preserved until 
hypoxia or shock develops.

Enzyme analysis (OTC activity) is possible to be per-
formed on liver biopsy specimens, but this may be normal 
depending on the pattern of X-inactivation in the liver; and 
mutational analysis of OTC will only detect 70–80% of cod-
ing mutations (Table 10.2).

Other possible causes of hyperammonemia need to be 
excluded, such as: severe dehydration; liver failure; reactive 
hypoglycemia contributing to a catabolic state; precipitants 
of metabolic decompensations such as infection, injury or 

surgery; certain medications like valproic acid; as well as 
carnitine and zinc deficiency, which can interfere with OTC 
function [3].

The most important goal is to achieve a rapid diagnosis. 
This will prompt an immediate treatment plan and minimize 
the mortality risk.

10.2.4  Treatment

Rapid initiation of treatment is directed at preventing neuro-
logical damage. The pillars of treatment are to reverse catab-
olism, promote waste nitrogen excretion and treat any 
underlying precipitant (see Table 10.2).

Catabolism can be offset by the immediate discontinua-
tion of protein intake while increasing carbohydrate and lipid 
intake. This can be accomplished with intravenous dextrose 
and lipids. A patient will require placement of a central 
venous line. Intravenous 10–25% dextrose is then initiated to 
provide 40% of the caloric needs of the patient, with IV 
intralipids provided for the remainder 60% of caloric needs. 
The daily caloric goal should exceed 80 kcal/kg/day.

Excretion of nitrogenous waste can be accomplished by 
the addition of ammonia scavengers, e.g. intravenous sodium 
benzoate and sodium phenylacetate (IV Ammonul®). The 
suggested dosage of IV Ammonul® is 55  mL/m2 (prior to 
mixture with dextrose solution) given intravenously over 
90 min, and then followed by the same dose as a 24-h intra-
venous infusion. Additionally, intravenous citrulline and 
arginine will help stimulate the urea cycle by pulling aspar-
tate into it, thus increasing nitrogen clearance. Excretion of 
nitrogenous waste can also be accomplished by initiation of 
hemodialysis of critically ill patients who have Grade 3 
hepatic encephalopathy (somnolence to semi-stupor) or 
Grade 4 hepatic encephalopathy (coma), using the West 
Haven Criteria.

Once the patient is stabilized, treatment can be transi-
tioned to oral citrulline, benzoate, and/or phenylacetate. 
Plasma ammonia levels need to be monitored in these 
patients. Furthermore, it is essential that these patients 
receive nutritional counseling in order to ensure lifelong pro-
tein restriction. Anecdotal reports suggest that reversal of or 
a reduction in the length of intestinal bypass in individuals 
who have undergone prior bariatric surgery may result in 
improved clearance of nitrogenous waste. The use of long- 
term non-absorbable antibiotics, such as rifaximin, is unclear 
but it could be of theoretical benefit. Studies of the chronic or 
intermittent use of antibiotics are an important question to be 
further addressed.

Table 10.2 Treatment of metabolic diseases of the liver

Disorder Suggested medical treatmentsa

Ornithine 
transcarbamylase 
deficiency

Low protein intake; IV dextrose and/or 
lipids; IV sodium benzoate; hemodialysis  
(if critically Ill)

Porphyria Avoidance of triggers; glucose; panhematin; 
phlebotomy; hydroxychloroquine/
chloroquine

Hemochromatosis Phlebotomy; desferoxamine; avoid alcohol 
and iron supplements

Alpha 1 antitrypsin 
deficiency

Avoid alcohol; vaccinations against 
hepatitis A & hepatitis B; liver 
transplantation; antihelminthics

Wilson disease Penicillamine; trientine; zinc acetate
aIV: Intravenous
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10.3  Porphyria

10.3.1  Brief Historical Overview

Hippocrates is thought to have described porphyria (por-
phura in ancient Greek translates as “purple”). The role of 
porphyrin pigments in this disorder was described in 1871 by 
the German biochemist, Dr. Felix Hoppe-Seyer, while the 
term porphyria, to describe the clinical syndrome, has been 
ascribed to Dr. B.J Stokvis from work in 1889.

10.3.2  Definition of the Disorder

The heme biosynthetic pathway in erythroid and nonery-
throid tissues is important in cellular metabolism. 
Porphyrias are genetic diseases and there are at least eight 
subtypes of porphyria caused by variants of this pathway 
resulting in defective enzymatic activity [7–9]. Production 
of porphyrins can be initiated by exposure to alcohol, chlo-
rinated aromatic chemicals, hormones, antibiotics, and bar-
biturates [7].

The classic acquired porphyria is the development of 
porphyria cutanea tarda (Type 1) following exposure to 
Agent Orange (a mixture of two phenoxy herbicides: 
2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophen-
oxyacetic acid, that also contained a trace of a toxic 
dioxin). Clinical features of this disorder include the 
development of blistering and thinning of areas of sun-
exposed skin. This disease association was supported in 
1993 in a report from the National Academy of Sciences 
(USA) entitled: Veterans and Agent Orange—Health 
Effects of Herbicides used in Vietnam. Other chemicals 
[10] that have been linked to development of porphyria 
cutanea tarda include hexachlorobenzene. In porphyria 
cutanea tarda, there are inadequate liver levels of the 
enzyme, uroporphyrinogen decarboxylase. Porphyria cuta-
nea tarda is also associated with hepatic iron and with 
Hepatitis C.

10.3.3  Diagnosis

Increased levels of porphyrins can be measured in stool, 
urine, and plasma. Screening, which is performed while a 
patient has symptoms, can be performed by determination of 
a plasma total porphyrin measurement.

The diagnosis of porphyria cutanea tarda is supported by 
finding, in a 24 h urine collection, increased urinary uropor-
phyrin and 7-carboxylate porphyrin. Serum ferritin should 
be normal to moderately elevated in a patient with porphyria 
cutanea tarda (high levels of ferritin should raise the question 
of hemochromatosis).

10.3.4  Treatment

The initial treatment [8, 9] of porphyria is prevention, e.g. 
the avoidance of environmental exposures that can initiate 
production of porphyrins (alcohol, chlorinated aromatic 
chemicals, hormones, antibiotics, and barbiturates). For 
acute (genetic) porphyrins, oral sugar can be provided. 
Hospitalization should be considered as needed for symp-
tomatic treatment of dyspnea, pain, vomiting, or dehydra-
tion. Symptoms in these individuals may improve with 
intravenous infusion of glucose. Serious symptoms may 
respond to infusions of Panhematin (Hemin) 1 to 4 mg/kg/
day given intravenously over 10–15  min once daily for 
3–14 days, based upon a patient’s clinical signs and symp-
toms (see Table 10.2).

The initial treatment of porphyria cutanea tarda is also 
prevention, e.g. the avoidance of alcohol and avoiding 
exposure to estrogen. Patients with porphyria cutanea tarda 
and hemoglobin >12  g/dl often clinically respond to 
removal of hepatic iron via phlebotomy to remove 500 ml 
of whole blood once weekly (with a goal to remove a total 
of 5–6 units of whole blood). Alternative therapy [11] is the 
use of oral low dose chloroquine (125 mg twice a week) or 
hydroxychloroquine (100  mg twice a week). Medical 
Providers should consider obtaining periodic retinal exami-
nations in those individuals receiving chloroquine or 
hydroxychloroquine.

Liver transplantation is beneficial for patients with end- 
stage liver disease caused by protoporphyrin, in which hepa-
totoxic and pigment loading of hepatocytes and bile 
canalicular sludging can lead to progressive cholestasis and 
subsequent cirrhosis.

10.4  Hemochromatosis

10.4.1  Brief Historical Overview

The term hemochromatosis [12] appears to have derived 
from a German Dr. von Recklinghausen who in 1889 demon-
strated that there was iron in the liver, and bleeding into the 
liver was thought to be the cause of this pigment. In 1927, 
Dr. JH Sheldon in the Quarterly Journal of Medicine 
described the iron content of tissues in hemochromatosis. Dr. 
Sheldon then published a monograph in 1935 describing the 
clinical and pathological features of 311 cases of hemochro-
matosis evaluated over a 70 year period.

10.4.2  Definition of the Disorder

Hereditary hemochromatosis is an autosomal recessive 
disorder that involves the HFE gene, and causes abnor-
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mal iron storage as the result of association of HFE pro-
tein with the transferrin receptor in the duodenum. A 
change at residue 282 from the amino acid cysteine to the 
amino acid tyrosine (termed: C282Y where C is the 
abbreviation for cysteine and Y is the abbreviation for 
tyrosine) has been identified in about 85% of individuals 
with hereditary hemochromatosis. Approximately 0.3% 
of Caucasians are homozygous for the mutant allele. 
There is abnormal iron deposition in hepatocytes, as well 
as in the pituitary, myocytes, keratinocytes, joints, and 
pancreatic beta-cells.

Secondary or acquired hemochromatosis can result from 
excessive intake of oral iron, excessive absorption of iron 
(due to alcoholism), repeated blood transfusions in individu-
als with anemia (sickle-cell anemia, X-linked sideroblastic 
anemia, congenital dyserythropoietic anemia, the multiple 
types of thalassemia, pyruvate kinase deficiency, or heredi-
tary spherocytosis), or chronic hepatitis C [13]. Individuals 
receive 200–250  mg of iron with each transfused unit of 
packed red blood cells.

10.4.3  Diagnosis

The classic description of an individual with hereditary 
hemochromatosis is presentation with liver enlargement 
or cirrhosis in combination with “bronze” skin color and 
diabetes mellitus. Individuals can present with symp-
toms/findings of arthropathy, cardiomyopathy, or hypo-
gonadism, or they can simply present with cirrhosis. The 
diagnosis of hemochromatosis is supported by testing 
revealing elevated serum ferritin or elevated serum trans-
ferrin saturation. Genetic testing can be then performed 
to examine the HFE C282Y mutation. In the 15% of 
individuals without the HFE gene mutations, patients 
can be sent for magnetic resonance imaging of the liver 
or proceed to the historical “gold standard” for diagno-
sis, which is performance of a liver biopsy with iron 
quantification.

10.4.4  Treatment

The patient should be asked to avoid intake of all alcohol 
products [14]. Phlebotomy is the initial effective treatment 
for hereditary hemochromatosis and, if begun early in the 
course of this metabolic disease, can prevent the develop-
ment of cirrhosis. The pretreatment hemoglobin should be 
>12 g/dl. Phlebotomy to remove 500 ml of whole blood once 
weekly is performed to produce a transferrin saturation of 
<50% or a serum ferritin of <50  ng/ml. For maintenance 
treatment, an individual may require phlebotomy to remove 
500 ml every 3 months (see Table 10.2).

In patients with hereditary hemochromatosis, liver trans-
plantation is indicated for treatment of individuals with 
decompensated cirrhosis or hepatocellular carcinoma.

Some individuals [15], especially those with acquired 
hemochromatosis induced by multiple blood transfusions, 
have been treated with an iron chelating agent, desferox-
amine. Desferoxamine is given subcutaneously at a dose of 
25–40 mg/kg, 5 days weekly. Serious renal, pulmonary, and 
neurological adverse effects have been reported at higher 
doses.

Initial treatment of other causes of secondary or acquired 
hemochromatosis is the avoidance of alcohol containing 
products and discontinuation of iron supplements. If it has 
been diagnosed, chronic hepatitis C can be treated with 
appropriate antiviral therapy.

10.5  Alpha 1 Antitrypsin Deficiency

10.5.1  Brief Historical Overview

In 1964, Dr. F. Kueppers and associates reported in the jour-
nal SCIENCE that alpha 1 antitrypsin deficiency appeared to 
be a genetic disease. Individuals who had both alleles of this 
genetic disorder had alpha 1 antitrypsin protein levels that 
were < 10% of normals and had pulmonary emphysema. By 
contrast, individuals who were heterozygous had alpha 1 
antitrypsin levels that were 50–60% of normals and had no 
apparent pulmonary disease.

10.5.2  Definition of the Disorder

Over 200 genetic mutations of the alpha 1 antitrypsin gene 
located on chromosome 14 have been reported. Upon genetic 
testing for alpha 1 antitrypsin, three alleles have been 
described, M, S, and Z. In examining the Proteinase inhibitor 
(Pi) locus, normal individuals have the MM alleles, hetero-
zygotes have an M allele and a Z allele, while the presence of 
the homozygote ZZ alleles leads to the more severe form of 
protein misfolding. Individuals who are PiSZ have an 
increased risk of liver or lung disease. Alpha 1 antitrypsin is 
a protease inhibitor that is mainly biosynthesized by hepato-
cytes. This protein protects tissues from proteolytic enzyme 
damage, and this benefit appears to be protective with regards 
to white blood cells that produce neutrophil elastase. This 
defect can lead to tissue damage involving connective tissue 
in the lung and liver. The worldwide estimate is that three 
million individuals have genetic alpha1 antitrypsin defi-
ciency. These individuals have an increased risk of develop-
ment of hepatocellular carcinoma [16].

There have been sporadic reports of acquired alpha 1 anti-
trypsin deficiency, especially in Tropical Pulmonary 
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Eosinophilia. In individuals with Tropical Pulmonary 
Eosinophilia due to intestinal worm infestation, low levels of 
the protein, alpha 1 antitrypsin, have been reported. These 
individuals have normal M1 or M2 alleles.

10.5.3  Diagnosis

Individuals may be seen for emphysema, chronic bronchitis, 
asthma, or chronic liver disease (which can occur at any 
age). A diagnosis of alpha 1 antitrypsin deficiency should be 
considered in individuals presenting with bronchiectasis, 
necrotizing panniculitis, or unexplained vasculitis. Screening 
for this disorder can include determination of alpha 1 anti-
trypsin protein level by Nephelometry. Isoelectric focusing 
can be performed for Pi-typing. DNA probes that are specific 
for two to four of the most common genetic variants are used 
to evaluate the DNA of the SERPINA1 (alpha 1 antitrypsin) 
gene.

10.5.4  Treatment

Patients should avoid consumption of alcohol containing 
products [17]. It has been suggested that affected indi-
viduals should maintain proper nutritional status, includ-
ing being within the normal range of weight or body mass 
index (due to the relationship between excessive weight 
and nonalcoholic fatty liver disease). Individuals should 
receive both the Hepatitis A vaccine as well as the 
Hepatitis B vaccine (see Table 10.2). Alpha 1 antitrypsin 
deficiency-related liver disease cannot be treated with 
augmentation therapy (using alpha 1 antitrypsin protein 
purified from plasma of healthy humans). Liver trans-
plantation is considered for those individuals with end- 
stage chronic liver disease.

Antihelminthics are used for treatment of individuals with 
Tropical Pulmonary Eosinophilia. This treatment has been 
shown to increase protein levels of alpha 1 antitrypsin.

10.6  Wilson Disease

10.6.1  Brief Historical Overview

In 1912, Dr. SAK Wilson submitted an M.D. dissertation to 
the University of Edinburgh Medical School that was enti-
tled “Progressive Lenticular Degeneration”. This work first 
reported an association between neurological disease and a 
liver disorder, and Dr. Wilson brought the term “extrapyra-
midal” into the medical literature.

10.6.2  Definition of the Disorder

There is no description of an acquired Wilson disease, such 
as due to a somatic gene mutation. The pathophysiology of 
the disorder termed “Acquired Hepatocerebral Degeneration” 
is not related to copper metabolism [18].

Worldwide, 1 in every 30,000 individuals has Wilson dis-
ease. The ATP7B gene is located on chromosome 13, and 
more than 500 described mutations can cause Wilson dis-
ease. This autosomal recessive genetic disorder is caused by 
a gene mutation that alters the biosynthesis of the ATP7B 
protein, resulting in difficulty releasing copper from the 
liver. This defect interferes with the normal clearance of cop-
per via biliary excretion of copper. A minor amount of cop-
per (estimates are 0.34 mg/day) is lost through hair loss, loss 
of skin cells, and sweat, and normal individuals thus main-
tain an estimated 100–150 mg of hepatic copper stores. In 
normal physiology, bile itself reduces copper absorption, 
suggesting that bile output from the liver can in part regulate 
the amount of copper that is absorbed.

In Wilson disease, there is subsequently excessive deposi-
tion of copper in the eyes, brain, and liver. The most common 
presentation is that of liver disease in an individual in their 
teenage years. A complex of neurological symptoms includ-
ing difficulties with speech, difficulty swallowing, behav-
ioral changes, tremors, stiffness of muscles, and poor 
coordination can result from the accumulation of copper in 
the central nervous system.

10.6.3  Diagnosis

The altered metabolism of copper in Wilson disease is sup-
ported by low serum or plasma levels of copper, low serum 
levels of the copper-related protein, ceruloplasmin, elevated 
24-h urinary excretion of copper, slit lamp examination for 
Kayser-Fleischer (termed: K-F) rings in the cornea, cranial 
magnetic resonance imaging, and sequencing of the ATP7B 
gene. Screening family members of patients with Wilson dis-
ease can identify asymptomatic individuals [19].

10.6.4  Treatment

The primary treatment of Wilson disease is the use of chelat-
ing agents [20], e.g. penicillamine or trientine (in those indi-
viduals intolerant of penicillamine), to facilitate clearance of 
copper from the body (“decoppering the patient”), in combi-
nation with a low copper diet (see Table 10.2). The suggested 
treatment with penicillamine is to take by mouth 250  mg 
daily in the first week of treatment with incremental increases 
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as tolerated every 4–7 days (by adding an additional 250 mg 
to the daily dose) with a goal of intake of up to 1.5 g daily. 
Individuals receiving penicillamine should also be given a 
daily oral supplement of 25–50  mg of Vitamin B6. 
Penicillamine is Pregnancy Category D (it can cause fetal 
harm), and mothers taking this drug should not nurse their 
baby. Penicillamine can cause potentially fatal adverse 
effects. This treatment requires periodic monitoring of com-
plete blood count, liver function tests, 24  h urine copper 
excretion, and serum or plasma copper and ceruloplasmin. 
The goal is to demonstrate a daily urinary excretion of up to 
1000  mcg of copper. After 3  months, adequate treatment 
would be supported by a decline in 24 h urinary copper excre-
tion and by a decline in free copper in serum to <10 mcg/dl.

The suggested treatment with trientine is start at 750 mg/
day taken by mouth in divided doses every 6–12 h within the 
first week, with a goal of increasing slowly to 1250 mg/day 
(but not to exceed 2 g/day). Trientine is Pregnancy Category: 
C (use with caution if benefits outweigh risks). Trientine has 
multiple reported adverse effects, and development of ele-
vated body temperature can be a sign of hypersensitivity. 
This treatment requires periodic monitoring of 24  h urine 
copper excretion, liver function tests, and serum or plasma 
copper and ceruloplasmin. The goal is to demonstrate a daily 
urinary excretion of up to 1000  mcg of copper. After 
3  months, adequate treatment would be supported by a 
decline in 24 h urinary copper excretion and by a decline in 
free copper in serum to <10 mcg/dl.

During treatment with chelating agents, neurological 
symptoms can worsen in patients with Wilson’s disease. As 
one potential explanation, low vitamin E levels have been 
reported in individuals with Wilson disease, and vitamin E 
deficiency can lead to damage to central and peripheral 
nerves.

After decoppering by utilization of a chelating agent, 
chronic treatment with oral zinc acetate (200 mg of elemen-
tal zinc daily) has been approved by the United States Food 
& Drug Administration for maintenance therapy in individu-
als with Wilson disease [21]. This treatment may be more 
effective when combined with the chronic use of a low cop-
per diet. This treatment requires periodic monitoring of liver 
function tests and serum or plasma copper, zinc, and 
ceruloplasmin.

Other agents that have been reported to be of potential 
benefit in subsets of individuals with Wilson disease include 
sodium dimercaptosuccinate, dimercaptosuccinic acid, and 
tetrathiomolybdate.

Individuals with Wilson disease who present with fulmi-
nant liver failure or are unresponsive to medical therapy 
should be evaluated for potential liver transplantation.

10.7  Conclusions and Future Perspectives

Late onset ornithine transcarbamylase deficiency is a very 
rare disorder, carrying lethal prognosis if an early diagnosis 
and treatment implementation is not undertaken. Most 
reports in the literature consist of case reports or small case 
series, some of them in susceptible patient population as is 
the bariatric surgery patient. More studies are required to 
identify altered expressions of ornithine transcarbamylase 
deficiency, and different phenotypes of the disorder, in order 
to better identify these patients.

In future work, pathophysiological mechanisms of dis-
ease remain an area of focus for clinical research in this field. 
Further studies of risks factors, potential environmental 
agents, and potential exposures are very important for pre-
venting the development of acquired metabolic liver disor-
ders, which include ornithine transcarbamylase deficiency, 
porphyria, hemochromatosis, and alpha 1 antitrypsin 
deficiency.

 Self Study

 Questions

 1. Which statements are true?
 (a) Ornithine Transcarbamylase deficiency is the most 

common urea cycle disorder.
 (b) Hyperammonemia causes symptoms of peripheral 

neuropathy beginning with paresthesias of the 
extremities, progressing to numbness, and then to a 
constant burning sensation.

 (c) Patients with Ornithine Transcarbamylase deficiency 
present with a decreased urine orotic acid.

 (d) Initial treatment of ornithine transcarbamylase defi-
ciency involves a reduction in the production of 
nitrogenous waste as well as increased excretion of 
nitrogenous waste.

 2. Which statement is true?
 (a) Porphyrias result from a urea cycle disorder.
 (b) The development of blistering and thinning of areas 

of sun-exposed skin can result from exposure to a 
mixture of two phenoxy herbicides: 
2,4- dichlorophenoxyacetic acid and 2,4,5-trichloro-
phenoxyacetic acid.

 (c) The avoidance of alcohol does not prevent develop-
ment of porphyria cutanea tarda.

 (d) Individuals receiving chloroquine or hydroxychloro-
quine should undergo periodic examination of renal 
or kidney function.
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 3. Which statement is true?
 (a) Hereditary hemochromatosis is an autosomal domi-

nant disorder that involves the HFE gene.
 (b) Symptoms/findings of hemochromatosis include 

liver enlargement, cirrhosis, “bronze” skin color, dia-
betes mellitus, arthropathy, cardiomyopathy, or 
hypogonadism.

 (c) In individuals without HFE gene mutations, com-
puterized tomography imaging of the liver is gen-
erally useful for supporting a diagnosis of 
hemochromatosis.

 (d) Phlebotomy is the initial treatment for hereditary 
hemochromatosis and the pretreatment hemoglobin 
should be >10 g/dl with a serum ferritin of <50 ng/ml.

 4. Which statements are true?
 (a) Alpha 1 antitrypsin is a protease inhibitor mainly bio-

synthesized by hepatocytes that protects tissues from 
proteolytic enzyme damage.

 (b) Upon genetic testing for alpha 1 antitrypsin, three 
alleles have been described, M, S, and Z.

 (c) There have been sporadic reports of acquired alpha 1 
antitrypsin deficiency, especially in individuals with 
Tropical Pulmonary Eosinophilia and the homozy-
gote ZZ alleles.

 (d) Alpha 1 antitrypsin deficiency-related liver disease is 
treated with augmentation therapy using alpha 1 anti-
trypsin protein purified from plasma of healthy 
humans.

 5. What is the most effective initial treatment for Wilson 
Disease?
 (a) Low copper diet.
 (b) Oral zinc supplements.
 (c) Decoppering with penicillamine
 (d) Decoppering with trientine

 Answers

 1. Which statements are true?
(a) Ornithine Transcarbamylase deficiency is the most 

common urea cycle disorder with a prevalence of 
1:14,000–70,000.

(b) Untreated hyperammonemia will manifest as neuro-
logical symptoms that may range from mild cogni-
tive and psychomotor changes, to altered level of 
consciousness and coma.

(c) Patients with Ornithine Transcarbamylase deficiency 
present with an increased urine orotic acid.

(d) Ornithine transcarbamylase deficiency must be con-
sidered early in individuals with suspected hepatic 
encephalopathy because rapid reduction in the pro-
duction of nitrogenous waste and increased excretion 
of nitrogenous waste are required to prevent neuro-
logical damage.

 2. Which statement is true?
(a) Porphyrias are the result of defective enzymatic activ-

ity in the heme biosynthetic pathway in erythroid and 
nonerythroid tissues.

(b) The classic acquired porphyria is the development  
of porphyria cutanea tarda (Type 1) following  
exposure to Agent Orange (two phenoxy  
herbicides: 2,4- dichlorophenoxyacetic acid and 
2,4,5- trichlorophenoxyacetic acid containing a trace 
of a toxic dioxin). Clinical features of this disorder 
include the development of blistering and thinning of 
areas of sun-exposed skin.

(c) The initial treatment of porphyria cutanea tarda is pre-
vention, e.g. the avoidance of alcohol and avoiding 
exposure to estrogen.

(d) Medical Providers should consider obtaining periodic 
retinal examinations in those individuals receiving 
chloroquine or hydroxychloroquine. The protective 
effect of hydroxychloroquine in retarding renal dam-
age occurrence in individuals with autoimmune disor-
ders has been reported.

 3. Which statement is true?
(a) Hereditary hemochromatosis is an autosomal reces-

sive disorder that involves the HFE gene, and causes 
abnormal iron storage as the result of association of 
HFE protein with the transferrin receptor in the 
duodenum.

(b) The classic description of an individual with heredi-
tary hemochromatosis is presentation with liver 
enlargement or cirrhosis in combination with “bronze” 
skin color and diabetes mellitus. Individuals can pres-
ent with symptoms/findings of arthropathy, cardiomy-
opathy, or hypogonadism, or they can simply present 
with cirrhosis.

(c) In the 15% of individuals without the HFE gene 
mutations, patients can be sent for magnetic reso-
nance imaging of the liver or proceed to the histori-
cal “gold standard” for diagnosis, which is 
performance of a liver biopsy with iron 
quantification.

(d) Phlebotomy is the initial effective treatment for hered-
itary hemochromatosis and, if begun early in the 
course of this metabolic disease, can prevent the 
development of cirrhosis. The pretreatment hemoglo-
bin should be >12 g/dl. Phlebotomy to remove 500 ml 
of whole blood once weekly is performed to produce 
a transferrin saturation of <50% or a serum ferritin of 
<50 ng/ml.

 4. Which statements are true?
(a) Alpha 1 antitrypsin is a protease inhibitor that is 

mainly biosynthesized by hepatocytes. This protein 
protects tissues from proteolytic enzyme damage, and 
this benefit appears to be protective with regards to 
white blood cells that produce neutrophil elastase. 
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This defect can lead to tissue damage involving con-
nective tissue in the lung and liver.

(b) Upon genetic testing for alpha 1 antitrypsin, three 
alleles have been described, M, S, and Z. In examining 
the Proteinase inhibitor (Pi) locus, normal individuals 
have the MM alleles, heterozygotes have an M allele 
and a Z allele, while the presence of the homozygote 
ZZ alleles leads to the more severe form of protein 
misfolding. Individuals who are PiSZ have an 
increased risk of liver or lung disease.

(c) There have been sporadic reports of acquired alpha 1 
antitrypsin deficiency, especially in Tropical 
Pulmonary Eosinophilia. In individuals with Tropical 
Pulmonary Eosinophilia due to intestinal worm infes-
tation, low levels of the protein, alpha 1 antitrypsin, 
have been reported. These individuals have normal 
M1 or M2 alleles.

(d) Alpha 1 antitrypsin deficiency-related liver disease 
cannot be treated with augmentation therapy (using 
alpha 1 antitrypsin protein purified from plasma of 
healthy humans).

 5. What is the most effective initial treatment for Wilson 
Disease?
(a) A low copper diet is not effective for decoppering an 

individual with Wilson disease.
(b) The United States Food and Drug Administration did 

not approve zinc supplements for the initial decopper-
ing of individuals with Wilson disease.

(c) Penicillamine is the preferred treatment for the initial 
decoppering of an individual with Wilson disease.

(d) Trientine is used for decoppering individuals with 
Wilson disease who are intolerant of penicillamine.
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Vascular Disorders of the Liver

Vlad Damian Vintilă, Alexandra Maria Chitroceanu, 
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Abbreviations

BCS Budd-Chiari syndrome
HVOTO Hepatic venous outflow tract
PVT Portal vein thrombosis
SOS Sinusoidal obstruction syndrome
VOD Veno-occlusive disease
HHT Hereditary haemorrhagic telangiectasia
Angio-MR Magnetic resonance angiography
Angio-CT Computed tomography angiography
TIPS Transjugular intrahepatic portosystemic shunt

11.1  Introduction

The liver is a very vascular organ and at rest receives up to 
25% of total cardiac output [1]. It is divided into eight inde-
pendent segments, each segment having a separate hepatic 
artery and portal vein in the centre and hepatic veins in the 
periphery [2]. The microscopic units of the liver are known 
as hexagonal hepatic lobules, formed by radiating hepato-
cytes and many specialized capillaries known as sinusoids 
[2]. Every component of the hepatic vascular system (hepatic 
arteries, portal and hepatic veins, sinusoids, and lymphatics) 
can present a spectrum of variants and pathologic condi-
tions. In the last years, international collaborations provided 
data- supported approaches, which allowed to increase 
knowledge and awareness in understanding and manage-
ment of these conditions. Vascular disorders of the liver 
affect less than 5/10,000 patients and together comprise a 
number of rare conditions that can cause non-cirrhotic portal 
hypertension with high morbidity and mortality [3]. 
Moreover, they are usually diagnosed in young people, with 
a contrarily normal life expectancy if these conditions are 
timely diagnosed and managed properly [3]. Diagnosis is 
based on a high degree of clinical suspicion and usually 
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Key Concepts
• Vascular disorders of the liver are rare conditions, 

usually affecting young people, with high morbid-
ity and mortality that can occur in the absence of a 
proper diagnosis and disease-specific management.

• An underlying systemic prothrombotic condition is 
found in patients with Budd-Chiari Syndrome and 
portal vein thrombosis

• Anticoagulation should be initiated without waiting 
in patients with Budd-Chiari Syndrome and acute 
portal vein thrombosis.

• Sinusoidal obstruction syndrome occurs as an iatro-
genic complication of exposure to toxic agents for 
sinusoidal endothelium of the liver and hematopoi-
etic bone marrow cells.

• Vascular malformations in hereditary haemorrhagic 
telangiectasia affect the liver extensively and evolve 
continuously from small telangiectasia to large arte-
riovenous malformations.
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 confirmed by imaging. Doppler ultrasound, angio-MR, 
angio-CT provide information of similar accuracy depend-
ing of the type of vascular disorder and have the advantage 
of being non-invasive. Liver biopsy is excessive in most of 
the case and usually not recommended. Treatment depends 
on the type of vascular disorder, associated conditions and 
patient’s clinical status. Given the rarity of some vascular 
disorders of the liver, not all will be discussed in this chapter. 
A spectrum of variants and diseases involving the hepatic 
venous outflow tract will be considered, notably Budd-
Chiari Syndrome (BCS). Anomalies, and disease involving 
the portal vein such as acute portal vein thrombosis (PVT), 
chronic PVT, and cavernous transformation will be dis-
cussed. Sinusoidal obstruction syndrome (SOS) also 
reviewed. Congenital vascular malformations involving the 
liver are also explained, with an emphasis on hepatic vascu-
lar malformations in hereditary haemorrhagic telangiectasia 
(HHT) and congenital shunts.

11.2  Budd-Chiari Syndrome or Hepatic 
Venous Outflow Tract Obstruction

Budd-Chiari syndrome (BCS) known also as hepatic 
venous outflow tract obstruction (HVOTO) is define by an 
obstruction on the hepatic veins, at any level between small 
intrahepatic veins to the entrance of the inferior vena cava 
and right atrium, independent of the mechanism of obstruc-
tion, leading to an impaired hepatic venous drainage [3]. 
Cardiac disease, pericardial disease or sinusoidal obstruction 
syndrome (SOS) are excluded from this definition [3, 4]. 
BCS can be classified depending on the level of obstacle: 
small hepatic veins, inferior vena cava, and any combination 
thereof, having among these categories distinct presentation 
and geographical distribution [5].

Aetiology: According to the cause, BCS can be classified 
into primary or secondary. Primary BCS is the consequence 
of a primarily venous disease (thrombosis or phlebitis), and 
secondary BCS is the result of an external compression or 
invasion by a lesion originating outside the vein (benign or 
malignant tumour or infectious process) [3, 4].

An underlying systemic prothrombotic condition is found 
in up to 80% in patients with BCS [6]. However, the aetiol-
ogy is often multifactorial. A combination of such condi-
tions is present in nearly half, particularly in patients with 
heterozygous factor V Leiden or in patients taken oral con-
traceptives or pregnant women [7]. Antiphospholipid anti-
bodies are responsible for 30% of BCS cases whereas lupus 
anticoagulant or anti-beta-2 glycoprotein 1 antibodies for 
4–5% [3]. The aetiology of primarily BCS differ greatly 
among countries. In Europe, BCS is mostly secondary to 
thrombosis in hepatic veins, whereas in Asia, Behcet dis-
ease, membranous obstruction of the inferior vena cava are 

the most common aetiologies [8]. BCS has been related to 
myeloproliferative neoplasms in 35–50% cases in western 
countries, JAK2 mutation, V617F mutation account for 90% 
of them and CARL mutations in 2–5% [9].

The main primary tumours involving in secondary BCS 
are carcinoma: hepatocellular, renal and adrenal, primary 
hepatic hemangiosarcoma, epithelioid hemangioendotheli-
oma, sarcoma of the inferior vena cava, right atrial myxoma, 
alveolar hydatid disease [10]. Infectious processes account 
for a small number of cases and most common are: amoebic 
and pyogenic abscess, polycystic liver disease [7]. Moreover, 
BCS may occur following trauma [7], hepatic resection or 
transplantation [11].

The local factor that develops thrombosis of the hepatic 
venous tract remains unidentified in most patients [4].

The diagnosis of the underlying cause (primary or sec-
ondary) of BCS has important implications for treatment. If 
left untreated, symptomatic BCS is lethal within a few days, 
to a few years [12].

Morphological changes: hepatic venous outflow tract 
obstruction induces venous wall inflammation, increased 
sinusoid pressure and portal hypertension. Centrilobular 
sinusoidal dilatation and congestion, liver cell loss and fibro-
sis are considered histopathological features for BCS [4]. 
However, these features are not specific, being also seen in 
heart failure, constrictive pericarditis and SOS [12]. 
Ultimately, a cirrhotic pattern develops, nodular regenerative 
hyperplasia, macroregenerative nodules being common in 
advanced cases [13]. These lead to fibrous enlargement of 
the portal tract, with portovenous and portoportal bridging 
fibrosis and thrombosis of intrahepatic portal veins [4, 13]. 
Because of the marked heterogeneous distribution of these 
lesions, liver biopsy is not recommended, the assessment of 
fibrosis proved irrelevant for prognosis [12].

Functional changes: The hepatic vein obstruction is 
predominantly due to the occlusion of at least two hepatic 
veins, but the occlusion is not synchronous, an acute clini-
cal presentation coincides in most of the cases with the 
ultimate obstruction of an individual hepatic vein overlap-
ping a chronic obstruction [12, 14]. It is associated with 
an obstruction of the IVC in approximately one third of 
patients, while isolated IVC obstruction is rare [14]. 
Hepatic vein occlusion causes elevated sinusoidal pres-
sure, liver congestion and increased lymphatic filtration of 
interstitial fluid [15]. Increased sinusoidal pressure within 
proportions of the hepatic parenchyma with blood stasis 
induce portal hypertension and ascites, which is also 
increased by the impaired lymphatic drainage capability. 
Several mechanisms tend to preserve blood perfusion to 
the liver: increased arterial blood flow, redistribution of 
portal blood flow to the areas with preserved outflow and 
the development of venous collateral circulation (intrahe-
patic and extrahepatic) [13]. Although these mechanisms 
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can prevent the development of clinical manifestations of 
liver disease, in the absence of treatment, irreversible liver 
abnormalities progressively develop to centrilobular fibro-
sis [4].

Diagnosis: Clinical presentation ranges from absence of 
symptoms to fulminant hepatic failure [16]. Asymptomatic 
BCS cases accounts for up to 20% of cases, and is often asso-
ciated with the presence of large hepatic venous collaterals 
[3, 4]. Classical signs and symptoms include fever, abdomi-
nal pain, ascites, hepatomegaly, ankle swelling, gastrointes-
tinal bleeding and hepatic encephalopathy [4, 17]. In a 
multicentre prospective study, ascites were present in 83% 
percent of patients with BCS, hepatomegaly in 67%, abdom-
inal pain in 61% and gastrointestinal bleeding in 5% [18]. 
The course of these manifestations can be progressive or 
with periods of exacerbations and remissions. BCS can pres-
ent a long insidious course, or a short period of prodrome 
followed by an accelerated falling course. In approximately 
15% of cases portal venous obstruction is associated, sug-
gesting a more severe form [17, 18].

Diagnosis is establish by confirming the hepatic venous 
outflow obstruction. Doppler ultrasound, angio-MR and 
angio-CT provide information of similar accuracy and have 
the advantages of being non-invasive or minimally invasive 
[3, 12]. Doppler ultrasound is the first line investigation and 
has a sensitivity of more than 75% but the awareness and 
expertise of the examiner are crucial [3].

Imaging findings classify BCS lesions as direct signs—
visualization the obstacle and indirect signs (secondary to 
the venous obstruction)—intrahepatic or extrahepatic collat-
eral circulation, perfusion abnormalities and anatomical 
changes to the liver, all resulting from portal hypertension 
[19]. The obstruction can present with several aspects, 
including short-length, extended narrowing of venous lumen, 
a complete obstruction simulating a membrane or a fibrous 
cord, with upstream dilatation [12, 19]. Venography is rec-
ommended if the diagnosis is uncertain and it is compulsory 
for percutaneous interventions [3]. Hepatic nodules can be 
seen using imaging in more than a half of patients with BCS, 
resulting from perfusion disturbances and being usually 
benign [3]. These nodules are usually small (<4 cm in diam-
eter), multiple, hypervascularized and disseminated through 
the liver [20]. Although hepatocellular carcinoma in BCS 
account for 4% of the cases, currently there are no clear diag-
nosis criteria, a biopsy should be performed in selected cases 
(less or equal to three nodules, nodules >3 cm in diameter, 
heterogeneity or washed out on venous phase, patients with 
high levels of alphafetoprotein [20]. Secondary BCS related 
to an external compression or invasion is ruled out also by 
using the same radiological approaches [3]. Liver biopsy 
should only be taken into consideration in selected cases 
where the imaging has failed to demonstrate obstruction, due 
to the associated risk of bleeding that may delay the initia-

tion of anticoagulation therapy [4]. To note that the assess-
ment of fibrosis proved irrelevant for prognosis [4].

Treatment: In most cases, the underlying disorder caus-
ing BCS in unrecognized at presentation. Patients with BCS 
presenting with ascites and varices require the same treat-
ment as cirrhotic patients [21].

Anticoagulant therapy should be initiated without wait-
ing, as soon as possible and for an indefinite period of time 
in order to reduce the clot extensions and new thrombotic 
episodes [18]. Although ineffective on chronic liver dis-
ease, early anticoagulation has improved survival in 
patients with moderate BCS, probably by a preventive sys-
temic effect in other sites on thrombosis [19]. Currently, 
there are no data regarding the use of Non-Vitamin K 
Antagonists, treatment with Warfarin or Acenocumarol 
should be consider for an indefinite period. Treatment for 
the underlying prothrombotic condition should be started 
in the same time.

The experience of thrombolysis is limited, and complica-
tions can be fatal [3].

Patients with focal or segmental obstruction of the hepatic 
venous outflow tract are eligible for percutaneous angio-
plasty, with or without stenting. Focal or segmental stenosis 
are present in 60% of patients with IVC obstruction, and 
25–60% of those with hepatic vein obstruction [3]. These 
patients may benefit by percutaneous angioplasty of one HV, 
of the IVC or both [22]. The rationale for angioplasty is to 
re-establish the physiological drainage of portal and sinusoi-
dal blood [22]. At present, less than 10% of patients with 
BCS are eligible for stenting (Fig. 11.1) [6, 23].

Patients who do not improve with medical and endoscopic 
treatment are proposed for transjugular intrahepatic porto-
systemic shunt (TIPS) [12]. The rationale for TIPS is to 
decompress the liver by transforming the portal vein into an 
outflow tract [12]. Patients are selected based on the extent of 
the vascular lesions, particularly patients with multitroncular 
HV obstructions with mall intrahepatic collaterals [24].

The minority of patients in which TIPS fails or those with 
fulminant hepatic failure are proposed for liver transplanta-
tion, the rationale being a complete correction of the hepatic 
consequences of vascular obstructions [12].

Prognosis: Without treatment, symptomatic BCS is lethal 
within a few days to a few years [12]. Current therapeutic 
strategies permits to achieve 5-year survival rates over 80% 
[6]. Child-Pugh score and its components have been found to 
be independent prognostic factors. Moreover, prognostic 
scores based on a combination of these factors have been 
developed [4]. These scores are useful for the assessment of 
transplant-free survival and clinical studies, but not for indi-
vidual management [25]. At present, long term prognosis is 
determined by hepatocellular carcinoma or by complications 
of the underlying blood disease (leukaemia in patients with 
myeloproliferative disease) [12].
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11.3  Portal Vein Thrombosis

Portal vein thrombosis (PVT): is characterised by an 
obstruction of the portal veins, and its branches, which 
include splenic, superior and inferior mesenteric veins [26]. 
Isolated splenic or superior mesenteric vein obstruction is 
included in the entity of splanchnic vein obstruction [12]. 
Obstruction may be complete or partial [3].

PVT is classified into acute or chronic [4]. Acute throm-
bosis refers to recent and symptomatic, while chronic throm-
bosis refers to long standing process. They represent 
successive stages of the same disease and share similar 
causes, differing in their management [4]. After acute 
 thrombosis, in the absence of recanalization, portal lumen 
obliterates and a set of collateral portoportal veins develops 

to replace the portal vein [4, 12]. This term is called portal 
cavernoma or cavernomatous transformation of the por-
tal vein and corresponds to a long-standing process [4, 12]. 
In children, cavernoma might result from a malformation 
[27]. PVT is responsible for up to 30% and 75% of cases of 
portal hypertension in adults and children, in developing 
countries [4].

Aetiology: Except from childhood portal cavernoma, a 
thrombus is the cause of the disease. PVT is caused by a 
combination of local and systemic factors. Local factors 
include cancer (any abdominal organ), cirrhosis (these two 
are the leading local risk factors) and intraabdominal infec-
tions (such as secondary peritonitis) [4]. PVT is common in 
patients with cirrhosis, more that 30% of liver transplant 
recipients have PVT at the time of transplant [28]. The risk of 
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Fig. 11.1 (a) Pre-procedure 
sonography coupled with 
Doppler ultrasound showing a 
patent IVC. (b) Segmental 
narrowing of all hepatic veins 
in a case of BCS. This patient 
underwent right hepatic vein 
angioplasty and stenting and 
follow-up sonography (c) and 
Doppler (d) showed a patent 
stent. (Reproduced with 
permission from Das CJ, 
Soneja M, Tayal S, Chahal A, 
Srivastava S, Kumar A, 
Baruah U (2018) Role of 
radiological imaging and 
interventions in management 
of Budd-Chiari syndrome. 
Clin Radiol 73:610–624)

V. D. Vintilă et al.
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developing PVT associated with cirrhosis is correlated to the 
severity of liver disease and the presence of the inherited pro-
thrombotic disorders [29]. Systemic factors refer to an inher-
ited or acquired prothrombotic condition [3]. Usually, one or 
several systemic factors are identified, the most common 
being myeloproliferative disease (25–30%) and factor II 
Leiden (in 15%) [30]. The simultaneous presence of several 
prothrombotic causes in patients with PVT is more frequent 
than in general population [31]. Identification of a local risk 
factor does not exclude the possibility that a general risk fac-
tor is present [31]. In this section, we will focus on the non-
cirrhotic, non-malignant portal thrombosis, cirrhotic PVT 
and malignant being discussed separately elsewhere.

Morphological changes: In patients with non-cirrhotic 
portal vein thrombosis, alterations in portal venous flow 
result in a spectrum of altered hepatic histology, ranging 
from large regenerative nodules to nodular regenerative 
hyperplasia without bridging fibrosis [32]. Unlike the central 
atrophy that is characteristic for cirrhosis, the central portion 
of the liver is relatively spared due to collateral portal venous 
flow developing over time [33]. However, peripheral liver 
cells apoptosis may occur, because collateral blood flow to 
subcapsular regions is insufficient [33]. Abnormal liver cir-
culation result in a distorted architecture of the liver with 
micro- and macroscopic nodules of hyperplastic hepatocytes 
that are not surrounded by fibrous septae [34]. Nodular 
regenerative hyperplasia, as in BCS, must be differentiated 
from hepatocellular carcinoma [3].

Functional changes: Despite acute complete portal 
thrombosis, there is limited evidence for liver ischemia, 
because the immediate development of porto-portal collater-
als, involving the porta hepatis and because the compensated 
increase in hepatic arterial blood flow [35]. Above the obsta-
cle, ischemia does not develop because of the small tributar-
ies to superior or inferior mesenteric veins [36]. Spontaneous 
recanalization is exceptional, and in a matter of weeks a por-
tal cavernoma is formed by collateral veins which contribute 
to maintain the perfusion of portal blood to the liver [37]. 
Because they cannot reduce portal pressure, spleen enlarge-
ment and portosystemic collaterals develop [12]. Within a 
year gastroesophageal varices will be formed [12, 37]. 
Synchronous, liver architecture is compromised, with pre-
served blood perfusion to the central of the liver and hardship 
in the periphery, with increase in size of segments I and IV of 
the liver and atrophy of left liver lobe and peripheral parts of 
the right lobe [12]. However, frank liver dysfunction is absent, 
subtle signs being common, such as a decrease in coagulation 
factors levels and subclinical hepatic encephalopathy [38].

Diagnosis: Diagnosis of PVO is presently made in 
50–70% of the cases in the acute setting [39]. Common 
symptoms of acute complete PVT include acute abdominal 
or lumbar pain, with moderated distended abdomen by ileus, 
without any other features of intestinal occlusion [37]. Partial 

thrombosis is associated with fewer symptoms, PVT being 
recognised only at the stage of cavernomatous transforma-
tion [3]. In patients with chronic PVT, the severity of portal 
hypertension typically contrasts with a mild or absent liver 
dysfunction (with normal levels of transaminases, alkaline 
phosphatase and gamma-glutamyl transferase) [4]. 50% of 
the patients present with ascites, but ascites emerge after a 
triggering event like bleeding or infection, and it is usually 
reversible [30]. Features of hypersplenism may be marked 
and bleeding related to portal hypertension is massive though 
better tolerated than patients with cirrhosis [12].

Acute PVT is rapidly diagnosed using noninvasive imag-
ing. It shows thrombus occupying the lumen of the portal 
vein or its branches, with a poorly development of porto- 
portal collaterals [40], Doppler ultrasound, CT scan and 
MRI are almost equivalent, depending on the expertise of the 
operator [3, 4]. Standard abdominal echography reveals a 
hyperechogenic material in the lumen with distensions of the 
portal veins [4]. Doppler imaging allows to prove the absence 
of flow in part of the lumen [3, 4]. Because the mesenteric 
veins are difficult to visualize at echography, CT or MRI are 
more sensitive for assessment of thrombus extension [3, 4]. 
Thrombus is revealed by CT scan as a hyperattenuating 
material in the portal vein (Fig. 11.2a) [41, 42]. After con-
trast injection is revealed as a lack of luminal enhancement, 
with increased hepatic enhancement in the arterial phase and 
decreased hepatic enhancement in the portal phase [41]. If 
the thrombus is less than a week old, it appears as a hyperin-
tense material on MRI T1-weighted sequences [40]. Portal 
cavernoma is seen as a lattice of serpiginous structures that 
enhance the portal phase of vascular contrast while the nor-
mal portal vein is not visible [12].

Treatment: Since the aim of the treatment between acute 
and chronic portal vein thrombosis differs, we will discuss 
them separately. The aim of the treatment of acute PVT is the 
recanalization of the obstructed veins and prevention of the 
extension of thrombosis to mesenteric veins followed by 
intestinal infarction and portal hypertension [3, 4].

For acute PVT, immediate initiation of anticoagulation 
prevents thrombus extension [30]. There have been no con-
trolled studies of anticoagulation therapy in patients with 
acute PVT [4]. In a recent prospective study, intestinal infarc-
tion was a rare complication (2/95 patients) which require 
only limited intestinal resection, even if in 60% of the 
patients superior mesenteric vein was involved [30]. In the 
setting of intestinal infarction, emergency laparotomy should 
be performed [4]. Full recanalization of the portal vein was 
achieved in 40% of patients by 6 months of treatment, and 
did not occur in any of the patients beyond 6 months of treat-
ment [30]. Also, high recanalization rates were observed 
after anticoagulation in post splenectomy PVT patients or 
for acute thrombosis involving the superior mesenteric vein 
[43]. Splenic vein thrombosis and ascites suggest failure in 
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recanalization [30]. Spontaneous recanalization is infrequent 
in patients not receiving anticoagulation therapy [30]. The 
optimal duration of anticoagulation therapy has not been 
determined, however, according to a panel of international 
experts [3, 4], at least 3-month period should be considered, 
while permanent anticoagulation for patients with permanent 
prothrombotic conditions should be taken into consideration 
[43]. In most of the studies, anticoagulation was based on 
unfractionated heparin, LMWH or VKA targeting an INR 
between 2 and 3 [3].

The reported experience with thrombolytic therapy, sys-
temic or in situ, is extremely limited [3, 4]. The reported 
recanalization rates have been similar to those achieved with 

anticoagulation alone, but with major procedure-related 
complications. A higher mortality rate was noted with 
approaches using transhepatic route [44]. Surgical thrombec-
tomy has proved a benefit in 30% of the patients, but with a 
high recurrence rate when performed more than 30 days after 
the onset [45].

Current studies report that balloon angioplasty with or 
without stenting without thrombolysis or thrombectomy could 
be an alternative and save treatment for post-operative main 
portal vein and superior mesenteric vein thrombosis [46].

Data on TIPS are limited, beyond the technical challenge 
of the procedure, medium-term efficacy require further eval-
uation (Fig. 11.2b) [4, 42].
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Fig. 11.2 (a, b) Contrast-enhanced CT scans show severe thrombo-
sis (arrowhead) in the intrahepatic portal branches (a) and the main 
portal vein (b). (c) Direct portal venogram shows extensive thrombo-
sis in the portal venous system, multiple collaterals (arrows), and 
hepatofugal flow. (d) One covered stent was deployed after the com-
peting collaterals were embolized. Fifteen months after TIPS place-

ment (e, f) CT scans show complete recanalization of the portal vein. 
(Reproduced with permission from Luo X et  al. (2015) Advanced 
Cirrhosis Combined with Portal Vein Thrombosis: A Randomized 
Trial of TIPS versus Endoscopic Band Ligation Plus Propranolol for 
the Prevention of Recurrent Esophageal Variceal Bleeding. Radiology 
276:286–293)

V. D. Vintilă et al.
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The aim of the treatment for chronic PVT is to prevent 
recurrent thrombosis, and the prevention and treatment of the 
associated complications, gastrointestinal bleeding and por-
tal cholangiopathy [4]. At present there are no controlled 
studies regarding treatment of gastroesophageal varices in 
patient with chronic PVT.  Some retrospective multivariate 
studies found that screening for gastroesophageal varices, 
beta-adrenergic blockers or endoscopic therapy reduces the 
risk of bleeding and by thus, improves survival [4]. In a num-
ber of uncontrolled surveys, endoscopic sclerotherapy has 
achieved eradication of varices and a reduction in bleeding 
rate [4].

The experience in splenectomy, devascularisation and 
TIPS insertion in patients with portal cavernoma is limited 
[47]. The prevention of recurrent thrombosis in chronic PVT 
requires also anticoagulation, with the same mentions as in 
acute PVT [3, 4]. To note that a recent retrospective study 
showed that warfarin had independently improved the sur-
vival of patients with chronic PVT, most of them having a 
risk factor for thrombosis [4]. Another retrospective analysis 
found a decreased incidence of gastrointestinal bleeding 
after starting anticoagulation therapy [4]. Patients with portal 
cholangiopathy usually present with jaundice and biliary 
symptoms. Insertion of a biliary prosthesis after endoscopic 
extraction of stones is a proved therapy and the lack of the 
recurrence after prosthesis removal was noted in almost half 
of patients [48]. Other techniques involve portosystemic 
shunting, bilio-enteric anastomosis, biliary surgery without 
portal decompression, but current data are limited [3, 4].

Prognosis: With the effective prevention and control of 
bleeding and thrombosis, the outcome is given by age and 
the course of the underlying disease [12].

The mortality of acute PVT is high due to late recognition 
of intestinal infarction, and portal hypertension developed 
with associated complications (variceal bleeding) [4]. Above 
half of the patients do not achieve recanalization and will 
develop gastroesophageal varices with a 2 year high proba-
bility of bleeding [37].

The outcome for treated patients with chronic PVT is cur-
rently good [4]. Mortality is related to the recurrent bleeding 
from portal hypertension, followed by recurrent thrombosis 
at splanchnic or extrasplanchnic sites. In a 5-year followed 
up period, less than 5% of patients with PVT died from clas-
sical complications [4].

11.4  Sinusoidal Obstruction Syndrome

Sinusoidal obstruction syndrome (SOS) is characterized 
by a loss of sinusoidal endothelium integrity with a conse-
quent sinusoidal obstruction by outflow block [3]. Damaged 
sinusoids can be associated with a partial or complete occlu-
sion of small hepatic veins, therefore being previously known 

as hepatic veno-occlusive disease (VOD) [49]. SOS is a pri-
mary circulatory disorder that can occur in the absence of 
central vein occlusion, the involvement of central vein being 
related to more severe disease [4]. Therefore the alternative 
term of SOS was considered in replacement of VOD.

Aetiology: SOS occurs as an iatrogenic complication of 
exposure to toxic agents for sinusoidal endothelium of the 
liver and hematopoietic bone marrow cells [3]. A large num-
ber of drugs and toxins have been associated with SOS: plant 
pyrrolizidine alkaloids, myeloablative regimens used in the 
setting of haematopoietic stem cell transplantation, chemo-
therapy for liver metastasis of colorectal cancer, thiopurine 
derivatives [50]. Other reported conditions are liver irradia-
tion and platelet transfusion containing ABO-incompatible 
plasma [3]. Lately, an inherited condition combining VOD 
and immunodeficiency associated with mutations in Sp110, 
has been described. The acronym for this condition is VODI 
[51]. Although its mechanism is unknown, one possible 
explanation is an accompanying opportunistic viral infection 
affecting the endothelium of sinusoids or central vein [51].

Morphological changes: Despite of its multiple causes, 
patients with SOS present similar morphological changes 
[50]. Circulatory obstruction precedes liver dysfunction. 
According to the level of obstruction, various degrees of cen-
trilobular hepatocellular necrosis may occur [3]. As a result, 
SOS lesions appear to have a patchy distribution [3]. It may 
also associate one or more other lesions such as centrilobular 
perisinusoidal and endovenular fibrosis, peliosis and nodular 
regenerative hyperplasia (Fig. 11.3) [3, 49, 50]. All of these 
changes seem to be related to SOS severity or represent late 
lesions [50].

Functional changes: SOS is a clinical diagnosis based on 
several common liver disease signs and symptoms: weight 
gain with or without ascites, hepatomegaly and jaundice 
[52]. However, patients can be asymptomatic or can present 
with features of portal hypertension or multiple organ dys-
function syndrome.

Diagnosis: Starting from the definition, the diagnosis of 
SOS expects a histologic examination of the liver [12]. 
Percutaneous liver biopsy is usually contraindicated by 
thrombocytopenia, coagulopathy or ascites [4]. Transjugular 
liver biopsy with hepatic venous pressure gradient is of 
major help in confirming SOS [3]. In patients receiving mye-
loablative regimens used in the context of haematopoietic 
stem cell transplantation, a hepatic venous pressure gradient 
>10 mmHg proved to have a specificity of 91% and a sensi-
tivity of 52% for the diagnosis of SOS [3].

After excluding confiding situations, the diagnosis can be 
made based on a high index of clinical suspicion in a patient 
who has signs and symptoms of SOS and had received a 
therapy known to cause liver injury [3, 4]. Increased serum 
level of bilirubin is a sensitive but not specific marker [4]. 
The American Association for Study of Liver Disease 
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(ASSLD) introduced clinical criteria for SOS diagnosis [4]. 
These criteria, known as Seattle or Baltimore criteria, pres-
ent clinical features for diagnosis used for defining popula-
tions for research [3]. For example, the Seattle criteria were 
developed for patients receiving myeloablative regimens 
containing cyclophosphamide, clinical findings must occur 
within 20 days of transplantation [3]. These criteria does not 
apply in patients receiving regimens to cause late onset 
 disease [3]. Their sensitivity and specificity are currently not 
well established, and their use in different settings of SOS 
aetiology have not been evaluated [3].

The diagnosis may be supported by imaging techniques, 
Doppler echocardiography showing signs of portal hyperten-
sion, liver and spleen enlargement; none of these findings are 
specific for SOS [53]. Reversal of flow in portal vein and 
monophasic flow in hepatic vein have been used to diagnose 
SOS, but lacks sensitivity [54]. Magnetic Resonance imag-
ing may show patchy signal enhancement compatible with 
histologically severe SOS. Because of its associated toxicity, 
Computer Tomography is not recommended [4].

Treatment: Identifying patients at risk is useful in pre-
venting SOS. In patients with pre-existing liver disease, pre-
vious history of SOS, recent treatment with gemtuzumab 
ozagamicin or myelofibrosis with extramedullary haemato-
poiesis, both European and American Guidelines recom-
mend the use of chemotherapy regimens with lower liver 
toxicity, without cyclophosphamide [55]. At present, the 
only proved strategy to prevent or reduce the severity of sinu-
soidal changes and their clinical expression is reducing the 

intensity of chemotherapeutic regimen [49]. Prophylactic 
pharmacological strategies have not proved a reduction in 
overall risk of SOS or the risk of fatal SOS in randomized 
controlled trials [4]. The routine use of intravenous heparin 
or subcutaneous low-molecular weight heparin as prophy-
laxis for SOS, the use of ursodeoxycholate, prostaglandin 
E1, pentoxifylline or N-acetylcysteine are unproved prophy-
lactic measures [4]. The prophylactic use of ursodeoxycho-
late reduces the frequency of jaundice and alanine 
aminotransferase levels, without any benefit in SOS [55].

Treatment of SOS depends on its clinical severity and is 
based mostly on supportive care with therapy of fluid over-
load, sepsis and organ failure [3]. Fluid overload should be 
managed with diuretics, paracentesis, hemofiltration, and 
haemodialysis [3].

Defibrotide, a mixture of the single-stranded oligodeoxy-
ribonucleotides derived from depolymerisation of porcine 
intestinal mucosa DNA, proved a benefit for treatment of 
severe SOS both in adult and children patients [4]. Moreover, 
it has also demonstrated benefit for SOS prophylaxis in pae-
diatric hematopoietic cell transplantation patients [4].

Heparin and thrombolytic therapy proved no positive 
effect [56].

TIPS and surgical shunting have been used in selective 
cases for symptoms relief, but proved no benefit in 
 survival [57].

SOS is usually an iatrogenic complication caused by the 
therapy used for patients with malignancy [49]. Liver trans-
plantation is limited by the underlying malignancy itself. 
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bFig. 11.3 Acute sinusoidal 
obstruction syndrome related 
to gemtuzumab use 
(Mylotarg) after 
haematopoietic stem cell 
transplantation (a, b) Masson 
trichrome, (c hematein 
eosin-safran; d: argentation 
stain): dilatation and 
congestion of sinusoids are 
limited to centrilobular zones 
around the terminal hepatic 
vein ∗; endothelial cells of 
veins and sinusoids are 
damaged, leading to a huge 
hematic deposition in Disse 
space and to hepatocyte 
necrosis around the central 
veins. (Reproduced from 
Valla D-C, Cazals-Hatem D. 
(2016) MINI REVIEW 
Sinusoidal obstruction 
syndrome, Clin Res Hepatol 
Gastroenterol 40:378–385)

V. D. Vintilă et al.
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However, it may be considered in selected cases with a 
favourable prognosis [4].

Prognosis: The outcome of SOS lies upon the context 
and the magnitude of exposure to toxic agents [12]. Predictors 
of poor prognosis are the slope of bilirubin serum levels, 
weight gain, higher levels of alanine aminotransferase, 
higher hepatic venous pressure gradient and multiple organ 
failure [4].

11.5  Congenital Vascular Malformations 
Affecting the Liver

Congenital vascular malformations. Vascular malforma-
tions of the liver determine an abnormal intra or extrahepatic 
shunting of blood [4]. They comprise several entities based 
on the functional shunting. Shunting can develop between 
the hepatic artery to the portal vein (arterioportal shunt) or to 
the hepatic vein (arteriovenous shunt) or/and between the 
portal vein to the systemic circulation (portosystemic or por-
tohepatic shunt) [4]. These types of congenital shunting can 
be isolated, although rare, and diagnosed in infants or chil-
dren or may coexist in hereditary haemorrhagic telangiecta-
sia with liver involvement [4]. Although in this chapter we 
will discuss only the congenital shunts, these shunts can also 
be acquired, associated with hepatocellular carcinoma and/
or cirrhosis, or after trauma (including liver biopsy, transhe-
patic cholangiography, or biliary surgery).

Hepatic vascular malformations in hereditary haem-
orrhagic telangiectasia (HHT).

HHT, or Rendu-Osler-Weber disease is a rare, genetic dis-
order with an autosomal dominant inheritance pattern, char-
acterized by widespread cutaneous, mucosal, and visceral 
arteriovenous malformations involving the lung, brain and/or 
liver [3]. Most of patients present a mutation in one of two 
genes disease related: endoglin and activin A receptor type 
II-like 1, gene involved in transforming pathway of growth 
factor b (TGFb). Those dysfunctional gene are expressed 
predominantly on vascular endothelium [4].

Morphological changes: Vascular malformations in 
HHT affect the liver extensively, and evolve continuously 
from tiny telangiectasias to large arteriovenous malforma-
tions [58]. Due to a heterogeneous liver blood perfusion, 
nodular regenerative hyperplasia or focal nodular hyperpla-
sia emerge, the latter having a 100-fold greater prevalence in 
HHT patients than in general population [59].

Functional changes: Three types of intrahepatic shunt-
ing may coexist (arterioportal, arteriovenous, and portosys-
temic) leading to different, concomitant or successively 
functional features: high output heart failure, portal hyper-
tension, biliary disease, hepatic encephalopathy, or mesen-
teric ischemia [60]. High output heart failure is characterized 
by a hyperdynamic circulation developed through arteriohe-

patic and/or portohepatic shunting [61]. Portal hypertension 
emerge from arterioportal shunting and secondary portal 
fibrosis and/or regenerative hyperplasia [61]. Shunting can 
cause biliary ischemia which can result in bile duct necrosis 
and the extreme process of liver necrosis [61].

Diagnostic: Although HHT is a congenital disease, symp-
toms of liver vascular malformations appear predominantly 
in females around 30 years of age [4]. Only 8% of patients 
with liver vascular malformations on imaging are symptom-
atic [62]. High output heart failure represents the predomi-
nant clinical presentation, with exertional dyspnoea, ascites, 
oedema [4] and atrial fibrillation [63]. The next most com-
mon presentation is portal hypertension and the clinical pic-
ture includes ascites, varices and variceal bleeding due more 
often to gastrointestinal telangiectasias than to variceal 
bleeding [4, 63]. Patients can also present with anicteric cho-
lestasis with or without cholangitis, encephalopathy, or mes-
enteric angina [3, 4, 63]. Biochemical changes are not 
specific, with a slight elevation of alkaline phosphatase and 
gamma glutamyl-transpeptidase, without any changes in the 
live synthetic function [60].

Currently, according to EASL Clinical Practice 
Guidelines, the diagnosis of HHT requires several criteria 
known as Curaçao criteria [3]. Diagnosis of HHT is sus-
pected in a symptomatic patients with clinical features sug-
gesting HHT and requires laboratory assessment and imaging 
methods such as abdominal Doppler Ultrasound and/or 
abdominal CT [62]. According to the Curaçao criteria, 
Doppler ultrasound can give a severity of grading (from 0+ 
to 4) which correlates with clinical outcome, and enables 
management and follow-up. Intrahepatic hypervasculariza-
tion and enlarged hepatic artery seen on Doppler ultrasound 
or CT have the highest diagnostic accuracy [4, 64]. Moreover, 
because of the presence of nodular regenerative hyperplasia, 
the liver may appear nodular on imaging studies, and should 
be differentiated from cirrhosis. Liver biopsy in the diagno-
sis of liver vascular malformations in HHT is unnecessary [3, 
4]. Genetic testing can be performed to establish the diagno-
sis in patients with diffuse liver vascular malformations who 
do not meet clinical diagnostic criteria for HHT [65]. 
Echocardiography can be performed to evaluate the hemody-
namic impact [3]. Further tests (endoscopy, MR, angiogra-
phy) may be performed in special cases, depending on the 
severity of liver vascular malformations [4].

Treatment: In asymptomatic HHT cases with or without 
liver involvement no treatment is recommended [3, 4]. In 
symptomatic HHT patients with liver involvement treatment 
is given by the type of clinical presentation [66]. Patients 
with high output heart failure should be managed according 
to heart failure guidelines, with salt retention, diuretics, beta 
blockers, angiotensin-converting enzyme inhibitors [3, 4]. 
Complications given by portal hypertension and encepha-
lopathy should be treated as recommended in cirrhotic 
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patients [3, 4]. Supportive care is also important, with blood 
transfusions or iron administration for anaemia, and treat-
ment of the variceal bleeding [3].

In non-responders to initial medical treatment, peripheral 
embolization of liver vascular malformations is the most 
effective and repeatable trans-arterial treatment [65].

Liver transplantation is the only definitive curative option 
for liver vascular malformations in HHT [3, 4]. It is reserved 
for selected cases such as ischemic biliary necrosis, compli-
cated portal hypertension and refractory heart failure [65].

Bevacizumab, an antibody to vascular endothelial growth 
factor (VEGF) has been shown to reduce the liver volume 
and ameliorate cardiac output after 3-month courses in 
patients with severe liver vascular malformations and high 
cardiac output [67]. However, further studies are needed 
before this therapy should be recommended.

Prognostic: Clinical outcome of liver vascular malforma-
tions in HHT correlates with their severity. In a recent cohort 
study with a median follow-up of 44  months, mortality 
related to hepatic vascular malformations occurred in 5% of 
patients, with incidence rates of complications and death 3.6 
and 1.1 per person-years, respectively [63].

11.5.1  Isolated Congenital Liver Shunts

Congenital Arteriovenous (Hepatic artery to hepatic 
vein) malformations consists of discrete abnormalities with 
stable evolution and without change in dimensions [68]. 
These changes are very rare and usually present as a high- 
output heart failure in a neonate [4]. The diagnosis is based 
on MRI [68]. Initial treatment is pharmacological and the 
aim is reducing the symptoms of heart failure [4]. In non- 
responders to medical treatment, embolization and surgical 
resection should be considered [4].

Congenital Arterioportal (Hepatic artery to portal 
vein) malformations are very rare and cause portal hyper-
tension manifested within the first year of life [4]. Clinical 
features include signs of portal hypertension, splenomegaly, 
and or variceal bleeding [4]. The diagnosis is based on 
Doppler ultrasound [68]. Treatment consists of embolization 
of the feeding artery with or without resection [4]. Liver 
transplantation should be considered in selected cases [4].

Congenital Portosystemic (Portal vein to systemic cir-
culation) malformations are rare developmental anomalies 
secondary to abnormal development of the portal venous 
system [4]. They may be associated with other congenital 
anomalies [69]. They are divided into intrahepatic and extra-
hepatic shunts with common clinical features but different 
treatment [69]. Through the malformations the intestinal 
blood reaches the systemic circulation bypassing the liver. 
Due to the lack of metabolization of plasma ammonia, its 
serum increased level determines cognitive changes [4]. 

Symptoms include fatigue and mental retardation, with 
recurrent episodes of portosystemic encephalopathy [70]. 
Ascites and portal hypertension are not usually seen [4]. 
Diagnosis and classification is based on MRI [69]. 
Preoperative evaluation of portal vein by angiography is 
important, in order to determine portal vein patency, portal 
pressure and the type of portosystemic shunt [71]. Every 
shunt that persists after one year of life should be closed 
before complications emerge [69]. Symptomatic cases are 
immediately treated either by open surgery or laparoscopy 
with the intention of shunt ligaturation [69]. Endovascular 
embolization using periphery metal coils of the shunt is per-
formed in selected centers [4]. The choice of surgical or 
endovascular approach is based upon patient’s clinical con-
dition, shunt anatomy and size and local expertise [69]. Liver 
transplantation may be the only treatment of extrahepatic or 
large intrahepatic multifocal shunts not suitable for emboli-
zation, or in cases of previous failed endovascular interven-
tions [69]. To a standard therapeutic approach is not 
established.

11.6  Conclusions

Vascular disorders of the liver consist of multiple entities 
with different pathophysiology background, different clini-
cal picture and different prognosis. As a general rule, ther-
apy implies anticoagulant therapy, endovascular manoeuvres 
and surgical option. Thrombolysis shows no benefit, while 
increasing the risk of bleeding complications. TIPS is sel-
dom recommended, while liver transplantation remains a 
final option for most of the patients with vascular 
disorders.

 Self Study

 Questions

 1. Which of the following diseases are not treated with 
anticoagulants?
 A. Budd-Chiari Syndrome
 B. Acute Portal Vein Thrombosis
 C. Sinusoidal Obstruction Syndrome
 D. Chronic Portal Vein Thrombosis
 E. Splanchnic Vein Thrombosis

 2. Which statement is true?
 A. In Haemorrhagic Hereditary Telangiectasia angio- 

MRI is the only imaging technique which can give a 
severity grading of liver vascular malformations 
which correlates with clinical outcome.

 B. The diagnosis of Sinusoidal Obstruction Syndrome is 
based on CT or liver biopsy.
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 C. Genetic testing can be made to establish the diagnosis 
in patients with Budd-Chiari Syndrome.

 D. The diagnosis of Chronic Portal Vein Thrombosis 
requires angiography.

 E. Liver transplantation is the only definitive curative 
option for liver vascular malformations in 
Haemorrhagic Hereditary Telangiectasia

 Answers

 1. Which of the following diseases are not treated with 
anticoagulants?
Answer: C

 2. Which statement is true?
Answer: E.
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Liver Ischaemia-Reperfusion Injury

Farid Froghi, Saied Froghi, and Brian R. Davidson

12.1  Introduction

The absence of oxygen and nutrients during ischaemia 
affects all tissues with aerobic metabolism. Ischaemia of 
these tissues creates a condition which upon the restoration 
of circulation results in further inflammation and oxidative 
damage (reperfusion injury). Restoration of blood flow to an 
ischaemic organ is essential to prevent irreversible tissue 
injury, however reperfusion of the organ or tissues may result 
in a local and systemic inflammatory response augmenting 
tissue injury in excess of that produced by ischaemia alone. 
This process of organ damage with ischaemia being exacer-
bated by reperfusion is called ischaemia-reperfusion (IR) 

injury and is relevant to several disease processes where 
there is a temporary cessation followed by restoration of 
blood supply including liver surgery and transplantation. 
Regardless of the disease process, severity of IR injury 
depends on the length of ischaemic time as well as size and 
pre-ischaemic condition of the affected tissue. The liver is 
the largest solid organ in the body, hence liver IR injury can 
have profound local and systemic consequences, particularly 
in those with pre-existing liver disease.

Liver IR injury is common following liver surgery and 
transplantation and remains the main cause of morbidity 
and mortality.

12.1.1  Definitions

Ischaemia is a reduction or absence of blood supply to an 
organ resulting in a lack of oxygen and vital nutrients in 
tissues.

Warm ischaemia occurs with interruption of blood flow at 
body temperature (37 °C) and develops in situ during liver 
surgery, transplantation or systemic shock.

Cold ischaemia occurs during cold (4 °C) ex vivo organ 
preservation. Cold ischaemia is usually coupled with warm 
ischaemia during liver transplantation surgery.

Reperfusion is the restoration of blood supply to an isch-
aemic organ.

Ischaemia-reperfusion (IR) injury is the cellular damage 
after reperfusion of previously viable ischaemic tissues.

12.2  Aetiology

The liver has a dual blood supply from the hepatic artery 
(20%) and the portal vein (80%). A temporary reduction in 
blood supply to the liver causes IR injury. This can be due to 
a systemic reduction or local cessation and restoration of 
blood flow.
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Key Concepts
• Ischaemia-reperfusion occurs due to a temporary 

cessation and restoration of blood flow to the liver.
• Liver IR injury develops as a result of a complex 

network of inflammation and endothelial activation 
resulting in cell death.

• Liver IR injury is common in liver surgery and 
transplantation and remains the main cause of mor-
bidity and mortality.

• Several treatments have shown benefit in experi-
mental IR, however none have been translated into 
routine clinical practise.

• Promising recent developments in pharmacological 
agents and machine perfusion of organs are cur-
rently being investigated.
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• Systemic causes include severe hypotension and shock 
followed by resuscitation—the so called ‘shock liver’ that 
occurs in trauma and sepsis. Liver hypoperfusion can also 
occur in patients who recover from a cardiac arrest or 
undergo cardiopulmonary bypass.

• Local cessation and restoration of liver blood supply 
occurs with temporary ‘inflow occlusion’ applied to con-
trol bleeding in liver surgery and routinely occurs with 
liver transplantation during organ procurement until the 
donor organ is revascularised in the recipient. Portal vein 
resection and reconstruction during surgery for liver, bili-
ary or pancreatic cancers may also involve temporary 
clamping of the portal vein and results in a degree of liver 
IR injury.

12.2.1  Liver Surgery

Liver resections are performed for primary or secondary 
tumours of the liver and carry a substantial risk of bleeding 
especially in patients with chronic liver disease. Significant 
blood loss is associated with increased transfusion require-
ments, tumour recurrence, complications and increased mor-
bidity and mortality. Several methods of hepatic vascular 
control have been described in order to minimise blood loss 
during elective liver resection (Fig. 12.1). The simplest and 
most common method is inflow occlusion by applying a tape 
or vascular clamp across the hepatoduodenal ligament 
(Pringle manoeuvre). This occludes both the arterial and por-
tal vein inflow to the liver and leads to a period of warm 
ischaemia (37  °C) to the liver parenchyma resulting in 
‘warm’ IR injury when the temporary inflow occlusion is 

relieved. In major liver surgery, extensive mobilisation of the 
liver itself without inflow occlusion results in a significant 
reduction in hepatic oxygenation.

12.2.2  Liver Transplantation

Liver transplantation is performed as a curative procedure for 
patients with end-stage liver disease. IR injury occurs as a 
result of cellular damage during the retrieval surgery, organ 
preservation as well as the transplantation surgery itself. The 
current process of organ procurement involves both warm and 
cold ischaemia. Warm ischaemia occurs during the organ 
retrieval surgery where liver mobilisation and episodes of 
donor hypotension result in hypoperfusion of the liver. In non-
heart beating donors, warm ischaemia occurs before the donor 
organs are flushed with cold preservation solution which leads 
to a severe ischaemic insult. Cold ischaemia starts during cold 
perfusion of the donor organ and continues in the setting of 
cold preservation. The donor liver also sustains a short period 
of warm ischaemia during implantation surgery as the vessels 
are anastomosed and the liver warms. Reperfusion injury then 
occurs once the liver is revascularised and blood flow is re-
established in the recipient. This process is occasionally 
referred to as the ‘preservation- reperfusion injury’.

12.3  Risk Factors

Identifying risk factors for IR injury are extremely important 
in patient selection for liver surgery and transplantation. The 
main factors are the donor or patient age, the duration of 

Pringle Maneuvre Hemihepatic
Vascular Control

Total Hepatic Vascular
Exclusion

Fig. 12.1 Methods for vascular control in liver surgery. Pringle (1908) 
described the first method by total compression of the hepatoduodenal 
ligament at the foramen of Winslow with a tape or vascular clamp. This 
is the easiest and most common method for controlling hepatic inflow, 
which is also used for rapid control of traumatic bleeding from the liver. 
However, concomitant occlusion of oxygenated hepatic artery supply 
as well as portal blood flow, increasing the risk of liver ischaemic 
lesions and intestinal congestion. Hence, to maintain oxygenated arte-
rial supply to the remnant liver, a selective occlusion of the portal vein 
only has been proposed. Bismuth and Makuuchi (1987), later described 
hemihepatic vascular occlusion to reduce visceral congestion and isch-

aemia to the remnant liver. This technique interrupts arterial and venous 
inflow to the right or left hemiliver avoiding both splanchnic blood sta-
sis and remnant liver ischaemia. Although selective clamping can 
reduce bleeding during parenchymal transection, it requires portal vein 
and hepatic artery dissection which is time consuming and can itself be 
the source of bleeding. Total hepatic vascular exclusion of the liver 
involves concomitant occlusion of the inferior vena cava (IVC) as well 
as inflow occlusion at the portal triad. This technique, or variations 
thereof involving IVC occlusion is very rarely used in liver resections 
as it causes significant haemodynamic instability
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organ ischaemia, presence or absence of liver steatosis and in 
transplantation whether the donor organ has been retrieved 
from a brain dead or cardiac death donor.

12.3.1  Liver Surgery

In liver surgery, prolonged hepatic inflow occlusion causes 
post-operative liver dysfunction. Elderly patients tolerate 
liver resection less than younger patients due to an impaired 
ability to eliminate free radicals and reduced response to 
growth factors in the process of liver regeneration after hepa-
tectomy. Liver steatosis or pre-existing dysfunction reduce 
the ischaemic tolerance of the liver. These combined with 
extensive parenchymal resections increase the risk of IR 
injury to the small remnant liver and post-operative hepatic 
insufficiency.

12.3.2  Liver Transplantation

There is an acute shortage of organ donors for liver trans-
plantation. Approximately, 15–20% of patients with end- 
stage liver disease die on the waiting list in the US and UK 
due to a shortage of organ donors. This is compounded by a 
worldwide reduction in the number of brain-dead donors 
(DBD) with improvements in neurosurgical care. In contrast 
there has been a rise in the use of non-heart beating donors 
(DCD) which sustain a greater ischaemic injury. Currently, 
around 20% of DBD donor livers are discarded due to the 
high risk of graft failure. The discard rate for DCD donors 
are as high as 70% [1] as they are associated with a higher 
degree of IR injury and ultimately reduced graft and patient 
survival.

To reduce the mortality on the transplant waiting list liv-
ers from older, steatotic donors with prolonged periods of 
warm and cold ischaemic times have been used for trans-
plantation. These extended criteria donors are particularly 
susceptible to IR injury and are associated with a higher 
degree of primary non-function (PGN) and post-transplant 
biliary complications. Donor risk is discussed in more detail 
in the treatments section of this chapter.

12.4  Pathophysiology

A complex cellular and molecular network of hepatocytes, 
Kupffer cells, liver sinusoidal endothelial cells (LSEC), leu-
kocytes and cytokines play a role in the pathogenesis of IR 
injury. In general, both warm and cold ischaemia share simi-
lar mechanisms of injury. Hepatocyte injury is a predomi-
nant feature of warm ischaemia, whilst endothelial cells are 
more susceptible to cold ischaemic injury. There are cur-

rently no proven treatments for liver IR injury. Understanding 
this complex network is essential in developing therapeutic 
strategies in prevention and treatment of IR injury. The fol-
lowing is a brief summary of the main events which are illus-
trated in Fig. 12.2.

12.4.1  Intracellular Events

Cellular acidosis occurs in the initial ischaemic period as a 
result of cellular hypoxia and a shift from aerobic to anaero-
bic respiration. This involves ATP depletion and accelerated 
glycolysis within mitochondria as well as lactic acid produc-
tion. The initial reduction in pH has been shown to play an 
important protective role in the ischaemic period. However, 
increasing levels of intracellular toxic acidic metabolites 
affects pH-dependant cellular processes including cell sig-
nalling, electrolyte homeostasis (Na+/K+ ATPase pump and 
Ca2+) and mitochondrial dysfunction which in turn leads to 
cellular swelling and hepatocyte damage. Upon reperfusion, 
the pH values return to normal which enhances pH- dependant 
activation of harmful enzymes such as proteases and phos-
pholipidases leading to cellular and mitochondrial mem-
brane damage and exacerbated injury to tissues. This 
phenomenon has been termed the pH paradox.

Intracellular Ca2+ overload occurs due to a failure of 
membrane pumps and release from endoplasmic reticulum 
Ca2+ stores. This along with failure of the Na/K+ ATP pump 
leads to cell swelling. Ca2+ is taken up by the mitochondria to 
act as a buffer for the increase in cytosolic levels. This results 
in disruption of the mitochondrial electron transport chain, 
failure of ATP production and release of cytochrome C into 
the cytosol which triggers cell death. Important Ca2+ depen-
dant enzymes involved in apoptosis such as calpains, protein 
kinase C and phospholipidase C are also activated.

ROS production and oxidative stress are the hallmark of 
liver IR injury pathogenesis. A combination of excess pro-
duction of reactive oxygen/nitrogen species (ROS/RNS) as 
well as concomitant depletion of endogenous antioxidants 
lead to cellular injury. ATP depletion in the ischaemic phase 
leads to anaerobic respiration and an increase in ATP- 
degradation products such as adenosine, hypoxanthine and 
xanthine. At early reperfusion, the rate of oxygen delivery 
exceeds that of cellular activity returning to aerobic path-
ways. This results in the production of damaging oxygen free 
radicals (superoxides, hydrogen peroxide and reactive nitro-
gen species). This process is thought to occur via three main 
pathways: xanthine oxidase, NADPH oxidase and uncou-
pling of the mitochondrial electron transport chain. In the 
early phase of reperfusion Kupffer cells are thought to be the 
main source of ROS production with natural killer (NK) T 
cells and neutrophils being the main source in the later 
stages. The excess ROS causes direct damage to hepatocytes 
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and endothelial cells by acting on proteins, enzymes, nucleic 
acids, cytoskeleton and lipid peroxides leading to lipid per-
oxidation and mitochondrial dysfunction.

Mitochondrial dysfunction is initiated by a lack of oxygen 
which interrupts oxidative phosphorylation and ATP produc-
tion. Lack of ATP disrupts mitochondrial electrolyte homeo-
stasis which are essential for aerobic respiration. Furthermore, 
at reperfusion the mitochondria can be a source of toxic ROS 
production. Activated phospholipidase and protease enzymes 
cause direct damage to the mitochondria membrane leading 
to membrane instability and mitochondrial permeability 
transition. This leads to rapid influx of large molecular 
weight solutes through ‘mitochondrial megachannels’ caus-
ing swelling and initiating apoptotic pathways through cyto-
chrome C release.

Cell death occurs in hepatocytes and LSECs through both 
apoptosis and necrosis. Cell necrosis refers to cell death in 
tissues due to disease or injury whereas apoptosis is an 

energy dependant activation of genes involved in pro-
grammed cell death. Whilst it is intuitive to think cellular 
injury in IR occurs exclusively due to necrosis, several 
in vivo and ex vivo studies of liver IR have shown activation 
of apoptotic pathways including caspase-3 and Bax.

12.4.2  Innate Immune Response

DAMPs are damage associated molecular patterns; ‘danger 
signalling molecules’ that can initiate and perpetuate a non- 
infectious inflammatory response. DAMPs are the normal 
constituents of cells and extracellular matrix which are either 
released as a result of cell death or expressed on the cell sur-
face as a result of cellular injury. LSEC and hepatocyte cell 
death as a result of ischaemia releases cell fragments such as 
DNA material, histones and high-mobility group box 1 
(HMGB1) into the circulation. DAMPs interact with pattern 

Fig. 12.2 Pathophysiology of hepatic ischaemia-reperfusion injury. In 
summary, the pathogenesis of liver IR involves an early and late phase 
initiated during ischaemia. The early phase of reperfusion is character-
ised by activation of complement cascade which in turn activates resi-
dent Kupffer cell (KC) and appearance of reactive oxygen species 
(ROS) and endothelial cell activation. As reperfusion progresses, the 

release of cytotoxic mediators leads to a substantial breakdown of the 
hepatic microcirculation and activation and recruitment of circulating 
inflammatory cells which compounds the damage already sustained 
during the ischaemic period causing apoptosis and necrosis of 
hepatocytes
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recognition receptors (PRR) such as Toll-like receptors 
(TLR) on Kupffer cells, dendritic cells, and neutrophils to 
initiate an inflammatory process. This inflammatory process 
arising from tissue injury allow destruction and removal of 
harmful tissue. There is increasing evidence for TLR4 acti-
vation in IR injury supporting evidence for antigen indepen-
dent activation of CD4+ T cells [2].

Complement activation plays an important role in both 
local and remote IR injury acting directly via the formation 
of membrane attack complexes (MAC) and indirectly by 
cytokine and chemokine activation. The complement system 
is activated by one of three pathways: the antibody depen-
dent classical pathway, the alternate pathway and the man-
nose binding lectin pathway. Whilst all three pathways are 
implicated in the development and enhancement of IR injury, 
the relative importance of each pathway is not clear. 
Complement enhances Kupffer cell activation and neutrophil 
recruitment to the liver.

12.4.3  Cellular Response

Kupffer Cells are the liver resident macrophages and form 
the earliest cellular response in liver ischaemic injury. 
Kupffer cells are activated during ischaemia and early stages 
of reperfusion via the complement system and become a 
powerful source of cytokine (TNF-alpha and IL-1β) and 
ROS production. This leads to LSEC activation and expres-
sion of adhesion molecules such as ICAM-1 and VCAM-1 
which in turn enhance circulating leukocyte chemotaxis, 
adhesion and transmigration.

Neutrophils are recruited to the liver after reperfusion by 
a complex network of chemokines released from KCs and 
LSECs such as macrophage inflammatory protein-2 (MIP2). 
Neutrophils cause cellular injury by releasing matrix metal-
loproteases (MMP) and myeloperoxidases (MPO) which are 
potent oxidants. The neutrophil oxidative burst supersedes 
KCs as the main source of ROS production in the later stages 
of IR injury which causes direct damage to hepatocytes, 
LSECs and the extracellular matrix (ECM). A combination 
of ECM degradation and LSECs activation further promotes 
neutrophil adhesion and infiltration within the liver 
parenchyma.

CD4+ T cells are recruited to the liver after reperfusion 
and play an important role in the adaptive immune response 
to liver IR. There are several subsets of CD4+ T cells and 
depending on the subset can have a protective or harmful 
effect. Of note, natural killer (NK) T cells contribute to neu-
trophil activation via release of interferon gamma (IFNg) 
and IL-17. Knockout models of CD4+ T cells expressing αβ 
TCR can inhibit neutrophil recruitment and oxidative burst.

Platelets are activated and adhere to LSECs within 
minutes of reperfusion through interaction with adhesion 

molecules (ICAM-1, VCAM-1 and E-selectin) and ECM 
degradation products such as fibrinogen. Platelet adhesion 
and aggregation leads to reduced microcirculatory 
perfusion.

12.4.4  Inflammatory Mediators

Several proinflammatory and anti-inflammatory cytokines, 
chemokines and growth factors are produced by KCs, hepa-
tocytes, LSECs, and leukocytes. The relevant important 
cytokines are listed in Table 12.1 and Fig. 12.1.

12.4.5  Microcirculatory Failure

A combination of platelet and leukocyte accumulation as 
well as direct damage to hepatocytes, LSECs and vasocon-
striction in early reperfusion results in a reduction in sinusoi-
dal diameter and reduced flow. Some areas even have no flow 
despite reperfusion of the liver—this is referred to as the ‘no 
reflow’ phenomenon.

• Imbalance of vasoactive substances important in liver 
blood flow regulation results in microvascular failure. 
Vasoconstriction occurs due to an excess of endothelin-1 
(ET-1) production in early reperfusion secondary to KC 
activation. ET-1 is a powerful vasoconstrictor and excess 
levels result in micro and macrovascular reduction in 
blood flow to the liver. Nitric oxide (NO), released by vas-
cular endothelial cells in response to shear stress, on the 
other hand is a vasodilator and promotes cell survival 
through inhibition of caspase activities. NO also regulates 
microcirculatory vascular tone and inhibits platelet aggre-
gation. Other protective effects of NO include inhibition 
of proinflammatory cytokines and suppression of induced 
T cells. Therefore, a reduction of NO production would 
result in decreased microvascular perfusion.

• Endothelial glycocalyx (GXL) degradation has recently 
been implicated in liver IR. This is a thin and fragile layer 
of proteoglycans and glycosaminoglycans on the luminal 
surface of all blood vessels including the liver sinusoids. 
It plays an important role in vascular permeability, 
endothelial- leukocyte/platelet interaction (inflammation 
and coagulation) as well as mechanotransduction (NO 
production).

In hepatic IR, the glycocalyx layer is disintegrated, 
both in the liver sinusoids and systemic vasculature by 
direct damage from ROS and cytokines (TNF-α) as well 
as cleavage of its core proteins by enzymes released from 
LSECs and neutrophils (MMP and MPO). The endothe-
lial GXL prevents macromolecule transit into the intersti-
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tium and degradation leads to increased vascular 
permeability and tissue oedema. The consequences of 
systemic GXL injury are mainly as a result of increased 
vascular permeability which leads to acute lung injury 
and respiratory failure, proteinuria and renal failure, 
increased cardiac strain in the heart, bacterial transloca-
tion and intestinal ileus. Recent evidence has shown that 
GXL shedding is associated with ARDS and multiple 
organ failure in ICU patients [3].

Furthermore, GXL degradation augments the inflamma-
tory response in two ways: first, the degraded products act as 
DAMPS in the circulation which leads to activation of innate 
immune responses. Second, the protective layer that is 
formed by the GXL reduces the leukocyte interaction with 
the adhesion molecules expressed on the endothelial surface 
acting as an ‘immune camouflage’. With loss of endothelial 
GXL, there is an increased interaction of leukocytes with the 
cell surface adhesion molecules (ICAM-1 and VECAM-1) 
leading to an augmented inflammatory cell response. 
Similarly, platelet interactions with endothelial surface mol-
ecules such as von Willebrand Factor and P-Selectin are 
increased leading to activation of coagulation cascade 
(Fig. 12.2).

12.5  Clinical Manifestation

The consequences of liver IR can be divided into local 
(direct) injury to the liver or systemic (remote) injury to other 
organs.

12.5.1  Direct Injury to the Liver

Direct liver IR injury can manifest itself as derangement in 
liver function and if severe could lead to fulminant liver fail-
ure. The mildest form of hepatic IR injury can be seen as a 
post-operative rise in liver aminotransferase enzymes after 
liver surgery where a short period of inflow occlusion has 
been applied. More severe forms can lead to post-operative 
hepatic insufficiency and mortality after liver surgery.

In liver transplantation IR injury can result in early 
allograft dysfunction (10%) which may progress to primary 
non-function (2%) requiring re-transplantation. The problem 
is particularly common with use of marginal donors. 
Ischaemic cholangiopathy is a late complication presenting 
within 12 months of liver transplantation. The rate of biliary 
complications is higher in DCD (16–29%) than DBD 

Table 12.1 Key inflammatory cytokines in IR injury

Cytokines Primary secretion Actions Mechanism

TNF-α KCs, Hepatocytes, 
distant organs

Pro- inflammatory: Direct liver injury through inducing production of epithelial neutrophil activating 
protein-78 (ENA-78) and ROS, activate nuclear factor (NF)-κB, mitogen-activated 
protein kinase and c-Jun N-terminal kinase (JNK). Upregulation of chemokines 
ICAM-1, VCAM-1 and P-selectin.

IL-1β KCs and 
Hepatocytes

Pro- inflammatory: Upregulation of leukocyte aggregation and adhesion by activating NF-κB and 
macrophage inflammatory protein (MIP)-2. Upregulation of NO synthesis through 
the protein kinase B (Akt), NF-κB, and inducible nitric oxide synthase (iNOS) 
pathways.

IL-12 and 
IL-23

KCs and 
Hepatocytes

Pro- inflammatory: Stimulates CD4 T cells to produce IL-17, which enhances accumulation of 
neutrophils and aggravates liver damage. Increase TNF-α production by activating 
NF-κB and signal transducer and activator of transcription (STAT)-4.

IFN-γ T cells and NKT 
cells

Dual function: Enhancement or downregulation of neutrophil accumulation and activation in a 
dose-dependent manner.

VEGF LSECs, KCs and 
Hepatocytes

Dual function: Exogenous administration of VEGF protects the liver by upregulating iNOS 
production. However, IR injury activates VEGF receptor and Src tyrosine kinase 
and upregulates the expression of TNF-α, E-selectin, monocyte chemoattractant 
protein-1 (MCP-1) all of which result in the accumulation of intrahepatic T 
lymphocytes, macrophages and neutrophils, producing liver damage.

IL-6 KCs and 
Hepatocytes

Anti- inflammatory: Promotes hepatocyte proliferation and reduces damage by upregulation of 
glutathione (GSH) expression, activation of STAT-3 and downregulation of 
oxidative stress markers.

IL-10 and 
IL-13

KCs and T 
lymphocytes

Anti- inflammatory: Protective role mediated by upregulation of B-cell lymphoma (Bcl)-2/bcl-x, heme 
oxygenase (HO)-1, and downregulation of NF-κB, IL-2, IL-1β, MIP-2, IFN-γ, 
E-selectin, cytokine- induced neutrophil chemotaxin, and neutrophil aggregation.

HGF Hepatocytes Anti- inflammatory: It can increase hepatocyte DNA synthesis, proliferation, and glutathione 
expression, inhibit cytokine-induced neutrophil chemotaxin and neutrophil 
permeability, and downregulate the expression of the oxidative stress marker 
ICAM-1 in sinusoidal endothelial cells, further reduces liver damage and promotes 
liver cell proliferation

VEGF vascular endothelial growth factor, HGF hepatocyte growth factor
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(3–17%) grafts. The relative increase in the incidence of 
post-transplant ischaemic cholangiopathy with the use of 
DCD and extended criteria donors is partly due to the 
increased severity of IR injury.

The extent of local liver IR injury is usually measured by 
a rise in aspartate/alanine transaminases (AST/ALT) and lac-
tate dehydrogenase (LDH). Although the rise in transami-
nases correlate with the degree of IR injury, a specific cut-off 
for diagnosis of IR injury has not been established. This is 
primarily due to other factors affecting liver function post 
liver surgery and transplantation such as liver regeneration 
and graft rejection. Hence, peak transaminase levels in the 
first 7  post-operative  days have been proposed for use in 
clinical trials of liver transplantation as a surrogate marker 
for IR injury severity and to predict graft and patient 
survival.

Liver biopsy can be used for a definitive diagnosis of IR 
injury by immunohistochemical grading using the Suzuki 
classification (Table  12.2). In this classification sinusoidal 
congestion, hepatocyte necrosis and ballooning degeneration 
are graded from 0 to 4. A liver biopsy is not routinely per-
formed for establishing the diagnosis of IR injury as it car-
ries a significant risk of bleeding and histological changes 
can take up to 4 h after reperfusion to become apparent.

12.5.2  Remote Injury to Other Organs

Systemic or remote IR injury occurs as a result of the spill 
over of the inflammatory process initiated in the liver into the 
systemic circulation and the effects are shared across aetiolo-
gies. Oxygen free radicals and activated leukocytes play a 
central role in the process of remote IR injury. In its most 
severe form, IR injury leads to the development of systemic 
inflammatory response syndrome (SIRS) through systemic 
release of inflammatory mediators and activation of leuko-
cytes. A devastating consequence of this is multiple organ 
dysfunction syndrome (MODS); the progressive physiologi-
cal failure of two or more independent organ systems requir-
ing physiological support to maintain homeostasis. It is a 
documented consequence of prolonged hepatic inflow occlu-

sion and is responsible for 30–40% of deaths in tertiary 
referral intensive care units.

12.5.2.1  Post-reperfusion Syndrome (PRS)
In liver transplantation, an early and significant event after 
reperfusion of the grafted liver is haemodynamic instability, 
hypotension and shock. This post-reperfusion syndrome is 
defined as an abrupt decrease in mean arterial pressure 
(MAP) greater than 30% below the baseline value, lasting 
for at least 1  min which occurs during the first 5  min of 
reperfusion of the graft liver. It occurs in 20% of patients and 
can be persistent (lasting more than 30  mins) or recurrent 
(reappearing within 30  min of resolution) and potentially 
lethal.

In the heart, arrhythmias such as ventricular fibrillation or 
tachycardia with or without ischaemia can occur in the early 
reperfusion phase. This is due to a sudden load of cold and 
acidotic blood coming from the reperfused liver causing cor-
onary vasoconstriction and right heart strain. Significant 
electrolyte disturbances at reperfusion with increasing serum 
potassium and a reduction in calcium levels contribute to the 
development of cardiac arrhythmias. Prolonged hypotension 
at this stage leads to the development of acute kidney injury 
which is common after liver transplantation (>50%). Post- 
operative AKI is an independent risk factor for developing 
chronic kidney disease within 1-year post liver 
transplantation.

Furthermore, there is a sudden increase in pulmonary vas-
cular resistance caused by pulmonary arteriolar vasocon-
striction in response to a surge of inflammatory mediators. 
Acute lung injury (ALI) ensues due to neutrophil accumula-
tion and increased pulmonary microvascular permeability 
which can progress to acute respiratory distress syndrome 
(ARDS) and respiratory failure requiring ventilatory 
support.

In the gut, prolonged portal vein clamping leads to venous 
congestion and oedema which causes a degree of bacterial 
translocation and increased inflammatory response. This is 
compounded by the fact that hepatic immune and detoxify-
ing mechanisms that usually clear gut pathogens are ham-
pered during reperfusion of the ischaemic liver.

Severe forms of PRS can lead to acute fibrinolysis and 
coagulopathy requiring antifibrinolytic treatment.

12.6  Prevention and Treatment

There is currently no accepted treatment for liver IR injury. 
Several pharmacological agents and surgical techniques 
have been beneficial in reducing markers of hepatocyte 
injury in experimental liver IR, however, they are yet to show 
clinical benefit in human trials. The following is an outline of 

Table 12.2 Suzuki histological classification of the severity of liver 
ischaemia-reperfusion injury

Numerical 
assessment

Sinusoidal 
congestion

Vacuolisation/
ballooning Necrosis

0 None None None
1 Minimal Minimal Single 

cell
2 Mild Mild <30%
3 Moderate Moderate 30–

60%
4 Severe Severe >60%
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current and future strategies which may be effective in reduc-
ing the detrimental effects of liver IR injury in liver surgery 
and transplantation.

12.6.1  Liver Surgery

12.6.1.1  Intermittent Clamping
Inflow occlusion or portal triad clamping (PTC) can be 
continuous or intermittent; alternating between short peri-
ods of inflow occlusion and reperfusion. Intermittent 
clamping (IC) increases parenchymal tolerance to isch-
aemia. Hence, prolonged continuous inflow occlusion 
rather than short intermittent periods results in greater 
degree of post-operative liver dysfunction. IC permits lon-
ger total ischaemia times for more complex resections. 
Alternating between 15 min of inflow occlusion and 5 min 
reperfusion cycles can be performed safely for up to 
120 min total ischaemia time. There is a potential risk of 
increased blood loss during the periods of no inflow occlu-
sion. However, these intervals provide an opportunity for 
the surgeon to check for haemostasis and control small 
bleeding areas from the cut surface of the liver. The opti-
mal IC cycle times are not clear, although intermittent 
cycles of up to 30  min inflow occlusion have also been 
reported with no increase in morbidity, blood loss or liver 
dysfunction compared to 15 min cycles. IC is particularly 
beneficial in reducing post-operative liver dysfunction in 
patients with liver cirrhosis or steatosis.

12.6.1.2  Ischaemic Preconditioning (IPC)
Ischaemic preconditioning was first realised in canine 
models of myocardial infarction where brief periods of 
ischaemia followed by reperfusion was protective against 
further sustained ischaemia. The precise mechanism for 
ischaemic tolerance is not clear, but we know from experi-
mental studies that this phenomenon exists in skeletal 
muscles, liver and the kidney [4]. In liver surgery, IPC 
involves a short period of ischaemia (10 min) and reperfu-
sion (10  min) intraoperatively by portal triad clamping 
prior to parenchymal transection during which a longer 
continuous inflow occlusion is applied to minimise blood 
loss. It allows continuous ischaemia times of up to 40 min 
without significant liver dysfunction. However, the pro-
tective effect of IPC decreases with increasing age above 
60 years old and compared to IC it is less effective in stea-
totic livers. Moreover, IPC may impair liver regeneration 
capacity and may not be tolerated by the small remnant 
liver in those with more complex and extensive liver 
resections increasing the risk of post-operative hepatic 
insufficiency.

12.6.1.3  Remote Ischaemic Preconditioning 
(RIPC)

In order to avoid direct ischaemic insult to the liver by 
inflow occlusion, remote ischaemic preconditioning (RIPC) 
has been used. RIPC involves preconditioning a remote 
organ prior to ischaemia of the target organ. It has been 
shown to be reduce warm IR injury to the liver in experi-
mental studies. A recent pilot randomised trial of RIPC in 
patients undergoing major liver resection for colorectal liver 
metastasis used a tourniquet applied to the right thigh with 
10 min cycles of inflation-deflation to induce IR injury to 
the leg for 60  min [5]. This was performed after general 
anaesthesia prior to skin incision. A reduction in post-oper-
ative transaminases and improved liver function was shown 
without the use of liver inflow occlusion. These results are 
promising but require validation in a larger trial addressing 
clinical outcomes.

12.6.1.4  Pharmacological Agents
Antioxidants are either free radical scavengers or inhibit spe-
cific pathways in ROS production. Allopurinol for example 
is a xanthine oxidase inhibitor which has a protective effect 
on the mitochondria through a reduction in oxidative stress 
and lipid peroxidation as well as increasing ATP levels. 
Vitamin E acts as a radical scavenger while α-lipoic acid has 
a transition metal resulting in chelation with ROS. Melatonin 
is an endogenous antioxidant produced by the pineal gland 
and is an important hormone in regulating the circadian 
rhythm. In experimental models of warm IR injury, melato-
nin administration reduced TNF-α and iNOS production. 
Although in experimental studies markers of cell injury are 
reduced with antioxidants, they have failed to show an 
improvement in clinical outcomes after liver resection in 
human clinical trials.

• Anti-inflammatory agents such as methylprednisolone has 
been extensively studied in warm IR in experimental 
studies. It reduces hepatocellular apoptosis and inflamma-
tory mediator release as well as reducing post-operative 
transaminases. There is some evidence that methylpred-
nisolone administration combined with intermittent 
inflow occlusion can reduce complications and length of 
hospital stay following liver surgery. However, routine 
use has been hampered with concerns of immune sup-
pression and conflicting outcomes of clinical trials.

Pharmacological preconditioning with volatile anaesthetic 
agents such as sevoflurane or isoflurane 30 mins prior to warm 
ischaemia in liver resections reduces postoperative liver dys-
function, especially in those with liver steatosis [6]. Experimental 
evidence suggests the mechanism for hepatoprotection is 
through upregulation of the haem- oxygenase- 1 pathway [7].
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12.7  Liver Transplantation

Organ resuscitation is the process of improving the viability 
and function of marginal donor organs prior to transplanta-
tion with the primary aim of reducing the risk of IR injury 
and complications. Surgical and pharmacological interven-
tions to reduce IR injury are eagerly pursued to optimise 
high risk donor livers for transplantation. This would poten-
tially expand the donor pool leading to a reduction in waiting 
list deaths. Reducing the severity of IR injury would also 
lead to a reduction in complications associated with low risk 
donors. This process starts at organ donation and continues 
in the preservation and implantation in the recipient 
(Fig. 12.3.).

Identifying high risk donor livers is essential not only 
in matching organs with recipients but in the future may 
allow optimisation prior to transplantation. Several fac-
tors are associated with poor graft and patient survival in 
liver transplantation. The donor risk index (DRI) was 
developed to identify factors that would predict the risk of 
graft failure [8]. The DRI has been combined with preser-
vation and recipient factors such as cold ischaemia times 
and model for end-stage liver disease (MELD) scores to 
better predict graft failure. However, the expansion of the 
donor pool to extended criteria donors as well as national 
allocation systems has hampered the widespread use of 
DRI in clinical practice.

With the advent of machine perfusion and opportunities 
for organ resuscitation during preservation, a new model of 
donor risk prediction has been developed in the United 
Kingdom. The UK DRI is based entirely on donor factors at 
organ retrieval prior to transport and preservation and aims to 
identify high risk organs that would benefit from resuscita-
tion strategies [9, 10].

12.8  Donor Strategies

12.8.1  Donor Optimisation

Donor co-morbidities and damage sustained during the final 
illness of donors affect the quality of the donor liver. In DBD, 
this is compounded by the pathophysiological consequences 
of brain-stem death which is classically a triphasic process 
involving: first a Cushing’s reflex of hypertension and brady-
cardia, followed by a massive release of catecholamines 
resulting in a transient hypertension, tachycardia and myo-
cardial impairment. The final agonal phase is characterised 
by loss of sympathetic drive which results in a profound and 
refractory vasodilation, hypovolaemia and neurogenic pul-
monary oedema. Other physiological derangements which 
may occur include diabetes insipidus, electrolyte abnormali-
ties, disseminated intravascular coagulopathy and metabolic 
acidosis. In DBD donors, there is an opportunity for protect-

Fig. 12.3 Summary of risk 
factors and treatment 
strategies for attenuating IR 
injury in liver transplantation. 
DBD donor after brain death, 
DCD donor after circulatory 
death, BMI body mass index, 
MELD model for end stage 
liver disease
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ing the donor organs form these physiological changes as 
soon as a potential donor is identified. Physiological optimi-
sation aims to improve the viability of the donor organs by 
correction of hypovolaemia, the use of vasopressin and 
weaning of epinephrine, ventilatory support after apnoea 
testing and methylprednisolone to attenuate systemic inflam-
mation of brain-stem death. Such opportunity for optimisa-
tion does not exist in DCD donation due to time pressures in 
retrieving the organs and avoiding prolonged warm 
ischaemia.

12.8.2  Normothermic Regional Perfusion 
(NRP)

DCD donation involves a prolonged warm ischaemia time 
between withdrawal of organ support, progressive hypoten-
sion and hypoxia culminating in cardiac death. This causes 
liver injury which is then exacerbated by cold ischaemia 
when the abdominal organs are perfused with cold preserva-
tion solution. In the UK, this is of particular concern as legal 
requirements prevent cannulation and heparinisation of the 
donor for at least 5 min after confirmation of death [11, 12]. 
NRP has been developed to reduce hepatocellular damage 
caused by prolonged warm ischaemia and subsequent cold 
perfusion in controlled donations from DCD donors. This 
technique involves delivering oxygenated cold perfusion 
using an extracorporeal membrane oxygenation circuits 
(ECMO) to the abdominal organs in situ by cannulation of 
the iliac vessels and the abdominal aorta. Several reports 
have indicated the use of NRP in controlled DCD donation 
reduces the rates of delayed graft function and primary non- 
function, hepatic artery thrombosis as well as ischemic chol-
angiopathy in liver transplantation. The optimal duration of 
NRP is not known and varies significantly in these reports 
from 2 to 4 h. NRP has been combined with hypothermic 
machine perfusion to further improve the viability of organs 
retrieved from DCD donors [13].

12.9  Preservation and Resuscitation

12.9.1  Preservation Solutions

Preservation solutions have been designed to mitigate the 
cellular and molecular damage that occurs during ischaemia. 
They have a fundamental role in solid organ transplantation, 
enabling preservation and transportation of organs to recipi-
ent location over long distances. The various compositions 
largely consist of electrolytes, buffers, impermeants and 
metabolites (ROS scavengers and nutrients) [1]. There are 
different electrolyte compositions to reflect intra- or extra-
cellular ratios of Na+ and K+ with added calcium, chloride 

and magnesium. Buffers (e.g. bicarbonate) counteract 
changes in pH whilst free radical scavengers (e.g. glutathi-
one) reduce ROS formation. Impermeants such as colloids, 
mannitol and citrate have a high molecular weight and coun-
teract passage of electrolytes and water across cell mem-
branes thereby preventing cell swelling. Preservation 
solutions combined with cooling to reduce oxygen and meta-
bolic demand improves organ viability ex vivo.

Static cold storage (SCS) involves rapid flushing of the 
organs in situ with preservation fluids and after retrieval sur-
gery, the liver is submerged in a sterile bag containing the 
same solution and placed on ice for storage during transport. 
Owing to its convenience, low cost and effectiveness this 
method of organ preservation has been the standard method 
of transporting donor livers for decades. SCS remains the 
standard of care for liver preservation, however, it still leads 
to anaerobic respiration and cellular damage. Whilst this 
may be well tolerated by low-risk livers and lead to modest 
IR injury at implantation, in marginal livers it leads to an 
augmented IR injury and worse clinical outcomes. New 
developments in machine perfusion and pharmacological 
additives to resuscitate marginal livers will require a modifi-
cation of preservation solutions in future [1].

12.9.2  Hypothermic Machine Perfusion (HMP)

Hypothermic perfusion of the donor organs can be employed 
with or without supplementary oxygenation. The concept of 
ex vivo machine perfusion has been studied for decades. The 
development of ideal perfusion circuits was hampered due to 
the technical expertise and costs associated with incorporat-
ing them in clinical practice compared to SCS and the diffi-
culty of demonstrating clinical benefit. However, this topic 
has been revisited with great interest for improving graft 
viability in extended criteria and DCD donors.

Hypothermic oxygenated perfusion (HOPE) reduces met-
abolic activity and oxygen demand whilst supporting reduced 
aerobic activity with supplemental oxygen in the perfusion 
solution. Flow of the perfusion fluid helps remove toxic 
metabolites produced during ischaemia. Although flow trig-
gers shear-dependant endothelial protective mechanism such 
as nitric oxide production, high flow pressures and prolonged 
perfusion cause injury to the pressure sensitive liver sinusoi-
dal endothelial cells. An optimal perfusion pressure and 
duration is yet to be determined. HOPE can be delivered con-
tinuously throughout transportation which is expensive and 
is a logistical challenge requiring in transport perfusion and 
expertise. Furthermore, continuous HOPE may increase the 
risk of vascular endothelial damage through prolonged per-
fusion in transport. To overcome these challenges, end- 
ischaemic HOPE is applied for a short period prior to 
implantation at the recipient centre after SCS in transporta-
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tion. Experimental evidence suggests that even short periods 
(1–2 h) of cold oxygenated perfusion as a ‘rescue therapy’ in 
DCD livers yields hepatocyte protection with improvements 
in bile flow through a reduction of necrosis, reduced platelet 
adhesion and enhanced ATP recovery [14]. End-ischaemic 
HOPE also reduces the inflammatory response through 
reduction of DAMPS, TLR activation and cytokine release 
and ultimately has a protective effect on hepatocyte viability 
and function [15].

Several clinical series of HOPE in humans have been 
reported with variations in perfusion technique (dual: 
hepatic artery and portal vein or single: portal vein only), 
solution and pressures as well as timings. The evidence for 
this technique is based on comparative cohorts which have 
an inherent risk of bias. Randomised controlled trials 
(RCTs) are required with statistical improvements in patient 
centred outcomes such as graft and patient survival, length 
of hospital stay, complications and quality of life. The first 
prospective RCT of end-ischaemic HOPE for extended cri-
teria DBD donor livers is under way and the results are 
eagerly awaited [14].

12.9.3  Normothermic Machine Perfusion 
(NMP)

Normothermic machine perfusion (NRP) has been devel-
oped to maintain cellular metabolism and organ function in 
preservation. This requires a constant supply of nutrients and 
oxygenated perfusion at body temperature (37 °C). Several 
NMP circuits have been designed to incorporate pumps, a 
blood reservoir, a heat exchanger and an oxygenator. In 
murine models, NMP’s protective effects have been demon-
strated through reducing endothelial injury and replenishing 
ATP supplies as well as mitochondrial protection. In large 
animal models of liver preservation, NMP has been shown to 
improve bile production and reduce markers of hepatocellu-
lar injury as well as a reduction in platelet aggregation at 
reperfusion [16]. These results are encouraging but clinically 
relevant end points such as improved post-transplant survival 
are required. A potential benefit of ex vivo NMP is that it 
would allow assessment of liver function and viability prior 
to transplantation. The diagnostic accuracy of machine- 
based parameters and their ability to predict relevant clinical 
outcomes such as graft failure have not been proven in robust 
prospective observational studies.

A recently published phase 3 randomised control trial of 
NMP compared to SCS showed a significant reduction in 
peak post-transplant AST levels and a reduction in early 
allograft dysfunction but no improvement in any patient cen-
tred outcomes (mortality, morbidity, length of ITU and hos-
pital stay) [17]. Improvements in the technology has allowed 
development of portable perfusion machines for NMP, none-

theless it still has the cost and logistical challenges that come 
with machine perfusion in transport which may hinder its 
applicability at a large scale. In order to mitigate for this, a 
feasibility trial for end-ischaemic NMP after SCS has 
recently been conducted and the results of this are awaited. 
NMP technology is promising and future developments will 
allow opportunities for pharmacological interventions in 
preservation with objective measures on liver function and 
viability prior to transplantation.

12.10  Recipient Strategies

12.10.1  Washout Techniques

The toxic metabolites, electrolytes and inflammatory media-
tors which accumulate within the liver during SCS are 
washed out into the systemic circulation once the graft is 
revascularised. This sudden cold, acidotic and toxic hit to the 
heart and lungs leads to development of haemodynamic 
instability and post-reperfusion syndrome. In order to mini-
mise this surge, the liver is washed out and warmed prior to 
revascularisation using different washout techniques and 
solutions.

Washout can be performed using preservation solutions, 
crystalloids or colloids like human albumin solution, on 
bench or in situ prior to venous reperfusion, in antegrade or 
retrograde fashion, through the portal vein only or dual per-
fusion through portal vein and hepatic artery, with or without 
venting of the vena cava. Portal vein only flushing without 
vena cava venting has been shown to significantly reduce the 
incidence of haemodynamic instability [18]. Machine perfu-
sion of livers has the potential to significantly reduce the 
incidence of PRS by avoiding build-up of toxic mediators. 
NMP significantly reduced the haemodynamic instability at 
reperfusion in a large animal model of liver transplantation 
compared to SCS livers [19].

12.10.2  Remote Ischaemic Preconditioning 
(RIPC)

Direct intraoperative ischaemic preconditioning of the liver 
by intermittent inflow occlusion in the recipient during trans-
plantation is challenging. Besides the fact that the recipient 
liver is explanted, inflow occlusion of the recipient cirrhotic 
liver is poorly tolerated, and the risks of IPC against potential 
systemic benefits is not known. Direct IPC by portal triad 
clamping in the donor liver during retrieval surgery has been 
performed in DBD donors, however it risks prolonging 
retrieval time and reduce venous return to the heart causing 
haemodynamic instability. Hence, remote ischaemic precon-
ditioning (RIPC) of the organ recipient has been proposed. In 

12 Liver Ischaemia-Reperfusion Injury



140

a recent feasibility trial, three 5 min cycles of lower limb IR 
was used as the stimulus on the recipient prior to implanta-
tion surgery which failed to demonstrate an improvement in 
short-term measures of IR injury [20]. This was perhaps due 
to the timings and duration of the RIPC protocol.

12.10.3  Pharmacological Agents

There is currently no pharmacological agent in routine clini-
cal use for reducing IR injury. A number of experimental 
drugs have shown to be beneficial in reducing markers of 
severity in liver IR injury, however, none have conclusively 
shown clinical benefit. For a comprehensive review see 
Cannistra et al. [21]. Some of the main drugs and their mech-
anism of action are summarised below:

• Antioxidants have been extensively studied in experimen-
tal models of warm and cold liver IR given the central role 
of oxidative stress. Examples of antioxidants include 
α-tocopherol, ascorbic acid, melatonin, N-acetylcysteine, 
bucillamine, superoxide dismutase, allopurinol and 
hydrogen sulphide. However, there is currently no con-
clusive evidence from human trials in liver transplanta-
tion that they lead to reduced post-operative complications. 
α-lipoic acid (ALA) for example is a natural ROS scaven-
ger found in some foods and endogenously synthesised in 
human mitochondria. A 600 mg perfusion of ALA prior to 
cold ischaemia reduced plasma DAMP levels and 
increased transcription of hypoxia-inducible factor-1 
(HIF-1α) in a double blinded randomised trial of 40 donor 
livers. It may have also contributed to a reduction of post- 
reperfusion syndrome, however it did not improve graft 
function or reduce complications [20].

• Antioxidant gene therapy is a novel application of recom-
binant viral vectors to upregulate genes such as superox-
ide dismutase involved in ROS scavenging or those 
protective in ischaemia such as HIF-1α.

• Nitric oxide has an important protective role in liver IR 
injury and exogenous administration of NO by inhala-
tion or NO donors such as sodium nitroprusside have 
been shown in murine models to improve hepatic blood 
flow and be cytoprotective. Shikonin, a Chinese herbal 
medicine has recently been shown to be protective in a 
murine model of warm hepatic IR through activation of 
the PI3k/Akt pathway which is important in eNOS pro-
duction [20].

• Endothelial glycocalyx protection and prevention of 
local and systemic GXL disruption could potentially 
provide a unifying target to reduce the many direct and 
remote complications of hepatic IR injury. Donor graft 

steatosis is a major risk factor for graft failure in liver 
transplantation mainly due to reduced microcirculatory 
flow. Steatotic livers have a poor response to shear stress 
(mechanotransduction) and endothelial protection from 
stress damage is an important function of the GXL. This 
was as shown by reduced levels of eNOS activity and 
NO production as well as decreased Kruppel-like factor 
2 (KLF2) expression in subnormothermic machine per-
fusion of steatotic livers compared to normal livers lead-
ing to a perturbed microcirculatory state [22]. In another 
study of steatotic liver preservation it was shown that 
GXL protection was associated with significantly 
reduced hepatocyte damage and higher NO production 
[23]. In the recipient, there is significant shedding of the 
GXL at reperfusion which may contribute to postopera-
tive complications [24].

12.11  Future Perspectives

Hepatic IR injury remains the main cause of morbidity and 
mortality in liver surgery and transplantation. Despite over 
two decades of research in this area, therapeutic options to 
treat or prevent liver IR are limited. This is primarily due to 
the difficulties in translation of promising agents into human 
clinical studies. Recent advances in our understanding of the 
immunological responses and endothelial dysfunction in the 
pathogenesis of liver IR injury may pave the way for the 
development of new and more effective and targeted phar-
macological agents. With the advent of machine perfusion, 
there is a great opportunity for re-conditioning or resuscitat-
ing marginal donors with the aim of increasing the donor 
pool and reducing waiting list deaths. These technologies are 
currently being evaluated in humans but determining the 
optimal perfusion conditions will require extensive clinical 
investigation.

 Self Study

 Questions

 1. What is ischaemia-reperfusion injury?
 2. What causes liver IR injury in liver surgery?
 3. What is post-reperfusion syndrome in liver 

transplantation?
 4. Name two strategies used to reduce IR injury in the liver 

donor.
 5. List five donor and preservation risk factors associated 

with increasing IR injury and graft failure in liver 
transplantation.
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 Answers

 1. Ischaemia-reperfusion injury is the cellular damage sus-
tained upon reperfusion of previously viable ischaemic 
tissues.

 2. Liver IR injury occurs due to mobilisation of the liver as 
well as temporary inflow occlusion (Pringle manoeuvre) 
used to reduce blood loss.

 3. Post-reperfusion syndrome (PRS) refers to the haemody-
namic instability that occurs at reperfusion of the graft. It 
is defined as an abrupt decrease in mean arterial pressure 
(MAP) greater than 30% below the baseline value, lasting 
for at least 1 min which occurs during the first 5 min of 
reperfusion of the graft liver.

 4. Donor optimisation (for DBD) and Normothermic 
Regional Perfusion (for DCD)

 5. Donor age, BMI, steatosis, DCD, cold and warm isch-
aemia times.
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Autoimmune Hepatitis
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Abbreviations

AIH Autoimmune hepatitis
AMA Anti-mitochondrial antibody
LC1 Liver cytosol type 1
LKM-1 Liver kidney microsomal type 1
p-ANCA Perinuclear antineutrophil cytoplasmic antibodies
SMA Smooth muscle antibody

13.1  Introduction

Autoimmune hepatitis (AIH) is a relatively rare autoimmune 
liver disease of unknown aetiology. The disease is character-
ized by immune-mediated destruction of the hepatocytes and 
progressive inflammation and subsequent liver fibrosis lead-
ing to organ’s failure, if the disease is left untreated. Genetic, 
epigenetic and immunological factors are considered impor-
tant for the development of the disease.

13.2  Diagnostic Criteria

In an attempt to assist firm diagnosis, the International 
Autoimmune Hepatitis Group (IAIHG) of experts, estab-
lished in early 1990s proposed a series of criteria that classi-
fied patients as “probable” or “definite” for autoimmune 
hepatitis. These criteria (Table 13.1), were revised in 1999 
[1] and for long were used, mainly for research purposes, 
until the simplified criteria were developed and are currently 
a proper diagnostic tool used in routine practice.

The current diagnostic criteria [2] for the disease are well 
established and their simplified form (Table 13.2) which is 
used for clinical purposes includes: (a) elevated IgG levels 
(or total gamma globulins i.e. evidence of hyperglobulinae-
mia; (b) presence of disease related or characteristic autoan-
tibodies; and (c) histological features of lymphocytic 
hepatitis. They also require absence of viral hepatitis, as this 
increases the chances the findings mentioned above to be due 
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Key Concepts
• Autoimmune hepatitis (AIH) is an autoimmune 

liver disease, which if is left untreated (without 
immunosuppression) leads to immune-mediated 
hepatocyte destruction, fibrosis/cirrhosis and liver 
failure

• The current diagnostic criteria require evidence of 
hyperglobulinaemia, detectable characteristic auto-
antibodies and histological evidence of immune- 
mediated destruction of hepatocytes (such as 
interface hepatitis)

• Clinical presentation and natural history of the dis-
ease greatly varies from acute, sub-acute to chronic 
disease, asymptomatic to full-blown liver disease 
affecting all ages, both genders and all ethnicities

• AIH must be considered as a cause of acute and/or 
chronic liver disease, in suspected cases with no 
other profound cause

• The goal of treatment in AIH is to induce and main-
tain complete remission

• The disease generally appears to be well controlled 
under corticosteroid treatment with or without com-
bination treatment with azathioprine. Other treat-
ment regimen can lead to disease remission in case 
of standard treatments fail
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to AIH alone. Unfortunately, the simplified criteria have low 
sensitivity for AIH patients with fulminant failure and paedi-
atric AIH [2].

13.3  Autoantibody Serology

Based on the type of autoantibody present in the serum of the 
affected individual, the disease is classified in two types. 
Type 1 AIH is characterized by the presence of anti-smooth 
muscle antibodies (ASMA) and/or without anti-nuclear anti-
bodies (ANA). Type 2 AIH is presented with positive anti- 
liver/anti-kidney microsomal-1 (anti-LMK1) antibodies and/
or anti-liver cytosol (anti-LC) type 1 antibodies. Several 
other autoantibodies can be detectable in sera from patients 
with AIH, but these are either non-specific or not relevant 
with the disease [3–5] (Fig. 13.1).

13.4  Aetiology

There is no proved and specific evidence of the cause of the 
disease. The disease has a relatively strong genetic back-
ground and amongst various environmental factors, infectious 
triggers, mainly viral agents, have been considered relevant to 
its pathogenesis. Toxins and drugs are also implicated, as their 
potential to induce AIH-like disease in animals is well docu-
mented. Both innate and adaptive immunity is involved in dis-
ease’s development and progression, as shown in animal 
models of the disease and studies conducted in humans.

Table 13.1 1999 IAIHG revised diagnostic criteria of autoimmune 
hepatitis

Feature Score
Female sex +2
AP ÷ AST (or ALT)
     <1.5 +2
     1.5–3.0 +0
     >3.0 −2
Serum globulins or IgG above normal
     >2.0 +3
     1.5–2.0 +2
     1.0–1.5 +1
     <1.0 0
ANA, SMA or LKM-1
     >1:80 +3
     1:80 +2
     1:40 +1
     <1:40 0
     AMA positive −4
Hepatitis viral markers
     Positive −3
     Negative +3
Drug history
     Positive −4
     Negative +4
Average alcohol intake
     <25 g/day +2
     >60 g/day −2
Liver histology
     Interface hepatitis +3
     Predominantly lymphoplasmacytic infiltrate +1
     Rosetting of liver cells +1
     None of the above −5
     Biliary changes −3
     Other changes −3
     Other autoimmune disease(s) +2
Optional additional parameters:
     Seropositivity for other defined autoantibodies +2
     HLA DR3 or DR4 +1
Response to therapy:
     Complete +2
     Relapse +3
Interpretation of aggregate scores
     Pre-treatment
        Definite AIH >15
        Probable AIH 10–15
     Post-treatment
        Definite AIH >17
        Probable AIH 12–17

Abbreviations: AIH autoimmune hepatitis, ALT alanine aminotransfer-
ase, AMA anti-mitochondrial antibodies, ANA anti-nuclear antibodies, 
AP alkaline phosphatase, AST aspartate aminotransferase, HLA human 
leukocyte antigen, IgG immunoglobulin G, LKM-1 liver-kidney micro-
somal antibodies, SMA smooth muscle antibodies

Table 13.2 Simplified diagnostic criteria of autoimmune hepatitis

Feature Cut-off Points
ANA/SMA ≥1:40 1
ANA/SMA ≥1:80 2a

or LKM-1 ≥1:40
or SLA Positive
IgG >Upper normal limit 1

>1.1 times the upper normal limit 2
Liver histologyb AIH compatible 1

AIH typical 2
Absence of viral hepatitis Yes 2
Interpretation of aggregate scores
Definite AIH ≥7 points
Probable AIH ≥6 points

Abbreviations: AIH autoimmune hepatitis, ANA anti-neutrophil anti-
bodies, IgG immunoglobulin G, LKM1 liver-kidney microsomal anti-
bodies, SMA smooth muscle antibodies, SLA soluble liver antigen
aAddition of points achieved for all autoantibodies (maximum  =  2 
points)
bEvidence of hepatitis is a necessary condition
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13.5  Pathogenesis

The prevailing view is that AIH is a T-cell mediated (CD4 
and CD8) autoimmune disease [6]. The disease develops 
under a state of breakdown of antigen-driven immunological 
tolerance in susceptible individuals with impaired immuno-
regulatory function [7]. Though the loss of tolerance has 
been attributed to be secondary to environmental triggers, 
such triggers (infectious and non-infectious) have not been 
isolated so far. Several infectious agents have been associ-
ated with AIH-1, AIH-2 or both (Fig. 13.2) and case studies, 
data from animal models, immunological or virological data 
have provided some support linking infection to AIH, but no 
solid evidence has been provided so far [8].

Viruses appear as more likely triggers compared to bacte-
rial infections. Early studies linking hepatitis C virus infec-
tion with AIH-2 have been on the fact that 2–11% of patients 
with chronic hepatitis C virus infection had detectable anti- 
LKM- 1 antibodies, the serological marker of AIH-2, which 
is present in 85% of the patients. Evidence of immunological 
cross-reactivity involving hepatitis C virus and cytochrome 
P4502D6, the autoantigenic target of anti-LKM1, has been 

ANA

Liver tissue

Anti-LKM1 Anti-LC1

Renal tissue

Liver tissue Renal tissue

SMA

Fig. 13.1 Autoimmune 
hepatitis related 
autoantibodies. Anti-nuclear 
antibody (ANA), smooth 
muscle antibody (SMA), 
anti-liver kidney microsomal 
antibody (anti-LKM1) and 
anti-liver cytosol antibody 
(anti-LC1) by indirect 
immunofluorescence
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Fig. 13.2 Schematic representation of viral associations with autoim-
mune hepatitis. HAV hepatitis A virus, HBV hepatitis B virus, HCV 
hepatitis C virus, HDV hepatitis D virus, ADV adenovirus, CMV cyto-
megalovirus, HSV-1 herpes simplex virus, EBV Epstein-Barr virus, 
VZV varicella zoster virus, HEV hepatitis E virus
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obtained, further supporting the notion for a potential link. 
Animal models based on the viral/autoantigenic mimicking 
sequences have provided additional evidence. The murine 
model of concanavalin A-induced AIH shares several fea-
tures with AIH and is the most widely used model to study 
the pathogenesis of AIH [9, 10]. Such models have appreci-
ated the role of innate cellular subsets, such as those of iNKT 
cells in the development of AIH [11]. Fresh substantiation 
has also supported the notion that AIH patients (at least pae-
diatric ones) are characterized by a functional impairment of 
their regulatory T cell (Treg) populations.

With the advance of biostatic information and processing 
of big data stemming from genetic studies, the role played by 
the genetic make-up of the affected individuals has been 
widely assessed. Genome wide association studies have 
established most of the susceptibility gene associations [12]. 
A female preponderance is unquestionable. HLA associa-
tions are also well documented for both types of the disease, 
depending on the ethnic background/origin of the affected 
individuals. Hence, established links with variations in the 
HLA locus on the short arm of chromosome 6 are repeatedly 
emerging. The associations, which appear to be the stron-
gest, are within the genes encoding the HLA class II DRB1 
alleles. A Dutch GWAS, and its replication in German 
cohorts, revealed DRB1∗0301 and DRB1∗0401 as primary 
and secondary susceptibility genotypes. What is still a matter 
of debate is whether clinical features such as prognosis/out-
come of the disease, extent of response to treatment and 
clinical phenotypes are associated with specific HLA alleles 
or not. Susceptibility to AIH-2 have been linked to alleles 
encoding the DR3 (DRB1∗0301) and DR7 (DRB1∗0701) 
molecules in the United Kingdom and Latin America. Such 
data are treated with caution, especially for AIH-2, the most 
rare form of AIH, due to the small number of analysed bio-
logical samples. In addition, data stemming from metanaly-
ses question findings of individual studies, especially those 
relating AIH with non-HLA single nucleotide polymor-
phisms. A recent metanalysis has concluded that there no 
relation between (previously noted) IL-10, an immunoregu-
latory cytokine, promoter polymorphisms (in particular 
rs1800896, rs1800871, and rs1800872 polymorphisms) and 
AIH or other autoimmune liver diseases.

Associations outside the HLA locus involve TNF-α, 
CTLA-4 gene promoters and Fas genes amongst others but 
data are not conclusive. Of interest are also the gene associa-
tions of the GWAS related to CARD10 and SH2B3 genes.

13.6  Natural History

The disease can affect all sexes, ages and ethnicities. The dis-
ease spectrum is highly heterogeneous. It can run an asymp-
tomatic course, a very mild subclinical/clinical course, can 

have an acute/very acute course and at times rarely can lead to 
fulminant hepatic failure due to acute hepatitis. It can be the 
first manifestation of liver disease in infants as well as in very 
old people, without prior history of liver disease [13, 14].

The disease can be accompanied by general, non-specific 
symptoms such as fatigue and malaise, arthralgia and unex-
plained abdominal pain or jaundice. Symptoms and signs 
related to established cirrhosis, such as variceal haemor-
rhage, ascites and hepatic encephalopathy are not frequent 
these days due to the fact that patients are usually controlled 
under immunosuppression for very long.

As in other autoimmune disease, AIH may co-occur with 
other extrahepatic autoimmune diseases, such as autoim-
mune thyroiditis, autoimmune rheumatic diseases and celiac 
disease. Early days, the concept of overlap syndromes was 
used to describe patients with overlapping features of AIH 
and primary biliary cholangitis (formerly known as primary 
biliary cirrhosis) or that of AIH with primary sclerosing 
cholangitis. This terminology is not any more used, as the 
concept of overlap syndromes has been neglected.

13.7  Epidemiology

Study results largely vary, but according to European 
Association for the Study of Liver Disease (EASL) guide-
lines, the prevalence of AIH ranges from 15 to 25 cases per 
100,000 inhabitants in Europe and is increasing in both 
women and men. This increase is not yet clear whether 
reflects increase in technological advancements (autoanti-
body diagnostics, imaging features of liver disease, regular 
checkups) and physicians’ awareness of it relates to the true 
impact of an unknown yet triggering cause [13, 15–17].

The ethnic background largely affects the prevalence of 
the disease. One of the most notable features is that seen in 
Alaskan natives, who present a higher frequency of acute 
icteric disease at disease onset. A well-documented feature is 
seen in African-American patients, who appear to be more 
frequently cirrhotic, as well as that related to Mexican 
Mestizos, who are presented with cirrhosis. Whether such 
documentation related to true ethnic predispositions and the 
genetic make-up of the affected individuals or relate to socio-
economic reasons, such as that of lack of access to proper 
health care and subsequent delayed diagnosis is not yet 
established, as the data are still limited and proper studies 
have not been conducted so far.

13.7.1  Histopathological Features

The hallmark histologic feature of AIH is interface hepatitis. 
The specificity of this feature, however, is low as it can be 
seen in hepatitic forms of liver damage such as viral hepatiti-
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des. Most investigators support, with some exceptions, that 
there is no pathognomonic histopathological finding related 
to AIH and that those frequently found in patients with this 
disease are nonspecific [1, 18, 19].

Nevertheless, a firm diagnosis of the disease, as noted by 
the scoring of the simplified criteria cannot be established in 
the absence of liver biopsy assessment. Thus, all guidelines 
(American, European, Japanese and other) recommend that 
the diagnosis of AIH should not be made in the absence of a 
liver biopsy. In addition to interface hepatitis, emperipolesis 
and hepatic rosette formation have been considered AIH- 
related features of the disease and in their presence, the 
diagnosis is highly likely. A typical AIH histopathological 
picture is that of mononuclear inflammatory infiltrate mostly 
plasma cells, located principally in the portal tracts. This 
lymphocyte inflammation is that which most likely leads to 
piecemeal necrosis of hepatocytes and the destruction of 
limiting plate, also known as interface hepatitis, bridging 
fibrosis which connects the portal and central area of hepa-
tocytes, regenerating nodules, and finally established cirrho-
sis and subsequent lever failure. The hepatitis form of 
histopathological features does not exclude the presence of 
cholangitis features and ductopenia in a proportion of 
patients with AIH.

The experience of the pathologist is essential for proper 
assessment and can be of great help for decision making. 
It needs to be reminded that liver biopsy is unquestionably 
the most trustworthy method for judging the gravity of 
the hepatocyte destruction, both in terms of grading and 
staging) [1].

Assessment of liver histology was a tool used in AIH to 
monitor therapeutic interventions. Assessments included 
quantitation of hepatic inflammation and staging of liver 
destruction. More recent attempts to use various indexes, 
such as that of the modified Hepatic Activity Index (mHAI) 
established for chronic viral hepatitis, has been used for 
staging of AIH with questionable results, mainly due to 
the fact that most scoring systems are based on viral hepa-
titis assessments and cannot be applied to AIH. The lack 
of applications of the diagnostic scoring in acute and 
severe AIH is another troubling issue, which is yet to be 
solved. The value of fibroscan and other non-invasive 
parameters for assessing the extent of fibrosis in AIH 
remains unclear. In several cases, patients may also have 
another liver disease. For example AIH and non-alcoholic 
liver disease or AIH and viral hepatitis or AIH and alco-
holic liver disease. These co- existence challenges the 
extent by which liver biopsy can be of definite help and 
could assist firm diagnosis in patients with suspected AIH 
(on the top of the con-current liver disease of any other 
cause). This is also important for the understanding that, 
so far we have for the diagnostic assessment we follow in 
suspected cases.

13.7.2  Diagnostic Work Up

AIH must be considered as a cause of acute and chronic liver 
damage, with no profound cause. Differential diagnosis must 
include other causes of acute and mainly chronic liver dis-
ease including nonalcoholic hepatosteatosis (NASH), 
chronic viral hepatitis, Wilson disease, a1 anti-trypsin defi-
ciency, drug-induced hepatitis and other. We must always 
have in our minds the possible diagnosis of other autoim-
mune liver diseases such as primary biliary cholangitis, and 
primary sclerosing cholangitis, as well as the fact that even in 
the case AIH is diagnosed this cannot exclude the co- 
occurrence of PBC or PSC. A multi-step approach is required 
to assist diagnosis. Symptomatology, clinical signs, labora-
tory tests, imaging features and histological assessment, if 
required, can confirm or dismiss disease’s presence.

Noticeable elevation of serum transaminases (AST, ALT) 
and hyperglobulinaemia are commonly found while marked 
elevation of ALP is infrequent. Excluding cirrhotic patients, 
serum levels of AST, ALT, and IgG (especially in paediatric 
patients) mirror to some extent disease severity. Whether the 
same features also reflect at presentation instantaneous pro-
jection of future prognosis is to be questioned.

The serological immunological markers required for the 
diagnosis of AIH include those tested at the basis of autoan-
tibody work-up [20]. None of the autoantibodies tested are 
sensitive enough, or specific enough to be used by them-
selves. ANA, SMA, and anti-LKM1 are tested by indirect 
immunofluorescence, which remains the gold standard for 
autoantibody assessment. The molecular targets of SMA, 
anti-LKM1 and anti-LC1 have been identified as filamen-
tous actin, CYP2D6 and formimino-transferase cyclode-
aminase, respectively. Molecular based assays such as 
ELISA and line/dot/blot assays are widely used for their 
proper detection in conjunction with, or as a reflex assay to 
indirect immunofluorescence. The diagnostic accuracy, 
specificity, and sensitivity of these markers vary depending 
on the method used and the cut offs established. Anti-
soluble liver antigen (SLA) antibodies are also found in up 
to 15% of patients with AIH and as they cannot be recog-
nized by indirect immunofluorescence, their testing solely 
relies on molecular assays [21]. The testing of these autoan-
tibodies is only used for diagnostic purposes and with few 
exceptions, their repeated testing is not encouraged, as it 
does not assist management decisions. Atypical perinuclear 
antineutrophil cytoplasmic antibodies (pANCA) can also 
be associated with AIH, but their target remains unknown. 
The presence of anti-mitochondrial antibodies and PBC-
specific ANAs point towards the diagnosis of PBC. Anti-
SLA antibodies appear to be related with are with more 
severe disease, treatment failure, and higher relapse rate 
and their presence alarms physicians for proper patient 
monitoring [4].
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13.8  Disease Treatment and Management

Physicians must be aware that currently treatment guide-
lines exist for the management of patients with AIH. AIH 
was probably the first liver disease for which an effective 
and efficient therapeutic interference was convincingly 
established, almost 50 years ago. The disease appears to be 
well controlled under corticosteroid treatment. Over the 
years and due to the large heterogeneity of the disease, treat-
ment of AIH still remains a therapeutic challenge in a small 
percentage of the affected individuals. Therapeutic deci-
sions take into account the diverse features of the disease 
and the evolving understanding of the pathogenesis of the 
disease, as this stems from studies in animals and on-going 
clinical trials of new drug regimen. What remains well 
defined is that if the disease is left untreated, individuals 
develop cirrhosis and subsequently die of liver failure few 
years after diagnosis, if liver transplantation is not an alter-
native option.

The aim of treatment is to achieve complete remission 
and to prevent subsequent evolution of the histologically- 
progressed liver destruction. This can only be accomplished 
if permanent (in most of the cases) maintenance therapy is 
introduced. A minor percentage of the patients can accom-
plish a sustained remission following treatment withdrawal.

Patients who require treatment are those who have:

 1. Confluent necrosis on liver biopsy presented as piecemeal 
or bridging necrosis and multilobular necrosis in histo-
pathological assessment,

 2. Elevated AST levels at least 5  times the upper level of 
normal values (ULN), and

 3. Increased γ-globulin levels at least >2 × ULN) had a very 
good prognosis if therapy with steroids was introduced.

Initiation of treatment could decrease or normalize liver 
function tests, improve symptomatology and histological 
features and ultimately elongate survival.

Still up to now, questionable remains the beneficial effect 
of steroid treatment in asymptomatic older patients with 
mild necroinflammatory activity. Untreated patients with 
mild disease have a significant 10-year survival rate of 
60–90% [[180], [181]]. Hence, it is not of surprise, in view 
of the prolonged adverse reactions and relative contraindica-
tions of immunosuppression, that several physicians decide 
not to treat this sub-group of patients. In a handful of cases, 
spontaneous resolution of the disease has been described fur-
ther questioning the necessity to treat such patients.

The current dogma, and most clinically relevant, for the 
management of the patients is that untreated AIH has an 
unsettled, fluctuating, unpredictable disease course. The 
majority of these asymptomatic patients or at least a sub-
stantial proportion of those become symptomatic during 

the course of their disease follow-up. This is clinically rel-
evant because, those patients progressed towards compen-
sated and subsequently de-compensated end-stage liver 
disease with liver failure. The development of hepatocellu-
lar carcinoma in a proportion of those cannot be left unno-
ticed, further highlighting the need to identify patients with 
milder disease, at early stages, who can be of benefit in 
order to avoid subclinical disease progression. The key 
steps towards that is the close monitoring of these patients 
of at least their ALT and/or IgG levels and the decision 
making if levels are increased or fluctuated over time. Such 
a decision most likely need to include performance of liver 
biopsy for the confirmation of the diagnosis and staging of 
the disease.

In symptomatic patients and patients with advanced fibro-
sis or cirrhosis, treatment should always be initiated as this 
represents a negative prognostic predictor. In addition, even 
in advanced fibrosis and cirrhosis substantial regression of 
scarring after successful treatment has been reported. In 
view of the progressive nature of AIH and the effectiveness 
of immunosuppressive therapy, the consensus group recom-
mends that all patients with active disease should receive 
treatment.

Treatment related side effects should be counterbalanced 
to the risk of subclinical disease progression and evolution 
into symptomatic disease as well as the prospect of a com-
plete and sustained response to treatment.

13.8.1  Standard Treatment

The goal of treatment in AIH is to induce and maintain com-
plete remission i.e. suppression of the inflammatory activity 
and auto-aggression as this will prevent from progression to 
cirrhosis [22]. Several guidelines have been issued defining 
remission, include those testifying remission as defined by 
the accomplishment of transaminase levels beneath twice the 
UNL.  Most recent guidelines necessitate remission to be 
defined via normal levels of transaminases, as well as biliru-
bin and IgG [23]. As it was expected, patients who fulfilled 
the old criteria for remission could still have histologically 
progressive disease. This proportion could be minimized 
(justifying the need for more strict criteria) when the new 
definition is applied, emphasizing the weight of attaining 
normal biochemical and serological indicators to avoid dis-
ease deterioration and progression.

It is now well established that use of corticosteroids leads 
to complete remission and subsequently improves mortality. 
Induction is usually consisted of high dose predniso(lo)ne as 
monotherapy or with azathioprine. The starting dose of ste-
roids is 60 mg/day in adults and 1–2 mg/kg/day (up to 60 mg/
day) in children in the absence of azathioprine [23]. A dose 
of 60 mg daily is given the first week followed by 40 mg in 
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the second and 30 mg per day in weeks three and four. The 
maintenance dose of prednisone is 20 mg daily until the end-
point is reached. Tapering of prednisone is a necessity and 
discontinuation is an alternative in case of combination ther-
apy with azathioprine. Patients are classified as in remission, 
relapse, or treatment failure based on their histological and 
laboratory response to steroids, and the presence or absence 
of clinical symptomatology. As histological remission delays 
by 3–6 months compared to biochemical remission, proper 
therapeutic intervention must be sustained in spite of the nor-
malization of liver enzymes. EASL and AASLD do not have 
a consensus regarding combination treatment. AASLD states 
that a fixed dose of 50 mg/day or 1–2 mg/kg/day of azathio-
prine at the same time as steroids is required, while EASL 
recommends 1–2  mg/kg/day of azathioprine as a starting 
point 2 weeks after the introduction of steroids. EASL con-
siders that prednisolone can be replaced by budesonide at a 
starting dose of 9  mg/day in order to achieve remission, 
especially in those patients who are expected to experience 
steroid related side effects [22].

Immunosuppressive therapy should be avoided in patients 
with pre-existing comorbidities. Budesonide is an alterna-
tive, as well as combination of budesonide and azathioprine 
which has been emerged as an alternative first-line therapy. 
In cases of inadequate or incomplete response, or azathio-
prine intolerance, mycophenolate mofetil, cyclosporine A, 
and tacrolimus can be introduced as alternative treatments.

Remission is achieved when the patient remains asymp-
tomatic with normalization of transaminases, IgG, and 
absence of histological inflammation. Relapse is the norm 
upon discontinuation of any treatment and approximately 
half of the patients experience relapse within 6  months of 
discontinuation. The description of relapse is defined by ele-
vation of AST (three times the UNL), the reappearance of 
histological and the re-appearance of histological features of 
the disease in the absence of treatment.

Prognosis largely depends on treatment. Several random-
ized, controlled trials have shown that untreated AIH patients 
have 5-year and 10-year survival rates of 50% and 10%, 
respectively. Up to 80% of patients will achieve remission, if 
treatment is based upon the issued guidelines, after the pro-
posed duration of treatment. A considerable proportion of 
patients with require life-long immunosuppression [24].

Treatment failure occurs in 10% of patients that undergo 
monotherapy with steroids. Liver cirrhosis can develop in up 
to 40% of patients under treatment. The development of cir-
rhosis is associated with an incomplete response, treatment 
failure, and multiple relapses. Development of cirrhosis 
necessitates proper monitoring and esophageal varices sur-
veillance and regular screening for the development of hepa-
tocellular carcinoma as for other cirrhotic patients. Overall, 
management of liver cirrhosis in autoimmune hepatitis is 
similar regardless of aetiology. Finally, liver transplantation 

is considered the Standard of care can be that of liver trans-
plantation in patients exhibiting fulminant hepatic failure or 
those who progress to end stage liver disease despite multi-
ple lines of therapy [25].

 Self Study

 Questions

 1. A 35-year old woman presents to the clinic with a 
5-months history of malaise and vague abdominal pain. 
Liver biochemistry shows an increase in ALT/AST (× 3.5 
ULN), increased IgG, but slight increase of gGT and 
ALP. Diagnostic work-up is excluding viral hepatitides, 
alcohol abuse, non-alcoholic steatohepatitis and Wilson’s 
disease. She denies systematic use of any drugs. A suspi-
cion of autoimmune hepatitis is made and the diagnostic 
work up includes liver autoantibody testing including:
 (a) Antinuclear antibodies
 (b) Smooth muscle autoantibodies
 (c) Anti-mitochondrial antibodies
 (d) All the above and increase IgG
 (e) All the above and liver biopsy

 2. What is true about AIH?
 (a) The disease affects only young women
 (b) AIH is always responding to steroids
 (c) The disease can affect both sexes, at any age, all 

ethnicities
 (d) The patient always have detectable AIH-related auto-

antibodies by indirect immunofluorescence
 3. What is the initial recommended treatment of choice for 

AIH?
 (a) Monotherapy with predniso(lo)ne
 (b) Combination of predniso(lo)ne and azathioprine
 (c) None of the above
 (d) A or B

 Answers

 1 A 35-year old woman presents to the clinic with a 
5-months history of malaise and vague abdominal pain. 
Liver biochemistry shows an increase in ALT/AST (× 3.5 
ULN), increased IgG, but slight increase of gGT and 
ALP.  Diagnostic work-up is excluding viral hepatitides, 
alcohol abuse, non-alcoholic steatohepatitis and Wilson’s 
disease. She denies systematic use of any drugs. A suspi-
cion of autoimmune hepatitis is made and the diagnostic 
work up includes liver autoantibody testing including:
 (a) Patients with AIH can have detectable antinuclear anti-

bodies but they can also be negative for those. Thus, a 
single test for ANA is not sufficient for proper diagnosis
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 (b) Patients with AIH can have detectable smooth muscle 
antibodies but they can also be negative for those. 
Thus, a single test for SMA is not sufficient for estab-
lishing diagnosis

 (c) Combination of tests, including that of SMA, ANA 
and AMA can assist diagnosis of AIH or primary bili-
ary cholangitis. In this case, primary biliary cholangi-
tis cannot be excluded and testing of all three 
autoantibodies is necessary. However, simple testing 
cannot lead to firm diagnosis of AIH, as histological 
assessment is also required

 (d) CORRECT.  A combination of detectable disease- 
related autoantibody, increased IgG and histological 
features compatible with or confirmatory of AIH is 
establishing a definite diagnosis of AIH

 2 What is true about AIH?
 (a) The disease does not affect only young women. It can 

be present in women of any age, as well as in men, 
through there is a female predominance (3:1)

 (b) The great majority of the cases respond to steroids but 
not all of them. Combination therapy with azathio-
prine or alternative treatments may be required to 
achieve remission

 (c) CORRECT: The disease can affect both sexes, all 
ages and at variable prevalence is noted in all 
ethnicities

 (d) Indirect immunofluorescence testing can be negative 
in up to 10–15% of AIH cases. Testing of autoantibod-
ies not detectable by this technique such as anti- 
soluble liver antigen antibodies may be the only 
positive test and is required in ‘seronegative’ cases

 3 What is the initial recommended treatment of choice for 
AIH?
 (a) Standard treatment includes either monotherapy with 

predniso(lo)ne or combination of predniso(lo)ne 
with azathioprine. Several physicians start with 
monotherapy but other start with combination treat-
ment to avoid long-lasting adverse effects of steroid 
therapy

 (b) Standard treatment includes either monotherapy with 
predniso(lo)ne or combination of predniso(lo)ne with 
azathioprine

 (c) Standard treatment includes either monotherapy with 
predniso(lo)ne or combination of predniso(lo)ne with 
azathioprine

 (d) CORRECT: Standard treatment includes either mono-
therapy with predniso(lo)ne or combination of 
predniso(lo)ne with azathioprine
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Abbreviations

AASLD American Association for the Study of Liver 
Diseases

AIH Autoimmune hepatitis
ALP Alkaline phosphatase
ASC Autoimmune sclerosing cholangitis
CCA Cholangiocarcinoma
ERC Endoscopic retrograde cholangiography
GP2 Zymogen granule glycoprotein 2
GWAS Genome wide association studies
HLA Human leukocyte antigen
IBD Inflammatory bowel disease
IgG Immunoglobulin G
MRC Magnetic resonance cholangiography
MRI Magnetic resonance imaging
OLT Orthotopic liver transplantation
PBC Primary biliary cholangitis
PSC Primary sclerosing cholangitis
UC Ulcerative colitis
UDCA Ursodeoxycholic acid

14.1  Introduction

Primary sclerosing cholangitis (PSC) is a chronic cholestatic 
liver disease characterized by immune-mediated inflamma-
tion and multifocal biliary strictures, leading to cirrhosis, 
portal hypertension and hepatic decompensation, the only 
curative option being that of liver transplantation [1, 2].

Disease recurrence post liver transplantation is a well- 
described feature [3]. Approximately two thirds of the 
affected patients have co-existent inflammatory bowel dis-
ease (IBD), a phenomenon, which acquires clinical and 
pathophysiological connotations. Contrariwise, just 3–5% of 
patients with IBD have PSC and this cannot be neglected.

The paradoxical predominance of males and the lack of 
efficient response to corticosteroids have positioned PSC for 
several years in the list of immune-mediated diseases with 
questionable ‘autoimmune origin’. The presence of autoanti-
bodies and the clonality of T-cell receptors supported for 
years the view that PSC is an autoimmune disease [4].
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Key Concepts
• Primary sclerosing cholangitis is a chronic progres-

sive autoimmune cholestatic liver disease charac-
terised by intrahepatic and extrahepatic bile duct 
destruction.

• Diagnosis of the disease is made upon evidence of 
cholestatic liver blood test elevation, characteristic 

endoscopic features of cholangiopathy and liver 
biopsy histological features compatible with pri-
mary sclerosing cholangitis.

• The hypotheses of the leaky gut and the importance 
of the gut–liver T-cell trafficking axis are largely 
used to explain the development of the disease and 
the frequent co-occurrence of inflammatory bowel 
diseases in genetically prone individuals with 
immunoregulatory deficiency.

• Currently, there is no drug or treatment able to prolong 
transplant-free survival in patients with PSC, but urso-
deoxycholic acid in moderate doses is widely used.

• In PSC patients with dominant stricture, pruritus, 
and/or cholangitis, ERCP with endoscopic dilata-
tion is endorsed to alleviate symptoms.
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Ulcerative colitis (UC) is the most prominent form of IBD 
that co-occurs with PSC, but Crohn’s disease, as well as, 
indeterminate colitis is also present. Cholangiocarcinoma 
(CCA)—and colorectal cancer—are serious comorbidities of 
the disease. Recognition of the disease has started to emerge 
soon after the implementation of endoscopic retrograde chol-
angiography (ERC) and the appreciation of the increased 
prevalence of CCA in patients suffering from PSC [5].

Subsequent appreciation of the heterogeneous pheno-
types of the disease and the thorough description of well- 
defined, but still enigmatic, entities such as those of 
small-duct PSC, immunoglobulin G (IgG)4-related PSC (or 
PSC with high IgG4 levels) and autoimmune hepatitis (AIH) 
with overlapping features have added more jigsaws on the 
puzzling portrait of this perplexing disease.

Typical cholestatic and histological features of PSC and 
normal bile ducts on cholangiography characterize small 
duct PSC. IgG4-positive PSC is considered a separate entity, 
most likely related to the sphere of the IgG4-related 
syndrome.

14.2  Diagnostic Criteria

Diagnosis of the disease is largely based on radiological evi-
dence of cholangiopathy demonstrating multifocal intrahe-
patic and/or extrahepatic biliary strictures and segmental 
dilations and increased cholestatic biochemical profile, i.e. 
elevated serum alkaline phosphatase (ALP) levels that per-
sist for more than 6 months [6].

Largely the diagnosis is established on the exclusion of 
known causes of secondary cholangitis. MRC is currently 
the preferred diagnostic tool of choice in order to establish a 
firm diagnosis, as both sensitivity and specificity are ade-
quate. Of note, ALP can fluctuate over the course of the dis-
ease and the disease is not excluded by definition if ALP 
levels are normal or is normalized over time (and prior to 
treatment). Unprompted control of ALP levels may bear 
prognostic significance, as these patients seem to have better 
outcome [7].

Compatible features on liver biopsy, such as those of 
chronic cholangitis and periductal fibrosis, are considered 
equally important for the establishment of diagnosis, but in 
general, liver biopsy is considered only necessary for the 
diagnosis of overlap with AIH or small-duct primary scleros-
ing cholangitis. Thus, a young male with cholestasis, charac-
teristic cholangiopathy and IBD at presentation practically 
does not require liver biopsy for placing a definite diagnosis. 
Nevertheless, when liver biopsy is performed, staging of the 
disease can be accomplished [8].

Therefore, it is not surprising that in the guidelines for the 
diagnosis and management of PSC issued by the American 
Association for the Study of Liver Diseases (AASLD), 

patients with cholestatic biochemical profile are recom-
mended to undergo indirect (MRC) or direct cholangiogra-
phy (ERC) for making the diagnosis of PSC. The guidelines 
recommend against routine liver biopsy for the diagnosis of 
PSC in patients with typical cholangiographic findings. Of 
note, in patients with a normal ERC or MRC, it is recom-
mended a liver biopsy to diagnose small duct PSC while in 
patients with disproportionately elevated aminotransferases, 
the guidelines recommend performing a liver biopsy to diag-
nose or exclude overlap syndrome [2].

Non-invasive serum markers cannot yet be considered 
efficient for the evaluation of fibrosis related to PSC. Fibroscan 
or magnetic resonance elastography are useful tools for the 
assessment of fibrosis but studies are still needed to establish 
their potential application in PSC [6].

14.3  Epidemiology

There is a slight but notable male predominance (consider-
ing also the female preponderance of AIH and PBC), as 
approximately 60% of patients with PSC are male. The prev-
alence and incidence of the disease largely varies; the preva-
lence ranges from 0 to 16.2 cases per 100,000 people and the 
incidence from 0 to 1.3 per 100,000 people per year and pri-
mary sclerosing cholangitis are male (median age approx. 
40 years) [9].

Several studies from northern Europe reported an increase 
of the incidence and the prevalence of the disease, but leave 
debatable whether these increases are true or related to 
increased awareness, and more efficient diagnostic work up 
(mainly due to the development and more frequent applica-
tion of endoscopic ERC and MRC) [6].

14.4  Natural History

At the time of diagnosis, a patient may have end-stage liver 
disease with or without CCA. However, more than half of the 
patients with PSC are asymptomatic and their disease is 
unmasked when diagnostic work up reveals increased chole-
static liver-function tests and subsequent testing leads to a 
diagnosis of PSC [10].

Hepatomegaly and splenomegaly can be present as well 
as non-specific symptoms of fatigue, and abdominal pain. 
Pruritus and jaundice are observed in a proportion of the 
patients but are not predominant features of the disease at 
presentation [2].

Median survival rates greatly vary amongst studies. The 
disease is generally slow in progression and the median sur-
vival rate is approximately 20  years. This rate becomes 
shorter (around 13 years) if patients are followed up in trans-
plantation centres, which arguably monitor patients with 
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more severe disease, and subsequently worst outcome [11]. 
Ninety two percent of the patients from this population were 
receiving ursodeoxycholic acid (UCDA).

14.5  Serological Features

Increased IgM is noted in approximately 40% of PSC 
patients. Increased IgG in serum is found increased (1.5 
times the upper limit of normal) in approximately 60% of 
patients with PSC.

Several attempts have been made and studies are still try-
ing to establish a clear evidence of the presence of disease-
related, antigen-specific autoantibodies. Antineutrophil 
cytoplasmic antibodies (ANCA) are present in the great 
majority of the patients, but their diagnostic relevance is not 
widely appreciated probably due to the lack of proper auto-
antigen recognition [12].

Several studies have attempted to identify PSC-specific 
autoantigenic targets. Fresh data suggested that IgA reactivity 
targeting zymogen granule glycoprotein 2 (GP2) is a mucosal 
target of antibodies in patients with PSC, and that their presence 
defines patients with more severe disease. IgG and IgA anti-
GP2 antibody responses are also found in patients with IBD 
(predominantly Crohn’s disease) and are associated with dis-
ease severity [13, 14]. A multicentre effort, including our centre, 
has shown that simultaneous detection of IgA antibodies against 
isoforms 1 and 4 yield a sensitivity of 66.0% and a specificity of 
97.9% resulting in the best diagnostic performance. IgA posi-
tivity is significantly associated with the presence of cirrhosis in 
PSC and this may indicate that such an autoantibody could be 
used as marker for risk stratification [15].

Increase of aminotransferase levels is detected, but a 
sharp elevation points towards the presence of co-existent 
AIH and requires immediate attention for therapeutic pur-
poses and prompt initiation of immunosuppression.

Bilirubin monitoring, leading to the appreciation that its 
levels increases over time could be an indication of progres-
sion of the disease characterized by stricture, or even devel-
opment of CCA and is always considered alarming.

14.6  Imaging Features

Participation of both the intrahepatic and extrahepatic biliary 
tree is the norm, except of disease phenotypic permutations, 
which there understanding has emerged over the years. 
Strictures differ in length, diameter and location and occur in 
45–58% of patients during follow up. Dominant strictures 
defined as stenoses with a diameter of ≤1.5 mm in the com-
mon bile duct or of ≤1 mm in the hepatic duct are found in 
up to 60% of patients during follow up and raise a suspicion 
of CCA.  In view of that, the AASLD recommends initial 

management with endoscopic dilatation with or without 
stenting in PSC patients with dominant strictures and in case 
of a failed attempt recommends dilatation of the biliary tract 
by percutaneous cholangiography (with or without stenting). 
Also, on superimposed malignancy prior to endoscopic treat-
ment for dominant strictures, performance of brush cytology 
and/or endoscopic biopsy is also advised.

14.7  Histopathological Features

Staging from 1 to 4 is widely used for PSC in routine prac-
tise, but permutations exist [2]. Liver biopsy findings include 
paucicellular non-suppurative cholangitis absent cholestasis, 
ductular proliferation, and peri-ductal fibrosis, which classi-
cally acquires an “onion skin” appearance. Ductopenia can 
be present or absent. Of note, the “onion skin” is relatively 
infrequent, and despite being pathognomonic, its lack does 
not exclude firm diagnosis [16].

All other histopathological features, such as fibro- 
obliterative cholangitis can occur on ductopenic rejection 
following liver transplantation, acquired immune deficiency 
syndrome cholangiopathy and IgG4-associated cholangiopa-
thy, and this is why liver biopsy has not been considered a 
must for establishing or refuting a diagnosis.

14.8  Autoimmune Hepatitis in PSC

PSC-AIH overlap syndrome is observed in up to 5% of adult 
patients with PSC and can be developed several years after 
the original diagnosis of PSC [17]. Co-existence of PSC and 
AIH must be considered in cases of PSC who experience 
significant elevation of unexplained transaminasemia (3–5 
times fold increase or higher the upper normal limit) and in 
patients with AIH with partial or no response to immunosup-
pressive treatment and profound cholestatic liver enzyme 
biochemistry profile. Autoimmune sclerosing cholangitis 
(ASC), is a distinct entity originally described in children 
and subsequently in adults. ASC is a form of sclerosing chol-
angitis with overlapping AIH features. It is the main cause of 
sclerosing cholangitis in children cases. ASC does not show 
male predominance but, similar to adult PSC, —though less 
profoundly—, co-exists with IBD in approximately half of 
the affected children. Serological features are indistinguish-
able to those of AIH, including the presence of AIH-related 
ANA and SMA and evidence of hyperglobulinaemia. More 
than half of the affected children respond well to a combina-
tion of steroids and ursodeoxycholic acid (UDCA). Those 
who do not respond will require liver transplantation and the 
recurrence of the disease is a well-recognized entity. Thus 
far, it is not clear whether ASC shares common underlying 
pathophysiological features with PSC or AIH.
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14.9  Extrahepatic Manifestations

PSC is usually following the diagnosis of IBD by 5–10 years, 
the two diseases not necessarily being associated in terms of 
severity [18]. A provocative study has noted that the colon 
was affected in all patients with coexisting primary PSC and 
IBD, irrespectively of whether they had UC or CD; this fur-
ther underlines the need for colonoscopy at diagnosis in 
every newly diagnosed PSC patient with no evidence of IBD 
[19]. That study reported pancolitis in 94% of PSC-UC and 
colitis in 96% of PSC-CD patients [19]. This colitis appears 
softer compared to that noted in patients with IBD alone. 
Such an assessment is also of importance for the surveillance 
of colon cancer, which is 4–5 times more frequent in PSC 
patients with IBD compared to IBD alone and 10 times 
higher compared to general population.

PSC is the most common cause of CCA in developed 
countries and one of the best-known risk factors for CCA. 
CCA in PSC is presented in 5–10% of PSC patients over their 
lifetime, with an overall risk of 0.5–1.5% per year [20].

Up to 25% of patients with PSC have gallstones. Their 
presence must be taken into account for prognostic reasons. 
The prevalence and risk factors for gallbladder neoplasia 
among patients with PSC undergoing orthotopic liver trans-
plantation (OLT) has been the focus of prompt pathological 
analyses and high frequencies of inflammatory, metaplas-
tic, and neoplastic changes have been noted in gallbladders 
of patients with PSC undergoing OLT, dysplasia being 
present in a remarkable 37% of patients and adenocarci-
noma in 14% [21].

Prompt screening and monitoring includes testing of the 
serum tumour marker CA 19-9, which though is not a spe-
cific marker, can be useful if is elevated in patients with pre-
viously normal ALP levels, who are presented with jaundice, 
fever or weight loss. Ultrasonography, liver MRI or ERC are 
useful imaging tools for the prompt diagnosis of CCA and 
several clinicians advise their patients to undergo CA 19-9 
testing and ultrasonographic evaluation at annual basis.

14.10  Pathogenesis

The pathogenesis of PSC is incompletely understood. The 
disease is considered autoimmune in nature, but several 
aspects of the disease are peculiar and do not fit with the ones 
currently found in other autoimmune liver disease, such as 
AIH and primary biliary cholangitis (PBC). Of relevance, 
PSC can co-exist with AIH but not with PBC, a finding that 
lacks convincing explanation.

In general, genetic, epigenetic, as well as environmental 
risk factors are considered important for the development 
and the progression of the disease over time [6]. Genome 
wide association studies (GWAS) and genetic studies involv-

ing siblings of patients with PSC with or without IBD have 
been supportive of the influence of the genetic make up of 
the patients. It appears that siblings of patients with PSC and 
IBD have 11-fold and 8-fold higher risk of developing PSC 
comparing to controls. Such an estimate reveals the same 
degree of heritability, which is noted in most autoimmune 
disorders. Up to now, several susceptibility loci for PSC have 
been recognized through GWAS. The human leukocyte anti-
gen (HLA) complex embodies the strongest associations, 
pointing mainly towards HLA-DRB1s [22].

The same GWAS have identified more than 20 non-HLA 
susceptibility loci for PSC and 29 notable candidate genes 
within those loci: MMEL1, TNFRSF14, BCL2L11, CD28, 
CTLA4, CCL20, GPR35, MST1, FOXP1, NFKB1, IL2, 
IL21, BACH2, IL2RA, SIK2, CCDC88B, HDAC7, RFX4, 
RIC8B, SH2B3, ATXN2, CLEC16A, SOCS1, TCF4, 
CD226, PRKD2, STRN4, UBASH3A and PSMG1. Another 
20 notable candidate genes are found within the nine sugges-
tive risk loci, two of those, namely MST1 and HHEX, requir-
ing special mention as they appear to be highly expressed in 
the liver [22]. Both affect cell proliferation and a specific 
deletion of MST1 plays a role in development of hepatocel-
lular carcinoma, a feature also noted for HHEX.  PSC has 
been considered a disease mainly established via lympho-
cyte trafficking between the gut and the liver and is of inter-
est that MST1 plays role in leukocyte adhesion and 
chemotaxis affecting lymphocyte function-associated 
antigen-1.

Most studies make use of the close association of PSC 
with IBD to formulate hypothesis regarding disease’s patho-
genesis. In this context, it has been considered very likely 
that responsible for disease’s development is the ‘leaky gut’, 
which is based on the hypothesis, supported by data provided 
by animal studies, that mucosal injury in patients suffering 
with IBD would lead to ‘leakage’ of bacterial products into 
the portal circulation and subsequent immune activation and 
inflammation targeting the biliary ducts [23].

Another hypothesis, not mutually exclusive of the previ-
ous one, is based on the appreciation of a gut–liver T-cell 
trafficking axis, which is the ultimate cause for biliary epi-
thelial cell destruction and biliary inflammation. The para-
doxical presence of PSC presence in patients with IBD after 
colectomy cannot be thoroughly explained by any of those 
theories.

Risk genes in the immune system are well documented 
including CTLA4 and FOXP1, genes important for immune 
regulation and associated with a vast number of autoimmune 
diseases. Most other risk genes for PSC are highly expressed 
in the immune system, underlying the autoimmune nature of 
the disease, or at least the important role played by the 
immune system in its development. Nevertheless, PSC risk 
genes also participate in apoptosis, autophagy, metabolism, 
cell growth and death [22].
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Autoreactive lymphocytes against yet unidentified auto-
epitopes expressed in biliary epithelial cells are likely per-
petuators of disease development. Innate immune cells, 
such as natural killer cells and natural killer T cells, have 
also been considered important for the perpetuation of the 
 pathogenic pathways that lead to disease’s induction, but 
their role is largely unknown. Provocative data are sup-
porting the idea that at later stages of the disease, i.e. those 
following the initial immune insult superinfection may sig-
nify an essential element for disease evolution. Data from 
a single study showed that in patients with dominant steno-
sis and biliary Candida infection, survival free of liver 
transplantation was reduced in comparison to those with 
sterile bile in patients, the former developing more 
advanced disease [24]. Of note, the beneficial effect of 
vancomycin treatment in PSC has been reported, though in 
small series.

14.11  Medical Treatment

The most widely inspected drug in PSC is UDCA, a hydro-
philic bile acid. Several studies have reported favourable 
effects with UDCA in patients with PSC, but others failed to 
replicate such findings.

Despite being effective in treating PBC, studies so far 
conducted in PSC have been inconclusive. Pilot studies in 
the early 1990s have shown improvement of the cholestatic 
biochemical profile and some have even showed histologi-
cal improvement at a dosage of 10–15  mg/kg/day. 
Subsequent studies in North America indicated no improve-
ment in liver histology and symptomatology but only in 
serum liver tests [25]. Higher doses were introduced to 
assess whether larger doses are essential for the enhance-
ment of the bile acid pool in the setting of cholestasis, as 
this could theoretically increase the immunomodulatory 
potential of the drug; however, higher UDCA doses appear 
to be injurious [26].

A large study from the Scandinavian UDCA trial recruited 
219 PSC patients for a period of 5 years using 17–23 mg/kg/
day of UCDA. The data were somewhat surprising. The bio-
chemical response was poor and that led authors to raise 
questions regarding the efficacy of UDCA or the adequate 
compliance of specific study populations. Despite the large 
number of patients and the lengthy period of assessment, 
only a trend towards better survival in the UDCA-treated 
group was noticed [27].

Because the evidence provided so far is not supportive, 
AASLD recommendations are against the use of UCDA as 
medical therapy of adult patients with PSC [2]. The European 
Association for the Study of Liver moves towards a similar 
vein, but using a smoother wording in the recommendations, 
stating “that the limited data base does not yet allow a spe-

cific recommendation for the general use of UDCA in PSC”. 
However, at present clinicians are widely using UDCA for 
the treatment of PSC at moderate doses (15–20 mg/kg daily) 
[28]. Meta-analyses do not provide evidence of a reduced 
risk of cancer in UDCA-treated PSC patients [29].

Combination of UDCA and metronidazole does not slow 
down disease progression but improves biochemistry chole-
static profiles. UDCA together with fibrates have been used 
for patients who are resistant in terms of biochemical 
response to UDCA alone. The documented efficacy on liver 
blood tests of patients with PSC receiving drugs with anti- 
cholestatic properties such as peroxisome proliferator- 
activated receptor agonists and fibrates is promising but 
remains to be demonstrated in larger studies. The use of siro-
limus is not evidence based. A recent pilot clinical trial of 10 
patients with PSC, including nine with ulcerative colitis and 
one with Crohn’s disease, who underwent faecal microbiota 
transplantation has been encouraging. No safety issues were 
raised and 30% of the patients showed a ≥50% decrease in 
ALP levels [30].

Patients with overlapping features of PSC and AIH are 
treated with steroids, but the use of corticosteroid use or 
other immunosuppressants is not recommended for treat-
ment of PSC in the absence of overlapping AIH [31]. Other 
treatments that have been tested and are not proven benefi-
cial are prednisolone, budesonide, colchicine, penicillamine, 
azathioprine, tacrolimus, methotrexate, mycophenolate 
mofetil, and biologic treatment with antitumor necrosis fac-
tor antibodies. Though they are not recommended, we must 
clarify that studies investigating their efficacy and safety pro-
file are extremely limited and the obtained data are scarce to 
completely neglect them [28]. PSC patients with IgG4- 
related disease treated with immunosuppressive treatments 
show resolution of biliary structuring, sharp decrease of 
IgG4 concentrations and normalization of liver tests.

Surgical options for PSC include biliary reconstructive 
procedures like choledochoduodenostomy, choledochojeju-
nostomy, and liver transplantation, which is the only curable 
treatment for patients with decompensated cirrhosis and 
5-year survival rates of up to 80%.

Data from 3710 patients who had received transplants 
between 2001 and 2015 of the European Liver Transplant 
Registry indicate short-term and long-term survival in at 
91% at 1 year, 82% at 5 years, and 74% at 10 years [28]. 
Early referral to a liver centre/transplant unit is key compo-
nent of the successful handling of cirrhotic PSC patients. 
Indications for liver transplantation embrace a Model for 
End-Stage Liver Disease score of >14 [32]. A metanalysis 
demonstrates that colectomy before liver transplantation 
reduced the risk of recurrent PSC [33].

In conclusion, primary sclerosing cholangitis is a progres-
sive immune-mediated cholestatic liver disease stamped by 
intrahepatic or extrahepatic stricturing, leading to fibrosis, 
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cirrhosis and liver failure, if left without liver transplanta-
tion. Symptomatology at presentation largely varies from 
being asymptomatic to that noting itching, malaise, icterus 
and portal hypertension. The diagnosis is based on evidence 
of cholestatic liver biochemistry and bile duct stricturing on 
cholangiography. Approximately two thirds of patients have 
concomitant inflammatory bowel disease and colonoscopy 
screening and surveillance is required. The disease is associ-
ated with increased malignancy risk including cholangiocar-
cinoma and colon cancer. Genetic, environmental and 
immunological elements are important for the induction and 
the progression of the disease. No curative medical treatment 
currently exists but ursodeoxycholic acid is widely used for 
its treatment without evidence of improvement of transplant- 
free survival. Disease recurrence following liver transplanta-
tion can be noted.

 Self Study

 Questions

 1. A 28-year-old male presents to his primary care physician 
because of a 6 weeks history of generalized fatigue, itch-
ing, and recent weight loss. His past medical history is 
notable for ulcerative colitis, treated with mesalamine. 
Abdominal examination, elicits mild tenderness to palpa-
tion in the right upper quadrant, but Murphy’s sign is not 
present. Laboratory tests show elevated gamma-glutamyl- 
transpeptidase (GGT) and alkaline phosphatase. 
Endoscopic retrograde cholangiopancreatography (ERCP) 
reveals radiological features characteristic of PSC. Which 
of the following is likely to be FALSE:
 (a) Anti-mitochondrial antibodies are positive
 (b) Transaminases are always within the normal levels
 (c) Radiological evidence will never reveal dominant 

strictures
 (d) A, B and C

 2. Factors that may increase the risk of primary sclerosing 
cholangitis DO NOT include:
 (a) Young age
 (b) Male gender
 (c) Evidence of inflammatory bowel disease
 (d) None of the above

 3. Regarding primary sclerosing cholangitis the following is 
FALSE:
 (a) Most patients have inflammatory bowel disease
 (b) Liver biopsy is imperative in order to confirm 

diagnosis
 (c) Magnetic resonance cholangiography is the diagnos-

tic modality of choice
 (d) A and C

 Answers

 1 A 28-year-old male presents to his primary care physician 
because of a 6 weeks history of generalized fatigue, itch-
ing, and recent weight loss. His past medical history is 
notable for ulcerative colitis, treated with mesalamine. 
Abdominal examination, elicits mild tenderness to palpa-
tion in the right upper quadrant, but Murphy’s sign is not 
present. Laboratory tests show elevated gamma-glutamyl- 
transpeptidase (GGT) and alkaline phosphatase. 
Endoscopic retrograde cholangiopancreatography (ERCP) 
reveals radiological features characteristic of PSC. Which 
of the following is likely to be FALSE:
 (a) FALSE. Young age is a risk factor for primary scleros-

ing cholangitis, the disease mainly affecting Anti- 
mitochondrial antibodies are detectable in patients 
with primary sclerosing cholangitis (PBC), a disease 
with a remarkable female predominance. PBC and 
PSC do not overlap and true AMA cannot be detect in 
PSC patients There is Patients with AIH can have 
detectable antinuclear antibodies but they can also be 
negative for those. Thus, a single test for ANA is not 
sufficient for proper diagnosis

 (b) FALSE. Transaminases can be normal or high (usu-
ally mildly increased) in patients with PSC.

 (c) FALSE. Dominant strictures are seen in a consider-
able proportion of the patients. Their presence is 
highly suggestive of the disease. Their absence is not 
excluding diagnosis of PSC

 (d) CORRECT. All the above are FALSE statements for 
PSC

 2 Factors that may increase the risk of primary sclerosing 
cholangitis DO NOT include:
 (a) FALSE. The disease is usually affecting young males, 

who may have concomitant inflammatory bowel 
disease

 (b) FALSE The disease affects both males and females 
but PSC has a male preponderance (2:1)

 (c) FALSE: Approximately two thirds of the affected 
patients have co-existent inflammatory bowel disease 
(IBD), a phenomenon, which acquires clinical and 
pathophysiological connotations. Contrariwise, just 
3–5% of patients with IBD have PSC

 (d) CORRECT: all the above are risk factors for PSC 3.
 3 Regarding primary sclerosing cholangitis the following is 

FALSE:
 (a) The statement that most patients have inflammatory 

bowel disease is true for primary sclerosing 
cholangitis

 (b) Liver biopsy is assisting the firm diagnosis of primary 
sclerosing cholangitis but is not a prerequisite for 
making diagnosis, especially in a young male with 
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ulcerative colitis and characteristic cholangiographic 
features

 (c) Magnetic resonance cholangiography is indeed the 
diagnostic modality of choice

 (d) CORRECT: both A and C are TRUE for PSC
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Parasitic Liver Diseases

Yousry Hawash

15.1  Introduction

The human liver is frequently involved in infectious diseases, 
including the parasites-attributed, owing to its large size and 
its unique dual blood supply [1]. Parasitic liver diseases 
while relatively common in resource-poor countries, where 
parasites are endemic, are rare diagnosis in non-endemic 
countries. Nonetheless, sporadic cases of liver parasitosis 
have been reported and the number is rising in resource-rich 
countries secondary to frequent international travel, migra-
tion, and/or food trade [2]. Parasitic liver infections may be 
caused by a variety of parasites, summarized in Table 15.1. 

The causative parasites can be divided into three main cate-
gories: those caused by protozoa, helminths (worms), and 
arthropods. Of these, the first two categories are by far the 
most common and will be the subject of this review.

Diseases can be a result of primary infection as in fascio-
liasis or as a part of systemic infections as in visceral leish-
maniasis. Liver parasitosis in well-nourished and 
immunologically normal individuals, is an incidental finding, 
minimally symptomatic, and require no treatment. On the 
contrary, parasitic infections in patients those seen with 
depressed immunity, tend to be severe with adverse long- term 
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Key Concepts
• Several parasites are involved in human liver dis-

eases of distinct severities
• Owing to travel and immigration to endemic coun-

tries, sporadic cases have been frequently reported 
in non-endemic countries

• High level of clinical suspicion based on the 
patient’s demographic, anamnestic, clinical data, 
and laboratory data is required for diagnosis.

• These diseases are incidental findings requiring no 
treatment in most of cases.

• The diseases tend to be aggressive and sometimes 
fatal in malnourished or immunosuppressed 
patients.

• Treatment is carried out using medical and/or surgi-
cal intervention.

Table 15.1 A list of parasitic infections found associated with hepato-
biliary diseases

List of parasitic infection (the causative parasite)
Helminthic infections:
    Schistosomiasis (Schistosoma species)
    Echinococcosis (Echinococcus species)
    Clonorchiasis (Clonorchis sinensis)
    Opisthorchiasis (Opisthorchis felineus and O. viverrini)
    Fascioliasis (Fasciola hepatica and F. gigantica)
    Ascariasis (Ascaris lumbricoides and A. suum)
    Strongyloidiasis (Strongyloides stercoralis)
    Capillariasis (Capillaria hepatica)
    Toxocariasis (Toxocara canis and T. cati)
    Enterobiasis (Enterobius vermicularis)
    Fasciolopsiasis (Fasciolopsis buski)
    Dicrocoeliasis (Dicrocoelium dendriticum)
    Visceral pentastomiasis (Linguatula serrata)
Protozoan infections:
    Amoebiasis (Entamoeba histolytica)
    Giardiasis (Giardia lamblia)
    Cryptosporidiosis (Cryptosporidium species)
    Visceral Leishmaniasis (Leishmania donovani complex)
    Malaria (Plasmodium species)
    Toxoplasmosis (Toxoplasma gondii)
    Trypanosomiasis (Trypanosoma species)
    Babesiosis (Babesia species)
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consequences [3]. Diagnosis of parasitic liver diseases in 
most of cases is challenging because most of the causative 
infections are symptomless in its acute stage and even when 
hepatic injuries do occur, non-specific symptoms arise [4]. 
Thus, clinical suspicion based on the patient’s demographic, 
anamnestic and clinical data, supported by an imaging or a 
laboratory test finding is mandatory for proper disease diag-
nosis and treatment. In this chapter, the clinically-relevant 
parasitic infections that have been found associated with liver 
diseases are considered, reviewed and discussed. We provide 
an updated outlook for each disease’s etiology, pathogenesis, 
presentation and management.

15.1.1  Parasitic Liver Diseases: Helminths

Helminths or worms, are multicellular eukaryotic organisms 
capable to infect distinct mammalian hosts including 
humans. Helminths affecting the human liver are categorized 
into three major kinds: nematodes, trematodes, and cestodes. 
Helminths may inhabit the liver or gain access to it or its 
tributaries via the bile duct orifice or via the portal blood or 
through its capsule and sometimes the path to the liver is not 
known. Helminth infections are often associated with periph-
eral eosinophilia [5]. The human liver can be affected by a 
variety of helminths, illustrated in Fig. 15.1.

15.1.1.1  Schistosomiasis
Schistosomiasis is a neglected tropical disease attributed to 
five species of the genus Schistosoma, namely; S. mansoni, 
S. japonicum, S. haematobium, S. mekongi, and S. intercala-
tum. Schistosomiasis affects around 200 million people, 
mostly in Asia, Africa and the Americas [6]. The adult worms 
involved in intestinal schistosomiasis inhabit the mesenteric 
veins while that of urinary schistosomiasis reside the vesical 
plexus of veins. Upon sexual reproduction, eggs are released 
and shed with the patient’s feces or urine to the environment 
based on the species. On reaching the fresh water, the eggs 
release miracidia that swim till reaching the species-specific 
snail intermediate hosts. Within the snail, sporocysts are pro-
duced and finally emerged as free-swimming cercaria. 
Cercariae infect human through skin penetration, losing 
tails, and became schistosomulae migrating until full matu-
rity in the hepatic sinusoids. The mature adults leave the 
hepatic sinusoids to the more spacious, better oxygenated 
portal vein and copulate. Released ova penetrate the vascular 
wall to the rectal or vesical lumen, according to the species. 
The migrating juvenile and mature worm cause non-specific 
reactive hepatitis while eggs deposited in the liver paren-
chyma provoke an immune response with development of 
granulomas. The liver inflammation, produced, may lead to 
scarring, fibrosis and portal hypertension. Subsequently, 
 portal hypertension may result in splenomegaly, ascites and 

Fig. 15.1 A group of 
helminths found associated 
with human liver diseases. 
1—Male and female 
Schistosomes in copula; 
2—Echinococcus granulosus 
adult worm; 3—Clonorchis 
sinensis adult worm; 
4—Opisthorchis viverrini 
adult worm; 5—Fasciola 
hepatica adult worms; 6—
Male and female adults of 
Ascaris lumbricoides; 
7—Toxocara adult worm; 
8—Strongyloides stercoralis 
rhabditiform larva; 
9—Capillaria hepatica adult 
worm; 10—Microfilaria in 
thick blood film; 
11—Dicrocoelium 
dendriticum adult fluke; 
12—Enterobius vermicularis 
adult female worm
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esophageal varices. The initial infection is often asymptom-
atic but symptoms like itch or fever may be exhibited. 
Chronic phase with dysuria and/or hematuria in S. haemato-
bium may develop.

Identification of the characteristic ova in stool or urine or 
tissues biopsies (rectal, vesical, hepatic) are the gold stan-
dard for diagnosis. Antibody detection tests in serum and 
antigen detection tests in urine are also available. Although it 
is not yet widely available, PCR-based molecular diagnosis 
was also tried [7]. Imaging studies, such as US, can demon-
strate periportal fibrosis or other complications of chronic 
infection. Eosinophilia can be used as a crude marker of 
infection and successful treatment. Despite the fear of devel-
oping resistance toward it, praziquantel remains the drug of 
choice for treatment. The residual fibrotic lesions need no 
surgical correction but in certain instances subsequent com-
plications may require surgical intervention.

15.1.2  Echinococcosis

Echinococcosis is a zoonotic infection caused by a cestode 
parasite of the genus Echinococcus [8]. Infection is generally 
contracted via contact with canine faeces. Two species in the 
genus Echinococcus are commonly involved: Echinococcus 
granulosus infection leads to the development of  self- limiting 
and asymptomatic hydatid cysts, predominantly in the liver, 
and Echinococcus multilocularis causes cysts, mainly in the 
lung, but in this case the cysts are not self- limiting, and 
instead grow continuously, like a tumor.

The cystic hydatid disease is more common in regions 
where sheep are raised. Two separate life cycles of 
Echinococcus granulosus are recognized: a domestic and a 
sylvatic cycle. In the domestic cycle, the dog is the definitive 
host, whereas in the sylvatic cycle, the wild carnivores are the 
definitive hosts. The adult worms reside the small intestine of 
the dog and lay eggs that passed with the faeces to the environ-
ment. Man got infected through accidental ingestion of eggs 
contaminating hands, food or drinks. Inside the small intestine, 
the eggs release the oncosphere that penetrate the gut wall to 
the liver, lung or any other internal organs via the portal blood. 
Larvae encyst in the liver tissue forming fluid- filled cysts or 
hydatids. The cysts may be rupture (e. g. surgery, puncture), or 
damaged or got infected. Following rupture, dissemination of 
the floating scolices into the nearby cavity occur with second-
ary cysts formation. The release of hydatid fluid may cause a 
strong anaphylactic reaction and threaten the patient’s life.

The clinical features of hydatidosis depend on the cyst site 
and size. Pain in the right upper quadrant, and hepatomegaly 
or a palpable epigastric or costal arch mass may be exhibited. 
Ruptured hydatid cysts into the biliary tract present with chol-
angitis. Apart from peripheral eosinophilia and an occasional 
increase in liver transaminases, laboratory findings are not 

particularly striking. Hydatid cyst may compress the bile 
ducts, cause cholestasis and mild jaundice. Imaging is a use-
ful tool for confirming the diagnosis and exhibition of com-
plications. Ultrasonography also helps in classifying the cysts 
stage. Serologic tests cannot substitute clinical or imaging 
investigations, but they can confirm the hydatid origin of a 
cyst. Treatment of liver hydatidosis varies, from surgical 
intervention to percutaneous drainage to medical therapy. 
Surgical removal of the cyst after albendazole treatment regi-
men, in conjunction with or without partial liver resection is 
the treatment of choice in majority of cases [9].

15.1.3  Clonorchiasis and Opisthorchiasis

Clonorchiasis is a parasitic disease caused by the Chinese 
liver fluke Clonorchis sinensis while opisthorchiasis is 
caused by one of two species Opisthorchis viverrini and 
Opisthorchis felineus. Both Clonorchis sinensis and 
Opisthorchis viverrini are endemic in East Asia, while 
Opisthorchis felineus presents in Asia as well as Europe [10]. 
The two flukes have a similar life cycle distributed in three 
different hosts: a mammalian host, a snail and a fish. In the 
definitive host, mature worms reside the biliary tree, feeding, 
moving and producing eggs that shed to the environment 
with the patient’s stool. on reaching fresh water, the eggs are 
ingested by specific-species snails, where eggs hatch and 
release miracidia. The miracidia mature initially as sporo-
cysts, then as rediae, and finally as cercariae. In the presence 
of an appropriate fish, cercariae invade the fish’s skin and 
encyst as metacercariae in the fish muscle. Upon consump-
tion of infected improperly-cooked fish, the metacercariae 
excyst and release larvae in the human duodenum, travel via 
the ampulla of Vater to the biliary tree.

The adult fluke repeatedly moves over the biliary epithe-
lium, feeding and migrating resulting in mechanical tissue 
injuries. By time, these injuries become more evident and 
ulcerates. The fluke’s eggs may become deposited in the 
periductal tissue through the ulcer and induce granulomatous 
inflammation around. In addition, the adult fluke secretes or 
excretes metabolic products, some of which are highly 
immunogenic, while the remaining may be toxic to or inter-
act with the biliary epithelium. All these factors lead to dila-
tation of the bile ducts, chronic inflammation followed by 
adenomatous hyperplasia, and bile duct wall thickening. The 
heavy worm burden, inflammation and obstruction can lead 
to cholecystitis, cholangitis, hepatic abscess, pancreatitis and 
even cholangiocarcinoma [11].

Infections in their acute stage are usually asymptomatic. 
However, shortly after C. sinensis infection, urticaria, right 
upper quadrant abdominal pain and fever may develop. 
High-grade fever, arthralgia, lymphadenopathy and abdomi-
nal pain may occur. Chronic symptoms as abdominal pain 
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and discomfort, weight loss and anorexia may be also exhib-
ited. Hepatomegaly and right upper quadrant tenderness may 
be observed both in the acute and chronic phase.

Diagnosis of Opistorchiidae is usually carried out through 
identification of the characteristic eggs in patient’s stool. 
Adult worms may occasionally be visualized moving with 
ultrasound examination of the biliary tract and gallbladder or 
identified in surgically- or endoscopically-obtained aspirate 
samples. Serological testing for C. sinensis IgG antibodies 
are also available. ELISA test for detection of O. viverrini 
antigens in urine, with adequate sensitivity is also present. 
Molecular detection of the parasite in stool have been tried 
for both genera with various sensitivities. Praziquantel, with 
cure rate of ≥80%, is the drug of choice for treatment.

15.1.4  Fascioliasis

Fascioliasis is a parasitic disease caused by flat fluke Fasciola 
hepatica and Fasciola gigantica [12]. The life cycle is like 
that of the liver flukes but does not have an intermediate fish 
host. Adult worms reside in the biliary tree producing eggs 
that embryonate in fresh water and release miracidia that 
invade snails. Stages of sporocysts, rediae and cercariae are 
developed in the snail. Cercariae encyst as metacercariae on 
the aquatic plants that transmit infection to humans if 
ingested raw. The metacercariae excyst in the duodenum, 
hatch to juvenile worms that invade the gut wall to the peri-
toneum. The immature worms penetrate the liver capsule and 
migrate via the parenchyma till the large biliary ducts where 
maturation into adult worms and oviposition occurs. During 
this journey, the juvenile flukes may reach to ectopic sites 
and may result in nodules or abscesses formation [13].

Inflammation, wall-thickening and/or dilatation of the 
gallbladder or bile ducts are the characteristic lesions pro-
duced by the adult fluke. Clinically, patients may present 
with right upper quadrant pain, fever and eosinophilia. 
During the acute stage, diagnosis is often made by serology. 
Eggs in aspirated bile, liver tissue, or stool can be detected 
after a certain period. The adult worm is occasionally identi-
fied in surgically or endoscopically obtained aspirates and 
seen as moving object in ultrasound imaging. The small 
hypodense nodules and linear tracks within the liver paren-
chyma secondary to migration of the juvenile worms can be 
seen with CT or MRI. Triclabendazole is used for treatment 
as the first choice and nitazoxanide as an alternative.

15.1.5  Ascariasis

Human ascariasis is typically attributed to roundworm 
Ascaris lumbricoides. However, Ascaris suum, the round-
worm of pig, can also cause infection in humans. Ascariasis 

is the most frequent helminthiasis in man, around 25% of the 
world’s population are infected, mostly children from poor 
communities [14]. Infection is acquired via ingestion of the 
mature eggs in food, drinks or soil. On reaching the duode-
num, the eggs release larvae that migrate down to the small 
intestine. Larvae penetrate the gut wall and reach the lung 
through the bloodstream or lymphatics. Larvae mature in the 
lungs and make their way up the airway to the pharynx and 
are swallowed back to the duodenum and mature to an adult 
worm. The migrating larvae and/or adult worms can cause 
several diseases. Larvae can cause hepatitis, and/or liver 
abscesses, pneumonitis and/or pulmonary eosinophilia 
“Loffler’s syndrome”. The adult worm may migrate to the 
appendicular orifice closing it and causes appendicitis or 
reach the biliary tree and causes obstruction, cholecystitis, 
jaundice, pancreatitis, cholangitis, and liver abscess [15]. 
When the female penetrates deeply into the bile ducts, it lays 
eggs, which are carried into the liver parenchyma, leading to 
granulomatous hepatitis or liver abscess. Bacteria attaching 
to the migrating worm cuticle cause suppurative cholangitis. 
The eggs or parasite fragments in the bile ducts can become 
a nucleus to stones.

Ascariasis is often asymptomatic, but symptoms attrib-
uted to larval migration to the lung such as fever, cough and 
dyspnea or attributed to the migrating adults such as 
abdominal discomfort, nausea, and/or diarrhea may be 
present. Diagnosis is usually made through finding the 
characteristic eggs in faeces. Plain radiographs are helpful 
in diagnosis of intestinal obstruction and/or perforation, 
while ultrasound examination is useful in biliary and pan-
creatic ascariasis. Worm migration may be monitored by 
radiography. Worm can be occasionally detected and 
extracted with biopsy forceps while doing endoscopic ret-
rograde cholangiopancreatography as a diagnostic proce-
dure. Mebendazole and albendazole are used for treatment 
of non-complicated ascariasis. Treatment of Ascaris-
induced complications may be conservative or occasionally 
requires surgical intervention.

15.1.6  Visceral Larva Migrans

Visceral larva migrans (VLM) is a clinical syndrome of 
eosinophilia, hepatomegaly and pneumonitis related to 
migration of certain nematode larvae to the human liver [16]. 
Larvae of Toxocara species and Capillaria are commonly- 
involved in VLM. To a lesser extent, larvae of Ascaris spe-
cies, Fasciola species, hookworm and Strongyloides species 
are also incorporated. VLM attributed to microfilariae of dif-
ferent filariae species have been also reported.

Inside the liver, larvae that fail to reach maturity, induce 
eosinophilic infiltration and granuloma formation. Patients 
may complain of vague abdominal pain, fever and general 
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weakness. Other symptoms like cough and dyspnea may be 
found if the lungs are involved. Nonetheless, most of cases 
are asymptomatic and incidentally diagnosed in the presence 
of eosinophilia and a high ELISA titer for the suspected 
nematode antigens. The liver pathology appears as a macro-
scopic nodule, rather than microscopic diffuse inflammation. 
Imaging series show solitary or plural nodules with irregular 
shape, ranging in diameter from 5 mm to 2 cm. Most infec-
tions are self-limiting, and only severe cases warrant treat-
ment, With albendazole or mebendazole or ivermectin 
according to the causative nematode.

15.1.7  Hepatic Capillariasis

Hepatic capillariasis is a rare zoonotic infection with hepatic 
manifestations caused by a nematode parasite Capillaria 
hepatica. Despite its low prevalence, the infection can cause 
significant morbidity and mortality [17]. Infection occurs 
through accidental ingestion of the embryonated eggs con-
taminating food or drink. Upon ingestion of eggs, larvae 
hatch, penetrate the coecal wall reaching the liver via the 
portal blood and mature to adult worms. The larvae in the 
liver cause chronic focal inflammation and septal hepatic 
fibrosis. The adult worm deposits eggs in the parenchyma 
and initiate formation of necrotizing granulomatous inflam-
mation. In the end stages, the eggs are seen with inflamma-
tion and fibrosis of liver parenchyma without adult worms. 
Patients usually present with persistent fever, hepatomegaly 
and eosinophilia. Other symptoms like vomiting, spleno-
megaly, pneumonitis, extreme weakness, constipation, 
abdominal distension, and sometimes ascites have been also 
reported. A definitive diagnosis can be only made by obtain-
ing a liver biopsy. No effective treatment is yet known but 
drugs like thiabendazole, albendazole and ivermectin can be 
useful in some cases.

15.1.8  Ectopic Pinworm Infection

Enterobius vermicularis, also known as pinworm, is a com-
mon nematode worm infection, especially in children. 
Infection is initiated via ingestion of embryonated eggs con-
taminating hands, food or drinks. In the gut, larvae liberated 
from the eggs and mature to adult worm in the colon, where 
reproduction and oviposition happens. Perianal itching is a 
common manifestation in children while in adults, infection 
is usually asymptomatic. Migration of adults to perianal tis-
sue and urogenital tract in females have been documented. 
However, the adult worm migration to the biliary tree or to 
the liver parenchyma, even in few cases, has been surprising 
findings as the mechanism of hepatic involvement is still 
unclear [18].

Hepatic hyalinized nodules with peripheral inflammation 
and central necrosis with worm’s remnants have been 
described. Before the advent in the imaging methods, hepatic 
enterobiasis was an incidental intra-operative finding.

15.1.9  Strongyloidiasis

Strongyloidiasis is an opportunistic parasitic infection attrib-
uted to nematodes Strongyloides stercoralis and S. fuelle-
borni. The worm has unique life cycle alternating between 
free-living and parasitic cycles with autoinfection potentials 
[19]. The parasitic cycle is initiated by filariform larvae pen-
etrating human skin. Then, larvae migrate via the blood-
stream to the lungs, where they are eventually coughed up 
and swallowed. In the small intestine larvae molt twice and 
become adults. Females live threaded in the epithelial lining 
of the small intestine and produce eggs. Eggs release rhab-
ditiform larvae that may be passed in the stool or cause auto-
infection. The free-living adults mate and produce eggs. 
Rhabditiform larvae hatch, mature and eventually become 
infective filariform larvae. In autoinfection, the rhabditiform 
larvae become infective filariform larvae, which can pene-
trate either the intestinal mucosa or the perianal skin; in 
either case, the filariform larvae may disseminate throughout 
the body. Therefore, this parasite can persist and replicate 
within a host for decades.

Strongyloidiasis is often asymptomatic in well-nourished 
patients with normal immune status. Occasionally, patients 
may present with diarrhea, urticaria, and abdominal pain. In 
immunosuppressed individual, infections may take more 
aggressive form “hyperinfection syndrome”, with more seri-
ous symptoms such as dyspnea and/or complications such as 
intestinal obstruction and gastrointestinal hemorrhage. An 
extension of hyperinfection syndrome is the disseminated 
form, in which the larvae spread to organs such as the liver, 
pancreas, heart, and brain [20].

Diagnosis is usually made through detection of the rhab-
ditiform larvae in fecal sample or in tissue biopsy. A mild 
eosinophilia might be the only clinical finding during asymp-
tomatic infection. PCR has long been successfully used as a 
method of identification, joined by luciferase immunopre-
cipitation systems in more recent years. Stool sample culture 
can be a more practical screening test in resource-poor areas. 
Serological tests are also available, but cross-reactivity with 
Ascaris lumbricoides, filariae, and schistosomes was 
reported. Albendazole and ivermectin have both been suc-
cessfully used to in treatment. Because just a single worm 
could reinitiate hyperinfection syndrome, anti-helminthic 
application should continue until larvae cease to be detect-
able. The auto-infective cycle takes about 2 weeks to com-
plete, so it would be wise to continue with treatment 2 weeks 
after negative stool samples.
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15.1.10  Fasciolopsiasis

Liver involvement in Fasciolopsis buski infection is a very 
rare event but documented. Like Fasciola species, the life 
cycle of fasciolopsiasis requires two intermediate hosts; the 
fresh water snail and water vegetations. Human infection 
occurs via ingestion of water vegetations containing the 
infective metacercariae. Most cases of fasciolopsiasis are 
silent intestinal infections, but in heavy infection abdomi-
nal pain, diarrhea and malabsorption may be present. A 
patient suffered from polycystic liver disease have been 
reported [21]. Ultrasonography and CT scan abdomen 
showed multiple tiny cysts in both lobes of the liver and 
kidney. Abdominal pain, vomiting and persistent diarrhea 
were the associated symptoms. Pallor, jaundice, lower limb 
oedema and hepatosplenomegaly have been the associated 
signs. Iron deficiency anaemia, hypoalbuminemia, with 
Fasciolopsis buski eggs in stool were the laboratory test 
findings. The case has been successfully treated with 
praziquantel.

15.1.11  Dicrocoeliasis

Infection with Dicrocoelium dendriticum “the lancet liver 
fluke” in humans is very rare event. This liver fluke, which 
commonly infects ruminants, has a complex life cycle with 
two intermediate hosts; the land snail and the ant. Human 
infection occurs by accidental ingestion of the second inter-
mediate host [22]. A patient suffered from recurrent acute 
cholecystitis whose Kato stool examination showed 
Dicrocoelium dendriticum eggs has been reported. The case 
has been successfully treated with Mirazid®.

15.1.12  Visceral pentastomiasis

Visceral pentastomiasis is a zoonotic disease caused mainly 
by the nymphs of Linguatula serrata, or Armillifer armilla-
tus. Few sporadic cases have been reported. Like herbivores, 
man acquires the infection through accidental ingestion of 
the embryonated egg shed in respiratory secretions, saliva or 
faeces of the definitive hosts (Linguatula serrata; dogs or 
Armillifer armillatus; reptiles). Consumption of uncooked 
infested snake meat can also transmit infection. Upon reach-
ing the gut, larvae hatch, penetrate the gut wall to the liver 
via the bloodstream. During migration, the larvae cause 
eosinophilic infiltration, granuloma formation, or eosino-
philic abscess scattered throughout the liver parenchyma 
[23]. Most of the cases are asymptomatic and discovered 
only during surgery or autopsy. Generally, the diagnosis 
largely depends on parasitological and histopathologic 
examination.

15.2  Parasitic Liver Diseases: Protozoa

Protozoa are single-celled eukaryotic microorganisms. 
Protozoa may live intracellular or live extracellular such as 
Entamoeba. While intracellular protozoa like Plasmodium 
species reside the hepatocytes, other like Leishmania and 
Toxoplasma inhabit the reticuloendothelial cells. Liver 
involvement in protozoan infections are mostly in the form 
of disseminated systemic disease. Occasionally, intestinal 
protozoa like Giardia, and Cryptosporidium species migrate 
upward to the bile duct via its orifice causing diseases like 
cholecystitis and cholangitis. Unlike helminths, the liver 
involvement in protozoan infections are not associated with 
peripheral eosinophilia. The most common hepatic protozoal 
infections are demonstrated in Fig. 15.2.

15.2.1  Amoebiasis

Amoebiasis is parasitic disease attributed mainly to 
Entamoeba histolytica, a common enteric protozoon resid-
ing the colon. It is much more frequent in tropics and affects 
around 10% of the world’s population. Amoebiasis is the 
third most common cause of parasite-related death world-
wide [24]. The typical clinical feature of amoebiasis is the 
dysenteric form, but 90% of infected people are carriers. 
Extra-intestinal amoebiasis affect the liver and lung, espe-
cially in malnourished and immunocompromised patients. 
The amoeba present in two developmental forms: trophozo-
ite and cyst. Infection is acquired via ingestion of infected 
cysts contaminating food or drinks. The cysts are acid resis-
tant so can reach the small intestine, where the trophozoites 
excyst. Trophozoites travel to the colon, grow, and pass 
through the epithelium into the submucosa. Penetration into 
the mucosa causes necrosis and ulceration leading to dysen-
tery. The trophozoites enter the colonic venous circulation to 
reach the liver, lung or the brain causing amoebic abscesses 
[25]. The abscess contains a viscous secretion, free of 
amoebae.

The clinical manifestations of the amoebic liver abscess 
vary according to its size, number and localization. Fever 
and right upper abdominal quadrant pain are two common 
symptoms. The pain may radiate to the right shoulder and 
increases with movement or coughing. The liver is usually 
large and tender. Diagnosis is confirmed via detection of the 
amoebic antigens, cysts, and/or trophozoites in patient stool. 
Imaging findings include a space-occupying lesion, some-
times indistinguishable from a pyogenic abscess. Amoebic 
culture and visualization of trophozoites can be done using 
the aspirate.

Amoebiasis are usually treated with metronidazole, tini-
dazole or chloroquine. For amoebic liver abscess, when the 
clinical response to medical treatment is unsatisfactory, 
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percutaneous aspiration/drainage can be used as a diagnos-
tic or therapeutic tool and should be performed under 
imaging guidance.

15.2.2  Giardiasis

Giardiasis is a common intestinal infection caused by the 
flagellated protozoa, Giardia lamblia. Like Entamoeba, 
Giardia is present in one of two developmental stages: cyst 
and trophozoite forms. Man acquire infection via ingestion 
of cysts contaminating hands, food or drink. In the small 
intestine, excystation occurs, giving rise to the trophozoites, 
the tissue irritative developmental form. Responding to 
unknown stimuli, trophozoites may encyst in the ileum and 
are shed to the environment with stools [26].

Infection may pass unnoticed without symptoms or pres-
ents with diarrhea, vomiting, abdominal distension. The liver 
involvement with Giardia is a rare event; however, granulo-
matous hepatitis, cholangitis or biliary, and/or steatosis have 
been reported in uncontrolled HIV-positive patients [27]. 
Diagnosis of giardiasis requires detection of Giardia cysts or 
trophozoites in stool or duodenal aspirate. Tests based on 
identification of the parasite antigen or nucleic acids in fae-
ces are also available. The extraintestinal complications such 
as gallbladder distension, ductal stricture or obstruction are 
diagnosed with radiological and endoscopic examinations. 
Metronidazole is the drug of choice used in treatment of 
intestinal giardiasis, but sometimes, surgical interventions 
may be needed for some biliary tree complications.

15.2.3  Cryptosporidiosis

Cryptosporidiosis is an intestinal infection caused by the 
protozoan parasite Cryptosporidium. Like giardiasis, the 
liver involvement in cryptosporidiosis is uncommon and 
occur in selected populations, such as immunocompro-
mised individuals [28]. Infection transmission occurs 
through ingestion of oocysts developmental form contami-
nating hands, food or drink. Upon ingestion, the oocysts 
excyst and release sporozoites, the intracellular develop-
mental disease producing developmental forms. Inside the 
enterocytes, the sporozoites mature and undergo asexual 
reproduction to produce merozoites that are released into 
the intestinal lumen. The merozoites can either infect other 
cells or mature into gametocytes, sexual reproductive 
stages. Fertilization occurs producing thin-walled infec-
tious oocysts that passed to the environment awaiting inges-
tion by the next host. The parasite life cycle has great 
potentials for the occurrence of autoinfection, and persis-
tent or overwhelming infections, especially in immunocom-
promised patients.

Infection may occur without symptoms or manifest itself 
as diarrheal illness. The diarrhea is self-limited in immuno-
competent patient, but it is a major problem in immunocom-
promised patients causing chronic debilitating diarrhea. 
Biliary cryptosporidiosis is described in patients with low 
immunity, causing cholecystitis and sclerosing cholangitis. 
Two distinct pathological complications are described: pap-
illary stenosis with extrahepatic ductal dilatation and scle-
rosing cholangitis or acalculous cholecystitis [29].

Fig. 15.2 A group of 
protozoa found associated 
with human liver diseases. 
1—Entamoeba histolytica 
trophozoite stage; 
2—Cryptosporidium oocysts 
in acid fast stained smear; 
3—Giardia lamblia 
trophozoites; 
4—Cystoisospora belli; 
5—Enterocytozoon bieneusi; 
6—Plasmodium species ring 
stage; 7—Toxoplasma gondii 
tissue cyst; 8—Trypanosoma 
cruzi trypomastigotes in blood 
film; 9—Leishmania 
donovani amastigotes in 
biopsy specimen
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Besides diarrhea, pain in the right upper quadrant, nausea, 
vomiting and fever are common associated symptoms. 
Diagnosis is undertaken through identification of the parasite 
oocysts, antigen and or nucleic acid in patient faeces. The 
bile duct wall thickening, and/or the gallbladder dilatation 
are two radiological findings reported in biliary cryptospo-
ridiosis. Papillary stenosis or ductal strictures are docu-
mented with endoscopic ultrasonography. There is no drug 
proved effective against cryptosporidiosis but drugs like 
nitazoxanide, paromomycin and azithromycin are tried with 
correction of the immunosuppression status of the patient in 
parallel. The pathological findings described in extraintesti-
nal cryptosporidiosis has been also reported in immunosup-
pressed patients co-infected with one of the two enteric 
protozoa: the Enterocytozoon bieneusi and the Cystoisospora 
belli [30].

15.2.4  Malaria

Malaria is a common parasitic infection worldwide. It is esti-
mated that 10% of the world’s population are infected, and it 
causes one to two million deaths per year. Five Plasmodium 
species are encountered in malaria: P. falciparum, P. vivax, P. 
malariae, P. ovale and P. Knowlesi. Of these, the first two 
species are the most important owing to their high virulence 
[31]. Infection transmission usually occurs via skin bite with 
female Anopheles mosquito. However, malaria associated 
with blood transfusion, organ transplantation, and pregnancy 
have been also recognized. The parasite life cycle involves 
two hosts: man, and insect.

During a blood meal, an infected female mosquito inserts 
the sporozoites, the infective developmental form, into the 
dermal circulation. Sporozoites reach the hepatocytes, reside 
there and form schizonts, that rupture releasing merozoites. 
Importantly, in P. vivax and P. ovale, sporozoites persist inside 
the liver cells as dormant developmental form termed hypno-
zoites. These form is responsible for the occurrence of relapse 
in malaria. From the liver cells to the blood, the parasites 
undergo asexual multiplication in the erythrocytes. A number 
of parasites differentiate into sexual erythrocytic stages, game-
tocytes that have potentials to be ingested by an Anopheles 
mosquito during a blood meal. In the mosquito’s stomach, fer-
tilization occurs and as result, oocysts are produced, and rup-
tured releasing sporozoites into the mosquito’s saliva.

Jaundice is a frequent sign in malaria, but, there is a wide 
variation in its reported incidence. It is mostly due to coexis-
tent haemolysis, malnutrition and/or hepatocyte dysfunction. 
The cytoadherence of the parasitized red blood cells to the 
vascular and sinusoidal endothelium of the liver, causes 
hepatocellular dysfunction due to reduction in portal blood 

flow, anoxemia and intrahepatic cholestasis. In acute falci-
parum malaria, additional pathological changes have been 
described in terms of steatosis, focal hepatocyte swelling and 
necrosis and focal accumulation of histiocytes forming non- 
granulomatous lesions [32].

Diagnosis is made through identification of parasite tro-
phozoites in thick or thin blood smears preceded with or 
without rapid detection test positive for parasite antigen in 
blood. Other methods like quantified buffy coat and PCR 
based detection tests have a role in epidemiological studies. 
Malarial hepatitis diagnosis is made on clinical evidence and 
confirmed by the appropriate laboratory tests of liver dys-
function. The ultrasound examination may find hepatomeg-
aly with low echogenicity and thick gallbladder. Jaundice is 
indicative of severe malaria and, mandate intravenous anti-
malarial treatment.

15.2.5  Visceral Leishmaniasis

Visceral leishmaniasis (VL) is a severe parasitic infection 
caused by an intracellular flagellated protozoa of the genus 
Leishmania. The parasite present in two developmental 
forms: promastigotes and amastigotes. VL is an opportunis-
tic infection and potentially fatal unless treated [33]. 
Transmission usually occur via skin bite by an infected 
female sandfly but can also occur via blood transfusion or 
organ transplantation. Upon the sand fly’s bite, promasti-
gotes, present in the insect saliva, are inserted into the skin, 
lose flagella, internalized by macrophages, and transformed 
into amastigotes. Within macrophages, the amastigotes mul-
tiply and proceed to infect other mononuclear cells via the 
blood and lymphatic circulation. Dissemination leads to 
bone marrow infiltration, hepatosplenomegaly and some-
times lymphadenopathy [34]. With a blood meal, the Sandfly 
got infected through ingesting infected cells containing 
amastigotes. In the fly’s gut, the amastigotes are released, 
transformed into promastigotes into the fly’s proboscis and 
became ready to initiate another cycle.

Patients with VL present with non-specific manifestations 
of persistent systemic infection: fever, fatigue, weakness, 
anorexia and weight loss. Anaemia, hepatomegaly, spleno-
megaly and adenopathy are additional features. Diagnosis in 
most of cases is laboratory-based. Pancytopenia and marked 
polyclonal hypergammaglobulinemia are valuable in diagno-
sis of clinically-suspected cases. Microscopic or molecular 
detection of amastigote in lymph nodes, bone marrow and/or 
spleen biopsies or cultured aspirates is confirmatory. A latex 
agglutination test detecting antigen in the urine has recently 
described with promising initial results. Treatment is usually 
carried out via intravenous liposomal amphotericin B.
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15.2.6  Toxoplasmosis

Toxoplasmosis is a common infection caused by the proto-
zoan parasite Toxoplasma gondii. The protozoon exists in 
three morphological forms: oocyst containing sporozoites, 
tissue cyst with bradyzoites, and proliferating tachyzoite 
form. The oocysts in cat’s faeces can be accidentally ingested 
through contaminated hands, food or drink. The oocysts 
develop into tachyzoites that divide rapidly in the cells caus-
ing tissue destruction and infection spread. Tachyzoites in 
blood or body organs can be transferred to a new host through 
transfusion or organ transplantation. Moreover, pregnant 
woman can infect her fetus through the placenta. Eventually 
tachyzoites reside in muscle tissues and the CNS and convert 
to tissue cysts, bradyzoites. Ingestion of undercooked meat 
containing viable cysts is also a source of infection, should 
be considered [35].

Tachyzoites may disseminate to different organs includ-
ing the liver during an acute primary infection or reactiva-
tion of a chronic latent infection, especially in 
immunocompromised host. Toxoplasmosis is a benign 
disease and often goes unnoticed in immunocompetent 
individuals. The liver involvement in toxoplasmosis mani-
fests itself as giant cell hepatitis or non-specific reactive 
hepatitis [36]. Liver granulomas, cholestasis, cell necrosis 
and cirrhosis are occasionally described sequela. Diagnosis 
usually relies on serological tests for detection of antibody 
classes IgG and IgM in serum. Pyrimethamine alone or 
combined with sulfadiazine are frequently used therapeu-
tic medications.

15.2.7  Babesiosis

Babesiosis is a parasitic infection caused by intracellular 
protozoa, Babesia [39]. Human infection is acquired via 
the skin bite of the deer tick, Ixodes scapularis. Five spe-
cies of Babesia have been known to cause human infec-
tion: Babesia microti, B. duncani, B. divergens, and B. 
venatorum. Like malaria, transmission by blood transfu-
sions and transplacental transmission have been also doc-
umented [40]. The clinical features and diagnosis are 
close to that of malaria. Babesiosis can cause acute liver 
failure particularly in patients who are at risk of severe 
infection. Patients with splenectomy, malignancy, HIV 
infection, or those on immunosuppressive therapy are at 
high risk for severe disease. Intravenous treatment with 
clindamycin, quinine and/or exchange transfusion is usu-
ally reserved for those patients presenting with severe 
parasitemia, severe anemia, pulmonary, liver, or renal 
impairment [41].

15.2.8  Chagas’ Disease (Trypanosomiasis)

Chagas’ disease is a neglected tropical disease caused by 
infection with protozoan parasite, Trypanosoma cruzi [37]. 
Chagas’ disease is characterized with an intense inflamma-
tory response in many tissues, including the liver. Infection is 
transmitted to humans by blood-sucking triatomine bugs and 
by transfusion. In the blood, the trypomastigotes invade host 
cells, particularly, macrophage, muscle and nerve cells. 
Acute disease normally presents as either facial edema and/
or non-specific flu-like illness but can be more severe in 
immunosuppressed patients. The chronic phase is lifelong 
and often with cardiac complications. The liver affection 
takes the forms of centroacinar cell necrosis and inflamma-
tory infiltration, especially in the portal fields [38].

15.3  Concluding Remarks and Future 
Directions

The causative parasites of liver disease in humans are diverse 
and remain an important health issue worldwide. The patho-
genic changes leading to hepatic dysfunction in these para-
sitic infections are equally diverse. Although some parasitic 
diseases of the liver are less frequently reported, even in 
some endemic areas, practicians should recognize that travel, 
immigration and food trade make infection with parasites 
possible in any setting. A high index of clinical suspicion and 
detailed travel history are required for proper diagnosis of 
liver parasitosis, as are prompt notification and laboratory 
confirmation. The confirmation of parasitic infections is 
made by identification of parasites in properly selected spec-
imens or in host tissues. Direct microscopic observation of 
parasitic diagnostic stages is the method of choice for diag-
nosis of numerous infections, namely, malaria, visceral 
leishmaniasis, babesiosis, and intestinal parasitic infections. 
However, due to the occult nature of many parasitic infec-
tions involved in liver diseases, microscopy is not always 
possible. Diseases such as amoebic liver abscess, echinococ-
cosis, toxocariasis, toxoplasmosis, or capillariasis almost 
always require detection of species-specific antibodies in 
patient’s serum before a diagnosis can be approved. In other 
infections, such as schistosomiasis, giardiasis, cryptosporidi-
osis and strongyloidiasis, parasites may be detected in feces 
or other biological specimens, but due to interrupted shed-
ding or sampling limitations, direct detection of parasites is 
neither sensitive nor reliable. Most of parasitic infections 
that affect the human liver are benign and self-limiting in 
immunocompetent patients, however, infections such as vis-
ceral leishmaniasis, and strongyloidiasis may be severe 
enough to threaten life of some malnourished immunosup-
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pressed individuals. Treatment is often done through medical 
and/or surgical interference. A deeper insight on the host- 
parasite interactions at the molecular level is required to 
identify the host-derived factors that influence parasite’s 
entry, growth, and spread in human host. Such information 
could unravel the mechanisms by which the hepatocellular 
dysfunctions occur as a late sequel to parasite infections and 
could hopefully open novel therapeutic and/or preventive 
approaches to one terrible complication of parasitic 
infections.

 Self Study

 Questions

 1. Which one of the followings is true regarding 
schistosomiasis?
 (a) The liver pathology is mainly attributed to the adult 

worm
 (b) The liver pathology is mainly attributed to the worm’s 

eggs
 (c) Diagnosis is usually carried out through serology
 (d) Albendazole is the first drug of choice for treatment

 2. Which of the followings is consistent with hydatidosis?
 (a) It is a zoonotic disease
 (b) Man is a definitive host
 (c) Stool analysis is diagnostic
 (d) Treatment is always surgical

 3. Cholangiocarcinoma is a complication of which 
parasites?
 (a) Clonorchis sinensis
 (b) Fasciola gigantica
 (c) Fasciola hepatic
 (d) Echinococcus granulosus

 4. Which one of the following is consistent with 
fascioliasis?
 (a) Opportunistic infections
 (b) Protozoan infections
 (c) Acquired via oral ingestion
 (d) Treated with albendazole

 5. An adverse clinical outcome associated with ascariasis?
 (a) Liver cysts
 (b) Cholangiocarcinoma
 (c) Biliary obstruction
 (d) Visceral larva migrans

 6. An appropriate first-line therapy for visceral larva 
migrans?
 (a) Albendazole
 (b) Ivermectin
 (c) Praziquantel
 (d) Azithromycin

 7. Which one of the following does not describe hepatic 
capillariasis?
(a) Infection is attributed to a trematode, Capillaria 

hepatica
(b) The pathology is attributed to the larvae in the liver
(c) The pathology is attributed to the adults in the 

coecum
(d) A definitive diagnosis mandates a liver biopsy

 8. Ingestion of ants can transmit which of the followings 
parasites?
(a) Fasciolopsis buski
(b) Enterobius vermicularis
(c) Dicrocoelium dendriticum
(d) Opisthorchis viverrini

 9. Eating snake meat can transmit which of the following 
parasitic infections?
(a) Hepatic filariasis
(b) Hepatic schistosomiasis
(c) Visceral larva migrans
(d) Visceral pentastomiasis

 10. Which one of the following protozoan infection com-
monly occurs in the liver?
 (a) Amoebic liver abscess
 (b) Hepatic malaria
 (c) Visceral leishmaniasis
 (d) Hepatic toxoplasmosis

 Answers

 1. Which one of the followings is true regarding 
schistosomiasis?
The liver pathology is mainly attributed to the worm’s eggs

 2. Which of the followings is consistent with hydatidosis?
It is a zoonotic disease

 3. Cholangiocarcinoma is a complication of which 
parasites?
Clonorchis sinensis

 4. Which one of the following is consistent with 
fascioliasis?
Acquired via oral ingestion

 5. An adverse clinical outcome associated with ascariasis?
Biliary obstruction

 6. An appropriate first-line therapy for visceral larva 
migrans?
Albendazole

 7. Which one of the following does not describe hepatic 
capillariasis?
The pathology is attributed to the adults in the coecum

 8. Ingestion of ants can transmit which of the followings 
parasites?
Dicrocoelium dendriticum
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 9. Eating snake meat can transmit which of the following 
parasites?
Visceral pentastomiasis

 10. The most protozoan infection in the liver?
Amoebic liver abscess
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Viral Hepatitis B

Dar-In Tai

16.1  Introduction

Hepatitis B virus (HBV) infection is a cause of chronic liver 
disease with a long medical history in humans. It was first 
discovered in 1963 by Baruch Samuel Blumberg (Nobel 
Prize for Medicine, 1976) when he performed double immu-
nodiffusion assays using sera from aboriginal Australians. 

Many epidemiological studies soon identified HBV infection 
as a global chronic disease, with the highest prevalence rates 
in Asia and Africa. Before vaccination programs in these two 
continents, the prevalence of hepatitis B surface antigen 
(HBsAg) was generally above 15%. More than four billion 
people have been chronically infected with HBV worldwide. 
The WHO estimated that chronic hepatitis B resulted in 
880,000 deaths from cirrhosis and hepatocellular carcinoma 
(HCC) in 2015.

16.2  HBV Genome

HBV is classified as part of the Hepadnaviridae family, 
which comprises small, hepatotropic DNA viruses that repli-
cate through reverse transcription [1]. The complete HBV 
virion is a sphere with a diameter of 40–45 nm. HBV has a 
3.2 kbp, circular, incomplete double-stranded DNA genome.

The viral genome encodes four overlapping open reading 
frames (ORFs: S, C, P, and X). The S ORF encodes the viral 
surface envelope proteins, which can be structurally and func-
tionally divided into the pre-S1, pre-S2, and S regions. The 
core, or C, gene contains the pre-core and core regions that are 
expressed as the hepatitis B e antigen (HBeAg) and hepatitis 
B c antigen (HBcAg), respectively. The P and X ORFs encode 
HBV DNA polymerase and the hepatitis B x antigen (HBxAg).

Other important Hepadnaviridae viruses within this fam-
ily are woodchuck hepatitis B virus, duck hepatitis virus, 
ground squirrel hepatitis B virus, tree squirrel hepatitis B 
virus, and heron hepatitis B virus.

16.3  HBV Genotypes

HBV co-diverged with modern human migration and evolved 
into eight genotypes (A–H) in various geographic locations. 
There is an interaction between human leukocyte antigen 
(HLA) and HBV genotype [2].
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Key Concepts
• HBV is a highly infectious, small, circular, incom-

plete double-stranded DNA virus.
• Chronic infection is common when patients are 

infected in the early stages of life.
• The course of chronic HBV infection is a trilogy, 

starting with immune tolerance, followed by 
immune clearance, and finally a residual phase.

• Immune tolerance is preventative against cytokine 
storm. It could be a survival strategy and is associated 
with genetic evolution during human migration.

• The severity and duration of liver inflammation 
determine the pathogenesis of liver cirrhosis and 
hepatocellular carcinoma.

• Most chronic HBV carriers terminate HBV replica-
tion and may achieve delayed HBsAg clearance 
several decades later.

• Current HBV-specific therapy may suppress viral 
replication but is unable to clear covalently closed 
circular DNA in the nucleus. Virologic relapse may 
reach 50% during the first year after treatment ends.

• New therapeutic strategies and agents are needed 
for eradication of chronic HBV infection.
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The distribution of HBV genotypes is mainly A, D and E 
in Africa; A and D in Europe; D in south Asia; B and C in 
East Asian; and F, G and H in America [1]. In general, geno-
types A and B have a shorter HBV replication stage and bet-
ter infection outcome than genotypes C and D.

16.4  HBV Mutation

HBV genome is one of the most variable among DNA 
viruses. This is mainly related to the error-prone HBV 
DNA polymerase and its very high virion production. HBV 
genome mutations occur frequently during the immune 
clearance stage, vaccination, and anti-HBV therapy. There 
could be selection of viral strains based on the environ-
mental stress to the virus. This is especially occurred in 
patients unable to suppress viral replication efficiently. 
HBV mutants can be found frequently in patients with 
HCC [3]. Some of these mutants may be related to 
hepatocarcinogenesis.

16.5  HBV Transmission

HBV primarily infects humans and chimpanzees. It is highly 
infectious, and most infections occur intra-family or in early 
childhood [4]. HBV may be transmitted to humans from 
contaminated food, water, needles, a wound, sexual contact, 
close contact, or through maternal-fetal exchanges.

HBV enters the host cell by binding with sodium tauro-
cholate co-transporting polypeptide (NTCP) on the cell 
membrane [5]. NTCP is mainly expressed in hepatocytes, 
which is one of the main reasons for the hepatotropic effect 
of HBV. The discovery of this receptor has led to an increased 
number of studies on HBV replication. NTCP can be trans-
fected into hepatoma cell lines and expressed on the cell 
membrane. Such NTCP-expressing HCC cell lines may be 
infected with HBV-contaminated serum. The HBV may rep-
licate in the HCC cells and excrete complete virions into cul-
ture media. This replication model greatly supports the 
screening of therapeutic agents for HBV.

Once it enters the hepatocyte, the relaxed circular DNA 
(rcDNA) is released from the envelope protein. Through 
host DNA repair enzymes, the rcDNA is converted to 
covalently closed circular DNA (cccDNA) in the nucleus. 
The fundamental role of HBV cccDNA has served as an 
example for transcription of all viral RNAs, which are 
required to produce viral genomes and express viral 
 proteins [1].

During active HBV replication, the HBV genome and its 
products rarely modulate the host’s cellular gene transcrip-
tion [6]. This behavior makes HBV replicate peacefully in 
hepatocytes without interfering with hepatocyte function and 
transaminase levels in the immune tolerance phase.

16.6  Acute Infection

Acute hepatitis may develop 2–3 months after an individual is 
infected with HBV.  Serum sickness, urticaria, or arthralgia 
may occur preceding the elevation of transaminase levels. The 
symptoms of acute hepatitis vary from no significant symp-
toms to the development of jaundice and hepatic failure. Most 
cases of acute infection resolve several months later with the 
development of anti-hepatitis B surface antigens (anti-HBs). 
The spontaneously produced anti-HBs may produce life-long 
protection from HBV infection. In less than 1% of acute hepa-
titis B patients with jaundice, the disease may progress into 
fulminant hepatic failure. Disturbed consciousness occurs 
within 4–8 weeks after the appearance of jaundice [1].

Before the nucleos(t)ide analogues (NA) era, more than 
80% of patients with fulminant hepatic failure did not sur-
vive. Liver transplantation was the only life-saving therapy. 
At present, artificial liver supporting system and NA therapy 
can be offered. NA therapy significantly decreases mortality 
and necessity for liver transplantation if therapy is started 
before deep jaundice appears [7]. The artificial liver support-
ing system could prolong wait times or delay the need for 
liver transplantation [8].

16.7  Chronic Infection

A patient with persistent HBsAg for more than 6 months is 
considered a chronic HBsAg carrier. HBV may replicate in 
hepatocytes without causing direct cytopathy or immune- 
related cytopathy. This type of chronic infection is related to 
age and transmission route. In East Asia, maternal to fetus 
(vertical) or perinatal infection results in an 80–90% persistent 
infection rate. This rate decreased to around 23% when infec-
tion occurred at preschool age, and decreased further to 2.3% 
when infection occurred at college student age [4]. In African, 
early termination of HBV replication would prevent maternal-
fetal infection. Most chronic HBsAg carriers in Africa con-
tract HBV infection in the early stage of life by horizontal 
transmission. There is an age-related immune tolerance phase 
in most mammals, which during infancy may decrease allergy 
and mortality among neonates. Unfortunately, this mechanism 
is prone to progress to chronic persistent infection of HBV.

Chronic infection begins with an immune tolerance phase, in 
which HBV is actively replicated in the liver without causing 
inflammation. The immune system does not recognize HBsAg 
or Hepatitis B e antigen (HBeAg), or may recognize them but 
not elicit a strong immune reaction. Through unknown mecha-
nisms, this initially weak immune response becomes stronger 
with age. Within two to four decades, an immune clearance 
reaction will often develop to terminate HBV replication.

Our immune system is carefully orchestrated. Innate 
immunity, T and B cells, cell-mediated and antibody 
responses all contribute to HBV clearance.
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Once this immune clearance reaction successfully sup-
presses HBV replication, HBsAg may persist without sig-
nificant HBV replication in the residual phase. About 50% of 
HBsAg carriers will ultimately clear HBsAg at age 80 [9]. 
Those patients unable to clear HBV replication smoothly 
have an increased risk of chronic hepatitis, liver cirrhosis, 
and hepatocarcinogenesis [1, 4, 9, 10].

16.8  Genetic Factors Predisposing 
to Chronic Persistent Infection

Chronic HBV infection and HCC may be clustered in fami-
lies. This prompted researchers to investigate genetic factors 
related to chronic HBV infection. In genome-wide 
 association studies conducted with East Asian populations, 

HLA-DP and -DQ loci were identified to be associated with 
chronic persistent infection [11, 12]. However, these genetic 
polymorphisms are present in East Asians only (Fig. 16.1b). 
Therefore, such genetic risk factors do not play a role in the 
high prevalence of chronic HBV infection in Africa [13]. 
Age of infection may underlie the main mechanism for 
chronic persistent HBV infection in Africans as well as in 
other continents.

The high prevalence of persistent HBV infection-related 
HLA-DP and -DQ loci in East Asians probably evolved dur-
ing human migration. A trend of decreased immune-related 
gene expression was found for the period shortly after human 
migration out of Africa (Fig. 16.1a). Higher expression gen-
otypes for IL-28B, interferon lambda 4, complement factor 
B, and CD40 are more prevalent in Africans than in either 
Europeans or South Asians [13]. In addition, when human 
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Fig. 16.1 Allele frequency of viral hepatitis- and NPC-related SNPs in 
different geographic groups. (a) Allele frequency of immune-related 
SNPs (CFB, CD40, and IFNL4). Significant allele type differences were 
found between African and European populations, and between African 
and South Asian populations, in all immune-related SNPs. (b) Allele fre-
quency of HBV- and HLA-related SNPs (HLA-DP and -DQ). Significant 
allele differences were found between South and East Asian populations 
in 8 of 12 HLA-related SNPs, and between African and South Asian 
populations in 3 of 12 SNPs. (c) Allele frequencies of NPC-related SNPs 
(HLA regions). There was no significant difference among different 
populations in five NPC-related SNPs. Abbreviations: ACB African 
Ancestry from Barbados in the Caribbean, AFR Africa, total, ALL global, 
total, AMR America, total, ASW African ancestry in Southwest United 

States, BEB Bengali in Bangladesh, CDX Chinese Dai in Xishuangbanna, 
China, CEU Utah residents with ancestry from Northern and Western 
Europe, CHB Han Chinese in Beijing, China, CHS Han Chinese South, 
China, CLM Colombians in Medellin, Colombia, EAS East Asia, total, 
ESN Esan from Nigeria, EUR Europe, total, FIN Finnish in Finland, 
GBR British from England and Scotland, UK, GIH Gujarati Indians in 
Houston, TX, IBS Iberian populations in Spain, ITU Indian Telugu in the 
UK, JPT Japanese in Tokyo, Japan, KHV Kinh in Hochi Minh city, 
Vietnam, LWK Luhya in Webuye, Kenya, MAG Mandinka in Gambia, 
MSL Mende in Sierra Leone, MXL Mexican ancestry in Los Angeles, 
CA, PEL Peruvian in Lima, Peru, PJL Punjabi in Lahore, Pakistan, PUR 
Puerto Ricans in Puerto Rico, SAS South Asia, total, STU Sri Lankan 
Tamil in the UK, TSI Toscani in Italy, YRI Yoruba in Ibadan, Nigeria
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migration reached the Indochina Peninsula, there was a sharp 
geography change from the flat land in Bangladesh to the 
mountainous and forested area of Chinese Dai. The latter 
environment in China and the Indochina Peninsula harbors a 
great diversity of plants and animals. Regions with higher 
plant and animal biodiversity often also feature an increased 
range and abundance of vector- or non-vector-borne dis-
eases. Accordingly, the inhabitants of these areas should be 
able to handle an increased number of unfamiliar micro- 
organisms. Those subjects who demonstrate direct and 
strong immune responses may die of cytokine storm in ful-
minant hepatitis, SARS, influenza, or other infections. 
Therefore, the persistent HBV infection-related single nucle-
otide polymorphisms (SNPs) on HLA-DP and -DQ loci 
could be an adaptive evolutionary response to the local 
environment.

16.9  Serological Diagnosis of HBV

The HBV genome encodes five proteins. The detection of 
HBsAg in sera and persistence for 6 months is a strong indi-
cation of chronic HBV infection. In the case of chronic hepa-
titis B under NA therapy, quantitative HBsAg level may have 
prognostic predict value [14]. The presence of hepatitis B 
core protein antibody (anti-HBc) is an evidence of nature 
HBV infection. High titer IgM class anti-HBc can be seen in 
acute hepatitis B. The presence of HBeAg in patients’ serum 
is an indicator of the immune tolerance phase with active 
HBV replication. Most patients seropositive for both HBsAg 
and HBeAg antibody (anti-HBe) are in the residual stage. 
About 10% of these patients may still have a high serum titer 
of HBV DNA, which is usually associated with active HBV 
replication and liver inflammation [15].

The clearance of nuclear cccDNA is an important thera-
peutic end point. After HBV DNA is carefully digested, 
serum HBV RNA is assessed as a surrogate marker for 
cccDNA [16].

16.10  Immune Response

HBV is not directly cytopathic [6]. Most of the inflammation 
is induced by the immune clearance response. Immune toler-
ance is a survival strategy [13]. Excess immune response 
may induce fulminant hepatitis, while weak immune 
response may result in persistent HBV infection. Chronic 
HBV infection starts with an immune tolerance phase, fol-
lowed by the immune clearance phase, and finally progresses 
to the residual phase.

During the immune tolerance phase, host immune cells 
are not completely unresponsive to HBV proteins. Selective 
B cell responses to viral proteins have been documented. 

Antibodies to HBsAg and HBeAg are generally absent. On 
the other hand, HBcAg, HBx or HBV DNA polymerase anti-
bodies can be found.

Similar situations are identified in the T cell response. 
During the immune tolerance phase, HBsAg carriers show 
PMA (phorbol 12-myristate 13-acetate)/ionomycin-
induced cytokine secretion similar to that of healthy con-
trols. However, tumor necrosis factor-alpha and IL-22 
levels are higher, and chemokine (C-C motif) ligand 3 
(CCL3) levels are lower in HBsAg carriers at the immune 
tolerance phase than in healthy controls. In addition, pro-
grammed cell death protein 1 (PD-1) positive CD4+ and 
CD8+ T cells are both more frequent in the immune toler-
ance phase in HBsAg carriers than in healthy controls. 
IFN-ϒ-producing CD3+ cells induced by HBV-specific 
peptides are present in HBsAg carriers in immune-tolerant, 
chronic active hepatitis, and inactive carrier stages. 
However, a stronger response can be seen in patients with 
chronic active hepatitis [17, 18].

While adaptive B and T cell responses are important in 
HBV immune clearance, how to induce a strong adaptive 
immune response in a patient with immune tolerance is still 
a mystery. We do not know why HBeAg positive patients in 
the immune tolerance phase gradually progress to the 
immune clearance phase. One explanation is that our innate 
immunity is continuously challenged by microorganisms 
and environmental substances. The strength of the innate 
immune response thus increases with age. Toll-like receptor 
(TLR)-mediated production of anti-inflammatory cytokines 
(e.g., IL-10) is high in pre-term infants, progressively 
declines over the first year of life, and is lowest in adults 
[19]. In contrast, the production of pro-inflammatory cyto-
kines (e.g., IL-1β, TNF-α) gradually increases with age. This 
age-associated change and other unclear cofactors may 
orchestrate an immune clearance reaction once a break point 
is reached.

16.11  Fulminant Hepatic Failure

Either acute or chronic persistent HBV infection may induce 
fulminant hepatitis. HBV-specific CD8+ T cell response 
plays a key role in viral clearance and disease pathogenesis. 
Other factors such as immune complex, complement activa-
tion, innate immunity, and ischemia may also contribute to 
massive hepatic necrosis and hepatic failure.

In the global HBV vaccination era, fulminant acute 
hepatic failure has become quite rare. Off-therapy and 
immune suppression-related HBV flares have become the 
main causes of fulminant hepatic failure. It has developed 
into an important concern in the treatment of chronic hepati-
tis B with cessation of NA therapy [20], and in patients 
receiving immune suppression or chemotherapy [21].
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16.12  Chronic Hepatitis, Liver Cirrhosis 
and Massive Hepatic Necrosis

Persistent viral replication and intermittent inflammation 
in patients with chronic hepatitis B induces liver fibrosis 
[22]. Patients with severe flares usually have associated 
massive hepatic necrosis or so-called bridging hepatic 
necrosis. They may develop liver cirrhosis within several 
months (Fig. 16.2) [23]. This rapidly developed liver cir-
rhosis is quite different from chronic hepatitis C or other 
chronic liver diseases, which usually require decades to 
develop into liver cirrhosis. On the other hand, strong 
immune-related inflammation or long-term NA therapy 
might induce sustained viral suppression. In such cases, 

regression of liver fibrosis may be found. An example of 
this is shown in Fig. 16.2.

Liver cirrhosis is the major risk factor influencing survival in 
chronic persistent HBV infection [7, 8]. Non-invasive modali-
ties for measurement of liver fibrosis have become an important 
indicator in screening policy and treatment planning.

Several fibrosis-detecting modalities had been developed. 
Fibrosis 4 (FIB 4, calculated from age, AST, ALT and plate-
let count), conventional ultrasound (US), and US-based elas-
tography are the most popular modalities currently in use 
[24, 25]. They have different cutoff values under different 
etiologies, degrees of steatosis, and other confounding fac-
tors. How to use these modalities in suitable conditions 
should be considered carefully.

Central vein (CV)

Portal tract (P)

Cirrhotic nodules

Bridging fibrosis
b c

d e

1983/11    1984/2    1984/6 1984/9        1985/2

OP

2008/3                                                                                                          2018/4

HBsAg
HBeAg

a

ALT

b             c            d e

CV

P

Fig. 16.2 A 22-year-old HBeAg positive female rapidly developed 
liver cirrhosis that spontaneously resolved 34 years later. (a) The clini-
cal course and timing of four liver histology studies are shown; three 
biopsies were performed during a severe ALT flare-up as part of an 
Ara-A clinical trial. Viral replication was shut down and became persis-
tent normal ALT after HBeAg seroconversion. She lost to followed-up 
and return with HBsAg clearance. The last biopsy was collected during 
a segmentectomy for a progressively enlarged angiomyolipoma which 

detected during periodic followed-up. (b) The initial silver-stained his-
tology section revealed relatively normal reticulum architecture. (c) 
Four months later, severe bridging fibrosis was noted. (d) Well- 
recognized cirrhotic nodules were noted 7 months after the initial 
biopsy. (e) Thirty-four years after HBeAg seroconversion, hematoxylin 
and eosin staining of the non-tumor portion of the liver biopsy revealed 
a nearly normal liver with an Ishak fibrosis score of 1–2
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16.13  Hepatocellular Carcinoma

Chronic HBV infection is associated with a high risk of liver 
cancer. Male gender, perinatal infection, old age, long HBV 
replication phase, HBV integration, liver cirrhosis, personal 
habits, aflatoxin, drug abuse [26], and environmental factors 
all contribute to HBV-related hepatocarcinogenesis. A com-
bination of these processes results in an increased HCC risk 
[1, 4, 9, 10]. The HBV is capable of integration into the 
human genome, even during the immune tolerance phase. 
This phenomenon makes it possible for HCC to occur in 
patients with minimal fibrosis and no evidence of cirrhosis. 
This is quite different from cases of chronic HCV carriers, or 
patients with alcoholic or non-alcoholic liver cirrhosis, 
among which HCC usually develops if they have progressed 
to cirrhosis.

The molecular mechanisms of liver cancer are compli-
cated and diverse, with different etiologies. Tumor protein 
p53 (TP53) oncosuppressor and catenin beta 1 (CTNNB1) 
oncogene are the most frequently mutated genes (31–37%) 
in HBV-related HCC [27].

Host genetic factors associated with HBV-related hepato-
carcinogenesis had been researched intensively, but without 
reproducible results.

16.14  HBV Vaccination

A nationwide vaccination program has been conducted in 
Taiwan since 1984. A significant drop in HBsAg prevalence 
from more than 15% to less than 1% was reported. Maternal 
viral load greater than 108 copies/mL results in a 10% vac-
cination failure rate in the offspring. A short course of NA 
therapy starting at the last trimester and ending 1 month after 
delivery greatly reduced this failure rate [28].

To protect against infection, a course of vaccinations may 
be needed in adults without previous exposure to HBV. This 
is especially advisable in those planning travel from low 
endemic areas to high endemic areas. For those encountering 
used needles or other materials from HBsAg carriers, a dose 
of Hepatitis B immunoglobulin should be given as soon as 
possible followed by HBV vaccination.

16.15  Anti-HBV Therapy

While many drugs have been approved for treatment of 
chronic hepatitis B, complete virology response (CVR) rates 
were lower than 30% in most trials [1]. Therefore, according 
to the guidelines, only patients with elevated ALT level, 
HBV DNA greater than 10,000 copies/mL, or liver cirrhosis 
should be treated.

16.16  Pegylated Interferon Alpha (IFN-α) 
Therapy

For those with HBeAg-positive chronic hepatitis B, the first 
choice should be pegylated interferon-alpha (IFN-α) therapy 
for 1 year. This immune modulatory therapy requires weekly 
intramuscular injections for the duration of the treatment. 
The HBeAg seroconversion rate 6 months after completing 
52 weeks of pegylated IFN-α therapy completion was around 
32–36% [29]. IFN-α responders were generally patients with 
younger age, female gender, ALT elevation, low HBV DNA 
level, and genotype A or B.  There is a relatively higher 
HBsAg clearance rate (around 5%) associated with IFN-α 
therapy compared to other anti-HBV therapy [1].

For those with HBeAg-negative chronic hepatitis B, 
pegylated IFN-α therapy for 1 year is still recommended. 
The sustained virologic response rate (SVR), as defined by 
HBV DNA <2000 IU/mL, 6 months after therapy was around 
20% [30]. HBsAg seroconversion occurred in 3% of patients.

16.17  Nucleos(t)ide Analogues Therapy

The drug of choice for nucleos(t)ide analogues (NA) therapy 
in the CHB is entecavir (ETV) or tenofovir disoproxil fuma-
rate (TDF). These drugs are highly effective HBV suppres-
sors with low drug resistance. Drug resistance was a problem 
for first- generation NA therapy but has ceased to be so in the 
second generation. ETV (1.2%) and TDF (0%) had low 
5-year drug resistance rates in treatment-naïve patients [1].

TDF is currently widely used in chronic hepatitis B, but 
will be replaced by tenofovir alafenamide fumarate, which 
has low renal and bone toxicity [31].

NAs are taken orally, have few side effects, and can effec-
tively suppress HBV viral loads and liver inflammation. 
However, the HBeAg seroconversion rate is dependent on 
ethnicity and the duration of therapy. Among patients who 
received 4–5 years of ETV therapy, it was 15–38% in Asians 
and 55–58% in Europeans [1]. The difference could be 
related to disparate genetic backgrounds between East 
Asians and other populations [13]. When only Europeans 
studies were compared, the TDF (around 35%) had a lower 
HBeAg seroconversion rate than ETV.  Whether a strong 
HBV suppression may evade immune surveillance remains 
to be determined through further evaluation.

The duration of NA therapy remains under debate. When 
NA therapy is stopped, HBV virologic and clinical relapse in 
the first year occurs with a likelihood of around 50% [32–
34]. Some patients may develop a vigorous flare and proceed 
to hepatic failure [20]. Long-term treatment is required to 
maintain virologic control in patients with liver cirrhosis. For 
those patients without liver cirrhosis, stopping NA therapy 
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after HBV DNA is undetectable for 1 year may be consid-
ered, and could promote HBsAg clearance.

16.18  Combination Therapy

Combination therapies of IFN-α and NAs have been studied 
with different strategies, but so far, none have been conclu-
sively adapted for clinic use. Recently, sequential NA ther-
apy followed by pegylated IFN-α therapy was found to 
produce a higher HBeAg seroconversion rate (14.9–44% 
versus 0–6.1%) than monotherapy [29]. In HBeAg negative 
patients, sequential NA followed by pegylated IFN-α had a 
higher HBsAg clearance rate (9–11%) than monotherapy 
(1–3%)

Combination therapy is more effective than monotherapy, 
but also increases treatment costs. Further studies will be 
needed to improve understanding of the immune clearance 
mechanism, develop new therapeutic strategies, and identify 
new anti-HBV specific agents in order to develop more effi-
cient combination therapies.

16.19  Future Perspectives

Current anti-HBV therapies may suppress rather than eradi-
cate HBV in patients with chronic hepatitis B. Further under-
standing of the mechanism of immune tolerance, as well as 
host and HBV interaction, and development of new thera-
peutic strategies are needed.

16.20  Conclusion

Chronic HBV infection is associated with timing of HBV 
infection and host genetic background. Such infection is 
characterized by an initial immune tolerance phase with 
high HBV replication, followed by an immune clearance 
phase, and finally a residual phase with low HBV replica-
tion. A significant decrease in chronic HBV infection has 
been achieved through a global HBV vaccination program 
in neonates. The survival of patients with chronic hepatitis 
B is also improving with the widespread use of NA therapy. 
These efforts have decreased fibrogenesis and hepatocar-
cinogenesis. However, two-thirds of patients relapse 3 
years after the end of an NA therapy. There is still an urgent 
need for new therapeutic strategies, agents, and trials in 
chronic HBV infection.

 Self Study

 Questions

 1. Which statement is false?
 (a) HBV is a highly infectious, small, circular, incom-

plete double stranded RNA virus.
 (b) Chronic infection is common when infected in the 

early stages of life.
 (c) The course of chronic HBV infection is a trilogy, 

starting with immune tolerance, followed by immune 
clearance, and finally a residual phase.

 (d) Immune tolerance is a survival strategy to avoid cyto-
kine storm. It could be associated with genetic evolu-
tion during human migration.

 2. Which statement is true?
 (a) The severity and duration of liver inflammation deter-

mine the development of liver cirrhosis and hepato-
cellular carcinoma.

 (b) Most chronic HBV carriers may terminate HBV rep-
lication, but are unable to achieve delayed HBsAg 
clearance even several decades later.

 (c) Current HBV-specific therapy may suppress viral 
replication and clear covalently closed circular DNA 
in the nucleus.

 (d) Clustering of chronic HBsAg infection in a family is 
related to HBV transmission, but not to genetic 
background.

 Answers

 1. Which statement is false?
(a) HBV is a highly infectious, small, circular, incomplete 

double stranded DNA virus.
 2. Which statement is true?

(a) The severity and duration of liver inflammation deter-
mine the development of liver cirrhosis and hepato-
cellular carcinoma.

(b) Most chronic HBV carriers may terminate HBV repli-
cation, and at age 80, 50% of HBsAg carriers achieve 
delayed HBsAg clearance.

(c) Current HBV-specific therapy may suppress viral rep-
lication and is unable to clear covalently closed circu-
lar DNA in the nucleus.

(d) Clustering of chronic HBsAg infection in a family is 
related to HBV transmission and to inherited 
HLA-DP and -DQ loci.
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Viral Hepatitis C
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17.1  Introduction

The hepatitis C virus (HCV) is endemic all over the world 
and is a leading cause of liver disease and liver transplanta-
tion representing a significant public health problem. HCV is 
transmitted parenterally through contact with contaminated 
blood and most patients who acquire the infection are unable 
to spontaneously eliminate the virus, thereby developing a 
chronic infection that causes liver fibrosis and often evolves 
into cirrhosis and hepatocellular carcinoma (HCC). Although 
viral replication occurs primarily in the liver, HCV is able to 
infect and replicate into most human cells and tissues, caus-
ing local and systemic inflammation that plays a role in a 
wide range of extrahepatic manifestations, including lipid 
and glucose metabolic imbalances. Therefore, HCV infec-
tion is considered a systemic disease. Recently, direct-acting 
antivirals (DAAs) have been approved to treat HCV infec-
tion, which is now a largely treatable infection. In fact, DAAs 
are able to achieve HCV clearance in up to 98% of cases, 
improving or reversing both hepatic and extrahepatic 
manifestations.

17.2  Virology

HCV is a small, enveloped, positive-strand RNA virus. 
Comparison of HCV nucleotide sequences revealed the pres-
ence of genotypes, subtypes and quasispecies.

17.2.1  Taxonomic Classification 
and Genotypes

HCV has unique biological characteristics, ensuring its 
inclusion in the new genus Hepacivirus in the Flaviviridae 
family [1]. Due to the wide diversity of HCV strains, we 
currently recognize 7 genotypes and 84 subtypes, all of 
which can cause acute and chronic liver disease in humans. 
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Key Concepts
• HCV is a small blood-borne RNA virus belonging 

to the genus Hepacivirus in the Flaviviridae family. 
Currently, 7 HCV genotypes, 84 subtypes and sev-
eral quasispecies are recognized.

• HCV replication occurs primarily in the liver, but 
the virus infects and replicates into most human 
cells and tissues causing local and systemic inflam-
mation, therefore is considered a systemic 
infection.

• HCV causes acute and chronic liver disease, cirrho-
sis and hepatocellular carcinoma as well as extrahe-
patic manifestations (cryoglobulinemia, diabetes, 
atherosclerosis, and lymphoproliferative, cardio-
vascular, neuropsychiatric and renal diseases).

• Liver steatosis and insulin resistance are features of 
HCV infection that accelerate liver disease progres-
sion and the development of hepatocellular carci-
noma and extrahepatic manifestations.

• Direct-acting antivirals (DAAs) have been approved 
for HCV infection treatment with up to 98% cure 
rates, so HCV is largely treatable infection. In addi-
tion, DAAs are able to improve or reverse both 
hepatic and extrahepatic manifestations.
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Genotype 1 is the most widespread worldwide, followed 
by genotypes 3, 4 and 2. The HCV genotypes may differ 
from one another in 25–33% of the entire genome sequence, 
while the subtypes are more closely related within each 
genotype showing a genetic diversity of 15–25%. 
Furthermore, the virus exists in each host as “quasispe-
cies” a complex of genetic variants belonging to individual 
subtypes with similarities of nucleotide sequences ranging 
from 90% to 99% [2]. This genetic diversity underlies the 
ability of HCV to adapt to different compartments of the 
host, to evade the immune response and to persist chroni-
cally. Furthermore, the genetic variability of HCV is one of 
the main obstacles to the development of an effective 
active immunization strategy. Knowledge of HCV geno-
types has epidemiological, pathophysiological and thera-
peutic implications.

17.2.2  Viral Structure

HCV consists of approximately 9.6  kb of single-stranded 
RNA molecule with positive polarity acting as messenger 
RNA for viral protein translation. Single-stranded genomic 

RNA encodes an open reading frame, translated into a single 
polyprotein from which ten viral proteins are generated 
(Fig. 17.1).

The HCV structural proteins—core E1 and E2 constitute 
the viral nucleocapsid and the envelope. The core protein 
consists of a positively charged domain implicated in 
 RNA- binding and homo-oligomerization and a hydrophobic 
domain, involved in membrane, endoplasmic reticulum (ER) 
and mitochondria association. This subunit also mediates the 
intracellular binding of HCV to lipid droplets, one of the 
most relevant biological characteristics of this pathogen. The 
expression of the core protein in experimental animal liver 
cells is associated with steatosis and neoplastic transforma-
tion. E1 and E2 are extensively glycosylated proteins incor-
porated in the lipid double layer of the viral envelope in the 
form of a heterodimer and mediate the close extracellular 
association of HCV particles with lipoproteins and lipids [3]. 
E1 and E2 also possess highly variable domains that are 
largely responsible for escape from the host immune 
response, as well as conserved regions that mediate attach-
ment and entry of viruses into target cells. Of note, E1 and 
E2 contain the epitopes of anti-HCV antibodies used for 
serological diagnosis.
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Non-structural (NS) proteins, expressed in HCV target 
cells, include p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B, 
and modulate viral replication, assembly and virulence 
expression. Each of the NS proteins has multiple functions. 
The main role in the processing of the polyprotein and in the 
assembly of the virus is played by the heterodimeric com-
plex of the NS3 and NS4A proteins, consisting of a serine 
protease and a RNA helicase. The NS3-NS4A also breaks 
down the proteins of the target cells involved in antiviral sig-
naling, hindering e.g. induction of the type I interferon path-
way. NS4B is an integral membrane protein involved in the 
generation of membranous web. NS5A plays an important 
role in HCV biology by contributing to replicase formation 
and virion assembly. The activity of the RNA-dependent 
viral RNA polymerase is exploited by NS5B. Most NS pro-
teins gather in the cytoplasm in association with a membra-
nous network rich in vesicles to form the replicase complex, 
where viral RNA synthesis occurs.

17.2.3  Viral Life Cycle

Persistence is the basis of the pathology of HCV and results 
from both virus-induced weakening of innate and adaptive 
host immune responses and a regulated viral replication so as 
to minimize the levels of intracellular viruses and the number 
of actually infected hepatocytes [4].

HCV is present in the extracellular compartment in close 
interaction with the lipoproteins, forming the so-called 
 lipoviroparticles (LVP). This interaction is a strategy that 
HCV has developed to escape antibody neutralization and to 
entry in the cells. Incorporated into these lipid complexes, 
HCV binds easily to the low-density lipoprotein receptor 
(LDL-R) on hepatocytes. Numerous additional receptors are 
also needed to mediate the binding and internalization of 
HCV, including CD81, the class B type I high-density lipo-
protein scavenger receptor, the claudin-1 and occluding 
tight- junction proteins and the Niemann-Pick C1-like 1 cho-
lesterol absorption receptor. Thus, attachment and entry of 
HCV are only partially mediated by a direct interaction of 
the envelope glycoproteins to specific host membrane pro-
tein receptors and is strongly associated with lipoprotein- 
mediated attachment. These multiple receptors and entry 
factors are exploited in an orderly manner and account for 
HCV infectivity in primates and tropism for hepatocytes. 
Initially, LVP connect to the hepatocyte surface by glycos-
aminoglycans, LDL-R, and class B type I scavenger recep-
tor. The latter activates cholesterol transfer, thus freeing up 
virus particles from the associated lipids and allowing the 
interaction of CD81 with its binding sites on HCV E2. The 
HCV particles bound to CD81 move laterally to tight junc-
tions, interact with claudin-1 and occludin and are endocy-
tosed through a clathrin-dependent mechanism [5]. Within 

endosomes, lipid transfer activities further modify LVP and 
binding with CD81 primes HCV E1 and E2 to trigger fusion 
between the viral envelope and endosomal membrane at low 
pH. This probably releases the HCV genome into the cyto-
sol, where it binds to a hepatocyte-specific microRNA, miR- 
122 and to cellular ribosomes through the internal ribosomal 
entry site. Upon release into the cytosol, the RNA genome 
serves as a template for both translations and replication. 
HCV-RNA is also used for the synthesis of negative strands, 
which in turn function as templates for the new HCV-RNA 
positive strand. The HCV genome includes highly structured 
non-translated 5′- and 3′-regions that flank the open reading 
frame, which are involved in important functions including 
internal ribosomal entry and translation initiation. After the 
formation of the NS protein, the viral replicase complex, 
composed of NS3 to NS5B and the genomic RNA template, 
begins to express its function. NS5A plays a key role. It is a 
multifunctional phosphoprotein associated with intracellular 
membranes that binds RNA and activates NS5B, the RNA- 
dependent RNA polymerase of HCV.  It has many interac-
tions with various cellular factors, including cyclophilin A, 
phosphatidylinositol-4-kinase IIIa and apolipoprotein E, 
which are required for HCV replication. The enzyme that 
catalyzes the replication of viral RNA is NS5B, which shows 
a typical shape of a right hand with subdomains resembling 
fingers, thumb and palm, designing a circular catalytic site. 
The negative-strand RNA synthesis begins at the 3′ end of 
the viral genome, and is a rate limiting step, since the 
positive- strand RNAs are produced in much larger quantities 
[6]. HCV replication is enhanced by miR-122, a liver- specific 
micro-RNA that also regulates the expression of fatty acid 
and cholesterol metabolism genes. In addition to its role in 
RNA replication, NS5A is also essential for the assembly of 
HCV and seems to interact with the core protein linked to 
lipid droplets. The HCV that buds into the extracellular com-
partment exploits the complex cellular machine that works in 
series with its secretory compartment. During the transport 
of HCV particles through the secretory pathway and the 
Golgi apparatus, E1 and E2 are added to the complex HCV- 
RNA core protein and undergo post-translational changes, 
including the addition of mannose and glycans. HCV parti-
cles interact with the lipids an important pathophysiological 
aspects of HCV infection. The available data support a con-
nection between the maturation of HCV particles and the 
secretion of hepatocyte lipoproteins [7]. HCV acquires its 
high lipid content during hepatocyte output, in a manner very 
similar to the maturation of very low-density lipoprotein 
(VLDL) particles. This process is modulated by the micro-
somal triglyceride transfer protein (MTP), a large protein 
that actively transports the lipids into the ER lumen and in 
this way promotes VLDL synthesis. In the ER, VLDL syn-
thesis results from apoB100 and lipid association. Further 
lipidation of VLDL precursors containing apoB occurs in 
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Golgi to form mature VLDL particles and involves apoE- 
and apoC-containing microsome-associated lipid droplets. 
The same mechanisms appear to occur during the maturation 
of HCV particles. Indeed, inhibition of MTP activity sup-
presses the production of HCV virions. Interestingly, if lipid 
transfer driven by MTP is slow or insufficient, apoB100 
undergoes misfolding and degradation, with a consequent 
reduction in the production of VLDL.  It can therefore be 
hypothesized that HCV, exploiting MTP during the produc-
tion of virions in infected hepatocytes, can secondarily affect 
the production of VLDL. These results, on the one hand, in 
the common hypolipidemia observed in chronic HCV infec-
tion and, on the other, in the accumulation of lipids inside the 
hepatocytes, causing hepatic steatosis.

By exploiting tight-junction proteins, HCV can spread 
from an infected hepatocyte to an uninfected neighboring 
cell, thus avoiding the extracellular pathway that would most 
likely be prone to antibody-mediated neutralization.

17.3  Epidemiology

HCV infection is universally distributed. In 2015, a global 
prevalence of 1% was estimated, with 71.1 million infected 
subjects and 1.75 million new cases of HCV infection per 
year [8, 9]. The prevalence of HCV increases with age 
reaching a peak between 55 and 64 years. The highest preva-
lence of HCV was observed in the eastern Mediterranean 
(2.3%) and in European regions (1.5%), in the other regions 
the prevalence varies from 0.5% to 1% [9]. The distribution 
of HCV infection is different in people of diverse countries, 
and can be concentrated in some groups (e.g., among people 
who use injectable drugs) and/or in the general population. 
Based on the dissemination of the HCV genotype, it has 
been suggested that sub-Saharan Africa and Southeast Asia 
may be the original geographic areas of the different HCV 
genotypes. The spreading of HCV genotypes varies by 
region. The HCV genotype 1 has the highest prevalence in 
most countries (United States, Europe, Australia and Japan); 

genotype 3 is common in South Asia and genotype 4 has the 
highest frequency in Egypt and North Africa. Table  17.1 
shows the prevalence and distribution of HCV genotypes 
and the main associated epidemiological and clinical 
 features [8, 9].

17.4  Transmission

HCV is a bloodborne virus that can be transmitted even with 
exposure to small amounts of blood. The common circum-
stances of transmission are the use of illicit drug injections, 
unsafe injection practices and medical treatments and blood 
transfusions or use of unscreened blood products. Therefore, 
the most common practices that can transmit the virus are: 
(a) inject drug use by sharing syringes and needles; (b) inad-
equate re-use or sterilization of medical equipment in health 
facilities; (c) transfusion of blood or unscreened blood prod-
ucts. Less commonly, transmission of HCV can occur 
through sexual intercourse and vertical transmission from an 
infected mother to the child upon delivery.

Hepatitis C is not transmitted through breast milk, food, 
water or common relational contact of daily life, such as 
embracing or kissing.

17.5  Diagnosis

The HCV virologic markers consist of enzyme immunoas-
says (EIAs) to detect anti-HCV antibodies and HCV core 
antigen and nucleic acid-based molecular assays to detect 
and quantify HCV RNA and to define HCV genotypes.

17.5.1  Anti-HCV Antibodies

The serological diagnosis is based on the detection of anti- 
HCV antibodies. Currently, regardless of the viral genotype, 
EIA assays, which use core antigens and recombinant anti-

Table 17.1 Prevalence, distribution and epidemiologic and clinical features of HCV genotypes

HCV 
genotypes

Estimated 
prevalence

Prevalent geographic 
distribution Epidemiologic features Main clinical correlates

1 49% Worldwide, especially 
Europe and America

Older patients, nosocomial transmission. 
Subtype 1a associated with IVDAa

Progression to cirrhosis and 
HCC

2 11% Sub-Saharan Africa, East 
Asia

Transfusion-transmission Cryoglobulinemia

3 18% South Asia, Latin America, 
Europe

Associated with IVDA Viral induced steatosis, 
younger patients

4 17% Africa, Middle East Health-care related acquisition No specific finding
5 2% Sub-Saharan Africa Sparse data Sparse data
6 1.5% Southeast Asia Sparse data Sparse data
Mixed 1.5% South Asia, Caribbean Sparse data Sparse data

aIntra-venous drug abuser

L. E. Adinolfi et al.
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gens from the NS3, NS4 and NS5 regions, have a high sensi-
tivity (97%) and specificity (99%). False positive results are 
possible in patients with autoimmune diseases and some 
infectious diseases such as mononucleosis and syphilis while 
false negative results may occur in immunosuppressed sub-
jects such as those with HIV infection or hypogammaglobu-
linemia, in patients with solid organ transplantation and in 
patients on hemodialysis. The recombinant immune-blot 
assay, initially used as a confirmatory test, is currently con-
sidered obsolete. EIAs may be negative in the early phase of 
acute hepatitis C with a window period of more than 40 days. 
HCV-Ab positivity may persist in individuals with spontane-
ous or treatment-induced viral clearance [10]. Therefore, 
detection of anti-HCV antibodies does not document an 
active HCV infection that must be confirmed by the presence 
of serum HCV-RNA.  Quantitative HCV core antigen tests 
are currently available. They can be a substitute test for HCV 
RNA where molecular biology is unavailable. The HCV core 
antigen may be detectable during the serological window 
period of the acute infection. A strong correlation between 
the level of HCV core antigen and viremia has been reported 
in patients with chronic hepatitis C [11]. However, the sensi-
tivity of the HCV core antigen test is lower than the current 
HCV RNA assays.

17.5.2  Nucleic Acid Detection

The detection and quantification of HCV RNA are essential 
for the diagnosis of HCV infection. Real-time RT-PCR is 
currently the method of choice for measuring the level of 
HCV RNA in serum for its high and wide range of sensitivity 
(10–15 IU/mL up to 8 log IU/mL), the low risk of contami-
nation and speed of execution. At least four RT-PCR assays 
are available considered comparable in their results. 
However, the accuracy of the viral load measurement may 
depend on the genotype. Currently, the Abbott Real Time 
HCV assay and the Roche Cobas TaqMan assay are consid-
ered to be the gold standard for the quantification of HCV 
RNA [12].

17.5.3  Genotyping

HCV genotyping is crucial for epidemiology and has con-
tributed to a better understanding of different clinical mani-
festations. Determination of HCV genotype prior to initiation 
of treatment was necessary in the interferon era. However, 
the recent use of pan-genotypic DAAs should no longer 
require genotyping prior to therapy.

Commercial tests for genotyping and subtyping use 
genome sequencing of the core/E1, NS5B and 5′UTR 
regions.

17.5.4  Point of Care and Rapid Tests

The use of DAAs is increasing the interest in developing 
rapid and easy diagnostic tests (point of care, POCs) to 
achieve the WHO goal of global HCV elimination by 2030 
[13]. The POC and dry blood spot (DBS) tests determine 
qualitative and/or quantitative viral antibodies and/or anti-
gens. A recent rapid POC test showed a sensitivity of 98.6% 
and a 100% specificity in detecting HCV [14].

17.6  Clinical Manifestations

HCV infection has a wide spectrum of clinical manifesta-
tions ranging from acute and chronic hepatic and extrahe-
patic diseases, thus HCV is considered a multi-facet systemic 
disease. Figure 17.2 shows the main manifestations associ-
ated with chronic HCV infection.

Acute hepatitis C (AHC) is often asymptomatic and 
evolves towards chronic infection in 60–80% of cases. This 
in turn may slowly progress towards compensated cirrhosis 
and subsequently, decompensated cirrhosis. Cirrhotic 
patients develop HCC with an incidence of about 3% per 
year. Up to 70% of patients with chronic HCV infection 
develop extrahepatic manifestations that may be the first 
clinical sign of infection.

17.6.1  Acute Hepatitis

The incubation period varies between 2 weeks and 6 months, 
and is mostly between 6 and 9 weeks. AHC generally has 
mild clinical manifestations and often remains undiagnosed. 
In a minority of cases, symptoms such as jaundice, weak-
ness, anorexia, malaise, dyspepsia and hepatomegaly may 
develop. An increase in serum alanine aminotransferase 
(ALT) level of at least ten times the normal value can often 
be observed. 20–40% of the symptomatic subjects with AHC 
spontaneously eliminate HCV-RNA.  The average elimina-
tion time has been recently estimated at 16.5 weeks. Female 
sex, IL28B genotype and HCV genotype 1 are independent 
predictors of spontaneous clearance [15]. Fulminant hepati-
tis due to HCV has been reported in 5 every 1000 cases of 
AHC [16].

The diagnosis of AHC is often difficult due to the absence 
of acute serological markers. The presence of HCV RNA, 
anti-HCV seroconversion, the sudden increase in serum ALT 
values, and the recent exposure can help to perform the cor-
rect diagnosis. However, in the absence of these elements, 
the differential diagnosis with a reactivation of chronic hepa-
titis C (CHC) is difficult.

IgM anti-HCV antibodies can be detected both during the 
acute and chronic phases and therefore are not diagnostic. 
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Instead, the avidity test for anti-HCV IgG and IgM antibod-
ies has recently proved to be able to make a correct diagnosis 
of AHC in 90% of cases [17].

17.6.2  Chronic Hepatitis

The infection is defined chronic after 6 months of HCV-RNA 
persistence. About 70% of infected patients show a chronic 
course with a slow progression of liver fibrosis toward the 
development of cirrhosis and its complications. CHC is gen-
erally asymptomatic or has mild and non-specific symptoms. 
Tiredness and malaise are the most frequent, but sometimes 
nausea, anorexia, myalgia, arthralgia and weight loss are 
possible. Hepatomegaly and splenomegaly are present in a 
high percentage of cases. Liver function tests are generally 
normal, with a mild increase in serum AST and ALT levels, 
although cases with persistently normal ALT are commonly 
observed.

Ultrasound scanning generally shows enlarged liver and/
or spleen as for chronic hepatitis of other etiology, although 
a bright liver echo-pattern, expression of hepatic steatosis, is 
common in CHC. Liver biopsy and histological examination 
have been the gold standard in the evaluation of  inflammation, 
fibrosis and steatosis in CHC.  Currently, liver biopsy is 
reserved to select cases and fibrosis and disease progression 
are more commonly assessed using non-invasive methods 
including biomarkers (ARFI®, Aixplore®, Fibrotest®, FIB- 4®, 
APRI®) and liver transient elastography (fibroscan®) [18].

17.6.3  Hepatic Steatosis

Liver steatosis is a distinctive feature of HCV infection. It is 
reported with an average prevalence of 55% and appears to 
be a final condition promoting virus survival. Viral and host 
factors contribute to the development of steatosis. In 
patients infected with HCV genotype 3, steatosis is directly 
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related to viral load and is considered of viral origin being 
defined as “viral steatosis”. In contrast, in patients with 
non-3 genotype infection, steatosis is mainly linked to host 
factors such as increased body mass index (BMI), obesity, 
visceral obesity, insulin resistance (IR) and type 2 diabetes 
mellitus (T2DM), thereby being designated “metabolic ste-
atosis” [19].

The mechanisms by which HCV induces steatosis are 
complex and specific for genotype 3 (impaired MTP and per-
oxisome proliferator-activated receptor-α (PPAR-α), 
increased sterol regulatory element-binding proteins 
(SREBPs), reduced lipoprotein export B-oxidation, increased 
de novo lipogenesis, downregulation of PTEN gene expres-
sion, hyper-tumor necrosis factor-α (TNF-α), and hypoadi-
ponectinemia) and non-3 genotypes (increased BMI and IR, 
hypoadiponectinemia, hyper-TNF-α, increased of reactive 
oxygen species (ROS), of suppressor of cytokine signaling 
(SOCS3), of free fatty acids (FFA), of FAS activity, and 
impaired fatty acid oxidation and increased oxidative stress) 
[19]. Steatosis induces liver and systemic inflammation and 
oxidative stress causing a more rapid progression of hepatic 
fibrosis and an increased risk of developing HCC, also con-
tributes to the development of some extrahepatic manifesta-
tions, such as diabetes, metabolic syndrome and 
atherosclerosis [19]. Metabolic steatosis, but not viral 
 steatosis, reduced the IFN response rate, whereas it does not 
affect the response rate to DAAs.

17.6.4  Cirrhosis

The initial signs of the evolution into liver cirrhosis (com-
pensated cirrhosis) are hardly clinically identified and can be 
detected by histological examination or non-invasive tests. 
Compensated cirrhosis may be characterized by mild 
changes in laboratory parameters of liver function tests, such 
as decreased albumin and cholinesterase levels, increased 
bilirubin and prothrombin time, and a variable reduction in 
platelet counts. However, in most cases symptoms and liver 
function tests are not easily differentiated from those seen in 
chronic hepatitis.

Decompensated cirrhosis can occur in the natural history 
of the disease after a variable number of years. The clinical 
picture and complications are like those observed in cirrhosis 
from other etiologies (for more details see Chap. 23). 
Pruritus, dryness, palmar erythema, jaundice, faetor hepati-
cus, spider nevi, petechiae, excoriation due to itching, gyne-
comastia and testicular atrophy can be observed. In this 
phase of the disease the symptoms are related to impairment 
of the hepatic synthetic function and to the portal hyperten-
sion. The clinical manifestations include ascites, edema of 
the lower limbs, jaundice, the presence of esophageal varices 

and their bleeding with hematemesis or melena and hepatic 
encephalopathy. Clinical events such as infections, hypergly-
cemia, renal dysfunction, cardiovascular complications and 
neoplasms can trigger cirrhosis decompensation events.

17.6.4.1  Ascites
Ascites, defined as the pathological accumulation of fluid in 
the peritoneal cavity, is the consequence of the anatomical, 
pathophysiological and biochemical alterations that occur in 
patients with cirrhosis. Three theories on the formation of 
ascites have been proposed: underfilling, overflow and periph-
eral arterial vasodilatation (see Chap. 23). The appearance of 
ascites is a negative prognostic factor. The presence of ascites 
requires a chemical-physical, microbiological and cytological 
evaluation. Ascites therapy (see Chap. 23) is mainly medical 
and consists of non-pharmacological therapy and drug ther-
apy. Non-pharmacological therapy consists of bed rest, reduc-
tion of fluid intake and avoiding the addition of salt to the diet. 
Drug therapy is mainly based on the use of diuretics such as 
anti-aldosterone agents and loop diuretics (see Chap. 23).

Ascites can become infected with intestinal bacteria caus-
ing spontaneous bacterial peritonitis (SBP), a condition asso-
ciated with a high mortality rate. Diagnostic paracentesis is 
always required for diagnosis of SBP.  The isolation of the 
causative microorganism from the ascitic fluid is obtained in a 
small number of cases. A neutrophil count in the ascitic fluid 
greater than 250 cells/ml is diagnostic of SBP. Antibiotic treat-
ment must be promptly started to reduce mortality and include 
third-generation cephalosporin or fluoroquinolone for com-
munity-acquired infection and a carbapenem or piperacillin-
tazobactam for nosocomial infections. SBP can trigger a 
hepato-renal syndrome (HRS) associated with high short- and 
medium-term mortality. The appearance of HRS must be 
intensively treated using predominantly splanchnic vasocon-
strictors (terlipressin) and high doses of intravenous albumin.

17.6.4.2  Esophageal Varices
Portal hypertension causes the development of esophageal 
varices. In patients with liver cirrhosis with liver stiffness 
>20  kPa, assessed by transient elastography and platelet 
counts <150,000/mmc, it is necessary to perform an esopha-
gogastroduodenoscopy (EGDS) to evaluate the presence and 
degree of varices [20]. Patients with medium to large varices 
should initiate prophylaxis with non-selective beta blockers 
(NSBB), propranolol or nadolol or carvedilol. Nitrated and 
anti-aldosterone agents may be also used. All these drugs can 
be used alone or in combination. In cases of varices veins 
with a high hemorrhagic risk, endoscopic ligation should be 
considered (see Chap. 23). In cases of varices with a high 
hemorrhagic risk, endoscopic ligation should be a good 
option. In suspected bleeding from esophageal varices, vaso-
active drugs, such as terlipressin, somatostatin, octreotide, 
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must be started rapidly. Furthermore, all measures must be 
taken to avoid hypovolemic shock. EGDS should be per-
formed as soon as possible, in case of acute bleeding of acute 
esophageal variceal bleeding. In this case, ligation or sclero-
sis are important therapeutic options.

For secondary prevention of re-bleeding, treatment takes 
advantage of the NSBBs. In poorly responsive cases, a tran-
sjugular intrahepatic portosystemic shunt (TIPS) should be 
considered. Recently, the use of NSBB has been identified as 
a risk factor for portal vein thrombosis, due to the reduction 
of blood flow within the portal vein [21].

17.6.4.3  Hepatic Encephalopathy
Hepatic encephalopathy (HE), caused by severe liver failure 
and/or presence of porto-systemic shunts, is a brain altera-
tion presenting a wide spectrum of neurological and/or psy-
chiatric anomalies associated with a wide spectrum of 
clinical manifestations ranging from lowest expression that 
are clinical unapparent to severe clinical expression such as 
coma. Flapping tremor is an early sign of HE (see Chap. 63).

HE affects patients and their caregivers, because cogni-
tive impairment makes difficult the management of these 
patients. The diagnosis requires the detection of signs sug-
gestive of HE in a patient with severe liver insufficiency. The 
recognition of precipitating factors for HE (e.g., infection, 
bleeding, diuretic use, constipation, etc.) supports the diag-
nosis of HE and help to treat the condition.

Prevention of HE is carried out by non-absorbable disac-
charides, such as lactulose or lactitol, and non-absorbable 
antibiotics (i.e. rifaximin at high dosage) or probiotics. Oral 
branched-chain amino acids can be used in chronic phase of 
HE, while intravenous l-ornithine l-aspartate are reserved to 
the acute phase.

17.7  HCC

The frequency of HCC in HCV infected patients ranges 
from 1% to 3% over 30 years, with an annual rate of 1–8% 
in the presence of cirrhosis [22]. The most important risk 
factors for HCC are viremia and liver steatosis [22]. 
Although the mechanisms involved in the development of 
HCC are not fully understood, a role is played by chronic 
inflammation, oxidative stress, insulin resistance, and endo-
plasmic reticulum stress. HCV structural and non-structural 
proteins and chronic infection are able to modulate signal 
pathways dysregulating cell cycle and cell metabolism, in a 
direct and indirect way. However, HCV does not integrate 
with host genome. Host genetic factors (i.e. PNPLA3 gene, 
CTNNB1 oncogene which encodes β-catenin protein, 
CDKN2A gene downregulated by HCV core protein to 
overcome hepatocyte senescence) can also contribute to the 
development of HCC [22].

Risk of HCC development is reduced, but it is not com-
pletely abolished, by antiviral treatment [23]. The presence 
of HCC reduces the rate of sustained virologic response 
(SVR) to DAAs.

Follow-up of cirrhotic patients every 6 months with US 
scan is fundamental for an early diagnosis of HCC lesions, 
even in the presence after SVR.

Patients cured for HCC with resection or ablation need to 
be treated with DAAs according with the recommendations 
for cirrhotic patients without HCC, showing similar rate of 
SVR than patients without HCC.

For patients with advanced HCC few therapeutic options 
are available. Sorafenib and Regorafenib slightly improve 
overall survival compared with placebo. More recently, pro-
grammed cell death protein 1 (PD1) immune check point 
inhibitor, as nivolumab and pembrolizumab have been evalu-
ated in clinical trials with encouraging results in controlling 
small intrahepatic metastatic nodules and many other mole-
cules are under evaluation.

17.8  Extrahepatic Manifestations

During chronic HCV infection, two-thirds of patients experi-
enced extra-hepatic manifestations. Patients may develop one 
or more extrahepatic manifestations (Fig. 17.2) and these con-
ditions are often the first and only clinical sign of infection 
[24]. Some of these conditions are common and well docu-
mented, while others are less frequent. Non-hepatic HCV-
related conditions such as autoimmune or lymphoproliferative, 
cardiovascular, renal, metabolic and central nervous system 
diseases have been reported tightly associated with infection 
[24]. HCV infection was associated with a higher mortality 
rate for extrahepatic complications, while viral eradication 
significantly reduced the rate of extrahepatic deaths [25–27].

Extrahepatic manifestations may occur at any time during 
chronic HCV infection, therefore HCV patients should have 
a regular assessment for these complications during the ini-
tial visit and follow-up; conversely, patients with manifesta-
tions listed in Fig. 17.2 should be tested for HCV infection. 
Because of these associations, besides the liver, a thorough 
clinical and laboratory examination of an HCV-infected 
patient should cover hematologic, cardiologic, nephrologic, 
endocrinologic and rheumatologic signs and symptoms and 
a skin evaluation for findings of cryoglobulinemia, porphyria 
cutanea tarda and lichen planus.

17.8.1  Mixed Cryoglobulinemia

Mixed essential cryoglobulinemia (MC) is a lymphoprolif-
erative disorder characterized by circulating serum immuno-
complexes coupled to activated complement that precipitate 
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into small and medium-sized blood vessels. More than 90% 
of patients with MC are infected with HCV and about half of 
HCV patients have cryoglobulins [24]. HCV infection is 
associated with types II and III MC.  The data suggest a 
causal association between HCV infection and 
MC. Predisposing factors are female sex, age, advanced liver 
fibrosis [24]. The diagnosis of MC can be performed by leav-
ing the serum at 4 °C for 7 days showing a typical visible 
cryoprecipitate which dissolves at 37 °C. Patients have low 
serum C4 levels and positive serum rheumatoid factor. Most 
of the cases of MC are asymptomatic. Manifestation and 
clinical signs depend on leukocytoclastic vasculitis with pal-
pable purpura, neurological and renal damage, and arthral-
gia. Purpura often involves the legs and can leave brown 
spots on the skin after it resolves. Vasculitis can cause isch-
emic necrosis and cutaneous ulceration. Vasculitis may 
involve the vasa nervous, more frequently of peripheral 
nerves of the lower limbs causing asymmetric peripheral 
neuropathy predominantly sensory neuropathy, although it is 
possible to observe sensory motor neuropathy and multiplex 
mononeuritis. Arthralgia and myalgia are reported in over 
70% of cases and often affect the proximal interphalangeal 
and metacarpophalangeal joints of hands, knees and ankles 
[24]. Renal involvement is one of the most serious complica-
tions of cryoglobulinemia. The membranoproliferative glo-
merulonephritis is the typical histological lesion observed in 
MC. Failure to treat can cause progressive renal failure [24].

The main therapeutic approach of MC should be focused 
on the eradication of HCV. The clinical improvement of MC 
is reported in most patients who have eliminated HCV by 
antiviral therapy. Patients with HCV-related glomerulone-
phritis should be treated with DAAs, in which SVR in a high 
proportion of cases leads to improvement of proteinuria and 
even full remission of glomerulonephritis [28]. In case of 
non-response or with advanced conditions, corticosteroid 
therapy and plasmapheresis may be alternative therapeutic 
options. Rituximab, a monoclonal anti-CD20 antibody, 
which causes B-cell depletion is an effective and safe treat-
ment for MC. Rituximab is particularly indicated in patients 
who do not respond to antiviral therapy and in cases of severe 
vasculitis [25].

17.8.2  Lymphoproliferative Disorders

HCV has been widely associated with lymphoproliferative 
disorders and in particular non-Hodgkin lymphoma (NHL). 
It has been demonstrated that HCV infection leads to a two-
fold increased the risk of development of NHL. Moreover, 
the mortality rate for NHL was two-times higher among 
HCV positive patients. About 10% of long-lasting HCV 
infection associated with mixed cryoglobulinemia type II 
evolve into NHL [29]. The pathogenic mechanisms are com-

plex and involve direct effects of HCV during viral replica-
tion within B cells, which may activate proto-oncogenes 
(i.e., BCL2) and/or inhibition of apoptotic factors (i.e., p53, 
c-Myc), and indirect mechanisms such as continuous anti-
gen stimulation and/or genetic aberration (i.e., t(14:18) 
translocation).

17.8.3  Cardiovascular Manifestations

Patients with HCV infection showed an increased risk of 
sub-clinical atherosclerosis, peripheral artery disease, heart 
failure and stroke, as well as increased cardiovascular mor-
tality [30]. Several direct and indirect mechanisms have been 
hypothesized by which HCV can induce or facilitate the 
development of atherosclerosis. HCV has been shown to live 
and replicate in carotid plaques, supporting the hypothesis 
that HCV plays a direct pro-atherogenic role by inducing 
arterial inflammation. In addition, HCV infection causes 
hepatic and systemic inflammation and structural and non- 
structural HCV proteins play an important role in initiating 
and maintaining chronic inflammation that promotes athero-
sclerosis development [30]. HCV can also be involved in the 
development of atherosclerosis through the increase of pro- 
atherogenic chemokine and cytokine levels, increasing levels 
of oxidative stress and endothelial dysfunction. HCV also 
interferes with glucose and lipid metabolism, leading to IR, 
diabetes and hepatic steatosis which are known factors that 
induce atherosclerosis and increase the risk of cardiovascular 
disease [30]. HCV induces a chronic inflammatory vessel 
damage and instability of plaque. Such conditions signifi-
cantly increased the risk of ischemic stroke in HCV patients. 
HCV clearance by interferon or DAAs has been shown to 
improve or reverse carotid atherosclerosis and reduce both 
cardiovascular events and mortality [27].

17.8.4  Neurologic and Psychiatric Diseases

Chronic HCV infection is associated with neuropsychiatric 
disorders in up to 50% of cases. Both the central and periph-
eral nervous system can be involved. Neurological conditions 
comprise encephalopathy, myelitis, encephalomyelitis, and 
cognitive impairment, whereas “brain fog”, depression, anxi-
ety, and fatigue are the main psychiatric disorders [31]. 
Moreover, HCV infection causes both motor and sensory 
peripheral neuropathy mostly associated with mixed cryo-
globulinemia. The neuropsychiatric manifestations are inde-
pendent of severity of the underlying chronic liver disease 
and hepatic encephalopathy. Direct and indirect mechanisms 
have been postulated [31]. The brain is a suitable site for 
HCV replication, in which the virus may directly exert neuro-
toxicity; other mechanisms proposed include the imbalance 
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of the metabolic pathways of infected cells, alterations in the 
circuits, autoimmune disorders, and cerebral or systemic 
inflammation. A pathogenic role for HCV is also suggested 
by improvement of neurological and psychiatric symptoms in 
patients achieving a sustained virologic response following 
interferon treatment [31]; however, further studies are needed 
to evaluate the impact of treatment with DAAs on neuropsy-
chiatric disorders associated with HCV.

17.8.5  Endocrine Diseases

HCV infection is strictly associated with an increased preva-
lence of IR and T2DM. IR has been reported in up to 70% in 
chronic HCV infection and this prevalence is higher than that 
observed in HBV infection and in the general population. IR 
is implicated in the development of hepatic steatosis and 
T2DM, which is shown with a higher prevalence in HCV 
patients than uninfected subjects [32]. It has been estimated 
that up to 33% of chronic HCV infected patients have 
T2DM.  A two- to tenfold increase of T2DM has been 
reported in chronic HCV infection compared to liver dis-
eases of other etiology. In particular, the prevalence of T2DM 
is two- to three-times higher in HCV than HBV infection. IR 
and T2DM accelerate the progression of liver fibrosis, the 
onset of HCC and some extrahepatic manifestations such as 
atherosclerosis and cardiovascular diseases [33].

HCV plays a direct role in the development of IR through 
the core protein. HCV genotypes 1 and 4 infected patients 
showed the highest prevalence of IR; in these genotypes, IR 
correlates with HCV RNA levels. Furthermore, HCV lives 
and replicates within pancreatic β-cells causing distress; in 
addition, HCV interferes with insulin signaling pathways, 
with host genetic and environmental factors inducing cyto-
kine imbalance and liver steatosis [33].

IR or T2DM significantly reduced the rate of SVR to IFN, 
but not to DAAs. Current data show that HCV clearance by 
DAAs improves or reverses IR and fasting glucose levels, 
reduces glycated hemoglobin levels, induces a better control 
of T2DM and reduces the onset of de novo IR and T2DM 
[26, 34].

17.9  Natural History

Acute HCV infection is self-limiting in 20–30% of cases and 
in the other 70–80% the infections becomes chronic. The 
rate of chronicity can be affected by several factors such as 
age at time of infection, gender, ethnicity, and the presence 
of jaundice at the onset. Chronic HCV infection leads to a 
wide range of hepatic diseases, including chronic hepatitis, 
cirrhosis and HCC.  A number of patients with cirrhosis 
remain stable and well compensated for years, while others 

develop complications of cirrhosis particularly related to 
portal hypertension (esophageal varices and hemorrhage, 
ascites and encephalopathy) and HCC.

The risk of developing cirrhosis within 20–30 years from 
the infection is estimate at 20–30%, although percentages 
are different in relation to the studied population.

The natural history of HCV is negatively influenced by 
various demographic, virologic, clinical and lifestyle factors. 
The duration of HCV infection, the male gender and ageing 
are the main risk factors for the progression of liver disease 
to cirrhosis and HCC; other factors include HCV genotype 3 
infection, host genetic polymorphisms (PNPLA3, TGFB1), 
hepatic steatosis, IR, T2DM, obesity, alcohol use, daily use 
of marijuana and viral co-infection (HBV, HIV). The appear-
ance of decompensated cirrhosis has a negative impact on 
natural history of the disease. The presence of ascites is asso-
ciated with a 3-year mortality rate of 50%, while in the pres-
ence of a refractory ascites 1-year survival is 50%. Chronic 
HCV infection causes about 400,000 deaths each year, 
mainly due to cirrhosis and HCC [8, 9]. In this estimate, 
deaths due to extrahepatic manifestations of HCV are not 
considered. Due to the recent introduction of DAA therapeu-
tic regimens the natural history of HCV infection has been 
revolutionized. DAAs have proven to be highly effective not 
only in inducing the elimination of HCV, but also in improv-
ing or reversing liver injury and many of the extrahepatic 
manifestations associated with HCV.

17.10  Treatment

As shown in Fig.  17.3, HCV therapy has been constantly 
evolving, resulting in a definitive cure for all cases of hepati-
tis C. The IFN has been a cornerstone of therapy for more 
than 20 years. Currently, the IFN-free DAA regimens allow 
the possibility of treatment to almost all the infected popula-
tion including patients with advanced stages of the disease 
and with severe comorbidities (e.g., renal failure) always 
maintaining a high efficacy and an excellent tolerability 
profile.

These therapeutic regimens therefore represent the ideal 
weapon for achieving the ambitious WHO global hepatitis C 
virus eradication project by 2030 [9]. However, to ensure 
that the eradication can be achieved it is necessary to imple-
ment screening programs to identify HCV-infected popula-
tions and that access to therapy with DAAs is made possible 
on a large scale [35].

17.10.1  Objectives of Therapy

The goal should be to treat all HCV-positive patients for the 
purpose of eliminating HCV infection in order to improve 
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and prevent: (a) progression of liver injury and its complica-
tions; (b) extrahepatic manifestations; and (c) to reduce mor-
tality; as well as to improve quality of life and prevent 
transmission of infection.

HCV RNA clearance 12  weeks after the end of DAA 
treatment is indicative of sustained virological response 
(SVR).

17.10.2  Direct Antiviral Drugs

DAAs act by inhibiting non-structural proteins and can be 
classified into three classes according to the target site: 
NS3/4A protease inhibitors (PI), NS5A inhibitors, NS5B 
RNA polymerase inhibitors (Fig. 17.4).

17.10.2.1  NS3/4A Protease Inhibitors
Boceprevir and Telaprevir were the first-generation drugs of 
this class, effective only towards genotype 1, with a low bar-
rier to genetic resistance and therefore the need to use them in 
triple combination with pegIFN + RBV. For the development 
of resistance and for an extremely low tolerability profile, 
these drugs are no longer used. Second and third generation of 
NS3/4A inhibitors (e.g., Glecaprevir, Grazoprevir, Paritaprevir, 
Simeprevir, Voxilaprevir) have solved many of the problems 
associated with the use of first- generation drugs, showing a 
high barrier to genetic resistance, wide antiviral activity which 
include genotype 1 and 4, less significant activity on genotype 
2, poorly effective on genotype 3, and few side effects. These 
features allow these drugs to be used in IFN-free association 
regimes and in a large number of patients.
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17.10.2.2  NS5A Inhibitors
Inhibition of the NS5A enzyme has an important impact on 
viral replication at different stages of HCV life cycle. NS5A 
inhibitors (Daclatasvir, Elbasvir, Ledipasvir, Ombitasvir, 
Pibrentasvir, Velpatasvir) show a high antiviral activity 
towards all of the genotypes (pan-genotypic), but at the same 
time a relatively low genetic barrier, so it is necessary to 
combine these drugs with other DAAs.

17.10.2.3  NS5B RNA Polymerase Inhibitors
The NS5B protein is an RNA-dependent RNA polymerase 
capable of catalyzing the viral RNA synthesis and there-
fore represents a crucial phase of the HCV life cycle. 
Depending on the site of action, there are two different 
classes of RNA polymerase NS5B inhibitors. The nucleo-
side inhibitors (Sofosbuvir) act as a false polymerase sub-
strate, which will be incorporated into the nascent RNA 
chain resulting in premature closure of the chain itself. 
Because the polymerase structure is highly conserved 
among all viral genotypes, Sofosbuvir has a pan-genotypic 
efficacy and a high genetic resistance barrier. Non-
nucleoside NS5B inhibitors (Dasabuvir), on the other hand, 
act as allosteric inhibitors, binding outside the active site of 
the polymerase and causing conformational changes that 
inactivate the enzyme. Unlike Sofosbuvir, the range of 
non-nucleoside inhibitor activities is limited to genotype 1 
and the genetic barrier is low.

17.10.3  DAA Therapeutic Regimens 
and Their Clinical Use

The use of combinations of drugs for the treatment of HCV 
is an inevitable strategy to prevent the onset of resistance. In 
fact, RNA polymerase in RNA viruses (such as HCV) is 
inherently error prone due to the absence of proofreading. 
Combined with an extremely high viral turnover, this error 
trend leads to a myriad of viral variants that coexist within a 
single host (quasispecies). Some of these variants seem 
intrinsically resistant to DAAs and would be rapidly selected 

in the case of monotherapy, thus becoming the predominant 
population in a short time, causing treatment to fail. 
Therefore, at present, a combination of two or more DAAs, 
with pre-established dosage is the base for the treatment of 
HCV infection. Therefore, each regimen requires a treatment 
protocol with a pre-established duration, with a selective 
action on specific genotypes or a pan-genotypic activity, 
depending on which combination of drugs has been selected 
(Table 17.2).

The drug combinations shown in Table 17.2 are remark-
ably effective, with an SVR of over 95% [36]. The duration 
of treatment with DAAs for HCV infection is relatively 
short and depending on the genotype and the absence or 
presence of cirrhosis and usually range from 8 to 24 weeks 
[36]. The duration of treatment is also influenced by the 
host’s own parameters (e.g., stage of liver disease, naïve or 
experienced status for a previous IFN- or DAAs-based treat-
ment). Advanced stages of disease (e.g., hepatic cirrhosis) 
and/or the status of experienced (e.g., previous treatment 
failure) generally require longer treatments and/or the use of 
RBV [36].

The tolerability profiles of second and third-generation 
DAAs is excellent. The most common side effects (asthenia, 
headache and itching) are generally mild and do not required 
discontinuation of treatment. Also, the presence of severe 
hepatic failure (Child-Pugh score B or C) or severe kidney 
failure (GFR <30 ml/min/1.73 m2) cannot be considered an 
absolute contraindication to therapy, but influence the choice 
of therapeutic regimen to be adopted for a single case. For 
instance, Sofosbuvir is contraindicated in case of GFR 
<30 ml/min/1.73 m2, whereas Glecaprevir/Pibrentasvir and 
Elbasvir/Grazoprevir combinations are contraindicated in 
case of cirrhosis in the Child-Pugh B-C score. Therefore, the 
high tolerability profile of DAAs and the possibility of 
choosing between different regimens in relation to patients’ 
clinical condition makes these therapeutic regimens virtually 
possible for every HCV infected patient. To date, the only 
absolute contraindication is represented by the coexistence 
of a double organ failure, that is severe liver and kidney 
failure.

Table 17.2 DAA regimens approved for treatment of HCV infection in 2019

Drug Activity Concentration for tablet (mg)
Posology  
(n° of tablet/day) Treatment duration (weeks)

Sofosbuvir Pan- genotypic 400 One tablet 12–24 ± Ribavirin
Sofosbuvir/Velpatasvir Pan- genotypic 400/100 One tablet 12–24 ± Ribavirin
Sofosbuvir/Velpatasvir/Voxilaprevir Pan- genotypic 400/100/100 One tablet 12
Glecaprevir/Pibrentasvir Pan- genotypic 100/40 Three tablets 8–12–16a

Grazoprevir/Elbasvir Genotypes 1, 4 100/50 One tablet 12–16 ± Ribavirin
Paritaprevir/Ombitasvir/
Ritonavir + Dasabuvir

Genotypes 1, 4 75/12.5/50
250

Two tablets 12–24

Sofosbuvir/Ledipasvir Genotype 1,3,4 400/90 One tablet 8–12–24 ± Ribavirin
a8 weeks in non-cirrhotic patients; 12 weeks in cirrhotic; 16 weeks in genotype 3

L. E. Adinolfi et al.
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17.10.3.1  DAA Treatment and Drug-to-Drug 
Interaction

DAA therapy presents a challenge, the potential drug-drug 
interactions. The interaction risk assessment must be evalu-
ated prior to starting therapy and before starting other medi-
cations during treatment. The DAAs pharmacological 
interactions are currently highly predictable and there are 
online websites that provide help in predicting potential 
drug-drug interactions (e.g., www.hep-druginteractions.org).

17.10.3.2  Post-Treatment Follow-Up
Patients with advanced fibrosis (F3) or cirrhosis who have 
achieved SVR should be monitored for HCC every 6 months 
by ultrasound. Patients with pre-treatment oesophageal vari-
ces should be periodically monitored by endoscopy.

17.11  Treatment of HCV Acute Hepatitis

AHC should be treated, similarly to those with chronic hepa-
titis, with a DAA regimen for 8 weeks. Considering that late 
recurrences have been reported, SVR should be evaluated 
12- and 24-weeks post-treatment [36].

17.12  Treatment of Particular Patients  
with HCV

17.12.1  HBV and HIV Co-Infected

HBV-HCV coinfected patients should be treated with the 
same regimens used for HCV-infected patients.

In patients HIV-HCV coinfected drug-drug interaction is 
of particular importance, and special attention should be paid 
to anti-HIV drugs that are contraindicated, not recommended 
or that require dose adjustment with DAA regimens.

17.12.2  End-Stage Liver Disease

HCV patients with end-stage liver disease not suitable for 
DAA treatments, the therapeutic choice is liver transplanta-
tion. Recurrence of HCV after transplantation occurs 
 universally, reducing the life expectancy of graft and patient 
survival. Post-transplant HCV recurrence should be consid-
ered as early as possible for DAA treatment.

17.12.3  Patients with Renal Insufficiency

Patients with mild to moderate renal impairment (GFR ≥30 ml/
min) may be treated according to the general recommendations. 
Patients with GFR <30  ml/min and in haemodialysis can be 

treated with particular caution, sofosbuvir based-regimens 
should be avoided and these patients should be treated with a 
fixed regimen of glecaprevir/pibrentasvir for 8 or 12 weeks.

17.12.4  Non-hepatic Solid Organ 
Transplantation Patients

HCV patients on the waiting list for solid organ transplanta-
tion can be treated with DAAs according to the general rec-
ommendations. Similarly, organ transplant recipients should 
be treated considering the drug-to drug interaction.

17.12.5  Re-treatment of Non-SVR to DAA

A very small number of patients failed to achieve SVR with 
DAAs. In some case such failure is associated with the pres-
ence of resistance-associated substitutions (RASs) that con-
fer reduced susceptibility to the corresponding classes of 
drugs. To optimize treatment, these patients must be screened 
for RASs before starting a new treatment.

17.13  Prevention of HCV Infection

There is currently no specific prophylaxis for HCV infection, 
nor is there any indication for antiviral therapies with DAAs as 
post-exposure prophylaxis without a documented HCV trans-
mission [36]. Therefore, prevention is done through the cor-
rect application of the general rules of prophylaxis to prevent 
the spread of parenteral and sexually transmittable viruses.

The primary prevention interventions recommended by 
WHO are:

• hand washing and use of gloves;
• safe and appropriate use of health care injections;
• safe handling and disposal of sharps and waste;
• provision of comprehensive harm-reduction services to peo-

ple who inject drugs including sterile injecting equipment;
• blood test donated blood for hepatitis B and C;
• training of health personnel;
• promotion of correct and consistent use of condoms.

WHO recommends anti-HCV antibodies screening for 
people who may be at increased risk of infection including:

• people who inject drugs;
• people who use intranasal drugs;
• recipients of infected blood products or invasive proce-

dures in health-care facilities with inadequate infection 
control practices;

• children born to mothers infected with HCV;

17 Viral Hepatitis C
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• people with sexual partners who are HCV-infected;
• people with HIV infection;
• prisoners or previously incarcerated persons; and
• people who have had tattoos or piercings.

For people infected with HCV, WHO recommends:

• education and counselling on options for care and 
treatment;

• immunization with the hepatitis A and B vaccines to pre-
vent coinfection;

• early and appropriate medical management including 
antiviral therapy if appropriate;

• regular monitoring for early diagnosis of chronic liver 
disease.

Glossary

AHC Acute hepatitis C
ALT Alanine aminotransferase
AST Aspartate aminotransferase
CHC Chronic hepatitis C
DAAs Direct-acting antivirals
DBS Dry blood spot
EGDS Esophagogastroduodenoscopy
EIA Enzyme immunoassays
ER Endoplasmic reticulum
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
IR Insulin resistance
LVP Lipoviroparticles
MC Mixed cryoglobulinemia
MTP Microsomal triglyceride transfer protein
NS Non-structural proteins
NSBB Non-selective beta blockers
POC Point of care
SBP Spontaneous bacterial peritonitis
SVR Sustained virological response
T2DM Type 2 diabetes mellitus
TIPS Transjugular intrahepatic portosystemic shunt
VLDL Very low-density lipoprotein
WHO World Health Organization

 Self Study

 Questions

 1. What is the basis of HCV persistence?
 2. What is the relevance of HCV genotypes?
 3. Is the detection of anti-HCV antibodies sufficient to diag-

nose HCV infection and start antiviral therapy with DAAs?
 4. What is the role of anti-HCV IgM and the anti-HCV avid-

ity test for the diagnosis of AHC?

 Answers

 1. HCV persists in the host because of its high genetic vari-
ability, allowing the escape of the virus from the immune 
system. Genetic variability is a consequence of the high 
rate of spontaneous mutations that accumulate within the 
HCV genome due of the lack of proofreading activity of 
the HCV RNA polymerase. By continuously modifying 
its antigens, HCV escapes immune response. Furthermore, 
the inclusion of HCV in lipoviroparticles also alters anti-
viral response. Finally, HCV is able to spread directly 
from infected to non-infected hepatocytes without pass-
ing through the extracellular compartment.

 2. HCV genotypes are associated with peculiar epidemio-
logical, pathophysiological and therapeutic characteris-
tics. Genotype 1 is more common in older patients, often 
has nosocomial transmission and is associated with pro-
gression to cirrhosis and HCC. Genotype 2 is prevalent in 
Africa and East Asia and among younger subjects, it is 
often transmitted by transfusion and associated with cryo-
globulinemia. Genotype 3 is closely associated with the 
use of illicit drugs in industrialized countries and causes a 
severe form of hepatic steatosis associated with hypocho-
lesterolemia. Not all DAAs are effective against all HCV 
genotypes and treatment outcomes may differ according 
to the actual genotype.

 3. The detection of anti-HCV antibodies is not sufficient to 
diagnose an active HCV infection, but it is necessary to 
highlight the presence of serum HCV-RNA, therefore, 
treatment with DAA should only be initiated in HCV 
RNA positive patients.

 4. IgM antibodies are not diagnostic for AHC because they 
can be detected both during the acute and chronic stages 
of the disease. Instead, the avidity test of antibodies to the 
anti-HCV IgG and IgM anti-HCV antibodies makes a 
correct diagnosis of AHC in 90% of cases.
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Non-B, Non-C Viral Hepatitis

Hubert E. Blum

18.1  Introduction

In the 1940s, two distinct clinical forms of hepatitis were 
recognized: epidemic or infectious hepatitis, after the dis-
covery of hepatitis A virus (HAV) in 1973 by R.H. Purcell 
and collaborators, designated as hepatitis A [1, 2], and 
serum hepatitis, after the discovery of hepatitis B virus 
(HBV) in 1960s by B.  Blumberg and collaborators [3, 4] 
and by A.M.  Prince [5, 6], designated as hepatitis B.  In 
1977  M.  Rizzetto and collaborators discovered a novel 
antigen- antibody system that only occurs in association 
with hepatitis B [7]. This was later shown to be associated 
with a particle containing a low molecular weight, circular 
RNA genome encapsidated by HBV envelope proteins and 
designated as hepatitis delta virus (HDV) [8]. Further, in 
1955 an enterically transmitted acute viral hepatitis was 
identified during an outbreak in New Delhi [9], initially 

termed ‚epidemic non-A, non-B hepatitis’ and later hepati-
tis E virus (HEV) infection [10–14].

Worldwide, the hepatotropic non-B/non-C hepatitis 
viruses HAV, HDV and HEV are causes of acute or—for 
chronic hepatitis D or hepatitis E—chronic liver diseases 
(Fig. 18.1). They can present with a broad spectrum of clini-
cal signs and symptoms, ranging from an asymptomatic car-
rier state to acute/fulminant hepatitis or—for chronic 
hepatitis D or hepatitis E—with the potential to progress to 
liver cirrhosis and its sequelae, including hepatocellular car-
cinoma (HCC). Thus, non-B/non-C viral hepatitis can be 
associated with significant morbidity and mortality and rep-
resents a global health care problem.

18.2  Epidemiology of Non-B/Non-C Viral 
Hepatitis

Based on the specific and sensitive detection of HAV, HCV 
and HEV infections, their epidemiology and global burden 
as well as their natural course could be studied in great 
detail. At the same time therapeutic and preventive strate-
gies have been developed that should contribute to a 
reduced prevalence of these infections and their eventual 
elimination.

18.2.1  HAV Infection

HAV infection occurs worldwide and shows a distinct geo-
graphic distribution with a high prevalence in sub-Saharan- 
Africa, India, Pakistan and Afghanistan, an intermediate 
prevalence in Middle and South America, Northern Africa, 
the Middle East, Turkey, Iran, Kazakhstan and Mongolia, 
a low prevalence in Eastern Europe, Russia, China and 
Oceania and a very low prevalence in Western Europe, 
Scandinavia, North America and Australia (Fig.  18.2) 
[15]. Tens of millions of individuals worldwide become 
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Key Concepts
• Worldwide, the hepatotropic non-B/non-C hepatitis 

viruses HAV, HDV and HEV are causes of acute 
and/or chronic liver diseases

• Acute HAV infection is usually a self-limited 
disease

• Diagnosis of acute hepatitis A is established by the 
detection of serum anti-HAV IgM that is followed 
by anti-HAV IgG that is associated with recovery 
and immunity against reinfection

• HDV infection is always associated with HBV 
infection
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annually infected with HAV. The incidence strongly cor-
relates with the socioeconomic indicators and with access 
to safe drinking water. Universal vaccination of children 
has been shown to significantly reduce the hepatitis A inci-
dence rates [16] with an increasing anti-HAV seropreva-
lence between 1990 and 2005  in all age groups and 
geographic regions [15].

In the US, HAV infection has declined substantially since 
1996 when vaccination has been recommended for individu-
als at risk [17–21]. In this context, acute hepatitis A has 
declined in the US by 92% between 1995 and 2007 from 12 
cases to 1 case per 100,000 population [18, 20]. The major 
risk factor in the US now is international travel, mainly to 
Mexico and Central as well as South America.

HAV

RNA RNA

HEVHDV

RNA

Fig. 18.1 Non-B/non-B hepatitis viruses HAV, HDV and HEV
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Fig. 18.2 Worldwide prevalence of HAV infection [15]
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18.2.2  HDV Infection

HDV infection is traditionally endemic in central Africa, the 
Amazon Basin, Eastern and Mediterranean Europe, the 
Middle East and parts of Asia. It occurs only in association 
with HBV. Data regarding the global burden of HDV infec-
tion are somewhat limited, however [22]. There are eight 
HDV genotypes; their geographic distribution and the world-
wide prevalence of HDV infection is shown in Fig. 18.3 [23]. 
Longitudinal studies have shown a decrease in HDV preva-
lence in some endemic regions, such as Italy where in HBV 
infected individuals the prevalence of HDV infection has 
decreased from about 25% in 1983 to 8% in 1997 [24]. 
Similar trends were observed in Spain, Turkey and Taiwan, 
for example. On the other hand, epidemiological studies 
showed that HDV prevalence in HBV infected individuals 
remains in general <10% but is as high as 70% in some 
developing countries/areas such as Nigeria, Gabon, Iran, 
Pakistan, India, Takjikistan and Mongolia as well as the 
western Brazilian Amazon [23]. Further, in Northern Europe 
and the US HDV infection still is a health care problem. 
While HDV prevalence is stable in France, it increased in 
London/England from about 3% in the 1980s to about 9% in 
2005 [25]. Also in Germany, after a decrease of anti-HDV 
prevalence from about 19% in 1992 to about 7% in 1997, 
since 1999 an increase to about 14% has been documented 
[26]. This increase is in part caused by migrants from regions 
with a high HDV prevalence or by still occurring clustered 
outbreaks, e.g., in Greenland [27] or Mongolia [28]. By 
comparison, in Italy the prevalence of anti-HDV in hepatitis 

B surface antigen (HBsAg)-positive patients consecutively 
reduced from 23% in 1987, to 14% in 1992 and to 8.7% in 
1997 [29].

18.2.3  HEV Infection

The epidemiology of HEV infection, previously known as 
waterborne or enterically transmitted non-A, non-B hepati-
tis, is similar to that of HAV infection. The highest incidence 
of water-borne human HEV infection (genotypes 1 and 2) is 
found in Asia, Africa, the Middle East and Central America 
[30]. Waterborne outbreaks have occurred among others in 
South and Central Asia, tropical East Asia, Africa and Central 
America (Fig.  18.4) (http://www.cdc.gov/travel-static/yel-
lowbook/2016/map 3-06.pdf).

Apart from fecally contaminated water, sporadic trans-
mission of zoonotic HEV infection (HEV genotypes 3 or 4), 
has been demonstrated by consumption of certain meats 
(deer, wild boar, undercooked pig liver), blood transfusions 
[31] and solid organ transplantation [13, 14], termed ‘autoch-
thonous’ HEV infection.

The burden of HEV infection in a given population is dif-
ficult to estimate. Rates of anti-HEV antibody positivity in 
the general population are lower in Europe and the US than 
in Africa and Asia (30–80%). Nevertheless, in a 1988–1994 
survey of adult US citizens [32] anti-HEV prevalence was 
21%, lower than anti-HAV (38%) but higher than anti-HBs 
(8.7%) or anti-HCV (2.0%). While the rates of HEV expo-
sure in the United States appears to be declining [33], a sur-
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Genotype 1/2/4
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Very low
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Fig. 18.3 Worldwide prevalence of HDV infection and geographic distribution of HDV genotypes [23]
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veillance analysis showed an increase of confirmed HEV 
cases in Europe between 2005 and 2015  (https://ecdc.europa.
eu/en/publications-data/hepatitis-e-eueea-2005-2015).

Overall, the epidemiology of hepatitis E in developed 
countries is incompletely understood as is its mechanism of 
replication and species or cell specificity (Fig. 18.5).

18.3  Clinical Presentation and 
Management of Non-B/Non-C 
Viral Hepatitis

18.3.1  HAV Infection

Acute HAV infection (World Health Organization. 
Global Alert and Response (GAR) Hepatitis A. http://
www.who.int/csr/disease/hepatitis/whocdscsredc2007/en/
index4.html#estimated) is usually a self-limited disease. 
After an incubation period of 15–50 days more than 70% of 
patients complain of nausea, vomiting, anorexia, fever and 
abdominal pain, followed by jaundice and pruritus. 
Laboratory abnormalities include elevations of serum ami-
notransferases and bilirubin. Full clinical and biochemical 

recovery is observed within 2–3 months in 85% of patients 
and within 6 months in nearly all patients. Up to 10% of 
patients experience a relapse of symptoms during 6 months 
after acute illness. The duration of the relapse is usually 
less than 3  weeks but may last as long as 12  months. 
Multiple relapses with anti-HAV IgM h positivity have 
been reported.

Extrahepatic manifestations, such as arthralgia, leukocy-
toclastic vasculitis, glomerulonephritis, cryoglobulinemia, 
optic neuritis, transverse myelitis, thrombocytopenia, aplas-
tic anemia and others, can be associated with acute hepatitis 
A.  Cholestatic and relapsing hepatitis are special clinical 
presentations of acute hepatitis A (5–10%) that also resolve 
spontaneously. Rarely, hepatitis A may take a fulminant 
course or trigger the development of autoimmune hepatitis.

The diagnosis of acute hepatitis A is established by the 
detection anti-HAV IgM in serum that is followed by the 
development of anti-HAV IgG and clinical recovery from 
acute hepatitis and immunity against HAV reinfection.

In general, treatment consists of supportive care. There is 
no specific antiviral agent available. In the rare cases with a 
protracted cholestatic course associated with malaise and 
itching a predniso(lo)ne pulse therapy may be beneficial. In 

Hepatitis E Endemicity

Highly Endemic1

Endemic2

Not Endemic or Endemicity
Unknown

Fig. 18.4 Worldwide distribution of HEV infection (http://cdc.gov/travel-static/yellowbook/2016/map 3-06.pdf)
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the extremely rare fulminant course of hepatitis A liver trans-
plantation should be considered. For the prevention of hepa-
titis A highly effective vaccines are commercially available, 
also in combination with a vaccine against hepatitis 
B. Further, for immediate protection against HAV infection a 
passive vaccine is available.

18.3.2  HDV Infection

HDV infection is caused by a defective RNA virus and is 
always associated with HBV infection either as HBV-HDV 
coinfection or as HDV superinfection of patients with preex-
isting HBV infection. Acute HBV-HDV is indistinguishable 
from classical acute HBV infection and is usually transient 
and self-limited. Among injection drug users, however, a 
high incidence of liver failure has been reported. HDV super-
infection of chronically HBV-infected individuals may pres-
ent as severe acute hepatitis in a previously unrecognized 
HBV carrier or as an exacerbation of a known chronic hepa-
titis B.  HDV infection persists in almost all patients with 
suppression of HBV infection. The pathogenesis of HDV 
infection depends on HDV-associated factors, such as HDV 
genotype and the expression of specific HDAg species, on 
HBV-associated factors, such as HBV genotype and the lev-
els of HBV replication as well as on host factors, such as the 
host immune response.

The treatment of chronic HDV infection remains one of 
the major challenges in the field of viral hepatitis [23], await-
ing the development and implementation of novel therapeutic 
concepts. Since pegylated interferon alpha as monotherapy or 
in combination with adefovir for example rarely result in a 
sustained virological response [34, 35], several antiviral strat-
egies are presently evaluated in clinical trials: pegylated inter-
feron lambda, myrcludex, lonafarnib, ezetimibe, REP 2139 
and 2165, respectively, GI-18000 and ALN-HDV. An HDV-
specific vaccine is not available. Since HDV infection depends 
on the presence of HBV infection, HBV vaccines also prevent 
HDV infection. A HDV-specific vaccine does not exist.

18.3.3  HEV Infection

Today, HEV infection is one of the most common, yet least 
diagnosed etiologies of acute viral hepatitis, with distinct 
differences in transmission and outcomes in resource-rich 
and resource-limited areas. HEV usually causes a self- 
limited acute infection with acute hepatic failure developing 
in only a small proportion of patients. The incubation period 
ranges from 15–60 days. In the vast majority of patients the 
natural course is asymptomatic or mildly symptomatic. In 
symptomatic patients jaundice is accompanied with malaise, 
anorexia, nausea, vomiting, abdominal pain, fever and hepa-
tomegaly. Less common symptoms are diarrhea, arthralgia, 

Genotype 1 and 2
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•  Waterborne

•  Sporadic
•  Zoonotic

•  Hyperendemic
   area

•  Sporadic
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Fig. 18.5 Worldwide distribution of HEV genotypes [13]
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pruritus and a urticarial rash. Extrahepatic findings may 
include hematological abnormalities, acute thyreoiditis, glo-
merulonephritis and a broad spectrum of neurological 
 abnormalities, such as aseptic meningitis, Guillain-Barre 
syndrome or peripheral neuropathy. Laboratory findings are 
elevated serum aminotransferases and bilirubin that normal-
ize usually within 1–6 weeks after the onset of illness.

While the majority of patients clear HEV spontaneously 
some patients may develop a complicated course, such as 
acute liver failure, cholestatic hepatitis or chronic HEV 
Infection. About 0.5–4% of patients with acute HEV infection 
develop acute hepatic failure, especially in pregnant women 
and malnourished individuals or patients with preexisting 
liver disease, such as HCV-associated liver fibrosis/cirrhosis. 
Acute hepatic failure carries a high mortality if intensive care 
and liver transplantation are not available. Cholestatic hepati-
tis E is characterized by prolonged jaundice (>3 months) that 
resolves spontaneously with viral clearance and a decrease of 
anti-HEV IgM and an increase of anti-HEV IgG.  Chronic 
HEV infection is empirically defined as presence of HEV 
RNA in serum or stool for longer than 6 months. It occurs 
almost exclusively in immunosuppressed patients (patients 
with HIV infection and patients after solid organ or bone mar-
row transplantation), infected with HEV genotype 3.

For most immunocompetent patients the management is 
supportive while immunocompromised patients may benefit 
from ribavirin or pegylated interferon alpha therapy [13, 
36–38]. Two vaccines with long-term efficacy against HEV 
genotype 1 and 4 of >95% have been developed and evalu-
ated in Nepal and China [39, 40].

18.4  Global Burden of Non-B/Non-C Viral 
Hepatitis

Viral hepatitis A, D and E are associated with significant mor-
bidity and mortality, depending on the global, regional and 
national prevalence of these infections and the incidence of the 
associated liver diseases. In seminal studies, the global burden 
of disease (GBD) was determined by the systematic analysis of 
global and regional mortality from 235 causes of death for 20 
age groups in 1990 and 2010 [41] as well as of disability-
adjusted life years (DALYs) in patients with 291 diseases and 
injuries in 21 geographic regions in 1990, 2005 and 2010 [42]. 
In these studies deaths from acute hepatitis A and E were con-
sidered. Recently, the GBD study 2013 [43] shows a clear trend 
towards a reduction of the prevalence of hepatitis A and E.

The global and regional mortality from acute hepatitis A 
and E showed a significant overall increase between 1990 
und 2010 [41]. By comparison, a recent follow-up study cov-
ering the years 1980–2016 [44] showed that the age- 
standardized death rate significantly decreased between 
2006 and 2016.

18.5  Summary and Perspectives

Non-B/non-C viral hepatitis can be caused by the three hepa-
totropic viruses A, D and E. They can be detected by specific 
serological tests that can be complemented by the identifica-
tion of the viral RNA genome in serum or stool (HAV and 
HEV). The natural course of acute non-B/non-C hepatitis is 
well characterized and is in the majority of patients self- 
limited and can be managed by supportive care. Exceptions 
are HDV superinfection of chronically HBV infected patients 
that usually take a chronic course and HEV infection in 
immunosuppressed patients, e.g., patients after a solid organ 
transplantation. In a minority of patients, acute viral hepatitis 
non-B, non-C can result in acute liver failure or a protracted 
clinical course.

Recent seminal studies showed that the global burden of 
hepatitis A and E is decreasing worldwide. In the coming 
years further improvements of our ability to prevent and to 
effectively manage patients with acute non-B/non-C viral 
hepatitis are expected, resulting in the control of these global 
infections and the eventual elimination of their associated 
morbidities and mortalities.
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 Self Study

 Question

 1. Which statement is true?
 (a) HAV infection occurs worldwide and shows a distinct 

geographic distribution with a high prevalence in 
Western Europe.

 (b) in acute HAV infection, after incubation period, 
patients complain of nausea, vomiting, anorexia, 
fever and abdominal pain.

 (c) HDV infection is not associated with HBV 
infection.

 (d) the majority of patients with HEV develop severe 
acute hepatic failure

 Answer

 1. Which statement is true?
 (a) HAV infection occurs worldwide and shows a distinct 

geographic distribution with a high prevalence in 
sub-Saharan-Africa, India, Pakistan and Afghanistan, 
and very low prevalence in Western Europe, 
Scandinavia, North America and Australia.
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 (b) CORRECT. In acute HAV infection, after an incu-
bation period of 15–50  days, more than 70% of 
patients complain of nausea, vomiting, anorexia, 
fever and abdominal pain, followed by jaundice and 
pruritus.

 (c) HDV infection is caused by a defective RNA virus 
and is always associated with HBV infection.

 (d) the majority of patients clear HEV spontaneously 
some patients may develop a complicated course, 
such as acute liver failure, cholestatic hepatitis or 
chronic HEV Infection.
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The Microbiome in Liver Diseases
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19.1  Introduction

The basic aspects of molecular and cell biology are not only 
integral part of biomedical research but are also translated 
into patient care. Several global consortia have been launched 
and in part been completed during the last decades. All of 
them continuously transform basic biomedical research and 
translate into medical applications and, after evaluation in 
randomized clinical trials, enter clinical practice with a tre-
mendous potential to contribute to advances to the diagnosis, 
treatment and prevention of human diseases.

More than 15 years ago, the international human genome 
organization (HUGO) project established the complete 
sequence of the ca. three billion base pairs that make up the 
human genome [1, 2]. In order to utilize these data from the 
HUGO project for research as well as for clinical applica-
tions and to define the functions of newly identified genes, 
collectively termed ‘functional genomics’, strategies were 
developed to globally analyze genomic DNA sequences as 

well as their cell-, tissue- or organ-specific expression pro-
file. Using chips, so-called ‘microarrays’, thousands or ten 
thousands of single-stranded DNA species, reverse tran-
scribed RNA (cDNA) or oligonucleotides of known sequence 
can provide a global gene (genomics), gene expression (tran-
scriptomics, proteomics) or metabolite (metabolomics) pro-
file (‘signature’) that is characteristic for the disease of 
individual patients, including its natural course/prognosis 
and response to therapy.

In 2005 the international haplotype map (HapMap) proj-
ect was initiated to identify, based on genome-wide associa-
tion studies (GWAS) in ethnically different populations, 
single nucleotide polymorphisms (SNPs) and their associa-
tion with specific human diseases and individual phenotypic 
characteristics, respectively [3, 4]. Through GWAS an 
increasing number of gene loci have been identified that are 
associated with individual (future) phenotypic traits, such as 
hair or eye color, height, body mass index and others as well 
as with the disposition to develop a specific disease [3, 4]. 
Further, genetic variants are associated with the individuals’ 
response to drug treatment, e.g., to lithium [5]. Overall, 
GWAS allow an increasingly better understanding of disease 
pathogenesis and a more accurate assessment of the individ-
ual risk to develop a specific disease. Clinically, this may 
eventually translate into clinical advances in disease preven-
tion, early diagnosis and therapy. It should be cautioned, 
however, that the contribution of a defined SNP to the risk 
assessment for a given disease must be weighed against 
established clinical parameters and needs to be carefully 
evaluated before entering clinical practice.

The human microbiome project (HMP) was established in 
2007 as another global consortium [6–10]. The HMP and the 
‘Metagenomics of the Human Intestinal Tract (Meta-HiT) 
Consortium Europe’ aim at the sequencing of all microbes 
(eukaryotes, archaea, bacteria, viruses) that inhabit specific 
body sites, such as the mouth, throat and airways, stomach 
and intestine, the urogenital system and the skin, respec-
tively (Fig.  19.1a). Recent data demonstrate that specific 
compositions of the microbial community are associated 
with health and disease (Fig. 19.1b) [6–10]. These findings 
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Key Concepts
• Emerging evidence points to a contribution of the 

microbiome to the pathogenesis of liver diseases 
including alcoholic liver disease, non-alcoholic 
fatty liver disease NAFLD, cholestatic liver dis-
eases, liver cirrhosis and hepatocellular carcinoma 
(HCC), with special reference to bile acid 
metabolism

• the intestinal microbial community represents a 
microbial ecosystem consisting of trillion microbial 
cells with an aggregate 9.9 million microbial genes 
across the fecal microbiome
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suggest that the detailed characterization, function and 
 variation of the microbial community will reveal important 
commensal host-microbe as well as microbe-microbe inter-
actions with diagnostic, therapeutic and preventive implica-
tions [11, 12].

While the HMP has meanwhile developed into a major 
field of biomedical research, the intestinal microbial com-
munity in particular has turned out to play a major role in 
human health and disease pathogenesis as will be discussed 
in more detail below [13].

In recent years the intestinal microbial community has 
been studied in great detail. It represents a microbial ecosys-
tem consisting of trillion microbial cells with an aggregate 
9.9 million microbial genes across the fecal microbiome 
[14]. While until recently, the environment in utero has been 
considered sterile, DNA-based analyses identified bacterial 
species in maternal placenta, amniotic fluid and meconium. 
The colonization of the human gut begins at birth with a 
rapid expansion of bacterial diversity and is characterized by 
a successively changing composition that eventually 

becomes relatively stable in adulthood [15]. While the spe-
cific microbial species and subspecies and their proportions 
vary greatly from person to person the individual microbi-
ome is unique and becomes more diverse in the elderly.

Important factors for the composition of the intestinal 
microbial community are endogenous and exogenous factors 
[16, 17]. Examples are mode of delivery of the neonates, diet 
(dietary supplements, breast-feeding, formula-feeding), xeno-
biotics, including antibiotics and other drugs [18–21]. Further, 
infections and exposure to environmental microbial agents are 
established risk factors for childhood diseases, such as obesity 
and allergy [22, 23]. Recent evidence further suggests that 
human genetic variation also influences the abundance of spe-
cific members of the intestinal microbial community [24].

Taken together, the emerging data suggest that the detailed 
characterization of the human intestinal microbiome, func-
tion and variation across different body sites will reveal 
important commensal host-microbe as well as microbe-, 
microbe interactions that may play a role in human health 
and disease.
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Fig. 19.1 (a) Different microbiomes in humans; (b) the intestinal microbiome in healthy individuals and patients [7]
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In view of the numerous and diverse physiological func-
tions of the intestinal microbiome in human health 
(Table 19.1) it is not surprising that it is also involved in gas-
trointestinal as well as non-gastrointestinal diseases, such as 
obesity/metabolic syndrome [13, 31, 32], and atherosclero-
sis/cardiovascular [33–35] as well as neurologic/psychiatric 
diseases [36–39], making it one of the most dynamic current 
topics in biomedical research (Table 19.2).

Global comparisons reveal a decrease of the gut microbi-
ome diversity attributed to Western diet, life style practices, 

such as caesarian section, antibiotic use and formula-feeding 
of infants as well as sanitation of the living environment. 
While microbial diversity is decreasing, the prevalence of 
chronic inflammatory diseases such as inflammatory bowel 
disease (IBD), diabetes, obesity, allergies, asthma and others 
are on the rise in Western societies [73].

19.2  The Intestinal Microbiome in Liver 
Diseases

Considering that the liver receives about 75% of its blood 
supply from the intestine via the portal vein the liver is 
exposed to a wide range of nutrients, toxins as well as mol-
ecules from the intestinal microbiome. In this context, dys-
biosis may be involved in the pathogenesis of liver diseases 
[63, 64]. Emerging evidence points to a contribution of the 
microbiome to the pathogenesis of different liver diseases 
and its complications, including alcoholic liver disease [74, 
75], non-alcoholic fatty liver disease NAFLD [76], choles-
tatic liver diseases [77, 78], liver cirrhosis [79–81] and hepa-
tocellular carcinoma (HCC), with special reference to bile 
acid metabolism [82–84].

In Western countries, alcoholic and NAFLD are major 
health problems that may progress to advanced fibrosis/cirrho-
sis and HCC [76, 85]. The pathogenesis involves a complex 
interaction of environmental factors, such as alcohol consump-
tion/Western diet, obesity/type 2 diabetes mellitus/insulin 
resistance, genetic factors and changes in the intestinal micro-
biome. Dysbiosis of the intestinal microbiome [86], an imbal-
ance between protective and harmful bacteria, and bacterial 
translocation due to an impairment of the intestinal barrier are 
considered key pathophysiological elements. In this context the 
salivary microbiome can reflect changes in the intestinal micro-
biome in patients with hepatic encephalopathy [87].

Central to pathogenesis-based therapeutic concepts in 
patients with NAFLD for example, are lifestyle changes 
(diet, exercise) that result in weight loss, reversal of steatosis, 
inflammation and even fibrosis. Manipulation of the intesti-
nal microbiome by diet, probiotics or fecal transplantation 
may promote the growth of protective bacteria and an 
improved prognosis the individual’s liver disease [85].

19.3  Summary and Perspectives

Basic biomedical research has made major advances in recent 
years and holds the promise to increasingly provide individ-
ual diagnostic, preventive as well as therapeutic options for 
patients with inherited or acquired, malignant or non-malig-
nant diseases. Apart from an increasing number of host 
genetic susceptibility loci and environmental factors, the indi-
vidual microbial community is central for the barrier between 

Table 19.1 Functions of the intestinal microbial community in human 
health (examples)

References
Host physiology
  Adaptive immunity [25]
  Autoimmunity [26]
  Innate immunity [27]
  Cell proliferation [28]
  Bone density [20]
  Vascularization [29]
  Neurological signalling [30]
Biosynthesis
  Neurotransmitters
  Steroid hormones
  Vitamins
Metabolism
  Dietary components
  Bile salts
  Drugs
  Xenobiotics

Table 19.2 Disease associations with the intestinal microbial commu-
nity (examples)

References
Allergies/allergy protection [23, 26, 

40–42]
Atherosclerosis/thrombosis/cardiovascular 
diseases

[33–35, 
43–46]

Cancer [47–49]
Diabetes mellitus [32, 50]
Immune-mediated inflammatory diseases
  – Inflammatory bowel diseases [51–56]
  – Multiple sclerosis [57, 58]
  – Rheumatoid arthritis [59]
  – Psoriasis [60]
Kwashiorkor [61, 62]
Liver diseases [63, 64]
Metabolic syndrome/obesity [31, 65–68]
Neurodevelopmental, psychiatric and 
neurodegenerative diseases
  – Autism [36, 69]
  – Depression [36, 70]
  – Alzheimer’s disease, Parkinson’s disease [36, 38, 39, 

71, 72]

19 The Microbiome in Liver Diseases
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microbes and hosts. In particular, the intestinal microbial 
community is involved in a large number of normal biological 
functions in health as well as in numerous common, gastroin-
testinal and non-gastrointestinal diseases, including liver dis-
eases. In recent years, the intestinal microbiome thus has 
become one of the most dynamic areas of biomedical research 
that holds an enormous potential for interventions regarding 
human diseases, including liver diseases.
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 Self Study

 Question

 1. Which statement/statements is/are true?
 (a) Dysbiosis of the intestinal microbiome is the imbal-

ance between protective and harmful bacteria
 (b) Emerging evidence points to a contribution of the 

microbiome to the pathogenesis of different aspects 
liver diseases

 (c) human intestinal microbiome is also involved in gas-
trointestinal as well as non-gastrointestinal diseases, 
such as obesity/metabolic syndrome, and atheroscle-
rosis/cardiovascular as well as neurologic/psychiatric 
diseases.

 (d) there is a decrease of human gut microbiome diversity 
attributed to Western diet, life style practices, such as 
caesarean section, antibiotic use and formula- feeding of 
infants as well as sanitation of the living environment.

 (e) while human gut microbiota is decreasing, the preva-
lence of chronic inflammatory diseases such as inflam-
matory bowel disease (IBD), diabetes, obesity, allergies, 
asthma and others are on the rise in Western societies

 Answer

 1. Which statement/statements is/are true?
 (a) CORRECT
 (b) CORRECT. Emerging evidence points to a contri-

bution of the microbiome to the pathogenesis of dif-
ferent aspects liver diseases including alcoholic liver 
disease, non-alcoholic fatty liver disease NAFLD, 
cholestatic liver diseases, liver cirrhosis and hepato-
cellular carcinoma (HCC), with special reference to 
bile acid metabolism

 (c) CORRECT
 (d) CORRECT
 (e) CORRECT
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Polycystic Liver Diseases
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20.1  Introduction

Polycystic liver disease (PLD) is a rare disease, manifesting 
with progressive bile duct enlargement and development of 
multiple cysts of various sizes in the liver. The disease is very 
frequently associated with polycystic kidney disease, but the 
disease can also be restricted to only the liver and has been 
suggested as a separate entity. Both the isolated polycystic 
liver disease and the in the case of polycystic kidney disease 
are inherited disorders, even though not all genes responsible 
have yet been identified. Evolution of the disease is benign 
for most patients, with little or no symptoms, but for some 
patients the compression effect caused by the cysts on adja-
cent structures can cause severe progressive symptoms and 
may require surgical or medical treatment.

20.2  Pathogenesis

Polycystic liver disease can be regarded as a hereditary dis-
ease, with either autosomal dominant transmission or auto-
somal recessive transmission. Only about 20% of patients 
have been identified to have one or more genetic mutations 
[1, 2]. The disease can be classified according to the genetic 
mutations known so far:

• Mutations of the PRKCSH gene on chromosome 19p13, 
which is involved in the development of the glucosidase 2 
(the β subunit) [1].

• Mutations of the SEC63 gene on chromosome 6q21m 
which has a role in the protein translocation through the 
endoplasmic reticulum [3].

• Mutations of the ALG8 gene on chromosome 11p, 
which encodes the ALG6/ALG8 glucosyltransferase 
family [4].
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Key Concepts
The imaging examinations and family history are cur-
rently the most useful in establishing the diagnosis. In 
cases when family history is unknown, and the imag-
ing is suggestive for this disease, it is recommended 
that relatives should also be screened.

• While polycystic liver disease can be regarded as a 
hereditary disease, only about 20% of patients have 
been identified to have genetic mutations.

• It has been suggested that estrogens have an active 
role in the development and progression of hepatic 
cysts. Episodes of exposure to higher quantities of 
estrogens, including pregnancies, oral contracep-
tive therapy and post-menopause estrogen replace-
ment therapy, have been linked to faster progression 
of polycystic liver disease.

• Evolution of the disease is benign for most patients, 
with little or no symptoms, but for some patients the 
compression effect caused by the cysts on adjacent 
structures can cause severe progressive symptoms 
and may require surgical or medical treatment.

• One of the most useful classifications is the 
Schnelldorfer’s Classification, as it helps guide 
therapy.
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• Mutations of the LRP5 gene on chromosome 11q13 
which encodes the Low-density lipoprotein receptor- 
related protein 5 [5].

• Mutations of the SEC61B gene on chromosome 9q22 
which encodes another protein translocator in the endo-
plasmic reticulum [4].

A different set of genetic mutations is associated with the 
combined polycystic kidney and liver disease, the most com-
mon being PKD1 which is found in most patients, encodes 
polycystin 1 and PKD2 which encodes polycystin 2. Both of 
these have autosomal dominant transmission. PKHD1, a 
gene that encodes fibrocystin, a protein involved in the 
 development of bile duct architecture also causes polycystic 
kidney disease but has autosomal recessive transmission [6].

Mutations to the GANAB gene, on chromosome 11q12.3 
can cause either isolated polycystic liver disease or liver dis-
ease associated with polycystic kidney disease.

Mutations of any of these genes will cause proliferation of 
biliary epithelial cells, through a number of signaling path-
ways, including the cAMP-mediated activation of mitogen 
activation protein kinase and extracellular regulated kinase 
(MAPK/ERK), the mammalian target of rapamycin medi-
ated signaling cascade [7]. This will result in the formation 
of von Meyenburg’s complexes which arise from the biliary 
tree but become separate entities as they become larger and 
accumulate more fluid.

20.3  Epidemiology

Prevalence of isolated polycystic liver disease is less than 
0.01%, which is much lower compared to polycystic disease 
of both the liver and kidney where it is closer to 0.2% of the 
population. Around 80% of patients with kidney disease also 

present liver cysts, which implies that most cases of polycys-
tic liver disease are associated with polycystic kidney dis-
ease, rather than being an isolated disease of the liver [8].

The disease affects both genders, but with a higher preva-
lence of symptomatic disease in the female gender [9]. It has 
been suggested that estrogens have an active role in the 
development and progression of hepatic cysts. Episodes of 
exposure to higher quantities of estrogens, including preg-
nancies, oral contraceptive therapy and post-menopause 
estrogen replacement therapy, have been linked to faster pro-
gression of polycystic liver disease [10].

20.4  Signs and Symptoms

Most patients with uncomplicated cysts are asymptomatic. 
Symptoms usually result from cyst compression on adjacent 
structures and can include abdominal discomfort or pain, 
reduced mobility and fatigue.

Compression of the cysts on the stomach and duodenum 
can cause or worsen symptoms of gastroesophageal reflux 
disease and can also include symptoms such as early satiety 
and postprandial fullness. Compression on the portal vein 
can cause symptoms of portal hypertension including col-
lateral circulation, ascites [11], development of varices as 
well as variceal bleeding [12]. The cysts can also cause com-
pression on the vena cava inferior [13] or of the suprahepatic 
veins, the latter establishing a Budd-Chiari syndrome, simi-
lar to the obstruction caused by thrombosis. Symptoms will 
include abdominal pain, hepatomegaly and transudate asci-
tes. Compression of the bile ducts can cause jaundice and 
pruritus [8, 12, 14]. Other organs at risk of compression can 
also include the diaphragm and lungs resulting in dyspnea. A 
case of a large cyst compressing on the pancreas has also 
been described (Fig. 20.1) [13].

a b
Fig. 20.1 (a) Axial section 
CT showing abdominal 
anatomy with kidney and 
pancreas in relation to liver. 
(b) Coronal plane CT 
venogram showing vena cava 
pushed on the left side of the 
aorta. (Reproduced from 
Serrano Rodriguez P et all., 
2018)
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20.5  Diagnosis

The imaging examinations and family history are currently 
the most useful in establishing the diagnosis. In cases when 
family history is unknown, and the imaging is suggestive for 
this disease, it is recommended that relatives should also be 
screened.

Laboratory tests will reveal increased cholestasis enzymes 
as well as increased transaminases if there is bile duct 
obstruction. Patients may present with elevated CA19-9 lev-
els [15]. Other laboratory test abnormalities may also be 
present, depending on the compression effect on adjacent 
structures.

In abdominal ultrasound cysts appear as transonic, 
anechoic structures of various sizes, usually with cones of 
light. On computed tomography scans the cysts appear 
hypodense, have homogenous contents and a round and reg-
ular shape with no walls (Fig. 20.2). The structure does not 
become enhanced after contrast administration [16].

In magnetic resonance imaging the cysts appear to 
have a very low intensity on T1 images and a very high 
intensity on T2 images. Similar to computed tomography, 
they are homogenous. When complicated by hemorrhag-
ing a high intensity signal is observed in both T1 and T2 
imaging sequences. Magnetic resonance imaging is con-
sidered to have a better sensitivity for detecting compli-
cated cysts [16].

20.6  Establishing Diagnosis

Establishing diagnosis has been somewhat of a challenge as 
there is no single test that can definitively establish diagnosis.

Isolated polycystic liver disease can be evaluated using 
the Reynolds criteria: a positive family history, lack of evi-
dence for polycystic kidney disease and either at least one 
characteristic hepatic cyst (for patients under 40  years of 

age) or at least four characteristic hepatic cysts (for patients 
over 40 years of age) [17].

Others have suggested a simpler diagnostic algorithm, 
that allows establishing diagnosis with over 20 hepatic cysts 
in patients with no family history and over 4 hepatic cysts in 
patients with family history [18].

The evaluation of polycystic liver disease associated with 
kidney disease can be evaluated either through the Unified 
Ravine criteria or the Pei criteria.

The Unified Ravine criteria require positive family his-
tory and either at least three renal cysts (unilateral or bilat-
eral, for patients between 15 and 39 years of age), at least 
two bilateral renal cysts (for patients between 40 and 59 years 
of age) or at least four bilateral renal cysts (for patients at 
least 60 years of age) [19].

The Pei Criteria for polycystic kidney disease were later 
developed from the Ravine Criteria to include cases with 
negative family history, allowing for diagnosis when the 
patient has more than ten bilateral renal cysts and upon the 
exclusion of any other causes causing cysts [19].

20.7  Differential Diagnosis

The differential diagnosis includes other pathologies 
that generate cysts or cyst-like structures and includes 
simple cysts, echinococcosis, cystadenoma, cystadeno-
carcinoma [20].

Simple hepatic cysts occur in 2–7% of the population, 
with a slight predilection towards the female gender. They 
appear on ultrasound as round anechoic lesions, with a thin 
or imperceptible wall, but a clearly defined back wall. They 
can present septa or debris in the interior. On computed 
tomography they appear homogenous and hypoattenuating, 
while on magnetic resonance they have an increased T2 sig-
nal. They are discovered on routine exams and do not usually 
cause symptoms.

a b
Fig. 20.2 Computed 
tomography of abdomen and 
pelvis (coronal and axial 
scans) showing polycystic 
liver disease along with 
evidence of portal 
hypertension in form of 
splenomegaly and ascites. 
(Reproduced from Khan MS 
et all, 2018)
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Echinococcus granulosus and Echinococcus multilocu-
laris are two species of tapeworm that can cause parasitosis 
in humans. On plain abdominal X-ray they can have curved 
or ring-shaped calcifications around the cysts (calcium 
deposits in the pericyst). Ultrasound and computed tomogra-
phy can identify multiple septs and “daughter” cysts. 
Magnetic Resonance Imaging can reveal a high signal T2 
and a low signal T1, can identify the septa and “daughter” 
cysts. The walls and septa become enhanced upon the admin-
istration of gadolinium contrast. Hepatic alveolar echinococ-
cosis is a rarer manifestation of the infection with 
Echinococcus multilocularis and presents with large multi-
loculate necrotic masses without a fibrous capsule [21, 22].

Biliary cystadenoma is a benign cystic neoplasm of the 
liver and occurs in middle aged patients. It has a higher prev-
alence in women [23]. Rarely they can evolve towards 
becoming cystadenocarcinomas [23]. Biliary cystadenocar-
cinoma is a malign cystic neoplasm of the liver, with a rare 
incidence. Differentiating between cystadenoma and cystad-
enocarcinoma is difficult on imaging exams. On ultrasound 
they appear as one or more cysts, with anechoic contents 
(uncomplicated cysts) or with contents of various echo-
genicity (hemorrhaging or protein content). The walls can 
also contain calcifications and cast a cone of shadow. 
Computed tomography can identify similar characteristics, 
identifying recent hemorrhaging. Septa may become 
enhanced after administration of contrast substance.

Caroli disease is a rare malformation of the intrahepatic 
bile ducts which leads to the formation of cystic dilatations 
of the bile ducts. Ultrasound reveals intrahepatic anechoic 
cysts, with bundles of portal veins and hepatic arteries. More 
characteristically, there are dilated segments of the biliary 
radicles with no visible obstruction. Computed tomography, 
magnetic resonance imaging and magnetic resonance chol-

angiopancreatography, can improve diagnosis, the latter 
being proposed as the imaging test of choice [24]. While the 
differential diagnosis is usually clear, as polycystic liver dis-
ease does not present with dilatations that follow the duct 
radicles, the diagnosis can be sometimes more difficult 
because there are frequent associations with polycystic kid-
ney disease [25].

20.8  Natural History and Complications

The natural history of the disease describes a continuous 
growth of the liver size of 0.9–3.2% on average per year, 
starting from Von Meyenburg complexes (multiple small 
cysts) and ending with severe disease (Fig. 20.3) [8].

Infection of the cysts can manifest with fever, pain and 
signs of septic shock. Diagnosis can be established using lab 
tests (high C reactive protein level and higher than previ-
ously CA19-9 levels) and imaging tests (wall thickening, 
heterogeneous debris inside the cyst), but diagnostic accu-
racy for both computed tomography as well as magnetic 
resonance imaging is low [2, 26].

Hemorrhaging of the cysts presents with acute pain in the 
right hypochondrium. Diagnosis can be established by ultra-
sound and magnetic resonance imaging [2, 16].

Cyst rupture manifests with severe pain. Diagnosis can be 
established by computed tomography scan. Depending on 
the severity of the rupture and hemodynamic complications, 
it can be treated either conservatively or surgically [27].

Abdominal wall hernias, paraumbilical and inguinal her-
nias appear to be more common in patients with polycystic 
liver diseases compared to patients with no liver or kidney 
diseases and can be explained by constant compression of 
the enlarged organs (liver and/or kidney).

Mild PLD

1.

1. Small-sized bile ducts

G H

2. Medium-sized bile ducts

Von Meyenburg complexes Clinical stages of polycystic liver disease in ADPKD and PCLD

2.

Advanced PLD Severe PLD

disease progression

Fig. 20.3 Natural evolution of polycystic liver disease and autosomal dominant polycystic kidney disease. (Reproduced from Cnossen WR et all, 
2014)
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20.9  Classifications

One of the most commonly used classifications is the 
Schnelldorfer’s Classification, as it helps guide therapy. 
Type A includes patients with either no or minimum symp-
toms, while types B, C and D include patients with moder-
ate or severe symptoms. Type B refers to patients with large 
but few cysts that span an area of at least two sectors and 
present no venous obstruction. Type C includes patients 
with higher number of smaller cysts occupying areas of at 
least one sector and present no venous obstruction. Type D 
includes patients with any number and size of cysts but 
with symptoms of either portal vein or hepatic vein com-
pression [28].

Another classification proposed to identify patients that 
are candidates for fenestration is the Gigot’s Classification. 
Type I includes patients with fewer (less than 10) large (more 
than 10  cm in diameter) hepatic cysts, type II includes 
patients with diffuse cysts but with remaining areas of nor-
mal parenchyma, while type III includes patients with little 
remaining normal parenchyma. Patients classified as Gigot 
Type I are suitable candidates for fenestration [29].

20.10  Treatment

In Schnelldorfer’s Type A, most patients are asymptomatic 
and require no treatment, aside from the avoidance of expo-
sure to excess estrogen.

In Schnelldorfer’s Type B, there are treatment options that 
consist in either removal of the fluid from the cysts, or the 
cyst altogether.

Removal of fluid can be done through percutaneous cyst 
aspiration. This method is preferred for large cysts that are 
accessible. It is, however, only a short term symptomatic solu-
tion, the recurrence rate being 80–100% in less than a year 
[30]. There is an option of injecting a sclerotizing agent such as 

alcohol, acidic solutions of tetracycline or minocycline, but this 
method has the same long-term rate of recurrence.

Another procedure is cyst fenestration (removal of a part 
of the cyst wall to allow drainage). The procedure can be 
performed laparoscopically or openly. A total of up to 2 L of 
fluid can be drained in a single session, but the procedure can 
be done in multiple sequential sessions. The cyst wall can 
then be treated by argon laser beam coagulation or electroco-
agulation. The procedure will yield better results in the short 
term than aspiration, but most patients will still have recur-
rence at 24 months [31].

Cyst enucleation, which consists in the complete removal 
of the cyst, can be performed in isolated and few cysts. In 
areas with multiple small cysts, or large cysts with signifi-
cant anatomical complications, a portion of the liver can also 
be removed. There are, however, higher risks associated with 
this procedure, including hemorrhage and bile leakage.

In Schnelldorfer’s type C patients, partial hepatectomy 
with fenestration of remnant cysts is also an option.

Liver transplantation yields excellent results for most 
patients and presents the usual complications of this proce-
dure (Figs.  20.4 and 20.5). It is recommended in all 
Schnelldorfer’s type D patients.

In patients where the surgical risks are very high, alterna-
tive non-surgical therapies have been proposed.

Somatostatin analogues can proliferation of cholangio-
cytes through the reduction of various cytogenetic growth 
factors as well as vascular growth factors [32]. They can also 
reduce fluid secretion within the cysts. Results of trials with 
lanreotide have indicated a mild mean reduction of 2.9% in 
liver size with modest reduction in symptoms [33, 34]. Other 
studies have used long acting octreotide and demonstrated a 
6–7% reduction in total liver volume [35].

Everolimus is an mTOR inhibitor that as given as an addi-
tional therapy to somatostatin analogs in one trial, but there 
was no additional decrease in liver size compared to soma-
tostatin alone [36].

a b
Fig. 20.4 (a) Intraoperative 
image of native liver. (b) 
Liver after reperfusion. 
(Reproduced form Serrano 
Rodriguez P et all, 2018)
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Transarterial Embolization with N-butyl-2-cyanoacrylate 
and iodized oil was attempted and appears to be a safe and 
effective treatment [37, 38].

 Self Study

 Questions

 1. Which statement regarding the diagnosis is true?
 (a) Polycystic liver disease is a hereditary disease and the 

genetic test is the definitive diagnosis.
 (b) All patients will present with abdominal pain.
 (c) Estrogens have a role in the progression of the 

disease.
 (d) Abdominal ultrasound is the most accurate test in 

diagnosing cyst hemorrhaging.
 2. Which statement regarding the treatment is true?

 (a) Percutaneous cyst aspiration is a definitive treatment 
for most patients.

 (b) In Schnelldorfer’s Type A patients, neither surgical 
nor medical therapy is needed.

 (c) Medical therapy is a viable alternative to surgery in 
all patients.

 (d) In cyst fenestration a total of 5  L of fluid can be 
extracted in a single session.

 Answers

 1. Which statement regarding the diagnosis is true?
 (a) While polycystic liver disease is a hereditary disease, 

only about 20% of patients will be identified to have 
a genetic mutation linked to the disease.

 (b) Most patients are completely asymptomatic. For 
symptomatic patients, pain is only one possible mani-
festation, as it depends on the location, size and rela-
tion to the adjacent structures of the cysts.

 (c) CORRECT ANSWER: Current studies suggest that 
the symptomatic disease is more prevalent in women 
and progression happens at a faster rate for women 
with multiple pregnancies and estrogen replacement 
therapy.

 (d) While abdominal ultrasound is extremely useful in 
screening patients and establishing diagnosis of the 
disease itself, for some complications, including 
hemorrhaging, magnetic resonance imaging is more 
accurate.

 2. Which statement regarding the treatment is true?
 (a) Unfortunately, percutaneous cyst aspiration has a 

80–100% recurrence rate.
 (b) CORRECT ANSWER: Only avoidance of estrogen- 

based products is needed in Schnelldorfer’s Type A 
patients.

 (c) Medical therapy is only recommended in patients 
with unacceptable surgical risks. This is due to the 
relatively weak efficiency of the medical treatment 
compared to the surgical treatment.

 (d) Up to 2 L of fluid can be extracted in a single session. 
However, the patient can undergo multiple sessions 
in short succession if needed.
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Key Concepts
 1. Porto-pulmonary hypertension (POPH)

• POPH represents the association between portal 
hypertension (PH), arterial pulmonary hyperten-
sion (PAH), increase of the pulmonary vascular 
resistance (PVR)  >  240 dyne∙s∙cm−5 or >3 u 
Wood, normal capillary wedge pressure (PCWP) 
and normal left ventricular end diastolic pres-
sure. PAH is defined by the increase of the rest-
ing mean pressure in pulmonary artery 
(mPAP) > 25 mmHg and increase of the mPAP 
during exercise >30 mmHg.

• POPH is included in the first group of PAH, 
according to European Guidelines for the 
Diagnosis and Treatment of Pulmonary 
Hypertension classification.

• POPH occurs more frequently in women with 
autoimmune hepatitis and primitive biliary 
cirrhosis

• There are no relations between the occurrence of 
POPH and the severity of the hepatic disease, 
evaluated by Child-Pugh and MELD scores.

• The occurrence of POPH is related to the hyper-
dynamic circulation in hepatic cirrhosis, the 
entry in the pulmonary circulation of the endo-
toxins, endothelin, thromboxane A2 (TXA2), 
interleukin 6 (IL-6), tumor necrosis alfa (TNF 
alfa), macrophages, and the reduced of the pul-
monary level of nitric oxide (NO) and prostacy-
clin (PGI2).

• The symptoms are non specific
• The screening examination is transthoracic 

echocardiography (TTE)
• The gold standard diagnostic test is right cardiac 

catheterization
• Pulmonary vasodilator treatment is not 

always effective
• In patients with moderate to severe POPH liver 

transplantation has no indication
 2. Hepato-pulmonary syndrome (HPS)

• HPS associates  hepatic disease with increased 
O2 alveolo- arterial gradient (P(A-a)O2) above 
15  mmHg, intrapulmonary capillary dilation, 
with or without hypoxemia

• HPS occurs in patients with hepatic cirrhosis, 
chronic hepatitis, acute hepatic failure, PH  of 
other causes like Budd-Chiari syndrome

• The occurrence of HPS is not  related to the 
severity of the hepatic disease evaluated by 
Child-Pugh and MELD scores.

• The pulmonary pre capillary arterioles and the 
capillaries are dilated, there are pulmonary arte-
rio-venous and porto-pulmonary anastomoses.

• The pulmonary vasodilatation leads to the 
increase of the P(A-a)O2 and hypoxemia in most 
cases.

• Hypoxemia is worse in orthostatism. 
Orthodeoxia represents the decrease of the PaO2 
in orthostatism more than ≥4  mmHg or ≥5% 
from the value in recumbent position

• Hypoxemia is improved by the administration of 
100% O2, unlike others diseases with intrapul-
monary vascular shunts

• Dyspnoea is worse in orthostatism and improves 
when lying down (platypnoea)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24432-3_21&domain=pdf
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21.1  Introduction

Chronic liver diseases (CLD) and portal hypertension (PH) 
may be associated with severe pulmonary changes that 
alter prognosis and amend the therapeutic attitude: porto- 
pulmonary hypertension (POPH) and hepato-pulmonary 
syndrome (HPS). Both complications are particularly 
related to the presence of PH even in the absence of 
CLD.  The pathophysiological mechanisms are different 
and it is unknown why some patients with hepatitis and/or 
PH develop one or another type of lung damage. There are 
rare cases in which both pulmonary complications can be 
associated. The onset of POPH and HPS implies a poor 
prognosis. Their therapeutic approach is different. 
Moderate to severe POPH is generally a contraindication 
for liver transplantation as it leads to a significant increase 
in mortality. HPS usually improves after liver 
transplantation.

21.2  Porto-Pulmonary Hypertension

21.2.1  Definition

POPH is defined as the association of PH with pulmonary 
arterial hypertension (PAH), assessed in turn through cardiac 
catheterization by increased mean pulmonary artery pressure 
(mPAP) > 25 mmHg at rest and >30 mmHg at exercise, pul-
monary vascular resistance (PVR) > 240 dynes∙s∙cm−5 or ≥3 
u Wood and pulmonary capillary wedge pressure (PCWP) or 
left ventricular end diastolic pressure (LVEDP) ≤ 15 mmHg 
[1]. POPH belongs to the first group of pulmonary hyperten-

sion, according to the classification of the European 
Guidelines for the Diagnosis and Treatment of Pulmonary 
Hypertension [2]. In patients with elevated PCWP, transpul-
monary pressure gradient (TPG), calculated by the formula: 
mPAP-PCWP, was proposed as a diagnostic criterion for the 
POPH.  In these patients, TPG  >  12  mmHg indicates that 
PVR is increased [3].

21.2.2  Epidemiology

POPH occurs in approximately 1–2% of patients with PH 
and CLD and in 3–12.5% of liver transplant candidates [4]. 
It usually occurs in the fifth decade of life, after 4–7 years of 
evolution of PH [3]. 5.1% of PAH patients included in the 
REVEAL registry had POPH [3].

The risk factors for the appearance of POPH are 
female sex, autoimmune hepatitis and primitive biliary 
 cirrhosis. Age, severity of hepatic impairment expressed 
by MELD and Child Pugh scores, serum bilirubin  and 
INR value are not risk factors for POPH occurrence. Male 
sex, presence of ascites, hypoalbuminemia, C virus infec-
tion are negatively associated with the presence of 
POPH [5].

POPH development is independent of the cause of PH, 
although most patients have cirrhosis. POPH may occur in 
patients with portal vein thrombosis.

The classification of POPH is based on mPAP values.

• Mild POPH: mPAP 25–35 mmHg;
• Moderate POPH: mPAP 35–44 mmHg;
• Severe POPH: mPAP ≥45 mmHg;

Studies have shown that prognosis is worse as POPH is 
more severe.

21.2.3  Pathology

Anatomical changes in POPH occur in the precapillary lung 
vessels and are similar to those in idiopathic PAH. Muscle 
hypertrophy, endothelial proliferation, adventitial prolifera-
tion, plexiform lesions, in situ thrombosis, pulmonary arteri-
oles micro aneurysms can be observed [3, 4].

21.2.4  Pathophysiology

Typically, 30–50% of patients with advanced CLD have 
increased cardiac output and decreased systemic vascular 
resistance and PVR.  The cause of hyperdynamic circula-

• The symptoms are nonspecific. Some patients 
have orthodeoxia and platypnoea. There is an 
increased risk of stroke by paradoxical 
embolism.

• The screening test is the evaluation of the arterial 
gases with the measurement  of P(A-a)O2 in 
ambient air

• The gold standard tests are contrast-enhanced 
echocardiography and perfusion pulmonary 
scintigraphy with macro-aggregated albu-
min (>20  μm diameter) labelled with 99mTc 
(MAA scan).

• The treatment of HPS is hepatic transplant, in 
particular in patients in which administration of 
O2 100% corrects hypoxemia
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tion appears to be stasis within splanchnic circulation and 
porto- systemic shunts that favor the penetration of vasodi-
lator endotoxins and cytokines into circulation [1]. 
Increasing cardiac output may increase the pressure in the 
pulmonary artery [3]. The mild increase in mPAP without 
PVR increase is not included in POPH. The mechanism by 
which the pulmonary hyperdynamic circulation usually 
accompanied by reduced PVR produces increased PVR and 
POPH is not completely understood. There are several 
hypotheses (Fig. 21.1):

• Increased cardiac output in the pulmonary artery increases 
parietal shear stress and induces a variable vascular 

response, depending on individual cell factors. Patients 
with vasoconstriction and pulmonary vascular remodeling 
by proliferation of smooth muscle cells and vascular endo-
thelial cells evolve to POPH. Patients experiencing pulmo-
nary vasodilatation and PVR decrease develop HPS [1].

• Endotoxins in the gastrointestinal tract reach the pulmo-
nary circulation where they determine accumulation of 
macrophages, that may contribute to the appearance of 
POPH [3].

• Porto-systemic shunts favor the entry into the infe-
rior vena cava (IVC) and subsequently pulmonary circu-
lation of vasoactive substances that are no longer 
inactivated in the liver, such as:

PH : Chronic liver disease; ↑CI; ↓SVR

Hyperdynamic
circulation

porto-systemic
anastomoses

endotoxins↑

↑ ↑ ↑ ↑ ↑ ↑ ↑

ET-1

iNoET-B
eNo

PVR

HPS

Angiogenesis

TXA2↑↑ ↑ IL-6↑ TNF-α↑

↑

↑

VEGF

genetic
factors

↑

CO↑

Haem oxygenase↑

PVR

POPH

eNo

ET-A

↑

↑

portal
proangiogenetic

factors

↑PGI2

↑

shear
stress

↑

↑

S-OHT↑ M↑
↓↓

Fig. 21.1 Pathophysiology of the POPH and HPS-some hypothesis. 
PH pulmonary hypertension, CI cardiac index, SVR systemic vascular 
resistence, ET-l endothelin 1, TXA2 thromboxane A2: IL-6 interleukin 
6, TNF-α transforming growth factor α, 5-OHT serotonin. M macro-
phages, ET-A endothelin A receptors, ET-B endothelin B receptor, eNO 
endothelial nitric oxide, iNO inducible nitric oxide, PVR pulmonary 
vascular resistance, HPS hepato-pulmonary syndrome, POPH porto 
pulmonary hypertension, PGI2 prostaglandin I2, VEGF vascular endo-
thelium growth factor; Haem Oxygenase microsomal enzyme that car-
ries out the oxidation of haem and the production of CO, CO carbonic 
oxide The hyperdynamic circulation and the porto-systemic and porto- 
pulmonary anastomoses in PH and CLD determine the entry of the 

intestinal endotoxins in the pulmonary circulation that increase the pro-
duction of the inflammatory substances and the accumulation of macro-
phages in the pulmonary vessels. ET-1 stimulates ET-A and determines 
vasoconstriction. Macrophages increase the pulmonary arterial parietal 
shear stress. There is a reduction of the eNO and an increase of the 
portal proangiogenetic factors. mPAP and PVR increase and the POPH 
occurs. In some patients, maybe depending of genetic factors, there is 
an increase of iNO because of the macrophages but also because of the 
ET-B stimulation by the ET-1. VEGF induces pulmonary angiogenesis. 
Haem oxygenase induces an increase of the pulmonary CO and vasodi-
latation. There is arteriolar and capillary dilation, PVR decreases and 
HPS occurs
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 – Endothelin 1, which has an increased blood level in 
patients with advanced liver disease and portal hyper-
tension. Increased endothelin serum levels might 
reflect vascular parietal shear stress due to hyperdy-
namic circulation. It acts on ETA receptors within the 
pulmonary arteries wall and produces vasoconstric-
tion, vascular smooth muscle proliferation and intimal 
fibrosis. ETB receptors, that under normal conditions 
determine vasodilatation become dysfunctional, induc-
ing pulmonary vasoconstriction [3].

 – TXA2, IL-6, TNF alpha appear to be involved in the 
development of POPH [3].

 – Serotonin produced by the enterochromaffin cells of 
the intestinal wall gets into the lungs in large amounts 
through porto-caval shunts. PH-associated thrombocy-
topenia contributes to increased serotonin serum levels 
by limited storage within platelet granules [6]

• Pulmonary vascular endothelium has reduced levels of 
prostacyclin synthase in POPH [3]. Decrease in PGI2 and 
NO levels reduces the vasodilatory capacity of pulmonary 
circulation. On the other hand, there is an increased pro-
duction of NO in the pulmonary vessels in cirrhosis [6]

Other pathophysiology hypotheses were also discussed.

• Genetic factors have not been proven to be involved in the 
development of POPH. However, there are some studies 
showing that multiple single nucleotide polymorphism in 
the genes coding for estrogen receptor 1, aromatase, 
phosphodiesterase 5, angiopoietin 1, and calcium binding 
protein A4 are associated with the risk of developing 
POPH [7].

• There could be an imbalance between pro-angiogenic fac-
tors in the portal bloodstream and antiangiogenic factors 
produced by hepatocytes from type XVIII collagen and 
plasminogen: endostatin and angiostatin, respectively. 
Because of porto-caval shunts pro angiogenetic factors 
within portal blood are no longer annihilated by the 
hepatic anti angiogenetic factors and reach the lung [6]

Hemodynamic changes in PH and advanced cirrhosis, 
characterized by increased cardiac output and normal or 
low PVR values, determined some authors to propose 
PVR > 120 dyn∙s∙cm−5 as a cut off point for the POPH 
diagnosis. Most authors, however, accept the value of 
240 dyn∙s∙cm−5 [3].

21.2.5  Clinical Manifestations

Clinical symptoms are  not specific, being dominated by 
the  manifestations of PH.  PAH symptoms  appear late in 
evolution: exertional dyspnea, precordial pain, palpitations, 

syncope. The patient may have edema in the lower limbs, 
ascites but most often these are due to CLD and PH. Physical 
examination may reveal signs of PAH and chronic cor pul-
monale. Auscultation of the heart may find signs of PAH: 
accentuation and widened splitting of S2 within the pulmo-
nary artery area, rarely diastolic murmur of pulmonary 
regurgitation. Hypertrophy and dilation of the right ventri-
cle (RV) may result in the widening of heart dullness area, 
the occurrence of the Harzer sign (palpation of RV pulsa-
tions in the epigastrium), the systolic murmur at the base of 
the xiphoid appendix which is accentuated during post 
inspiratory apnea and suggests tricuspid regurgitation. 
Decompensation of RV leads to right ventricular protodia-
stolic gallop,  jugular turgescence and contributes together 
with CLD and PH to hepatomegaly, lower limb edema and 
ascites. Transjugular intrahepatic portosystemic shunt 
(TIPS) can aggravate POPH by suddenly overloading 
venous circulation. 

21.2.6  Workup

Biochemical tests acknowledge liver disease and assess its 
severity.

Pulmonary radiography is performed in order to exclude 
other respiratory conditions that can lead to PAH and chronic 
cor pulmonale. Later, it can show cardiomegaly due to RV 
enlargement and increased cross-sectional diameter of the 
heart and also signs of PAH.

The ECG is not sensitive. Right axial deviation, clock-
wise rotation, right atrial (RA) and ventricular (RV) hyper-
trophy, asserting the chronic cor pulmonale, may be noticed 
late in evolution.

Respiratory functional tests show no specific changes. 
Sometimes the reduction of the CO transfer coefficient, the 
increase of the alveolar-arterial difference in O2 and restric-
tive ventilatory dysfunction may be noted. Measurement of 
NO in exhaled air shows elevated levels in liver cirrhosis 
with and without POPH and reduced levels in idiopathic 
PAH [6].

Arterial blood gas test shows moderate to severe hypox-
emia, hypocapnia and respiratory alkalosis as a consequence 
of hyperventilation. Changes in blood gases in POPH are 
more important than in hepatic cirrhosis without PAH and in 
idiopathic PAH [6].

Pulmonary ventilation/perfusion scintigraphy is most 
often normal, with no mosaic appearance as in thromboem-
bolic pulmonary hypertension [6].

Lung angio-CT does not provide any specific diagnostic 
features but it is useful for the  differential diagnosis with 
thromboembolic PAH.

Echocardiography is the screening exam most useful in 
detecting POPH in patients with PH.

I. T. Nanea and G. S. Gheorghe
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Pulmonary artery systolic pressure (sPAP) is deter-
mined by measuring the maximum velocity of the tricus-
pid regurgitation flow, applying the Bernoulli equation to 
determine the presumptive gradient between RV and RA 
and assessing the RA pressure through the diameter 
and  inspiratory variations of IVC diameter (Fig.  21.2). 
PAH is defined by the increase in sPAP > 30 mmHg, with 
a positive predictive value of 59% and a negative predic-
tive value of 100% [3]. sPAP over 50  mmHg denotes 
severe PAH with a positive predictive value of 74% and a 
negative predictive value of 97% [3] and requires cardiac 
catheterization.

mPAP can be determined by several formulas, using the 
pulmonary regurgitation signal (PR) or the acceleration time 
(AT) in the right ventricular outflow tract (RVOT). Using the 
peak PR velocity, mPAP can be approximated with the for-
mula: mPAP = 4 (PR peak velocity)2 + RA pressure. Using 
the end diastolic PR velocity, we can calculate the pulmo-
nary artery diastolic pressure (dPAP) as 4 (end diastolic PR 
velocity)2 + RA pressure. mPAP can be approximated by the 
formula mPAP = 2/3dPAP + 1/3sPAP. The normal value of 
AT in the RVOT is more than 100 ms while a value less than 
100 ms is highly suggestive of PH. By this method mPAP is 
calculated as : mPAP = 90 − (0.62 × ATRVOT).

Fig. 21.2 Transthoracic echocardiographic evaluation of the sPAP (a) 
color  Doppler tricuspid flow  interrogation. Severe TR; with PISA 
(medallion). (b) continuous  Doppler tricuspid  flow interrogation. 
Maximal velocity of TR flow is 317 cm/s; maximal RV-RA gradient is 
40 mmHg; according to the Bernoulli equation. (c) IVC diameter (2D 

evaluation)  =  2  cm with <50% inspiratory collapse; 
sPAP = 40 + 10 mmHg. RV right ventricle, RA right atria, LV left ven-
tricle, LA left atria, IVC inferior vena cava, TR tricuspid regurgitation, 
sPAP systolic pulmonary artery pressure, PISA proximal isvelocity sur-
face area, PG pressure gradient
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In addition to sPAP and mPAP assessment, echocardio-
graphy is performed in order to evaluate RV function by 
measuring several parameters: TAPSE (abnormal limit  < 
1.7  cm), RV fractional area change (RVFAC) (abnormal 
limit  <  35%), RV tissue Doppler S’ velocity (abnormal 
limit < 10 cm/s). The RV size, volume and contractility can be 
more accurate assessed using 3D technique.

Echocardiography has become a mandatory test in PH 
patients and/or liver cirrhosis for POPH detection and for 
liver transplantation decision.

Right cardiac catheterization is the gold standard for 
the diagnosis of POPH. The increase of mPAP, PVR and nor-
mal values of PCWP are observed. The severity of POPH, 
essential for the indication of liver transplantation, can be 
assessed. Few studies suggest that POPH is less severe than 
idiopathic PAH. The NO vasodilatation test is usually nega-
tive and does not influence the therapeutic decision. Lack of 
NO response could be explained by endogenous NO produc-
tion in POPH compared to idiopathic PAH [6].

Differential diagnosis stands for the other causes of 
PH  classified according to the European Guidelines of 
Pulmonary Hypertension system [2]. Medical history, clini-
cal examination and laboratory tests bring elements for dif-
ferential diagnosis and cardiac catheterization 
identifies essential diagnostic features.

21.2.7  Pharmacological Treatment

• Vasodilators used in idiopathic PAH are less efficient in 
the treatment of POPH.
 – However, the vasodilatatory prostaglandin epoprostenol 

(PGI2) and its synthetic analogues iloprost and 
treprostinil, have been shown to be effective in the 
treatment of POPH.  They also decrease the platelet 
aggregation. Epoprostenol i.v improves pulmonary 
hemodynamics but increases the incidence of ascites 
and splenomegaly. Its administration requires permanent 
central venous access and abrupt cessation of the 
infusion leads to rebound pulmonary vasoconstriction. 
Awdish et al. studied the efficiency of epoprostenol in 
21 patients with POPH between 2002–2012. After 
15.4 months of treatment there was an improvement in 
mPAP, PVR, cardiac index without deterioration of the 
liver tests [8]. However, the survival was not improved 
compared to patients without epoprostenol. The data are 
inconclusive for dermal or inhalatory administration. 
There are isolated data showing good results with 
iloprost iv or inhaled for 1 year [3, 6]. Oral treprostinil 
did not improve the exercise capacity in patients with 
PAH included in FREEDOM-C study [9].

 – Bosentan, an ETA and ETB endothelin receptor antago-
nist, causes hepatic cytolysis and can only be adminis-

tered to patients with mild hepatic impairment, class A 
Child-Pugh. In these patients it can be administered 
over a long time following epoprostenol. It has the 
advantage of oral administration. There have been 
reports of clinical and hemodynamic improvement fol-
lowing bosentan administration for over 1 year [6]. 
Ambrisentan, a selective ETA antagonist, is associated 
with liver toxicity. Macitentan is a dual antagonist of 
ETA and ETB approved for the treatment of the PAH 
[9], without studies in POPH. It could have an advan-
tage over other endothelin receptor antagonists regard-
ing the liver function which deteriorates in less patients 
on macitentan than in patients on placebo in 
SERPAHIN study [9].

 – Sildenafil and tadalafil, are type 5 phosphodiesterase 
blockers and can also be used in patients with advanced 
liver disease alone or associated with inhaled epopros-
tenol. Reichenberger et al. showed that treatment with 
sildenafil for 12  months increased exercise capacity 
and improved heart failure functional class throughout 
the follow-up period in 14 patients with moderate-to- 
severe POPH.  Hemodynamic improvement occurred 
in the first 3  months of treatment (significant mPAP 
and PVR reduction) but was not sustained at 12 months 
[10]. In severe POPH sildenafil alone might not be effi-
cient [3]

 – Riociguat is a soluble guanylyl cyclase (sGC) stimula-
tor that increases cGMP syntheses and vasodilatation. 
It is approved for the treatment of group l PAH but there 
is little clinical experience in POPH [9]

 – Ca-channel blockers are not indicated because in 
POPH the NO pulmonary vasodilatation test is usually 
negative. In addition, Ca-channel blockers can produce 
mesenteric vasodilatation and may worsen PH [6].

• Beta blockers are not indicated in POPH but they can be 
used for PH or heart failure.

• Anticoagulants are contraindicated because of the coexis-
tence of liver disease.

• Oxygen therapy is indicated if Pa O2 < 60 mmHg at rest
• Loop and antialdosteronic diuretics are indicated for the 

treatment of hydrosaline retention and right heart 
decompensation.

21.2.8  Liver Transplantation in Patients 
with POPH

• Liver transplant is contraindicated in the presence of POPH 
with mPAP values >35 mmHg and PVR > 250 dyn s cm−5 
[6]. After liver transplant, volume load increases in pulmo-
nary circulation and POPH may worsen. Liver transplant 
can be performed in patients with mPAP  <  35  mmHg 
at rest and PVR < 250 dyn  s  cm−5, spontaneous or after 
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vasodilator treatment. The transplant indication may be 
extended to patients with mPAP 35–50 mmHg if the PVR 
is <250 dyn s cm−5 and particularly <120 dyn s cm−5. Very 
rarely POPH is improved after liver transplant and epo-
prostenol treatment can be reduced. POPH improvement 
after liver transplant occurs especially in patients with pre-
viously PVR <240 dyn s cm−5 [3]. However, the progres-
sion of POPH after liver transplant is also mentioned.

Surveillance of patients with POPH involves echocar-
diography once or twice a year. Patients with PH or liver cir-
rhosis without POPH should perform echocardiography once 
a year for the active detection of POPH, as its clinical manifes-
tations are nonspecific and deferred.

21.2.9  Prognosis

The occurrence of PAH in patients with liver cirrhosis limits 
survival, but epidemiological data are different between dif-
ferent studies. Survival at 5 years in patients with cirrho-
sis and mPAP > 50 mmHg is reported between 10% and 
50% [1]. Survival of patients with POPH seems inferior to 
those with idiopathic PH. Poor prognostic factors are reduced 
cardiac output and severe hepatic dysfunction. Swanson 
et  al. showed in a group of 74 POPH patients followed 
between 1994–2007 that the 5-year mortality was 86% in 
untreated POPH patients, 55% in those with pharmacologi-
cal treatment and 33% in those with pharmacological treat-
ment and liver transplant. 54% of untreated patients died in 
the first year of diagnosis [11]. Perioperative mortality in 
POPH patients with liver transplant is on average 36% [12]. 
Perioperative mortality varies with the severity of 
POPH.  Patients with moderate PAH (mPAP between 
35–45  mmHg) have a perioperative mortality of approxi-
mately 50% following liver transplant. Almost all patients 
with severe POPH (mPAP>50 mmHg) die after liver trans-
plantation [13].

21.3  Hepato Pulmonary Syndrome (HPS)

21.3.1  Definition

Hepato-pulmonary syndrome (HPS) associates CLD or PH 
with  increased P(A-a)O2 ≥  15  mmHg or >20  mmHg for 
patients >65 years old while breathing ambient air, hypox-
emia (PaO2 < 80 mmHg) and intrapulmonary vascular dila-
tion demonstrated by contrast-enhanced echocardiography 
or lung perfusion scanning [3]. However, some patients do 
not have hypoxemia at least at the beginning of the disease. 
The concept was introduced in 1977 by Kennedy and 
Kudson [3].

21.3.2  Epidemiology

HPS has a prevalence of 1% in patients with CLD or PH but 
it increases to 30% in those proposed for hepatic transplanta-
tion [3]. Intra-pulmonary shunts or abnormalities of the oxy-
genation are more common, being cited in 5% of patients 
with cirrhosis and 25–65% of those with advanced hepatic 
disease proposed for hepatic transplantation [3]. It is gener-
ally manifested in the sixth decade of life.

21.3.3  Risk Factors

HPS is associated with hepatic cirrhosis and PH, but can also 
occur in patients with PH of another cause, especially Budd 
Chiari syndrome or in patients with chronic hepatitis, acute 
liver failure, hypoxic hepatitis. There are no correlations 
between the etiology of hepatitis, the sex of the patient and the 
prevalence of HPS. The severity of hepatic impairment assessed 
by Child Pugh and MELD scores is not correlated with the 
occurrence of HPS, although there is evidence that HPS is 
more common in patients with advanced hepatic disease.

21.3.4  Pathology

In HPS there is a pathological process of distal pulmonary 
vascular remodeling in the precapillary arterioles and pulmo-
nary capillaries that dilate, producing pulmonary arterio- 
venous anastomoses that do not respect the alveolar-capillary 
units and porto-pulmonary anastomoses [6]. Vascular dila-
tion  is diffuse but more important within lower lobes. The 
arterio-venous anastomoses developed within the pleura 
were called “spider naevi”.

21.3.5  Pathophysiology (Fig. 21.1)

HPS is characterized by pulmonary vasodilation which leads 
to an increase in the alveolar capillary gradient in O2 and 
hypoxemia through several mechanisms:

• Ventilation-perfusion (V/Q) mismatch within the exces-
sively perfused areas due to vasodilation

• The appearance of intrapulmonary shunts due to arterio- 
venous anastomoses.

• Reduction of O2 diffusion due to increased distance 
between the alveoli and capillaries

• The transit time of the red blood cells through pulmo-
nary capillaries is decreased due to hyperdynamic cir-
culation typical for cirrhosis. This reduces contact 
time with the alveolar air and therefore the gas 
exchange [3].
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The cause of pulmonary vasodilation is unclear and sev-
eral hypotheses are discussed (Fig. 21.1).

• There is an increased production of endothelial NO (eNO) 
and inducible (iNO). Dysfunctional liver would exces-
sively produce ET1 that reaches the lungs and stimulates 
the production of ETB receptors within the pulmonary 
microcirculation. They stimulate the production of eNO.

• The mesenteric blood stasis due to PH allows the gram- 
negative intestinal bacteria to entry into blood stream. 
Endotoxemia stimulates the production of inflammatory 
mediators, like tumor necrosis factor alfa (TNF-α) 
and  Haem-oxygenase that accumulates within the lung 
and attracts macrophages. These are seized within micro-
circulation and stimulate the production of iNO. Haem–
oxygenase catalyzes the degradation of heme and 
produces carbon monoxide (CO) which acts as vasodila-
tor and promoter of neovascular growth.

• Vascular endothelial growth factor (VEGF) is upregulated 
and increases the angiogenesis

• There is an increased levels of estrogen and progesterone 
in the context of liver failure

• There may be specific genetic pattern related to the poly-
morphisms in genes involved in the regulation of angio-
genesis [14].

Arterial deoxygenation is more important in orthostatism, 
a phenomenon called orthodeoxia. The patient is dyspneic in 
orthostatism. Increasing perfusion in pulmonary bases in 
orthostatism accentuates the V/Q imbalance and shunt effect. 
Arterial oxygenation and dyspnea are relieved by recum-
bence, a phenomenon called platypnoea [1].

In HPS hypoxemia improves with 100% O2 administra-
tion, in contrast to true intrapulmonary shunt [4].

Clinical manifestations are not specific. Symptoms are 
common with those of liver disease and PH.  The patient 
experiences exertional dyspnea, physical asthenia and physi-
cal examination reveals vascular stars, clubbing, central cya-
nosis. Orthodeoxia and platypnoea are described as specific 
signs of HPS, but they are only present in some patients. 
HPS may coexist with other cardiac and lung diseases that 
can cause hypoxemia. The increase in stroke prevalence by 
paradoxical emboli was noted [3].

21.3.6  Workup

Laboratory tests assess the severity of liver disease and its 
overall impact.

Pulmonary radiography has no characteristic features. 
It is useful for differential diagnosis. Sometimes an increased 
interstitial pattern in the bases is described. Cardiomegaly 
occurs late by RV dilation.

High resolution computed tomography may highlight 
the early occurrence of pulmonary vessels dilation within the 
lung bases.

The ECG does not show specific features but may show 
late signs of RV and RA hypertrophy.

Respiratory function tests record CO transfer coeffi-
cient reduction and increased P(A-a)O2 [3].

O2 saturation (SaO2) ≥ 96% excludes PaO2 < 70 mmHg 
with a sensitivity of 100% and a specificity of 88%. SaO2 < 95% 
is not well correlated with PaO2 that can vary ±10 mmHg in 
patients with cirrhosis for the same values of SaO2.

Arterial blood gas analysis with the determination of 
P(A-a)O2 performed during breathing in the ambient air 
is the screening test for the diagnosis of HPS [3]. Hypoxemia 
occurs and the P(A-a)O2 increases above 15  mmHg. The 
increase in P(A-a)O2 occurs early in HPS evolution and PaO2 
is the most important prognostic factor. Two other cut-off 
values have been proposed for (Pa-Pa)O2: 20 mmHg and age 
correlated values, which would increase the negative predic-
tive value of the diagnosis. The P(A-a)O2 in relation to age 
can be calculated with the following formula: P(A-a)
O2 = 10 + 0.43 (age in years—20). PaO2 level is a HPS sever-
ity classification criterion, although the patient is hyperventi-
lated and PaO2 underestimates the oxygenation deficiency.

Measurement of blood gases both in the supine and 
upright position can reveal the orthodeoxia, defined as a 
decrease in PaO2 of ≥4 mmHg or ≥5% of the supine value. 
However, the change in PaO2 from supine to upright is not a 
screening test for the diagnosis of HPS [16]. Most patients 
have oxygen desaturation during sleep [16]. Inhaled 100% 
O2 increases PaO2.

Pulmonary perfusion scintigraphy using macro- 
aggregated albumin (diameter  >  20  μm) marked with 
99mTc (MAA scan) assesses pulmonary vasodilatation by 
measuring the proportion of macroaggregates that reach 
beyond the lung. Albumin macro aggregates are normally 
collected within the lung capillaries. If there are arteriolar- 
capillary vasodilation and arterio-venous anastomoses the 
pulmonary capillary barrier is surpassed and the macroag-
gregates get extrapulmonary, basically in the brain. The cap-
ture of >6% macroaggregates within the brain has a 
diagnostic specificity of nearly 100% [3, 15]. However, the 
method is not part of the mandatory diagnostic tests to be 
performed in the HPS.  It is used in patients who associate 
chronic hypoxemic pulmonary parenchymal diseases.

21.3.7  Echocardiography

Classical transthoracic echocardiography does not offer 
specific elements. Dilation of right heart cavities can be 
highlighted, but cirrhosis not complicated with HPS may 
result in dilation of the right atrium due to hyperdynamic 
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circulation. The diagnostic technique of choice is con-
trast-enhanced echocardiography used for detecting the 
cause of the right atrial dilation. In HPS microbubbles 
(≤90  μm in diameter) obtained after injection of 10  ml 
normal saline that has been hand-agitated pass lately from 
the right atrium into the left atrium after more than four 
heart cycles. In the atrial septal defect opacification of the 
left atrium occurs in the first three cycles after the right 
atrium opacification. The technique can also be applied 
during transesophageal echocardiography [3]. There is a 
quantitative classification of the intrapulmonary shunt 
using the number of microbubbles passing in the left ven-
tricle during the contrast-enhanced echocardiography 
(Table 21.1) [16].

Contrast-enhanced echocardiography and MAA scan are 
the gold standard test for the diagnosis of HPS.

Pulmonary angiography may be normal or may reveal 
diffuse vascular dilation and arterio-venous anastomoses. 
Early vascular dilations  have spidery appearance and 
advanced vascular dilations  appear spongy. From angio-
graphic point of view, HPS is classified as type I with nor-
mal angiography or diffuse vascular dilations and type II 
with arterio-venous anastomoses. Pulmonary angiography 
has no well-established role in diagnosis of HPS. Pulmonary 
angiography was proposed to be performed in patients 
with PaO2 maintained <300 mmHg after breathing 100% 
O2. These patients have pulmonary arterio-venous anasto-
moses and their hypoxemia usually does not improve after 
liver transplantation [3].

21.3.8  HPS Classification

HPS is classified according to PaO2 level:

• Mild PaO2 ≥ 80 mmHg
• Moderate PaO2 60–80 mmHg
• Severe PaO2 50–60 mmHg
• Very severe PaO2 < 50 mmHg

21.3.9  HPS Prognosis

Hypoxemia progresses on average by 5  mmHg/year. 
Progression may also occur in patients with stable liver dis-
ease. Mortality at 2.5 years is between 40–60%. There is a 
higher prevalence of stroke and paradoxical embolism.

Hypoxemia does  not improve after liver transplant in 
patients with pulmonary arterio-venous anastomoses. The 
identification of these patients requires contrast enhanced 
echocardiography, pulmonary angiography and the calcula-
tion of the extrapulmonary shunt fraction. These patients 
may improve by performing pulmonary anastomoses embo-
lization before liver transplant.

21.3.10  HPS Treatment

Hepatic transplantation is the treatment of choice in HPS. 
Immediately postoperatively hypoxia may worsen, causing 
high postoperative mortality in the past (16%) but in the 
recent years postoperative mortality decreased. Six months 
after the transplantation patients no longer need O2 but HPS 
may recur later in patients with hepatic allograft becoming 
dysfunctional. Among the prognostic factors for postopera-
tive mortality are:

• PaO2 ≤ 50 mmHg in room air with 67% predictive posi-
tive value and 93% negative predictive value,

• extrapulmonary shunt fraction>20% with 64% positive 
and negative 100% predictive value [17, 18].

21.3.11  Pharmacological Treatment

Methylene blue decreases the sGC stimulation by NO and 
the vasodilation  and have some favorable results in small 
groups of patients by intravenous route of administration but 
is not currently used in practice [4, 16].

Octreotide is a somatostatin analog inhibiting the angio-
genesis but does not improve the hypoxemia in HPS. Sorafenib 
inhibits tyrosine kinase receptor and the production of eNO 
and also inhibits VEGF dependent angiogenesis [16]. There 
are also therapeutic attempts with pentoxifylline as a anti 
TNF-α inhibitor, N(G)-nitro-l-arginine-methyl ester which 
is a nitric oxide synthetase inhibitor, the vasoconstrictor 
almitrine bismesylate or garlic.

21.3.12  Conclusions

POPH and HPS are infrequent complications of the PH 
associated or not with CLD. Their occurrence seems related 
to the hyperkinetic circulation and to the existence of porto- 
systemic anastomoses but their mechanisms are different and 
not fully understood.

In POPH there is pulmonary arterial vasoconstriction and 
pathological pulmonary vascular features similar to those in 
idiopathic PH. In HPS there is dilation of the pulmonary pre 
capillary arterioles and pulmonary capillaries, pulmonary 

Table 21.1 Quantitative classification of the intrapulmonary shunt

No shunt No microbubbles
Stage 1 <30 microbubbles
Stage 2 30–100 microbubbles
Stage 3 >100 microbubbles
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arterio-venous anastomoses, increased P(A-a)O2 and hypox-
emia. The severity of the POPH depends on the level of 
increased mPAP. The severity of the HPS depends on the level 
of decreased PaO2. The clinic is non specific in both POPH and 
HPS. Some patients with HPS have orthodeoxia, platypnoea 
and high risk of stroke by paradoxical embolism. The screen-
ing test for POPH is TTE and the gold standard is right cardiac 
catheterization. The screening test for HPS is the determination 
of the arterial gases in ambient air with the determination of 
P(A-a)O2. Breathing 100% O2 normalizes hypoxemia. The 
gold standard tests for HPS are contrast enhanced echocardiog-
raphy and MAA scan. Both POPH and HPS are deleterious for 
the prognosis. The pulmonary vasodilation therapy is less effi-
cient in POPH than in other forms of PH. Moderate or severe 
POPH is a contraindication for  the hepatic transplantation. 
HPS improves after hepatic transplantation. (Table 21.2).

 Self Study

 Questions

 1. A 57 years old woman with post necrotic hepatic cirrhosis 
and portal hypertension is admitted in the hospital for 
dyspnoea to minimal efforts. Electrocardiography: sinus 
tachycardia, right ventricular hypertrophy. Transthoracic 
echocardiography: right ventricular and right atrial dila-
tion, mPAP 50 mmHg. Child Pugh score is B. Her treat-
ment involves Propranolol 60  mg/day, Spironolactone 
150 mg/day, Isodinitmononitrate 40 mg/day. What is the 
best therapeutic decision?

 (a) Including the patient on the liver transplant list
 (b) Sildenafil
 (c) Bosentan
 (d) Anticoagulation
 (e) Changing propranolol with bisoprolol

 2. What is true about the hepato-pulmonary syndrome?
 (a) The prevalence in chronic liver disease is 50%
 (b) It occurs especially in patients with posthepatitis 

cirrhosis
 (c) Sildenafil is the most useful treatment
 (d) It improves after hepatic transplantation
 (e) The gold standard test for diagnosis is right cardiac 

catheterization

 Answers

 1. A 57 years old woman with post necrotic hepatic cirrhosis 
and portal hypertension is admitted in the hospital for 
dyspnoea to minimal efforts. Electrocardiography: sinus 
tachycardia, right ventricular hypertrophy. Transthoracic 
echocardiography: right ventricular and right atrial dila-
tion, mPAP 50 mmHg. Child Pugh score is B. Her treat-
ment involves Propranolol 60  mg/day, Spironolactone 
150 mg/day, Isodinitmononitrate 40 mg/day. What is the 
best therapeutic decision?
(b)  Medium and severe POPH is a contraindication 

for  the liver transplantation. Bosentan worsens the 
hepatic function. The anticoagulation increases the 
hemorrhagic risk in a patient with hepatic cirrhosis. 

Table 21.2 Differences between POPH and HPS

POPH HPS
Definition • mPAP > 25 mmHg resting; >30 mmHg during the exercise 

AND
• PVR > 240 dyne∙s∙cm−5 or >3 u wood AND
• PCWP or LVEDP ≤ 15 mmHg

• P(A-a)O2 ≥ 15 mmHg
• ±PaO2 < 80 mmHg
• Intrapulmonary vascular dilations

Pathological features • Pulmonary arteries muscular hypertrophy
• Endothelial proliferation
• Adventiceal proliferation
• Plexiform arterial lesions
• In situ thrombosis
• Microaneurysms in pulmonary arteries

• Arteriolar and capillary dilations
• Pulmonary arterio-venous anastomosis
• Porto-pulmonary anastomosis

Clinical features • Non characteristic • Non characteristic
• Sometimes orthodeoxia; platypnoea
• Stroke by paradoxical embolism

Screening tests • TTE • Arterial gases in ambient air with the 
determination of P(A-a)O2

Gold standard test • Right cardiac catheterization • Contrast-enhanced echocardiography
• MAA scan

Treatment • Inconstant efficiency of the pulmonary vasodilation therapy
• moderate or severe POPH is a contraindication for the 
hepatic transplantation

• Hepatic transplantation

POHP porto-pulmonary hypertension, HPS hepato-pulmonary syndrome, TTE transthoracic echocardiography, mPAP mean pulmonary arterial 
pressure, PVR pulmonary vascular resistance, PCWP pulmonary capillary wedge pressure, LVEDP left ventricular end diastolic pressures, MAA 
macro-aggregated albumin
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The non selective beta blockers are indicated in PH 
and not the selective one.

 2. What is true about the hepato-pulmonary syndrome?
(d)  The prevalence of the HPS in chronic liver disease is 

1% and 30% in those proposed for hepatic 
transplantation. It doesn’t matter the etiology of the 
liver disease. Sildenafil can be used in POPH not in 
HPS. The gold standard test for diagnosis is MAA scan.

 Future Perspectives

The effort must be do to better understand the pathophysiol-
ogy of POPH and HPS. There is a possible genetic determina-
tion of the occurrence of the POPH and HPS. Future studies 
must bring additional data with regard to genetic status 
involved in POPH and HPS.  The early diagnosis is very 
important for improving the treatment and therefore we need 
new methods.
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Hepatic Abscesses

Bogdan Dorobanţu

22.1  Definition

A hepatic abscess (HA) is a purulent collection, single or 
multiple, developed intrahepatically.

22.2  History

Hippocrates [1] (c. 400 BC) was among the first to recognize 
liver abscess as an entity, speculating even the importance of 
the features of the lesion fluid on disease prognosis. At the 
beginning of the nineteenth century Bright [2], later Fitz [3] 
and then Dieulafoy [4], suggested the pathogenic involve-
ment of amoebas in the aetiology of liver abscesses, the first 

case of amoebaean abscess was documented by Osler in 
1890. Ochsner and De Bakey [5, 6] described hepatic 
abscesses and their treatment at the end of the fourth decade 
of the nineteenth century; patient typology being represented 
by young males with abdominal diseases (the most common 
cause at the time being pylephlebitis secondary to appendici-
tis—Dieulafoy [4] introducing the term “foie 
appendiculaire”).

22.3  Incidence

The incidence of liver abscesses has remained broadly 
unchanged over the last 60  years, with a prevalence of 
approximately 8–16 cases per 100,000 hospitalizations [7], 
but with changes seen in the age groups, shifting from 
decades 3–4 to decades 4–6, with increased incidence in 
patients over 60 years. At the same time, though incidence 
was known to be increased in men, at the moment the gap is 
closing (with the exception of amoebaean abscesses, in 
which case the ratio is 9–10: 1 ♂: ♀) [7].

22.4  Classification

Liver abscesses have been divided according to distribution 
of lesions, size, clinical features and type of treatment nec-
essary, into macro- and microabscesses. Thus, liver mac-
roabscesses are usually single or confluent, limited to a 
lobe of the liver (55% of cases present in the posterior seg-
ments of the right hemi-liver), with subacute symptoms and 
requiring drainage. Macroabscesses can be complicated by 
intraperitoneal fissure and secondary peritonitis, rupture 
into the pleural or pericardial cavity, rupture into a hollow 
organ.
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Key Concepts
• Bacterial aetiology should be consider facing 

hepatic abscess
• Ascendant biliary contamination is the most com-

mon mechanism of HA
• Untreated pyogenic liver abscesses are fatal in 

95–100% of cases
• Antibiotherapy associated with drainage or, in 

selected cases, liver resection is the main treatment
• In case of cryptogenic HA colonoscopy should be 

consider as colonic cancer can be involved
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Microabscesses represent 35% of cases, are multiple, 
bilateral, with acute clinical forms and requiring medical 
treatment aimed at the primary lesion [8].

22.5  Aetiopathogeny

Liver abscesses may have bacterial aetiology (specific or 
nonspecific), fungal or amoebaean.

The vast majority of liver abscesses are caused by gastro-
intestinal flora (over 75%) with Escherichia coli being pri-
marily incriminated (35–45%), followed by Klebsiella 
pneumoniae (more severe infection associated with the for-
mation of gas bubbles, and more common in diabetic 
patients), and Staphylococcus aureus and group A strepto-
cocci in approximately 20–25% of cases [7].

The incidence of anaerobic microorganisms is lower 
(possibly due to technical difficulties in isolating them). The 
most common are Bacteroides fragilis, Fusobacterium spp. 
and Clostridium spp. By using appropriate micro bacterio-
logical methods, abscesses determined by microaerophilic 
streptococci were also highlighted (S. milleri being extremely 
aggressive [9]). Introducing new microbiological methods 
showed significant decrease in the number of cryptogenic 
abscesses was reported (down to 13%, and up to 90% posi-
tive cultures).

Abscesses due to different Candida species occur mainly 
in liver transplant patients or in those receiving chemother-
apy for leukaemia [10].

In the case of pyogenic abscesses several mechanisms 
have been described:

 1. Ascendant biliary contamination the most common route 
of contamination, extrahepatic ductal obstruction (as a 
result of lithiasis, biliary or pancreatic cancer, or iatro-
genic) and secondary cholangitis representing 30–50% of 
cases [11–14].

In case of complete obstruction associated with 
increased pressure in the biliary tree the so-called “acute 
suppurative cholangitis” occurs, with miliary microab-
scesses, or single macroscopic abscesses if the obstruc-
tion is not complete. The same ascendant mechanism is 
incriminated in case of hepatic cysts contamination 
(hydatid or serous), and Caroli disease [15].

 2. Haematogenous contamination via two dissemination 
routes: portal and arterial.

In the first case, hepatic abscesses develop by suppura-
tive thrombophlebitis of the portal vein secondary to 
appendicitis, diverticulitis, pancreatitis and infected 
haemorrhoids [6, 11, 12].

Hepatic arterial infection can occur due to systemic 
bacteraemia (most commonly miliary microabscesses), to 
hepatic artery thrombosis after liver transplantation (more 

common in children) [16–18], or in hepatic artery thera-
peutic embolization (haemobilia, liver tumours) [19, 20]

 3. Hepatic trauma (penetrative or non-penetrative) can be 
complicated by abscesses, by necrosis, haemorrhage and 
bile leak at their level, or iatrogenic following surgical 
manoeuvres [21] (hepatorrhaphies bringing the wound 
edges closer have been forbidden).

 4. Direct contamination by propagation of a neighbouring 
infectious process (purulent cholecystitis, subphrenic 
abscess, perforation of the stomach or intestine) [22, 23]

 5. Other mechanisms may include liver tumour necrosis, 
subsequent to biliary stents, liver biopsies, in the treat-
ment of liver tumours by cryotherapy or radiofrequency 
ablation, or trans catheter chemoembolization via the 
hepatic artery [24–27]. There is also the possibility of 
15–20% of cases developing abscesses without an obvi-
ous cause, which fall into the category of idiopathic 
liver abscesses—lately colonic lesions with mucosal 
defects were considered colonic causes of part of these 
abscess [28].

22.6  Diagnosis

22.6.1  Clinical Manifestations

Clinical diagnosis of liver abscesses is difficult because of 
nonspecific semiology, in many cases the only symptom 
being fever. Associated to fever one can register other non-
specific symptoms as well, such as fatigue, nausea, vomiting, 
abdominal pain, which dominate the clinical picture. 
Depending on the pathogen, specific symptoms may appear: 
jaundice for biliary obstruction (HA patients of biliary aeti-
ology usually address the hospital sooner), heart failure syn-
drome in case of endocarditis. In general, microabscesses 
present acute symptoms, with fever, chills, profuse sweating, 
right upper quadrant pain, impaired general state to the 
extent of shock, liver failure. In case of macroabscesses the 
symptoms are subacute, lasting from several days to several 
weeks, with fever (90% of cases), vomiting (50–75%), night 
sweats, anorexia, and weight loss. Rarely, for abscesses rup-
tured into the abdomen, the clinical picture may become 
acute, with peritonitis and septic shock [12, 24, 29].

22.6.2  Imaging Explorations

Due to lack of specificity of symptoms, in most cases the 
diagnosis of HA is the prerogative of imaging methods, 
which as a result of the development of ultrasound and com-
puted tomography in the ‘70s make it possible to establish an 
early diagnosis and even constitutes a method of treatment 
(percutaneous drainage guided by ultrasound or CT scan).
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Ultrasound is the “front line” investigation and allows 
establishing a diagnosis to an accuracy of 85–95% (for 
lesions over 2 cm). CT scan and lately even FDG PET/CT (in 
metastatic liver disease) has the highest sensitivity (95–
100%) for diagnosing HA larger than 0.5 cm and can detect 
the original focus [30].

Magnetic resonance imaging offers data comparable to 
ultrasound and CT, but is less accessible due to costs. 
Associated with the administration of a contrast agent 
(MRCP or angioMRI) it allows for obtaining fine details of 
the biliary tree and liver vascularization that can be useful, as 
well as differentiating abscesses under 3  mm from other 
lesions (haemangioma or metastasis) [31, 32].

Simple radiography can detect right lung atelectasis, ele-
vation of the right hemidiaphragm or reactive pleural effu-
sion, and in case of gas forming microorganism abscesses it 
can highlight air-fluid levels in the liver area [7].

22.6.3  Laboratory Tests

Biological tests are not specific and generally reflect inflam-
matory syndrome. In almost all cases of pyogenic abscesses, 
liver and blood tests are modified, leucocytosis being present 
in over 75% of cases (its absence does not exclude the diag-
nosis of HA) and anaemia being found in 50–65% of patients. 
In what concerns liver function tests, increased alkaline 
phosphatase was observed in 74% of patients and increased 
bilirubin in 40%. Blood cultures are positive in approxi-
mately 50% of cases [33].

22.6.4  Differential Diagnosis

The differential diagnosis is difficult to conduct due to often 
unspecific clinical manifestations, difficulty in the differen-
tial diagnosis of clinical hepatic abscesses with acute chole-
cystitis, cholangitis, subphrenic or subhepatic abscesses, 
liver tumors (entities that can determine in turn abscesses), 
hepatic hydatid cyst, in this context being understandable. 
Even in the presence of modern imaging methods, there are 
situations in which preoperative diagnosis of HAs is not 
easy to specify. Thus, suppurations with multiple microab-
scesses, with liver parenchyma carnification may take some 
pseudotumoral shapes that make them difficult to distin-
guish by imaging methods and even intraoperatively from 
abscessed tumours, and vice versa, lesions with clinical and 
imaging features suggestive of liver metastases having pro-
vided surprises after puncture biopsy or histopathology 
exam, the final diagnosis being that of multiple hepatic 
abscesses. The same diagnostic difficulties arise in the pres-
ence of necrotic tissue, blood clots or purulent 
macroabscesses.

22.7  Evolution

Untreated pyogenic liver abscesses are fatal in 95–100% of 
cases, death occurring due to subsequent rupture and/or sep-
sis. Spontaneous drainage often occurs into the peritoneum 
or pleural cavity, usually determining septic shock and death 
of the patient (they can rarely spontaneously drain exter-
nally or into the bowels—favourable prognosis). Prognostic 
factors are represented by age, number of abscesses and 
number of aetiological agents involved, along with the asso-
ciation of malignant lesions or other conditions of immuno-
suppression. In addition, hypoalbuminemia, 
hyperbilirubinemia and significant increase in blood level 
urea in turn appear as the main laboratory factors associated 
with a poor prognosis [7].

22.8  Treatment

Treatment of liver abscesses is different depending on the 
type and pathogenesis of the lesion, the biological status and 
age of the patient, addressing the cause of HA being always 
mandatory.

The main methods of treatment used in HA along with 
antibiotics and addressing the original cause are drainage 
(percutaneous—under ultrasound or CT guidance, and sur-
gical drainage) or liver resection. The choice of method 
depends on the localization, size and multiplicity of the 
abscess in accordance with the biological state of the patient 
or the presence of an abdominal pathology that requires per 
primam surgical intervention (sometimes indicated in the 
combination of these methods).

In case of liver microabscesses (single or multiply dis-
seminated) where drainage is impossible, treatment consists 
in antibiotherapy. Antibiotics may be administered in com-
bination (e.g. betalactamines, aminoglycosides and metroni-
dazole) or alone (broad-spectrum antibiotics) for a period 
that can vary between 3–12  weeks (some authors recom-
mend 2 weeks iv administration followed by 4 weeks of oral 
administration) [7]. In case of limited hepatic area localiza-
tion of microabscesses and antibiotic inefficiency, liver 
resection may be a therapeutic option (but with a poor 
prognosis).

Pyogenic macroabscesses benefit from percutaneous 
drainage under CT or ultrasound guidance as the treatment 
of choice, associated with antibiotherapy with a success rate 
of between 85–90% [34]. Most liquefied abscesses and even 
multiloculate ones can be drained through a single catheter, 
with eviction of content (and bacteriological sampling!). 
Subsequent to drainage, the remaining cavity should be fol-
lowed- up by imaging methods to monitor its effectiveness. 
Complications of drainage can be represented by sepsis sec-
ondary to abscess handling, haemorrhage, pneumothorax, 
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empyema or catheter mispositioning with intraperitoneal 
contamination.

In case of percutaneous drainage inefficiency (10–30% 
of cases) by catheter placement deficiency, cavity compart-
mentalization, or viscosity of content, but especially in case 
of abscess developed by a malignant liver lesion or associ-
ated with chronic granulomatosis, surgical drainage is nec-
essary and in the last two cases even liver resection [7] 
(Fig. 22.1).

Surgical drainage can be performed through open sur-
gery by anterior transperitoneal approach (in most cases) 
(Fig. 22.2), but also by retroperitoneal approach preceded by 
resection of the 12th rib (solitary, single, large abscesses 
with posterior superior site). Laparoscopic approach is 
reserved for carefully selected cases (single abscess located 
in laparoscopically accessible segments) [35]. In all these 
cases, incision and evacuation of the abscess are followed by 
debridement and cavity lavage, followed by external drain-
age with declivitous placement of the drainage tubes. As 
with percutaneous drainage, bacteriological sampling is 
mandatory here as well, along with that of a fragment of the 
abscess wall for histological examination (to exclude an 

abscessed tumour). Another advantage of open approach is 
represented by intraoperative ultrasound, which can locate 
abscesses at liver parenchyma level.

Some authors recommend endoscopic papillosphincter-
otomy (ERCP) followed by extraction of calculi and place-
ment of a naso-biliary catheter that allows antibiotic lavage 
for HA secondary to suppurative cholangitis caused by lithi-
asis [36].

Liver resection addresses well codified cases, when the 
clinical-biological condition of the patient allows it and pre-
senting multiple abscesses in a limited area, or abscesses 
affecting a whole hemi-liver [37] (Fig. 22.1), and, as already 
mentioned, when there is a suspicion of abscessed liver 
tumour or liver abscesses associated with chronic granulo-
matous disease. Postoperative complications (14.8% of 
cases) may include bleeding or biliary leakage from the 
externally drained cavity or from the liver cutting surface, or 
late biliary fistula or abscess recurrence [31].

Mortality in case of hepatic abscesses has remained sig-
nificant, but with a remarkable positive development follow-
ing the appearance of antibiotics and diagnostic and imaging 
drainage methods, with a decrease in mortality from 60–80% 

Fig. 22.1 Percutaneous 
drainage inefficiency followed 
by right hemiliver resection

Fig. 22.2 Surgical drainage
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(before the ‘70s) to 7–11% currently [31]. Negative prognostic 
factors are represented by disseminated abscesses and sepsis 
at presentation, advanced age, presence of pre- existing liver 
diseases, or malignant liver tumours. In this context, in the 
case of single treatment with antibiotics mortality is about 
50% [38].

22.9  Amoebaean Abscesses

Worldwide Entamoeba histolytica infestation is 10%, with 
an incidence of 15–30% in tropical areas. Amoebaean liver 
abscesses affect mainly men (9–10: 1) [29], and the most 
affected age groups include decades 3–5 (lately there is an 
increase in children under 3 years) [7]. The term abscess is 
not particularly appropriate for these lesions because their 
content is brown, pasty, amicrobial and lacking neutrophils, 
lesions being characterized by three microscopic zones: a 
central coagulation necrosis area, a middle area of 
 parenchymal destruction, and a peripheral area in which 
amoebas are found next to healthy tissue.

Amoebiasis occurs after the ingestion of E. histolytica 
cysts, the trophozoites released in the intestine enter the por-
tal circulation and cause liver infarction, with necrosis and 
abscess formation; in 90% of cases macroabscesses are 
formed in the right hepatic lobe at dome level or lower, in 
juxtaposition with the hepatic colonic angle.

Clinically, it manifests by subacute evolution of several 
weeks or months, with fever and pain in the right upper 
quadrant; while hepatomegaly is almost ubiquitous, jaundice 
is quite rare.

Anaemia and leucocytosis are the most common biologi-
cal changes, but leucocytosis is predominant in acute stages 
and anaemia in long evolution. Indirect haemagglutination 
test is positive in 90% of cases. The diagnosis is established 
in one third of cases through parasitological exam of the 
aspirated content, and by histological examination in case of 
surgical treatment [39].

From an imaging point of view, ULTRASOUND EXAM 
is the main diagnostic method, accuracy and reliability of the 
method reaching up to 100%. Suggestive images are repre-
sented by round or oval formations, hypoechogenic- 
homogeneous. Ultrasound also appears as the main method 
of monitoring the dynamic evolution, highlighting changes 
in size, echogenicity, or number regarding the lesions. Return 
to a normal ultrasound aspect of the affected parenchyma 
spans over a period of months or even years.

CONTRAST AGENT CT SCAN also appears useful in 
diagnosis, an abscess being viewed as an area with low den-
sity, thin edges and adjacent thickened liver area. Lately 
some authors tends to identify and quantify the differen-

tially abundant membrane proteins by comparing the mem-
brane proteins of virulent and avirulent variants of E. 
histolytica, as Entamoeba histolytica membrane proteins are 
important players toward the pathogenesis of amoebiasis 
[40–43].

Amoebaean abscess complications are superinfection in 
22% of cases and pleuropulmonary complications with dia-
phragm effraction and establishment of a pleural empyema 
in 20% of cases, sometimes discharged through vomica. In 
6–9% of cases abscess rupture in the peritoneal cavity or in 
the abdominal viscera occurs (the most dangerous situation 
is represented by an abscess extended to the left liver lobe 
rupturing in the pericardium). This feature is explained by 
the fact that the amoebaean abscess is bordered by a thin 
capsule of granulation tissue, showing poor resistance to 
increased pressure and being the main cause of a spontane-
ous rupture.

First intent treatment is medical, with anti-amoebaean 
agents: metronidazole (750 mg ∗ 3/day for 7–14 days) or 
emetine, dehydroemetine, or chloroquine. If after 48  h 
from treatment initiation symptomatology does not 
improve, a superinfection or diagnostic error should be 
suspicioned, in both cases drainage representing the alter-
native to medical treatment [7]. Also, in case of complica-
tions such as ruptures, fissures, perforation, as well as 
percutaneous drainage insufficiency, surgical treatment 
(evacuation and external drainage of the cavity) is indi-
cated, being however associated with a higher morbidity 
rate and longer hospital stay [44]; nevertheless, the mini-
mally invasive approach has proven better results in 
selected cases [35, 45].

 Self Study

 Questions

 1. Regarding pyogenic liver abscesses, one of following is 
true:
 (a) have an 80% mortality if untreated.
 (b) usually involves Clostridium spp.
 (c) the main treatment consist in antibiotherapy with 

drainage.
 (d) have the highest incidence in tropical areas.

 2. Which statement/statements is/are true?
 (a) Amoebian HA is the most frequent worldwide
 (b) TACE used in liver tumors can determine HA
 (c) HAT following liver transplantation is one cause of 

HA
 (d) b, c
 (e) a, c
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 Answers

 1. Regarding pyogenic liver abscesses, one of following is 
true:
 (a) have a 95–100% mortality if untreated.
 (b) usually involves gastrointestinal flora (over 75%) 

with Escherichia coli being primarily incriminated 
(35–45%), followed by Klebsiella pneumoniae.

 (c) the main treatment consist in antibiotherapy with 
drainage. CORRECT

 (d) amoebian HA have the highest incidence in tropical 
areas.

 2. Which statement/statements is/are true?
 (a) Amoebian HA is the most frequent in tropical areas
 (b) TACE used in liver tumors can determine HA
 (c) HAT following liver transplantation is one cause of 

HA
 (d) b, c CORRECT
 (e) a, c
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Liver Cirrhosis

Feifei Hou, Ran Wang, Bing Han, Zhaohui Bai, Yingying Li, 
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23.1  Introduction

Liver cirrhosis is the end stage of various chronic liver dis-
eases, which is the 13th leading cause of death worldwide 
with increasing mortality rates in the last decades. 
Histologically, it is characterized by nodular regeneration, 
extinction of hepatic parenchyma, collapse of hepatic tis-

sues, and distortion of hepatic vessels. Clinically, patients 
with liver cirrhosis manifested as liver dysfunction and por-
tal hypertension related complications, such as ascites, jaun-
dice, variceal bleeding, and encephalopathy. In this chapter, 
we reviewed the current knowledge regarding epidemiology, 
etiology, pathology, clinical presentations, laboratory tests, 
imaging, diagnosis, staging, management, and prognostic 
assessment of liver cirrhosis.

23.2  Epidemiology

There is an increasing trend in the morbidity of liver cirrho-
sis in the world. In the United Kingdom, the morbidity of 
liver cirrhosis increased from 12.05 to 16.99 per 100,000 
person years from 1992 to 2001. In Southern Sweden 
involving a population of 1.17 million, a total of 1317 
patients with liver cirrhosis were identified from 2001 to 
2011. The annual incidence of liver cirrhosis was estimated 
at 14.1/100,000. In China, the incidence of cirrhosis was 
about 17/100,000.

23.3  Etiology

23.3.1  Viral Hepatitis

Chronic hepatitis secondary to hepatitis B and C virus 
infections should be a major cause of liver fibrosis and cir-
rhosis. Hepatitis C virus infection is more common in 
more developed countries; by contrast, hepatitis B virus 
infection is dominant in Africa and most parts of Asia. It is 
estimated that 2–10% of patients with chronic hepatitis B 
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Key Concepts
• Liver cirrhosis is the end stage of chronic liver dis-

eases with an increasing morbidity worldwide.
• Complications, such as ascites, spontaneous bacte-

rial peritonitis, hepatic encephalopathy, acute vari-
ceal bleeding, and hepatorenal syndrome, had a 
significantly negative effect on the prognosis of cir-
rhotic patients.

• Management aims at preventing the progression of 
liver cirrhosis and the development of decompensa-
tion events.

• Liver transplantation is the most effective curative 
treatment for liver cirrhosis.

• Child-Pugh and MELD scores are important tools 
for predicting the prognosis of liver cirrhosis.
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virus infection develop cirrhosis every year. Additionally, 
hepatitis A and E virus infections hardly progress into liver 
cirrhosis.

23.3.2  Alcoholic Liver Disease

Alcoholic toxicity can lead to hepatic tissue damage, and 
then develop liver steatosis and cirrhosis. In Europe, 
chronic alcohol use is the most common cause of liver 
cirrhosis.

23.3.3  Non-alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease refers to excessive fat accu-
mulation in the liver after excluding alcohol and other defini-
tive liver damage factors. It is often accompanied with 
obesity, diabetes, insulin resistance, hypertriglyceridemia, 
and cardiovascular diseases.

23.3.4  Cholestasis

Primary or secondary cholestasis can increase the concentra-
tions of bile acids and bilirubin, thereby destroying hepato-
cytes and leading to the development of liver cirrhosis.

23.3.5  Circulation Disorders

Chronic right heart failure, constrictive pericarditis, hepatic 
venous outflow obstruction syndrome, and sinusoidal 
obstruction syndrome can cause long-term liver congestion 
and hypoxia, thereby resulting in necrosis and fibrosis in the 
central lobe of the liver.

23.3.6  Drugs and Industrial Poisons

Prolonged or repeated exposure to medications associated 
with liver injury (i.e., acetaminophen, methyldopa, etc.) or 
industrial toxicants (i.e., carbon tetrachloride, phosphorus, 
and arsenic) can evolve into cirrhosis.

23.3.7  Others

Genetic and metabolic diseases (i.e., hemochromatosis, 
Wilson’s disease, antitrypsin deficiency, etc.), autoimmune 
liver diseases (i.e., primary biliary cirrhosis, primary scleros-

ing cholangitis, autoimmune hepatitis), and parasites (i.e., 
schistosomiasis, etc.) are also the possible causes of liver 
cirrhosis.

23.4  Pathology

Transition from chronic liver disease to liver fibrosis mainly 
involves inflammation, activation of hepatic stellate cells 
with ensuing fibrogenesis, angiogenesis, and parenchymal 
extinction lesions caused by vascular occlusion. Hepatic 
fibrosis is reversible at early stage, but is often irreversible 
when pseudo-lobule develops excessively with fibrous 
septum.

23.5  Clinical Stages and Presentations

Generally, liver cirrhosis is clinically divided into compen-
sated and decompensated stages. Compensation stage is 
often asymptomatic with normal liver function or mildly 
abnormal hepatic enzyme. It is further classified into com-
pensated cirrhosis without and with gastroesophageal vari-
ces. Classically, patients with mild portal hypertension (i.e., 
hepatic venous pressure gradient >5 mmHg and <10 mmHg) 
have no varices, but those with clinically significant portal 
hypertension (i.e., hepatic venous pressure gradient 
>10  mmHg and <12  mmHg) often have a higher risk of 
developing varices and decompensation. Upper gastrointes-
tinal endoscopy is the golden diagnostic method of gastro-
esophageal varices. Recently, many non-invasive methods 
have been employed, such as liver and spleen stiffness, plate-
lets count, and some liver fibrosis indexes. Decompensation 
events traditionally include ascites, variceal bleeding, hepatic 
encephalopathy, and jaundice. Infection and occlusive portal 
vein thrombosis are also considered as novel markers for 
clinical decompensation.

Ascites is the most common decompensation event in 
patients with cirrhosis. Common clinical presentations of 
ascites include abdominal distension, abdominal pain, and 
even frog-like abdomen and umbilical hernia. Dyspnea and 
palpitation may occur when the diaphragm is raised by a 
large amount of ascites. Major pathogenesis of ascites 
include sodium and water retention, hypoproteinemia, 
decreased effective arterial blood volume due to activation of 
sympathetic nervous system and renin-angiotensin- 
aldosterone system, retardation of lymphatic flow, and portal 
hypertension. According to the amount of fluid in the abdom-
inal cavity, the grade of ascites is classified into mild, moder-
ate, and large or gross ascites. Refractory ascites refers to the 
recurrence of ascites for at least three times during a 
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12-month period in spite of dietary sodium restriction and 
adequate diuretic dosage.

Spontaneous bacterial peritonitis is frequently compli-
cated in patients with ascites. Spontaneous bacterial peritoni-
tis is diagnosed if the ascitic polymorphonuclear leucocyte 
count is beyond 250/mm3. Major pathogenic bacteria are 
Gram-negative bacilli, such as E. coli, Klebsiella pneu-
moniae, and other Enterobacteriaceae. Some Gram-positive 
bacteria, such as d Streptococci and Staphylococci, are 
involved in 23–40% of patients with spontaneous bacterial 
peritonitis. Clinical presentations are low-grade fever, 
anorexia, rapid growth of ascites, and peritoneal irritation. 
Average mortality rate is about 30%.

Hepatic hydrothorax is defined as a large amount of tran-
sudative pleural effusion in cirrhotic patients after excluding 
primary cardiopulmonary or malignant diseases. Common 
clinical presentations include dyspnea, shortness of breath, 
coughing, and chest pain. Patients with hepatic hydrothorax 
usually have a high percentage of ascites and Child-Pugh 
class B-C. Sodium restriction diet and diuretics cannot con-
trol the clinical manifestations.

Hepatorenal syndrome, which mainly manifests as oligu-
ria, anuria, and azotemia, refers to the occurrence of renal 
dysfunction or failure in advanced cirrhosis without any 
obvious organic kidney disease or use of nephrotoxic-drugs. 
It is associated with hypovolaemia after gastrointestinal 
bleeding, paracentesis or diuretics or severe sepsis. 
Traditionally, hepatorenal syndrome is divided into two 
types. Type 1 hepatorenal syndrome is associated with rapid 
deterioration of renal function, usually occurring in severe 
sepsis. Prognosis of type 1 hepatorenal syndrome is poor 
with a 3-month survival rate of 15%. Type 2 hepatorenal syn-
drome refers to a steady and moderate functional renal fail-
ure, commonly occurring in cirrhosis with refractory 
ascites.

Hepatic encephalopathy is the most common cause of 
death in liver cirrhosis with a 1-year survival rate of about 
36%. Common causes of hepatic encephalopathy include 
acute liver failure, portosystemic shunting, and gastrointesti-
nal bleeding. According to the Spectrum of Neuro-cognitive 
Impairment in Cirrhosis (SONIC) classification criteria, 
hepatic encephalopathy is divided into two types. Covert 
hepatic encephalopathy is defined if a cirrhotic patient has 
neuropsychological and/or neurophysiological abnormalities 
but no disorientation or asterixis. Covert hepatic encepha-
lopathy occurs in 20–80% of patients with liver cirrhosis. 
Overt hepatic encephalopathy is defined if a patient has obvi-
ous clinical signs of hepatic encephalopathy, which may 
present with directional and computational impairments, 
asterixis, drowsiness, and even coma. The prevalence of 
overt hepatic encephalopathy is 10–14% at the time of diag-

nosis of cirrhosis, 16–21% in patients with decompensated 
cirrhosis, and 10–50% in patients treated with transjugular 
intrahepatic portosystemic shunt.

Hepato-pulmonary syndrome is a rare complication of 
liver cirrhosis due to porto-pulmonary hypertension and por-
tal hypertension. Dyspnea, cyanosis, and clubbing are com-
mon clinical presentations of hepato-pulmonary syndrome 
due to pulmonary vasodilation and dysfunction of arterial 
oxygen synthesis.

Cirrhotic cardiomyopathy is characterized by chronic car-
diac dysfunction in cirrhosis patients without any known car-
diac disease. It often manifests as reduced cardiac contractility 
with systolic and diastolic dysfunction and presence of elec-
trophysiological abnormalities. Clinically, increased levels 
of pro-brain natriuretic peptide and troponin T and QT inter-
val prolongation are frequently observed in cirrhosis.

Portal vein thrombosis refers to the formation of throm-
bus within the intrahepatic and/or extrahepatic portal vein, 
splenic vein, and superior mesenteric vein. Patients with por-
tal vein thrombosis can present with severe abdominal pain, 
intestinal necrosis, and gastrointestinal bleeding. Risk fac-
tors for portal vein thrombosis include reduced portal vein 
flow velocity, worse liver function, thrombophilia, splenec-
tomy, and other surgical procedures. Recently, use of non- 
selective beta-blockers is also considered as a major risk 
factor for portal vein thrombosis.

Sarcopenia, which is characterized by skeletal muscle 
mass depletion and muscle dysfunction, a hallmark sign of 
malnutrition in cirrhotic patients with a morbidity of 
40–70%. Sarcopenia is associated with decreased hepatic 
synthetic function, clearance of ammonia, and increased sys-
temic inflammation and muscle breakdown. Sarcopenia has 
a significantly negative effect among cirrhotic patients on the 
prognosis and quality of life.

Hepatocellular carcinoma is the fifth most common type 
of cancer and the second leading cause of cancer-related 
death worldwide. Liver cirrhosis is present in most (>80%) 
of hepatocellular carcinoma cases. Hepatocellular carcinoma 
has several specific epidemiologic features, including 
dynamic temporal trends, marked variations among geo-
graphic regions, racial groups, and gender, and presence of 
potentially preventable risk factors. Currently, the most 
effective curative treatment for hepatocellular carcinoma is 
liver transplantation, but its wide application is limited by 
the shortage of liver grafts and the possibility of tumor recur-
rence. Other major treatments include hepatic resection, 
local ablation, transarterial chemoembolization, molecular 
targeted drugs, and best supportive care. Prognosis of hepa-
tocellular carcinoma largely depends on the severity of liver 
dysfunction, tumor stage at diagnosis, and patient access to 
radical treatment.
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23.6  Laboratory Tests

Routine blood tests are usually normal in compensated cir-
rhosis. By contrast, in decompensated cirrhosis, due to the 
occurrence of gastrointestinal bleeding and hypersplenism, 
white blood cell, red blood cell, and platelet count will be 
below the normal range. Liver function tests used to evaluate 
the prognosis of cirrhosis and its complications mainly 
include serum transaminase, bilirubin, albumin, and pro-
thrombin time.

23.7  Imaging

Ultrasonography is the first-line choice for diagnosis of liver 
cirrhosis, followed by computed tomography and magnetic 
resonance scans. Classical imaging features of liver cirrho-
sis include an imbalance in the ratio of right hepatic lobe to 
left hepatic lobe, hepatic fissure widening, and uneven or 
rough liver surface (Figs. 23.1 and 23.2). Doppler ultraso-
nography and contrast-enhanced CT and MRI scans are use-
ful to observe the presence of portosystemic collaterals, 
portal vein flow velocity, and portal vein thrombosis. 
Transient elastography, which is employed for the measure-
ment of tissue elasticity, is one of the most frequent methods 
for non-invasive assessment of liver fibrosis. Liver biopsy is 
the gold standard test for the diagnosis of cirrhosis, but is 
potentially invasive.

23.8  Diagnosis

Clinically, the diagnosis of liver cirrhosis is not difficult. 
Several major diagnostic criteria are as follows.

• Previous history of chronic liver diseases and possible 
etiology of cirrhosis, such as viral hepatitis, alcohol 
abuse, chronic drug abuse, and family history of liver 
diseases.

• Major clinical manifestations of liver dysfunction and 
portal hypertension.

• Major liver dysfunction tests, such as decreased albumin, 
elevated bilirubin, and prolonged prothrombin time.

• Ultrasonography and contrast-enhanced CT and MRI 
findings suggesting the characteristics of liver 
cirrhosis.

• Liver histology, if inconclusive.

23.9  Treatment

Treatment of cirrhosis should aim at interrupting or reversing 
fibrosis. However, antifibrotic drugs are often insufficient to 
reverse fibrosis consistently or improve outcomes in cirrhotic 
patients. Treatment of compensated stage directs at prevent-
ing from the progression into decompensation stage, and that 
of decompensated stage focuses on preventing the develop-
ment of complications of cirrhosis.

Fig. 23.1 Contrast-enhanced CT scan in a patient with liver cirrhosis 
showing an imbalance in the ratio of right to left hepatic lobe, splenomeg-
aly, mild ascites around the liver and spleen, and uneven liver surface

Fig. 23.2 CT scan in a patient with sarcopenia. Skeletal muscle is col-
ored in red using Slice-O-Matic software. Skeletal muscle area at the 
third lumbar is used to calculate the SMI (skeletal muscle area index). 
Sarcopenia is diagnosed according to the criteria that SMI ≤52.4 cm2/
m2 in males and ≤38.5 cm2/m2 in females
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23.9.1  Antiviral Treatment

Viral replication activity is one of the most important risk 
factors for cirrhosis progression. Patients with hepatitis B 
virus related decompensated cirrhosis should be immedi-
ately receive antiviral treatment with nucleos(t)ide ana-
logues, irrespective of hepatitis B virus DNA replication 
level. The first-line nucleos(t)ide analogues for chronic 
hepatitis C virus infection include entecavir, tenofovir, 
and tenofovir alafenamide, which are generally safe in 
patients with decompensated cirrhosis. Treatment with 
tenofovir for 5 years slow down the progression of hepati-
tis B virus related cirrhosis. Selection of antiviral drugs 
for patients with hepatitis C virus related cirrhosis should 
depend on hepatitis C virus genotype/subtype and severity 
of liver dysfunction. Antiviral drugs in such patients 
include IFN-free or ribavirin- free sofosbuvir, ledipasvir, 
velpatasvir and voxilaprevir. Because IFN could cause 
liver failure, it is disabled in patients with decompensated 
cirrhosis.

23.9.2  Ascites

Cirrhotic patients with mild or moderate ascites should be 
advised to reduce their sodium intake and to avoid foods 
with a high salt content. Dietary sodium restriction to 
88  mmol per day is recommended. Spironolactone can be 
used alone or in combination with furosemide. The starting 
dose can be 100 mg of spironolactone and 40 mg of furose-
mide. Depending on the treatment response (weight loss of 
>1.5 kg/week), the dose can be increased in a stepwise fash-
ion until a maximum dose of 400 mg of spironolactone and 
160 mg of furosemide every day. Refractory ascites can be 
treated by large-volume paracentesis with albumin adminis-
tration, transjugular intrahepatic portosystemic shunt, and 
liver transplantation. Once a diagnosis of spontaneous bacte-
rial peritonitis has been made, antibiotics should be initiated 
immediately.

23.9.3  Variceal Bleeding

General principles for treatment of acute variceal bleeding 
include blood transfusion, vasoactive drugs, prophylactic 
antibiotics, endoscopic therapy, transjugular intrahepatic 
portosystemic shunt, and surgical shunt. Vasoactive drugs, 
mainly including terlipressin, somatostatin, and octreotide, 

can effectively reduce portal pressure, thereby controlling 
acute bleeding events. Empirical broad spectrum antibiot-
ics have been shown to reduce bacterial infection, rebleed-
ing, and mortality. Endoscopic therapy mainly includes 
band ligation, sclerotherapy, and glue injection. Evidence 
suggests that variceal band ligation is superior to sclero-
therapy in terms of complications, re-bleeding, and variceal 
eradication. Early transjugular intrahepatic portosystemic 
shunt should be considered in patients at high risk of treat-
ment failure after initial endoscopic and pharmacological 
therapy. Surgical shunt has been largely replaced by mini-
mally invasive transjugular intrahepatic portosystemic 
shunt. Non- selective beta-blockers or endoscopic band 
ligation has been recommended for the primary prophy-
laxis of variceal bleeding in patients with cirrhosis who 
have high-risk varices. Notably, non-selective beta-block-
ers may be ineffective for preventing the growth of small 
varices and lead to drug- related adverse effects. Non-
selective beta-blockers combined with endoscopic band 
ligation is the first-line choice for the secondary prophy-
laxis of variceal bleeding. Traditional non-selective beta-
blockers include propranolol and nadolol. Carvedilol is 
more effective than propranolol in reducing hepatic venous 
pressure gradient.

23.9.4  Hepatic Encephalopathy

Primary therapy of hepatic encephalopathy is the resolution 
of precipitating factors, such as infection, gastrointestinal 
bleeding, dehydration, constipation, electrolyte distur-
bance, and drug abuse. Gut-based therapies (lactulose and 
rifaximin) and extra-luminal therapies (l-ornithine l-aspar-
tate) are used for the management of hepatic encephalopa-
thy. Clinical effectiveness and safety of albumin for the 
treatment of hepatic encephalopathy is under debate. 
Transjugular intrahepatic portosystemic shunt is a major 
precipitant of hepatic encephalopathy, and shunt reduction 
or occlusion may be required for the management of hepatic 
encephalopathy.

23.9.5  Hepatorenal Syndrome

Primary therapy of hepatorenal syndrome is also the reso-
lution of precipitating factors, such as refractory ascites, 
spontaneous bacterial peritonitis, and massive gastroin-
testinal bleeding. Because splanchnic vasodilation leads 
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to a reduction in the effective circulatory volume, vaso-
constrictors are the first-line choice of therapy for hepa-
torenal syndrome. Currently, terlipressin combined 
albumin is the preferred treatment modality, which can 
improve the renal function and survival and serve as a 
bridge to liver transplantation. Recent evidence also sug-
gests a potential survival benefit of transjugular intrahe-
patic portosystemic shunt in cirrhotic patients with 
hepatorenal syndrome, but hepatic encephalopathy and 
shunt dysfunction should be noted. Liver transplantation 
is a curative therapeutic option for hepatorenal 
syndrome.

23.10  Prognosis

Mortality rate is heterogeneous among countries and peri-
ods (Table  23.1). The mortality rate of cirrhosis in 187 
countries was 22% during the 30-year period between 
January 1998 and December 2010. In Greece and Southern 
England, the 10-year mortality rate was 44% and 43%, 
respectively. Prognosis of cirrhosis is related to the etiol-
ogy, degree of liver dysfunction, and complications. 
Child-Pugh score and model for end-stage liver disease 
(MELD) score are two important prognostic indexes. 
Child-Pugh score includes ascites, hepatic encephalopa-
thy, total bilirubin, albumin, and international normalized 
ratio. MELD score includes total bilirubin, albumin, and 
creatinine. MELD score has been employed for determin-
ing the priority of liver transplantation in cirrhotic 
patients.

 Self Study

 Questions

 1. Which statement is correct?
 (a) Compensation stage is often symptomatic with 

abnormal liver function.
 (b) Hepatitis C virus infection is common in developed 

countries, but hepatitis B virus infection is common 
in most parts of Asia.

 (c) Type 2 hepatorenal syndrome is associated with rapid 
deterioration of renal function, commonly occurring 
in cirrhosis with refractory ascites.

 (d) Transjugular intrahepatic portosystemic shunt should 
be considered in the management of refractory asci-
tes, acute variceal bleeding, hepatic encephalopathy, 
and hepatorenal syndrome.

 2. Which statement/statements is/are true?
 (a) Decompensation events of liver cirrhosis include gas-

troesophageal varices, ascites, spontaneous bacterial 
peritonitis, hepatic hydrothorax, hepatorenal syn-
drome, hepatic encephalopathy, hepatopulmonary 
syndrome, and hepatocellular carcinoma.

 (b) Covert hepatic encephalopathy is common in cir-
rhotic patients.

 (c) Risk factors for portal vein thrombosis include 
reduced portal vein flow velocity, worse liver func-
tion, thrombophilia, splenectomy, and use of non- 
selective beta-blockers.

 (d) Contrast-enhanced CT and MRI scans are the gold 
standard tests for the diagnosis of cirrhosis.

 Answers

 1. Which statement is correct?
 (a) Compensation stage is often symptomatic with 

abnormal liver function. (Compensation stage is 
often asymptomatic with normal or mildly abnormal 
liver function.)

 (b) Hepatitis C virus infection is common in developed 
countries, but hepatitis B virus infection is common 
in most parts of Asia.—Correct—Hepatitis C virus 
infection is common in developed countries; hepatitis 
B virus infection is common in Africa and most parts 
of Asia.

 (c) Type 2 hepatorenal syndrome is associated with rapid 
deterioration of renal function, commonly occurring 
in cirrhosis with refractory ascites. (Type 1 hepatore-
nal syndrome is associated with rapid deterioration of 
renal function.)

Table 23.1 Mortality rate of liver cirrhosis

First author 
(year) Country Period Total pts. Mortality rate
Nilsson 
(2016)

Southern 
Sweden

2001–
2010

1317 10 years: 
68.5%

John (2015) Southern 
Brazil

527 5 years: 
27%
10 years: 
43%

D’Amico 
(2014)

Italy 1981–
2006

494 25 years: 
76.9%

Mokdad 
(2014)

187 
countries

1980–
2010

676,000 30 years: 
22%

Samonakis 
(2014)

Greece 1991–
2008

522 9 years: 
44.3%

Jepsen (2008) Danish 1995–
2006

14,976 5 years: 
62.5%
10 years: 
78.5%

Roberts 
(2005)

Southern 
England

1968–
1999

8192 35 years: 
27.5%
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 (d) Transjugular intrahepatic portosystemic shunt should 
be considered in the management of refractory asci-
tes, acute variceal bleeding, hepatic encephalopathy, 
and hepatorenal syndrome. (Transjugular intrahe-
patic portosystemic shunt is a major precipitant of 
hepatic encephalopathy, but not a choice of treatment 
for hepatic encephalopathy.)

 2. Which statement/statements is/are true?
 (a) Decompensation events of liver cirrhosis include 

gastroesophageal varices, ascites, spontaneous bac-
terial peritonitis, hepatic hydrothorax, hepatorenal 
syndrome, hepatic encephalopathy, hepatopulmo-
nary syndrome, and hepatocellular carcinoma. 
(Compensation stage is often asymptomatic; how-
ever, patients with compensated liver cirrhosis can 
develop gastroesophageal varices and hepatocellular 
carcinoma.)

 (b) Covert hepatic encephalopathy is common in cir-
rhotic patients.—Correct—Covert hepatic encepha-
lopathy is common in cirrhotic patients.

 (c) Risk factors for portal vein thrombosis include 
reduced portal vein flow velocity, worse liver func-
tion, thrombophilia, splenectomy, and use of non- 
selective beta-blockers.—Correct—Risk factors 
for portal vein thrombosis include reduced portal 
vein flow velocity, worse liver function, thrombo-
philia, splenectomy, and use of non-selective 
beta-blockers.

 (d) Contrast-enhanced CT and MRI scans are the gold 
standard tests for the diagnosis of cirrhosis. (Liver 
biopsy is the gold standard test for the diagnosis of 
cirrhosis, but is potentially invasive.)
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Primary Biliary Cholangitis

Eirini I. Rigopoulou

24.1  Introduction

Primary biliary cholangitis (PBC) is a chronic autoimmune 
cholestatic liver disease characterized by the presence of 
antimitochondrial antibodies (AMA) and progressive 
destruction of small intrahepatic bile ducts, evolving in a 
proportion of patients to progressive fibrosis and subse-
quently leading to cirrhosis and hepatic failure [1].

Since 1851, when the first case of PBC was described, 
our knowledge on epidemiology and underlying patho-
physiological mechanisms has evolved enormously. 
Consequently, new molecules have been exploited as treat-
ment modalities for the disease. In fact, even the change in 
the disease’s nomenclature in 2014 from Primary biliary 
cirrhosis, used since 1950, to Primary biliary cholangitis 
characteristically reflects physicians and patients changing 
perception on the disease’s natural history during the last 
decades [2].

24.2  Epidemiology of PBC

Over the last few decades, a number of epidemiological stud-
ies have substantially changed the geoepidemiology of PBC, 
pointing towards an increased prevalence and incidence of 
the disease [3–6].

The first epidemiological attempt in 1974 by Hamlyn 
and Sherlock was a mortality survey in the region of 
England and Wales [7]. During this time PBC was con-
sidered a rare disease, with a predetermined fatal out-
come in most patients and without effective treatment 
that could alter its course [7]. Geoepidemiology of PBC 
has evolved significantly during the last 40 years, point-
ing towards an increase in prevalence and incidence of 
the disease. Geoepidemiology of PBC is characterized by 
vast differences amongst geographical regions, indicat-
ing the disease to be most prevalent in North America and 
North Europe (Table 24.1). Accordingly, in the western 
world, where the disease has been mostly studied, the 
incidence and prevalence rates range from 3.3 to 32 per 
million person-years and 19 to 402 per million respec-
tively [3–6]. Still, high prevalence rates have been also 
reported in South Europe, as was the case of Central Greece 
with prevalence rates 582 per million [6]. Hong-Kong and 
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Key Concepts
• Primary biliary cholangitis (PBC) is a chronic auto-

immune disease characterized by cholestasis due to 
destruction of small intrahepatic bile ducts pro-
gressing to fibrosis and liver failure in a proportion 
of patients.

• Antimitochondrial antibodies and PBC-specific 
antinuclear antibodies are considered disease spe-
cific and are essential for the diagnosis of PBC.

• Clinical presentation and disease progression is het-
erogeneous among PBC patients.

• Ursodeoxycholic acid (UDCA) has significantly 
improved the natural history of PBC, as shown by 
better transplant-free survival, though a proportion 
of patients don’t respond to UDCA.

• Treatment strategies should be individualized based 
on patient’s stratification risk as assessed by bio-
chemical response to UDCA and other prognostic 
models.
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South China have the lowest prevalence rates reported so 
far (56.4 and 47.5 per million respectively) [8, 9].

Significant predominance of women is also another char-
acteristic feature of PBC with average reported female to 
male ratio of 10:1. Still, over the years several epidemiologi-
cal studies have exhibited variations in gender ratios 
(Table 24.1).

Such a rise in PBC incidence and prevalence is con-
sidered multifactorial. Increased disease awareness in 
conjunction with advances in PBC diagnosis, the big-
gest being the discovery of AMA in 1965 by Barbara 
Doniah, have lead to increased disease diagnosis and 
mostly at earlier stages. The use of ursodeoxycholic 
acid (UDCA), as standard of care in PBC patients has 
also contributed towards the reported increase in dis-
ease’s prevalence.

Still, it is disputed whether differences in geoepidemiol-
ogy of PBC exist or have resulted from regional disparities in 
physician’s expertise or patient’s accessibility to healthcare 
facilities. Studies from Newcastle in late 90s have set some 
standards towards improvement of case-finding and case- 
ascertainment methodology, which has lead through the 
years to more accurate estimation of the epidemiology of 
disease [3, 4].

24.3  Pathogenesis of PBC

PBC is considered an archetype autoimmune disease based 
on the following features: the presence of AMA, the over-
whelming predominance of women and the increased per-
centage of patients with other autoimmune diseases.

Even though its pathogenesis is still unfolding, accumu-
lating evidence over the years indicates that immune- 
mediated biliary injury, ensuing from loss of immune 
tolerance, is robustly linked to genetic and environmental 
factors [10–12].

24.3.1  Genetic Factors

A genetic basis of the diseases is strongly supported by 
higher disease rates between family members. In fact, in a 
small series, monozygotic twins had much higher concor-
dance rates compared to dizygotic twins (63% vs 0%) [13]. 
Analogously, first-degree relatives carry a high risk for 
expressing AMA and developing PBC; the relative risk of 
PBC among siblings was calculated around 10 [11]. In fact, 
female first-degree relatives of PBC patients have a greater 
prevalence of AMA compared to males. Indicative of a 

Table 24.1 Population-based studies on incidence and prevalence of PBC world wide

Region Period Patients (n) Incidence (million/year) Prevalence (/million) Sex ratio (M:F)
Sheffield, UK 1977–1979 34 5.8 54 1:16
Western Europe 1977–1981 569 4 23 1:10
Orebro, Sweden 1976–1983 18 14 128 1:3.5
North Sweden 1973–1982 111 13.3 151 1:7.5
Denmark 1981–1985 233 9 – 1:3.2
Newcastle, UK 1965–1987 411 19.8 128 1:9.2
Victoria, Australia 1990–1991 84 – 19.1 1:11
Estonia 1973–1992 69 3.9 27 1:22
Oslo, Norway 1986–1995 21 16.2 146 1:3.2
Newcastle, UK 1987–1994 770 32 335 1:12
Ontario, Canada 1986–1988 225 3.3 22.4 1:13
Olmsted County, USA 1975–1995 46 27 402 1:6.4
Finland 1988–1999 545 17 180 1:6
Denmark 1977–2001 666 – 120 –
Sabadell, Spain 1990–2002 87 17.2 195 1:28
Alberta, Canada 1996–2002 137 30.3 227 1:5
Victoria, Australia 1990–2002 249 – 51 1:9
Iceland 1991–2000

2001–2010
168 20

25
383 1:4.6

South Israel 1990–1999
2000–2010

138 10
20

255 1:16

Crete, Greece 1990–2010 245 20.9 365 1:7.2
Holland 2000–2008 992 11 132 1:7.6
Central Greece 2000–2015 432 – 582 1:6.4
Hong Kong, China 2000–2015 1016 8.4 56.4 1:4
South Korea 2009–2013 2431 8.6 47.5 1:6.2

Data extracted from various studies (Refs. [1, 3–9])
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genetic background of PBC is the increased risk of other 
autoimmune conditions in PBC patients and their family 
members.

During the last decade, the application of genome-wide 
technology in large PBC cohorts has assisted the exploration 
of the disease genetics. Several genome-wide association 
studies (GWAS) in European, North American, Japanese and 
Chinese populations have demonstrated the HLA class II 
domain to exert the strongest association with PBC suscepti-
bility across ethnicities [11, 14]. In detail, HLA DRB1∗07,∗08 
alleles have been associated with increased susceptibility to 
PBC, while HLA DR∗11,∗12,∗13 and ∗15 confer disease 
protection [11, 14]. Still, the importance of these HLA hap-
lotypes is underscored by the fact that the minority of PBC 
patients carries them, suggesting other candidate genes and 
environmental factors to relate to PBC pathogenesis.

Up to the present GWAS have identified a significant 
number of non-HLA loci as risk factors for PBC, though 
with discrepant results between ethnicities. Most recognized 
loci are involved in mechanisms implicated in immune 
responses that are interrelated, including IL-12 production, T 
and B cell activation and IFN-γ production.

Non-HLA loci having reached significance in GWAS 
were different between Caucasian and Asian patients with 
PBC [14]. In PBC patients of European ancestry genetic 
variants at interleukin 12A and IL12R B2 have been linked 
with the disease, while such associations haven’t been 
reported in Asian patients. Additional risk loci were inter-
feron regulatory factor 5 (IRF5), transporin 3 (TNPO3) and 
transcriptor factor Spi-B (SPIB). Another GWAS reported 
TNFSF15 and POU2AF1 genes to confer susceptibility to 
PBC in Japanese patients, while TNFSF15 reached the high-
est association amongst other genes with PBC in a Han pop-
ulation. These genes might be implicated in pathogenetic 
mechanisms in PBC, though differences between popula-
tions most probably indicate, that other genes acting either as 
risks or protectively have not been recognized yet. In addi-
tion, most of GWAS hits don’t affect protein-coding 
sequences and were difficult to associate with a molecular 
function, rendering their interpretation as key players in PBC 
pathogenesis rather complicating. In conclusion, GWAS 
were not as promising as initially thought towards elucidat-
ing genetics contribution to PBC pathogenesis.

24.3.2  Epigenetics

Emerging data during the last decade on epigenetics has 
assisted in better understanding some aspects of PBC patho-
genesis, including female preponderance and discordant results 
in monozygotic twins and siblings. Epigenetics refer to inherit-
able genetic alterations that don’t affect nucleotide sequence or 
chromosome structure and relate to their function [14, 15].

Most studies on PBC conducted so far have focused on 
the role of DNA methylation profiles of X chromosome and 
on small and noncoding RNA, with particular emphasis on 
microRNAs. An initial study on three pairs of monozygotic 
twins and eight pairs of sisters discordant for PBC have 
exhibited particular epigenetic differences mostly related to 
X chromosome, which is in agreement with the female pre-
dominance of the disease. Most of these genes are implicated 
in cellular pathways, as the downregulation of Th2 cyto-
kines. A subsequent study reported demethylation of 
CXCR3  in CD4+ T cells, which inversely correlated with 
CXCR3 expression levels in CD4+ T cells from early-stage 
PBC patients. Considering that CXCR3 promoter is regulat-
ing differentiation and recruitment of Th1 cells, hypomethyl-
ation of the CXCR3 promoter could promote disease 
progression in PBC patients [15].

Several studies on the possible contribution of miRNAs in 
PBC implied their potential availability as novel biomarkers 
for the disease. One study, so far, has provided strong evi-
dence on the role of miRNAs in biliary epithelial cells (BEC) 
damage in PBC patients, through disrupting the “bicarbonate 
umbrella” that protects them. In detail, miR-506 was reported 
to prevent the translation of anion exchanger 2 (AE2) mRNA, 
which regulates HC03- secretion from BECs, contributing to 
their damage [16].

Acknowledging the importance of epigenetics as a link 
between genetics and environment in PBC, continuing 
research should aim at shedding more light on its implication 
in disease development and prognosis.

24.3.3  Environmental Factors

Time and space clustering of PBC unrelated cases have 
pointed early days towards contribution of environmental 
triggers in breaking immunological tolerance and initiating 
the disease process [17]. Up to the time of this writing a sig-
nificant amount of environmental exposures, including infec-
tious agents, chemical xenobiotics, pollutants and cosmetics 
have been reported [17].

In four large epidemiological studies from UK, USA and 
continental Europe several factors were highlighted as poten-
tial risk factors for PBC development. All studies agree that 
recurrent urinary tract infections and cigarette smoking are 
more frequent among PBC patients than controls.

Molecular mimicry is the main pathogenic mechanism 
proposed by which infectious agents trigger autoimmune 
responses. Escherichia coli has been the most extensively 
studied agent so far, which is in line with reported increased 
frequency of UTIs in PBC patients [17–19]. Subsequent 
experimental studies have demonstrated T and B cell cross- 
reactivity involving Escherichia coli and mitochondrial anti-
gens [18, 19]. Amongst other agents implicated as cross—active 
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agents in PBC are Mycobacterium gordonae, 
Novosphingobium aromaticivorans, Klebsiella pneumonia, 
Staphylococcus aureus, Proteus mirabilis. Viruses have been 
also suggested to be involved in PBC pathogenesis, includ-
ing a human retrovirus, Epstein-Barr and cytomegalovirus.

Xenobiotics are chemicals that function either by altering 
self or forming complexes with self proteins, which may 
result in induction of cross-reactive immune responses 
against antigenic epitopes, as are mitochondrial antigens in 
the case of PBC [20]. Further research has identified 
2- nonynoic acid, a xenobiotic found in cosmetics, as poten-
tial trigger in PBC. This is in line with female predominance 
in PBC and data arising from two major epidemiological 
studies report increased association with nail polish and hair 
dyes in affected patients. Environmental toxins, such as ben-
zene, have also been recognized as potential xenobiotic trig-
gers of PBC, as indicated by the observations that PBC 
prevalence was increased in areas near contaminated water 
reservoirs, or near superfund toxic waste sites [17].

Akin to other autoimmune diseases, smoking has been 
also significantly associated with PBC in several studies 
from UK and the USA, as tobacco contained chemicals are 
suggested to decrease immunological tolerance.

24.3.4  The Role of AMA, T Cells and BECs 
in the Pathogenesis of PBC

In 1987 the lipoylated domains of the 2-oxoacid dehydroge-
nase (2-OADC) family of the mitochondrial respiratory 
chain have been identified as molecular targets of AMA in 
PBC. Amongst them, major autoantigens are the E2 subunit 
of pyruvate dehydrogenase complex (PDC-E2), the E2 sub-
unit of 2-oxoglutarate dehydrogenase (OADCE2) complex, 
the E2 subunit of branched-chain 2-oxo acid dehydrogenase 
(BCOADC-E2) complex. Less common are the dihydroli-
poamide dehydrogenase (E3)-binding protein (E3BP) and 
the E1a and E1b subunits of pyruvate dehydrogenase com-
plex (PDC-E1a and PDC-E1b). A ExDKA motif with a 
lipoic acid attached to K at position 173 is essential for anti-
gen recognition and is included in all immunodominant epi-
topes [1, 10].

Following this major breakthrough, several studies have 
tried to elucidate mechanisms being involved in loss of toler-
ance to 2-OADC components located specifically on the 
inner mitochondrial surface of BECs. The autoimmune 
attack responsible for progressive destruction of bile ducts in 
PBC is characterized by a multi-lineage loss of tolerance 
against major AMA epitopes. In detail, CD4+ and CD8+ T 
cells reactive against PDC-E2 complex are prominent in the 
periphery as well in the liver of PBC patients. Of note, B 
cells share overlapping immunodominant epitopes with 
CD4+ and CD8+ T cells [10].

Analogously, Natural killer (NK) cells secreting proin-
flammatory cytokines were found in high concentrations in 
the liver of PBC patients indicating that innate immune 
responses play a critical role in initiating and also maintain-
ing autoreactive T-cells and in this manner are essential for 
disease progression [1, 10]. Studies investigating the role of 
CD4+CD25+ T regulatory cells (Treg cells) in the pathogen-
esis of PBC have demonstrated low numbers of such cells, 
which play a key role in central tolerance. Recently, Treg 
cells from PBC patients were shown to exhibit increased sen-
sitivity to low dose IL-12, driving them towards Th1 polar-
ization with reduced suppressive activity [21].

Still, there is a longstanding discussion on the mecha-
nisms that underline BECs damage in PBC, bearing in mind 
that PDC-E2, which is the target of the autoimmune attack, 
is an ubiquitous protein present in mitochondria of all nucle-
ated cells and is not confined to BECs exclusively. A number 
of seminal studies have proposed a scenario, where during 
apoptosis small BECs are able to translocate immunologi-
cally intact PDC-E2 to apoptotic bodies and form an anti-
genic epitope, which has been named apotope. This biliary 
apotope, in collaboration with macrophages from PBC 
patients and AMA can trigger locally a burst of pro- 
inflammatory cytokines leading to inflammatory infiltrate 
and surrounding apoptosis in PBC [12].

24.4  Clinical Presentation

In the initial descriptions of PBC, the majority of patients 
were jaundiced at diagnosis, indicating advanced disease 
stages. Nowadays, the clinical spectrum of PBC encom-
passes different phenotypes with a considerable proportion 
of patients (40–60%) being diagnosed at earlier disease 
stages, when patients are asymptomatic [1, 6, 22]. This is 
believed to be mainly the consequence of increased disease 
awareness and more frequent use of noninvasive diagnostic 
methods, including liver function tests and AMA testing for 
screening and diagnostic purposes respectively.

Symptomatic disease has been proven to develop in 
36–89% of asymptomatic patients over a period of 
5–17 years. Characteristic but not specific symptoms of the 
disease are fatigue and pruritus. Fatigue is reported in a large 
fraction of patients (up to 80%) with varying intensity and 
vast fluctuations. It affects drastically quality of life and even 
though it doesn’t relate to PBCs stage or activity, it has been 
associated with increased mortality. Several mechanisms 
have been proposed to be implicated in fatigue’s generation. 
Even the etiology of fatigue is still vague, it is believed to 
have a central and a peripheral component. The central com-
ponent is mainly characterized by sleep disturbance and cog-
nitive dysfunction and possible relates to inflammatory 
changes mediated by entry of inflammatory cells from the 
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liver to the central nervous system. The peripheral compo-
nent is characterized by loss of energy and inability to per-
form every day physical activity. These abnormalities have 
been associated with a decline in muscle dysfunction, related 
to excessive lactic acid accumulation. It is hypothesized that 
this might be the consequence of mitochondrial dysfunction 
due to excessive anaerobic metabolism in these PBC patients 
[23].

Pruritus is the second most common symptom in PBC 
patients (up to 70%). Except for cholestasis, that impairs the 
excretion of pruritogenic compounds, such as bile salts, his-
tamine, progesterones, oestrogens and serotonin, a central 
component of pruritus has also been suggested based on opi-
oidergic activity reported in cholestatic patients [23].

Osteoporosis is present in approximately 30% of PBC 
patients and is associated with duration and severity of 
underlying liver disease. In this context, osteoporosis is 
reported in up to 44% in patients awaiting liver transplanta-
tion. The etiology is multifactorial, including presence of 
cholestasis [1].

Hypercholesterolaemia, which is evident in the majority 
of PBC patients, is related to the presence of cholestasis. It’s 
not associated with increased atherosclerotic risk and doesn’t 
need treatment unless other parameters that relate to 
increased cardiovascular risks exist [1].

Other autoimmune diseases coexist in 35–55% of PBC 
patients, including Sjögren syndrome, autoimmune thyroid 
disease, rheumatoid arthritis, scleroderma or CREST syn-
drome and inflammatory bowel disease [1].

Patients in advanced PBC stages can have symptoms 
related to portal hypertension, including hemorrhage due to 
esophageal varices, ascites and hepatic encephalopathy. Of 
note, esophageal varices can be a feature of early stage PBC 
in a small proportion of patients.

24.5  Diagnosis

During evaluation of a patient with persistent cholestasis, it 
is mandatory to perform initially a liver ultrasound to exclude 
the presence of focal liver lesions and dilatation of the intra- 
and extrahepatic bile ducts [24, 25].

24.5.1  Biochemical Findings

The typical biochemical profile of a patient with PBC con-
sists of increased alkaline phosphatase (ALP) levels with or 
without increase of g-glutamyl-transpeptidase (gGT) and 
milder elevation of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST). ALP correlates with the 
degree of ductopenia in non-cirrhotic patients. Increase in 
bilirubin levels is a characteristic of advanced stage and 

relates to severity of ductopenia and biliary piecemeal necro-
sis [24, 25].

Patients with PBC often present with increased levels of 
serum IgM. In cases where elevation of IgG occurs, the pos-
sibility of PBC-autoimmune hepatitis (AIH) variant must be 
further assessed, as this carries worst prognosis and needs 
alternative treatment regiments.

24.5.2  Autoantibodies

The cornerstone of PBC diagnosis is the detection of AMA, 
which are disease specific.

AMA are detected in over 90% of PBC patients and can 
precede the appearance of cholestasis and symptoms by 
many years.

Indirect immunofluorescence using Hep2 cells or rat liver, 
kidney and stomach cryostat sections as the substrate is the 
gold standard for AMA diagnosis. Typically, AMA exhibit a 
fine granular cytoplasmic staining of both distal and proxi-
mal renal tubules along with staining of gastric parietal cells 
and hepatocytes. AMA are considered positive when detected 
at a titre greater than 1 /40 [24–26].

Complementary to IIF, enzyme-linked immunosorbent 
assays (ELISAs) should be used in patients found to be AMA 
positive. An ELISA containing a recombinant fusion protein 
(MIT3), which includes the three immunodominant AMA 
targets (PDC-E2, BCOADC-E2 and OGDC-E2), has demon-
strated improved performance over IIFL, being able to 
unmask 30–50% of AMA negative patients evaluated by 
IIFL. Additionally, immunoblotting can be used as a tool to 
identify and characterize the individual molecular targets 
visualized as bands, i.e. PDC-E2 at 74 kDa, BCOADC-E2 at 
52 kDa and OGDC-E2 at 48 kDa [24–26].

AMA negative patients with high suspicion for PBC 
should be tested for PBC-specific ANA, which are consid-
ered not sensitive, though disease specific. PBC-specific 
ANA are reported in up to 50% of PBC patients and display 
two distinct immunofluorescence patterns: a multiple nuclear 
dot (MND) and a perinuclear/rim-like (RLM) pattern. The 
MND pattern, characterized by the presence of 3–20 dots 
throughout the nucleus, is generated by reactivity against 
sp100 and promyelocytic leukemia (PML) that usually co- 
occur. The RLM pattern exhibits a characteristic punctuated 
pattern of the nuclear surface, each representing a nuclear 
complex. The RLM pattern is generated by reactivity to 
nuclear pore complexes (NPC), which are supramolecular 
structures mediating nucleocytoplasmic transport. Most rec-
ognized ANA targets in PBC patients with RLM pattern are 
gp210, nucleoporin p62 and lamin B receptor [24–26].

The identification of PBC-specific molecular targets has 
facilitated the detection of these antibodies, as ELISAs and 
immunoblot assays have been established based on the use 
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of recombinant antigens. Considering that the interpretation 
of IIF patterns might be often complex especially in people 
not familiar with the technique, these molecular based meth-
ods can overcome this and contribute to PBC diagnosis since 
they are sensitive and non-observer dependent.

In terms of prognosis, several studies have reported an 
association between presence of anti-sp100 and anti-gp210 
with unfavorable disease course, as illustrated by worst bio-
chemical and histological disease, faster disease progression 
and poorer outcome [27].

Overall, the diagnosis of PBC can be established based on 
the presence of cholestasis and the detection of AMA and/or 
PBC-specific ANA, which are specific for the disease. 
Performance of liver biopsy is not considered essential for 
PBC diagnosis any longer. According to the latest clinical 
practice guidelines for the management of patients with PBC 
a liver biopsy should be performed when autoantibodies are 
negative and when co-existence of other liver diseases is sus-
pected, i.e. autoimmune hepatitis, non-alcoholic steatohepa-
titis, or liver involvement in the context of a systemic illness 
[24, 25].

24.5.3  Histology

The characteristic histological picture of PBC is that of 
chronic, non-suppurative lymphocytic inflammation sur-
rounding the interlobular and septal bile ducts alongside 
with granuloma formation leading to cholestasis. During 
advanced stages bile duct loss (ductopenia) occurs and 
fibrosis progresses leading to cirrhosis. During the last 
50  years two histological scoring systems (Scheuer and 
Ludwig) have been widely used to assess liver histology in 
PBC. Both divide histological changes in four stages [24, 
25]. In both systems the four different stages are distin-
guished from each other on the basis of combinations of 
portal and periportal inflammation, ductular inflammation 
and fibrosis. Still, both scores have considerable drawbacks 
and render them not sufficient enough for the reliable 
assessment of liver histology. This mainly relates to the fact 
that PBC has a patchy distribution and often all four stages 
can be represented in a single sample. In addition, both sys-
tems fail to assess independently histological features con-
sidered to have prognostic value, including lymphocytic 
interface hepatitis, fibrosis and ductopenia [24, 25]. Another 
histologic feature of PBC is nodular regenerative hyperpla-
sia, which may contribute to development of portal hyper-
tension in the absence of cirrhosis.

Recently two novel scoring systems have been proposed 
for the evaluation of liver histology in PBC. Prognostic val-
ues like interface hepatitis, bile duct loss and fibrosis are 
evaluated separately and limited data show adequate inter- 
observer and intra-observer reproducibility. Additional data 

are needed to address their prognostic relevance in larger 
number of PBC patients [24, 25].

24.5.4  Non-invasive Methods for Monitoring 
Disease Stage

Liver stiffness measurement (LSM) estimated by transient 
elastography (TE, Fibroscan) has been proven to be a highly 
accurate method for identification of PBC patients with 
severe fibrosis and cirrhosis. A number of studies report a 
higher diagnostic accuracy of TE compared to APRI score, 
ELF score, and hyaluronic acid level, while all of them have 
established ability on predicting clinical outcomes. 
Specifically, a study encompassing 103 PBC patients has 
shown LSM ≥9.6  kPa to be associated with a fivefold 
increase in the risk of liver decompensation, liver transplan-
tation or death [28]. An increase of ≥2.1  kPa/year during 
longitudinal evaluation of TE has been also reported to have 
prognostic value. In addition, non response to UDCA treat-
ment has been linked with worsening of LSM [24, 25, 28].

Accordingly LSM has been suggested as a tool to risk 
stratify PBC patients, while its incorporation in prognostic 
scores to predict patient’s outcomes is anticipated. Even 
though the use of TE is increasing, LSM prognostic cut-off 
levels in determining low vs high risk patients as well as 
intervals for applicability of TE need to be determined.

24.6  Natural History of PBC and Treatment

24.6.1  Natural History of PBC in the Pre-UDCA 
Era

In the pre-UDCA era, PBC was regarded as a gradual pro-
gressive disease with no uniform pattern of evolution and 
impaired outcome compared to the general population [1, 
24, 25, 29]. In this context, the natural history of PBC is 
schematically divided in four phases. The first is a long pre-
clinical phase, where AMA are detected in serum without 
biochemical or clinical features of the disease. According to 
a recent population-based study one out of six AMA positive 
individuals are going to develop abnormal liver function 
tests during a 5-year period. Though in study of 29 untreated 
PBC patients time up to development of cholestasis varied 
from 1 to 19 years.

During the second phase, liver enzymes gradually 
increase, whereas patients remain asymptomatic. 
Characteristic of the third phase is the development of symp-
toms. Several studies have reported development of symp-
toms in 36–86% of patients during a period of 5–17 years 
[29]. Even though asymptomatic patients tend to have longer 
survival compared to symptomatic patients, they have 

E. I. Rigopoulou



253

impaired prognosis associated with non-liver related deaths. 
The fourth phase is characterized by symptoms of decom-
pensated disease and inevitable evolution to death unless 
liver transplantation is offered to the patients. In line with 
this, a follow up study of 225 patients under ineffective treat-
ment, estimated the histological progression per stage to be 
1.5 years [30].

24.6.2  Natural History and Treatment of PBC

Treatment of PBC should involve a multidisciplinary patient 
approach including medications to delay disease progres-
sion, management of disease-related symptoms and careful 
surveying of patients according to disease stage [24, 25].

24.6.2.1  Medications to Delay Disease 
Progression

UDCA
The natural history of PBC has changed considerably over 
the last 50 years and this relates mainly to earlier diagnosis 
and use of UDCA. From early 1990s up to 2016, UDCA, a 
hydrophilic endogenous bile acid, was the only approved 
treatment for PBC.

Research over the last decades has indicated multiple 
sites and mechanisms of UDCA action. In detail, UDCA 
enriches and expands the bile acid pool, which results in less 
toxic bile composition. Additionally, UDCA enhances secre-
tion of bile acids ameliorating hepatocyte damage, apoptosis 
and necrosis and thus diminishing inflammation and fibrosis. 
Analogously, UDCA enriched bile is less toxic to cholangio-
cytes. UDCA has been also shown to enhance the impaired 
expression of AE2 in PBC patients, resulting in restoration of 
secretin-induced HCO3

− secretion. UDCA has been also pro-
posed to have immunomodulatory properties as demon-
strated by reduction of IFN-γ mediated by elevated 
glucocorticoid receptor in liver lymphocytes and indepen-
dent of IL-12/18 [31].

UDCA is the initial recommended option for PBC patients 
and further treatment choices should be guided by the initial 
drug response [24, 25]. At a dose of 13–15  mg/kg/day, 
UDCA is generally well tolerated with no severe side effects. 
Occasionally, abdominal discomfort, flatulence or even diar-
rhea is reported, though usually transient during the initial 
period of administration.

Accumulating evidence over the years has proven that 
UDCA at a dose of 13–15  mg/kg/day offers advantage in 
terms of improved survival in PBC patients, especially those 
at stage I/II of the disease, who will demonstrate biochemi-
cal response.

Several studies have shown that progression of PBC to 
cirrhosis in patients under UDCA treatment depends on the 

pre-treatment disease stage. In a study of 183 non-cirrhotic, 
UDCA treated PBC patients the median time for developing 
cirrhosis from stage I, II and III was 25, 20 and 4  years 
respectively. These results suggest that those who benefit the 
most from UDCA treatment are patients with early disease 
stages [32]. In addition, administration of UDCA at early 
stages of PBC is associated with survival similar to the gen-
eral population.

A recent multicenter study including 4805 PBC patients 
from 17 centers across Europe and North America spanning 
a 44-year period (1970–2014) has shown that in recent 
decades patients are diagnosed at older age, though at earlier 
biochemical and histological disease stages [33]. 
Accordingly, the authors demonstrated increased response to 
UDCA in this population, while for the first time provided 
evidence for lower decompensation rates and higher 10-year 
transplant –free survival in PBC patients [33].

Several studies, though, have shown non-response to 
UDCA treatment in up to 40% of patients. Inadequate 
response to treatment has been associated with rapid disease 
progression and higher risk of liver-related death or 
transplantation.

In the era of precision medicine it is of outmost impor-
tance to use indices to accurately prognosticate patients on 
high risk for adverse outcomes and need for aggressive treat-
ment and close monitoring. In general such a strategy facili-
tates better allocation of health care resources tailored to 
each patient, while simultaneously improves delivery with 
less costs [34].

In line with these, one of the treatment priorities in PBC 
is the stratification of patients into low and high risk for 
development of complications of end stage live disease [24, 
25, 34]. A major step forward was achieved in 2006, when 
biochemical response to UDCA treatment, defined as nor-
malization or 40% decrease in alkaline phosphatase values 
after 1 year of treatment, was shown to be a strong predictor 
of long-term outcome of PBC [35]. These findings paved the 
way during the following period for the development of sev-
eral prognostic models based on treatment response 
(Table 24.2) [24, 25, 29, 34]. The majority of these models 
agree that certain decrease or normalization of alkaline phos-
phatase after 12 month UDCA treatment is a robust prognos-
tic indicator of favorable outcome. It is generally accepted 
that the preferred prediction model should include bilirubin 
and alkaline phosphatase. Nowadays Paris I/II criteria are 
considered the most accurate dichotomous models to predict 
12-month response to UDCA (Table 24.2) [24, 25, 29, 34].

Still, these binary models cannot provide individualized 
prediction of prognosis for PBC patients. In 2015 and 2016, 
two continuous models, the GLOBE score and the UK-PBC 
score respectively, were developed in order to provide more 
accurate information on the prognosis of PBC patients. Both 
models use simple biochemical indices to assess biochemi-
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cal response to UDCA treatment and also parameters that are 
surrogate markers of disease stage and disease activity [24, 
25, 29, 34]. In this way, both models combine prediction of 
treatment response and disease severity and estimate risk of 
liver-related death or liver transplantation free survival at 
specific time points in the future up to 15 years. In this way, 
both scores outperform Paris I criteria in terms of risk esti-
mation of death or liver transplantation.

Even though these models need to be validated in larger 
populations and different ethnic groups, both of them have 
been proposed by recently published clinical practice 
guidelines as tools for selection of patients for second-line 
treatment in every day clinical praxis or in clinical trials 
[24, 25].

In the future a lot of effort should be put in establishing 
factors that could predict prognosis prior to starting treat-
ment. In this way, high risk patients could be treated initially 
with a combination of drugs and be under strict monitoring 
in specialized liver clinics, while low risk patients could be 
treated with UDCA and be integrated in a primary care fol-
low up. Along this line, in a recent paper a new model was 
introduced and validated for the prediction of pre-treatment 
UDCA response. In this model the authors incorporated fac-
tors that were associated with inadequate UDCA response, 
including high alkaline phosphatase concentration, higher 
total bilirubin concentration, lower aminotransferase con-
centration, younger age, longer interval from diagnosis to the 

start of UDCA treatment and worsening of alkaline phospha-
tase concentration from diagnosis [36]. Future research 
should aim at validating these models in larger populations 
and focus on their implementation in clinical practice. In 
summary, assessment of treatment response after 12 months 
of UDCA is mandatory in order to identify patients at risk of 
progression and individually explore further therapeutic 
options and follow up measures.

Obeticholic Acid
Obeticholic acid (OCA) has been approved by FDA in 2016 
and is now recommended by the latest EASL, BASL and 
AASLD guidelines either as combination with UDCA in 
patients with inadequate response to UDCA or as monother-
apy in patients intolerant to UDCA [24, 25]. OCA belongs to 
the family of farnesoid X receptor (FXR) agonists. FXRs are 
nuclear receptors highly expressed in the liver and intestine, 
where enterohepatic circulation of bile acids takes place. 
They regulate bile acid synthesis, secretion, transport and 
detoxification, while also exerting anti-inflammatory effects 
via induction of fibroblast growth factor (FGF)-19 expres-
sion. In detail, FXR agonists lower intrahepatic bile acid 
concentration by suppressing cholesterol 7a-hydroxylase, 
which is the rate-limiting step for the production of bile acids 
and by promoting transport of bile acids out of the 
hepatocytes.

OCA is a synthetic by-product of chenodeoxycholic acid 
with increased potency and thus considered a strong FXR 
agonist. Three studies up to the present have shown signifi-
cant improvement in alkaline phosphatase and bilirubin 
when OCA was administered either as add-on treatment to 
UDCA or as monotherapy [24, 25, 37]. Initial recommended 
dose of OCA is 5  mg/day with a dose titration to 10  mg 
depending on tolerability at 6 months. One of the major 
drawbacks of OCA treatment is exacerbation of pruritus, 
which is dose-dependent. This was proven to be successfully 
managed by dose titration of the drug, as already stated, or 
addition of other drugs with anti-pruritic action, like rifampi-
cin which leads to lower frequency of obeticholic acid dis-
continuation. In addition, OCA treatment was associated 
with alterations in lipid metabolism, as shown by a signifi-
cant decrease of high-density lipoprotein cholesterol and an 
increase of low-density lipoprotein. The potential conse-
quences of these changes on cardiovascular risk need to be 
addressed in future studies with long-term follow up. In 
addition, long-term survival benefit of PBC patients under 
combination of UDCA and OCA or OCA monotherapy 
needs to be assessed in the future.

Other Treatment Modalities
Over the previous years various trials have assessed the effi-
cacy of different agents in patients with PBC. Though, none 
has gained approval for the treatment of PBC so far.

Table 24.2 Criteria—prognostic scoring systems for defining bio-
chemical non-response to ursodeoxycholic acid treatment and progno-
sis in primary biliary cholangitis

Definition of treatment 
non-response

Time of 
assessment 
(months)

Binary criteria
Barcelona Decrease in ALP ≤ 40% and 

ALP ≥ 1× ULN
12

Paris I ALP ≥ 3× ULN or AST ≥ 2 
ULN or bilirubin>1 mg/dl

12

Rotterdam Bilirubin ≥1× ULN and/or 
albumin <1× ULN

12

Toronto ALP > 1.67× ULN 24
Paris II ALP ≥ 1.5× ULN or AST ≥ 1.5 

ULN or bilirubin>1 mg/dl
12

Ehime Decrease in γ GT ≤ 70% and γ 
GT ≥ 1× ULN

6

Lammers ALP > 2× ULN and/or bilirubin 
>1× ULN

12

Continuous scoring systems
GLOBE 
score

Bilirubin, ALP, albumin and 
platelet count at 12 months
Age at diagnosis

12

UK-PBC 
score

Bilirubin, ALP and AST (or 
ALT) at 12 months
Albumin and platelet count at 
baseline

12
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Fibrates, largely known for their established role in the 
treatment of hypertriglyceridemia, have been shown to acti-
vate peroxisome proliferator-activated receptors (PPAR). 
Different fibrates exhibit different specificities for the three 
PPAR isoforms (α, β/γ and δ) and in this way result in differ-
ent effects.

Existing data originate from trials of fenofibrate, a selec-
tive PPARa-agonist in PBC and benzafibrate, a non-selective 
PPAR-agonist. Various pilot studies, where fibrates were 
used in addition to UDCA, had shown improvement in liver 
biochemistry, though were small in size. A recent multi-
center French study has demonstrated beneficial effects after 
2 year add-on treatment of benzafibrate to UDCA in patients 
with inadequate response to UDCA, as defined by the Paris 
II criteria [38]. In the combination group, two third of 
patients showed normalization of alkaline phosphatase and 
one third achieved complete normalization of many bio-
chemical parameters, including alkaline phosphatase, biliru-
bin, albumin and aminotransferases, while also significant 
improvement in liver stiffness measurements was noted. In 
addition, pruritus improved remarkably in this group. Trials 
with other PPARs agonists, including seladelpar, a selective 
PPARδ-agonist and elafibranor, a dual PPARα/δ-agonist, are 
under way.

Budesonide is a highly effective steroid, the first that was 
used as a second-line treatment for PBC.  Budesonide is a 
highly potent steroid with lower risk of systemic side effects 
compared to classic steroids that is due to its ability to first 
pass the liver by 90%, while only 10% reaches the systemic 
circulation. In vitro studies have shown a synergistic affect 
between budesonide and UDCA in upregulating AE2 expres-
sion. In view of conflicting results from various trials so far 
and of its steroid-related side effects especially in patients 
with decompensated cirrhosis, budesonide hasn’t gained fur-
ther interest as candidate treatment tool in PBC.

Over the years, results from the use of immunosuppres-
sive treatment (methotrexate, colchicine, azathioprine, 
cyclosporine, mycophenolate mofetil) mainly as add-on to 
UDCA were rather disappointing.

A variety of trials with agents targeting the toxic effects of 
bile acid, biologic agents targeting cytokines and other 
immune pathways possibly involved in the pathogenesis of 
the disease are under way.

Briefly, agents aiming at bile acid depletion have gained 
interest. In detail, the effect of a fibroblast growth factor-19, 
which modulates bile acid synthesis by interaction with FGF 
receptor 4 has being explored. Analogously, inhibition of 
bile acid reabsorption in terminal ileum with antagonists of 
apical sodium-dependent bile acid transporter is also under 
investigation. Moreover improvement of bicarbonate secre-
tion in response to bile acid exposure is being tested as this 
results in altering hydrophobicity of bile acid and cytotoxic 
cytokine release and regulates the circulating bile acid pool.

Considering the active involvement of T and B cells in the 
pathogenesis of BECs damage in PBC, targeting of these 
cells or co-stimulatory molecules that might induce their 
action has been a rational strategy. Accordingly, a number of 
clinical trials are completed or are still ongoing.

Evolving knowledge on the pathogenetic mechanisms of 
PBC will aid in identifying novel unknown targets for phar-
macological intervention.

Liver Transplantation
Up to the present liver transplantation has been the most 
effective treatment for end-stage liver disease of various eti-
ologies. Improvement of transplant-free survival over the 
years resulted in a decline of PBC as an indication for trans-
plantation. Indications for transplantation in PBC patients 
include end-stage liver disease and intractable pruritus [24, 
25].

In general, patient survival after liver transplantation is 
better in PBC compared to other etiologies. In detail, 5-year 
patient and graft survival has been reported to be 82–90% 
and 81–82% respectively [39]. Reported frequencies of PBC 
recurrence in the liver graft show a wide range between stud-
ies (17–46%), depending on different criteria used for the 
definition of PBC recurrence.

Indicative histological changes are essential for the diag-
nosis of PBC. Though, in these cases histology might often 
be confused with allograft rejection. Amongst various 
parameters, tacrolimus as immunosuppressant is considered 
a risk factor for PBC recurrence, while cyclosporine and pre-
emptive use of UDCA has been suggested to have protective 
role [39].

24.6.2.2  Active Management of Disease-
Related Symptoms

Management of symptoms in PBC often needs special atten-
tion and individualized treatment. Disease-specific symptoms, 
like pruritus and fatigue can frequently cause significant qual-
ity of life impairment and treatment often is complex [23].

There is no recommended treatment for fatigue, which is 
a frequent symptom in PBC patients leading to severe quality 
of life impairment in a proportion of them. Taking into 
account the multifactorial nature of fatigue in PBC, a struc-
tured approach could be beneficial for the patients, including 
assessment of fatigue’s severity using standardized tools (i.e. 
PBC-40 questionnaire), exclusion and treatment of con-
founding factors (hypothyroidism, anemia) and support of 
patients through implementation of different copying strate-
gies [23–25]. Up to the present no disease-specific manage-
ment (UDCA, OCA), nor fatigue-oriented regiments 
(serotonin reuptake inhibitors, modafinil) were proven to 
reduce fatigue. In a recent meta-analysis, liver transplanta-
tion was suggested to offer some improvement in terms of 
fatigue, though without eradicating it.
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Pruritus, another debilitating symptom affecting a signifi-
cant proportion of PBC patients remains often difficult to 
manage. Current guidelines recommend a structured 
approach, where other causes of pruritus must be excluded 
(i.e. bile duct obstruction). Life style modifications such as 
use of skin moisturizers, avoiding hot water during baths, 
may soothe pruritus [23–25].

First-line treatment for pruritus are non-absorbable resins, 
like cholestyramine and newer formulations (colesevelam 
and colestipol), that bind bile acids and have shown to allevi-
ate pruritus. Major drawbacks are the fact that they should be 
taken far from other drugs to avoid interference with their 
intestinal absorption and also the common appearance of 
side effects, like bloating, constipation and/or diarrhea.

Second-line treatment for pruritus is rifampicin (150–
300 mg/day), a pregnane X receptor agonist, that has been 
used for treatment of cholestatic pruritus and its effect has 
been proven in placebo randomized clinical trials. Given 
potential side effects from rifampicin use (hepatotoxicity 
and hemolysis) a strict follow up is mandatory during treat-
ment. Other drugs that have been administered in cases of 
non responsiveness to the abovementioned remedies are 
oral opiate antagonists (naltrexone and nalmefene) and 
selective serotonin reuptake inhibitors (SSRIs; e.g. sertra-
line) and gabapentin. All the above should be administered 
with caution due to their side effects. Severe intractable pru-
ritus is rarely an indication for liver transplantation 
[23–25].

24.7  Variant Syndromes of PBC

A small proportion of PBC patients can manifest as variants 
of the disease. Amongst them are the AMA negative PBC, 
PBC-AIH variant and the premature ductopenic variant. 
Recognition of these cases is of paramount importance, since 
they usually have different prognosis and require different 
treatment strategies. Up to the present difficulties in manag-
ing these patients relates to the rarity of these entities, the 
lack of appropriate definitions and limited data on treatment 
modalities and response [24, 25, 40].

24.7.1  AMA Negative PBC

Patients being both AMA and PBC-specific ANA negative 
are scarce. In such cases where there is high suspicion of 
PBC based on the presence of cholestasis and other com-
patible clinical features, a liver biopsy must be performed 
to confirm the diagnosis. These patients have similar natu-
ral course, response to UDCA treatment and long term 
prognosis to those being AMA and/or PBC-specific ANA 
positive.

24.7.2  PBC-AIH Variant

Around 10% of PBC patients present with clinical and labo-
ratory characteristics of AIH either simultaneously or during 
the natural course of the disease. The term PBC-AIH variant 
has been lately proposed by EASL as more suitable for this 
group of patients.

Criteria established for the diagnosis of AIH, including 
the revised and the simplified criteria should not be applied 
for the diagnosis of PBC-AIH variants [40]. Currently the 
Paris criteria proposed in 1998 are being used for the diagno-
sis of such cases in everyday clinical practice. According to 
these criteria, for the diagnosis of variant PBC-AIH, the 
presence of at least two out the three criteria for each disease 
is required. In detail, the criteria for PBC include: (1) increase 
of ALP ≥ x2 upper normal limit (ULN) or gGT ≥ x5 ULN, 
(2) presence of AMA and (3) existence of florid bile duct 
lesions and criteria for AIH include: (1) increase of ALT ≥ x5 
ULN; (2) increase of serum IgG levels ≥x2 ULN or presence 
of SMA and (3) moderate or severe interface hepatitis in the 
liver biopsy.

However, recently the EASL clinical practice guidelines 
for AIH suggested considering patients for treatment at lower 
cut-off levels for IgG and ALT [40]. Bearing in mind these 
uncertainties, scientific societies consider the performance 
of a liver biopsy mandatory. In this way decision of further 
management should be guided based to the presence of his-
tological characteristics of AIH, including interface hepati-
tis, lymphoplasmacytic infiltrates, hepatocellular rosette 
formation etc.. Additionally, non-response to UDCA treat-
ment in conjunction with increased serum aminotransferases 
and IgG should be another indication for a liver biopsy, as 
this could indicate coexistence of AIH.

According to existing guidelines for PBC, these patients 
should receive immunosuppressive treatment (steroids alone 
or combined with azathioprine) [24, 25, 40].

24.7.3  Premature Ductopenic Variant

This is a rare PBC variant characterized by rapidly progres-
sive cholestasis, jaundice and severe pruritus, while on his-
tology extensive bile duct loss is evident without considerable 
fibrosis. These patients don’t respond to UDCA and will 
eventually need a liver transplant.

24.8  Staging and Surveying of PBC 
Patients

Accurate staging and surveying of liver disease is also essen-
tial for risk stratification of PBC patients [24, 25]. 
Accumulating evidence indicate that except for advanced 
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stage and non-response to UDCA treatment, other markers 
indicating poor prognosis of PBC patients are younger age at 
diagnosis, male sex, presence of PBC-specific ANA and 
increased bilirubin levels [1, 24–28]. It is advisable to man-
age these high-risk patients in specialist centers.

As mentioned previously, TE is currently the preferred 
tool for disease staging compare to histology. Still, in cases 
where a liver biopsy is performed, histological features like 
the degree of lymphopenic interface hepatitis and bile ducto-
penia are considered bad prognostic indicators for disease 
progression.

Surveying of liver disease is recommended in all PBC 
patients using liver biochemistry (bilirubin, albumin, ALP), 
platelets and TE measurements [24, 25]. A liver ultrasound is 
mandatory as surveillance for hepatocellular carcinoma in 
cirrhotic patients [24, 25].

24.9  Conclusion/Summary

Significant progress has been achieved in various fields of 
PBC research during the last decades. PBC patients are a 
heterogeneous population in terms of disease presentation 
and progression and response to treatment. During the last 
decade studies based on large PBC cohorts have facilitated 
the identification of prognostic factors and assisted the risk 
stratification of patients according to their demographic, 
clinical characteristics and response to UDCA treatment.

Advances in the era of PBC therapeutics are evolving, 
including the recent approval of obeticholic acid and investi-
gation of a large spectrum of drugs and targeted therapies. 
The future of treatment in PBC could be the combination of 
agents in non-responders to UDCA or those considered of 
high risk of disease progression at initial evaluation.

 Self Study

 Questions

 1. A 55-year old woman presents to the clinic with a 6-month 
history of progressively deteriorating pruritus and fatigue. 
Liver biochemistry shows an increase in ALP (×2.5 ULN) 
and slight increase of gGT and ALT. She denies alcohol 
drinking and systematic use of any drugs. On clinical 
examination she has palmar erythema and enlarged liver. 
Liver and bile duct ultrasound show hepatomegaly, with 
no liver lesions or bile duct dilatation. What is the test that 
you are going to order next for this patient?
 (a) Antinuclear antibodies
 (b) Antimitochondrial antibodies
 (c) Serum IgM

 (d) Liver biopsy
 2. What is not true about PBC?

 (a) PBC affects predominantly men
 (b) PBC patients often have increased cholesterol levels
 (c) Hashimoto’s thyroiditis co-exist in a significant pro-

portion of patients
 (d) Antinuclear antibodies displaying a multiple nuclear 

dot and a perinuclear/rim-like pattern in indirect 
immunofluorescence are considered specific for PBC

 3. What is the initial recommended treatment of choice in 
PBC?
 (a) Budenofalk
 (b) Ursodeoxycholic acid
 (c) Azathioprine
 (d) Fibrates

 Answers

 1. A 55-year old woman presents to the clinic with a 6-month 
history of progressively deteriorating pruritus and fatigue. 
Liver biochemistry shows an increase in ALP (×2.5 ULN) 
and slight increase of gGT and ALT. She denies alcohol 
drinking and systematic use of any drugs. On clinical 
examination she has palmar erythema and enlarged liver. 
Liver and bile duct ultrasound show hepatomegaly, with 
no liver lesions or bile duct dilatation. What is the test that 
you are going to order next for this patient?
 (a) Antinuclear antibodies can be positive in PBC and 

some of them are regarded as disease-specific. 
However, this is not the first test to be ordered in 
cases of high suspicion of PBC

 (b) CORRECT ANSWER.  In patients with cholestasis 
and other clinical features suggestive of the PBC, the 
diagnosis can be established based on the detection of 
antimitochondrial antibodies (titre > 1/40), which are 
present in over 90% of patients and are considered 
disease specific.

 (c) Serum IgM is often elevated in PBC patients and can 
aid in establishing the diagnosis in atypical cases. 
Though serum IgM is not a criterion for PBC 
diagnosis.

 (d) Liver biopsy is not necessary in typical PBC cases 
with presence of cholestasis and antimitochondrial 
antibodies.

 2. What is not true about PBC?
 (a) CORRECT ANSWER.  PBC affects predominantly 

women. Average reported female to male ratio are 
10:1

 (b) Hypercholesterolemia is a frequent feature in PBC 
patients
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 (c) Hashimoto’s thyroiditis is one of the most frequent 
autoimmune diseases that co-exist in PBC patients

 (d) Antinuclear antibodies displaying a multiple nuclear 
dot and a perinuclear/rim-like pattern in indirect 
immunofluorescence are considered specific for PBC 
and are present in up to 50% of PBC patients depend-
ing from the method used.

 3. What is the initial recommended treatment of choice in 
PBC?
 (a) Budenofalk is not a licensed drug for PBC and cannot 

be recommended
 (b) CORRECT ANSWER. Ursodeoxycholic acid is rec-

ommended by scientific societies as first-line treat-
ment for all patients with PBC that usually continues 
for life.

 (c) Azathioprine doesn’t belong to the armamentarium 
of PBC.  It can be administered in conjunction with 
steroids in variant PBC-AIH cases.

 (d) Fibrates are being studied in PBC as add-on treat-
ment to UDCA in non-responders to UDCA. Up to 
the present they are non-licensed for PBC 
treatment.
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The Paucity of Interlobular Bile Ducts

Consolato M. Sergi

25.1  Introduction

The remodeling interlobular bile ducts (IBDs) is a fascinating 
interplay in the perinatal liver. The bile flows from the bile 
canaliculus of two adjacent hepatocytes through the Hering’s 
canals into the IBDs, which are in the portal triads between 
the hepatic lobules. The IBDs will transfer the bile to segmen-
tal bile ducts and major bile ducts, which confluence into the 
right and left major bile ducts and, finally, to the common bile 
duct. The ductus choledochus, i.e., the common bile duct after 
joining of the ductus cysticus of the gallbladder, discharges at 
the duodenal papilla. The proper remodeling of the primitive 
(embryonic) ductal plate of the liver is on the basis of the 
formation of IBDs. Ductules or also known as cholangioles 
have a diameter of fewer than 20 μm, while IBDs of septal 
location has a diameter of 200–400 μm. Segmental interlobu-
lar bile ducts draining into hepatic ducts have a diameter of 
400–800 μm [1]. In this chapter, the paucity of IBDs (PIBD) 
is explained into three paragraphs, including the cholangio-
cyte structure, the remodeling of the primitive ductal plate of 
the liver, and the clinical and genetic syndromes associated 
with the lack or paucity of the interlobular bile ducts.

25.2  Cholangiocyte

Cholangiocytes account for 3–5% of the liver cell populations 
[1]. The cholangiocyte is critical in the biliary system for its 
receptors and transmembrane carriers. Refining of the bile by 
the cholangiocytes is key in this process. Cholangiocyte bile 
contributes to about 40% of the total biliary bile initially pro-
duced by the hepatocytes and secreted into the canalicular 
system of the hepatocytes. Interestingly, the use of immuno-
histochemistry has added an available tool for the study of the 
canalicular network in this process. A polyclonal antibody 
against carcinoembryonic antigen (CEA) provides a useful 
picture of this network that was formerly identified by trans-
mission and scanning electron microscopy. In the cholangio-
cytes, crucial components are the Cl− exchanger (i.e., cystic 
fibrosis transmembrane conductance regulator or CFTR), 
which is a 3′,5′-cyclic adenosine monophosphate (cAMP) 
activated channel, and the Cl−/HCO− exchanger. The hor-
mone secretin binds to a receptor on the basolateral domain of 
cholangiocytes and stimulates the activity of CFTR on the 
apical domain through cAMP machinery. The chloride anions 
located in the lumen are exchanged with intracellular bicar-
bonate anions resulting in cholangiocyte secretion. The 
resulting consequent change of the bile is unique because it is 
more mature and prone to the secretory system targeting the 
gallbladder and the gastrointestinal lumen for digestion and 
absorption of fats and fat- soluble vitamins. Fetal liver organ 
cultures have demonstrated bile acid synthesis in liver conju-
gates and bile acid conjugation and secretion as early as the 
12 weeks’ gestation and bile acids can be isolated from gall-
bladder and liver in 14–l6-week-old fetuses [2–4].

25.3  Ductal Plate Remodeling of the Liver

The understanding of the development of the intrahepatic 
biliary system is probably crucial to interpreting the catego-
ries of neonatal and infantile cholangiopathies adequately, 
mainly if infants are preterm or small for gestational age 

C. M. Sergi (*) 
Department of Laboratory Medicine and Pathology,  
University of Alberta, Edmonton, AB, Canada 

Stollery Children’s Hospital, Edmonton, AB, Canada
e-mail: sergi@ualberta.ca

25

Key Concepts
• The remodeling of interlobular bile ducts starts in 

the perinatal liver.
• Reduction of the number of interlobular bile ducts 

may be observed from the neonatal age through 
adult life.

• Watson syndrome (arterio-hepatic dysplasia) is one 
of the most known genetic syndromes in pediatrics.
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[5–8]. The study of the literature reveals that there are three 
major theories about the development of the intrahepatic 
biliary system. The first theory sustains that the intrahepatic 
biliary tree is solely derived from ingrowth of the epithelium 
of the extrahepatic bile ducts [9]. A second theory suggests 
that the whole intrahepatic bile-draining system develops 
from hepatocyte precursor cells [10]. A third theory  combines 
elements of both first two indicating a melting of two differ-
ent epithelial structures [11]. Currently, most embryologists 
and hepatology investigators favor the second theory, which 
is based on light microscopic, immunohistochemical, and 
ultrastructural investigations [7, 12–14].

At the third post-ovulation week, the liver primordium 
begins with endodermal cells sprouting from the cranial por-
tion of the primitive foregut and growing towards a meso-
derm growing progressively in the direction of the plexus 
vitellinus of the embryo. In the other direction, caudally, the 
anlage of the extrahepatic biliary system takes place [7]. The 
ductular reaction, which is observed after sub-massive/mas-
sive liver necrosis in fulminant hepatitis wires the physical 
presence of common progenitor cells that can differentiate in 
biliary epithelium along the portal vein branches. At the 6th–
9th post-ovulation week, progenitor cells of the hilum cells in 
connection with the mesenchyme adjacent the portal vein 
form first mono- and later double-layered epithelial cell cords 
with a slit-like lumen (“stage of the ductal plate”). This proto-
structure is the fundamental intrahepatic biliary structure, 
which is also called “ductal plate”. From 12 gestational weeks 
on, a continuous and progressive remodeling of the ductal 
plate occurs. In a detailed morphometric study performed on 
migrating biliary structures, it has been identified that most of 
the peripheral bilaminar structures increasingly disappear [7]. 
However, very few parts of this first intrahepatic biliary 
bilaminar proto-structure dilate and progressively migrate 
toward an open center of spatiotemporal balance of the portal 
tract. These peripherally located tubular structures are remod-
eling structures and represent the immature form of the defin-
itive fully-functional IBDs. The transformation of the 
primitive ductal plate into mature and bile-draining IBDs is 
 accompanied by the expression of keratins, formerly called 
cytokeratins. They are specific intermediate filaments of the 
cytoskeleton, which is a central framework of the hepatocytes 
and cholangiocytes [7, 13]. The epithelial cells designated to 
form the IBDs express CK-7 and CK-19 in addition to CK-8 
and CK-18 by immunohistochemistry. The latter two keratins 
are also positive in normal adult hepatocytes. Apart from the 
immunohistochemistry and visual recognition of these struc-
tures, there is a potential advantage in examining the micro-
structure of the liver under the lens if we deploy computer-aided 
techniques in morphometry accurately using a computer-
based image morphometry algorithm with piecewise polyno-
mial interpolation analysis [15, 16]. The need for measurement 
arises from our reflection that some of the decisions that we 
make in our daily routine may be poorly reproducible. The 
incorporation of central processing units (CPUs) to mor-

phometry has opened the possibility of better evaluating 
structural remodeling during the ontogenesis. In the liver, 
quantification of biliary structures and their maturation may 
be useful in the evaluation of the intrahepatic biliary system 
in neonatal and infantile cholangiopathies [5]. Previously, 
three stages have been identified, including the stage of the 
ductal plate, the stage of the remodeling “ductal plate”, and 
the stage of the remodeled IBDs [8]. Setting a stringent defi-
nition of the IBD is paramount. This duct should not be mud-
dled with neo-cholangioles or neo-ductules. The 
immunostaining for CK7 is an advance in the laboratory to 
identify even minute or hypoplastic bile duct radicles that 
might well be missed in routinely stained sections. The IBD 
is a well-defined epithelial structure with cubic epithelium. It 
must be round or nearly round, harboring a well-developed 
lumen, and devoid of vacuolation, hyperchromasia or apopto-
sis [8]. The IBD must be convoyed by a portal arteriole, which 
is located typically (over 90% of the cases) within three arte-
riolar diameters of distance. This notion of valid IBD remains 
crucial [17]. The IBDs do not show any degree of flattening, 
which may advocate for bile ductular proliferation [17]. In all 
biopsies, an arteriolar to portal tract may need to be calculated 
to justify the absence of the IBDs. An elastic Van Gieson or a 
Movat pentachrome stain, which was originally developed in 
1955 by Henry Zoltan Movat (1923–1995), a Romanian-
Canadian Pathologist in Toronto, may also be very useful. 
Two or more of these stages may be present in the same liver 
specimen. We found that the surface and the perimeter of the 
portal tracts, the longest axis of the migrating peripheral tubu-
lar structures, and the maturation of bile ducts follow a pro-
cess continuous and active up to term, but they slow down 
between the 20th and the 32nd week of gestation, when intra-
portal granulopoiesis of the liver is active [7]. Previously, we 
also showed that the lack of IBDs in infants aged less than 12 
months is an adverse prognostic factor [5]. This data is inde-
pendent of the etiology of the neonatal liver disease. Further, 
this data has been supported by the expression of polyductin 
or fibrocystin, the gene product of the autosomal recessive 
polycystic kidney disease (ARPKD) [18]. Ductal plate mal-
formation may be quite unpredictable and can occur in infan-
tile cholangiopathies. It represents overall a common way to 
indicate a disorder of the orthologous development of the 
intrahepatic biliary system in which the apoptosis may play a 
major role [6, 8, 19]. The rapid advances in the investigation 
of the cilia morphology and the comprehensive review of the 
cellular and molecular pathophysiology of bile secretion have 
led to a better knowledge of the pathophysiology of cholangi-
opathy and structural cell damage [19].

25.4  The Paucity of Interlobular Bile Ducts

The role of liver biopsy in identifying an abnormality of the 
development of the intrahepatic biliary system in neonatol-
ogy is crucial and correlates with the development of the 
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hepatic hematopoiesis. This data is hugely influential for the 
prognosis in infants presenting with liver disease and to 
identify “immaturity” in the developing biliary tract rather 
than scarcity of an adequate intrahepatic biliary system [7]. 
A scarcity or paucity of IBDs (PIBD) is defined as a reduc-
tion in the number of IBDs [20, 21]. The lesion produced 
from this reduction in the number of IBDs may be observed 
from the neonatal age through adult life. According to 
Hadchouel [20], the first case of absence of intrahepatic bile 
ducts in childhood was reported as “congenital dysplasia of 
the interlobular bile ducts” in a child with cirrhosis and 
extensive skin xanthomata by MacMahon and Thannhauser 
in 1952 [22]. At that time, the term PIBD was not existing 
but mirrored the description of “hypoplasia of intrahepatic 
bile ducts” or “intrahepatic biliary atresia” as suggested by 
Witzleben 30 years later [23]. The term PIBD seems now 
worldwide accepted, although some authors prefer PILBD 
(paucity of the interlobular bile ducts) [12]. Non-syndromic 
PIBD constitutes probably the most frequent diagnosis in 
newborns and infants with conjugated hyperbilirubinemia 
in the first 4 weeks of life being more frequently observed 
than biliary atresia [5, 24]. Although it is only descriptive 
and does not imply any mechanism of physiopathology, it is 
readily accepted by both clinicians and pathologists. The 
magic number may be not correct until the liver is mature. 
Alagille described an IBD/PT ratio of 0.9–1.8 as the norm 
for children suggesting that 0.5 may be the cut-off for a 
scarcity of interlobular bile ducts [25]. In 1989, a higher 
value was proposed by Kahn et al. [26]. These authors found 
that a mean IBD/PT ratio equal to or greater than 0.9 may be 
seen after 35 weeks of gestation. The use of standardized 
textbooks of perinatal pathology with tables specific for the 
population under examination is crucial. In my experience, 
some variation may be the norm under the lens [27]. A re-
approach to the normal value of IBD/PT ratio in newborns 
may be critical in investigating preterm neonates or small 
newborns for gestational age undergoing weeks-long stays 
at Neonatal Intensive Care Units (NICUs) [7, 28]. Costa 
et al. [28] found a smaller value of IBD/PT ratio (0.66) in 
comparison to those found by Alagille. Sergi et al. [7] com-
puted an embryologic nomogram for the IBD system and 
emphasized that a diagnosis of PIBD should be made with 
extreme caution at neonatal age. In any case, it has been 
stressed that it is paramount always to consider the gesta-
tional age of the newborn and probably the number of weeks 
spent in NICUs. The maturation of the IBD system is para-
mount. In addition to IBD/PT ratio, Sergi et  al. [7] found 
data related to bile duct maturity in counting all biliary cells 
(single cells, mono- and double-layered ductal plate, periph-
eral tubular structures, and remodeled bile ducts) [9]. This 
parameter was a constant index useful for the evaluation of 
the degree of maturity of the IBD system. Sergi et  al. [7] 
showed a clear linear increase with gestational age (r2: 
50.908, P < 0.0001). The normal breakdown of the ductal 
plate results in a gradual remodeling of the primitive dou-

ble-walled epithelial cylinder of bile duct type [5–9, 18]. 
The decrease of IBDs may be present since birth or can 
occur later because of a developmental abnormality, genetic 
syndromes (e.g., Alagille syndrome), or because of destruc-
tion (necro-inflammatory or autoimmune) such as in biliary 
atresia and sclerosing cholangitis, respectively. The histopa-
thology identified in the liver may be either the main feature 
in the definition of the disease such as Alagille syndrome or 
part of a disease characterized by other features such as 
alpha-1-antitrypsin deficiency (AATD) [29]. The usual defi-
nition worldwide recognized for PIBD is a significantly 
decreased or substantial decreased ratio of the number of 
interlobular bile ducts to the number of portal tracts. If this 
ratio is below 0.5, the diagnosis of PIBD is robust. Apart 
from the prematurity, the confidence in this statement may 
be challenged if the newborn if the conditions of the ade-
quacy of the liver biopsy are not reached. It would be impor-
tant receiving at least ten complete portal areas for the 
histopathologic examination. However, in practice, it is rare 
to obtain a long core of liver tissue from premature babies or 
even newborns. In my experience in multiple centers and 
universities in my career, I would be happy if a needle core 
biopsy from the liver in this age group may reveal at least 
six well-formed portal tracts. If adequacy is not reached, the 
procedure to obtain an open wedge biopsy should be consid-
ered [30]. Further, challenges can arise from marked biliary 
ductular proliferation, fibrosis grade III/IV, and frank cir-
rhosis. It is key to remember that using connective staining, 
“true” or “genuine” IBDs may disclose a silhouette on the 
cross-section that may be subtle on hematoxylin and eosin 
staining. The pathologist should also screen the liver biopsy 
for a few indicators or clues that may help to address the 
underlying pathology of the liver disease other than 
PIBD. The presence of eosinophilic, PAS-positive and dia-
stase resistant globules in a periportal location may suggest 
alpha-1-antitrypsin deficiency, which is an endoplasmic 
reticulum storage disorder [29, 31–33]. The absence of per-
oxisomes may suggest Zellweger syndrome, which is char-
acterized by a reduction or lack of functional peroxisomes 
in the cells of a proband [20, 34–36]. Giant cells are a form 
of a reparative process of the liver lobules but are a prevalent 
finding in pediatric cholestasis. There is a universal agree-
ment that the diagnosis of “giant cell hepatitis” should be 
accepted only when other causes have been carefully 
excluded. The presence of intralobular foamy cells would 
point to metabolic disorders and need to be investigated 
properly by transmission electron microscopy differentiat-
ing them from small round blue cell tumors [37–40]. In case 
of a prolonged obstruction, some bile duct loss can be pres-
ent and should not be mistaken as PIBD, unless some dys-
morphic features or non-syndromic clues are identified. 
Witzleben’s three pathogenetic theories for PIBD include a 
complete or partial failure of the IBDs to form, an adequate 
formation of the IBDs that went to destruction (e.g., necro- 
inflammatory), and atrophy of the IBDs [23]. Syndromic 
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PIBD can occur in Alagille syndrome [41] and Williams- 
Beuren syndrome [42, 43]. In both Alagille and Williams- 
Beuren syndrome, a cardiovascular polytopic field defect 
may be disturbed present. Thus, it is reasonable that the 
decrease of the total number of portal tracts in the liver of 
these subjects is due to an injury to the primitive vascular 
anlage of the liver at the time of the embryonic ductal plate. 
The failure in the normal development of these blood ves-
sels may damage the organization and stereological repre-
sentation of the intrahepatic biliary system. Bloom and 
Shiojiri suggested that the branching of the portal veins 
influence the ontogenesis of the intrahepatic biliary system 
[43, 44] directly. Nosologically, the destructive theory finds 
its correlates in graft versus host disease (GVHD) of the 
liver, chronic rejection of the orthotopic liver transplanta-
tion, and in the setting of sclerosing cholangitis. Finally, 
atrophy of the intrahepatic biliary system may occur in the 
case of marginalized and unused interlobular bile ducts in 
the setting of chronic intrahepatic cholestasis. The disorders 
associated with bile duct paucity are shown in Table 25.1. 
The syndromic group comprises mainly the Alagille and 
Williams- Beuren syndrome, while the non-syndromic group 
comprises disorders without a genetic background. The 
idiopathic group would include the isolated defect of PIBD 
exclusively without additional elements addressing a more 
precise diagnosis. The list is far to be complete, and some 
genetic conditions will be included in the future once we 
screen the intrahepatic biliary system properly by light 
microscopy, electron microscopy, and molecular biology. In 
some literature, it has been recommended that the diagnosis 
of PIBD or vanishing bile duct syndrome needs to be made 

only when all portal tracts are devoid of bile ducts [44], but 
some other authors continue to advocate for the diagnosis of 
PIBD when the ratio IBD/PT is less than 0.5 [45]. Probably, 
the term PIBD should not be used if there is a complete loss 
of IBDs and Snover’s interpretation may be labeled as 
“a-cholangia” (Greek: αχολαγγείοί) or non-ducts.

25.5  Alagille Syndrome (AGS)

This syndrome, which is also known as Watson syndrome or 
arterio-hepatic dysplasia, is one of the most known genetic 
syndromes in pediatrics and is associated with five major 
features in its complete form [46, 47]. In 1973, Watson and 
Miller reported nine cases of familial pulmonary valvular 
stenosis accompanied by neonatal liver disease [46]. Two 
years later, Alagille et al. identified the neonatal liver dis-
ease [47]. AGS includes the lack of interlobular bile ducts 
(PIBD) (Fig. 25.1a, b), pulmonary artery stenosis, butterfly-
like vertebrae, posterior ocular embryotoxon, and a peculiar 
face characterized by a prominent forehead, deep-set eyes, 
mild hypertelorism, straight nose, and small pointed chin 
[48]. The incomplete forms of this syndrome are also quite 
frequent. Other organs may be involved with characteristics 
involving kidney, ear, pancreas, intestine among others and 
the heart may show from a ventricular septal defect to tetral-
ogy of Fallot. There is an autosomal dominant inheritance 
with highly variable expressivity and nearly complete pen-
etrance. The frequency is about 1:70,000–100,000 live new-
borns, but about 2/3 of the AGS patients are sporadic cases. 
Clinically, the liver involvement causes generalized jaun-
dice, pruritus, xanthomas, and there are hyperbilirubinemia 
and hypercholesterolemia other than the increase of other 
cholestasis parameters (γ-glutamyl-transpeptidase and alka-
line phosphatase). The cardiovascular defects identified so 
far are pulmonary stenosis, coarctation of the aorta, ventric-
ular or atrial septal defects, tetralogy of Fallot, patent ductus 
arteriosus, truncus arteriosus (communis), and a right 
hypoplastic ventricle. The non-cardiac vascular defects 
identified are a middle aortic syndrome, arterial hypoplasia 
(hepatic, renal, carotid, celiac), hypoplastic portal vein 
branch, and intracranial vascular anomalies including 
Moyamoya disease, which is a progressive cerebrovascular 
disorder. A skeleton X-ray survey may disclose spina bifida, 
an abnormal progression of interpedicular distances, short-
ening of distal phalanges and metacarpal bones, and clinod-
actyly other than the classic butterfly-like vertebrae. The 
ocular involvement includes posterior embryotoxon, which 
is a thin grey-white, arcuate ridge on the inner surface of the 
cornea detectable with slit-lamp bio-microscopy. Moreover, 
there may be retinal pigmentation, iris strands, cataract, 
glaucoma, optic disc drusen, and fundus hypopigmentation. 
Three non-specific symptoms have also been included and 

Table 25.1 PIBD associated disorders

Syndromic PIBD: Alagille syndrome, Williams-Beuren syndrome, 
Ivemark syndrome, Zellweger syndrome (cerebrohepatorenal 
syndrome), and major karyotype abnormalities (monosomy 45, X0, 
trisomy 17–18, trisomy 21)
Non-Syndromic PIBD: Alpha-1-antitrypsin deficiency (AATD), 
cystic fibrosis, virus-related PIBD, sclerosing cholangitis, chronic 
allograft rejection of the liver, GvHD of the liver, hypopituitarism, 
progressive intrahepatic familial cholestasis (PFIC), maternal use of 
progesterone during pregnancy, Norwegian cholestasis, 
hemophagocytic lymphohistiocytosis, congenital pancreatic 
hypoplasia, and renal microcystic disease
Idiopathic PIBD: Syndromic PIBD conditions include Alagille 
syndrome, Williams-Beuren syndrome, Ivemark syndrome, 
Zellweger syndrome (cerebrohepatorenal syndrome), major 
karyotype abnormalities (monosomy 45, X0, trisomy 17–18, 
trisomy 21). The consideration of clinical dysmorphology and 
auxologic criteria should prompt the pathologist to address the 
correct review of syndromic PIBD that are not limited to the first 
syndrome identified by Watson and Alagille. The category of 
syndromic PIBD should be broadened including the several genetic 
syndromes described with PIBD, and that can be recognized in 
clinics or the pediatric ambulatory
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are myopia, strabismus, and blindness. The involvement of 
the urinary system may disclose mesangial-lipidosis and 
tubular dysfunction of the kidney, tubulointerstitial nephri-
tis, renal hypoplasia, renal agenesis, horseshoe kidney, and 
renal cystic change, suggesting an involvement in the group 
of the hepato-renal fibrocystic syndrome [19]. The ear may 
show temporal bone abnormalities, chronic otitis media, 
and deafness. The examination of the upper and lower respi-
ratory system may show a high-pitched voice (larynx) and 
tracheal and bronchial stenosis (lung). The gastrointestinal 
tract may demonstrate small bowel atresia/stenosis and exo-
crine/endocrine pancreatic insufficiency. In children with 
AGS, growth retardation is well known, but the lack of men-
tal retardation is never debated. Cytogenetically, 3–7% of 

patients with AGS have deletions of part or totality of the 
JAG1 gene located in 20p12.1–11.23. The JAG1 gene con-
tains 26 exons and codes for a glycosylated transmembrane 
protein of 1218 amino acids. JAG1 functions as a ligand of 
the Notch membrane receptors. It has been detected that 
95% of mutations are intragenic. These mutations are situ-
ated in the part of the JAG1 gene encoding extracellular and 
transmembrane domains of the protein. Genetic changes 
include point mutations or small deletions/insertions, lead-
ing to frame-shift mutations, premature stop codons, splice 
site mutations, and missense mutations. In about 5% of 
patients, there are deletions of part or totality of the JAG1 in 
20p, and occasionally, translocations involving this gene 
have been reported: del(20p), del(20)(p12.3–p11.23), 
del(20)(p13–p12.2), del(20) (p11.2), ins(7;20), t(2;20). In 
very few patients, no mutation is identified in the DNA of 
the 26 exons and exon boundaries of JAG1 (“atypical” 
AGS). Other than JAG1 gene mutations, mutations of the 
NOTCH2 gene can also cause AGS. NOTCH2 is a member 
of the Notch family of receptors. The ligation of molecules 
(ligands) to the NOTCH2 receptor is crucial for the develop-
ment of cells useful for the development of the heart, liver, 
kidneys, bones, and other structures in a developing embryo. 
Notch2 signaling is also involved in immune system func-
tion, tissue repair, and bone remodeling after birth. In about 
half of patients with AGS, there is a genetic mutation, which 
occurs as a new change (“de novo”) without being inherited 
from either parent. In patients with AGS, there is a risk, 
although modest, to develop hepatocellular carcinoma, but 
the prognosis relies on the PIBD and the extension of the 
cardiovascular and renal defects [5]. Liver transplantation is 
performed in about 25% of the patients affected with AGS, 
but a limiting factor may be the “early start AGS” cases with 
infants aged 5 months or even younger. In this situation, 
very few centers can perform liver transplantation, and this 
data may be important to communicate promptly to the fam-
ily. Nevertheless, the diagnosis of PIBD may be difficult to 
assess early in life. In this setting, ductular proliferation 
with some portal fibrosis may be identified. It is paramount 
to be adherent to the morphologic criteria of the interlobular 
bile duct to avoid potential mistakes. Occasionally, an 
inflammation- free concentric periductular fibrosis may be 
noted, and differential diagnosis with sclerosing cholangitis 
needs to be made, and an intrahepatic cholangiogram may 
be crucial.

25.6  Williams-Beuren Syndrome (WBS)

WBS includes supravalvular aortic stenosis and multiple 
peripheral pulmonary arterial stenoses in individuals show-
ing an elfin face, mental and growth deficiency, dental 
 malformation, and infantile hypercalcemia. There is an 

Fig. 25.1 (a) Liver histology of a patient with Alagille syndrome har-
boring a JAG1 mutation. In the center of the microphotograph there is a 
portal tract with two cross sections of a portal artery (black arrows) and 
two cross sections of a portal vein (red arrows). There is no evidence of 
an interlobular bile duct (Hematoxylin Eosin staining, 100× original 
magnification, bar = 200 μm). (b) Liver histology of the same patient 
with Alagille syndrome harboring a JAG1 mutation. In the center of the 
microphotograph there is no evidence of an interlobular bile duct using 
a monoclonal antibody against cytokeratin 7 (anti-CK7), which high-
lights the biliary epithelium. At the periphery of the portal tract, in the 
hepatic lobules, some hepatocytes show some focal expression (black 
arrows) (Immunohistochemistry, Avidin-Biotin Complex, 200× origi-
nal magnification, bar = 10 μm)
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autosomal dominant inherited contiguous gene deletion 
pattern involving genes from chromosome band 7q11.23, 
including CLDN4, elastin, and LIM-kinase1. Three regions 
are known for this syndrome. WBSCR8 (Williams-Beuren 
syndrome chromosome region 8 protein) of CLDN4 
(Claudin-4) gene, WBSCR17 (Williams-Beuren syndrome 
chromosome region 17) of WBSCR17 (Williams-Beuren 
syndrome chromosome region 17), and WBSCR28 
(Williams-Beuren syndrome chromosome region 28) of 
WBSCR28 (Williams-Beuren syndrome chromosome 
region 28). Characteristically, CLDN4 changes have been 
implicated in WBS [49]. The CLDN4 protein belongs to 
the claudin family. It contains 209 amino acids, four puta-
tive transmembrane segments, and directly interacts with 
TJP1/ZO-1, TJP2/ZO-2 and TJP3/ZO-3 playing an essen-
tial function as integral membrane protein and tight junc-
tion component for the obliteration of the intercellular 
space. PIBD has been reported in a 6-weeks-old newborn 
with WBS presenting with neonatal conjugated hyperbili-
rubinemia [50].

25.7  Ivemark Syndrome (IS)

Ivemark syndrome or heterotaxy syndrome (IS) is a rare 
embryological disorder with cardiac and extracardiac abnor-
malities. This syndrome results from failure of development 
of the left-right asymmetry of organs. The sequential seg-
mental analysis of cardiac dissection and the understating of 
the development of the cardiac structures are crucial to 
understanding the unusual left-right asymmetry fully. IS may 
include dextrocardia, transposition of the great vessels with 
concordant atrioventricular connection and discordant atrio-
ventricular connection, total anomalous pulmonary venous 
drainage, right atrial and right pulmonary isomerism, mid-
line liver, asplenia, intestinal malrotation, and vena cava 
anomalies. Lateralization defects (e.g., Situs Inversus, asple-
nia or polysplenia) are defects of a primary developmental 
field, and extracardiac abnormalities are synchronic defects 
in the primary developmental field and not causally indepen-
dent malformations. PIBD has been observed in a few 
patients [51–55].

25.8  Zellweger Syndrome

The PEX-1 gene is a gene encoding information able to 
provide instructions to build the peroxisomal biogenesis 
factor 1 (PEX1p), which is a protein belonging to the group 
of peroxins. Peroxins are essential in the formation and 
normal functioning of the peroxisomes, which are subcel-
lular structures that contain enzymes needed to break down 
fatty acids and toxic compounds. PEX1-related Zellweger 

syndrome spectrum (ZSS) occurs 1 in 50,000 births world-
wide annually. It is an inherited group of disorders that 
includes Zellweger syndrome (ZS), neonatal adrenoleuko-
dystrophy (NALD), and infantile Refsum disease (IRD). 
The diagnosis of ZSS is established in a proband with sug-
gestive clinical and biochemical findings accompanied by 
the identification of biallelic pathogenic variants in one of 
the 13 PEX genes. ZSS clinical findings include hypotonia, 
poor feeding, brain defects, seizures, renal cysts, hepato-
megaly, hepatic dysfunction with cholestasis, and bony 
stippling in newborns. The face is quite flat and shows a 
large anterior fontanel, split sutures, a prominent high fore-
head with a flattened occiput, up-slanting palpebral fis-
sures, and a broad nasal bridge with epicanthal folds and 
hypoplastic supraorbital ridges. Older infants and children 
may show developmental delays with or without hypotonia, 
failure to thrive, hearing loss, vision impairment, liver dys-
function, adrenal dysfunction, leukodystrophy, peripheral 
neuropathy, and ataxia [56]. Biochemically, screening 
assays may evidence elevated plasma concentrations of 
C26:0 and C26:1, high ratios of C24/C22 and C26/C22, 
increased levels of phytanic acid and/or pristanic acid, 
reduced amounts of C16 and C18 plasmalogens, increased 
level of pipecolic acid in both plasma & urine, and increased 
concentrations of C27 bile acid intermediates trihydroxy-
cholestanoic (THCA) and dihydroxycholestanoic (DHCA) 
[56]. A defect in peroxisome formation causes the symp-
toms of PEX1-related ZSS.  Zellweger syndrome or cere-
brohepatorenal syndrome remains the most severe 
prototypical member of the peroxisome biogenesis disor-
ders (PBDs). PIBD may be recognized in ZS, and a careful 
genetic screening with genetic counseling may be appropri-
ate [57–59].

25.9  Major Karyotype Abnormalities

There are only a few reports of an association between PIBD 
and chromosomal abnormalities, but the relationship is 
uncertain. PIBD has been reported in monosomy 45, X0 
(Turner syndrome) [60, 61], trisomy 17–18 [62], and trisomy 
21 [63]. Since all conceptuses with such karyotype may be 
viable, it must be stressed how critical is the evaluation of 
dysmorphological signs and the karyotype in any child with 
PIBD.

Non-Syndromic PIBD conditions include alpha-1- 
antitrypsin deficiency (AATD), cystic fibrosis, virus-related 
PIBD, sclerosing cholangitis, chronic allograft rejection of 
the liver, GvHD of the liver, progressive intrahepatic familial 
cholestasis (PFIC), hypopituitarism, maternal use of proges-
terone during pregnancy, Norwegian, hemophagocytic lym-
phohistiocytosis, congenital pancreatic hypoplasia, and renal 
microcystic disease.
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25.10  Alpha-1-Antitrypsin Deficiency

Alpha-1 antitrypsin deficiency (AATD) is an autosomal 
recessive inherited disease with an increased risk for 
chronic obstructive pulmonary disease in adults, liver dis-
ease in children and adults, panniculitis of the soft tissue, 
and c-ANCA positive vasculitis. C-ANCA (PR3-ANCA, 
or cytoplasmic antineutrophil cytoplasmic antibodies) are 
a type of autoantibody with diffusely granular, cytoplas-
mic staining pattern under immunofluorescence micros-
copy. Liver disease in adulthood with cirrhosis may occur 
in the absence of a history of neonatal or childhood liver 
disease. In any case, there is an increased risk for hepato-
cellular carcinoma (HCC) in individuals with AATD [29, 
33]. Some diseases have been controversially associated 
with AATD [31, 32]. The diagnosis of AATD is based on 
the low/very low concentration in serum of AAT by neph-
elometry or radial immunodiffusion or any other suitable 
biochemical technique and polyacrylamide gel isoelectric 
focusing (IEF) electrophoresis of serum in a gradient 
between pH  4 and 5 of the protein (SERPINA1) with 
determination of the protease inhibitor (PI) typing. The 
IEF relies on the migration patterns, whose isoforms are 
assigned an alphabetic letter. In IEF, the normal AAT 
protein (Pi∗MM) migrates in the middle of the isoelec-
tric field, while the most frequent variant (Z) migrates 
most slowly [29]. PIBD may occur in newborns and 
infants with AATD [5, 64–67]. If two normal proteins 
are present the migration bands are called M (Pi∗MM), 
while the most frequent genetic variation of AAT is the Z 
variant (Pi∗ZZ in case of a homozygous individual or 
Pi∗MZ or Pi∗#Z in case of a heterozygous individual 
with a normal M band or with an abnormal secondary 
band (e.g., S variant, which will be Pi∗SZ). Normal 
migration patterns and deficiency of AAT would result 
in an M-like variant (e.g., M-Malton) [29, 33, 68]. 
Normal serum levels are 20–53 μmol/L (~100–220 mg/
dL) by nephelometry, while AATD individuals are less 
than 50 mg/dL. However, since AAT is an acute phase 
reactant, AAT may increase even in patients with 
AATD. The following conditions need to be taken not 
account in case an AATD is suspected. These condi-
tions include acute inflammation, cancer, and liver dis-
ease, pregnancy, estrogen therapy, and after blood 
transfusions or intravenous augmentation therapy. 
AATD is characterized by periportal eosinophilic glob-
ules, which are PAS positive and diastase resistant and 
stained with a monoclonal antibody against AAT by 
immunohistochemistry. During cholestasis in infants 
with AATD, three morphological patterns can be encoun-
tered, including (1) minor cell injury with cholestasis and 
no fibrosis, (2) fibrosis or cirrhosis with biliary duct pro-
liferation, and (3) PIBD [20].

25.11  Cystic Fibrosis

Cystic fibrosis or mucoviscidosis is the most common lethal 
genetic disease in the USA of whites with an incidence of 
1:2000–4500 newborns and a carrier rate of 1  in 20. The 
most common mutation is ΔF508 (more adequately desig-
nated as CFTRΔF508) of a protein that regulates chloride 
ion transport on chromosome 7 and is detected in about two- 
thirds of the individuals affected with cystic fibrosis. The 
protein is the product of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene. The occurrence of 
CFTRΔF508 is represented by deletion of three nucleotides 
spanning positions 507 and 508 of the CFTR gene, which 
results in the loss of a single codon for the amino acid phe-
nylalanine. The abnormal CFTR lacking this phenylalanine 
residue cannot fold properly and cannot be excreted outside 
of the endoplasmic reticulum for further processing. 
Individuals with such genetic mutation experience reduced 
Cl− in secretions, thicker respiratory secretions, respiratory 
infections, meconium ileus, liver disease, exocrine pancre-
atic insufficiency, and infertility. Liver disease is found in 
about 1/10 of patients with CFTR genetic mutations, although 
the exact rate may be higher than considered in the early 
studies [69–71]. Liver disease is characterized by elevated 
liver enzymes, steatosis, focal biliary cirrhosis, cirrhosis, and 
cholangiopathy [72, 73]. Liver disease may present as neo-
natal cholestasis, and PIBD may be a prominent feature. A 
more severe phenotype seems to be present in children with 
cystic fibrosis-related liver disease [74, 75].

25.12  Virus-Related PIBD

Other causes of non-syndromic PIBD include viral diseases. 
A viral insult to the interlobular bile ducts, especially in the 
perinatal age, may be catastrophic, specifically now that 
some vaccination protocols are missing in some countries 
[76]. Such a phenomenon has been described for cytomega-
lovirus (CMV), rubella, reovirus 3, parvovirus B19, and 
hepatitis B virus (HBV). CMV induces an essential and high 
relevant damage to the biliary epithelial cells during perina-
tal life [77, 78]. The disappearance of interlobular bile ducts 
in allograft liver rejection may suggest some immunologic 
similarities in the PIBD-associated CMV neonatal infection 
[79]. PIBD has been reported on two occasions linked to 
rubella virus infection [20, 80]. Reovirus 3 is controversially 
discussed in the literature, although an exciting animal model 
has identified that the administration of rhesus rotavirus-type 
A to newborn Balb/c mice provokes an inflammatory 
obstruction of the biliary ducts, which resembles human bili-
ary atresia [81, 82]. The role of parvovirus B19 is intriguing 
and has been suggested in two occasions as well [83, 84], 
while HBV in one case report [85]. HBsAg (also known as 
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the Australia antigen) is the surface antigen of the HBV and 
indicates current hepatitis B infection. Intrahepatic duct 
damage has also been observed in children with Kawasaki 
disease [86].

25.13  Sclerosing Cholangitis

Neonatal and primary sclerosing cholangitis of children and 
adults are vanishing bile duct syndromes with ductopenia 
and are part of the non-syndromic PIBD group, which are 
under intense molecular investigation [87]. Primary scleros-
ing cholangitis (PSC) is a chronic cholestatic with the pro-
gressive fibro-sclerotic inflammatory disease of the liver and 
extrahepatic biliary tract. PSC is associated with inflamma-
tory bowel disease (IBD), particularly ulcerative colitis (UC) 
in 80% of patients and causes multifocal strictures and seg-
mental dilatations of the intrahepatic and extrahepatic biliary 
system. Neonatal sclerosing cholangitis (NSC) is a rare 
infantile nonsurgical correctable cholangiopathy first 
reported in eight children presenting with jaundice, hepato-
splenomegaly, pale stools, and high serum γ-glutamyl- 
transferase (GGT) activity [88]. Six out of the 13 infants 
with NSC, who have been investigated at the King’s College 
Hospital, London, United Kingdom, showed mutations in 
the DCDC2 gene, which encodes doublecortin domain- 
containing protein 2 (DCDC2) [89]. In four patients, there 
were homozygous changes (two frameshifts, two stop codon) 
and two patients showed compound heterozygous changes 
(two frameshifts, one stop codon) with all mutations predict-
ing a truncated protein. The liver biopsy of NSC is similar to 
biliary atresia (BA), although a cholangiogram will show 
dilation of the extrahepatic bile ducts in NSC, while a chol-
angiogram would point to an obliteration of the extrahepatic 
biliary system in BA. In a typical patient with NSC, the liver 
biopsy shows varying degrees of portal tract fibrosis without 
edema and bile duct proliferation with occasional bile plugs 
and optional persistence of the ductal plate. Later, the biopsy 
may show PIBD in a background of portal tract fibrosis. 
Focally, the characteristic concentric periductal lamellar 
fibrosis may be identified. Also, disarray and atrophy of duc-
tal epithelium can occur. Although biliary hamartomata (von 
Meyenburg complexes) are not seen, an ectasia of large ducts 
in some patients suggesting Caroli-disease–like changes 
may be encountered. The DCDC2 gene is highly expressed 
in the central nervous system, and other organs including the 
liver throughout fetal and adult life and have been identified 
as a candidate gene for dyslexia. DCDC2 contains two dou-
blecortin domains, which are microtubule-binding modifiers 
acting in the cytoskeleton. Microtubules are primarily 
involved in the structure of the cytoskeleton, in the move-
ment and division of the cell, and intracellular transport. 
DCDC2 has the potential to interfere with tubulin binding, 

microtubule polymerization, and the development of a nor-
mal ciliary structure [89, 90].

Non-syndromic PIBD includes GVHD of the liver and 
chronic allograft rejection of the organ. An important thera-
peutic option for a variety of diseases is the allogeneic hema-
topoietic cell transplantation (HCT). Currently, GVHD 
remains the most frequent and challenging complication fol-
lowing allogeneic HCT.  The principal target organs in 
patients with acute GVHD are the skin, gastrointestinal tract, 
and liver. Chronic GVHD remains the dominant cause of 
non-relapse mortality in patients surviving longer than 
24  months after allogeneic hematopoietic cell transplanta-
tion. Chronic GVHD influences both quality of life and long- 
term outcomes negatively [78]. Despite advances in clinical 
practice and our knowledge in basic sciences of the autoim-
mune processes, the incidence and severity of chronic GVHD 
have regrettably increased over the last decade. The critical 
characteristics of chronic GVHD are cholestatic or hepatic 
GVHD (inflammatory or phase 1), autoimmune hepatitis 
(immunologic dysregulation or phase 2), and advanced liver 
GVHD with periportal fibrosis, ductopenia (fibrosis/sclero-
sis or phase 3) [91]. In acute GVHD, bile duct injury is slight 
or moderate and patchy in distribution. In chronic GVHD 
with liver injury, bile duct damage is more severe and results 
in PIBD with loss of more than 50% of interlobular biliary 
ducts. Chronic PIBD may fail to progress to frank cirrhosis 
because the inflammatory infiltrate is mostly absent. 
Currently, a re-transplantation seems to be the only option.

In Liver Allograft Rejection, cholestasis and injury of 
interlobular bile ducts occur both in acute and chronic rejec-
tion. There are mild, moderate, and severe rejection features 
involving the interlobular bile ducts with both Birmingham 
score and the Rejection Activity Index (RAI) score. The bili-
ary changes include vacuolation, loss of polarity, flattening 
of the cuboidal cells and are associated with foci of liver 
cells necrosis and lymphocytic infiltration both in portal 
areas and lobules. The diagnostic criteria for acute rejection 
consist of a mixed portal inflammatory infiltrate, bile duct 
damage, and endothelialitis. There is no prognostic signifi-
cance of the bile duct injury in acute rejection. Conversely, 
the bile duct injury with loss of bile ducts is a salient feature 
of chronic rejection. Initially, the liver biopsy of an ongoing 
chronic rejection shows florid periductal inflammation with 
progressive ductopenia. Subsequently, PIBD is associated 
with fibrosis and vascular obliteration and specific subendo-
thelial foamy cells associated with an abridged number of 
hepatic arterial radicles supporting the hypothesis that oblit-
erative arteriopathy may be the underlying pathogenic mech-
anism [92]. Recently, a timeline review of chronic allograft 
rejection has been proposed emphasizing the role of arteriole 
loss in addition to ductopenia [93]. In the chronic rejection 
evaluation, at least two findings should be present for 
 diagnosis [94]. The early chronic rejection relies on bile duct 
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loss in less than half of portal tracts and loss of arterioles in 
less than one-fourth of portal tracts. Moreover, zone 3 necro-
sis with mild centrilobular/perivenular fibrosis of the termi-
nal hepatic venules, foam cell deposition and intimal 
inflammation of the large perihilar hepatic artery, and foam 
cell deposition and inflammation of the large perihilar bile 
ducts are seen. In late chronic rejection, there may be ducto-
penia in more than half of portal tracts, while the loss of arte-
rioles is seen in more than one-fourth of portal tracts. Also, 
there are bridging fibrosis and focal obliteration of venules, 
luminal narrowing with foam cells and fibro-intimal prolif-
eration of the large perihilar hepatic artery, and cholestasis 
and moderate/severe foam cell deposition of the large perihi-
lar bile ducts [94].

PIBD may also be encountered in some other conditions 
such as progressive intrahepatic familial cholestasis 
(PFIC), hypopituitarism, maternal use of progesterone 
during pregnancy, Norwegian cholestasis, hemophago-
cytic lymphohistiocytosis, congenital pancreatic hypopla-
sia, and renal microcystic disease [30]. In PFIC, which is 
the most known differential diagnosis in the non-syndromic 
group above cited, there are three known types (PFIC1, 
PFIC2, and PFIC3) with each type harboring a different 
genetic cause. The hepatic uptake of bile salts, organic anions 
and cations are regulated by the sodium-dependent taurocho-
late cotransporter protein (NTCP), organic anion transport-
ers (OATP1–2), and organic cation transporters (OCT1) at 
the basolateral membrane of the hepatocyte. These transport-
ers are not directly ATP-dependent for their function. ATP- 
dependent function is mostly vital for transporters mediating 
the secretion from liver to bile (ATP-binding cassette pro-
teins or ABC) with several members including the 
P-glycoprotein (MDR), the multidrug resistance proteins 
(MRPs), the cystic fibrosis transmembrane regulator, the 
transporter associated with antigen presentation (TAP) pro-
teins and a peroxisomal long-chain fatty acid transporter. 
Three proteins are at the basis of PFIC 1–3. Mutations in the 
ATP8B1, ABCB11, and ABCB4 genes can cause PFIC, 
which is inherited with an autosomal recessive pattern [95]. 
The preferred nomenclature for the three PFIC disorders is a 
FIC1 deficiency, BSEP deficiency, and MDR3 deficiency. 
ATP8B1 mutations cause PFIC1 because ATP8B1 gene pro-
vides instructions for making a protein that helps to maintain 
an appropriate balance of bile acids with bile acid accumula-
tion, cell damage, and subsequent liver disease. It is uncer-
tain how ATP8B1 mutations affect short stature, deafness, 
and other signs and symptoms of PFIC1. PFIC2 is linked to 
modifications of the ABCB11 gene, which encodes for a pro-
tein called the bile salt export pump (BSEP), which promotes 
the export of bile salts out of liver cells. Genetic mutations in 
the ABCB11 result in the accumulation of bile salts in liver 
cells with consequent cell damage and liver disease. Finally, 
ABCB4 mutations cause PFIC3. The ABCB4 gene provides 

instructions for building a protein that moves phospholipids 
across cell membranes. The lack of proper binding of phos-
pholipids to bile acids determines cell damage due to the tox-
icity of the bile acids leading to liver disease [96]. The 
histopathology of PFIC is also different according to the typ-
ing and PIBD has been described in PFIC [97–99]. In PFIC1, 
the examination of the liver shows canalicular cholestasis 
with periportal biliary metaplasia of hepatocytes in a virtual 
absence of true ductular proliferation. In PFIC2, the histol-
ogy is similar, but there is more disordered architecture than 
PFIC1. There is more pronounced lobular fibrosis, portal 
fibrosis, and inflammation with more prominent hepatocel-
lular necrosis and giant-cell transformation in PFIC2 than in 
PFIC1. In PFIC3, there is portal fibrosis and true ductular 
proliferation accompanied by a mixed inflammatory infil-
trate with occasional cholestasis and giant-cell transforma-
tion of hepatocytes. Cholestasis may be isolated or associated 
with other organ involvement in the presence of more spe-
cific conditions [30]. The mechanism underlying the other 
diseases is uncertain and is under intense investigation.

25.14  Conclusion

Since the original report of the first syndromic PIBD, there 
is a growing understanding that PIBD may be the most fre-
quent non-surgically correctable infantile cholangiopathy. 
The syndromic group should include Williams-Beuren syn-
drome, Zellweger syndrome, and major karyotype abnor-
malities in addition to the Alagille syndrome. The 
non-syndromic PIBD has been described in association 
with numerous defects or abnormalities: metabolic (such as 
AATD) or viral diseases (e.g., CMV, rubella), altered bile 
acid metabolism, and cystic fibrosis. Finally, the third 
group of idiopathic PIBD warrants a separate identity 
which may group new diseases waiting for a more detailed 
grouping in syndromic or non-syndromic. In most of the 
PIBD patient, the prognosis is, in general, severe and liver 
transplantation is requested. The use of new genetic tools 
(e.g., CRISPR- Cas9) may open the root for alternative 
options in the future.

 Self Study

 Questions

 1. What are the three main stages of the development of 
the intrahepatic biliary system?
 (a) Protohepatic structure, Hepatic structure, Post- 

hepatic structure
 (b) Ductal plate, Remodeling Ductal Plate, Remodeled 

Bile Ducts
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 (c) Remodeling Ductal Plate, Remodeled Bile Ducts, 
Remodeled Neoductules

 (d) Protocholangioles, Neocholangioles, Interlobular 
Bile Ducts

 (e) Ductal Plate, Remodeled Bile Ducts, Interlobular 
Bile Ducts

 2. Which two genes are mostly involved in Alagille 
syndrome?
 (a) JAG1 and CFTR
 (b) PKHD1 and PKD2
 (c) CFTR and JAG1
 (d) PKHD1 and NOTCH2
 (e) JAG1 and NOTCH2

 3. Which function does play the dominant gene of 
Primary Sclerosing Cholangitis?
 (a) Tubulin polymerization and centrosome assembly
 (b) Centrosome assembly and chromatid structure of the 

cell cycle
 (c) Tubulin binding and microtubule polymerization
 (d) Keratin-binding and microtubule polymerization
 (e) Cilia formation and centrosome assembly

 Answers

 1. What are the three main stages of the development of 
the intrahepatic biliary system?
 (a) Protohepatic structure, Hepatic structure, Post- 

hepatic structure
 (b) Ductal plate, Remodeling Ductal Plate, Remodeled 

Bile Ducts (CORRECT)
 (c) Remodeling Ductal Plate, Remodeled Bile Ducts, 

Remodeled Neoductules
 (d) Protocholangioles, Neocholangioles, Interlobular 

Bile Ducts
 (e) Ductal Plate, Remodeled Bile Ducts, Interlobular 

Bile Ducts
 2. Which two genes are mostly involved in Alagille 

syndrome?
 (a) JAG1 and CFTR
 (b) PKHD1 and PKD2
 (c) CFTR and JAG1
 (d) PKHD1 and NOTCH2
 (e) JAG1 and NOTCH2 (CORRECT)

 3. Which function does play the dominant gene of 
Primary Sclerosing Cholangitis?
 (a) Tubulin polymerization and centrosome assembly
 (b) Centrosome assembly and chromatid structure of the 

cell cycle
 (c) Tubulin binding and microtubule polymerization 

(CORRECT)
 (d) Keratin-binding and microtubule polymerization
 (e) Cilia formation and centrosome assembly
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Nonalcoholic Fatty Liver Disease: 
A Wide Spectrum Disease

Natalia Rosso and Stefano Bellentani

26.1  Introduction

In 1980, Ludwig et al. [1] used the term Nonalcoholic Fatty 
Liver Disease (NAFLD) to describe a panel of liver injuries 
similar to alcoholic hepatitis that occurred in absence of rel-
evant alcohol consumption or other known causes of chronic 
liver disease (HCV, HBV, drugs, etc.).

Nowadays NAFLD has emerged as a major cause of 
chronic liver disease. Particularly, NASH is increasing as an 
etiology for end-stage liver disease as well as for hepatocel-
lular carcinoma (HCC)-related liver transplantation and is 
expected to surpass hepatitis C for this indication in the next 

years. NAFLD is strongly related to insulin resistance (IR) 
and is associated to clinical conditions such as overweight or 
obesity, type 2 diabetes mellitus (T2DM), hypertension, 
hypertriglyceridemia and low HDL-cholesterol (all of which 
constitute essential elements in the spectrum of metabolic 
syndrome (MS)). Overweight and obesity global epidemic 
burdens in both developed and developing countries. Such is 
the magnitude of the problem that the World Health 
Organization (WHO) has introduced the term “Globesity” to 
define the phenomenon. This booming of obesity is in paral-
lel with the increasing incidence of NAFLD and NASH.

NAFLD is not only referred to adults, but there is now 
growing evidence indicating that NAFLD is the most com-
mon cause of liver disease also in the pediatric population. 
This worrisome trend is a mirror of the spread of hyperca-
loric diets and sedentary life habits among children and ado-
lescents. Thus, its incidence in this young population 
represents the major threat to the upcoming years.

To date, there is no consensus concerning an effective 
pharmacological treatment for NASH, and the only currently 
recommended treatment is based on lifestyle modifications 
(diet and physical activity). However, the lack of compliance 
is still the main obstacle to overcome. Nowadays, drug inter-
ventions consist of the association of several drugs as an 
attempt to reverse the co-morbidities of the MetS.

Interestingly, it worth to be mentioned that NAFLD, 
although at a lower prevalence, might occur also in nonobese 
subjects (the so-called “lean” NAFLD) suggesting that other 
genetic factors different from obesity might play a determi-
nant role in the onset of this disorder. Despite the significant 
role that NAFLD has on health care systems worldwide and 
more than 200 clinical trials ongoing around the world, 
NAFLD and NASH still remain without any approved 
therapy.

In this chapter, readers will find information about the 
most recent data regarding the epidemiology, associated risk 
factors, pathogenesis, available experimental models, diag-
nosis and the available treatment options for NAFLD.
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Key Concepts
• NAFLD is a major cause of chronic liver disease, 

and its estimated global prevalence is 24%
• NAFLD is expected to become in few years the 

most frequent cause for the indication of liver 
transplantation

• The increasing worldwide incidence of NAFLD is 
tightly associated with the booming of obesity and 
Type 2 Diabetes Mellitus

• NAFLD is not only referred to adults but is the most 
common cause of liver disease also in the pediatric 
population

• It is a wide spectrum progressive disease that affects 
several organs

• To date, the proposed nutraceutical and pharmaceu-
tical treatments have not yet provided solid results
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NAFL and NASH are still negative definitions: a patient is 
classified as having NAFL/NASH when the amount of alco-
hol drank per day is lower than 20–30 g (140 g per week), 
and all the other causes of liver diseases (HBV, HCV, Drug- 
induced, biliary disease, autoimmune liver disease, etc.) 
have been excluded. As we proposed recently [2] it is prob-
ably time to reach an overall consensus throughout all the 
scientific community to change the nomenclature, and go 
from a negative to a positive definition of NAFLD/NASH, 
naming them “Metabolic-Associated Fatty Liver (MAFL) 
and Metabolic-Associated SteatoHepatitis (MASH).”

26.2  Epidemiology

26.2.1  Prevalence and Incidence 
of NAFL/NASH

NAFLD is currently the main cause of alteration of transami-
nases and GGT and the second indication of liver transplan-
tation among adults, but also in children and adolescent, in 
the Western world [3].

According to the most updated data, the NAFLD global 
prevalence in the adult general population is estimated to be 
25%, with a wide range marked by age, sex, region of origin, 
and ethnicity. The highest prevalence was recorded in the 
Middle East (32%), South America (31%) and Asia (27%) 
while the lowest was reported in Africa (14%). Europe and 
North America stand at intermediate values (20–30%). 
Europe and North America stand at intermediate values (20–
30%) [4]. Among individuals with NAFLD, the global prev-
alence of NASH, diagnosed by liver biopsy, varies between 
20% and 50%, with greater frequency and severity in men 
than in women, although the protective role of women is 
reduced in the post-menopausal phase. The prevalence of 
NAFLD rises significantly in the risk groups and reaches 
94% in obese patients (BMI > 30 kg/m2), 40–70% of patients 
with Type 2 Diabetes Mellitus (T2DM) or Metabolic 
Syndrome (MS), and 50% of the dyslipidemic subjects. A 

number of complications of MS (cardiovascular disease, 
obstructive sleep apnea [OSA]) are highly prevalent in 
patients with NAFLD. On the other hand, NAFLD is an inde-
pendent predictor for cardiovascular disease and cardiovas-
cular mortality, and in turn, cardiovascular mortality is the 
most common cause of death among patients with NAFLD 
and NASH.

Also, OSA, another complication of MS, is highly preva-
lent in NAFLD, and these patients are three times as likely to 
have NASH compared with patients without OSA.

The most dramatic epidemiological data concern the 
pediatric population, in which obesity and MS are in pro-
gressive global increase, particularly marked in Europe and 
USA [5] where the estimates are reaching US numbers 
(6.9%, three times higher in the period 2007–2010 than that 
in the period 1988–1994).

The diagnosis of NASH, which is the variant of NAFLD 
that can progress to NASH-cirrhosis and NASH- 
Hepatocellular Carcinoma (HCC), requires histological con-
firmation, therefore, the prevalence of NASH in the general 
population can only be estimated from a few biopsy series. 
This prevalence rate ranges between 1.5% and 6.45%.

Finally, it is important to recognize that NAFLD and 
NASH can occur in the absence of obesity. Although NAFLD 
is more common in obese individuals, the prevalence rate of 
NAFLD in lean individuals in the United States is about 7%, 
whereas prevalence rates in rural areas of some Asian coun-
tries can be as high as 25–30%.

The incidence of NAFLD and NASH from the general 
population is lacking, and it could be only estimated. Thus, 
the incidence reported to date, usually varies across the 
world, ranging from 28.01 per 1000 to 52.34 per 1000 
person-years.

26.2.2  Natural History and Risk Factors 
for NAFL and NASH

NAFLD is a disease with different rates of progression 
among individuals and different clinical manifestations. This 
highly variable natural history reflects the diverse but con-
vergent impacts of the environment, the intestinal microbi-
ome that could influence the presence or absence of fatty 
liver, the glucose and lipid metabolism, other co-morbidities 
and genetic factors.

The natural history of NAFLD has been recently deeply 
investigated and designed by various recent studies. NASH 
is the predominant type of NAFLD that can progress, in 
about 10–15% of patients to cirrhosis. This progression is 
non-linear and, in fact, some patients with NASH, even those 
with fibrosis, may spontaneously regress. Although most 
patients with the non-NASH type of NAFLD do not prog-
ress, a few actually do progress to NASH and even cirrhosis. 

Definition
Currently, NAFLD is considered a wide spectrum dis-
ease that includes two phenotypes: nonalcoholic fatty 
liver (NAFL) and nonalcoholic steatohepatitis 
(NASH). While NAFL is considered a relatively 
benign and reversible condition, characterized by the 
deposition of intracellular lipid droplets within the 
hepatocytes (simple steatosis) without obvious cellular 
injury, NASH is a more aggressive disease character-
ized by cellular injury, inflammatory infiltrates and 
possible progression to fibrosis or cirrhosis.
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However, cardiovascular mortality is the most common 
cause of death among patients with NAFLD and 
NASH.  Liver-related complications are quite common in 
these patients and liver-related mortality is among the top 
three causes of death.

The presence of MS in an individual is the strongest risk 
factor for NAFLD.  The association between both of them 
may be bidirectional, particularly with respect to diabetes 
and hypertension, meaning that not only does MS increase 
the risk of NAFLD, but also NAFLD may enhance several 
co-morbidities of MS.  Indeed, NAFLD is now considered 
the hepatic manifestation of MS. Among the features of MS, 
T2DM has the clearest biologic link to the progression of 
NAFLD. Up to 75% of individuals with T2DM have NAFLD 
and among them, the prevalence of NASH and advanced 
fibrosis is higher compared with those non-diabetics with 
NAFLD as reported above. Likewise, it has been reported 
that 50% of patients with hypertension have NAFLD, and at 
the same time, NAFLD has been associated with changes in 
arterial stiffness, myocardial re-modeling, kidney disease, 
and heart failure. In line with this, it has been also reported 
that hypertension is strongly associated with the progression 
of hepatic fibrosis.

Finally NASH could progress not only to cirrhosis but in 
almost 40% of the cases directly to HCC [6]. NASH is now 
among the top three indications for liver transplantation in 
the United States due to decompensated liver disease and is 
the most rapidly growing cause of HCC worldwide [4].

26.2.3  Genetic and Epigenetic Factors

Genome-wide association studies have identified novel loci 
associated with disease severity phenotypes in NAFLD. To 
date, nonsynonymous SNPs in two genes: patatin-like 
phospholipase domain-containing-3 (PNPLA3) and trans-
membrane 6 superfamily member 2 (TM6SF2) have been 
associated with NAFLD. The Ile148Met (rs738409) variant 
of PNPLA3, which takes part in lipid transformation, is 
now recognized as the major common genetic determinant 
of NAFLD and it is associated with progression to NASH 
[7, 8]. In addition, the rs58542926 C>T genetic variant of 
TM6SF2 (which encodes the E167K aminoacidic substitu-
tion and determines neutral fat accumulation in the liver) 
has been reported to confer a susceptibility to NASH and 
fibrosis. Among the emerging newly discovered risk loci, 
variants near the genes encoding for membrane-bound 
O-acyltransferase domain-containing 7 (MBOAT7) and 
transmembrane channel-like 4 (TMC4) have been shown to 
be associated with the development and severity of NAFLD 
in patients of European descent [9]. Similarly, within the 
Latino population in South America, the TM6SF2 
Glu167Lys, and PNPL3 Ile148Met protein variants seem to 

confer susceptibility to progressive NASH [10]. More 
recently a new genome-wide association study revealed a 
splice variant (rs72613567:TA) in HSD17B13, a gene that 
encodes the hepatic lipid droplet protein 17β-hydroxysteroid 
dehydrogenase type 13 [11]. This splice variant yields a 
truncated, nonfunctional protein that attenuates hepatocyte 
injury in patients with fatty liver (reduced ALT and AST) 
implying that HSD17B13 normally promotes hepatocellu-
lar damage. Lately, hereditable mechanisms different from 
those encoded within the nucleotide sequence of genes are 
emerging. Epigenetic factors might also be a mechanism 
through which environmental exposures exert a heritable 
effect on disease risk, especially the remodeling of DNA 
methylation at key fibrosis modifiers genes. Differential 
abundance of serum microRNAs in monozygotic and dizy-
gotic twins explain the discordance of NAFLD in geneti-
cally identical twins [12].

26.2.4  Environmental Factors

The most relevant environmental factors that have an impor-
tant role to predispose individuals to NAFLD are dietary hab-
its, physical activity, and socioeconomic factors. Individuals 
with NAFLD usually have unhealthy eating habits (eating 
processed food and/or foods with a high content of fat, salt, 
sugar or corn syrup) and eat more frequently at restaurants. 
Nutritional assessment of patients with NAFLD have further 
documented an increased consumption of low- nutrient, high-
sodium and high-fat foods, especially diets high in meat-
derive fats and lower amounts of fresh fruits. Subjects with 
fatty liver have also very low physical activity levels and 
increased sitting times compared with healthy individuals.

26.2.5  Lean NAFLD

Initially, lean NAFLD was described in Asian populations in 
absence of obesity, but more recently has been reported that 
NAFLD can develop also in 10–20% of lean Americans and 
Europeans [3]. Lean NAFLD encompasses a heterogeneous 
spectrum of disease arising from different etiologies such as 
increased visceral adiposity, high fructose and fat intake, 
genetic factors, congenital defects of metabolism, endocrine 
disorders, drug-related causes, jejunoileal bypass, starvation 
or total parental nutrition. A large proportion of lean NAFLD 
cases belong to a subgroup that comprises individuals who 
are non-obese, frequently sedentary, and with impaired insu-
lin sensitivity, increased cardiovascular risk and increased 
liver lipid levels. Lean NAFLD usually presents fewer 
comorbidities, for this reason, is commonly believed that this 
subgroup would follow a relatively benign clinical course. 
However, NASH prevalence in obese and nonobese has been 
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reported to be similar [13]. Moreover, the presence of 
advanced fibrosis in nonobese NASH patients is similar to 
the observed in obese subjects suggesting that once an indi-
vidual has been diagnosed with NASH obesity might not be 
the main driver of fibrosis progression. Genetic factors might 
be involved in the risk of lean NAFLD, however, the pres-
ence of NASH in these patients was not explained by muta-
tions in genes that influence either insulin resistance (ENPP1 
and IRS1 polymorphisms) or the severity of steatosis (PNPL3 
and TM6SF2 polymorphisms).

26.3  Pathogenesis

For several years the “two hits theory”, proposed by Day in 
1998, was accepted to explain NAFLD pathogenesis. In this 
theory, the “first hit” was defined by the accumulation of lip-
ids in hepatocytes due to an altered intrahepatic lipid 
 metabolism, and the “second hit” was represented by other 
related factors that led to hepatocyte injury, inflammation, 
and fibrosis. However, due to the complexity of the molecu-
lar pathways involved in this process, this view is now con-
sidered old-fashioned. In 2010, Tilg and Moschen proposed 
the “Multiparallel hits Hypothesis”, a more complex and 
global theory to explain the pathogenesis of NAFLD. In this 
model, the adipose tissue and gut-related factors play a key 
role in the initiation of hepatic inflammation, suggesting that 
simple steatosis and NASH might be two different disorders 
and pointing to new non-hepatic players involved in the 
onset and progression of NAFLD.  Evidence from patients 
that have undergone serial liver biopsies over an interval of 
several years demonstrates that the progression of NAFLD 
from simple steatosis to NASH and fibrosis is not linear and, 
probably, it is more dynamic than previously thought. 
Moreover, pathogenic drivers are not likely to be identical 
among all patients. Thus, both the mechanisms leading to 
disease and their clinical manifestations are highly 
heterogeneous.

In an attempt to define the pathogenic drivers that have 
been suggested to be involved in the onset of NAFL and 
NASH, is useful to keep in mind that the normal capacity of 
the liver to handle the primary metabolic energy substrates 
(carbohydrates and fatty acids (FA)) is largely overwhelmed. 
Thus, the accumulation of toxic lipid induces hepatocellular 
injury and death leading to fibrogenesis and genomic insta-
bility that predispose to cirrhosis and hepatocellular carci-
noma. When FA are either supplied in excess or their disposal 
is impaired, they may serve as substrate for the generation of 
lipotoxic species that provoke endoplasmic reticulum (ER) 
stress and cell injury.

Under normal conditions, FA are delivered to the liver 
from blood following lipolysis of triacylglycerol (TAG) in 
white adipose tissue (WAT). Sequential TAG hydrolysis 

form diacylglycerol (DAG) and subsequently monoacylglyc-
erol (MAG), which is hydrolyzed again to release the final 
FA and glycerol. The liberation of FA from TAG is also 
important to supply substrate for hepatic synthesis of very- 
low- density-lipoproteins (VLDL) (Fig.  26.1a). Impairment 
of WAT lipolysis inhibits the subsequent hepatic VLDL syn-
thesis. Obesity is associated with an increase in basal lipoly-
sis, due to an impaired sensitivity to the antilipolytic effects 
of insulin, resulting in excessive delivery of FA to the liver. 
The second source of FA is their hepatic synthesis from glu-
cose and fructose by the de novo lipogenesis (DNL). Whereas 
the introduction of glucose into the DNL pathway is highly 
regulated, nearly all the fructose is removed from the portal 
blood by the liver, where it is committed to DNL without 
regulation. The consumption of sugar-sweetened beverages 
that contain either sucrose (which is converted to fructose 
and glucose in the gut) or a mixture of fructose and glucose 
is epidemiologically associated with fat accumulation in the 
liver and with NASH. Once FA reach the liver, they are non-
covalently bound to fatty acid-binding protein-1 (FABP-1) 
and primarily metabolized either by mitochondrial 
β-oxidation or through esterification to form triglycerides 
(TG). TG not exported into the blood from the liver as VLDL, 
form lipid droplets in hepatocytes (the main feature of 
NAFL). Esterification of FA as neutral TG is generally con-
sidered as an adaptive protective response to a supply of FA 
that exceeds the metabolic capacity. However, recent studies 
suggest that this excess of TG, rather than a marker of meta-
bolic abnormalities, may also play a causative role [14, 15]. 
The moiety of the intracellular fat has distinct toxic effects 
and the presence of the intermediate products seem to have a 
more deleterious effect on liver cells. Alterations in lipid 
metabolism lead to the accumulation of intermediate prod-
ucts such as DAG and phospholipids (sphingolipids and 
ceramides), and these compounds account for the fatty acid- 
induced toxicity and for the hepatic IR. Altered cholesterol 
homeostasis and hepatic free cholesterol (FC) accumulation 
have been also proposed as a trigger for the pathogenesis of 
NASH. Most probably, FC accumulates within the ER mem-
brane impairing its fluidity. The resulting stiffening of the 
ER membrane leads to an impaired activity triggering the ER 
stress and eventual Unfolded Protein Response, cell apopto-
sis via JNK signaling and to the release of RE Ca+2 stores. 
Adjacent mitochondria readily take up the released Ca+2, and 
the acute Ca+2 overload results in changes in mitochondrial 
potential and the opening of the permeability transition pore 
ensuing a potent cellular cell signal.

IR is recognized as another key factor linking MS and 
NAFLD and contributing to its pathogenesis. IR is character-
ized by reduced glucose disposal in nonhepatic tissues. As 
mentioned before IR promotes a higher lipolysis of WAT 
with the consequent mobilization of FA from this tissue to 
the liver. Ectopic fat accumulation within the liver, especially 
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those lipid intermediates (such as DAG) further inhibits the 
insulin receptor and its downstream signaling and thus pro-
mote hepatic IR. Furthermore, impaired lipid oxidation and 
the subsequent increase of the hepatic lipid content lead to 
increase the hepatic IR. Expansion of the WAT, especially 
the visceral adipose tissue (VAT), promotes the release of 
deleterious cytokines that induce a chronic inflammatory sta-
tus. Thus, inflammation is considered the major risk of obe-
sity and it is associated with WAT dysfunction. Adipose 
tissue of obese subjects presents an increased number of 
macrophages, and they might account for much of the adi-
pose tissue inflammatory cytokine secretion. In NAFLD, 
adipose tissue contributes to the systemic production of 
tumor necrosis factor α (TNF-α). TNF-α binds to its receptor 
and activates downstream inflammatory signaling pathways 

including OKK, mTOR or JNK.  In turn, these effectors 
recruit downstream molecules, respectively nuclear factor- 
kappa b (NFκB), S6 kinase (S6K) and activator protein-1 
(AP-1), which inhibit IRS phosphorylation, subsequently 
impairing insulin signaling in the liver. IR is also associated 
with an alteration in the adipokines profile (IL6, MCP1, adi-
ponectin) which play a pivotal role in the initiation and per-
petuation of the pathological events related with NAFLD.

More recently, the role of gut microbiota in the develop-
ment of NAFLD has drawn the attention of the scientific 
society. The human intestinal tract contains highly diverse 
and dense gut microbiota that plays crucial roles in intestinal 
physiology such as the digestion of food (otherwise indigest-
ible), the protection of mucosal surfaces and crosstalk with 
the immune system of the host. Among the trillions of 

Fig. 26.1 (a) – Hepatic fatty acids (FA) supply during normal condi-
tions. (1) Following the lipolysis of TAG in WAT FA are delivered to the 
liver from the blood. (2) FA can be synthesized in the liver (de novo 
lipogenesis) from the Glucose and Fructose contained in the diet. Once 
within the liver FA can follow different processes (3) can be exported as 
VLDL, metabolized by (4) esterification into neutral TG or (5) mito-
chondrial β-oxidation. The regulation of this process is highly regulated 
by (6) Insulin that has an important antilipolytic effect in WAT. (b) 
Dysregulation in hepatic FA supply during NAFLD. The normal process 
(described in a) are represented in blue, whereas the pathological- 
associated processes are evidenced in red. (1) Insulin resistance (IR), is 
associated with (2) an increased basal lipolysis in the WAT resulting in 
(3) an excessive delivery of FA to the liver. On the other side consump-

tion of sugar-enriched diets promotes (4) an active hepatic FA synthesis 
(de novo lipogenesis). Impairment of WAT lipolysis (5) inhibits VLDL 
synthesis, and thus (6) increasing the TG intrahepatic pool. (7) 
Mitochondrial Dysfunction leads to impaired β-oxidation and the sub-
sequent oxidative damage. (8) Accumulation of intermediate FA prod-
ucts (DAG, phospholipids, ceramides) account for the FA-induced 
toxicity triggering inflammation, profibrotic stimuli and (9) hepatic 
insulin resistance. (10) Expansion of WAT promotes the release of del-
eterious cytokines that induce a chronic inflammatory status that further 
compromise the hepatic functionality. (11) Dysbiosis induces and 
enhanced gut permeability (leaky gut) with the subsequent bacteria/
LPS translocation to the blood contributing to the hepatic 
inflammation
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microbes that live in the human gut, the Bacteroidetes and 
the Firmicutes phyla are the two dominant groups of benefi-
cial bacteria. Recently it has been shown that gut microbiota 
actively participates also in the pathogenesis of NAFLD. 
Differential gut microbiota composition (also called dysbio-
sis) has been reported in subjects with NAFL or NASH ver-
sus healthy controls. Specifically, it has been found an 
inverse association between the presence of NASH and the 
percentage of Bacteroidetes [16]. The increase of intrahe-
patic fat can be regulated by gut microbiota through mecha-
nisms that regulate: (1) the appetite signaling; (2) the 
increased energy extraction from the diet; (3) the expression 
of genes involved in DNL and β-oxidation or (4) Inflammation- 
driven steatosis. Thus, hepatocellular inflammation may be 
secondary to alterations in the intestinal permeability (due to 
disruption of cellular tight-junctions) and subsequent trans-
location of either intact bacteria or microbial cell compo-
nents (such as lipopolysaccharide [LPS] derived from the 
cell wall of gram-negative bacteria) to the circulation (the 
so-called “leaky-gut”).

The worsening of the liver condition from NAFL to 
NASH is determined by the initiation of the fibrotic response. 
Fibrosis is a physiological intrinsic response to a persistent 
liver injury that leads to a wound-healing process to mitigate 
the damage. However, if the noxious stimuli become chronic 
the fibrotic process can lead to scar formation, compromis-

ing the normal liver architecture and disrupting the normal 
vasculature leading to the associated complications such as 
portal hypertension, liver failure, and hepatocellular carci-
noma. Understanding the regulation of the initiation, pro-
gression, and perpetuation of fibrosis is of utmost importance 
especially for the development of therapeutic alternatives. 
Both humans and experimental studies have identified sev-
eral cellular factors that play a determinant role in liver fibro-
genesis. Hepatic stellate cells (HSC) are the main regulators 
of the extracellular matrix (ECM) production, under normal 
conditions, HSC have a quiescent phenotype and constitute 
1/3 of the non-parenchymal cell population (storing the 85% 
of hepatic vitamin A). Upon noxious stimuli triggered by 
damaged hepatocytes, these cells become myofibroblasts 
(activated HSC) and undergo several phenotypic and func-
tional changes. During the initial fibrogenic process, there is 
a cross-talk between injured hepatocytes and myofibroblasts 
which is further stimulated in a paracrine mode by the infil-
trated leukocytes (macrophages and neutrophils) and the 
activated KC.  Once activated myofibroblasts increase the 
proliferative rate and present a dysregulation of gene expres-
sion profile, particularly those involved in extracellular 
matrix (ECM) turnover, such as tissue inhibitors of metallo-
proteinases (TIMPs), matrix metalloproteinases (MMPs), 
collagen type I alpha I (Col1A1) and heat shock protein 47 
(HSP47). Recent studies reviewed by Alegre and colleagues 
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[17] support the novel concept that hepatocyte cell death 
induces the release of extracellular danger signals and the 
further activation of a sterile inflammatory response (in 
absence of infection). This process can initiate the intrahe-
patic self-perpetuating noxious loop which is central to the 
development of liver fibrosis. The authors also reviewed in 
detail the role of inflammasomes as a novel key component 
of this loop. After activation of inflammasome caspase-1 
activates IL-1β that is an important proinflammatory cyto-
kine with diverse biological activities and is implicated in 
multiple diseases. Indeed, several pieces of evidence point 
toward the IL-1 pathway as an important mediator of the 
transition from liver injury to the onset of liver fibrogenesis 
and fibrosis. The mitochondrial-derived reactive oxygen spe-
cies (ROS) are other important activators of the inflamma-
some that contribute to chronic liver disease. Altogether, 
these data indicate that fibrosis is a convergent final step of a 
complex series of different upstream processes.

26.4  Experimental Models

Several experimental models have been characterized in the 
field of translational research in an attempt to reproduce the 
molecular mechanisms involved in the onset of NAFL and 
the progression of NASH to be used as preclinical models. In 
vitro systems have provided useful and detailed information 
about the cellular response to the fatty acid overload. The 
currently available in vitro models cover a wide spectrum of 
variables, spanning from a simple cell culture or co-cultures 
(of two or more cells) exposed to different lipid mixtures, to 
more sophisticated 3D systems. In this section will be 
described the most common models used in research.

The most widely used model is the 2D monolayer cul-
ture, where cells are seeded in a stiff and flat polystyrene 
dishes. In vitro cultures of hepatocytes and HSC have been 
historically based on preparations of primary isolated cells 
from rat’s liver. However, for the prediction of drug toxicity 
or to test drug-induced fibrosis in humans, the use of pri-
mary human hepatocytes or nonparenchymal cells is pre-
ferred since liver toxicity in humans shows poor correlation 
with animal studies. The yield of hepatocyte’s isolation 
from human donors is scarce; the procedure is highly vari-
able among preparations and depends on the etiology of the 
donor’s liver. Induced pluripotent stem cells (iPSCs) repre-
sent an option as a source of hepatocytes since can be 
derived from nearly any cell type, including easily accessi-
ble cells like those from blood or skin. Since, iPSC-derived 
hepatocytes, in general, do not recapitulate the fully mature 
hepatocyte phenotype, hepatic cell lines became the most 
widely used alternative. Cell lines are readily available, easy 
to handle, phenotypically stable, low cost and have (almost) 
unlimited lifespan. The use of co-culture systems, such as 

hepatocytes and HSC, represents a valid platform for the 
study of cell cross-talk during fibrogenesis in the context of 
NAFLD. In fact, several studies have shown a superior cor-
relation in vivo cellular phenotype by employing co-cultures 
rather than monoculture system. These 2D systems, have 
been proven to be valid for the assessment of cellular behav-
ior but have limitations in maintaining the characteristics 
observed in the normal liver 3D microenvironment. The 
morphology, cellular heterogeneity and spatial organization 
maintained within 3D culture system allow the preservation 
of natural adhesion between cells, interaction between cells 
and extracellular matrix, and key cellular signaling path-
ways. Among these 3D culture systems (extensively 
reviewed here [18, 19]) can be mentioned different models 
with different characteristics: (1) Spheroid models/organ-
oids that is a useful system for the study of complex signal-
ing cascade between different cell types during liver 
disease); (2) Microphysiological systems/Organ on chips 
are perfused models where the regulation of the oxygen is 
highly controlled. These systems are used to reproduce the 
tissue- specific oxygen and nutrient gradients in order to sat-
isfy the tissue-specific metabolic request; (3) Precision-cut 
liver slices are the systems that closely reflect the in vivo 
situation with maintaining the intact hepatic architecture 
and cellular heterogeneity; (4) Cell sheet stacking is a 
unique scaffold- free tissue-engineering approach where 
several layers of cell sheets can be assembled together in 
order to build more complex 3D structures; (5) Scaffold/
matrix-based 3D cultures these platforms consist in 
reseeding cells in 3D scaffolds that can be made of synthetic 
materials to guarantee the preservation of the extracellular 
matrix molecules and to improve cell attachment and dif-
ferentiation. In spite of all aforementioned advantages, all 
these 3D systems are not always easy to handle, and the 
experimental set-up has not been well standardized yet, thus 
limiting their use among different laboratories.

During the last years, in vivo models have played a vital 
role in the elucidation of the pathophysiological mechanisms 
of NAFLD; however, translation of the results to human sce-
nario has repeatedly failed. The complexity of the patho-
physiology involved in NAFLD progression is difficult to be 
fully reproduced in animals. Moreover, the differences both 
anatomically and physiologically between rodents and 
humans must not be disregarded. An ideal animal model 
must reproduce, as close as possible, the several criteria in 
order to be considered representative of human disease. 
Unfortunately, to date, none of the available models fulfills 
all these requirements and the choice of the best model relies 
on the selection of the model that better suits your needs.

Several models have been characterized (Table  26.1) 
based on the effect of the diet in the induction of NAFLD 
(reviewed elsewhere [20]), such as (1) Methionine and 
choline- deficient (MCD) diets (both essential nutrients) 
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results in impaired β-oxidation, impaired production of 
VLDL particles and hepatic VLDL secretion leading to ste-
atosis, cell death, oxidative stress and changes in adipokines 
and cytokines. However, the animals do not exhibit any other 
metabolic features that are seen in human NAFLD, including 
obesity, peripheral IR, and dyslipidemia. On the contrary, the 
MCD diet induces weight loss. (2) Semisynthetic choline- 
deficient l-amino acid-defined (CDAA) diet is similar to 
MCD, but in CDAA diet proteins are substituted with an 
equivalent and corresponding mixture of l-amino acids. 
These animals develop s slightly more severe NASH albeit 
on marginally longer period. Animals fed with CDAA diet 
show a significant increase in body weight (but not obese), 
plasma TG and total cholesterol levels. (3) Atherogenic diet 
(Ath) the diet contains a relatively high dose of cholesterol 
(1–1.25%) and cholic acid (0.5%), a mixture that promotes 
the development of atherosclerosis. Ath diet induces steato-
sis, inflammation, hepatocellular ballooning, and fibrosis. 
Additionally, it induces increased levels of ALT, total 
 cholesterol, and TG.  However, Ath diet by itself does not 
induce obesity nor IR. This model is useful for the study of 
atherosclerosis but fails in reproducing the metabolic disor-
ders related to NAFLD. (4) High Fructose diet: excessive 
fructose intake has been linked to the development and 
increased severity of NAFLD. Fructose supplementation in 
drinking water, in both rats and mice, induces simple steato-
sis (with no features of NASH); increase in body weight, TG, 
and glucose. (5) High-Fat Diet (HFD) and its variations: 
the HFD brings about a phenotype similar to the human dis-
ease characterized by obesity, IR, and hyperlipidemia. The 
excess of lipid supply directly via intake and via increased 

lipolysis leads to TG accumulation within the liver with the 
subsequent NASH development, even if this diet induces 
minimal fibrosis even after extended experimental periods.

Models induced by chemicals have been also character-
ized. The most widely used models are: (1) Streptozotocin- 
induced diabetes is a well-known experimental model of 
T2DM, achieved by the administration of a low dose of 
streptozotocin shortly after birth which results in a chemical 
inflammation and destruction of the pancreatic islets. When 
combined with HFD, it can be used as a model for 
NAFLD. The combination of these two approaches results in 
simple steatosis, NASH with inflammatory foci and balloon-
ing and progressive pericellular fibrosis. It has been also 
reported a progressive increase in transaminases and fasting 
glucose, and the presence of multiple hepatocellular carci-
noma. (2) Carbon Tetrachloride (CCl4) is a compound 
commonly used for inducing liver damage. CCl4 induces an 
oxidative stress response in the liver, which leads to the accu-
mulation of lipid and protein peroxidation products and to a 
strong necrotic response. Most importantly, CCl4 induces a 
dose-dependent fibrosis, but not obesity nor IR. Thus CCl4, 
by itself, it is not a NAFLD model and this is the reason why 
it is used in combination with other dietary models.

An additional group of animal models is those related 
with genetic models of NAFLD (reviewed here [17]), briefly: 
(1) Models of T2DM: Lepob/Lepob (ob/ob) mice display a 
spontaneous mutation in the leptin gene, with a consequent 
leptin deficiency. These animals are hyperphagic, inactive, 
extremely obese and present IR. They present also mild to 
severe steatosis, even if ballooning and lobular inflammation 
(and thus NASH) are absent. However, these animals are 

Table 26.1 Summary of the available animal models used in the study of NAFLD

Models Obesity
Insulin 
resistance Dyslipidemia Steatosis NASH Fibrosis Use

Diet induced
MCD × × × Yes Yes Yes Study of intrahepatic events related with 

NASH
CDAA × × Yes Yes Yes Yes
High cholesterol and 
cholate (Ath)

× × Yes Yes Yes Yes Study of atherosclerosis

High fructose Yes Yes Yes Yes × × T2DM model
HFD Yes Yes Yes Yes Yes Minimal Useful for the study of NAFL and the 

initial stages of NASH
Chemically induced
Streptozotocin + HFD X Yes – Yes Yes Yes Good model for the study of T2DM
CCl4 × × × Yes Yes Yes Good fibrosis model
Genetically modified
Ob/ob Yes Yes × Yes × × Good model for the study of T2DM
Db/db Yes Yes × Yes × ×
Fa/fa Yes Yes × Yes × ×
Foz/Foz Yes
SREBP-1c × Yes Yes Yes Yes
ApoE−/− Yes Yes Yes Models to explore cardiovascular 

morbidity and MetS in NASHLdlr−/− Yes Yes Yes
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resistant to hepatic fibrosis. Thus, for the development of 
NASH, these models need to be associated with the afore-
mentioned diet/chemical models (MCD or HFD). Likewise, 
Leprdb/Leprdb (db/db) mice present a mutation in leptin 
receptor gene rendering it nonfunctional. Consequently, 
these animals present a similar phenotype to that ob/ob mice, 
though normal to high leptin levels. Analogous mutation is 
also present in rats the Leprfa/Leprfa (fa/fa, also known as 
Zucker rats). Both db/db and fa/fa animals do not spontane-
ously develop NASH and an additional stimulus is required. 
Another mutation associated with T2DM is the Alms1 gene 
(foz/foz) which is involved in the hypothalamic control of 
satiety. These animals present also hyperphagia, increased 
body weight, T2DM but for the development of NASH and 
fibrosis combination with other models is required. Sterol 
regulatory element binding protein (SREBP)-1c transgenic 
mice, which present an overexpression of this protein in adi-
pose tissue, show IR secondary to impaired adipose differen-
tiation leading to severe hepatic steatosis with the histological 
features of steatohepatitis with perivenular and pericellular 
fibrosis. (2) Models of atherosclerosis: deficiency in 
Apolipoprotein (ApoE−/−) and lipoprotein receptor (Ldlr−/−) 
predispose mice to develop hypercholesterolemia, athero-
sclerosis, and obesity. However, also in this case, for the 
development of NASH combination with HFD is required.

In spite of the promising results, substantial objections 
remain: (1) long-term exposure is required for observing the 
pathological phenotype; (2) the pathophysiological mecha-
nisms not always coincide with human NAFLD; (3) the 
models have been characterized only in male adult animals 
excluding the application of this approach to the female and 
the pediatric populations. Therefore these models should be 
used with caution and their use should be limited to clearly 
defined liver-specific research goals. Limitations of each one 
of the models must be recognized to avoid misleading con-
clusions. In summary, due to the complex, multidirectional 
pathophysiology involved in NAFLD, the perfect animal 
model representing the complete spectrum of the disease in a 
workable time frame does not exist.

In conclusion, the complexity in the field of NAFLD is 
not limited to its pathophysiology, but also to the develop-
ment of valid platforms for the discovery of therapeutic 
agents.

26.5  Diagnosis

NAFLD is commonly silent with no clinical manifestations 
nor specific symptoms, thus the diagnosis of the disease is 
often based on exclusion criteria. Although NAFL or NASH 
can be strongly suspected in an individual on the basis of 
imaging and clinical features (such as the presence of meta-
bolic comorbidities and abnormal lab tests), liver biopsy 

remains the gold standard for the definitive diagnosis of 
NASH. Patients with only NAFL have a low risk of adverse 
consequences and progression to cirrhosis/HCC or non-liver 
associated adverse outcomes such as cardiovascular disease 
and malignancy. On the contrary, the presence of NASH 
increases the risks of liver and possibly non-liver-related out-
comes compared to those patients with NAFL alone. The 
risk of liver-related mortality in NAFLD grows exponen-
tially as the stage of fibrosis increases [21]. The identifica-
tion of subjects at risk for NAFL and NASH is imprecise, 
and although there is significant on-going work, good and 
precise non-invasive markers for the diagnosis of NASH is 
still to be identified [22].

26.5.1  Diagnosis of NAFLD

NAFLD is now considered the hepatic manifestation of the 
MS. The majority of individuals with NAFLD are asymp-
tomatic or paucisymptomatic (asthenia, abdominal pain at 
the upper quadrant). The need for a generalized screening 
and surveillance of NAFLD is still questionable mainly due 
to the high direct and indirect costs of diagnostic tests, the 
low predictive value of surrogate markers of hepatic injury 
(transaminases and non-invasive tests), and finally the risks 
of liver biopsy and lack of effective treatments. However, it 
is desirable that the progressive form of NAFLD (NASH), 
particularly when associated with advanced fibrosis, is cor-
rectly identified in patients at risk (age > 50 years, DM2 or 
MS). The anamnesis represents a crucial step in the clinical 
evaluation of the patient and must be oriented towards the 
presence of familiarity and comorbidity, stigmata of MS, 
determination of the glucose and lipid profiles. The serology 
markers of hepatic synthesis (total bilirubin, albumin, pro-
thrombin time, creatinine), the platelet count, predictive of 
portal hypertension, a moderate increase in ALT (amino-
transferase), GGT (γ-glutamyltranspeptidase) levels, with an 
AST/ALT ratio typically <1 are all biochemical markers that 
could help in the diagnosis of NASH, but they are all unspe-
cific. Hyperferritinemia is also frequent, as markers of 
chronic inflammatory state induced by insulin resistance. In 
non-diabetic subjects, insulin sensitivity assessment using 
surrogate indices of insulin resistance, such as Homeostatic 
Model of Insulin Resistance Index (HOMA-IR) derived 
from blood glucose and insulin levels could be useful to 
identify patients at high risk of development of DM2. Finally, 
a genetic characterization by assessing the gene correlated to 
NASH could be useful in young and lean patients with juve-
nile NAFLD. Abdominal ultrasound is still the simplest and 
most widespread method of detecting hepatic steatosis.

Quantification of liver fat could be done either with 
fibroscan CAP (controlled attenuation parameter), which 
consists of a non-invasive measurement proportional to the 
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attenuation of the ultrasound beam that undergoes through 
the liver parenchyma, or with magnetic resonance (MR) 
which is now able to quantify limited amounts of intra- 
hepatocyte triglycerides and has the ability to sample large 
parenchymal volumes. However, its use is limited by high 
costs.

26.5.2  Diagnosis of NASH and Fibrosis

The goal of the diagnostic procedure is the identification, 
among individuals with NAFLD, of the patients with 
NASH.  Measurement of the severity of necro-inflamma-
tion (grading) and fibrosis (staging) is standardized in his-
topathological classification systems, such as NAS CRN 
score and the most recent SAF score, useful in the diag-
nostic and follow- up phase. To date, the demonstration of 
histological improvement is a fundamental requirement 
for the approval of a pharmacological treatment, required 
by the European Medicines Agency and the Food and Drug 
Administration (FDA). In particular, since the FDA does 
not recognize an indication of treatment in simple steatosis 
(NAFL), it is believed that therapy should have a histologi-
cal effect in terms of NASH improvement. The reason for 
this approach is currently based on data demonstrating a 
risk of end-stage progression of liver disease that exists 
only in patients with NASH.  Although histology repre-
sents the only reliable diagnostic method, the high costs 
and the non-negligible risk of complications limit its use 
on a large scale. In recent years, non-invasive biomarkers 
of hepatic injury for the selection of high-risk subjects, 
and validated predictive scores of fibrosis have been devel-
oped. The main ones are NAFLD Fibrosis score (NFS), 
FIB-4, BARD, FibroTest, FibroMeter, Enhanced Liver 
Fibrosis test (ELF), APRI. NFS, based on the combination 
of age, BMI, fasting glycemia or DMT2, platelet count, 
albumin and AST/ALT ratio.

Another non-invasive technique for the quantification of 
fibrosis is hepatic elastography, although the diagnostic 
accuracy has been widely validated in patients with HCV 
chronic hepatitis, but not in patients with NAFLD. Potential 
limitations consist of poor sensitivity in mild forms of fibro-
sis and technical difficulty in detecting and interpreting data 
in obese patients. MRI has obtained encouraging results in 
the quantification of steatosis and fibrosis recently.

26.6  Treatment

Although there has been steady progress in clarifying the 
pathogenesis of NAFLD/NASH, or in identifying the thera-
peutic targets and advancing drug development, and more 
than 200 clinical trials testing new drugs are ongoing world-

wide, no drugs have yet been approved and registered spe-
cifically for the treatment of NASH.

The first line treatment, recommended in all patients with 
NAFLD and also aimed at the reduction of cardiovascular 
risk, is change in lifestyle (increase in physical activity and 
reducing weight by changing eating habits) It has been 
shown that a 7–10% reduction of the initial weight induces 
an improvement in both the levels of liver enzymes and in 
liver histology.

Drug therapy aimed at the treatment of concomitant meta-
bolic disorders (lipid-lowering, anti-hypertensive and anti- 
diabetic) is recommended in all patients with NAFLD, in 
order to prevent and contain extra-hepatic co-morbidities. 
Insulin-sensitizing agents.

The thiazolidinedione (TZD) possess, among the drugs 
currently in use, the strongest pathogenetic rationale to be 
used in NASH. The other widely used clinical drug in the 
diabetic field, metformin, is not recommended as a specific 
therapy for NASH due to a lack of evidence of histological 
improvement resulting from its use.

The GFT505, PPARα/PPARδ agonist, has recently shown 
promising effects through the induction of hepatic oxidative 
metabolism and the inhibition of lipolysis and endogenous 
glucose synthesis. Already in use in the diabetic population, 
GLP-1 receptor agonists (glucagon-like peptide 1), a physi-
ologically produced post-prandial hormone with glucose 
modulatory action, such as liraglutide, represent another 
promising treatment perspective in patients with 
NASH. Other regulators of metabolic homeostasis have been 
identified in bile acids. Obeticholic acid (OCA), a synthetic 
agonist of FXR (Farnesoid X Receptor) promotes the 
improvement of insulin-sensitivities, by reducing lipogene-
sis and increasing the oxidation of fatty acids, and a reduc-
tion of fibrosis at histology level.

Anti-oxidant agents, including vitamin E, could also 
induce a reduction of necroinflammation and ballooning 
degeneration.

Antifibrotic agents, such as simtuzumab, or bariatric sur-
gery seem to be promising in improving insulin sensitivity, 
glycemic response and in reducing steatohepatitis and 
fibrosis.

26.7  Conclusions

NAFLD is becoming the most important and prevalent 
chronic liver disease in Western countries, but its incidence 
is increasing in emerging countries, making this disease a 
public health problem. The significant progress achieved 
in the understanding of the pathogenesis of NAFLD have 
allowed the identification of novel molecular pathways as 
targets for the development of new therapeutic approaches. 
Nevertheless, many objectives are still to be pursued, 
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among them the most urgent are: the discovery and valida-
tion of new non-invasive markers and the definition of spe-
cific therapies for NASH and fibrosis. Also, genetics will 
play a key role, and the ultimate goal will be to define the 
genotype/phenotype of the individual patient with NAFLD 
and possibly identify those patients who could progress to 
cirrhosis and HCC. New therapeutical molecules will also 
be tested soon in long-term studies to demonstrate an 
effective benefit in terms of efficacy and lack of side 
effects. It is plausible that no single therapy will reverse 
NASH in all patients, but a combined therapy and tailored 
pharmacotherapy would represent a valid strategy to be 
used in the future.

 Self Study

 Questions

 1. Which statement is true?
 (a) NAFLD/NASH treatment is nowadays based only on 

lifestyle changes, but it is enough to reach at least a 
reduction of 10% of the body weight to obtain a nor-
malization of liver enzymes.

 (b) The diagnosis of NASH could be reached with non- 
invasive diagnostic markers.

 (c) The average prevalence of NAFLD worldwide is 
35%.

 (d) Metformin, the most prescribed oral antidiabetic 
drugs, cannot be used in patients with NASH.

 2. Which statement is true?
 (a) Lean NAFLD has a relatively benign clinical course 

with lower risk than NAFLD in obese subjects.
 (b) Among the experimental models, the in vitro systems 

are the best alternatives to reproduce the events 
involved in the progression of the disease.

 (c) In vivo models have played a vital role in the elucida-
tion of the pathophysiological mechanisms of 
NAFLD; and there is wide variety of animal models 
to study this disease mimicking the human scenario.

 (d) The multifactorial nature of NAFLD hampers the 
progression in the field of pathophysiology and 
treatment.

 Answers

 1. Which statement is true?
 (a) CORRECT ANSWER: There are more than 200 

clinical trials ongoing which explore different mole-
cules belonging to different family of drugs, but still 
no drugs are approved to be used in the market 
worldwide.

 (b) The only possibility to make diagnosis of NASH is to 
perform liver biopsy, which remains still the gold 
standard for the diagnosis of NASH.

 (c) The real prevalence of NAFLD in the general popula-
tion is ranging between 25% to 30% and could varies 
according to ethnicity, aged, sex, and the presence of 
co-morbidities such as type 2 diabetes mellitus, obe-
sity, hypercholesterolemia, hypertension, etc.

 (d) All the drugs that are currently used in patients with 
type 2 diabetes mellitus and NAFLD/NASH should 
be continued even in the presence of NASH.

 2. Which statement is true?
 (a) Lean NAFLD usually presents fewer comorbidities, 

for this reason, is commonly believed that this sub-
group would follow a relatively benign clinical 
course. However, NASH prevalence in obese and 
nonobese has been reported to be similar. Moreover, 
the presence of advanced fibrosis in nonobese NASH 
patients is similar to the observed in obese subjects.

 (b) The currently available in vitro models cover a wide 
spectrum of variables, spanning from a simple cell 
culture or co-cultures (of two or more cells) exposed 
to different lipid mixtures, to more sophisticated 3D 
systems. However none of this experimental systems 
fulfil the all the events involved in the progression of 
the disease.

 (c) Due to the complex, multidirectional pathophysiol-
ogy involved in NAFLD, the perfect animal model 
representing the complete spectrum of the disease in 
a workable time frame does not exist and translation 
of the results to human scenario has repeatedly failed.

 (d) CORRECT ANSWER: The complexity in the field 
of NAFLD is not limited to its pathophysiology, but 
also to the development of valid platforms for the dis-
covery of therapeutic agents.
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Alcoholic Liver Disease

Vatsalya Vatsalya and Hamza Zahid Hassan

27.1  Introduction

Heavy and chronic alcohol intake causes alcoholic liver dis-
ease (ALD) and the associated mortality risk [1]. Roughly 
10–20% of heavy drinking alcoholics would develop some 
form of advanced ALD. ALD is the most common form of 
chronic liver disease worldwide. Some of the important 
newly-emerging markers of drinking patterns and total alco-
hol intake  derived from the  timeline followback assess-
ment  are heavy drinking days (HDD), total drinks (TD), 

number of drinking days (NDD) and average heavy drinking 
per drinking day (AvgDPD) that are closely associated with 
the onset of ALD [2]. Spectrum of ALD includes alcoholic 
fatty liver (AFL), alcoholic hepatitis (AH), alcoholic cirrho-
sis (AC) and hepatocellular carcinoma [3]. There are various 
risk factors and modifiers of ALD, some of the important 
ones are sex, genetics, race and ethnicity, underlying comor-
bid liver conditions, obesity, malnutrition and drug-induced 
liver injury, metabolic changes including iron overload, and 
nicotine abuse [4].

ALD is a multifactorial disease process and it also exhib-
its complications in several other organ systems [5]. Systemic 
protective mechanisms against alcoholic liver disease grow 
weaker with the progression and severity of ALD. Various 
metabolic dysregulations result in the development of 
AFL. Among them genetics/epigenetics changes, nutrition, 
oxidative stress, endoplasmic reticulum (ER) stress and gut- 
derived liver injury and inflammation are primary contribu-
tors of ALD by affecting liver cells and liver stellate cells 
(HSCs). Many of these factors are interlinked and show fur-
ther exacerbation of ALD when congregated together. With 
varied form of diagnosis of ALD, these factors seem to lead 
in one or several conditions and explain the pathology better 
when evaluated together. Due to the complex natural history 
and staging of ALD, efforts to develop unique biomarkers for 
individual stages and diagnosis have not been thoroughly 
established yet. In this chapter, we discuss the recent 
advancements in the understanding of the major mechanisms 
and their involvement in the progression and severity of ALD 
with special emphasis on the onset of ALD.
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Key Concepts
• Heavy and prolonged  alcohol intake causes alco-

holic liver disease
• Alcoholic liver disease is a progressive and multi-

faceted form of liver disease
• Multiple pathological pathways are involved in the 

development of alcoholic liver disease
• Known biomarkers of ALD have shown limited 

efficiency in identifying progression and severity
• There are no FDA approved treatments for alco-

holic liver disease
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27.2  Malnutrition and Metabolic 
Dysfunction

Alcoholic liver disease is associated with malnutrition and 
nutritional dysregulation, especially with heavy and chronic 
alcohol consumption [6]. The most detailed reports on the 
association of malnutrition in ALD was from the Veterans 
Health Administration (VA) Cooperative Studies Program in 
patients having AH. All AH patient had some degree of mal-
nutrition; and almost 50% of patients’ energy intake was 
derived from alcohol. Although total calorie intake was fre-
quently adequate, consumption of protein and critical 
 micronutrients was often deficient. Importantly, the extent of 
malnutrition has been linked to the severity of alcoholic liver 
disease.

Recent studies have shown the role of alterations in nutri-
tional status of dietary micro- and macro-nutrients in the 
onset and progression of ALD. Polyunsaturated fatty acids of 
ω-3 (anti-inflammatory) and ω-6 (pro-inflammatory) origin 
play an essential role in the pathogenesis of ALD. Onset of 
ALD in heavy drinking alcohol use disorder (AUD) patients 
showed decreases in ω-3, and increases in ω-6 fatty acids 
specially in the female sex [2]. Unsaturated fat enriched in 
linoleic acid (LA) in particular, likely promotes alcohol- 
induced liver damage. This is particularly concerning since 
dietary intake of LA has more than doubled over the past 
century, making it the most significant percentage of dietary 
unsaturated fatty acid consumed. Until recently, the mecha-
nism of LA and alcohol interaction resulting in liver injury 
was not fully understood. LA is enzymatically changed by 
12/15-lipoxygenase (12/15-LO) to bioactive oxidation prod-
ucts (OXLAMs) and non-enzymatically via free radical- 
mediated oxidation response to oxidative stress. Both 
the  increased substrate availability (LA) and increased 
12/15-LO activity contribute to an increase in the OXLAM 
production that subsequently contributes in the development 
of ALD [7]. Gut permeability and hepatic mitochondrial dys-
function are also affected by the OXLAMs.

Zinc is an important dietary supplement that is involved in 
various metabolic pathways of liver and also used as a ther-
apy for alcoholic liver disease, primarily as a medication for 
alcoholic cirrhosis [8]. Serum zinc levels are lower in com-
pensated ALD patients and get further decreased in patients 
with portal systemic encephalopathy, which can be corrected 
with long-term zinc supplementation. Hypozincemia (serum 
zinc level < 71 μg/dl) is observed in about 40% heavy alco-
hol drinking individuals that occurs due to poor intake and 
absorption, increased excretion, and alterations in zinc trans-
porters, especially ZIP14. Hypozincemia is closely associ-
ated with the markers of alcohol drinking, heavy drinking 
days past 90  days (HDD90) and lifetime drinking history 
(LTDH); liver injury characterized by AST/ALT ratio; and 

acute  inflammation (CRP shows a J-shaped response) sup-
porting its role in the onset and progression of ALD [9]. In 
comorbid conditions of HIV infection in AD patients, an 
underlying proinflammatory response due to zinc deficiency 
and elevated LA likely exacerbates liver injury [10]. There 
are other nutritional elements that have been studied with 
mixed responses. Interaction of homocysteine and SAMe did 
not show much relevance either with the progression or 
severity of ALD. Lowering of magnesium, and increases in 
uric acid are emerging pathological biomarkers of  the pro-
gression of ALD. It seems that high LA and hypozincemia 
are two important markers of nutritional alterations involved 
in the onset and progression of ALD.

27.3  Oxidative Stress

Reactive oxidants are produced from various systemic path-
ways and neutralized by anti-oxidant chemical species. Pro- 
oxidative agents that participate in liver injury/inflammation 
are singlet oxygen molecules, hydrogen peroxide, superoxide 
anions, and hydroxyl radicals. Under the influence of patho-
logical triggers such as heavy alcohol intake, a surplus of pro-
oxidative species accumulate and results in oxidative stress 
damaging the cellular macromolecules. Alcohol is metabo-
lized by three major systems in the liver: rate limiting alcohol 
dehydrogenase (ADH) in the cytosol, cytochrome P450 2E1 
(CYP2E1) in smooth endoplasmic reticulum (via microsomal 
ethanol P450 oxidases [MEOS]), and catalase in peroxisomes 
(such as H2O2). Table 27.1 describes the generation of these 
reactive oxygen species (ROS) and their target pathways. 
Reactive oxygen species (ROS) result in a wide array of patho-
logical effects including depletion of ATP and nicotinamide 
dinucleotide, DNA damage, destruction of membranes via 
lipid peroxidation, release of pro- inflammatory cytokines, and 
abnormal protein stability [11].

By-products of PUFA peroxidation such as 
4- hydroxynonenal (HNE) and malondialdehyde (MDA) ini-
tiate pro-inflammation pathways via cytokine synthesis and 
neutrophil chemotaxis. ROS and lipid peroxidation by- 

Table 27.1 Generation of reactive oxides and mechanisms of inflam-
mation in alcoholic liver disease

Generation of reactive species
Pathways/Mechanisms of 
action

• Mitochondrial electron transport 
chain
• Cytochrome P450 2E1
• Β oxidation
• Increased NADH:NAD ratio
• Increased NADP+

• ATP and NAD depletion
• DNA and protein damage
• Glutathione depletion
• Hepatic stellate activation
• Release of inflammatory 
cytokines
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products can lead to fibrosis by activating hepatic stellate 
cells, which synthesize collagen and promotes the inflamma-
tory response. In addition, patients might also show ultra-
structural mitochondrial abnormalities including 
megamitochondria and deletion of specific mitochondrial 
genome. Impaired mitochondrial respiratory chain (MRC) 
activity in the mitochondria results in the formation 
of  superoxide anions and hydrogen peroxide. The surplus of 
fatty acids in the cytosol increases fatty acid oxidation in per-
oxisomes and the endoplasmic reticulum (ER). Initial reac-
tion in peroxisomal β-oxidation is catalyzed by acyl-CoA 
oxidase (AOX) forming H2O2 (hydrogen peroxide) through 
electron transfer to the oxygen molecule. Microsomal oxida-
tion is catalyzed by cytochrome P450 (CYP) enzymes 2E1, 
4A10, and 4A14, which forms ROS through the flavoprotein- 
mediated donation of electrons to molecular oxygen [12].

Through the mechanism of progression, any additional 
changes may be sufficient to initiate the transition from 
hepatic steatosis to hepatic inflammation. This multifactorial 
approach would explain the disparity in manifestations and 
degree of severity in  the  ALD patients with similar heavy 
alcohol consumption. Alcohol metabolism generates acro-
lein, a severely toxic and reactive toxin that is a critical com-
ponent in alcohol-induced liver disease [13]. Oxidative stress 
activates AMP-activated protein kinase (AMPK) signaling 
system, which has emerged in recent years as a kinase that 
controls the redox-state and mitochondrial function. Sterol 
regulatory element-binding protein (SREBP)-1c expression 
is reduced by activated AMPK.  The cumulative result of 
AMPK activation is Acetyl-CoA build-up, decreased 
malonyl- CoA concentrations, and increased CPT-1 activity 
that increases fatty acid oxidation [14]. Kupffer cells (KCs) 
play a crucial mediating role in the initiation of liver inflam-
mation as  ultrastructural mitochondrial abnormalities in 
ALD [15]. When activated, Kupffer cells release M1 Kupffer 
cell-derived mediators that contribute significantly to hepatic 
inflammation.

27.4  Genetics/Epigenetics

While environmental factors have been well established in 
ALD, the genetic aspect of ALD was established in the last 
couple of decades. Excessive alcohol consumption leads to 
chronic ALD in a small proportion of heavy drinkers. The 
biological mechanisms that could explain this differential 
progression are yet understudied. One study on monozygotic 
twins provided explanation for about 50% of the variability 
in the progression of ALD due to the genetics [16]. Clinical 

phenotypes examined in most of the recent studies demon-
strate substantial heterogeneity and variability, necessitating 
large samples and smaller effect sizes for genetic influences. 
Such research areas identifying subgroups of patients with a 
high genetic susceptibility to ALD can alter the current treat-
ment guidelines of patients with ALD. As a result, there has 
been an increasing interest in examining the quantitative 
endophenotypes for gene-association in alcohol related dis-
eases including ALD.

Patatin-like phospholipase encoding 3 gene sequence is 
associated with inflammatory changes in both ALD and 
Non-alcoholic fatty liver disease (NAFLD) [17]. Alcohol 
dehydrogenase 2 (ADH2) gene polymorphism seen uniquely 
among the Asian population has a significant bearing on the 
development of ALD. Several variants of ADH, especially 
the ADH2∗2 allele can change the rate of alcohol metabo-
lism in the liver by altering the level of toxic metabolic 
products such as acetaldehyde [18]. Another genetic predis-
position involved in the development of ALD is the genetic 
polymorphism of Cytochrome P4502E1, which is another 
primary enzyme of alcohol catabolism apart from the clas-
sic pathway of alcohol dehydrogenase. One case-control 
study compared the effects of alcohol consumption in 
patients with hemochromatosis (C282Y mutation in the 
HFE gene). Patients with hemochromatosis who consumed 
more than 60  mg of alcohol per day are nine times more 
likely to develop cirrhosis.

Based on the “second hit” or “multiple hits” theory, 
patients are predisposed to progressive ALD when a combi-
nation of gene and environmental interactions exists. Many 
molecular pathways of epigenetic mechanisms can be dys-
regulated by prolonged and unremitting alcohol intake lead-
ing to the development and progression of ALD.  Identical 
DNA sequences could have variations in their genetic expres-
sion due to the epigenetic causes. The inherited variability 
that changes the expression of genes without altering the 
DNA sequences could be aided through various biochemical 
responses namely histone modifications, DNA methylation, 
and RNA-associated silencing by small non-coding RNAs. 
Distinct groups of genes contribute in the pathogenesis dur-
ing the different stages of the ALD. Environmental factors 
interact with suspected genes to modify their degree of 
expression and participation in the pathogenesis (Fig. 27.1). 
Alterations from the normal physiological course of devel-
opment, differentiation and tissue-specific gene expression 
could lead to modified target gene expression. Consequentially 
such epigenetic modifications in ALD could show manifes-
tations as compromised immune conditions, age-sex depen-
dent changes, and oncological events.

27 Alcoholic Liver Disease
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27.5  Gut Permeability and Endotoxemia

The imbalance between the gut microbiome and gut per-
meability is one of the underlying causes of hepatic 
injury that subsequently initiates ALD.  Alcohol and its 
catabolic  derivative acetaldehyde disrupt the tight junc-
tion proteins and increase gut permeability that results in 

endotoxins passing through the gut membrane and enter-
ing the bloodstream. Factors that increase the risk of 
endotoxemia include gram- negative bacterial overgrowth 
in the intestine, increased intestinal permeability, and 
impaired hepatic clearance of endotoxin. 
Endotoxins  reaching macrophages and other candi-
date  immune cell types, stimulate the production of 
TNF-α and other proinflammatory cytokines via Toll-like 

Steatosis Hepatitis

Gene expression and
interaction

Environment factors Alcohol

Cirrhosis

Increasing severity

Fig. 27.1 Gene-environment 
interactions that determine the 
individual susceptibility to the 
different forms of alcoholic 
liver disease

Fig. 27.2 Signaling pathway of Toll-like receptors. Red lines represent unknown pathway
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receptor (TLR-4) signaling (Fig. 27.2) [19]. TLR-4 acti-
vation results in liver injury both by endotoxemia as well 
as via immune response and cell infiltration in the liver. 
As a result, endotoxins not only play a significant role in 
the hepatosteatosis and liver inflammation but also in 
hepatic fibrosis. Other activators of the TLR-4 receptor 
include bacterial peptidoglycan and flagellin.

Chronic alcohol consumption is also involved in the 
upregulation of hepatic TLRs, further sensitizing hepatocytes 
to inflammation and injury induced by gut-derived bacterial 
byproducts. TLRs also depend on other co-receptors for full 
ligand sensitivity, such as lipopolysaccharide (LPS), which 
requires Lymphocyte Antigen-96 (MD2). CD14 (Cluster of 
Differentiation 14) and LPS-Binding Proteins (LBP) are 
known to facilitate the presentation of LPS to MD-2, which 
stimulates the pathways of TIRF (TIR-domain- containing 
adapter-inducing interferon) and TRAM (TLR Adaptor 
Molecule). Several single nucleotide polymorphisms (SNPs) 
of the TLR4  in humans have been identified, which show 
increased susceptibility to gram-negative bacterial 
infections.

Gut microbiome plays a significant role in the prevention 
of gut barrier dysfunction; and loss/change of gut flora is 
associated with endotoxemia and liver injury/fibrosis of 
ALD.  Heavy alcohol intake results in a time-dependent 
decline in the normal flora of both Bacteroidetes and 
Firmicute  origin; and a significant increase in pathogenic 
species Actinobacteria and Proteobacteria that are associ-
ated with endotoxemia include Vibrio,  Escherichia, 
Salmonella, and Helicobacter. Endotoxin levels and hepatic 
inflammation are a consequence of the transition of the 
gram-negative bacteria in response to chronic alcohol 
consumption.

Some of the primary factors that alter intestinal microbi-
ome are gastric pH, gut motility, bile salts, immunological 
defense factors, antibiotic use, colonic pH, and competitive 
response of micro-organisms for nutrients against the intes-
tinal binding sites. The altered luminal environment leads 
to modifications in the microbial flora by supporting the 
growth of pathological organisms and inhibiting the growth 
of normal healthy flora. In patients with heavy chronic 
alcohol abuse, bacterial colonies of Alcaligenes are gener-
ally significantly higher when compared to individuals 
maintaining alcohol-abstinence or social drinking habits. 
Increased luminal pH is a significant contributing factor in 
the alcohol- induced changes in the intestinal microbiota. 
Binge drinking causes a rapid increase in the serum endo-
toxin level and bacterial DNA that remains elevated for 
several hours after alcohol intake, and is significantly 
higher in patients with elevated liver enzyme levels [20]. 
Importantly, alcohol even in the absence of LPS can acti-
vate TLR4 signaling pathways.

27.6  Treatment of Alcoholic Liver Disease

Abstinence is the one of the most effective management of 
ALD; acamprosate or naltrexone combined with counseling 
could likely decrease alcohol consumption thus prevent pro-
gression of ALD. However, patients with ALD are still at risk 
of developing cirrhosis regardless of abstinence with history 
of chornic drinking. Steroids, nutritional supplementation, or 
aggressive enteral feeding are some of the medical manage-
ment strategies that are used for alcoholic hepatitis, however 
they do not show any substantial improvement in short term 
survival. A time-dose dependent therapy of prednisolone 
(40  mg/day for 4  weeks then tapered over 2–4  weeks, or 
stopped as per the clinical indications) is considered partially 
effective in short term survival with an effect in the subgroup 
of patients with hepatic encephalopathy and/or a MDF score 
≥32. Zinc supplementation is being used as a therapy for alco-
holic cirrhosis, however clear interventional efficacy is under-
studied. Anticytokine therapy for a host of cytokines including 
TNFα, IL1β are also being used as another treatment option. 
IL1β antagonist, anakinra; and TNFα inhibitor, pentoxifylline 
have shown considerable reduction in mortality rate among 
AH patients in recent clinical trials. Combination therapy of 
anakinra, pentoxifylline and zinc has indicated better efficacy 
than steroidal therapy in a large clinical trial on AH. Recently 
Granulocyte-colony stimulating factor (G-CSF) has gained 
interest for the treatment of AH. It is a glycoprotein produced 
by macrophages, immune cells and endothelium that stimu-
lates bone marrow to synthesize granulocytes and stem cells. 
Lastly, ALD remains the second most common indication for 
liver transplantation (LT) for chronic liver disease primarily in 
cirrhosis or acute over chronic ALD conditions.

27.7  Conclusion/Summary

Alcoholic liver disease is a multifactorial pathological pro-
cess that manifests itself with varying degree of severity, and 
presentation by the classification of diagnosis. Molecular 
pathways that are involved in the development of alcohol- 
associated  liver injury are extensively interlinked. 
Dysregulation in these mechanisms, either unaccompanied 
or along with others (as multi-pathway response) contributes 
to the pathological progression of ALD.  Recent research 
focusing on the onset of pathology has provided much 
needed advancement and advantage in the understanding of 
the pathology that is involved in the progression and severity 
of late stage ALD diagnosis. Modifying effects of genetics 
and epigenetics, immune regulation, host gut microflora, and 
alcohol pharmacokinetics are major factors that are involved 
in the onset and progression of alcohol-related liver 
diseases.

27 Alcoholic Liver Disease
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 Self Study

 Questions

 1. Which fatty acid among the following polyunsaturated 
fatty acids is involved in the pro-inflammatory response?
 (a) Docosahexaenoic acid
 (b) Eicosapentaenoic acid
 (c) Linoleic Acid
 (d) Α-Linoleic Acid

 2. What is the mechanism that activates AMP-activated pro-
tein kinase?
 (a) Oxidative stress
 (b) β-Oxidation by acyl-CoA oxidase
 (c) TLR-4 signaling
 (d) TNF-α production

 3. Which gene variant among the following can change the 
rate of metabolism of alcohol in the liver?
 (a) ADH1B
 (b) ADH2
 (c) ADH3
 (d) ADH2∗2

 Answers

 1. Which fatty acid among the following polyunsaturated 
fatty acids is involved in the pro-inflammatory response?
(c) Linoleic Acid

 2. What is the mechanism that activates AMP-activated pro-
tein kinase?
(a) Oxidative stress

 3. Which gene variant among the following can change the 
rate of metabolism of alcohol in the liver?
(d) ADH2∗2
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Liver Disease in Pregnancy

Sheila Eswaran and Nancy Reau

28.1  Introduction

Diagnosis and management of liver disease in women who 
are pregnant can be challenging. The management starts with 
an assessment to determine if the patient has pre-existing or 
coincidental liver disease not related to pregnancy verses 
liver disease related to pregnancy. Consideration of both the 
expectant mother and fetus are paramount in the approach to 
treatment.

28.2  Normal Pregnancy

During pregnancy, total blood volume and cardiac output 
increases. Hemodilution leads to decrease in hematocrit and 
albumin levels. Absolute hepatic blood flow remains 
unchanged, but the percentage of cardiac output to the liver 
decrease [1].

There is an increase in serum concentration of coagula-
tion factors, which limit bleeding during delivery but are 
associated with an increased risk of thromboembolism dur-
ing pregnancy and the post-partum period [1, 2].

Alkaline phosphatase (AP) is elevated due to placental AP 
(Table  28.1: Normal laboratory testing during pregnancy). 
Serum aspartate transaminase (AST) activity, alanine trans-
aminase (ALT) activity and total bile acid concentrations do 
not normally differ between pregnant and nonpregnant 
women. Total and free bilirubin concentrations were signifi-
cantly lower during all three trimesters, as was conjugated 
bilirubin during the second and third trimesters. Serum 
gamma-glutamyl transpeptidase (GGT) activity is lower in 
the second and third trimesters. Serum 5′-nucleotidase activ-
ity is slightly higher in the second and third trimesters [3]. 
Any elevations of transaminases and bilirubin require 
evaluation.

Elevated alpha-fetoprotein (AFP) serum levels are associ-
ated with hepatocellular carcinoma. AFP is a plasma protein 

S. Eswaran (*) · N. Reau 
Rush University Medical Center, Chicago, IL, USA
e-mail: Sheila_Eswaran@rush.edu; Nancy_reau@rush.edu

28

Key Concepts
• Understand normal liver function during 

pregnancy
• Categorize liver diseases related to pregnancy based 

on trimester
• Recognize liver diseases unrelated to a pregnant 

state occurring during pregnancy
• Identify maternal and fetal outcomes related to liver 

disease during pregnancy

Table 28.1 Normal physiology and laboratory testing during 
pregnancy

Changes in pregnancy
Cardiac output ↑
Total blood volume ↑
Hematocrit ↓
Albumin ↓
Coagulation factors ↑
Alkaline phosphatase ↑
AST and ALT ↔
Total bile acids ↔
Total bilirubin ↓
Conjugated bilirubin ↓
GGT ↓
5′ Nucleotidase ↓
Alpha-fetoprotein ↑
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produced by the embryonic yolk sac and the fetal liver [4]. 
During pregnancy AFP levels in serum, amniotic fluid, and 
urine start to rise from about 14th week of gestation up until 
about 32 weeks gestation. Between week 15 and 20 weeks, 
serum levels usually range between 10 and 150 ng/mL. AFP 
is used as a screening test for congenital disabilities, chro-
mosomal abnormalities during pregnancy.

28.3  Pre-existing or Coincidental Liver 
Disease During Pregnancy

28.3.1  Acute Viral Hepatitis

Patients with acute viral hepatitis may be asymptomatic or 
present with malaise, fatigue, anorexia, jaundice or abdomi-
nal pain. In cases of fulminant hepatitis, signs of coagulopa-
thy and encephalopathy may be present. Pregnant women 
presenting with acute hepatitis should be tested for hepatitis 
HAV, HBV, HEV and HSV. Treatment of acute hepatitis is 
generally supportive and patients should be monitored for 
progression of hepatic dysfunction (Table 28.1).

Patients with hepatitis A or E, clinical manifestations usu-
ally are related temporally to recent travel to an endemic area 
or exposure to an infected person. Hepatitis B, C, or D are 
transmitted after parenteral exposure to contaminated blood 
or sexual contact with an infected partner [5].

Although HAV has been associated with preterm labor 
and premature rupture of membranes; this has been reported 
to have no significant impact on maternal or fetal outcomes 
[6]. Vertical transmission of HAV is rare but there are reports 
of outbreaks within neonatal care units. CDC recommends 
HAV immunoglobulin treatment for the neonate if the mater-
nal HAV infection occurs within 2 weeks of delivery.

For patients in which HEV is suspected, early diagnosis is 
important to anticipate and prepare for possible progression 
to acute liver failure and need for liver transplantation evalu-
ation [7].

28.3.2  Herpes Simplex Virus

Herpes simplex virus is a common sexually transmitted 
infection that can lead to hepatitis in immunocompromised 
individuals. Pregnant women who contract HSV in the sec-
ond or third trimester are at risk for fulminant liver failure 
potentially explained by a suppressed immune system in the 
27–33 weeks of gestation secondary to hemodilution [8, 9]. 
Acute HSV hepatitis can present with aminotransferases 
>500, fever, coagulopathy, encephalopathy, leukopenia, 
thrombocytopenia and renal failure [10]. HSV hepatitis is 
difficult to diagnose and has a mortality rate up to 74%. 
Although HSV DNA PCR has a higher sensitivity and speci-

ficity than HSV antibodies, a liver biopsy may be required 
for the diagnosis of HSV hepatitis. Maternal infection should 
be treated with acyclovir at 36  weeks of pregnancy [11]. 
Liver transplant should be considered in severe cases.

28.3.3  Hepatitis B

Pregnancy is generally well-tolerated by women with chronic 
hepatitis B infection who do not have advanced liver disease. 
Antepartum testing for hepatitis flare is recommended. The 
two indications for antiviral therapy are (1) the same as those 
for patients who are not pregnant, determined by HBV DNA 
levels, HBeAg status, and the activity or stage of liver dis-
ease and (2) for women with high viral load to prevent 
mother to child transmission (MTCT) in combination with 
passive and active immune prophylaxis [12].

Because high maternal viremia is correlated with the 
highest risk for transmission of HBV in pregnancy, treatment 
should be offered to pregnant women who have a high viral 
load greater than 106 and started preferably 6–8 weeks before 
delivery to allow enough time for HBV DNA levels to 
decline [13].

None of the HBV agents is approved by the US Food and 
Drug Administration for use in pregnancy All are rated preg-
nancy category C, except for tenofovir and telbivudine, 
which are category B (Table  28.2). Tenofovir alafenamide 
(TAF) is a phosphonamide prodrug of tenofovir that is more 
stable in plasma with lower circulating levels of tenofovir. 
Given the improved safety of TAF on bone mineral density 
and renal function, TAF is likely reasonable option. There 
are ongoing studies to determine safety the profile for TAF in 
both pregnant women and the newborns.

Mother to child transmission of hepatitis B is 70–90% for 
HBeAg+ mothers and 10–40% for HBeAg-mothers. 
Hepatitis B immunoglobulin and hepatitis B vaccination 
administered with in 12 h after the birth of infants of HBsAg- 
positive mothers, followed by two additional doses of vac-
cine within 6–12  months, prevents transmission in 
approximately 95%.

There is insufficient data to determine a reduced transmis-
sion rate of hepatitis B with cesarean section. Therefore a 
change in the mode of delivery for HBV-infected women is 
not recommended. Breastfeeding does not appear to increase 
the risk of transmission. Infants who received HBIG and the 
first dose of vaccine at birth can be breastfed as long as they 
complete the course of vaccination.

The end point of antiviral therapy for hepatitis B used to 
reduce risk of MTCT is typically immediately in the postpar-
tum period unless treatment continuation is otherwise indi-
cated for the benefit of the mother. Discontinuation of 
therapy requires careful monitoring because of the potential 
for HBV flares upon antiviral therapy withdrawal.
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28.3.4  Hepatitis C

The incidence of HCV vertical transmission is 5–15%. A 
higher transmission rate is associated with HIV co-infection, 

high HCV viral load, prolonged rupture of membranes and 
the performance of obstetric procedures such as amniocente-
sis and fetal scalp monitoring. When possible, invasive 
obstetric procedures should be avoided in women with 
HCV. Factors not associated with the vertical transmission of 
HCV include viral genotype, the mode of delivery and 
breast-feeding. Pregnant women infected with HCV are not 
advised to have cesarean delivery to reduce transmission, 
unless indicated for other reasons.

Pregnancy related risk in women with chronic hepatitis C 
is not increased as long as patient does not have cirrhosis. 
Ideally, HCV should be eradicated pre-pregnancy. Treatment 
during pregnancy is not urgent and can be deferred until after 
delivery.

There is no evidence of an association between breast 
feeding and risk for transmission, but should be avoided 
when the potential risk for exposure is higher, such as when 
there are cracked nipples or skin breakdown.

28.3.5  Other Chronic Liver Diseases

The approach to chronic liver disease such as autoimmune 
hepatitis, primary biliary cirrhosis, Wilson disease is a bal-
ance between managing the effects of the liver disease to 
maternal and fetal health while minimizing deleterious effect 
of medications used for treatment. For example, AIH is asso-
ciated with intrapartum flare risk and fetal prematurity and 
loss [14]. In addition, medication for AIH such as azathio-
prine is a pregnancy category D drug [15].

Providers should be aware that the FDA instituted the 
Pregnancy and Lactation Labeling Final Rule in 2014, which 
replaces pregnancy categories A, B, C, D and X with a narra-
tive summary of the risk of prescription drug and biological 
products in pregnancy, lactation, and for females and males 
of reproductive potential. This system was designed to give 
patients and healthcare providers more evidenced based 
descriptive information to make risk assessments. Table 28.2 
lists medication safety in the treatment of liver disease dur-
ing pregnancy. These factors must be addressed in the man-
agement of chronic liver disease in pregnancy [16].

28.3.6  Benign Liver Lesion

Benign liver lesions are often asymptomatic and detected 
incidentally on imaging. When identified by ultrasound, an 
MRI or tagged RBC scan may be helpful to best characterize 
the lesion. A liver biopsy is rarely necessary to make a 
diagnosis.

If an adenoma is detected in a woman of childbearing 
age, the patient should be counseled on the risk of growth 
during pregnancy due to hormonal stimulation. Surgical 

Table 28.2 Medication safety in the treatment of liver disease in 
pregnancy

Drug

FDA 
pregnancy 
category

Recommendations for 
pregnancy

Tenofovir disoproxil 
fumarate

B First line due to safety and 
favorable resistance profile

Tenofovir 
alafenamide

C No pregnancy data, probably 
safe

Telbivudine B Low risk
Adefovir C Minimal data: no 

teratogenicity
Entecavir C Not recommended unless 

benefit outweighs risk
Lamivudine C Low risk
Interferon C Not recommended: treatment 

deferred until after delivery
Ribavirina X Contraindicated: severe fetal 

neurotoxicity
Cyclosporine C Safest of immune 

suppressants
Mycophenolate 
mofetil

D Not recommended

Sirolimus C Not recommended
Tacrolimus C Use if mother’s health 

mandates
Antithymocyte 
globulin

C No pregnancy data

OKT3 
(Muromonab-CD3)

C No pregnancy data

Corticosteroids C Low risk; possible increased 
risk: cleft palate, adrenal 
insufficiency, premature 
rupture of membranes

Azathioprine D Data in IBD, transplant 
literature suggest low risk

Nadolol C: first 
trimester

Prolonged half-life, use 
alternative; risk of intrauterine 
growth retardation in second/
third trimesters

D: second/third trimesters
Propranolol C: first 

trimester
Fetal bradycardia, intrauterine 
growth retardation in second/
third trimesters

D: second/third trimesters
Penicillamine D Significant embryopathy; if 

required, reduce dose to 
250 mg/day 6 weeks before 
delivery

Trientine C Limited human data: 
alternative to penicillamine

Ursodiol B Low risk: used in intrahepatic 
cholestasis of pregnancy

aSafety of direct-acting antivirals (DAAs) in pregnancy is unknown
bContrast agent for ERCP
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resection or radiologic intervention should be considered 
for large adenomas (>5  cm) prior to pregnancy [17, 18]. 
Cases of ruptured hepatic adenoma during gestation have 
been described with a reported 59% maternal and 62% fetal 
mortality [19].

Reports of hemangiomas growing in size during preg-
nancy [20] are rare and routine follow up is recommended. 
Focal nodular hyperplasia is not impacted by hormonal 
changes or pregnancy [21].

Pregnancy is not contraindicated in patients with a hem-
angioma, FNH or adenoma <5 cm.

28.4  Liver Diseases Specific to Pregnancy

There are several causes of liver damage that are unique to 
pregnancy and should be considered in approach to a preg-
nant women with liver disease.

28.4.1  Hyperemesis Gravidarum

Nausea with or without vomiting is common in early preg-
nancy, however hyperemesis gravidarum, severe vomiting 
resulting in dehydration and weight loss, can occur. The inci-
dence is 0.3–3% of pregnancies [22, 23] and typically pres-
ents in the first trimester with resolution by 20  weeks of 
gestation (Fig.  28.1: Liver Diseases). Elevated liver tests 
occurs in nearly 50% of patients who require hospitalization 
for HG [24]. Thought to be due to impaired mitochondrial 
fatty acid oxidation [25]. Aminotransferases are typically 
less than 300 U/L. Jaundice and synthetic dysfunction is rare 
[23]. Risk factors are molar pregnancy, multiple gestations 
[23] and a history of HG.

Although maternal complications of HG are rare, 
Wernicke’s encephalopathy caused by vitamin B1 deficiency 
and death has been reported related to splenic avulsion, 
esophageal rupture and pneumothorax from forceful vomit-
ing [23, 26–29]. One report also suggests higher depression 
and anxiety scale scores in women with the condition [30].

There is no difference in gestational age at birth or birth 
weight as long as pre pregnancy weight was normal and 

there is “catch-up” weight gain later in pregnancy. In addi-
tion, there is no significant association of hyperemesis gravi-
darum with congenital anomalies [31, 32].

Symptomatic treatment for nausea and vomiting in addi-
tion to reversal of electrolyte disturbances and dehydration is 
recommended [23, 33].

28.4.2  Intrahepatic Cholestasis of Pregnancy

The incidence of intrahepatic cholestasis (IHCP) of preg-
nancy is reported to be between 0.3% [34], and 5.6% [35, 
36].

IHCP is due to cholestatic effect of reproductive hor-
mones in susceptible women with genetically altered biliary 
transport proteins [37]. Primary bile acids, cholic and cheno-
deoxycholic acids, are normally conjugated with glycine or 
taurine before being secreted into the bile. High levels of 
cholic and chenodeoxycholic acid are detected in patients 
with IHCP.

Risk factors include multiple gestations, in vitro fertiliza-
tion treatment, women older than 35 years of age and prior 
pregnancies with IHCP [38, 39]. IHCP is associated with 
hepatitis C, fatty liver and gall stone disease [40].

The classic presentation is in late second or third trimester 
with pruritus, typically of the palms and soles, abnormal 
liver function, and elevated serum bile acid levels which 
resolves with delivery. In the most cases, liver transaminases 
will also be elevated usually less than two times the upper 
limit of normal, but may rarely reach values greater than 
1000 U/L. This may occur before or after the rise in serum 
bile acids. Jaundice is uncommon. Total bilirubin concentra-
tions are elevated in 25% of cases, although levels rarely 
exceed 6 mg/dL.

While maternal outcomes are excellent, bile acids cross 
the placenta and can accumulate in the fetus. Complications 
related to IHCP occur when bile active level are over 
40 μmol/L. There is an increased risks of meconium-stained 
amniotic fluid, preterm delivery and fetal death [41, 42]. 
Fetal death may be related to the sudden development of a 
fetal arrhythmia or vasospasm of the placental chorionic sur-
face vessels induced by high levels of bile acids. Due to the 

First Trimester
Week 0-12

Second Trimester
Week 13-26

Third Trimester
Week 27-40

Hyperemesis Gravidarum

Intrahepatic Cholestasis of Pregnancy

Preeclampsia/Eclampsia

HELLP

Acute Fatty Liver of Pregnancy

Pre-existing or coincidental liver disease

Fig. 28.1 Liver diseases in 
pregnancy based on trimester
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risk of uterine death after 37 weeks gestation, delivery after 
37 weeks is recommended [43].

Ursodeoxycholic acid at 10–15  mg/kg/day is recom-
mended to reduce circulating bile acids, fetal complications 
and maternal pruritus [44, 45]. It is well tolerated and has no 
fetal toxicity.

28.4.3  Preeclampsia/Eclampsia

Preeclampsia is characterized by the new onset of hyperten-
sion and proteinuria, or hypertension and significant end- 
organ dysfunction with or without proteinuria, which occurs 
in the late second or third trimester [46]. In 2013, the 
American College of Obstetricians and Gynecologists 
removed proteinuria as an essential criterion for diagnosis 
when end organ damage is present with hypertension. 
Preeclampsia is caused by placental and maternal vascular 
dysfunction and resolves after delivery. Eclampsia refers to 
the development of grand mal seizures in a woman with pre-
eclampsia. Worldwide, preeclampsia occurs in 4.6% of preg-
nancies [47]. Risk factors for preeclampsia are a past history 
of preeclampsia, pre-gestational diabetes, chronic hyperten-
sion, multiple gestational pregnancies, first pregnancies and 
family history of preeclampsia.

Liver involvement in severe preeclampsia presents as per-
sistent right upper quadrant or epigastric pain due to hepato-
megaly stretching the Glisson’s capsule [48] or serum 
transaminase concentration ≥2 times upper limit of normal 
from hepatic vascular constriction [46].

Women with preeclampsia and elevated liver tests have a 
lower gestational age at delivery, infants with lower birth 
weights and fetal death [49]. However the magnitude of eleva-
tions more strongly correlate with maternal outcomes rather 
than fetal outcomes [50]. For the expectant mother, preeclamp-
sia can be a progressive disease, worsening until delivery. 
Worldwide, 10–15% of direct maternal deaths are associated 
with preeclampsia and eclampsia [51] due to end organ failure.

In patients with severe preeclampsia, delivery is indi-
cated. Rarely for select cases an expectant approach may be 
advised before 34 weeks of gestation with corticosteroids to 
provide time for further fetal growth [52].

28.4.4  Acute Fatty Liver of Pregnancy

The incidence of acute fatty liver of pregnancy (AFLP) is 
1 in 7000–20,000 pregnancies. Maternal liver failure occurs 
due to direct hepatocyte damage from abnormal maternal- 
fetal fatty acid metabolism by products [53]. Approximately 
20% of AFLP is associated with fetal long-chain 
3- hydroxyacyl CoA dehydrogenase (LCHAD) deficiency, 
specifically G1528C mutation.

For pregnant women, AFLP typically presents in the third 
trimester and rarely in the second trimesters and post partum. 
Risk factors include prior AFLP, multiple gestation pregnan-
cies, other hypertensive diseases of pregnancy and low BMI.

Presenting symptoms are those of progressive liver fail-
ure, malaise, abdominal pain, encephalopathy, with elevated 
bilirubin and aminotransferases 5–10 times the upper limit 
of normal, but not exceeding 500 IU/L.

Imaging with US, CT or MRI may reveal fatty appearing 
liver parenchyma. The Swansea criteria, which include 
symptoms (vomiting, abdominal pain, polydipsia/polyuria, 
encephalopathy), laboratory findings (bilirubin, hypoglyce-
mia leukocytosis, elevated transaminases, ammonia, uric 
acid, acute kidney injury, coagulopathy) and imaging (asci-
tes or brighter liver on ultrasound) are a diagnostic model for 
AFLP [54]. Liver biopsy is reserved for cases in which the 
diagnosis is uncertain. Microvesicular fatty infiltration of the 
hepatocytes seen on biopsy is diagnostic

Treatment hinges on delivery regardless of gestational 
age and supportive care in a critical care setting at a trans-
plant center to management the complications of acute liver 
failure including potential cerebral edema, hypoglycemia, 
infections, renal dysfunction and bleeding. If hepatic func-
tion continues to decline, patients should be evaluated for 
liver transplantation.

Children born to mothers with AFLP should undergo 
genetic testing for LCHAD deficiency. Manifestations of this 
disease in children are peripheral neuropathy, retinopathy 
and hypoglycemia. Early diagnosis of LCHAD deficiency in 
the newborn can be life-saving

28.4.5  HELLP

HELLP syndrome is defined as hemolytic anemia, increased 
liver enzymes, and low platelets. Ten to twenty percent of 
women with severe preeclampsia/eclampsia and 0.1–0.2% of 
overall pregnancies develop HELLP.  Patients present with 
hemolytic anemia, platelet count <100,000 cells/μL, total 
bilirubin >1.2  mg/dL, aminotransferases >2 times upper 
limit of normal during the third trimester and less commonly 
late second trimester or early post partum. The pathophysiol-
ogy appears to be related with abnormal placenta formation 
followed by a systemic inflammatory response. Some 
hypothesize that HELLP is a severe form of preeclampsia, 
however it is important to note that HELLP may occur in the 
absence of hypertension or proteinuria. Risk factors include 
history of hypertensive disease of pregnancy, advanced 
maternal age, nulliparous and multiparty [55].

Maternal complications include disseminated intravascu-
lar coagulation (DIC), abruptio placentae, acute renal failure, 
pulmonary edema and retinal detachment [56, 57]. Hepatic 
infarction presenting with fever and abdominal pain and 
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hepatic rupture presenting with abdominal swelling or shock 
can also occur [58]. These hepatic complications required 
supportive management and severe cases may require sur-
gery, percutaneous or transvascular embolization or liver 
transplantation [59, 60]. HELLP is associated with a 1% risk 
of maternal death and a perinatal death rate of 7.4–20.4% 
depending on gestational age [61].

For pregnancies ≥34 and <23 weeks of gestation, delivery 
is recommended. For pregnancies ≥23 and <34  weeks of 
gestation in which maternal and fetal status are reassuring, 
corticosteroids for fetal pulmonary maturation is given fol-
lowed by delivery [62, 63]. Although, initial data supported 
the use of dexamethasone for the management of HELLP, 
larger more recent data concludes no improvement in infant 
or maternal morbidity or morality [64–67].

Platelet transfusion is indicated with active bleeding, 
platelet count less than 20,000 cells/μL or platelet count is 
less than 40,000 cells/μL for delivery. Vaginal delivery is 
preferred, but cesarean section can be performed for usual 
obstetric indications.

28.4.6  Hepatic Venous Outflow Obstruction 
(Budd Chiari)

Pregnant women are at risk for hepatic vein thrombosis due 
to blood volume expansion, hypoproteinemia, the rise in 
pressure of the gravid uterus on the IVC and other intraab-
dominal vessels. In addition, pregnancy exacerbates other 
hypercoagulable states such as antiphospholipid syndrome, 
factor V Leiden and protein S deficiency. Patients with Budd 
Chiari may present with abdominal pain and may be compli-
cated by gastrointestinal hemorrhage or progression to acute 
liver failure. Multidisciplinary management includes poten-
tial radiologic approaches (TIPS and angioplasty) and anti-
coagulation. Successful liver transplantation has been 
described.

28.5  Special Liver Related Considerations 
in Pregnancy

In the evaluation and management of pregnant women with 
liver disease there are recommendations that should be con-
sidered to ensure maternal and fetal safety.

28.5.1  Imaging

Ultrasonography in pregnancy is not associated with adverse 
maternal or fetal outcomes; and therefore is the imaging 
modality of choice in the initial evaluation of liver disease. 
There is a weak association between exposure to ultrasonog-

raphy and non-right handedness in boys [68, 69]. There are 
limited data on the use of ultrasound contrast agents in preg-
nancy [70].

Generally, computed tomography (CT) and magnetic res-
onance imaging (MRI) are often utilized for better evalua-
tion of deep soft tissue structures. Because MRI does not use 
ionizing radiation it is favored over CT. There are no precau-
tions or contraindications for MRI specific to the pregnant 
woman.

The only prospective study evaluating the effects gadolin-
ium administration reported no adverse perinatal or neonatal 
outcomes among 26 pregnant women who received gadolin-
ium in the first trimester [71]. More recently a large retrospec-
tive study revealed exposure to MRI without contrast during 
the first trimester of pregnancy did not increase the risk of 
harm to the fetus or in early childhood compared with no 
exposure. However, gadolinium MRI at any time during preg-
nancy was associated with an increased risk of rheumato-
logic, inflammatory or infiltrative skin conditions and for 
stillbirth or neonatal death [72]. Therefore, gadolinium should 
be limited to situations in which there is a clear benefit.

The effects of CT ionizing radiation are, most likely, a 
result of break in biomolecular bonds of cellular DNA. The 
risk during pregnancy to a fetus depends not only on the 
radiation dose received but also on the gestational age at 
which it occurred [73]. Extremely high-dose exposure, in 
excess of 1 Gy (1000 mGy), is associated with fetal growth 
restriction, microcephaly and death [68]. However, these 
dose levels are not used in diagnostic imaging. For example 
an abdominal CT, a 10–50 mGy examination, leads to 1.3–
35 mGy fetal exposure. Radiation exposure from CT proce-
dures can be limited using low-exposure techniques that are 
adequate for diagnosis.

Oral contrast agents are not absorbed by the patient and 
do not cause real or theoretical harm. The addition of intra-
venous contrast media to CT enhances soft tissues and vas-
cular structures. Although iodinated contrast media can cross 
the placenta and either enter the fetal circulation or pass 
directly into the amniotic fluid, animal studies have reported 
no teratogenic or mutagenic effects from its use. Prior theo-
retical concerns about the potential adverse effects of free 
iodide on the fetal thyroid gland have not been borne out in 
human studies [74].

Despite this lack of known harm, it generally is recom-
mended that contrast only be used if absolutely required to 
obtain additional diagnostic information that will affect the 
care of the fetus or woman during the pregnancy.

Use of CT and associated contrast material should not be 
withheld if clinically indicated, but a thorough discussion of 
risks and benefits should take place. However, MRI should 
be considered as a safer alternative to CT imaging during 
pregnancy in cases in which they are equivalent for the diag-
nosis in question.

S. Eswaran and N. Reau



299

28.5.2  Liver Biopsy

Liver biopsy during pregnancy is uncommon. If required, a 
transjugular approach is safe, apart from a moderately 
increased risk of preterm birth (relative risk 2.6) and small 
for gestational age (relative risk 5.2) [75]. There is low radia-
tion exposure (1–5 mGy) [76] and iodinated contrast expo-
sure (12.5 mL) [77].

28.5.3  Endoscopy/ERCP/EUS/Sedation

Specific indications for endoscopy in a pregnant women with 
liver disease includes surveillance for varices, acute variceal 
bleeding and biliary disease.

The fetus is particularly sensitive to maternal hypoxia and 
hypotension, either of which can cause hypoxia leading to 
fetal demise. Maternal over sedation resulting in hypoventi-
lation or hypotension or maternal positioning precipitating 
inferior vena cava compression by the gravid uterus can lead 
to decreased uterine blood flow and fetal hypoxia. Other 
risks to the fetus include teratogenesis (from medications 
given to the mother and/or ionizing radiation exposure) and 
premature birth [78, 79].

However, procedures are justified when there is a strong 
indication and failure to perform the procedure could expose 
the fetus and/or mother to harm [79]. Timing of non emer-
gent endoscopy is most safe in the second trimester after 
organogenesis in the first trimester.

Endoscopic procedure requires a preoperative consulta-
tion with an obstetrician to help determine risk and timing of 
the procedure. The decision to monitor fetal heart rate should 
be individualized and depends on gestational age. Endoscopy 
should be postponed to second trimester whenever possible. 
For patients with liver disease, propofol (category B) at the 
lowest effective dose administered by anesthesiologist is rec-
ommended as it is a short-acting anesthetic agent with a 
short recovery period [80]. The patient should be placed in 
left pelvic tilt or left lateral position to avoid vena cava or 
aortic compression.

Alternatives to prophylactic endoscopic therapy for vari-
ces are nonselective β-blockers, but the safety of β-blockers 
is controversial because of reports of premature labor, fetal 
growth restriction, neonatal apnea, bradycardia and hypogly-
cemia. In addition, nonselective β-blockers may effect myo-
metrial relaxation of the gravid uterus, which is a 
β2-receptor-mediated process. The pregnant patient should 
be informed about the possible benefits and adverse effects 
of β-blockers during pregnancy [81]. Propranolol is category 
C, but there is experience with the use in pregnancy to treat 
maternal hypertension [82].

For an active variceal bleed, vasoactive drugs that are 
used to achieve hemostasis are contraindicated during preg-

nancy because these drugs (vasopressin and terlipressin) 
may induce labor or fetal malformations. Prophylactic or 
urgent endoscopic injection sclerotherapy (EIS) and endo-
scopic band ligation (EBL) are safe procedures during preg-
nancy [83–85].

When hemostasis is not achieved endoscopically in cir-
rhotic patients, an emergency transjugular intrahepatic por-
tosystemic shunt (TIPSS) is indicated, but data about 
pregnant cirrhotic women are limited [86, 87]. Placement is 
associated with radiation exposure to the patient and fetus 
because the procedure usually requires prolonged fluoros-
copy. There are reported cases of TIPSS placement in preg-
nancy in which the fetal dose of radiation was 5.2 mSv to 
2.1 mGy.

28.5.4  ERCP

Pregnancy is associated with an increased risk of gall-
stone formation due to increased estrogen levels and may 
be complicated by common bile duct (CBD) stones, chol-
angitis or pancreatitis which are associated with poor 
fetal outcomes without intervention. The incidence of 
cholelithiasis in pregnant women is 3.5%. Patients may 
develop laboratory tests indicating a biliary complica-
tion. After an initial abdominal ultrasound, an ERCP may 
be performed during pregnancy when therapeutic inter-
vention is intended. The major concerns regarding ERCP 
during pregnancy is the radiation exposure to the fetus 
and the risk of the procedure on the outcome of preg-
nancy [79, 81].

During ERCP, radiation exposure to the fetus may 
increase the risk of intrauterine fetal death, malformations, 
growth and development abnormalities, mutations and can-
cer. Therefore, these risks should be discussed with the 
pregnant patient and her family before ERCP. To minimize 
radiation exposure to the uterus, lead shielding should be 
used. However the majority of the fetal radiation dose 
occurs as a result of radiation scatter within the pregnant 
patient. The most effective method to reduce radiation-
associated risk is to limit fluoroscopy time and overall radi-
ation exposure. In addition, a 2-step procedure for ERCP 
has been proposed with (1) biliary sphincterotomy and 
stenting without fluoroscopy and (2) definitive ERCP with 
stone extraction after delivery [88, 89]. With these inter-
ventions, fetal exposure can be well below the 1Gy level 
considered to be of concern for radiation-induced 
teratogenesis.

Endoscopic ultrasonography may reduce unnecessary 
interventions in patients who have a low or moderate proba-
bility of developing CBD stones and it is a safe alternative to 
fluoroscopy for the evaluation of biliary disorders during 
pregnancy [90].
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28.6  Cirrhosis and Portal Hypertension

Women with cirrhosis have a reduced fertility due to hor-
monal dysfunction leading to anovulation [91, 92]. The esti-
mated frequency of cirrhosis of 1 per 3333 pregnancies 
Pregnancy in women with cirrhosis and portal hypertension 
have increase in prematurity, spontaneous abortions and 
maternal-fetal mortality [91, 93, 94] Women with noncir-
rhotic portal hypertension have normal frequency of fertility 
and a lower incidence of variceal bleeding during 
pregnancy.

Variceal bleeding is most serious compilation of portal 
hypertension during pregnancy. Esophageal variceal bleed-
ing has been reported in 18–32% of pregnant women with 
cirrhosis and in up to 50% of those with known portal hyper-
tension. Among those with preexisting varices, up to 78% 
will have gastrointestinal bleeding during pregnancy, with a 
mortality rate of 18–50% [92, 95, 96]. Management of vari-
ceal bleeding is outlined in the endoscopy section above.

Due to increased splenic blood flow with both pregnancy 
and portal hypertension, patients also have an increased risk 
of splenic artery aneurysm rupture. Twenty percent of all 
splenic artery aneurysm ruptures occur during pregnancy, 
most commonly in the third trimester. Management includes 
emergency splenectomy, trans catheter embolization of the 
aneurysm or stent-graft placement [98, 97–99].

Vaginal delivery with early placement of an epidural is 
recommended to allow the infant to descend with uterine 
contractions alone. In addition, a short second stage of labor 
and the use of low forceps or vacuum extraction have been 
advocated. A cesarean section should be considered if 
repeated Valsalva maneuvers are required, but is associated 
with a risk of bleeding complications at the surgical site due 
to portal hypertension [98, 100].

28.7  Liver Transplant

After transplant, resumption of normal reproductive function 
occurs in 50–75% of premenopausal women. Pregnancies 
have been reported as early as 1 month after liver transplan-
tation [101–104].

Calcineurin inhibitors (cyclosporine and tacrolimus), 
prednisone, and azathioprine are generally considered safe 
[105]. Mycophenolate mofetil is teratogenic and should no 
be used during pregnancy. There is currently not enough 
safety data for sirolimus, everolimus and belatacept in preg-
nant women, therefore the use of these medications can not 
be recommended.

Patients should be monitored for pregnancy-induced 
hypertension, preeclampsia, acute cellular rejection and 
renal impairment. Data suggests that pregnancies occurring 

within 1-year post transplant may have an increased inci-
dence of prematurity, low birth weight, and acute cellular 
rejection compared to those occurring later than 1 year [106].

28.8  Conclusion

Pregnancy alone can lead to normal or pathologic changes in 
hepatic function. In addition, coincident acute or chronic 
liver diseases can present at any time. When approaching a 
pregnant women with liver disease, a thoughtful multidisci-
plinary approach is necessary to consider the health of the 
fetus and mother.

 Self Study

 Questions

 1. Twenty-seven year old female with cirrhosis due to auto-
immune hepatitis presents 5  weeks pregnant. What do 
you recommend?
 (a) Discontinue azathioprine, start mycophenolate 

mofetil
 (b) Upper endoscopy for variceal surveillance third 

trimester
 (c) Upper endoscopy for variceal surveillance second 

trimester
 (d) Confirm diagnosis of cirrhosis and check portal pres-

sures with transjugular liver biopsy to determine risk 
of liver related complications

 (e) AFP for hepatocellular carcinoma surveillance 
because she is at risk for liver cancer

 2. Thirty-one year old female 32 weeks pregnant with his-
tory of preeclampsia presents with abdominal pain and 
confusion.
Labs reveal:
 AST 450 IU/L
 Bilirubin 1.2 mg/dL
 Glucose 60 mg/dL
 Platelets 205
 Creatinine 2.0 mg/dL
 Prothrombin time 18 s
 Ammonia 100 μmol/L
Which is true?
 1. An expectant approach is recommended before 

34  weeks of gestation allowing for fetal pulmonary 
maturity

 2. Peripheral smear will show hemolysis
 3. Cerebral edema with herniation can occur
 4. Liver biopsy is necessary to make the diagnosis
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 Answers

 1. What do you recommend?
 (a) Discontinue azathioprine, start mycophenolate mofetil. 

INCORRECT Mycophenolate mofetil is teratogenic 
and is contraindicated in pregnancy. Table 28.2.

 (b) Upper endoscopy for variceal surveillance third tri-
mester. INCORRECT Endoscopy should occur in the 
second trimester whenever possible.

 (c) Upper endoscopy for variceal surveillance second tri-
mester. CORRECT Timing of non emergent endos-
copy is most safe in the second trimester after 
organogenesis in the first trimester.

 (d) Confirm diagnosis of cirrhosis and check portal pres-
sures with transjugular liver biopsy to determine risk of 
liver related complications. INCORRECT Liver biopsy 
is relatively high risk and will not change management.

 (e) AFP for hepatocellular carcinoma surveillance 
because she is at risk for liver cancer. INCORRECT 
Alpha-fetoprotein (AFP) is elevated during normal 
pregnancy and should not be used for hepatocellular 
carcinoma surveillance in pregnancy.

2. Which is true?
 1. An expectant approach is recommended before 

34  weeks of gestation allowing for fetal pulmonary 
maturity. INCORRECT Treatment of Acute Fatty 
Liver of Pregnancy hinges on delivery regardless of 
gestational age

 2. Peripheral smear will show hemolysis. INCORRECT 
Hemolysis occurs in HELLP syndrome

 3. Cerebral edema with herniation can occur. CORRECT 
Complications of AFLP include acute liver failure 
leading to cerebral edema, hypoglycemia, infections, 
renal dysfunction and bleeding

 4. Liver biopsy is necessary to make the diagnosis. 
INCORRECT The Swansea criteria are a diagnostic 
model for AFLP with liver biopsy is reserved only for 
cases in which the diagnosis is uncertain
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Cirrhotic Cardiomyopathy

Roxana Cristina Rimbas, Alexandra Maria Chitroceanu, 
and Dragos Vinereanu

29.1  Introduction

Liver cirrhosis (LC) is the final spectrum of several 
aggressions to the liver, with high impact to public health-
care, being an important cause of mortality worldwide 
(Hoyert and Xu 2011). Access to liver transplantation 
(LT) has improved the prognosis of LC [1]. However, car-
diac dysfunction has emerged as a leading cause of mor-
tality after LT (Madhwal et  al. 2012). Therefore, most 
recent LT guidelines stated that a comprehensive pre-
transplant cardiac evaluation is highly required 
(McCaughan 2012).

Patients with LC develop a progressive impairment in 
their cardiac function during the course of their illness, a 
condition described more than 60 years ago named cirrhotic 
cardiomyopathy (CCM) (Kowalski and Abelmann 1953; 
Murray et al. 1958). Both authors defined a hyperdynamic 
state in patients with LC characterized by high cardiac out-
put (CO), and low systemic vascular resistance (SVR). 
Cardiac function abnormalities consisting in impaired ven-
tricular performance to different stressful stimuli are clini-
cally not apparent at rest, because of the low SVR. Recent 
data support the concept of a specific heart disease, an intrin-
sic myocardial dysfunction generated by different sub-
stances, correlated with the severity of liver dysfunction. 
However, the most updated pre-LT evaluation guideline pro-
vides only an algorithm for the evaluation of major cardio-
vascular diseases, without giving any clear recommendations 
regarding CCM [1].

In this chapter we provide an overview of CCM, its 
definition, complex pathogenic mechanisms, old and 
new diagnostic tests, prognosis, and management 
strategies.
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Key Concepts
• Cirrhotic cardiomyopathy is defined as an abnormal 

cardiac function at rest and an impaired contractile 
responsiveness to stress in patients with liver 
cirrhosis.

• Heart failure secondary to cirrhotic cardiomyopa-
thy is the most common cause of death in patients 
who undergo liver transplantation.

• An altered diastolic function with a subclinical sys-
tolic dysfunction are the mainstay in patients with 
cirrhotic cardiomyopathy.

• New echocardiographic methods and cardiac mag-
netic resonance might refine criteria for cirrhotic 
cardiomyopathy definition.

• Electrophysiological abnormalities with prolonged 
QT interval, chronotropic dysfunction, and electro-
mechanical dyssynchrony are supportive criteria.

• Treatment is nonspecific and the only effective 
treatment seems to be liver transplantation.
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29.2  Definition

Although first introduced more than 6 decades ago, the term 
cirrhotic cardiomyopathy was defined as a new clinical 
phenotype in 2005 by an international expert consensus 
committee at the World Congress of Gastroenterology in 
Montreal, Canada. CCM was defined as a chronic cardiac 
dysfunction in patients with LC, in the absence of cardiac 
disease, regardless of the aetiology of cirrhosis [2]. Cardiac 
dysfunction is usually asymptomatic at rest, and it is mani-
fested as a suboptimal ventricular responsiveness at time 
of increased demand [2]. However, subclinical structural 
and functional disease is present, recognized as altered dia-
stolic relaxation with electrophysiological abnormalities 
(Madhwal et  al. 2012). Specific diagnostic criteria for the 
recognition of CCM, as they were provided by an interna-
tional expert consensus committee are described in Fig. 29.1.

CCM includes a variety of structural myocardial changes, 
systolic and diastolic dysfunction, chronotropic incompe-
tence, and electrophysiological abnormalities, in the context 
of a presumed augmented vascular function (Kazankov et al. 
2011; Ripoll et al. 2011; Zardi et al. 2010). Of note, all actual 
definition criteria are based mostly on conventional echocar-
diography, which identifies only the late stages of cardiac 
dysfunction ([3, 4] Kazankov et al. 2011; Ripoll et al. 2011; 

Zardi et al. 2010; Møller and Henriksen 2010; Dowsley et al. 
2012). Recently, many studies designed to characterize the 
intrinsic myocardial properties in LC, by using the new 
imaging methods Tissue Doppler Imaging (TDI) and 
speckle-tracking echocardiography (STE) tried to better 
define this entity ([3–7] Alexopoulou et al. 2012). These new 
imaging modalities might be essential to detect subclinical 
cardiac dysfunction, and to better define it, in presumed high 
preload conditions. However, the exact role of these new 
methods in the diagnosis and prognosis of CCM is still con-
troversial. Moreover, serum levels of natriuretic peptide and 
troponin I are reported to be elevated in LC patients, but the 
role of these markers in the diagnosis and prognosis of CCM 
is also not well established [6–8].

29.3  Epidemiology

The prevalence of CCM remains unknown because the dis-
ease is asymptomatic at rest and remains well tolerated for 
months to years [9]. It is unmasked as left ventricular (LV) 
dysfunction in conditions of increased demand for CO such 
us exercise, drugs, haemorrhage, infections or surgery (Wong 
2009). Its frequency seems to be from 3% to 23.4% [10]. 
However, it is also possible to identify myocardial dysfunc-

Fig. 29.1 Diagnostic criteria for Cirrhotic Cardiomyopathy according 
to the World Congress of Gastroenterology in Montreal Canada. 
E = peak velocity blood flow in early diastole; A = peak velocity blood 
flow in late diastole; E/A ratio = the ratio of peak velocity blood flow in 
early diastole to peak velocity blood flow in late diastole; TDE = E-wave 

deceleration time; IVRT = isovolumetric relaxation time; LV = left ven-
tricle; LA  =  left atrium; LVEF  =  left ventricular ejection fraction; 
QTc  =  corrected QT interval; BNP  =  brain natriuretic peptide; 
NT-proBNP: N-terminal prohormone of brain natriuretic peptide
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tion in up to 50% of LC patients (Henriksen et al. 2003). At 
present, the real prevalence of CCM is difficult to be esti-
mated because of the lack of sensitivity of diagnostic tests to 
identify CCM at early stages. Moreover, in compensated 
stages of the LC, heart involvement is latent, and without a 
stress method CCM cannot be unmasked. Furthermore, 
worldwide LC has a huge geographical variability, depend-
ing on the aetiological factors such as chronic alcoholism, 
viral hepatitis B and C, autoimmune liver disease (Wong 
2009).

29.4  Pathophysiology

CCM Cirrhotic cardiomyopathy is a complex and multifac-
torial disease, and involves interaction of multiple cellular, 
neuronal and humoral signalling pathways [11]. These 
include altered cardiomyocyte membrane physiology, ion 
channels defects, diminished β-adrenergic receptor signal-
ling pathways, elevated sympathetic nervous tone, and over 
activity of vasodilator pathways such as nitric oxide, carbon 
monoxide and endocannabinoid system (Liu et  al. 2006; 
Bolognesi et al. 2007; Baik et al. 2007). CCM has no direct 
genetic predisposition (Baik et al. 2007).

Liver insufficiency and increasing of the intrahepatic vas-
cular resistance with development of the porto-systemic col-
lateral vessels, leads to accumulation of high plasma levels 
of inflammatory and vasoactive molecules, such as endo-
thelins, glucagon, tumor necrosis factor α (TNFα), IL1, IL6, 
TGFβ, adrenomedullin, calcitonin gene-related peptide, 
 carbon monoxide, endocannabinoids, nitric oxide, prostacy-
clin and natriuretic peptide, that might be involved in CCM 
pathogenesis ([11, 12] Liu et al. 2006; Bolognesi et al. 2007; 
Baik et al. 2007; Chayanupatkul et al. 2014).

All key mediators involved in the CCM pathogenesis and 
their main mechanisms that generate cardiac systolic and 
diastolic dysfunction, and also electrophysiological abnor-
malities are summarized in Table  29.1. The key of under-
standing the pathophysiology of CCM lies in the 
hyperdynamic circulation with a compensatory increased in 
CO, due to a reduced SVR (Liu et al. 2006; Bonz et al. 2003). 
Cardiac contraction is affected especially in stressful condi-
tions [11]. Before ascites formation, there is an expansion of 
the blood volume, with a redistribution to the splanchnic ter-
ritory as liver failure progresses ([11–13] Chayanupatkul 
et al. 2014). Despite an absolute increase in blood volume, 
there is an important peripheral arterial vasodilatation, 
which activates the renin-angiotensin-aldosterone (RAAS) 
and autonomic nervous system. This leads to an activation of 
sodium and water retention, which becomes more apparent 
as LC worsens (Wong 2009). Advanced liver disease is asso-
ciated with important changes in SVR (Yang and Lin 2012). 
With the progression of cirrhosis, arterial compliance is 

increased, as a result of reduction in thickness of the vessel 
walls, as well as a decreased vascular tone, secondary to 
nitric oxide overproduction ([12] Liu et al. 2006; Bolognesi 
et al. 2007).

The hyperdynamic circulation is dependent on cardiac 
reserve (heart inotropism and chronotropism), and at initially 
phases CO is preserved at rest. Progression of the LC gener-
ates systolic myocardial dysfunction due to the increased 
blood volume. Simultaneously, there is a diastolic myocar-
dial dysfunction due to myocardial hypertrophy, rigidity and 
subendothelial oedema ([11–14] Bolognesi et al. 2007; Baik 
et al. 2007; Chayanupatkul et al. 2014).

Heart cell contractility is mainly determined by stimu-
lating β-adrenergic receptor system. In experimental stud-
ies in rats, cardiomyocyte membrane isolated from rats 
with LC presented multiple defects in β-adrenergic signal-
ling pathway and lipid composition, leading to alter fluidity 
of the membrane. This interferes with the function of the 
proteins located in the membrane, such as calcium channels 
and β-adrenergic receptors (Ma et  al. 1996). One of the 
main mechanisms of impaired cardiac contractility in 
response to stress is overproduction of nitric oxide that 
inhibit cardiomyocyte contractility ([11] Chayanupatkul 
et  al. 2014). Moreover, endocannabinoids production is 
increased due to hemodynamic overload, and these sub-
stances are known to have a negative inotropic effect ([13] 
Bonz et al. 2003; Chayanupatkul et al. 2014; Garcia-Estan 
et al. 2002).

In summary, all inflammatory, pro-fibrotic, pro-apoptotic, 
and vasoactive molecules generated by liver insufficiency 
and increased intrahepatic vascular resistance lead to systolic 
and diastolic dysfunction, in the context of a peripheral arte-
rial vasodilatation and high cardiac output (Fig. 29.2).

29.5  Diagnostic Tests

Most of the patients with stable liver disease are asymptom-
atic in the initial stages of CCM, with no apparent functional 
limitations, although they have subclinical structural cardiac 
disease [11, 15]. It is well known that LC patients have a 
reduced ventricular afterload. This extreme peripheral vaso-
dilation is the natural way of “auto treating” the patient and 
preventing the development of overt congestive heart failure 
in these patients. LT is by far the most important challenge in 
cardiac function in LC patients, because there are significant 
fluctuations in preload and afterload during the immediate 
perioperative period and several days after transplantation 
(Torregrosa et  al. 2005). Fifty percentage of LC patients 
undergoing LT show signs of cardiac dysfunction within the 
first postoperative week [16]. In this light, a complete and 
correct pre transplant evaluation of the cardiac function is 
mandatory.
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All patient with LC must undergo clinical, biological, 
electrocardiographic and imaging evaluation for early diag-
nosis of CCM [13, 16]. However, CCM is generally latent, 
and is not so evident on routine examination. With the pro-
gression of liver disease, when the patients are subjected to 
stress, the cardiac dysfunction becomes manifest [11, 16]. In 
early stages, diastolic precede systolic dysfunction, both 
being concomitant with the progression of the disease ([16] 
Torregrosa et al. 2005).

Different complementary imaging techniques were devel-
oped within the field of cardiology in the last years. However, 
in LC patients, echocardiography is by far the most useful 

method for the diagnosis of cardiac dysfunction. There is 
limited experience with other imaging modalities such as 
cardiac magnetic resonance (CMR) and myocardial scin-
tigraphy. Chest X-Ray evaluation is usually normal, or may 
reveal in advanced stages left atrial or ventricular enlarge-
ment, and cardiomegaly with pleural effusion.

29.5.1  Echocardiography

The actual definition of CCM includes impaired contractile 
responsiveness to stress and/or altered diastolic function 

Fig. 29.2 Pathophysiological 
mechanisms of cirrhotic 
cardiomyopathy. 
RAAS = renin-angiotensin- 
aldosterone system; 
CO = carbon monoxide; 
IL1β = interleukin-1β; 
IL-6 = interleukin-6; 
IL-8 = interleukin-8; 
TNF-α = tumor necrosis 
factor-α; 
TGF-β = transforming growth 
factor β; NO = nitric oxide
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associated with electrophysiological abnormalities. However, 
this definition is too vague, because there are many echocar-
diographic parameters available for the estimation of dia-
stolic and systolic function. Moreover, diastolic dysfunction 
evaluation changes a lot in the last years, and a new and more 
complete algorithm is now available [17, 18]. In this light, a 
new consensus regarding CCM definition is still lacking, and 
important unanswered questions should be discussed: the 
optimal echocardiographic parameters, the role of new TDI 
and STE methods, the minimum number of criteria required 
for the CCM diagnosis, utility of stress echocardiography to 
unmask myocardial dysfunction, and the feasibility of this 
investigation in cirrhotic patients. A specific algorithm for 
the diagnosis of CCM has not yet been validated.

29.5.2  Systolic Dysfunction

Systolic dysfunction is mostly latent in LC patients. Although 
left ventricular systolic function (LVEF) at rest is normal in cir-
rhotic patients, there are subtle alterations that could be detected 
in stressful conditions or by using new echocardiographic tech-
niques at rest, such TDI and STE (Mor-Avi et al. 2011). LVEF 
by 2D echocardiography is the most widely used parameter of 
global LV systolic function assessment. Most studies have 
found that LVEF is increased in LC patient in the resting state. 
The disk summation method in two orthogonal planes (modi-
fied Simpson’s rule) is still the method of choice. Although 
three-dimensional echocardiography (3DE) is becoming more 
available in clinical practice, this imaging technique is highly 
dependent on image quality, breath hold making it more prone 
to artifacts. These issues may limit its applicability in decom-
pensated cirrhotic patients with tachycardia and unable to hold 
their breath. Moreover, volumes obtained with 3DE are larger 
than 2DE derived volumes and should not be used interchange-
ably in serial measurements [19]. To the best of our knowledge, 
there are no studies comparing 3DE, 2DE and CMR in liver 
cirrhosis. Hence, its validity in this specific setting remains 
unproven (Sampaio et al. 2016).

According to the current consensus, an LVEF of less than 
52% in men and 54% in women, using 2DE, suggests sys-
tolic dysfunction. Higher cut-off values should be consid-
ered for 3DE and CMR [20]. However, since LVEF is highly 
dependent on loading conditions, a higher cut-off value may 
need to be considered in patients with LC due to the decreased 
afterload. This probably explains the finding of normal rest-
ing LVEF in the majority of the studies in cirrhosis (Sampaio 
et al. 2016). Although the LVEF is normal at rest, contractile 
response to stress is impaired, which becomes evident when 
challenged. Similar result was proved in a study by Sampaio 
and Pimenta [20] examining the LVEF response, as mea-
sured by magnetic resonance myocardial stress testing with 
low-dose dobutamine.

LC patients have blunted responsiveness to volume and 
postural challenge, exercise or pharmacological stimulation. 
The altered response to active tilt also suggests an impaired 
myocardial contractility. During 5 min of standing, cirrhotic 
patients experienced a decrease in the LV end-systolic vol-
ume, SVR and CO despite marked increments in heart rate 
and in the activity of neuro-humoral systems (Sampaio et al. 
2016). On the other hand, in LC patients there is an abnormal 
LV response during exercise manifested by an increase in 
CO and LVEF less than expected, by comparison to normal 
subjects, emphasizing the theory of impaired contractile 
response in cirrhotic patients (Sampaio et al. 2016). Several 
studies have demonstrated blunted cardiac responsiveness to 
vasoactive drugs. The infusion of angiotensin or terlipressin 
produced a normalization of SVR, and an increase in pulmo-
nary wedge capillary pressure (PCWP), but not an increase 
in CO (Krag et al. 2010). These findings suggest that the nor-
malization of the afterload may unmask LV dysfunction at 
rest. Stimulation by β-adrenergic agonists reduces the inotro-
pic and chronotropic responses of the heart in LC patients. 
Furthermore, administration of dobutamine, a β1-adrenergic 
receptor agonist, causes only a slight increase in stroke vol-
ume, and the dose of isoproterenol needed to increase the 
heart rate is higher in cirrhotic patients than in normal sub-
jects, which indicate chronotropic incompetence in cirrhotic 
patients ([20] Krag et al. 2010).

Myocardial strain imaging by STE has been validated for 
the assessment of regional myocardial function (Mor-Avi 
et al. 2011). Furthermore, a new parameter of systolic dys-
function, global longitudinal systolic strain (GLS), has been 
proposed for the assessment of early cardiac dysfunction in 
LC patients. 2D-STE, which objectively measures intrinsic 
deformation of myocardial fibre, is less likely to be preload 
or afterload dependent when compared with standard echo-
cardiographic measures, and now we have cut-off value of 
−20% for healthy subjects. This makes STE very useful in 
LC patients, more sensitive and accurate to detect subtle sys-
tolic dysfunction ([18] Sampaio et al. 2016).

Recently, Sampaio et  al. (2016) and Altekin et  al.[21] 
found that patients with cirrhosis had reduced longitudinal 
systolic function, despite still having normal 
LVEF. Conversely, circumferential shortening, is augmented 
as a compensatory [7, 21]. Moreover, Nazar et  al. [6] and 
Rimbas et  al. [18] using 2D-STE, found no differences in 
GLS in LC patients with different grades of LV diastolic dys-
function. The prognosis value of GLS in LC patients is still 
controversial ([18] Krag et al. 2010; Sampaio et al. 2016).

Changes in systolic function post liver transplant have 
also been evaluated in six studies. Three of them showed sta-
tistically significant decline in LVEF post-LT, but the decline 
was clinically insignificant [22]. The systolic response to 
stress showed significant improvement 9 months after trans-
plant in one study [16]. More recently, studies analysing 
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GLS showed that although strain values remained within 
normal range, there was an improvement at 18 months after 
LT in the LV deformation (−18.5% to −21%, p < 0.01) [23].

Recently, it has become possible to perform real-time 
3DE. This method allows quantification of LV, RV, and LA 
volumes closely correlated to those measured by 
CMR.  However, this imaging technique was not incorpo-
rated in the diagnostic work-up of CCM yet. There is no 
single study designed to use 3DE for the assessment of LVEF 
in LC patients and to define prognostic role of this 
parameter.

29.5.3  Diastolic Dysfunction

Diastolic dysfunction is the prominent feature of cirrhotic 
cardiomyopathy ([5, 8] Mota et al. 2013). The prevalence of 
DD in cirrhotic patients is about 46%. It is considered to be 
a sensitive marker for the development of hepato-renal syn-
drome and a predictor of mortality (Ruiz-del-Arbol et  al. 
2016). Moreover, 75% of patients with cirrhosis and DD 
have LV hypertrophy (Torregrosa et al. 2005).

All key biological mediators involved in CCM pathogen-
esis affect mainly diastolic proprieties of the LV, with 
decreased compliance, relaxation, and abnormal filling pat-
tern. The pathophysiological background of DD is an 
increased stiffness of the myocardial wall, resulting from a 
combination of mild myocardial hypertrophy, fibrosis, myo-
cytes apoptosis, and sub endothelial oedema [14].

DD can be determined both by invasive (measuring 
PCWP and end diastolic pressure) and non-invasive (echo-
cardiography, CMR) methods. Reduced SVR and central 
hypovolemia explain increased cardiopulmonary pressure 
with normal mean left atrial pressure [24]. Nowadays, CCM 
should be understood as a specific type of heart failure with 
preserved ejection fraction (HFpEF), in which DD is the 
prominent feature, in the context of central hypovolemia. 
Similar to other type of HFpEF, transthoracic echocardiogra-
phy plays the key role for the detection of DD.

Echocardiographic changes in CCM includes left atrial 
(LA) dilatation with increased left atrial volume indexed 
(LAVi), increased LV diameter, LV mass, and thickness of 
the LV walls, without an increase in LV volume. In the pres-
ent definition of CCM, DD is expressed as decreased peak E 
velocity (early rapid filling phase), prolonged deceleration 
time (TDE) and isovolumetric relaxation time (IVRT), and 
an increased atrial contribution to the late ventricular filling 
(A wave) with a decreased E/A ratio [12]. Older studies used 
only mitral inflow profile to define CCM (E/A ratio, IVRT). 
All recent studies use TDI and STE methods, currently not 
included in the definition criteria. Moreover, in the current 
definition, DD refers only to impaired relaxation pattern, 
completely excluding all other types of DD [18]. However, 

DD assessed using the present definition of CCM was 
reported as a predictor of mortality in LT patients [25]. Since 
E/A ratio is significantly dependent of loading conditions 
and LC is characterize by important variability of preload 
and afterload, additional parameters for the evaluation of DD 
should be used. Patients with ascites have lower E/A ratio 
than LC patients without ascites. After paracentesis, by 
reducing the A-wave velocity, E/A ratio increases [11]. 
Paracentesis reduces the preload by lowering increased 
plasma renin activity, aldosterone, norepinephrine, and epi-
nephrine. However, systolic function is not affected by para-
centesis [11].

TDI is a well validated imaging technique. By TDI we 
can measure diastolic tissue velocity of mitral annulus (E′) at 
the basal and septal level. E′ is considered a more accurate 
marker for the evaluation of DD than E and E/A ratio, due to 
the partial independency of loading conditions. At present, 
the E/E′ ratio is used to estimate LV filling pressure (LVFP), 
and recommended by the guidelines for the evaluation of DD 
[17] However, these parameters (E′ and E/E′ ratio) are not 
included in the present definition of CCM. Different studies 
suggested that DD is related to mortality assessed by using 
new guidelines indication, and E/E′ ratio was found as an 
independent predictor of mortality ([26] Cazzaniga et  al. 
2007). However, these data are presently discordant and are 
not confirmed by other studies ([6, 8, 18] Alexopoulou et al. 
2012). All these studies did not find an association between 
any of the echocardiographic parameters (new and old) and 
short or long-term mortality. Indeed, different methods used 
to assess LV diastolic function in LC might explain different 
results from studies. Therefore larger, multicentric, ade-
quately powered studies using new definition criteria for 
quantification of DD are required to confirm or exclude an 
effect of DD on survival in patients with LC.

Moreover, LAVi is a mandatory measurement for the 
assessment of DD in the last guidelines for the assessment of 
LV function [17]. An increase in LAVi has been reported in 
cirrhosis, and was interpreted as a marker of DD in these 
patients [4]. Other studies have found that LA enlargement is 
related to loading conditions and should not be used as a 
single marker of DD. LA longitudinal deformation seems to 
correlate better with LVFP than LAVi or E/E′ ratio [21, 27].

Severity of DD is usually classified from mild grade 1 to 
severe grade 3. Majority of cirrhotic patients have DD grade 
1 or moderate grade 2. Only a minority of them have a 
restrictive pattern (grade 3) [18]. DD correlates with severity 
of liver disease and high MELD score [9, 26]. The present 
algorithm for DD diagnosis in patients with preserved LVEF, 
includes TDI mitral annulus velocities (septal E′, lateral E′), 
PW Doppler mitral inflow (E wave, E/A ratio), E/E′ ratio, 
tricuspid velocity (TV) and LAVi. Guidelines recommend 
four variables for identifying DD, and their specific cut-off 
values: annular E′ velocity: septal E′ < 7 cm/s or lateral E′ 
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<10 cm/s, average E/E′ ratio >14, and LAVi >34 mL/m2 and 
elevated pulmonary artery pressure predicted by TV > 2.8 m/s 
[17]. If ≥3 variables are abnormal, DD is present, and E-wave 
and E/A ratio determines its severity or grading. None of 
these criteria were included in the actual definition of 
CCM. We recommend the use of this algorithm for an accu-
rate DD diagnosis in LC patients (Fig. 29.3).

Although it is often believed that CCM reverses after LT, 
the data are limited and do not support entirely this idea. In 
fact, the data suggest that diastolic function may not improve 
after transplant and may actually worsen. The only criterion 
of CCM that has been shown to improve after liver transplant 
is QTc prolongation. More importantly, the presence of the 
DD may be associated with adverse outcomes and mortality 

after transplant [22]. In this light, it is obvious why is so 
important to reach a reference standard definition for the 
assessment of myocardial dysfunction, and to define its con-
tribution to mortality in LC patients.

Since many of the clinical features are unmasked by differ-
ent stressful conditions (LT, infection, bleeding, other surgical 
procedure), it seems reasonable that by simulating the effect of 
these stressful stimuli on cardiovascular system we could 
reveal cardiac dysfunction. In patients with DD and normal 
LVFP despite delayed myocardial relaxation, diastolic stress 
test may uncover increased LVFP in response to exercise [28]. 
Exercise echocardiography might be useful to assess diastolic as 
well as systolic response in LC patients. Till now, there are con-
flicting data regarding the utility of the stress echocardiography 

a b

c d

Fig. 29.3 Echocardiographic evaluation of cirrhotic cardiomyopathy. 
An example of a liver cirrhotic patient with Child-Pugh C, and severe 
diastolic dysfunction grade 3. Panel A. Pulsed wave Doppler at the level 
of mitral inflow: E = peak velocity blood flow in early diastole; A = peak 
velocity blood flow in late diastole; E/A ratio = the ratio between peak 
velocity blood flow in early diastole to peak velocity blood flow in late 
diastole; E/A = 2.2 suggesting a restrictive pattern (grade 3) of diastolic 
dysfunction. Panel B: TDI evaluation of myocardial velocities at the 

level of mitral annulus: S′ = systolic velocity; E′ = early diastolic veloc-
ity; A’ = late diastolic velocity; E′ medial = early diastolic velocity at 
septal site; E/E′ = 35 suggesting high left ventricular filling pressure. 
Panel C: LAvol = left atrial volume; LAVi = left atrial indexed volume 
(LAvol/BSA); LAVi = 60 ml/m2 suggesting an important LA dilatation. 
Panel D: GLS  =  global longitudinal strain of the left ventricle. 
GLS = -13% suggesting a significantly decreased longitudinal systolic 
dysfunction
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in CCM diagnosis. Stress echocardiography was found to be 
inconclusive because of the inability to achieve the predicted 
target heart rate in LC patients, as a result of chronotropic 
incompetence [3]. Dahl et  al. [29] found that patients with 
early LC had a normal chronotropic and inotropic response to 
pharmacological stress. Krag et al. [30] used CMR to assess 
LV volumes and CO at rest and during maximal heart rate 
induced by increasing dosages of dobutamine and atropine. 
They confirmed that in early stages of LC, the chronotropic 
and inotropic response to stress is normal [30]. When compar-
ing LC patients with controls, the normal increase in CO and 
LVEF in response to graded exercise testing is significantly 
suppressed, with the most pronounced inability to increase 
cardiac performance seen in decompensated patients (Wong 
et al. 2001). Recently, Barbosa et al. [31] suggested dobuta-
mine stress echocardiography (DSE) as a reliable tool for the 
diagnosis of CCM. They measured E/E′ ratio at rest and after 
stress. They suggested that stress echocardiography could 
unmask patients with DD not recognized at rest, but with 
impaired myocardial relaxation during stress (average E/E′ 
ratio increase). This finding might explain the development of 
acute pulmonary edema after trans-jugular intrahepatic porto-
systemic shunt (TIPS) insertion and LT, because these inter-
ventions generate a sudden increase in the preload and, 
consequently, a rise in LVFP [31].

DSE is widely used for detection of chronotropic dys-
function, as part of the cardiovascular risk assessment pre-
 LT. Chronotropic dysfunction is defined as an achieved heart 
rate less than 85% of maximal predicted heart rate. It is a 
strong independent predictor of major cardiovascular events. 
It occurs in 26–37% of end stage LC patients undergoing 
DSE ([32] Williams et  al. 2000). However, the predictive 
value in detection of CCM in patients with cirrhosis is not 
well established ([31] Rudzinski et al. 2012).

Taking in consider all new data about diagnostic potential 
and limitations of the old and new echocardiographic param-
eters, we suggest that the definition of CCM should be 
updated, according to new guidelines for the diagnosis of 
DD. TDI-derived parameters and global longitudinal strain 
by STE should be included in the definition criteria of 
CCM. Since each parameter alone has some potential limita-
tion, the diagnosis of DD should not rely on a single mea-
surement but rather a multi-parameter approach should be 
used, in order to better classify the severity of DD and, 
importantly, to estimate LVFP in the context of high preload 
conditions. Stress echocardiography should be used in 
selected cases to unmask DD.

29.5.4  Cardiac Scintigraphy

There is limited data available on myocardial scintigraphy in 
the evaluation algorithm of CCM. A lower increase in LVEF 

after physiological stress can be revealed by scintigraphy in 
cirrhotic patients when compared to non-cirrhotic patients, 
revealing a blunted contractile response to stress in cirrhotic 
patients. However data regarding the diagnosis and progno-
sis utility of this imaging technique is lacking [24].

29.5.5  Cardiac Magnetic Resonance

Cardiac magnetic resonance is considered as a gold standard 
for accurate assessment of the LVEF, volumes of cardiac 
chambers, myocardial fibrosis, and oedema prior to the onset 
of LV dysfunction. Studies using CMR in cirrhotic patients 
have shown a hyperdynamic LV with increased LA volume, 
LV thickness, and raised LV end diastolic volume [33]. One 
study has investigated structural changes in CCM with 
contrast- enhanced CMR and found that myocardial changes 
were similar to the findings in patients with myocarditis, 
showing a patchy distribution (Lossnitzer et al. 2010). CMR 
has been used for evaluation of tissue characterization, and 
identification of specific cardiac lesions in cirrhotic patients 
proposed for LT. The presence of late-gadolinium enhance-
ment (LGE) seems to be a promising tool to identify patients 
with CCM. LGE can be detected regardless of the cause of 
liver disease, even if it is more pronounced in patients with 
alcoholic liver cirrhosis ([33] Lossnitzer et al. 2010).

29.5.6  Electrophysiological Changes

LC generate electromechanical uncoupling, prolongation of 
QT interval, and chronotropic dysfunction. One of the sup-
portive diagnostic criteria for CCM according to current 
definition is QT prolongation on electrocardiogram 
(Fig. 29.1). This is one of the most common electrophysio-
logical changes in cirrhosis, with a prevalence of 37–84% 
(Bernardi et al. 2010). However, it is inadequate, alone, to 
diagnose CCM.  ECG abnormalities in CCM include pro-
longed QT interval as the earliest and the most prevalent 
alteration, atrial and ventricular premature contractions, bun-
dle branch block and ST segment depression in more 
advanced stages. Twenty-four-hour Holter monitoring has 
better sensitivity to identify bradyarrhythmia and tachyar-
rhythmia, and can aid in the diagnosis of subclinical disease 
[34, 35].

Loss of K+ channels on plasma membrane and their dys-
function, sympathetic over-activity, exposure of different 
cytokines through porto-systemic shunts are responsible for 
QT prolongation. It is worth noting that patients undergoing 
LT are found to have prolonged QTc interval ≥500  ms. 
Moreover, QTc > 440 ms correlated with 1-year mortality, 
but only in patients with DD ([18] Trevisani et al. 2012). All 
studies showed significant improvement in QTc after LT, and 
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some of them found improvement or normalization in >80% 
of the patients [22].

Electromechanical dyssynchrony: LC patients have a 
dyssynchronous contractile response of systole to electrical 
signals, due to decreased concentration of L-type calcium 
channels (Bernardi et al. 1991). Electromechanical dyssyn-
chrony has two components, pre-ejection phase (time inter-
val between ventricular depolarization and ventricular 
ejection) and LV ejection phase. Pre-ejection time delay and 
electromechanical delay have been reported among LC 
patients both at rest and after exercise, suggesting electrome-
chanical dyssynchrony. Moreover, cirrhotic patients with 
prolonged QT interval have more chances of electromechan-
ical uncoupling (Henriksen et al. 2002).

Chronotropic incompetence: Chronotropic incompe-
tence is defined as inability of heart to proportionally increase 
its rate in response to metabolic challenges. It is character-
ized as an achieved HR less than 85% of maximal predicted 
HR. In early stages (Child A and B) chronotropic response to 
dobutamine remains normal. Chronotropic incompetence is 
observed in advance cirrhosis in response to exercise, phar-
macologic stimuli, paracentesis and infections. Reduced sen-
sitivity of activation in sympathetic nervous system (SNS) 
due to down regulation and desensitization to beta adrenergic 
receptors in sino-atrial node is the proposed mechanism for 
chronotropic incompetence [29].

29.5.7  Cardiac Biomarkers

Biomarkers, especially troponin I, BNP, and NT-proBNP are 
elevated in cirrhosis, and they seem to be useful in clinical 
practice for early detection of cirrhotic cardiomyopathy [12].

Troponin I elevation has been associated to a decrease in 
CO and increased LV mass, but without any correlation to 
the severity of cirrhosis [5]. Troponin C level was recently 
found well correlated with severity of LC and mortality 
[12, 33].

BNP and NT-proBNP are biomarkers recommended to 
rule out heart failure, but not to establish the diagnostic. 
They have very high to high negative predictive values, but 
the positive predictive values are lower. In patient with cir-
rhosis, BNP and NT-proBNP levels are elevated. They indi-
cate a myocardial origin because of the stretching of 
cardiomyocytes from LV overload, which increases the 
expression of the gene responsible for BNP transcription 
(Wong 2009). Increased levels of BNP and NT-proBNP are 
associated to the severity of cirrhosis and to cardiac dysfunc-
tion, but not to hyperdynamic circulation [14]. These pep-
tides can be used as a screening test in an asymptomatic 
cirrhotic patient, in order to detect CCM. They could be also 
biomarkers of successful therapeutic intervention in cirrho-
sis (Wong et al. 2001). One study identified those patients 

who have plasma levels of NT-proBNP >290 pg/ml are at 
increased risk and should be referred for further cardiac 
investigations (Ziada et al. 2011).

BNP and NT-proBNP have shown good correlations with 
PCWP and E/E′ ratios in LC patients, even with normal LV 
function [26]. Moreover, they were found to correlate with 
LV septal thickness, LV end-diastolic diameter, and QT 
interval. However, the highest correlation is seen with end 
diastolic pressures, suggesting that the diastolic stretch is 
one of the major determinants of BNP increasing [26]. 
NT-proBNP was recently indicated to be a better indicator 
for early cardiac dysfunction than BNP because of its stabil-
ity and longer biological half-life (Campbell et  al. 2000). 
Elevated levels of Atrial Natriuretic Peptide (ANP) and 
BNP as biomarkers of cardiac dysfunction have been found 
as an indicator of compromised myocardial contractility and 
impaired diastole among cirrhotics. ANP is predominantly 
synthesized at the atrial level as a result of direct wall stress. 
Plasma levels of ANP are increased in patients with cirrhosis 
and ascites, but only in some pre-ascitic LC patients [12, 22]. 
Different studies indicated that proANP is a superior predic-
tor for outcome than ANP, probably because proANP under-
goes less enzymatic degradation and has a lower affinity to 
receptors, having higher and more stable circulating plasma 
levels [12, 33].

New biomarkers of cardiac injury: Galectin and 
copeptin are newly investigated cardiac biomarker for myo-
cardial injury. Galectin-3 level is found to be high in LC 
patients, and is linked to myocardial fibrosis [36]. The prog-
nostic role and the cut-off values for all these biomarkers in 
LC patients are not well established yet.

In summary, all established and potential diagnostic 
methods for CCM and their role are summarized in 
Table 29.2.

29.6  Prognosis and Correlation with Liver 
Disease Severity

It has been already demonstrated that CCM is a latent but 
frequent complication in patients with LC, and the mecha-
nisms of cardiac involvement are complex and multifacto-
rial. Thus, CCM remains a challenge in clinical practice. The 
data regarding a correlation between the severity of LC and 
the stage of cardiomyopathy is still controversial, although 
most of the studies suggested that diastolic and systolic dys-
function are directly related to the severity of liver dysfunc-
tion and portal hypertension. Despite this, it is known that 
cardiac dysfunction can negatively interfere in the prognos-
tic of cirrhotic patients, reducing survival and induce compli-
cations [5–9].

All components of cardiac impairment (systolic, diastolic 
and electrocardiographic changes) are present concomitant 
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to the progression of the hepatic disease (Ripoll et al. 2011). 
DD usually precedes systolic dysfunction, the last being 
unmasked when the patient is subjected to hemodynamic 
stress (Mota et al. 2013). Acute exacerbation of heart failure 
is rare because of the peripheral vasodilatation with reduced 
afterload (Wong 2009). Despite this, situations of increased 
demand for CO such as LT, infection, and TIPS can induce 
overt heart failure (Henriksen et al. 2003). Indeed, heart fail-
ure secondary to CCM has been reported as the most com-
mon cause of death in patients who undergo LT [8, 9].

CCM may also contribute to the pathogenesis of hepato- 
renal syndrome by an inadequate contractile response to the 
stress of infection in the face of marked peripheral vasodila-
tation. Moreover, CCM is associated in the pathogenesis of 
post-paracentesis circulatory dysfunction secondary to inad-
equate albumin intake and quick removal of large ascitic vol-
ume (Zardi et al. 2010). It seems that the mechanism lays in 
the chronotropic dysfunction of cirrhotic patient, the inabil-
ity to increment the heart rate despite arterial hypotension, 
and intense activation of SNS [6].

One of the diagnostic criteria for CCM according to 
expert consensus committee in 2005 is QT prolongation on 
electrocardiogram. It has been demonstrated that the 
 prevalence of QT prolongation increases simultaneous with 
the severity of the hepatic disease, defined by the Child-Pugh 
score and the hepatic venous pressure gradient [9]. QT pro-
longation can cause serious rhythm disturbances including 
torsades des pointes and sudden cardiac death. Contrary, 
sudden cardiac death is reported to be rare in cirrhotic 
patients (Zambruni et al. 2008). Currently, it has been dem-
onstrated that gastrointestinal haemorrhage lengthens QT 
interval, and increase mortality in this setting (Trevisani 
et al. 2012). Moreover, patients with QT prolongation under-
going LT have a worse outcome (Zambruni et  al. 2008). 
Generally, CCM worsens with the progression of the under-
lying liver disease, with a major impact on prognosis of cir-
rhotic patients.

29.7  Management Options

At present, there are no well-established guidelines regard-
ing the treatment of CCM.  Because most patients remain 
asymptomatic in resting conditions, treatment is usually ini-
tiated when symptoms appear. Management of CCM should 
follow the same recommendations as for non-cirrhotic 
HFpEF, with sodium restriction, diuretics, and β-blockers. 
Special care should be taken with the use of ACE-inhibitors 
and aldosterone antagonist, which have not demonstrated 
long-term efficacy [37]. Moreover, ACE-inhibitors may 
aggravate systemic vasodilatation and precipitate hypoten-
sion [11]. ACE-inhibitors improve diastolic function in cir-
rhotic patients by decreasing ventricular thickness and 
dilatation, and can only be used in early cirrhosis (Child A). 

Major concerns with these drugs are hypotension. Currently, 
there is no definite data available about use of ACE-inhibitors 
in CCM (Pozzi et  al. 2005). Aldosterone antagonists have 
also shown reduction in ventricular wall thickness and end 
diastolic volume in early cirrhosis (Pozzi et al. 2005).

Loop diuretics are used to relieve symptoms by decreas-
ing volume overload, which is a challenge in cirrhotic 
patients, who already have baseline arterial hypotension 
[38]. β-blockers reduce prolonged QT interval to normal val-
ues and prevent variceal bleeding by lowering portal pres-
sure. However, administration of β-blockers correlates with 
poor long term survival in patients with cirrhosis and refrac-
tory ascites (Sersté et al. 2011). Moreover, a recent prospec-
tive randomized clinical trial in patients with LC regarding 
β-blockers efficacy in reduction of CCM (abnormal cardiac 
output response under DSE) did not find any positive impact 
[39]. The uses of cardiac glycosides, such as digitalis, are not 
effective in increasing cardiac contraction in cirrhotic 
patients [37]. Currently, if medical treatment has any benefits 
on mortality needs to be further elucidated.

In summary, CCM is a complication of cirrhosis with no 
specific treatment. Because of the central role of the cirrhosis 
itself in the development of circulatory abnormalities, focus 
should be put on treating underlying cirrhotic disease [11]. 
Liver transplantation seems to be the only established effec-
tive treatment [11, 22]. The time course of potential cardiac 
recovery is consider to be between 6 and 12 months post- 
transplantation, although the factors that induce reversibility 
are not completely understood [11]. Although cardiac func-
tion potentially recovers after LT, the presence of CCM is a 
risk factor for post-operative complications [38]. High 
PCWP has the risk of post-reperfusion hemodynamic insta-
bility, a major cause of immediate death after LT (Fouad 
et al. 2009). Some studies demonstrated a complete regres-
sion in DD, ventricular wall thickness, and a recovery in sys-
tolic function and exercise capacity after transplantation 
[11]. Moreover, there is a diminished CO, lower heart rate, 
decreased pulmonary artery pressure, an increase in SVR 
and blood pressure following LT [38].

Changes in systolic function post-transplant have been 
evaluated in six studies [22]. Although three of them showed 
statistically significant decline in LVEF post-transplant, the 
decline was clinically insignificant [22]. The systolic 
response to stress before and after LT showed significant 
improvement 9  months after transplant (Torregrosa et  al. 
2005). More recently, global longitudinal strain showed that 
although strain values remained within normal range, there 
was improvement 18 months after transplant in the left ven-
tricle (−18.5 to −21%, P < 0.01) and in right ventricle (−21 
to −23%, P < 0.01) (Chen et al. 2015).

Diastolic function worsened in three studies and improved 
in one study post-transplant ([22, 40] Acosta et  al. 1999; 
Therapondos et al. 2002). Therapondos et al. (2002) showed 
that IVRT was increased, before and after transplant with 
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further increase 3 months after transplant. E/E′ ratio, a sur-
rogate to best measure LVFP was assessed in two studies. 
While Dowsley et al. (2012) showed increase in E/E′ ratio at 
3 months post liver transplant, Chen et al. [23] did not reveal 
significant change in E/E′ ratio 18 months post-transplant. 
Changes in LA enlargement in relation to transplant were 
investigated in three studies. Two studies showed no signifi-
cant changes after transplant on short and long term, respec-
tively ([40] Dowsley et  al. 2012). All studies showed 
significant improvement in QTc after liver transplant. The 
median time to improvement in QTc prolongation was 
6 months. Although the QTc decreased after LT, it remained 
significantly longer than in the age/gender matched healthy 
individuals [22].

CCM is consider the main factor for survival in cirrhotic 
patients undergoing procedures as TIPS that dramatically 
increase the preload due to a shift of a large volume of blood 
from the splanchnic to the central circulation (Lee and Liu 
2007). Heart failure and acute pulmonary oedema are the 
most reported complications after TIPS. DD and pre-TIPS 
state of central blood volume influence the outcome of TIPS 
(Lee and Liu 2007). Patients with hypovolemia have a con-
siderable improvement of diastolic function while a pre- 
TIPS DD is associated with a reduced ascites mobilization. 
Patients with persistence DD 28  days after TIPS have an 
increased mortality during follow-up [38].

In summary, there are limited evidences demonstrating the 
complete reversibility of CCM after LT. Because of the cur-
rent limited therapeutic options, general knowledge regarding 
the treatment options of heart failure should be adapted to 
patients with CCM. However, a critical need for more effec-
tive imagistic criteria for the diagnosis of CCM, and for newer 
agents capable to treat this condition still remains [38].

29.8  Conclusions

Cirrhotic cardiomyopathy represent a new clinical pheno-
type, characterized mainly by subtle systolic and diastolic 
dysfunction at rest, associated with electrophysiological 
abnormalities, chronotropic dysfunction, and electrome-
chanical dyssynchrony. Myocardial dysfunction is fre-
quently underdiagnosed in cirrhotic patients, due to low 
peripheral vascular resistance. However, CCM contributes 
to the high cardiovascular morbidity and mortality related 
to TIPS insertion and LT. To date, there is no clear consen-
sus on how to efficiently diagnose cirrhotic cardiomyopa-
thy. With the remarkable developments in cardiac imaging, 
and especially in echocardiography, a critical revision of 
the current definition criteria is highly required, probably 
including TDI and STE parameters, and in specific situa-
tion stress test echocardiography, in order to unmasked 
myocardial dysfunction. Future studies are needed to 
establish which echocardiographic parameters serves bet-

ter to characterize and monitor the cardiac changes in cir-
rhotic patients. Detailed prospective assessment of this 
entity will help identify patients at risk for worse outcomes 
after liver transplant. Treatment of cirrhotic cardiomyopa-
thy is nonspecific, and the only effective treatment seems 
to be liver transplantation. Moreover, there is also a need 
for studies with the objective of identifying potential treat-
ment that can change the natural history of cardiac dys-
function in cirrhotic patients, especially in the 
asymptomatic phase.

 Self Study

 Questions

 1. Cirrhotic cardiomyopathy is an entity described in 
patients with liver cirrhosis. It consists of:
 (a) Prolonged QT interval
 (b) Subtle diastolic and systolic dysfunction
 (c) Inotropic and chronotropic incompetence
 (d) All the above

 2. The commonest electrophysiological abnormalities 
found in cirrhotic cardiomyopathy is:
 (a) Atrial fibrillation
 (b) Prolonged QT interval
 (c) Frequent atrial and ventricular ectopic beats
 (d) Torsades des point

 3. Cardiac dysfunction from cirrhotic cardiomyopathy 
is related to several pathophysiological changes. 
Which one of the following is correct?
 (a) Various gases such as nitric oxide and carbon monox-

ide causing direct suppressive action on the 
cardiomyocytes

 (b) Inflammatory cytokines stimulated form intestinal 
endotoxemia in liver cirrhosis exerting a pro-fibrotic 
and pro-inflammatory action on the cardiomyocytes

 (c) There is altered cardiomyocyte plasma membrane 
fluidity

 (d) All the above

 Answers

 1. Cirrhotic cardiomyopathy is an entity described in 
patients with liver cirrhosis. It consists of:
Answer: (d).

 2. The commonest electrophysiological abnormalities 
found in cirrhotic cardiomyopathy is:
Answer: (b).

 3. Cardiac dysfunction from cirrhotic cardiomyopathy 
is related to several pathophysiological changes. 
Which one of the following is correct?
Answer: (d).
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Benign Liver Tumours

Emilio De Raffele

30.1  Introduction

Benign liver tumours are a heterogeneous group of solid or 
cystic focal liver lesions (FLL) deriving from different cell 
types [1, 2].

Solid benign liver tumours may have hepatocellular, bili-
ary, vascular and mesenchymal origin, respectively [2]. A 
descriptive classification of the lesions of hepatocellular ori-
gin has been proposed in 1994 by an international panel of 
experts sponsored by the World Congress of Gastroenterology 
[3], and includes: regenerative lesions, comprising regenera-
tive nodules, nodular regenerative hyperplasia (NRH) and 
focal nodular hyperplasia (FNH); and dysplastic and neo-
plastic lesions, comprising hepatocellular adenoma (HA), 
dysplastic nodules and hepatocellular carcinoma (HCC). 
Benign biliary lesions are quite unfrequent and include the 
bile duct adenoma, the biliary hamartoma, and the biliary 
cystadenoma. Vascular lesions include the hepatic hemangi-
oma (HH), which is the most common benign hepatic 
tumour, and other unfrequent tumours. Mesenchymal lesions 
include a heterogeneous group of rare tumours.

Cystic lesions of the liver (CLL) represent a miscella-
neous group of disorders, with heterogeneous etiology, prev-
alence, and clinical manifestations. The most common cystic 
lesions of the liver include: simple (solitary) hepatic cysts 
(SHC); polycystic liver disease (PLD); parasitic cysts, com-
prising hydatid cysts; primary neoplastic cysts, comprising 
biliary cystadenoma (BCA) and cystadenocarcinoma 
(BCAC); and duct related cysts, comprising Caroli’s disease 
and bile duct duplication [4].

FLLs are increasingly being discovered, in otherwise 
asymptomatic patients in most cases, because of the extensive 
use of medical imaging in clinical practice [1, 5–8], including 

ultrasonography (US), computed tomography (CT), and mag-
netic resonance imaging (MRI). An accurate evaluation of FLL 
is of paramount importance to identify primary liver malignan-
cies, especially HCC and cholangiocarcinoma (CCA), and 
liver metastases at an early, potentially curable stage.

An appropriate diagnostic approach to FLLs requires a 
detailed clinical history and consideration of risk factors [1, 
8], physical examination, laboratory test findings, different 
imaging modalities, and histopathology in selected cases [1, 
5]. Radiological evaluation is the most important aspect in 
the characterization of FLLs. Even though US is usually the 
first imaging test obtained because is safe and cost-effective, 
contrast-enhanced imaging techniques are needed in most 
cases to reach a diagnosis [1, 8], including contrast-enhanced 
triphasic CT scan or gadolinium-enhanced MRI; the use of 
gadolinium-containing contrast agents with both extracellu-
lar blood pool and hepatocyte-specific properties has further 
improved liver MR imaging [6]; hepatobiliary (HPB)-specific 
MR contrast agents include gadobenate dimeglumine 
(Gd-BOPTA) and gadoxetic acid (Gd-EOB-DTPA). In the 
context of HCC and liver transplantation, a recent consensus 
conference has underlined the importance of standardizing 
the technical specifications for CT and MRI in the diagnosis 
of HCC [9]; the same technical specifications for CT or MRI 
should be applied to the evaluation of FLLs [5]. Contrast-
enhanced US (CEUS) is an emerging technique that can add 
further information in selected cases. An appropriate con-
trast-enhanced imaging technique should include a late arte-
rial phase, a portal venous phase, and a delayed venous phase 
[5, 6]. 18-Fluoro-deoxyglucose positron emission tomogra-
phy (FDG-PET), eventually associated with a CT scan 
(FDG-PET/TC), is rarely indicated. If the diagnosis remains 
uncertain after extensive radiographic imaging, a liver biopsy 
or even a surgical resection for histopathological examina-
tion should be performed [1]. A well-sampled core biopsy 
should be preferred to fine-needle aspiration biopsy (FNAB), 
since it consents the assessment of both architectural and 
cytological features and provides tissue for additional test-
ing, including immunohistochemistry (IHC) [5, 10].
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30.2  Focal Nodular Hyperplasia

30.2.1  Introduction and Epidemiology

Focal nodular hyperplasia, also known as benign hepa-
toma, focal or lobar cirrhosis, hepatic hamartoma, hamar-
tomatous cholangiohepatoma, hepatic pseudotumor, 
solitary hyperplastic nodule, is a benign, usually poly-
clonal, epithelial liver tumour characterized by nodular 
hyperplasia of liver parenchyma in a fibrous meshwork 
around a central scar containing an aberrant artery. It usu-
ally develops in otherwise normal liver parenchyma, and 
is considered as a proliferative cell response to arterial 
malformation [1, 3, 6–8].

It is the second most common benign lesion of the 
liver, after hemangioma, with a prevalence of 0.3–3.0% in 
autopsy series and of 0.2–1.6% at imaging series [5, 6]. 
FNH is seen predominantly in women, with a male:female 
ratio of 1:8 or 1:9, between 20 and 50 years of age [1, 7, 
8]; however it has been observed throughout the age spec-
trum, including children [6]. FNHs are usually solitary, 
multiple in 20–30% of cases, and measure less than 5 cm, 
but may be larger. They are often associated with liver 
haemangiomas, less frequently with hepatic adenomas  
[1, 3, 6].

FNH may be responsive to estrogens [8, 11]. The 
higher prevalence in women and the evidence that FNH is 
usually larger, more vascular, and develop earlier in 
females suggested that female sex hormones and the use 
of oral contraceptives (OCPs) might influence tumour 
evolution; recent studies however did not confirm the role 
of modern OCPs and of pregnancy in the development or 
progression of FNH [1, 5–7]. Since this issue remains 
somewhat controversial, women bearing FNH who wish 
to continue OCPs treatment should undergo US evalua-

tion every 6–12 months for 2–3 years to monitor any size 
changes of their tumours [6].

30.2.2  Pathogenesis

FNH is presently considered a regenerative response to 
hyperperfusion by the anomalous arteries typically found in 
the center of these lesions (International Working Party 2006 
[6, 8]). The hypothesis that FNH derives from congenital 
vascular anomalies is further supported by its frequent asso-
ciation with other vascular malformations, including cavern-
ous HHs, hereditary hemorrhagic telangiectasia 
(Osler-Weber-Rendu disease), hemihypertrophy and vascu-
lar malformations (Klippel-Trénaunay-Weber syndrome). 
FNHs with similar features at CT and MR imaging have 
been reported in identical twins, supporting a potential 
pathogenetic role of congenital vascular anomalies and also 
a possible genetic predisposition to these lesions [12].

30.2.3  Pathology

The gross appearance of a typical FNH is that of a firm, well- 
demarcated but not encapsulated lesion. Well-developed and 
sizable nodules have a lobulated appearance with a central or 
eccentric stellate fibrous scar. Fibrous bands extend outward 
from this scar and surround parenchymal nodules [1, 6, 13]. 
The central scar contains an aberrant large artery with mul-
tiple branches radiating through the fibrous septa to the 
periphery and draining into adjacent hepatic veins; this radi-
ating pattern of the arterial branches determines the “spoke- 
wheel” appearance typically seen on angiography and on 
contrast-enhanced imaging techniques [6].

Histologically, FNH is composed of normal appearing 
hepatocytes arranged into multiple small nodules or cords 
usually partially delineated by the fibrous septa originating 
from the central scar. Fibrous septa contain large dystrophic 
vessels with eccentrically thickened walls. Various degrees 
of ductular proliferation and inflammatory cells are fre-
quently present at the interface between fibrous septa and 
parenchymal nodules [1, 8, 13]. The minimal microscopic 
key features for the diagnosis of classical FNH are nodular 
architecture, abnormal vessels, and proliferation of bile duct-
ules [14]. Sinusoids and Kupffer cells are typically present, 
and help to distinguish FNH from HCAs, which generally do 
not have bile ducts and Kupffer cells [14].

Atypical forms of FNH are frequent and include FNH 
without a central scar, which is usually absent in lesions 
smaller than 3 cm; FNH with significant steatosis, focal or 
diffuse; with cytologic atypia resembling dysplasia of large 
cell type; with areas of sinusoidal dilatation; subtle FNH, 
that defines lesions at an early stage of development that may 

Key Concepts
• Benign liver tumours are a heterogeneous group of 

solid or cystic focal liver lesions deriving from dif-
ferent cell types. Solid benign liver tumours may 
have hepatocellular, biliary, vascular and mesen-
chymal origin, respectively. Cystic liver lesions rep-
resent a miscellaneous group of disorders, including 
simple cysts, polycystic disease, parasitic cysts, 
neoplastic cysts, and duct related cysts.

• An accurate evaluation of FLL is essential to iden-
tify primary liver malignancies at an early, poten-
tially curable stage. Radiological evaluation is the 
most important issue, and includes US, CEUS, CT 
and MRI.
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lack some key features [1, 13, 14]. Telangiectatic FNH has 
been shown to be a variant of the inflammatory HCA. Multiple 
FNHs are generally observed in patients with underlying 
vascular liver diseases, including Budd-Chiari syndrome, 
obliterative portal venopathy and congenital disorders, such 
as hereditary haemorrhagic telangiectasia and portal vein 
agenesis [1].

The diagnosis of FNH is usually made on a hematoxylin 
and eosin (H&E) stain, in resected specimen or in a liver 
biopsy, when the key features are present. IHC staining for 
glutamine synthetase (GS) is distinctive of FNH and permits 
a definite differentiation from other hepatocellular nodules 
[6, 15]; large hepatocytic areas expressing GS are usually 
sited around hepatic veins, whereas hepatocytes close to 
fibrous septa containing vessels, inflammatory cells, and 
ductules, do not express GS; thus, areas over-expressing GS 
are in the periphery of the nodules and have a characteristic 
“map-like” pattern, that is found in all types of FNH, whether 
classical or atypical [15]. IHC staining for keratin 7 or 19 
may be useful to demonstrate the associated ductular  reaction 
[13]. IHC staining for β-catenin is normal, since it remains 
normally expressed on the hepatocyte membranes.

30.2.4  Clinical Features

FNHs are usually asymptomatic and discovered incidentally, 
but about 20–40% may present with symptoms [1, 5–7]. 
Larger tumours may present as an abdominal mass, some-
times symptomatic (epigastric and abdominal pain), and may 
rarely compress vessels, the biliary tree, or adjacent organs, 
such as the stomach. FNHs have no risk of malignant trans-
formation, and hemorrhage, necrosis, or infarction are excep-
tional [6, 7]. Liver tests are most often normal, but mild 
elevation of gamma-glutamyl transferase (GGT) and alkaline 
phosphatise (ALP) levels might be observed if large FNH 
causes extrinsic compression of intrahepatic biliary ducts [7]. 
Serum levels of alpha-fetoprotein (AFP) are normal.

30.2.5  Diagnosis

A confident diagnosis can usually be achieved through a 
combination of imaging techniques that evidence the typical 
features of FNH [1, 5–8], and usually permit the differential 
diagnosis with other solid benign tumours, including HCA, 
large regenerative nodules, sometimes hemangioma, and 
malignant tumours, including HCC, fibrolamellar carci-
noma, and hypervascular metastases. FNH is usually slightly 
hypo or isoechoic, rarely hyperechoic at US; sometimes only 
the presence of a pseudocapsule, due to compression of the 
surrounding hepatic tissue or vessels, may suggest the pres-
ence of the tumour; the central scar is visualized in a minor-

ity of cases; on Power Doppler ultrasound central arteries 
may have the typical “spoke-wheel” pattern. CEUS has sig-
nificantly improved characterization of FNH [6], and usually 
shows a lesion with strong and homogeneous enhancement 
on arterial phase, with a central vascular supply, which 
becomes similar to adjacent liver parenchyma on portal and 
delayed phases [1, 6, 16].

At CT scan, FNH may be hypo or isodense on non- 
contrast imaging, with an evident central scar in a minority 
of patients, shows a strong and homogeneous enhancement 
on arterial phase, resulting hyperdense compared to the sur-
rounding parenchyma, and becomes generally isodense dur-
ing the portal venous and delayed phases, although the 
central scar may become hyperdense as contrast diffuses into 
the scar [1, 7, 16].

At MR imaging, FNH is typically isointense or slightly 
hypointense on T1w images and slightly hyperintense or 
isointense on T2w images; the central scar is typically 
hypointense on T1w images and hyperintense on T2w 
images, due to vessels or edema; at gadolinium-enhanced 
imaging, the tumour shows intense homogeneous enhance-
ment during the arterial phase, except for the central scar, 
and becomes isointense or occasionally slightly hyperin-
tense to the surrounding liver parenchyma during the por-
tal venous and delayed phases, while the central scar 
enhances on delayed phase because of the slower diffu-
sion of the contrast medium through the fibrous tissue. 
MRI has the highest sensitivity among imaging techniques 
and a specificity of almost 100% for the diagnosis of FNH 
[1, 7]; its sensitivity is lower for smaller tumours without 
the central scar; in these cases, combination of CEUS and 
MRI provides the highest diagnostic accuracy [1, 7, 16]. 
The use of the HPB-specific MR contrast agents 
Gd-BOPTA and Gd-EOB-DTPA has further improved 
MR imaging of the liver [6]; FNH is composed of func-
tional hepatocytes with abnormal bile ductules, and is 
expected to accumulate HPB-specific contrast agents, 
while HCA does not contain bile ductules and is supposed 
not to accumulate such contrast agents [17]. At MRI with 
HPB- specific contrast agents, FNH shows early arterial 
enhancement, which persists during delayed phases to a 
greater degree than in the surrounding normal liver 
because of the presence of normal hepatocytes and abnor-
mal bile ductules; most FNHs are iso or hyperintense dur-
ing the delayed hepatobiliary phase; on the contrary, 
HCAs are classically hypointense relative to liver during 
the hepatobiliary phase [7, 18, 19]. The sensitivity of MRI 
with HPB-specific contrast agents approaches 90%, and 
the sensitivity and specificity to differentiate FNH from 
HCA ranges from 92 to 97% and from 91 to 100%, respec-
tively [1, 17–19]. FNH can have unusual features at MRI 
in presence of steatosis, focal or diffuse, so mimicking 
HCA, or if there is an atypical scar [7].
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30.2.6  Treatment

FNHs are usually asymptomatic and stable over time [6], 
without malignant transformation and with rare complica-
tions [1, 8]. Asymptomatic patients where the diagnosis of 
FNH is reasonably definite should be managed conserva-
tively [1, 7]. Monitoring the tumour every 3–6  months 
after the initial diagnosis is usually sufficient to confirm 
that the tumour is stable. Enlargement of FNH is excep-
tional, usually in patients that use OCPs and during preg-
nancy. OCPs can be maintained with appropriate follow-up 
imaging studies [7]. Only large FNHs may represent a risk 
for pregnancy and should be considered for liver 
resection.

If the diagnosis remains unclear, a liver resection should 
be considered [1, 5, 6, 8]. A liver resection should be also 
selectively considered for symptomatic tumours, in case of 
enlargement, and for exophytic or pedunculated tumours 
[6–8]. Non-surgical therapies, including trans-arterial 
 embolization (TAE) and radiofrequency thermal ablation 
(RFTA), should be considered in patients unfit for surgery 
[1, 5–7].

30.3  Hepatocellular Adenoma

30.3.1  Introduction and Epidemiology

Hepatocellular adenoma, also known as liver cell adenoma, 
liver adenoma and benign hepatoma, is a benign monoclonal 
epithelial liver tumour that develops in otherwise normal 
liver parenchyma, usually related to metabolic or hormonal 
abnormalities [5, 6]. HCA is rare, with an estimated preva-
lence between 0.001% and 0.004%, predominantly found in 
women of child bearing age, with a reported female:male 
ratio of 10:1, solitary in most cases but sometimes multifo-
cal, and usually asymptomatic [1, 5–7]. Liver adenomatosis 
is defined by the presence of more than ten HCAs in the liver 
[20], based on the number of tumours identified at imaging 
studies. Since larger adenomas have a significant risk of 
spontaneous rupture and haemorrhage, and also of malignant 
transformation, differentiation from other nodular lesions of 
the liver is essential [5].

30.3.2  Etiology and Incidence

HCAs are associated with the use of OCPs, anabolic andro-
gens, less frequently with pregnancy. The incidence of HCAs 
raised in the last decades in young women coinciding with 
the introduction of OCPs [6, 7]. HCAs are larger, more 
numerous, and at higher risk of rupture and bleeding in 
patients who take OCPs [21], their development correlates 
with the dose and duration of hormonal treatment [7], may 
regress after discontinuation of OCPs and also recur during 
readministration or pregnancy [6].

The use of anabolic steroids, typically in young men, has 
been associated with the development of HCAs [1, 6, 7], which 
frequently disappear after treatment discontinuation [22]; as 
for OCPs, androgens seem to predispose to multiple tumours 
[22]. Individuals with high levels of endogenous estrogens and 
androgens are also at risk of developing HCA [1, 6, 7].

The increased prevalence in men has been associated 
with the rising prevalence of obesity and metabolic syn-
drome [1, 5, 23]. Obesity and clinical features of the meta-
bolic syndrome, including diabetes, insulin resistance, 
dyslipidemia and hypertension, have been recently recog-
nized as significant risk factors for the development of 
HCAs [24, 25], and seem to promote either the development 
or the progression of HCAs [24]. Obesity and metabolic 
syndrome in association with OCPs use determine an 
increased risk for the development of HCAs in women [24, 
25]. Nonetheless, the prevalence of malignant transforma-
tion of HCAs is ten times more likely in males, especially in 
patients bearing a metabolic syndrome [26]. Obesity and the 
metabolic syndrome are becoming the dominant risk factors 
for HCA [7].

Key Concepts
• FNH is a benign epithelial liver tumour which usu-

ally develops in otherwise normal liver parenchyma. 
It is predominant in women, mostly between 20 and 
50 years of age. The role of female sex hormones 
and of OCPs is uncertain.

• Histologically, FNHs are composed of normal 
appearing hepatocytes arranged into nodular archi-
tecture, with abnormal vessels, and proliferation of 
bile ductules; sinusoids and Kupffer cells are typi-
cally present. Atypical forms of FNH are frequent. 
Multiple FNHs are generally observed in patients 
with underlying vascular liver diseases.

• FNHs are usually asymptomatic and discovered 
incidentally; 20–40% of patients may present with 
symptoms. FNHs have no risk of malignant trans-
formation, and complications are exceptional.

• A confident diagnosis can mostly be achieved 
through a combination of imaging techniques, 
including CEUS, CT and MRI. Contrast-enhanced 
MRI has the highest sensitivity and specificity 
among imaging techniques.

• FNHs are usually asymptomatic and stable over 
time and should be managed conservatively. A liver 
resection should be considered if the diagnosis 
remains unclear, in case of enlargement, symptom-
atic tumours, and exophytic or pedunculated 
tumours.
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Patients with type I, III and IV glycogen storage diseases 
(GSD) have a significant lifelong risk of developing HCA [1, 
5, 6, 23], with a 2:1 male:female ratio and a substantial 
increase of the incidence in patients >25 years of age [5, 6]; 
HCAs in GSD patients are usually of the inflammatory sub-
type, and may regress following adequate dietary regimens 
and metabolic control [1, 5, 6].

Less frequent are the association with maturity onset dia-
betes type 3 (MODY3), iron overload due to β-thalassemia 
or hemochromatosis, and some rare hepatic vascular abnor-
malities [1, 5, 7, 23]. Regardless of these multiple risk fac-
tors, otherwise healthy patients—both male and female—with 
no history of use of OCPs or anabolic androgenic steroids, 
without obesity and metabolic syndrome and without other 
underlying metabolic conditions may develop HCAs [6].

30.3.3  Pathology

HCAs are solitary in 70–80% of the cases, with size varying 
from few millimeters to several centimeters. They are soft 
and well demarcated, but without a fibrous capsule. The 
tumours may appear lighter or darker than the surrounding 
liver tissue [1, 27]. Large blood vessels are often present on 
the surface and within the tumour, frequently with areas of 
hemorrhage and necrosis [1, 23]. Since they have no capsule, 
hemorrhagic foci within the tumour can easily extend into 
the surrounding normal liver.

Microscopically, HCAs are composed of large plates of 
benign hepatocytes, of normal size or larger than normal 
hepatocytes [1, 13]. Their cytoplasm can be either normal or 
contain glycogen and lipids. The nuclei are small and regu-
lar, and mitoses are very uncommon. Nuclear atypia, mitoses 
and acinar growth patterns are remarkably rare; if present, 
the differential diagnosis with very well-differentiated HCC 
may be very difficult [23]. The normal hepatic architecture is 
absent, with the adenomatous cells arranged in normal or 
thickened trabeculae supplied by thin-walled arteries and 
sinusoids without satellite bile ductules. Regular septa and 
portal tracts are absent. Kupffer cells may be present, but are 
rare and nonfunctional, so that most adenomas cannot take 
up technetium Tc-99m sulfur colloid.

30.3.4  Genotype and Phenotype Classification

Based on the underlying gene mutations, the molecular 
classification of HCAs has evolved with time [13, 23, 28], 
and has been recently updated in six subgroups [20, 29]: 
(1) hepatocyte nuclear factor 1α (HNF1 α)-inactivated 
HCA (H-HCA) (30–35%); (2) inflammatory HCA 
(IHCA), with multiple mutated genes, mainly IL6 (30–
35%); (3) β-catenin- activated HCA mutated in exon 3 

(β-catenin HCA exon 3) (7%); (4) β-catenin-activated 
HCA mutated in exon 7–8 (β-catenin HCA exon 7–8) 
(3%); (5) sonic hedgehog HCA (shHCA) (4%); (6) unclas-
sified (not otherwise specified) HCAs (UHCAs) (7%). 
About 50% of β-catenin-mutated HCAs (either in exon 3 
or in exon 7–8) are also inflammatory. Risk factors, histol-
ogy, imaging and clinical features related to the different 
subgroups have been recently reviewed [20, 23, 29]. 
HCAs, especially β-catenin-mutated HCAs, have malig-
nant potential and can evolve into HCC [23], while shHCA 
are associated with bleeding [20, 29]. In clinical practice, 
H&E stain combined with IHC usually allows appropriate 
classification [13, 20, 29], while molecular biology analy-
sis is reserved to cases where interpretation is uncertain 
[28].

H-HCAs. Are associated with inactivation of HNF-1α, a 
transcription factor implied in hepatocyte differentiation and 
metabolism control [1]; HNF-1α mutations are usually of 
somatic origin and in a minority of cases of germline origin; 
patients with germline mutations of HNF1A are younger, 
frequently have a family history of liver adenomatosis and 
sometimes have clinical diabetes, usually the MODY3. 
H-HCAs have a yellowish gross appearance. At histology are 
characterized by the presence of diffuse steatosis without 
cytologic abnormalities or inflammatory infiltrates; at IHC 
adenomatous cells do not express the liver fatty acid binding 
protein (LFABP), which is normally expressed by the sur-
rounding normal hepatocytes; in case of adenomatosis, mul-
tiple nodules of H-HCA of different size coexist with 
numerous steatotic micronodules.

I-HCAs. Represent a heterogeneous subgroup of HCA 
with respect to the variety of gene mutations, all resulting in 
the activation of the JAK/STAT pathway [30]. I-HCA are 
usually observed in patients with obesity, metabolic syn-
drome, high alcohol consumption. Systemic inflammatory 
syndrome, evidenced by increased levels of serum C-reactive 
protein (CRP) and fibrinogen, can regress after the removal 
of the tumour [1]. Histology shows inflammatory infiltrates, 
with dystrophic arteries and sinusoidal dilatation; the inflam-
matory infiltrates are focally distributed within the tumour 
and contain mainly mononuclear cells, lymphocytes and his-
tiocytes, with few polymorphonuclear cells and plasma cells; 
at IHC adenomatous cells express acute phase inflammatory 
proteins such as serum amyloid protein A (SAA) and 
CRP.  This subgroup includes the telangiectatic HCA 
(THCA), previously classified as telangiectatic FNH [6]; the 
development of THCA has been associated with OCPs use, 
hormonal treatments and obesity [5, 6]; similarly to HCAs, 
THCAs are likely to be symptomatic, may contain focal 
necrosis and are predisposed to rupture and bleeding; their 
potential of malignant transformation is unknown; as a con-
sequence, these adenomas should be routinely considered for 
surgical resection [5, 6].
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β-catenin-mutated HCAs. Are characterized by 
β-catenin activation within the tumour cells due to mutations 
of the β-catenin gene (CTNNB1). β-HCA are more frequent 
in males and have an increased potential for malignant trans-
formation in HCC [1]. At histology show frequent cytologic 
abnormalities, pseudo-glandular formation, and sometimes 
cholestasis; because of the cytologic and architectural abnor-
malities, the differential diagnosis with well-differentiated 
HCC may be difficult in some cases; moreover, these tumours 
are more frequently associated with unequivocal HCC; at 
IHC adenomatous cells have various degrees of cytoplasmic 
expression of GS and of aberrant nuclear and cytoplasmic 
positivity of β-catenin.

shHCAs. At histology often contain haemorrhagic foci; 
for this subgroup no specific IHC markers are presently 
available.

Unclassified HCAs. Account for 5–10% of HCA. These 
tumours do not have any of the gene mutations previously 
described and do not show peculiar morphological features 
[1]; this group includes tumours with such an extensive 
necrosis and/or hemorrhage to prevent a correct 
characterization.

The available combinations of antibodies for immunos-
taining (LFABP, GS, β-catenin, SAA/CRP) can subtype the 
majority of HCA, however at present routine molecular sub-
typing of HCAs is not recommended [1].

30.3.5  Clinical Features

Most of HCA are diagnosed in young women with a history 
of prolonged OCPs use. The clinical presentation of HCA is 
extremely variable. These tumours are often symptomatic [5, 
6], but are usually incidentally discovered during abdominal 
imaging for unrelated causes, inflammatory syndrome, or 
liver function test abnormalities [7]. Symptomatic tumours 
typically cause abdominal pain localized to the epigastrium 
or right upper quadrant, which may reflect an enlarged liver, 
intratumoral bleeding or necrosis. Less commonly an 
abdominal mass is found on clinical examination. About 
one-third of patients with I-HCA have an inflammatory syn-
drome with fever [7]. Spontaneous rupture and intraperito-
neal bleeding present as a sudden, severe pain associated 
with hypotension, and is fatal in up to 20% if not diagnosed 
and appropriately treated [21]. HCAs have been associated 
with an increased risk of bleeding in the presence of abdomi-
nal pain, a history of long duration of OCPs use, tumour size 
larger than 35–50 mm, visualization of lesional arteries, exo-
phytic tumour and subcapsular location [1, 7, 31]. Jaundice 
has been sometimes reported. Liver function test abnormali-
ties are rare and usually associated with large tumours [7]. 
Serum AFP is normal in the absence of malignant transfor-
mation. During its natural evolution, HCA may increase in 
size, remain stable, or even regress; regression is more fre-

quent in adenomas related to androgenic-anabolic steroids 
after hormone withdrawal, and in glycogenosis after an 
appropriate dietary regimen.

Risk of malignant transformation. Malignant transfor-
mation of HCAs to HCC is well known, but is considered 
quite rare [1, 7]. It has been more frequently associated with 
tumour diameter >5  cm, independent of the subtype, and 
with male sex, androgenic-anabolic steroid exposure, glyco-
genosis type I and familial adenomatous polyposis; all these 
conditions are usually associated with β-catenin-mutated 
HCAs. This subtype determines a higher risk of developing 
HCC in men. Prevalence of HCC within HCA is 10 times 
more frequent in men than in women, and the metabolic syn-
drome seem to predispose to malignant transformation of 
HCA in men [1, 26]. HCA harboring CTNNB1 mutations 
have an increased potential for malignant transformation; 
however CTNNB1 mutations are important events in clonal 
benign hepatocellular tumorigenesis, but not per se sufficient 
to determine malignant transformation of HCAs; on the con-
trary, somatic mutations of the telomerase reverse transcrip-
tase (TERT) promoter are not required for clonal benign 
hepatocellular tumorigenesis, but are critical for malignant 
transformation of HCA in association with CTNNB1 muta-
tions; it has been suggested that TERT promoter mutations 
and activation of the Wnt/b-catenin pathway could cooperate 
to promote malignant hepatocellular transformation [32]. A 
progressive increase of the tumour size on sequential imag-
ing studies or rising levels of serum AFP suggest malignant 
transformation. HCCs within adenoma are typically well- 
differentiated, without vascular invasion or satellite nodules, 
with normal serum α-fetoprotein levels, and are associated 
with a favorable prognosis after liver resection [7].

Adenomatosis. Hepatocellular adenomatosis 
(HCadenomatosis) is defined by the presence of more than ten 
HCAs in the liver, and was classified as a distinct pathological 
entity at its first description in 1985 [20]. In the last decade 
however this distinction has become arbitrary, since numerous 
studies have demonstrated that all subtypes of HCA can be 
solitary, multiple <10 or multiple >10, including adenomas 
associated with administration of androgenic- anabolic steroids 
and with GSD [5, 6]. Also the management of HCadenomatosis 
may not differ from solitary or multiple HCAs, even though 
embolization and liver transplantation are more often indicated 
because other conventional therapies usually considered for 
HCAs may be inappropriate or too risky.

The natural history of HCadenomatosis is uncertain 
because of the limited number of cases reported. Hemorrhage 
seems to be common, especially for tumours >4  cm with 
subcapsular location. Also malignant transformation has 
been well documented. Nonetheless, in patients with multi-
ple HCAs, only tumours >5 cm should be resected [6, 7]. In 
female patients where the tumours are all <5 cm, pathologi-
cal confirmation is not required, surgery is usually not indi-
cated and a regular follow-up is an appropriate strategy [7].
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30.3.6  Diagnosis

The diagnosis is often difficult and is based upon the clinical 
setting, imaging studies, and/or surgical resection. When a 
HCA is suspected, percutaneous liver biopsy or FNAB 
should be avoided because of the significant risk of bleeding 
following biopsy [5, 6], and also because the tissue obtained 
is not rarely insufficient to accomplish a definite diagnosis. 
Common diagnostic dilemmas are FNH and HCC [16]. 
Multiple imaging procedures may be required to achieve a 
definite diagnosis, including US, CT and MRI, which is the 
modality of choice to characterize the different subtypes of 
HCA [33, 34]. The presence of intratumoral necrosis and/or 
hemorrhage may help characterization. When the diagnosis 
remains uncertain, surgical resection may be selectively indi-
cated, and is at the same time the most appropriate therapeu-
tic option.

HCAs are usually first detected by US. However, sono-
graphic features are usually non-specific and may mimic 
other benign or malignant liver tumours. HCAs may appear 
as a well demarcated and hyperechoic lesion due to the high 
intralesional fat content, but can also be heterogeneous 
because of intratumoral necrosis and/or hemorrhage. CEUS 
may help refine the diagnosis in selected cases; HCA usually 
shows homogeneous contrast enhancement in the arterial 
phase, usually with rapid complete centripetal enhancement; 
in the early portal venous phase, the tumour usually becomes 
isoechoic but may remain slightly hyperechoic [16, 34].

At CT scan, HCAs often have intralesional areas of necro-
sis, hemorrhage, or fibrosis, giving them a heterogeneous 
appearance. H-HCAs are typically well demarcated 
hypodense lesions on non-enhanced CT; on contrast- 
enhanced CT scans they show variable grade of enhancement 
during the arterial phase and rapid washout during the portal 
venous and the late dynamic phases [16]. I-HCAs are hetero-
geneously hypodense on non-enhanced CT, sometimes with 
hyperdense areas due to recent intralesional bleeding; on 
contrast-enhanced CT scans typically show intense arterial 
enhancement with persistent enhancement in the delayed 
phase [16]. β-catenin-mutated HCAs have less specific char-
acteristics, and are heterogeneously hypo or isodense on non-
enhanced CT; on contrast-enhanced CT scans show arterial 
enhancement and portal venous or delayed washout, with 
sometimes heterogeneous content [16].

MR imaging is currently the procedure of choice to char-
acterize HCAs and the respective subtypes [16, 33, 34]. The 
specific MR imaging features vary on the basis of histopa-
thology, and are related to intralesional fat distribution, sinu-
soidal dilatation and the eventually associated complications. 
The two most common complications of HCAs are the intra-
tumoral bleeding, sometimes associated with rupture and 
intraperitoneal bleeding, and the malignant transformation 
into HCC; as mentioned above, different subtypes of ade-
noma have variable complication rates [16, 33]. H-HCAs 

appear homogeneous on MRI; are predominantly hyper or 
isointense on T1w images; the diffuse and homogeneous sig-
nal drop-off on chemical shift T1w sequences is peculiar of 
this subtype because of the presence of intralesional steato-
sis; have a variable signal on T2w sequences, usually slightly 
hyperintense on non-fat suppressed sequence and iso or 
hypointense on fat suppressed T2w sequences; on 
gadolinium- enhanced T1w images show intense enhance-
ment during the arterial phase, that persists in the portal 
venous and delayed phases [16, 33]; using the diffuse and 
homogeneous signal drop-off on chemical shift T1w 
sequences, the sensitivity and specificity of MRI to diagnose 
H-HCA range from 87% to 91% and from 89% to 100%, 
respectively [1, 7]. I-HCAs are isointense or mildly hyperin-
tense on T1w images, with minimal or no signal drop-off 
with chemical shift sequence, and diffusely hyperintense on 
T2w images, with higher signal intensity at the periphery of 
the tumour due to dilated sinusoids; on gadolinium-enhanced 
T1w images usually show intense enhancement during the 
arterial phase, that persists in the portal venous and delayed 
phases [16, 33]; in the presence of diffuse hyperintensity on 
T2w images and persistent contrast enhancement on delayed 
phase determine, the sensitivity and specificity of MRI to 
diagnose I-HCA range from 85% to 88% and from 88% to 
100%, respectively [1, 7]. β-catenin-mutated HCAs have less 
specific MR imaging patterns and may show hypointense 
signal on T1w sequences and homogeneous or heteroge-
neous hyperintense signal on T2w sequences, depending on 
the presence of intralesional necrosis and/or hemorrhage; on 
gadolinium-enhanced T1w images usually show intense 
enhancement during the arterial phase, that may or may not 
persist on the portal venous and delayed phases [1, 16, 33]; 
these subtype of adenoma may mimic HCC at imaging. MRI 
with HPB-specific MR contrast agents can help differentiate 
between HCAs and FNH [6, 17].

Nuclear imaging with Technetium Tc-99m sulfur colloid 
may be helpful in the differential diagnosis with FNH. As 
mentioned above, HCAs may contain Kupffer cells, but usu-
ally in small numbers and generally nonfunctional [35]. As a 
consequence, most adenomas do not take up technetium 
Tc-99m sulfur colloid and the scintigram shows a “cold” 
spot within the liver; however some adenomas take up the 
technetium Tc-99m sulfur colloid and are indistinguishable 
from FNH at nuclear imaging.

30.3.7  Treatment

The natural history and prognosis of HCAs varies according 
to the different subtypes and to the clinical context. Treatment 
strategies are related to the certainty of the diagnosis, the 
presence of symptoms, the size, number and location of the 
tumour(s), and to the risk of complications, including hem-
orrhage and malignant transformation. Actually, the treat-
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ment of HCAs may require more aggressive therapeutic 
strategies than for most other benign hepatic tumours [5, 6]. 
Asymptomatic HCAs <5 cm can be managed conservatively 
since the risk of rupture or malignant transformation is very 
low [5, 6, 23]. However, HCAs diagnosed in men have a sig-
nificantly higher risk of malignant transformation and should 
be resected irrespective of size [26]. In women, HCAs <5 cm 
have a very low risk of rupture or malignant transformation; 
thus discontinuation of OCPs and control of body weight, 
along with monitoring the tumour(s) with MRI, may repre-
sent an appropriate strategy [6, 7].

Patients with symptoms referable to the adenoma should 
receive surgical resection. Also asymptomatic patients with 
tumours persistently >5 cm or growing in size at reassess-
ments after baseline imaging should be considered for resec-
tion [1, 7]. Spontaneous rupture with hemorrhage has been 
reported in 11–29% of HCAs cases, usually (but not exclu-
sively) in lesions >5 cm [5, 6, 36]. In case of rupture with 
active bleeding, a temporaneous conservative management 
to achieve hemodynamic stability and avoid emergent liver 
resection is suggested, since emergent surgery has higher 
perioperative risks [5, 6]. The appropriate control of the 
haemorrhage can be obtained with an emergent TAE of the 
hepatic artery or with surgery, including liver packing, emer-
gent liver resection, or even liver transplantation [5, 6]. TAE 
is usually effective to control active bleeding and to prevent 
emergent resection; at follow-up CT scan, TAE may also 
result in partial or complete regression of the tumour, so that 
a conservative non-operative approach with MRI surveil-
lance can be considered; in case of persistent HCA tissue in 
a large-sized lesion, a surgical resection is indicated [6, 7]. 
Malignant transformation of HCAs into HCCs is relatively 
rare, with a reported overall frequency of about 4%; it usu-
ally occurs in tumours >5 cm, but has been reported also in 
smaller adenomas [37]. β-catenin-mutated HCAs have the 
higher risk of malignant transformation and should be rou-
tinely considered for surgical resection [5, 23]. TAE is used 
to manage bleeding HCA and occasionally to reduce tumour 
size before liver resection; it may represent an alternative to 
surgery in high risk patients or for tumours in difficult ana-
tomical locations [1, 7, 38, 39]; after TAE complete tumour 
disappearance has been observed in 10% of patients, and 
partial regression in 75% [38]. RFTA has been proposed as 
an alternative to liver resection in selected cases [39], usually 
for tumours <4  cm [7]. Also liver transplantation may be 
exceptionally indicated, usually for GSD or multiple adeno-
mas [7].

Discontinuation of OCPs or androgenic-anabolic steroids 
with close observation of the adenoma(s) with repeated 
imaging is usually followed by regression of the tumour(s) 
[6]. Nevertheless, some HCAs may increase in size despite 
steroid withdrawal, and malignant transformation has been 
reported despite regression in size [5, 6]. As a consequence, 

HCAs should be monitored with imaging techniques every 
6 months for at least 2 years to define any growth patterns 
and ascertain malignant transformation, and subsequently 
with annual imaging in case of tumour stability or regression 
[5, 6]. Female patients with HCAs should be aware of the 
potential risks of pregnancy, and should be discouraged from 
pregnancy in selected cases, since the behavior of adenomas 
during pregnancy is unpredictable [40], but the risk of tumour 
growth is substantial [7]. Even though pregnancy is usually 
not discouraged when lesions are <5 cm [1, 5], tumour resec-
tion or ablation prior to pregnancy may represent the best 
option in selected cases [40]. If an adenoma is incidentally 
found during pregnancy, a close follow-up is necessary with 
US every 6–12 weeks to monitor size; growing tumours are 
associated with an increased risk of rupture; surgical resec-
tion should be considered for large or growing symptomatic 
tumours; surgery performed during the second trimester 
have limited operative risks for both the mother and the foe-
tus [41].

The clinical presentation, the risk of bleeding and of 
malignant transformation in patients with adenomatosis are 
similar to those in patients with a single HCA, and is related 
to the size of the largest lesion(s), rather than the number of 
nodules [42]. Regression of tumour burden has been reported, 
even though in a minority of patients, after significant life-
style changes, including withdrawal of OCPs or appropriate 
dietary restrictions with weight loss [42]. The management 
of patients with multiple HCAs should be based on the size 
of the largest tumour(s) [1].

Key Concepts

• HCA is a benign monoclonal epithelial liver tumour 
that develop in otherwise normal liver parenchyma, 
usually related to metabolic or hormonal abnormal-
ities. HCA is rare, predominantly found in women 
of child bearing age, solitary in most cases. Liver 
adenomatosis is defined by the presence of >10 
HCAs. Larger adenomas have a significant risk of 
spontaneous rupture, hemorrhage, and of malignant 
transformation.

• HCAs are associated with the use of OCPs, ana-
bolic androgens, sometimes with pregnancy. HCAs 
in men are associated with the rising prevalence of 
obesity and metabolic syndrome, with higher risk 
of malignant transformation. HCAs occur also in 
patients with GSD, MODY3, iron overload, some 
rare hepatic vascular abnormalities, but also with-
out evident risk factors.

• Histologically, HCAs are composed of large plates 
of benign hepatocytes without the normal hepatic 
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30.4  Hepatic Hemangioma

30.4.1  Introduction and Epidemiology

Hepatic hemangiomas, also known as cavernous hemangio-
mas, are the most common benign mesenchymal liver 
tumours, with an estimated prevalence ranging from 0.4% to 
20% [1, 5, 7, 8, 43]; the highest estimates have been derived 
from autopsy series; HHs are increasingly recognized in 
asymptomatic patients undergoing radiologic imaging evalu-
ation of the abdomen for aspecific abdominal complaints; 
US studies have placed the frequency at 0.7–1.5% [6]. They 
can be diagnosed at any age, in most cases in patients 
between 30 and 50  years. In adults, the female:male ratio 
ranges from 1.2:1 to 6:1 [1, 5, 43]. HHs are often solitary, but 

multiple lesions are not unfrequent. They are small, less than 
4–5 cm, in most cases, but may also reach 20 cm in diameter 
[1, 7, 43]. HHs >4 cm have been termed giant hemangiomas. 
An accurate differential diagnosis is often required in patients 
at risk of primary or metastatic malignant liver tumours, 
including cirrhotics and patients with primary tumours 
potentially metastasizing to the liver.

30.4.2  Pathogenesis

The etiology of HHs is incompletely understood. They are 
regarded as congenital vascular malformations or hamarto-
mas, possibly with hormonal dependence [1]. Hormonal 
influence over tumour behavior is suggested by its growth 
during pregnancy and estrogen and progesterone based ther-
apies, with possible regression after withdrawal [6]; none-
theless, tumour growth has been reported also in the absence 
of hormonal therapy and in postmenopausal women [5, 6].

30.4.3  Pathology

HHs are single or multiple tumours, with a variable size from a 
few millimeters to over 20 cm, well demarcated and often sur-
rounded by a thin capsule. They are located either deeply or in 
the periphery of liver, and may infrequently be pedunculated. 
On gross examination, hemangiomas are well delineated; the 
cut surface is red-brown and spongy, with cystic or honeycomb 
patterns; areas of thrombosis, hemorrhage, scarring, and, occa-
sionally, calcifications, may be present, especially in larger 
tumours, suggesting regressive changes; sometimes the entire 
lesion may be sclerosed (sclerosed hemangioma) [1, 44].

Microscopically, cavernous HHs are composed of cavernous 
vascular spaces of varied sizes, lined by a single layer of flat-
tened endothelium, separated by thin fibrous septae [7, 44]. 
Larger tumours may contain collagenous scars or fibrous nod-
ules, and rarely also focal stromal calcifications. Fresh and orga-
nizing fibrin thrombi may also be evident. Smaller cavernous 
HHs are in most cases well delineated from the surrounding 
liver parenchyma with a distinct fibrous interface; however, 
Zimmermann and Baer in giant hemangiomas (defined as 
>4 cm) described four different interface patterns: fibrous, inter-
digitating, compression, and irregular/spongy [45]; in larger 
lesions, lesional dilated vascular spaces filled with blood, termed 
hemangioma-like vessels, may extend into the adjacent paren-
chyma 0.1–2.0 cm beyond the margins of the main tumour [46].

30.4.4  Clinical Features

HHs are typically discovered incidentally during an imaging 
test performed for unrelated conditions [5–7]. Symptoms 

architecture. Based on the underlying gene muta-
tions, the molecular classification of HCAs has 
evolved with time, and has been recently updated in 
six subgroups.

• HCAs are usually incidentally discovered during 
abdominal imaging, although these tumours are 
often symptomatic. Spontaneous rupture and intra-
peritoneal bleeding may occur and may be fatal if 
unrecognized. The risk of malignant transformation 
is quite rare, mostly associated with β-catenin- 
mutation, tumour diameter of >5  cm, male sex, 
androgenic-anabolic steroid exposure.

• The diagnosis is often difficult. Multiple imaging 
procedures may be required. MRI is the modality of 
choice to characterize the different subtypes of 
HCA.  When a HCA is suspected, percutaneous 
liver biopsy or FNAB should be avoided because of 
the significant risk of bleeding.

• Asymptomatic HCAs <5 cm in women can be man-
aged conservatively and monitored with imaging 
techniques. Liver resection should be routinely con-
sidered in male patients, for tumours >5  cm, in 
symptomatic patients, and in case of tumour 
enlargement. Spontaneous rupture with hemor-
rhage should be treated conservatively whenever 
possible, with emergent TAE, to achieve hemody-
namic stability and avoid emergent liver resection. 
Elective TAE and RFTA should be considered in 
patients unfit for surgery.

• Female patients with HCAs should be aware of the 
potential risks of pregnancy, since the risk of tumour 
growth is substantial. Tumour resection or ablation 
prior to pregnancy may represent the best option in 
selected cases.
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occur in 11–14% of cases [6], mostly in larger tumours, usu-
ally abdominal pain and discomfort or fullness at the right 
upper quadrant; some patients refer nausea, vomiting, 
anorexia, dyspepsia, and early satiety, usually related to large 
hemangiomas compressing adjacent organs [5, 6]. Acute 
thrombosis or bleeding within the tumour may cause acute 
abdominal pain; moreover, giant HHs have a low but relevant 
risk of rupture and intraperitoneal bleeding, particularly 
when peripherally located and exophytic [47]. Physical 
examination is usually unremarkable, but occasionally show 
a palpable mass [6, 7]. Liver function tests are usually nor-
mal [6, 7]. Alpha-fetoprotein is normal.

In children giant HHs have been associated with high- 
output cardiac failure [48]. Cutaneous hemangiomas in chil-
dren may be a marker for hepatic hemangiomas [49]. The 
Kasabach-Merritt syndrome (KMS) is an infrequent but 
potentially fatal complication of giant HHs in children, char-
acterized by thrombocytopenia and consumption coagulopa-
thy [1, 5–7]. It may exceptionally occur also in adults [1, 7]. 
Symptoms disappear after tumour removal [7]. KMS may 
complicate haemangiomas of any site, especially those larger 
than 5 cm, particularly the tufted angioma and the kaposi-
form hemangioendothelioma [1].

The natural history of HHs is incompletely understood. 
Progression rates in different series range from 18% to 39% 
over 1–10 years of follow-up [43, 50]. The risk of spontane-
ous rupture is low but relevant, up to 3%, particularly when 
peripherally located and exophytic [47]. Traumatic rupture 
following blunt abdominal trauma is also rare. Iatrogenic 
rupture or intratumoral bleeding have been reported follow-
ing liver biopsy or FNAB; thus liver biopsy is rarely consid-
ered for diagnostic confirmation.

30.4.5  Diagnosis

HHs have specific features that can suggest the diagnosis on 
US, CT or MRI [1, 5–7]. In a minority of cases the tumour(s) 
are atypical and may require multiple imaging tests to define 
diagnosis. MRI is considered the best imaging technique, 
with sensitivity and specificity of 84% and 100%, respec-
tively [16]. At US examination, HHs typically appear as a 
well delineated, homogeneous, hyperechoic mass [8], but 
may be hypoechoic in patients with liver steatosis, due to 
the bright signal from the surrounding liver tissue. Color 
Doppler identifies blood flow within the tumour in a minor-
ity of cases, and thus has limited diagnostic value. US find-
ings are also related to the size of HHs: tumours >5  cm 
usually show mixed echogenicity because of intratumoral 
thrombosis and fibrosis [1, 8, 43]. In case of incidental 
lesions with US features atypical of HHs, further evaluation 
is recommended, with confirmatory contrast-enhanced CT 
or MRI. If US diagnoses a HH with typical appearance, rec-

ommendations regarding the appropriate follow-up are 
somewhat conflicting, ranging from confirmatory contrast-
enhanced CT or MRI to repeat US after a time interval. 
Since the US appearances of HHs may coincide, at least in 
part, with those of HCC and liver metastases, the appropri-
ate strategy of follow- up should depend upon the single 
patient risk of primary or metastatic liver malignancy. We 
suggest that all patients with a history of liver disease (i.e. 
chronic hepatitis, liver cirrhosis, etc.) or known or suspected 
extrahepatic malignancy should receive a validating con-
trast-enhanced CT or MRI.  Patients without evidence of 
liver disease or extrahepatic malignancy and typical US 
appearances, may alternatively repeat US examination at 
3–6 months, to exclude changes in size and morphology. At 
CEUS examination, HHs typically have a peripheral globu-
lar contrast enhancement in the early phase, that becomes 
larger in later phases; this typical pattern has been described 
in 74% of cases [51].

At unenhanced CT scan HHs appear as a well delineated 
hypodense lesion; larger lesions may contain calcifications; 
in patients with hepatic steatosis the tumour may appear as 
hyperdense relative to the surrounding liver parenchyma. 
The administration of contrast typically determines a periph-
eral nodular or globular enhancement in the arterial phase, 
with a centripetal progression or “filling in” in the portal 
venous and delayed phases [16]; this pattern is observed in 
up to 94% of HHs >4 cm; an enhancement pattern isodense 
to the aorta and blood vessels is observed in 67% of the cases 
and is useful to distinguish HHs from liver metastases. HHs 
typically opacify after a delay of three or more minutes and 
remain isodense or hyperdense on delayed scans [8]. Larger 
tumours, usually giant HHs >4–5 cm, may show a residual 
central hypodense portion, due to the presence of cystic areas 
or scar tissue.

MR imaging is at present the most accurate technique for 
diagnostic confirmation of suspected HH [1, 16], especially 
for tumours <3  cm [6]. The typical MRI appearance is a 
homogeneous mass with smooth, well-defined margins, 
hypointense on T1w images and markedly hyperintense on 
T2w images [7, 16]; areas of intratumoral fibrosis result 
hypointense on T2w images. Administration of extracellular 
contrast agents, as the gadolinium diethylenetriaminepenta-
acetic acid (Gd-DTPA), determines early peripheral discon-
tinuous nodular or globular enhancement of the tumour in 
the arterial phase, with progressive centripetal enhancement 
or “filling in” in the portal venous and delayed phases; this 
pattern of contrast enhancement is typical of HHs >2  cm. 
Smaller high-flow hemangiomas usually show a hypervascu-
lar pattern, with uniform enhancement in the early arterial 
phase images, which may persist in the portal venous and 
delayed phases [52]; small hemangiomas with rapid and uni-
form enhancement may be difficult to distinguish from HCC 
or hypervascular metastases [16].
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Diffusion-weighted (DW) MRI evaluates the attenuation 
of T2w signal based on how easily water molecules are able 
to diffuse in the liver tumour and surrounding parenchima, 
and is considered useful to characterize focal liver lesions, 
especially cystic tumours and HHs, if they show high signal 
intensity on both T2w and b 0  s/mm2, with a progressive 
and strong decrease with increasing b-values; as a conse-
quence, the apparent diffusion co-efficient (ADC) value is 
high [1, 7, 16].

Planar scintigraphy and Single-photon emission CT 
(SPECT) with Technetium-99m pertechnetate-labeled red 
blood cell (99mTc-RBC) typically show hypoperfusion dur-
ing the early arterial phase, followed by gradual radioactiv-
ity “fill in” that peaks at 30–50  min from injection; 
radioactivity usually remains within the tumour in the 
delayed phases [53]; sensitivity and specificity for lesions 
>2 cm reach 92% and almost 100%, respectively; SPECT 
with 99mTc-RBC further increases sensitivity and accuracy 
for lesions >1 cm [53].

The role of percutaneous needle biopsy or FNAB when 
the diagnosis is still uncertain after complete imaging, is still 
being debated, due to the risk of bleeding [5, 6], especially 
for larger tumours with subcapsular location; nevertheless, if 
the tumour is surrounded by a cuff of normal hepatic paren-
chyma, needle biopsy is not contraindicated and may allow a 
definite diagnosis in most cases [1, 7].

30.4.6  Treatment

HHs are most often small tumours discovered incidentally; 
they are usually asymptomatic, and do not grow or develop 
complications, even though may change in size over time 
[43, 50]. Asymptomatic patients with a first diagnosis of 
typical hemangioma at US <5 cm and at low risk (i.e. with-
out chronic liver disease or primary tumours potentially 
metastasizing to the liver), should repeat imaging within 
3–6 months, to confirm diagnosis and size stability. Patients 
with larger lesions may experience progressive tumour 
growth, sometimes rapid, and should receive periodic re- 
evaluation, every 6–12  months, with appropriate imaging 
techniques, TC or MRI.  Asymptomatic patients with HHs 
surrounded by normal liver parenchyma and without changes 
in size should receive a conservative treatment [5–7]. The 
impact of OCPs use or pregnancy in uncertain, since the role 
of estrogens on the development or growth of on HHSs is 
poorly understood [5, 6]. As a consequence, pregnancy and 
the use of OCPs usually are not contraindicated in case of 
stable asymptomatic tumours [1, 7]. HHs have mostly an 
indolent course and complications are rare in tumours 
<10 cm; even though enlargement is not unusual, spontane-
ous intratumoral or intraperitoneal bleeding are rare [47]. 
Patients who complain of pain or symptoms suggestive of 

compression of adjacent organs should be considered for 
surgical resection [5]. However, other possible causes of pain 
should be excluded prior to surgery [6]. Liver resection is 
rarely indicated, usually in patients with uncertain diagnosis, 
with large lesions determining severe symptoms (including 
KMS), with tumours enlarging, exophytic, pedunculated or 
extensively exposed on liver surface, or exceptionally with 
rupture and intraperitoneal bleeding [1, 5]. HHs can be 
resected safely by either enucleation or anatomic resection 
[7]; enucleation however can preserve normal liver paren-
chyma and has been associated with lower incidence of peri-
operative complications [6]. TAE has been used to manage 
symptomatic tumours, as an emergent procedure to treat 
acute bleeding, or electively either prior to surgical resection 
to shrink giant HHs and limit the perioperative bleeding, or 
as an alternative to surgery in selected patients [1]. Also 
orthotopic liver transplantation has been successfully per-
formed to treat symptomatic patients with unresectable giant 
HHs, including those associated with KMS [1, 6, 7].

Key Concepts
• HHs are the most common benign mesenchymal 

liver tumours, increasingly recognized in asymp-
tomatic patients undergoing radiologic imaging 
evaluation. HHs can be diagnosed at any age, 
mostly in patients of 30–50  years, prevalently of 
female sex. HHs are usually small, but may also 
reach 20 cm in diameter; tumours >4 cm have been 
termed giant HHs.

• Histologically, cavernous HHs are composed of 
cavernous vascular spaces of varied sizes, lined by 
a single layer of flattened endothelium, separated 
by thin fibrous septae.

• HHs are typically discovered incidentally during 
abdominal imaging. Symptoms are usually related 
to larger tumours; acute thrombosis or bleeding 
within the tumour may cause acute abdominal pain; 
giant HH have a low but relevant risk of rupture and 
intraperitoneal bleeding. In children giant HH may 
determine high-output cardiac failure, or the 
Kasabach- Merritt syndrome, characterized by 
thrombocytopenia and consumption coagulopathy.

• HHs have usually specific features that can suggest 
the diagnosis on US, CT, or MRI. Sometimes are 
atypical and more difficult to diagnose. MRI is con-
sidered the best imaging technique, with sensitivity 
and specificity proximal to 100%. A history of liver 
disease or known or suspected extrahepatic malig-
nancy should suggest confirmation of US diagnosis 
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30.5  Cystic Liver Lesions

30.5.1  Introduction

Cystic lesions of the liver represent a miscellaneous group of 
disorders that occur in about 5–10% of the population [54], 
with heterogeneous etiology, prevalence, clinical course and 
prognosis. CLL are mostly found incidentally on imaging 
studies and in asymptomatic patients, even though larger 
cysts may sometimes cause symptoms and occasionally 
severe complications, including spontaneous intracystic 
infection or bleeding, bile duct compression, spontaneous 
intraperitoneal or intrabiliary rupture [5, 6]. Biliary cystade-
nomas may evolve into malignant tumours [5, 6]. Some of 
these complications may sometimes require elective or 
urgent surgery.

30.6  Simple Hepatic Cysts

30.6.1  Epidemiology and Pathogenesis

Simple hepatic cysts (SHC) are cystic lesions containing 
clear fluid, without communication with the intrahepatic bili-

ary tree. They are thought to derive during embryogenesis 
from congenital exclusions of hyperplastic bile duct rests 
disconnected from biliary ducts [6]. The reported prevalence 
in the general population ranged between 2.5% and 10.5% in 
ultrasound series, and reached 15–18% in CT series [5, 6]; 
however only a minority of SHC becomes clinically relevant. 
Their size ranges from a few millimeters up to 30 cm [4], 
containing several liters of fluid. The prevalence of SHC 
increases with age and is higher in women, with a female:male 
ratio of approximately 1.5:1 for asymptomatic simple cysts, 
which rises considerably for symptomatic or complicated 
simple cysts; larger symptomatic cysts are prevalently found 
in women over 50 [4, 6, 55]. However, no clear correlation 
with OCPs use or pregnancy has been documented [5, 6].

30.6.2  Pathology

SHC are composed of an outer layer of fibrous tissue lined 
by a cuboid or columnar epithelium identical to biliary epi-
thelium, that produces cystic fluid [6].

30.6.3  Clinical Features

SHC are usually asymptomatic; symptoms occur in less than 
4% of cases, usually associated with cysts >5 cm, and include 
right upper quadrant or epigastric pain, abdominal distension 
or discomfort, epigastric fullness, early satiety, nausea, 
 vomiting, dyspnea, fatigue, fever; physical examination may 
reveal an abdominal mass or hepatomegaly; jaundice and/or 
portal hypertension may be present [4–6, 56]. Larger cysts 
may determine atrophy of the adjacent liver tissue, or even 
the complete atrophy of a hepatic lobe with compensatory 
hyperplasia of the other lobe. Larger cysts may complicate 
with spontaneous intracystic hemorrhage, bacterial infec-
tion, rupture in the peritoneum, torsion of pedunculated cyst, 
or biliary obstruction [4–6, 55]. Intracystic hemorrhage is 
rare and usually presents with severe abdominal pain [4, 56]. 
Although the natural history of SHC is not completely eluci-
dated, they are not believed to be premalignant precursors of 
BCAs or BCACs.

30.6.4  Diagnosis

The differential diagnosis with mucinous cystic neoplasms, 
hydatid cysts, and other rare primary or metastatic tumours 
can be sometimes difficult, but is extremely important, since 
parasitic and neoplastic cystic lesions have different clinical 
significance and therapeutic implications. The presence of 
multiple cysts, cysts >4–5 cm, irregular walls, calcifications, 

with a validating contrast-enhanced CT or 
MRI.  Percutaneous needle biopsy should be 
avoided, due to the risk of bleeding.

• Asymptomatic patients with stable HHs surrounded 
by normal liver parenchyma should receive a con-
servative treatment. Liver resection should be con-
sidered in patients with uncertain diagnosis, large 
symptomatic lesions, tumours enlarging, exophytic, 
pedunculated or extensively exposed on liver sur-
face. HHs can be resected safely by either enucle-
ation or anatomic resection.

Key Concepts
• CLLs represent a miscellaneous group of disorders 

that occur in about 5–10% of the population, with 
heterogeneous etiology, prevalence, clinical course 
and prognosis. CLL are mostly found incidentally 
on imaging studies and in asymptomatic patients, 
even though larger cysts may sometimes cause 
symptoms and occasionally severe complications 
that may require elective or urgent surgery.
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intracystic heterogeneity, septations, loculations, daughter 
cysts, enhancing internal components, or the occurrence of 
symptoms at presentation, are not characteristic of SHC and 
should motivate further diagnostic evaluation [5, 16, 56]. US 
is probably the most appropriate initial test and can be also 
used for the follow-up studies, since is highly sensitive and 
specific, non-invasive and cost-effective [4, 6]. SHCs appear 
as anechoic, fluid filled lesions without internal septations, 
spherical or oval shaped with sharp smooth borders, and 
accentuation of posterior wall echoes [4, 16]. Also CEUS 
can be used to differentiate between SHC and other cystic 
lesions [56]. On CT scan SHCs appear as well- demarcated 
water density lesions without contrast enhancement [4, 16, 
56]. On MR imaging SHCs appear as well-defined water 
density lesions, with very low signal intensity on T1w 
sequences, isointense to fluid, and very high signal intensity 
on T2w sequences, without enhancement after administra-
tion of intravenous Gadolinium. Intracystic hemorrhage may 
alter the typical aspect and lead to confusion with other cys-
tic lesions, especially MCNs, with or without invasive carci-
noma; US can show a hyperechoic pattern combined with 
internal echoes mimicking septations or solid lesions; at CT 
scan intracystic haemorrhage appears hyperdense; on MR 
imaging it is hyperintense on both T1w and T2w images [55, 
56]. Aspiration is rarely indicated for diagnosing cysts with a 
typical appearance at imaging. When it is performed, the 
intracystic fluid may vary from a clear straw color to brown, 
is usually sterile, with negative testing for cytology and nor-
mal carbohydrate antigen 19-9 levels (CA 19-9); high levels 
of carcinoembryonic antigen (CEA) in the cystic fluid have 
been reported in MCNs evolving to invasive carcinoma.

30.6.5  Treatment

Asymptomatic SHCs do not usually require any treatment. 
Since their natural history is uncertain and they have no malig-
nant potential, asymptomatic cysts do not usually require serial 
imaging [5, 16]. The presence of symptoms related to intracys-
tic hemorrhage, infection, rupture, biliary obstruction, or 
increasing size, should raise concern about the diagnosis, since 
SHCs tend to remain stable in size and complications are rare. 
Also the causal relationship between symptoms and a simple 
cyst should be adequately evaluated to exclude other possible 
etiologies, including cholelithiasis, gastroesophageal reflux dis-
ease, peptic ulcer disease, and other causes of dyspepsia. 
Therapeutic approaches described for symptomatic, large 
SHCs, include needle aspiration with or without injection of 
alcohol or other sclerosing agents, also known as sclerotherapy, 
wide surgical fenestration, also known as deroofing or marsupi-
alization, and rarely liver resection. Simple percutaneous needle 
aspiration and percutaneous needle aspiration with sclerother-

apy are generally safe, effective, and relatively noninvasive [57]. 
Sclerotherapy determines the destruction of the intracystic epi-
thelial lining to limit intracystic fluid secretion; drainage of the 
intracystic fluid is followed by injection of water-soluble con-
trast to exclude communication with adjacent bile duct or peri-
toneal cavity; the solution containing sclerosing agents is then 
injected in the cyst and aspirated before the catheter is removed 
[55]. An intracystic drainage can be left for some time in selected 
cases. Sclerotherapy is contraindicated in case of intracystic 
bleeding and fistula between the cyst and biliary tree or perito-
neum [55]. Due to high recurrence rates, however, percutaneous 
aspiration eventually followed by sclerotherapy should be 
reserved for patients unfit for surgery and general anesthesia 
[4–6, 16, 55].

Wide surgical fenestration or resection of SHCs have 
been reported to be successful in up to 90% of the cases with 
a relatively low incidence of perioperative complications and 
of recurrence [4–6, 16, 55]. Laparoscopic fenestration is at 
present the standard surgical approach compared with open 
procedures, because of similar success rates along with 
reduced perioperative morbidity and length of hospital stay 
[5]. Laparoscopic fenestration may be technically difficult in 
case of superior or posterior location of the cyst, with higher 
recurrence rates. No associated mortality has been reported, 
and morbidity ranges from 0% to 15% [55]. The decision to 
pursue surgical intervention is often derived by the uncer-
tainty of the diagnosis of SHCs, and the inability to exclude 
premalignant or malignant neoplasms, mainly BCAs and 
BCACs, without histological evaluation. In the absence of 
adequate comparative studies between percutaneous aspira-
tion with or without sclerotherapy, surgical fenestration, and 
laparoscopic versus open surgical approaches, the therapeu-
tic strategy should be established according to the local 
availability of radiologic and surgical expertise and to patient 
preference, on an individual basis [5].

Key Concepts

• SHCs of the liver are cystic lesions containing clear 
fluid, without communication with the intrahepatic 
biliary tree. Their prevalence ranges between 2.5% 
and 18%, increases with age and is higher in 
women.

• Histologically, SHCs are composed of an outer 
layer of fibrous tissue lined by a cuboid or columnar 
epithelium identical to biliary epithelium, that pro-
duces cystic fluid.

• SHCs are usually asymptomatic. Symptoms occur 
in less than 4% of cases. Larger cysts may compli-
cate with spontaneous intracystic hemorrhage, bac-
terial infection, rupture in the peritoneum, or biliary 
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30.7  Polycystic Liver Disease

30.7.1  Epidemiology and Pathogenesis

Polycystic liver disease is characterized by the presence of 
multiple liver cysts. Current literature defines PLD as >20 
liver cysts [58]; however the International PLD Registry 
steering committee has recently come to a consensus to con-
sider PLD as >10 cysts [59]. PLD occurs in the context of 
two distinct hereditary disorders, either as a primary presen-
tation of autosomal dominant polycystic liver disease 
(ADPLD), or in association with polycystic kidneys in auto-
somal dominant polycystic kidney disease (ADPKD). PLD 
results from germline mutations in PKD1 or PKD2 in 
ADPKD, or PRKCSH, SEC63, LRP5 in ADPLD [59]. These 
different diseases have different clinical course and progno-
sis. Patients with ADPKD develop in most cases hyperten-
sion, a progressive decline of renal function up to renal 
failure, multiple renal complications, and require the accu-
rate monitoring of renal function; at the same time, the liver 
function usually remains substantially intact until very late in 
the course of disease, even when the liver architecture is seri-
ously affected by PLD; most patients with PLD are asymp-
tomatic, while about 20% of them complain of compressive 
symptoms including abdominal pain and distension, back 
pain, early satiety and gastroesophageal reflux [60]. The 
severity of the liver disease in PLD is extremely variable, and 
the phenotype of patients bearing the same genetic mutation 
may range from normal liver with only few cysts to disabling 
disease with massive hepatomegaly. The prevalence and size 
of liver cysts, and of the related symptoms, increase with 
age, with a female predilection, probably because the disease 

progresses much faster in females; these differences may be 
related to the hormonal status of women, to previous preg-
nancy and also to the use of OCPs [5, 59]; even if this point 
is still controversial, some authors suggest to stop taking 
OCPs containing oestrogen [59].

30.7.2  Clinical Features

Most patients with PLD remain asymptomatic through the 
years, until the number and volume of cysts do not determine 
significant hepatomegaly. The occurrence of abdominal 
symptoms motivates imaging studies and reveals hepato-
megaly. Patients with moderate to severe hepatomegaly usu-
ally refer a sudden abdominal distension associated with 
symptoms related to PLD, including abdominal pain, loss of 
appetite, early satiety, nausea, dyspepsia. PLD-related symp-
toms can be evaluated in specific questionnaires to score the 
burden of disease and to assess the efficacy of the available 
treatments [59]. The severity of disease can be further classi-
fied through imaging studies, based on the number, size, and 
location of liver cysts and the amount of remaining liver 
parenchyma [61]. Also the liver volume has a prognostic 
role, affecting either symptom burden or quality of life, and 
can be used to evaluate the effects of the available treat-
ments; based on the liver volume, PLD can be classified in 
mild, moderate and severe disease [62]. Patients with mild 
PLD are usually asymptomatic and cysts are incidentally 
found on abdominal imaging studies; sometimes patients 
complain of pain located to the back and flank [62], eventu-
ally related to a large dominant cyst stretching the liver cap-
sule. Surveillance of asymptomatic patients is not 
recommended. Patients with moderate disease have symp-
toms related to hepatomegaly, including pain in the abdo-
men, flank or back, nausea, early satiety, gastroesophageal 
reflux, and dyspnea, that significantly diminish the quality of 
life; the liver is palpable below the costal margin [59]. 
Patients with severe PLD are typically females aged between 
30 and 50 years; compression of the stomach may lower food 
intake and determine weight loss and sarcopenia; a massive 
hepatomegaly is evident, with the right liver lobe extending 
into the pelvis; liver function remains preserved in most 
cases, even though compression of hepatic veins and of infe-
rior vena cava causes hepatic venous outflow obstruction, 
sometimes associated with liver fibrosis, that can determine 
ascites formation and liver failure after liver resection [59].

Intracystic complications. Intracystic haemorrhage pre-
dominantly occurs in larger cysts and may happen asymp-
tomatically or determine acute pain in the upper abdomen or 
flank; intracystic hemorrhage with mild symptoms can be 
treated conservatively, while the presence of severe symp-
toms may require fenestration or enucleation [63]. Intracystic 
infection, probably related to translocation of bacteria across 

obstruction. SHCs are not believed to be premalig-
nant precursors of BCAs or BCACs.

• The differential diagnosis with MCN, hydatid cysts, 
and other rare primary or metastatic tumours can be 
difficult, but is essential, since parasitic and neo-
plastic cysts have different clinical significance and 
therapeutic implications. US is the most appropriate 
initial test. CEUS and contrast-enhanced CT and 
MRI can be used to confirm the diagnosis. 
Aspiration is rarely indicated.

• Asymptomatic SHCs do not require any treatment. 
The therapeutic approaches described for symp-
tomatic, large SHCs, include needle aspiration with 
or without sclerotherapy, followed by recurrence in 
most cases; wide surgical fenestration, and rarely 
liver resection, either with open or with laparo-
scopic approach.
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the intestinal barrier, mostly Escherichia coli and Klebsiella 
species, determines pain in the right upper quadrant, malaise 
and fever [58]; FDG-PET has been proven useful to confirm 
the diagnosis and to differentiate between hepatic or renal 
cyst infection [64], although the identification of inflamma-
tory cells and bacteria from intracystic fluid is the most reli-
able diagnostic procedure; therapy with one or more 
antibiotics is usually effective; in case of antibiotic failure, 
percutaneous drainage of the infected cyst is resolutive. 
Rupture of a cyst is extremely rare, probably due to a signifi-
cant cyst enlargement, either spontaneous or related to haem-
orrhage or trauma; rupture determines severe abdominal pain 
and sometimes haemodynamic instability; radiological 
imaging demonstrates free fluid around the liver and usually 
the residual hepatic cyst; monitoring and percutaneous drain-
age of ascites and of the hepatic cyst is the proper strategy in 
most cases; the occurrence of acute abdominal pain and hae-
modynamic instability usually require an emergent surgical 
intervention [59].

Liver volume-related complications. These rare com-
plications result from severe compression on adjacent organs, 
either by a single cyst or by the enlarged liver volume, and 
include obstructive jaundice, portal hypertension with vari-
ces, portal vein occlusion, Budd-Chiari syndrome, compres-
sion of the inferior vena cava determining peripheral oedema 
and ascites [59]. Treatment strategies are usually individual-
ized according to the severity of the liver disease and to clini-
cal features of the single patient [59].

30.7.3  Diagnosis

Radiological findings of PLD are similar to those of simple 
hepatic cysts; cysts are multiple, bilobar, with variable size 
and numerous microcysts; signs of intracystic haemorrhage 
are more frequent; MR imaging is more sensitive for the 
detection of intracystic complications [16].

30.7.4  Treatment

Patients with symptomatic PLD and hepatomegaly usually 
require treatment, at least to relief symptoms and improve 
the quality of life. Treatment choice depends on therapeutic 
goals, features of the cystic disease, including size, location, 
hepatomegaly, and overall patient conditions. Somatostatin 
analogues (SAs) substantially modify the natural course of 
PLD by decreasing the liver volume and ultimately improv-
ing quality of life [58]. Somatostatin and analogues (long- 
acting lanreotide and octreotide) inhibit the production of 
cAMP in cystic cholangiocytes and reduce fluid secretion 
and proliferation [59]. If symptoms are related to one or 
more dominant cysts, multiple treatment strategies can be 

considered. Patients with symptoms caused by one dominant 
cyst are eligible for needle aspiration and sclerotherapy, to 
reduce the cyst volume and related symptoms; sclerotherapy 
is safe and usually effective to reduce symptoms [57], despite 
high recurrence rates. In patients with symptoms determined 
by multiple larger cysts, fenestration may represent an appro-
priate solution, combining aspiration and surgical deroofing 
of multiple cysts in a single session; recurrence is less fre-
quent; the laparoscopic approach is preferred whenever pos-
sible, since determines better perioperative results than the 
open approach; complications include perioperative ascites, 
pleural effusion, and bleeding [65].

Liver resection, with or without fenestration, is indicated 
in selected patients where sclerotherapy or fenestration are 
not possible, because of the number and/or distribution of the 
cysts, especially in symptomatic and severe hepatomegaly; 
liver resection can be performed with acceptable morbidity 
and mortality rates, prompt and durable relief of symptoms, 
and maintenance of liver function [66], even though major 
surgery may complicate future liver transplantation because 
of multiple adhesions. Liver transplantation is the only cura-
tive treatment option, but is indicated in a minority of patients 
with PLD, including those with massive hepatomegaly and 
severe malnutrition, sarcopenia, low serum albumin, or 
severe complications such as recurrent intracystic infections, 
portal hypertension, ascites [59]; patient and graft survival 
rates after liver transplantation for PLD were 92.3% and 
87.5%, respectively, in the European Liver Transplantation 
Registry [67]. Combined liver-kidney transplantation in 
patients with ADPKD and renal failure is selectively indi-
cated, and is associated with more favourable results than 
liver transplantation alone [68].

Key Concepts

• PLD is characterized by the presence of multiple 
(>10) liver cysts. PLD occurs in the context of two 
distinct hereditary disorders, either as a primary 
presentation of autosomal dominant polycystic liver 
disease (ADPLD), or in association with polycystic 
kidneys in autosomal dominant polycystic kidney 
disease (ADPKD). These different diseases have 
different clinical course and prognosis. Patients 
with ADPKD develop in most cases hypertension, a 
progressive decline of renal function up to renal 
failure, multiple renal complications, while the liver 
function usually remains substantially intact for a 
long time.

• The severity of the liver disease in PLD is extremely 
variable, ranging from normal liver with only few 
cysts to disabling disease with massive hepatomeg-

30 Benign Liver Tumours



334

30.8  Benign Biliary Cystic Tumours 
(Cystadenoma)

30.8.1  Epidemiology and Pathogenesis

Biliary cystic tumors, that include BCA and BCAC, are 
rare neoplasms that occur within the liver parenchyma, or 
less frequently in the extrahepatic biliary system, includ-
ing the gallbladder [6, 69]. BCTs represent less than 5% of 
all liver cysts, with a diameter ranging from 1.5 to 35 cm 
[5, 6, 16, 54, 56]. However, BCAs are the most frequent 
primary cystic tumours of the liver, comprising up to 10% 
of all cysts >4  cm [6, 8]. BCAs occur predominantly in 
females (90%), with a mean age of 45–50 years at presen-
tation [6, 54, 69–71]. BCAs with ovarian-type stroma 
express estrogen and progesterone receptors [72], which 
might explain the high incidence among females, the fre-
quent occurrence reported in patients on hormonal therapy, 
and the size increase during pregnancy [54]. It has been 
hypothesized that BCTs derive from ectopic rests of 

embryonic bile ducts [73], or from intrahepatic peribiliary 
glands [69].

30.8.2  Pathology

On gross pathology, BCTs are generally solitary, multilocu-
lar cystic neoplasms with mucinous or serous fluid contents 
[5, 69]; papillary projections that form thick, compact septa 
are sometimes evident [5]. Multifocal BCTs are rare. BCTs 
frequently contain blood or chocolate-colored material. The 
left hepatic lobe is the more frequent site [70], although this 
point is controversial [56]. BCTs are occasionally centered 
on extrahepatic bile ducts [6, 70]. BCAs present biliary 
immunophenotype [6], with an outer layer of fibrous connec-
tive tissue lined by a cuboidal to columnar epithelium [54]. 
Typically, BCAs have been characterized by ovarian-type 
mesenchymal stroma that expresses estrogen and progester-
one receptors [6, 72]. Wheeler and Edmondson defined BCA 
according to the presence of mesenchymal stroma [73]; cyst-
adenoma with mesenchymal stroma showed an outer layer of 
cellular stroma composed of spindle cells; the stromal ele-
ment appeared similar to primitive mesenchyme with vari-
able differentiation toward fibroblasts, smooth muscle, 
adipose tissue and capillaries; this histotype occurred only in 
young and middle-aged women; in contrast, cystadenoma 
without mesenchymal stroma occurred at a mean age of 
53.4 years, without female predominance. Multiple studies 
have reported BCAs either with or without the presence of 
ovarian-like mesenchymal stroma between the inner epithe-
lial lining and the outer fibrous capsule [6, 73–75]. In 2010 
however, the World Health Organization (WHO) defined 
BCAs of the liver as mucinous cystic neoplasms (MCN) with 
ovarian stroma [70, 76]: the criteria established for the clas-
sification of cystic neoplasms of the pancreas have been 
applied also to the hepatobiliary tract, and the nonspecific 
diagnosis of “hepatobiliary cystadenoma/cystadenocarci-
noma” has been eliminated and replaced by more specific 
entities, including MCN defined by the presence of ovarian 
stroma; moreover, it has been assessed that not all biliary-
lined cysts are MCNs [70].

According to the new classification, MCNs are composed 
of an outer layer containing variable amounts of ovarian 
stroma, containing progesterone receptors, estrogen recep-
tors and inhibin at IHC staining, and a lining epithelium clas-
sified as either mucinous or biliary nonmucinous [70]; 
ovarian stroma can be focal or hypo/atrophic [70]; the degree 
of cytoarchitectural dysplasia can be defined according either 
to the 3-tiered grading system (low, intermediate, and high- 
grade intraepithelial neoplasia) [76], or to the recently modi-
fied 2-tiered grading system (low and high-grade 
intraepithelial neoplasia), as has been adopted for intraepi-
thelial neoplasia in the pancreas [77]; complex epithelial 

aly. The prevalence and size of liver cysts, and of 
the related symptoms, increase with age, with a 
female predilection.

• Most patients with PLD remain asymptomatic 
through the years, until the development of signifi-
cant hepatomegaly, with the related symptoms. The 
severity of disease can be classified according to 
symptoms, to the number, size, location of liver 
cysts and the amount of remaining liver paren-
chyma, and to the liver volume. Intracystic compli-
cations include haemorrhage, infection, and 
exceptionally the rupture of a cyst.

• Radiological findings of PLD are similar to those of 
simple hepatic cysts; cysts are multiple, bilobar, 
with variable size and numerous microcysts; signs 
of intracystic haemorrhage are more frequent.

• Patients with symptomatic PLD and hepatomegaly 
should be treated, at least to relief symptoms and 
improve the quality of life. Somatostatin analogues 
(SAs) decrease liver volume and ultimately improve 
quality of life. Symptoms caused by one dominant 
cyst can be resolved with needle aspiration and 
sclerotherapy. Symptoms determined by multiple 
larger cysts may require surgical fenestration, either 
with open or with laparoscopic approach. Liver 
resection, with or without fenestration, is selec-
tively indicated for more advanced disease. Liver 
transplantation or combined liver-kidney transplan-
tation are indicated in selected cases.
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proliferations may form intracystic papillary/polypoid nod-
ules, with various grades of cytoarchitectural dysplasia, but 
mural nodules may also be formed by polypoid projections 
of the ovarian stroma, sometimes with hemorrhage, necrosis, 
stromal inflammation, fibrosis, and other degenerative 
changes [70]. Epithelial cells of BCT are characterized by 
mucin production and are immunoreactive to cytokeratins 
(CAM5.2, AE1, AE3), CEA, CA 19-9, and epithelial mem-
brane antigen [54, 69, 72].

BCAs have malignant potential [4, 5, 54, 73]. Areas of 
benign BCA epithelium have been detected in a large num-
ber of BCACs [6, 69]. It has been suggested that the nonmu-
cinous biliary epithelium might constitute the initial phase of 
MCNs, with the mucinous epithelium representing the next 
step in tumorigenic progression [70, 71]; papillary prolifera-
tion of the epithelium and the formation of nodules with 
high-grade intraepithelial neoplasia might represent the most 
advanced state of this carcinogenetic pathway [70, 71, 73]. 
Stromal invasion is the next crucial event in the carcinoge-
netic sequence, and can be followed by the development of 
metastases [73]. The entire process of malignant epithelial 
transformation of MCN might require many years in most 
cases, since the mean age of patients with malignant MCNs 
is significantly higher than those with benign MCNs [6, 71, 
73]. Not all BCAC originate from pre-existing MCNs; 
BCAC without mesenchymal stroma might arise either 
directly from bile ducts or from malignant transformation of 
cystic liver lesions other than MCNs [69, 70, 73]. The overall 
rate of malignant transformation ranges from 2% to 30% [6, 
56, 70, 74]. Male sex has been associated with an increased 
risk of BCAC [74]. The presence of ovarian stroma has been 
reported to have significant prognostic implications. BCAC 
without ovarian stroma occurs in both men and women, 
while those with ovarian stroma develop almost exclusively 
in females [54, 69, 70, 73]. BCACs without ovarian stroma 
progress to malignancy more frequently, develop more rap-
idly and are associated with worse prognosis [69, 71], even 
though these data are still controversial [74]. BCAs with 
ovarian stroma develop carcinomatous changes in about 5% 
of the cases [70]. BCA ovarian stroma can regress during 
carcinomatous transformation [69].

30.8.3  Clinical Features

Clinical presentation of BCAs is extremely variable. Most 
lesions are discovered incidentally on imaging studies for 
different indications and in asymptomatic patients [4–6, 54, 
70]. Symptoms are very ambiguous and usually nonspecific, 
often related to enlarging lesions, and include indeterminate 
abdominal pain and distension in up to 90% of the patients, 
right upper quadrant mass or discomfort, nausea, early sati-
ety, anorexia, diaphragmatic compression with breathing dif-

ficulties [5, 8, 54, 70, 74]. Laboratory values are normal in 
most cases [4], although approximately 20% of patients 
exhibit abnormal liver function tests, including increased 
bilirubin levels. Obstructive jaundice and cholangitis occur 
rarely, usually with extrahepatic BCAs, while intracystic 
hemorrhage, infection with fever, and cyst rupture are excep-
tional [6, 54, 71, 74].

30.8.4  Diagnosis

The differential diagnosis of patients with complex cystic 
lesions of the liver includes BCT with invasive carcinoma, 
hydatid cyst, post-traumatic cyst, liver abscess, simple 
hepatic cyst, including those with intracystic hemorrhage, 
and other rare primary or metastatic tumours. Differential 
diagnosis also includes biliary intraductal papillary muci-
nous neoplasm (IPMN), a recently recognized neoplasm 
characterized by mucin production, prominent intraductal 
papillary proliferation, and biliary tree communication [54, 
72], with clinicopathologic features different from BCA [54, 
72]. While cross-sectional imaging with US, CT and MRI is 
effective in characterizing simple hepatic cystic lesions, its 
accuracy in defining and characterizing different types of 
complex cystic lesions is considerably lower [6, 16, 56, 70, 
75]. Single hepatic cyst, located in the left hepatic lobe, with 
biliary duct dilation, can be predictive of BCT [54, 74]. 
Larger BCTs are at higher risk of containing areas of malig-
nant transformation [54, 70].

At ultrasonography, BCTs are anechoic or hypoechoic, 
with thickened irregular walls and hyperechoic internal sep-
tations [4, 5, 16, 78]; thickened septa, papillary projections 
and mural and/or septal nodules are typical of BCTs [4, 8, 
16]; calcifications are frequent [4–6]. CEUS may add signifi-
cant information; simple liver cysts typically have no 
enhancement on CEUS, while BCTs show enhancement of 
the cystic wall and septa, and eventually of mural nodes, dur-
ing the arterial phase, and hypoenhancement during the por-
tal and late phases [16, 56, 71]. On CT scan, BCTs appear as 
single, well-demarcated water density lesions with thick 
fibrous capsule [16], without intralesional contrast enhance-
ment; internal septations, irregular papillary growths, and 
nodular areas sometimes enhance with intravenous contrast 
[4, 5, 16, 56, 78]; CT allows better visualization of any calci-
fications [56]. On MR imaging, BCTs are multilocular water 
density lesions with thickened irregular walls and internal 
septations [16, 78], with low signal intensity on T1w 
sequences, isointense to fluid, and high signal intensity on 
T2w sequences; signal intensity on T1w and T2w images 
depends on cystic fluid protein content [5, 16]; intra-cystic 
septations determine linear low signal intensity within high- 
intensity cysts on T2w images. The addition of DW-MRI to 
conventional MRI sequences has been reported to be useful 
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in characterization of cystic hepatic lesions and detection of 
malignancy [4]. MR cholangiopancreatography identifies 
internal septations, and can demonstrate the relationship or 
the presence of cyst communication with the biliary tree 
[54]. Cross-sectional imaging with contrast-enhanced CT an 
MR delineates anatomic relationships within the liver and is 
essential for surgical planning in candidates to liver 
resection.

BCA and BCAC cannot be reliably distinguished with 
preoperative imaging [4, 71]; both tumours appear as soli-
tary, multilocular cystic lesions; larger lesions with irregular 
thickness of the cystic wall and of the intracystic septations, 
contrast enhancement of cyst wall and intracystic septations, 
hypervascularity, the presence of mural nodules, solid com-
ponent, papillary projection, calcification, intracystic hemor-
rhage, and biliary ductal dilatation, might suggest a higher 
risk of malignant transformation; however these features are 
not pathognomonic for malignancy [4, 16, 56, 70, 71, 74]. 
Tumor location in the right hemiliver has been associated 
with higher risk of BCAC [74]. FNAB and core-needle 
biopsy of suspected BCTs should be avoided because of the 
limited sensitivity, the low likelihood of identifying malig-
nant cells, and of the risk of pleural and peritoneal dissemi-
nation [4, 5, 8, 78]; CEA e CA 19-9 levels in the cystic fluid 
have been reported to be useful to differentiate BCTs from 
other benign cystic lesions, but their role is controversial, 
especially in distinguishing BCAs from BCACs [6, 54].

30.8.5  Treatment

If BCT is suspected on imaging, complete surgical excision 
is recommended, because of its attitude to recur if 
 incompletely excised, the malignant potential, the difficulty 
of preoperative identification of BCAC [4–6, 70, 71, 74]; 
inappropriate treatment of these lesions, including partial 
excision, is invariably associated with recurrence and with 
worse prognosis compared with complete resection [71, 74]. 
Simple percutaneous needle aspiration, percutaneous needle 
aspiration with sclerotherapy, internal drainage, marsupial-
ization, surgical fenestration or partial resection are inappro-
priate whenever a diagnosis of BCT is plausible. When a 
presumed simple cyst recurs rapidly after percutaneous aspi-
ration, a BCT should be suspected. BCTs should be surgi-
cally resected with negative margins whenever possible [54, 
70]. The appropriate surgical treatment, either formal liver 
resection or enucleation, depends on the anatomic site of the 
tumour and its relationships with intrahepatic vessels and 
bile ducts [71, 78]; patients with peripheral BCT or tumours 
located in a hemiliver can receive a formal liver resection, in 
case of appropriate surgical risk, while centrally located 
tumours adjoining central vascular or biliary structures can 
require enucleation, which is usually technically feasible 

because of the presence of a thick pseudocapsule [5, 71]. 
Extrahepatic BCTs require liver resection with resection of 
the involved bile duct. Surgical resection can be achieved 
either with open conventional or with laparoscopic approach, 
with similar results [5, 79]. Intraoperative frozen-section 
analysis should not be used to define the surgical strategy, 
since small areas of malignant transformation are usually 
missed with partial sampling and the intraoperative diagno-
sis of BCAC is unachievable in most cases [78]. After com-
plete surgical excision, an extensive sampling of the tumour 
is essential to exclude focal malignant transformation [70]. 
In a recent multicentric series of 248 patients who underwent 
surgical resection of BCT [74], overall 1, 3, and 5  year 
recurrence- free survival was 89.1%, 72.6%, and 61.4%, 
respectively; recurrences were significantly higher after 
uncomplete tumour resection, occurring in 48.6% of the 
patients who underwent tumour unroofing/fenestration; 1, 3, 
and 5 year overall survival was 95.0%, 86.8%, and 84.2%, 
respectively, significantly lower in patients with BCAC than 
in those with BCA. Patients with BCAC invading the liver 
parenchyma or neighboring organs have a poor prognosis 
[71]. Orthotopic liver transplantation has been proposed in 
highly selected patients with symptomatic, unresectable 
BCT [54].

Key Concepts
• BCTs, that include BCA and BCAC, are rare neo-

plasms that occur within the liver parenchyma, or 
less frequently in the extrahepatic biliary system. 
BCTs represent less than 5% of all liver cysts, and 
occur predominantly in females (90%), with a mean 
age of 45–50  years at presentation. BCAs with 
ovarian-type stroma express estrogen and proges-
terone receptors, which might explain the high inci-
dence among females and in patients on hormonal 
therapy, and the size increase during pregnancy.

• Histologically, BCAs present biliary immunopheno-
type, with an outer layer of fibrous connective tissue 
lined by a cuboidal to columnar epithelium. Typically, 
BCAs have been characterized by ovarian- type mes-
enchymal stroma; however, multiple studies have also 
reported BCAs without mesenchymal stroma; the 
WHO has recently defined BCAs of the liver as muci-
nous cystic neoplasms (MCN) with ovarian stroma, 
applying the criteria established for the classification 
of cystic neoplasms of the pancreas.

• The degree of cytoarchitectural dysplasia of the lin-
ing epithelium can be defined according either to 
the 3-tiered grading system (low, intermediate, and 
high-grade intraepithelial neoplasia), or to the 
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30.9  Conclusions

Benign liver tumours are a heterogeneous group of solid or 
cystic focal liver lesions deriving from different cell types, 
that are increasingly being discovered, usually in otherwise 
asymptomatic patients, because of the extensive use of med-
ical imaging in clinical practice. An appropriate diagnostic 
approach is essential to differentiate benign lesions from 
primary and metastatic liver malignancies, and should 
include a detailed clinical history and evaluation of risk fac-
tors, physical examination, laboratory test findings, differ-
ent imaging modalities, and eventually histopathology. New 
genetic and biomolecular criteria have been developed and 
can be selectively useful to define more precise diagnostic 
and therapeutic strategies. Radiological evaluation is the 
most important aspect and includes conventional and con-

trast-enhanced US, CT, MRI, and FDG-PET/TC in selected 
cases. Standardization of the technical specifications for CT 
and MRI should be systematically applied to the evaluation 
of FLLs; an appropriate contrast-enhanced imaging tech-
nique should include a late arterial phase, a portal venous 
phase, and a delayed venous phase. MRI is highly accurate 
for the detection and characterization of liver masses 
because of its multiparametric potentialities. When the diag-
nosis remains uncertain after extensive radiographic imag-
ing, a liver biopsy or even a surgical resection for 
histopathological examination should be performed. 
However, percutaneous liver biopsy should be considered 
with caution, either for the risk of bleeding in some vascu-
larized lesions, or for the low probability of detecting areas 
of malignancy in heterogeneous lesions. The management 
of benign hepatic tumors ranges from conservative to 
aggressive, depending on the nature of the lesions. 
Asymptomatic benign tumours usually do not require any 
specific treatment. Larger lesions however may sometimes 
determine significant symptoms or have a high risk of com-
plications, including rupture and bleeding, and should be 
considered for surgery, or alternatively for ablation or TAE 
in selected cases. Some tumours have a well known risk of 
malignant transformation and should undergo radical resec-
tion. Further improvements in the knowledge of the natural 
history and in cross-sectional imaging of benign tumours, 
and also the development of new genetic and biomolecular 
markers, may favour the development of more tailored diag-
nostic and therapeutic approaches, according to the nature 
of the tumour and to the features of the single patient.
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Liver Cancer

Emilio De Raffele

31.1  Introduction

Hepatocellular carcinoma (HCC) and intrahepatic cholan-
giocarcinoma (iCCA) are the most frequent primary liver 
malignancies, with increasing incidence rates worldwide. 
These cancers have significantly higher prevalence in 
patients with chronic liver or biliary disease, related to per-
sistent inflammation and hepatocellular and/or biliary dam-
age. The risk for liver cancer is influenced by the etiology 
and the stage of underlying liver disease. Screening of 
patients at risk of malignant primary tumours is essential to 
diagnose premalignant or malignant lesions at an early stage, 
when the available treatments are most effective. In most 
cases however liver cancer is still diagnosed at an intermedi-
ate or advanced stage, with less favourable prognosis despite 
the availability of multiple therapeutic strategies. We review 
the biological and clinical features of the most common 
malignant liver neoplasms, HCC and iCCA, that are impli-
cated in their prevention, surveillance, diagnosis and man-
agement strategies.

31.2  Hepatocellular Carcinoma

Hepatocellular carcinoma is the most frequent primary liver 
cancer, with an increasing incidence worldwide. Liver cir-
rhosis, infection from primary hepatotropic viruses, non- 
alcoholic fatty liver disease (NAFLD), are well-known risk 
factors and need different surveillance protocols. Early 
detection is essential because tumours at an early stage are 
potentially curable. In the past decade, however, treatment of 
HCC has substantially evolved and effective therapeutic 
strategies are available also for more advanced tumours.

31.2.1  Epidemiology and Risk Factors

Liver cancer is the fifth most common cancer in the world, 
and the second most frequent cause of cancer mortality [1, 
2], with increasing incidence rates in Europe and worldwide. 
HCC represents more than 90% of primary liver cancer [3, 4] 
and is the most common cause of death among cirrhotic 
patients [5–7]. The incidence of HCC increases with age; a 
progressive ageing of HCC patients has been reported in 
recent years in most Western countries, with the peak inci-
dence in septuagenarians [8], and in Japan, where the inci-
dence is higher in men aged 70–79 years [9]; in Chinese and 
black African populations the peak incidence occurs at an 
earlier age [4]. The male to female ratio ranges between is 
2:1 and 4:1 [3, 4]. The global distribution of HCC varies 
according to geographic location, in parallel with different 
etiologies, being mostly related to the distribution of infec-
tions from hepatitis B (HBV) and hepatitis C (HCV) viruses, 
with the highest incidence rates in East Asia, where China 
has the greatest burden, and Sub-Saharan Africa [3–5]; in 
some of these areas however, the progressive diffusion of 
vaccination programs against HBV has recently determined 
a substantial decline in viral hepatitis and a concurrent 
decrease of HCC incidence [4, 5, 7]. HCC incidence is lower 
in Europe, except for Southern Europe [10]; Mediterranean 
countries, including Italy, Spain, and Greece, have interme-
diate incidence rates of 10–20 per 100,000 individuals [11]; 
recently, a notable decrease of HCC incidence has occurred 
also in France and Italy [5, 7]. However, the global incidence 
of HCC is growing, with an increase in most developed 
Western countries, including USA, Canada, Australia, New 
Zealand and most European countries [3–5]. It has been esti-
mated that in 2030 liver cancer will become the third leading 
cause of cancer mortality in the USA [12]. However, the dif-
fusion of vaccination programs and effective therapies 
against HBV infection and the development and diffusion of 
new antiviral agents against HCV will probably determine 
its gradual decline in the next decades [4, 7, 8].
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The single most relevant risk factor for development of 
HCC is liver cirrhosis of any aetiology, which is present in 
70–90% of liver cancer patients [13], and about 30–35% of 
all cirrhotic patients will develop HCC over time [14]. The 
annual risk of developing HCC has been estimated between 
1% and 8% in cirrhotics [8], and the 5-year cumulative risk 
for the development of HCC in cirrhotics ranges between 
5% and 30%, according to the aetiology (with the highest 
risk among those infected with HCV), region or ethnic 
group, and stage of liver disease [6]. The risk of developing 
HCC has been reported to increase progressively in male 
patients, with advanced age, and progressive, worsening 
liver disease [8]. HBV is the leading risk factor for HCC, 
globally accounting for at least 50% of all cases of HCC [5, 
15]. In Asia and Africa HBV infection is endemic, and 60% 
of HCC is associated with HBV, 20% with HCV, and the 
remaining with other risk factors; the risk of developing 
HCC among chronic HBV carriers is 10- to 100-fold greater 
compared with that of uninfected people [3]. HCV infection 
is the most important factor in North America, Europe and 
Japan [6, 11], being detected in 80–90% of HCC cases in 
Japan, 44–66% in Italy, and 30–50% in the United States [5, 
6]. NAFLD is at present the leading cause of chronic liver 
disease in the United States and is increasingly diffusing in 
most developed and developing countries [5, 8, 11, 16]; fea-
tures of the metabolic syndrome (MS), defined by the pres-
ence of central obesity, dyslipidemia, hypertension and 
impaired glucose metabolism, are present in virtually all 
cases of NAFLD; the MS has been recently associated with 
an increased risk of developing HCC [5, 16, 17]. Other well 
known risk factors are alcohol abuse, obesity, type 2 diabe-
tes mellitus (DM), the ingestion of food contaminated with 
aflatoxins, tobacco smoking, while other factors are rela-
tively less frequent [5, 6, 8, 11]. Some patients may have 
multiple risk factors, including HBV/HCV, alcohol abuse 
plus viral infection, etc.

HBV infection. HBV is a well known cause of HCC also 
in the absence of cirrhosis, even though most HBV-related 
HCCs develop in cirrhotic livers [6]. Chronic HBV infection 
determines a lifetime risk of HCC of 10–25% [3]. The risk of 
HCC among HBV carriers is related to multiple factors: 
male sex; age; the viral load, expressed by serum HBV-DNA 
levels [5, 18], serum hepatitis B surface antigen (HBsAg) 
and hepatitis B envelope antigen (HBeAg) levels [19, 20]; 
genotype C and some common variants in the precore and 
basal core promoter regions of the viral genome [21, 22]; 
perinatal transmission of HBV and maternal virus load [23]. 
Baseline liver stiffness values have been reported to predict 
HCC development in chronic HBV carriers [24]. Vaccination 
drastically reduces the incidence of chronic HBV infection 
and the related risk of HCC [3]; also antiviral therapy signifi-
cantly reduces the risk of HCC in chronic HBV carriers with 

or without cirrhosis, especially among patients with sus-
tained virological response (SVR) [3].

HCV infection. The relative risk of developing HCC 
among HCV carriers is estimated to be 17-fold [11]. HCV 
appears to increase the risk of HCC either inducing hepatic 
inflammation and fibrosis, or directly promoting malignant 
transformation of infected hepatocytes. The risk progres-
sively increases in patients with advanced fibrosis and cir-
rhosis, respectively [3]. Other significant risk factors in 
chronic HCV carriers are male sex, older age, HCV geno-
type 1b, coinfection with HBV or HIV, alcohol abuse, obe-
sity and presence of DM [3]. Patients with HBV/HCV 
coinfection have an increased risk of HCC [3, 5].

Metabolic diseases. NAFLD and nonalcoholic steatohep-
atitis (NASH) determine a significant risk of developing liver 
cancer, which is higher in the presence of advanced liver 
fibrosis and cirrhosis. Recent data seem to indicate that 
NAFLD can progress to NASH even in the absence of hepa-
tocellular injury and inflammation [25]. The estimated overall 
prevalence of NASH ranges between 2% and 3% [26], with a 
significant proportion of NASH evolving towards advanced 
liver fibrosis and cirrhosis over time [27]. The incidence of 
HCC in patients with NASH cirrhosis has been reported to be 
2.3–4.0% per year [3]. Some reports however indicate that 
HCC may occur in NAFLD patients even in the absence of 
cirrhosis, even though the exact incidence rates and the related 
pathophysiological mechanisms are still under investigation 
[3, 8, 11, 16, 28]. NAFLD, with or without NASH, is the 
hepatic manifestation of MS.  Metabolic syndrome and its 
features, including overweight and obesity, have been recently 
associated with a substantial risk of HCC [3, 5]. DM deter-
mines a 2.0–2.5 relative risk of developing HCC and is con-
sidered to be independent of other risk factors [3, 5]; diabetes 
of long duration and treatment with insulin or sulfonylureas 
have a higher risk, while metformin treatment has been asso-
ciated with a lower risk of HCC [29]. NAFLD has become the 
most common liver disorder in some developed countries and 
is at present a noticeable risk factor for the development of 
HCC; moreover, the role of NAFLD, NASH and MS in liver 
cancer has been estimated to increase in the near future [3, 5, 
28]. Also the number of candidates to liver transplantation for 
HCC due to NASH is rapidly growing [30].

Alcohol consumption and tobacco smoking. Alcohol 
abuse significantly increases the risk of liver cancer and the 
increased risk is dose-related [3, 5]; cessation of alcohol 
 consumption determines a progressive decrease of the liver 
cancer risk [31]. Alcohol has a synergistic effect with other 
causative agents of chronic liver disease, including HBV and 
HCV infection, fatty liver disease and NAFLD, obesity, dia-
betes, and smoking, to further increase the risk of HCC [3]. 
Tobacco smoking has been recently associated with an 
increased risk of liver cancer [3, 5].
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Aflatoxin. Aflatoxin B1 is an aflatoxin produced by 
Aspergillus flavus and Aspergillus parasiticus; it is a major 
hepatocarcinogen that contaminates a variety of foods, and is 
more common in areas where HBV is endemic, including 
sub-Saharan Africa, Southeast Asia, and China; in these 
regions, higher levels of Aflatoxin B1 are found among 
chronic HBV carriers [32]; Aflatoxin B1 has a synergistic 
effect in increasing the risk of HCC with HBV infection 
[33], alcohol intake, and also HCV infection [3].

Other causes. Also liver cirrhosis of less frequent aetiol-
ogy has an increased risk of HCC, including genetic hemo-
chromatosis, primary biliary cholangitis (PBC), autoimmune 
hepatitis, and Wilson disease [3]. Host genetics may favour 
progression to HCC, including some variants of tumour 
necrosis factor (TNF) and null genotypes of glutathione 
S-transferase (GST) genes [3].

31.2.2  Prevention

The most common risk factor for HCC is chronic HBV 
infection, so that strategies to prevent liver cancer related 
to HVB include vaccination to reduce new infections, 
antiviral therapies to suppress viral replication and limit 
liver disease progression, and adequate surveillance of 
patients at risk, with the aim of detecting HCC at an ear-
lier, potentially curable stage [3–5]. The extensive vacci-
nation programs to prevent new HBV infections in 
endemic areas resulted in a substantial decline in HBV 
infections and incidence of HCC [13]. The national vac-
cination program against HBV started between 1984 and 
1990  in Taiwan significantly reduced the incidence of 
acute and chronic hepatitis B, of liver cirrhosis, and spe-
cifically of HCC by more than 80% [5]. Similar results 
have been achieved in endemic regions of China [3]. 
Persistent HBV replication with high and also moderate 
levels of serum HBV-DNA results in substantial risk of 

developing HCC [34]. As a consequence, antiviral treat-
ment that reduce serum viral loads can reduce the inci-
dence of cancer. Lamivudine monotherapy has been 
demonstrated to significantly decrease the risk of HCC in 
chronic HBV carriers with advanced fibrosis and cirrhosis 
[35]. Similar results have been obtained with other avail-
able antiviral agents, including standard or pegylated 
interferon-alpha (IFNa), and oral nucleos(t)ide analogues 
[36]. The risk of HCC is significantly lower in patients 
with sustained viral response (SVR) and favourable clini-
cal outcome [3–5]. However suppression of viral replica-
tion in chronic HBV carriers by antiviral treatment 
significantly reduce but do not eliminate the risk of HCC, 
especially in the presence of cirrhosis [37], so that also 
responders to antiviral agents should undergo regular sur-
veillance [3].

Also among chronic HCV carriers, the risk of HCC is sig-
nificantly reduced in patients with SVR after interferon or 
interferon plus ribavirin treatment [38]. However, as for 
chronic HBV carriers, the risk of HCC in HCV patients with 
SVR, though remarkably reduced, remains relatively high, 
especially in older patients and in the presence of cirrhosis, 
and requires surveillance [3, 5, 39]. The recent availability of 
direct-acting antiviral (DAA) therapies has substantially 
increased the percentage of chronic HCV carriers with SVR 
[3]; however there is no evidence at present that successful 
DAA therapies will decrease the incidence of liver cancer in 
HCV cirrhotics [3, 5].

As previously discussed, NAFLD and NASH have been 
associated with a significant risk of developing liver can-
cer, which is higher in the presence of advanced liver fibro-
sis and cirrhosis, although may occur even in the absence 
of cirrhosis [3, 28]. NAFLD and NASH are the hepatic 
manifestation of MS. Also MS and its features, including 
overweight, obesity and diabetes, have been recently asso-
ciated with a substantial risk of HCC, and their role in liver 
cancer has been estimated to increase in the near future [3, 
28], both in developed and developing countries; as a con-
sequence, major efforts should be devoted to reduce the 
load of factors determining NAFLD and NASH, explain-
ing and supporting the role of healthier dietary habits, life-
style modifications, including regular walking, exercise, 
and weight loss, to the general population, and especially 
to patients at risk or affected by metabolic derangements 
[3, 5]. Moreover, patients with established NAFLD and 
NASH should be considered for periodic HCC screening 
[40]. Coffee consumption has been definitely associated 
with a decreased risk of developing HCC [5, 41]. Some 
observational studies suggest a reduction of HCC risk in 
patients assuming statins, but these effects need to be fur-
ther confirmed [5, 41].

Key Concepts
• Liver cancer is amongst the most frequent causes of 

cancer mortality in the world, with increasing inci-
dence rates worldwide.

• The most relevant risk factors for development of 
HCC include liver cirrhosis of any aetiology, HBV 
infection, HCV infection, NAFLD, metabolic syn-
drome, alcohol abuse, obesity, diabetes mellitus, 
ingestion of food contaminated with aflatoxins, 
tobacco smoking; other factors are relatively less 
frequent; some patients may have multiple risk 
factors.
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31.2.3  Pathogenesis

Development of HCC is a complex multistep process related 
to a persistent inflammation determined by hepatocyte necro-
sis and regeneration, associated with progressive fibrosis. 
Evolution to cirrhosis substantially increases the risk of 
HCC. Multiple somatic genomic alterations and epigenetic 
modifications determine the vast molecular heterogeneity of 
HCC [42]. Multiple pathways have been advocated to be 
involved in the hepatocarcinogenesis of HCC, and some of 
the molecules associated with these pathways represent the 
target of the systemic therapies selectively used for advanced 
tumours. [41]. The mitogen-activated protein kinase (MAPK) 
cascade consists of serine/threonine kinases, which convert 
extracellular molecules (growth factors, hormones, tumor- 
promoting substances, differentiation factors, etc.) into intra-
cellular signals for regulating cell growth and differentiation; 
there are four core protein kinases, Ras, Raf, MEK and ERK, 
in the Ras/Raf/MEK/ERK signaling pathway; this is a com-
mon downstream pathway for multiple tyrosine kinase 
receptors, including epidermal growth factor receptor 
(EGFR), vascular endothelial growth factor receptor 
(VEGFR), platelet-derived growth factor receptor (PDGFR), 
and type I insulin-like growth factor receptor (IGF-1R); the 
activation of this pathway has been reported in HCC; 
Sorafenib is a multikinase inhibitor of Raf serine/threonine 

kinase, of VEGFR, PDGFR, and of other receptors involved 
in this pathway [43]. Other pathways have been found to be 
activated in HCC tissue samples, including the PI3K-AKT–
mammalian target of rapamycin (mTOR) pathway, which 
plays a key role in cell growth and regulation; the Wnt-β- 
catenin pathway; the proangiogenic pathways, where multi-
ple factors, such as VEGF, PDGF, fibroblast growth factor 
(FGF), and hepatocyte growth factor (HGF) induce signaling 
via the Ras-Raf-mTOR-Wnt pathways, activate angiogene-
sis and play a substantial role in the vascularization, inva-
siveness, and metastatic potential of the HCC; the EGFR 
pathway, that may activate angiogenesis, cell proliferation 
and adhesion, and inhibition of apoptosis [41].

31.2.4  Diagnosis

Ultrasonography. Ultrasonography (US) is the most widely 
used imaging modality for screening and surveillance of 
liver cancer [44–46], because is noninvasive, well tolerated, 
widely available and cost-effective, with a reported sensitiv-
ity of 40–81% and specificity of 80–100% for HCC [3]. 
HCC does not have a characteristic appearance on US; nod-
ules larger than 1 cm are typically hypoechoic, but may be 
isoechoic, hyperechoic with or without a hypoechoic rim, or 
mixed [44]. Although the overall sensitivity of US is 94% for 
detection of HCC at any stage, significantly lower rates of 
detection have been reported in cirrhotics and in obese 
patients [44]. Because of significantly lower sensitivity and 
positive predictive value than other imaging techniques, 
B-mode US is not indicated for diagnostic confirmation [47]. 
Contrast-enhanced ultrasonography (CEUS) using micro-
bubble contrast agents has been demonstrated to be effective 
for characterizing liver tumours [48], sharing most of the 
enhancement features of dynamic computed tomography 
(CT) and magnetic resonance imaging (MRI), although a 
discordant enhancement pattern has been observed for intra-
hepatic cholangiocarcinoma (iCCA) [3, 5]; recent studies 

Key Concepts
• Development of HCC is a complex multistep pro-

cess related to a persistent inflammation, deter-
mined by hepatocyte necrosis and regeneration, 
associated with progressive fibrosis. Evolution to 
cirrhosis increases the risk of HCC.

• Multiple pathways have been advocated to be 
involved in the hepatocarcinogenesis of HCC, and 
some of the molecules associated with these path-
ways represent the target of the systemic therapies 
selectively used for advanced cancer stages.

Key Concepts
• HBV vaccination reduces the risk of HCC and is 

recommended for all infants and high-risk groups, 
and should be implemented worldwide.

• Treatment of chronic liver disease may prevent pro-
gression of liver disease; antiviral therapies against 
HBV and HCV that achieve SVR have been dem-
onstrated to prevent progression to cirrhosis and 
HCC development.

• In patients with established cirrhosis, antiviral ther-
apies are beneficial in preventing cirrhosis progres-
sion, decompensation, and cancer development, 
although SVR reduces but does not eliminate the 
risk of HCC occurrence.

• Major efforts should be devoted by governmental 
health agencies to prevent viral transmission and 
chronic alcohol abuse, and to reduce the load of fac-
tors determining NAFLD, metabolic syndrome and 
obesity, by encouraging healthier dietary habits, 
lifestyle modifications, and weight loss.

• Coffee consumption has been demonstrated to 
decrease the risk of HCC in patients with chronic 
liver disease.
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have shown that a wash-out time >55–60 s accurately identi-
fies HCCs, while a wash-out time <55–60 s correctly identi-
fies most non-HCC malignancies [3, 44]. CEUS has been 
used for lesion characterization and diagnosis of HCC with a 
specificity of 93–100% [49, 50], and has been reported to 
have comparable accuracy than dynamic CT and MRI also 
for small HCCs [47]. At present CEUS is considered a cost- 
effective second-line imaging modality to characterize focal 
liver lesions identified at conventional US examination, 
while dynamic multidetector CT (MDCT) and MRI remain 
the most appropriate modalities to characterize solid lesions 
suspicious for HCC in cirrhotic patients [2–4].

Dynamic computed tomography and magnetic reso-
nance imaging. At contrast enhanced imaging, HCC typi-
cally appears as a well-defined nodule with hepatic arterial 
pathologic neovascularization [51]. When a typical enhance-
ment pattern is evident with dynamic MDCT and MRI, a 
confident diagnosis of HCC can be usually obtained without 
biopsy confirmation, since MDCT/MR imaging specificity 
approaches 100% [3, 5, 44, 52, 53]. The most reliable imag-
ing modalities for HCC diagnosis are quadruple-phase 
dynamic MDCT and dynamic MRI, that include precontrast 
phase, late hepatic arterial phase, about 30 s after rapid-bolus 
intravenous contrast injection, portal venous phase, 60–70 s 
after injection, and delayed phase imaging, 3–5  min after 
contrast injection [3, 54]. HCCs with typical pattern of 
enhancement at MDCT show avid contrast enhancement in 
the late arterial phase, as their blood supply mainly derive 
from intrahepatic arterial vessels; during the portal venous 
phase the tumour typically shows a rapid washout and 
becomes hypodense relative to the surrounding liver paren-
chyma, as the blood supply to the liver comes predominantly 
from the portal vein, while HCC lacks a portal venous sup-
ply; sometimes the washout is evident only in the delayed 
phase [3, 44, 54]. During the portal venous or delayed phases, 
a thin ring of enhancement is often evident, due to the pres-
ence of a true fibrous capsule or of a pseudocapsule made of 
compressed vessels and liver parenchyma, which is a rele-
vant imaging feature of HCC [3, 54]. Vascular invasion, 
mainly the presence of a portal tumour thrombus, but also in 
the hepatic veins and in the vena cava, is typical of advanced 
HCCs [55].

MRI examination of the liver generally consists of 
T1-weighted (T1w) sequences, T2-weighted (T2w) 
sequences, and diffusion-weighted imaging (DWI) with 
apparent diffusion coefficient (ADC) map [54]. HCCs are 
usually hypointense on T1w imaging and hyperintense on 
T2w sequences. Contrast-enhanced T1w sequences with 
extracellular gadolinium-based contrast medium are similar 
to MDCT, with hyperenhancement at hepatic arterial phase, 
washout in the portal venous and delayed phases, and even-
tually the presence of a capsule/pseudocapsule in the portal 

venous and delayed phases [54]. Increased signal on DWI 
with corresponding low intensity on the generated ADC 
map indicates hypercellularity and may be useful to diag-
nose malignant lesions [54]. The typical pattern of arterial 
enhancement followed by washout in the later phases has 
sensitivity and specificity of 90% and >95%, respectively, 
with a positive predictive value approximating 100% in cir-
rhotics [3, 52–54]. According to recent studies comparing 
the diagnostic accuracy of US, CT, and MRI, the overall per- 
lesion sensitivity for nodular HCC is 77–100% and 68–91% 
for MRI and CT, respectively, with MRI showing equiva-
lent or higher per-lesion sensitivity compared with CT [47, 
56]; the per-lesion sensitivity stratified by size, was 100% 
for both modalities for HCCs >2 cm, 44–47% and 40–44% 
for MRI and CT, respectively, for HCCs measuring 1–2 cm, 
and 29–43% and 10–33% for MRI and CT, respectively, for 
HCCs <1 cm [3].

Recently, MRI performed with liver specific intracellular 
contrast agents other than nonspecific extracellular 
gadolinium- based agents have shown to be highly sensitive 
for detection of HCC, including smaller tumours [3, 54]. 
Hepatobiliary (HPB)-specific contrast media gadoxetate 
disodium (Gd-EOB-DTPA) and gadobenate dimeglumine 
(Gd-BOPTA), are progressively transported into hepatocytes 
and excreted through bile ducts; the scan phases can be 
divided into the distribution phase, where the HPB-Gd agents 
act as an extracellular contrast agent, consisting of the 
hepatic arterial phase (about 20–30 s after injection) and the 
portal venous phase (about 60 s after injection); and the hep-
atobiliary (HBP) phase, where the HPB-Gd agents are trans-
ported into hepatocytes; HBP phase starts about 60 s after the 
injection of HPB-Gd agents, and hepatic enhancement is 
complete about 20 min after injection; the transitional phase 
represents the transitional time between the distribution and 
the HBP phase, 2–5 min after injection, where the signal is a 
mixture of the distribution and the HBP phases [57]. MRI 
with HPB-Gd agents have shown higher overall sensitivity 
than dynamic CT or MRI using nonspecific extracellular 
gadolinium-based agents [3, 52, 54, 56]. Gd-EOB-DTPA- 
enhanced MRI has been included as a first-line diagnostic 
method for HCC in the guidelines of the Japan Society of 
Hepatology (JSH) and the Liver Cancer Study Group of 
Japan (LCSGJ) [58], and in the HCC guidelines of the Asian 
Pacific Association for the Study of the Liver (APASL) [3], 
but not in the guidelines of the European Association for the 
Study of the Liver (EASL) [4]. Gd-EOB-DTPA-enhanced 
MRI and/or CEUS using Sonazoid are considered useful to 
distinguish HCC from benign hypervascular lesions, iCCA 
or combined HCC-CCA in case of hypervascular tumours; 
and to identify early carcinogenetic processes in case of iso 
or hypovascular tumours, including precancerous dysplastic 
nodules, early HCC, and nodule-in-nodule liver cancer [3]; 
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the HBP phase of Gd-EOB-DTPA-enhanced MRI is believed 
to detect the earliest carcinogenetic changes suggestive of 
HCC [3].

Hypovascular nodules associated with liver cirrhosis 
include low-grade dysplastic nodules (LGDN), high-grade 
dysplastic nodules (HGDN), early HCCs, and well- 
differentiated HCCs [55, 59]. The sensitivity of dynamic 
MDCT and/or MRI in detection of these borderline lesions is 
quite low [59]. Early HCCs may be more frequently visible 
on the HBP images of Gd-EOB-DTPA-enhanced MRI as 
hypointense nodules [58, 60], and hypointensity at HBP 
images is considered a strong predictor of premalignancy or 
malignancy, favouring a diagnosis of HGDN or early HCC 
rather than LGDN or simple cirrhotic nodule [58, 60, 61]. At 
present however it is quite difficult to distinguish early HCC 
from preneoplastic nodular lesions based on MRI evaluation. 
The recent updates of the guidelines of the JSH and of the 
APASL suggest that hypointense nodules in the HBP images 
of Gd-EOB-DTPA-enhanced MRI should undergo CEUS 
with Sonazoid, which can correctly diagnose HCCs if hyper-
vascularity and/or a decreased uptake in the Kupffer phase of 
the exams are observed [3, 58, 60].

To standardize the performance, interpretation, report-
ing and data collection of the available contrast-enhanced 
imaging modalities, including CT, MRI, and most recently 
CEUS, the American College of Radiology (ACR) sup-
ported the development of the Liver Imaging Reporting 
and Data System (LI-RADS) [44, 46, 62], to be applied to 
patients at high risk of HCC. LI-RADS includes five major 
categories, where LR-5 indicates a definite HCC, LR-1 a 
definite benign lesion, and LR-4, LR-3, and LR-2 indicate 
decreasing likelihood of HCC; tumour evaluation is based 
on the presence of major and minor criteria. Major criteria 
include arterial phase enhancement, where only lesions with 
unequivocal arterial phase hyperenhancement (APHE) are 
categorized as LR-5, particularly in the late arterial phase, 
when the portal vein is at least partially enhanced, as some 
HCCs demonstrate contrast enhancement during the late 
hepatic arterial phase only [46]; observation size (diam-
eter), where tumours with APHE are categorized as LR-5 
only if the diameter size is >10 mm; washout appearance 
during the portal venous phase or also the delayed phase, 
defined by the ACR as “nonperipheral visually assessed 
temporal reduction in enhancement relative to liver from 
an earlier to a later phase resulting in hypoenhancement 
in the extracellular phase” [44]; an enhancing “capsule”, 
defined by the ACR as a “smooth, uniform, sharp border 
around most or all of the observation, unequivocally thicker 
or more conspicuous than fibrotic tissue around back-
ground nodules, and visible as an enhancing rim on portal 
venous phase, delayed phase, or transitional phase” [44]; 
and threshold growth, defined as an observation with a 

diameter increase of a minimum of 5 mm and either >50% 
growth in <6 months or with >100% growth after 6 months, 
or a new observation >10 mm. A series of minor criteria 
or ancillary features can be used to upgrade or downgrade 
an observation; these may suggest a different liver cancer, 
or a HCC with atypical behavior, when the diagnosis of 
malignancy is not definitive according to the major criteria; 
ancillary features suggesting malignancy include the pres-
ence of a nonenhancing capsule, hypointensity on HBP and 
transitional phases at MRI with HPB-Gd agents, mild to 
moderate hyperintensity on T2w imaged, restricted diffu-
sion, lesional fat or iron sparing, intralesional hemorrhage, 
size increase less than the threshold growth, and other fea-
tures suggestive of malignancy [44, 46, 62]. The LR-5 cat-
egory in the 2017 LI-RADS version maintains a specificity 
approaching 100% [44], although a small percentage of 
HCCs are hypovascular and thus difficult to characterize 
[63]. A diagnostic algorithm has been recently approved by 
the ACR also for the use of CEUS in patients at high risk 
of HCC, which shares many features with the conventional 
2017 LI-RADS version [50].

Positron-emission tomography. 18F-Fluorodeoxy-
glucose (FDG)-positron emission tomography (PET) and 
PET-TC have a limited value in diagnostic evaluation, 
since HCCs are not very avid for FDG; well differentiated 
tumours are usually FDG-PET negative; on the contrary, 
more advanced tumours may show FDG uptake, usually 
associated with increased serum alpha-fetoprotein (AFP), 
vascular invasion and overall poor prognosis [4]. Because 
of its potential prognostic value, FDG-PET may facilitate 
the selection of candidates to liver resection or transplanta-
tion [64, 65].

Tumour markers. Tumour markers for HCC are useful for 
diagnosis, even in surveillance programs, in treatment evalua-
tion and during the follow-up after treatment. Serum AFP has 
been used as a diagnostic test for HCC since the 1970s, but its 
usefulness is limited because higher levels of AFP are usually 
found in advanced HCC, while smaller tumours may have nor-
mal or slightly altered AFP levels. At present the suggested cut-
off values of AFP in surveillance programs is set at 200 ng/mL 
instead of 20 ng/mL when used with US [66]. Moreover, AFP 
has lower specificity in patient at high risk of HCC, since its 
levels increase with necroinflammation and regeneration in 
patients with active hepatitis or cirrhosis and without HCC, 
while decrease in chronic HBV and HCV carriers responsive to 
antiviral therapies [3]. Other tumour markers include the des-
gamma- carboxyprothrombin (DCP), an abnormal prothrombin 
protein also known as prothrombin induced by vitamin K 
absence-II (PIVKA-II), and the Lens culinaris agglutinin-reac-
tive fraction of AFP (AFP-L3), a variant of AFP that can dif-
ferentiate an increase in AFP levels related to HCC rather than 
to benign liver diseases [66].
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31.2.5  Surveillance

The progressive diffusion of surveillance programs in 
patients at risk of developing HCC have the aim to reduce 
cancer-related mortality, and may allow earlier diagnosis, 
when the stage of the tumour is still susceptible to potentially 
curative therapies with expected 5-year survival rates beyond 
50–70%, such as surgical resection, ablation and liver trans-
plantation [5, 8, 67]. Surveillance has been found to be cost-
effective, and should be undertaken in groups of patients 
with a significant risk of HCC development, mainly cirrhot-
ics with HBV or HCV infection, NASH, primary biliary cir-
rhosis, selected groups of adult Asian and African chronic 
HBV carriers even in the absence of cirrhosis, patients with 
chronic hepatitis C and bridging fibrosis, patients with 
NAFLD without underlying cirrhosis [3, 5, 41]. Suppression 
of viral replication in chronic HBV and HCV carriers by 

antiviral treatment does not eliminate the risk of HCC, espe-
cially in the presence of cirrhosis, so that surveillance should 
be maintained [3, 5]. Multiple scoring systems to stratify the 
risk of HCC have been proposed to identify the optimal pop-
ulation for HCC surveillance [3, 41]. Cost-effectiveness of 
surveillance is related to the potential of receiving curative 
treatments in case of HCC occurrence; thus patients with 
severe liver disease or comorbidities ineligible for treatments 
are not appropriate candidates to HCC surveillance [3, 5]. 
Several Eastern and Western non-randomized studies have 
demonstrated that patients at risk of developing HCC 
enrolled into surveillance programs were diagnosed at an 
earlier stage, more frequently underwent potentially curative 
treatments, and had better survival rates [45, 67]. These 
results have been confirmed by an extensive randomized 
study from China, where HBV infected patients screened 
with US and AFP test every 6 months had a HCC mortality 
reduced by 37% than unscreened controls; in the screened 
group the HCC was subclinical in 60.5% of patients, small in 
45.3% and the resection was achieved in 46.5% [68]. In 1967 
a nationwide HCC surveillance program was established in 
Japan through the LCSGJ, with the institution of a prospec-
tive registry of all patients with HCC diagnosed throughout 
Japan; patients with chronic HBV and/or HCV infection 
and/or liver cirrhosis are considered at high risk of develop-
ing HCC and undergo US and serum concentration of tumour 
markers every 3–6 months [69, 70]; the updated results of the 
LCSGJ surveillance program have shown a dramatic 
improvement of the long term survival of patients with HCC 
observed over about 30 years [69].

US is the most diffuse imaging procedure for surveil-
lance of HCC, because it is noninvasive, well tolerated and 
has relatively moderate costs [3, 5]. Although US efficacy is 
related to the tumour size, with a sensitivity of about 63% 
for early-stage HCC, the overall sensitivity approaches 95% 
[71]. The efficacy of the surveillance strategies are substan-
tially related to the quality of the equipment and the exper-
tise of the ultrasonographers [3, 5]. US-based surveillance 
performed biannually by experienced ultrasonographers is 
considered effective for early detection of HCC <3 cm [72]. 
At present there is no evidence to support the use of dynamic 
CT or MRI in routine surveillance strategies for 
HCC.  Conflicting results have been obtained combining 
imaging modalities with serum biomarkers, usually AFP 
levels [3, 5]; however, some guidelines suggest to perform 
biannually a combination of US and measurement of serum 
AFP levels for surveillance in patients at risk of HCC [3]. 
On the basis of the available data, patients at risk of HCC 
should be screened every 6 months, a time interval consid-
ered more effective to achieve early detection and survival 
than longer intervals [3, 5].

Key Concepts
• Diagnosis of HCC in cirrhotic patients should be 

based on non-invasive criteria whenever possible, 
limiting liver biopsy to uncertain lesions.

• US is a screening test and should not be used for 
diagnostic confirmation. CEUS is useful for charac-
terization of liver nodules found at US, and is cur-
rently considered as sensitive as dynamic CT or 
MRI in the diagnosis of HCC.

• Dynamic MDCT, dynamic MRI, or MRI with HPB- 
specific contrast media represent the first-line diag-
nostic techniques for HCC. Diagnosis is based on 
the presence of the typical hallmarks of HCC: 
APHE with washout in the portal venous or delayed 
phases on MDCT and MRI using extracellular con-
trast agents, APHE with washout in the portal 
venous phase on MRI using Gd-EOB-DTPA.

• To standardize the interpretation and reporting of the 
available dynamic imaging modalities, including 
MDCT, MRI, and more recently CEUS, the ACR 
has supported the development of the LI-RADS cat-
egorization, to be applied to patients at high risk of 
HCC; LI-RADS includes five major categories, 
where LR-5 indicates a definite HCC, LR-1 a defi-
nite benign lesion, and LR-4, LR-3, and LR-2 indi-
cate decreasing likelihood of HCC; categorization is 
based on the presence of major and minor criteria.

• FDG-PET is not effective to diagnose early HCC, but 
can have prognostic value in candidates to surgery.

• Serum AFP levels have limited value in early HCC 
stages, either in surveillance or as a confirmatory test.
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31.2.6  Staging

Several staging systems have been proposed to stratify 
the tumour burden, and in most cases the liver function, 
and to determine the most appropriate treatment strategy 
for the different stages [5, 41, 73]. The tumor-node-
metastasis (TNM) classification has been developed by 
the American Joint Committee on Cancer (AJCC) and 
International Union for Cancer Control (UICC) and has 
been regularly updated since the first edition of 1977; it 
is based on the size of the tumour, the extent of regional 
lymph node involvement, and the presence of distant 
metastases; the seventh edition of the TNM staging sys-
tem is currently available [73]. Neoplastic lymphovascu-
lar invasion plays a major role in the T classification of 
the TNM system, where the presence of microscopic vas-
cular invasion differentiates pT1 from pT2, and also clin-
ical stage I from clinical stage II [74]; microvascular 
invasion is the most important independent prognostic 
factor of overall survival after LR and LT, and is found in 
up to 50% of resected HCCs [75, 76]. Microvascular 
invasion correlates with tumour size and multiple tumours 
[76]. The most important limitation of the TNM classifi-
cation for HCC is that it does not consider the liver func-
tion and/or the performance status of the patients, which 
are determinant prognostic factors. The Okuda classifica-
tion system was developed in 1985 and was the first clas-
sification to consider both the tumor size and the liver 
function, as measured by the serum albumin level, biliru-
bin level, and presence of ascites [77]. The Cancer of the 
Liver Italian Program (CLIP) score was proposed in 1998 
and incorporates four covariates, Child- Pugh grade, 

tumor morphology, serum AFP level and portal vein 
thrombosis [78]. The Japan Integrated Staging (JIS) score 
was developed in 2003 and is based on the combination 
of the Child-Pugh grade and of the TNM stage, based on 
the criteria of the LCSGJ [79]. The Barcelona Clinic 
Liver Cancer (BCLC) staging system was first proposed 
in 1999 and subsequently updated [5], and is the staging 
system endorsed by the AASLD and the EASL [4, 80]; 
this model includes four elements: the tumour burden, 
that incorporates the number of tumours, tumour size, 
and presence of portal vein invasion or extrahepatic 
metastasis; the liver functional reserve; the physical sta-
tus according to the ECOG performance status (PS); and 
cancer-related symptoms; patients are subsequently 
assigned to five categories (0, A, B, C and D) based on 
these parameters. BCLC stage of 0 (very early stage dis-
ease) comprises patients diagnosed with one asymptom-
atic nodule measuring <2 cm, without vascular invasion 
or satellites and preserved liver function; BCLC stage of 
A (early-stage disease) includes patients diagnosed with 
one nodule of any size or a maximum of three nodules 
measuring <3  cm and preserved liver function; BCLC 
stage of B (intermediate- stage disease) comprises patients 
diagnosed with multiple nodules without vascular inva-
sion or extrahepatic metastasis and preserved liver func-
tion; BCLC stage of C (advanced-stage disease) includes 
patients with vascular invasion or extrahepatic metasta-
sis, preserved liver function, and cancer-related symp-
toms (PS 1–2); finally, BCLC stage of D (terminal stage 
disease) comprises patients with end- stage liver function, 
in any tumour stage and cancer-related symptoms 
(PS > 2). Based on the stage of the disease, a treatment 
strategy is recommended. The BCLC staging system has 
been validated in various studies, although it has some 
substantial limitations [3, 73, 81]. The Hong Kong Liver 
Cancer (HKLC) classification has been developed in 
2014 [82], and is based on four prognostic factors includ-
ing ECOG PS, Child-Pugh grade, liver tumour status, and 
presence of extrahepatic vascular invasion or metastasis; 
based on these prognostic factors, patients are assigned 
to five main stages and nine substages; substantial differ-
ences with the BCLC classification in terms of treatment 
recommendations include that patients with preserved 
liver function and multifocal tumours or presence of 
intrahepatic vascular invasion may be considered for LR, 
and that intrahepatic vascular invasion is not considered 
a contraindication for intra-arterial treatments; this clas-
sification seems to exhibit better prognostic value than 
the BCLC classification, but also to better reflect clinical 
practices [3, 41, 73]; however more extensive validation 
is required to confirm these important issues [5].

Key Concepts
• Implementation of screening programs in patients 

at high risk of HCC has been demonstrated to 
reduce cancer-related mortality because of earlier 
diagnosis, when tumours are still susceptible to 
potentially curative therapies, and to be cost- 
effective in selected patients.

• Patients at high risk of HCC should be entered into 
surveillance programs, including those with com-
pensated liver cirrhosis and chronic HBV or HCV 
infection; the role of surveillance for patients with 
NAFLD without cirrhosis is still unclear.

• Surveillance should be performed by experienced 
personnel with appropriate equipment in high-risk 
populations, using abdominal US and eventually 
AFP every 6 months.
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31.2.7  Pathology

Premalignant hepatocellular lesions. HCC develops in 
most cases in the background of chronic liver disease follow-
ing a multistep sequence, through a series of intermediate 
lesions considered premalignant. The current nomenclature 
for these lesions has been proposed in 1995 and further 
updated in 2008 [83, 88]. Premalignant lesions include dys-
plastic foci (DF) and dysplastic nodules (DN), while small 
cancerous lesions, up to 2  cm, can be either early HCC 
(eHCC) or progressed HCC (pHCC) [41, 84]. DFs are uni-
form cluster of hepatocytes, <1  mm in size, with cellular 
atypia, but no evidence of malignancy; DF are typically 
found within the liver parenchyma in chronic liver disease, 
particularly in cirrhotic livers, are considered to be premalig-
nant lesions, and may contain dysplastic hepatocytes with 
small cell changes (previously called small cell dysplasia), 
with increased nuclear/cytoplasmic ratio, or dysplastic hepa-
tocytes with large cell changes (previously called large cell 

dysplasia), with enlarged nucleus and cytoplasm, and pre-
served nuclear/cytoplasmic ratio; DF have a definite precan-
cerous role [41, 84]. DNs are lesions >1 mm and up to 2 cm, 
that typically arise in cirrhotic livers. According to the degree 
of cytologic and architectural atypia, dysplastic nodules can 
be classified into low-grade DN (LGDN) and high- grade DN 
(HGDN) [41, 84]. LGDNs are lesions with features sugges-
tive of a regenerative growth, without major architectural 
alterations, and with an overall non-malignant morphology; 
since LGDNs share a number of features with non-neoplastic 
regenerative nodules, differentiation between these two 
lesions can be difficult; LGDNs are composed of hepato-
cytes with normal to slightly increased nuclear/cytoplasmic 
ratio, minimal cellular atypia and no mitotic figures; the liver 
architecture is well preserved, with normal hepatocyte plates 
and portal tracts, and a reticulin network; nodules have 
rounded borders and do not compress adjacent hepatic tis-
sue. HGDNs are lesions with some degree of cytologic and 
architectural atypia, but insufficient to define a malignant 
morphology; HGDNs are composed of hepatocytes with an 
increased nuclear/cytoplasmic ratio, sometimes basophilic 
cytoplasm and peripheral nuclei, and occasional mitotic 
figures; the architecture of the nodules is irregular with 
thicker hepatocyte plates, sometimes with pseudogland for-
mation, and abnormal arterial supply. DNs are premalignant 
lesions, and sometimes contain early malignant foci, defined 
“nodule- in- nodule lesion” [85]; patients with DNs, espe-
cially those with HGDNs, have a significant risk of progres-
sion to HCC [86]; HGDNs are sometimes difficult to 
differentiate from early HCC nodules; immunohistochemi-
cal staining for keratins CK7 and CK19 and CD34 can be 
useful in differentiation [41]. Immunohistochemical panels 
including glypican 3, glutamine synthetase, clathrin heavy 
chain, and heat shock protein 70, have also been suggested 
for detection of HCC [5, 41].

Gross pathology. The gross appearance of HCC is 
widely variable. Tumour size ranges from less than 1 to over 
30 cm in diameter; the average size at diagnosis is usually 
smaller for tumours occurring in cirrhotic livers. HCC 
smaller than 2 cm are defined as “small HCC” [87], further 
differentiated into “vaguely nodular HCC”, biologically at 
an earlier stage with a better prognosis, and “distinctly nod-
ular HCC” [88]. At gross examination, HCC may have a 
nodular, infiltrative, or diffuse pattern [84]. The nodular or 
expanding pattern is the most common, typically found in 
cirrhotic livers; nodules are soft masses of variable colour, 
from gray to light brown to yellow-green, and may contain 
areas of hemorrhage or necrosis; nodules may be solitary or 
multiple, which may represent intrahepatic metastases or 
even multifocal independent tumours; small nodules adja-
cent to the main tumour are considered to be satellite nod-
ules; nodular HCC is usually well-delineated and may be 
surrounded by a fibrous capsule, either complete or incom-

Key Concepts
• Several staging systems have been proposed to 

determine the most appropriate treatment strategy 
for the different stages of HCC; patients are usually 
stratified according to the tumour burden and the 
liver function.

• The TNM classification developed by AJCC-UICC 
is regularly updated, and is based on the size of the 
tumour, the extent of regional lymph node involve-
ment, and the presence of distant metastases; this 
classification however does not consider the liver 
function and/or the performance status of the 
patients, limiting its clinical usefulness.

• The BCLC staging system, proposed in 1999 and 
currently endorsed by the EASL and the AASLD, 
has been extensively validated and is the present the 
most diffuse classification; this model is based on 
tumour burden, liver functional reserve, physical 
status, and cancer-related symptoms; patients are 
assigned to five categories (0, A, B, C and D) from 
very early stage disease to terminal stage disease. 
Based on the stage of the disease, a treatment strat-
egy is recommended.

• Staging systems from Asian counties are also based 
on a combination of liver tumour status and liver 
functional reserve. Contrary to BCLC classifica-
tion, however, in these staging systems LR is con-
sidered also in patients with preserved liver function 
and more advanced liver tumours, and intrahepatic 
vascular invasion is not considered a contraindica-
tion for intra-arterial treatments.
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plete. The infiltrative or massive pattern is usually found in 
noncirrhotic livers; it usually appears as a large mass of 
variable size, with ill-defined, invasive borders. Advanced 
HCC, either nodular or infiltrative, may diffuse into large 
veins, mostly the portal vein, although hepatic veins, the 
inferior vena cava, and even the right atrium may be invaded; 
the invasion of large bile ducts is less frequent, and may 
determine biliary obstruction and hemobilia. The diffuse 
pattern is the least common and is characterized by a wide-
spread infiltration by numerous small nodules that replace 
wide areas of the liver.

Microscopic pathology. At histology, the architecture is 
irregular, with atypical arteries and distorted portal tracts; 
neoplastic hepatocytes may have increased nuclear/cytoplas-
mic ratio and irregular nuclei, with a growth pattern ranging 
from well-differentiated thin sheets to trabecular or pseudo-
glandular patterns; steatosis, steatohepatitis, hyaline glob-
ules, and Mallory bodies are commonly found [41]. 
Regarding tumour cells, the Edmondson and Steiner’s clas-
sification system is still considered the gold standard for 
classifying HCC into grades [89]: grade I or well- 
differentiated HCC, characterized by small neoplastic cells 
with abundant eosinophilic cytoplasm and slightly enlarged 
nuclei, arranged in thin trabeculae; these cells are almost 
identical to normal hepatocytes; grade II or moderately dif-
ferentiated HCC, where neoplastic cells are larger, with 
increased nuclear/cytoplasmic ratio and abnormal nuclei; 
pseudoglandular structures may be evident; grade III or 
poorly differentiated HCC, where neoplastic cells show 
larger hyperchromatic, clearly irregular nuclei with very 
prominent nucleoli; and grade IV HCC, characterized by 
neoplastic cells with very high nuclear/cytoplasmic ratio, 
presence of anaplastic giant cells, and loss of trabecular 
pattern.

Different architectural growth patterns may be observed 
[84]. In the trabecular growth pattern, neoplastic hepato-
cytes are arranged in plates of 2 to more than 20 cells in 
thickness, resembling the trabecular architecture of the nor-
mal liver; neoplastic hepatocytes are arranged along simpli-
fied sinusoids with few or no Kupffer cells; the reticulin 
framework is mostly sparse or absent. In the compact or 
solid pattern the trabeculae are very close and the sinusoids 
compressed or non visible. The acinar or pseudoglandular 
pattern derives either from the dilatation of the bile cana-
liculi between neoplastic hepatocytes, where the lumina 
may contain bile, or from central degeneration of trabecu-
lae, where the lumina contain degenerative material with 
fibrin; stroma is typically sparse. The scirrhous pattern is 
rare; neoplastic hepatocytes have cytologic and phenotypic 
features of typical HCC, but are surrounded by an abundant 
fibrous stroma. At the interface with surrounding liver 
parenchyma, HCCs may have an expansive growth, where 
the tumour expands compressing the adjacent nontumorous 

tissue, eventually delimitated by a complete or incomplete 
fibrous capsule; or an infiltrative growth, where the tumour 
merges into the adjacent nontumorous tissue, replacing the 
normal hepatocyte plates.

Immunohistochemistry. HCCs express many immu-
noreactive substances, but only few are useful for differen-
tial diagnosis with cholangiocarcinoma and metastatic 
adenocarcinoma [84, 90]. The most commonly used anti-
bodies for the diagnosis of HCC include hepatocyte paraf-
fin 1 (HepPar-1), a monoclonal antibody reacting with an 
epitope of liver mitochondria, that produces positive stain-
ing in approximately 90% of cases of HCC; arginase-1, an 
enzyme expressed by normal hepatocytes, that has shown 
higher sensitivity and specificity in differentiating HCC 
from metastatic tumours; polyclonal antiserum to carcino-
embryonic antigen (CEA), that stains bile canaliculi of 
both normal liver and HCC, where a canalicular staining 
pattern indicates the presence of biliary glycoprotein I spe-
cific for HCCs in 60–90% of cases; immunostaining with 
other substances, including AFP and aberrant keratins 
CK7, CK20 and CK19, is less useful and have selective 
indications.

Key Concepts
• HCC develops in most cases in the background of 

chronic liver disease following a multistep 
sequence, through a series of intermediate lesions 
considered premalignant, that include dysplastic 
foci, <1 mm in size, and dysplastic nodules (DN), 
>1 mm and up to 2 cm. DN can be further classified 
into low-grade DN (LGDN) and high-grade DN 
(HGDN), and sometimes contain early malignant 
foci, defined “nodule-in-nodule lesion”. Small 
HCC, up to 2 cm, can be either early HCC or pro-
gressed HCC.  HGDNs are sometimes difficult to 
differentiate from early HCC nodules.

• The gross appearance of HCC is widely variable; 
neoplastic nodules may be solitary or multiple. 
HCC smaller than 2 cm are defined as “small HCC”. 
At gross examination, HCC may have a nodular, 
infiltrative, or diffuse pattern; the nodular or 
expanding pattern is the most common, typically 
found in cirrhotic livers, is usually well-delineated 
and may be surrounded by a fibrous capsule. 
Advanced HCC may diffuse into large veins, mostly 
the portal vein, or into large bile ducts.

• At histology the architecture of HCC is irregular, 
with atypical arteries and distorted portal tracts. 
Regarding tumour cells, the Edmondson and 
Steiner's classification system is still considered the 
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31.2.8  Clinical Features

Early HCCs in cirrhotics are usually asymptomatic. Clinical 
manifestations include abdominal pain or discomfort, pal-
pable abdominal mass, hepatomegaly, or nonspecific symp-
toms such as weight loss, anorexia, dyspepsia and malaise, 
splenomegaly, ascites; these symptoms may also be related, 
at least in part, to the underlying chronic liver disease. 
Routine liver function tests may be substantially normal or 
even variably abnormal, mostly reflecting the underlying 
chronic liver disease. Serum AFP is usually raised in 
advanced, symptomatic HCC, while early HCCs show 
slightly elevated or even normal AFP levels. HCCs arising in 
noncirrhotic patients usually present with evidence of malig-
nancy; symptoms may be related to the intrahepatic diffusion 
of the tumour, with jaundice, the occurrence of distant metas-
tases, or severe complications, including portal vein throm-
bosis or biliary obstruction.

31.2.9  Treatment

Multiple treatments are available for HCC and the choice 
is based on the burden of the tumour and the liver func-
tion, especially in cirrhotic patients; moreover different 

options are suggested by major guidelines worldwide; on 
this basis, patients diagnosed with HCC should be 
referred to multidisciplinary teams involving surgeons, 
hepatologists, interventional radiologists, pathologists, 
and oncologists [3, 5].

31.2.9.1 Liver Surgery
The optimal surgical strategy for HCC is still somewhat 
controversial, with substantial differences among major 
guidelines worldwide [91]. Liver resection is the first 
approach in many instances, but liver transplantation theo-
retically represents the best treatment strategy, at least in 
patients with chronic liver disease or established cirrhosis, 
because may cure both the diseased liver and the liver can-
cer. LR, either open or laparoscopic, represents one of the 
most valuable curative options for HCC, based on the extent 
of the liver resection to achieve a radical procedure, and on 
the accurate evaluation of the volume and of the functional 
reserve of the future liver remnant (FLR), especially in case 
of advanced liver fibrosis or cirrhosis. LT provides the best 
treatment of HCC from an oncologic point of view, because 
removes both the tumour and the diseased liver, which rep-
resents per se a preneoplastic condition and exposes to the 
risk of recurrence; LT however has a limited role, because of 
the scarcity of organ donations, especially in Asian coun-
tries, high costs, and the progressive ageing of HCC patients 
[5, 6, 8, 92].

The role of LR is still widely debated regarding the 
tumour burden and the hepatic functional reserve suitable for 
surgery with adequate survival. In the current most relevant 
Western guidelines, including those of the EASL and the 
AASLD, LR is recommended only for patients with very 
early and early stage tumours based on the BCLC classifica-
tion [4, 5, 93], specifically with a single nodule and preserved 
liver function without evidence of portal hypertension. Most 
Western surgeons evaluate serum bilirubin levels and portal 
pressure to select appropriate candidates to LR [5]. The 
5-year survival rates of patients with normal bilirubin levels 
and without significant portal hypertension may reach 70%, 
while decrease to 50% in patients with both adverse factors 
[94]. Moreover, the presence of significant portal hyperten-
sion may increase the risk of adverse results both in the post-
operative period and in the long term [95]. In current clinical 
practice however, many tertiary referral centers worldwide 
routinely consider LR also for patients with more advanced 
HCC according to the BCLC classification, with acceptable 
perioperative and long-term outcomes [81, 94]. Similarly, 
guidelines from Asian countries contemplate LR also for 
more advanced HCC in patients with more diseased liver; 
most of these guidelines consider LR also for tumours of any 
size, if curatively resectable, with multiple nodules, and/or 
with macrovascular invasion [3]. The 2017 revision of the 
APASL HCC guidelines does not include strictly defined cri-
teria for LR, that can be considered for resectable tumours of 

Key Concepts

• Early HCCs in cirrhotics are usually asymptomatic. 
Clinical manifestations are variable and may also 
be related, at least in part, to the underlying chronic 
liver disease. HCCs arising in noncirrhotic patients 
usually present with symptoms related to intrahe-
patic diffusion, distant metastases, or severe 
complications.

gold standard for classifying HCC into grades, from 
grade I or well-differentiated HCC, to grade IV or 
poorly differentiated HCC.  Architectural growth 
pattern may be trabecular, acinar or pseudoglandu-
lar, and scirrhous. At the interface with surrounding 
liver parenchyma, HCCs may have an expansive or 
an infiltrative growth.

• HCCs express many immunoreactive substances, 
but only few are useful for differential diagnosis 
with cholangiocarcinoma and metastatic adenocar-
cinoma. The most commonly used antibodies 
include HepPar-1, arginase-1, polyclonal antiserum 
to CEA, AFP, and aberrant keratins CK7, CK20 and 
CK19.
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any size and number, also with macrovascular invasion, in 
Child–Pugh class A and B patients; it is suggested that the 
decision about resectability should be discussed by a multi-
disciplinary team, including surgeons and hepatologists [3]. 
Laparoscopic LR is less invasive than conventional surgery, 
and has been recently reported to achieve better periopera-
tive results with comparable long-term oncological outcomes 
[96, 97]. Hepatic recurrence, due to intrahepatic dissemina-
tion or de novo HCC, and distant metastases occur in 64–77% 
of patients after LR or local ablation [98]. At present there is 
no clear evidence that the proposed neoadjuvant or adjuvant 
strategies can significantly reduce the risk of either intrahe-
patic or distant recurrences [5]. Some beneficial effects have 
been suggested for postoperative infusion therapies via the 
hepatic artery of chemotherapeutic agents or of I-131 lipi-
odol [99] and for adjuvant immunotherapy with autologous 
cytokine-induced killer cells [5].

Although LT represents the only chance of cure for both 
liver cancer and the underlying liver disease, the shortage of 
organs and the possibility of tumor recurrence favoured by 
immunosuppression are determinant limiting factors. In terms 
of tumour burden, the Milan criteria are at present the most 
widely used to minimize HCC recurrence: LT is restricted to 
patients with solitary HCC <5 cm in diameter or within three 
nodules <3 cm in diameter, without radiological evidence of 
vascular invasion or distant metastasis [100]; patients within 
the Milan criteria have recurrence rates lower than 15% and 
5-year survival rates higher than 70% after LT for HCC [5, 
100]. In recent years however multiple criteria have been sug-
gested to expand the Milan criteria without compromising 
oncological results. The University of California, San 
Francisco (UCSF) expanded criteria are the most diffuse: LT 
is restricted to patients with solitary HCC <65 mm in diame-
ter, or 2–3 tumours, each with diameter <45  mm and total 
tumour diameter <80 mm, without radiological evidence of 
vascular invasion or distant metastasis [101]. In general, 
although the Milan criteria are probably too strict and could be 
expanded to some extent without significantly compromising 
the oncological and clinical outcomes, substantial expansion 
of the criteria regarding tumour size and/or number may 
worsen the overall posttransplant results [5, 102]. Although 
the Milan criteria are currently used also in Asian countries to 
select HCC patients for LT, the relevant diffusion of living-
donor liver transplantation (LDLT) determines considerably 
less restrictions, with significant differences among countries 
and institutions. Criteria for LDLT are usually expanded; in 
some countries the UCSF criteria are basically adopted, while 
in others each transplant center has developed institutional 
expansion criteria; also the National Insurance coverage varies 
among different Asiatic countries [3]. The expansion of the 
criteria for LT in patients with HCC and the use of organs from 
living donors may expose to increased recurrence rates and 
worsen overall outcomes, although the impact of LDLT com-
pared to deceased- donor LT for HCC is still controversial 

[103]. Substantial differences also exist between Western and 
Asian countries, regarding the liver functional reserve to con-
sider the indication to LT for HCC; in Western countries LT is 
deliberated according to the model for end-stage liver disease 
(MELD) score with additional points [102], thus LT can be 
offered also to Child–Pugh class A patients that fulfil the 
Milan criteria [104]; in contrast, in Asian countries, where 
liver grafts from deceased-donors are extremely scarce, LT is 
recommended for patients with HCC and decompensated liver 
cirrhosis (Child-Pugh class B and C) [3].

Key Concepts
• Liver resection is a first-line curative treatment for 

HCC in patients with compensated cirrhosis when 
resectability is confirmed by appropriate multidisci-
plinary evaluation of liver function, extent of LR, 
expected volume of the FLR, performance status 
and co-morbidities of the single patient.

• The indication to LR is still controversial, since 
Western guidelines recommend LR for HCC at 
early stages, while Eastern guidelines support LR 
also for resectable tumours at more advanced 
stages, including tumours of any size, with multiple 
nodules, and/or with macrovascular invasion. 
Laparoscopic LR is less invasive than conventional 
surgery, with better perioperative results and com-
parable long-term oncological outcomes.

• Liver transplantation represents the best curative 
treatment option for HCC from an oncologic point 
of view, because removes both the tumour and the 
diseased liver, which represents per se a preneoplas-
tic condition and exposes to the risk of recurrence. 
LT should be selectively considered as a first-line 
treatment for HCC, especially among Child-Pugh 
class B and C patients, but scarcity of organ dona-
tions, high costs, and progressive ageing of HCC 
patients represent substantial limitations to its use.

• Selection of candidates to LT is usually made 
according to the Milan criteria, where LT is 
restricted to patients with solitary HCC <5  cm in 
diameter or within three nodules <3 cm in diameter, 
without radiological evidence of vascular invasion 
or distant metastasis. Cautious expansion of the 
Milan criteria has been proposed in recent years. 
However, substantial expansion of the criteria 
regarding tumour size and/or number may worsen 
the overall oncological outcomes.

• The relevant diffusion of living-donor liver trans-
plantation has determined considerably less 
restrictions in the selection of candidates to LT, 
with significant differences among countries and 
institutions.
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31.2.9.2 Local Ablation
Image-guided percutaneous ablation therapies include radio-
frequency ablation (RFA), ethanol injection (PEI), and micro-
wave ablation (MWA). These minimally invasive techniques 
are increasingly used [70, 105], especially in case of small 
HCC [5, 106], because are considered potentially curative, 
can be easily repeated in case of recurrence, and in selected 
patients are more cost-effective than surgery with potentially 
similar results. Child-Pugh class A or B patients with a lim-
ited tumour burden, usually <3 nodules of <3 cm in diameter, 
are considered the most appropriate candidates to percutane-
ous local ablation [3]. RFA is at present the most diffused 
ablation technique for liver tumours [70, 105]; perioperative 
morbidity and mortality rates are 0.9–7.9% and 0–1.5%, 
respectively, with local tumour progression rates of 2.4–
27.0%, and 5-year overall survival rates of 39.9–68.5% [3]; 
combination of RFA with TACE or PEI may increase the vol-
ume of tumoral necrosis and ameliorate the clinical outcome 
[105]. PEI has long been the standard technique for percuta-
neous ablation of HCC [107], with perioperative morbidity 
and mortality rates of 0–3.2% and 0–0.4%, respectively, local 
tumour progression rates of 6–31% according to the tumour 
size, and 5-year overall survival rates of 38–60% [3]; at pres-
ent it is reserved to selected patients where RFA is contrain-
dicated, usually with HCC adjacent or adherent to the 
gastrointestinal tract [3, 5]. Other techniques of local ablation 
are available, including percutaneous MWA and irreversible 
electroporation, but the available data about their efficacy and 
the overall clinical and oncological outcome are limited. 
Comparative studies have demonstrated that percutaneous 
RFA achieved better treatment response, lower recurrence 
rates and better overall survival rates than PEI [3, 5, 70, 105].

31.2.9.3 Liver Resection vs Local Ablation
Multiple studies have compared LR with local ablative 
therapies, with controversial results [5, 105, 106]. Four ran-
domized controlled trials (RCT) have compared LR and 
RFA [3]; in three of them overall and disease-free survival 
rates were similar between groups, while in the remaining 
study LR achieved significantly better overall and disease-
free survival rates than RFA; perioperative results, includ-
ing complications and length of hospital stay, were worse 
after LR than RFA.  Interesting data came from the 19th 
nationwide follow- up survey of primary liver cancer in 
Japan made by the LCSGJ [70]; in patients treated with LR 
cumulative survival rates at 1, 5 and 10 years were 90.2%, 
56.8% and 32.0%, respectively; were 91.5%, 61.4% and 
37.3%, respectively, in class A patients according to the 
liver damage classification by LCSGJ; and were 93.7%, 
67.0% and 39.0%, respectively, in patients with a single 
tumour; cumulative survival rates at 1, 5 and 10 years 
according to tumour size were 97.1%, 73.9% and 40.2%, 
respectively, for tumours measuring <2 cm, 93.6%, 63.1% 
and 35.1, respectively, for tumours measuring 2–3  cm, 
91.5%, 59.7% and 36.5%, respectively, for tumours mea-
suring 3–5 cm, 85.9%, 52.4% and 31.0%, respectively, for 
tumours measuring 5–10 cm, and 77.8%, 45.4% and 31.0% 
at 1, 5 and 8 years, respectively, for tumours measuring 
>10  cm; in comparison, in patients treated in the same 
period with local ablative therapies, cumulative survival 
rates at 1, 5 and 10 years were 93.9%, 47.0% and 17.0%, 
respectively; were 96.3%, 55.7% and 21.3%, respectively, 
in class A patients according to the liver damage classifica-
tion by LCSGJ; and were 95.2%, 52.9% and 20.8%, respec-
tively in patients with a single tumour; cumulative survival 
rates at 1, 5 and 10 years according to tumour size were 
95.9%, 53.7% and 18.9%, respectively, for tumours mea-
suring 1–2 cm, 94.0%, 41.3% and 15.3%, respectively, for 
tumours measuring 2–3  cm, 89.4%, 34.2% and 10.8%, 
respectively, for tumours measuring 3–5  cm, and 77.2%, 
24.6% and 13.1%, respectively, for tumours measuring 
>5 cm; the overall results of LR were superior when com-
pared to those reported for local ablative therapies, even 
though statistical evaluations were not available. Further 
evaluation of a subgroup of patients of the same registry, 
including those with liver function classified as liver dam-
age A or B defined by the LCSGJ, with <3 tumours and a 
maximum tumour diameter <3 cm, suggested that LR may 
offer significant advantage over RFA and PEI in terms of 
both overall survival and time to recurrence in patients with 
less advanced HCC [98]. Moreover, data collected from 
1978  in the same registry demonstrated marked improve-
ments, over almost 30 years, in overall survival rates of 
HCC patients treated either with LR or with ablation; the 
5-year overall survival of patients treated between 2001 
and 2005 was 58.4% and 47.6% after LR and ablation, 
respectively, and the median overall survival was 74 and 59 
months, respectively [70]. A recent overview of meta-anal-

Key Concepts
• Image-guided percutaneous ablation therapies, 

including RFA, PEI, and MWA, are increasingly 
used, especially in case of small HCC, because are 
considered potentially curative, can be easily 
repeated in case of recurrence, and in selected 
patients are more cost-effective than surgery with 
potentially similar results.

• Child-Pugh class A or B patients with a limited 
tumour burden, usually <3 nodules of <3  cm in 
diameter, are considered the most appropriate can-
didates to percutaneous local ablation.

• RFA is at present the most diffused ablation technique 
for liver tumours, and is recommended as the first-
line percutaneous ablation technique. Combination of 
RFA with TACE or PEI may increase the volume of 
tumoral necrosis and ameliorate the clinical outcome. 
PEI at present is reserved to selected patients where 
RFA is contraindicated, usually with HCC adjacent or 
adherent to the gastrointestinal tract.
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yses comparing the results of the management of HCC has 
shown that LR is superior to RFA because of higher overall 
survival rates [105]. Similar conclusions have been drawn 
for small HCC, with LR being superior to nonsurgical abla-
tive therapies, and with RFA being the most effective single 
nonsurgical ablative treatment [106]. The advent of laparo-
scopic LR also for HCC will probably further reduce peri-
operative morbidity rates and postoperative hospital stay 
without adverse impact on overall and recurrence-free sur-
vivals [96]. However most studies suggest that RFA may 
represent an appropriate alternative to LR in selected 
patients with HCC smaller than 2–3 cm, because is mini-
mally invasive and achieves better perioperative results and 
similar long-term outcome [3, 5].

31.2.9.4 Transarterial Chemoembolization
TACE is based on the selective administration of chemother-
apeutic agents, mixed with Lipiodol, followed by emboliza-
tion of the arteries feeding the tumour with different types of 
particles, while sparing the surrounding liver parenchyma 
[108]; alternatively, chemotherapeutic agents can be deliv-
ered by drug- eluting beads (DEB-TACE) [109]. As a conse-
quence, selective or superselective TACE are usually 
effective in inducing tumour necrosis with a limited impact 
on the surrounding liver parenchyma also in patients with 
advanced liver fibrosis or cirrhosis, with perioperative severe 
complications and mortality rates lower than 5% [3, 5]. 
TACE can achieve objective response rates of 58–86%, with 
complete response rates of 20–41% [3]. Several studies have 
shown that TACE determines a significant survival advan-
tage in selected patients with unresectable HCC and pre-
served liver function [110, 111]; median survival rates of 
30–40 months have been reported in case of adequate patient 
selection and optimal treatment delivery [5]. Several scoring 
systems have been proposed to predict the clinical and onco-
logical outcome of TACE, and to select patients suitable for 
multiple TACE sessions [3]; patients with bulky tumours and 
compromised liver function are reported to achieve worse 
overall results [112]. At present TACE is considered as a 

first-line noncurative treatment for unresectable, large/multi-
focal HCCs without vascular invasion or extrahepatic spread 
in the guidelines published by the EASL and AASLD [4, 5, 
93]. TACE can also be considered in patients with HCC at an 
early stage where LR or RFA are not indicated because of 
difficult locations and/or medical conditions [113], and for 
downstaging tumours exceeding the criteria for LT.  DEB- 
TACE has shown similar objective response rates compared 
to conventional TACE, but with improved tolerability due to 
lower rates of liver toxicity and systemic adverse effects 
[114]. After initial tumour response with TACE, HCC may 
recur and can be retreated with further TACE sessions; how-
ever retreatment is considered not indicated when significant 
necrosis is not achieved after two sessions, in case of major 
progression, including vascular invasion, extensive intrahe-
patic involvement, distant metastases, or even in case of 
deteriorating liver function [4, 5].

Transarterial radioembolization is based on the injection 
of implantable radioactive microspheres into arteries feeding 
the tumour, while sparing the surrounding liver parenchyma. 
TARE using yttrium-90 has been proposed as a complement 
or as an alternative to TACE [4], with tumour response rates 
of 40–80% [5]. Further evidence confirming the clinical and 
oncological benefits of TARE compared with conventional 
TACE is required.

31.2.9.5 Radiation Therapy
HCC is considered to be radiosensitive, but also the liver is a 
radiosensitive organ. The development of technologies for 
targeting HCC precisely with RT, including stereotactic body 
radiotherapy (SBRT), can improve the oncological and clini-
cal benefits with reduced risks on the surrounding liver 
parenchyma. At present however, only small series have 
evaluated the possible role of RT in the treatment of HCC, 
with promising results [3].

Key Concepts
• Multiple studies have compared LR with local abla-

tive therapies, with controversial results. LRs seem 
to achieve better oncological results than local abla-
tive therapies, also in patients with small HCC.

• However RFA may represent an appropriate alter-
native to LR in selected patients with HCC smaller 
than 2–3  cm, because is minimally invasive and 
achieves better perioperative results and similar 
long-term outcome.

Key Concepts
• At present TACE is considered as a first-line noncura-

tive treatment for unresectable, large/multifocal HCCs 
without vascular invasion or extrahepatic spread.

• Selective or superselective TACE should be attempted 
to achieve appropriate effects, preserve nontumorous 
liver parenchyma, and minimize complications.

• Selective TACE can also be considered in patients 
with HCC at an early stage, where LR or RFA are 
not indicated because of difficult locations and/or 
medical comorbidities.

• TARE with yttrium-90-loaded resin/glass beads has 
been proposed as a complement or as an alternative 
to TACE.
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31.2.9.6 Systemic Therapy
Systemic therapy has been approved for the treatment of 
patients with advanced-stage HCC, including macrovascular 
invasion and/or extrahepatic metastases, who are not suitable 
for locoregional treatments, and have an adequate liver func-
tional reserve [3, 4]. Sorafenib is a multikinase inhibitor of 
RAF, VEGFR, PDGFR, c-KIT, FLT3, and RET [43], with 
antiangiogenic and antiproliferative effects, and is at present 
recommended for the first-line treatment of patients with 
advanced-stage HCC, including macrovascular invasion and/
or extrahepatic metastases, who are not suitable for locore-
gional treatments, and with preserved liver function [3, 4]. 
Regorafenib is a novel multikinase inhibitor with more 
potent inhibitory activities against multiple angiogenic path-
ways (VEGFR, PDGFR, TIE2, and FGF receptor) and onco-
genic pathways (RET, KIT, c-RAF/RAF-1, and BRAF) than 
Sorafenib [115], and has been proposed as a second-line 
treatment in HCC patients with preserved liver function who 
had progression on Sorafenib [5].

31.3  Intrahepatic Cholangiocellular 
Carcinoma

Cholangiocarcinoma (CCA) includes a heterogeneous 
group of cancers originating from the biliary system, and 
is the second most common tumor of the liver, account-
ing for 10–20% of all hepatobiliary neoplasms [116, 
117]. Based on the anatomical origin, CCA are classified 
as intrahepatic (iCCA), arising above the second-order 
bile ducts, perihilar, or distal CCA; there is at present 
enough evidence to consider these tumours as three 
distinct entities, considering the differences in epide-
miology, pathobiology, clinical presentations, and man-
agement [116–119]. Intrahepatic CCA may develop in a 
normal or in a diseased liver, and is pathologically clas-
sified as an adenocarcinoma; combined hepatocellular- 
cholangiocarcinomas (cHCC-CCA) account for 1–5% of 

liver neoplasms and are more frequent in chronic liver 
disease [116, 117, 120].

31.3.1  Epidemiology and Risk Factors

The incidence of iCCA is high in the Far East and much 
lower in Western countries, but is rapidly increasing world-
wide, with a concomitant increase in mortality rates [116, 
121–123]. The overall incidence is similar in both sex, with 
a slight male predominance (male to female ratio 1.2–
1.5:1). Intra and extrahepatic CCAs likely develop through 
a multistep, multifactorial carcinogenic process in a con-
text of different risk factors associated with genetic, ethnic, 
cultural and environmental predispositions [116, 124]. 
Well-known risk factors for CCA include primary scleros-
ing cholangitis, mainly associated with perihilar and distal 
CCA; infections by hepatobiliary flukes Opisthorchis viver-
rini and Clonorchis sinensis, that colonize the biliary tree 
determining persistent inflammation [125], and have been 
associated either with perihilar and distal CCA or with 
iCCA; hepatolithiasis, mostly diffused in some Asiatic 
regions, with or without concomitant parasitic infection, 
that has been associated with a substantial risk of develop-
ing iCCA [126]; choledochal cysts diseases, including the 
Caroli’s disease, uncommon inherited abnormalities of the 
biliary ducts resulting in persistent reflux of pancreatic 
enzymes, cholestasis, biliary lithiasis and chronic inflam-
mation, mostly encountered in Asian than Western coun-
tries, that have an impressive overall lifetime risk of CCA 
of 5–30%, including iCCA [126, 127]; exposure to 
Thorotrast, a contrast medium containing radioactive tho-
rium dioxide, and used as a contrast agent until the 1950s. 
All these factors are associated with chronic inflammation 
and increased cellular turnover of the bile ducts, predispos-
ing to carcinogenesis [116, 124]. In recent years however, 
chronic liver disease has been recognized as a significant 
risk factor for iCCA, as for HCC, suggesting that chronic 
inflammation may represent the common pathogenic path-
way for CCA. Cirrhosis of any aetiology has been reported 
to represent an independent risk factor for iCCA with an 
estimated risk of 5–14 [116, 126–128]. A strong associa-
tion has been also reported between iCCA and HBV and 
HCV related chronic hepatitis, either in Eastern or in 
Western countries [116, 126–128]; in a recent meta-analy-
sis, HBV and HCV infection were significantly associated 
with iCCA, with an OR of 5.5 and 4.8, respectively [128]. 
Metabolic syndrome and obesity have been recently sug-
gested to represent independent risk factors for the devel-
opment of iCCA [116, 128], while the association of 
diabetes to iCCA has been suggested by some studies [127, 
128], but is still controversial. The role of alcohol con-

Key Concepts
• Systemic therapy with Sorafenib is the first-line 

treatment of patients with advanced-stage HCC, 
including macrovascular invasion and/or extrahe-
patic metastases, who are not suitable for locore-
gional treatments, and have an adequate liver 
functional reserve. Regorafenib is a novel multi-
kinase inhibitor proposed as a second-line treat-
ment in HCC patients who had progression on 
Sorafenib.
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sumption and tobacco smoking as risk factors of iCCA is 
uncertain [116, 128]. It has been suggested that also host 
genetic polymorphism may have a role in CCA predisposi-
tion [116, 124].

31.3.2  Molecular Pathogenesis

Molecular pathogenesis of CCA is a complex topic, although 
in recent years there has been considerable progress in 
understanding the mechanisms of cholangiocarcinogenesis 
and progression of CCA. Malignant transformation of bili-
ary epithelium is believed to occur in a context of chronic 
inflammation of the bile ducts and persistent cholestasis, 
determining increased production of cytokines and reactive 
oxygen species, iterative damage of cholangiocytes, and 
finally their malignant transformation. However, recent evi-
dence suggests that iCCA has multiple cellular origins, 
including intrahepatic biliary epithelial cells/cholangio-
cytes, differentiated hepatocytes, pluripotent stem cells, 
either hepatic stem/progenitor cells or biliary tree stem/pro-
genitor cells, and peribiliary gland [129]; the contribution of 
multiple cell subtypes, including differentiated hepatocytes, 
to cholangiocarcinogenesis might explain the role of chronic 
viral hepatitis, advanced fibrosis and cirrhosis as indepen-
dent risk factors for iCCA [117]. Many different factors 
have been hypothesized to be involved in cholangiocarcino-
genesis, such as stem cells, differentiated liver cell subtypes, 
genetic and epigenetic changes, cancer microenvironment 
and exposure to carcinogenic agents, all of which may lead 
to the heterogeneity observed between patients, but also 
within the same cancer; these complex and interrelated 

mechanisms of cholangiocarcinogenesis and progression of 
CCA have been summarized in several noteworthy reviews 
[116–119, 128, 129], and are beyond the scope of this 
chapter.

31.3.3  Pathology and Classification

At pathological examination, CCAs are usually tubular 
adenocarcinomas or mucinous carcinomas, with varying 
degrees of desmoplasia that surrounds the carcinomatous 
cells. Based on the anatomic site, CCAs are classified 
into intrahepatic, perihilar, and distal, that approximately 
account for the 25%, 50% and 25% of the cases, respec-
tively [117]. At gross pathology, iCCAs may present as 
single or multiple gray- white to tan tumours, with or 
without satellite nodules. Microscopically, iCCA may 
mimic metastatic adenocarcinoma of the pancreas or 
other adenocarcinomas from any site. The malignant 
cells are epithelial cells usually with eosinophilic and 
granular cytoplasm. Various degrees of intracytoplasmic 
or extracellular mucin can be usually demonstrated. 
Typically, the carcinomatous cells form glands, but also 
solid nests, cords, or papillary structures [123], with dif-
ferent degrees of differentiation, from well to moderate 
to poor [120], with some rare variants [117, 123]. iCCA 
has been classified into mass-forming (60–80%), 
periductal- infiltrating (15–35%), intraductal (8–29%), 
undefined and mixed subtypes, with different prognostic 
implications [120, 130, 131].

Intrahepatic CCAs derive from the hepatic stem/pro-
genitor cells, which are located either in the peribiliary 
glands, contained in the large bile ducts, or in the small 
bile ducts and ductules of Hering, which might explain 

Key Concepts
• The incidence of iCCA is high in the Far East and is 

rapidly increasing worldwide, with a concomitant 
increase in mortality rates.

• Intra and extrahepatic CCAs likely develop through 
a multistep, multifactorial carcinogenic process 
in a context of different risk factors associated 
with genetic, ethnic, cultural and environmental 
predispositions.

• Well-known risk factors include primary sclerosing 
cholangitis, infections by hepatobiliary flukes, hep-
atolithiasis, choledochal cysts diseases, exposure to 
Thorotrast. Recently also chronic liver disease has 
been recognized as a significant risk factor for 
iCCA, including cirrhosis of any aetiology, HBV 
and HCV related chronic hepatitis, metabolic syn-
drome and obesity.

Key Concepts
• Malignant transformation of biliary epithelium is 

believed to occur in a context of chronic inflamma-
tion of the bile ducts and persistent cholestasis, 
determining iterative damage of cholangiocytes, 
and finally their malignant transformation.

• Recent evidence, however, suggests that iCCA has 
multiple cellular origins, including intrahepatic bil-
iary epithelial cells/cholangiocytes, differentiated 
hepatocytes, pluripotent stem cells, either hepatic 
stem/progenitor cells or biliary tree stem/progenitor 
cells, and peribiliary gland, which might explain the 
role of chronic liver disease and cirrhosis as inde-
pendent risk factors for iCCA.
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the heterogeneity of iCCAs arising from different ana-
tomical sites [131]. On this basis, iCCA can be divided 
into two main classes, large duct or bile duct type, and 
small duct or peripheral type [74, 120, 131, 132]; glandu-
lar morphology has been suggested to coincide with dis-
tinct molecular defects, and different therapeutic 
implications [74]. Large duct type (also known as “bile 
duct” type) iCCAs are characterized by large, dilated 
glands with mucin formation and desmoplastic stromal 
fibrosis; are usually more centrally located, and resemble 
the epithelium of larger bile ducts and/or the mucinous 
epithelium of the peribiliary glands; this subtype is asso-
ciated with chronic biliary disease; precursor biliary 
lesions are represented by biliary intraepithelial neopla-
sia (BilIN) and intraductal papillary neoplasm of bile 
duct (IPNB); large duct type iCCAs express S100P and 
trefoil factor 1 (TFF1). Small duct type (also known as 
cholangiolar, cholangiolocellular, or cholangiocellular 
type) iCCAs are characterized by cuboidal cells with uni-
form round nuclei, forming small tubular or trabecular 
structures, typically surrounded by a dense collagenous 
stroma; this subtype is associated with chronic liver dis-
ease and cirrhosis; small duct type iCCAs characteristi-
cally express CD56 (neural cell adhesion molecule/
NCAM), N-cadherin, and C-reactive protein (CRP) [74]. 
In addition to the main subtypes, rare variants of iCCA 
have been described, that may represent examples of the 
morphologic variability of the large or small duct type, 
but also truly different tumours with distinct unique 
molecular features; the most frequent include lymphoep-
ithelioma-like iCCA, sarcomatoid iCCA, and undifferen-
tiated carcinoma. [74]. Three most relevant precursor 
lesions of iCCA are the biliary intraepithelial neoplasia 
(BilIN), the intraductal papillary neoplasm of bile duct 
(IPNB), and the mucinous cystic neoplasm (MCN) [74]. 
BilIN is a flat dysplasia that can occur anywhere in the 
biliary tract, but more frequently in the larger intrahe-
patic bile ducts and the extrahepatic biliary tree; BilIN 
usually arises in the setting of chronic inflammation; 
based on the degree of cytologic and architectural atypia, 
BilIN can be distinguished into three grades, with pro-
gressively worsening atypia. IPNB (also known as papil-
lary carcinoma in situ and intraductal growth type CCA, 
if there is no invasion through the basement membrane of 
the bile duct) is histologically similar to intraductal pap-
illary mucinous neoplasm of the pancreas; based on cyto-
logic and architectural changes, IPNB can be differentiated 
into low, intermediate, and high grade dysplasia. MCN of 
the biliary tract is a cystic tumour without communica-
tion with the biliary ducts, composed by an inner epithe-
lial lining surrounded by ovarian type stroma; epithelial 

proliferation within the cyst can be distinguished into 
low, intermediate, and high grade dysplasia.

31.3.4  Clinical Features

Intracellular CCA presents with nonspecific symptoms. At 
earlier stages the tumour is usually asymptomatic, while at 
more advanced stages patients complain of abdominal pain 
or discomfort, anorexia, malaise, weight loss, hepatomeg-
aly or a palpable abdominal mass, sometimes jaundice; 
biliary tract obstruction occurs infrequently; night sweats 
are referred in advanced disease. iCCA should be sus-
pected in patients with known hepatolithiasis or chole-
dochal cysts diseases and worsening clinical conditions.

Key Concepts

• At pathological examination, CCAs are tubular 
adenocarcinomas or mucinous carcinomas, with 
varying degrees of desmoplasia. Based on the ana-
tomic site, CCAs are classified into intrahepatic, 
perihilar, and distal.

• At gross pathology, iCCAs may present as single or 
multiple tumours, with or without satellite nodules.

• Microscopically, iCCA may mimic metastatic ade-
nocarcinoma from any site. Typically, the carcino-
matous cells form glands, with different degrees of 
differentiation, from well to moderate to poor, with 
some rare variants.

• iCCAs derive from the hepatic stem/progenitor 
cells, located either in the peribiliary glands, con-
tained in the large bile ducts, or in the small bile 
ducts and ductules of Hering. On this basis, iCCA 
has been divided into large duct or bile duct type, 
and small duct or peripheral type; glandular mor-
phology has been suggested to coincide with dis-
tinct molecular defects, and different therapeutic 
implications.

Key Concepts
• At earlier stages iCCA is usually asymptomatic, 

while at more advanced stages patients complain of 
abdominal pain or discomfort, hepatomegaly or a 
palpable mass. iCCA should be suspected in 
patients with known hepatolithiasis or choledochal 
cysts diseases and worsening clinical conditions.
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31.3.5  Diagnosis

Asymptomatic iCCAs may be incidentally discovered by cross-
sectional imaging performed for other reasons, often during 
routine imaging surveillance for HCC in cirrhotic patients 
[119]. In more advanced stages, iCCAs are usually large mass-
forming lesions, single or often multifocal, with satellite nod-
ules. Segmental dilatation of intrahepatic bile ducts associated 
with the tumour is typical and may help characterization [54]. 
On US, iCCAs appear as a hypoechoic mass, eventually associ-
ated with dilatation of bile ducts close to the tumour. CEUS 
usually demonstrates an arterial contrast enhancement, but its 
role in characterizing iCCA is still controversial [3, 44]. On 
dynamic MDCT, iCCAs typically appear as a hypodense 
hepatic mass with irregular margins in the precontrast phase, 
peripheral rim enhancement in the arterial phase, and progres-
sive centripetal enhancement during the venous and delayed 
phases [54, 116, 119]; regional atrophy with retraction of the 
liver capsule, the presence of segmental dilatation of bile ducts 
close to the tumour, the encasement of intrahepatic vessels 
without grossly visible tumour thrombus, the absence of a cap-
sule or pseudocapsule, are typical features of iCCA that can 
help in differential diagnosis [54]. Dynamic MDCT is useful in 
most cases to differentiate iCCA from HCC: the progressive 
centripetal contrast enhancement over several minutes, from 
the arterial phase to the venous and especially the delayed 
phase, is related to the fibrotic tissue within the cancer [54], and 
is observed in up to 81% of iCCA, while HCC typically shows 
rapid enhancement during the late arterial phase, with evident 
washout in the venous or delayed phases [116]. Smaller iCCAs, 
however, may sometimes have arterial enhancement, resem-
bling HCC [116]. On MRI, iCCAs tend to appear hypointense 
on T1w images and hyperintense on T2w images [54, 116]; 
augmented signal on DWI with consequent low ADC map 
value can be observed [54]. T2w images may also show central 
hypointensity, which correspond to areas of severe fibrosis, 
necrosis, or mucin [54, 116]. As for dynamic MDCT, dynamic 
T1w images show peripheral rim enhancement in the arterial 
phase, followed by progressive centripetal enhancement during 
the venous and delayed phases; the prolonged enhancement in 
the delayed phase is indicative of intralesional fibrous stroma 
and suggest an iCCA [54, 116, 119]. MDCT and MRI have 
equivalent efficacy in the detection of primary and satellite 
iCCA lesions [119]. MRI with cholangiopancreatography 
(MRCP) is useful to depict the dilated intrahepatic bile ducts 
and the intrahepatic vessels, and consequently to determine the 
tumour extent [54, 116] and to plan liver surgery. FDG-PET 
scan can detect mass-forming iCCA as small as 1 cm, with a 
reported sensitivity of 85–95%, but is less useful for infiltrating 
tumours [116]; moreover, FDG-PET may be helpful in diagno-
sis of metastatic disease [117].

However, a confident diagnosis of iCCA can be obtained 
according to dynamic imaging criteria only in the absence 
of cirrhosis or extrahepatic primary malignancies [116]. 

As a consequence, although the diagnosis of iCCA can be 
achieved referring to clinical presentation, laboratory find-
ings and radiologic evaluation, liver biopsy is often 
required for definitive diagnosis, especially in patients 
with cirrhosis, or with other primary malignancies, or even 
with small solid hepatic lesions without specific radiologic 
features [116, 117, 119, 123]. Core biopsies are preferable. 
The risk of tumour seeding is uncertain. At histology, 
iCCA is similar to adenocarcinomas arising in extrahe-
patic sites that can give metastases to the liver, including 
pancreas, esophagus, stomach, and lung [133]. The expres-
sion of keratins CK7 and CK20 may be helpful to ascertain 
a biliary origin [134]. Differentiation with mixed HCC 
tumours may require the use of specific immunohisto-
chemical markers including Hep-Par-1, GPC3, HSP70, 
glutamine synthetase [5, 41].

Serum levels of tumour biomarkers, including 
Carbohydrate Antigen (CA) 19-9 and CEA, may have some 
diagnostic value, although their low sensitivity for iCCA at 
earlier stages limit their diagnostic efficacy. The sensitivity 
and specificity of CA 19-9 for iCCA is only 62% and 63%, 
respectively [116]. However, CA 19-9 levels are significantly 
higher in patients with more advanced, often unresectable 
tumours, and CA 19-9 levels >1,000 U/ml have been related 
with the presence of metastatic CCA [119].

Key Concepts
• On US, iCCAs appear as a hypoechoic mass; 

CEUS usually demonstrates an arterial contrast 
enhancement.

• On dynamic MDCT, iCCAs typically appear as 
hypodense hepatic lesions with irregular margins in 
the precontrast phase, peripheral rim enhancement 
in the arterial phase, and progressive centripetal 
enhancement during the venous and delayed phases; 
other typical features include regional atrophy with 
retraction of the liver capsule, segmental dilatation 
of bile ducts close to the tumour, encasement of 
intrahepatic vessels without grossly visible tumour 
thrombus, absence of a capsule or pseudocapsule.

• The typical behaviour of iCCA at dynamic MDCT, 
with the progressive centripetal contrast enhance-
ment over several minutes, from the arterial phase 
to the venous and especially the delayed phase, dif-
fers from that observed in HCC, which typically 
shows rapid enhancement during the late arterial 
phase and rapid washout in the venous or delayed 
phases.

• On MRI, iCCAs tend to appear hypointense on T1w 
images and hyperintense on T2w images, with aug-
mented signal on DWI and low ADC map value; 
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31.3.6  Staging

The TNM classification of CCA is different for iCCA, perihi-
lar and distal CCA, respectively, and is based on surgical 
specimen. The TNM classification is defined by AJCC, UICC 
and LCSGJ, and is regularly updated in new editions [41, 
135]. In the TNM classification of iCCA, the lymphovascular 
invasion and the multifocal disease (including multiple sepa-
rate tumours, satellitosis, and intrahepatic metastasis) are 
included in the T component; microvascular invasion and 
multifocal disease have been demonstrated to represent 
adverse prognostic factors of survival [74, 136]. More recent 
classification systems, specifically developed for iCCA, are 
based on preoperative clinical and radiological features, 
including number of tumours, vascular invasion, lymph node 
status, and presence of metastatic disease [137], but require 
further evaluation.

31.3.7  Treatment

31.3.7.1 Liver Resection and Liver Transplantation
LR remains the mainstay for potentially curative treat-
ment of iCCA, although surgical outcomes are still 
poor, since in most cases iCCA are in an advanced stage 
at the time of diagnosis and may require major LR [116, 
117, 119]. After curative resection however the median 
overall survival may approach 80 months [138]. 
Following radical resection of iCCA, the 1-year and 
5-year survival rates have been 72.4% and 30.4%, 
respectively, in one series [139], although the actuarial 
overall survival may significantly decrease over time, 
up to 16% at 8 years [140]. The reported median dis-
ease-free survival rates are 12–36 months [119]. 
Predictors of unfavourable oncological outcome include 
large tumour size, multiple intrahepatic lesions, and 
regional lymph-node involvement [136, 141]; also liver 
cirrhosis seems to represent an independent factor of 
worse survival rates after LR [142].

Although iCCA has been traditionally considered a con-
traindication to LT due to high recurrence rates and the 
poor overall oncological outcome, a recent multi-institu-
tional series reported a 5-year survival of 65% in patients 
with very early iCCA, defined as a single tumour ≤2 cm in 
diameter, and of 45% in those with advanced iCCA, defined 
as a single tumour >2  cm or multifocal disease [143]. In 
another multi- institutional series, a small number of 
patients undergoing LT for very early iCCA in cirrhosis 
achieved a 5-year actuarial survival of 73% [144]. These 
results suggest that LT might represent a potentially cura-
tive treatment option in very selected patients with early 
iCCA [117, 119].

Key Concepts
• The TNM classification of CCA is different for 

iCCA, perihilar and distal CCA, respectively, and is 
based on surgical specimen.

• More recent classification systems, specifically 
developed for iCCA, are based on preoperative clin-
ical and radiological features, including number of 
tumours, vascular invasion, lymph node status, and 
presence of metastatic disease.

Key Concepts
• LR remains the mainstay for potentially curative 

treatment of iCCA, although oncological outcomes 
are often unsatisfying. Predictors of unfavourable 
outcome include large tumour size, multiple intra-
hepatic lesions, regional lymph-node involvement 
and also liver cirrhosis.

• Although iCCA has been traditionally considered a 
contraindication to LT due to high recurrence rates 
and poor overall oncological outcome, some recent 
studies suggest that LT might represent a poten-
tially curative treatment option in very selected 
patients with early iCCA.

T2w images may also show central hypointensity. 
Dynamic T1w images show peripheral rim enhance-
ment in the arterial phase, with progressive pro-
longed centripetal enhancement during the venous 
and delayed phases. MRCP is useful to depict the 
dilated intrahepatic bile ducts and the intrahepatic 
vessels.

• FDG-PET scan can detect mass-forming iCCA as 
small as 1 cm, and may be helpful in diagnosis of 
metastatic disease.

• A confident diagnosis of iCCA, however, can be 
obtained according to dynamic imaging criteria 
only in the absence of cirrhosis or extrahepatic pri-
mary malignancies. Otherwise, liver biopsy may be 
required for definitive diagnosis. Core biopsies are 
preferable.

• Serum levels of tumour biomarkers, including CA 
19-9 and CEA, may have some diagnostic value, 
but have low sensitivity for iCCA at earlier stages.
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31.3.7.2 Locoregional Therapies
Locoregional therapies are an appropriate treatment strat-
egy for advanced, unresectable iCCA.  In patients with 
unresectable iCCA limited to the liver, TACE may repre-
sent a safe option [116, 117] and has been associated with 
median overall survival of 12–15 months [119]. DEB-
TACE might achieve better oncological results than con-
ventional TACE [145]. Also TARE with yttrium-90 
microspheres has shown to be safe and achieved reason-
able oncological efficacy [146], even for iCCA refractory 
to conventional chemotherapy [147]. Ongoing technologi-
cal advances have improved the safety and effectiveness 
of RT for CCA [119]; advanced EBRT techniques, includ-
ing 3D conformal radiotherapy (3D–CRT) and intensity- 
modulated radiotherapy (IMRT), are used to deliver 
conformal radiation to the tumour tissue while sparing 
surrounding unaffected liver; alternatively, stereotactic 
body radiotherapy (SBRT) can improve the oncological 
and clinical benefits minimizing the risk on the surround-
ing liver parenchyma; these techniques have been pro-
posed to treat CCA, and for local ablation of unresectable 
iCCA [64, 65]. To date, the different locoregional treat-
ments for local ablation of unresectable iCCA have not 
been compared, and appropriate clinical trials are 
expected.

31.3.7.3 Systemic Therapy
The combination of gemcitabine and cisplatin is the current 
first-line chemotherapy for patients with unresectable, 
advanced-stage CCA not eligible to locoregional treatments, 
irrespective of anatomical subtype, although the oncological 
results are modest [148]. Capecitabine has shown to be effec-
tive as an adjuvant treatment in patients who received R0 or 
R1 surgical resection for CCA [119]; in another study how-
ever adjuvant chemotherapy with gemcitabine and oxalipla-
tin (GEMOX) after R0 or R1 surgical resection of CCA did 
not improve the  recurrence- free survival rates [119]; these 
conflicting data demonstrate the need of further evaluation 
regarding the role of adjuvant chemotherapy after LR [119]. 

A growing number of clinical trials are evaluating the effi-
cacy of targeted therapies for CCA, alone or in combination 
with traditional chemotherapy, including erlotinib, panitu-
mumab, cetuximab, sorafenib, and bevacizumab; the ratio-
nale and results of these trials, the molecular targets and the 
evaluated targeted therapies have been extensively reviewed 
[116, 117, 119, 120, 129].

31.4  Combined 
Hepatocellular-Cholangiocarcinoma

Combined hepatocellular-cholangiocarcinoma (cHCC- CCA), 
also known as combined or mixed or biphenotypic hepato-
biliary carcinoma, or hepatocholangiocarcinoma, is a biphe-
notypic primary liver cancer with both typical HCC and 
typical iCCA, in adjacent but spatially distinct areas, with 
a morphologic transition from one phenotype to the other 
[74, 149–151]. These tumours have been suggested to derive 
from stem/progenitor cells [151]. cHCC-CCAs account 
for approximately 2–5% of primary liver cancers [151], 
although increasingly recognized, and are usually difficult 
to diagnose.

Microscopic pathology. According to the World Health 
Organization (WHO) classification of digestive tumors, histo-
logic diagnosis of cHCC-CCA requires unequivocal presence 
of both hepatocellular and cholangiocellular elements within 
the same tumour [74, 149, 152]. The hepatocellular compo-
nent may be well, moderately or poorly differentiated; hepato-
cellular differentiation is confirmed by specific immunoreaction 
with HepPar1, glypican-3, arginase-1 [149–151]. The cholan-
giocellular component corresponds to an adenocarcinoma 
variably arranged, associated with dense fibrous stroma, and 
sometimes containing mucins; cholangiocellular differentia-
tion usually shows immunoreaction with keratins CK7 and 
CK19, but markers of hepatocellular differentiation are absent 
[149, 150]. Moreover, cHCC-CCAs often show areas of inter-
mediate morphology, composed of cells with features between 

Key Concepts
• Locoregional therapies are an appropriate treat-

ment strategy for advanced, unresectable iCCA. 
Conventional TACE, DEB-TACE and TARE with 
yttrium-90 microspheres may be proposed to 
patients with unresectable iCCA limited to the liver.

• Radiotherapeutic technologies for targeting CCA 
precisely with reduced risks on the surrounding 
liver parenchyma, including SBRT, have been also 
proposed for local ablation of unresectable iCCA.

Key Concepts
• The combination of gemcitabine and cisplatin is the 

current first-line chemotherapy for patients with 
unresectable, advanced-stage CCA not eligible to 
locoregional treatments, irrespective of anatomical 
subtype; the oncological results are modest.

• The role of adjuvant chemotherapy after surgical 
resection of CCA is still controversial.

• A growing number of clinical trials are evaluating 
the efficacy of targeted therapies for CCA, alone or 
in combination with traditional chemotherapy, 
including erlotinib, panitumumab, cetuximab, 
sorafenib, and bevacizumab.

E. De Raffele



361

those of hepatocytes and cholangiocytes, and associated with 
a desmoplastic stroma; at immunohistochemistry these areas 
demonstrate mixed hepatocytic and cholangiocytic pheno-
types, and also stem/progenitor cell phenotypes [74, 149]. 
Stem/progenitor cell features or phenotypes consist of small 
cells with scant cytoplasm, high nuclear/cytoplasmic ratio, 
and hyperchromatic nuclei, typically found at the interface of 
the tumour and its surrounding stroma; mitotic activity is 
uncommon; immunohistochemical markers include keratin 
CK19, CD56/NCAM, CD117/KIT, EpCAM/MOC-31, and 
others [74, 151]. cHCC-CCAs can develop either in a back-
ground of cirrhosis or in noncirrhotic livers.

Dynamic MDCT and MRI. Few publications report the 
radiological appearances of cHCC-CCA.  On dynamic 
MDCT and MRI, these tumours show some form of APHE, 
most commonly peripheral or rim-like [153–155]. Washout 
is common and mostly peripheral. Delayed central enhance-
ment is frequent. Most commonly these imaging features 
coincide partially with those of iCCA [154]; however, 
cHCC-CCAs may sometimes show the classical behavior of 
HCC, with diffuse APHE and diffuse or patchy washout 
appearance, or features of both typical HCC and iCCA [153]. 
Dynamic imaging features are related to the predominant 
histopathological component of HCC and iCCA, respec-
tively [151]. Using the LI-RADS analysis, most cHCC- 
CCAs were categorized in a single series as unknown liver 
malignant tumours (LR-M; probably malignant, not specific 
for HCC) [155]; however, LI-RADS has been formulated for 
the diagnosis of HCC in populations at risk, while cHCC- 
CCA may occur in patients without cirrhosis or other known 
risk factors for HCC. In case of undetermined tumours with 
atypical imaging features and without established clinical 
risk factors, a core liver biopsy is suggested [74, 151].

Clinical features and treatment. Although little is 
known about the clinical and oncological behaviour of these 
cancers, the available data suggest that they may be aggres-
sive, and likely represent a unique subset of primary liver 
cancers, with distinctive features [151]. Serum CA 19-9 and 
AFP levels may be increased, with the elevated CA19-9 lev-
els reflecting the iCCA component and AFP the HCC com-
ponent [150]. Regional lymph node metastases at presentation 
are more frequent than in conventional HCC [156], so that 
hilar lymph node dissection during LR should be achieved 
when a diagnosis of cHCC-CCA is suspected before surgery. 
The overall prognosis falls in between that of iCCA and 
HCC [157, 158], and is driven by the cholangiocarcinoma 
component [159]. Combined tumors are staged in the TNM 
system using the CCA protocol because the CCA compo-
nents tend to drive prognosis; nonetheless, cHCC-CCA 
should be considered sufficiently distinct from CCAs and 
probably require a unique staging system [150]. At present it 
is virtually impossible to predict the outcome of cHCC-CCA 
after liver resection and transplantation; how these cancers 
respond to locoregional therapies, including conventional 

and DEB-TACE, TARE, RT; how these tumours react to sys-
temic therapies currently administered for HCC or iCCA, 
including the available targeted agents. In a very limited 
series of cHCC-CCA who underwent LR, recurrent or meta-
static deposits replicated the heterogeneity of the primary 
cHCC-CCA, while HCC and iCCA components demon-
strated different tropism in distant organs, indicating that the 
behaviour of recurrent/metastatic cHCC-CCA is unpredict-
able [160]. These very limited data suggest that more accu-
rate elucidation of the biologic and clinical behaviour of 
cHCC-CCA is needed.

Key Concepts
• Combined hepatocellular-cholangiocarcinoma 

(cHCC-CCA) is a biphenotypic primary liver can-
cer with both typical HCC and typical iCCA, in 
adjacent but spatially distinct areas, with a morpho-
logic transition from one phenotype to the other. 
cHCC-CCA has been suggested to derive from 
stem/progenitor cells.

• According to the WHO classification of digestive 
tumours, a histologic diagnosis of cHCC-CCA 
requires unequivocal presence of both hepatocellu-
lar and cholangiocellular elements within the same 
tumour. Moreover, cHCC-CCAs often show areas 
of intermediate morphology, composed of cells 
with features between those of hepatocytes and 
cholangiocytes, and also of stem/progenitor cell 
phenotypes. cHCC-CCAs can develop either in a 
background of cirrhosis or in noncirrhotic livers.

• The radiological appearance of cHCC-CCA is vari-
able. On dynamic MDCT and MRI, these tumours 
usually show features similar to those of iCCA, 
sometimes of HCC, or of both typical HCC and 
iCCA. Dynamic imaging features are related to the 
predominant histopathological component of HCC 
and iCCA, respectively.

• In case of tumours with atypical imaging features 
and without established clinical risk factors, a core 
liver biopsy is suggested.

Little is known about the clinical and oncological 
behaviour of these cancers, which likely represent a 
unique subset of primary liver cancers, with distinctive 
features. At present it is virtually impossible to predict 
the outcome of cHCC-CCA in case of LR, transplanta-
tion, locoregional therapies, including conventional 
and DEB-TACE, TARE, RT, and systemic therapies 
currently administered for HCC or iCCA, including 
the available targeted agents. More accurate elucida-
tion of the biologic and clinical behaviour of cHCC-
CCA is needed.
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 Self Study

 Questions

 1. Which groups of patients at risk of HCC should 
undergo surveillance?
 (a) Cirrhotic patients with:

 – HBV infection.
 – HCV infection.
 – NASH.
 – Primary biliary cirrhosis.

 (b) Noncirrhotic patients with:
 – Chronic HBV hepatitis, in Asian and African 

countries where HBV infection is endemic.
 – Chronic HCV hepatitis and bridging fibrosis.
 – NAFLD.

 (c) Patients treated for chronic viral hepatitis:
 – With sustained HBV-DNA suppression or HBeAg 

seroconversion in chronic hepatitis B.
 – With sustained viral response in chronic hepatitis 

C with advanced fibrosis or cirrhosis.
 (d) All these groups.

 2. Which is the typical behaviour of intrahepatic cholan-
giocellular carcinoma at dynamic CT?
 (a) Arterial phase hyperenhancement (APHE) with 

washout in the portal venous or delayed phases.
 (b) Peripheral rim enhancement in the arterial phase, and 

progressive centripetal enhancement during the 
venous and delayed phases, commonly lasting sev-
eral minutes.

 (c) Peripheral nodular or globular enhancement in the 
arterial phase, with a centripetal progression or “fill-
ing in” in the portal venous and delayed phases; the 
tumour opacifies after a delay of three or more min-
utes and remains isodense or hyperdense on delayed 
scans.

 Answers

 1. Which groups of patients at risk of HCC should 
undergo surveillance?
 (a) Cost-effectiveness studies suggest that an incidence 

of HCC of >1.5% per year would require implement-
ing surveillance strategies of HCC in cirrhotic 
patients, irrespective of its aetiology; HBV and HCV 
infection, NASH and primary biliary cirrhosis are 
related to high risk of HCC occurrence.

 (b) HCC can occur even in the absence of cirrhosis in 
patients with chronic HBV hepatitis, in Asian and 
African countries where HBV infection is endemic; 
with chronic HCV hepatitis and bridging fibrosis; and 
with NAFLD.

 (c) Successful antiviral treatments determining sustained 
HBV-DNA suppression or HBeAg seroconversion in 
chronic hepatitis B, and sustained virological 
response in chronic hepatitis C, reduce, but do not 
eliminate the risk of developing HCC.  As a conse-
quence, treated patients with chronic hepatitis B who 
remain at risk of HCC occurrence because of baseline 
factors, and those with HCV-related advanced fibro-
sis or cirrhosis, should undergo surveillance even 
after achieving sustained viral response.

 (d) CORRECT. All these groups are at risk of develop-
ing HCC and should receive appropriate 
surveillance.

 2. Which is the typical behaviour of intrahepatic cholan-
giocellular carcinoma at dynamic CT?
 (a) Hepatocellular carcinoma typically shows arterial 

phase hyperenhancement (APHE) with washout in 
the portal venous or delayed phases on CT and MRI 
using extracellular contrast agents, and APHE with 
washout in the portal venous phase on MRI using 
Gd-EOB-DTPA.

 (b) CORRECT. Intrahepatic cholangiocellular carci-
noma typically appears as a hypodense hepatic mass 
with irregular margins in the precontrast phase on 
CT, with peripheral rim enhancement in the arterial 
phase, and progressive centripetal enhancement dur-
ing the venous and delayed phases, over several min-
utes, related to the fibrotic tissue within the cancer.

 (c) Hepatic hemangioma typically appears as a well 
delineated hypodense lesion in the precontrast phase 
on CT, with peripheral nodular or globular enhance-
ment in the arterial phase, with a centripetal progres-
sion or “filling in” in the portal venous and delayed 
phases; the tumour typically opacifies after a delay of 
three or more minutes and remain isodense or hyper-
dense on delayed scans; this pattern is observed in up 
to 94% of hemangiomas larger than 4 cm.

References

 1. Global Burden of Disease Liver Cancer Collaboration, Akinyemiju 
T, Abera S, Ahmed M, Alam N, Alemayohu MA, Allen C, et al. The 
burden of primary liver cancer and underlying etiologies from 1990 
to 2015 at the global, regional, and national level. JAMA Oncol. 
2017;3:1683–91. https://doi.org/10.1001/jamaoncol.2017.3055.

 2. Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis 
MM, Roberts LR, Heimbach JK. Diagnosis, staging, and manage-
ment of hepatocellular carcinoma: 2018 practice guidance by the 
American Association for the Study of Liver Diseases. Hepatology. 
2018;68:723–50. https://doi.org/10.1002/hep.29913.

 3. Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, Tateishi 
R, Han KH, Chawla YK, Shiina S, Jafri W, Payawal DA, Ohki T, 
Ogasawara S, Chen PJ, Lesmana CRA, Lesmana LA, Gani RA, 
Obi S, Dokmeci AK, Sarin SK. Asia-Pacific clinical practice guide-
lines on the management of hepatocellular carcinoma: a 2017 

E. De Raffele

https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1002/hep.29913


363

update. Hepatol Int. 2017;11:317–70. https://doi.org/10.1007/
s12072-017-9799-9.

 4. European Association for the Study of the Liver. EASL clini-
cal practice guidelines: management of hepatocellular carci-
noma. J Hepatol. 2018;69:182–236. https://doi.org/10.1016/j.
jhep.2018.03.019.

 5. Forner A, Reig M, Bruix J.  Hepatocellular carcinoma. 
Lancet. 2018;391:1301–14. https://doi.org/10.1016/S0140- 
6736(18)30010-2.

 6. El-Serag HB.  Hepatocellular carcinoma. N Engl J Med. 
2011;365:1118–27. https://doi.org/10.1056/NEJMra1001683.

 7. Petrick JL, Braunlin M, Laversanne M, Valery PC, Bray F, McGlynn 
KA. International trends in liver cancer incidence, overall and by 
histologic subtype, 1978-2007. Int J Cancer. 2016;139:1534–45. 
https://doi.org/10.1002/ijc.30211.

 8. Pascual S, Herrera I, Irurzun J. New advances in hepatocellular car-
cinoma. World J Hepatol. 2016;8:421–38. https://doi.org/10.4254/
wjh.v8.i9.421.

 9. Qiu D, Katanoda K, Marugame T, Sobue T. A Joinpoint regression 
analysis of long-term trends in cancer mortality in Japan (1958–2004). 
Int J Cancer. 2009;124:443–8. https://doi.org/10.1002/ijc.23911.

 10. Bosetti C, Levi F, Boffetta P, Lucchini F, Negri E, La Vecchia 
C. Trends in mortality from hepatocellular carcinoma in Europe, 
1980–2004. Hepatology. 2008;48:137–45. https://doi.org/10.1002/
hep.22312.

 11. Mittal S, El-Serag HB. Epidemiology of hepatocellular carcinoma: 
consider the population. J Clin Gastroenterol. 2013;47:S2–6. 
https://doi.org/10.1097/MCG.0b013e3182872f29.

 12. El-Serag HB, Kanwal F. Epidemiology of hepatocellular carcinoma 
in the United States: where are we? Where do we go? Hepatology. 
2014;60:1767–75. https://doi.org/10.1002/hep.27222.

 13. El-Serag HB.  Epidemiology of viral hepatitis and hepatocellu-
lar carcinoma. Gastroenterology. 2012;142:1264–73. https://doi.
org/10.1053/j.gastro.2011.12.061.

 14. Sangiovanni A, Prati GM, Fasani P, Ronchi G, Romeo R, Manini 
M, Del Ninno E, Morabito A, Colombo M. The natural history of 
compensated cirrhosis due to hepatitis C virus: a 17-year cohort 
study of 214 patients. Hepatology. 2006;43:1303–10. https://doi.
org/10.1002/hep.21176.

 15. de Martel C, Maucort-Boulch D, Plummer M, Franceschi S. World-
wide relative contribution of hepatitis B and C viruses in hepa-
tocellular carcinoma. Hepatology. 2015;62:1190–200. https://doi.
org/10.1002/hep.27969.

 16. Wong CR, Nguyen MH, Lim JK.  Hepatocellular carcinoma 
in patients with non-alcoholic fatty liver disease. World J 
Gastroenterol. 2016;22:8294–303. https://doi.org/10.3748/wjg.
v22.i37.8294.

 17. Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA, 
McGlynn KA. Metabolic syndrome increases the risk of primary 
liver cancer in the United States: a study in the SEER-Medicare 
database. Hepatology. 2011;54:463–71. https://doi.org/10.1002/
hep.24397.

 18. Chen CJ, Iloeje UH, Yang HI.  Long-term outcomes in hepatitis 
B: the REVEAL-HBV study. Clin Liver Dis. 2007;11:797–816. 
https://doi.org/10.1016/j.cld.2007.08.005.

 19. Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, Hsu CA, 
Kuo SF, Liu CH, Chen PJ, Chen DS, Kao JH. Serum hepatitis B 
surface antigen levels help predict disease progression in patients 
with low hepatitis B virus loads. Hepatology. 2013;57:441–50. 
https://doi.org/10.1002/hep.26041.

 20. Liaw YF.  HBeAg seroconversion as an important end point in 
the treatment of chronic hepatitis B. Hepatol Int. 2009;3:425–33. 
https://doi.org/10.1007/s12072-009-9140-3.

 21. Liu CJ, Kao JH. Global perspective on the natural history of chronic 
hepatitis B: role of hepatitis B virus genotypes A to J. Semin Liver 
Dis. 2013;33:97–102. https://doi.org/10.1055/s-0033-1345716.

 22. Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, Wang LY, 
Lu SN, You SL, Chen DS, Liaw YF, Chen CJ, REVEAL-HBV 
Study Group. Associations between hepatitis B virus genotype and 
mutants and the risk of hepatocellular carcinoma. J Natl Cancer 
Inst. 2008;100:1134–43. https://doi.org/10.1093/jnci/djn243.

 23. Chen CH, Chen YY, Chen GH, Yang SS, Tang HS, Lin HH, Lin DY, 
Lo SK, Du JM, Chang TT, Chen SC, Liao LY, Kuo CH, Lin KC, 
Tai DI, Changchien CS, Chang WY, Sheu JC, Chen DS, Liaw YF, 
Sung JL. Hepatitis B virus transmission and hepatocarcinogenesis: 
a 9 year retrospective cohort of 13676 relatives with hepatocellu-
lar carcinoma. J Hepatol. 2004;40:653–9. https://doi.org/10.1016/j.
jhep.2003.12.002.

 24. Jung KS, Kim SU, Ahn SH, Park YN, Kim DY, Park JY, Chon CY, 
Choi EH, Han KH.  Risk assessment of hepatitis B virus-related 
hepatocellular carcinoma development using liver stiffness mea-
surement (FibroScan). Hepatology. 2011;53:885–94. https://doi.
org/10.1002/hep.24121.

 25. McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee 
QM. Evidence of NAFLD progression from steatosis to fibrosing- 
steatohepatitis using paired biopsies: implications for prognosis 
and clinical management. J Hepatol. 2015;62:1148–55. https://doi.
org/10.1016/j.jhep.2014.11.034.

 26. Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of 
non-alcoholic fatty liver disease. Dig Dis. 2010;28:155–61. https://
doi.org/10.1159/000282080.

 27. Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC, 
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum of clini-
cal and pathological severity. Gastroenterology. 1999;116:1413–9.

 28. Desai A, Sandhu S, Lai JP, Sandhu DS. Hepatocellular carcinoma 
in non-cirrhotic liver: a comprehensive review. World J Hepatol. 
2019;11:1–18. https://doi.org/10.4254/wjh.v11.i1.1.

 29. Wang P, Kang D, Cao W, Wang Y, Liu Z. Diabetes mellitus and 
risk of hepatocellular carcinoma: a systematic review and meta- 
analysis. Diabetes Metab Res Rev. 2012;28:109–22. https://doi.
org/10.1002/dmrr.1291.

 30. Wong RJ, Cheung R, Ahmed A.  Nonalcoholic steatohepatitis is 
the most rapidly growing indication for liver transplantation in 
patients with hepatocellular carcinoma in the U.S.  Hepatology. 
2014;59:2188–95. https://doi.org/10.1002/hep.26986.

 31. Heckley GA, Jarl J, Asamoah BO, G-Gerdtham U. How the risk 
of liver cancer changes after alcohol cessation: a review and 
 meta- analysis of the current literature. BMC Cancer. 2011;11:446. 
https://doi.org/10.1186/1471-2407-11-446.

 32. Sun CA, Wu DM, Wang LY, Chen CJ, You SL, Santella 
RM.  Determinants of formation of aflatoxin-albumin adducts: a 
seven-township study in Taiwan. Br J Cancer. 2002;87:966–70. 
https://doi.org/10.1038/sj.bjc.6600584.

 33. Ross RK, Yuan JM, Yu MC, Wogan GN, Qian GS, Tu JT, Groopman 
JD, Gao YT, Henderson BE. Urinary aflatoxin biomarkers and risk 
of hepatocellular carcinoma. Lancet. 1992;339:943–6.

 34. Chen JD, Yang HI, Iloeje UH, You SL, Lu SN, Wang LY, Su J, Sun 
CA, Liaw YF, Chen CJ, Risk Evaluation of Viral Load Elevation 
and Associated Liver Disease/Cancer in HBV (REVEAL- HBV) 
Study Group. Carriers of inactive hepatitis B virus are still at risk for 
hepatocellular carcinoma and liver-related death. Gastroenterology. 
2010;138:1747–54. https://doi.org/10.1053/j.gastro.2010.01.042.

 35. Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, Tanwandee 
T, Tao QM, Shue K, Keene ON, Dixon JS, Gray DF, Sabbat J, Cirrhosis 
Asian Lamivudine Multicentre Study Group. Lamivudine for patients 
with chronic hepatitis B and advanced liver disease. N Engl J Med. 
2004;351:1521–31. https://doi.org/10.1056/NEJMoa033364.

 36. Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok 
A.  Incidence of hepatocellular carcinoma in chronic hepati-
tis B patients receiving nucleos(t)ide therapy: a systematic 
review. J Hepatol. 2010;53:348–56. https://doi.org/10.1016/j.
jhep.2010.02.035.

31 Liver Cancer

https://doi.org/10.1007/s12072-017-9799-9
https://doi.org/10.1007/s12072-017-9799-9
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1056/NEJMra1001683
https://doi.org/10.1002/ijc.30211
https://doi.org/10.4254/wjh.v8.i9.421
https://doi.org/10.4254/wjh.v8.i9.421
https://doi.org/10.1002/ijc.23911
https://doi.org/10.1002/hep.22312
https://doi.org/10.1002/hep.22312
https://doi.org/10.1097/MCG.0b013e3182872f29
https://doi.org/10.1002/hep.27222
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1002/hep.21176
https://doi.org/10.1002/hep.21176
https://doi.org/10.1002/hep.27969
https://doi.org/10.1002/hep.27969
https://doi.org/10.3748/wjg.v22.i37.8294
https://doi.org/10.3748/wjg.v22.i37.8294
https://doi.org/10.1002/hep.24397
https://doi.org/10.1002/hep.24397
https://doi.org/10.1016/j.cld.2007.08.005
https://doi.org/10.1002/hep.26041
https://doi.org/10.1007/s12072-009-9140-3
https://doi.org/10.1055/s-0033-1345716
https://doi.org/10.1093/jnci/djn243
https://doi.org/10.1016/j.jhep.2003.12.002
https://doi.org/10.1016/j.jhep.2003.12.002
https://doi.org/10.1002/hep.24121
https://doi.org/10.1002/hep.24121
https://doi.org/10.1016/j.jhep.2014.11.034
https://doi.org/10.1016/j.jhep.2014.11.034
https://doi.org/10.1159/000282080
https://doi.org/10.1159/000282080
https://doi.org/10.4254/wjh.v11.i1.1
https://doi.org/10.1002/dmrr.1291
https://doi.org/10.1002/dmrr.1291
https://doi.org/10.1002/hep.26986
https://doi.org/10.1186/1471-2407-11-446
https://doi.org/10.1038/sj.bjc.6600584
https://doi.org/10.1053/j.gastro.2010.01.042
https://doi.org/10.1056/NEJMoa033364
https://doi.org/10.1016/j.jhep.2010.02.035
https://doi.org/10.1016/j.jhep.2010.02.035


364

 37. Cho JY, Paik YH, Sohn W, Cho HC, Gwak GY, Choi MS, Lee JH, 
Koh KC, Paik SW, Yoo BC. Patients with chronic hepatitis B treated 
with oral antiviral therapy retain a higher risk for HCC compared 
with patients with inactive stage disease. Gut. 2014;63:1943–50. 
https://doi.org/10.1136/gutjnl-2013-306409.

 38. Yu ML, Lin SM, Chuang WL, Dai CY, Wang JH, Lu SN, Sheen IS, 
Chang WY, Lee CM, Liaw YF. A sustained virological response to 
interferon or interferon/ribavirin reduces hepatocellular carcinoma 
and improves survival in chronic hepatitis C: a nationwide, multi-
centre study in Taiwan. Antivir Ther. 2006;11:985–94.

 39. El-Serag HB, Kanwal F, Richardson P, Kramer J.  Risk of hepa-
tocellular carcinoma after sustained virological response in veter-
ans with hepatitis C virus infection. Hepatology. 2016;64:130–7. 
https://doi.org/10.1002/hep.28535.

 40. Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi 
K, Charlton M, Sanyal AJ. The diagnosis and management of non- 
alcoholic fatty liver disease: practice Guideline by the American 
Association for the Study of Liver Diseases, American College of 
Gastroenterology, and the American Gastroenterological Association. 
Hepatology. 2012;55:2005–23. https://doi.org/10.1002/hep.25762.

 41. Prenner S, Kulik L. Hepatocellular carcinoma. In: Sanyal AJ, Boyer 
TD, Lindor KD, Terrault NA, editors. Zakim and Boyer’s hepatol-
ogy: a textbook of liver disease. 7th ed. Philadelphia, PA: Elsevier; 
2018. p. 668–92.

 42. Schulze K, Nault JC, Villanueva A.  Genetic profiling of hepato-
cellular carcinoma using next-generation sequencing. J Hepatol. 
2016;65:1031–42. https://doi.org/10.1016/j.jhep.2016.05.035.

 43. Wilhelm S, Carter C, Lynch M, Lowinger T, Dumas J, Smith RA, 
Schwartz B, Simantov R, Kelley S. Discovery and development of 
sorafenib: a multikinase inhibitor for treating cancer. Nat Rev Drug 
Discov. 2006;5:835–44. https://doi.org/10.1038/nrd2130.

 44. Gupta M, Gabriel H, Miller FH. Role of imaging in surveillance and 
diagnosis of hepatocellular carcinoma. Gastroenterol Clin North 
Am. 2018;47:585–602. https://doi.org/10.1016/j.gtc.2018.04.013.

 45. Bolondi L, Sofia S, Siringo S, Gaiani S, Casali A, Zironi G, Piscaglia 
F, Gramantieri L, Zanetti M, Sherman M. Surveillance programme 
of cirrhotic patients for early diagnosis and treatment of hepatocel-
lular carcinoma: a cost effectiveness analysis. Gut. 2001;48:251–9.

 46. Elsayes KM, Hooker JC, Agrons MM, Kielar AZ, Tang A, Fowler 
KJ, Chernyak V, Bashir MR, Kono Y, Do RK, Mitchell DG, Kamaya 
A, Hecht EM, Sirlin CB. 2017 version of LI-RADS for CT and MR 
imaging: an update. Radiographics. 2017;37:1994–2017. https://
doi.org/10.1148/rg.2017170098.

 47. Hanna RF, Miloushev VZ, Tang A, Finklestone LA, Brejt 
SZ, Sandhu RS, Santillan CS, Wolfson T, Gamst A, Sirlin 
CB. Comparative 13-year meta-analysis of the sensitivity and posi-
tive predictive value of ultrasound, CT, and MRI for detecting hepa-
tocellular carcinoma. Abdom Radiol (NY). 2016;41:71–90. https://
doi.org/10.1007/s00261-015-0592-8.

 48. D'Onofrio M, Crosara S, De Robertis R, Canestrini S, Mucelli 
RP.  Contrast-enhanced ultrasound of focal liver lesions. AJR 
Am J Roentgenol. 2015;205:W56–66. https://doi.org/10.2214/
AJR.14.14203.

 49. Roberts LR, Sirlin CB, Zaiem F, Almasri J, Prokop LJ, Heimbach 
JK, Murad MH, Mohammed K.  Imaging for the diagnosis of 
hepatocellular carcinoma: a systematic review and meta-anal-
ysis. Hepatology. 2018;67:401–21. https://doi.org/10.1002/
hep.29487.

 50. Lyshchik A, Kono Y, Dietrich CF, Jang HJ, Kim TK, Piscaglia 
F, Vezeridis A, Willmann JK, Wilson SR.  Contrast-enhanced 
ultrasound of the liver: technical and lexicon recommenda-
tions from the ACR CEUS LI-RADS working group. Abdom 
Radiol (NY). 2018;43:861–79. https://doi.org/10.1007/
s00261-017-1392-0.

 51. Tajima T, Honda H, Taguchi K, Asayama Y, Kuroiwa T, Yoshimitsu 
K, Irie H, Aibe H, Shimada M, Masuda K.  Sequential hemody-

namic change in hepatocellular carcinoma and dysplastic nodules: 
CT angiography and pathologic correlation. AJR Am J Roentgenol. 
2002;178:885–97. https://doi.org/10.2214/ajr.178.4.1780885.

 52. Choi JY, Lee JM, Sirlin CB. CT and MR imaging diagnosis and 
staging of hepatocellular carcinoma: part II. Extracellular agents, 
hepatobiliary agents, and ancillary imaging features. Radiology. 
2014;273:30–50. https://doi.org/10.1148/radiol.14132362.

 53. Neri E, Bali MA, Ba-Ssalamah A, Boraschi P, Brancatelli G, Alves 
FC, Grazioli L, Helmberger T, Lee JM, Manfredi R, Martì- Bonmatì L, 
Matos C, Merkle EM, Op De Beeck B, Schima W, Skehan S, Vilgrain 
V, Zech C, Bartolozzi C. ESGAR consensus statement on liver MR 
imaging and clinical use of liver- specific contrast agents. Eur Radiol. 
2016;26:921–31. https://doi.org/10.1007/s00330-015-3900-3.

 54. Lo EC, Rucker A, Federle MP. Hepatocellular carcinoma and intra-
hepatic cholangiocarcinoma: imaging for diagnosis, tumor response 
to treatment and liver response to radiation. Semin Radiat Oncol. 
2018;28:267–76. https://doi.org/10.1016/j.semradonc.2018.06.010.

 55. Choi JY, Lee JM, Sirlin CB. CT and MR imaging diagnosis and 
staging of hepatocellular carcinoma: part I. Development, growth, 
and spread: key pathologic and imaging aspects. Radiology. 
2014;272:635–54. https://doi.org/10.1148/radiol.14132361.

 56. Lee YJ, Lee JM, Lee JS, Lee HY, Park BH, Kim YH, Han JK, 
Choi BI.  Hepatocellular carcinoma: diagnostic performance of 
multidetector CT and MR imaging-a systematic review and meta- 
analysis. Radiology. 2015;275:97–109. https://doi.org/10.1148/
radiol.14140690.

 57. Nakamura Y, Toyota N, Date S, Oda S, Namimoto T, Yamashita 
Y, Beppu T, Awai K.  Clinical significance of the transitional 
phase at gadoxetate disodium-enhanced hepatic MRI for the 
diagnosis of hepatocellular carcinoma: preliminary results. J 
Comput Assist Tomogr. 2011;35:723–7. https://doi.org/10.1097/
RCT.0b013e3182372c40.

 58. Kudo M, Matsui O, Izumi N, Iijima H, Kadoya M, Imai Y, Okusaka 
T, Miyayama S, Tsuchiya K, Ueshima K, Hiraoka A, Ikeda M, 
Ogasawara S, Yamashita T, Minami T, Yamakado K, Liver Cancer 
Study Group of Japan. JSH consensus-based clinical practice 
guidelines for the management of hepatocellular carcinoma: 2014 
update by the Liver Cancer Study Group of Japan. Liver Cancer. 
2014;3:458–68. https://doi.org/10.1159/000343875.

 59. Choi BI, Lee JM, Kim TK, Dioguardi Burgio M, Vilgrain 
V. Diagnosing borderline hepatic nodules in hepatocarcinogenesis: 
imaging performance. AJR Am J Roentgenol. 2015;205:10–21. 
https://doi.org/10.2214/AJR.14.12655.

 60. Kudo M. Early hepatocellular carcinoma: definition and diagnosis. 
Liver Cancer. 2013;2:69–72. https://doi.org/10.1159/000343842.

 61. Golfieri R, Grazioli L, Orlando E, Dormi A, Lucidi V, Corcioni 
B, Dettori E, Romanini L, Renzulli M.  Which is the best MRI 
marker of malignancy for atypical cirrhotic nodules: hypointen-
sity in hepatobiliary phase alone or combined with other features? 
Classification after Gd-EOB-DTPA administration. J Magn Reson 
Imaging. 2012;36:648–57. https://doi.org/10.1002/jmri.23685.

 62. Mitchell DG, Bruix J, Sherman M, Sirlin CB.  LI-RADS (liver 
imaging reporting and data system): summary, discussion, and con-
sensus of the LI-RADS Management Working Group and future 
directions. Hepatology. 2015;61:1056–65. https://doi.org/10.1002/
hep.27304.

 63. Bolondi L, Gaiani S, Celli N, Golfieri R, Grigioni WF, Leoni S, 
Venturi AM, Piscaglia F. Characterization of small nodules in cir-
rhosis by assessment of vascularity: the problem of hypovascular 
hepatocellular carcinoma. Hepatology. 2005;42:27–34. https://doi.
org/10.1002/hep.20728.

 64. Hong G, Suh KS, Suh SW, Yoo T, Kim H, Park MS, Choi Y, 
Paeng JC, Yi NJ, Lee KW. Alpha-fetoprotein and (18)F-FDG 
positron emission tomography predict tumor recurrence better 
than Milan criteria in living donor liver transplantation. J Hepatol. 
2016;64:852–9. https://doi.org/10.1016/j.jhep.2015.11.033.

E. De Raffele

https://doi.org/10.1136/gutjnl-2013-306409
https://doi.org/10.1002/hep.28535
https://doi.org/10.1002/hep.25762
https://doi.org/10.1016/j.jhep.2016.05.035
https://doi.org/10.1038/nrd2130
https://doi.org/10.1016/j.gtc.2018.04.013
https://doi.org/10.1148/rg.2017170098
https://doi.org/10.1148/rg.2017170098
https://doi.org/10.1007/s00261-015-0592-8
https://doi.org/10.1007/s00261-015-0592-8
https://doi.org/10.2214/AJR.14.14203
https://doi.org/10.2214/AJR.14.14203
https://doi.org/10.1002/hep.29487
https://doi.org/10.1002/hep.29487
https://doi.org/10.1007/s00261-017-1392-0
https://doi.org/10.1007/s00261-017-1392-0
https://doi.org/10.2214/ajr.178.4.1780885
https://doi.org/10.1148/radiol.14132362
https://doi.org/10.1007/s00330-015-3900-3
https://doi.org/10.1016/j.semradonc.2018.06.010
https://doi.org/10.1148/radiol.14132361
https://doi.org/10.1148/radiol.14140690
https://doi.org/10.1148/radiol.14140690
https://doi.org/10.1097/RCT.0b013e3182372c40
https://doi.org/10.1097/RCT.0b013e3182372c40
https://doi.org/10.1159/000343875
https://doi.org/10.2214/AJR.14.12655
https://doi.org/10.1159/000343842
https://doi.org/10.1002/jmri.23685
https://doi.org/10.1002/hep.27304
https://doi.org/10.1002/hep.27304
https://doi.org/10.1002/hep.20728
https://doi.org/10.1002/hep.20728
https://doi.org/10.1016/j.jhep.2015.11.033


365

 65. Hong TS, Wo JY, Yeap BY, Ben-Josef E, McDonnell EI, 
Blaszkowsky LS, Kwak EL, Allen JN, Clark JW, Goyal L, Murphy 
JE, Javle MM, Wolfgang JA, Drapek LC, Arellano RS, Mamon HJ, 
Mullen JT, Yoon SS, Tanabe KK, Ferrone CR, Ryan DP, TF DL, 
Crane CH, Zhu AX. Multi-institutional phase II study of high-dose 
hypofractionated proton beam therapy in patients with localized, 
unresectable hepatocellular carcinoma and intrahepatic cholangio-
carcinoma. J Clin Oncol. 2016;34:460–8. https://doi.org/10.1200/
JCO.2015.64.2710.

 66. Tateishi R, Yoshida H, Matsuyama Y, Mine N, Kondo Y, Omata 
M. Diagnostic accuracy of tumor markers for hepatocellular carci-
noma: a systematic review. Hepatol Int. 2008;2:17–30. https://doi.
org/10.1007/s12072-007-9038-x.

 67. Díaz-González Á, Forner A. Surveillance for hepatocellular carci-
noma. Best Pract Res Clin Gastroenterol. 2016;30:1001–10. https://
doi.org/10.1016/j.bpg.2016.10.006.

 68. Zhang BH, Yang BH, Tang ZY.  Randomized controlled trial of 
screening for hepatocellular carcinoma. J Cancer Res Clin Oncol. 
2004;130:417–22. https://doi.org/10.1007/s00432-004-0552-0.

 69. Kudo M, Izumi N, Sakamoto M, Matsuyama Y, Ichida T, Nakashima 
O, Matsui O, Ku Y, Kokudo N, Makuuchi M, Liver Cancer Study 
Group of Japan. Survival analysis over 28 years of 173,378 patients 
with hepatocellular carcinoma in Japan. Liver Cancer. 2016;5:190–7. 
https://doi.org/10.1159/000367775.

 70. Kudo M, Izumi N, Ichida T, Ku Y, Kokudo N, Sakamoto M, 
Takayama T, Nakashima O, Matsui O, Matsuyama Y. Report of the 
19th follow-up survey of primary liver cancer in Japan. Hepatol 
Res. 2016;46:372–90. https://doi.org/10.1111/hepr.12697.

 71. Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers 
MA, Marrero JA.  Meta-analysis: surveillance with ultrasound 
for early-stage hepatocellular carcinoma in patients with cir-
rhosis. Aliment Pharmacol Ther. 2009;30:37–47. https://doi.
org/10.1111/j.1365-2036.2009.04014.x.

 72. Sato T, Tateishi R, Yoshida H, Ohki T, Masuzaki R, Imamura 
J, Goto T, Kanai F, Obi S, Kato N, Shiina S, Kawabe T, Omata 
M.  Ultrasound surveillance for early detection of hepatocellular 
carcinoma among patients with chronic hepatitis C.  Hepatol Int. 
2009;3:544–50. https://doi.org/10.1007/s12072-009-9145-y.

 73. Kinoshita A, Onoda H, Fushiya N, Koike K, Nishino H, Tajiri 
H. Staging systems for hepatocellular carcinoma: current status and 
future perspectives. World J Hepatol. 2015;7:406–24. https://doi.
org/10.4254/wjh.v7.i3.406.

 74. Matsukuma KE, Yeh MM.  Update on the pathology of liver 
neoplasms. Ann Diagn Pathol. 2019;38:126–37. https://doi.
org/10.1016/j.anndiagpath.2018.10.005.

 75. Lauwers GY, Terris B, Balis UJ, Batts KP, Regimbeau JM, Chang 
Y, Graeme-Cook F, Yamabe H, Ikai I, Cleary KR, Fujita S, Flejou 
JF, Zukerberg LR, Nagorney DM, Belghiti J, Yamaoka Y, Vauthey 
JN, International Cooperative Study Group on Hepatocellular 
Carcinoma. Prognostic histologic indicators of curatively resected 
hepatocellular carcinomas: a multi-institutional analysis of 425 
patients with definition of a histologic prognostic index. Am J Surg 
Pathol. 2002;26:25–34.

 76. Pawlik TM, Delman KA, Vauthey JN, Nagorney DM, Ng IO, Ikai I, 
Yamaoka Y, Belghiti J, Lauwers GY, Poon RT, Abdalla EK. Tumor 
size predicts vascular invasion and histologic grade: implications 
for selection of surgical treatment for hepatocellular carcinoma. 
Liver Transpl. 2005;11:1086–92. https://doi.org/10.1002/lt.20472.

 77. Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N, Hasegawa 
H, Nakajima Y, Ohnishi K. Natural history of hepatocellular carci-
noma and prognosis in relation to treatment. Study of 850 patients. 
Cancer. 1985;56:918–28.

 78. CLIP Investigators. A new prognostic system for hepatocellu-
lar carcinoma: a retrospective study of 435 patients: the Cancer 
of the Liver Italian Program (CLIP) investigators. Hepatology. 
1998;28:751–5. https://doi.org/10.1002/hep.510280322.

 79. Kudo M, Chung H, Osaki Y. Prognostic staging system for hepa-
tocellular carcinoma (CLIP score): its value and limitations, and 
a proposal for a new staging system, the Japan Integrated Staging 
Score (JIS score). J Gastroenterol. 2003;38:207–15. https://doi.
org/10.1007/s005350300038.

 80. Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM, 
Roberts LR, Zhu AX, Murad MH, Marrero JA.  AASLD guide-
lines for the treatment of hepatocellular carcinoma. Hepatology. 
2018;67:358–80. https://doi.org/10.1002/hep.29086.

 81. Torzilli G, Belghiti J, Kokudo N, Takayama T, Capussotti L, 
Nuzzo G, Vauthey JN, Choti MA, De Santibanes E, Donadon 
M, Morenghi E, Makuuchi M.  A snapshot of the effective indi-
cations and results of surgery for hepatocellular carcinoma in 
tertiary referral centers: is it adherent to the EASL/AASLD rec-
ommendations? An observational study of the HCC East-West 
Study Group. Ann Surg. 2013;257:929–37. https://doi.org/10.1097/
SLA.0b013e31828329b8.

 82. Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT.  Development 
of Hong Kong liver cancer staging system with treatment stratifica-
tion for patients with hepatocellular carcinoma. Gastroenterology. 
2014;146:1691–1700.e3. https://doi.org/10.1053/j.gastro.2014.02.032.

 83. International Working Party. Terminology of nodular hepatocellular 
lesions. Hepatology. 1995;22:983–93.

 84. Roncalli M, Park YN, Borzio M, Sangiovanni A, Sciarra A, Di 
Tommaso L.  Premalignant and early malignant hepatocellular 
lesions in chronic hepatitis/cirrhosis. In: Saxena R, editor. Practical 
hepatic pathology: a diagnostic approach. 2nd ed. Philadelphia, PA: 
Elsevier; 2018. p. 487–505.

 85. Arakawa M, Kage M, Sugihara S, Nakashima T, Suenaga M, 
Okuda K. Emergence of malignant lesions within an adenomatous 
hyperplastic nodule in a cirrhotic liver. Observations in five cases. 
Gastroenterology. 1986;91:198–208.

 86. Borzio M, Fargion S, Borzio F, Fracanzani AL, Croce AM, 
Stroffolini T, Oldani S, Cotichini R, Roncalli M.  Impact of large 
regenerative, low grade and high grade dysplastic nodules in hepa-
tocellular carcinoma development. J Hepatol. 2003;39:208–14.

 87. Hytiroglou P, Park YN, Krinsky G, Theise ND.  Hepatic precan-
cerous lesions and small hepatocellular carcinoma. Gastroenterol 
Clin North Am. 2007;36:867–87. https://doi.org/10.1016/j.
gtc.2007.08.010.

 88. International Consensus Group for Hepatocellular Neoplasia. 
The International Consensus Group for Hepatocellular Neoplasia. 
Pathologic diagnosis of early hepatocellular carcinoma: a report 
of the international consensus group for hepatocellular neoplasia. 
Hepatology. 2009;49:658–64. https://doi.org/10.1002/hep.22709.

 89. Edmondson HA, Steiner PE. Primary carcinoma of the liver: a study 
of 100 cases among 48,900 necropsies. Cancer. 1954;7:462–503.

 90. Kakar S, Gown AM, Goodman ZD, Ferrell LD. Best practices in diag-
nostic immunohistochemistry: hepatocellular carcinoma versus meta-
static neoplasms. Arch Pathol Lab Med. 2007;131:1648–54. https://
doi.org/10.1043/1543-2165(2007)131[1648:BPIDIH]2.0.CO;2.

 91. Song P, Tobe RG, Inagaki Y, Kokudo N, Hasegawa K, 
Sugawara Y, Tang W.  The management of hepatocellu-
lar carcinoma around the world: a comparison of guidelines 
from 2001 to 2011. Liver Int. 2012;32:1053–63. https://doi.
org/10.1111/j.1478-3231.2012.02792.x.

 92. Wong TC, Lo CM.  Resection strategies for hepatocellular carci-
noma. Semin Liver Dis. 2013;33:273–81. https://doi.org/10.105
5/s-0033-1351782.

 93. Bruix J, Reig M, Sherman M.  Evidence-based diagnosis, stag-
ing, and treatment of patients with hepatocellular carcinoma. 
Gastroenterology. 2016;150:835–53. https://doi.org/10.1053/j.
gastro.2015.12.041.

 94. Ishizawa T, Hasegawa K, Aoki T, Takahashi M, Inoue Y, Sano K, 
Imamura H, Sugawara Y, Kokudo N, Makuuchi M. Neither mul-
tiple tumors nor portal hypertension are surgical contraindications 

31 Liver Cancer

https://doi.org/10.1200/JCO.2015.64.2710
https://doi.org/10.1200/JCO.2015.64.2710
https://doi.org/10.1007/s12072-007-9038-x
https://doi.org/10.1007/s12072-007-9038-x
https://doi.org/10.1016/j.bpg.2016.10.006
https://doi.org/10.1016/j.bpg.2016.10.006
https://doi.org/10.1007/s00432-004-0552-0
https://doi.org/10.1159/000367775
https://doi.org/10.1111/hepr.12697
https://doi.org/10.1111/j.1365-2036.2009.04014.x
https://doi.org/10.1111/j.1365-2036.2009.04014.x
https://doi.org/10.1007/s12072-009-9145-y
https://doi.org/10.4254/wjh.v7.i3.406
https://doi.org/10.4254/wjh.v7.i3.406
https://doi.org/10.1016/j.anndiagpath.2018.10.005
https://doi.org/10.1016/j.anndiagpath.2018.10.005
https://doi.org/10.1002/lt.20472
https://doi.org/10.1002/hep.510280322
https://doi.org/10.1007/s005350300038
https://doi.org/10.1007/s005350300038
https://doi.org/10.1002/hep.29086
https://doi.org/10.1097/SLA.0b013e31828329b8
https://doi.org/10.1097/SLA.0b013e31828329b8
https://doi.org/10.1053/j.gastro.2014.02.032
https://doi.org/10.1016/j.gtc.2007.08.010
https://doi.org/10.1016/j.gtc.2007.08.010
https://doi.org/10.1002/hep.22709
https://doi.org/10.1043/1543-2165(2007)131[1648:BPIDIH]2.0.CO;2
https://doi.org/10.1043/1543-2165(2007)131[1648:BPIDIH]2.0.CO;2
https://doi.org/10.1111/j.1478-3231.2012.02792.x
https://doi.org/10.1111/j.1478-3231.2012.02792.x
https://doi.org/10.1055/s-0033-1351782
https://doi.org/10.1055/s-0033-1351782
https://doi.org/10.1053/j.gastro.2015.12.041
https://doi.org/10.1053/j.gastro.2015.12.041


366

for hepatocellular carcinoma. Gastroenterology. 2008;134:1908–
16. https://doi.org/10.1053/j.gastro.2008.02.091.

 95. Berzigotti A, Reig M, Abraldes JG, Bosch J, Bruix J. Portal hyper-
tension and the outcome of surgery for hepatocellular carcinoma 
in compensated cirrhosis: a systematic review and meta-analysis. 
Hepatology. 2015;61:526–36. https://doi.org/10.1002/hep.27431.

 96. Perini MV, Starkey G, Fink MA, Bhandari R, Muralidharan V, Jones 
R, Christophi C. From minimal to maximal surgery in the treatment 
of hepatocarcinoma: a review. World J Hepatol. 2015;7:93–100. 
https://doi.org/10.4254/wjh.v7.i1.93.

 97. Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, 
Han HS, Asbun H, O’Rourke N, Tanabe M, Koffron AJ, Tsung 
A, Soubrane O, Machado MA, Gayet B, Troisi RI, Pessaux P, 
Van Dam RM, Scatton O, Abu Hilal M, Belli G, Kwon CH, 
Edwin B, Choi GH, Aldrighetti LA, Cai X, Cleary S, Chen KH, 
Schön MR, Sugioka A, Tang CN, Herman P, Pekolj J, Chen 
XP, Dagher I, Jarnagin W, Yamamoto M, Strong R, Jagannath 
P, Lo CM, Clavien PA, Kokudo N, Barkun J, Strasberg 
SM. Recommendations for laparoscopic liver resection: a report 
from the second international consensus conference held in 
Morioka. Ann Surg. 2015;261:619–29. https://doi.org/10.1097/
SLA.0000000000001184.

 98. Hasegawa K, Kokudo N, Makuuchi M, Izumi N, Ichida T, Kudo 
M, Ku Y, Sakamoto M, Nakashima O, Matsui O, Matsuyama Y. 
Comparison of resection and ablation for hepatocellular carcinoma: 
a cohort study based on a Japanese nationwide survey. J Hepatol. 
2013;58:724–9. https://doi.org/10.1016/j.jhep.2012.11.009.

 99. Moran A, Ramos LF, Picado O, Pendola F, Sleeman D, Dudeja V, 
Merchant N, Yakoub D. Hepatocellular carcinoma: resection with 
adjuvant hepatic artery infusion therapy vs resection alone. A sys-
tematic review and meta-analysis. J Surg Oncol. 2019;119:455–
63. https://doi.org/10.1002/jso.25338.

 100. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti 
F, Montalto F, Ammatuna M, Morabito A, Gennari L. Liver trans-
plantation for the treatment of small hepatocellular carcinomas in 
patients with cirrhosis. N Engl J Med. 1996;334:693–9. https://
doi.org/10.1056/NEJM199603143341104.

 101. Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A, 
Ascher NL, Roberts JP.  Liver transplantation for hepatocellular 
carcinoma: expansion of the tumor size limits does not adversely 
impact survival. Hepatology. 2001;33:1394–403. https://doi.
org/10.1053/jhep.2001.24563.

 102. Toso C, Mazzaferro V, Bruix J, Freeman R, Mentha G, Majno 
P. Toward a better liver graft allocation that accounts for candi-
dates with and without hepatocellular carcinoma. Am J Transplant. 
2014;14:2221–7. https://doi.org/10.1111/ajt.12923.

 103. Liang W, Wu L, Ling X, Schroder PM, Ju W, Wang D, Shang Y, 
Kong Y, Guo Z, He X. Living donor liver transplantation versus 
deceased donor liver transplantation for hepatocellular carcinoma: 
a meta-analysis. Liver Transpl. 2012;18:1226–36. https://doi.
org/10.1002/lt.23490.

 104. Vitale A, Morales RR, Zanus G, Farinati F, Burra P, Angeli P, 
Frigo AC, Del Poggio P, Rapaccini G, Di Nolfo MA, Benvegnù 
L, Zoli M, Borzio F, Giannini EG, Caturelli E, Chiaramonte 
M, Trevisani F, Cillo U, Italian Liver Cancer Group. Barcelona 
clinic liver cancer staging and transplant survival benefit for 
patients with hepatocellular carcinoma: a multicentre, cohort 
study. Lancet Oncol. 2011;12:654–62. https://doi.org/10.1016/
S1470-2045(11)70144-9.

 105. Qi X, Zhao Y, Li H, Guo X, Han G.  Management of hepato-
cellular carcinoma: an overview of major findings from meta- 
analyses. Oncotarget. 2016;7:34703–51. https://doi.org/10.18632/
oncotarget.9157.

 106. Dong W, Zhang T, Wang ZG, Liu H. Clinical outcome of small 
hepatocellular carcinoma after different treatments: a meta- 
analysis. World J Gastroenterol. 2014;20:10174–82. https://doi.
org/10.3748/wjg.v20.i29.10174.

 107. Shiina S, Yasuda H, Muto H, Tagawa K, Unuma T, Ibukuro K, 
Inoue Y, Takanashi R. Percutaneous ethanol injection in the treat-
ment of liver neoplasms. AJR Am J Roentgenol. 1987;149:949–
52. https://doi.org/10.2214/ajr.149.5.949.

 108. Yamada R, Sato M, Kawabata M, Nakatsuka H, Nakamura K, 
Takashima S.  Hepatic artery embolization in 120 patients with 
unresectable hepatoma. Radiology. 1983;148:397–401. https://
doi.org/10.1148/radiology.148.2.6306721.

 109. Nouri YM, Kim JH, Yoon HK, Ko HK, Shin JH, Gwon 
DI. Update on transarterial chemoembolization with drug-eluting 
microspheres for hepatocellular carcinoma. Korean J Radiol. 
2019;20:34–49. https://doi.org/10.3348/kjr.2018.0088.

 110. Llovet JM, Bruix J.  Systematic review of randomized trials for 
unresectable hepatocellular carcinoma: chemoembolization 
improves survival. Hepatology. 2003;37:429–42. https://doi.
org/10.1053/jhep.2003.50047.

 111. Llovet JM, Bruix J.  Novel advancements in the management 
of hepatocellular carcinoma in 2008. J Hepatol. 2008;48(Suppl 
1):S20–37. https://doi.org/10.1016/j.jhep.2008.01.022.

 112. Lee S, Kim BK, Song K, Park JY, Ahn SH, Kim SU, Han KH, 
Kim DY, Korea Central Cancer Registry. Subclassification 
of Barcelona clinic liver cancer B and C hepatocellular car-
cinoma: a cohort study of the multicenter registry database. J 
Gastroenterol Hepatol. 2016;31:842–7. https://doi.org/10.1111/
jgh.13218.

 113. El-Serag HB, Marrero JA, Rudolph L, Reddy KR.  Diagnosis 
and treatment of hepatocellular carcinoma. Gastroenterology. 
2008;134:1752–63. https://doi.org/10.1053/j.gastro.2008.02.090.

 114. Lammer J, Malagari K, Vogl T, Pilleul F, Denys A, Watkinson A, 
Pitton M, Sergent G, Pfammatter T, Terraz S, Benhamou Y, Avajon 
Y, Gruenberger T, Pomoni M, Langenberger H, Schuchmann M, 
Dumortier J, Mueller C, Chevallier P, Lencioni R, PRECISION 
V Investigators. Prospective randomized study of doxorubicin- 
eluting- bead embolization in the treatment of hepatocellular 
carcinoma: results of the PRECISION V study. Cardiovasc 
Intervent Radiol. 2010;33:41–52. https://doi.org/10.1007/
s00270-009-9711-7.

 115. Wilhelm SM, Dumas J, Adnane L, Lynch M, Carter CA, Schütz G, 
Thierauch KH, Zopf D. Regorafenib (BAY 73-4506): a new oral 
multikinase inhibitor of angiogenic, stromal and oncogenic recep-
tor tyrosine kinases with potent preclinical antitumor activity. Int 
J Cancer. 2011;129:245–55. https://doi.org/10.1002/ijc.25864.

 116. Bridgewater J, Galle PR, Khan SA, Llovet JM, Park JW, Patel 
T, Pawlik TM, Gores GJ.  Guidelines for the diagnosis and 
management of intrahepatic cholangiocarcinoma. J Hepatol. 
2014;60:1268–89. https://doi.org/10.1016/j.jhep.2014.01.021.

 117. Razumilava N, Lazaridis KN, Gores GJ. Cholangiocarcinoma. In: 
Sanyal AJ, Boyer TD, Lindor KD, Terrault NA, editors. Zakim 
and Boyer’s hepatology: a textbook of liver disease. 7th ed. 
Philadelphia, PA: Elsevier; 2018. p. 693–707.

 118. Blechacz B, Komuta M, Roskams T, Gores GJ. Clinical diagnosis 
and staging of cholangiocarcinoma. Nat Rev Gastroenterol Hepatol. 
2011;8:512–22. https://doi.org/10.1038/nrgastro.2011.131.

 119. Rizvi S, Khan SA, Hallemeier CL, Kelley RK, Gores 
GJ.  Cholangiocarcinoma  – evolving concepts and therapeu-
tic strategies. Nat Rev Clin Oncol. 2018;15:95–111. https://doi.
org/10.1038/nrclinonc.2017.157.

 120. Lendvai G, Szekerczés T, Illyés I, Dóra R, Kontsek E, 
Gógl A, Kiss A, Werling K, Kovalszky I, Schaff Z, Borka 
K.  Cholangiocarcinoma: classification, histopathology and 
molecular carcinogenesis. Pathol Oncol Res. 2018; https://doi.
org/10.1007/s12253-018-0491-8.

 121. Patel T. Worldwide trends in mortality from biliary tract malig-
nancies. BMC Cancer. 2002;2:10.

 122. Khan SA, Toledano MB, Taylor-Robinson SD. Epidemiology, risk 
factors, and pathogenesis of cholangiocarcinoma. HPB (Oxford). 
2008;10:77–82. https://doi.org/10.1080/13651820801992641.

E. De Raffele

https://doi.org/10.1053/j.gastro.2008.02.091
https://doi.org/10.1002/hep.27431
https://doi.org/10.4254/wjh.v7.i1.93
https://doi.org/10.1097/SLA.0000000000001184
https://doi.org/10.1097/SLA.0000000000001184
https://doi.org/10.1016/j.jhep.2012.11.009
https://doi.org/10.1002/jso.25338
https://doi.org/10.1056/NEJM199603143341104
https://doi.org/10.1056/NEJM199603143341104
https://doi.org/10.1053/jhep.2001.24563
https://doi.org/10.1053/jhep.2001.24563
https://doi.org/10.1111/ajt.12923
https://doi.org/10.1002/lt.23490
https://doi.org/10.1002/lt.23490
https://doi.org/10.1016/S1470-2045(11)70144-9
https://doi.org/10.1016/S1470-2045(11)70144-9
https://doi.org/10.18632/oncotarget.9157
https://doi.org/10.18632/oncotarget.9157
https://doi.org/10.3748/wjg.v20.i29.10174
https://doi.org/10.3748/wjg.v20.i29.10174
https://doi.org/10.2214/ajr.149.5.949
https://doi.org/10.1148/radiology.148.2.6306721
https://doi.org/10.1148/radiology.148.2.6306721
https://doi.org/10.3348/kjr.2018.0088
https://doi.org/10.1053/jhep.2003.50047
https://doi.org/10.1053/jhep.2003.50047
https://doi.org/10.1016/j.jhep.2008.01.022
https://doi.org/10.1111/jgh.13218
https://doi.org/10.1111/jgh.13218
https://doi.org/10.1053/j.gastro.2008.02.090
https://doi.org/10.1007/s00270-009-9711-7
https://doi.org/10.1007/s00270-009-9711-7
https://doi.org/10.1002/ijc.25864
https://doi.org/10.1016/j.jhep.2014.01.021
https://doi.org/10.1038/nrgastro.2011.131
https://doi.org/10.1038/nrclinonc.2017.157
https://doi.org/10.1038/nrclinonc.2017.157
https://doi.org/10.1007/s12253-018-0491-8
https://doi.org/10.1007/s12253-018-0491-8
https://doi.org/10.1080/13651820801992641


367

 123. Yeh MM. Benign and malignant tumors of bile ducts. In: Saxena 
R, editor. Practical hepatic pathology: a diagnostic approach. 2nd 
ed. Philadelphia: Elsevier; 2018. p. 545–54.

 124. Khan SA, Thomas HC, Davidson BR, Taylor-Robinson 
SD. Cholangiocarcinoma. Lancet. 2005;366:1303–14. https://doi.
org/10.1016/S0140-6736(05)67530-7.

 125. Shin HR, Lee CU, Park HJ, Seol SY, Chung JM, Choi HC, Ahn 
YO, Shigemastu T. Hepatitis B and C virus, clonorchis sinensis 
for the risk of liver cancer: a case-control study in Pusan. Korea 
Int J Epidemiol. 1996;25:933–40.

 126. Lee TY, Lee SS, Jung SW, Jeon SH, Yun SC, Oh HC, Kwon S, 
Lee SK, Seo DW, Kim MH, Suh DJ. Hepatitis B virus infection 
and intrahepatic cholangiocarcinoma in Korea: a case- control 
study. Am J Gastroenterol. 2008;103:1716–20. https://doi.
org/10.1111/j.1572-0241.2008.01796.x.

 127. Welzel TM, Mellemkjaer L, Gloria G, Sakoda LC, Hsing AW, El 
Ghormli L, Olsen JH, McGlynn KA. Risk factors for intrahepatic 
cholangiocarcinoma in a low-risk population: a nationwide case- 
control study. Int J Cancer. 2007;120:638–41.

 128. Palmer WC, Patel T. Are common factors involved in the patho-
genesis of primary liver cancers? A meta-analysis of risk factors 
for intrahepatic cholangiocarcinoma. J Hepatol. 2012;57:69–76. 
https://doi.org/10.1016/j.jhep.2012.02.022.

 129. Wei M, Lü L, Lin P, Chen Z, Quan Z, Tang Z. Multiple cellular 
origins and molecular evolution of intrahepatic cholangiocarci-
noma. Cancer Lett. 2016;379:253–61. https://doi.org/10.1016/j.
canlet.2016.02.038.

 130. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet. 2014;383: 
2168–79. https://doi.org/10.1016/S0140-6736(13)61903-0.

 131. Nakanuma Y, Tsutsui A, Ren XS, Harada K, Sato Y, Sasaki 
M. What are the precursor and early lesions of peripheral intra-
hepatic cholangiocarcinoma? Int J Hepatol. 2014;2014:805973. 
https://doi.org/10.1155/2014/805973.

 132. Aishima S, Oda Y. Pathogenesis and classification of intrahepatic 
cholangiocarcinoma: different characters of perihilar large duct 
type versus peripheral small duct type. J Hepatobiliary Pancreat 
Sci. 2015;22:94–100. https://doi.org/10.1002/jhbp.154.

 133. Goodman ZD. Neoplasms of the liver. Mod Pathol. 2007;20(Suppl 
1):S49–60. https://doi.org/10.1038/modpathol.3800682.

 134. Rullier A, Le Bail B, Fawaz R, Blanc JF, Saric J, Bioulac-Sage 
P. Cytokeratin 7 and 20 expression in cholangiocarcinomas var-
ies along the biliary tract but still differs from that in colorectal 
carcinoma metastasis. Am J Surg Pathol. 2000;24:870–6.

 135. Dodson RM, Weiss MJ, Cosgrove D, Herman JM, Kamel I, 
Anders R, Geschwind JF, Pawlik TM.  Intrahepatic cholangio-
carcinoma: management options and emerging therapies. J Am 
Coll Surg. 2013;217:736–750.e4. https://doi.org/10.1016/j.
jamcollsurg.2013.05.021.

 136. Mavros MN, Economopoulos KP, Alexiou VG, Pawlik 
TM. Treatment and prognosis for patients with intrahepatic cholan-
giocarcinoma: systematic review and meta-analysis. JAMA Surg. 
2014;149:565–74. https://doi.org/10.1001/jamasurg.2013.5137.

 137. Nathan H, Aloia TA, Vauthey JN, Abdalla EK, Zhu AX, Schulick 
RD, Choti MA, Pawlik TM. A proposed staging system for intra-
hepatic cholangiocarcinoma. Ann Surg Oncol. 2009;16:14–22. 
https://doi.org/10.1245/s10434-008-0180-z.

 138. DeOliveira ML, Cunningham SC, Cameron JL, Kamangar 
F, Winter JM, Lillemoe KD, Choti MA, Yeo CJ, Schulick 
RD.  Cholangiocarcinoma: thirty-one-year experience with 564 
patients at a single institution. Ann Surg. 2007;245:755–62. 
https://doi.org/10.1097/01.sla.0000251366.62632.d3.

 139. Jonas S, Thelen A, Benckert C, Biskup W, Neumann U, Rudolph 
B, Lopez-Häänninen E, Neuhaus P.  Extended liver resection 
for intrahepatic cholangiocarcinoma: a comparison of the prog-
nostic accuracy of the fifth and sixth editions of the TNM clas-
sification. Ann Surg. 2009;249:303–9. https://doi.org/10.1097/
SLA.0b013e318195e164.

 140. Spolverato G, Kim Y, Ejaz A, Alexandrescu S, Marques H, 
Aldrighetti L, Gamblin TC, Pulitano C, Bauer TW, Shen F, 
Sandroussi C, Poultsides G, Maithel SK, Pawlik TM. Conditional 
probability of long-term survival after liver resection for intrahe-
patic cholangiocarcinoma: a multi-institutional analysis of 535 
patients. JAMA Surg. 2015;150:538–45. https://doi.org/10.1001/
jamasurg.2015.0219.

 141. Endo I, Gonen M, Yopp AC, Dalal KM, Zhou Q, Klimstra D, 
D'Angelica M, DeMatteo RP, Fong Y, Schwartz L, Kemeny 
N, O'Reilly E, Abou-Alfa GK, Shimada H, Blumgart LH, 
Jarnagin WR.  Intrahepatic cholangiocarcinoma: rising fre-
quency, improved survival, and determinants of outcome after 
resection. Ann Surg. 2008;248:84–96. https://doi.org/10.1097/
SLA.0b013e318176c4d3.

 142. Li YY, Li H, Lv P, Liu G, Li XR, Tian BN, Chen DJ. Prognostic 
value of cirrhosis for intrahepatic cholangiocarcinoma after sur-
gical treatment. J Gastrointest Surg. 2011;15:608–13. https://doi.
org/10.1007/s11605-011-1419-8.

 143. Sapisochin G, Facciuto M, Rubbia-Brandt L, Marti J, Mehta N, 
Yao FY, Vibert E, Cherqui D, Grant DR, Hernandez-Alejandro 
R, Dale CH, Cucchetti A, Pinna A, Hwang S, Lee SG, Agopian 
VG, Busuttil RW, Rizvi S, Heimbach JK, Montenovo M, Reyes J, 
Cesaretti M, Soubrane O, Reichman T, Seal J, Kim PT, Klintmalm 
G, Sposito C, Mazzaferro V, Dutkowski P, Clavien PA, Toso C, 
Majno P, Kneteman N, Saunders C, Bruix J, iCCA International 
Consortium. Liver transplantation for “very early” intrahepatic 
cholangiocarcinoma: international retrospective study supporting 
a prospective assessment. Hepatology. 2016;64:1178–88. https://
doi.org/10.1002/hep.28744.

 144. Sapisochin G, Rodríguez de Lope C, Gastaca M, Ortiz de Urbina 
J, Suarez MA, Santoyo J, Castroagudín JF, Varo E, López- 
Andujar R, Palacios F, Sanchez Antolín G, Perez B, Guiberteau 
A, Blanco G, González-Diéguez ML, Rodriguez M, Varona MA, 
Barrera MA, Fundora Y, Ferron JA, Ramos E, Fabregat J, Ciria R, 
Rufian S, Otero A, Vazquez MA, Pons JA, Parrilla P, Zozaya G, 
Herrero JI, Charco R, Bruix J. “Very early” intrahepatic cholan-
giocarcinoma in cirrhotic patients: should liver transplantation be 
reconsidered in these patients? Am J Transplant. 2014;14:660–7. 
https://doi.org/10.1111/ajt.12591.

 145. Kuhlmann JB, Euringer W, Spangenberg HC, Breidert M, Blum 
HE, Harder J, Fischer R. Treatment of unresectable cholangiocar-
cinoma: conventional transarterial chemoembolization compared 
with drug eluting bead-transarterial chemoembolization and sys-
temic chemotherapy. Eur J Gastroenterol Hepatol. 2012;24:437–
43. https://doi.org/10.1097/MEG.0b013e3283502241.

 146. Hoffmann RT, Paprottka PM, Schön A, Bamberg F, Haug A, Dürr 
EM, Rauch B, Trumm CT, Jakobs TF, Helmberger TK, Reiser 
MF, Kolligs FT. Transarterial hepatic yttrium-90 radioemboliza-
tion in patients with unresectable intrahepatic cholangiocarci-
noma: factors associated with prolonged survival. Cardiovasc 
Intervent Radiol. 2012;35:105–16. https://doi.org/10.1007/
s00270-011-0142-x.

 147. Rafi S, Piduru SM, El-Rayes B, Kauh JS, Kooby DA, 
Sarmiento JM, Kim HS.  Yttrium-90 radioembolization for 
unresectable standard-chemorefractory intrahepatic cholan-
giocarcinoma: survival, efficacy, and safety study. Cardiovasc 
Intervent Radiol. 2013;36:440–8. https://doi.org/10.1007/
s00270-012-0463-4.

 148. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, 
Maraveyas A, Madhusudan S, Iveson T, Hughes S, Pereira SP, 
Roughton M, Bridgewater J, ABC-02 Trial Investigators. Cisplatin 
plus gemcitabine versus gemcitabine for biliary tract cancer. 
N Engl J Med. 2010;362:1273–81. https://doi.org/10.1056/
NEJMoa0908721.

 149. Paradis V, Bedossa P.  Biphenotypic primary liver carcinoma. 
In: Saxena R, editor. Practical hepatic pathology: a diagnostic 
approach. 2nd ed. Philadelphia, PA: Elsevier; 2018. p. 665–8.

31 Liver Cancer

https://doi.org/10.1016/S0140-6736(05)67530-7
https://doi.org/10.1016/S0140-6736(05)67530-7
https://doi.org/10.1111/j.1572-0241.2008.01796.x
https://doi.org/10.1111/j.1572-0241.2008.01796.x
https://doi.org/10.1016/j.jhep.2012.02.022
https://doi.org/10.1016/j.canlet.2016.02.038
https://doi.org/10.1016/j.canlet.2016.02.038
https://doi.org/10.1016/S0140-6736(13)61903-0
https://doi.org/10.1155/2014/805973
https://doi.org/10.1002/jhbp.154
https://doi.org/10.1038/modpathol.3800682
https://doi.org/10.1016/j.jamcollsurg.2013.05.021
https://doi.org/10.1016/j.jamcollsurg.2013.05.021
https://doi.org/10.1001/jamasurg.2013.5137
https://doi.org/10.1245/s10434-008-0180-z
https://doi.org/10.1097/01.sla.0000251366.62632.d3
https://doi.org/10.1097/SLA.0b013e318195e164
https://doi.org/10.1097/SLA.0b013e318195e164
https://doi.org/10.1001/jamasurg.2015.0219
https://doi.org/10.1001/jamasurg.2015.0219
https://doi.org/10.1097/SLA.0b013e318176c4d3
https://doi.org/10.1097/SLA.0b013e318176c4d3
https://doi.org/10.1007/s11605-011-1419-8
https://doi.org/10.1007/s11605-011-1419-8
https://doi.org/10.1002/hep.28744
https://doi.org/10.1002/hep.28744
https://doi.org/10.1111/ajt.12591
https://doi.org/10.1097/MEG.0b013e3283502241
https://doi.org/10.1007/s00270-011-0142-x
https://doi.org/10.1007/s00270-011-0142-x
https://doi.org/10.1007/s00270-012-0463-4
https://doi.org/10.1007/s00270-012-0463-4
https://doi.org/10.1056/NEJMoa0908721
https://doi.org/10.1056/NEJMoa0908721


368

 150. Torbenson MS.  Morphologic subtypes of hepatocellular carci-
noma. Gastroenterol Clin North Am. 2017;46:365–91. https://doi.
org/10.1016/j.gtc.2017.01.009.

 151. Brunt E, Aishima S, Clavien PA, Fowler K, Goodman Z, Gores G, 
Gouw A, Kagen A, Klimstra D, Komuta M, Kondo F, Miksad R, 
Nakano M, Nakanuma Y, Ng I, Paradis V, Nyun Park Y, Quaglia 
A, Roncalli M, Roskams T, Sakamoto M, Saxena R, Sempoux C, 
Sirlin C, Stueck A, Thung S, WMS T, Wang XW, Wee A, Yano H, 
Yeh M, Zen Y, Zucman-Rossi J, Theise N. cHCC-CCA: consensus 
terminology for primary liver carcinomas with both hepatocytic 
and cholangiocytic differentiation. Hepatology. 2018;68:113–26. 
https://doi.org/10.1002/hep.29789.

 152. Theise ND, Nakashima O, Park YN, Nakanuma Y.  Combined 
hepatocellular-cholangiocarcinoma. In: Bosman FT, Carneiro F, 
Hruban R, Theise ND, editors. WHO classification of tumours of 
the digestive system volume 3. 4th ed. Lyon: International Agency 
for Research on Cancer; 2010. p. 225–7.

 153. Wells ML, Venkatesh SK, Chandan VS, Fidler JL, Fletcher JG, 
Johnson GB, Hough DM, Roberts LR.  Biphenotypic hepatic 
tumors: imaging findings and review of literature. Abdom Imaging. 
2015;40:2293–305. https://doi.org/10.1007/s00261-015-0433-9.

 154. Fowler KJ, Sheybani A, Parker RA, Doherty S, Brunt EM, Chapman 
WC, Menias CO.  Combined hepatocellular and cholangiocar-
cinoma (biphenotypic) tumors: imaging features and diagnostic 
accuracy of contrast-enhanced CT and MRI. Am J Roentgenol. 
2013;201:332–9. https://doi.org/10.2214/AJR.12.9488.

 155. Potretzke TA, Tan BR, Doyle MB, Brunt EM, Heiken JP, Fowler 
KJ.  Imaging features of biphenotypic primary liver carcinoma 

(hepatocholangiocarcinoma) and the potential to mimic hepato-
cellular carcinoma: LI-RADS analysis of CT and MRI features 
in 61 cases. Am J Roentgenol. 2016;207:25–31. https://doi.
org/10.2214/AJR.15.14997.

 156. Yin X, Zhang BH, Qiu SJ, Ren ZG, Zhou J, Chen XH, Zhou Y, 
Fan J.  Combined hepatocellular carcinoma and cholangiocar-
cinoma: clinical features, treatment modalities, and prognosis. 
Ann Surg Oncol. 2012;19:2869–76. https://doi.org/10.1245/
s10434-012-2328-0.

 157. Yeh MM.  Pathology of combined hepatocellular-cholangiocar-
cinoma. J Gastroenterol Hepatol. 2010;25:1485–92. https://doi.
org/10.1111/j.1440-1746.2010.06430.x.

 158. Lee JH, Chung GE, Yu SJ, Hwang SY, Kim JS, Kim HY, Yoon 
JH, Lee HS, Yi NJ, Suh KS, Lee KU, Jang JJ, Kim YJ. Long-term 
prognosis of combined hepatocellular and cholangiocarcinoma 
after curative resection. Comparison with hepatocellular carci-
noma and cholangiocarcinoma. J Clin Gastroenterol. 2011;45:69–
75. https://doi.org/10.1097/MCG.0b013e3181ce5dfa.

 159. Cao J, Huang L, Liu C, Li J, Zhang X, Shen J, Li J, Lu L, Xu 
F, Yan J, Wu M, Lau WY, Yan Y. Double primary hepatic cancer 
(hepatocellular carcinoma and intrahepatic cholangiocarcinoma) 
in a single patient: a clinicopathologic study of 35 resected cases. J 
Gastroenterol Hepatol. 2013;28:1025–31. https://doi.org/10.1111/
jgh.12143.

 160. De Vito C, Sarker D, Ross P, Heaton N, Quaglia A. Histological 
heterogeneity in primary and metastatic classic combined 
hepatocellular- cholangiocarcinoma: a case series. Virchows Arch. 
2017;471:619–29. https://doi.org/10.1007/s00428-017-2196-x.

E. De Raffele

https://doi.org/10.1016/j.gtc.2017.01.009
https://doi.org/10.1016/j.gtc.2017.01.009
https://doi.org/10.1002/hep.29789
https://doi.org/10.1007/s00261-015-0433-9
https://doi.org/10.2214/AJR.12.9488
https://doi.org/10.2214/AJR.15.14997
https://doi.org/10.2214/AJR.15.14997
https://doi.org/10.1245/s10434-012-2328-0
https://doi.org/10.1245/s10434-012-2328-0
https://doi.org/10.1111/j.1440-1746.2010.06430.x
https://doi.org/10.1111/j.1440-1746.2010.06430.x
https://doi.org/10.1097/MCG.0b013e3181ce5dfa
https://doi.org/10.1111/jgh.12143
https://doi.org/10.1111/jgh.12143
https://doi.org/10.1007/s00428-017-2196-x


369© Springer Nature Switzerland AG 2020
F. Radu-Ionita et al. (eds.), Liver Diseases, https://doi.org/10.1007/978-3-030-24432-3_32

Acute Liver Failure

Diana Toma, Ovidiu Lazar, and Ecaterina Bontas

32.1  Introduction

Acute liver failure (ALF) is defined as the acute episode of 
hepatocellular severe dysfunction characterized by the 
deterioration of liver function tests, hepatic encephalopa-
thy (HE), and potentially associated dysfunction of other 
organs [such as acute respiratory distress syndrome, acute 
kidney injury (AKI), gastrointestinal bleeding, pancreati-
tis, sepsis] in a patient without underlying chronic liver 
disease [1]. Untreated, the prognosis of ALF is very poor, 
with a high mortality. The patients with ALF should be 
managed in Intensive Care Unit (ICU) where therapy 
should be applied based on the specific etiology of ALF 

and should be started as early as possible. Broadly, the 
medical management of ALF is supportive until recovery 
of the native liver or until the liver transplantation is an 
option. Accordingly, liver transplantation is the only 
proven treatment option for patients who do not recover 
spontaneously.

32.2  Definition

ALF is the clinical entity defined by the presence of enceph-
alopathy and coagulopathy (impaired synthetic function with 
INR ≥1.5) within <26 weeks of the onset of symptoms, in a 
patient without cirrhosis or underlying chronic liver disease 
[1, 2]. When patients develop coagulopathy without any 
alteration of their consciousness level is defined as acute 
liver injury (ALI) [1]. A severe form of ALI can precede the 
installation of ALF. Other used terms for ALF are “fulminant 
hepatic failure”, “acute hepatic necrosis”, “fulminate hepatic 
necrosis” or “fulminant hepatitis”.

In 1999 the International Association for the Study of the 
Liver (IASL) defined the subcategories of ALF based on the 
duration of disease from the beginning until the occurrence 
of hepatic encephalopathy (HE): hyperacute ALF as less 
than 10 days, fulminant ALF as 10–30 days and subacute 
hepatic failure as 5–24  weeks [3]. The fulminant type of 
ALF requires the presence of HE, severe coagulopathy, 
markedly increases serum transaminases, and jaundice; 
whereas the subacute type of ALF does not necessarily have 
HE and is mainly characterized by severe jaundice and asci-
tes, mild/moderate coagulopathy and serum transaminases 
level [1].

Acute deterioration of liver function in case of patients 
with chronic liver disease known also as acute-on-chronic 
liver failure; or after extensive liver resection or liver 
trauma; liver injury secondary to systemic diseases; and 
secondary to alcohol abuse (alcoholic hepatitis) may fulfill 
clinical features of ALF, but they are not considered 
ALF.  However, exceptions are considered in case of de 

Key Concepts
• Acute liver failure is defined by the deterioration of 

liver function tests, hepatic encephalopathy, and 
potentially associated dysfunction of other organs 
(such as acute respiratory distress syndrome, acute 
kidney injury, gastrointestinal bleeding, pancreati-
tis, sepsis) in a patient without underlying chronic 
liver disease.

• Untreated, the prognosis of acute liver failure is 
very poor, with a high mortality.

• Early recognition of acute liver failure, establish-
ment of the etiology and relocation to a liver trans-
plantation center, or tertiary intensive care 
specialized in acute liver failure are primordial 
measures in treating acute liver failure patients.
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novo presentation of patients with Wilson disease, verti-
cally acquired hepatitis B, Budd-Chiari syndrome, or auto-
immune hepatitis, which may be considered ALF despite 
of cirrhosis, if their disease has been manifested for less 
than 26 weeks [1, 2].

32.3  Etiology

Through the last decades, the etiology of ALF changed, with 
the declining incidence of hepatitis A and B, and elevation of 
paracetamol (acetaminophen) overdose, especially in 
Western Europe and United States [1, 2]. Moreover, there are 
also differences in etiology between developing and devel-
oped countries such as Europe and United States character-
ized by high incidence of paracetamol toxicity along with 
drug-induced liver injury (DILI) due to prescription agents. 
By contrast, South Asia and Hong Kong have a higher inci-
dence of viral hepatitis.

Etiologies of ALF are the best indicators of prognosis, 
and require specific management options, such as an emer-
gency liver transplantation (LT). The clinical course of dif-
ferent ALF etiologies is presented in Table 32.1 [1].

Lastly, European Association for the Study of the Liver 
recommends the classification of ALF based on their eti-
ologies. Therefore, the etiologies of ALF are further 
divided in etiologies with possible indication for emer-
gency LT, and etiologies with no indication for emer-
gency LT [1].

32.3.1  Etiologies with Possible Indication 
for Emergency LT

The main causes of ALF with possible indication of LT are 
drug related hepatotoxicity (paracetamol, idiosyncratic drug 
reaction), toxin-related hepatotoxicity, viral hepatitis, auto-
immune hepatitis, Wilson disease, Budd-Chiari syndrome, 
and pregnancy related liver failure) [1].

32.3.1.1  Drug-Related Hepatotoxicity
Many drugs could be the cause of drug-induced liver injury 
(DILI) which is a leading cause for emergency LT [4], espe-
cially in developed countries.

32.3.1.2  Acetaminophen (Paracetamol) Toxicity
Even if paracetamol—a widely used drug to ameliorate 
pain—rarely determines hepatotoxicity at therapeutic dose 
(<4 g/day in adults), this may occur after ingestion of large 
doses for suicidal purposes or nonintentional (ingestion of 
excessive amounts of paracetamol containing compounds 
such as opioid-paracetamol compounds). Hepatotoxicity can 
even occur at therapeutic dose, if other factors exist, like 
decreased glutathione reserves (in alcohol ingestion, fasting, 
malnutrition) or with medication known to induce cyto-
chrome P450 system (anticonvulsants).

In the very early stages of paracetamol ingestion, the clin-
ical syndrome is mainly characterized by severe metabolic 
acidosis, high lactate level, mild elevation of transaminases, 
minimal or any coagulopathy; being the consequence of the 
drug effect with liver functional mitochondrial standstill [1]. 
Subsequently, paracetamol hepatotoxicity is characterized 
by extreme high level of serum aminotransferase 
>10,000  IU/L, normal bilirubin level, hypoglycemia, and 
acute kidney injury (AKI). The progression of paracetamol 
induced hepatotoxicity is often rapidly to HE with coma and 
multiple organ failure [1].

32.3.1.3  Idiosyncratic Drug Reaction
ALF due to idiosyncratic drug reactions known as drug 
induced liver injury (DILI) may occur after any type of 
medication. It is a finding of older patients >60  years 
[1]. The most common implicated drugs are antibiotics 
(ampicillin- clavulanate, tetracyclines, macrolides, cipro-
floxacin, nitrofurantoin), antituberculosis drugs (isonia-
zid, pyrazinamide), anticonvulsants (phenytoin, valproate), 
antidepressants (amitriptyline, nortriptyline), non-steroidal 
anti- inflammatory (NSAIDs), immunosuppressive agents 
(cyclophosphamide, methotrexate), and halothane.

Shortly, mechanisms involved in hepatic injury are (1) the 
disruption of intracellular calcium homeostasis; (2) injury of 
the canalicular transport pumps, such as multidrug resis-
tance–associated protein 3; (3) T cells mediated immuno-
logic injury; (4) triggering of apoptotic pathways by tumor 

Table 32.1 The clinical course of different ALF aetiologies with per-
mission [1]

Precipitant Examples Presentation
Viral Hepatitis A, E, B (less frequent 

CMV, HSV, VZV, Dengue)
Acute/fulminant

Drugs/
toxins

Paracetamol (acetaminophen), 
phosphorous, Amanita 
phalloides
Anti-tuberculous, chemotherapy, 
statins, NSAI, phenytoin, 
carbamazepine, ecstasy, 
flucloxacillin

Acute/fulminant 
and subacute/
subfulminant
Acute/fulminant

Vascular Budd Chiari
Hypoxic hepatitis

Acute/fulminant 
and subacute/
subfulminant
Acute/fulminant

Pregnancy Pre-eclamptic liver rupture, 
HELLP, fatty liver of pregnancy

Acute/fulminant

Other Wilson disease, autoimmune, 
lymphoma, malignancy, HLH

Acute/fulminant 
and subacute/
subfulminant

CMV cytomegalovirus, HSV Herpes simplex, NSAI non-steroidal anti- 
inflammatory, HELLP haemolysis, elevated liver enzymes, low plate-
lets, HLH haemophagocytic lymphohistiocytosis
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necrosis factor-α; and (5) the inhibition of mitochondrial 
beta oxidation [5].

Herbal supplements, alternative medicine, weight loss 
agents and other nutritional supplements have been also 
associated with idiosyncratic hypersensitivity reactions, 
such as Ginseng, Kawakawa and St. John’s Wort.

Some illicit drugs (ecstasy, cocaine and phencyclidine) 
have been associated with idiosyncratic hypersensitivity 
reactions. For instance, ecstasy induced liver injury presents 
as an “heat shock related liver injury” with severe hyperther-
mia, multiple organ dysfunction, profound coagulopathy, 
and severe rhabdomyolysis [1, 6].

Even rarely, consider DRESS syndrome or Drug Reaction 
with Eosinophilia and Systemic Symptom Syndrome, in 
case of clinical picture with (1) fever; (2) severe cutaneous 
rash; (3) lymphadenopathy and (4) eosinophilia [1]. DRESS 
syndrome is a hypersensitivity drug reaction and is most fre-
quently associated with antiepileptic or anticonvulsivants, 
some antibiotics/antivirals, sulphur containing compounds, 
and NSAIDs [1]. Broadly, DRESS syndrome is character-
ized by skin rash, fever, pharyngitis, lymphadenopathy, and 
visceral organ involvement, typically presenting within eight 
weeks of therapy. Liver is one of the most common organs 
involved in DRESS Syndrome and liver failure is the most 
common cause of death in these patients. Liver abnormalities 
manifest with hepatomegaly, increased level of serum ami-
notransferases, hepatitis or even liver failure. Recent studies 
have suggested a close relationship between Herpes Viruses 
and DRESS syndrome. Management of this syndrome 
include withdrawal of the causative drug, supportive therapy 
in ICU, and systemic steroids.

32.3.1.4  Toxin-Related Hepatotoxicity
Different toxins are associated with dose-related toxicity:

• Amanita phalloides mushroom toxin—this mushrooms 
poisoning is more common in Europe compared with 
United States, and it is manifested in the first phases by 
muscarinic effects (sweating, salivation, vomiting, diar-
rhea, and so on). Later, after 4–8 days is associated with 
ALF.

• Organic solvents (e.g., carbon tetrachloride)
• Yellow phosphorus
• Aflatoxins—are defined as a family of toxins produced by 

certain fungi—Aspergillus flavus and Aspergillus para-
siticus, that are found in agricultural crops such as maize 
(corn), peanuts, cottonseed, and tree nuts.

32.3.1.5  Viral Hepatitis
Although viral hepatitis has become a relatively infrequent 
cause of ALF in Europe or United States, it remains the com-
monest cause of ALF in Asia and Africa, with hepatitis virus 
type A, B and E involvement. Importantly, if HBV is the 

main cause of ALF in Far East countries, hepatitis E virus 
(HEV) is more common in India [7], and hepatitis A virus in 
United States.

32.3.1.6  Hepatitis B Virus (HBV)
Hepatitis caused by virus type B can evolve to ALI or 
ALF.  HBV infection is classified de novo (acute primary 
infection), reactivation of HBV infection (occurred during or 
after treatment-induced immunosuppression after solid organ 
or for hematological malignancies transplantation), or super-
infection with hepatitis D virus (HDV). In the last situation, 
the identification of patients at risk and the administration of 
antiviral prophylactic treatment before the initiation of immu-
nosuppressive therapy are mandatory with benefits [8].

32.3.1.7  Hepatitis A Virus (HAV)
Hepatitis A virus is mainly transmitted by food or drinking 
water polluted with infected feces being common in India [9, 
10]. ALF occurs in less than 1% of cases of acute hepatitis A 
but could be a form of HAV evolution in older adulthood, or 
in patients with preexisting chronic liver disease [1]. 
Vaccination, as a form of prevention, is recommended for 
adults traveling in endemic area or for high-risk group.

32.3.1.8  Hepatitis E Virus (HEV)
Infection caused by HEV is rare in USA or Western Europe, 
but it is a significant cause of liver failure in endemic areas 
such as Russia, Pakistan, Mexico, and India. ALF due to 
hepatitis E has a worse outcome in elderly, pregnant women, 
and patients with underlying chronic liver disease [11].

32.3.1.9  Hepatitis D Virus (HDV)
ALF occurs in 2.5–6% of HDV infections. The coinfection 
of HBV and HDV, or superinfection of a chronic HBV 
patient with HDV, can both lead to ALF, but with a higher 
risk in those with coinfection.

32.3.1.10  Hepatitis C Virus (HCV)
Acute hepatitis C rarely causes ALF.

32.3.1.11  Other Viral Infection
Some viruses are implied in the etiology of ALF including 
herpes simplex virus 1 and 2 (HSV 1, 2), varicella-zoster 
virus, cytomegalovirus, Epstein-Barr virus, yellow fever 
virus, adenovirus, and parvovirus B19 especially in immuno-
suppress patients. Moreover, virus infection may be a co- 
factor for DILI development.

To date, ALF is a rare complication of HSV or varicella- 
zoster infection, which may appear especially in immuno-
compromised patients (such transplanted recipients or HIV 
infected patients), pregnant women (usually in the third tri-
mester), those with cancer or myelodysplastic syndromes, 
and rarely in immunocompetent patients. In 50% of patients 
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with ALF caused by HSV, the skin lesion may be missing 
and in this case liver biopsy could be helpful for making the 
diagnosis. Treatment should be initiated with acyclovir 
(5–10 mg/kg every 8 h for at least 7 days) for suspected or 
documented cases [12]. As a side note, Epstein-Barr virus 
and CMV infection are rare causes of ALF, but blood screen-
ing for these two viruses should be done for all patients with 
unclear etiology of ALF.

32.3.1.12  Autoimmune Hepatitis
Patients with autoimmune hepatitis (AIH), same to Wilson 
disease, may have unrecognized preexisting chronic liver 
disease. However, if they develop hepatic failure, they should 
be considered as having ALF, if their disease has been mani-
fested for less than 26 weeks. AIH should be suspected in 
patients with other autoimmune disorders presented with 
ALF. The diagnostic can be established by laboratory tests 
(fraction of globulin elevated, positive autoantibodies) or by 
liver biopsy [1].

AIH patients that develop ALF represent the most severe 
form of the disease; and they have the generally  recommendation 
to receive corticosteroid therapy in early stages, if possible. 
Nonetheless, steroid treatment may be effective, sometimes the 
lack of improvement requires emergency LT.

32.3.1.13  Wilson Disease
Patients with Wilson disease represent 6–12% from ALF 
cases. These patients are generally young women <20 years 
old which present hemolytic anemia (Coombs negative), 
very high serum bilirubin and low alkaline phosphatase, and 
very increased serum and urinary cooper [13]. Accordingly, 
ALF in patients with Wilson disease may be precipitated by 
a viral infection. Common diagnostic testing for Wilson’s 
disease includes serum ceruloplasmin, and assessment of 
serum and urinary cooper. Only that, the tests have high 
false-positive and false-negative rates, but this is unlikely to 
alter the management of ALF caused by Wilson’s disease 
where LT is the ultimate choice.

32.3.1.14  Budd-Chiari Syndrome
Budd-Chiari syndrome is an uncommon condition induced 
by thrombotic or non-thrombotic obstruction of the hepatic 
venous outflow. It is characterized by hepatomegaly, ascites, 
and abdominal pain, and rarely presents as ALF. Early recog-
nition and prompt treatment with anticoagulant therapy, 
thrombolytic therapy, and interventional radiology may 
result in good recovery.

32.3.1.15  Pregnancy: Acute Fatty Liver 
of Pregnancy and HELLP Syndrome

Acute fatty liver of pregnancy (AFLP) is a rare and severe 
complication of the third trimester of the pregnancy (30–
38 week of gestation), caused by the free fatty acids accumu-

lation in maternal blood and hepatocytes with the infiltration 
of the liver, which may cause ALF. The initial symptoms in 
patients with AFLP are usually nonspecific (nausea, vomit-
ing, abdominal pain, malaise, headache), but often associate 
hypertension, with or without proteinuria, possibly due to 
preeclampsia. Signs and symptoms of ALF, including jaun-
dice, ascites, encephalopathy, disseminated intravascular 
coagulopathy, and hypoglycemia can rapidly progress. Most 
patients develop acute kidney injury, and often progress to 
multiorgan failure [14]. Laboratory findings are elevated 
serum aspartate aminotransferase/alanine aminotransferase 
(AST/ALT), hypoglycemia, elevated levels of bilirubin and 
blood ammonia, low platelet count, and low fibrinogen. If it 
is not diagnosed and treated promptly, AFLP can result in 
high maternal and neonatal morbidity and mortality. 
Management of AFLP includes prompt delivery of the fetus, 
maternal stabilization and support, with the goals to recover 
damaged liver. Liver transplantation for fulminant hepatic 
failure caused by AFLP has been reported, but transplanta-
tion is unlikely to be needed with early diagnosis and prompt 
delivery of the fetus [15, 16].

HELLP syndrome defined by haemolysis, elevated liver 
enzyme levels, and low platelet levels, is a life-threatening 
condition through the third trimester of the pregnancy. 
Presently, the etiology of HELLP is not clear, but same to 
preeclampsia is due to an inadequate placental perfusion that 
results in placenta hypoxia and secondary in activation of 
coagulation cascade, thrombocytopenia, microvascular 
organs damage, with hepatic damage.

Same to AFLP, its presentation has nonspecific symptoms 
such as general altered state, nausea, vomiting, epigastric or 
right upper quadrant pain, and edema. The laboratory tests 
reveal thrombocytopenia, anemia and increase bilirubin level 
(secondary to hemolysis), elevated serum aspartate amino-
transferase/alanine aminotransferase (AST/ALT) and lactate 
dehydrogenase (LDH) levels (secondary to liver dysfunction), 
low fibrinogen level and increased D-dimers due to fibrinoly-
sis/DIC.  Accordingly, the most common liver histological 
lesions are periportal necrosis and microvascular thrombosis 
which can evolve into subcapsular hematomas and even to 
hepatic rupture. Management of HELLP syndrome consists in 
early recognition, stabilization of the mother, seizure prophy-
laxis (intravenous magnesium sulfate), treatment of hyperten-
sion, corticosteroid therapy and delivery.

32.3.2  Etiologies with No Indication of LT

32.3.2.1  Malignancies
Briefly, malignancies associated with hepatic failure can be 
divided into primary liver tumor (hepatocarcinoma and chol-
angiocarcinoma), and secondary liver tumor such as meta-
static infiltration of the liver with adenocarcinoma (e.g. 

D. Toma et al.



373

breast, lung, colon, and gastric cancer), lymphoma, and leu-
kemia. Laboratory blood tests usually highlight elevated 
alkaline phosphatase and gamma-glutamyl transferase level, 
or in case of lymphoma, high serum level of lactate 
dehydrogenase.

32.3.2.2  Vascular Causes
Acute ischemic injury of the liver. Hypoxic hepatitis (HH) 
is usually a consequence of another severe illness such as 
cardiac, circulatory or respiratory failure, being more com-
mon in ICU settings with an incidence 2.5–10%. 
Pathophysiological mechanism of HH is represented by the 
reduction of the hepatic blood flow, hypoxemia, and hepato-
cyte lesions ischemic or through reperfusion. Laboratory 
tests reveal massive and rapid raise of serum aminotransfer-
ases caused by reduced oxygen delivery to the liver. The 
main treatment of the HH is the correction of the underlying 
disease state. Using of N-acetylcysteine, other antioxidants 
or molecular adsorbent recirculating system (MARS) for the 
management of liver dysfunction is known, but published 
evidence does not support their effectiveness or regular use 
[17]. Unfortunately, the poor prognosis with hospitalization 
mortality rate >50% represents the most frequent cause of 
death due to the predisposing condition and not to the liver 
injury itself [18]. Liver transplantation is rarely indicated for 
the treatment of HH [19].

32.3.2.3  Portal Vein Thrombosis (PVT)
As already known, portal vein results by the confluence of 
mesenteric superior and splenic veins, and could be occluded 
in patients with cirrhosis, prothrombotic disorders like neo-
plasms (21–24%), myeloproliferative disorders and hyperco-
agulable disorders (10–12%), abdominal trauma, surgery, 
inflammatory bowel disease, or idiopathic causes (8–15%). 
Patients with acute PVT present pain with sudden onset in 
the right hypochondrium, nausea, fever, followed by acute 
portal hypertension, and intestinal ischemia. The diagnosis 
can be established by ultrasonography, endoscopic ultraso-
nography (EUS), MRI and magnetic resonance angiography 
(MRA), and CT scan. The principles of treatment are the 
anticoagulant treatment or thrombolysis, the treatment of 
underlying disease, and the treatment of complications 
caused by acute portal hypertension (variceal bleeding, asci-
tes, and encephalopathy)

32.4  Epidemiology

The commonest worldwide cause of ALF remains viral hep-
atitis (hepatitis A, E and B). The incidence of viral etiology 
of ALF has declined in Europe and USA, but in case of 
developing countries from Asia and Africa remains the main 
cause of ALF. On the other side, South Asia and Hong Kong 

still have higher incidence of hepatitis viruses (hepatitis E in 
Pakistan and hepatitis B in Hong Kong).

In Europe, the commonest cause of ALF is DILI (drug 
induced liver injury). In developed countries from Europe 
and USA, drug induced liver injury (DILI) and especially 
paracetamol or acetaminophen induced ALF represent now-
adays the most frequent etiology. In USA, nearly half of all 
cases of ALF over a period of 17 years (US ALFSG Adult 
Registry 1998–2014) were represented by paracetamol 
induced ALF, and in United Kingdom paracetamol remains 
the predominant etiology of ALF, but an exponential rise in 
severe poisoning was effectively controlled by the restriction 
imposed on drug sales in 1998 [20].

32.5  Pathophysiology

ALF is a severe organ damage having the onset with non- 
specific symptoms such as malaise, nausea, vomiting, 
abdominal pains and dehydration, followed by the appear-
ance of jaundice, hepatic encephalopathy, coma, coagulopa-
thy, metabolic abnormalities, and afterwards with progression 
to multiorgan failure (cardiovascular, hemodynamic, respira-
tory, and renal systems). Therefore, the severity of clinical 
signs and illness depends upon the adverse metabolic conse-
quences of liver dysfunction, the side effects of toxins 
released by the necrotic liver, and the degree of liver regen-
eration [21].

In a simplified manner, ALF is defined by a significant 
liver necrosis with (1) coagulopathy; and (2) HE; in a patient 
without underling liver disorder. It has to be noted, that liver 
necrosis is missing in acute fatty liver of pregnancy. It fol-
lows that a necrotic liver release neurotoxic (ammonia) and 
inflammatory mediators (TNF, IL-1, IL-6). As a conse-
quence, there is a continual alteration of blood-brain barrier 
with its dysfunction. Glutamine accumulation due to ammo-
nia, crosses blood-brain barrier with further alteration and 
increasing of oxidative stress. Inflammatory mediators cause 
microglial activation. Finally, dysfunction of blood-brain 
barrier is associating astrocyte swelling and cerebral edema.

Encephalopathy. In ALF, the encephalopathy develops 
in the early stages of liver failure, sometimes suddenly; it 
may precede the jaundice, and it manifests through drowsi-
ness, agitation, delirium, convulsions with rapid progression 
to decerebrate rigidity and deep coma. As a note, HE usually 
develops after 7  days of jaundice [1]. Also, patients with 
noted jaundice who develop HE between 8 and 28 days of 
jaundice, develop further ALF [1]. On the other side, patients 
with jaundice over 3 weeks and without HE are diagnosed 
with chronic liver disease [1].

One well known classification of HE is based on the 
underlying disease [22]. Type A is associated with acute liver 
failure resulting from severe inflammatory and/or necrotic 
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rapid onset liver disease, is associated with increased intra-
cranial pressure (ICP) due to cerebral edema that progresses 
rapidly and may lead to brain herniation and death; type B is 
associated with portosystemic bypass without parenchymal 
liver disorders; type C accompanies chronic liver disease 
(cirrhosis) and portal hypertension with portosystemic shunts 
(with three subcategories: episodic, persistent and minimal); 
and type D associated with disorders of the urea cycle [22]. 
It has to be underlined, that types B and C have similar clini-
cal manifestations [22].

Another useful classification of HE known as The West 
Haven Criteria is based on the severity of manifestations. 
The West Haven Criteria are described in Table 32.2 [22].

32.6  Diagnosis

The typical scenario of ALF is the association of liver dam-
age (a 2–3 times elevation of serum transaminases) with 
altered hepatic function (jaundice and coagulopathy) in a 
patient without chronic liver disease [1].

The diagnostic of acute liver failure must be consid-
ered in patients with recent onset <26  weeks of mental 
status changes, jaundice, but also of nonspecific symp-
toms such as nausea, vomiting, malaise, right upper quad-
rant pain [1, 2].

Based on the definition of ALF, the diagnosis work up 
must encompass all three criteria:

• Elevated aminotransferases level
• Hepatic encephalopathy (HE)
• Coagulopathy (prolonged INR  ≥  1.5 or increased PT 

(prothrombin time)).

Besides, the establishing of ALF diagnosis has to go 
through careful medical history, physical examination, labo-
ratory evaluation, imaging studies, and liver biopsy if is 
necessary.

Notably, it is the early identification of the ALF etiology, 
because prognosis and specific treatment of ALF are depen-
dent of its etiology, and also for the early identification of 
those patients who may benefit from urgent liver transplanta-
tion. When the main pathogenetic mechanism is cell necrosis 
or liver necrosis, patients have extremely increased serum 
transaminases (aminotransferases) [23]. If the liver injury is 
steady, patients have lower serum hepatic transaminases but 
severe hyperbilirubinemia [23].

Without a doubt, medical history can bring essential 
information from patient and/or from patient’s family (if 
severe encephalopathy is present) regarding the etiology of 
ALF, such as medication use (including herbal and dietary 
supplements, illicit drugs), alcohol abuse, risks factor for 

Table 32.2 West Haven Criteria and Clinical Description. From [22] with permission

West Haven 
criteria including 
minimal HE ISHEN Description Suggested operative criteria Comment
Unimpaired No encephalopathy at all, no history of HE Tested and proved to be normal
Minimal Covert Psychometric or neuropsychological 

alterations of tests exploring psychomotor 
speed/executive functions or 
neurophysiological alterations without 
clinical evidence of mental change

Abnormal results of established 
psychometric or neuropsychological 
tests without clinical manifestations

No universal criteria 
for diagnosis
Local standards and 
expertise required

Grade I • Trivial lack of awareness
• Euphoria or anxiety
• Shortened attention span
• Impairment of addition or subtraction
• Altered sleep rhythm

Despite oriented in time and space (see 
below), the patient appears to have 
some cognitive/behavioral decay with 
respect to his or her standard on clinical 
examination or to the caregivers

Clinical findings 
usually not 
reproducible

Grade II Overt • Lethargy or apathy
• Disorientation for time
• Obvious personality change
• Inappropriate behavior
• Dyspraxia
• Asterixis

Disoriented for time (at least three of 
the followings are wrong: day of the 
month, day of the week, month, season, 
or year) ± the other mentioned 
symptoms

Clinical findings 
variable, but 
reproducible to some 
extent

Grade III • Somnolence to semistupor
• Responsive to stimuli
• Confused
• Gross disorientation
• Bizarre behavior

Disoriented also for space (at least three 
of the following wrongly reported: 
country, state [or region], city, or 
place) ± the other mentioned symptoms

Clinical findings 
reproducible to some 
extent

Grade IV Coma Does not respond even to painful 
stimuli

Comatose state 
usually reproducible

All conditions are required to be related to liver insufficiency and/or PSS (portosystemic shunting). Where ISHEN—International Society for 
Hepatic Encephalopathy and Nitrogen Metabolism
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acute viral hepatitis (travel in endemic areas, transfusions, 
unprotected sexual contacts, occupation, body piercing), 
toxin exposure (mushrooms, organic solvents, phosphorus), 
suicidal intentions or depression, pregnancy, hepatic isch-
emia, malignancy, and family history of liver disease.

Physical examination of a patient with ALF must be 
complete and aims to identify the possible cause of ALF, and 
further the complications of ALF and/or the impact of ALF 
on other organs or systems (cerebral edema, renal failure, 
ARDS, and infections). It appears that the jaundice, a 
 common sign in patients with ALF, is not always seen at pre-
sentation in paracetamol toxicity or in herpes simplex virus 
infection. Right upper quadrant palpation and percussion can 
identify hepatomegaly (in viral hepatitis, in malignant infil-
tration, congestive heart failure, or acute Budd-Chiari syn-
drome). Conversely, small liver indicates a significant loss of 
volume due to hepatic necrosis. The presence of ascites, 
especially if it develops rapidly and is accompanied by pain, 
suggests the possibility of hepatic vein thrombosis (Budd- 
Chiari syndrome).

A very important part of the physical examination is the 
neurologic examination in order to identify and estimate the 
severity of HE, and also for early identification of intracra-
nial hypertension (ICH) or cerebral edema signs. If in 
patients with grade I or II HE cerebral edema is uncommon, 
it is present in 25–35% in those with grade III HE, and in 
75% with grade IV HE [24].

Clinical signs and symptoms suggestive for intracranial 
hypertension caused by brain edema are reactivity of pupils, 
systolic hypertension, bradycardia, respiratory depression/
apnea, seizure, increased muscles tension or tonus (opisthot-
onus or opisthotonos, decerebrate posturing). However, 
intracranial hypertension may increase rapidly before the 
onset of any clinical sign and may further result in brain 
death before any treatment can be initiated [24].

32.6.1  Laboratory Evaluation

Obligatory tests for ALF patients:

• Prothrombin time or INR > 1.5 is part of the ALF defini-
tion. Coagulation parameters should be monitoring 3–4 
times/day but is not helpful to estimate the patient’s risk 
for bleeding.

• Liver blood tests
 – AST and/or ALT—usual markedly elevated (very high 

levels >3500  IU/L in acetaminophen overdose, isch-
emic liver injury; high levels 1000–2000 IU/L in hepa-
titis B, Herpes simplex virus hepatitis, and Wilson 
disease). These parameters should be monitored daily.

 – Bilirubin conjugated/unconjugated level should be 
monitored daily—usually it is elevated. The decrease 

of prothrombin time/INR and bilirubin levels is seen in 
recovering patients, but they are raising in patients 
with poor prognosis.

 – Alkaline phosphatase
 – GGT

• Complete blood cell (CBC)—monitored 3–4 times/day
 – Thrombocytopenia <150,000 per mmc
 – Anemia
 – Leukocytosis or leukopenia (in Herpes simplex virus 

hepatitis)
• Serum chemistries—metabolic panels should be moni-

tored more than once/day
 – Glucose—possible very low
 – Creatinine, blood urea nitrogen—possible elevated
 – Ammonia (arterial)—probably elevated
 – Serum electrolytes—sodium, potassium, chloride, 

bicarbonate, calcium, magnesium, phosphate
 – LDH—elevated
 – Albumin
 – Amylase, lipase

• Toxicology screening—Acetaminophen level in blood, or 
urine toxicology

• Viral hepatitis serology—anti-HAVA IgM, anti-HBV 
IgM, hepatitis B surface antigen, anti-HCV virus antibod-
ies, anti-herpes simplex/varicella zoster virus antibodies 
IgM, anti-HEV IgM, serologic testing for HIV

• Autoimmune markers
• Arterial blood gas analysis—metabolic acidosis, high lac-

tate level
• For pregnant women—AST and/or ALT (<1000 UI/L), 

bilirubin level, low platelet count, urinalysis 
(proteinuria)

• For Wilson disease—AST/ALT (>2), Alkaline phospha-
tase/total bilirubin (<4), ceruloplasmin level (low <5 mg/
dL), serum cooper (elevated >200 μg/dL), test Coombs 
(negative), anemia

• Infections surveillance—cultures for respiratory tract, 
blood, urine

32.6.2  Imaging Study

• Abdominal CT scan—for liver dimensions, density, 
spleen dimensions, evidence of hepatocellular carcinoma 
or intrahepatic metastases, hepatic vein occlusion

• Abdominal ultrasound—same information as CT scan but 
it is more available, no risk, noninvasive, and cheaper; 
with Doppler—establish the presence of flow in the 
hepatic veins, hepatic artery, and the portal vein.

• Cerebral CT scan/MRI—cerebral edema, hemorrhage

Liver biopsy is indicated when medical past history, lab-
oratory evaluation or imaging studies failed to identify the 
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etiology of ALF, or patient needs liver transplantation. If 
coagulopathy is present, percutaneous biopsy is contraindi-
cated, although transjugular liver biopsy is a choice. 
Nonetheless, the results of liver biopsy can bring useful 
information in malignant infiltration, autoimmune hepatitis, 
lymphoma, herpes simplex hepatitis (viral inclusions), and 
Wilson disease [1].

32.7  Treatment

32.7.1  General Principles and Organ Specific 
Management

ALF is a highly unpredictable disease, which can evolve to a 
life-threatening situation within few hours. The main part of 
ALF patients should be managed in ICU, and moreover, or in 
centers specialized on liver transplantation. If a patient with 
ALF is admitted in a hospital without liver transplantation, 
this patient must to be transferred in a liver transplantation 
center as soon as possible [1], before the progression of 
coagulopathy or HE, and the onset of increased intracranial 
pressure. Briefly, it is recommended to take in consideration 
the transfer of the patient to a liver transplantation center or 
tertiary intensive care unit in case of evolution into grade II 
HE, INR > 1.5 and the onset of hypoglycemia.

Cardiovascular management. Hemodynamic distur-
bances in ALF patients are caused by low systemic vascular 
resistance and intravascular volume depletion by extravasa-
tion of fluid in extravascular space. So that, there is positive 
response to appropriate volume loading. Hypotensive ALF 
patients should be initially resuscitated with crystalloids, or 
sometimes normal saline fluids [1]. A keynote factor it is to 
avoid hyperchloraemia because of its severe side effects [1]. 
Later, volume loading may be done by the association of 
crystalloid fluids with Ringers lactate or balanced solution. 
Dextrose solution should be added in patients with hypogly-
cemia. Albumin is not indicated, because its role in ALF has 
not been investigated [1]. When fluids are administrated it is 
important to avoid excessive volume loading because it may 
worsen cerebral edema [24] and prognosis.

When fluid resuscitation is not efficient, vasopressor sup-
port is required in order to maintain the mean arterial pressure 
of 60–75  mmHg and the cerebral perfusion pressure of 
50–60 mmHg. The first drug of choice is norepinephrine with 
a dose starting of 0.05 μg/kg/min IV. Vasopressin in low dose 
of 1–2  U/h, is the second choice, for patients who do not 
respond adequately to norepinephrine, but it has been sug-
gested to be detrimental with cerebral complications [25].

Respiratory management. In case of encephalopathy pro-
gression, hypoxia or respiratory failure, the patients with 
ALF may require invasive or noninvasive ventilatory sup-
port. Ventilation settings and parameters should be protective 

such as low tidal volume 6–8 mL/kg (ideal body weight) and 
PEEP to maintain an open lung with low tidal volume [26]. 
The main outcome is to avoid hypo- or hypercapnia. 
Obviously, adequate airway care, physiotherapy and periodic 
infections surveillance assure good prognosis.

Metabolic and nutritional management. Nutritional sup-
port is essential for the treatment of ALF patients, because 
they have increased resting energy expenditure. Oral or 
enteral nutrition is preferred whenever is possible, in order to 
counteract the loss of muscle mass, gastrointestinal hemor-
rhage and gut microbiome translocation, together with the 
monitoring of serum ammonia. If enteral nutrition is not pos-
sible or enough, parenteral nutrition is an option. Proton 
pump inhibitors should be used only for the period of paren-
teral nutrition, taking into account the possible risk of venti-
lator associated pneumonia and Clostridium difficile 
infection.

Hypoglycemia is a particular risk for ALF patients, espe-
cially when ALF is caused by paracetamol (acetaminophen) 
overdose, and it is associated with increased mortality. 
Nevertheless, the symptoms of hypoglycemia may be con-
fused or overlapped with those of HE.  Consequently, fre-
quent monitoring of blood glucose level (at 2 h) is mandatory. 
Correction of hypoglycemia with concentrated glucose/dex-
trose bolus therapy or boluses may sometimes be necessary 
but can cause hyperglycemia that exacerbates an elevated 
intracranial pressure.

Renal management. Acute kidney injury (AKI) is a com-
plication of ALF in 30–50% of cases, and it is associated 
with increased hospitalization and mortality. Risk factors for 
developing AKI in ALF patients are paracetamol induced 
ALF, prolonged hypotension, preexisting kidney disease, 
increased age, systemic inflammatory response syndrome 
(SIRS) and infection [27]. Measures to avoid the appearance 
of AKI are prompt treatment of hypotension, infections, and 
avoiding nephrotoxic drugs (including radiological contrast 
agents). If acute renal failure develops, renal replacement 
therapy must be set up early preferably by using venovenous 
hemofiltration technique. In ALF patients with AKI, the 
main indications for renal replacement therapy are hyperam-
monemia, acidosis, hyponatremia and others metabolic dis-
turbances, fluid balance and temperature control [28].

Infection surveillance and management. Patients with 
ALF are at high risk for developing infections (viral, bacte-
rial or fungal), sepsis and septic shock. The main sites of 
infections are respiratory tract (pneumonia), urinary tract 
and blood stream. The most frequently involved microorgan-
isms are Gram-negative enteric bacilli, Gram-positive cocci, 
fungal organisms and sometimes reactivation of a preexist-
ing infection with CMV.  Clinical diagnosis is difficult 
because the signs and symptoms of infections may be absent, 
and the only indirect sign is worsening of HE or renal dys-
function. Routine and frequent microbiological surveillance 
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(sputum, urine, blood) is the safest way to detect and treat on 
time ALF associated with infections. Prophylactic antibiot-
ics can reduce the incidence of infections, but studies have 
shown no benefit on survival [29]. Antibiotics should be 
given only in case of infection signs, positive culture results, 
clinical deterioration of HE, or for patients waiting emer-
gency liver transplantation [1].

32.7.2  Treatment for Specific Etiology of ALF

It has to be noted that advanced liver injury or damage with 
ALF may not benefit from specific therapies [23].

Acetaminophen overdose. Paracetamol or acetamino-
phen overdose has characteristically at presentation 
AST > 10,000 IU/L and at least twice the value of ALT, and 
normal bilirubin [1]. N-acetylcysteine (NAC) is the specific 
antidote for acetaminophen or paracetamol overdose. 
However, NAC should be prescribed for ALF of unknown 
etiology, because it has benefits regarding cerebral edema, 
hemodynamic, oxygen delivery, consumption, and progno-
sis. If NAC is given during first 8  h after acetaminophen 
overdose, it decreases dramatically the hepatotoxicity and 
death. The dose of NAC for ALF patients is 150 mg/kg/1 h, 
followed by 12.5 mg/kg/h for 4 h and 6.25 mg/kg/h for the 
next 67 h. However, it is advisable to exclude NAC in case of 
“advanced coma” [23].

Viral hepatitis. In case of ALF secondary to hepatitis 
virus B infection, antiviral therapy with nucleoside/nucleo-
tide analogues such as LAM, adefovir (ADV), entecavir may 
be useful. They also need to be administered in patient with 
indication for liver transplantation in order to prevent post- 
transplantation recurrence.

Patients with herpes simplex virus infections and hepatitis 
should receive Acyclovir (5–10 mg/kg every 8 h) for at least 
7 days.

Mushroom poisoning. ALF secondary to Amanita phal-
loides poisoning benefits from early administration of acti-
vated charcoal that binds the amatoxin. It is highly 
recommended.

Autoimmune hepatitis. Also, autoimmune hepatitis may 
benefit from corticosteroids. They reduce the need for liver 
transplantation.

Budd-Chiari syndrome. Patients can benefit from antico-
agulant therapy, thrombolytic therapy, interventional radiol-
ogy (TIPS—transjugular intrahepatic portosystemic shunt 
placement), and surgical decompression, all in order to 
restore hepatic venous drainage.

Wilson disease. These patients benefit from plasma 
exchange for copper removal until liver transplantation is an 
available option.

Acute fatty liver of pregnancy. The main treatment is 
emergency delivery, after mother stabilization.

32.7.3  Specific Treatment of ALF

Management of ALF patients is primarily tackling the main 
manifestations that defines ALF such as coagulopathy, HE, 
and cerebral edema.

Treatment of coagulopathy. Severe coagulopathy in ALF 
is caused by the inadequate liver production of coagulation 
factors—II, V, VII, IX and X, often doubled by the fall of 
platelet number less than 100,000 per mmc. Prophylactic 
administration of fresh frozen plasma is not recommended, 
because published data has not shown to decrease mortality, 
and further can interfere with the tests for liver assessment 
function and may lead to fluid overloading. Exception is 
made in case of a planned invasive procedure or in the pres-
ence of profound coagulopathy (INR > 7). Platelet adminis-
tration is recommended when platelet count is below 10,000 
per mmc, or before an invasive procedure when platelet 
count is <50,000 per mmc.

Hepatic encephalopathy. The treatment of HE is focused 
on the decreasing ammonia production by gut microbiota 
and the avoiding of aggravating factors of HE such as infec-
tions, gastrointestinal bleeding, constipation, and sedatives. 
One option treatment is Lactulose (nonabsorbable disaccha-
ride) but it has controversial efficacy in ALF, and it is associ-
ated with bowel distention, dehydration secondary to 
diarrhea, and hypernatremia. Usually it is oral administered, 
and a better option is lactulose enema. Other alternatives are 
Metronidazole—but may be neurotoxic in ALF, Neomycin—
should be avoided because is nephrotoxic, Rifaximin—used 
often for HE in patients with chronic liver disease.

Cerebral edema. It is a finding of 25–35% patients with 
grade III HE, and of 75% of patients with grade IV 
HE. Cerebral edema followed by elevated ICP, brain isch-
emia and finally by brainstem herniation is the most common 
cause of death in patients with ALF. Liver transplantation is 
the only choice treatment for cerebral edema, and the rest of 
measures reduces cerebral edema and elevated ICP being 
only supportive until transplantation. An ICP  >  30  mmHg 
and an arterial ammonia >200 μg/dL are predictive for brain 
herniation and death.

Intracranial pressure monitoring. It is an indication for 
patient with grade III/IV HE—in order to diagnose elevated 
ICP and guiding the treatment. Even if the monitoring of ICP 
can be done using epidural, subdural, parenchymal or intra-
ventricular catheters, in the case of patients with ALF are 
preferred the use of epidural/subdural catheters because they 
are less invasive, with lower risk for hemorrhagic complica-
tions and infections. Prior to catheter placement, a CT scan 
of brain should be done, and coagulopathy must be cor-
rected. ICP should be maintained <20 mmHg.

Transcranial Doppler ultrasound is a noninvasive investi-
gation that can be used to estimate the ICP, as an alternative 
to invasive monitoring.
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32.7.3.1  Measures to Prevent ICP Elevation
• Treatment of elevated ICP aims to maintain the ICP less 

than 20–25  mmHg, and the cerebral perfusion pressure 
above 50–60 mmHg.

• Minimizing patient agitation or stimulation—placing 
patient in quiet rooms, reduction of sensorial stimulation, 
nasogastric tube placement only in intubated and sedated 
patient with gentle and rare endotracheal suctions.

• Patient head elevation at 30° improves jugular venous 
outflow.

• Avoid volume overloading.
• Administration of hypertonic saline to induce hypernatre-

mia with maintaining of serum sodium level between 145 
and 155 mEq/L will decrease water influx into brain and 
reduce cerebral edema.

• Hyperosmotic agents can reduce brain edema, but only 
temporary. A bolus of Mannitol 0.5–1  g/kgc adminis-
trated IV, repeated once or twice can correct episodes of 
ICP elevation and improves survival [24], with the condi-
tion to maintain serum osmolality less than 320 mOsm/L.

• Hyperventilation is a method to reduce elevated ICP, but 
with limited efficacy over time (after 48 h). Every mmHg 
reduction of PaCO2, reduces the cerebral blood flow by 
2–3% and restore autoregulation. Moderate hyperventila-
tion, with a PaCO2 between 25 and 30 mmHg is indicated 
in patients with severe elevated ICP and at risk of brain 
herniation.

• Induced coma with barbiturates (pentobarbital, thiopen-
tal) or propofol, in order to reduce cerebral metabolic rate 
and cerebral blood flow in refractory patients.

• Glucocorticoids are not indicated and should not be used, 
because studies have not shown to be beneficial in ALF 
patients.

32.7.4  Experimental Therapies

• Induction of moderate hypothermia with core tempera-
ture 34–35  °C by cooling blankets, has been shown to 
reduce ICP and improves cerebral perfusion pressure but 
with the risk of cardiac depression or arrhythmias, shiver-
ing, infection, and bleeding.

• Indometacin (indomethacin) in bolus of 0.5 mg/kg can be 
considered in patients with elevated ICP refractory to 
standard treatment [30].

32.7.5  Artificial Liver Support Devices

The aim of extracorporeal systems use is to be a “bridging 
therapy” until liver transplantation.

• Extracorporeal albumin dialysis. Extracorporeal systems 
that uses albumin as a scavenging molecule are MARS 
(Molecular Adsorbent Recirculation System) and SPAD 
(Single-Pass Albumin Dialysis) [31]. Prometheus 
(Fractionated Plasma Separation and Adsorption) is 
another form of albumin dialysis [31]. Bleeding is a sig-
nificant problem for MARS [31]. Even if, MARS is the 
most studied albumin dialysis technology in ALF, further 
randomized studies are needed [31]. Overall, extracorpo-
real liver support systems seem to increase survival in 
ALF [32] but further studies are a requisite.

• BAL (Bioartificial liver) system is a bioreactor with 
liver cells which temporarily replaces the hepatic func-
tions. BAL systems are a temporary option in therapy of 
ALF or the treatment of acute-on-chronic liver failure 
[33, 34]. They also can assure for short term the endoge-
nous regeneration of the native liver [33].

• Plasma exchange has been shown to improve survival in 
patients with ALF, and to modulate immune dysfunction, 
if used on timely (first 3 days after ICU admission) [1].

32.7.6  Liver Transplantation

Orthotopic liver transplantation is the only therapeutic choice 
in end-stage liver disorders such as cirrhosis, chronic hepati-
tis, ALF, chronic hepatic failure or metabolic diseases [35]. 
Contraindications for liver transplantation are malignancy, 
irreversible brain damage, uncontrolled infection, and severe 
pancreatitis [1].

32.8  Prognosis

One important step in the management of ALF patients is the 
early selection of patients who recover spontaneously, or of 
those who benefit from liver transplantation, and of those 
who do not benefit from liver transplantation [1]. For this 
reason, several criteria for emergency liver transplantation 
have been developed. Newly, it seems that the combination 
of hypoglycemia, coagulopathy, and lactic acidosis predicts 
better death or liver transplant in comparison with the King’s 
College criteria [36].

King’s College Criteria for transplant is the most widely 
model used for ALF selection that benefit from liver trans-
plantation Table 32.3 [1, 2].

Model for End-stage liver disease (MELD) score is a 
scoring system also used to predict survival among ALF 
patients based on the laboratory values of serum bilirubin, 
creatinine and the INR. MELD score >32 are predictive for 
high mortality.
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32.9  Conclusions

ALF is a life-threatening illness, with multiorgan damaging 
associated with numerous complications, and very poor 
prognosis, being caused by various etiologies. Despite the 
numerous advances on pathophysiology, intensive care 
 treatment, and transplantation techniques from the last 
decades, is still characterized by increased mortality.

Early recognition of ALF, establishment of the etiology 
and relocation to a liver transplantation center, or tertiary 
intensive care specialized in ALF are primordial measures in 
treating ALF patients.

Equally important is the identification of patients with 
great probability of spontaneous recovery but also of patients 
who may benefit from emergency liver transplantation.

Liver transplantation is the only one proven liver replace-
ment therapy that reduces mortality. One year survival rates 
following emergency liver transplantation are >80% [1].

 Self Study

 Questions

 1. Which statement is true?
 (a) Cirrhosis with Budd-Chiari syndrome is considered 

ALF when diagnosed within 26 weeks
 (b) Paracetamol hepatotoxicity is characterized by 

extreme high level of serum aminotransferase (AST/
ALT) > 10,000 IU/L.

 (c) Ecstasy induced liver injury presents with no 
hyperthermia

 (d) Drug-induced liver injury (DILI) is a leading cause 
for emergency liver transplantation

 2. Which statement/statements is/are true?
 (a) Drug induced liver injury may occur after any type of 

medication
 (b) HELLP syndrome defined by haemolysis, elevated 

liver enzyme levels
 (c) N-acetylcysteine (NAC) is the specific antidote for 

acetaminophen or paracetamol overdose
 (d) Extracorporeal systems that uses albumin as a scav-

enging molecule are MARS (Molecular Adsorbent 
Recirculation System) and SPAD (Single-Pass 
Albumin Dialysis)

 Answers

 1. Which statement is true?
 (a) Correct.
 (b) Correct.
 (c) Ecstasy induced liver injury presents as an “heat 

shock related liver injury” with severe hyperthermia, 
multiple organ dysfunction, profound coagulopathy, 
and severe rhabdomyolysis.

 (d) Correct.
 2. Which statement/statements is/are true?

 (a) Correct
 (b) Correct
 (c) Correct
 (d) Correct
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Key Concepts
• Cirrhosis and CLF are the consequences of chronic 

and progressive liver injury. Etiological treatment 
may halt and reduce liver damage, particularly in 
early stages of the disease, so cirrhosis is consid-
ered potentially reversible.

• Clinical stages of cirrhosis are based on different 
outcomes and have prognostic value. The progres-
sion of the disease parallels liver damage, inflam-
matory features and hemodynamic alterations, 
although this progression is not predictable.

• Progressive chronic liver failure driven by hemody-
namic and inflammatory alterations may impact on 
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33.1  Introduction

Chronic liver failure is the result of chronic liver inflamma-
tion of any cause including viral hepatitis, alcoholic liver dis-
ease, autoimmune liver disease, non-alcoholic fatty liver 
disease (NAFLD) or genetic conditions, leading to paren-
chymal necrosis, fibrogenesis, angiogenesis and profound 
vascular changes. Regardless of the aetiology, chronic liver 
failure is characterized by the progressive reduction in liver 
functions such as, synthesis of essential serum proteins 
(albumin, coagulation factors, hormonal and growth factors, 
…), metabolism of many endogen and exogenous com-
pounds (bilirubin, ammonia, drugs, …), and leading to intra-
hepatic vascular resistance (secondary to both mechanical 
obstacle and vasoconstriction) [1, 2].

Liver cirrhosis is defined histopathologically as an 
advanced state of liver fibrosis with prominent architectural 
distortion and formation of regenerative nodules. Cirrhosis 
evolves from a compensated (no or minor symptoms) to a 
decompensated state characterized by the development of 
typical complications such as gastrointestinal bleeding sec-
ondary to portal hypertension (PH), ascites, hepatic encepha-
lopathy (HE), jaundice, bacterial infections and multiorgan 
failure [1, 2]. Severe fibrosis and cirrhosis are often not pos-
sible to be distinguished in asymptomatic patients in the era 
of non-invasive methods to assess liver fibrosis and they are 
considered as a continuum, so the term “compensated 
advanced chronic liver disease” (cACLD) has been proposed 
to better reflect this transition [3]. Since cirrhosis is associ-
ated with a large and increasing number of organ and system 
dysfunctions is, therefore, considered a multisystem disease 
[4–6]. Cirrhosis is also currently considered potentially 
reversible since it may return from decompensated to com-
pensated or even precirrhotic phase if the cause of the dis-
ease is removed [7–10].

Mechanisms involved in progression and decompensation 
of cirrhosis include increasing portal pressure, hyperdy-
namic circulation, dysbiosis of microbiota, bacterial translo-
cation and systemic inflammation.

Clinical manifestations, quality of life and prognosis vary 
according to the progression of the disease, thus relevant 
clinical stages have been proposed (Fig. 33.1) [3, 11]. These 
clinical stages are based on the outcome and have prognostic 
value, but they do not follow a predictable pathway. Acute- 
on- chronic liver failure is a recently described syndrome 
occurring frequently in patients with cirrhosis characterized 
by acute decompensation, development of organ failure and 
high short-term mortality [12, 13]. ACLF is among the most 
common causes of death in patients with cirrhosis together 
with infections, hepatocellular carcinoma (HCC), renal fail-
ure and PH related bleeding.

Herein, pathogenesis and manifestations of CLF and 
ACLF are reviewed focusing in the multisystem dimension 
and potential reversibility of the disease.

33.2  Pathogenesis of Chronic Liver Failure

Regardless of the aetiology, several mechanisms are associ-
ated with the progression of CLF and risk of decompensa-
tion, compromising the outcome of patients with cirrhosis.

33.2.1  Portal Hypertension 
and Hyperdynamic Circulation

PH is a common and serious complication of CLF consid-
ered clinically significant when hepatic venous pressure gra-
dient increases above 10  mmHg. Both, the architectural 
distortion secondary to liver fibrosis and dysfunction of sinu-
soidal endothelial cells contribute to the development of 
PH.  Also, hepatic stellate cells contraction has been pro-
posed to be implicated in the syndrome. Other factors such 
as mesenteric hypervolemia secondary to splanchnic vasodi-
latation further contributes and aggravates PH.

This scenario results in a series of hemodynamic altera-
tions and clinical complications. In patients with cirrhosis 
PH is associated with splanchnic vasodilatation, conse-
quently leading to high cardiac output, increased heart 
rate, and a reduced peripheral vascular resistance culmi-
nating in a reduction in mean arterial pressure which in 
turn, activates compensatory mechanisms associated with 
arteriolar vasoconstriction of several territories (kidney, 
muscle, brain, skin, …) [14]. This particular cardiovascu-
lar scenario, known as circulatory dysfunction, deterio-
rates with the advance of liver failure leading to a 
progressive decrease in cardiac output, a reduction in the 
effective arterial blood volume and a progressive reduction 

the performance of different organs, leading to clin-
ical decompensation and dysfunction of multiple 
organs and systems. So, chronic liver failure is con-
sidered a multisystem disease.

• Management of chronic liver failure aims to treat 
primary liver disease, screening, prevent and con-
trolling complications, and consider LT in patients 
with advanced stages.

• ACLF is an acute decompensation characterized by 
organ failure and high short-term mortality. It is a 
very dynamic syndrome, which may improve/
resolve in up to 50% of cases. So, prognosis is 
highly dependent on the early clinical course during 
hospitalization among other factors.
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in individual organ perfusion [2, 15]. In fact, liver failure 
causes high morbidity and its mortality remains disturb-
ingly elevated without LT [16].

33.2.2  Dysbiosis, Bacterial Translocation 
and Systemic Inflammation

Gut microbiota comprises trillions of microorganisms that 
reside in our gastrointestinal tract. The latest deep sequenc-
ing techniques allowed a better understanding of microbi-
ome (genome of microorganisms of flora) in health and 
disease.

In CLF, several changes in composition and function 
of gut microbiota have been described, known as dysbio-
sis (alteration of the normal equilibrium in gut flora) [17, 
18]. So, a shift towards a greater abundance of potentially 
 pathogenic bacteria (Enterobacteriaceae, Bacteroidaceae 
and Enterococcaceae) and a decrease in autochtho-
nous bacteria has been observed (i.e. Lachnospiraceae/

Ruminococcus and Clostridiales) [19, 20] which correlates 
with the severity of liver disease.

In fact, cirrhotic patients exhibit several features that 
increase the risk of dysbiosis including decreased intesti-
nal motility, higher gastric pH, reduced bile acid concen-
tration in colon and alterations in  local and systemic 
immune response. These alterations may favour intestinal 
bacterial overgrowth [21]. Other factors that may contrib-
ute to dysbiosis are diet modifications, use of antibiotics 
and the exposition to health care system [17]. Indeed, 
small intestinal bacterial overgrowth in cirrhosis was dem-
onstrated [21, 22].

The passage of viable bacteria but also microbial products 
(endotoxins, bacterial DNA, …) across the intestinal barrier 
from the gut lumen to the mesenteric lymph nodes and other 
extraintestinal organs and sites is known to happen in cirrho-
sis. Mechanisms involved in this phenomenon, named bacte-
rial translocation (BT), are not well-known; although 
dysbiosis, increased intestinal permeability and alterations 
in local host immune system are involved [17, 21].
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Importantly, dysbiosis and BT have deleterious local and 
systemic effects and drive relevant clinical consequences 
[23]. In fact, dysbiosis and BT are associated with clinical 
decompensation precipitating HE [24], spontaneous bacte-
rial peritonitis [25] and other infections. Also, inflammatory 
response secondary to circulating bacterial or pathogen- 
associated molecular patterns (PAMPs) contributes to the 
hyperdynamic circulation [26], worsening in liver function, 
impairment in coagulation [27] and is implicated in the 
pathogenesis of ACLF, multiorgan failure and death in cir-
rhosis [13, 28]. Given the implication of dysbiosis on severe 
complications of cirrhosis, modulation of the gut microbiota 
is a promising strategy in the treatment of patients with liver 
diseases [29].

33.3  Clinical Manifestations

Recent advances in the knowledge of the hepatic and extra-
hepatic alterations observed in CLF led to an increased num-
ber of organs and systems affected has and to a better 
understanding of the organ dysfunctions [5, 13]. Among the 
reasons for a multisystem involvement of CLF are the multi-
functional qualities of the liver: (a) liver is a key organ in the 
synthesis of essential proteins including coagulation factors, 
hormonal and growth factors, …; (b) liver has a major role in 
several metabolic routes (glucose, fatty acids, …) and the 
metabolism and removal of many endogen and exogenous 
compounds (bilirubin, ammonia, drugs, …); (c) liver has 
also a high blood flow supplied from portal vein and hepatic 
artery which is softly accommodated in healthy conditions; 
(d) liver has a reticulo-endothelial cell network and plays an 
important role in the host defence against invading microor-
ganisms [30].

33.3.1  Gastrointestinal Bleeding Secondary 
to PH

The development of oesophageal varices because of clini-
cally significant PH can be complicated with one of the most 
feared complications in cirrhosis: variceal bleeding. Varices 
are present in up to 40% of patients with compensated cir-
rhosis at the first evaluation and in up to 60% of those with 
decompensation [31]. If untreated, bleeding occurs in 
10–30% within 2 years and it is associated with a 6-weeks 
mortality of 12–20%. If no effective treatment is provided, 
bleeding will recur in 2/3 of patients within 2 years. Before 
effective treatment was routinely available the prognosis was 
much worst, with a mortality over 40% within the first month 
[32]. So, screening strategies, primary and secondary pro-
phylaxis and effective haemostatic therapies are fundamental 
in patients with cirrhosis.

According to the experts’ recommendations [3], patients 
with cACLD with liver stiffness measured by transient elas-
tography <20 kPa and platelets >150,000 have a very low 
risk of varices and can safely avoid screening endoscopy and 
be followed up yearly. In any other circumstances, these 
patients should be screened with esophagogastroduodenos-
copy. Follow-up afterwards depends on the presence of vari-
ces, the occurrence of active liver disease/etiological cure 
and the clinical situation. For patients with small varices and 
ongoing liver injury (active drinker, active hepatitis C infec-
tion), endoscopy should be conducted every year. Patients 
with no varices but with ongoing liver injury and those with 
small varices in whom the etiological factor was removed 
and without comorbidities, surveillance endoscopy should 
be repeated at 2-year intervals. Patients with no varices and 
etiological factor removed, surveillance endoscopy should 
be repeated at 3 years.

Importantly, patients with small varices with red wale 
marks or Child-Pugh C class should be treated with non- 
selective beta blockers (NSBB). In patients with medium- 
large varices, either NSBB or endoscopic band ligation 
(depending on local resources, expertise, comorbidities, …) 
are recommended.

Etiological therapy may be particularly effective in patients 
with cACLD without clinically significant PH since the aim 
of treatment is to prevent the PH to become clinically signifi-
cant. In patients with significant PH it also has a pivotal role 
since it may reduce PH and prevent complications [7–10].

In the advent of variceal bleeding, clinical management 
requires airway maintenance and hemodynamic stabilization 
with fluids resuscitation plus vasoactive drugs (somatostatin, 
terlipressin) and further control with endoscopic techniques. 
Red blood cells transfusion should be done conservatively 
[33] and antibiotic prophylaxis should be started as soon as 
possible. Early TIPS (transjugular intrahepatic portosys-
temic shunt) with polytetrafluoroethylene (PTFE)-covered 
stent within 72 h must be considered in patients at high risk 
of treatment failure [34, 35]. PTFE-covered TIPS should also 
be considered for persistent or severe early rebleeding. 
Prevention of recurrent variceal bleeding should be based on 
the combination of NSBB plus endoscopic variceal ligation. 
Caution should be taken in patients with advanced decom-
pensated cirrhosis (refractory ascites) receiving NSBB since 
recently has been suggested that NSBB may have deleterious 
effects on these patients [36, 37]. An individualized use of 
these drugs is recommended until randomized trials clarify 
its risk/benefit at this advanced stage of the disease [3, 38].

Acute or chronic gastrointestinal bleeding may also occur 
as a consequence of hypertensive gastropathy, hypertensive 
enteropathy, portal colopathy or anorectal varices. NSBB 
should be the treatment option and TIPS could be considered 
with uncontrolled bleeding, transfusion dependent [39] after 
excluding other aetiologies.
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33.3.2  Ascites

Ascites, the accumulation of ascitic fluid in the peritoneal 
cavity is the most common complication of cirrhosis. Up to 
60% of compensated patients will develop ascites during the 
course of the disease and mortality rises up to 50% at 2 years 
[37, 40, 41]. Clinical evaluation at the presentation should 
include clinical and physical exam, liver and kidney labora-
tory test, ultrasound and a diagnostic paracentesis. Ascitic 
fluid analysis is important in order to exclude other potential 
aetiologies (heart or renal failure, pancreatic or infectious 
disease, neoplastic origin) and will also be helpful in the 
identification of complications such us spontaneous bacterial 
peritonitis (SBP). So, diagnostic paracentesis is recom-
mended for all patients with new onset ascites, patients with 
clinical deterioration and those hospitalized for any compli-
cation of cirrhosis [42].

Current management of ascites includes moderate sodium 
intake restriction and diuretics titrated according to the 
degree of ascites and diuretic response [42]. Anti- 
mineralocorticoids are the diuretics of choice. Furosemide 
can be associated in case of low response or limited use of 
anti-mineralocorticoids because of secondary effects. 
Diuretics should be adjusted to the lowest effective dose. In 
the case of refractory ascites (either diuretic-resistant or 
diuretic intractable because of serious side effects) large vol-
ume paracentesis (LVP) plus albumin administration is the 
first line of treatment [43, 44]. However, LVP doesn’t pre-
vent re-accumulation of ascites, and refractory ascites is 
linked to poor prognosis [45], so these patients should be 
evaluated for LT.  First studies comparing uncovered TIPS 
with repeated LVP, showed that the former was better than 
LVP to prevent ascites recurrence but with a higher incidence 
of hepatic encephalopathy post-TIPS. A meta-analyses using 
individual patient data of the same studies, showed a signifi-
cant improvement of transplant-free survival in patients 
treated with TIPS, which was strongly influenced by three 
prognostic variables (age, bilirubin and sodium) revealing 
the importance of careful patient selection [46]. A recent ran-
domized controlled trial showed that PTFE-covered TIPS 
improves control of ascites and survival compare to large 
volume paracentesis in recurrent ascites. So it may be a very 
good option for these patients [47]. However, TIPS requires 
a careful selection of patients in order to maximise beneficial 
effects and avoid complications since it may have detrimen-
tal effects in the most advanced stages of cirrhosis. For 
patients not candidates to TIPS, they can be evaluated for 
Alfapump® insertion in experienced centers since it helps to 
control ascites [48, 49]. Since this system is linked to a high 
risk of adverse events (infections, renal dysfunction, …) and 
technical troubles patients should follow close monitoring.

33.3.3  Renal Impairment

Renal failure was traditionally defined as a creatinine 
increase >50% above 1.5 mg/dL in cirrhosis. Given the limi-
tations of serum creatinine (Crs) in cirrhotic patients, and the 
new diagnostic criteria for acute renal failure (now acute kid-
ney injury—AKI) in general population, the definition of 
AKI in cirrhosis was recently revised [50]. So, AKI is defined 
as an increase of Crs > 0.3 mg/dL in 48 h or 50% from base-
line value within 7 days. According to its severity AKI can be 
stratified into three stages (Table 33.1).

Table 33.1 New definition, stages of acute kidney injury and diagnos-
tic criteria of hepatorenal syndrome in patients with cirrhosis proposed 
by the International Club of Ascites [50]

Definition 
of AKI

Increase of Crs ≥ 0.3 mg/dL in 48 h
Increase Crs ≥ 50% with respect to its baseline value 
in 7 days

Stages of 
AKI

Stage 1a: increase Crs > 0.3 mg/dL; or increase of 
Crs > 1.5 to twofold from baseline
Stage 2: increase of Crs > two- to threefold from 
baseline
Stage 3: increase of Crs > threefold from baseline; or 
increase Crs ≥ 4 mg/dL with acute increase 
Crs ≥ 0.3 mg/dL; or renal replacement therapy

Clinical 
forms of 
AKI

Prerenal AKI: in relation to hypovolemia and renal 
hypoperfusion because of diuretics, diarrhea, 
digestive hemorrhage, …
Intrinsic AKI: mainly represented by acute tubular 
necrosis in relation to shock, nephrotoxicity, …
Post-renal AKI
HRS-AKI 
(previously type 
1 HRS): new 
diagnostic criteria

•  Diagnosis of cirrhosis and 
ascites

•  Diagnosis of AKI according to 
the classification of the 
International Club of ascites

•  Absence of response after 
2 days to the withdrawal of 
diuretics and expansion with 
albumin (1 g/kg of weight)

• Absence of shock
•  No current/recent use of 

nephrotoxic drugs (NSAIDs, 
aminoglycosides, iodinated 
contrasts, …)

•  Absence of macroscopic signs 
of structural kidney damage:

  –  Absence of proteinuria 
(>500 mg/day)

  –  Absence of microhematuria 
(>50 erythrocytes per high 
power field)

  –  Absence of morphological 
alterations in ultrasound

aIt has been suggested that patients in stage 1 may have different out-
comes according to value of Crs supporting an sub-classification in 
Stage 1A Crs ≤ 1.5 mg/dL and stage 1B Crs > 1.5 mg/dL [91]
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Once AKI is identified, it is important to differentiate 
among the clinical forms of AKI, since all of them can 
occur in cirrhosis but they have prognostic and therapeutic 
implications. Prerenal AKI is the most common form 
accounting for up to 70% of cases in hospitalized cirrhotic 
patients. Post- renal AKI is very infrequent. Intrinsic AKI is 
mainly represented by acute tubular necrosis. Given that 
most prerenal forms resolve with volume expansion, this 
form constitutes the main differential diagnosis with HRS-
AKI. The new diagnostic criteria of HRS-AKI include the 
elimination of the cut-off point of Crs  >  2.5  mg/dL 
(Table 33.1). This has relevant implications in the manage-
ment of patients favouring that patients can be treated with 
lower creatinine levels.

AKI should be suspected in patients with cirrhosis and 
oliguria or nonspecific symptoms. The cause of AKI 
should be investigated and managed as soon as possible. 
So, risk factors should be sought and corrected including: 
withdrawal of nephrotoxic drugs (NSAIDs, vasodilators, 
diuretics, beta blockers), seek and treatment of infections 
(SBP, urine, pneumonia, …) and correction of hypovole-
mia. In the AKI stage >1A and no clear origin, volume 
expansion with albumin (1 g/kg of weight) is also recom-
mended for 2 days [50].

As specific measures, patients who meet SHR-AKI crite-
ria should be treated with vasoconstrictors plus albumin that 
requires close monitoring. The drug of choice is terlipressin. 
It can be used intravenously at the initial dose of 1 mg every 
4–6 h or by continuous infusion at the initial dose of 2 mg/
day. If there is no decrease of Crs > 25% by the third day it 
can be increased up to a maximum of 12  mg/day [42]. 
Terlipressin plus albumin is also effective in the formerly 
known type II HRS, now HRS-non-AKI. However, since the 
impact of treatment on long-term outcome is controversial it 
is not recommended in this setting.

LT is the best therapeutic option for patients suffering 
HRS.  TIPS could be evaluated in patients with HRS-non- 
AKI [51], whereas there is no enough data to promote TIPS 
in HRS-AKI [52].

33.3.4  Immune Dysfunction

Cirrhosis associated immune dysfunction involves a state of 
immunodeficiency, and in parallel a state of persistent activa-
tion of the immune system cells [53].

Immunodeficiency affects both the innate and the adap-
tive immune response with numerous defects. Excluding 
monocytes, cirrhosis leads to reduced numbers of circulating 
immune system cells, which is particularly profound for neu-
trophils. In addition, mononuclear phagocytic cells and neu-
trophils show reduced phagocytic capacity, T and B cells 
show hypo-proliferative response and NK cells display low 

cytotoxic activity. Furthermore, cirrhosis results in reticulo-
endothelial dysfunction, due to reduced number of liver 
reticuloendothelial mononuclear cells and porto-systemic 
shunting. This lowers the liver ability to clear bacteria and 
decreases hepatic synthesis of molecules of the innate 
immune response, such as complement components and 
secreted-pattern recognition receptors.

These defects coexist with systemic inflammation in form 
of induced expression of activation molecules on the surface 
of immune cells and the increased synthesis of pro- 
inflammatory cytokines.

The pathogenesis of this immune dysfunction is multifac-
torial, including persistent immune system cells stimulation 
by pathogen- and damage-associated molecular patterns 
(PAMPs, DAMPs), decreased hepatic synthesis of trophic 
factors, hypersplenism, and the etiological factors of cirrho-
sis such as alcohol. Furthermore, the continuous stimulation 
of the immune system may lead to exhaustion of the immune 
response that might further increase the susceptibility to bac-
terial infections.

33.3.5  Infections

Spontaneous bacterial peritonitis (infection of ascitic fluid 
unrelated to surgically treatable infection) is a characteristic 
bacterial infection in decompensated cirrhotic patients. Its 
mortality decreased from 90% to 20% with early diagnosis 
and treatment. Diagnosis is based on ascitic fluid analysis. 
Since some patients can be asymptomatic, or have  minor/
unspecific symptoms, diagnostic paracentesis is required in 
all cirrhotic patients with ascites admitted to hospital or pre-
senting any clinical deterioration.

Early diagnosis and treatment are crucial and associated 
to better outcomes [54]. Empiric antibiotic should be 
selected according to the characteristics of the infection 
(site of acquisition, clinical severity), local bacterial epide-
miology and avoiding nephrotoxic drugs. Clinical monitor-
ing and second paracentesis 48 hours after empiric therapy 
should be done. Failure to empiric treatment must be sus-
pected if no improvement in control paracentesis or clinical 
deterioration is noticed. De-escalation according to bacte-
rial susceptibility is recommended and treatment duration 
should be at least 5–7 days, followed by antibiotic prophy-
laxis [42]. Albumin, a multifunctional protein [44, 55], 
reduces the incidence of HRS-AKI and mortality in patients 
with SBP [56]. So, its concomitant administration is rec-
ommended although it may not be needed in low risk 
patients [57].

Non-SBP infections are a heterogeneous group of infec-
tions which often occur in cirrhotic patients and are associ-
ated with up to 60% 1-year mortality [58]. Endocarditis, 
secondary peritonitis, pneumonia and bacteraemia have the 
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worse prognosis. Early diagnosis and treatment are also cru-
cial and often require high clinical suspicion. Like in SBP, 
empiric antibiotic should be chosen according characteris-
tics of the infection with special attention to the site of 
acquisition and local bacterial epidemiology and clinical 
severity [42].

33.3.6  Neurological Manifestations

Hepatic encephalopathy is a brain dysfunction caused by 
liver failure and/or the presence of portosystemic shunts 
(PSS) involving a wide range of clinical manifestations [59]. 
Overt HE will occur in 30–40% of cirrhotic patients at some 
point of their disease and there is a risk of recurrence in those 
who survive [60].

The physiopathology of HE is not well understood. CLF 
and the presence PSS favour brain exposure to substances 
that under normal conditions would have been efficiently 
metabolized and excreted by the liver. Ammonia has tradi-
tionally been considered one of the most important factors in 
the development of HE.  Other factors may facilitate brain 
dysfunction such as inflammation, hyponatremia, nutritional 
deficits and comorbidities [61] (Fig. 33.2).

 – Ammonia. Under physiological conditions, ammonia 
enters the portal circulation from the gut where it derives 
from colonic bacteria and the deamidation of glutamine in 
the small bowel (action catalyzed by the enzyme gluta-

minase—GA). Through the portal vein it reaches the liver 
where 90% is metabolized in urea (through the urea cycle) 
and excreted in the urine. In liver failure or PSS, the liver 
clearance decreases, and ammonia reaches the systemic 
circulation and cerebral parenchyma causing its toxic 
effects [61]. Apart from liver and intestine, muscle and 
kidney have a relevant role in ammonia homeostasis. So, 
muscle can eliminate ammonia by synthesizing glutamine 
(through the action of glutamine synthetase—GS). 
Kidneys generate ammonia from the deamination of glu-
tamine, a reaction involved in the regulation of plasma 
and urinary PH. So, ammonia excretion may be affected 
by dehydration or hypokalemia and increases in condi-
tions of hyperammonemia [62].

 – Manganese. Brain magnetic resonance studies docu-
mented an increase in signal in the basal ganglia that has 
been attributed to a manganese accumulation. It could be 
linked to the extrapyramidal alterations of patients with 
persistent HE [61].

 – Inflammation. Inflammatory response has been associ-
ated to the development of HE [63]. This proinflamma-
tory component may be particularly relevant in patients 
with HE and acute-on-chronic liver failure, where the 
inflammatory response is marked [64].

Clinical manifestations of HE involve a broad spectrum 
of neuropsyquiatric alterations and can occur in patients with 
very diverse liver disorders. Thus, HE should be classified 
according to various criteria [59] (Table  33.2): underlying 
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liver disease; severity of clinical manifestations; time course 
and the existence of precipitating factors. West Haven clas-
sification has been used widely to assess the severity of 
HE. However, it has been questioned for its lack of specific-
ity and inter-observer variations. Given that HE is a contin-
uum, it has been proposed to reclassify the HE in two 
sub-categories: Covert HE, (includes minimal and grade I 
HE) and Overt HE (HE ≥  grade II). Precipitating factors 
(infections, diuretic overdose, constipation, …) should be 
systematically sought and treated.

The diagnosis of HE is based on the presence of compati-
ble clinical symptoms, the existence of an underlying disease 
that justifies it, and the exclusion of other causes of brain dys-
function. Since there is no laboratory data or additional explo-
rations specific to the disease, HE diagnosis remains to be a 
diagnosis of exclusion of other potential causes [65].

The management of patients with HE includes general 
and specific measures which will be deeply discussed sepa-
rately in this book.

Other neurological disorders, such as hepatic myelopathy 
or polyneuropathy, have been associated to CLF or to the 
aetiology of the liver disease. These entities in many cases 
share symptoms with HE [66] and may coexist. Adequate 
diagnosis would allow optimal management of these patients.

33.3.7  Cardiopulmonary Complications

Cirrhotic cardiomyopathy is a cardiac dysfunction character-
ized by an impaired systolic response to stress and altered 
diastolic function, often concomitant with electrophysiologi-
cal abnormalities (i.e. prolonged QTc interval) in the absence 
of known cardiovascular disease [67]. Heart failure may 
become obvious during certain procedures (TIPS insertion, 
large volume paracentesis, liver transplantation) in patients 
previously asymptomatic. Diagnosis requires dynamic stress 
echocardiography since hyperdynamic circulation may mask 
systolic dysfunction at rest. Decreased cardiac output is 
associated with the development of HRS-AKI after infec-
tions, providing its prognostic significance. Prolonged QTc 
interval may also indicate poor outcome in cirrhosis and 
should be evaluated [42]. Normalization of cardiac function 
and improvement of electrophysiological abnormalities has 
been seen following LT [68]

Hepatopulmonary syndrome (HPS) is a pulmonary dis-
order characterized by gas exchange abnormalities caused 
by intrapulmonary vasodilatation or pleuro-pulmonary 
arteriovenous communications in the setting of portal 
hypertension [69]. It is more frequently associated to cir-
rhosis (11–32%), although it may occur in pre-hepatic 
PH, Budd-Chiari (28%) and even in acute or chronic hep-
atitis (10%). Pathophysiology is complex in relation to a 
vasodilators predominance and angiogenesis, resulting in 
an altered ventilation/perfusion mismatch and hypoxemia. 
Diagnosis requires demonstration of gas exchange abnor-
malities (pO2 < 80 mmHg; alveolar- arterial oxygen gradi-
ent ≥15 mmHg or >20 mmHg in older than 65 years) and 
intrapulmonary vasodilatation (contrast- enhanced echo-
cardiography or Technetium-99-labeled macro-aggre-
gated albumin scanning) in patients with PH. For patients 
with severe hypoxemia (paO2  <  60  mmHg) long-term 
oxygen is recommended despite the lack of data on long-
term effectiveness. Medical therapy or TIPS are not rec-
ommended based on available data. LT is associated with 
resolution of HPS in >80% patients, so patients with 
severe hypoxemia should be evaluated for LT. Since very 
severe hypoxemia (paO2  <  45–50  mmHg) is linked to 
increased post-LT mortality, caution and close follow-up 
should be carried out order to facilitate prioritisation on 
waiting list [42].

Portopulmonary hypertension (PPHT) refers to the pul-
monary arterial hypertension in the absence of other causes 
in a patient with PH. It occurs in up to 10% of patients with 
cirrhosis and is associated higher mortality rate than pre-
dicted by MELD (Model for End-stage Liver Disease) score. 
Pathophysiology is largely unknown, probably related to the 
effect of vasoactive substances that reach the pulmonary cir-
culation in the presence of PSS/CLF. Transthoracic Doppler 
echocardiography is the main screening tool and right heart 
catheterisation provides diagnostic confirmation. Medical 
management includes different drugs such as prostacyclin 
analogues and PDP5 inhibitors. NSBB should be stopped in 
this particular group of patients and varices managed by 
endoscopic therapy. LT has been associated with treatment 
discontinuation in the follow-up in up to 64% of patients 
with moderate to severe PPHT, however, this patients should 
be treated before aggressively to lower mPAP and improve 
right ventricular function [42].

Table 33.2 Classification of hepatic encephalopathy according to different criteria

Type Clinical severity Time course Precipitating factors
A (acute liver failure) Minimal HE (COVERT) Episodic Nonprecipitated

Grade 1
B (PSS) Grade 2 (OVERT) Recurrent (>2 episodes in 6 months) Precipitated (infections, diuretic 

overdose, constipation, …)C (CLD) Grade 3 Persistent (cognitive alterations always 
present)Grade 4
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33.3.8  Nutrition and Muscle Mass

Malnutrition and sarcopenia are common and progressive 
complications in cirrhosis associated with the progression of 
CLF.  Aetiology is multifactorial including decreased oral 
intake, malabsorption and impaired capacity of the liver to 
metabolize and save nutrients. Both sarcopenia and malnu-
trition are associated with development of complications of 
cirrhosis, and worsen quality of life and survival [70–72]. 
Therefore, strategies addressed to assess and improve nutri-
tional status and muscle mass showed to be of benefit and 
should be considered [73]. Those include repeated snacks, 
including late-evening snacks [73, 74], protein/branched 
chain amino acid supplementation if needed [73, 75] or mod-
erate aerobic exercise [73, 76].

33.3.9  Bone Disease

Bone disease (osteopenia, osteoporosis) has been reported 
in up to 55% of patients with cirrhosis, and it is associated 
with a higher risk of fracture (5–20%). Prevalence is higher 
in patients with cholestatic liver disease. It has a negative 
impact on quality of life and is crucial to identify and treat 
it before LT because bone disease worsens during the first 
year after transplantation [77]. Prevention and treatment 
of bone disease in patients with CLF include screening for 
all of them, elimination of modifiable risk factors (alco-
hol, smoking), and consideration of calcium and vitamin 
D supplementation together with other specific therapies 
(biphosphonates, hormonal therapy, raloxifene, calcitonin) 
[73, 78]. However, the lack of conclusive studies on safety 
and efficacy in cirrhosis for the majority of specific thera-
pies preclude formal recommendations, and those should be 
evaluated on individual basis.

33.3.10  Endocrinopathies

Relative adrenal insufficiency has been described in cirrhotic 
patients either critically ill (69%) or non-critically ill (42%). 
Its presence is associated with higher probability of sepsis, 
HRS-AKI and higher short-term mortality. Diagnosis should 
be based on the recommendations of the American College 
of Critical Care Medicine. The effect of corticosteroid sup-
plementation is still controversial in critically ill cirrhotic 
patients and cannot be currently recommended [42].

Disorders of glucose metabolism are very frequent in 
CLF ranging from 20% to 70%. Prevalence of diabetes mel-
litus (DM) is higher in advanced stages of CLF and in some 
aetiologies (i.e. alcohol, NAFLD or hepatitis C virus). DM is 
associated with higher rate of complications and worse prog-
nosis. Treating diabetes may be challenging in cirrhotic 

patients because of the liver’ metabolic impairments and 
because the most appropriate pharmacologic treatment is not 
well-defined [79].

Liver disease may interfere with thyroid hormone metab-
olism and conversely, thyroid dysfunction may also alter 
liver function [80, 81].

Sexual dysfunction is often observed in patients with CLD 
in relation to hormonal disturbances inducing feminization in 
men and infertility and amenorrhoea in women [80].

33.3.11  Haematological Alterations

A myriad of hematologic manifestations have been observed 
in patients with CLF, including alterations on cellular and 
soluble components of blood. Cellular abnormalities, particu-
larly cytopenias are very common and of multifactorial origin 
[82]. On the other hand, liver synthesizes most of coagulation 
factors (both procoagulants and anticoagulants), So, in CLF 
there is a decrease in plasma levels of the liver derived coagu-
lation factors, leading to a fragile rebalance of homeostasis. 
This rebalance may shift toward hypercoagulable or bleeding 
complications in the course of the disease [83].

33.3.12  Skin Manifestations

Palmar erythema, spider angioma, caput medusa, pigmen-
tary skin alterations or hair and nail changes are among the 
numerous cutaneous alterations related to CLF. They are eas-
ily recognized and can be the first sign allowing early diag-
nosis and adequate management [84].

33.3.13  Hepatocellular Carcinoma

The incidence of HCC is increasing worldwide. It occurs in 
2–8% cirrhotic patients per year, and the risk is higher in 
older or male patients, those with clinically significant PH, 
higher body mass index, platelet <100,000 cells/μL, esopha-
geal varices and decompensated cirrhosis. Median survival 
after detection is 9 months in untreated patients and 2 years 
in treated patients, ranging from >10  years in Barcelona 
Clinic Liver Cancer (BCLC) stage 0 to <6 months in stage 
D.  HCC requires a multidisciplinary approach in order to 
shape personalized treatment options [85].

33.3.14  Acute-on-Chronic Liver Failure

In the routine clinical practice, it is noticed that a proportion 
of patients with acute decompensation of cirrhosis also 
develop failure of different organs which is associated with 
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poor short-term prognosis. This concept, traditionally called 
acute-on-chronic liver failure, generated several definitions 
proposed by different societies. However, none of them has 
been universally accepted, partially justified by disagree-
ments regarding the underlying liver disease, precipitating 
factors, prognostic criteria and management [86]. Among the 
most widely used are the definitions proposed by the Asian 
Pacific Association for the Study of the Liver (APASL), 
World North American Consortium for the Study of End- 
Stage Liver Disease (NACSELD) and The European 
Association for the Study of the Liver-Chronic Liver Failure 
(EASL-CLIF) Consortium of whom, the last two are based 
on prospective studies. The NACSELD included only 
patients with cirrhosis and bacterial infections whereas the 
CANONIC study, conducted by the EASL-CLIF Consortium 
is the most comprehensive registry to understand outcomes 
on hospitalized cirrhotic patients since it included 1343 sub-
jects admitted for any cirrhosis-related complication.

The CANONIC study aimed to determine which patients 
with acute decompensation of cirrhosis (variceal bleeding, 
ascites, bacterial infection, HE) were at high risk of short- 
term mortality, set at 28-day mortality ≥15%. Organ failure 
seems a key component of the syndrome and it was evaluated 
using an adapted version of the Sequential Organ Failure 
Assessment—SOFA-score to patients with cirrhosis, later 
simplified into the CLIF-C-OF score (Table  33.3). Thus, 
ACLF was identified according to the type and number of 
organ failure, and it was classified in three stages according 
to its severity (Table 33.4) [12]. Prevalence of ACLF in the 
CANONIC study was 30% (20% at admission and 10% dur-
ing hospitalization). Patients with ACLF were younger and 
main cirrhosis causes were alcohol in 60% and hepatitis C in 
13%. Kidney was the most common organ failure (56%). 
Patients with no history of acute decompensation (23% of 
them) developed a more severe ACLF.  The most frequent 
precipitating events were bacterial infections and active alco-
holism. Interestingly, in 40% of cases no precipitating event 
could be identified. In addition, markers of systemic inflam-
mation, such as white cell count and plasma C-reactive pro-

tein (CRP), were higher in ACLF patients [12]. In 
concordance, other markers of systemic inflammation, such 
as proinflammatory cytokines and chemokines, were found 
higher in patients with ACLF and correlated with the pro-
gression and prognosis of the disease [28]. These findings 
lead to the currently widely accepted hypothesis that sys-
temic inflammation has a relevant role of in the pathogenesis 
of ACLF [13].

Although the initial ACLF stage is linked to prognosis 
(Table 33.4), ACLF is a dynamic and potentially reversible 
syndrome which may resolve or improve (49% of patients), 
remain stable or fluctuating (30%) or worsen (20%) during 
the hospitalization. Indeed, the clinical course during hospi-
talization was the most important determinant of short-term 
mortality, independently of the initial grade [87]. More than 
80% of patients achieved the final ACLF grade within the 
first week. Therefore, ACLF-grade at days 3–7 predicts sig-
nificantly better 28- and 90-day mortality rates than ACLF 
grade at diagnosis.

Patients with severe early course (final ACLF-2 or -3) 
were younger, presented a more intense systemic inflamma-
tory reaction (higher white cell count), higher prevalence of 
cerebral, circulatory, coagulation, and liver failure; without 
history of prior decompensation. Mortality was independent 
of the presence and type of precipitating events.

Table 33.3 CLIF-C-OF-score

Organ system Parameter Score = 1 Score = 2 Score = 3
Liver Bilirubin (mg/dL) < 6 6–12 ≥12
Kidney Creatinine (mg/dL) <2 2–3.5 ≥3.5 old RRT
Brain Hepatic encephalopathy (West-Haven) 0 1–2 3–4
Clotting INR <2.0 2.0–2.5 ≥2.5
Circulation MAP (mmHg) >70 <70 Vasopressors
Respiratory PaO2/FiO2 >300 ≤300 year > 200 ≤200

SatO2/FiO2 >357 >214 year ≤ 357 ≤214

Organ failure is defined by the indicated value of parameter in bold font
The index is obtained by adding together the score for each of the different organs or systems (minimum 6, maximum 18 points)
FiO2 fraction of inspired oxygen, INR international normalised ratio, MAP mean arterial pressure, PaO2 partial pressure of oxygen in arterial blood, 
SpO2 oxygen saturation, RRT renal replacement therapy

Table 33.4 Diagnostic criteria for ACLF

28-days 
mortality (%) Grade

No organ failure 39/879 (4.4%) → No ACLF
1 Single organ failure (no kidney) 
with creatinine < 1.5 mg/dL and 
no EH

8/128 (6.3%)

Single kidney failure
1 Single organ failure + creatinine 
1.5–1.9 mg/dL year old HE grade 
I–II

16/86 (18.6%)
15/54 (27.7%)

→ ACLF- 1

2 Organ failures 31/97 (32.0%) → ACLF- 2
3 Organ failures
4–6 Organ failures

17/25 (68.0%)
12/18 (88.9%)

→ ACLF- 3
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In the view of the mortality-related factors, a new prog-
nostic score with greater prognostic capability than Child- 
Pugh, MELD or CLIF-C-OF was developed: CLIF-C-ACLF 
score. This score incorporated CLIF-C-OF and also age and 
inflammatory markers. Its sequential application during hos-
pitalization could help to make decisions such as treatment 
continuation, potential consideration for LT, or discontinua-
tion due to futility [87].

The general management of ACLF includes a rapid 
identification and treatment of potential triggers, measures 
that prevent progression of the syndrome and the support of 
failed organs. So, these patients should ideally be treated in 
intermediate/intensive care units and potential candidates 
for liver transplantation should be transferred to a trans-
plant centre. Since LT is the definitive treatment in liver 
failure, if no absolute contraindication, patients should be 
evaluated for liver transplant. However, it is complex and 
controversial, particularly in those subjects with worse 
ACLF stages because of their high short-term mortality, 
presence of contraindications, narrow window for the LT 
and potential futility. Data on the prognosis of patients with 
ACLF after LT is still scarce, and coming from retrospec-
tive studies [87–89]. In the CANONIC study, patients who 
received a LT were highly selected (only 9%) and no 
patients with respiratory failure were included. Almost all 
ACLF-3 patients presented complications after LT, espe-
cially pulmonary, respiratory or infectious; therefore, a 
special management is needed in this subgroup of patients. 
However, results are optimistic considering that 28-day 
survival in patients with severe ACLF raised from less than 
20% to 80%. Nevertheless, evidence of the impact of ACLF 
in the outcome post-LT is very limited and more data are 
needed in order to establish objective recommendations on 
selection, inclusion and prioritisation or list withdrawal of 
these patients [90]. Other treatments with pathophysiologi-
cal effects such as immunomodulatory and regenerative 
therapies are currently under investigation.

33.4  Conclusions/Summary

CLF is a multisystem disease secondary to chronic and per-
sistent liver damage. It progresses from a compensated to a 
decompensated phase driven by hemodynamic disturbances 
associated with PH and systemic inflammation. Etiological 
cure may prevent the progression of the disease and even 
induce reversibility to a compensated or precirrhotic phase.

ACLF is an acute decompensation characterized by the 
development of organ failure and high short-term mortality. 
Systemic inflammatory response seems to be a key factor in 
the pathogenesis and prognosis. Despite a high short-term 
mortality, ACLF is highly dynamic and may improve/resolve 
so it is potentially reversible. There is no specific treatment 

and currently clinical management includes early detection 
and treatment of triggers, support of the failed organs and 
potentially LT.

Acknowledgement Conflict of interest: None.

 Self Study

 Questions

 1. Regarding AKI in Cirrhosis Which Is FALSE
(a) Clinical manifestations are prominent and drive the 

diagnosis.
(b) Once diagnosis is made, risk factors should be sought 

and corrected
(c) Diagnostic criteria for AKI and HRS-AKI has been 

updated leading to the elimination of the Crs cut-off 
point of 2.5 mg/dL

(d) The subtype HRS-AKI requires close monitoring and 
specific treatment based on vasoconstrictors and 
albumin infusion

 2. With Regard to the Physiopathology of HE Which Is TRUE
(a) Ammonia is the only element involved and its serum 

level is diagnostic.
(b) The amount of ammonia that enters portal vein is the 

result of catabolism of proteins by gut bacteria and 
deamination of glutamine in the gut.

(c) Systemic inflammation is not important in the patho-
genesis of HE.

(d) Kidney eliminates ammonia in urea form and is not 
implicated in the ammoniagenesis.

 Answers

 1. Regarding AKI in Cirrhosis Which Is FALSE
Right answer: a.
AKI doesn’t have prominent manifestations, it has to be 
suspected in patients with oliguria and unspecific symp-
toms. All the others are correct.

 2. With Regard to the Physiopathology of HE Which Is 
TRUE
Right answer: b.
Ammonia is an important factor in the physiopathology 
of HE together with others. Inflammation is also impor-
tant, especially in clinical situations where the inflamma-
tory response is marked as ACLF. The determination of 
plasma ammonia levels may suggest HE but there are no 
cut-off points to confirm or exclude HE.  Ammonia that 
enters portal vein from the gastrointestinal tract derives 
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from colonic bacteria and the deamidation of glutamine 
in the small bowel Muscle and kidney are important 
organs in ammonia homeostasis. Kidney can either elimi-
nate or generate ammonia (through glutamine 
metabolism).
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History and Physical Examination
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Abbreviations

BMI Body mass index
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
VEGF Vascular endothelial growth factor

34.1  Introduction

Chronic liver disease and cirrhosis were listed, in 2015 as the 
fifth leading cause of death in the United States in people 
aged 25–44 and the fourth in 45–65 year-olds [1], rendering 
this condition one of particular importance in terms of early 
diagnosis and treatment. Cirrhosis is the result of long- 
standing liver injury caused by alcohol consumption, chronic 
hepatitis or non-alcoholic fatty liver disease. Other, less 
common causes of chronic liver failure are Wilson’s disease, 
hemochromatosis and primary biliary cirrhosis etc.

Cirrhosis is often asymptomatic for many years; symp-
toms only occur once 80–90% of the liver parenchyma has 
been destroyed [2].

History taking should include questions regarding risk 
factors such as alcohol consumption, preexisting  autoim-
mune disorders, workplace or sexual exposure to viral infec-
tions, tattoos, piercings, travel history to endemic areas, 
intravenous drug use, previous transfusions or dental work 
and last, but not least, family history of liver disease. Further 
information should be obtained about ongoing medication, 
including herbal remedies and over the counter drugs. In 
cases where alcohol abuse is suspected, focused questioning 
should collect data on the quantity, frequency, pattern of 
drinking, changes in behavior, feelings of guilt and difficulty 
in maintaining relationships or adequate work performance.

34.2  Symptoms of Liver Disease

Early signs of liver disease include loss of appetite (anorexia), 
weakness (asthenia) and fatigue, while patients with end- 
stage liver disease may show signs of portal hypertension 
(ascites, variceal bleeding etc.) or patent hepatocellular fail-
ure (ecchymoses, jaundice, encephalopathy etc.).

Abdominal pain associated with liver disease may have 
a variety of different causes.

The liver parenchyma lacks nerve fibers thus is unable to 
elicit pain; however, the acute distention of the liver capsule 

Key Concepts
• A thorough history should be obtained, including 

information about alcohol and drug abuse, exposure 
to blood products  and family history of liver 
disease.

• Fever is a sign of either acute hepatic necrosis or 
bacterial involvement in a coexisting liver condition 
(cholecystitis or cholangitis).

• The combination of spider nevi, Dupuytren con-
tracture and ascites is common in patients with 
alcoholic cirrhosis.

• The color of urine and stool may help orient the 
diagnosis in a patient with jaundice.
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produces dull pain in the epigastrium or right upper quadrant 
accentuated by palpation or percussion. Capsular distention 
occurs in acute hepatitis, neoplasia and acute congestion (in 
Budd-Chiari syndrome due to  hepatic vein occlusion or 
right-sided heart failure).

Chronic liver disorders like non-alcoholic fatty liver dis-
ease and chronic hepatitis may produce vague discomfort in 
the epigastric region and right upper quadrant without any 
specific aggravating or alleviating factors.

Episodic, steady epigastric or right upper quadrant pain, 
radiating to the back or chest, with an abrupt onset and last-
ing for at least 30 min, after a fatty meal, with or without 
nausea and vomiting, may be a sign of gallbladder dysfunc-
tion. In a patient running a fever and a painful episode lasting 
longer than six hours, acute cholecystitis may be suspected. 
Sharp pain irradiating along the entire upper abdomen in a 
patient previously known with gallstones may indicate acute 
pancreatitis. Moreover, gallbladder dyskinesia or chronic 
acalculous gallbladder dysfunction may produce a similar 
type of pain in patients without ultrasound evidence of lithia-
sis and normal liver and pancreatic tests [3].

Fatigue, appetite loss (anorexia) and malaise are non- 
specific symptoms common in patients with liver disease, 
but may also occur in patients with unrelated disorders such 
a neoplasia or tuberculosis. Weight gain may be encoun-
tered in patients with ascites due to an increase in the amount 
of intraabdominal fluid and not fatty deposits. Moreover, 
patients with cirrhosis exhibit wasting of fat and muscle 
mass, leading to cachexia through a combination of reduced 
food intake (anorexia) and malabsorption, both due to fre-
quent episodes of endotoxinemia [4].

Nausea and vomiting may occur in acute inflammation 
of intraabdominal organs (acute hepatitis, cholecystitis, pan-
creatitis), and do not necessarily alleviate the abdominal dis-
comfort they accompany. Therefore, nausea and vomiting 
with an abrupt onset, following a large meal, hint to gallblad-
der dysfunction. Moreover, patients with portal hypertension 
and ruptured esophageal varices may vomit blood 
(hematemesis).

Fever (pyrexia) may be a sign of acute hepatic necrosis 
(hepatitis), be it of viral, alcoholic or drug induced etiology 
or bacterial infection as is the case in cholecystitis, cholangi-
tis and spontaneous bacterial peritonitis. Moreover, pro-
longed fever could be associated with liver abscess or 
neoplasia.

Encephalopathy is a neuropsychiatric complication of 
liver failure. Ammonia buildup has been linked to encepha-
lopathy and may be caused by a high protein diet, infection, 
gastrointestinal bleeding or constipation. Patients with low 
grade encephalopathy present with a disturbance in sleep 
patterns characterised by nocturnal insomnia and daytime 
drowsiness. According to the time elapsed between the onset 
of liver failure and the development of encephalopathy, liver 

failure may be classified into: hyperacute (less than 7 days), 
acute (8–28  days) and subacute (more than 28  days) [5]. 
Fulminant liver failure may be induced by viral hepatitis 
(hepatitis A and E in endemic regions through a fecal-oral 
route or hepatitis B and C via contact with infected bodily 
fluids), toxic agents like acetaminophen (either through acci-
dental overdose or after attempted suicide), ischemic hepati-
tis, autoimmune hepatitis, Wilson disease, Budd-Chiari 
syndrome, neoplasia or sepsis. Pregnancy-related acute liver 
failure is due to acute fatty liver, HELLP syndrome (hemoly-
sis, elevated liver enzymes, and low platelets) or eclampsia.

34.3  Clinical Examination in Liver Disease

A complete physical examination should be performed in the 
patient with suspected liver disease, including inspection, 
palpation, percussion and auscultation (Fig. 34.1).

34.3.1  Auscultation

The auscultation of the abdomen provides little information 
but should be performed before other maneuvers as palpa-
tion and percussion may shift intraabdominal gas.

An accentuation of intestinal sounds may be present in 
diarrheic syndromes associated with acute hepatitis.

A peritoneal rub is a scratchy sound produced by fibrin 
buildup (similar to pericardial or pleural rubs) audible after 
liver infarcts, in acute inflammation or cancer; the sound is 
more evident with the patient’s breathing as the intraabdomi-
nal organs shift with the movement of the diaphragm.

A hepatic arterial bruit is a systolic murmur audible 
over the projection of the liver due to an increase in arterial 
blood flow. Primary and metastatic tumors produce arterial 
bruits as a consequence of neovasculature, while cirrhosis 
and liver cancer may hinder arterial flow through the pres-
ence of regeneration or neoplastic nodules.

The room in which the clinical examination is to take 
place must be well lit (preferably by natural light), and 
the room temperature should be adequate so as not to 
make the patient uncomfortable. The patient should lie 
supine with arms outstretched, completely relaxed. 
The examiner may ask the patient to bend their knees 
so as to further relax the abdominal muscles. Avoid 
allowing the patient to observe the clinical maneuvers 
as neck flexing may hinder relaxation of the abdomen. 
The examiner will stand to the patient’s right side, 
introduce themselves and ask for permission to per-
form the clinical exam.

A.-M. Vintilă et al.
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A venous hum is a low frequency, continuous hum heard 
over the epigastrium or right upper quadrant due to a well- 
developed collateral circulation in portal hypertension. 
Cruveilhier-Baumgarten disease is the association of a 
congenitally atrophic liver with a patent umbilical vein that 
produce portal hypertension and an abdominal venous hum. 
If, however, portal hypertension and the abdominal venous 
hum result from other causes of liver disease, the term used 
is Cruveilhier-Baumgartner syndrome [6].

34.3.2  Inspection

Note must be made of the general aspect of the patient, cuta-
neous and mucosal lesions, shape of the abdomen, scars and 
stretch marks (rapid accumulation of fluid), respiratory 
movement, presence of peristalsis and aspect of the umbili-
cus. Care must be taken in order to identify both direct and 
indirect signs of liver disease. Occasionally, gross hepato-
megaly or splenomegaly may be observed through inspec-
tion of the abdomen as a bulge in the upper right or left 
quadrant, respectively.

Hepatic foetor is a form of halitosis specific to patients 
with liver disease, generally associated with a higher concen-
tration of mercaptan produced in the bowel which the liver 
cannot fully process; it may be encountered in patients with 
liver necrosis and/or significant portal hypertension.

Asterixis (flapping tremor) is a jerky rhythmical tremor 
perceived due to periodic brief pauses in striated muscle 
activity. Asterixis may also be encountered in hyponatremia, 
hypoglycemia and non-ketonic hyperglycemia [7], however, 
when associated with liver disease it is a sign of hepatic 
encephalopathy (Table 34.1).

In order to examine the mucosae, ask the patient to sit 
in natural lighting and look upward; retract the lower 
lid in order to expose the conjunctiva and the sclera. 
Furthermore, ask the patient to extend their tongue and 
examine the hard palate, then ask the patient to touch 
the tip of their tongue to the roof of the mouth in order 
to examine de sublingual mucosa.

Hepatic foetor 
Jaundice 
Pallor 
Slate grey in hemochromatosis
Kayser-Fleischer ring 
Xanthelasma 
Parotid swelling 
Epistaxis, gingivorrhagia 
Flushing, plethoric facies 

Lymphadenopathy

Spider nevi 
Paper-money skin 
Gynecomastia 
Vitiligo 
Pruritus 
Xerosis, ichthyosis 
Melanosis cutis

Azure lunulae 
Muehrcke’s lines 
Terry’s nails 
Clubbing 
Koilonychia 
Leukonychia 
Palmar erythema 
Dupuytren contracture

BMI (obesity/cachexia) 
Fever 
Encephalopathy 
Pain

Hepatomegaly 
Splenomegaly 
Ascites 
Portal hypertension 
Caput medusae 
Peritoneal rub 
Hepatic arterial bruit 
Venous hum

Asterixis 
Bier spots 
Lichen planus 
Prurigo nodularis

Petechiae 
Purpura 
Pedal edema

Fig. 34.1 Clinical 
examination in a patient with 
liver disease
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Jaundice (icterus) is the yellowish discoloration of the 
skin and mucosae due to accumulation of bilirubin over the 
threshold of 2.5–3 mg/dl (Fig. 34.2 - panel A). According to 
the type of bilirubin—direct, indirect or both, jaundice may 
be classified into:

• prehepatic jaundice is due to erythrocyte destruction: 
extravascular hemolysis takes place in the 
 reticuloendothelial cells of the spleen, liver or bone mar-
row; it is a process through which senescent or damaged 
cells undergo apoptosis. Hemolytic anemia is caused by 
destruction of abnormal red blood cells and leads to a pale 
yellow discoloration of the skin and mucosae due to a 
combination of hyperbilirubinemia and anemia.

• hepatocellular jaundice is due to chronic liver disease 
where the rate of bilirubin formation surpasses the rate of 
conjugation, leading to the accumulation of both direct 
and indirect bilirubin. In cirrhosis, portosystemic shunts 
lead to decreased blood flow to the hepatocytes and a 
lower conjugation rate. In congenital conjugation defects 
such as Gilbert and Crigler-Najjar syndromes, hyperbili-
rubinemia is due solely to unconjugated bilirubin [9]. 
Rotor and Dubin-Johnson syndromes are characterized 
by conjugated non-hemolytic hyperbilirubinemia due to 
defects in biliary transport and hepatic storage of conju-
gated bilirubin respectively [10].

• posthepatic jaundice is a result of cholestasis and, due to the 
accumulation of bile salts in the skin, has a slightly greenish 
tint; moreover, the high levels of urobilin determine altera-
tions in the color of urine and stool (see below). A rare, 
intriguing condition consisting of hemolytic anemia, choles-
tatic jaundice and transient hyperlipidemia occurring after 
alcohol abuse is named Zieve’s syndrome [11].

• Urine semiology—the color of urine may be influenced 
by the presence of bilirubin or urobilin; hence, in patients 
with hemolytic anemia, due to the high urobilin content, 
urine appears reddish while in patients with cholestasis 
urine is dark, due to the high bilirubin content, and frothy 
due to bile salts.

• Stool semiology—depending on the presence of stercobi-
lin (after intestinal reduction of colorless urobilin), stool 
may be helpful in diagnosing liver pathology. Thus, a 
darker stool due to stercobilin excess may be encountered 
in patients with hemolytic anemia; in cases of cholestasis 
the stool appears discolored, whitish. Moreover, in 
patients with variceal bleeding due to portal hypertension, 
the stool may be black (melena).

As a case in point, a patient presenting with jaundice, 
pale mucosae, who also exhibits reddish urine and dark 
stools may have hemolytic anemia, while a patient with 
cholestasis may exhibit a darker, greenish form of jaun-
dice accompanied by dark, frothy urine and discolored 
stools.

Pallor is a sign of anemia. Liver disease may produce 
anemia through a variety of mechanisms: variceal bleeding, 
portal gastropathy, gingivorrhagia, epistaxis, hematuria, 
hypersplenism and hepatic malignancy. Variceal bleeding is 
often of abrupt onset and may manifest in patients with sig-
nificant portal hypertension. Tachycardia and orthostatic 
hypotension hint to a large amount of blood lost, usually 
through either hematemesis or melena.

Hemorrhage under the skin may be due to thrombocy-
topenia (hypersplenism, reduction in hepatic synthesis of 
thrombopoietin, bone marrow micromedium disturbance 
by hepatitis C virus) or defects in the synthesis/consump-
tion of clotting factors (coagulopathy or disseminated intra-
vascular coagulopathy). Skin lesions vary from petechiae 
(small—<3  mm, round, non-confluent, reddish spots dis-
seminated on the limbs or abdomen) to purpura (3–10 mm 
in size, resulted from petechial confluence) and ecchymo-
ses (patches of varying sizes, usually over 1 cm, with colors 
ranging from red to purple to green to yellow according to 
the degree of red blood cell destruction in the local macro-
phages and bilirubin formation [9]—thus acting like time 
stamps for previous trauma). None of the above mentioned 
lesions blanches on pressure (as opposed to spider 
angiomata).

Ascites is due to intraabdominal accumulation of fluid 
with subsequent bilateral flank bulging. Large ascites may 
hinder the movement of the patient and tense ascites may 
push out the umbilicus, resulting in an umbilical hernia. For 

In a well lit room, ask the patient to look up over their 
head and carefully draw their lower eyelid so as to 
expose the conjunctiva; ask the patient to extend their 
arms and supinate the wrists so as to examine the 
palms; ask the patient to touch the tip of their tongue to 
the roof of their mouth.

Table 34.1 Grading of encephalopathy according to mental status and 
presence of asterixis [8]

Grade Description
0 Normal mental status. Asterixis absent
1 Mild confusion. Asterixis can be detected
2 Lethargy with inappropriate behaviors. Obvious asterixis
3 Somnolent with incomprehensible speech and marked 

confusion
4 Coma

Ask the patient to sit, extend their arms, dorsiflex the 
hands and close their eyes.
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clinical signs of ascites to be present, a minimum quantity of 
1500 ml of liquid must accumulate [2].

Spider nevi (sg. nevus) also known as spider angiomata 
(sg. angioma) are dilated, superficial arterioles that appear as 
reddish spots with fine branching vessels radiating out-
ward (Fig. 34.2 - panel C); these telangiectasias are found on 
the upper half of the body—trunk, arms and face—the distri-
bution territory of the superior vena cava. The preferential 
disposition is based on regional differences in peripheral cir-
culation, a consequence of variation in sympathetic nervous 
system reactivity in patients with liver cirrhosis [12, 13]. 
Though mucosal distribution is uncommon, case reports of 
massive bleeding from lesions of the colon or pleura have 
been cited. Furthermore, a higher prevalence of spider angio-
mata has been described in relation to young age and ele-
vated VEGF (vascular endothelial growth factor) and to 
alcoholic etiology of liver disease due to the angiogenic 
properties of alcohol [12]. Their appearance is due to the 
increase in estradiol to testosterone ratio, secondary to 
impaired catabolism of androstenedione with consequent 
shunting of estrogen production and buildup of estradiol. 
Since estradiol buildup is the cause, spider nevi may also be 
encountered in young women taking oral contraceptives and 
during pregnancy in the absence of liver disease. They may 
also appear in patients with thyrotoxicosis and rheumatoid 
arthritis.

Paper-money skin is a condition associated with alco-
holic cirrhosis and consists of numerous, fine superficial cap-
illaries randomly dispersed over the torso. The name comes 
from the resemblance of the needle-like capillaries to the fine 
silk thread in dollar bills [12, 14, 15].

Bier spots are small, irregularly shaped areas of hypopig-
mentation found on the arms and legs, associated with small 
vessel damage and venous stasis in the skin.

Portal hypertension—Varicose veins become engorged 
due to portal hypertension and may be visible along the 
flanks (cavo-caval collateral circulation - Fig. 34.2, panel B, 
yellow arrows) or around the umbilicus (porto-caval collat-
eral circulation  - Fig.  34.2, panel B, red arrows). Caput 
medusae is a sign of severe portal hypertension, where vari-
cose veins radiating from the umbilicus become engorged; 
the name originates from the Greek legend of Medusa whose 
hair had been turned into snakes (Fig. 34.2).

Flushing and plethoric facies are due to vasodilation 
occurring in the vessels of the face and are more common in 
alcoholic cirrhosis. Moreover, patients with a history of alco-
hol abuse tend to also exhibit sialadenosis—asymptomatic 
bilateral parotid gland enlargement that does not affect the 
function of the salivary gland. Historically, this condition has 
been attributed to a vitamin deficit due to its association with 
alcoholism, malnutrition, anorexia or bulimia nervosa [16].

Apply pressure onto the suspected lesion until it disap-
pears; as the pressure stops, the spider nevus refills 
with blood from the central arteriole toward the 
periphery.

Apply pressure to Bier spots and, much like spider 
nevi, they disappear. Moreover, raising the limb causes 
the spots to disappear as opposed to true 
hypopigmentation.

Fig. 34.2 (a) Jaundice as 
seen in the sclera (red arrow) 
and skin (yellow arrow); (b) 
porto-caval collateral 
circulation (red arrows) in a 
patient with voluminous 
ascites and flank bulging 
(yellow arrows); (c) spider 
angiomata. Source: personal 
collection of author
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Palmar erythema is a symmetrical, non-pruritic, non- 
painful, non-scaling, slightly warmer, reddish discoloration 
of the hypothenar/thenar eminence, palmar aspect of the 
phalanges or the dorsal surface of the proximal nail folds. It 
is due to a combination of local vasodilation, high cardiac 
output (hyperdynamic circulation) and estradiol buildup. 
This finding is also associated, though to a lower extent, with 
rheumatoid arthritis, thyrotoxicosis and diabetes mellitus, 
drug induced liver damage due to amiodarone or gemfibro-
zil. It may also occur in the absence of pathology as primary 
palmar erythema due to heredity, pregnancy or use of salbu-
tamol [17].

Dupuytren contracture is the progressive fibrosis of the 
tendons in the palmar fascia with subsequent retraction of 
fingers and phalangeal ankylosis and is common in alco-
holic liver disease. Other risk factors for Dupuytren’s con-
tracture include: age (>50 years), gender (higher incidence 
in men), ancestry (familial aggregation, more common in 
North European), tobacco use and diabetes (probably due to 
microangiopathy). Fasciectomy may be curative in these 
patients [14].

Gynecomastia is the enlargement of the male breast 
secondary to hyperestrogenism—glandular tissue may be 
palpated around the areola and it must be differentiated 
from lipomastia, where the breast becomes enlarged due 
to disposition of subcutaneous fat tissue in patients with 
obesity. Furthermore, spironolactone, a drug commonly 
used in cirrhosis and a known inhibitor of testosterone 
synthesis may give rise to gynecomastia and mastodynia. 
Additional signs of hyperestrogenism are testicular atro-
phy, loss of axillary and pubic hair and female distribution 
of hair.

Xanthelasma are non-pruritic, yellowish, soft plaques 
due to cholesterol deposits in the histiocytes of the eyelids 
[15]. Xantomata (sg. xantoma) have a similar appearance, 
though may be larger in side and are cholesterol deposits 
commonly located on the extensor surface of upper or 
lower limbs. Both lesions are indicative of hypercholester-
olemia and may be associated with primary biliary cirrho-
sis [14, 15].

Vitiligo is an autoimmune condition where patches of 
hypopigmentation appear on the skin and may be associated 
with other autoimmune phenomena such as hepatitis or pri-
mary biliary cirrhosis. Interferon-induced vitiligo is associ-
ated with hepatitis C infection treated with interferon and the 
lesions resolve with treatment interruption.

Pruritus manifests through itchiness of the palms, soles 
or back. Though a definite etiology has yet to be established, 
the current theory is that pruritus may be a result of bile salts 
buildup in the skin and consequent activation of opioid 
receptors. Henceforth, the current treatments include bile 
salts sequestrants such as cholestyramine and serotonin 
reuptake inhibitors or opioid antagonists [18].

• Prurigo nodularis are pruritic nodules associated with 
hepatitis C or HIV infection, bacterial infection or kidney 
failure. Treatment consists of topic steroids and antihista-
mines; low doses of thalidomide have been proven to be 
safe and effective [14].

• Lichen planus is a lesion associated with HCV infection, 
described by the “5 P’s”: pruritic, planar, polygonal, pur-
ple papules [14]; it often affects the wrists or ankles and 
may resolve by itself within 6 months or become chronic 
and lead to scaling and atrophy of the skin, especially if 
found on the scalp—lichen planopilaris.

Cutaneous xerosis is one of the most common findings in 
chronic liver disease with a cited prevalence of up to 72% 
[18]. Xerosis or dry skin is due to the disruption of the stra-
tum corneum, dehydration and altered differentiation of 
keratinocytes and may also be encountered in various derma-
toses or otherwise healthy patients.

Melanosis cutis is due to excessive melanin secretion 
from giant melanosomes [12] which leads to hyperpigmenta-

Ask the patient to extend their arms, palm side up and 
observe the reddish discoloration of the thenar or 
hypothenar eminences, palmar aspect of the phalanges 
or proximal aspect of the dorsal phalanges.

Have the patient extend their fingers, palm side up; if 
one or more fingers cannot be extended and the tendon 
is visible as a firm, non-painful structure under the 
skin, the patient has Dupuytren contracture. The dif-
ferential diagnosis must include stenosing tenosynovi-
tis (pain and overuse), trigger finger (pain upon 
flexion), a ganglion cyst (small, mobile, tender nodule) 
or a soft tissue mass.

Ask the patient about an itching sensation; useful 
instruments are the Visual Analog Scale (VAS) and the 
5-D itch scale (Duration, Degree, Direction, 
Distribution, Disability) in order to determine the 
extents of symptoms and their impact on quality of life 
[19]. Furthermore, examine the skin for scratch marks 
(excoriations).
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tion of palmar creases and accentuation of perioral, perior-
bital and areolar hyperpigmentation; these pigmentary 
lesions are more evident in primary biliary cirrhosis and 
alcoholic liver disease.

Hemochromatosis used to be known as “bronze diabe-
tes” due to accumulation of iron in the skin causing “slate 
grey” [20] or brown-bronze hyperpigmentation in areas 
exposed to sunlight. The iron deposits in the skin induce 
excess melanin production in response to UV light. Treatment 
of iron overload may alleviate organ function (as excess iron 
is also stored in other organs) but cutaneous manifestations 
are less responsive [14].

Ichthyosis is another finding related to hemochromatosis 
and leads to dry, scale-like skin [14].

Porphyria cutanea tarda leads to blistering of the skin 
after exposure to sun light and eventually increase of local 
hair growth [20]; there is a defect in heme synthesis due to 
the liver’s inability to produce uroporphyrin-decarboxylase 
and, though it is associated with liver disease in general, 
there seems to be a higher prevalence among patients with 
chronic hepatitis C infection [14].

Disseminated superficial porokeratosis—white, scaly 
papules that coalesce into plaques and are due to a keratini-
zation defect of monoclonal origin that may evolve into 
squamous cell carcinoma; it is associated with alcoholic liver 
disease; once liver function is restored the skin lesions also 
improve [14].

Necrolytic acral erythema presents as erythematous 
plaques with or without scales and a burning sensation, 
affecting mainly the dorsal aspect of the feet, particu-
larly the halluces and is characteristic of hepatitis C 
infection.

Kayser-Fleischer ring is the brown-green discoloration 
surrounding the pupil in patients with Wilson’s disease and is 
due to copper accumulation.

Azure lunulae represent the bluish discoloration of the 
lunulae occurring in Wilson’s disease [21].

Muehrcke’s nails are paired horizontal white bands sepa-
rated by normal color [2] caused by hypoalbuminemia 
(<2.2  g/dl) [12]; they are also common in nephrotic syn-
drome, glomerulonephritis and malnutrition.

Terry’s nails—ground-glass opacity of the nail plate with 
no visible lunula and a narrow strip of sparred nail at the 
distal end (due to hyperplasia of the nail bed connective tis-
sue [2, 12, 14]. Though classically associated with chronic 
liver disease, they may also be seen in chronic heart failure, 
thyrotoxicosis, renal failure, adult-onset diabetes mellitus 
and with advanced age [12]. The differential diagnosis 
includes half-and-half nails (opacification of half the nail 
plate) and true leukonychia (abnormality of the nail plate 
rather than the nail bed) [22].

34.3.3  Palpation

Palpation is the most important maneuver used in the clinical 
examination of the abdomen. In describing intraabdominal 
organs, note must be made of the dimensions, consistency, 
characters of the lower edge and presence of tenderness.

The patient must be asked beforehand about the existence 
of spontaneous abdominal pain and examination must start 
from the opposite side, leaving the painful area toward the 
end of the examination. Touch must be gentle in order to 
avoid unnecessary discomfort and the patient’s face must be 
carefully observed for any sign of pain; all the while the 
examiner must ask questions in order to deter attention from 
the examination and differentiate real from simulated pain.

Palpation allows for the assessment of the inferior edge of 
the liver along the right coastal margin toward the epigastric 
region. In patients without an underlying hepatic pathology, 
due to its soft consistency, the liver is difficult to palpate and 
is non-tender.

Dimension assessment includes the diameters measured 
along the midclavicular line (between the superior—gener-
ally in the fifth intercostal space—and inferior liver edges, 
normally spanning 7–12  cm) and the midsternal line 
(between the cardiohepatic angle obtained through percus-
sion and the inferior liver edge, spanning 6–8 cm). A size 
greater than normal exposes hepatomegaly (acute hepatitis, 
non-alcoholic fatty liver disease and liver malignancy), while 
a smaller than normal liver may reveal hepatic atrophy 
(some forms of cirrhosis).

Palpation of the abdomen is done with the palm 
extended, moving in small circles in order to detect 
any change in size or shape.

Palpation of the liver is done with both hands pointing 
upward toward the rib cage, starting from the flank and 
slowly moving cranially. Only in the case that the liver 
cannot be felt using this maneuver, the examiner may 
stand facing the patient’s feet and, using flexed hands 
as a hook may try to sense the inferior margin as it low-
ers during inspiration. Obese patients may be exam-
ined using a left lateral decubitus that helps to shift the 
abdominal fat toward away from the viscera.
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The inferior liver edge may vary in shape and consis-
tency: a round inferior edge may be encountered in acute 
(soft consistency) or chronic hepatitis (firm consistency), 
while in patients with cirrhosis the edge may become sharp.

The surface may provide additional information: thus, a 
smooth surface is encountered in chronic hepatitis and non- 
alcoholic fatty liver disease, while a nodular surface may be 
present in patients with cirrhosis or HCC (hepatocellular 
carcinoma).

Tenderness on palpation is indicative of capsule dilation 
and should orient the diagnosis toward either acute hepatitis 
or tumors with capsular involvement.

The gallbladder is not normally accessible to palpation. 
However, in specific cases, a round structure may be felt 
along the inferior margin of the liver—highly painful in 
acute cholecystitis, mildly tender in gallbladder hydrops 
(accumulation of sterile and colorless mucin through chronic 
cystic duct obstruction) and non-tender in pancreatic cancer 
(Courvoisier-Terrier sign) or a highly calcific gallbladder.

Since the normal spleen lies behind the rib cage, a spleen 
accessible on palpation automatically diagnoses 
splenomegaly.

Lymphadenopathy in a patient presenting with jaundice 
may raise the clinical suspicion of epidemic hepatitis or a 
viral infection such as infectious mononucleosis. 
Generalized lymphadenopathy is more commonly associ-
ated with malignant processes that may also affect the liver 
such as lymphoma.

Pedal edema is due to the accumulation of free fluid in 
the interstitium; in liver disease, pedal edema is associated 
with a decrease in oncotic pressure (the pressure that nor-
mally maintains fluid inside the blood vessels) due to faulty 
production of albumin.

34.3.4  Percussion

Percussion of the abdomen is a useful tool in determining 
approximate organ size and the presence of intraabdominal 
fluid.

The distance between the upper limit of the free intraperi-
toneal fluid and a horizontal line drawn through the umbili-
cus is used to measure the amount of fluid.

Flank dullness—percuss the patient in a supine posi-
tion; tympany is noted periumbilically, while the flanks 
remain dull.

Shifting dullness—the patient is asked to roll into 
lateral decubitus first onto the right side, then onto the 
left; while in a lateral decubitus position, percussion 
will find that tympany has moved upward, while dull-
ness has shifted to the flank according to the reposi-
tioning of the intraabdominal fluid.

The wave sign is elicited by asking a partner to 
push their hands down the midline of the abdomen, 
while the examiner taps one side of the abdomen all 
the while palpating the opposite side of the abdo-
men; a wave of ascites is perceived by the examin-
er’s hand as the impulse is transmitted through the 
fluid.

The puddle sign—ask the patient to assume the 
genupectoral position (on elbows and knees) and per-
cuss periumbilically—dullness is noted due to the 
shifting of the ascites; this position is particularly use-
ful in patients with a small quantity of ascites.

The patient lies in a right lateral decubitus with the left 
arm outstretched over their head; the examiner may 
palpate the spleen from the patient’s right side or try to 
hook it from the left. One must keep in mind that the 
anterior margin of the spleen is irregular and moves 
anteriorly and caudally with inspiration.

Use the pads of all four fingers in a circular fashion 
along the anterior and posterior regions of the neck and 
jaw, axillae, elbows, inguinal region and knees.

Ask the patient to lie in bed with legs outstretched; 
press your thumb against the tibial surface so as to 
force the fluid out of the interstitium. In a patient with 
pedal edema pitting will be elicited.

Percussion is done in a radial fashion starting from the 
umbilicus, radiating outward to every segment of the 
abdomen. If dullness is detected, percussion will be 
repeated from the epigastrium in a radial fashion 
toward the mesogastrium and flanks so as to delineate 
the upper limit of the intraabdominal fluid.
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Percussion of the liver helps establish the upper and lower 
limits of the liver.

The lower hepatic edge is generally situated within 1 cm 
of the rib cage. A lower edge beyond the 1  cm limit may 
reveal either hepatomegaly or liver ptosis (the upper limit is 
also shifted caudally in case of ptosis). Percussion of the 
lower edge is of particular importance in cases where the 
liver is not readily accessible by palpation. In Chilaiditi syn-
drome, the colon is interposed between the skin and the 
hepatic parenchyma, rendering percussion ineffective.

Percussion of the spleen helps identify splenomegaly, 
either a consequence of portal hypertension or a sign of 
hematologic malignancy.

Castell’s method: With the patient supine, percussion 
will be performed along the left anterior axillary line in 
the lowest intercostal space, after full inspiration fol-
lowed by full expiration—shifting from tympany to dull-
ness is called Castell’s sign and signals splenomegaly.

Traube’s (semilunar) space is defined by the sixth 
rib (sup.), left midaxillary line (lateral) and left costal 
margin (inferior). With the patient supine and left arm 
abducted, percuss Traube’s space from its medial to its 
lateral aspect—dullness during normal breathing will 
signal splenomegaly.

Nixon’s method: Ask the patient to sit in a right 
lateral decubitus with the left arm in an abducted posi-
tion. Percuss along the posterior axillary line for the 
lowest level of pulmonary resonance. Proceed diago-
nally toward the left costal margin. The normal spleen 
produces an area of dullness 6–8 cm above the left cos-
tal margin, a greater size reveals splenomegaly.

34.4  Conclusions/Summary

Due to its high prevalence and mortality, liver disease is of par-
ticular importance nowadays. Thus, physicians must maintain 
a high index of suspicion, actively enquire about risk factors 

and perform a thorough clinical examination so as to diagnose 
liver disease from its earliest signs. The most common disor-
ders of the liver—acute hepatitis, cirrhosis and HCC—vary in 
terms of clinical presentation and faster diagnosis and treat-
ment may be instated after careful examination of the patient.

 Self Study

 Questions

 1. Which of the following statements is true?
 (a) An abdominal venous hum may be encountered in 

patients with acute hepatitis
 (b) Infection with HCV may be present with a plethora 

of cutaneous manifestations like lichen planus, por-
phyria cutanea tarda and necrolytic acral erythema

 (c) Posthepatic jaundice is due to the accumulation of 
unconjugated bilirubin, made evident by a reddish 
discoloration of urine and clay-colored stools

 (d) A patient presenting with fever and ascites is more 
likely to have acute cholecystitis than spontaneous 
bacterial peritonitis

 2. Which of the following statements is true?
 (a) The spleen will be examined with the patient in an 

erect position as this brings the inferior pole closer to 
the examiner

 (b) The genupectoral position is most commonly used 
for assessment of ascites, especially in patients with 
tense ascites

 (c) In examining the liver note must be taken of the 
dimensions, consistency, surface, character of the 
inferior edge and tenderness

 (d) The presence of asterixis is assessed by gently pull-
ing down the patient’s eyelid so as to be able to 
observe both the conjunctiva and the sclera

 Answers

 1. Which of the following statements is true?
 (a) An abdominal venous hum may be encountered in 

patients with portal hypertension as a consequence of 
a well-developed collateral circulation

 (b) Infection with HCV may be present with a plethora 
of cutaneous manifestations like lichen planus, por-
phyria cutanea tarda and necrolytic acral 
erythema—CORRECT

 (c) Posthepatic jaundice is due to extrahepatic obstruc-
tion of the bile ducts, thus leading to a rise in conju-
gated bilirubin with dark, frothy urine and 
clay-colored stools

The upper margin may be found by percussing along 
the right midclavicular line from the second intercostal 
space caudally—generally located in the fifth intercos-
tal space. By continuing toward the flank, the examiner 
will encounter the inferior liver margin at the interface 
of dullness and tympany.
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 (d) A patient presenting with fever and ascites is more 
likely to have spontaneous bacterial peritonitis; in 
patients with decompensated cirrhosis, ascites is 
likely to get infected leading to abdominal pain, fever 
and signs of peritoneal irritation

 2. Which of the following statements is true?
 (a) The spleen will be examined with the patient in a 

recumbent position, in a left lateral decubitus, so as to 
shift the intraabdominal fat and fluid and allow for a 
correct assessment of the spleen

 (b) The genupectoral position is sometimes used to cer-
tify the existence of a small quantity of intraabdomi-
nal fluid

 (c) In examining the liver note must be taken of the 
dimensions, consistency, surface, character of the 
inferior edge and tenderness—CORRECT

 (d) The presence of asterixis is assessed by asking the 
patient to hold their arms outstretched, wrists 
extended and fingers apart so as to reveal a fluttering 
of the phalanges associated with encephalopathy. The 
color of the sclera and the conjunctiva will be evalu-
ated in order to diagnose jaundice and anemia.
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Assessment of Liver Function

Zain Moosvi, Felix H. Lui, and Douglas Nguyen

35.1  Introduction: Standard Liver Panel

35.1.1  Total Bilirubin

Bilirubin is involved in the catabolism of heme. It is excreted 
in bile and ultimately feces as stercobilin, and in urine as uro-
bilin and urobilinogen [1]. Bilirubin exists in two forms: 
Conjugated bilirubin and unconjugated bilirubin. Elevated 
bilirubin levels, referred to as hyperbilirubinemia, can cause 
jaundice, which is yellow discoloration of the skin and eyes. 
Serum bilirubin reflects the balance between bilirubin pro-
duction and clearance. Accordingly, hyperbilirubinemia is 

caused by overproduction of bilirubin, impaired uptake, con-
jugation, or excretion, or leakage from damaged hepatocytes 
or bile ducts [2]. Serum bilirubin levels usually correlate with 
severity of jaundice, though this can be affected by com-
pounds such as sulfonamides, salicylates, and albumin [3].

Unconjugated hyperbilirubinemia is typically a product 
of overproduction or reduced uptake or conjugation of biliru-
bin. Other etiologies include hemolysis, extravasation of 
blood, and dyserythropoiesis [4]. Conjugated hyperbilirubi-
nemia, on the other hand, is usually caused by reduced excre-
tion or leakage from hepatocytes or the biliary system, and is 
thus a more accurate indicator of hepatobiliary dysfunction 
or pathology. Conjugated hyperbilirubinemia can also result 
in bilirubin in the urine. On the contrary, unconjugated bili-
rubin is bound to albumin, and as such is not filtered by the 
glomerulus into the urine [3].

35.1.2  Transaminases

Alanine transaminase (ALT) is a transaminase enzyme that 
is found in a variety of body tissues, but is most commonly 
present in the liver. It is involved in the Cahill cycle, but is 
used clinically as a biomarker for liver function and health 
[5]. Elevations in ALT suggest hepatocellular injury, though 
etiologies vary from primary liver disorders to infections, 
malignancy, and heart failure [6].

Similar to ALT, aspartate transaminase (AST) is another 
transaminase enzyme used as a biomarker for liver health. It 
differs from ALT in that AST is more widely present in tis-
sues outside of the liver, making it a less specific biomarker 
for hepatocellular injury [6].

35.1.3  AST/ALT Ratio

The ratio of AST to ALT can sometimes be used to determine 
the etiology of liver disease. Classically, AST to ALT ratio 
greater than 2 is consistent with alcoholic liver disease, par-

Key Concepts
• As many of the coagulation factors are produced in 

the liver, prothrombin time (PT) and international 
normalized ratio (INR) can be used to assess liver 
synthetic function.

• Albumin is a protein that is manufactured by the liver 
and can be used to assess liver synthetic function.

• Elevated serum bilirubin levels cause jaundice, and 
severity is loosely proportional to the bilirubin 
level.

• Abnormal liver chemistries can be characterized by 
a hepatocellular pattern (elevated AST and ALT) or 
cholestatic pattern (elevated ALP).

• Alanine transaminase (ALT) and aspartate trans-
aminase (AST) are markers for hepatocellular 
injury. AST to ALT ratio greater than 2 is consistent 
with alcoholic liver disease. A AST to ALT ratio of 
less than 2 is indicative of a myriad of conditions, 
including NASH and hepatitis C cirrhosis
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ticularly in the setting of an elevated gamma glutamyl trans-
peptidase [7]. Several other pathologies confer an elevated 
AST to ALT ratio that is usually less than 2, including nonal-
coholic steatohepatitis (NASH), cirrhosis from hepatitis C, 
and Wilson’s disease [8]. Of note, elevated AST to ALT ratio 
is not considered diagnostic of liver disease, as it may also be 
elevated in myopathy as well, such as dermatomyositis.

35.1.4  Alkaline Phosphatase

Alkaline phosphatase (ALP) is an enzyme involved in 
dephosphorylating compounds and is most commonly found 
in liver, bone, and placenta [9]. As such, elevations in ALP 
can be secondary to processes involving any of the afore-
mentioned organs. In contrast to ALP elevations from bone 
and placenta, ALP elevation from liver disease is character-
ized by concomitant elevation in gamma glutamyl transpep-
tidase and 5′-nucleotidase [9].

35.1.5  Gamma Glutamyl Transpeptidase

Gamma glutamyl transpeptidase (GGT) is found in hepato-
cytes, biliary epithelial cells, and pancreas cells, in addition 
to a variety of organs outside of the gastrointestinal system 
[10]. Elevations in GGT reflect abnormalities in any of the 
aforementioned organ systems. The primary utility of GGT 
in medicine is in determining the etiology of ALP elevation. 
Elevations in both ALP and GGT strongly suggest a hepato-
biliary pathology [11].

35.1.6  Albumin

Albumin refers to a family of water soluble globular proteins 
that are found in blood plasma. It is the most abundant blood 
plasma protein, and accounts for approximately 50% of all 
plasma protein [12]. The primary function of serum albumin 
is to regulate oncotic pressure of the blood. Additionally, 
albumin also binds water, cations, fatty acids, hormones, thy-
roxine, bilirubin, and a multitude of pharmaceutical com-
pounds [12].

As serum albumin is produced in the liver, it can be used 
as a surrogate marker for liver synthetic function. 
Hypoalbuminemia is more common in chronic liver disease 
rather than acute pathologies [13].The Child-Turcotte-Pugh, 
for instance, uses serum albumin level in addition to other 
liver chemistries to determine the severity of cirrhosis. 
However, low serum albumin is not specific to liver disease, 
as it can also be a product of extrahepatic etiologies includ-
ing nephrotic syndrome and malnutrition [13].

35.1.7  Other Tests

35.1.7.1  5′-Nucleotidase
5′-Nucleotidase is a membrane-bound enzyme that facili-
tates the conversion of nucleotides to nucleosides. It is 
found in the liver, intestines, endocrine pancreas and blood 
vessels. Despite this, it is only released into the serum by 
the hepatobiliary system [14]. Therefore, similar to GGT, 
5′-nucleotidase is used as a biomarker to differentiate ALP 
elevation from hepatobiliary disease from nonhepatic eti-
ologies [15].

35.1.7.2  Ceruloplasmin
Ceruloplasmin is a ferroxidase enzyme and is the major 
copper- carrying protein in blood. As it is synthesized in the 
liver, ceruloplasmin levels may be reduced in liver disease 
[16]. The most common use of ceruloplasmin is in the diag-
nosis of Wilson disease, a genetic disorder due to a mutation 
in a copper transporter protein. However, low ceruloplasmin 
levels can be seen in patients without Wilson disease, and 
normal or elevated levels can be seen in patients with Wilson 
disease [17].

35.1.7.3  Alpha-Fetoprotein
Alpha-fetoprotein (AFP) is a glycoprotein normally pro-
duced during gestation by the fetal liver and yolk sac. It is 
the most commonly used as a tumor marker for hepatocel-
lular carcinoma (HCC) [18]. Serum AFP levels correlate 
with the progression of the malignancy, as early HCC may 
be accompanied by lower serum AFP levels compared to 
advanced disease [19]. Higher levels are more specific but 
less sensitive. A serum AFP level greater than 400 ng/mL in 
a high risk patient is considered diagnostic of HCC [20]. 
Elevated serum AFP levels may also be seen in acute or 
chronic viral hepatitis, germ cell and non-germ cell tumors, 
and gastric cancer [18].

35.1.7.4  Coagulation Studies
The majority of the coagulation factors are synthesized in 
the liver. These include factor I, factor II, factor V, factor 
VII, factor IX, factor X, factor XII, and factor XIII.  As 
such, deficiencies in these coagulation factors occur fre-
quently in chronic liver disease, and is reflected in the pro-
thrombin time (PT) or international normalized ratio (INR) 
[21]. Thus, similar to serum albumin, PT or INR can be 
used as a marker for liver synthetic function, where an ele-
vated PT or INR indicates compromised synthetic 
function.

35.1.7.5  Serum Glucose
Glucose is a simple sugar and the most abundant monosac-
charide, a subtype of carbohydrate. The primary role of glu-
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cose in the body is to produce energy in the form of adenosine 
triphosphate via cellular respiration. The liver functions to 
maintain normal levels of serum glucose through a variety of 
mechanisms, including glycogenesis, glycogenolysis, gluco-
neogenesis, and glycolysis. The association between liver 
disease and carbohydrate metabolism has been well-studied. 
Glycogenolysis is reduced in cirrhosis, owing to low glyco-
gen stores and reduced levels of the catabolizing enzyme, 
glucose-6-phosphatase. Gluconeogenesis is also reduced 
[22]. Impaired glucose tolerance and fasting hyperglycemia 
are present in at least 50% of patients with cirrhosis. This is 
thought to be caused by insulin resistance as opposed to 
insulin deficiency [23]. Contrastingly, hypoglycemia is usu-
ally seen in acute liver failure, though it can also be present 
in cirrhosis due to decreased hepatic glycogen stores, 
decreased response to glucagon, and reduced glycogen syn-
thesis capacity [22].

35.1.8  Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is a cytoplasmic enzyme 
present in a variety of body tissues. Because it is released 
during tissue damage, it can be used as a marker for cellular 
injury. However, it has a poor sensitivity and specificity, and 
is now primarily used as a marker for hemolysis and to dis-
tinguish ischemic hepatitis from viral hepatitis [24].

35.1.8.1  Elevated Transaminases
Abnormal liver chemistries can be characterized by a hepato-
cellular pattern, when the predominant elevated chemistries are 
ALT and AST, or cholestatic pattern, when the predominant 
elevated chemistry is ALP.  The magnitude of transaminase 
elevation depends on the etiology of hepatocellular injury, and 
can be characterized by their relation to the upper limit of nor-
mal (ULN) range for the liver chemistry (Table 35.1).

Table 35.1 Common liver diseases with their associated abnormal liver chemistry studies

Disease AST ALT ALP Bilirubin Other features
Acute viral hepatitis ↑↑↑ (>25× ULN) ↑↑↑ (>25× ULN) Normal to ↑ Normal to ↑↑↑ Exposure history, fatigue, nausea/

vomiting, RUQ pain
Chronic viral hepatitis ↑ (<2× ULN) ↑↑ (< 2× ULN) Normal to ↑ ↑ if advanced History of exposure to infected blood or 

body fluids
Nonalcoholic 
steatohepatitis

↑ (<4× ULN) ↑ (<4× ULN) Normal to ↑ Normal History of metabolic syndrome

Alcoholic hepatitis ↑↑ (<8× ULN) Normal or ↑ 
(<5× ULN)

↑ Normal to ↑↑↑ History of alcohol abuse

Acute autoimmune 
hepatitis

↑↑↑ ↑↑↑ Normal to ↑ Normal to ↑↑ Type I: Antinuclear antibodies (ANA) and 
anti-smooth muscle antibodies (ASMA)
Type II: anti-liver-kidney microsome-1 
antibodies (ALKM-1) and anti-liver 
cytosol antibody-1 (ALC-1)

Chronic autoimmune 
hepatitis

↑ ↑↑ Normal to ↑ Normal Type I: Antinuclear antibodies (ANA) and 
anti-smooth muscle antibodies (ASMA)
Type II: anti-liver-kidney microsome-1 
antibodies (ALKM-1) and anti-liver 
cytosol antibody-1 (ALC-1)

Wilson disease ↑ ↑ Low ↑ (Unconjugated) Low serum ceruloplasmin. Neurologic 
symptoms

Alpha 1 antitrypsin 
deficiency

↑ ↑ Normal ↑ If advanced Early onset COPD in absence of smoking 
history

Hemochromatosis Normal Normal Normal Normal Bronze skin, diabetes, CHF, family history
Primary biliary 
cirrhosis

↑ ↑ ↑↑↑ ↑ If advanced Middle-aged female, antimitochondrial 
antibody

Primary sclerosing 
cholangitis

↑ ↑ ↑↑↑ ↑ If advanced/
severe structuring

Highly associated with ulcerative colitis

Duct obstruction ↑ ↑ ↑↑ ↑↑ Dilated ducts on imaging
Hepatic ischemia ↑↑↑ (>50× ULN) ↑↑↑ (>50× 

ULN)
Normal Normal AST > 5000 U/L, recent episode of 

hypotension
Celiac disease Normal or ↑ Normal or ↑ Normal or ↑ Normal Iron deficiency anemia, dermatitis 

herpetiformis
Infiltrative liver 
disease

↑ ↑ ↑↑↑ Normal Malignancy, sarcoidosis, amyloidosis, 
mycobacterial/fungal infection

Adapted from [25] [American College of Physicians. Gastroenterology and Hepatology. MKSAP: Medical Knowledge Self-Assessment 18. 
Philadelphia, PA: American College of Physicians. ISBN 978-1-938245-50-319881989. Page 50]
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Initial workup of abnormal liver tests should include imag-
ing. Ultrasound (US) is considered first-line as it does not 
require intravenous access and is relatively cost- effective. 
Additionally, it does not require the administration of contrast, 
which may be a relative contraindication in patients with kid-
ney disease. However, ultrasound can potentially be limited by 
patient body habitus and user error. It also carries a lower sen-
sitivity for liver masses compared to computed tomography 

(CT) or magnetic resonance imaging (MRI). MRI has numer-
ous advantages over CT. Namely, it does not expose the patient 
to radiation and requires visualization of the biliary tree with 
magnetic resonance cholangiopancreatography (MRCP) [26].

Other diagnostic tests include histologic assessment via 
liver biopsy, however this has been largely replaced by sero-
logic markers and imaging (US or MRI elastography) 
(Fig. 35.1).
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Fig. 35.1 Response to abnormal liver blood tests. This figure details the 
initial response to abnormal liver blood tests. Boxes in yellow indicate 
the initial evaluation of the clinical presentation. Patients with marked 
derangement of liver blood tests, synthetic failure and/or suspicious 
clinical symptoms/signs should be considered for urgent referral to sec-
ondary care (red box). For the remainder, a clinical history alongside 
evaluation of the pattern of liver blood test derangement will determine 
choice of pathway and is shown in the grey boxes. A grey box indicates 
all the tests that should be requested at that stage rather than a hierarchy 
within it. The presence of metabolic syndrome criteria should be sought 
to support a diagnosis of NAFLD. For children, the text should be con-
sulted for modification of recommendation. Areas of diagnostic uncer-
tainty are indicated in orange boxes and the decision for repeat testing or 
referral to secondary care will be influenced by the magnitude of enzyme 
elevation and clinical context. Green boxes indicate final/definitive out-

comes for users of the pathway. (Asterisk) Abnormal USS may well 
include extrahepatic biliary obstruction due to malignancy, which should 
result in urgent referral. ALP alkaline phosphatase, ALT alanine amino-
transferase, ARLD alcohol-related liver disease, AST aspartate amino-
transferase, BMI body mass index, FBC full blood count, GGT 
γ-glutamyltransferase, INR international normalised ratio, LDH lactate 
dehydrogenase, NAFLD non-alcoholic fatty liver disease, T2DM type 2 
diabetes mellitus, USS ultrasound scan. From [27] [Newsome PN, et al. 
Guidelines on the management of abnormal liver blood tests. Gut. 2018 
Jan;67(1):6–19. doi: https://doi.org/10.1136/gutjnl-2017-314,924.]. It is 
open access article [This is an Open Access article distributed in accor-
dance with the terms of the Creative Commons Attribution (CC BY 4.0) 
license, which permits others to distribute, remix, adapt and build upon 
this work, for commercial use, provided the original work is properly 
cited. See: http://creativecommons.org/licenses/by/4.0/]

Z. Moosvi et al.

https://doi.org/10.1136/gutjnl-2017-314,924
http://creativecommons.org/licenses/by/4.0/


411

35.2  Viral Hepatitis

35.2.1  Hepatitis A

Hepatitis A is caused by the hepatitis A virus (HAV). HAV is 
a member of the genus Hepatovirus in the family 
Picornaviridae [28]. Infection and vaccination confer life-
long immunity.

HAV is usually a self-limited illness that does not become 
chronic. Presentation is usually relatively mild, with acute 
liver failure occurring in less than 1% of cases. Typical 
symptoms of acute HAV include jaundice, fatigue, fever, 
diarrhea, and mild RUQ abdominal pain. Symptoms and lab 
abnormalities typically resolve within 3 months [29].

The incubation period of HAV is 2–6 weeks. Transmission 
occurs via fecal-oral route. For this reason, the prevalence of 
HAV infection is highest in countries of lower socioeco-
nomic status and poorly developed sanitation systems, 
including Central America, South Asia, and the majority of 
Africa [28]. IgG antibodies to HAV indicate previous expo-
sure or vaccination.

HAV vaccination or immune globulin is indicated in indi-
viduals who have been exposed to the virus within the past 
2 weeks and have not been previously vaccinated/infected. 
Furthermore, immune globulin is indicated for adults over 
the age of 40 years of age, individuals with chronic liver dis-
ease, and individuals who are immunocompromised [29]. 
There is no definitive treatment for hepatitis A, and therapy 
is usually supportive care.

35.2.2  Hepatitis B

Hepatitis B virus (HBV) is a DNA virus belonging to the 
family hepadnaviruses. HBV infection is a global public 
health problem, as it is the most prevalent of all the viral 
hepatitides worldwide, with about 350 million individuals 
infected as of 2015. Approximately 600,000 individuals die 
each year from HBV-related disease [31] (Tables 35.2 and 
35.3). In contrast to HAV infection, HBV infection can be 
both acute and chronic. Transmission occurs via parenteral 
contact, vertically, or sexually. Extrahepatic manifestations 
of HBV infection include serum sickness-like syndrome, 
polyarthritis, polyarteritis nodosa, cryoglobulinemia, and 
glomerulonephritis [30] (Fig. 35.2).

The immune tolerant phase is most commonly seen in 
patients who acquire HBV infection at birth (vertical trans-
mission). This phase usually manifests as a normal ALT level 
in the setting of positive hepatitis B e antigen (HBeAg). 
Histology usually will only demonstrate mild hepatocyte 
injury during this phase.

The immune clearance and reactivation phases, which 
together comprise the immune active phase, are character-
ized by positive HBeAg, elevated ALT, and HBV DNA 
greater than 10,000  IU/mL. The inactive carrier or control 
phase can be identified by normal ALT levels and HBV DNA 
less than 10,000 IU/mL [30].

Treatment of HBV is indicated for patients who present 
with acute liver failure, chronic HBV infection with elevated 
ALT and HBV DNA less than 10,000  IU/mL, or who are 

Table 35.2 Hepatitis B serologies and their respective clinical scenarios

Clinical scenario HBsAg Anti- HBs IgM anti-Hbc IgG anti-Hbc HBeAg Anti- HBe HBV DNA (IU/mL)
Acute hepatitis B; rarely reactivation of chronic 
hepatitis B

+ − + − + − >20,000

Resolved previous infection − + − + − +/− Undetected
Immunity from vaccination − + − − − − Undetected
False positive anti-HBc or resolved previous 
infection

− − − + − − Undetected

Immune control (chronic hepatitis B, inactive) + − − + − + <10,000
Immune tolerant (perinatally acquired) + − − + + − >1 million
Immune active + − − + + − >10,000
Reactivation + − − + − + >10,000

Adapted from [25] [American College of Physicians. Gastroenterology and Hepatology. MKSAP: Medical Knowledge Self-Assessment 18. 
Philadelphia, PA: American College of Physicians. ISBN 978-1-938245-50-319881989. Page 50]

Table 35.3 Chronic HBV infection divided into phases of disease [30]

Phase HBeAg/anti-HBe status HBV DNA ALT level Liver biopsy Treatment candidate
Immune tolerant HBeAg+ >20,000 IU/mL Normal Normal or minimal activity No
Immune clearance/
reactivation

HBeAg+ or anti-HBe+ >2000 IU/mL Elevated Active inflammation Yes

Inactive carrier HBeAg negative/anti-HBe+ <2000 IU/mL Normal Normal or minimal activity No
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receiving immunosuppressive therapy. Antivirals such as 
tenofovir and entecavir are first-line treatment, with 
pegylated interferon reserved for patients without cirrhosis 
who have high ALT levels and low HBV DNA levels. 
Treatment is aimed at normalizing ALT and reducing HBV 
DNA to less than 50 IU/mL [32].

Complications of chronic untreated HBV include hepa-
tocellular carcinoma (HCC) and cirrhosis. Successful treat-
ment reduces the risk of developing the aforementioned 
complications [30]. Certain populations carry an increased 
risk of progression to HCC, and for these patients ultra-
sound surveillance every 6  months is indicated. These 

groups include patients with cirrhosis, Asian men older 
than 40 years, Asian women older than 50 years, African 
patients older than 20 years, patients with persistent inflam-
matory activity (elevated ALT and HBV greater than 
10,000 IU/mL for multiple years), and patients with family 
history of HCC [33].

35.2.3  Hepatitis C

Hepatitis C is caused by the hepatitis C virus (HCV). It is the 
most common bloodborne disease in the United States, with 
approximately four million individuals infected [34]. The 
virus is contracted primarily through exposure to blood, for 
this reason intravenous drug users are at the highest risk for 
HCV. The virus can also be transmitted sexually, though the 
risk is 0.07% per year, as well as vertically. Men who have 
sex with men are at an elevated risk for transmission [34]. 
Current guidelines by the U.S.  Preventive Services Task 
Forces recommend screening for individuals born between 
1945 and 1965 [33].

HCV rarely presents as an acute infection. Chronic HCV 
infection will often be asymptomatic, with fatigue and right 
upper quadrant pain the most common symptoms. 
Extrahepatic manifestations of HCV include cryoglobuline-
mia, porphyria cutanea tarda, and membranoproliferative 
glomerulonephritis [34].

HCV is diagnosed via anti IgG antibodies and HCV 
RNA PCR. Once diagnosis is confirmed, individuals should 
also be tested for human immunodeficiency virus (HIV), 
and HBV given the common modes of transmission and 
rapid progression of liver disease with coinfection. Lab 
tests in hepatitis C will be nonspecific, ranging from nor-
mal  ALT/AST to mild elevation [35]. If therapy is planned, 
quantitative HCV RNA should be ordered as well. Liver 
biopsy, which demonstrates lymphocytic portal inflamma-
tion and variable levels of fibrosis, has become less popular 
with the less invasive ways to assess for cirrhosis, including 
MRE [26].

HCV treatment is aimed at achieving sustained virologic 
response (SVR), which is defined as undetectable HCV RNA 
6 months after completion of treatment. SVR is associated 
with a decrease in all-cause mortality, liver-related mortality, 
and need for liver transplantation. It is less likely to achieve 
in the setting of cirrhosis [3]. Treatment regimens vary 
depending on the viral genotype. HCV genotype 1, which is 
most prevalent in the United States, is treated with the antivi-
rals sofosbuvir and ledipasvir, which lead to SVR in 95% of 
patients. Other less common treatment regimens for this 
genotype include the combination of ombitasvir and parita-
previr, and ritonavir and dasabuvir. Ribavirin may be added 
to either of the aforementioned regimens [35].
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Fig. 35.2 The clinical course and serologic profiles of (a) acute and 
(b) chronic hepatitis B. From [30] [Liang TJ. Hepatitis B: the virus and 
disease. Hepatology. 2009 May;49(5 Suppl):S13–21. doi: https://doi.
org/10.1002/hep.22881] with permission
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Surveillance imaging with abdominal ultrasound every 
6 months is indicated for patients with cirrhosis to monitor 
for HCC, even in the setting of SVR. Individuals with cir-
rhosis should also receive upper endoscopy screening for 
esophageal varices [33].Transplantation is indicated in 
patients with decompensated disease or localized HCC that 
meets Milan criteria [36].

Variability in the HCV envelope protein has greatly hin-
dered the development of a vaccine. Individuals infected 
with HCV who are not immune to HAV or HBV should be 
vaccinated against these viruses [35] (Fig. 35.3).

35.2.4  Hepatitis D

Hepatitis D (HDV) is a defective RNA virus that requires the 
presence of HBV for infection. HDV infection can occur in 
three scenarios: acute HBV/HDV coinfection, acute HDV 
superinfection of chronic HBV carrier, or chronic HDV 
infection [35]. Coinfection and superinfection increase the 
likelihood of severe complications including acute liver fail-
ure with rapid progression to cirrhosis, and HCC in chronic 
infections. HDV coinfection and superinfections carry a 
mortality rate of 20%, the highest of all hepatitis infections 
[36]. HBsAg is necessary for the diagnosis of HDV infec-
tion. Furthermore, IgM antibody to HBc is necessary for the 
diagnosis of acute HBV/HDV coinfection. Treatment is with 
pegylated interferon, however the efficacy rate is approxi-
mately 20%. For this reason, treatment is typically reserved 
with patients with worsening liver disease despite HBV 
treatment [37].

35.2.5  Hepatitis E

Hepatitis E virus (HEV) is an RNA virus that is most similar 
to HAV with regards to geographic distribution and clinical 
presentation [35]. Similar to HAV, it diagnosed by IgM anti-
body and is usually a self-limited infection. In pregnant 
women, however, the risk of acute liver failure is elevated. 
Women in the third trimester of pregnancy are at a particu-
larly high risk, as the infection carries a mortality rate of 
approximately 20% in this demographic [36].

35.2.6  Alcohol-Induced Liver Disease

Excessive alcohol consumption is associated with a variety 
of liver diseases, ranging from alcoholic fatty liver disease to 
hepatitis to cirrhosis. Individuals who consume greater than 
two alcoholic drinks per day are at an increased risk of 
 cirrhosis, though the vast majority of individuals will not 
develop cirrhosis [36].

Alcohol abuse is very common worldwide. In the United 
States, alcohol abuse has an estimated lifetime prevalence of 
18% among adults [38].

Complications from alcohol abuse include steatosis, ste-
atohepatitis, cirrhosis, and HCC. Hepatic steatosis, or fatty 
liver, is the first stage of liver disease, and occurs on the mac-
rovesicular level. It affects approximately 90% of heavy 
drinkers, and can be caused both by binge drinking or chronic 
alcohol abuse. Individuals with steatosis are usually asymp-
tomatic. Steatosis can resolve within 4–6 weeks with absti-
nence [38].
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Steatohepatitis is the next stage of alcohol-induced liver dis-
ease, and can be characterized by hepatic steatosis with inflam-
mation. It carries a much higher risk of cirrhosis than simple 
steatosis. Most patients are asymptomatic, and may be associ-
ated with mild elevations in aminotransferase levels [39].

Alcoholic hepatitis (AH) can be distinguished from ste-
atosis and steatohepatitis by clinical presentation and lab 
findings. Patients with AH typically present with anorexia, 
jaundice, and hepatomegaly [38]. Aminotransferase 
levels are frequently elevated, but usually below 300–
400 U/L. Additionally, the ratio of AST to ALT is classically 
greater than 2. A direct hyperbilirubinemia may also be pres-
ent, along with leukocytosis, and coagulopathy [39].

The severity of AH is assessed using the Maddrey discrimi-
nant function (MDF) score. Patients with MDF less than 32 are 
considered to have mild disease, and are treated with supportive 
measures. On the other hand, a MDF greater than 32 is associ-
ated with a high mortality rate, and treatment is indicated. 
Prednisone is first-line therapy for AH with MDF greater than 
32, with pentoxifylline being reserved for patients presenting 
with infection, variceal hemorrhage, or acute kidney injury [39].

Decompensation of alcoholic cirrhosis, defined as com-
plications such as ascites, variceal bleeding, or hepatic 
encephalopathy, dramatically reduces the 5-year transplant- 
free survival rate to 60% in individuals who cease alcohol 
consumption and 30% in those who do not [39] (Fig. 35.4).
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Fig. 35.4 Alcohol-related liver disease algorithm. In patients in whom 
alcohol is suspected to be the main injurious factor, the extent of con-
sumption influences early decision-making. For those drinking at harmful 
levels, ≥35 U/week women and ≥50 U/week men, an assessment of liver 
fibrosis is the critical next step. For other patients, administration of the 
AUDIT C questionnaire alongside brief intervention is recommended ini-
tially. For patients who continue to drink at hazardous levels consider-
ation should be given to assessment as for the higher-risk category 
according to liver fibrosis evaluation. This is particularly important for 
those with a GGT of >100 U/L. Cut-off points for ARFI vary according to 

manufacturer and thus should be tailored to the device used. ARFI, acous-
tic radiation force impulse; ELF, enhanced liver fibrosis; GGT, 
γ-glutamyltransferase; HCC, hepatocellular carcinoma. From [27] 
[Newsome PN, et al. Guidelines on the management of abnormal liver 
blood tests. Gut. 2018 Jan;67(1):6–19. doi: https://doi.org/10.1136/
gutjnl-2017-314,924.] It is open access article [This is an Open Access  
article distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) license, which permits others to distribute, remix, 
adapt and build upon this work, for commercial use, provided the original 
work is properly cited. See: http://creativecommons.org/licenses/by/4.0/]
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35.2.7  Drug-Induced Liver Injury

Drug-induced liver injury (DILI) can be caused by a variety 
of prescription and over-the-counter medications, in addition 
to herbs and supplements. There are over 900 drugs that are 
known to cause DILI [40]. Clinical presentations are also 
varied, ranging from mild elevations in liver chemistries to 
acute liver failure. It is responsible for approximately 50% of 
all acute liver failures. The most common offending agents 
are antimicrobials, antiepileptics (phenytoin, valproate), and 
antituberculosis drugs (isoniazid, rifampin) [40].

The diagnosis of DILI requires a history of exposure to a 
drug, a hepatotoxicity pattern that fits the profile of the drug 
suspected, improvement after the drug is removed, and 
absence of any preexisting hepatobiliary disease [25]. A 
hepatocellular pattern (elevated aminotransferases) are seen 
in DILI caused by allopurinol, isoniazid, phenytoin, and val-
proate. A cholestatic pattern (elevated ALP) is seen in DILI 
from amoxicillin-clavulanate, carbamazepine, erythromy-
cin, and sulfonamides. A mixed pattern can be seen in DILI 
caused by azathioprine and ibuprofen [40].

The most common cause of DILI and acute liver fail-
ure worldwide is acetaminophen overdose. Initial workup 
for suspected DILI from acetaminophen should include 
acetaminophen serum concentrations. Treatment with 
N-acetylcysteine (NAC) is indicated for patients with levels 
above 150 μg/mL at 4 h after ingestion, or 18.8 μg/mL at 
16 h after ingestion [40]. NAC works by capturing the toxic 
metabolite of acetaminophen, N-acetyl-p-benzoquinone 
imine (NAPQI) [36].

35.2.8  Ischemic Hepatitis

Ischemic hepatitis, also known as shock liver, is a cause of 
acute liver injury and can often be severe enough to cause 
acute liver failure. It arises from insufficient blood flow to 
the liver, which is usually due to shock of some variety.

Patients will usually present with fatigue, low urine out-
put, and mental confusion. Hepatic encephalopathy may be 
present in the setting of acute liver failure [41]. Less com-
monly, patients will have symptoms of acute viral hepatitis, 
including nausea/vomiting and right upper quadrant pain.

Liver chemistries will demonstrate an early rapid rise in 
lactate dehydrogenase (LDH) levels, in addition to markedly 
elevated aminotransferases, with both AST and ALT often 
exceeding 10,000 U/L. Hepatic synthetic function typically 
remains unaffected, and though bilirubin and ALP can also 
be elevated in ischemic hepatitis, these lab findings are rela-
tively uncommon and less prominent [42]. Other etiologies 
of acute liver failure should be ruled out as well.

Ischemic hepatitis can be differentiated from other causes 
of acute liver injury by several key lab findings. Firstly, a 

rapid rise in LDH is unusual in viral hepatitis, and a serum 
alanine aminotransferase to LDH ratio of less than 1.5 is sug-
gestive of ischemic hepatitis. Additionally, a rapid fall of 
serum aminotransferases after the initial rise is consistent 
with ischemic injury. Lastly, as the etiology of ischemic hep-
atitis is due to hypoperfusion, other findings of hypoperfu-
sion are usually present, including acute kidney injury from 
acute tubular necrosis [41]. Therapy is directed towards 
treatment of the underlying cause of shock to restore and 
maintain adequate blood pressure.

35.2.9  Acute Liver Failure

Acute liver failure (ALF) is defined by hepatic encephalopa-
thy and INR greater than or equal to 1.5  in the absence of 
prior liver disease. The most common causes of ALF in the 
United States are acetaminophen overdose, followed by idio-
pathic causes and HBV [43]. Patients diagnosed with ALF 
should be considered for transfer to liver transplant center as 
early as possible. Complications of ALF include hypoglyce-
mia, hypophosphatemia, acute kidney injury, and worsening 
hepatic encephalopathy, for which close monitoring is 
required. Hepatic encephalopathy by itself may require ICU 
admission as the risk of cerebral edema and intracranial 
hypertension increases with worsening of the disease [43]. 
Signs of worsening intracranial pressure include cranial 
nerve palsies, papilledema, and Cushing’s triad.

ALF from acetaminophen toxicity is characterized by 
aminotransferase levels in the thousands preceded by inges-
tion of usually greater than 10 g of acetaminophen in the past 
24 h. Activated charcoal is indicated for patients who present 
within 3–4  h of acetaminophen ingestion. NAC should be 
administered as early as possible, as mortality rates increase 
dramatically with longer time intervals between acetamino-
phen ingestion and NAC administration [43].

35.2.10  Autoimmune Hepatitis

Autoimmune hepatitis is a chronic inflammatory liver dis-
ease frequently associated with other autoimmune condi-
tions, most commonly ulcerative colitis, autoimmune 
thyroiditis, and type 1 diabetes. It is usually seen in women 
with a female to male ratio of 3.6–1, and can occur at any 
age, but most commonly is seen in patients in their fifth and 
sixth decade of life [44].

Clinical presentations drastically vary, and include 
asymptomatic patients as well as those with ALF. Lab find-
ings associated with autoimmune hepatitis included elevated 
serum IgG and aminotransferase levels, which can be ele-
vated in the thousands in the case of ALF.  Elevated anti- 
smooth muscle or antinuclear antibodies titers are also 
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suggestive of type 1 autoimmune hepatitis, while type 2 
autoimmune hepatitis is characterized by the presence of 
antibodies to liver/kidney microsomes (ALKM-1) and/or to 
liver cytosol antigen (ALC-1) [44].

Liver biopsy is usually needed to confirm the diagnosis. 
According to the Association for the Study of Liver Diseases 
guidelines, treatment is indicated in patients with severe dis-
ease and consists of prednisone and/or azathioprine [44].

35.3  Metabolic Liver Disease

35.3.1  Nonalcoholic Fatty Liver Disease

NAFLD is the most common cause of liver disease in the 
United States, with approximately 30% of Americans 
affected. Risk factors for NAFLD include metabolic syn-
drome. Approximately 20% of patients with NAFLD have 
nonalcoholic steatohepatitis (NASH), characterized by ste-
atosis and chronic inflammation and fibrosis. Of this 20%, 
10% will progress to advanced fibrosis. Risk factors for dis-
ease progression include age greater than 50 years old, dia-
betes mellitus, and BMI greater than or equal to 28 kg/m2 
[45]. Liver chemistries are similar to those in other etiologies 
of chronic liver disease.

Treatment consists of controlling risk factors for insulin 
resistance. Weight loss in particular, achieved via diet, exercise, 
or bariatric surgery, confers a large risk reduction of disease 
progression. There is some evidence that vitamin E therapy can 
result in delayed disease progression and even reversal, how-
ever follow-up studies have been inconclusive [45].

35.3.2  Hereditary Hemochromatosis

Hereditary hemochromatosis is a hereditary condition char-
acterized by abnormally high iron stores due to increased 
intestinal absorption. It is inherited in an autosomal recessive 
pattern, and is caused by a mutation in the HFE gene, which 
regulates interactions with transferrin and its receptor [46]. It 
is most commonly seen in people of Eastern European 
descent. Men usually present in their fifth and sixth decade 
of life, while women may present decades later due to iron 
loss from menstruation [47]. Patients are often diagnosed 
after incidental findings on liver chemistries and iron 
panels.

Hereditary hemochromatosis classically presents as the 
triad of cirrhosis, bronze skin, and diabetes, but patients also 
commonly have arthropathy and fatigue. Less common man-
ifestations include congestive heart failure, erectile dysfunc-
tion, and deafness [46]. Initial workup includes iron studies. 
In particular, fasting transferrin saturation has been found to 
be the most useful lab test in initial screening for hemochro-

matosis. Transferrin saturation values greater than 45% in 
men and 35% in premenopausal women warrant additional 
evaluation, while values greater than 62% are strongly sug-
gestive of homozygosity for HFE mutation [46]. Serum fer-
ritin is typically elevated, though it can be normal in early 
disease. Ferritin greater than 1000 ng/mL is strongly sugges-
tive of hemochromatosis. Phlebotomy is first-line treatment, 
and is indicated in patients whose serum ferritin is greater 
than 500 ng/mL. Alternative therapy is with desferrioxamine, 
an iron-chelating compound [47].

35.3.3  Alpha-1 Antitrypsin Deficiency

Alpha-1 antitrypsin (A1AT) deficiency is a hereditary condi-
tion that causes lung and liver disease. Inherited in an 
autosomal- codominant pattern, it is caused by a mutation in 
the SERPINA1 gene and results in reduced levels of alpha-1 
antitrypsin [48]. This allows for unregulated activity of neu-
trophil elastase and buildup of abnormal A1AT in the liver. It 
is most common in individuals of European ancestry. The 
most significant risk factor for lung disease is smoking. 
Patients with lung involvement may present between 20 and 
50 years of age. Life expectancy for patients who smoke is 
around 50 years, while those who do not have a normal life 
expectancy [48]. Complications include COPD from 
increased neutrophil elastase activity and cirrhosis from 
abnormal A1AT buildup [36].

A1AT deficiency remains undiagnosed in many patients, 
as patients are often times diagnosed with only 
COPD.  Patients typically present with respiratory symp-
toms, include dyspnea and wheezing. Early onset emphy-
sema in the absence of smoking, usually between 30 and 
50 years of age, should raise suspicion for A1AT deficiency. 
Testing should be performed in all patients who are diag-
nosed with COPD, as approximately 1% of these patients 
have A1AT deficiency as well. Initial testing consists of a 
serum A1AT level. A low A1AT level is considered diagnos-
tic of A1AT deficiency diagnostic, and should be followed up 
by A1AT genotyping and phenotyping [28].

Treatment of lung disease is identical to COPD and 
includes bronchodilators and inhaled steroids. Severe cases 
may require lung transplantation. Liver transplantation is the 
definitive treatment for liver disease.

35.3.4  Wilson Disease

Wilson disease is a hereditary disorder caused by abnormal 
buildup of copper in the body, resulting in liver and neuro-
logic disease. It is inherited in an autosomal recessive pat-
tern, and is caused by a mutation in the ATP7B gene, which 
regulates copper excretion into bile and plasma [36]. It 
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affects 1 in 30,000 live births. Approximately 5% of patients 
will present with ALF, while about 50% of patients will pres-
ent with neuropsychiatric symptoms [49].

Patients usually present between ages of 5 and 35 years 
depending on organ involvement. Patients with liver prob-
lems present during childhood and teenage years, often with 
ALF. Patients with neuropsychiatric symptoms usually pres-
ent in their 20s and 30s [49].

Diagnosis is achieved via exam and lab tests. The hall-
mark of Wilson disease is Kayser-Fleischer rings, brownish 
or green rings in the cornea observable on slit-lamp exam 
that arise from copper sulfate deposition. They are seen in 
50–60% of patients with hepatic involvement and over 90% 
of patients with neurologic disease. Liver chemistries will 
demonstrate a low ALP and mildly elevated aminotransfer-
ases. Serum ceruloplasmin cannot be used by itself to estab-
lish diagnosis, as it can be elevated or normal in Wilson 
disease, and low in a plethora of other hepatic pathologies. 
Copper levels will also be abnormally low, in addition to 
elevated urine copper [36]. Liver biopsy is usually not needed 
but can be used to confirm diagnosis if laboratory findings 
are equivocal.

Treatment is with the copper-chelating agent penicilla-
mine. Trientine hydrochloride is considered second-line 
therapy and is indicated in patients who suffer from side 
effects from penicillamine, including drug-induced lupus, 
myasthenia, or worsening of neuropsychiatric symptoms. 
Liver transplant is reserved for patients with acute liver fail-
ure who do not respond to medical therapy and those with 
advanced chronic liver disease. Liver transplant has not been 
shown to be of benefit in patients with only neuropsychiatric 
manifestations and is thus not indicated in this subset of 
patients [49].

35.4  Cholestatic Liver Diseases

35.4.1  Primary Biliary Cholangitis

Primary biliary cholangitis (PBC), formerly known as pri-
mary biliary cirrhosis, is an autoimmune disease of the liver 
resulting from progressive destruction of intrahepatic bile 
ducts. PBC is much more common in women, with a female 
to male ratio of at least 9:1 [50]. Similar to other autoim-
mune conditions, patients with PBC also suffer from a vari-
ety of other autoimmune diseases, including Sjogren’s 
syndrome, systemic sclerosis, rheumatoid arthritis, and sys-
temic lupus erythematosus [51].

Patients typically present with fatigue, jaundice, and pru-
ritus, with the latter two symptoms arising from hyperbiliru-
binemia. Xanthelasma, xanthomas, and hyperpigmentation 
may be present on exam. As disease progresses to cirrhosis, 
this may be reflected in exam findings.

Initial workup of PBC includes serum antimitochondrial 
antibodies, which are present in 90–95% of patients with 
PBC, and liver chemistries, which will demonstrate a chole-
static pattern [50]. Bilirubin will be elevated in advanced dis-
ease. Other autoantibodies that may be present include 
antinuclear antibody, which are not specific to PBC, anti- 
glycoprotein- 210 antibodies, and anti-centromere antibod-
ies. The latter two correlate with end-stage liver disease and 
portal hypertension, respectively [51]. US, MRCP, or CT 
may be used to rule out bile duct obstruction from other eti-
ologies, including gallstones. Liver biopsy is not needed to 
confirm the diagnosis but is used to determine the stage of 
the disease.

First-line therapy is ursodeoxycholic acid, though its effi-
cacy remains controversial. Although a Cochrane review in 
2012 demonstrated improvement in liver chemistries and 
histopathologic staging, ursodeoxycholic acid did not show 
any benefits in mortality, liver transplantation, or symptoms 
[52]. Other adjuvant therapies include cholestyramine, a bile 
acid sequestrant used to treat pruritus from hyperbilirubine-
mia, and the lipid-dependent vitamins A, D, E, and K [50]. In 
advanced disease, liver transplantation may be indicated. 
Liver transplantation has been shown to be effective, with 
disease recurrence rate of approximately 20% [51].

35.4.2  Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) is a fibroinflammatory 
disorder of the intrahepatic and extrahepatic bile ducts. In 
contrast to PBC, PSC can affect large ducts in addition to 
small ducts. The exact cause and pathogenesis of PSC are 
unknown. Eighty percentage of patients with PSC have IBD, 
usually ulcerative colitis. However, only 3–7.5% of patients 
with ulcerative colitis have PSC [53]. There is a higher prev-
alence of PSC in men compared to women, with a male to 
female ratio of 2–3 to 1. Most patients are diagnosed in their 
fourth and fifth decades of life [54]. Patients are often asymp-
tomatic, with diagnostic workup pursued after routine liver 
chemistries demonstrate a cholestatic pattern.

The diagnosis of PSC requires two of the following three 
criteria: serum ALP greater than 1.5 times the upper limit of 
normal for more than 6  months, cholangiography demon-
strating biliary strictures/irregularities, and liver biopsy that 
demonstrates PSC [53].

Malignancy is the most serious complication of 
PSC. Cholangiocarcinoma is the most common form of can-
cer in PSC patients, occurring in approximately 10–15% of 
patients with PSC. The risk of cholangiocarcinoma is 400- 
fold greater in patients with PSC compared to the general 
population. For this reason, some experts recommend sur-
veillance for cholangiocarcinoma with annual liver chemis-
tries, CA 19-9, and imaging [54]. The risk of colorectal 
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cancer is also elevated in the setting of PSC, approximately 
tenfold greater than the general population. Accordingly, 
colonoscopy at the time of diagnosis is recommended [53].

There is no effective medical therapy for PSC.  Liver 
transplantation is the most effective albeit not definitive 
treatment, as the recurrence rate of disease post- 
transplantation is between 12% and 20% [53] (Table 35.4).

35.5  Complications of Chronic Liver 
Disease

35.5.1  Cirrhosis

Cirrhosis affected 2.89 million individuals In the United 
States in 2015, and accounted for 1.3 million deaths during 
that time. NAFLD, HCV, and alcoholic liver disease are the 
most common causes of cirrhosis in the United States. 
Together they account for approximately 80% of individuals 
on the liver transplantation waitlist [55]. Other etiologies of 
cirrhosis include HBV, autoimmune hepatitis, primary scle-
rosing cholangitis, and primary biliary cholangitis.

Individuals who develop cirrhosis may present with non-
specific symptoms, including anorexia, weight loss, lethargy 

in addition to peripheral manifestations of liver disease. 
These include findings in the head and neck, abdomen, skin, 
extremities, in addition to features from hormonal changes 
and hemodynamic changes.

Cirrhosis may result in several changes in the skin. The 
most common is jaundice, which is yellowing of the skin and 
mucous membranes due to hyperbilirubinemia. Jaundice is 
usually not present until the serum bilirubin is greater than 2 or 
3  mg/dL, and can be accompanied by pruritus [55]. Spider 
angiomata are vascular lesions consisting of a central arteriole 
surrounded by several smaller vessels. They are usually found 
on the trunk and upper limbs. They are believed to be a result 
of sex hormone metabolism, and the number and size of spider 
angiomata correlates with severity of underlying cirrhosis [56].

Head and neck findings in cirrhosis include parotid gland 
enlargement and fetor hepaticus. The former is typically seen 
in cirrhosis from alcohol abuse, and is due to fatty infiltra-
tion, fibrosis, and edema. Fetor hepaticus is characterized by 
a sweet smell to the breath caused by increasing dimethyl 
sulfide levels from portal-systemic shunting [55].

Hormonal changes are also relatively common in cirrho-
sis. Women with cirrhosis may develop amenorrhea or oligo-
menorrhea from chronic anovulation, while men may 
develop impotence, infertility, and testicular atrophy from 
hypogonadism. Men may also develop gynecomastia. While 
not completely understood, the mechanism of gynecomastia 
is thought to be increased production of androstenedione 
from the adrenal glands, enhanced aromatization of andro-
stenedione to estrone, and increased conversion of estrone to 
estradiol [56]. Other features of feminization in men include 
loss of chest and axillary hair and inversion of normal male 
pubic hair pattern [55].

As may be expected, there are various abdominal findings 
in cirrhosis. The cirrhotic liver may be enlarged, normal 
sized, or small. Splenomegaly results from red pulp conges-
tion from portal hypertension, though the differential diag-
nosis of this exam finding includes many extrahepatic 
etiologies as well. Caput medusae refer to the engorged 
superficial epigastric veins that occur as a result of portal 
hypertension. The veins of the lower abdominal wall normal 
drain inferiorly into the iliofemoral system, while those of 
the upper abdominal wall drain superiorly into the thoracic 
wall and axilla. Portal hypertension causes the umbilical 
vein to reopen. This results in a shunt from the portal venous 
system through the periumbilical veins into the umbilical 
vein and superficial epigastric veins, causing them to become 
distended and engorged [5]. The Cruveilhier-Baumgarten 
murmur occurs in the setting of portal hypertension due to 
collateral connections between the portal system and the 
remnant umbilical vein. The murmur is increased with 
maneuvers that increase intraabdominal pressure, such as 
Valsalva, and reduced by applying pressure on the skin supe-
rior to the umbilicus [56].

Table 35.4 Liver etiology table for patients with non-acute abnormal 
liver blood tests

Standard liver 
aetiology panel

Extended liver aetiology 
panel

Viral 
hepatitis

Hepatitis B surface 
antigen AND 
hepatitis C antibody 
(with follow-on PCR 
if positive)

Anti-HBc and anti-HBs 
hepatitis B DNA 
quantification of hepatitis 
delta in high-prevalence 
areas

Iron overload Ferritin AND 
transferrin saturation

Haemochromatosis gene 
testing

Autoimmune 
liver disease 
(excluding 
PSC)

Anti-mitochondrial 
antibody, anti-
smooth muscle 
antibody, antinuclear 
antibody, serum 
immunoglobulins

Anti-LKM antibody and 
coeliac antibodies 
(consider ANCA in the 
presence of cholestatic 
liver blood tests)

Metabolic 
liver disease

Alpha-1-antitrypsin level; 
thyroid function tests; 
ceruloplasmin (age >3 and 
<40 years) ± urinary copper 
collection

From [27] [Newsome PN, et  al. Guidelines on the management of 
abnormal liver blood tests. Gut. 2018 Jan;67(1):6–19. doi: https://doi.
org/10.1136/gutjnl-2017-314,924]. It is open access article [This is an 
Open Access article distributed in accordance with the terms of the 
Creative Commons Attribution (CC BY 4.0) license, which permits oth-
ers to distribute, remix, adapt and build upon this work, for commercial 
use, provided the original work is properly cited. See: http://creative-
commons.org/licenses/by/4.0/]
ANCA antineutrophil cytoplasmic antibodies, LKM liver kidney micro-
some, PCR polymerase chain reaction, PSC primary sclerosing 
cholangitis
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Changes in extremities in cirrhotic individuals include 
palmar erythema, clubbing, hypertrophic osteoarthropathy, 
Dupuytren’s contracture. Palmar erythema, frequently found 
on the thenar and hypothenar eminences, is believed to be 
caused by changes in sex hormone metabolism [55]. 
Clubbing refers to the angle between the nail bed and proxi-
mal nail fold being greater than 180°. Hypertrophic osteoar-
thropathy is a painful chronic periostitis of the long bone. 
Neither clubbing nor hypertrophic osteopathy are specific 
for liver disease. Asterixis, or flapping of the hands, is sug-
gestive of hepatic encephalopathy.

Hemodynamics are also affected by cirrhosis. Cirrhosis is 
the most common cause of portal hypertension, which is 
defined as a hepatic venous pressure gradient (HVPG). It is 
the measurement of pressure between the wedged hepatic 
venous pressure (WHVP) and free hepatic venous pressure 
[55]. Hence, it can be used as a measurement of the pressure 
gradient between the portal vein and inferior vena cava. 
HVPG is a measurement of the pressure. An HVPG greater 
than or equal to 5 mmHg is diagnostic of portal hyperten-
sion. HVPG greater than 12 mmHg drastically increases the 
risk for variceal hemorrhage [57]. As cirrhosis progresses, 
individuals typically have a reduction in mean arterial pres-
sure. This is thought to be due to nitric oxide release from 
splanchnic vasculature as a response to portal hypertension. 
It is this mechanism that is also believed to be the etiology of 
hepatorenal syndrome (HRS) [55].

Portal hypertension causes the majority of complications 
that arise from cirrhosis. Decompensated cirrhosis is defined 
as cirrhosis in the setting of any of the following: HE, vari-
ceal hemorrhage, ascites, spontaneous bacterial peritonitis, 
hepatorenal syndrome, jaundice, or HCC [56].

Liver enzymes are usually moderately elevated in indi-
viduals with cirrhosis, with AST being more often elevated 
than ALT. ALP is also usually elevated in the setting of cir-
rhosis at a value less than 2–3 times the ULN [55]. Values 
higher than this are typically seen in cholestatic liver disease, 
such as choledocholithiasis, primary sclerosing cholangitis, 
and primary biliary cholangitis. Gamma-glutamyl transpep-
tidase (GGT) is an enzyme specific to the liver. As ALP ele-
vations can be derived from liver or bone etiology, GGT can 
serve to ascertain the specific source of pathology. Bilirubin 
is typically normal in the early stages of cirrhosis, with a 
gradual rise correlating with the progression of the liver dis-
ease [56].

Albumin and INR serve as surrogate markers for liver 
synthetic function. Albumin and coagulation factors are 
exclusively synthesized in the liver. Accordingly, albumin 
levels fall and INR rises as synthetic function declines over 
time due to worsening cirrhosis. Hyponatremia is another 
common lab finding in cirrhosis, and is related to elevated 
levels of antidiuretic hormone (ADH) [55]. Thrombocytopenia 
which is also frequently seen in cirrhosis, is caused by pri-

marily by portal hypertension resulting in splenic sequestra-
tion. Reduced thrombopoietin levels also contribute to 
thrombocytopenia, albeit to a lesser degree. Anemia can be 
caused by a variety of mechanisms in the setting of cirrhosis: 
Acute on chronic gastrointestinal blood loss, folate defi-
ciency, alcohol toxicity, hypersplenism, bone marrow sup-
pression, anemia of chronic disease, and hemolysis. 
Leukopenia and neutropenia may also be present, both as a 
result of hypersplenism [56].

Imaging studies used in the diagnosis of cirrhosis include 
US, CT, and MRI. Findings consistent with cirrhosis include 
shrunk liver, irregular contour, and nodular. US is consid-
ered the imaging modality of choice to evaluate liver paren-
chyma and to detect extrahepatic manifestations of cirrhosis 
[57]. Liver biopsy is generally not needed if cirrhosis is 
strongly suggested by clinical, laboratory, and radiologic 
data [55]. It is important to determine the underlying cause 
of cirrhosis, as it may help predict prognosis and further 
treatment.

35.6  Complications of Cirrhosis

35.6.1  Portal Hypertension

Portal hypertension is characterized in hypertension in the 
hepatic portal system. Etiologies can be classified as prehe-
patic, intrahepatic, and posthepatic. The most common cause 
of portal hypertension is cirrhosis, which is an intrahepatic 
cause [57]. Prehepatic causes include portal or splenic vein 
thrombosis, while post-hepatic causes include Budd-Chiari 
syndrome and inferior vena cava obstruction.

The treatment of portal hypertension classically has con-
sisted of portosystemic shunts such as splenorenal or 
H-shunts. More recently, transjugular intrahepatic portosys-
temic shunting (TIPS) has become the treatment of choice in 
managing portal hypertension. It has the benefit of being a 
technically less challenging procedure and less disruptive to 
the hepatic vasculature, with worsening of hepatic encepha-
lopathy being the most common adverse effect [58].

35.6.2  Esophageal Varices

Esophageal varices are extremely dilated superficial veins of 
the distal third of the esophagus that arise from portal hyper-
tension. Eighty-five percentage of patients with CTP class C 
have esophageal varices, while only 40% of patients with 
CTP class A have them [59]. Variceal hemorrhage carries a 
high mortality rate, as 15–20% of patients die within 6 weeks 
of initial hemorrhage [60].

In acute variceal hemorrhage, treatment is directed 
towards achieving hemostasis and maintaining adequate 
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blood pressure. Two large-bore intravenous lines should be 
placed for fluid resuscitation, and blood should be transfused 
to achieve a goal hemoglobin of greater than 7 g/dL [61]. 
Higher hemoglobin goals have been associated with 
increased portal pressure and bleeding. Continuous octreo-
tide infusion for 3–5  days should also be initiated to help 
reduce portal pressure and hemorrhage [59]. Intravenous 
proton-pump inhibitor therapy is indicated for the same rea-
son. Prophylactic antibiotics should be administered to pre-
vent spontaneous bacterial peritonitis and other infections, as 
up to 50% of patients with cirrhosis and acute gastrointesti-
nal bleed develop infections within 1 week [60]. Treatment 
with oral norfloxacin or intravenous ciprofloxacin for 7 days 
is recommended. Ceftriaxone is preferred in patients with 
CTP class B and C cirrhosis, patients on fluoroquinolone 
prophylaxis, or in geographic areas with high rates of fluoro-
quinolone resistance [59]. Therapeutic endoscopy with vari-
ceal ligation with banding or sclerotherapy is considered the 
mainstay of acute treatment. In instances where this may not 
be readily available, balloon tamponade with a Sengstaken- 
Blakemore tube is indicated to serve as a bridge until endos-
copy can be performed. Nonselective β-blocker (e.g. 
propranolol or nadolol) should be administered after patient 
is stabilized following therapeutic endoscopy. Surveillance 
endoscopy is indicated every 2–4 weeks, and may be spaced 
out to every 6–12 months if findings are stable [60]. TIPS 
may be indicated in patients with early rebleeding or uncon-
trolled bleeding.

Patients with known varices should receive treatment to 
reduce the risk of bleeding. Non-selective β-blockers are 
considered first-line therapy. If β-blocker therapy is contrain-
dicated, as in patients with severe uncontrolled reactive air-
way disease, prophylactic endoscopic variceal ligation is 
indicated [60].

35.6.3  Gastric Varices and Portal 
Hypertensive Gastropathy

Gastric varices are a relatively common complication of cir-
rhosis, with a prevalence of 20% [59]. Unlike in the manage-
ment of esophageal varices, primary prophylaxis is not 
indicated for gastric varices. Management of acute gastric 
variceal hemorrhage is similar to that of esophageal variceal 
hemorrhage, involving hemodynamic resuscitation with IV 
fluids and blood, prophylactic antibiotics, and portal pres-
sure reduction with octreotide. Gastric varices that are exten-
sions of esophageal varices can be treated successfully with 
band ligation. Cyanoacrylate (glue) injection is recom-
mended for treatment of all other gastric variceal bleeds, 
though band ligation can be used if glue is not available. 
TIPS can be considered for uncontrolled bleeding or rebleed-
ing [59].

Portal hypertensive gastropathy (PHG) is a congestive 
gastropathy that is results from portal hypertension. Contrary 
to varices, PHG commonly causes chronic mild bleeding. 
Treatment includes non-selective β-blockers and iron sup-
plementation [58].

35.6.4  Hepatic Encephalopathy

Hepatic encephalopathy (HE) is a neuropsychiatric syn-
drome that develops in patients with cirrhosis. Severity of 
HE is graded from 0 to IV. Diagnosis is made via history and 
physical exam. Ammonia levels may be of use but trending 
ammonia levels is not recommended. HE grade II or greater 
usually warrants hospitalization [62]. The vast majority of 
patients with HE will have a precipitating factor, most com-
monly infection or gastrointestinal bleeding [55]. 
Inappropriate lactulose dosing or noncompliance, TIPS, or 
hypoglycemia can also cause HE. First-line treatment is lact-
ulose, and should be dosed to achieve a goal of three bowel 
movements per day [62]. Rifaximin or neomycin can be 
added as adjunctive therapy, as studies have shown addition 
of rifaximin hastens the resolution of HE compared to lactu-
lose alone [63].

35.6.5  Hepatopulmonary Syndrome

Hepatopulmonary syndrome (HPS) is a sequela of chronic 
liver disease that causes platypnea (worsening dyspnea when 
upright) and orthodeoxia (worsening arterial oxygen satura-
tion when upright). The mechanism involves intrapulmonary 
arteriovenous dilatation due to increased concentrations of 
vasodilators, including nitric oxide [55]. This causes over-
perfusion and subsequent ventilation-perfusion mismatch 
and hypoxemia, defined as an arterial oxygen tension of less 
than 80 mmHg on room air. An arterial blood gas will dem-
onstrate an alveolar-arterial oxygen gradient greater than 
15  mmHg and echocardiography will show evidence of 
intrapulmonary shunting. The only definitive treatment for 
hepatopulmonary syndrome is liver transplantation [64].

35.6.6  Portopulmonary Hypertension

Portopulmonary hypertension (PPH) is pulmonary hyperten-
sion in the presence of portal hypertension from cirrhosis. 
Similar to hepatopulmonary syndrome, it stems from 
increased vasodilators such as nitric oxide [56]. However in 
contrast to HPS, PPH results from a compensatory increase 
in intrapulmonary vasoconstrictors, most notably endothe-
lin- 1 [64]. Patients will usually present with dyspnea, usually 
at exertion, in the setting of cirrhosis. Diagnostic testing 
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involves echocardiography and subsequent right heart cath-
eterization if right ventricular systolic pressures are found to 
be markedly elevated. Medical therapy mirror that of iso-
lated pulmonary hypertension and consists of prostacyclin 
analogues, endothelin antagonists, and phosphodiesterase 
inhibitors [64].

35.6.7  Ascites

Ascites is characterized by abnormal buildup of fluid in the 
abdomen. It is the most common complication of cirrhosis. 
Approximately half of all patients with cirrhosis will develop 
ascites within 10 years of diagnosis [55]. Diagnosis can be 
achieved with physical exam, which may demonstrate a fluid 
wave and shifting dullness, or by ultrasound. Treatment 
involves low sodium diet (less than 2 g daily), diuretics, ther-
apeutic paracentesis, and TIPS [58]. If paracentesis is per-
formed, ascitic fluid should be analyzed for albumin and 
total protein to calculate serum-ascites albumin gradient 
(SAAG), in addition to cell count, gram stain, and bacterial 
culture if infection is suspected. SAAG can be used to assess 
etiology of ascites. A SAAG greater than or equal to 1.1 g/dL 
with an ascitic total protein of less than 2.5 g/dL is consistent 
with cirrhosis [55].

35.6.8  Spontaneous Bacterial Peritonitis

Spontaneous bacterial peritonitis (SBP) is a bacterial 
infection in the peritoneum that causes peritonitis. E.coli 
and klebsiella are the common causative bacteria, with 
gram positive bacteria accounting for less than 25% of 
all cases [65]. Patients typically present with abdominal 
pain, fever, or HE. Diagnostic workup consists of a diag-
nostic paracentesis, and ascitic fluid should be analyzed 
for cell count, gram stain, and bacterial culture. Diagnosis 
is confirmed with greater than 250 neutrophils/μL [55]. 
Treatment consists of antibiotics, usually a third-gener-
ation cephalosporin such as cefotaxime or ceftriaxone. 
Patients with serum creatinine greater than 1 mg/dL, total 
bilirubin greater than 4  mg/dL, or blood urea nitrogen 
greater than 30  mg/dL should be treated with albumin, 
with 1.5 g/kg given on the day of diagnosis followed by 
1 g/kg given 2 days later [66]. Prophylaxis with norfloxa-
cin or ciprofloxacin are indicated for primary prevention in 
patients who are considered to be high risk. This includes 
patients with ascitic fluid protein less than 1.5  g/dL and 
any of the following: CTP class B or C, serum sodium less 
than or equal to 130 mEq/L, serum creatinine greater than 
or equal to 1.2 mg/dL, blood urea nitrogen greater than or 
equal to 25 mg/dL, or serum bilirubin greater than or equal 
to 3 mg/dL [65]. All patients with SBP should receive pro-
phylaxis for secondary prevention [58].

35.6.9  Hepatorenal Syndrome

Hepatorenal syndrome (HRS) is characterized by rapidly 
declining renal function in the setting of cirrhosis or ALF 
[55]. It is defined as an increase in serum creatinine to greater 
than 1.5  mg/dL, lack of response to albumin challenge of 
1 g/kg/day for 2 days in the absence of any other causes of 
acute kidney injury. Type 1 HRS is more severe, and is 
defined by doubling of serum creatinine to a level greater 
than 2.5 mg/dL in less than 2 weeks. Type 2 HRS has a more 
gradual progression, with the hallmark of ascites not respon-
sive to diuretics [67]. Type 1 HRS is treated with midodrine, 
octreotide, and albumin on the medicine ward, or with albu-
min and norepinephrine in the ICU [58]. Patients with type 1 
HRS who do not respond to medical therapy should receive 
liver transplantation with or without kidney transplantation. 
Without transplantation, the life expectancy of patients with 
type 1 HRS is on the order of weeks [67].

35.6.10  Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most common type 
of primary liver cancer, and is the most common cause of 
death of patients with cirrhosis. Although cirrhosis of any 
etiology is the greatest risk factor for HCC, cirrhosis from 
viral hepatitis accounts for approximately 80% of HCC cases 
worldwide. HCC is most prevalent in Asia and sub-Saharan 
Africa, which correlates with the prevalence of HBV [68]. In 
the US, HCC is caused from cirrhosis due to HCV, NASH, 
and alcohol abuse [69].

Patients may present with worsening symptoms of chronic 
liver disease, in addition to anorexia, unintentional weight 
loss, and fatigue.

HCC screening plays an integral role in the management 
of chronic liver disease. In the US, the American Association 
for the Study of Liver Diseases (AASLD) recommends 
screening patients with cirrhosis with ultrasound every 
6 months, with or without measurement of the serum tumor 
marker alpha-fetoprotein [33].

Diagnosis is based on imaging and lab findings. AFP has 
been shown to reflect tumor size and volume, as more poorly 
differentiated tumors tend to produce higher levels of AFP 
[70]. Prognosis drastically worsens with serum AFP levels 
greater than 1000 ng/ml [71]. Imaging is an integral part of 
diagnostic workup and includes multiphasic contrast CT or 
MRI. US was previously used but has been replaced due to low 
sensitivity and positive predictive value in setting of cirrhosis. 
Extrahepatic spread is evaluated by contrast CT or PET. Liver 
biopsy has traditionally been considered the gold standard for 
the diagnosis of HCC, owing to its sensitivity and specificity of 
96% and 95% respectively. However, current guidelines hold 
that biopsy is not necessary if clinical, laboratory, and radio-
graphic findings are strongly suggestive of HCC [20].
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Treatment of HCC depends on the stage of the disease as 
well as the patient’s surgical candidacy. Surgical resection of 
tumor is usually not attempted as it is associated with high 
morbidity and mortality in addition to a recurrence rate of 
50–60% [72]. Liver transplantation has become increasingly 
popular due to improving surgical techniques and the adop-
tion of the Milan criteria, which has been used to assess if 
patients are appropriate candidates for transplant. It is largely 
responsible for marked improvement in survival rates com-
pared to when liver transplantation was initially used [69]. 
Other treatment modalities include ablation, including radio-
frequency ablation (RFA), cryoablation, and percutaneous 
ethanol injection (PEI) [72].

Additionally, transcatheter arterial chemoembolization 
(TACE) can be performed for unresectable tumors or as tem-
porary treatment in anticipation of liver transplantation. It 
involves the injection of a chemotherapeutic agent, usually 
cisplatin, in addition to an embolic agent into the right or left 
hepatic artery. By restricting the tumor’s vascular supply, 
TACE has been shown to improve survival rates and down-
stage HCC to allow patients to meet Milan criteria for liver 
transplantation [72].

Systemic chemotherapy may be considered in patients 
with metastatic disease. Sorafenib, an oral multikinase inhib-
itor, is the only systemic agent and first-line treatment for 
advanced HCC. It has been shown to have mild improvement 
in survival rates [20].

35.7  Determining Prognosis

35.7.1  MELD

The Model for End-Stage Liver Disease, or MELD, is a scor-
ing system used to assess the severity of chronic liver disease 
and predict short-term mortality. It was originally developed 
based on survival data from patients who underwent TIPS 
procedure [73]. It has more recently been adopted by the 
United Network for Organ Sharing (UNOS) to prioritize allo-
cation of deceased donor organs for liver transplantation [74]. 
Variables that are included in the MELD calculation include 
total bilirubin, serum sodium, INR, and serum creatinine 
[75]. The higher the MELD score, the lower the 3-month sur-
vival. The MELD score has fewer limitations than the CTP 
score as it only includes objective data and can discriminate 
more accurately between abnormal laboratory values [76].

35.7.2  Child-Turcotte-Pugh

Child-Turcotte-Pugh (CTP) is another scoring system used 
to categorize chronic liver disease and predict mortality. It 
was initially developed in 1964 to risk-stratify patients 

undergoing shunt surgery for portal decompression [77]. 
Variables include total bilirubin, serum albumin, INR, asci-
tes, and hepatic encephalopathy, and are used to stratify 
patients into Classes A, B, and C [78]. Class A are associated 
with the highest 1 and 2 year survival rates, while Class C are 
associated with the lowest. The CTP score has several draw-
backs. Firstly, it has limited capacity to discriminate patients 
based on abnormal lab results. For instance, a patient with a 
serum bilirubin of 20  mg/dL would be assigned the same 
score as a patient with a serum bilirubin of 3.5  mg/
dL.  Additionally, equal weight is given to all parameters. 
Moreover, two of the five parameters (ascites and encepha-
lopathy) must be determined subjectively. Lastly, several key 
prognostic factors, including serum creatinine and variceal 
hemorrhage, are not accounted for in the CTP score [76].

35.8  Future Directions

The field of hepatology has recently seen a surge in the area 
of translational research. Serum biomarkers have in particu-
lar been at the center of a large effort to develop noninvasive 
methods to more accurately diagnose and monitor hepatobi-
liary diseases. In the following section, we discuss some of 
the most prominent and well-studied molecular structures 
with an emphasis on their potential to serve as novel bio-
markers for various liver diseases.

35.8.1  Cytokeratin 18

Cytokeratin 18 (CK18) is a type I cytokeratin that is expressed 
in single layer epithelial tissues of the body. It serves to pro-
vide a flexible intracellular scaffolding to structure cyto-
plasm, resist external stress applied to the cell, and maintain 
mitochondrial structures [79]. Mutations in this gene have 
been linked to cryptogenic cirrhosis. Studies have demon-
strated that plasma CK18 fragment levels correlate with the 
magnitude of hepatocyte apoptosis and may be used as an 
independent predictor of NASH [80, 81]. Thus, CK18 may 
have utility in the future as a noninvasive biomarker for 
NASH.

35.8.2  MicroRNA

MicroRNAs (miRNAs) are small RNAs that regulate gene 
expression by inhibiting turnover of mRNAs. Recent studies 
have shown that miRNAs are released into the peripheral cir-
culation, and that circulating miRNAs may serve as optimal 
biomarkers for various disease processes, owing to their 
simple chemical structure, stability, and lack of post- 
processing modifications [82]. Circulating miRNAs can be 
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bound to serum proteins and lipoproteins or carried in extra-
cellular vesicles such as exosomes and microvesicles [83]. 
Because exosomes are released by various hepatic cells and 
transferred to other hepatic cells to regulate gene expression, 
they were thought to play an integral role in cell-cell com-
munication, particularly with regards to liver disease patho-
physiology [84].

Indeed, miRNAs have been implicated in playing a role in 
various liver diseases, with the potential to serve as biomark-
ers for ALF, liver fibrosis, NAFLD, cirrhosis, AIH, PSC, 
PBC, and HCC [84]. In studies on acetaminophen (APAP)-
induced ALF in mice, liver specific miR-122 and miR-192 
were found to be elevated in sera [82]. Specifically, serum 
miR-122 levels were detectable in a large cohort of APAP- 
induced ALF soon after initial liver intoxication, at which 
point serum ALT levels were still normal [82]. Another study 
demonstrated that miR-138 had a sensitivity and specificity 
of 89.3% and 71.43% respectively for prediction of early 
stage fibrosis and of 89.3% and 93.02% respectively for pre-
diction of late stage fibrosis [83]. Even more promisingly, 
recent meta-analysis on miR-21 showed a pooled sensitivity 
and specificity of 81.2% and 84.8% for the diagnosis of HCC 
[85]. This in particular is a very encouraging finding, as diag-
nosis of chronic liver disease can be challenging and early 
diagnosis can improve survival rates. Additionally, miR-122, 
one of the most well-studied miRNA in liver diseases, has 
been strongly linked to HCC.  Specifically, decreased exo-
somal miR-122 expression has been seen in HCC. Moreover, 
miR-122 also has the potential to be a target for cancer ther-
apy, as knockdown of miR-122 has been shown to improve 
HCC cell viability by inhibiting apoptosis [86].

Still, despite its promise as a potential diagnostic and 
prognostic tool, several issues may prevent the routine clini-
cal use of miRNA. Difficulty with data normalization due to 
a lack of an RNA housekeeping gene and inter-platform dif-
ferences in miRNA quantification that reduce comparability 
between studies. Additionally, most studies thus far have been 
performed at a single center with a small amount of patients.

35.8.3  Extracellular Vesicles

Extracellular vesicles (EVs) are vesicles secreted by virtu-
ally all cells. They contain a variety of material, including 
proteins, lipids, miRNAs, and mRNAs to regulate target cell 
function. EVs are grouped by size into three categories: exo-
somes (40–100 nm), microvesicles (MVs) (0.1–1 μm), and 
apoptotic bodies (1–4 μm) [87]. As described above, there 
has been great interest in identifying exosomes and their 
cargo miRNA to serve as biomarkers of various liver dis-
eases. However, recent findings have also demonstrated the 
use of exosomes as therapeutic tools in liver diseases. 
Injection of exosomes isolated from human mesenchymal 

stem cells (MSCs) into mouse liver have been shown to 
improve carbon tetrachloride-induced liver fibrosis by sup-
pressing collagen and pro-inflammatory cytokines such as 
TGF-β1 [88]. Similarly, intrasplenic injection of MSCs can 
enhance protein expression ultimately aiding in liver recov-
ery from carbon tetrachloride-induced liver damage in mice 
[89]. MVs have also shown potential as novel therapeutic 
agents. MVs from liver stem cells have been shown to inhibit 
HCC cell growth, hypothesized to be facilitated by their vari-
ous cargo miRNAs.

 Self Study

 Questions

 1. Which statement is true?
 (a) Bilirubin is exclusively synthesized in the liver.
 (b) Unconjugated hyperbilirubinemia will result in bili-

rubin in the urine.
 (c) Hyperbilirubinemia is caused by overproduction of 

bilirubin, impaired uptake, conjugation, or excretion, 
or leakage from hepatocytes or bile ducts.

 (d) Hyperbilirubinemia is always accompanied by ele-
vated transaminases.

 2. Which statement is true?
 (a) An AST/ALT ratio of less than 2 is consistent with 

alcoholic liver disease.
 (b) ALP elevation in the setting of normal GGT level is 

suggestive of liver disease.
 (c) An elevated INR is suggestive of increased liver syn-

thetic function.
 (d) While elevated serum AFP levels are suggestive of 

HCC, they can also be elevated in other malignancies 
as well as hepatitis.

 3. Which statement is true?
 (a) Hepatitis A is treated with antiviral therapy.
 (b) Hepatitis C is the most prevalent of all viral hepatiti-

des worldwide.
 (c) All patients with chronic hepatitis B should receive 

antiviral therapy.
 (d) Sustained virologic response (SVR) is defined as 

undetectable hepatitis C virus RNA 6  months after 
the completion of antiviral therapy.

 4. Which statement is true?
 (a) Pentoxifylline is first-line treatment of alcoholic 

hepatitis.
 (b) Hepatic steatosis is reversible with cessation of alco-

hol consumption.
 (c) Five-year transplant-free survival rate is not affected 

by the cessation of alcohol consumption.
 (d) Patients with alcoholic hepatitis are usually 

asymptomatic.
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 5. Which statement is true?
 (a) Drug-induced liver injury is most commonly caused 

by antibiotics.
 (b) A serum ALT to LDH ratio of greater than 1.5 is sug-

gestive of ischemic hepatitis.
 (c) Serum transferrin levels are elevated in hereditary 

hemochromatosis.
 (d) Antibodies to liver/kidney microsomes are sugges-

tive of primary sclerosing cholangitis.
 6. Which statement is true?

 (a) The presence of antimitochondrial antibodies are 
suggestive of primary biliary cholangitis.

 (b) Wilson’s disease is characterized by low ceruloplas-
min levels.

 (c) Primary biliary cholangitis is strongly associated 
with inflammatory bowel disease.

 (d) The malignancy that is most strongly associated with 
primary sclerosing cholangitis is hepatocellular 
carcinoma.

 Answers

 1. Which statement is true?
 (a) Bilirubin is made both in the bone marrow and in the 

liver. It is exclusively conjugated in the liver.
 (b) Conjugated hyperbilirubinemia will result in bilirubin 

in the urine. Unconjugated bilirubin is bound to albu-
min, and is not filtered by the glomerulus into the urine.

 (c) Correct: Hyperbilirubinemia can be caused by a 
variety of pathologies but all are related to overpro-
duction, reduced excretion, impaired conjugation, or 
leakage.

 (d) Hyperbilirubinemia can be caused by a multitude of 
etiologies. Only liver disease such as cirrhosis will 
cause elevated transaminases as well.

 2. Which statement is true?
 (a) An AST to ALT ratio greater than 2 is consistent with 

alcoholic liver disease. An AST to ALT ratio less than 
2 is suggestive of NASH and Wilson’s disease.

 (b) GGT is found in hepatocytes, in addition to a myriad of 
other cells. ALP is found in liver, bone, and placenta. 
Therefore, an elevated ALP in the setting of an elevated, 
not normal GGT, is suggestive of liver disease.

 (c) INR is a marker for coagulation function. It is affected 
by coagulation factors, which are made in the liver. 
Therefore, reduced, not elevated synthetic function, 
would cause an elevated INR.

 (d) Correct: AFP is not specific to HCC. It can also be 
elevated in gastric cancer, germ-cell tumors, and non- 
germ cell tumors.

 3. Which statement is true?
 (a) Hepatitis A is a self-remitting illness and therefore 

should be treated with supportive care only.
 (b) Hepatitis B, not hepatitis C, is the most common of 

the viral hepatitides worldwide.
 (c) Patients with chronic hepatitis B should only receive 

antiviral treatment if serum ALT is elevated and HBV 
DNA is less than 10,000 IU/mL.

 (d) Correct: Sustained virologic response is a term used 
to define successful antiviral treatment of hepatitis C 
and is based on HCV viral load.

 4. Which statement is true?
 (a) Prednisone, not pentoxifylline, is first-line treatment 

for alcoholic hepatitis. Pentoxifylline should be used 
in the setting of infection, variceal hemorrhage, or 
acute kidney injury.

 (b) Correct: Hepatic steatosis, the first stage of alcohol- 
induced liver disease, is reversible with cessation of 
alcohol consumption, as no fibrosis has occurred at 
this point.

 (c) Five-year transplant-free survival rate is doubled 
from 30% to 60% if patients cease alcohol 
consumption.

 (d) Patients with alcoholic hepatitis usually present with 
anorexia, jaundice, hepatomegaly, and abdominal 
pain. Patients with hepatic steatosis are usually 
asymptomatic.

 5. Which statement is true?
 (a) Drug-induced liver injury is most commonly caused 

by acetaminophen, not antibiotics.
 (b) A serum ALT to LDH ratio of less than, not greater 

than 1.5 is suggestive of ischemic hepatitis.
 (c) Correct: Serum transferrin levels are the best initial 

screening test for hereditary hemochromatosis. 
Transferrin saturation values greater than 45% in men 
and 35% in premenopausal women necessitate fur-
ther workup.

 (d) Antibodies to liver/kidney microsomes are sugges-
tive of primary biliary cirrhosis, not primary scleros-
ing cholangitis.

 6. Which statement is true?
 (a) Correct: Antimitochondrial antibodies are present in 

between 90% and 95% of patients with PBC.
 (b) Serum ceruloplasmin can be elevated or normal in 

Wilson’s disease. Serum copper levels will be low.
 (c) Primary sclerosing cholangitis, not primary biliary 

cholangitis, is strongly associated with inflammatory 
bowel disease.

 (d) The malignancy that is most strongly associated with 
primary sclerosing cholangitis is cholangiocarci-
noma, not hepatocellular carcinoma.
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Noninvasive Biomarkers for Liver 
Fibrosis

Gamal Shiha and Nasser Mousa

36.1  Introduction

Five different types of cells occupy about 80% of the liver 
volume. The residual 20% include the extracellular spaces 
and components of the extracellular matrix [1]. Liver fibrosis 
is a reversible wound-healing response to cellular injury 
reflects an equilibrium between liver repair and scar forma-
tion. Throughout acute damage, the changes in liver archi-

tecture are temporary and reversible, while in chronic 
damage, there is progressive replacement of the liver paren-
chyma by scar tissue [2]. So that, liver fibrosis is the terminal 
result of an imbalance between the deposition-removal of 
extracellular matrix (ECM), which disrupts the standard 
architecture of the liver. The description of the basic mecha-
nisms of liver fibrogenesis has pointed that, fibrosis is a 
dynamic course involving the increased synthesis of matrix 
components and a non success of physiological mechanisms 
of matrix turnover [3–6]. The maestro of hepatic fibrosis is 
the hepatic stellate cell (HSC), that orchestrating the deposi-
tion of ECM in healthy and fibrotic liver. HSCs are resident 
perisinusoidal cells within the subendothelial space between 
hepatocytes and sinusoidal endothelial cells (Fig.  36.1). 
They’re well placed to closely interact with hepatocytes, 
endothelial cells, and nerve endings through their several 
processes extending across the space of Disse [7, 8].

In injured liver, the activated phenotype of HSCs is a 
myofibroblast, that secrete extracellular matrix components 
and expressing α-smooth muscle actin and linked to the 
establishment of the fibrotic state. By distinction, clearance 
of fibrotic scar tissue is related to HSC apoptosis or de- 
differentiation of HSCs [9].

In the space of Disse’ of the normal liver, an organized 
group of proteins known as the extracellular matrix (ECM) 
can be observed in direct contact with the basal lamina (low- 
density material similar to the “basal membrane” that is 
formed by type IV collagen together with laminin and entac-
tin along the sinusoidal wall. This ECM is the support for the 
parenchymatous cells and reinforcing the organ’s architec-
ture [10, 11].

In the advanced stage of fibrotic liver (cirrhosis), the ele-
ments of the ECM are large in amount. These large amounts 
are firstly placed within the portal tract and/or central vein, 
resulting in the event of fibrous networks between the vascu-
lar structures followed by capillarization of sinusoidal endo-
thelium and loss of microvilli of the hepatocytes. This leads 
to interruption of the normal vascularization of the hepatic 
lobe, shunting of the portal and arterial blood directly into 

Key Concepts
• The liver fibrosis is a pathological state caused by 

different etiology and is associated with significant 
morbidity and mortality.

• Noninvasive diagnosis of liver fibrosis is one of the 
fields that has growth more quickly in current days.

• For the diagnosis of significant fibrosis, a combina-
tion of noninvasive biomarkers tests with concor-
dance may provide the peak diagnostic accuracy.

• Newly discovered biomarkers may have vital role 
preceding the therapy by non-specialists to build 
sure that patients with severe fibrosis/cirrhosis are 
referred for proper definite specialist assessment.

• Noninvasive evaluation with any serum biomarkers 
can be used to check improvement in liver fibrosis 
throughout antiviral treatment.

• Successful diagnosis of liver fibrosis needs more 
reliable biomarkers which are specific to the liver.
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the hepatic outflow (central veins), impaired interchange 
between hepatic sinusoids and the hepatocytes and deteriora-
tion of the liver function (Fig. 36.2) [12, 13]. Cirrhosis and 
its related vascular distortion are traditionally considered to 
be irreversible however recent knowledge suggested that, 
cirrhosis maybe reversal [14, 15].

36.2  Extracellular Matrix (ECM) 
from Normal to Fibrotic Liver

In normal liver, an organized cluster of proteins known as 
extracellular matrix (ECM) is found in space of Disse in 
direct contact with low-density basal lamina (similar to the 
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Fig. 36.1 Normal hepatic circulation. In healthy liver, the blood runs 
comes from the mesenteric circulation to the liver through terminal por-
tal vein and terminal hepatic artery in portal tracts. The blood goes 
through the hepatic sinusoids then through the fenestrated sinusoidal 

endothelium which lie on space of Disse (consists of loose connective 
tissue) where the metabolic exchange between blood and hepatocytes 
occurs. After metabolic exchange, the sinusoidal blood is collected and 
drained by central hepatic into hepatic veins and lastly the caval vein

Normal liver

hepatocyte microvilli

Space of Disse’

loss of endothelium fenestration

Activated Hepatic stellate cell : Myofibroplast

Hepatic sinusoid
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Kupffer cell
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Fibrous
tissue
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Fig. 36.2 In cirrhotic liver there are, transdifferentiation of activated 
hepatic stellate to matrix-synthesizing myofibroblasts that produce 
excess extracellular matrix (ECM), loss of hepatocyte microvilli, disap-
pearance of endothelial fenestrations with capillarization of the sinu-
soids, fibrous portal tract expansion, fibrosis of the central vein, 

congestion of the space of Disse’ with ECM, and departure of perisinu-
soidal hepatocyte from sinusoidal blood flow by collagenous septa. 
Lastly, the blood is directly forced from terminal portal veins and arter-
ies to central veins, with resultant portal hypertension
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basal membrane, that’s comprised mainly of collagens IV 
and VI) with glycoproteins, proteoglycans and glycosamino-
glycan’s (hyaluronic acid) [10].

Liver fibrosis is associated with major alterations in 
each amount  and composition of ECM.  In advanced stage, 
fibrotic liver contains 3–10 times additional ECM than nor-
mal liver which comprising the fibril forming interstitial col-
lagens (I, III and basement membrane collagen type IV), 
fibronectin, elastin, laminin, hyaluronic acid (HA) and pro-
teoglycans [16]. The chief hepatic ECM manufacturing cells 
are myofibroblasts that either originate from activated hepatic 
stellate cells (HSC) or perivascular fibroblasts [12, 17]. The 
homeostasis of ECM during hepatic injury is incredibly vital. 
This homeostasis depends on, the well balance between 
matrix metalloproteinases (MMPs) and their inhibitors (tis-
sue inhibitors of matrix metalloproteinases) (TIMPs) [18].

Degradation of ECM of liver is due to action of MMP. Three 
MMPs are present in humans, MMP-1  (collagenases), MMP-2 
(gelatinase A) and MMP-9 (gelatinase B) [19]. These enzymes 
are manufactured intra-cellular and secreted as zymogens and 
inhibited by tissue inhibitors of metalloproteinases (TIMPs) 
[20]. In liver fibrosis, there’ll be inverse correlation between 
levels of MMP-1 and histological severity [21]. MMP-2 
secreted from hepatic stellate cells. It has been found that, a 
2.4-fold increase in the levels of MMP-2 was in fibrotic 
patients compared with controls [22]. MMP-9 from Kupffer 
cells has negative correlation with histological severity [23]. 
ECM degradation by MMPs is inhibited by TIMPs. TIMP-1 
will interact with nearly all the 3MMPs whereas TIMP-2 pre-
cisely interacts with MMP-2. Through advance of liver dis-
ease, serum levels of TIMPs will increase. MMP-1/TIMP-1 
ratio is beneficial for the diagnosis of hepatic fibrosis and cor-
relates with degree of portal inflammation [24]. Additionally, 
in hepatic fibrosis, there was, an accumulation of other matrix 
proteins, including elastin, hyaluronan, proteoglycans and 
fibronectin. This type of matrix has the capacity to activate 
quiescent HSCs, producing disappearance of endothelial fen-
estrations and hepatocyte microvilli (Fig. 36.2) [25].

The alteration of ECM proteins influences cellular behav-
ior and resulting in vanishing of endothelial fenestrations 
impairs the transport of solutes from the sinusoid to the 
hepatocytes, So that encourage hepatocyte dysfunction [26].

36.3  Liver Biopsy

At present and since 50 years the sole accepted gold standard 
method for the diagnosis of the fibrotic stages of chronic liver 
disease is a liver biopsy. Also to permit histological grading of 
inflammation and the staging of fibrosis. The added benefits of 
liver biopsy are to be confirmed the etiology of liver disease, 
assessing potential disease co-factors such as hepatic steatosis, 
iron overload. However, the biopsy is clearly invasive with 

risks of pain, bleeding or perforation and rarely death. 
Additionally, liver biopsy is expensive and [27, 28]. Also 
many restrictions of the liver biopsy include, inefficiently 
reflection of the fibrotic changes occurring in the entire liver 
because an optimally sized biopsy contains 5–11 complete 
portal tracts and [29]. Moreover the process of hepatic fibrosis 
is not linear, and biopsies from different areas have shown dif-
ferent stages of fibrosis [30]. Also a number of papers have 
shown that, cirrhosis may be lost in 10–30% of patients [31]. 
Lastly disagreements between pathologists occur according to 
the experience of the pathologist [32]. This disadvantage of 
liver biopsy greatly restrict the frequency of utilization and 
therefore prevents accurate fibrosis assessment within the 
majority of patients with chronic liver disease.

36.4  Noninvasive Biomarkers of Liver 
Fibrosis

More recently, there has been growing attention in recogniz-
ing and describing hepatic fibrosis via the utilization of non-
invasive biomarkers for the diagnosis of liver fibrosis. 
Initially developed in chronic viral hepatitis and 
now,  dilated  to incorporate all causes of CLD.  Actuality 
these markers are noninvasive with nearly no problems, few 
sampling mistakes, measurements can be done frequently, 
thus allowing supervising the disease progression or regres-
sion [33]. These markers can be divided into (Table 36.1).

Table 36.1 Biomarkers of liver fibrosis

Indirect markers Direct markers
Simple liver function tests:
  •  Aminotransferases 

(ALT, AST)
  •  Platelets 

(thrombocytes)
  • Bilirubin
  • Albumin
  • Prothrombin time
  •  Glutamyltransferase 

(GGT),
  • α 2-macroglobulin
  • Cholesterol
  • Apolipoprotein A-I
  • Haptoglobin
  • Alkaline phosphatase
  •  Pseudo-cholinesterase 

(PCHE)

1. Collagens
  – PICP
  – PIIINP
  – Type IV collagen
2. Collagenases and their inhibitors
  – MMPs
  – TIMPs
3. Glycoproteins and polysaccharides
  – Hyaluronic acid
  – Laminin
  – YKL-40
4. Cytokines
  – TGF-β1
  – PDGF
5. Cytokeratin-18 fragments
  – Microfibril associated protein-4
6. Proteomic markers.
  – Phosphoproteomics
  –  N-glycosylation of total serum 

protein
7. Genetic markers
  –  SNP of AZIN1, TLR4, TRPM5, 

AQP2, STXBP5L

MMP matrix metalloproteinase, PICP procollagen I carboxy peptide, 
PIIINP procollagen III amino peptide, TIMP tissue inhibitors of metal-
loproteinase, SNP single nucleotide polymorphisms
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 (a) Indirect “simple” markers: This indirect markers mea-
sure component not directly intricate in the fibrosis 
course but reflect the changes in liver functions and are 
molecules released into the blood due to liver inflamma-
tion, but they do not correlate with ECM turnover [5, 
34]. They have the advantage of being fairly cheap and 
easy to perform, but, they lack the diagnostic accuracy 
for the detection of hepatic fibrosis [35].

 (b) Direct “complex” markers: Are direct markers of 
fibrosis and reflect the molecular pathogenesis and turn-
over of liver ECM. They are pathophysiologically mark-
ers derived from ECM turnover and/or from changes of 
the fibrogenic cell types in liver through the fibrosis pro-
cess [34, 36]. Despite the fact that,  there’s no standard 
fibrosis marker, various molecules or algorithms are 
known  as  helpful indicators, once they  are  man-
aged together [37]. Ultimately, both types of serum bio-
markers are complementary.

36.5  Characteristics of Ideal Marker

• Great sensitivity and specificity to recognize different 
stages of fibrosis.

• Be ready available, safe, inexpensive, and can be repeated.
• Lack of false positive results for example, in individuals 

with inflammation related to other diseases.
• Be valid to the checking of the hepatic disease progres-

sion or regression.
• In this review, we try to understand the diagnostic accu-

racy, advantages and limitations of noninvasive Biomark-
ers of Liver Fibrosis (Table 36.2).

36.5.1  Indirect Markers

36.5.1.1  Aspartate Aminotransferase (AST) 
and Alanine Aminotransferase (ALT) 
Ratio (AAR)

Serum alanine aminotransferase (ALT) is a vital indicator 
used to assess liver disease [12]. It has shown that, serum 
ALT level (2.25-fold) greater than the normal levels pre-
dicts liver histology [38]. However, serum ALT levels are 
affected from different aspects such as, sex, body mass 
index, and the use of hepatotoxic drugs [39, 40]. The AAR 
index is a simple index that used for evaluation of liver 
fibrosis and can be calculated by dividing the levels of the 
two enzyme (AST and ALT). It has been validated in differ-
ent forms of liver disease [41, 42] and a ratio of >1 is pre-
dictive of cirrhosis [43, 44]. However, Shiha et  al. found 
that, AAR is not a reliable predictor to differentiate signifi-
cant fibrosis or advanced fibrosis in patients with chronic 
hepatitis B infection [45]. In certain acute and chronic hep-
atitis and/or steatosis this ratio is ≤1, but ratio >2 suggests 
alcoholic hepatitis [43, 46].

36.5.1.2  APRI
APRI is the index is dependent to two routine tests (aspartate 
aminotransferase and platelet count) and simply calculated 
by this formula:

 

AST upper limit of the normal range
PLT L

/( )´
( )-

100
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APRI was developed in 2003. The APRI of greater than 
1.5 showed an area under the receiver operating curve of 
(0.8, and a 0.89) for advanced fibrosis F3–F4 and cirrhosis 
respectively [47]. Several studies had revealed that (APRI) is 
of great value and has great accuracy in predicting advanced 
fibrosis in dissimilar types of hepatic disease [45, 48, 49]. 
Conversely, when using the APRI alone, the stage of fibrosis 
is wrongly classified in 40–65% of cases [50]. The diagnos-
tic accuracy of APRI was enhanced by Lok et al. by the com-
bination of ALT and the international normalized ratio (INR) 
[51]. Additionally, the APRI was also found to be of great 
diagnostic accuracy in evaluating the advance of fibrosis in 
post liver transplant patients [52].

36.6  Immune Fibrosis Index (IFI) Score

Immune fibrosis index (IFI) is a novel noninvasive test, can 
be used easily for the prediction of liver fibrosis stage in 
CHC patients. IFI score utilize five biochemical markers and 
the score produced areas under curve of 0.949, 0.947, and 
0.806 for differentiation of significant fibrosis (F2–F4), 
advanced fibrosis (F3–F4), and cirrhosis (F4) respectively.

Table 36.2 Advantages and limitation of non-invasive biomarkers of 
fibrosis

Limitation Advantages
Absence of organ specific, affected by 
unrelated sites of inflammation

Less invasive

Numerous of these markers are not 
regularly presented in many laboratories

Little hazard of sampling 
mistake

No one of the biomarkers have a high 
degree of accuracy

May be performed 
repeatedly over time

Influenced by impaired biliary and 
urinary excretion

Allowing for ongoing 
monitoring of fibrosis

Certain biomarkers lack 
standardization due to variable values 
and the different upper used by 
different laboratories

Relative low cost

All studies that evaluated the accuracy 
of NIBMs used the liver biopsy as the 
gold standard reference

Not associated with 
morbidity or mortality

Incapable to distinguish between 
intermediate stages of fibrosis

Can be performed in the 
out patient clinic
Validated biomarkers 
with scores may be useful 
for monitoring therapy
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The score is calculated as = 3.07  +  3.06  ×  CD4/
CD8 + 0.02 × α-fetoprotein (U/L) − 0.07 × alanine amino-
transferase ratio − 0.005 × platelet count (10/L) − 1.4 × albu-
min (g/dL) [53].

36.6.1  Prothrombin Time

Prothrombin time (PT) is marker that reveals the hepatic syn-
thetic function and consequently is one of the early pointers 
of cirrhosis. In severe hepatocellular damage, PT remains 
raised for a longer time [20]. Additional studies confirmed 
that, PTs were correlated with the histologic fibrosis score 
[54], and with the occurrence and size of the esophageal 
varices [55].

36.6.2  The FIB-4 Score

The FIB-4 index is calculated using the formula: FIB-4 = Age 
(years) × AST (U/L)/[PLT (109 L−1) × ALT1/2 (U/L)] [56]. 
Yang et al. reported that FIB-4 index had a significant power 
for differentiation between patients with mild and significant 
fibrosis in nonalcoholic fatty liver disease (0.24 ± 0.12 vs. 
0.31 ± 0.21, P = 0.010) and the AUROC of FIB4 was 0.810. 
They reported that FIB4 might be useful as a noninvasive 
hepatic fibrosis scores for predicting hepatic fibrosis in 
patients with NAFLD [57]. This score was first developed to 
evaluate fibrosis in HIV/HCV co-infected, and was later 
valid for detection of fibrosis with AUCs of 0.85 and 0.81 for 
severe fibrosis, for isolated HCV and HBV infection, respec-
tively [58]. In patients with chronic HBV infection, FIB-4 
could reliably distinguish significant fibrosis, advanced 
fibrosis and cirrhosis [45].
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36.7  Fibrofast; FIB-5

A simple non-invasive score (Fibrofast, FIB-5) was settled 
using five regular laboratory tests (ALT, AST, alkaline 
phosphatase, albumin and platelets count) for the discovery 
of significant hepatic fibrosis in patients with chronic hepa-
titis C. The performance characteristics of FIB-5 at ≥7.5 
and FIB-4 at ≤1.45 for the distinction between non-signifi-
cant fibrosis and significant fibrosis were: specificity 
94.4%, PPV 85.7%, and specificity 54.9%, PPV 55.7% 
respectively [59].

36.7.1  The NAFLD Fibrosis Score

Components of this score include, six usually measured 
objects (age, hyperglycemia, BMI, platelet count, albumin 
and AST/ALT ratio) [60]. Shah et  al. studied diagnostic 
accuracy of this scoring model in 541 adults with NAFLD 
for estimation of liver fibrosis and found an AUROC (95% 
confidence interval [CI] of 0.768; 0.720–0.816) for this 
model [61].
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36.7.2  Fibro Index

This index was settled by Koda et al. The score developed 
from platelet count, AST and γGT to assess fibrosis [62]. A 
cut-off of 2.25, was correlated with F2–F3 fibrosis and has 
90% NPV. but, further validation showed this score has fewer 
diagnostic accuracy [63].

Fibro index platelet count mm

AST IU

= - ´ ( )
+ ´

-1 738 0 064 10

0 005

4 3. .

. // . /L gamma globulin g dL( ) + ( )0 463

36.7.3  FibroTest (FibroSURE in USA)

Fibrotest is comprising panel of five biomarkers that sug-
gested for assessment of liver fibrosis stage. Constituents of 
this index are, the age, gender, plus five serum biochemical 
parameters including, serum haptoglobin, α2-macroglobulin, 
apolipoprotein A1, γ-glutamyltransferase, and bilirubin 
which was developed by Poynard and colleagues [64]. FT is 
the best studied test and various studies suggested this test 
has significant ability for discrimination of liver fibrosis 
without noteworthy discrepancy among liver diseases. For 
example its ability on hepatitis C, hepatitis B, alcoholic and 
nonalcoholic fatty liver disease was shown [65]. The advan-
tages of FT comprise great applicability (>95%), prevalent 
availability, and inter-laboratory reproducibility [66]; yet, 
there are also several disadvantages such as price, unsuccess-
ful external validation, absence of specificity for liver dis-
ease (can be markedly impaired by comorbidities, i.e., 
Gilbert’ s syndrome or hemolysis) [67], and difficulty in dif-
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ferentiating intermediate stages of fibrosis [68]. For practice 
deriving, Salkic et al. propose that, FibroTest is of brilliant 
value for excluding cirrhosis in patients with CHB, but has 
suboptimal performance in discovery of significant fibrosis 
and cirrhosis and in exclusion of significant fibrosis [69].

36.8  Fibro Test Is Calculated as Below
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36.8.1  FibroMax

Three blood tests were combined to produce FibroMax. 
These tests offer assessment of fibrosis (Fibro Test), steatosis 
(SteatoTest), and nonalcoholic steatohepatitis (NASH Test). 
The outcomes of these three tests are present collectively on 
one page provides doctors with a data for assessment of the 
hepatic lesion associated with nonalcoholic fatty liver dis-
ease. The tests include, the patient’s age, sex, height and 
weight, α2-macroglobulin, haptoglobin, apolipoprotein A1, 
γ-glutamyltransferase, total bilirubin, ALT, AST, total cho-
lesterol, triglycerides, and glucose (fasting) [70].

36.9  Serum Leptin and Homeostasis Model 
Assessment-IR Model

As a novel predictor of fibrosis among patients with chronic 
Hepatitis B virus infection, Mousa et al, demonstrated that, 
serum leptin and HOMA-IR in non diabetic HBV-infected 
patients may be used as a non-invasive marker of early liver 
fibrosis liver with ROC/AUC analysis for serum leptin levels 
cut off of >11.5 ng/mL with 93.2 sensitivity and 73.6 speci-
ficity. PPV of 90.3 and NPV of 80.3 for differentiation 
between non fibrosis and early fibrosis (F1-F2) [71].

36.9.1  Neutrophil to Lymphocyte Ratio

Recently, Neutrophil to lymphocyte ratio (NLR) was vali-
dated in combination with HOMA-IR as novel noninvasive 
marker for predication of liver fibrosis in patients with 
chronic HCV infection, and it was found that, patients with 
advanced fibrosis (F3–4) had an elevated N/L ratio 

[2.4 ± 0.99] compared with patients with fibrosis stage 1–2 
[1.86 ± 0.66], (P < 0.001) [72].

36.9.2  The PGA Index

The PGA index was proposed by Poynard et al. as a marker 
to assess alcoholic liver disease. it’s calculated by the sum 
of, prothrombin index, GGT and apolipoprotein A [73]. The 
accuracy of this index has been  augmented from 65% to 
70% by addition of α2 macroglobulin (PGAA) [74] studies 
informed that this score has highest accuracy for detecting 
cirrhosis in patients with alcoholic liver disease [75].

PGAA index is the sum of the below

• PT (% of control): ≥80  =  0; 70–79  =  1; 60–69  =  2; 
50–59 = 3; <50 = 4

• γGT (IU/L): <20 = 0; 20–49 = 1; 50–99 = 2; 100–199 = 3; 
≥200 = 4

• Apolipoprotein A1 (mg/dL): ≥200  =  0; 175–199  =  1; 
150–174 = 2; 125–149 = 3; <125 = 4

• α2 macroglobulin (g/L): <1.25 = 0; 1.25–1.74 = 1; 1.75–
2.24 = 2; 2.25–2.74 = 3; ≥2.75 = 4

36.9.3  The Forns Index

This index was described by Forns et al., in 2002 for fibrosis 
predication and replace endoscopy in detecting esophageal 
varices. The score is calculated depending on, age, platelet 
count, gamma GT, and total cholesterol. Some studies sug-
gest that, the score can distinguish mild fibrosis from 
advanced fibrosis at a cut-off value of 6.9 [76, 83].

36.10  Forns Index
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36.10.1  HepaScore

It was developed by Australian investigators to predict the 
severity of liver fibrosis in patients with chronic hepatitis 
C. It Combines, alpha2‐macroglobulin, hyaluronic acid, bili-
rubin and gamma‐glutamyltranspeptidase, as well as age and 
gender [77]. The study of Huang et  al. established that, 
Hepascore is a good score to assess the severity of liver fibro-
sis and high diagnostic performance to exclude cirrhosis in 
patients with chronic liver disease [78].
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36.10.2  Platelet Volume and Neutrophil 
to Lymphocyte Ratio

In patients with NAFLD, a model that join in, the mean 
platelet volume (MPV), neutrophil–lymphocyte (N/L) 
ratio, ALT, and platelets was created via logistic regression. 

MPV and the N/L ratio were higher in NASH patients ver-
sus non- NASH persons, and in patients with marked fibro-
sis (F3–4) in comparison to initial fibrosis (F1–2). They can 
be utilize as noninvasive markers to expect progression of 
the disease.

The equation of this model was.

- + ´ ( ) + ´ + ´ ( ) +12 7531 0 4321 0 7645 0 0762. . . / . /MPV fL N Lratio- ALT IU L 00 0129 103 3. .´ ´( )éë ùû
-platelets mm

The area under the ROC curve for the prediction of NASH 
was 0.913 (95% CI: 0.854–0.963). A cut-off value of 0.398, 
with a specificity of 88.5% and a sensitivity of 91%, has a 
NPV of 86% and a PPV of 88% [79].

36.10.3  FibroMeter

Is a combination of the platelet count, prothrombin index, 
AST, α2 macroglobulin, hyaluronate, blood urea nitrogen and 
age. The results of FibroMeter has two major diagnostic val-
ues; first, is staging of fibrosis and second, is fibrosis quanti-
fication in each of the three major causes of chronic liver 
diseases (chronic viral hepatitis, ALD and NAFLD) [80].

Several Fibrometers are now commercially available at 
BioLiveScale (Angers, France) for assessment of fibrosis in 
different chronic liver diseases.

36.10.4  SteatoTest

This test is used in patients with NAFLD, SteatoTest, 
ActiTest and are non-invasive tests that offer a contrasting 
option to biopsy, and they correlate with the simple grading/
staging of the SAF scoring system across the three rudimen-
tary highlights of NAFLD: steatosis, inflammatory activity 
and fibrosis [81]. It fuses the five components of the Fibro 
test (𝛼2 macroglobulin, haptoglobin, apolipoprotein A1, 
GGT, and total bilirubin) and the Acti Test (ALT as well, 
body mass index, serum cholesterol, triglycerides, and glu-
cose, adjusted for age and gender) [82]. Also, in patients with 
morbid obesity, Lassailly et al. confirmed that, the diagnostic 
performances of the FibroTest, SteatoTest, and ActiTest were 
statistically significant, so perhaps decreasing the require-
ment for biopsy in this patients [83].

36.10.5  The Proteomics Based Tests

These tests evaluate patterns of protein or glycoprotein via 
mass spectroscopy by means of serum samples. Callewaert 
et al. [84] established tests built on the changed N-glycosylation 

of total serum protein (GlycoCirrhoTest and GlycoFibroTest). 
The developed Phosphoproteomics tests serve the aim of 
improving and understanding the pathogenesis of liver fibro-
sis to more than improving of clinical diagnostics. An exam-
ple is phosphoproteomics based tests predict the fibrosis of 
the liver have been used to profile the phosphorylated (i.e. 
activated) forms of the major signaling proteins in visceral 
adipose samples of patients with NAFLD [85].

36.11  Direct Noninvasive Biomarkers 
(NIBMs) for Assessing Liver Fibrosis

36.11.1  Direct Markers Related to Matrix 
Deposition

36.11.1.1  Procollagen I Carboxy Peptide 
and Procollagen III Amino Peptide

The comments two types of procollagen (collagen precursor) 
in normal liver are, Procollagen type I (carboxy-terminal 
peptide) and procollagen type III (amino-terminal peptide) 
[86]. Procollagen undergoes enzymatic cleavage by procol-
lagen C-peptidase and procollagen N-peptidase at its 
carboxy- terminal (type 1 (PC1CP)) and amino-terminal 
(type III (PCIIINP)), leading to the production of collagen 
[6]. through the separation of type III collagen, the N-terminal 
propeptide of procollagen type III (PIIINP) is removed from 
procollagen type III, and released into the serum. Thus, the 
measure of propeptide of procollagen type III can be a direct 
indicator of collagen synthesis and its estimations can be 
used to measure matrix deposition [87]. But, the low sensi-
tivity and specificity (78% and 81%) of these marker have 
restricted their clinical utilize. Although, PIIINP levels cor-
relate with the aminotransferase levels and reflecting the 
grade of fibrosis, it is not accurate to hepatic fibrosis as it can 
be establish in other conditions, such as acromegaly, chronic 
pancreatitis, and rheumatic diseases [6, 84]. A number of 
studies establish that, the serum levels of PCIIINP represent 
the stage of hepatic fibrosis [88]. No correlation between 
procollagen I carboxy peptide and PIIINP serum levels and 
grading of liver fibrosis. Therefore, these are not reliable to 
found fibrosis grading [87].
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36.11.1.2  Type IV Collagen
It is the principal element of all basement membrane pro-
teins. Type IV collagen is capable of forming networks with 
itself and is thus also called network forming collagen; this 
property differentiates type IV collagen from other collagen 
types [89]. Type IV collagen is one of the important compo-
nents of the extracellular matrix. It does not undergo prote-
olysis and is deposited unbroken in the matrix, and so, its 
serum estimation is indicative of matrix degradation. Type 
IV collagen is positively correlated with the stage of hepatic 
fibrosis. Patients with advanced hepatic fibrosis have ele-
vated type IV collagen concentrations [90, 91].

36.11.1.3  Laminin
It is the main basement membrane glycoprotein produced by 
the HSC. in the course of fibrosis, laminin increases around 
the vessels, in the perisinusoidal spaces and portal triad [91]. 
Laminin levels have been estimated for diagnosis of fibrosis 
in a study of 87 patients with chronic HBV, it provided 
71.9% sensitivity and 80.0% specificity for significant fibro-
sis [92]. Studies demonstrated that, grouping of laminin plus 
Hyaluronic acid (HA) showed positive correlation with the 
stages of liver fibrosis [91, 93–97].

36.11.1.4  Hyaluronic Acid (HA)
HA is a polysaccharide present in ECM and raised in serum 
in patients with hepatic fibrosis [98]. In healthy liver, the 
uptake and degradation of HA is mediated via sinusoidal 
endothelial cells. Increased HA levels attributed either to 
decreased removal or increased manufacture. Great levels 
have been found in liver fibrosis with varied etiology spe-
cially, with cirrhosis [36]. HA has been studied in CHC, 
NAFLD, alcoholic liver disease, and CHB and has been 
found of great value in detecting advanced fibrosis [99–101]. 
Several studies established that the major utility of this 
marker is to exclude the advanced fibrosis and cirrhosis [84].

36.11.1.5  YKL-40 (Chondrex)
YKL-40 is intensely expressed in the liver and play a role in 
remodeling or degradation of the extracellular matrix [102]. 
Serum levels of YKL-40 are strongly linked to the grade of 
fibrosis [103]. It can be used as a marker to assess liver fibro-
sis and helps distinguish between mild stage and extensive 
stage of liver fibrosis [104].

36.11.2  Direct Markers Linked to Matrix 
Degradation [Metalloproteinases 
(MMPs) and Tissue Inhibitors 
of Matrix Metalloproteinases 
(TIMPs)]

The ECM are degraded by matrix metalloproteinases. The 
three most commonly studied MMPs in human are, (1) 
MMP-1 (collagenases), (2) MMP-2 (gelatinase A) and (3) 

MMP-9 (gelatinase B). These enzymes are synthesized intra-
cellular and is secreted by activated HSCs [105]. MMPs are 
activated by membrane-type MMP and inhibited by tissue 
inhibitors of metalloproteinases (TIMPs) [20]. In hepatic 
fibrosis, there will be inverse correlation between levels of 
MMP-1 and histological severity [21]. MMP-2 is synthe-
tized by activated HSCs; increased levels of MMP-2 have 
been detected in several liver diseases [106]. Throughout 
hepatic fibrogenesis, the expression of MMP-2 is markedly 
increased. The possibility of MMP-2 for expecting liver 
fibrosis still vague as some conflicting knowledge’s have 
been reported by many studies [21, 107] . MMP-9  in one 
study has negative correlation with histological severity [23]. 
Tissue inhibitors of matrix metalloproteinases are proteins 
that interact with MMPs  and control their activation and 
working. TIMP-1 controls activity of most MMPs, but 
TIMP-2 precisely inhibits MMP-2. TIMPs-dependent inhi-
bition of ECM degradation may encourage liver fibrosis; 
raising of TIMPs’ levels has been detected in chronic liver 
disease. It was established that, chronic hepatitis C produced 
increase of both TIMP-1 and TIMP-2 in corollary with fibro-
sis advancement [107]. ECM degradation by MMPs is inhib-
ited by TIMPs, which affect MMPs function. TIMP-1 will 
interact with almost all the 3MMPs whereas TIMP-2 specifi-
cally interacts with MMP-2. With progression of liver dis-
ease, serum levels of TIMPs will increase. MMP-1/TIMP-1 
ratio is useful for the diagnosis of hepatic fibrosis and cor-
relates with degree of portal inflammation [24].

36.11.3  Cytokines

36.11.3.1  Transforming Growth Factor (TGF)-β1 
and TGFα

During liver fibrosis, TGF-α enhances proliferation of HSCs 
and correlates well with progression of the disease [108, 
109]. TGF-β1 share in ECM production by HSCs and pre-
vents hepatocyte growth and proliferation in liver fibrosis 
[110]. High levels of TGF-β1 correlate with progression of 
hepatic fibrosis, and correlation between TGF-β1 levels and 
the rate of fibrosis advancement is generally accepted, but 
certain limitations of levels of TGF-β1 is due to contamina-
tion of sample by platelet TGF-β [111, 112].

36.11.3.2  Connective Tissue Growth Factor 
(CTGF)

It is manufactured by activated HSC as well as hepatocytes 
via stimulation of TGF-β. Yet, serum CTGF levels decline 
within the end-stage cirrhosis [113].

36.11.3.3  Platelet-Derived Growth Factor-Beta
PDGF-B is expressed by platelets, fibroblasts, endothelial 
cells, mast cells and macrophages [36]. It is the chief 
drive for proliferation of HSC and its migration. Serum 
levels of PDGF-BB have correlation with severity of 
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hepatic fibrosis. Although, early studies demonstrated 
that, PDGF-BB mRNA expression was found to be mark-
edly elevated in chronic liver disease [114, 115], some 
studies showed decreased serum levels of PDGF-BB in 
liver fibrosis [116, 117].

36.11.3.4  Microfibrillar-Associated Protein 4
It is a ligand for integrins present in ECM including elastin 
and collagen [118]. Quantitative investigation of MFAP-4 
serum levels indicated a good diagnostic accuracy for the 
prediction of non-diseased liver in comparison to cirrhosis 
(AUROC  =  0.97) also, stage 0 against stage 4 fibrosis 
(AUROC  =  0.84), and stages 0–3 versus stage 4 fibrosis 
(AUROC = 0.76) [119]. MPAF4 is n perfect serum marker 
among liver-specific proteins [120].

36.11.3.5  Cytokeratin-18 Fragments
The major intermediate filament present in hepatocyte are 
cytokeratin-18 fragments (CK18). Caspase-induced apopto-
sis takes place by cleavage of CK18  in different positions 
and results in the formation of CK18 fragments [121]. The 
levels of M30 antigen (a neoepitope in CK18) and M65 
(cytosolic pool of CK18) can distinguish between mild and 
advanced fibrosis [122, 123]. Moreover, CK18 could be a 
hopeful non-invasive biomarker for NASH in youngsters 
with fatty liver disease [124].

36.11.4  Genetic Markers for Liver Fibrosis

Genetics of progression in liver fibrosis is multifactorial 
and result from interaction between genes and environment 
insults (e.g. viruses), and the host response. Genome stud-
ies have permitted the discovery of single nucleotide poly-
morphisms (SNPs) in specific genes which are linked with 
liver fibrosis [125, 126]. There are ethnic-dependent factors 
prompting the degree and outcome of hepatic fibrogenesis 
[125]. Numerous gene variations and polymorphisms rec-
ognized that surge the risk of hepatic fibrosis, e.g., in the 
Asian origin, the alcohol addiction, is one of the main dam-
aging of the liver, was revealed to be directly exaggerated 
by variations in the genes encoding alcohol dehydrogenase 
and aldehyde dehydrogenase [127]. Huang and colleagues 
observed nearly 25,000 SNPs in 1020CHC patients and 
establish seven gene polymorphisms related with cirrhosis 
[128]. Two novel markers, located in the gene encoding 
DEAD box polypeptide 5 (DDX5) and carnitine palmitoyl-
transferase 1A (CPT1A) were significantly linked with 
marked hepatic fibrosis [129]. Although the precise influ-
ence of gene polymorphisms sited within the coding region 
of the TGFB1 gene continues to be controversially dis-
cussed [130–134]. Hall et al. identified seven genomic loci 
on chromosomes 4, 5, 7, 12 and 17 which influences fibro-
sis phenotypes based on quantitative trait locus analysis 
[135]. Also, seven single nucleotide polymorphisms located 

in (IL-28B) genes were identified by Lopez-Rodriguez et al. 
in severe necroinflammatory activity grade of chronic hep-
atitis C patients [136]. Small, noncoding micro RNAs 
(miRNAs) control gene expression by binding to mRNA 
and control diverse biological functions viz., apoptosis, cell 
proliferation and differentiation [137, 138]. Alterations of 
intracellular miRNAs have a vital role in pathophysiology 
of chronic liver disease. Normal liver homoeostasis requires 
miR-122 which controls genes that are involved in hepatic 
cholesterol and lipid metabolism [139]. After chronic liver 
injury, HSCs’ proliferation and differentiation into myofi-
broblast-like cells are regulated by mi-R221. miR-9, miR-
21 and miR-188 regulate activation of myofibroblast, 
synthesis of extracellular proteins and collagen deposition. 
The broad variety of miRNAs which are involved in liver 
fibrosis and enters into systemic circulation can serve as 
potential biomarkers [140]. A number of studies have 
revealed that, increased levels of iron that promote iron 
deposition and chronic inflammation are independent risk 
factors for liver fibrosis-and cirrhosis. The C282Y mutation 
of the haemochromatosis gene (HFE), for example, is con-
nected with disease progressive in chronic HCV, suggest-
ing a role of HFE mutations as main risk factors for disease 
progression [141–143].

36.12  Combined Direct and Indirect 
Markers

The combination of different biomarkers can really increase 
the sensitivity and specificity of these markers.

36.12.1  The Fibrometer Test

Was described by Cal’es et  al. In 2005. The test has been 
validated in viral hepatitis and ALD and demonstrates AUCs 
of 0.883 and 0.962, respectively, for the detection of marked 
fibrosis (F2–F4) [80]. The Fibrometer has also been vali-
dated in NAFLD, with a reported AUC of 0.943 [144]. When 
compared to other indirect tests the Fibrometer showed an 
AUC of 0.892 for detecting stage F2–F4 fibrosis in CHC and 
CHB.  This value was higher than those obtained for the 
Fibro test, Forns index, and APRI, which were 0.808, 0.82, 
and 0.794, respectively [145].

36.12.2  Enhanced Liver Fibrosis Test (ELF)

The combination of the hyaluronic acid, PIIINP, and TIMP-1 
has been proposed for the detection of moderate-fibrosis. 
Results were entered into the established algorithm and 
expressed as ELF scores. The ELF test shows good perfor-
mance and considerable diagnostic value for the prediction 
of histological fibrosis stage [146].
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36.12.3  TGF-ß1, HA, PIIINP and TIMP-1 Panel

A pro-fibrogenic cytokine (TGF-ß1) and special matrix 
deposition markers [hyaluronic acid, PIIINP and TIMP-1] 
associated with liver injury during CHC. Their combination 
could offer a possible valuable tool to assess liver fibrosis in 
adults [147].

36.12.4  Combination of sFas with TGF- ß1, 
HA, PIIINP

The addition of apoptosis markers (particularly sFas) joint 
with TGF-ß1, hyaluronic acid, PIIINP in adult patients have 
found to have a high degree of estimation of liver fibrosis 
severity. The diagnostic accuracy evaluation demonstrated a 
good performance for sFas to assess advanced fibrosis in 
adults (AUROC: 0.8) [148].

36.12.5  Fibrospect II Test

This test contains three markers; hyaluronic acid, TIMP-1, 
and 𝛼2 macroglobulin. In a study that carried out on 696 
HCV patients via the creative research team of this scoring 
system they reported that, an AUROC of 0.830 for the diag-
nosis of significant fibrosis [149].

36.12.6  SHASTA Index

Consists of serum hyaluronic acid, AST, and albumin. Was 
evaluated in a cohort of 95 patients with HIV/HCV co- infection. 
This index first time presented by Kelleher et al. it is valuable 
for differentiation of mild from advanced fibrosis [150].

This index can be calculated by the following formula.
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36.12.7  European Liver Fibrosis Panel (ELF) 
Test

This test is a model of a panel of markers (which focus on 
matrix turnover). It includes, age, tissue inhibitor of matrix 
metalloproteinase 1 (TIMP 1), hyaluronic acid, and amino-
terminal peptide of pro‐collagen III (P3NP) [151]. One study 
validated the performance of the ELF panel and has revealed 
that, it has the capacity to distinguish different degrees of 

fibrosis in an independent cohort of patients with 
NAFLD.  The study proposed that, the modification of the 
formula by removing age simplifies the panel while not los-
ing any diagnostic accuracy [152].

36.12.8  Hyaluronic Acid Vascular Score

Hyaluronic acid vascular score (HAV score) is a grouping of 
direct markers [hyaluronic acid (HA) and vascular endothe-
lial growth factor (VEGF)] and indirect markers [aspartate 
aminotransferase (AST)/alanine aminotransferase (ALT) 
ratio (AAR)]. By the HAV score we can differentiated 
between significant and advanced fibrosis where is, the areas 
under curve of 0.979 and 0.994 for significant (F2–F4) and 
advanced fibrosis (F3–F4) and the cut off = 0.583 and 6.3, 
respectively [153].

36.13  Consensus Guidelines on Non- 
invasive Assessment of Hepatic 
Fibrosis

The Asian-Pacific Association for the Study of the Liver 
(APASL) provided the medical field a consensus guidelines 
for non-invasive markers of hepatic fibrosis, they recom-
mended that, circulating serum biomarkers of hepatic fibro-
sis universally can give reasonable recognition of both 
significant fibrosis-cirrhosis or exclude both. These biomark-
ers could be used either stepwise or in combination with 
other non-invasive tests such as imaging or elastography to 
get better the accuracy of hepatic fibrosis. Also they recom-
mended that, Fibrotest and APRI are the preferred noninva-
sive tests to evaluate liver cirrhosis, and APRI is favored in 
resource-limited conditions [154].

The European Association for the Study of the Liver and 
Asociaciòn Latinoamericana para el Estudio del Hígado 
guidelines recommended that, non-invasive tests should 
always be interpreted by hepatologist, according to the clini-
cal background, considering the results of other tests (bio-
chemical, radiological and endoscopic). Serum biomarkers 
can be used in clinical practice due to their high applicability 
(>95%) and good inter laboratory reproducibility [155].

36.14  Conclusions/Summary

Successful management of chronic liver disease depends on 
the accurate staging of liver fibrosis.

• Although the liver biopsy an invasive maneuver, it is still 
considered as a gold standard diagnostic tool for liver 
fibrosis.
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• In fact, the noninvasive biomarkers for diagnosis of 
hepatic fibrosis, including the extracellular matrix have 
diagnostic importance, but they are not organ specific and 
may also correlate with inflammation in other sites.

• It is essential to point out that the majority of non-invasive 
tests are not able to exactly differentiate the early stages 
of fibrosis.

36.15  Future Perspectives for Liver Fibrosis 
Markers

• Considering the limitations of noninvasive markers, suc-
cessful management of liver fibrosis needs more specific 
and vital liver biomarkers.

• Continued research in area of noninvasive diagnosis of 
liver fibrosis will give us the opportunity to offer our 
patients more accurately and noninvasive diagnostic 
tools.

• Many and Many studies on serum fibrosis markers and 
more validation efforts on large cohorts of patients with 
chronic liver diseases are needed.

 Self Study

 Questions

 1. Which statement is true?
 (a) Hepatic stellate cells are the key cell of liver fibrosis
 (b) Hepatic stellate cells resident in portal tract
 (c) Hepatic stellate cells transdifferentiate into Kupffer 

cells
 (d) Hepatic stellate cells synthetized albumin

 2. Which statement/statements is/are true?
 (a) After chronic liver injury, necrotic cells will be 

replaced by regenerated parenchymal cells
 (b) In chronic hepatitis, hepatocytes synthesize laminin
 (c) Activated hepatic stellate cells transdifferentiate into 

myofibroblast-like cells
 (d) Liver fibrosis is not linked with changes in composi-

tion of ECM
 3. Which statement/statements is/are true as regard bio-

markers of liver fibrosis?
 (a) Associated with morbidity or mortality
 (b) Biomarkers are more expensive
 (c) Direct markers are not organ specific, influenced by 

unrelated sites of inflammation
 (d) Not sensitive enough to discriminate intermediate 

stages of fibrosis
 (e) All of these markers are routinely available in all 

laboratories

 4. Which statement/statements is/are true?
 (a) ECM homeostasis based on, the well equilibrium 

between matrix metalloproteinases and inhibitors tis-
sue inhibitors of matrix metalloproteinases

 (b) The constituents of the ECM are similar in both nor-
mal and fibrotic liver

 (c) Normal liver includes collagens (I, III and IV)
 (d) The progressive fibrosis are correlated with the 

marked decrease of tissue inhibitors of matrix metal-
loproteinases (TIMP1 and 2)

 Answers

 1. Which statement is true?
a

 2. Which statement/statements is/are true?
a and c

 3. Which statement/statements is/are true as regard bio-
markers of liver fibrosis?
c and d

 4. Which statement/statements is/are true?
a
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Peritoneal Fluid Analysis

Giulia Tosetti and Vincenzo La Mura

37.1  Introduction

Peritoneal fluid is the liquid which covers and lubricates the 
surface of the organs into the superior and inferior abdomi-
nal cavity. The abnormal increase of peritoneal fluid volume 
is called ascites which is the most frequent first complica-
tion of cirrhosis occurring in more than 50% of patients 
within 10 years from the diagnosis and is a hallmark of poor 
outcome with 5-year mortality up to 50% [1]. Cirrhosis with 
portal hypertension accounts for up to 85% of patients pre-
senting with ascites, with the remaining 15% being due to 
malignancy, infections (among them tuberculosis), pancre-

atitis, malnutrition or malabsorption or other rare inflamma-
tory conditions [2]. Differential diagnosis between ascites 
due to cirrhosis or other causes is crucial to start the best 
therapeutic approach and correctly define the prognosis.

At the onset, diagnosis is mainly based on clinical history 
and physical examination. Ultrasound often confirms fluid 
presence, especially in obese patients or in case of modest 
amount of abdominal fluid not detectable with physical 
examination. For etiological diagnosis, paracentesis with 
ascitic fluid analysis is the first recommended approach to dif-
ferentiate between portal-hypertension from other potential 
etiologies. The preferred site for paracentesis is the left lower 
quadrant of the abdomen, 3 cm higher up and medial to the 
anterior superior iliac spine. During paracentesis, care should 
be taken to avoid visible collateral vessels and inferior epigas-
tric artery that runs longitudinally between the pubic symphy-
sis and the anterior superior iliac spine; doppler- ultrasonography 
can be used to identify the optimal site for needle insertion 
avoiding spleen and other vascular structures.

Paracentesis is considered a safe procedure since serious 
adverse events such as bowel perforation or hemoperitoneum 
occur in less than 0.5% paracentesis [3, 4]; overall complica-
tion rate is less than 1% even in patients with impaired tradi-
tional coagulation tests such as patients with cirrhosis who, 
by definition, have abnormal prothrombin time [3]. At this 
respect, if the suspect of cirrhosis is high or is a well-known 
condition, it has been demonstrated that neither the coagula-
tion tests (i.e. prothrombin time), neither the platelet count 
reflect the procedural-associated bleeding risk. Therefore, at 
today, there is not a pre-defined cut-off in any of these param-
eters which can reliably guide a prophylactic transfusion 
policy of fresh frozen plasma or platelet before paracentesis 
in patients with cirrhosis. In this clinical setting an interna-
tional normalized ratio over 1.5–1.8 and/or a platelet count 
below 50,000 units/mm3 are the recommended thresholds for 
a transfusion policy [2, 5]. In our experience, paracentesis 
should be avoided only when coagulopathy is clinically 
evident with hyperfibrinolysis (evidence of hematoma) or 
evident disseminated intravascular coagulation.
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Key Concepts
• Ascites is pathological fluid accumulation in perito-

neum. Cirrhosis is the most common cause and por-
tal hypertension is the main pathogenic driver of 
this complication, however, it can be also the conse-
quence of not liver-related diseases.

• Differential diagnosis through ascitic fluid analysis 
is mandatory to guide clinical management and 
treatment.
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37.2  Ascitic Fluid Analysis: “When 
and How”

All patients with first evidence of ascites should undergone 
paracentesis, even when cirrhosis is already known. Ascitic 
fluid analysis defines liquid characteristics, evaluates potential 
infections and neoplastic/inflammatory nature as resumed in 
Table 37.1. Macroscopic fluid aspect could vary from water-
clear to frankly purulent, bloody, or chylous. Traditionally, as 
it occurs for any biological fluid, the biochemical nature of 
ascites can be divided into transudates or exudates according 
to fluid protein concentration lower or higher than 2.5 g/dL, 
respectively. Moreover, in cirrhotic patients, determination of 
ascitic protein concentration is necessary to identify patients at 
increased risk for the  development of spontaneous bacterial 
peritonitis (SBP), since a protein concentration below 1.5 g/dL 
is a risk factor for the development of SBP [2].

Afterwards, serum-ascites albumin gradient (SAAG) has 
been proved to be more specific and sensitive at defining 
ascites type and etiology in relation or not with portal hyper-
tension. Calculating the SAAG involves measuring the albu-
min concentration of serum and ascitic fluid specimens 
obtained on the same day and subtracting the ascitic fluid 
value from the serum value. If the SAAG is greater than or 
equal to 1.1 g/dL, the patient has portal hypertension, with 
approximately 97% accuracy [6]. In patients with cirrhosis, 
ascitic fluid should be examined to ruling out spontaneous 
bacterial peritonitis (SBP): an ascitic fluid neutrophil count 
of 250 polymorphonuclear cells/mm3 or more is diagnostic 
of SBP. The appearance of fever, abdominal pain, or unex-
plained encephalopathy or liver function worsening, acute 
kidney injury or acidosis, suggest ascitic fluid infection. In 
these cases, bacterial culture of the fluid in aerobic and 
anaerobic blood culture bottles inoculated at bed-side should 
be performed before antibiotics since also a single dose of 
effective antibiotic may lead to negative cultures and the 
delay in paracentesis has been associated with a reduced 
chance of successful therapy [7]. This is true even for patients 
without cirrhosis suffering from a secondary bacterial perito-
nitis (i.e. after surgical intervention, cholecystitis) as micro-
biological analysis of any fluid in patients with infection 
increases the odds of the earliest and most appropriate anti-

biotic therapy. Unfortunately, bacterial isolation during 
infection is not always possible since up to 50% of ascites in 
cirrhosis can be culture negative even in patients with cir-
rhosis and neutrophil count over 250 cells/mm3. Additional 
tests, such as lactate dehydrogenase, and glucose can be per-
formed to differentiate spontaneous from secondary bacte-
rial peritonitis. Only patients at high risk of tuberculosis 
associated-peritonitis should be tested for mycobacteria on 
the first ascitic fluid specimen. In this specific case, high lev-
els of lactate dehydrogenase in comparison with serum lev-
els are highly suggestive of this etiology.

If malignant ascites is suspected fluid should be sent to 
cytology even though the probability of achieving a positive 
results is high only for peritoneal carcinomatosis. The sensi-
tivity of cytology in detecting peritoneal carcinomatosis is 
96.7% if three samples (from different paracentesis proce-
dures) are sent and processed promptly. Patients with perito-
neal carcinomatosis usually have a history of a breast, colon, 
gastric, or pancreatic primary carcinoma [8].

37.3  Ascites in Cirrhosis vs. Other 
Conditions: Differential Diagnosis

The majority of patients with ascites has cirrhosis; however, 
in up to 15% of cases, the cause is different and the patho-
logical mechanism of formation and retention of ascitic fluid 
is different from portal hypertension. Unusually, patients 
with ascites may have two or more causes of ascites forma-
tion, the so called “mixed” ascites; they are cirrhotic patients 
with another cause, e.g., peritoneal carcinomatosis or perito-
neal tuberculosis.

37.3.1  Ascites with SAAG ≥1.1 g/dL

Ascites in liver disease has typically a SAAG ≥1.1 g/dL when 
it is consequence of clinically significant portal hypertension. 
This is true whatever the etiology of portal hypertension: pre-
hepatic (i.e. extrahepatic portal vein obstruction), intrahepatic 
(i.e. cirrhosis) post-hepatic level (i.e. Budd Chiari syndrome 
or right cardiac failure) (Table  37.2). Typically in patients 

Table 37.1 Most common ascitis fluid laboratory tests

Routine mandatory tests Additional tests
–  Cell count 

(polymorphonuclear 
leukocyte/mm3)

–  Albumin in ascites and serum 
for SAAG

–  Total protein in ascites

–  Aerobic and anaerobic 
blood culture bottles

– Glucose
– Lactate dehydrogenase
– Amylase
– Triglyceride
– Cytology
–  Polymerase chain reaction 

for mycobacteria

Table 37.2 Causes of ascites with SAAG >1.1 g/dL: ascites due to 
portal hypertension

Pre-hepatic portal 
hypertension

– Extrahepatic portal vein obstruction
– Arterio-venous fistula

Hepatic portal 
hypertension

–  Pre-sinusoidal: schistosomiasis, 
idiopathic portal hypertension

– Sinusoidal: cirrhosis
–  Post-sinusoidal: sinusoidal 

obstructive disease (SOS)
Post-hepatic portal 
hypertension

– Budd-Chiari syndrome
– Membranes vena cava obstruction
– Right cardiac failure

G. Tosetti and V. La Mura



445

with post-hepatic portal hypertension the SAAG ≥1.1 g/dL is 
accompanied by a high content of proteins close to the bio-
chemical threshold of exudate (around 2.5 g/dL). Signs and 
symptoms related with cardiac failure, abnormal levels of 
brain-natriuretic peptide can help physicians for the diagnosis 
[9]. Recently, it has been described a group of patients with 
cirrhosis, without heart failure, who presented with a SAAG 
≥1.1 g/dL and high protein content in the ascitic fluid close to 
the cut-off of 2.5 g/dL [10]. It is an open question whether or 
not this subgroup of patients (18% in the series) have a differ-
ent hemodynamic and/or evolution compared to patients with 
lower protein content in the peritoneal fluid.

37.3.2  Ascites with SAAG <1.1 g/dL

In case of SAAG <1.1 g/dL ascitic fluid is not related to por-
tal hypertension and can be with a high or a low protein con-
tent. The typical condition of ascites with SAAG <1.1 g/dL 
and with scarce proteins is anasarca in nephrotic syndrome. 
Other rare conditions associated with ascites not due to por-
tal hypertension and protein poor fluid are related to gastro-
intestinal loss of proteins such as malabsorption or exudative 
enteropathy; also malnutrition can lead to severe 
 hypoprotidemia with ascites with scarce proteins and ana-
sarca. Rarely even benign tumors can be associated with 
ascites poor in proteins: one example is the “Meigs syn-
drome” a rare benign ovarian tumor with low-protein ascites 
that solves after tumor removal [11] (Table 37.3).

Malignancies represent the second most frequent cause 
of ascites. In these cases, ascites is generally a protein-rich 
fluid with SAAG <1.1 g/dL. Malignant solid tumors of the 
ovary, colon and stomach with peritoneal carcinosis or 
infiltration are frequently associated with neoplastic ascites 
that typically has hematic aspect [8]. Even mesothelioma, a 
primitive malignant neoplasia of the peritoneum, is diag-
nosed after neoplastic ascites occurrence in more than 50% 
of cases [12].

In the rare condition of mucosecernent malignant tumor 
of the appendix, generally adenocarcinoma slow-growing, 
ascites has a mucinous appearance: this condition is known 
as “pseudomyxoma peritonei” [13].

In developing countries a relatively frequent cause of non 
cirrhotic ascites are infections such as tuberculosis although 
peritoneum is an unusual tubercular localization: in most 
cases it is due to diffusion from lung localization, less fre-
quently it is due to a direct involvement of an abdominal 
organ as intestine; typical tubercular ascitic fluid is rich in 
proteins and lymphocytes with a SAAG lower than 1.1 g/dL.

In some conditions ascites development is a rare but not 
negligible complication. Infectious diseases such as 
Filariasis, Trachomatis Chlamydia infection and rarely 
Salmonellosis and Brucellosis may cause ascites.

During severe and protracted hypothyroidism ascites is 
possible to occur [14]. Gynecological conditions such as dif-
fuse endometriosis or ovarian hyperstimulation syndrome 
during medically assisted procreation treatments are associ-
ated with mild ascites, less frequently clinically relevant 
ascites. Serositis in systemic connective diseases, such as 
lupus, may exceptionally develop ascites.

Pancreatic ascites is due to an accumulation of pancreatic 
fluid at the abdominal cavity for pancreatic ducts lesion or 
for pseudocyst rupture that may occur during necrotic pan-
creatitis or for abdominal trauma [15]. Medical history, clini-
cal aspects and significant amylase increase on the ascitic 
fluid make the diagnosis of pancreatic ascites.

A peculiar and uncommon form of ascites is chylous asci-
tes: fluid has milky aspect and typical high proteins and tri-
glycerides (>2 g/L) concentrations. It is due to obstruction of 
a lymphatic duct by external compression or traumatic 
injury; also post-radiotherapy ascites on abdominal organs 
may have a chylous appearance for fibrosis and obstruction 
of lymphatic channels [16].

37.4  Conclusion/Summary

The analysis of peritoneal fluid is mandatory to differentiate 
the etiology of ascites. Often ascites is the manifestation of 
hepatic decompensation and is associated with cirrhosis or 
other conditions of portal hypertension: in this setting fluid is 
a transudate with a typical serum-ascites albumin gradient 
greater than 1.1 g/dL. High protein content and/or a serum- 
ascites albumin gradient <1.1 g/dL call for important comor-
bidities or other etiologies that should be accurately explored 
by complementary diagnostic tools.

 Exercises

 Case 1

Sixty-eight years old man, recent 5 kg weight gain and abdom-
inal distension. In medical history: diabetes mellitus for 
3 years, hypothyroidism treated, no history of liver disease.

Table 37.3 Causes of ascites with SAAG <1.1 g/dL

Low proteins 
(below 2.5 g/dL)

– Nephrotic syndrome
– Enteropathy with malabsorption
– Malnutrition
– Rare ovarian benign tumors (Meigs 
syndrome)
– Desmoid tumors

High proteins 
(over 2.5 g/dL)

– Malignant ascites
– TBC or infections
– Hypothyroidism
– Gynecological diseases
– Pancreatic ascites
– Lymphatic obstruction ascites (Chylous)

37 Peritoneal Fluid Analysis
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• Blood Tests: AST 87  U/L; ALT 56  U/L; total bilirubin 
1.4 mg/dL; albumin 3 g/dL; pCHE 1388 U/L, INR 1.31, 
creatinine 0.65 mg/dL. Anti HCV Ab positive, HCVRNA 
positive, normal TSH test.

• Abdominal US: Ascitic fluid, small-sized liver, no focal 
lesions, portal vein 17 mm, splenomegaly (15 cm).

• Diagnostic paracentesis:
 – Clear fluid
 – Liquid analysis: WBC 110/mm3, albumin 0.8  g/dL, 

total protein 1.1  g/dL, amylase 38  mg/dL, LDH 
73 U/L, glucose 10 mg/dL ➔ SAAG 2.2 g/dL

 – Aerobic and anaerobic fluid culture: negative
Diagnosis: ascites in previously unknown HCV-related 
cirrhosis.

 Case 2

Fifty-one years old woman, abdominal distension and pain. 
In medical history: breast cancer 8  years before (surgery, 
radiotherapy and chemotherapy).

• Blood Tests: AST 14  U/L; ALT 12  U/L; total bilirubin 
0.2  mg/dL; albumin 3.9  g/dL; pCHE 6974  U/L, INR 
1.03, creatinine 0.76  mg/dL.  Anti HCV Ab negative; 
HBsAg negative, CA 15.3 1287 U/mL (<34 U/mL).

• Abdominal US: Ascitic fluid, regular liver, no focal 
lesions, portal vein 9 mm, spleen regular.

• Total body CT scan: lymphadenomegaly (chest and abdo-
men, diameter max 4  cm) abundant ascites, suspected 
peritoneal carcinomatosis

• Diagnostic paracentesis:
 – Blood fluid
 – Liquid analysis: WBC 192/mm3, albumin 3.1  g/dL, 

amylase 47 mg/dL, LDH 106 U/L ➔ SAAG 0.8 g/dL
 – Aerobic and anaerobic fluid culture: negative
 – Cytology: positive for atypical cell (suspected malig-

nant cells)
Diagnosis: malignant ascites in metastatic breast 
cancer.
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Measurement of the Hepatic Venous 
Pressure Gradient (HVPG)

Thomas Reiberger

38.1  Introduction

Patients with advanced chronic liver disease (ACLD) are at 
risk for development of complications (i.e. decompensating 
events, such as ascites or variceal bleeding) or subsequently 
for further decompensation [1, 2]. Portal hypertension (PHT) 
represents a main driver of decompensation and further 
decompensation, and thus for mortality in patients with 
ACLD [3].

Measurement of the hepatic venous pressure gradient 
(HVPG) represents the diagnostic gold standard for PHT in 
patient with ACLD. An HVPG of 6–9 mmHg indicates mild 
portal hypertension, while an HVPG ≥10  mmHg defines 
clinically significant portal hypertension (CSPH).

The main clinical indications for HVPG measurements 
include:

 1. to establish the diagnosis of intrahepatic portal 
hypertension,

 2. to identify patients at risk for hepatic decompensation by 
diagnosing CSPH (HVPG ≥10 mmHg),

 3. to guide pharmacological therapy in primary or second-
ary prophylaxis of variceal bleeding and

 4. to assess the risk of hepatic failure after hepatectomy.

In interventional studies, HVPG measurement is used 
as an established surrogate marker for improvement and/
or worsening of liver disease, since a decrease in HVPG 
has been shown to translate into a clinically meaningful 
benefit [4].

Based on observations on changes in HVPG in patients 
under non-selective beta-blocker (NSBB) therapy, a 
decrease in HVPG of 10% is considered to be clinically 
relevant [5, 6].

38.2  How and Why to Perform HVPG 
Measurements

Importantly, HVPG measurements should be performed 
using a balloon catheter to maximize the assessed amount of 
liver parenchyma [7]. Although HVPG measurement is inva-
sive and resource-intensive, requires interventional skills and 
expertise in interpreting the reliability and plausibility of 
pressure readings, the method is the current gold standard for 
diagnosing and monitoring portal hypertension in patients 
with cirrhosis [8].
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Key Concepts
• The measurement of the hepatic venous pressure 

gradient (HVPG) represent the gold standard for the 
evaluation of portal hypertension in patients with 
advanced chronic liver disease.

• Despite HVPG measurement is invasive, it is well 
tolerated by patients and holds only a low risk of 
complications.

• An HVPG of ≥10 mmHg defines clinically signifi-
cant portal hypertension (CSPH) that indicates an 
increased risk for subsequent hepatic 
decompensation.

• A decrease in HVPG after intravenous non-selec-
tive betablocker (NSBB) by 10% from baseline or 
to absolute values <12 mmHg indicates a hemody-
namic response.

• Patients with varices achieving a hemodynamic 
response to NSBB have a decreased risk for vari-
ceal (re-)bleeding and for subsequent development 
of ascites.
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Simple laboratory values, such as the platelet count may 
help to estimate the likelihood for CSPH, however, the accu-
racy of the platelet count alone (or combined scores) for the 
non-invasive prediction of portal hypertension is limited [9].

Imaging modalities showing splenomegaly or portosys-
temic collaterals in patients with cirrhosis might also hint 
towards the presence of CSPH but are not helpful for quanti-
fying the actual degree of portal hypertension [10, 11]. Novel 
non-invasive imaging tools, such as elastography of the liver 
and/or of the spleen are useful for ruling-in or ruling-out the 
presence of CSPH [12, 13]. Still, none of the available meth-
ods is able to directly measure changes in portal pressure.

A landmark study by Garcia-Tsao et al. [14] examined the 
correlation of hepatic venous pressure gradient (HVPG) 
measurements with the presence and size of esophagogastric 
varices and the occurrence of variceal bleeding in 93 patients 
with alcoholic cirrhosis: All patients with varices on endos-
copy had an HVPG of >12 mmHg, HVPG was also signifi-
cantly higher in patients with a history of variceal bleeding. 
Interestingly, this study provided the hemodynamic data for 
the risk concept for variceal bleeding depending on size of 
varices, wall thickness and transmural pressure [14].

The prognostic value of HVPG has been underlined by 
several clinical studies, showing that an HVPG ≥10 mmHg 
(i.e. CSPH) is predictive for the formation of varices [6] and 
for the development of complications related to portal hyper-
tension [3], while a (pharmacologically-induced) decrease of 
HVPG modulates the respective risk of variceal growth [15] 
and decompensation [16]. HVPG-response is the only estab-
lished surrogate for the effectiveness of NSBBs in prevent-
ing (recurrent) variceal bleeding [5]. If HVPG decreases to a 
value of ≤12  mmHg or is reduced by ≥10–20% during 
NSBB treatment, patients are protected from variceal bleed-
ing and survival is increased. Similarly, achieving an HVPG- 
response also decreases the incidence of ascites and related 
complications in patients with compensated cirrhosis [3].

Several studies provide evidence supporting the use of 
HVPG-guided therapy. Thus, in centers with sufficient 
experience, HVPG measurements should be used to guide 
treatment decisions in patients with ACLD and portal 
hypertension [2].

Moreover, measuring of HVPG might serve as a surrogate 
endpoint for proof-of-concept studies assessing the effec-
tiveness of novel treatments for cirrhosis and/or portal hyper-
tension being translated from bench to bedside, such as 
sorafenib [17] or simvastatin [18]. Ultimately, measurements 
of HVPG can also provide important prognostic information 
about the risk for development of HCC [19] and for post 
resection liver failure [20].

A hemodynamic response to non-selective betablocker 
therapy (e.g. with carvedilol 12.5  mg once daily) is 
defined as an HVPG decrease of at least ≥10% compared 

to baseline, or as a decrease to absolute values <12 mmHg: 
Here it has been shown, that the achievement of a hemo-
dynamic response in primary prophylaxis does not only 
prevent rebleeding but also reduced the risk of decompen-
sation and of mortality as compared to endoscopic band 
ligation [21].

It has already been demonstrated that HVPG-guided 
pharmacological therapy is more effective than ‘uncon-
trolled’ combined therapy of NSBB plus endoscopic band 
ligation in secondary prophylaxis and even improves sur-
vival [22].

38.3  Methodological Considerations

HVPG measurements requires considerable resources and 
trained personal with interventional skills and expertise in 
the reading of pressure tracings [23]. Importantly, HVPG 
improves prognostication and helps to guide treatment deci-
sions [24]. In addition, the opportunity to safely obtain liver 
biopsy specimens via the transjugular route in the same ses-
sion is another argument in favour of implementing hepatic 
hemodynamic laboratories at tertiary care centers [25]. The 
infrastructure to measure HVPG should be readily available 
at secondary and tertiary care centers. Sufficient expertise 
for HVPG measurement can be obtained after 50–100 super-
vised measurements.

Indeed, guidelines support the use of HVPG measure-
ments in centers with adequate expertise and resources [2]. 
The safety of the procedures is largely related to the vascular 
access to the internal jugular vein. Once correctly placed, the 
risk of the remaining procedure is negligible and patient’s 
comfort is mostly limited by the duration of the procedure, if 
placement of the balloon catheter in the hepatic vein takes 
longer as expected.

Importantly, a recently published study on patient- 
reported outcomes demonstrated that the HVPG procedure is 
well-tolerated [26]. Nevertheless, low dose midazolam 
(0.02 mg/kg body weight) can be used in anxious patients in 
order to relief anxiety and improve patient comfort [27]. 
However, the most critical part of HVPG measurements is 
the correct recording of the pressure tracings for a sufficient 
amount of time while the balloon is insufflated and deflated 
to allow an accurate acquisition of WHVP and FHVP.

Very high values of FHVP and IVC may hint to incorrect 
calibration of the pressure transducer but might also indicate 
right heart failure or tricuspid valve insufficiency. A difference 
of more than ≥4 mmHg between the FHVP and the IVC pres-
sure indicates an outflow obstruction/stenosis of the hepatic 
vein. Additionally, in case of severe Budd-Chiari Syndrome 
with complete thrombotic obstruction of the hepatic veins, the 
insertion of the balloon catheter is usually not possible. Thus, 

T. Reiberger



449

in case Budd-Chiari Syndrome or other causes of hepatic out-
flow obstruction are suspected, a Doppler ultrasound examina-
tion of the hepatic veins is recommended.

In case veno-venous shunts are observed during dye 
injection while the balloon is inflated, the HVPG is typically 
underestimated. However, while in this case the absolute 
value of HVPG cannot be used to estimate prognosis or 
guide pharmacological therapy, the diagnosis of CSPH can 
still be made if the HVPG is recorded at ≥10 mmHg in the 
presence of veno-venous vascular communications.

Certain liver diseases (e.g. nodular regenerative hyperpla-
sia) might also affect presinusoidal resistance which impacts 
on the severity of portal hypertension but is not adequately 
reflected by HVPG. Furthermore, HVPG is also not able to 
detect the presence of (additional) prehepatic portal hyper-
tension, as caused by portal vein thrombosis or mechanical 
compression of the portal vein. Thus, abdominal imaging 
with a special focus on the splenoportal vascular axis, on the 
mesenteric veins, as well as on spleen size and the presence 
of ascites should be performed in unclear cases and  whenever 
a prehepatic component of portal hypertension is suspected.

38.4  Summary and Conclusions

The four main indications for HVPG measurements include 
(1) to ensure a correct diagnosis of intrahepatic/sinusoidal 
portal hypertension, (2) to evaluate the risk for hepatic 
decompensation in patients with compensated cirrhosis, (3) 
to guide NSBB treatment in primary or secondary prophy-
laxis of variceal bleeding, and (4) to estimate the risk of liver 
failure after liver surgery. While CSPH diagnosis and risk 
stratification might also be performed by imaging/laboratory 
studies or by endoscopy, currently, there are no adequate 
alternative means to monitor the response to NSBB therapy. 
While some patients might be readily excluded from major 
hepatic surgery by considering signs of hepatic impairment 
(i.e. ascites or jaundice), measurement of HVPG represents 
an important predictor of postoperative complications and 
mortality in patients without overt signs or symptoms of 
compromised liver function. In order to provide a personal-
ized treatment approach to patients with ACLD, pharmaco-
logical therapy should be monitored by HVPG and more 
invasive treatment options (such as TIPS) may be considered 
in patients not achieving hemodynamic response, especially 
in patients that have already experienced variceal bleeding or 
other events of hepatic decompensation, such as ascites. 
Clinical trials evaluation potential treatment options for 
patients. With ACLD will likely include HVPG measure-
ments as an integrative readout of pharmacological effects 
on fibrosis (static component) and on vascular function 
(functional component) in portal hypertension.

 Self Study

 Questions

 1. Which statement(s) are true?
 (a) Normal portal pressure is present at an hepatic venous 

pressure gradient (HVPG) of maximum 5 mmHg.
 (b) Clinically significant portal hypertension (CSPH) is 

defined as HVPG of ≥10 mmHg.
 (c) Variceal bleeding is mainly observed in patients with 

HVPG values between 5 and 10 mmHg
 (d) Development of ascites only occurs if HVPG has 

risen to values of ≥15 mmHg
 (e) A hemodynamic response is defined a decrease in 

HVPG to normal values.
 2. Which of the following treatments does not decrease por-

tal pressure?
 (a) Non-selective betablockers propranolol and nadolol
 (b) l-ornithine l-aspartate
 (c) Carvedilol
 (d) Nitrates, such as ISMN
 (e) Somatostatin

 3. Which of the following statements related to the descrip-
tion of an accurate measurement of HVPG is not 
correct?
 (a) Measurement of HVPG should be performed under 

fastened conditions
 (b) Balloon catheters rather than straight catheters should 

be used for measurement of HVPG
 (c) HVPG can be measured under general anesthesia and 

ventilation to increase patient comfort
 (d) Correct position of the catheter should be confirmed 

by X-ray and dye injection
 (e) Jugular veins and femoral veins can be used for 

venous access for HVPG measurements

 Answers

 1. Which statement(s) are true?
Statements (a) and (b) are true.

 2. Which of the following treatments does not decrease por-
tal pressure?
Option (b) l-ornithine l-aspartate does not decrease por-
tal pressure, but is used to treat hepatic encephalopathy.

 3. Which of the following statements related to the descrip-
tion of an accurate measurement of HVPG is not correct?
Answer (c) is wrong, since most drugs used for general 
anesthesia affect portal pressure and thus, prevent  
a correct measurement of “awake”  =  “true” 
HVPG. Ventilation induced pressure thoracic pressure 
changes that affect both abdominal pressure and 
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venous pressures and also impact on HVPG.  Thus, 
HVPG should be measured either under local anesthe-
sia or should only used low- dose midazolam (0.02 mg/
kg bodyweight) sedation.
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Liver Biopsy for Histopathology

Horst Kinkel and Francisca Blanca Călinescu

39.1  Introduction

Liver biopsy is the most common procedure performed in 
clinical hepatology, being in effect for many years. Paul 
Ehrlich is credited with performing the first percutaneous 
liver biopsy in 1883 in Germany [2]. Schüpfer [3] in 1907 
published the first liver biopsy series.

Due to technological advancements and the widespread 
use of diagnostic imaging modalities in current clinical prac-
tice focal liver lesions are increasingly being discovered. 

Differentiation of these lesions is considered to be critical for 
determining treatment options. In this regard, histological 
assessment of the liver, liver biopsy remains a cornerstone in 
the evaluation and management of patients with liver dis-
ease. Despite that sensitive and relatively accurate blood 
tests used to detect and diagnose liver disease have now 
become widely available, liver biopsy will remain a valuable 
diagnostic tool. It has currently three major roles: (1) diagno-
sis, (2) assessment of prognosis (disease staging), and/or (3) 
to assist in making therapeutic management decisions.

Several techniques may be used to obtain liver tissue. 
These include a percutaneous method, a transvenous (tran-
sjugular or transfemoral), an endoscopic (transgastric) 
approach as well as intra-abdominal biopsy (laparoscopic or 
laparotomic). While in case of percutaneous approach ultra-
sound guidance is the favored modality, computed tomogra-
phy (CT), magnetic resonance (MR) and fusion imaging 
techniques have all been used [4].

The purpose of this chapter is to summarize the current 
practice of liver biopsy with an emphasis on the indications, 
contraindications, technique and risk of complications.

39.2  Indications

The utility of routine liver biopsy has been the subject of 
debate in the last years. Until recently, liver biopsy played a 
key role in the evaluation of chronic liver disease, but now 
due to the development of sensitive and specific tests for 
diagnosis of several chronic liver diseases (serology, genetic 
screening), development of non-invasive assessment of 
fibrosis using serum tests and/or by physical methods such as 
pulsed elastography [5], its role has to be re-evaluated.

In order either to differentiate liver diseases, quantify dis-
ease activity or the fibrotic or cirrhotic changes, biopsy is 
useful in the following setting (Table 39.1).

For more detailed information on specific liver diseases, 
see Table 39.2.
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Key Concepts
• Liver biopsy is indicated when the expected amount 

of information obtained exceeds the risks related to 
the procedure, when the diagnosis required for 
establishing a prognosis cannot be obtained without 
pathological examination of the liver, and finally, 
when the treatment decision depends on pathologi-
cal results [1].

• Liver biopsy is an uncomplicated and safe method 
in the hands of an experienced examiner.

• The ultrasound-assisted liver biopsy is inexpensive 
and consumes the least resources compared to CT 
and MRI.  Therefore, ultrasound-assisted liver 
biopsy should be the method of choice.

• For liver biopsy, written consent should be obtained 
from the patient and the patient should be moni-
tored for at least 6 h after biopsy. Reduced physical 
effort is recommended after biopsy for at least 
10–14 days.
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39.2.1  Parenchymal Liver Diseases

For parenchymatous liver disease, histological evaluation in 
primary diagnosis and follow-up is crucial (Tables 39.1 and 
39.2). Neither imaging techniques nor serological parame-
ters can reliably quantify disease activity and the patient’s 
prognosis that depends on the extent of the remodeling pro-
cess (fibrosis, cirrhosis).

In acute viral hepatitis, the diagnosis is usually serologi-
cal (anti-HAV-IgM, anti-HEV-IgM; HbsAg, if positive anti- 
HBc- IgM and HBV-DNA; anti-HCV, if positive HCV-RNA; 
anti-DHV IgM in acute B hepatitis; EBV-IgM by clinical 
suspicion as well as CMV-Ak and CMV-DNA in immuno-
suppression). Histological validation is only in exceptional 

cases necessary, when beside acute viral hepatitis is another 
cause of liver damage suspected (for example, previously 
known chronic hepatitis with suspected superinfection, 
known alcohol abuse, autoimmune hepatitis). However, if 
there is a fulminant course with impending liver failure, the 
timely puncture may be important for estimating the progno-
sis, as liver transplantation remains the only therapeutic 
option in the, albeit rare, necrotizing form. In case of increas-
ing jaundice, rapid decrease of transaminases, hepatic 
encephalopathy and devastating clinical picture, transcutane-
ous puncture is contraindicated due to the risk of bleeding 
(Table  39.3). For histological necrosis assessment, a tran-
sjugular puncture can then be selected, as the risk of relevant 
bleeding is significantly lower.

In hematochromatosis, the diagnosis can be made sero-
logically. The low gene penetrance requires liver biopsy in 
suspected other cause of liver damage (e.g., non-alcoholic 
steatohepatitis NASH). The suspicion of higher-grade fibro-
sis or cirrhosis should be histologically clarified. This also 
applies to hepatic porphyria and α1-antitrypsin deficiency. In 
Wilson’s disease, the diagnosis must be histologically con-
firmed in case of doubt. In advanced stages, a new puncture 
may be necessary to determine cirrhosis, especially before 
transplantation.

Table 39.1 Indications for liver biopsy

Indications
For diagnostic 
purposes

• Multiple parenchymal liver diseases
• Abnormal liver tests of unknown etiology
•  Focal or diffuse abnormalities on imaging 

studies
For prognostic 
purposes

•  Staging of known parenchymal liver 
disease

Therapeutic 
conduit

•  Developing treatment plans based on 
histologic analysis

Diagnosis Staging Prognosis Treatment
Hepatitis B --- ++++ + +
Hepatitis C --- ++ + ---

++ --- ++ +

Autoimmune hepatitis ++++ ++++ + ++++
Primary biliary cirrhosis ++ ++++ ++ ++
Primary sclerosing cholangitis + + --- +
Overlap Syndrome ++++ ++++ + ++
Caroli Syndrome +++ --- + ---
Vanishing bile duct syndrome +++ --- + ---
Veno-occlusive disease ++++ + --- ---
Budd–Chiari syndrome --- --- --- ---
Porphyria +++ --- ++ ++
Alpha1-anti-trypsin deficiency +++ ++ ++ ---

Glycogen storage disease +++ +++ + ---
Wilson’s disease +++ +++ ++ ---
Iatrogenic/toxic injury +++ ++ + +
Non-alcoholic steatohepatitis ++++ +++ ++ ++
Alcoholic steatohepatitis + +++ ++ +
Osteomyelofibrosis +++ --- --- ---
Hemochromatosis + + --- ---
Focal lesions

• Hepatocellular carcinoma
• Liver-cell adenoma
• Metastases

+++ --- + +

+ --- --- ---

+++ --- --- +

Post-orthotopic liver transplantation ++++ +++ ++ +++

--- irrelevant; + occasionally relevant; ++ usually relevant; +++ in most cases relevant; ++++ highly relevant

Acute viral hepatitis in case of fulminating clinical
course and impending liver failure

Table 39.2 Main advantages of 
liver biopsy with respect to the 
etiology of liver disease

H. Kinkel and F. B. Călinescu
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Primary biliary cirrhosis (PBC) is diagnosed serologi-
cally (AMA); the histological evaluation of the activity and 
the stage of the disease has additional prognostic signifi-
cance (extension of medicamentous therapy, preparation for 
transplantation), so that a liver puncture is justified. 
Autoimmune hepatitis should be punctured before start of 
therapy then regularly for the evaluation of therapy effi-
ciency. Histological evaluation is also recommended before 
end of therapy.

While in Budd-Chiari syndrome, the occlusion of the 
great hepatic veins can be adequately assessed with Doppler 
sonography, the diagnosis of a veno-occlusive disease can 
only be made histologically.

In chronic hepatitis C and B, the histological staging of 
viral hepatitis (for example, according to the Desmet- 
Scheuer- Score) provides an additional decision criterion in 
treatment planning, as higher-grade fibrosis causes a poorer 
response to interferon therapy. Assessment by an experi-
enced pathologist will also reveal aspects that may be impor-
tant in the clinical management of patients. (e.g., changes 
due to frequent additional NASH with the need for weight 
reduction).

In non-alcoholic steatohepatitis (NASH), we routinely 
use transcutaneous liver biopsy for differential diagnosis and 
staging (Table  39.2). Alcohol-induced hepatitis is usually 
revealed by the patient’s history and does not require regular 
biopsy.

39.2.2  Focal Liver Lesions

Focal liver changes are a common puncture reason not least 
because of the question of metastasis of different tumor enti-
ties in the liver. Due to the high diagnostic accuracy of con-
trast ultrasound [6], however, the proportion of biopsies has 
decreased (estimated at 5–10%).

39.2.2.1  Benign Lesions
Hemangiomas and focal nodular hyperplasia (FNH) are 
the most common benign liver tumors that occur more fre-

quently in women [7]. Most of these are sufficiently clear 
and they do not require a biopsy, differentiation however 
between focal nodular hyperplasia and fibrolamellar liver 
carcinoma can be difficult. Puncture is indicated only in 
patients with a history of tumors and unclear imaging 
findings. This also applies to the much rarer liver ade-
noma. For larger adenomas, the indication for resection is 
due to the risk of rupture of up to 30% [8]. Here, in con-
sultation with the surgeon, a preoperative biopsy could be 
decided.

39.2.2.2  Malignant Lesions

Metastases
Cytological fine needle aspiration of metastases in patients 
with known tumor disease is often sufficient to confirm 
malignant histology. However, if no primary tumor is known 
or if a primary liver tumor is assumed, histology must be 
performed, possibly by a coarse needle puncture.

If liver metastases are initially diagnosed without the 
knowledge of the primary tumor (CUP syndrome), biopsy of 
the metastases may be a therapy guiding finding and should 
therefore be used generously and early. The immunohisto-
logical differentiation is extremely helpful.

Primary Liver Tumors
Sonographic imaging of cholangiocellular carcinoma (CCC) 
is difficult and often only possible with the use of echo con-
trast enhancers. A cytological-histological examination can 
be carried out in the context of the endoscopic examination 
(ERCP: endoscopic retrograde cholangiopancreatography) 
when the bile duct system is invaded. In the palliative situa-
tion, a transcutaneous biopsy of a CCC can also be per-
formed [9, 10], whereby we usually perform a fine needle 
biopsy.

In the cirrhotic liver the incidence of hepatocellular car-
cinomas (HCC) is high in comparison with metastases. 
Due to the friable structure of the cirrhotic liver tissue, 
obtaining a good punch cylinder is difficult, but particu-
larly important for the pathologist in this situation, since 
the differentiation of regenerative nodules, dysplastic nod-
ules and highly differentiated hepatocellular carcinomas is 
already difficult [8].

Contrast-enhanced ultrasound assures a better visualiza-
tion of the cirrhotic liver allowing a better differentiation of 
focal lesions. If a HCC with potential resectability is sus-
pected, in particular in the case of positive Alpha-fetoprotein 
(AFP) biopsy [11, 12] may be considered.

CEUS guided Biopsy allows a better differentiation of 
necrotic poorly perfused areas within a focal lesion. In prin-
ciple, a puncture should be performed from the marginal area 
of a lesion, and the puncture of strongly vascularized areas in 
larger lesions should be avoided.

Table 39.3 Contraindications to percutaneous liver biopsy

Absolute
  • Severe coagulopathy
  • Infection of the hepatic bed
Relative
  • Ascites
  • Morbid obesity
  •  Infection in the right pleural cavity or below the right 

hemidiaphragm
  • Suspected hemangioma or other vascular tumor
  • Hydatid disease (Echinococcal cysts)
  • Unavailability of blood transfusion support
  • Uncooperative patient
  • Extrahepatic biliary obstruction

39 Liver Biopsy for Histopathology



454

39.3  Contraindications

Specifying contraindications to liver biopsy is difficult, con-
sidering the scarcity of data in this area. It depends on the 
biopsy approach, operator/physician experience and 
 available local expertise. For this reason, most of the listed 
contraindications are considered to be relative (Table 39.3).

39.4  Biopsy Technique

There are different approaches for obtaining liver tissue: per-
cutaneous, transjugular, laparoscopic and intraoperative, 
each having advantages and disadvantages. The biopsy tech-
nique is chosen on the basis of the indication, risks and ben-
efits in the individual patient.

39.4.1  Percutaneous Liver Biopsy (PLB)

The most common approach for collecting a liver sample is 
percutaneous LB.

A variety of needles are available for percutaneous LB; 
they are classified into suction needles (Menghini, Klatskin, 
Jamshidi), cutting needles (Tru-cut, Vim-Silverman) and 
spring loaded needles that have a triggering mechanism. The 
choice of a specific needle type depends in part on local prac-
tice. Cutting needles usually produce a larger sample and are 
less likely to result inadequate specimens than are suction 
needles, but they present a higher complication rate [4]. 
Recently developed shark core needles are used with supe-
rior results compared to classical needles [14].

In order to justify risks of the procedure, care must be taken 
to ensure specimen adequacy. The size of the specimen is 
extremely important for accurate diagnosis and some patholo-
gists recommend up to 11 complete portal triads for adequacy 
[15–17]. The American Association for Study of liver diseases 
(AASLD) recommends a 16-gauge biopsy of 2–3 cm in length 
for the diagnosis, grading and staging of diffuse, non-neoplas-
tic parenchymal disease [13]. Due to the ease of penetration, 
we prefer ultrasound-assisted puncture technique with the 
Menghini needle (Hepafix Luer Lock, Braun 18 Gauge/1.2 mm, 
needle length 88 mm, 45° bevel angle).

Percutaneous liver biopsy may be undertaken in one of 
three ways, namely palpation/percussion guided, image 
guided (US, CEUS, MRT, CT), and real-time image guided 
(fusion technique).

39.4.1.1  Ultrasound-Guided Percutaneous LB
Ultrasound-assisted and ultrasound-guided liver puncture is 
the most cost-effective puncture method and requires the 
least resources. The advantage of sonography is that the nee-
dle path can be continuously monitored and controlled.

In the ultrasound-assisted puncture technique, a puncture 
mark is set on the skin after sonographic mapping of the 
liver. Thereafter, the biopsy needle is inserted without US 
control. The ultrasound-assisted puncture has replaced the 
blind liver puncture. This method is suitable for biopsy in 
parenchymatous liver diseases.

For focal liver lesions and difficult puncture conditions, an 
ultrasound-guided puncture should be performed. In the so-
called freehand technique, the needle is guided with one hand 
and the transducer with the other. Under sonographic control, the 
needle is directed into the focal lesion to be punctured (Fig. 39.1a).

Key Concepts
• Despite improvements in serological and radiologi-

cal techniques, liver biopsy is still the most reliable 
way to diagnose diffuse hepatic disease and hepatic 
nodules.

• Liver biopsy should be considered in patients in 
whom diagnosis is in question, and when knowl-
edge of a specific diagnosis is likely to alter the 
management plan.

• Liver histology is an important adjunct in the man-
agement of patients with known liver disease, par-
ticularly in situations where information about 
fibrosis stage may guide subsequent treatment; the 
decision to perform liver biopsy in these situations 
should be closely tied to considerations of the risks 
and benefits of the procedure.

• Liver biopsy can be used to assess the degree of 
activity of an inflammatory process and the extent 
of fibrosis.

• Liver biopsy is very important as a means of secur-
ing the initial diagnosis of autoimmune diseases 
affecting the liver, including autoimmune hepatitis 
(AIH), primary sclerosing cholangitis(PSC), mixed 
forms with features of both AIH and PSC “overlap 
syndrome”, and primary biliary cirrhosis (PBC).

• Among all diagnostic methods for hepatic nodules, 
liver biopsy has the greatest sensitivity and specific-
ity with respect to the determination of malignancy.

Key Concepts
• Uncooperative patients should undergo the proce-

dure under general anesthesia or via the transve-
nous approach.

• In patients with clinically evident ascites a transve-
nous approach should be opted.

• Real time image guidance or CEUS guidance should 
be used in patients with identified vascular lesions.

• The decision to perform liver biopsy in the setting 
of abnormal hemostasis parameters should be eval-
uated at the local practice, considering that there are 
no specific PT/INR and platelet count cutoff values 
above which potentially adverse bleeding can be 
reliably predicted [13].
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In the needle-guided puncture, the needle is mounted in a 
needle holder attached to the ultrasound probe (Fig. 39.1b). 
At a predetermined variable angle, which is visible in the 
ultrasound monitor, the needle is guided into the target region 
under continuous visualization. Alternatively, a puncture 
probe can be used (Fig. 39.1c). Here, the needle is inserted 
through the transducer itself under continuous visualisation.

39.4.1.2  CT-Guided and MRT-Guided 
Percutaneous LB

Computed tomography (CT)- and Magnetic-resonance- 
tomography (MRT)-guided biopsies are less frequently per-
formed in current practice. This is because they are more 
time consuming, CT is associated with radiation exposure, 
and they tie up resources being more expensive.

Both CT and MRT offer a very good anatomical resolu-
tion and are recognized methods for guiding punctures. The 
problem, however, is that many of the lesions can be better 
detected only over a short period of time and then become 
isointense to the surrounding liver parenchyma, whereby 
only a short time window is suitable for a puncture.

The localization and puncture of liver lesions, especially 
in the liver segments 7, 8 and 4a, by means of ultrasound is 
in many cases difficult. Among other things, this localization 
may be challenging due to superimposition of intestinal gas 
or ribs. CT-guided puncture can overcome these limitations. 

By means of fluoroscopy, continuous visualization of the 
needle is also possible in CT.  A major disadvantage of 
CT-guided interventions, however, is the radiation exposure 
for the radiologist and patient.

Since MRT offers a very good tissue differentiation and 
good vascular visualization, it makes possible to safely punc-
ture subphrenic or upper retroperitoneal located lesions.

A problem with MRI-controlled punctures is the tubu-
lar design of MRI devices, which severely limits access to 
the patient. Although the first open MRI systems have 
been in clinical use since 1987, they are still not widely 
available.

39.4.1.3  Fusion Technique
Fusion imaging is an exciting new application in US-guided 
Liver biopsy. It is a technique that fuses two different imag-
ing modalities. In the field of hepatic intervention, real-time 
US is usually fused with other imaging modalities such as 
CT, MRT or PET-CT in order to enhance US soft tissue dif-
ferentiation. This allows direct comparison of volumetric 
data from prior imaging (CT/MRT/PET) with real-time US 
images to evaluate specific areas of interest [18–20].

Limitations of the technique are that it requires technical 
training for the user and is operator dependent, requires 
US-machines to be compatible with fusion techniques and 
can be time consuming.

a

d e

b c

Fig. 39.1 Punction techniques. (a) Freehand; (b) mounted needle guide; (c) puncture transducer; (graphic by S. Tugendheim); (d) biopsy of dif-
fuse parenchymal lesion; (e) puncture of a focal liver lesion
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Although results are promising further studies and more 
widespread training with this technique are necessary.

39.4.2  Transjugular Liver Biopsy (TJLB)

TJLB eliminates the need to traverse the peritoneal cavity 
and puncture the liver capsule. It offers a safer biopsy option 
in a number of specific situations: massive ascites, coagu-
lopathy (prothrombin time greater than 3 s over the control 
value, thrombocytopenia <50,000/m3, INR >1.5), morbid 
obesity, a small cirrhotic liver, suspected vascular tumor as 
well as patients in whom PLB has failed [21].

TJLB as any other method can be followed by particular 
complications, including hemorrhage, subcapsular or neck 
hematoma and ventricular arrhythmia. The complications 
rate ranges between 0% and 20% [22]. The major drawback 
of TJLB is the size of the biopsy specimens obtained; they 
are generally smaller and more fragmented than those 
obtained by PLB. With regard to technical success rate there 
is no significant difference between TJLB and other tech-
niques [23].

TJLB should be attempted only by a skilled interventional 
radiologist or physician due to its more time-consuming 
nature, use of intravenous contrast and the need for a dedi-
cated fluoroscopy suite.

39.4.3  Surgical/Laparoscopic biopsy (SLB)

In many circumstances, a surgical or laparoscopic approach 
is applied because the liver is noted to be abnormal in appear-
ance prior to planned surgery or at the time of surgery. 

Biopsy can be performed either with typical needle devices 
or by wedge resection. While intraoperatively obtained liver 
biopsies have the added advantage of obtaining adequate tis-
sue sampling under direct vision, with immediate control of 
bleeding, they are suboptimal for assessment of liver fibrosis 
and inflammation. Other advantages are the ability to evalu-
ate for potential extrahepatic spread of malignancy. The 
major disadvantages are cost and the added risk of 
anesthesia.

39.5  Post-biopsy Monitoring

Several studies indicate that most major complications occur 
within 2 h post procedure [24, 25]. While most major com-
plications present acutely, delayed hemorrhage may occur 
later. In our institution, the current practice post procedure 
(Fig.  39.2) includes observation in the subacute care unit 
(SACU) for 6 h with assessment of vital signs every 15 min 
in the first hour, then every 30 min for 2 h and every hour for 
further 4 h. Beside vital signs and blood pressure, Hb values 
are determined minimum two times until discharge. We 
strongly recommend a 24 h surveillance.

39.6  Complications

As an invasive procedure, LB can cause complications that 
may present intra- as well as early or late post-procedural, 
and are due to the needle insertion in the hepatic area of 
interest (Table  39.4). Among these, the most common is 
pain, occurring in up to 84% of patients [26]. Hemorrhage 
(intrahepatic, intraperitoneal or intrapleural-hemothorax) 

Indication for
biopsy

Prior imaging
studies

History and physical
examination <30 d

CBC with platelet
count > 50.000/m3 PT, aPTT INR > 1,5 4 hour fast

Discontinue
medication

Plavix
7-10 days prior

OAK
5-7 days prior

Admit to SACU

Perform biopsy

observe for
complications

TA, ECG, CBC (Hb)

Obtain informed
consent

Heparin/SMWH
6-12 h prior

Reduced physical activity
Presentation in case of pain

Discharge with instructions

Fig. 39.2 Algorithm for 
performance of PLB followed 
at our institution
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occurs less frequently, but is the most important complica-
tion. Severe bleeding is usually evident within 2–4 h post- 
procedural, but late hemorrhage can occur even one week 
after biopsy. The results of a prospective study have shown 
that the overall risk of major bleeding and death due to per-
cutaneous US-guided intra-abdominal procedures is very 
low, 0.43% and 0.05% respectively [27]. Rare complications 
are also hemobilia, pneumoperitoneum and infection.

 Self Study

 Questions

 1. When is there an indication for liver puncture?
 (a) Liver biopsy should be performed to exclude paren-

chymal damage in every case of elevated liver func-
tion tests

 (b) Biopsy is useful only for chronic liver disease
 (c) The method of choice is CT-guided hepatic puncture
 (d) Hepatic puncture is associated with a relatively high 

risk and should therefore be limited.
 (e) If hepatic metastases are suspected by an unknown 

primary tumor, a liver biopsy should be carried out 
early.

 2. Which statement is wrong?
 (a) Written patient consent should be obtained prior to 

liver biopsy.
 (b) The diagnosis of Budd-Chiari syndrome requires a 

liver biopsy.
 (c) A liver biopsy can be performed while taking ASA.
 (d) The most common complication of liver biopsy is 

pain.
 (e) In the hands of an experienced examiner, sonographic 

liver biopsy is a low complication method.

 Answers

 1. When is there an indication for liver puncture?
e. By histological confirmation and, in particular, immu-

nohistochemical support, the pathological finding can 
in the majority of cases either delimit or definitively 
differentiate the primary tumor.

 2. Which statement is wrong?
b. Atresia of the large liver veins can be clearly diag-

nosed by sonography or CT imaging. Liver biopsy is 
not required.
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40.1  Principles of Liver Ultrasonography

Ultrasonography uses sounds of frequencies ranging from 1 
to 20 MHz, which are transmitted as pulses inside the body, 
echoing back to the transducer; further processing trans-
forms these pulses into images [1]. The transducer is respon-
sible for converting electrical energy into sound waves and 
then re-converting the echoes into electrical signals. The 
depths of the tissues analyzed is determined by the amount 
of time the waves take to return to the transducer. By sending 
repeated pulses, a two-dimensional image is generated [2].

The echoes are generated by acoustic interfaces which 
reflect the sound waves. These interfaces appear at the contact 
zone between two surfaces with different acoustic impedances 
(proportional to the density of the tissue and the velocity of the 
waves within the tissue). As the acoustic impedance difference 
between two tissues grows, the quantity of sound waves 
reflected (and the echo) is higher. In case of bones or gases, the 
acoustic impedance difference related to other tissues is so 
high, that all the waves are reflected and thus tissues beyond 
that surface are not visible on ultrasonography [1].

The amplitude of the echoes given by different structures 
is transformed into a scale from white to black, where whiter 
shades represent higher amplitude echoes. The whiter the 
images, the more dense the tissue. Terms used to describe 
this “density” are anechoic (echo-free structures), isoechoic, 
hypo and hyperechoic [1]. The larger the distance the sound 
waves travel in the tissue until they are reflected, the more 
the waves are weakened (attenuated). Doppler sonography is 
used to evaluate dynamic structures (such as blood flow) in 
real time. Color Doppler sonography superimposes a color- 
code flow on top of the grey-scale imaging, showing flow 
direction and estimating flow velocity [1].

An important disadvantage of ultrasonography is the 
presence of artifacts, due to the interaction of sound waves 
and tissue, such as acoustic shadowing, multipath reflection 
artifacts or comet-tail artifacts. Using non-linear sound in 
tissue harmonic imaging is a newly developed ultrasonogra-
phy technique resulting in less artifacts [2].

New technical advances have led to the development of 
small, portable ultrasound machines that can be used any-
where; thus ultrasonography can become an extension of the 
clinical examination [2]. Table 40.1 summarizes the advan-
tages and disadvantages of using ultrasonography in the 
evaluation of the liver.

Frequency selection in ultrasonography is a key aspect in 
obtaining high quality images. Low frequency sounds are 
used for deep tissues (such as large livers), while high 
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Key Concepts
• The frequency used in liver ultrasonography is 

3–7 MHz
• Low frequency sounds are used for deep tissues 

(such as large livers), while high frequency sounds 
are used for high resolution images of superficial 
structures

• Liver size over 16 cm is considered hepatomegaly
• Ultrasonography is the first imagistic approach in 

patients with focal liver lesions

Table 40.1 Advantages and disadvantages of ultrasonography

Advantages Disadvantages
Cost-effective Operator-dependent
Accessible Possible artifacts due to:

  – Superimposed structures
  –  Inadequate preparation for the 

examination
Real-time evaluation Poor images for deep structures
High resolution images 
when using new techniques

Poor quality images in obese patients 
or with deposit diseases

Non-invasive, non- 
irradiant, non-toxic

Inaccessible in patients with 
cutaneous lesions
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frequency sounds are used for high resolution images of 
superficial structures. In general, the frequency used in liver 
ultrasonography is 3–7 MHz [2].

For a good quality image, the patient must have fasted for 
a minimum of 6 h prior to the investigation, in order to avoid 
emptying of the gall bladder and artifacts due to intestinal 
gases. The patient needs to be positioned supine and in left 
lateral decubitus for better visualization [3]. Difficult to see 
areas are those above the costal margin, the lateral segment 
of the left lobe and the anterior subdiaphragmatic regions 
[4]. The most commonly used acoustic window is subcostal, 
with intercostal windows used complementarily. Generally, 
the large curved linear transducer is used, with small sector 
transducers used for supplemental imaging in difficult-to- 
access areas.

The evaluation protocol of the liver includes assessment 
of size, capsular contour, parenchymal echogenicity, vascu-
larization, biliary tree, potential masses or collections [3].

40.2  Normal Liver Ultrasonography

Due to its dimensions and location, the liver requires several 
incidences to perform a complete ultrasonographic evalua-
tion (Fig. 40.1). For an extensive view, the incidences used 
are subcostal and intercostal, with the left lateral decubitus 
and left posterior oblique positions for supplemental access. 
Points of interest in liver ultrasonography are the size, echo 
texture and surface [3].

40.2.1  Liver Size

Liver volume is poorly estimated by diameter measuring. 
However, comparison to previous examinations is always 
helpful in assessing the evolution of liver diseases. The typi-
cal measurement of the liver is from the liver dome (under 
the right hemi diaphragm) to the tip of the right lobe, with the 

probe placed in a mid-clavicular position. While normal val-
ues range depending on age, body size and congenital varia-
tions of liver segmentation, a dimension of over 16  cm is 
considered hepatomegaly [5]. Another sign of liver enlarge-
ment is the blunting of the inferior liver edge (best seen in the 
right lobe), which is normally sharp.

40.2.2  Liver Echostructure

To determine the normal aspect of the liver, a comparison to 
the renal cortex is required. Normally, the liver is isoechoic 
or slightly hyperechoic compared to the renal cortex. If there 
appears to be an abnormal mass or a diffuse liver disease, a 
comparative split screen image of Liver/Kidney and Spleen/
Kidney should be obtained, as the standard assessment of the 
liver echotexture [6].

40.2.3  Liver Surface

The integrity and regularity of the liver capsule is highly rel-
evant in the diagnosis of liver disease. This is evaluated by 
placing a high frequency linear probe intercostally, thus 
obtaining images of the anterior surface of the right lobe. 
The normal capsule appears as a fine continue hyperechoic 
line surrounding the liver. Occasionally, one can opt for a left 
lateral decubitus or left posterior oblique position to obtain 
better images [7].

40.2.4  Liver Vascularization

Particular sites of interest in evaluating liver vascularization 
are the liver hilum and the drainage of hepatic veins into the 
inferior vena cava. The images for porta hepatis are acquired 
from a subcostal position, while the patient is inhaling 
deeply, with the transducer placed parallel to the portal vein 

a b cFig. 40.1 Position of the 
transducer (drawn in yellow) 
in liver ultrasonography. (a) 
The transducer is moved 
longitudinally from the 
xiphoid process to the right. 
(b) Transverse scan in the 
epigastrium. (c) Intercostal 
scans
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(parallel to the left costal arch) [7]. The portal vein and its 
branches have hyperechoic walls and can easily be distin-
guished in the parenchyma [8].

If the transducer is angled cranial, the confluence of the 
splenic vein and superior mesenteric vein appear in the 
image. From this position, three hypoechoic structures can 
be identified. The inferior vena cava is obliquely sectioned, 
and anterior to it the portal vein can be visualized. More 
anteriorly, the common bile duct and the hepatic artery are 
seen (Fig. 40.2). Normal diameters of structures measured 
from this position are:

 – Portal vein: less than 13 mm.
 – Common bile duct: less than 6 mm.
 – Hepatic veins (peripheral): less than 6 mm.

Dilatation of the portal vein is suspected when the diame-
ter (measured perpendicular to the longitudinal axis) is over 
15 mm. This is a clear sign of portal hypertension. The hepatic 
artery needs to be visualized from the bifurcation to the celiac 
axis and the portal vein to the porto-splenic confluence [3].

After cholecystectomy, the common bile duct party acts a 
new bile reservoir; due to this, its diameter increases, reach-
ing up to 9 mm (in normal cases). A dilated bile duct can no 
longer be recognized by possessing the smallest caliber, but 
only by its location (directly anterior of portal vein). It is 
important to analyze the entire length of the common bile 
duct to visualize any potential intraductal gallstones, proxi-
mally until the porta hepatis and distally until the duodenal 
ampulla [5].

After the liver hilum has been evaluated, the examination 
of the liver should continue from transverse and subcostal 
oblique images (parallel to the right costal arch). This posi-
tion is preferable for the exploration of hepatic veins and 
their confluence with the inferior vena cava. The normal 
value of the diameter of a hepatic vein is less than 6 mm. The 
measurement needs to be taken under caval collapse while 
the patient forces inspire [3]. However, anatomic variants 
and the proximity to the vena cava can lead to false measure-
ments. The typical example is in patients with right-sided 
heart failure, with dilated vena cava and dilated proximal 
hepatic veins, who have normal diameters of the peripheral 
hepatic veins [7]. Another aspect to consider is the presence 
of vascularization in the liver periphery. Normally, the vas-
culature is constantly present throughout the liver paren-
chyma, except in patients with cirrhosis, who have diminished 
peripheral vascularization. Also, normal hepatic veins have a 
straight course, are joined at an acute angle and can be traced 
distally to the periphery of the liver [7].

If there are abnormalities in the liver echostructure or if 
there is a clinical suspicion of hepatitis or cirrhosis, Doppler 
analysis of the portal and hepatic veins is required. Parameters 
to monitor are the peak velocity and flow direction in the 
portal vein and the waveform pattern in the hepatic arteries. 
The normal flow velocity in the portal vein ranges from 12 to 
25 cm/s [3]. In liver transplant recipients, a velocity of over 
40 cm/s may indicate vessel stenosis. The normal waveform 
in the hepatic veins is triphasic; if the wave is mono or bipha-
sic, it is a sign of low liver compliance, associated with cir-
rhosis but also other causes. Otherwise, if there are highly 
pulsatile waveforms, they may be a sign of right-sided heart 
failure [9].

40.3  Pathologic Aspects in Liver 
Ultrasonography

40.3.1  Diffuse Liver Disease

Diffuse liver diseases have a large variety of causes, from 
fatty liver disease and acute or chronic hepatitis, to deposit 
disorders leading to fibrosis and cirrhosis [10].

Table 40.2 summarizes the potential ultrasonography 
aspects in different diffuse hepatopathies.

Fig. 40.2 Structures in the hepatic hilum: portal vein (blue arrow), 
hepatic artery (red arrow), common bile duct (green arrow), inferior 
vena cava (white arrow)

40 Liver Ultrasonography
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40.3.1.1  Fatty Liver
Fatty liver disease is one of the most frequent hepatopathies 
worldwide, with a growing incidence. Risk factors for fatty 
liver disease include the metabolic syndrome, use of birth 
control pills, use of steroids, and abuse of alcohol. It has 
been proven recently that patients with fatty liver disease are 
prone to the development of liver cirrhosis and hepatocel-
lular carcinoma, non-alcoholic fatty liver disease represent-
ing about 10% of all indications for liver transplant in the 
USA [11].

The histologic definition of fatty liver disease is based on 
a minimum of 30% fatty infiltration of hepatocytes. 
However, the diagnosis can be made by non-invasive evalu-
ations, including serologic evaluation of liver cytolysis, 
Fibroscan® or ultrasonography. For long, ultrasonography 
has proven its sensitivity and specificity in the diagnosis of 
fatty liver [12–14].

Technically, the liver is first evaluated on transverse and 
subcostal incidences, in deep inspiration, then sagittally. Due 
to the prolonged duration of the investigation, several breath-
ing pauses are required. The suggested technique is to evalu-
ate the left liver lobe with a continuous scan up to the inferior 
vena cava during deep inspiration, followed by a normal 
breathing period during which the transducer is moved from 
the midline to the right middle clavicle line. Afterwards, the 
patient is again asked to take a deep breath and the evaluation 
of the right liver lobe is performed. Measurement of the liver 
is done during inspiration; for enlarged livers, the transducer 
should be angled superiorly and inferiorly to encompass the 
entire liver [3].

Ultrasonography reveals a “bright” liver parenchyma (as 
compared to the renal echogenicity), with increased reflec-

tivity and usually an enlarged liver (Fig.  40.3). As such, 
there is a loss of acoustic signal in the deep segments [7]. 
The aspect is homogenous throughout the liver, however, 
there may be small areas of focal sparing, which may resem-
ble focal liver lesions [15]. Areas of fatty sparing are more 
often found anterior to the right portal vein and superior to 
the gallbladder; other locations are atypical and may require 
contrast-enhanced imaging techniques for proper evalua-
tion. On the other hand, there may be areas of focal steato-
sis; these appear more echogenic and may form geographic 
configurations. Importantly, adjacent vessels are not dis-
placed—this is useful in the differential diagnosis to focal 
liver lesions [16]. Another important aspect encountered in 
fatty liver disease is the loss of prominence of intrahepatic 
portal vein branch walls. Furthermore, due to the high echo-
genicity of the liver parenchyma, the diaphragm may not be 
visualized [17].

Table 40.2 Short presentation of diffuse liver disease

Diffuse disease Ultrasonography aspect
Fatty liver disease Hyperechoic liver with fatty 

infiltration
Accentuated posterior attenuation

Acute and chronic 
hepatitis

Possibly hypoechoic
Signs of portal hypertension in 
fulminant hepatitis
Lymph nodes in the hepato-duodenal 
ligament

Acute and chronic hepatic 
congestion

Distended hepatic veins
Ascites

Vascular disorders Budd Chiari syndrome
 –  Hyperechoic nonhomogeneous 

areas
 –  Enlargement of the caudate lobe
Osler’s disease
  – Ectatic vessels

Fibrosis Coarse and uneven internal echoes
Cirrhosis Irregular surface

Signs of portal hypertension

Fig. 40.3 Ultrasonography aspect of fatty liver disease, showing a 
hyperechoic parenchyma with posterior attenuation
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40.3.1.2  Acute Hepatitis
Acute hepatitis can be caused by viral or bacterial infections, 
or by toxic ingestion (including medication). Ultrasonography 
in this case reveals a hypoechoic liver, typically described as 
“dark liver” or “starry sky” [16]. The reduced reflectivity of 
the liver causes the portal tracts to be more enhanced than 
normal. Furthermore, the liver is enlarged, with rounded 
margins and there may appear edema of the gallbladder wall. 
Occasionally, in fulminant hepatitis, there may be ascites. 
This appears as an intense hypoechoic mass, without clear 
delimitations, mobile with the patient’s position. If there is 
supra-infection, the ascites may have hyperechoic structures 
within, suggesting fibrin deposits [18].

The presence or absence of fatty liver disease influences 
the ultrasonographic aspect of acute hepatitis. A liver with 
low fat content may appear hypoechoic (like in acute 
 hepatitis), but there are no secondary signs; the correlation to 
clinical and biological parameters is very important in this 
case. On the other hand, fatty liver disease already appears 
hyperechoic on ultrasonography, therefore superimposed 
acute hepatitis may not be directly visualized and associated 
signs should be assessed.

40.3.1.3  Chronic Hepatitis
In chronic hepatitis, there is increased liver echogenicity, 
coarsely heterogenous throughout the parenchyma. 
Occasionally, enlarged lymph nodes may appear in the liver 
hilum or periportal [16]. Areas of periportal fibrosis may be 
translated into an increased periportal reflectivity. Advanced 
cases may present regenerative nodules, hypertrophy of the 
left lobe with atrophy of the posterior right lobe and a patent 
para-umbilical vein.

40.3.1.4  Hepatic Congestion
The hallmark sign for liver congestion, both acute and 
chronic, is the distension of the inferior vena cava accompa-
nied by the distension of hepatic veins. The inferior vena 
cava is noncollapsing during inspiration. With the progres-
sion to cirrhosis, slow and undulating flow in the portal vein 
is observed in color Doppler assessment. Also, the inferior 
edge of the liver may be blunted. Late in the evolution, asci-
tes is nearly always present [5] (Fig. 40.4).

40.3.1.5  Fibrosis and Cirrhosis
Liver cirrhosis may appear in the evolution of all chronic 
liver disease. The most common causes include chronic hep-
atitis B and C, alcoholic and non-alcoholic fatty liver dis-
ease, metabolic disorders (hemochromatosis, Wilson’s 
disease); some causes of cirrhosis may remain cryptogenic 
despite extensive evaluation [19]. The diagnosis of cirrhosis 
is based on serologic signs (signs of impaired liver function 
like hypoalbuminemia, hypofibrinogenemia, increased coag-
ulation times, thrombocytopenia) and imagistic findings. 

Liver biopsy is still the gold standard for the diagnosis of 
cirrhosis, especially in early stages or in patients without rel-
evant risk factors [20]. Several histology scores have been 
validated for the staging of fibrosis (Table 40.3).

The ultrasonography aspect of cirrhosis is characteristic, 
comprising elements of liver parenchyma, portal circulation 
and associated organ anomalies. Nevertheless, these ele-
ments may vary according to the degree of liver damage and 
are quite subtle in the early stages, with more obvious and 
severe changes in the late stages [22].

In the early stages, ultrasonography reveals hepatomegaly 
with a rounded inferior edge and coarse hyperechogenicity, 
similar to that seen in fatty liver disease. However, in the late 
stages, the liver may have reduced dimensions, appearing as 
“shrunken liver”. Also, the fourth segment appears narrower 
and the caudate lobe is enlarged. Normally the transverse 
diameter of the fourth segment is 43 ± 8 mm in non-cirrhotic 
patients, while cirrhotic patients have a diameter of 
28 ± 9 mm [23]. The echo-structure is non-homogenous and 
coarse, and regeneration nodules may appear, which give the 
irregularity of the liver surface (Fig. 40.5). The intrahepatic 
portal vein branches have irregular caliber and the hepatic 
veins appear compressed by fibrosis, while the hepatic arter-
ies are prominent and have a pseudo double barrel aspect. 
The peripheral vasculature becomes rarefied. The gallblad-
der wall is thickened (by portal hypertension) and frequently 
gallstones are visible. A wall thickness of over 4  mm is 

Fig. 40.4 Ultrasonography aspect of dilated hepatic vein (red arrow) 
and dilated inferior vena cava (white arrow), signs of hepatic 
congestion
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highly suggestive of cirrhosis and correlates well to the Child 
Pugh score [24]. Further signs of cirrhosis are given by the 
portal hypertension, which will be discussed in Sect. 40.3.3.

Ultrasonography is also the imagistic method of choice in 
the diagnosis of ascites, a frequent sign of cirrhosis decompen-
sation. It can detect small volumes of ascites as narrow echo-
free spaces located perihepatic or perisplenic (as opposed to 
abdominal percussion, which detects moderate to large vol-
umes of ascites) [19]. If hyperechoic structures appear within 
the echo-free space, this is a sign of spontaneous bacterial 
peritonitis; the definitive diagnosis is made by paracentesis 
and cell count of the ascites. Yet again, ultrasonography can be 
used to determine compartments of ascites (formed after peri-
tonitis, surgery or repeated paracentesis) and to guide the para-
centesis to the place most accessible and suitable.

40.3.2  Focal Liver Lesions

Ultrasonography is usually the primary method of detection 
of focal liver lesions whether benign or malignant, and it is 
also the method of choice for screening in patients with risk 
factors for developing liver masses. Usually, finding a liver 
lesion frequently opens a large range of differential diagnosis, 
which take into account imagistic aspects, serology markers 
and the risk factors for specific medical conditions [25].

Histologically, focal liver lesions can be divided into 
malignant or benign lesions, each with its own cellular con-
tent and aspect. Frequently, contrast enhanced imaging tech-
niques (ultrasonography, computer tomography or magnetic 
resonance) and even biopsies are required for a clear diagno-
sis (Table 40.4).

Table 40.3 Histological classification systems for evaluating the stage 
of fibrosis [21]

Stage of 
fibrosis HAI (Knodell) Ishak Metavira

0 No fibrosis No fibrosis No fibrosis
1 Portal fibrosis Fibrosis of isolated portal 

areas with or without 
short septa

Portal 
fibrosis

2 n. d. Increased fibrosis in most 
portal areas with or 
without short septa

Portal 
fibrosis with 
scattered 
septa

3 Portoportal or 
portocentral 
septa

Portal fibrosis with 
portoportal septa

Numerous 
septa 
without 
cirrhosis

4 Cirrhosis Portal fibrosis Cirrhosis 
with marked 
porportoportal or 
portocentral septa

Cirrhosis

5 n. d. Marked septum 
formation (portoportal or 
portocentral) with some 
nodule formation 
(incomplete cirrhosis)

n. d.

6 n. d. Probable or definite 
cirrhosis

n. d.

n. d. not defined
This chapter is distributed under the terms of the Creative Commons 
Attribution 3.0 License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly 
cited
aOnly validated in chronic hepatitis C

Fig. 40.5 Ultrasonography aspect of cirrhotic liver: reduced dimen-
sions and nodular structure, irregular contour (red arrow)

Table 40.4 Types of focal liver lesions

Benign Malignant
Liver cysts
 – Simple cysts
  – Traumatic cysts
  – Echinococcal cysts
  – Abscesses
  – Biliary cysts

Rare tumors
  – Embryonal sarcoma
  – Hepatoblastoma
  – Fibrolamellar carcinoma
  – Hemangioendothelioma
  – Rhabdomyosarcoma

Calcifications Hepatocellular carcinoma
Focal fatty infiltration/fatty 
sparinga

Cholangiocarcinoma

Hemangioma Carcinoid tumors
Focal nodular hyperplasia Liver metastases
Lipoma
Angiomyolipoma
Hamartoma
Hepatocellular adenoma
Hemangioendothelioma
Hematoma
Liver infarction

aSee previous section
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The following will discuss the ultrasonography aspects of 
the most common focal liver lesions.

40.3.2.1  Benign Focal Liver Lesions

Liver Cysts
Incidental liver cysts are found in 3% of performed ultraso-
nographies. The imagistic criteria for defining a cyst are: 
spherical configuration, with a smooth outline, clearly 
defined from the surrounding parenchyma, with echo-free 
interior and distal acoustic enhancement. Finding of over 
10–15 cysts defines a polycystic liver [26]. If cysts are pres-
ent in other organs (kidneys, spleen, pancreas), this may 
raise the suspicion of a genetic condition (for example the 
Hippel-Lindau syndrome). Large cysts of over 5–10 cm can 
be associated with a cholestatic syndrome and treatment may 
be required.

The differential diagnosis for simple cysts comprises the 
rare early cystic metastases, from melanoma, lymphoma, 
carcinoid tumors, carcinomas of the ovary or esophagus, 
cystadenocarcinomas. A definite diagnosis frequently 
requires diagnostic aspiration.

The hydatid cyst is a particular case, where several daugh-
ter cysts are found within a large cyst with a hyperechoic rim 
[27] (Fig. 40.6). In some cases, the membranes of the daugh-
ter cysts rupture and flow within the main cyst, forming a 
honeycomb structure.

Liver abscesses can appear secondary to prolonged 
immune suppressive therapy, in patients undergoing inter-
ventions such as biliary drainage, liver biopsy, transarterial 
chemoembolization, or as septic metastases from other sites, 
mainly abdominal (for example diverticulitis). The lesion is 
difficult to observe in early stages (an important posterior 

enhancement associated with clinical signs of infection). As 
the disease progresses, the lesion is hypoechoic, better 
defined and may contain gas, depending on the causative 
microorganism [28]. The evolution may be complicated by 
portal vein thrombosis (Fig. 40.7).

Hemangiomas
These are the most common type of benign liver nodules, 
consisting of distended capillaries, with a lacuna-like aspect, 
with slow blood flow. There are five times more cases 
described in women, possibly in relation to hormonal 
imbalances.

The typical aspect is of an intensely echogenic tumor with 
smooth margins, compared to a snowball. An inflow or out-
flow vessel is usually observed. If hypoechoic structures are 
seen within, there may be thrombosis or fibrosis of the ves-
sels. Calcifications can also be present. There is a rim of nor-
mal hepatic tissue between the liver surface and the 
hemangioma [29] (Fig. 40.8).

Liver Cell Adenoma
Adenomas are epithelial tumors, also affecting preponder-
antly women, with a clear connection to the use of steroids. 
They contain hepatocytes, portal areas and bile ducts and 
they can be difficult to distinguish histologically from nor-
mal liver parenchyma or hepatocellular carcinoma. The 
ultrasonographic aspect is variable, ranging from hypoechoic 
(usually) to complex echostructure or without any delimita-
tion from the surrounding normal tissue. Contrast imagistic 
methods and biopsy are required for diagnosis [25].

Focal Nodular Hyperplasia (FNH)
FNH is a benign hepatic tumor, also influenced by the use of 
corticoid therapy. It appears frequently in women between 

Fig. 40.6 Hydatid cyst in the posterior liver segments 6 and 7, under-
neath the diaphragm, measuring 9/10 cm, with liquid content, delimited 
by a 5 mm wall with decollated internal membrane and multiple daugh-
ter cysts

Fig. 40.7 Liver abscess (red arrow) in the right liver lobe, with a 
hypoechoic center (green arrow) suggesting necrosis
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the ages of 20 and 50 years old. The ultrasonographic aspect 
is non-specific; small lesions are homogenous, while lesions 
larger than 3 cm can present a stellate scar; Doppler ultraso-
nography may reveal a wheel spoke pattern, given by the 
arteries present in the connective tissue septa [30] (Fig. 40.9).

40.3.2.2  Malignant Focal Liver Lesions

Hepatocellular Carcinoma (HCC)
HCC is one of the most common malignant tumors world-
wide, due to its causality related to chronic viral hepatitis. It 
frequently appears in cirrhotic patients, but cases on normal 
liver parenchyma have been described. High-risk patients are 
those with chronic hepatitis B and C, alcoholic cirrhosis, 
non-alcoholic fatty liver disease and hemochromatosis [31]. 

Many international guidelines have specific recommenda-
tions for the screening and monitoring of these patients 
(Fig. 40.10 and Table 40.5).

HCC may appear as a solitary or multifocal lesion, without 
calcifications, often ill-defined. Correlation between tumor 
markers (chiefly alpha-fetoprotein) and contrast enhanced 
imaging techniques can replace biopsy in some cases 
(Table  40.5). On ultrasonography, HCC has echo free and 
echo-rich areas, with a mosaic pattern. Color Doppler can 
reveal signals at the periphery or in the interior of the tumor 
[33]. If the internal flow signals are pulsatile, there is a high 
probability of HCC (a continuous spectrum in the interior sug-
gests more likely regenerative nodules or adenomas). Portal 
vein thrombosis can accompany an HCC nodule, but thrombo-
sis of the hepatic veins is rare (Fig. 40.11) [34].

Cholangiocarcinoma (CCC)
CCCs are classified according to localization, as peripheral 
and hilar tumor. Tumors located in the liver hilum often 
appear just indirectly, as congestion of the bile ducts [35]. 
Most tumors appear a single, homogenous, hypoechoic 
mass, with ill-defined margins and poorly reflective 
(Fig. 40.12). It is surrounded by dilated bile ducts, which end 
abruptly in the tumor. Occasionally, a tumor is intraluminal 
or causes focal thickening of the bile duct wall, resulting in 
stenosis in the absence of a mass. Generally, portal vein 
thrombosis is rare [36].

Liver Metastases
Metastases are some of the most common etiologies of liver 
tumors. Depending on the origin, they have a variety of 
aspects [3]. Nodular micro metastases and diffuse infiltration 
of the parenchyma are invisible on ultrasonography. Nodular 
normoechoic metastases can be differentiated due to liver 
surface irregularity or displacement or compression of ves-
sels. Patients may also present map-like infiltration. Focal 
liver metastases may appear as:

 – Anechoic with posterior enhancement
 – Hypoechoic with or without a rim
 – Echogenic with or without a rim
 – Complex echo-structures
 – With scars or calcifications or necrosis.

The detection of an echo-free rim surrounding a slightly 
more echogenic center is highly suggestive for a metastasis. 
Liver determination of lymphomas usually appear diffusely 
infiltrative or localized and echo-poor (which can be con-
fused with a metastasis from melanoma or from breast can-
cer). Hyperechoic metastases may appear in gastrointestinal 
primary tumors; a “bull’s eye” aspect has been described in 
this case, with an echo-poor rim, echogenic ring and echo- 
poor interior.

Fig. 40.8 Liver hemangioma (red arrow): a hyperechoic homogenous 
structure

Fig. 40.9 Focal nodular hyperplasia (red arrow)
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40.3.3  Vascular Related Pathologies 
of the Liver

40.3.3.1  Portal Hypertension and Portal 
Thrombosis

Portal hypertension frequently appears in association with 
the progression of liver disease, but it can also be related to 
other conditions, such as Budd Chiari syndrome, extrinsic 
compression, myeloproliferative disorders.

The most important sign of portal hypertension is the 
enlargement of the portal vein diameter over 15 mm, mea-
sured before the bifurcation [2]. There are several other signs 
of portal hypertension found on abdominal ultrasonography 
(Fig. 40.13) [7]. In late stages, the portal vein undergoes a 
cavernomatous transformation, which is a counter-indication 
for several therapeutic procedures in patients with HCC.

Portal vein thrombosis can appear in the evolution of liver 
cirrhosis (as a complication of portal hypertension) or in 
association with abdominal malignancies, mainly hepatocel-
lular carcinoma. The ultrasonography in this case reveals 
hyperechoic material in the portal lumen, with the absence of 
color on Doppler interrogation [37] (Fig. 40.14). Contrast- 
enhanced ultrasonography can be useful to distinguish 

between a malignant and benign thrombosis, a very impor-
tant aspect in the prognosis of the patients (see Chap. 42).

40.3.3.2  Budd-Chiari Syndrome
Budd Chiari syndrome defines an obstruction of the hepatic 
venous outflow. Primary causes include pro-coagulant states 
(myeloproliferative disorders, Factor V Leyden mutation, 
genetic deficit of protein C and S, hormonal factors) result-
ing in venous thrombosis, while secondary Budd Chiari syn-
drome appears in conditions associated with extrinsic 
compression of hepatic veins or tumor invasion. In order for 
the disease to become clinically manifest, two or more 
hepatic veins must be occluded [38].

Ultrasonography reveals absence of imaging of the 
hepatic veins and tumor-like parenchymal non- homogenicity 
(Fig. 40.15). Progression of the disease causes portal hyper-
tension, with its specific signs.

40.3.3.3  Veno-Occlusive Disease
This is a disease of the small intrahepatic veins, occurring 
usually after chemotherapy but also as a result of pro- 
coagulant states [9]. In the acute phase there is no out-flow in 
the hepatic veins, they remain patent but the blood only 

Nodule
on US

< 1 cm

Repeat US at 3 months

Stable

Yes YesNo

HCC

NoBiopsy

Arterial hypervascularity AND
venous or delayed phase washout

Arterial hypervascularity AND
venous or delayed phase washout

Growing/changing
character

Investigate
according to size

4 phase MDCT/ contrast
enhanced MRI

> 1 cm

Other contrast enhanced
study (CT or MRI)

Fig. 40.10 Diagnostic algorithm of AASLD guideline for nodule in 
patients at risk of HCC [32]. (© 2017 The Author(s). Licensee 
IntechOpen. This chapter is distributed under the terms of the Creative 

Commons Attribution 3.0 License, which permits unrestricted use, dis-
tribution, and reproduction in any medium, provided the original work 
is properly cited)
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Table 40.5 Comparison of EASL, AASLD, APASL guidelines, and LI-RADS [32]

EASL AASLD APASL JAPAN LI-RADS
Target population Cirrhosis Hep B carriers, 

cirrhosis
Cirrhosis only with Hep 
B or Hep C

All patients at high risk 
of HCC

All patients at high risk 
of HCC

Targeted lesion Detected nodule 
by US

Detected nodule 
by US

Detected nodule by US 
and elevated AFP

Detected nodule by US 
and elevated AFP, 
AFP-L3, DCP

All nodules

Imaging modality 4-phase MDCT, 
CE-MRI

4-phase MDCT, 
CE-MRI

CT, CEUS, SPIO-MRI CT, CEUS, Gd-EOB- 
DTPA-enhanced MRI, 
CT angiography

CT, MRI with 
extracellular and 
hepatobiliary agent

Diagnostic criteria Larger than 
1 cm

Larger than 
1 cm

Washout on PVP, DP or AP enhancement AP enhancement

AP 
enhancement

AP 
enhancement

High SPIO-MR signal 
or

Washout on DP Washout on PVP, DP

Washout on 
PVP, DP

Washout on 
PVP, DP

Defect in KP on CEUS Larger than 1 or 1.5 cm Capsule appearance

Regardless of the size
Number of required 
exam

≥2 cm: one 
exam

One exam One exam One exam One exam

1–2 cm: two 
exams

Serum marker N/A N/A Only for small nodules 
(<1 cm)

Yes N/A

Category of diagnosis HCC HCC HCC HCC LR-1 definitely benign
Not HCC Not HCC Not HCC Not HCC LR-2 probably benign
Indeterminate Indeterminate Indeterminate Indeterminate LR-3 indeterminate

LR-4 probably HCC
LR-5 definitely HCC
LR-5V definitely tumor 
invading vein
LR-M probably 
malignancy but not 
specific for HCC

Diagnosis of 
subcentimetre HCC 
without biopsy

No No Yes (tumor 
marker + imaging)

No Yes (probably HCC)

Biopsy required Yes Yes No Yes Yes (LR-4, LR-M)

AASLD Association for the Study of Liver Diseases, AFP alpha-fetoprotein, AP arterial phase, CHB chronic hepatitis B, CHC chronic hepatitis C, 
DP delayed phase, EASL European Association for the Study of the Liver, 4-phase MDCT +phase multidetector computerized tomography, 
CE-MRI contrast-enhanced magnetic resonance imaging, HCC hepatocellular carcinoma, KLCSG-NCC Korean Liver Cancer Study Group- 
National Cancer Center, LC liver cirrhosis, LI-RADS Liver Imaging Reporting and Data System, N/A not applicable, PVP portal venous phase, TP 
transitional phase, US ultrasonography, KP Kupfer
© 2017 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative Commons Attribution 3.0 License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited

Fig. 40.11 Hepatocellular carcinoma (red arrow) with malignant thrombus 
extending from the right hepatic vein to the inferior vena cava (green arrow)

Fig. 40.12 Intrahepatic cholangiocarcinoma, Doppler interrogation
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oscillates during respiration. The portal flow reverses and 
there is ascites and splenomegaly. The liver becomes fatty. 
As the patient improves the hepatic vein flow re-establishes 
and the portal flow returns to anterograde flow.

40.3.3.4  Osler-Weber-Rendu Disease
This is a rare hereditary disorder characterized by the 
development of multiple angiodysplasias. Ultrasonography 
of the liver reveals large corkscrew-like vascular malfor-
mation, with a hepatic artery tipically larger than 1 cm [9]. 

Complications include heart failure associated to large 
arterio- venous shunts and cirrhosis.

 Self Study

Questions

 1. Which statement is true:
 (a) The patient must fast for a minimum of 6 h prior to 

the investigation.
 (b) Low frequency sounds are used for deep tissues (such 

as large livers).
 (c) High frequency sounds are used for high resolution 

images of superficial structures.
 (d) The frequency used in liver ultrasonography is 

3–7 MHz.
 2. Which statement is true:

 (a) Renal cortex is a reference for normal aspect of the 
liver echostructure.

 (b) The normal capsule appears as a fine continue hyper-
echoic line surrounding the liver.

 (c) The normal flow velocity in the portal vein ranges 
from 12 to 25 cm/s.

 (d) The hallmark sign for acute/chronic liver congestion 
is the distension of the inferior vena cava accompa-
nied by the distension of hepatic veins.

 3. Which statement is true about ultrasonography in liver 
cirrhosis:
 (a) The liver appears hypoechoic.
 (b) The liver contour is irregular.
 (c) The portal vein has a diameter of over 15 mm.
 (d) The intrahepatic portal vein branches have irregular 

caliber.

5
6

4
1

3
7

2

8

Fig. 40.13 Ultrasonography signs of portal hypertension: (1) 
Splenomegaly; (2) Ascites; (3) Distension of the portal vein and drain-
age veins (splenic, superior mesenteric); (4) Porto-systemic collaterals; 
(5) Patent umbilical vein; (6) Thickening of the gastric wall; (7) 
Spontaneous spleno-renal shunt; (8) Thickening of the gallbladder wall

Fig. 40.14 Large portal vein thrombosis (red arrow) in a patient with 
thrombophilia and liver cirrhosis. Note the non-homogenous aspect of 
the liver parenchyma, with important posterior attenuation and irregular 
contour of the liver (green arrow)

Fig. 40.15 Budd Chiari syndrome in a patient with myeloproliferative 
disorder, with chronic alterations in the hepatic veins, as seen from lon-
gitudinal section of the right and caudate lobe
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 Answers

 1. Which statement is true:
 (a) CORRECT
 (b) CORRECT
 (c) CORRECT
 (d) CORRECT

 2. Which statement is true:
 (a) CORRECT
 (b) CORRECT
 (c) CORRECT
 (d) CORRECT

 3. Which statement is true about ultrasonography in liver 
cirrhosis:
 (a) FALSE
 (b) CORRECT
 (c) CORRECT
 (d) CORRECT
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41.1  Introduction

Endoscopy plays a vital role in the management of patients 
with hepatobiliary diseases. In recent time, endoscopy has 
undergone extensive improvement that expanded its role in 
the diagnosis and therapeutic interventions. This chapter will 
highlight role in endoscopy in management of hepatobiliary 
diseases.

41.2  Gastro Esophageal Varices

Portal hypertension is the initial and main consequence of 
cirrhosis which is responsible for majority of complications 
[1]. The gastroesophageal junction is the main site of forma-
tion of the varices, esophageal varices develop when hepatic 
vein pressure gradient (HVPG) is greater than or equal to 

10  mmHg [2]. All patients diagnosed with liver cirrhosis 
should be screened for esophageal varices [3]. Upper gastro-
intestinal endoscopy (UGIE) is most commonly used method 
to diagnose varices, as it provides direct visualization and 
enables to decide therapy by assessing the size and stigmata 
of recent bleed [3]. Current guidelines recommends repeat 
UGIE in 2–3 years if no varices are seen and in 1–2 years or 
earlier if patients shows any decompensation [1]. Esophageal 
varices are examined during endoscope withdrawal, with 
esophagus maximally inflated with air and stomach air com-
pletely aspirated [3]. The Baveno consensus and AASLD 
recommended that esophageal varices to be classified as 
small (<5 mm) and large (>5 mm) [1, 4]. Patients with large 
varices, CTP class C and red color signs on the varices carry 
highest risk for bleeding within 1 year [5].

Gastric varices are classified as Sarin’s classification 
(Fig. 41.1) [6, 7]:

• GOV1: Gastric varices extending 2–5 cm below the GE 
junction and in continuity with esophageal varices;

• GOV2: Gastric varices in the fundus and in continuity 
with esophageal varices;

• IGV1: Isolated gastric varices in fundus in absence of 
esophageal varies and

• IGV2: isolated gastric varices in body, antrum or pylorus 
of stomach.

41.3  Primary Prophylaxis

The incidence of formation of new varices is <5% per year, 
while varices increases in size with time at rate from 5% to 
30% per year depending on HVPG and ongoing liver 
injury [8]. The incidence of formation of new varices can 
be reduced with non-selective beta blockers compared to 
placebo [9]. Current guidelines do not recommend beta 
blockers for prevention of the development of new varices; 
such patients should undergo screening EGD every 
2–3 years [1, 4].
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Key Concepts
• Endoscopy plays vital role in management of liver 

diseases; it is not limited to management of 
varices.

• Capsule endoscopy and device assisted enteroscopy 
have shown to be effective in treating patients with 
obscure GI bleed including ectopic varices in 
patients with portal hypertension.

• ERCP in liver cirrhosis is safe and effective as com-
pared to surgical alternative in patients having pan-
creatobiliary diseases.

• Metabolic and bariatric endoscopy can be utilized 
to achieve required weight loss for management of 
NASH.
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Patients with compensated cirrhosis with small esopha-
geal varices (Fig.  41.2) without high risk features at EGD 
should undergo repeat EGD in 1–2 years [1, 4]. It is recom-
mended that patients with small esophageal varices with 
advanced liver disease (Child-Pugh class B or C) should be 
treated with non-selective beta-blockers and should undergo 
EGD yearly [10]. For patients with large esophageal varices 
(Fig. 41.3) and high risk features, endoscopic band ligation 
(EBL) is an alternative to NSBBs for primary prophylaxis in 
whom NSBBs are contraindicated or not tolerated due to 
adverse events. Several studies compared EBL with NSBBs 
for primary prophylaxis; meta-analysis of these studies 
showed that EBL is superior in reducing bleeding episode 
without survival benefits [11]. EBL requires several sessions 
at interval between 2 and 4 weeks and may result is post- 
EBL ulcers bleeding [1].

Similar to esophageal varices, annual bleeding risk from 
gastric varices depends on size, presence of red signs and 

degree of liver dysfunction which ranges from 4% in com-
pensated cirrhosis with small varices to 65% in patients with 
advanced liver diseases with red signs [12]. For prevention of 
first variceal bleed from gastric varices (GOV2 and IGV1), 
NSBBs can be used. Endotherapy is not recommended for 
primary prevention in gastric varices (GOV2 and IGV1), 
however for GOV1 recommendations of esophageal varices 
can be followed.

41.4  Acute Variceal Bleeding

Acute variceal bleeding (AVB) is a life threatening compli-
cation of portal hypertension and is a leading cause of death 
in patients with liver cirrhosis [1]. The therapeutic strategies 

Gastroesophageal varices (GOV)

Isolated gastric varices (IGV)

GOV1 GOV2

IGV1 IGV2

Fig. 41.1 Classification of gastric varices. (Adapted from Sarin clas-
sification [6]). Gastric varices in the presence of esophageal varices are 
defined as gastroesophageal varices (GOVs). Types 1 GOV (GOV1) are 
gastric varices that occur along the lesser curvature, whereas GOVs 
present along the fundus are defined as type 2 GOV (GOV2). Gastric 
varices with no concurrent esophageal varices as called isolated gastric 
varices (IGVs). IGVs are further classified into type 1 (IGV1) when 
they are present in the gastric fundus or type 2 (IGV2) if present else-
where in the stomach or first portion of the duodenum. GOV2 and IGV1 
are sometimes grouped together and referred to as ‘fundic varices’. 
GOV gastroesophageal varies, IGV isolated gastric varices. (From 
Kapoor et al. [7] with permission)

Fig. 41.2 Small esophageal varices

Fig. 41.3 Large esophageal varices
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should be directed towards reducing portal inflow, reducing 
portal pressure or compressing or obliterating the varices [1]. 
Variceal hemorrhage is defined as (a) active bleeding from 
esophageal or gastric varix (b) the presence of varices with 
an clot or fibrin plug or (c) the presence of large esophageal 
and/or gastric varices with blood in the stomach without any 
other recognizable cause of bleeding during EGD.

Management of AVB includes hemodynamic resuscita-
tion, prevention and treatment of complications and endo-
scopic therapy to control bleeding. Resuscitation, 
management of complications and pharmacotherapy will be 
described in other topics, in this topic details of endotherapy 
will be described.

EGD is the gold standard for diagnosis and treatment of 
variceal hemorrhage. EGD should be performed within 12 h 
of admission and once the patient is hemodynamically stable 
[1, 4]. There are two principal methods for management of 
esophageal varices—endoscopic sclerotherapy (EST) and 
endoscopic variceal band ligation (EBL).

EST, first described by Crafood and Frenckner in 1939 is 
a technique which uses flexible catheter with needle to inject 
a sclerosing agent either into the varix (intravariceal) or adja-
cent to the varix (paravariceal). Various sclerosant such as 
sodium morrhuate, sodium tetradecyl sulfate, ethanolamine 
oleate, polidocanol and absolute alcohol have been used. 
EST can achieve hemostasis by variceal thrombosis and/or 
tamponade due to surrounding edema. EST is cheap and 
easy to use. EST is associated with various adverse events 
which includes fever, chest pain, bacteremia, pleural effu-
sion, dysphagia due to esophageal stricture, post-EST ulcer-
ations. Post EST mortality is usually due to recurrent 
bleeding, perforation or sepsis [1].

EST is more effective than balloon tamponade or placebo 
and not superior to vasoactive agents. Due to major adverse 
events EST has been superseded by EBL.

EBL was first described by Stiegmann and Goff in 1989 
with 88% success rate in controlling AVB. This technique 
involves suction of a varix into hollow cylinder attached to 
end of the endoscope followed by placement of rubber 
band which ligates and strangulates the varix. Currently 
available devices can deploy multiple bands making proce-
dure faster and simple. Esophageal intubation with ligation 
device can achieved with flexion of neck, gentle pressure 
and slight torque of shaft of scope. Once scope is passed up 
to varix, tip of the scope is pointed towards it and continu-
ous suction is applied to red out appears inside the cap and 
at this point the band is applied. As the varix blood supply 
originate from gastro-esophageal junction (GEJ), EBL 
should be performed at GEJ first then upwards in circular 
fashion. The most common adverse events are chest pain 
and post banding ulcers.

EBL (Fig. 41.4) should be considered as gold standard 
endoscopic therapy for AVB from esophageal varix and 

EST should be reserved where EBL is technically unsuc-
cessful [1, 4].

Ten to twenty percent of patients with AVB will experi-
ence treatment failure or early rebleeding. Any bleeding that 
occurs >48 h after initial admission for variceal hemorrhage 
represents rebleeding. Rebleeding that occurs within 6 weeks 
of the onset of active bleeding is considered early rebleeding 
and later is called late rebleeding [1, 4]. Treatment options in 
setting of rebleeding include a second endoscopy, balloon 
tamponade, esophageal stent tamponade, trans-jugular intra-
hepatic porto-systemic shunt (TIPS) or a surgical shunt [1]. 
A recent systemic review and meta-analysis showed endo-
scopic esophageal SEMS placement for acute refractory 
esophageal variceal bleeding is 97% technically successful 
with 96% clinical success within 24 h [13].

41.5  Endoscopic Therapy for Gastric 
Varices

Gastric variceal bleed is less common than esophageal bleed. 
It develops in 20% of patients with portal hypertension. 
Gastric variceal bleed is generally more severe and is associ-
ated with higher morbidity and mortality than esophageal 
varices [1, 4]. GV should be classifies as per Sarin classifica-
tion which is described before. Risk of gastric variceal bleed 
is higher is IGV1 than GOV2 and GOV1 [6]. The therapeutic 
options for acute GVB include balloon tamponade, endo-
scopic therapies (cyanoacrylate glue, thrombin, EBL), radio-
logical therapies (TIPS and BRTO) and surgical procedures.

Endoscopy remains the initial treatment of choice. EBL in 
acute GVB is indicated for GOV1, which have shown similar 
rates of hemostasis and rebleeding to EBL for esophageal 
varices [14]. Endoscopic glue injection (Fig. 41.5) uses tissue 

Fig. 41.4 Endoscopic band ligation for active esophageal variceal 
hemorrhage
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adhesive such as n-butyl-2-cyanoacrylate which rapidly 
polymerizes when comes in contact with blood. In this tech-
nique, a disposable sclerotherapy needle is passed through 
working channel to puncture the varix. Cyanoacrylate is then 
injected into the varix in 1–2 ml aliquots followed by flush of 
saline as needle is withdrawn. Following injection, the needle 
should be withdrawn immediately to prevent adherence to the 
varix. Successful injection results in hardened feel of varix 
with blunt palpation. One to three injection are usually 
required to achieve variceal obliteration.

The major adverse events include thromboembolic events 
such as pulmonary embolism, cerebral stroke, portal vein 
embolization even deaths in rare cases [1]. Other adverse 
events includes needle entrapment in the varix, bacteremia or 
sepsis. Endosonography guided insertion of cyanoacrylate 
and/or coils is emerging therapy as an alternative to standard 
endotherapy which may have better safety [15].

If initial endoscopic therapy for acute GVB is failed or 
rebleeding occurs, then second attempt should be consid-
ered. If endoscopic attempts fail to control bleeding, rescue 
therapy with TIPS or BRTO should be done [1].

41.6  Secondary Prophylaxis

It is prevention of variceal rebleeding in patients who have 
survived an initial episode of variceal hemorrhage. The risk 
of rebleeding is high during the first 6 weeks; at about 20% 
between day 5 and day 42 [1, 4]. After this period, the risk of 
recurrent bleeding decreases to approximately the same as in 
patients on primary prophylaxis.

The available treatment options for secondary prevention 
includes pharmacotherapy, endotherapy, combination of 
pharmacotherapy and endotherapy, TIPS and surgical shunts. 

Current guidelines suggest combination of EBL plus NSBBs 
as the best available first line treatment for secondary pro-
phylaxis [1].

41.7  PHG and GAVE

Portal hypertensive gastropathy (PHG) and gastric antral 
vascular ectasia (GAVE) are other EGD findings in patients 
with liver diseases. Both can either remain asymptomatic or 
result in anemia from blood loss. It is essential to differenti-
ate between two as both can present in similar ways but hav-
ing different treatment options.

Portal hypertension is essential for development of 
PHG.  The prevalence of PHG ranges from 20% to 80% 
depending on severity of liver disease and previous EBL [1]. 
Pathologically PHG consists of vascular dilatation in the 
mucosa and submucosa without inflammation. The charac-
teristic findings on EGD include a snake-skin mosaic muco-
sal pattern with or without red spots mainly involving 
proximal stomach. PHG can be categorized as mild or severe 
depending upon extent of red spots on mosaic mucosa. 
Variceal eradication has been associated with the develop-
ment or worsening of PHG.  Before establishing PHG as 
cause of iron deficiency anemia, other causes must be ruled 
out. The mainstay therapy for PHG involves NSBBs and 
endoscopic therapy is of limited value.

GAVE (Fig. 41.6) typically causes chronic blood loss 
resulting into iron deficiency anemia. Apart from portal 

Fig. 41.5 Active gastric variceal hemorrhage being treated with endo-
scopic cyanoacrylate glue injection

Fig. 41.6 Video capsule endoscopy showing gastric vascular antral 
ectasia

N. Jagtap and D. N. Reddy



477

hypertension other conditions such as connective tissue 
disorders, bone marrow transplantation and chronic renal 
failure can have GAVE.  GAVE can be diagnosed endo-
scopically which typically involves antral region as angio-
ectatic red spots in the absence of mosaic mucosa. The 
longitudinal strips of red spots called as watermelon 
stomach. Histological findings include dilated vessels 
with smooth muscle hyperplasia and fibrin thrombi. 
Symptomatic GAVE is primarily treated with endotherapy 
which includes argon plasma coagulation (APC), laser 
therapy using Nd:YAG, radiofrequency ablation (RFA), 
cryotherapy and band ligation.

41.8  Capsule Endoscopy and Enteroscopy

The introduction of capsule endoscopy (CE) and enteros-
copy has revolutionized evaluation of small bowel for 
obscure gastrointestinal bleed. CE can detect mucosal 
changes of portal hypertensive enteropathy (PHE) in two 
third of cirrhotic patients. PHE related small bowel muco-
sal changes can be classified into four main types; red 
spots, angioectasias, small bowel varices (Fig. 41.7) and 
inflammatory like lesions [16]. Double balloon enteros-
copy in portal hypertension showed mucosal edema 
(73%), mucosal atrophy (40%), reddening of villi (47%), 
angioectasias (67%), dilated vessels (93%) and varices 
(7%) [17]. Balloon assisted enteroscopy can be used as 
therapeutic modality to manage ectopic varices.

41.9  Endoscopic Retrograde 
Cholangiopancreatography

ERCP is one of the main treatment modality for management of 
pancreatobiliary diseases. The safety and efficacy of ERCP in 
patients with liver cirrhosis is studied in few studies. Adler et al. 
demonstrated in 539 ERCPs that ERCP related adverse events 
were higher in CTP class B and C compared to CTP class A 
[18]. Endoscopic sphincterotomy might be safe for the patients 
with cirrhosis undergoing ERCP; advanced liver cirrhosis may 
be independent risk factor for post-ERCP adverse events [19]. 
ERCP can be considered for diagnosis of primary sclerosing 
cholangitis if MRCP plus liver biopsy is equivocal or contrain-
dicated in patients with suspected PSC. Current guidelines sug-
gested performing endoscopic treatment with ductal sampling 
of significant stricture identified at MRCP in PSC who have 
symptoms like to improve following endotherapy. It is recom-
mended that cholangiocarcinoma should be suspected in any 
patient with worsening cholestasis, weight loss, raised serum 
CA 19-9 and/or progressive dominant stricture [20].

41.10  Biliary Complications After Liver 
Transplantation

Biliary complications remain a major source of morbidity in 
liver transplant patients. Post liver transplant biliary complica-
tions include strictures (anastomotic and non- anastomotic), 
leaks, stones, recurrence of PSC [21]. For biliary leak, ERCP 
with stenting of bile duct has shown treatment success rate in 
85–100%. Similarly, anastomotic biliary strictures can be 
treated with ERCP and biliary stenting (single or multiple plas-
tic stents or covered metal stents) with or without balloon dila-
tation of stricture [22]. Non-anastomotic strictures are difficult 
to manage but treated similar to anastomotic stricture [21].

41.11  Metabolic and Bariatric Endoscopy 
for NASH

As weight loss is primary treatment of NASH, minimally 
invasive endoscopic bariatric procedures are being widely 
used for the same. Intra-gastric balloons have shown 
improvement in liver enzymes and histology [23]. The 
duodenal- Jejunal bypass liner improves biochemical param-
eters of NASH. Further studies in this area are warranted.

41.12  Conclusions

Without a doubt, the role of endoscopy in management of 
gastroesophageal varices, in prevention of bleeding and con-
trol of active bleeding is well established. Capsule endoscopy 
and device assisted enteroscopy has revolutionized concepts 

Fig. 41.7 Video capsule endoscopy showing ectopic small bowel 
varices
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of small bowel evaluation for obscure GI bleed. Furthermore, 
ERCP can be used to treat post liver transplant biliary com-
plications with safety and efficacy. Though, there are higher 
adverse events of ERCP in patients with advanced liver dis-
eases, it is more safe than surgical alternative in patients with 
cirrhosis having pancreatobiliary diseases.

 Self Study

 Questions

 1. Which of the following patients will have higher risk of 
variceal bleed?
 (a) Large varices
 (b) Presence of red wale sign
 (c) High CTP score
 (d) HVPG >20 mmHg
 (e) All of the above

 2. Which statement is true?
 (a) EST should be preferred to EBL
 (b) IGV1 can be managed with EBL
 (c) EST is reserved where EBL is not feasible or failed
 (d) Cyanoacrylate glue injection is not associated with 

pulmonary embolism

 Answers

 1. Which of the following patients will have higher risk of 
variceal bleed?

Answer is all of the above.
The risk of variceal bleed is higher in patients with 

larger varices, presence of red wale signs, cherry red 
spots, higher CTP class and HVPG more than 20 mmHg. 
These patients can be treated with primary prevention.

 2. Which statement is true?
Answer is EST is reserved where EBL is not feasible 

or failed.
EBL is preferred over EST as it is more safe and effica-

cious. EST is reserved for cases where EBL is not feasible 
due to small varices or poor visibility owning to active 
bleed and when EBL is failed to control bleed. 
Cyanoacrylate glue injection is associated with major 
thromboembolic events, even death.
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42.1  Introduction

Imaging actually plays a pivotal role in the diagnosis of liver 
diseases. Ultrasound (US), Computed Tomography (CT), 
and MR imaging (MRI) are daily used in the management of 
patients with liver abnormalities. Although contrast- 
enhanced US (CEUS) and MRI with hepato-biliary contrast 
media and diffusion-weighted sequences are increasingly 
used in the evaluation of hepatic diseases, CT remains the 
workhorse in this field [7, 20].

Over the last years substantial developments have been 
mapped out. In fact, with the advent of the spiral technology 
and multi-slice CT, there has been an exponential use of this 
technique. It may provide a large number of acquisition 
parameters and reconstruction modes. Furthermore multi-
phasic and multiplanar capabilities of multislice CT repre-
sent the added power of this modality [7].

CT plays a very important role in the diagnosis, staging, 
preoperative planning and follow-up of patients with hepatic 
diseases.

CT is associated with higher radiation exposure than con-
ventional radiography so, for each patient, exposure to ion-
izing radiation must be justifiable on the basis of the likely 
benefit.

The liver scanning protocol usually provides for a non- 
enhanced scan followed by enhanced acquisitions (acquired 
at different time-points after the intravenous administration 
of the iodine-based contrast medium) [7].

42.2  CT Technology Developments

Since the introduction of CT in a clinical scenario in 1974, 
this modality underwent a progressive and rapid improve-
ment in terms of both acquisition time and spatial resolution. 
CT provided sequential acquisition of axial slices until the 
advent of spiral technology at the end of 1980s. So, CT 
evolved from two-dimensional to three-dimensional tech-
nique. A further revolution happened when multi-slice or 
multi-detector CT (MDCT) was appeared on medical scene 
in 1992 (“dual slice” scanner) and in 1998 (“four slice” scan-
ner). From then the number of detectors has progressively 
increased: from 8-, 16-, 32-slices in the early 2000s until to 
64-, 128-, 256-, 320-, 512-, etc. slices in the last years. This 
continuous technological evolution caused a progressive 
reduction in acquisition time and an ever better spatial reso-
lution. With MDCT technology larger volume coverage can 
be obtained within one breath-hold time of the patient. Due 
to the increased number and reduced thickness of slices gen-
erated by MDCT, images should be evaluated by the radiolo-
gist on a dedicated workstation. This offers the opportunity 
to create reconstructed images with different algorithms 
(Multiplanar Reformation, Maximum Intensity Projection, 
Volume Rendering), that are particularly useful for the surgi-
cal planning. In this way diagnostic capability of the radiolo-
gist is also strengthened [11, 20].

Key Concepts
• Imaging of liver disease represents the diagnostic 

tool useful for guiding and confirming the clinical 
suspicion

• Multiphasic CT has a central role in the diagnosis 
of liver diseases

• CT scanning protocol should be optimized in order 
to answer to a specific clinical question

• For the diagnosis of liver diseases, it is essential to 
know what are the most common CT imaging 
features

• CT imaging usually allows to differentiate the most 
common benign and malignant liver diseases
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On the other hand, with MDCT there was a significant 
increase in radiation dose. For this reason various strategies to 
reduce dose have been employed modifying scanning param-
eters—such as tube potential (kV) and tube current (mA)—or 
personalizing protocols for individual patients or specific clin-
ical questions. Moreover, for multiphasic CT examinations 
there are new ways to reduce radiation exposure such as adap-
tive statistical iterative reconstruction (ASiR); it helps reduc-
ing patient dose while maintaining image quality [7, 20].

Further advances were obtained with the more recent 
introduction of Dual-energy CT.  It is based on the appear-
ance of different substances (calcium, iodine and so on) at 
two separates energy sets. It can generate virtual unenhanced 
images allowing a reduction in radiation dose. It also helps to 
distinguish iodine, calcium and acid uric crystal from soft 
tissues. This technique proved to be useful in the evaluation 
of hypervascular liver lesions, such as hepatocellular carci-
noma especially after treatment.

42.3  Hounsfield Units

Hounsfield units (HUs) are a unit without dimension univer-
sally used in CT to express CT numbers in a standardised 
form. HUs derive from a linear transformation of the mea-
sured attenuation coefficients. The mathematical transforma-
tion is based on the arbitrary definitions of air and water: 
radio density of distilled water at standard temperature and 
pressure (STP) is 0 HU, while radio density of air at STP is 
−1000 HUs. HUs are measured and utilised in a variety of 
clinical applications by the radiologists. For example the 
cysts demonstrate a content with attenuation values similar 
to water, approximately from 0 to +20 HUs. On the other 
hand, bone and all types of calcification show strong positive 
values of HUs (bone ranging from +400 to +3000) [7].

42.4  Liver Scanning Protocol

The use of iodinated contrast medium (ICM) is essential for 
diagnosis of liver diseases. Current guidelines recommend 
the use of a minimal dose of ICM necessary to obtain ade-
quate images for diagnosis. Theoretically, a complete liver 
examination should include a non-enhanced acquisition fol-
lowed by contrast-enhanced multi-phasic scans [11].

Non-enhanced acquisition is useful in detecting different 
component of liver lesions with high attenuation (calcifica-
tions, bleed, glycogen, iron, etc.) and with low attenuation 
(cystic lesions, fat, oedema, necrosis, air and so on). It is also 
useful for evaluating contrast-enhancement of hepatic lesions 
compared to hepatic parenchyma [7].

The use of contrast-enhanced CT with ICM has signifi-
cantly improved the accuracy of imaging diagnosis. The rapid 

development of CT technologies has led to an increase in 
worldwide usage of ICM. With the contrast-enhanced CT it 
is possible to localize a lesion increasing the contrast between 
the lesion and the surrounding hepatic parenchyma [7, 20].

The CT protocols must be established on the basis of the 
clinical question and of the diagnostic suspicion.

An hepatic mass will be hypodense, isodense or hyper-
dense in relation to the surrounding hepatic tissue in a spe-
cific phase of enhancement. Hypodense is defined when the 
density of the lesion is lower than that of surrounding hepatic 
parenchyma; isodense when the density is equal or very sim-
ilar, and hyperdense when the density is higher than that of 
hepatic parenchyma. So, it is important to understand the 
principal CT phases to answer the clinical question or to 
deepen a radiological finding [2, 13].

Important parameters are: volume and iodine concentra-
tion of the ICM, the injection rate (3–5 mL/s) and the scan-
ning delay from the intravenous injection of ICM [13].

Individual variations (body weight, heart rate, circulation 
time) can influence the time window, so we can use contrast 
agent bolus timing methods (bolus tracking or bolus test) in 
order to correct for differences them. Iodine dose should be 
increased with increasing body weight (BW) of individual 
patient. This can be assessed by multiplying the body weight 
with a constant amount of contrast per kg of BW keeping the 
iodine flow rate constant.

The rate of iodine injection and timing of contrast bolus 
primarily influence hepatic arterial enhancement; instead, 
venous phase enhancement is conditioned by total adminis-
tered dose of iodine.

Following the main enhanced CT phases are reported:

• Early arterial phase starting 15–20  s post intravenous 
administration of ICM or immediately after bolus 
tracking;

• Late arterial phase starting 35–40  s post intravenous 
administration of ICM or 15–20 s after bolus tracking;

• Portal-venous phase is performed 70–80 s post intrave-
nous administration of ICM or 50–60  s after bolus 
tracking;

• Delayed/equilibrium phase is performed 180–300  s 
after ICM injection or 160–280 s after bolus tracking;

• Ultra-delayed phase starting after 5–10 min after ICM 
injection.

However, in the daily clinical activity, all the six phases 
(non-enhanced, early arterial, late arterial, portal-venous 
phase, delayed/equilibrium and ultra-delayed) are not per-
formed in each patient, first of all for radiation exposure and 
uselessness in diagnosis.

In the early arterial phase the contrast is prevalently con-
fined in the arteries and has not well enhanced the liver. The 
early arterial phase allows to explore the arterial anatomy of 
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the patient and shows possible arterial anatomical variants 
that are information helpful for the surgeons. This phase is 
useful for patients who are candidates for liver transplanta-
tion, for complex hepatobiliary surgery, for trans-catheter 
arterial chemo or radio-embolization [7, 13].

With the late arterial phase all anatomical structures and 
lesions that have arterial supply enhance; in particular, all 
hypervascular lesions such as hepatocellular carcinoma 
(HCC), hypervascular liver metastasis, hemangioma (typical 
peripheral enhancement starting in this phase), adenoma and 
focal nodular hyperplasia are typically hyperdense. However, 
the usefulness of performing the early arterial phase and the 
late arterial phase is debated in the diagnosis of HCC; some 
authors report that the difference in sensitivity between the 
late arterial phase and the double arterial phase is not statisti-
cally significant in detecting HCC [15].

In the portal-venous phase there is the maximal difference 
in attenuation between the lesion and the enhanced surround-
ing liver parenchyma. With this phase most of primary and 
secondary malignant liver lesions are identified. They appear 
as hypodense lesions compared to the liver parenchyma. In 
fact, malignant tumours are vascularised by arterial system 
instead of liver parenchyma, predominantly ensured by por-
tal venous system [13].

The delayed/equilibrium phase is characterized by a 
reduction in attenuation between lesions and liver paren-
chyma. So, it is helpful in detecting and diagnosing liver 
lesions with prevalent fibrous component, such as cholangio-
carcinoma, cavernous hemangioma and diffuse liver fibrosis. 
These disease entities show a prolonged contrast enhance-
ment due to their fibrous tissue, appearing hyperdense com-
pared to liver parenchyma. For these entities it may be 
important to obtain an ultra-delayed phase in order to high-
light the progressive enhancement of the lesion and improve 
the diagnostic confidence [7, 13].

42.5  Benign Focal Liver Lesions

42.5.1  Hepatic Cystic Lesions

Simple hepatic cysts represent one of the commonest lesions 
involving the liver. They are developmental lesions without 
communication with the biliary tree, generally unilocular. 
They are benign entities, without malignant potential. They 
can be isolated or multiple. They are more often diagnosed in 
women and are usually asymptomatic. Their size is variable 
from few millimeters to several centimeters. They tend to 
grow in number and size with age. Rarely, due to regressive 
phenomena, they may decrease in volume [14, 20].

On non-enhanced CT scan the hepatic cysts appear as 
round or ovoid and have well-defined margins, with no evi-

dent wall. They demonstrate hypoattenuating content with 
attenuation values similar to water (less than 20 HUs). On 
enhanced CT scans (arterial, portal-venous, delayed phases), 
their density doesn’t change and their wall doesn’t show any 
enhancement (Fig. 42.1) [14, 20].

Polycystic Liver Disease is a hereditary condition char-
acterised by development of several cysts involving the liver, 
often found in association with renal polycystic disease. The 
cysts are generally large and multiple and determine a sig-
nificant enlargement of the organs involved. Spontaneous 
intracystic hemorrhage, infection and rupture may occur. On 
unenhanced CT scan some cysts can be hyperdense because 
of hemorrhagic content. Their density does not significantly 
increase after ICM injection [2, 13].

Caroli disease is a rare congenital autosomal recessive 
disorder. It belongs to group of entities resulting from abnor-
mal development of the ductal plates. The simple type of 
Caroli disease affects the large bile ducts, instead Caroli syn-
drome involve both the central intrahepatic bile ducts and the 
ductal plates of the smaller peripheral bile ducts. It can be 
diffuse, lobar or segmental. In 95% of the cases there are 
calculi in the cysts. Pre-contrast CT shows hypoattenuating 
cystic structures (generally do not exceed 2–3 cm in diame-
ter) that communicate with dilated intrahepatic biliary tree. 
A sign considered very suggestive of Caroli disease is the 
“central dot sign”; it consists in small dots within the dilated 
intrahepatic bile ducts with evident contrast enhancement, 
representing portal radicles. In 7% of cases it degenerates 
into cholangiocarcinoma [2].

Peribiliary cysts are multiple retention cysts of peribili-
ary glands. They appear as multiple cystic formations at the 
level of the periportal spaces (often at the level of biliary 
confluence) that do not show communication with the biliary 
tree. Most of them are found in patients with chronic liver 
disease and are benign. On CT continuous small cysts are 
typically identified along the portal veins reflecting the peri-
portal collar (Fig. 42.2) [2].

42.5.2  Benign Hepatic Tumors

Hepatic haemangioma is the most frequent benign hepatic 
tumour, much more common in women (F:M = 5:1). Usually, 
it is an incidentally detected lesion since the patient is nearly 
always asymptomatic. It has a congenital origin and it is 
prevalently of cavernous subtype. It can be solitary or mul-
tiple; it can have dimensions ranging from a few millimetres 
up to over 10 cm (giant haemangioma) [3, 12].

The imaging features of the typical cavernous haemangi-
oma are the following:

On non-contrast CT scan it is generally hypoattenuating 
relative to the surrounding liver parenchyma, whereas during 
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the arterial phase it shows peripheral globular enhancement 
with wreath-like appearance. On portal-venous phase a pro-
gressive centripetal enhancement of the lesion is observed 
and a complete filling is generally appreciable on delayed/
ultradelayed phase (Fig. 42.3).

In the case of the so-called “atypical” haemangioma these 
peculiar imaging CT features are not so easily recognizable. 
In the case of giant haemangioma we can have an incomplete 
filling of the lesion by ICM due to its fibrosis and/or necrotic 
component or to thrombotic phenomena [12].

Another type of haemangioma is the capillary haeman-
gioma. It is usually iso-/hypodense on unenhanced CT 
scan. On arterial phase it appears like a fleeting brilliant 
focus of enhancement (similar to the aortic enhancement in 
the arterial phase), whereas on the portal-venous and 
delayed acquisitions it retains the contrast and remains 

isodense or slightly hyperdense to the surrounding liver 
parenchyma (Fig. 42.4) [12].

Focal nodular hyperplasia (FNH) is the second most 
common benign liver lesion after haemangioma and it is usu-
ally treated conservatively. It is found mostly in young 
women. Typically it is an asymptomatic lesion. On unen-
hanced CT scan it commonly appears isodense or sometimes 
hypodense respect to the surrounding hepatic parenchyma. A 
hypoattenuating central scar can be seen in the lesion, espe-
cially in larger ones. On arterial phase FNH demonstrates a 
vivid contrast enhancement except for the central scar which 
doesn’t enhance (it remains hypodense). On the following 
phases it becomes hypo/isoattenuating respect to the liver. On 
ultradelayed phase the central scar shows contrast enhance-
ment becoming isodense and not recognizable (Fig.  42.5) 
[10, 13].

a b

c d

Fig. 42.1 (a–d) Simple cyst in the right hepatic lobe. CT shows a 
round-oval lesion in the VII–VIII segment with homogeneous hypoat-
tenuation on unenhanced scan (a). The wall is imperceptible and the 

cyst does not enhance after intravenous administration of ICM on the 
arterial (b), portal-venous (c) and delayed (d) phases
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Hepatic adenoma is a rare benign tumour of the liver 
with a strong prevalence in women, generally hormone- 
induced (mostly related to prolonged use of oral contra-
ceptives). It can bleed (causing hemoperitoneum) or can 
rarely degenerate into hepatocarcinoma. It is usually soli-
tary (80%), larger than 5  cm at the time of diagnosis, 
more frequently located in the right hepatic lobe. The 
surgical resection can be indicated in specific cases for 
the risk of hemorrhage and possible malignant transfor-
mation. On unenhanced CT scan it may be clearly 
hypodense due to its fatty component; sometimes it can 
present hyperdense areas inside for the presence of calci-
fications and/or hemorrhages. After ICM injection it 
shows a transient vivid enhancement, with reduction of 
density on the portal-venous and delayed phases (becom-
ing isodense). The differential diagnosis of this lesion 
with FNH can be very difficult on multiphasic CT and it 
is indicated the use of MR imaging with hepato-biliary 
contrast agents [10, 13].

42.6  Malignant Hepatic Tumours

42.6.1  Hepatocellular Carcinoma (HCC)

HCC is the most common primary malignant hepatic tumour 
(80–90% of cases) and occurs predominantly in patients 
with underlying chronic liver disease and cirrhosis. It devel-
ops from a regenerative nodule to a carcinoma through a dys-
plastic phase [9, 10, 13, 20].

The risk of tumour formation is higher in patients with 
chronic viral hepatitis, but nowadays there is an increased 
HCC incidence in patients with NAFLD (Non Alcoholic 
Fatty Liver Disease) associated with metabolic syndrome, 
diabetes and obesity. Other causes of liver cirrhosis are 
chronic alcohol abuse and genetic hemochromatosis.

Three main subtypes of HCC are reported:

 1. Nodular type (the most common), often characterized by 
multiple lesions;

a b

c d

Fig. 42.2 (a–d) Multiple hepatic peribiliary cysts. Fluid density, well- 
defined intrahepatic structures are appreciable at the level of the peri-
portal spaces around the liver hilum. They appear hypodense on 

unenhanced CT scan (a) with no significant enhancement on the arterial 
(b), portal-venous (c) and delayed (d) phases
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 2. Macronodulary type (often fibrolamellar type) occurring 
on healthy liver, usually single or with satellite malignant 
nodules, and often diagnosed late when they reach large 
dimensions;

 3. Diffuse or infiltrating type, characterized by multiple 
micronodules (<1  cm) scattered throughout the liver 
parenchyma with a cirrhotic-like appearance [5, 20].

Furthermore, small satellite HCC nodules can be identi-
fied near to the main tumour (representing intrahepatic metas-
tases) and show the same CT appearance of the main lesion.

At the baseline CT scan nodular and macronodular types of 
HCC are well defined and appear hypodense respect to the sur-
rounding hepatic parenchyma, sometimes with a central 

necrotic portion or focal adipose degeneration (with negative 
density values). Hyperdense foci are also present in case of 
calcifications and/or haemorrhage. On the other hand, the infil-
trative type has poorly defined margins. This type is sometimes 
isodense and is only visible for the dislocation of intrahepatic 
vessels and/or deformation of the hepatic margins [7, 13, 20].

After ICM administration late arterial, portal-venous and 
delayed phases are usually acquired. In late arterial phase 
there is a typical arterial enhancement; so, vital neoplastic tis-
sue (sometimes with a central necrotic hypodense portion) is 
clearly hyperdense for the rapid wash-in of contrast medium 
due to arterial neoangiogenesis. Early-stage HCCs might fail 
to enhance and cannot be distinguished on the arterial phase 
due to the lack of adequate vascular supply [7, 13].

a b

c d

Fig. 42.3 (a–d) Cavernous haemangioma in the left hepatic lobe. 
Unenhanced CT scan (a) shows a 7-cm-in-size lesion with smooth mar-
gins that is slightly hypodense respect to the surrounding parenchyma. 

On arterial (b), portal-venous (c) and delayed (d) phases the lesion 
demonstrates a characteristic progressive globular and centripetal 
enhancement that is isoattenuating to the vessels
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As just mentioned in the text, the early arterial phase is 
useful to map the arterial anatomy of the patient; the pres-
ence of possible anatomical variants is helpful for the sur-
geon and interventional radiologist.

In the portal-venous and delayed phases HCC is charac-
terized by a rapid contrast wash-out and so it becomes 
hypodense. Huge tumours can present a peripheral hyper-
dense fibrous capsule on delayed phases (Fig. 42.6).

The presence of tumour thrombi within the main branches 
of portal vein is crucial for the staging of HCC and repre-

sents a prognostic factor for the therapeutic management. 
Neoplastic thrombi show the same CT pattern of the main 
lesion appearing as solid masses with a characteristic wash-
 in and wash-out [4, 16].

Moreover, CT plays a pivotal role in tumour response 
assessment after surgery and loco-regional therapy (such as 
Radiofrequency ablation, TransArterial ChemoEmbolization 
and Selective Internal Radiation Therapy). Dynamic CT 
studies are able to detect persistent or residual tumour by 
identifying a nodular enhancing area within or peripherally 

a b

c d

Fig. 42.4 (a–d) Capillary “flash-filling” haemangioma in the right 
hepatic lobe. Unenhanced CT scan (a) demonstrates a centimetric sub-
capsular hypodense lesion in the IV segment. On arterial phase (b) the 
lesion shows homogeneous vivid enhancement similar to the aortic one. 

It maintains slightly hyperdense respect to the surrounding liver paren-
chyma on portal-venous (c) and delayed (d) phases, remaining isoat-
tenuating to the vessels (“blood-pool” features of the lesion)
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to the treated lesion, with the same pattern of the native 
HCC. At least, CT is also useful in identifying extrahepatic 
spread of the disease (lung, adrenal glands, lymph nodes, 
and bone are the most common sites) [8, 19].

42.6.2  Cholangiocarcinoma

Cholangiocarcinoma is the second most common primary 
malignant hepatic tumour and originates from the epithelium 
of the intra and extrahepatic bile ducts. It often develops in 
people aged 50–60 with chronic calculi of the biliary tract, 
Carolì disease and primary sclerosing cholangitis [13, 18].

Cholangiocarcinoma can be divided into intra- or extrahe-
patic form and it includes three types:

 1. Mass-forming type, predominantly intrahepatic (originat-
ing from small intrahepatic peripheral bile ducts);

 2. Periductal-infiltrating type, predominantly intrahepatic, 
central or hilar (the most common type); it often origi-
nates at the confluence of the right, left and common 
hepatic ducts (Klatskin tumour); obstructive jaundice is 
the usual clinical manifestation;

 3. Intraductal-growing type, intra or extrahepatic; it is char-
acterized by small polypoid projections often confined 
into the biliary lumen, without infiltration of the hepatic 
parenchyma; this subtype grows slowly, and has a rela-
tively favourable prognosis [1, 2, 6].

Intrahepatic cholangiocarcinoma seldom includes the 
hepatocellular-cholangiocellular carcinoma subtype.

a b

c d

Fig. 42.5 (a–d) Focal nodular hyperplasia in the right hepatic lobe. A 
round-oval slightly hypodense area is present in the V segment on unen-
hanced CT scan (a). The lesion is markedly hyperdense except for the 

central scar which doesn’t enhance on arterial phase (b). It becomes 
isodense respect to the surrounding liver parenchyma on portal-venous 
phase (c). The central scar is slightly hyperdense on delayed phase (d)
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CT is often helpful for a reliable diagnosis and staging in 
patients with disease entity. This technique is also very use-
ful for depicting a vascular roadmap in order to establish 
arterial and venous invasion.

CT protocol for cholangiocarcinoma usually includes a 
non-enhanced acquisition (in order to detect intraductal lithi-
asis) and a three-phase acquisition: late arterial (for arterial 
anatomy evaluation), portal-venous and delayed phases.

Mass-forming type is tenuously hypodense compared to 
the normal liver parenchyma at non-enhanced CT scan. It 
shows inhomogeneous enhancement in the arterial and 
venous phase with a progressive uptake of the contrast 
medium from the periphery to the centre of the lesion. Signs 
of vascular encasement and infiltration of the contiguous 
intrahepatic venous vessels can be present. The lesion typi-

cally appears inhomogeneously hyperdense on delayed 
phases, in particular at the level of central portion. An ultra- 
delayed phase can be also performed in order to assess a per-
sistent tumour enhancement compared to the surrounding 
liver parenchyma, due to the significant fibrous component 
of the tumour (Fig. 42.7) [6, 18].

Biliary tract dilation upstream of the lesion can be 
reported. In the more advanced stages, lobar or segmental 
atrophy of the involved hepatic territories with capsular 
retraction may be present due to the abundant desmoplastic 
reaction. Hepatic hilar lymphadenopathies and peritoneal 
nodules are identified whenever lymphatic metastatic diffu-
sion is present [13, 14].

Periductal infiltrating type results in an irregular bile stricture 
growing along the bile duct (involving mucosa and serosa). It 

a b

c d

Fig. 42.6 (a–d) Hepatocellular carcinoma in the right hepatic lobe. 
Unenhanced CT scan (a) shows a 2.5-cm-in-size hypodense lesion in 
the IV hepatic segment. On late arterial phase (b) the lesion appears 

hyperdense, due to contrast medium wash-in. It becomes clearly 
hypodense on portal-venous (c) and delayed (d) phases for typical 
wash-out of contrast agent. These features are diagnostic for HCC
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appears as a concentric thickening of the biliary wall, hyperen-
hancing in delayed phase, without forming a nodular mass. It is 
often associated to upstream biliary dilation. Differential diag-
nosis of these malignant strictures from the benign ones (inflam-
matory or post-traumatic) is always difficult [2, 6].

Intraductal type includes a variety of imaging features. 
CT can demonstrate diffuse and marked duct ectasia with or 
without a grossly visible mass, that appears hypodense on 
unenhanced CT scan and shows progressive enhancement on 

the subsequent post-contrastographic phases. These lesions 
tend to grow within the biliary tract [6].

42.6.3  Hepatic Metastases

Metastatic lesions originate throw a sequential process which 
favours the survival of a small population of metastatic cells 
in the context of the primary tumour. Liver is the second 

a b

c d

Fig. 42.7 (a–d) Multifocal peripheral mass-forming cholangiocellular 
carcinoma. Unenhanced CT scan (a) shows a large, heterogeneously 
hypodense mass with lobulated margins in the IV–V–VIII hepatic seg-
ments and another smaller one with analogous CT appearance in the III 

segment. After ICM administration both lesions well exhibit inhomoge-
neous progressive enhancement from the late arterial phase (b) to the 
portal-venous (c) and delayed (d) ones. The lesions result slightly and 
inhomogenously hyperdense on delayed phase

P. Boraschi et al.
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most common site of metastasis in the human body, after 
lymph nodes, due to its double blood supply: portal vein for 
intra-abdominal primary tumour and arterial system for 
extra-abdominal malignancies. Less frequently, there are 
liver metastases by continuity, via the lymphatic vessels or 
by intra-peritoneal spread [7].

Most frequently, liver metastases originate from primary 
carcinoma of the colon, stomach, pancreas, breast and lung. 
Usually metastatic lesions are multiple with different diam-
eter and bilobar involvement [2].

CT is useful to identify focal liver lesions, their number, 
localization, and characterization. Furthermore, CT provides 
information in order to assess surgical or loco-regional treat-
ment [17].

Before ICM administration, CT appearance of hepatic 
metastases is variable: isodense, hypodense (the most fre-
quent) or hyperdense respect to the surrounding liver paren-
chyma. Isodense lesions are often visible only for indirect 
signs such as vascular dislocation or capsular deformation. 
Metastases appear hyperdense when are detected in diffuse 
hepatic steatosis or when contain haematic or calcific com-
ponent inside (such as colorectal or mucinous metastases). 
After ICM injection, CT features of metastases are dictated 
by their vascularity because, differently to liver parenchyma, 
hepatic metastases get their blood supply almost exclusively 
by the hepatic artery [17].

Also for the detection and characterization of liver metas-
tases late arterial, portal-venous and delayed phases are 
needed on CT.

Most of hepatic metastases are generally hypovascular 
because they receive only minimal arterial and portal-venous 
blood supply due to confluent dense cellularity, fibrosis or 
necrosis. On late arterial and portal-venous phases these 
metastases often show a continuous hyperdense peripheral 
rim enhancement that is the most specific sign for a positive 
diagnosis of metastasis. As the size of the lesions increases, 
only its peripheral part continues to be adequately vascular-
ized and hyperdense, while the central part becomes necrotic 
or replaced by fibrosis. Hypovascular lesions usually origi-
nate from gastrointestinal tract adenocarcinomas, lung and 
breast tumours and are better visualized during the portal- 
venous phase as hypodense lesions. In the delayed phase 
peripheral rim may become isodense to surrounding liver 
parenchyma and the lesion appears smaller than it is in real-
ity (Fig. 42.8) [13, 17].

Hypervascular metastases, frequently found in neuroen-
docrine tumours of pancreatic or enteric origin, renal cell 
carcinoma, and thyroid cancer (more rarely in melanoma, 
sarcomas, and ovarian choriocarcinoma), show a rapid dif-
fuse enhancement during late arterial phase and rapid wash-
out during the portal-venous and delayed phases [7].

Cystic degeneration may be evident in liver metastases 
from head and neck squamous cell carcinoma and after che-
motherapy treatment, mainly with new antiangiogenic drugs.

42.7  Conclusions

In conclusion, CT has a crucial role in the diagnosis, staging, 
preoperative planning and follow-up of patients with hepatic 
diseases. CT scanning protocol should be optimized on the 
basis of the clinical question and of the diagnostic suspicion. 
For the diagnosis of liver diseases, it is essential to know 
what are the most common CT imaging features in order to 
differentiate the most common benign and malignant disease 
entities.

 Self Study

 Questions

 1. Which statement is true?
 (a) The arterial phase is helpful in detecting and diagnos-

ing liver lesions with prevalent fibrous component.
 (b) In the daily clinical activity, all the six CT phases 

(non-enhanced, early arterial, late arterial, portal- 
venous phase, delayed/equilibrium and ultra-delayed) 
are performed in each patient.

 (c) On the portal-venous phase there is the maximal dif-
ference in attenuation between the lesion and the 
enhanced surrounding liver parenchyma.

 (d) With ultra-delayed phase all anatomical structures 
and lesions that have arterial supply enhance.

 2. Which statement is true?
The typical cavernous haemangioma after ICM injection:
 (a) On arterial phase it appears like a fleeting brilliant 

focus of enhancement whereas on the portal-venous 
and delayed acquisitions it retains the contrast.

 (b) On arterial phase it shows peripheral globular 
enhancement and on portal-venous phase it shows a 
progressive centripetal enhancement.

 (c) On arterial phase it shows a transient vivid enhance-
ment, with reduction of density on the portal-venous 
and delayed phases.

 (d) Its density doesn’t change compared to non-enhanced 
CT scan.

 Answers

 1. Which statement/statements is/are true?
 (a) The DELAYED/EQUILIBRIUM phase is helpful in 

detecting and diagnosing liver lesions with prevalent 
fibrous component. This phase is characterized by a 
reduction in attenuation between lesions and liver 
parenchyma.

 (b) In the daily clinical activity, all the six CT phases 
(non-enhanced, early arterial, late arterial, portal- 
venous phase, delayed/equilibrium and ultra-

42 Dynamic and Multi-phase Contrast-Enhanced CT Scan



490

delayed) are NOT performed in each patient due to 
the radiation exposure and due to uselessness in 
diagnosis.

 (c) On the portal-venous phase there is the maximal dif-
ference in attenuation between the lesion and the 
enhanced surrounding liver parenchyma. CORRECT. 
In fact with this phase most of primary and secondary 
malignant liver lesions are identified. They appear as 
hypodense lesions compared to the liver parenchyma.

 (d) With LATE ARTERIAL phase all anatomical struc-
tures and lesions that have arterial supply enhance. In 
fact all hypervascular lesions are typically hyper-
dense on late arterial phase.

 2. Which statement is true?
The typical cavernous haemangioma after ICM injection:
 (a) On arterial phase it appears like a fleeting brilliant 

focus of enhancement whereas on the portal-venous 
and delayed acquisitions it retains the contrast. This 
is the appearance of the capillary haemangioma.

 (b) On arterial phase it shows peripheral globular 
enhancement and on portal-venous phase it shows a 
progressive centripetal enhancement. CORRECT. 
These are the CT imaging features typical of a cav-
ernous hemangioma.

 (c) On arterial phase it shows a transient vivid enhance-
ment with reduction of density on the portal-venous 

a b

c d

Fig. 42.8 (a–d) Colorectal cancer liver metastases. Unenhanced CT scan 
(a) shows two hypodense lesions in the IV–II hepatic segments. On arte-
rial (b) and portal-venous (c) phases these lesions show a typical hyper-

dense peripheral rim enhancement with a hypodense central portion. On 
delayed phase (d) metastatic lesions appear inhomogeneously hypodense 
and smaller than the previous ones, with an isodense peripheral rim

P. Boraschi et al.
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and delayed phases. This is the appearance of a 
hypervascular lesion such as hepatic adenoma.

 (d) Its density doesn’t change compared to non-enhanced 
CT scan. This is the appearance of a cystic-like lesion.
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Patient-Specific 3D Printing 
in Liver Disease

Zhonghua Sun

43.1  Introduction

Three-dimensional (3D) printing shows great promise in 
medicine with increased applications in a variety of diseases, 
ranging from orthopaedics to cardiovascular and cerebral 
vascular diseases [1–12]. Individual case reports, case series, 
systematic reviews and randomised controlled studies have 
shown that 3D printed realistic models based on medical 
imaging data are able to replicate complex anatomy and 
pathology with high accuracy, improve understanding of the 
spatial relationship between anatomical structures and path-
ological changes, and assist surgical planning and simula-
tion, especially in difficult cases [13–15].

Application of 3D printing technique in liver disease has 
been proved to be superior to conventional image visualisa-
tions mainly because of complex hepatic anatomy which is 
difficult to be appreciated on 2D or 3D diagnostic image 
visualisations [16–18]. 3D printed liver models created from 
patient’s imaging data have been shown to improve under-

standing of variable anatomic structures of the liver and 
assist clinical decision-making in patient treatment [19–35]. 
Despite promising results from these studies, generation of 
patient-specific liver models is challenging which is repre-
sented by two main areas: a time-consuming process involved 
in post-processing and segmentation of imaging data for 3D 
printing purpose, and high cost associated with 3D printed 
liver models. However, clinical value of 3D printed liver 
models is promising with future development and applica-
tion of bioprinting technology. This chapter covers different 
aspects of 3D printing in liver disease, ranging from the ini-
tial step of image processing and segmentation to clinical 
application of 3D printed models.

43.2  Image Post-processing 
and Segmentation

Similar to other 3D printing applications, the first step to 
generate a patient-specific 3D printed model is to conduct 
image post-processing and segmentation from volume 
data, either obtained with computed tomography (CT) or 
magnetic resonance imaging (MRI) imaging modalities. 
Ideally an imaging dataset should be acquired with thin 
slice thickness (less than 1 or 2  mm for liver imaging, 
while for cardiac imaging, slice thickness is preferred to 
be less than 1 mm) to enable generation of high-quality 3D 
printed models.

The two-dimensional (2D) axial images, saved in the 
format of Digital Imaging and Communications in Medicine 
(DICOM) are converted into 3D volumetric data. The pur-
pose of segmentation is to divide the volume data into 
 several parts with the aim of separating regions of interest 
such as hepatic structures including tumours from sur-
rounding structures including bony structure or soft tissues. 
The commonly used approach of CT number thresholding 
technique works well in CT angiographic data such as CT 
angiography of cardiovascular disease because contrast-
enhanced vessels can be easily differentiated or separated 
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Key Concepts
• 3D printed liver models show advantages in improv-

ing understanding of hepatic anatomy and pathol-
ogy when compared to conventional image 
visualizations

• 3D printed liver models can be used to assist preop-
erative planning and simulation of surgical proce-
dures for malignant hepatic tumour treatment

• Costs associated with 3D printing should be 
addressed in future studies

• Large clinical trials should be the future research 
focus in this area
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from the low- attenuating adjacent structures. Figure 43.1 is 
an example of demonstrating the segmentation of contrast-
enhanced abdominal aorta and arterial branches from sur-
rounding structures when applying the CT thresholding 
technique. However, for hepatic anatomy segmentation, 
semi-automatic or manual editing is necessary since there 
is overlap in CT attenuation between hepatic anatomy and 
adjacent structures, which makes it difficult to achieve 
good segmentation by using CT thresholding technique as 
shown in Fig.  43.2. Figure  43.3 is another example of 
showing segmentation process through semi-automatic and 
manual editing of images based on multi-phasic CT scans 
of the liver.

When segmentation process is complete, the digital 3D 
model is saved as Standard Tessellation Language (STL) for-
mat which is recognised by 3D printers for printing the phys-
ical models. The STL file usually undergoes some further 
editing or smoothing process to fix some small ‘openings’ 
which are likely to result from converting the 3D virtual 
model into STL format. Figure  43.3 shows the editing of 
STL file using a commercially available software tool, 
Geomagic Wrap. This process is performed to further remove 
or eliminate small ‘openings’ that might be present in the 
STL file so that high-quality 3D printed models can be pro-
duced with excellent visualization of anatomical structures 
and pathologies.

Fig. 43.1 Image segmentation of contrast-enhanced abdominal aorta 
and its arterial branches using CT number thresholding technique. 
Minimum CT attenuation of 150 HU is applied to the volume data to 
segment the contrast-enhanced vessels and kidneys from the surround-
ing soft tissue structures. Bones are still kept in the initial segmented 

data (left image). After applying object separation to differentiate bony 
structures from the aorta and kidneys, lumbar spine and ribs are 
removed (middle image). The segmented data are saved in stl (standard 
tessellation language) format for 3D printing (right image)

50 HU 70 HU 80 HU 90 HU

Fig. 43.2 Image segmentation of hepatic anatomy using CT number 
thresholding technique. After applying the minimum CT attenuation of 
50 HU, 70 HU, 80 HU and 90 HU to the volume data, hepatic anatomy 
cannot be clearly visualised in the segmented data due to its attenuation 

overlap with surrounding soft tissues. This indicates that use of CT 
number thresholding technique alone is inappropriate to segment 
hepatic structures

Z. Sun
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43.3  3D Printed Liver Models: 
Dimensional Accuracy

3D printed physical models should accurately replicate anat-
omy and pathology to allow them being accepted as a reli-
able tool in clinical diagnosis and guiding patient treatment. 
Studies have reported high accuracy of 3D printed models in 
cardiovascular diseases with excellent correlation between 
3D printed models and original source images [10, 13]. 
However, 3D printed model accuracy in liver disease was 
reported to be variable according to studies and systematic 
reviews. There is a lack of quantitative assessment of accu-
racy of 3D printed liver models as very few studies reported 
the dimensional accuracy according to the current literature.

There are three systematic review articles available with 
analysis of application of 3D printed models in liver disease 
[36–38]. Soon et al. reported the first systematic review of 
six studies on 3D printing related to the liver application 
[36]. Of six studies in their analysis, authors only described 
one study providing details of model accuracy in delineating 
vascular structure, with accuracy to ±1.3 mm, and the whole 
liver to ±4 mm when compared to the recipient’s liver [39]. 
Witowski et al. analysed 14 studies of 3D printed liver mod-
els in their recent systematic review, with very general infor-
mation provided on model accuracy [37]. Of 14 studies in 
their analysis, 10 studies provided observers’ opinion (quali-
tative assessment) on whether the model was accurate (yes or 
possibly), and 1 study stated no or not accurate enough. In 
the remaining 3 studies, model accuracy was not specified.

Detailed analysis of 3D printed model accuracy was 
reported in a recently published systematic review article with 
inclusion of 19 studies [38]. This review article analyses the 
largest number of studies so far on 3D printing in liver disease 
when compared to the previous two systematic reviews. 

Further, both qualitative and quantitative assessments of 3D 
printed liver models were performed in the analysis, thus pro-
viding insight into the clinical value of 3D printed models in 
liver disease. Of 19 studies, quantitative assessment of accu-
racy of 3D printed liver models was provided in 5 studies with 
4 of them focusing on dimensional accuracy between 3D 
model and original CT or MRI images. Two studies compared 
model accuracy in terms of liver volume (one of the studies 
compared both dimensional and volume accuracy) between 
3D printed models and CT images [26, 39]. The analysis 
shows that 3D printed models are highly accurate in replicat-
ing hepatic structures and pathologies with mean difference 
between 1.30% and 5.08% as shown in 3 studies, while in the 
remaining study, large differences were reported when com-
paring 3D printed liver model with original CT and STL files, 
ranging from 7.4% in measurement difference between 3D 
printed model and STL image, to 20.80% between 3D printed 
model and CT images [38].

Witowski and colleagues in their recent study further 
reported the accuracy of 3D printed models when compared 
to original CT images [40]. Fifteen patient-specific 3D liver 
models were printed in a 1-1 scale with inclusion of liver, 
tumour and hepatic vessels using the developed cost- effective 
approach. These 3D printed models were CT scanned with 
measurements of hepatic diameters and volume analysis of 
liver parenchyma and tumours compared to the original CT 
images. No significant bias was found in the measurements 
of liver volume and hepatic structures as well as tumour 
location. Based on this one of the largest studies (with inclu-
sion of 15 models), authors confirmed the accuracy of 3D 
printed models in liver disease and suggested the future 
research should focus on clinical trials for assessment of 
clinical outcomes with incorporation of 3D printing into pre- 
surgical planning.

Multiphase CT
DICOM Data

Analyze 12.0
Segmentation of CT data

Geomagic Wrap
STL File Editing

3D Printing
Stratasys Objet500 Connex3,

PolyJet print technology

Fig. 43.3 Flow diagram showing the workflow of performing image 
segmentation using semi-automatic and manual editing approach. Both 
liver and hepatic anatomic structures are segmented with stl files saved 
differently to allow visualisation of these structures in a single model. 

Further editing is needed to remove small openings in the stl files so as 
to create excellent 3D printed models. (Reprinted with permission 
under the open access from Perica and Sun [33])
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43.4  3D Printed Liver Models: Pre-surgical 
Planning and Simulation

One of the main applications of 3D printed models lies in the 
pre-surgical planning and simulation of hepatic surgeries. 
Although most of the current studies are based on case 
reports, patient-specific 3D printed models are shown to play 
an important role in preoperative planning and simulation of 
malignant hepatic tumour treatment as indicated by the sum-
mary of a recent systematic review [38]. These applications 
are demonstrated in the following areas.

43.4.1  3D Printed Liver Models in Pre-surgical 
Planning of Hepatic Tumours

CT and MRI images are routine visualization tools for plan-
ning of hepatic surgeries. Due to difficulty in demonstrating 
complex hepatic anatomy and pathology by traditional 2D or 
3D image visualisations, 3D printed physical models can 
overcome these limitations by providing comprehensive 
assessment of hepatic anatomy and pathology which are 
essential for hepatic resections of malignant tumours 
(Figs. 43.4 and 43.5). Takagi et al. first reported the useful-
ness of 3D printing model in preoperative simulation of sur-
gical resection [41]. They created a 3D printed model of 
perihilar cholangiocarcinoma from 3D CT angiographic data 
containing hepatic vasculature and the main tumour. 3D 
printed model shows the similar resected line when com-
pared to the resected specimen, indicating the potential value 

of using 3D printed model for preoperative simulation of sur-
gical resection. This was confirmed by a recent study [32] 
with creation of a 3D printed model comprising the hepatic 
tumour and hepatic structures such as hepatic veins. The 
model was used to simulate the resection line prior to surgery 
and the simulated resection was successful during operation. 
These studies further highlight the benefit of 3D printed 

a b

c d

Fig. 43.4 Anterior (a), 
posterior (b), superior (c), and 
inferior (d) views of the 3D 
printed liver model generated 
from CT images, 
demonstrating the liver 
parenchyma (transparent), 
inferior vena cava and hepatic 
veins (purple), portal veins 
(blue), the tumour, and 
hepatic arterial supply (pink). 
(Reprinted with permission 
under the open access from 
Perica and Sun [33])

Fig. 43.5 Anterior view of the full size 3D printed tumour model dem-
onstrating the arterial phase enhancement characteristics of the tumour 
and associated hepatic arterial branches. (Reprinted with permission 
under the open access from Perica and Sun [33])

Z. Sun
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models in planning hepatectomy of liver tumours, especially 
improving visibility of small tumours when compared to tra-
ditional image visualizations.

In addition to simulation of surgical procedures, 3D 
printed models can be used to simulate interventional proce-
dures for treating hepatobiliary diseases. Zeman and col-
leagues [28, 29] developed realistic 3D printed hepatic and 
biliary models based on graphic designs. Hepatic paren-
chyma, hollow structures including hepatic vessels and bili-
ary components as well as tumours and abscesses were 
simulated in the 3D printed models to allow simulation of 
stent placement or other percutaneous procedures. These 
results need to be confirmed by patient-specific 3D printed 
models for replicating actual clinical situations.

43.4.2  3D Printed Liver Models in Pre-surgical 
Planning of Liver Transplantation

Living donor liver transplantation (LDLT) is an established 
and effective approach to treat patients with end-stage liver 
diseases. Inaccurate preoperative assessment and character-
ization of anatomical structures and volume estimation will 
lead to donor morbidities [34]. 3D printing is able to address 
these challenges by providing a direct visualisation and 
assessment of livers from both recipients and donors.

A number of studies have reported the usefulness of 3D 
printing for LDLT [24, 34, 39]. Zein et al. in their study [39] 
created six 3D printed liver models from three donor and 
three recipients. They compared the volume of the liver 
between 3D printed models and donor and recipient’s livers, 
as well as anatomical accuracy in terms of length, width, 
height, portal vein and hepatic vein diameters in these three 
cases. The mean volume and standard deviation between 3D 
printed models and recipient and donor’s livers were 
6.90% ± 0.06 and 4.70% ± 0.02. The corresponding values 
between 3D printed models and recipient and donor’s livers 
in the above-defined hepatic diameter measurements were 
11.62%  ±  0.06 and 7.66%  ±  0.08, 1.90%  ±  0.02 and 
2.64% ± 0.04, 3.80% ± 0.01 and 2.88% ± 0.01 for cases 1, 2 
and 3, respectively. These 3D printed liver models were 
found to be highly accurate with small mean dimensional 
errors, and results were validated against the actual livers 
during surgery. Later case reports confirm the clinical value 
of 3D printed model in preoperative simulation of LDLT.

Baimakhanov et al. [24] made a 3D solid model of portal 
vein tree and portal vein graft from 3D imaging data and 
found it to be a useful tool for preoperative simulation by 
assisting selection of an appropriate surgical strategy. Since 
3D printed model offers details of the complex anastomosis 
in LDLT, authors also concluded that it could be used to train 
young surgeons. Soejima et al. in [34] their case report pro-
vided further evidence of 3D printed models in LDLT for 

paediatric patients. They generated a 3D printed model from 
CT imaging data of an 11-year-old girl diagnosed with bili-
ary atresia following Kasai procedure. A real-sized 3D 
printed model of the left lateral segment graft of the donor 
was created along with the recipient abdominal cavity with 
the aim of simulating the transplant. The 3D printed proto-
type graft and the abdominal cavity represent realistic liver 
graft and the abdomen, which are found to be very helpful 
for surgeons to perform simulation of donor surgery. Another 
advantage of the 3D printed model over conventional 3D 
imaging lies in the model texture which is soft and transpar-
ent, with hepatic vasculature clearly visualised, as shown in 
their study. 3D printed realistic liver models could contribute 
to technical accuracy and extend applications to complex 
cases of liver and biliary diseases, although this needs to be 
confirmed by further studies.

43.5  3D Printed Liver Models: Medical 
Education

3D printing serves as a valuable tool for education of medi-
cal students, healthcare professionals and patient-doctor 
communication. This has been demonstrated by a number of 
studies focusing on the 3D printed models in cardiovascular 
disease, according to recent systematic reviews [11, 13]. 
Similarly, 3D printed liver models have been shown to assist 
education of medical students according to some studies [28, 
30, 42, 43]. Watson in their case series [42] showed that low- 
cost 3D printed models created from CT or MRI data (less 
than $100) served as a useful tool for education of junior 
residents and medical students in terms of practicing surgical 
procedures of hepatic operations. Javan et  al. [28] also 
designed low-cost 3D printed models of hepatic anatomy 
(costs between 40 and $100) using graphic design approach. 
These 3D printed models are able to demonstrate complex 
anatomical structures of the liver anatomy when compared to 
conventional 2D or 3D visualisations.

Kong et  al. [30] in their randomized controlled studies 
further confirmed the value of 3D printed models in medical 
education. In their first report, authors developed a 3D 
printed liver model based on CT data of a healthy candidate. 
Six experts (four were professors of Anatomy and two were 
consultant surgeons) assessed the 3D printed models and 3D 
visualisation of virtual hepatic segmental model regarding 
demonstration of anatomical structures and overall satisfac-
tion of these models as a teaching tool. Further, 61 first year 
medical students were randomly assigned to three groups for 
evaluating the effects of 3D printed models, 3D virtual 
model and traditional method of using anatomical atlases on 
hepatic anatomy teaching. 3D printed models of hepatic seg-
ments with partition (Fig. 43.6) and without hepatic paren-
chyma (Fig. 43.7) were successfully generated with realistic 
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visualisation of hepatic anatomy as assessed by all experts. 
Both 3D printed models and 3D virtual model received simi-
lar scores by the experts with no significant differences 
(p > 0.05). Results from medical students’ evaluation showed 
that 3D printed models and 3D virtual model were found to 
be significantly better than traditional teaching method 
(p < 0.05) (Fig. 43.8).

The same group conducted another randomized con-
trolled study with a focus on investigation of the effect of 3D 
printed models with or without hepatic parenchyma on 
teaching hepatic segments [42]. Apart from the same 6 

experts who were invited in their previous study, 92 first year 
medical students were randomly assigned to four groups, 
namely, 3D printed models of hepatic segments with and 
without transparent parenchyma, hepatic vessels with seg-
mental partition and traditional method using atlas. The 3D 
printed models were created from CT data of a human liver 
cadaver without any disease. Results from experts’ assess-
ment showed that the 3D printed model with hepatic segment 
partition was found to be significantly better than the other 
two types of models in terms of anatomical condition 
(p < 0.05), and better than the model without parenchyma in 

Fig. 43.6 3D printed model of hepatic segments partition. (Reprinted 
with permission from Kong et al. [30])

Fig. 43.7 3D printed model of hepatic segments without the liver 
parenchyma. (Reprinted with permission from Kong et al. [30])
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Fig. 43.8 Medical student 
examinations cores. ∗ 
Significant differences 
between three groups with 
post hoc tests in the first and 
second examinations, 
respectively. ∗∗ Significant 
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(Reprinted with permission 
from Kong et al. [30])
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overall satisfaction (p < 0.05). The models with and without 
transparent parenchyma were found to be significantly better 
than the one with segment partition in tactility (p < 0.05). 
The students’ tests showed that all of these three types of 3D 
printed models were significantly better than traditional 
anatomy teaching (p < 0.05). Authors concluded that the 3D 
printed model with hepatic segment partition is the optimal 
one due to its simple design and offering sufficient informa-
tion for teaching hepatic anatomy. Since 3D virtual models 
are also useful for teaching medical students based on these 
studies, further studies are necessary to look into the com-
parative effects of 3D printed models versus virtual models.

43.6  3D Printed Liver Models: Limitations 
and Future Directions

There are some limitations that need to be addressed before 
3D printing is widely used in clinical practice. First, high 
cost associated with 3D printing is a main issue when print-
ing 3D liver models with high-quality materials. Low-cost 
3D printed models are reported in some studies with less 
than USD100, however, creation of high-quality realistic 3D 
printed models of replicating hepatic anatomy and pathology 
comes at high cost, which could be as high as USD 2000, 
according to a recent systematic review [38]. Due to this rea-
son, most of the current models are printed with scaled down 
to 50% and 70% of the full-size liver models. Reduction in 
printing costs represents the direction of future development 
to improve feasibility of 3D printed liver models.

Another limitation associated with 3D printing in liver 
disease is relatively long segmentation time. Although most 

of the studies did not report time taken for 3D printed liver 
models, the reported duration of 3D printing is between 11 
and 100 h. It could take up to 2 weeks when delivery or ship-
ping time is considered [38]. The average duration of 3D 
printing for liver models is much longer than that for 3D 
printing of heart and kidney models [13, 44]. Shortening 3D 
printing process is absolutely necessary to ensure that 3D 
printed models can be used in daily clinical practice for 
patient’s planning and treatment.

Bioprinting represents the future development in 3D 
printing in medicine. In recent years, tissue engineering in 
combination with 3D printing technology has been shown to 
be the most useful and promising tools for creating scaffold 
structures which play an important role in regeneration of 
tissues and organs, in particular, 3D printing of liver tissues 
for liver transplantation [45–50]. Bioprinting of hepatic 
cells, structures and liver constructs seems to be feasible 
according to these studies, thus, creating great opportunities 
for reducing surgical complications and developing person-
alized medicine in the near future (Fig. 43.9). Research in 
this area is still at its infancy, thus requiring more studies to 
be conducted in the near future.

43.7  Summary

3D printing has attracted increasing attention in medical 
applications, and patient-specific 3D printed models have 
seen successful applications in liver disease. This chapter 
provides an overview of the applications of 3D printed real-
istic liver models, which include delineation of normal 
hepatic anatomy and pathology, accuracy of 3D printed 

Fig. 43.9 3D-printing (no cells) and 3D Bioprinting (with hepatic 
cells) facilitate liver anatomy, liver surgery, liver regeneration, liver 
transplantation and drug hepatotoxicity testing. ADSCs adipose tissue- 

derived stem cells, ALT alanine aminotransferase, AST aminotransfer-
ase, HUVECs human umbilical vein endothelial cells, PVA polyvinyl 
alcohol. (Reprinted with permission from Wang et al. [45])
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models, pre-surgical planning and simulation of complex 
surgical procedures for treating liver disease and education 
of medical students. 3D printed liver models continue to 
show its impact on current clinical practice and may lead to 
paradigm shift in managing liver disease.

Glossary

3D printing A process to produce a solid 3D object from a 
3D digital model using different materials enabling cre-
ation of customizable or patient-specific geometries or 
shapes.

Hepatocellular carcinoma Most common type of primary 
malignant liver cancer.

Liver transplantation Treatment option for a diseased liver 
by replacing it with a healthy liver from another person 
(donor).

Tumour An abnormal mass of tissue growth resulting in 
swelling or enlargement of a part of the organ or body.

 Self Study

 Questions

 1. Which statement/s is/are true?
 (a) 3D printed liver models can be produced using CT 

data
 (b) 3D printed liver models can be produced using MRI 

data
 (c) 3D printed liver models can be produced using 

Ultrasound data
 (d) 3D printed liver models can be producing using angi-

ographic data
 2. Which statement/s is/are true?

 (a) 3D printed liver models can be generated with high 
accuracy

 (b) 3D printed models can be used for pre-surgical plan-
ning and simulation

 (c) 3D printed models can be used for medical 
education

 (d) 3D printed models can be used for assisting patient- 
doctor communication

 (e) All of them are correct

 Answers

 1. Which statement/s is/are true? a and b are correct.
CT and MR imaging data are commonly used to generate 
3D printed liver models.

Ultrasound or angiographic imaging modalities do not 
provide volume data, thus are not used for 3D printing in 
liver disease.

 2. Which statement/s is/are true? e is correct.
Despite reported discrepancy in diameter measurements 
between original source images and 3D printed liver mod-
els, 3D printed liver models are shown to be accurate with 
applications in different areas ranging from pre-surgical 
planning and simulation to education.
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Dynamic Contrast-Enhanced 
Ultrasonography of the Liver

Laura Iliescu

44.1  Introduction

44.1.1  General Considerations

While conventional grayscale ultrasonography is an impor-
tant means of diagnosis, used to acquire anatomical data, 
and Doppler ultrasound examination is highly valuable in 
offering information concerning the blood flow, their role 
remains limited, as they cannot be used for the evaluation of 
micro- vessels and tissue perfusion. Contrast-enhanced 
ultrasonography, also referred to as CEUS, is an ultrasound 
examination technique that overcomes these limitations. 
The procedure involves the use of microbubble contrast 
agents, in order to obtain a better visualization of the organs 
and blood vessels [1].

The microbubbles can be described as gas-filled particles, 
with a supporting shell, having a diameter of several micro- 
meters—a particularity that prevents their passage through 
the vascular endothelium into the interstitial space [2]. 
Depending on the type of gas within the microbubbles, the 
contrast media classifies as either first or second generation.

The first-generation contrast agent, known under the 
name of Levovist (Bayer Schering Pharma, Berlin, Germany) 
was introduced in 1996 and consisted of air, surrounded by a 
shell of galactose microparticles (99.9%) and palmic acid 
(0.1%). The main use was for echocardiography, vascular 
ultrasonography and Doppler exploration, while the abdomi-
nal applications were limited [3]. Due to a high mechanical 
index technique and early destruction of the microbubbles, 
only intermittent scanning was possible. Later-on, in 2001, 
with the development of second-generation contrast agents, 
came the possibility of a more accurate real-time evaluation 
and, therefore, the interest in using CEUS increased signifi-
cantly [3]. The effort to stabilize the microbubbles led to the 
use of a more slowly diffusing gas, such as sulfur hexafluo-
ride or perfluorobutane, instead of air. Second-generation 
contrast agents include: SonoVue (Bracco, Milan, Italy), 
Definity/Luminity (Lantheus Medical Imaging, North 
Billerica, USA), Sonazoid (GE Healthcare, Oslo, Norway) 
and Optison (GE Healthcare, Princeton, USA). Their effi-
cacy relies on a low mechanical index technique (<0.3), with 
continuous scanning [3].

SonoVue is characterized by a phospholipid shell, con-
taining sulfur hexafluoride. During the procedure, destruc-
tion of the microbubbles is followed by the excretion of gas 
solely through the lungs. In the European Union, it has been 
approved and recognized as a means to evaluate the heart, 
macrovasculature (cerebral arteries, extracranial carotid, 
peripheral arteries, portal vein assessment), as well as micro-
vascular structures (such as focal lesions of the liver or 
breast) [3, 4].

Sonazoid contains perfluorobutane microspheres, stabi-
lized by a monomolecular membrane of hydrogenated egg 
phosphatidylserine. Its chemical structure allows Sonazoid 
to be used for Kupffer phase imaging, unlike other second- 
generation contrast agents. The microbubbles within is struc-
ture are phagocytized by the Kupffer cells, leading to the 
amplification of ultrasound waves and respectively, to a 
homogeneous enhancement of the normal functioning liver 
parenchyma. Therefore, Sonazoid can be used in the 
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Key Concepts
• Contrast-enhanced ultrasonography is highly sensi-

tive and sensible in differentiating between benign 
and malignant focal liver lesions.

• CEUS can establish the diagnosis of hepatocellular 
carcinoma by the typical aspect (hyperenhancement 
in the arterial phase and wash out in the late phase) 
in 97% of the cases.

• CEUS can differentiate between malignant and 
benign portal vein thrombosis.
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diagnosis and evaluation of focal liver lesions, as well as in 
guiding surgical or radiological interventions, in Japan and 
Korea [5, 6].

When administered into the vasculature, the ultrasound 
contrast agent acts as an enhancer of the ultrasound waves, 
resulting in an important amplification of the signals from 
the blood flow.

44.1.2  Safety Considerations

Following the destruction of the microspheres, all contrast 
agents are excreted through the lungs. Therefore, they are not 
nephrotoxic and can be safely used in individuals with renal 
failure, that cannot benefit from computerized tomography 
or magnetic resonance imaging [2, 7]. Moreover, the contrast 
agents used in ultrasound exploration do not affect the thy-
roid, since they are iodine-free.

Hypersensitivity reactions are possible, with an incidence 
that has been reported to approximately 0.002% in large- 
scale abdominal application studies. However, compared to 
iodine contrast agents used in computerized tomography, the 
overall incidence of hypersensitivity reactions during CEUS 
is lower and reportedly comparable to that encountered when 
using gadolinium chelate as a contrast agent in magnetic 
resonance imaging [7, 8].

Both SonoVue and Sonazoid are contraindicated in 
patients with adult respiratory distress syndrome, acute coro-
nary syndrome, ischemic cardiac disease, right-to-left shunts 
or pulmonary hypertension [4]. There is not enough evidence 
concerning the use of contrast agents during pregnancy or 
lactation.

Contrast-enhanced ultrasonography may induce micro-
vascular lesions, hemolysis, increased heating of the tis-
sue or death of the cells that have phagocytized the 
microbubble, although these effects have not yet been 
demonstrated in vivo, on human subjects [9]. In vivo ani-
mal studies showed that the aforementioned harmful bio-
logical effects are enhanced in the presence of a 
mechanical index higher than 0.4. Therefore, for safety 
purposes, this parameter should be kept as low as possible 
during the procedure [8, 9].

44.1.3  Terminology

When characterizing a lesion or a region of interest, during 
the contrast-enhanced ultrasonography exploration of the 
liver, it is important to describe it using the following terms: 
the degree of enhancement and the timing (phase). The con-
trast behavior of the lesion and of the liver parenchyma 
depends on the liver status (healthy liver vs. steatosis, fibro-
sis or cirrhosis).

Enhancement reflects the vascularity of the region, by 
referring to the intensity of the signal by comparison to the 
adjacent parenchyma: it can either be equal to (isoenhanc-
ing), higher than (hyperenhancing) or lower than (hypoen-
hancing) the parenchyma. Sustained enhancement describes 
the persistence of enhancement in the lesion/region, over 
time; the terms applies only to those lesions that are iso- or 
hyperenhancing in the arterial phase. The absence of 
enhancement in a liver area can be characterized as nonen-
hancing [8, 10].

The aforementioned enhancement pattern should be 
described for each of the CEUS phases. When referring to a 
region of interest, the period of progressive enhancement, 
from the arrival of microbubbles in the investigator’s field of 
view until reaching the “peak enhancement”, is described 
using the term “wash-in phase”. Similarly, the “wash-out 
phase” describes the enhancement lowering, after the peak 
enhancement [8, 10].

The mechanical index (MI) can be defined as an estima-
tion of the maximum amplitude of the pressure pulse within 
the tissue, thus being an indicator of the power in the system. 
A higher MI is associated with a more rapid disruption of the 
microbubbles, therefore low MI techniques are recom-
mended [8].

44.1.4  CEUS Phases: Examination Technique

One of the main advantages of CEUS examination is that it 
offers the possibility of real-time exploration, evaluating 
both wash-in and wash-out phases of the contrast agent, dur-
ing several minutes [10].

Owing to the dual blood supply of the liver, from the por-
tal vein (70–75%) and from the hepatic artery (25–30%), 
there are three CEUS vascular phases (Table 44.1). The arte-
rial phase (AP) begins within approximately 10–20 s follow-
ing the contrast injection, and continues to 30–45 s, offering 
valuable information about the degree and pattern of the arte-
rial supply; as it is a very rapid phase, it is often better 
assessed during a slow replay of the stored video. The portal 
venous phase (PVP) usually ends at 120  s. The late phase 
(LP), also known as the sinusoidal phase ends with the 
microbubble clearance from the blood (usually 4–6 min after 
injection) [8, 11]. Furthermore, some ultrasound contrast 
agents have an extended late phase, also called postvascular 

Table 44.1 Vascular phases in CEUS of the liver postinjection 
(adapted from Claudon et al. [8])

Phase Start End
Arterial 10–20 30–45
Portal venous 30–45 120
Late >120 Microbubble clearance (approx. 4–6 min)
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phase or Kupffer phase, due to their ability to persist for sev-
eral hours in both liver and spleen [12, 13].

The importance of the late and postvascular phases reside 
in their ability to provide important information, such as dis-
tinguishing between malignant and benign lesions. On 
CEUS, most benign lesions are characterized by either an 
iso- or hyperenhancing pattern, when compared to the adja-
cent normal liver parenchyma, while malignant lesions usu-
ally appear as hypoechoic [3].

Owing to the low incidence of adverse effects and to 
the excellent safety profile, the assessment of liver or 
kidney function is not necessary before beginning the 
CEUS examination. Before commencing the exploration, 
the patient should be placed in the best position for him 
and for the examiner. Usually, the left arm of the patient 
is chosen for injection, with a preference for the antecu-
bital vein, for minimal interaction of the injector with the 
right-sided examiner. The venous line diameter should be 
large enough to avoid microbubble destruction during 
passage (minimum 20 G); a length as short as possible is 
also indicated. Central venous lines and portal system 
may be used, with a decrease in contrast arrival time. 
However, their use should be averted if a peripheral vein 
is accessible [8, 10].

It is recommended that the investigation starts with con-
ventional B-mode ultrasonography and Doppler techniques. 
After identifying the targeted lesion, as well as the most 
appropriate scanning plane along the axis of the respiratory 
movements, the transducer should be held still, while switch-
ing the scanner to low MI contrast-specific imaging. For ana-
tomical guidance purposes, a dual screen format (with both 
B-mode and contrast-enhanced image) can and should be 
used, especially in the case of small lesions. There are also 
devices that overlay conventional and CEUS images with 
different colour scales, instead of using the split-screen 
method [8, 10].

The contrast agent is administered in bolus, followed by 
5–10 ml of saline solution 0.9%, and a stopwatch is started 
at the moment of injection [8]. Choosing the proper dose 
for the examination is very important, as elevated doses 
may lead to artefacts, especially during the early phases, 
such as: acoustic shadowing, over-enhancement of small 
structures or signal saturation. Low dosage may result in 
wash-out issues. If the wash-out occurs too early there are 
two possible scenarios: either the contrast dose was too 
low, or intrahepatic shunting is present, thus preventing a 
longer enhancement time. For a proper evaluation of diffi-
cult cases, a second contrast agent dose can be adminis-
tered, with limited scanning during the first phases, in 
order to diminish the destruction of microbubbles. 
Choosing the right dose for the CEUS examination depends 
on the contrast agent that is utilized, device (including 
software and transducer), target lesion, as well as constitu-

tion and age of the patient. For example, if wanting to 
characterize a liver lesion using SonoVue, a dose of 2.4 ml 
is recommended [10].

Multiple injections of contrast agent may be necessary 
in case of insufficient data, if the initial dosage couldn’t 
completely characterize the target lesion or in the presence 
of additional lesions that also require characterization. In 
these situations, there should be a variable waiting time 
before reinjecting, so that the bubbles from the previous 
injection may have enough time to disappear (usually 
10–15 min for SonoVue and Definity). In order to evaluate 
the arterial enhancement of a wash-out region that is not 
visible on B-mode imaging, the examiner should have the 
contrast reinjected before the disappearance of the bub-
bles, so that visibility of the wash-out area may be main-
tained [10].

44.2  Characterization of Focal 
Liver Lesions

CEUS has demonstrated the ability to accurately differenti-
ate between malignancies and benign focal liver lesions, 
having a high sensitivity and specificity. Its diagnosis capac-
ity is comparable to that of contrast-enhanced computerized 
tomography (CECT) and contrast-enhanced magnetic reso-
nance (CEMR) (Table 44.2) [3, 13, 14]. CEUS has also been 
reported to offer definitive diagnosis for focal liver lesions 
found on conventional ultrasonography. Moreover, CEUS is 
able to improve diagnostic accuracy for lesions considered to 
be inconclusive on CECT [15].

The Liver Imaging Reporting and Data System (LI-RADS) 
was created in order to standardize the CT and MRI data, for 
patients at risk for hepatocellular carcinoma (HCC) [16]. As 
CEUS has become more widely used in clinical practice, the 
American College of Radiology (ACR) developed a new 
means of lesion standardization—CEUS LI-RADS, which 
provides a diagnostic algorithm, classifying observations in 
the liver from LR-1 (definitely benign) to LR-5 (definitely 
HCC), by size and enhancement patterns (Table 44.3). The 
term “observation” defines a distinct region within the 
hepatic parenchyma, with imaging characteristics that are 
different from the adjacent liver parenchyma (either lesion/
nodule or pseudolesion) [17].

LR-5 nodules should be treated as HCC, without per-
forming biopsy and without further imaging, while for LR-4 
nodules biopsy is typically necessary; if neither biopsy, nor 

Table 44.2 Sensibility and specificity of CT, MRI, CEUS (adapted 
from [3, 13, 14])

CT MRI CEUS
Sensibility 80% 90% 80%
Specificity 93% 79% 100%
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specific therapy is performed immediately, imaging follow-
 up is required. The LR-3 lesions are considered to have 
intermediated probability of malignancy and can be further 
investigated using alternative imagistic methods, but may 
require biopsy in some cases (multidisciplinary discussion 
is needed). LR-M define nodules that are probably or defi-
nitely malignant (and can be either HCC, intrahepatic chol-
angiocarcinoma or metastases), being characterized by a 
rim arterial phase hyperenhancement, early wash-out (in 
less than 60 s) or marked wash-out. These lesions usually 
stand in need for biopsy. LR-NC is the term used if the 
observation is not categorizable. The term LR-TIV (tumor 
in vein) is used when certain enhancement is observed 
within the portal or hepatic vein, during the arterial phase, 
followed by washout [7, 17].

44.2.1  Benign Liver Lesions

Not all benign liver masses have characteristic features, 
when examined by CEUS.  However, some of the lesions 
(such as hemangiomas, hepatocellular adenomas, focal nod-
ular hyperplasia or cysts) develop specific circulatory pat-
terns, that allow a more rapid recognition by the investigator 
(Table 44.4).

44.2.1.1  Hemangioma
Hemangiomas are the most frequently encountered benign 
liver lesions. Being asymptomatic, they are usually discov-
ered incidentally during conventional ultrasonography, espe-
cially within the female population. Usually, the conventional 
ultrasonography examination is able to clearly characterize 
and diagnose the lesion as hemangioma, with no need for 
additional exploration. However, there are several situations 
when CEUS is needed, like in the presence of severe steato-
sis, chemotherapic treatment or for extremely large heman-
giomas [18].

In CEUS examination, hemangiomas are typically char-
acterized by nodular peripheral enhancement during arterial 
phase, with centripetal progression during portal venous and 
late phases, until partial or complete filling is observed. The 
filling occurs more rapidly in smaller lesions (Fig. 44.1).

One particular situation is the encounter of high flow (or 
shunt) hemangiomas, which can be described by a rapid 
homogeneous hyperenhancement in the arterial phase, thus 
leading to a possible diagnosis confusion with focal nodular 
hyperplasia (FNH), or even with hepatocellular adenomas or 
carcinomas. Thrombosed hemangiomas can also be difficult 
to differentiate from malignant lesions, since the lack of 
enhancement in the thrombosed areas may be misread as 
wash out [10].

Arterial phase 

hyperenhancement 

(APHE)

No APHE APHE (not rim or peripheral 

globular discontinous 

enhancement)

Nodule size (mm) <20 <10

No wash-out of any 
type

CEUS LR-3 CEUS LR-3 CEUS LR-3 CEUS LR-4

Late and mild 
wash-out

CEUS LR-3 CEUS LR-4 CEUS LR-4 CEUS LR-5

≥20 ≥10

Table 44.3 CEUS diagnostic 
table in LI-RADS v2017

Table 44.4 CEUS and 2D ultrasonographic features in most frequent benign liver lesions (adapted from Badea and Ioanitescu [18])

Tumor Arterial phase Portal phase Delayed phase 2D feature
Cyst No uptake No uptake No uptake Transsonic
Hemangioma “Ring-like” peripheral 

uptake
Centripetal enhancement 
resembling “buds”

Complete uptake Hyperechoic
Well-defined
Compressibility
“Mirror” effect

Focal nodular 
hyperplasia

Central enhancement with a 
“spoked wheel” distribution 
of the CA

Complete enhancement with an 
isoechoic appearance compared 
with liver parenchyma

Isoechoic aspect when 
compared with the liver 
parenchyma

Echoic scar in the centre 
of the lesion
Arterial signal in the 
centre of the tumor

Adenoma Inhomogeneous uptake Discrete wash-out
Iso or hypoechoic aspect 
compared to liver parenchyma

Discrete wash-out
Iso or hypoechoic aspect 
compared to liver parenchyma

Hypoechoic nodule
Non-cirrhotic liver
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44.2.1.2  Focal Nodular Hyperplasia
Focal nodular hyperplasia (FNH) is the second most com-
mon benign tumor of the liver, after hemangioma. It is also 
more frequently encountered in women, usually asymptom-
atic and discovered incidentally. An important anatomic par-
ticularity of focal nodular hyperplasia is the abundant portal 
circulatory bed.

On CEUS, focal nodular hyperplasia lesions exhibit a 
central “spoked wheel” shaped hyperenhancement during 
early arterial phase (accelerated uptake in the middle of the 
mass, with a radial distribution), that rapidly becomes homo-
geneous in the late arterial phase. They maintain the 
 hyperenhancing pattern or can become isoenhancing during 
portal venous and late phases and may present with a 
hypoechoic central area, in the late phase [10, 19] (Fig. 44.2).

If the lesion is small, switching to color Doppler explora-
tion may prove itself to be a valuable solution, since the 
remaining microspheres can be used to improve the Doppler 
effect, in order to obtain a better visualization of the typical 
“spoked wheel” image.

If using Sonazoid, the postvascular phase describes either 
iso- or hyperenhancement [10].

44.2.1.3  Hepatocellular Adenoma
Hepatocellular adenoma (HCA), a benign estrogen- 
dependent focal lesion, is characterized by the ability to 
become very large in size, thus possibly leading to intratu-
moral bleeding. The tumor also has a 5% risk of malignant 
transformation. There are no portal vessels within its struc-
ture, only arteries.

On CEUS, they are characterized by arterial hyperen-
hancement (either homogeneous or heterogeneous, when 
intratumoral bleeding is present). The enhancement pattern 
begins in the peripheral region of the tumoral mass, followed 
by a very rapid centripetal filling, in the opposite direction to 
that seen in FNH.  However, this feature is not pathogno-
monic for hepatocellular adenomas, as it can also be found in 
hepatocellular carcinoma or in metastatic lesions. At the 
beginning of the portal venous phase, the mass transitions 
from hyper- to isoenhanced [10, 19].

a b

c

Fig. 44.1 CEUS examination 
of liver hemangioma: (a) 
arterial phase reveals 
well-defined peripheral 
enhancement; (b) centripetal 
progression of the contrast; 
(c) complete enhancement of 
the lesion

a bFig. 44.2 CEUS examination 
of focal nodular hyperplasia: 
(a) spoked wheel appearance; 
(b) sustained enhancement, 
revealing a central scar, 
during the late phase
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44.2.1.4  Focal Fatty Change
Both focal fat infiltration and fatty sparing can have nodular 
appearance, thus mimicking the aspect of focal liver masses 
in conventional ultrasonography. Therefore, CEUS examina-
tion is vital for differential diagnosis, showing homogeneous 
enhancement similar to that of the surrounding liver paren-
chyma during all phases. Moreover, visualization of normal 
portal veins within the lesion confirms its benign character 
[10, 20].

44.2.1.5  Liver Abscess
Liver abscess is a potentially lethal condition, most often 
caused by bacteria, that requires immediate recognition, in 
order to ensure adequate therapeutic measures. In conven-
tional ultrasonography, liver abscesses may appear as 
hypoechoic masses with contorted wall and internal septa, 
but for a rapid positive diagnosis, a contrast-enhance ultraso-
nography is required. There are several types of enhance-
ment patterns, when describing a liver abscess by using 
CEUS. The most common features include rim enhancement 
in the arterial phase (with the absence of central enhance-
ment, due to perilesional hyperemia), honeycomb appear-
ance (due to the enhancement of the septa, with variable 
areas of no uptake), no enhancement in the liquid areas, as 
well as venous hypoenhancement. Sometimes, the surround-
ing edema can lead to the presence of a hypoenhanced 
peripheral region [10, 21].

44.2.1.6  Liver Cyst
Liver cysts can be defined as serous collections delimited by 
cuboidal epithelium. Hepatic cystic lesions, which usually 
tend to remain asymptomatic, are found as a mere coinci-
dence on abdominal imaging techniques. In spite of their 
mostly benign appearance, identification of potentially 
harmful cysts (such as echinococcosis, cystadenoma and 
cystadenocarcinoma) is vital [22].

Simple cysts are nonenhancing on CEUS in all vascular 
phases [10] (Fig. 44.3). Complex cysts show septal and nod-
ular enhancement in the arterial phase, followed by hypoen-
hancement in the portal phase.

44.2.1.7  Other Benign Liver Lesions
Hepatic angiomyolipoma represents a rare benign mesen-
chymal tumor, describing heterogeneous echogenicity on 
conventional ultrasound. CEUS exploration reveals arterial 
hyperenhancement [10].

Cholangiocellular adenoma (CCA or bile duct ade-
noma) is a rarely encountered lesion, usually presenting as a 
small mass (90% of them have less than 1 cm in diameter). 
On CEUS, cholangiocellular adenomas demonstrate strong 
arterial enhancement, as well as an early wash out in the por-
tal and late phases, due to the lack of portal veins [10].

Hepatic hematoma, most commonly caused by blunt 
abdominal trauma, show no enhancement during all CEUS 
phases.

44.2.2  Malignant Liver Lesions

On CEUS exploration, malignancies are usually character-
ized by hypoenhancement during the late and postvascular 
phases, corresponding to the wash out of the contrast agent 
(Table 44.5).

44.2.2.1  Hepatocellular Carcinoma
Hepatocellular carcinoma is known to be the most frequent 
primary tumor of the liver. In more than 80% of the cases, 
HCC appears on a cirrhotic liver, due to a multistep pathway 
that begins with the process of hepatic fibrosis and reorgani-
zation. As a consequence of liver reorganization, variable- 
sized nodules start to develop, involving the whole liver 
parenchyma, transforming sequentially into dysplastic nod-
ule and further into hepatocellular carcinoma [10, 18]. 
During this transformation process, a decrease in normal 
arterial and portal circulation occurs and, at the same time, 
there is a progressive increase in the arterial blood supply 
due to neo-angiogenetic tumor vessels. This explains the 
hyperenhancement pattern that characterizes the arterial 
phase of CEUS in HCC [10].

Apart from the changes in vascularity, the hepatocellular 
carcinomas tend to lack reticuloendothelial (Kupffer) cells. 
This particular feature explains the enhancement defect of 
HCC in the postvascular phase of CEUS. Also, the probabil-
ity of a nodule to be HCC highly depends on its size: those 
having less than 1 cm are rarely malignant [10].

Fig. 44.3 CEUS examination of a cystic lesion within the liver, show-
ing nonenhancing pattern

L. Iliescu



509

The key element for CEUS diagnosis of HCC is repre-
sented by the hyperenhancement occurring in the arterial 
phase and wash out in the late phase. This enhancing pattern 
is associated with the presence of HCC in more than 97% of 
the cases. The remaining 1–3% of cases consist of peripheral 
cholangiocarcinoma and hepatic lymphoma.

Typical for HCC is the homogeneity and intensity that 
depict the arterial hyperenhancement (Fig. 44.4). However, 
HCC nodules may appear inhomogeneous if larger than 
5 cm (due to the presence of necrotic areas). Rim enhance-
ment is not considered a typical feature of HCC.

Contrast wash-out is more often observed in hepatocel-
lular carcinomas with lower differentiation degrees, while 
well-differentiated HCCs tend to be isoechoic in the late 
phase. Comparing to other malignant tumors, the late phase 
hypoenhancement is usually less obvious in HCC and the 

wash out process starts later in HCC (after about 60 s post 
injection). Furthermore, in approximately a quarter of the 
cases, the wash-out begins after 180  s. This explains the 
importance of observing the nodules in cirrhotic patients 
until very late (>4 min), in order to enhance sensitivity for 
the diagnosis of HCC.  Poorly differentiated HCC may 
show early wash out (<60 s). Arterial hyperenhancement, 
but with no following wash-out, also raises the suspicion of 
a HCC nodule (well-differentiated variants may show this 
pattern) [10].

If CEUS is inconclusive, further imagistic investigation 
must be performed (CT or MRI) and, in the case their results 
are ambiguous as well, biopsy is required. If the biopsy turns 
out as negative, the hepatic nodule should be followed up 
every 3 months (for at least 2 years) and, if changes in size or 
enhancement pattern are noted, imagistic investigations 
should be continued [10].

44.2.2.2  Cholangiocarcinoma
Cholangiocarcinoma is a relatively rare primary malignant 
tumor, representing 3–7% of all hepatic malignancies. It usu-
ally appears on a non-cirrhotic liver, originating in the small 
biliary ducts, but its development may be induced by several 
conditions, such as: primary sclerosing cholangitis, chole-
dochal cysts, Caroli disease, intrahepatic biliary lithiasis.

During the arterial phase of CEUS, cholangiocarcinomas 
may present various types of patterns, but all characterize by 
late phase wash-out [10–18].

44.2.2.3  Liver Metastases
The liver is the second most frequent localization for second-
ary malignancies, most of them originating in the digestive 
tract, lungs, breast and head of the pancreas [18]. CEUS has 
an important role in detecting and characterizing hepatic 
metastases smaller than 10  mm in diameter, playing an 
important part when assessing the efficacy of oncologic 
treatment.

Table 44.5 CEUS and 2D ultrasonographic features of malignant liver masses (adapted from Badea and Ioanitescu [18])

Tumor Arterial phase Portal venous phase Late phase “Grey scale” ultrasound (2D)
Hepatocellular 
carcinoma

Intense enhancement
Hyperechoic aspect

Moderate/intense 
wash-out
Hypoechoic or 
isoechoic aspect

Moderate/intense 
wash-out
Hypoechoic aspect

Solid tumor
Inhomogeneous structure
“Basket-like” appearance of the CFM 
vascular pattern
Arterialized circulation
Portal invasion

Cholangiocarcinoma Moderate, 
inhomogeneous uptake
Hyperechoic/isoechoic 
aspect

Moderate wash-out
Hypoechoic aspect

Moderate or intense 
wash-out
Hypoechoic aspect

Solid tumor located in the hilum or 
subcapsulary
Bile ducts dilations oriented towards 
the tumor

Hypovascular 
metastases

Peripheral uptake
Hypoechoic aspect

Peripheral wash-out
Hypoechoic aspect

Intense wash-out
Hypoechoic aspect

Multiple, solid masses
Involvement of all liver lobes

Hypervascular 
metastases

Intense uptake
Hyperechoic aspect

Moderate wash-out
Hypoechoic aspect

Intense wash-out
Hypoechoic aspect

Fig. 44.4 CEUS examination of hepatocellular carcinoma during arte-
rial phase, showing hyperenhancement
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During the arterial phase of CEUS, liver metastases may 
appear as either hypo- or hyperenhancing masses. When 
hypervascular, hepatic metastatic lesions are associated with 
carcinoid tumors, melanomas, sarcomas, thyroid or renal 
cancers.

The diagnosis of liver metastases however relies on 
revealing a hypoenhancement pattern, during the portal 
venous and late phases, with very few exceptions 
(Fig. 44.5). The metastatic lesions usually have an early 
and marked wash-out, that begins within the portal 
venous phase. This pattern explains their appearance as 
punched-out “black foci” against the background of the 
normal parenchyma. Large vessels may sometimes be 
visible, presenting as enhancing lines. The late phase of 
CEUS allows even the detection of very small metastatic 
lesions, that remained hidden during conventional ultra-
sonography [10].

44.2.2.4  Lymphoma
Lymphomas of the liver usually have variable arterial 
enhancement, but they show typical wash-out during the por-
tal venous and late phases, predictive of malignancy [10].

44.3  Characterization of Portal 
Vein Thrombosis

Portal vein thrombosis (PVT) is characterized by the com-
plete or incomplete obstruction of the portal vein lumen, due 
to the development of solid material, that may appear within 
any portion of the vein. In evolution, the normal vascular 
structure can be replaced by the presence of multiple tortu-
ous neo-formation vessels, characterized by a hepatopetal 
flow, a condition that can be described by the term “caverno-
matous transformation” or “cavernoma”. The thrombotic 
process can either evolve in the intra- or extrahepatic tract 
and may involve the superior mesenteric vein and/or the 
splenic vein [23].

Portal vein thrombosis may be bland (appositional), rep-
resented by a simple clot within the vein, or malignant, 
which usually appears as a complication of hepatocellular 
carcinomas [10].

When explored by CEUS, the bland thrombus shows no 
signs of enhancement and can be described as a gap within 
the enhancing liver parenchyma, during all phases 
(Fig.  44.6). A malignant thrombus, however, shows the 

Fig. 44.5 CEUS examination 
of liver metastasis showing 
washout in the portal phase

a bFig. 44.6 CEUS examination 
of the liver showing benign 
portal vein thrombosis (no 
enhancement of the thrombus 
in the arterial phase)
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same enhancement pattern as the source tumor, including 
rapid hyperenhancement in the arterial phase. The wash-out 
usually occurs rapidly, although in some cases slow wash-
out during the portal venous phase can be described. The 
thrombotic material should be examined during the wash-in 
process of the contrast agent. In tumoral thrombi, the vascu-
larization should parallel the arrival of the microspheres in 
the hepatic artery [10].

The primary tumor from which the thrombus origi-
nated may remain undetectable on ultrasound, even when 
using CEUS.  In these cases, sweeping through the liver 
may help the investigator in the identification of the 
lesion.

 Self Study

 Questions

 1. Which statement is true:
 (a) The arterial phase of CEUS lasts from the first 10 s to 

30–45 s.
 (b) The portal phase of CEUS last from 30–45 s to 120 s.
 (c) The late phase of CEUS last from 120 s to 4–6 min, 

until the gas bubbles are fully eliminated.
 (d) CEUS should not be performed in patients with renal 

impairment.
 2. Which statement is true:

 (a) Hepatocellular carcinoma appears hyperenhanced in 
the arterial phase of CEUS.

 (b) Malignant thrombus in the portal vein appears hyper-
enhanced in the arterial phase of CEUS.

 (c) Liver metastases typically have rapid wash-out and 
appear hypoenhanced in the portal phase.

 (d) Liver hemangiomas have nodular peripheral enhance-
ment during arterial phase, with centripetal progres-
sion during portal venous and late phases.

 Answers

 1. Which statement is true:
 (a) CORRECT
 (b) CORRECT
 (c) CORRECT
 (d) FALSE

 2. Which statement is true:
 (a) CORRECT
 (b) CORRECT
 (c) CORRECT
 (d) CORRECT
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Ultrasound Elastography

Woo Kyoung Jeong

45.1  Introduction

Ultrasound elastography (USE) is not only useful to discrim-
inate a malignant tissue in the breast [1] and thyroid [2], but 
also to estimate parenchymal fibrosis of the liver [3]. In order 
to diagnose the stage of hepatic fibrosis, the patient with 
chronic hepatitis should have undergone liver biopsy before 
development of transient elastography (TE), a kind of 
USE. However, liver biopsy has intrinsic limitations such as 
a risk of bleeding, expensiveness, and sampling error caused 

by a small specimen [4]. During a recent decade, various 
types of USE have been developed: TE is a frontier of non- 
invasive method to diagnose liver fibrosis; several different 
methods of USE including acoustic radiation force impulse 
(ARFI) imaging, point shear wave elastography (pSWE), 
and two dimensional shear wave elastography (2D-SWE), 
are following [3, 5, 6]. The clinical indication of USE initi-
ated from diagnosis of liver fibrosis in hepatitis C patients 
[7], and expanded into predicting liver-related complica-
tions, development of HCC, clinical decompensation of the 
patients, and patients’ survival [8, 9].

In this chapter, we addressed the principle of USE includ-
ing basic technique of elastography, clinical use of USE 
including diagnostic and prognostic roles, emerging issues 
during liver stiffness measurement including standard tech-
nique and quality criteria of USE, and practically important 
things to know to avoid its limitation.

45.2  Basic Technology of Ultrasound 
Elastography

Elastography is a method to evaluate the displacement of tis-
sue (deformation) using imaging modalities, such as ultraso-
nography and magnetic resonance imaging [10]. Therefore, 
in order to know the elasticity, it is necessary to apply a force 
that can be deformed. In the case of the liver, it is located in 
a place where it is difficult to directly apply force. For this 
reason, specific equipment using ultrasound or MRI was 
developed to reveal the elasticity of the deep tissues such as 
the liver and to visualize the difference in elasticity.

There are several elastographic techniques using ultraso-
nography: displacement or strain imaging, shear wave speed 
measurement, and shear wave speed imaging [5] (Table 45.1). 
Strain imaging consists of strain elastography and ARFI 
imaging, and it is also introduced as a hepatic elastography. 
However, most of hepatic elastography shows quantitative 
results using shear wave speed measurement or mapping 
(shear wave speed imaging), and there are three representa-
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Key Concepts
• Ultrasound elastography is useful to estimate paren-

chymal stiffness of internal organs such as the liver.
• There are several representative methods of 

ultrasound elastography: transient elastography, 
point shear wave elastography, and 2D shear 
wave elastography.

• Ultrasound elastography is generally used for esti-
mation of the hepatic fibrosis stage in chronic liver 
diseases including viral hepatitis and non-alcoholic 
fatty liver disease and the severity of portal hyper-
tension in cirrhosis.

• There are remaining issues about ultrasound elas-
tography: limitation of ultrasound beam penetra-
tion, the unit of elasticity, and comparability of data 
between the different shear wave technologies.

• Ultrasound elastography is still emerging for a non-
invasive diagnostic tool for diffuse liver disease 
because of its economic merit and safety. Especially 
it can be used as a monitoring tool for chronic liver 
disease patients.
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tive shear wave methods: transient elastography (TE), point 
shear wave elastography (pSWE), and 2D- and 3D-shear 
wave elastography (SWE) (Fig. 45.1).

Shear wave technique is generally used for hepatic 
elastography including transient elastography and 
SWE.  Shear deformation is caused by forces applied 
across the body surface. It will propagate transiently as 
shear waves [5]. The shear wave occurs in an elastic 
medium when it is subject to periodic shear effect, which 
is defined as morphological change generated by a pair of 
equal forces acting in opposite directions along two sides 
of the layer. Shear waves which propagate serially into 
adjacent tissue and make it deformed can be observed by 
ultrasound technique such as Doppler, and shear modulus 
to calculate by using the function between the shear wave 
velocity and the elasticity (Fig. 45.2).

45.2.1  Transient Elastography

TE, which is most used in clinical practice, is a method of 
measuring the elasticity by measuring the shear wave veloc-
ity after applying a mechanical vibrator. The shear wave 
velocity is measured by the amplitude modulation-mode 
ultrasound probe mounted on the axis of the vibrator. The 
stiffer the liver is, such as advanced fibrosis, the faster the 
shear waves are. The range of observation in TE is between 
25 and 65 mm using the standard (M-) probe. To overcome 
the limitation of the obese, a new (XL-) probe with 35–75 mm 
of observational range was developed. It should be paid 
attention that measured stiffness on XL probe is usually 
lower than that on M probe.

45.2.2  Point SWE

Point SWE applies force using focused acoustic impulse 
instead of mechanical vibrator and then measure shear 
wave velocity like TE. These methods have the advantage 
of being integrated in conventional ultrasonography sys-
tem. It means that the operator can obtain the elasticity 
adding to anatomic information using conventional ultra-
sonography. Unlike TE, the operator can position the 
region of interest (ROI) for measuring elasticity on the 
ultrasonogram, avoiding from a large vessel and 
gallbladder.

45.2.3  2D-SWE

Basically, the principle of 2D-SWE is very similar to pSWE; 
however, it enables to calculate the shear wave speed in large 
ROI, and display it with a color map which shows distribu-
tion of elasticity of the target tissue. In 2D-SWE, multiple, 
high-frequency (hundreds of Hz) of shear waves induced by 
repeated focused acoustic impulse make a single or real-time 
large ROI possible.

45.2.4  Strain Elastography

Strain elastography, which is mainly used in superficial 
organs such as the breast or thyroid, is a method of measur-
ing the elastic ratio after applying an intrinsic force such as 
the heartbeat, and is less utilized than the shear wave 
methods.

Table 45.1 Classification of ultrasound elastography

Classification Method Type of force Applied force Measured property
Qualitative or 
quantitative

Commercial 
implementation

Strain imaging Strain elastography Quasi- static Mechanical Strain/strain rate Qualitative Many vendors
ARFI imaging Focused acoustic 

beam
Displacement on 
imaging

Qualitative Siemens

SWS 
measurement

TE Mechanical SWS Quantitative Echosens
pSWE Focused acoustic 

beam
SWS Quantitative Siemens

Philips
Hitachi-Aloka
Samsung

SWS imaging 2D-SWE Focused acoustic 
beam

SWS Qualitative/
quantitative

Siemens
Toshiba
Philips
Mindray Zonare
GE
Supersonic imagine

2D-SWE two dimensional-shear wave elastography, ARFI acoustic radiation force impulse, pSWE point shear wave elastography, SWS shear wave 
speed, TE transient elastography

W. K. Jeong
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a b

c d

e

Fig. 45.1 Various types of US elastography. Transient elastography (Echosens) (a); Point shear wave elastography (pSWE; Samsung Medison) 
(b); two dimensional shear wave elastography. Supersonic Imagine (c); Canon Medical (d); and Philips Healthcare (e)

45 Ultrasound Elastography
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45.3  Clinical Studies of Ultrasound 
Elastography

Looking at the published researches, the USE is generally 
used for two parts of clinical practices: estimation of the 
hepatic fibrosis in the chronic liver diseases and estimation 
of the severity of portal hypertension (Fig. 45.3).

There are several meta-analyses of diagnostic performance 
of TE to estimate hepatic fibrosis (Table  45.2) [11–16]. 
According to these papers, the estimated cut-off values for sig-
nificant fibrosis (≥F2 on METAVIR score system) were sug-
gested of 7.0–7.65  kPa with a sensitivity of 78–84% and 
specificity of 78–80%. In the case of cirrhosis (F4 on METAVIR 

score system), the results of TE showed a cut-off of 11.3–
15.3  kPa with a sensitivity of 80–84.6% and specificity of 
81.5–90%. In terms of pSWE and 2D-SWE, the diagnostic per-
formance was also comparable to that of TE. The areas under 
the curves for diagnosis of significant fibrosis and cirrhosis 
were 0.85–0.87 and 0.91–0.94, respectively. In addition, these 
meta-analyses showed that TE could be used as a good screen-
ing test for cirrhosis, but could not be used for accurately diag-
nosing less serious fibrotic stages. According to the underlying 
diseases, the hepatic stiffness could be different; the value of 
liver stiffness measurement in hepatitis B virus (HBV) patients 
could be lower than that of hepatitis C virus (HCV) because 
HBV-associated liver cirrhosis includes large cirrhotic nodules 

Fig. 45.2 Three steps of making shear wave elastography. USE is 
divided three steps: making shear wave by pushing pulse; estimating 
shear wave velocity observed from tissue displacement by propagation 

of shear wave; figuring out elastic modulus from shear wave velocity. 
(Modified and reprinted from Jeong et  al. [3] with permission from 
Korean Society of Ultrasound in Medicine)

Fig. 45.3 Practical 
usefulness of US 
elastography. USE is 
generally used for two parts 
of clinical practices: 
estimation of the hepatic 
fibrosis in the chronic liver 
diseases and estimation of the 
severity of portal 
hypertension. USE cannot 
only discriminate no fibrosis, 
significant fibrosis for 
observation of cirrhosis 
development, and overt 
cirrhosis, but also subclinical 
portal hypertension, clinically 
significant portal hypertension 
(CSPH), and severe portal 
hypertension instead of liver 
biopsy and HVPG 
measurement
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with relatively sparse fibrotic bands. On the contrary, increased 
liver stiffness value in the patients with acute exacerbation on 
chronic hepatitis with HBV infection should be carefully inter-
preted because alanine aminotransferase (ALT) flares can lead 
to overestimate the fibrosis grade [17].

In the non-alcoholic fatty liver disease (NAFLD), USE 
can be used for two purposes: estimation of hepatic fibrosis 
and estimation of the quantity of hepatic steatosis. Controlled 
attenuation parameter (CAP) driven in TE has been used for 
the purpose of fat quantification. The principle of CAP is that 
ultrasonic attenuation coefficient could be estimated in the 
sample of which stiffness was assessed by TE and expressed 
in dB/m for quantification [18]. According to the recent 
paper which performed a meta-analysis of several biopsy- 
proven studies, the areas under the curves for diagnose each 
steatosis stage was about 0.82–0.88 [19]. Other USE does 
not include a quantification tool for steatosis, but the degree 
of ultrasonic attenuation has been basically a diagnostic cri-
terion of ultrasonography from the past, as well as increase 
in echogenicity. There is a study of evaluation about hepato- 
renal index and ultrasound attenuation index using conven-
tional ultrasonography, and these parameters were useful to 
diagnose higher than 5% of hepatic steatosis [20]. According 
to a diagnostic algorithm introduced by a review article [21], 
TE could be useful for reducing NAFLD patients who are at 
indeterminate risk (liver stiffness was ranged 7.9–9.6 kPa) 
that liver biopsy is required for diagnosis. Thus, the number 
of liver biopsy can be decreased, leading to reduced inci-
dence of biopsy-induced complications.

Portal hypertension is a common clinical syndrome asso-
ciated with liver cirrhosis. Most of the cases with portal 
hypertension were associated with cirrhosis, and it appears at 
the intrahepatic sinusoidal site, as a result of fibrotic disrup-
tion of hepatic architecture and dynamic component pro-
duced by vasoconstriction of intrahepatic vasculature [22]. It 
may affect the clinical course of cirrhotic patients due to sig-
nificant complications. Clinically, there are two stages with 

different prognoses in the cirrhosis: compensated and decom-
pensated cirrhosis. To predict development of clinical events 
in cirrhotic patients, hepatic venous pressure gradient (HVPG) 
is considered as a surrogate marker of portal hypertension. 
When HVPG is same or higher than 10 mmHg, clinically sig-
nificant portal hypertension is present. The other exam for 
monitoring of cirrhotic patients is gastroscopy. It is used to 
diagnose esophageal and gastric varices and to manage them 
with endoscopic variceal ligation and sclerotherapy as a pro-
phylactic purpose before variceal bleeding, or as a bleeding 
control after variceal bleeding [23, 24]. For the cirrhotic 
patients, elastography is useful for non- invasive diagnostic 
method to discriminate subclinical, clinically significant, and 
severe portal hypertension groups; therefore it could replace a 
specific role of invasive diagnostic methods such as HVPG 
measurement and gastroscopy. As a prediction of hepatic 
fibrosis, liver stiffness by USE well correlates with HVPG 
value, especially up to 10–12 mmHg [25], and it can predict 
the presence and size of varices [26]. And it is also useful to 
find a responder of non-selected beta blocker to decrease por-
tal hypertension in decompensated cirrhotic patients [27, 28]. 
Recently, splenic stiffness measurement is highlighted 
because it showed a closer correlation with HVPG than liver 
stiffness although some limitations still remain (e.g. splenic 
size, range limitation of measured stiffness, etc.) [29].

45.4  US Elastography Is Reliable?: Quality 
Criteria of Ultrasound Elastography

According to the result of previous studies, the accuracy of 
liver stiffness is high for liver fibrosis staging under the opti-
mized condition, e.g. fasting, unforced expiration, and with-
out necroinflammation of hepatocytes. Thus, the precision of 
USE is an emerging issue for liver fibrosis estimation.

The distribution of measured liver stiffness values should 
be considered as quality criteria because it represents the 

Table 45.2 Summary of meta-analyses: pooled diagnostic performance of US elastography for significant fibrosis (F2) and cirrhosis (F4)

Author Modality
Number 
of studies

Underlying 
diseases

Fibrosis stage ≥F2 Fibrosis stage ≥F4
Cut-off (kPa) AUC Sn Sp Cut-off (kPa) AUC Sn Sp

Friedrich-Rust et al. 
[16]

TE 50 Variable 7.65 0.84 13.01 0.94

Chon et al. [14] TE 18 CHB 7.0 78 80 11.7 84.6 81.5
Tsochatzis et al. [15] TE 14 CHC 7.6 78 80 15.3 83 90

6 CHB 7.0 84 78 11.3 80 89
Friedrich-Rust et al. 
[13]

ARFI/Point 
SWE

8 Variable 1.34∗ 0.87 79 85 1.80∗ 0.91 92 86

Bota et al. [12] ARFI/Point 
SWE

13 Variable 1.30∗ 0.85 74 83 1.80∗ 0.93 87 87

Jiang et al. [11] 2D-SWE 13 Variable 0.87 84 83 0.94 89 88

Reprinted from Park et al. [8] with permission from Korean Association of Study of Liver
2D-SWE two dimensional shear wave elastography, ARFI acoustic radiation force impulse, AUC area under curve, CHB chronic hepatitis B, CHC 
chronic hepatitis C, Sn sensitivity, Sp specificity, TE transient elastography
∗ The unit of values is m/sec
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precision and reproducibility of measurement. In many stud-
ies which dealt with USE, mean and median values were 
mixed as the representative value of measurement. And 
interquartile range with median value or standard deviation 
with mean value was appeared in the papers. In the case of 
TE, standard protocol and quality criteria for measurement 
of liver stiffness had been already established. The validity 
of liver stiffness measurement is determined by the success 
rate and the interquartile range divided by the median 
(IQR/M) of correct measurements. The success rate is the 
ratio of the number of correct measurements to the total 
attempts of measurements, and must be greater than 60%; 
the IQR/M of successive ten measurements should be lower 
than 30% [30].

On the other hand, there is neither generally accepted 
standard protocol nor quality criteria for pSWE and 
2D-SWE. Like TE, an IQR/M ≤ 30% is widely used for qual-
ity criterion of pSWE and 2D-SWE [31–35]. The other group 
used coefficient of variance (CV) of liver stiffness measure-
ment by 2D-SWE, and they suggested <20% of the CV 
would be more reliable, which was better than IQR/M [36]. 
Also according to the consensus report by the Society of 
Radiologists in Ultrasound (SRU), the report for USE should 
provide the median value, as well as the IQR/M value as a 
measure of quality [6]. In the most of the studies, right 
hepatic lobe was preferred to measure via intercostal sonic 
window because left lobe is vulnerable to erroneous mea-
surement by a motion artifact due to heartbeat, and manual 
compression with transducer, and poor sonic window. The 
number of measurement was ranged from three to ten. The 
number of measurement in 2D-SWE was smaller than 
pSWE, and it may be reasonable because the stiffness value 
on the monitor of 2D-SWE machine is average of three suc-
cessive elasticity maps; so three or four measurements of 
2D-SWE can be comparable to ten measurements of TE or 
pSWE [37]. According to another study using 2D-SWE, the 
result of five-time repetition was nearly coincident to that of 
ten-time repetition except the condition with fatty liver or 
high liver stiffness [38].

On contrary, the reliability of single measurement is also 
important. The measured value in elastography could be 
changed by positioning of region of interest (ROI). Thiele 
et  al. introduced a new concept for valid measurement of 
2D-SWE [36, 39]. Reliability criteria defined as standard 
deviation divided by mean value of stiffness within a single 
ROI should be lower than 10% for high accuracy to diagnose 
liver cirrhosis and clinically significant portal hypertension 
[40]. For interobserver agreement, a standard deviation of 
single ROI is also important. The author recommended that 
mean value of standard deviations in single ROIs should be 
less than 1.4 to avoid significant interobserver discrepancy in 
fibrosis stage [41]. In addition, the ROI should be set to at 
least 10 mm, preferably 15 mm or more. Temporal stability 

of the elastogram for 3 s or more during breath hold, in com-
bination with placement of the analysis box in a homoge-
neous area with complete filling results in high accuracy, 
high reliability and low variance of measurements [39, 42, 
43].

Recently, various reliability parameters are equipped in 
the USE machines, such as reliability measurement index 
(RMI) by Samsung Medison, stability index (SI) of 
Aixplorer system by Supersonic imagine, confidence map 
by Philips, and propagation map by Toshiba. RMI is a 
quantitative parameter calculated by the weighted sum of 
the residual of the wave equation and the magnitude of the 
shear wave. It is ranged from 0 to 1, and higher than 0.5 can 
be considered as a reliable value. Confidence map and 
propagation map can guide the operator locate the mea-
surement ROI into the proper area in which shear waves 
propagate homogeneously.

45.5  US Elastography: Limitations 
and Promises

Although the role of USE as a non-invasive method to diag-
nose hepatic fibrosis and to predict a clinical outcome of the 
patients is emerging, several critical issues are remained.

First, US-based technique has an important issue regard-
ing to ultrasound beam penetration. In TE, very low fre-
quency of shear waves are needed because shear waves are 
attenuated rapidly [44], and they should propagate longitu-
dinally from surface to target liver tissue. In contrast, pSWE 
and 2D-SWE uses ARFI technique, and ultrasound beam 
penetrates and makes shear waves in target depth of liver 
tissue [3]. These shear waves don’t need to penetrate 
through long distance and even though the shear wave may 
then travel only a short distance, another shear wave may 
easily be generated at a new source position using another 
ARFI beam [5]. The second technical issue is which unit of 
elasticity should be chosen. Several machines can display 
two types of units: kPa as an elastic modulus and ms−1 as 
shear wave speed. It is preferable to report results in units 
of ms−1 rather than kPa. Because many assumptions should 
be needed to make for conversion of speed to elastic modu-
lus, and these are generally not valid. Thus, shear wave 
speed can be measured directly; an elastic modulus cannot 
be, but calculated indirectly with many assumptions which 
are not generally proven in real situation [5] Moreover, it 
could be misunderstood as shear modulus which has the 
same unit, kPa. It is measured by MR elastography directly. 
Conversion using the relation Young modulus 
(E) = 3 ×  shear modulus (G) is possible, which need the 
prerequisite assumption that the tissue is incompressible. 
Third, there is an issue for comparability of data between 
the different SWE technologies.
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Because there are several important factors to affect shear 
wave speed such as shear wave frequency and bandwidth, 
stiffness thresholds for clinical use known for specific equip-
ment should not be utilized for other equipment. Higher fre-
quencies generate shear waves that travel faster. The 
‘dispersion error’ could render results from different studies 
incomparable. According to the studies by the Radiological 
Society of North America/Quantitative Imaging Biomarker 
Alliance (RSNA/QIBA), there was a statistically significant 
difference in the shear wave speed estimates among systems 
and depth of measurement in the phantom [45, 46].

45.6  Need to Know When Doing US 
Elastography

As Doppler examination is dependent to operator’s skill, 
patients’ status, and ultrasound machine, USE is also 
affected by various factors. Generally, USE is a highly 
reproducible and user-friendly technique, and a learning 
curve is not required so long. However, several factors can 
affect the result of liver stiffness measurement: location of 
measurement, patient’s position, respiratory status, and 
postprandial status [47, 48]. Measuring liver stiffness in the 
left hepatic lobe could be different from that in the right 
lobe, so left liver stiffness is not appropriate to apply refer-
ence values of USE for liver stiffness [49]. Upright position, 
deep inspiration and postprandial status are also increasing 
factors of liver stiffness. Therefore, a standard protocol of 
liver stiffness measurement should be given to reduce oper-
ator- or protocol-dependent factors [3].

Patient-dependent factors are also important factors not to 
be ignored. Because USE uses basically ultrasonic pulse to 
make and measure shear waves, the pulse is attenuated by 
soft tissue, especially fat. In the case of TE, a low frequency 
pushing pulse made by external vibration theoretically do 
not propagate through liquid, displacement of liver tissue 
may not appear, and liver stiffness measurement is not accu-
rate under the ascites [50]. Thus, the accuracy and reproduc-
ibility could be compromised in the obese patients, patients 
with severe fatty liver, and patients with ascites [38, 51]. 
Necroinflammation of hepatocytes which appears in active 
phase of viral hepatitis also can affect accuracy. Nevertheless, 
USE can be used for a good method of longitudinal follow-
 up to perform the tailored management strategies by provid-
ing more detailed prognostic information. In this situation, 
cut-off values of liver stiffness which are important levels of 
cross-sectional assessment of the patient may be less impor-
tant, and the quality of serial measurements may be more 
emphasized [27, 52].

For the best practice for elastography for diffuse liver 
disease, there was a panel discussion by specialists from 
radiology, hepatology, pathology, and basic science and 

physics in the SRU with regards of the use of USE in the 
assessment of liver fibrosis in chronic liver disease [6]. 
According to the report of the panel discussion, a stepwise 
approach to the diagnosis of liver fibrosis would be helpful, 
and the literature has been suggested that TE and pSWE 
techniques are at least equivalent so far. Also it is clinically 
useful to discriminate patients who underwent elastography 
into three categories: those with a low likelihood of cirrho-
sis (category I; equivalent to METAVIR F0 or F1 in patho-
logic finding), those with a high likelihood of cirrhosis 
(category III; equivalent to METAVIR F4), and those in 
between two categories (category II; equivalent to 
METAVIR F2 or F3). The patients who belong to the cate-
gory I, they do not need any follow-up study to observe the 
progression of liver fibrosis. On the contrary, the category 
II patients require close observation about the progression 
to liver cirrhosis, and the category III patients should be 
observed whether development of life-threatening compli-
cation is imminent.

45.7  Conclusion

USE is still emerging for a non-invasive diagnostic tool for 
diffuse liver disease. Because it is safe and cheap, it can be 
used as a monitoring tool for the patients with chronic liver 
disease. As many ultrasound machines equip the USE func-
tion, examiners can perform USE as well as B-mode ultraso-
nography without patients’ inconvenience. Moreover, the 
accuracy and reliability of USE have been proven, and it is 
included in the clinical practice guideline.

As mentioned former, although some limitations still 
remain, there are many attempts for merging the knowledge 
about USE and for publishing guidelines for its technical and 
clinical applications. Finally, USE would be more widely 
used for a basic follow-up method for the patient with 
chronic liver diseases, and most of clinicians would believe 
the well-qualified result of USE and utilize it for patient 
management.

 Self Study

 Questions

 1. Which statement is true?
 (a) The cut-off level of liver stiffness of cirrhosis (F4) is 

same regardless of etiology of liver disease.
 (b) The velocity of shear wave in a firm medium is faster 

than that in a soft medium.
 (c) Young modulus is equivalent to shear modulus.
 (d) The value of liver stiffness measurement is compara-

ble regardless of center frequency of transducer.
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 2. Which one is different from others?
 (a) Transient elastography
 (b) Point shear wave elastography
 (c) Two-dimensional shear wave elastography
 (d) Strain elastography

 Answers

 1. Which statement is true?
 (a) The cut-off level of liver stiffness is different among 

the etiology of liver disease. According to a meta- 
analysis of liver stiffness measurement using tran-
sient elastography, the cut-off level of cirrhosis by 
hepatitis B viral infection was 11.3 kPa, which was 
slightly lower than that by hepatitis C viral infection 
(15.3 kPa).

 (b) It is CORRECT.
 (c) Young modulus is about three-times of shear modu-

lus, but it needs the prerequisite assumption that the 
tissue is incompressible.

 (d) The shear wave speed depends on the frequency and 
bandwidth of shear waves, which is affected by cen-
ter frequency of transducer.

 2. Which one is different from others?
 (a) Transient elastography is one of shear wave 

technique.
 (b) Point shear wave elastography is one of shear wave 

technique.
 (c) Two-dimensional shear wave elastography is one of 

shear wave technique.
 (d) Strain elastography is a qualitative method, which 

doesn’t use shear wave propagation. It is CORRECT.
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46.1  Magnetic Resonance Elastography

46.1.1  Introduction

Hepatic fibrosis and cirrhosis represent an important health 
public problem worldwide. Liver biopsy is necessary for the 
diagnosis and staging of liver fibrosis. However, it is an inva-
sive method with risk and potential complications [1]. MR 
elastography (MRE) techniques and automated analysis, 
permits a more accurate assessment of liver fibrosis espe-

cially in cases in which fibrosis is not uniform [1–3]. Even if 
MRE cannot differentiate fibrosis distribution as histopatho-
logic examination does, it may distinguish the various 
degrees of tissue stiffness by drawing a ROI (region of inter-
est) on each of four liver axial images acquired, and by mea-
suring the mean stiffness [1]. The degree of fibrosis quantified 
by MRE are classified into: F1: mild fibrosis, F2: moderate 
fibrosis, F3: severe fibrosis and F4: cirrhosis [1, 4].

46.1.2  Principles

MRE uses a modified phase-contrast method to image the 
propagation characteristics of the shear wave in the liver 
[1–7]. Elasticity is quantified by MRE (expressed in kPa- 
KiloPascal) using a formula that determines the shear mod-
ulus [7]. The normal liver stiffness range is between 1.54 
and 2.87  kPa [4]. The theoretical advantages of MRE 
include its ability to analyze almost the entire liver and its 
good applicability in patients with obesity or ascites [1–6]. 
Liver stiffness measurement using MRE is reproducible, 
operator independent and has a good consistency across 
vendor platforms [7, 8].

46.1.3  Technical Aspects

Elastography techniques may be classified according to the 
source (static, quasistatic, or dynamic) and duration (tran-
sient or continuous) of tissue deformation and the modality 
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Key Concepts
• Magnetic Resonance Elastography (MRE) is a non- 

invasive MRI technique for quantitatively assessing 
the mechanical properties of the tissues in vivo in 
our case the liver parenchyma.

• There is a strong correlation between MRE- 
measured hepatic stiffness and the stage of fibrosis 
at histology demonstrated by multiple studies.

• MRE is a safer, less expensive, and accurate alter-
native to invasive liver biopsy which is currently 
considered the gold standard for diagnosis and stag-
ing of liver fibrosis.

• Multiparametric MRI of the liver, combining mor-
phologic and functional informations, represent an 
essential tool for radiologists and include in the 
functional part of the MR protocol diffusion 
weighted imaging, multiphase dynamic 3D T1 
weighted GRE (Gradient Echo) imaging evaluation 
with hepato-specific contrast agents, and qualitative 
and quantitative analysis of the liver parenchyma 
particularly in the hepatobiliary phase.

Definitions
MR elastography is a noninvasive medical imaging 
technique by means of which it can be appreciated the 
mechanical properties of a soft tissue such as elasticity, 
corresponding to the deformation resistance of a tissue 
on which was applied a stress [1–7].
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used for tracking (ultrasound or MRI). Techniques also may 
be classified according to the device type (stand alone or 
adjunct to an imaging scanner), wave generation method 
(external vibrator or internally focused acoustic radiation 
force), inversion algorithm (1D, 2D, or 3D), reported param-
eters (shear-wave speed, magnitude of complex shear modu-
lus, and the Young modulus), or output display (purely 
numeric, M-mode image, or parametric imaging map) [2, 8]. 
MRE techniques use continuous waves and requires five 
components: a driver system to generate oscillatory mechan-
ical waves continuously at a fixed frequency, a phase- contrast 
multiphase pulse sequence with motion-encoding gradients 
that are synchronized to the mechanical waves, processing of 
phase-sensitive MR images to depict wave amplitudes 
(shear-wave displacement images or, simply, wave images), 
further postprocessing (using an inversion algorithm) to gen-
erate elastograms and analysis of the elastograms [2–7]. In 
MRE, images are acquired with a modified phase-contrast 
technique that generates both magnitude and phase images. 
The total acquisition time in liver MRE is about 1 min, typi-
cally divided into four separate approximately 15-s breath- 
holds (one for each slice liver location), acquired in end 
expiration if possible. Images at each phase offset are 

acquired through color maps and are typically applied to 
these wave images, in which red and blue hues indicate 
opposite wave polarity and color saturation indicates wave 
amplitude. The color elastograms represent the shear modu-
lus with scales of 0–8 kPa [1–6].

In clinical practice, the patient is placed in supine position 
with a pneumatic driver placed over the liver on the anterior 
abdominal wall. The pneumatic driver generates mechanical 
waves by vibrating at low frequencies. The waves propagat-
ing into the liver are measured using a 2D gradient-echo 
sequences and cyclic motion-encoding gradients (MEG). 
Specialized computer-based algorithms analyse these 
mechanical waves [7].

Fibrosis leads to increased liver stiffness (Fig. 46.1). As 
shear waves travel through a tissue, the speed of the wave 
depends on the tissue stiffness [1–6]. In stiffer tissues, the 
shear-wave speed is greater, enabling estimation of the 
degree of liver fibrosis from measuring the speed of a shear 
wave [2]. In MRE, increased wavelength is evident in stiffer 
tissues. An obstacle to direct comparison between techniques 
is the frequency dependence of biologic tissue. Higher fre-
quency shear waves produce higher stress and strain rates, 
resulting in higher stiffness measurements [2–4, 6, 9].

a b

c d

Fig. 46.1 MRE. (a) Magnitude image—image quality is lower com-
pared to standard imaging due to the acquisition technique, but is suf-
ficient to visualize the anatomy; (b) wave image—the unwrapped and 
corrected wave displacements are displayed in this series; (c) relative 
stiffness 95% Map—stiffness map with checkered areas for low confi-
dence areas standard; (d) elastogram or relative stiffness map—con-

tains the magnitude of the complex shear modulus, providing reliable 
data about liver stiffness. By applying a ROI that includes the hepatic 
contour it is possible to calculate the mean value of the hepatic elastic-
ity, and at the level of the area corresponding to the color map with an 
increased fibrosis, by overlapping an ROI circumscribing the respective 
area, the value corresponding to the degree of maximal fibrosis

I. G. Lupescu et al.



525

46.2  Clinical Applications of MRE

46.2.1  MRE in Staging of Liver Fibrosis

Chronic HBV and HCV infections. Knowledge of liver fibro-
sis stage in chronic HBV and HCV infections is beneficial 
for prognosis, follow-up, and treatment decisions [3, 8–14]. 
From the published studies in chronic HCV or HBV infec-
tions, 2D GRE MRE has shown excellent accuracy in diag-
nosing liver fibrosis or cirrhosis, with AUC (area under the 
curve) for the diagnosis of fibrosis stages F2–F4, F3–F4, and 
F4 of 0.95–0.99, 0.94–1, and 0.92–1, respectively [3, 9, 14]. 
Several studies also showed that necroinflammation may 
increase liver stiffness [9, 15–19].

46.2.2  Nonalcoholic Steatohepatitis (NASH) 
and Nonalcoholic Fatty Liver 
Disease (NAFLD)

Liver fibrosis has been shown to be the strongest predictor of 
complications in NAFLD patients, which motivates the need 
for reliable noninvasive techniques for detection of liver 
fibrosis and will be of major interest for clinicians and in 
terms of public health perspective. A meta-analysis of nine 
studies with 232 patients [15] reported AUCs of 0.90 or 
greater for the diagnosis of fibrosis stages F3–F4 and F4, 
with associated cutoffs of 3.77  kPa and 4.09  kPa, respec-
tively [15]. In patients with NAFLD MRE is highly accurate, 
for liver fibrosis staging, and is not significantly influenced 
by age, sex, obesity or by the degree of inflammation [15].

There is also evidence that MRE may be able to differen-
tiate NASH and simple steatosis in NAFLD patients with a 
reported AUC of 0.93, but this needs further confirmation 
[9]. In steatohepatitis or NASH, liver stiffness (LS) mea-
sured by MRE increase, even before the onset of fibrosis [4]. 
MRE is more accurate than acoustic radiation force impulse 
(ARFI) for diagnosing any fibrosis in all NAFLD patients 
and obese NAFLD patients [16–18]. Both 2D and 3D-MRE 
at the standard shear-wave frequency, are highly accurate in 
diagnosing NAFLD advanced fibrosis [18]. Patients with ste-
atosis had lower liver inflammation and fibrosis compared to 
patients with non-alcoholic steatohepatitis [19].

46.2.3  Primary Sclerosing Cholangitis

MRE may be useful in detection of early fibrosis in primary 
sclerosing cholangitis (PSC) especially when there are no 
other morphological signs of disease; in these cases, stiffness 
measurement at baseline and longitudinal changes has been 
shown to be a useful biomarker for monitoring and prognos-
tication [20].

46.2.4  MRE Potential Role in Liver Tumors

Other potential clinical application of MRE is to add 
more information to the classical appearance of a liver 
nodule on T2, diffusion weighted images, and on unen-
hanced and dynamic enhancement T1 features of the nod-
ule after bolus injection of a gadolinium-based contrast 
agent. Malignant liver tumors had significantly greater 
mean shear stiffness (10.1  kPa); than benign tumors 
(2.7  kPa), also significantly greater shear stiffness than 
normal liver parenchyma. Cholangiocarcinoma and HCC 
had greater stiffness than fibrotic liver, benign tumors, 
and normal liver parenchyma. MRE can stratify the risk 
for development of HCC during follow-up in patients 
with chronic liver disease [21, 22]. The LS value can be 
used as a predictive factor for occurrence of hepatocel-
lular carcinoma [22].

Obese patients can be reliably examined by MRE and no 
observer variability exists [23]. MR elastography is prefera-
ble to US elastography because an acoustic window is not 
needed and the entire liver can be assessed compared with 
US elastography in which only small regions of interest can 
be explored [16, 17, 24].

46.2.5  Limitations and Pitfalls of MRE

The most common technical limitation of MRE is liver 
hemochromatosis [1, 3]. In patients with moderate to 
severe hepatic iron overload (the short T2∗ time of the 
affected liver) the signal intensity of the liver is so low that 
the shear waves cannot be visualized on the phase-contrast 
2D gradient-echo (GRE) image. There is conflicting evi-
dence on the effect of body mass index on MRE measure-
ments. A recent study found that body mass index was not 
a contributing factor in failure but found waist circumfer-
ence to be a significant factor of failure. In contrast, a 
recent large retrospective study investigating the cause of 
MRE failure using a 2D GRE sequence found that body 
mass index, iron deposition, massive ascites, and use of 
3 T were significantly associated with MRE failure. This 
limitation can be suppressed using Short echo time (TE) 
2D spin echo echoplanar imaging (SE-EPI)-based MRE 
which may allow measurement of stiffness in the iron 
loaded liver [25]. In context of biliary system dilatation, 
the elevated liver stiffness is nonspecific and does not indi-
cate fibrosis (this is a false positive MRE). Sarcoidosis, 
amyloidosis or sinusoidal obstruction syndrome (SOS) are 
other examples of false positive MRE [9, 12].

The actual trend, is to combine MRE with lipid and 
iron quantification sequences, which allows a so called 
multiparametric MR approach to diffuse liver disorders 
[1, 5, 8, 19, 26].
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46.3  Functional MRI of the Liver

46.3.1  Introduction

In the last decade, the MRI evaluation of the liver, include 
outside the conventional morphological MRI sequences, 
functional techniques such as diffusion weighted imaging 
(DWI), perfusion weighted imaging (PWI) and dynamic 3D 
GRE T1 multiphase acquisition with hepato-specific 
Gadolinium based contrast agents allowing both vascular 
and interstitial distribution, but also a specific hepatocyte 
uptake during the “hepatobiliary” phase (HBP), which 
improves detection and characterization of nodular liver 
lesions. DWI sequences are important to characterize nodu-
lar lesions developed into a cirrhotic liver, but also in onco-
logical patients which are suspected to have secondary 
hepatic nodules and take an important place in the evaluation 
of tumor functional response [26–32].

46.3.2  DWI Definition

DWI gives information’s about the movement of water mol-
ecules at the microscopic scale. In water, the diffusion of the 
water molecules is free compared with the tissues DWI in 
which is restricted, because restriction of diffusion in bio-
logical tissues is correlated with tissue cellularity, cell mem-
brane integrity, and tissue vascularization [26, 31, 32].

46.3.3  Principles and Applications of DWI

The factor b called “diffusion constant” is expressed in s/
mm2 and corresponds to the combination of the amplitude, 
the duration and the time separating the two gradient 
pulses. The optimal values   of b for the evaluation of liver 
focal lesions ranged from 100 to 800 s/mm2. For interpre-
tation, it is important to calculate the apparent diffusion 
coefficient (ADC) value in addition to the qualitative 
approach. In current practice, DWI sequence is performed 
with multiple b values: 0, 50, 500 and 800 s/mm2 allowing 
the calculation of the ADC. Small values   of b are particu-
larly interesting for the detection of liver lesions but not 
for characterization, being superior to a T2 fast-spin echo 
(FSE) sequence for tumor detection due to a best contrast-
to-noise ratio of the DWI and the absence of the endovas-
cular signal [31]. The persistence of the hypersignal at 
high b values reflects a restriction of the diffusion while a 
drop of the signal reflects a freer diffusion. A tumor signal 
intensity that is higher than that of the surrounding liver on 
high b DW value, and correspond to low ADC values on 
quantitative maps, has a “diffusion restriction” [32]. 
Simplifying, in clinical practice, protonic movements into 

a cyst are free without “restriction of diffusion” and the 
intracystic signal decreases as the b factor value increases 
(cysts have a high ADC). Conversely, in hepatic malignant 
lesions (primary and secondary lesions), protonic move-
ments are constrained due to increased intratumoral cellu-
larity, and the ADC is low [30]. But, the characterization 
of liver focal lesions only on the basis of DWI is impossi-
ble. The current data published in the literature shows an 
overlap   of the ADC values, for example between hepato-
cellular carcinoma (HCC) and benign solid liver tumors 
such adenoma or focal nodular hyperplasia [30]. Several 
studies have shown statistically higher ADC values   in 
benign lesions than in malignant lesions [31–33]. In the 
cirrhotic liver compared with the normal liver it has been 
known for several years that there is a restriction of diffu-
sion; the decrease of ADC values in cirrhotic patients is 
found in all studies and the assumption is increased of the 
collagenous weft associated with a fall in hepatic perfu-
sion [34]. The ADC values   of patients with moderate to 
severe fibrosis (F2–F4) were lower than those measured in 
cases of minimal or no fibrosis (F0–F1). DWI may be 
superior to Fibroscan and serum tests for patient identifica-
tion of F3–F4 stage [34].

DWI is a simple aid for the liver MRI interpretation and is 
integrated into the classification and characterization algo-
rithms for nodular liver lesions. Li-RADS (Liver Imaging 
Reporting and Data System) developed by the American 
College of Radiology (ACR), integrates DWI as an ancillary 
criterion of liver lesion malignancy appeared into a cirrhotic 
liver.

Moreover, DWI is very sensitive to show the appearance 
of necrosis into a tumor (passage from restricted diffusion to 
free diffusion due to necrosis), allowing to appreciate the 
tumoral response under treatment [30]. Numerous articles 
have evaluated the value of diffusion imaging for measuring 
the therapeutic response (chemotherapy, radiotherapy or 
local ablation) in experimental studies. Pre-treatment ADC 
may be a predictor of successful chemotherapy for hepatic 
metastases [32–34].

46.4  Liver-Specific Gadolinium (Gd) Based 
Contrast Agents

46.4.1  Introduction

Liver-specific Gadolinium (Gd) based contrast agents or 
hepato-biliary (HB) contrast agents include Gd-EOB-DTPA, 
Gadoxetic Acid (Primovist®, Bayer Schering Pharma, Berlin, 
Germany) 0.25 mol/l and Gd-BOPTA (Multihance®, Bracco, 
Italy) 0.5 mol/l, both being positive T1 weighted image (wi) 
contrast agents, with a higher T1 relaxivity compared to the 
conventional extracellular agents [35].
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46.4.2  Definition and Mechanism

These two specific liver contrast agents are capable to pro-
vide vascular and interstitial enhancement images identical 
to extracellular Gadolinium chelates, but have an additional 
property represented by the hepatocyte uptake via OATP 
receptors expressed on the hepatocyte surface before being 
partially excreted into the bile through MRP2 canalicular 
ducts. The hepatobiliary phase, which reflects at the cellular 
level the concentration balance between input OATP recep-
tors and MRP2 output, is observed 20  min after the intra 
venous (i.v.) injection of Gd-EOB-DTPA, and 1 h after i.v. 
injection of Gd-BOPTA. Approximately 3–5% of the intra-
venous injected dose of Gd-BOPTA (0.05–0.1  mmol/kg 
bodyweight (bw) or 0.1–0.2 ml/kg; flow rate: 2 ml/s) is taken 
up by functioning hepatocytes and excreted via the biliary 
system, the hepatocytic uptake given at the normal liver 
parenchyma a strong enhancement on delayed T1-weighted 
images that is maximal between 1 and 2 h after i.v. adminis-
tration. Gd-EOB-DTPA is injected manually or using a 
power injector through an intravenous route in a dose of 
0.025 mmol/kg bw or 0.1 ml/kg, flow rate—1 ml/s, it is taken 
up by hepatocytes and has a double excretion: hepatobiliary 
(50%) and renal (50%). In patients with severe hepatic 
impairment (>3 mg/dl serum bilirubin levels) the elimination 
half-life of Primovist increase, the hepatobiliary excretion 
substantially decrease, and the hepatic signal enhancement is 
reduced [28–30, 35–39].

46.4.3  Contrast MR Acquisitions

Two type of MR acquisitions after i.v. injection of HB con-
trast agents can be performed: “classical” dynamic multi-
phase 3DT1 wi sequence and dynamic contrast-enhanced 
(DCE) MR perfusion (MRP). DCEMRP is a particular MRI 
sequence also known as permeability MRI, which calculates 
perfusion parameters by evaluating T1 shortening induced 
by a gadolinium-based contrast bolus passing through tissue. 
Liver perfusion MRI gives information about microcircula-
tion and microenvironment of liver tumors and the underly-
ing hepatic parenchyma [35, 37–39].

In cases of HCC evaluate by DCEMRP there is an 
increased of the: arterial flow, of the total blood flow as well 
as early contrast arrival time. The early contrast arrival is 
related to angiogenesis of the tumor caused by branches with 
direct supply from the hepatic artery. Tumor vascularity 
(fractional intravascular volume) is in general higher and 
portal venous flow is decreased [30, 31].

DCEMRP is indicated also to improve detection of liver 
metastases; to assess the efficacy of anti-angiogenic ther-
apy and the viable HCC after intraarterial chemotherapy or 
postablation; to evaluate cirrhosis and its severity. 

Gd-EOB- DTPA-enhanced MRI associated with DW-MRI 
is the best combination for detection and follow-up of liver 
metastasis [33].

46.4.4  Indications

These two hepato-specific contrast agents are particularly 
interesting for the following indications [30, 32–39]:

• Characterization of certain liver lesions, in particular to 
delineate between lesions with increased expression of 
OATPs (such as focal nodular hyperplasia-HNF) and 
lesions free of overexpression of OATP (such as moder-
ately or poorly differentiated HCC or hepatocellular 
adenomas);

• Non-invasive assessment of hepatic function, with a lack 
of hepatocyte uptake correlating with loss of hepatic 
function observed in metabolic/toxic steatohepatitis, in 
chronic liver disease, or after chemotherapy especially 
Oxaliplatin-based treatments [40–43].

46.4.5  Advantage

The main advantage of the selective uptake by functioning 
hepatocytes is that the normal liver enhances (normal hepatic 
parenchyma exhibit T1 shortening in the longitudinal relax-
ation time), while tumors of non-hepatocytic origin (e.g. 
metastases and cholangiocarcinoma as well as non- 
functioning hepatocytic tumors) are unable to take up HB 
contrast agents, remaining unenhanced, getting an optimal 
liver-lesion contrast-to-noise ratio (CNR) and increasing the 
ability to detect supplementary liver lesions [30, 32]. Also, 
the use of hepato-specific Gd based agents allow to optimize 
the liver fibrosis assessment using a qualitative approach 
(Fig. 46.2). In oncological patients who received Oxaliplatin- 
based chemotherapy or in a context of hematopoietic stem- 
cell transplantation, it is possible to observe in the HBP 
using Gd-EOB-DTPA, a patchy or diffuse reticular T1 wi 
hypointensity associated with hepatocyte dysfunction related 
to sinusoidal obstruction syndrome (SOS) or heterogenous 
liver enhancement, FHN-like lesions (which appears because 
of vascular injury induced by chemotherapy and represent 
benign hyperplasia of hepatic parenchyma due to increased 
arterial perfusion in area with reduced portal blood flow), 
marked periportal hyperintensity (due to increased liver 
function) and fat spare liver areas mimicking metastasis 
(Fig. 46.3). Liver function recovery following interruption of 
chemotherapy may be monitored with by Gd-EOB-DTPA 
MRI. The literature reported that Gd-EOB-DTPA-enhanced 
liver MRI could identify SOS with high specificity and good 
interobserver agreement [40–43].
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Based on T1 shortening effects of hepatocellular 
Gd-EOB- DTPA uptake, the quantitative evaluation 
allows for the direct measurement of liver function, with 
the possibility to correlate the liver function evaluated 
by Gd-EOB-MRI with MELD (Model for End Stage 
Liver Disease)/or Child-Pugh score [30, 44]. 
Measurement of T1 relaxation time on Gd-EOB-DTPA-
enhanced MR imaging is accurate in evaluating liver 
function in patients with HBV-related HCC and can be 
used as a biomarker for estimating the remnant liver 
functional reserve [32, 37, 45]. Histogram analyses of 
the HBP after gadoxetic acid-enhanced MRI may be 
used as a biomarker for liver function assessment, liver 
fibrosis, and necro-inflammation.

Primovist MRI protocol: multiphased array coil, locator 
3 plans, T1 dual GRE (TE-Echo Time in/out of phase), 
MRCP (Magnetic Resonance Cholangiopancreatography) 
ssFSE (single shot Fast Spin Echo) long TE; 3D T1 FAME/
VIBE unenhanced and enhanced dynamic multiphase acqui-
sition with Gd-EOB-DTPA (late arterial phase, portal venous 
phase and transitional phase); ssFSE with short TE; DWI and 
ADC (b: 50, 500, 800); T2 FSE (+/−FatSat); T2 GR (T2∗); 
3D T1 axial/coronal in hepatobiliary (HBP) phase 20  min 
after contrast material (CM) i.v. injection; 3D T1—MRCP 
(Magnetic Resonance Cholangio-Pancreatography) T1 wi in 
the HBP permit an optimal evaluation of the biliary tree. 
Optimal window for Primovist® in patients without cholesta-
sis using T1 wi acquisition is 20 min after CM i.v. injection 

T1 FS T2 DWI ADC

Subtraction AP PVP TP HBP

Fig. 46.2 Multiparametric MRI evaluation of the liver in a cirrhotic 
patient—T1 Fat Sat, T2 wi, DWI and ADC, dynamic 3D T1 FatSat 
acquisition with Gd-EOB-DTPA in arterial phase (subtraction), portal 

venous phase, transitional phase and hepato-biliary phase: important 
liver fibrosis in association with multiple regenerative nodules and a 
dysplastic nodule (white arrow)

DWI T1+C: HBP

Fig. 46.3 Liver MP MRI evaluation in a patient with hepatocyte dys-
function related to SOS after chemotherapy: comparison between DWI 
and hepato-biliary phase after Gd-EOB-DTPA i.v. injection: periportal 

T1 hyperintensity (arrow) associated with large and confluent hypoin-
tense T1 liver areas (arrowhead) visible in HBP
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and in patients with cholestasis 40–60  min after CM i.v. 
injection.

46.4.6  Pitfalls Using Primovist

Lesions such as hemangiomas and hepatic fibrosis, and also 
areas of altered liver perfusion, may be mistaken for malig-
nancy due to their hypointense T1 wi signal on the HBP.

The principles and recommendations for the use of HB 
contrast agents were the subject of expert recommendations 
in 2015 [29]. An expert position of the European Society of 
Abdominal and Digestive Radiology (ESGAR) recalled four 
major applications [28]:

• Optimizing the characterization of benign hepatocellular 
(HC) nodules [30, 32]. HB contrast agents allow a signifi-
cant improvement in diagnostic performance of focal 
nodular hyperplasia (FNH) and propose to perform an 
MRI with HB contrast agents for the characterization of 
indeterminate atypical hepatocyte lesions on conventional 
MRI sequences with a reduction of the number of biop-
sies or monitoring of these benign lesions.

• Optimization of the detection of secondary liver lesions 
[33]. The combination of HB imaging after injection of 
Gd-EOB-DTPA and DWI represents the best MR modal-
ity for evaluating oncological patients, the HBP making 
possible to optimize the identification of infracentimetric 
metastatic liver lesions.

• Optimization of the characterization of primary HC 
lesions [29–34]. The presence of hypersignal lesions in 
T2 wi and DWI (with low ADC) correlated with hyposig-
nal in the HBP would be in favor of high-grade dysplastic 
lesions or beginning HCC whatever their vascular profile 
[30]. In some recommendations, HB contrast agents are 
recommended as first-line tool to evaluate patients with 
chronic hepatopathy [37].

• Optimization of the biliary imaging; because HB contrast 
agents are excreted by the bile ducts after their hepatocyte 
capture, they allow positive enhancement of the biliary 
tree; this allows a positive contrast imaging of the bile 
ducts, but also allows the detection of biliary leakage by 
showing the presence of contrast agent outside the bile 
ducts [30].

46.4.7  Limitations

Even if Gd-EOB-DTPA is now integrated in the algorithms for 
characterization of nodules developed into a chronic liver dis-
ease, its use poses some difficulties because there exists a rapid 
competition between the interstitial enhancement of the lesion 
and the specific capture: the tumors enhancement beyond 90 s 
after injection is no longer the same as that seen with extracel-

lular gadolinium chelates. The “wash-out” observed conven-
tionally in the portal or late phase after injection of extracellular 
gadolinium chelates is then no longer specific for HCC after 
injection of Gd-EOB-DTPA and it can also be observed in 
case of cholangiocarcinoma [30]. So, the use of HB contrast 
agents tends to increase the sensitivity of HC nodules detec-
tion at the expense of limiting specificity regarding character-
ization [32]. In addition, the interpretation of the HBP signal 
intensity may require quantitative measurements, especially 
when the liver contrast is modified (e.g. in liver steatosis).

In summary, DW imaging is validated as a cellularity-/
architecture biomarker; hepatospecific MR contrast agents 
represents biomarkers of the hepatocellular functions, and 
molecular imaging of tumors biology.

46.5  Conclusions: Future Perspectives

Liver MR-elastography represents a field of research in con-
tinuous evolving and refining. Beyond liver fibrosis assess-
ment, liver MR-elastography has been proposed for liver 
stiffness monitoring, assessment of liver cirrhosis, detection 
of inflammation, to obtain additional information’s concern-
ing portal hypertension, liver tumors, and for the hepatic 
complications’ prognosis [14–25].

Concerning liver functional MRI, there are several impor-
tant issues [26–40]:

• DWI sequences are now systematically performed in the 
exploration of nodular liver lesions, adding also informa-
tion’s regarding liver fibrosis.

• DWI sequences are essential to explore patients with sus-
picion of secondary liver lesions and for monitoring the 
effectiveness of oncology therapies.

• DCEMRP together with DWI, contribute to a multipara-
metric functional assessment of the liver pathology 
improving the diagnosis.

• MRI with liver-specific contrast agents allows optimiza-
tion for characterization of hepatocellular lesions and to 
detect supplementary liver nodules. They are useful for 
the evaluation of benign hepatocellular nodules particu-
larly for small FNH and for the characterization of HCC.

• Hepatobiliary contrast agents appear to be useful to evalu-
ate liver diffuse pathology such as fibrosis and steatohepa-
titis, and to give information about liver function considering 
that functioning areas of the hepatic parenchyma exhibit 
shortening of the T1 relaxation time, with the possibility to 
make a qualitative and quantitative analysis.

• In oncological patients treated by chemotherapy, after 
liver transplantation, in biliary cirrhosis, in primary scle-
rosing cholangitis, or in other biliary tree malformations or 
tumors, Gd-EOB MRI add more information’s allowing 
also to have a mapping of hepatocytes function,  correlated 
with specific lab data and MELD/or Child-Pugh score.
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 Self Study

 Questions

 1. Which are the incorrect answers concerning the use of 
Gd-EOB-DTPA (Primovist) in liver evaluation?
 (a) Primovist is an extracellular contrast agent
 (b) In liver cirrhosis with a multinodular pattern the MRI 

protocol include obligatory DWI and multiphase 
dynamic 3DT1 wi acquisition with Gd-EOB-DTPA

 (c) Around 3–5% of the i.v. injected dose is uptake by 
functioning hepatocytes and excreted via the biliary 
tree

 (d) The 3D T1 acquisition for the hepatobiliary phase is 
made in a nonicteric patient after 20 min

 (e) Liver fibrosis is better delineated in HBP compared to 
the nonenhanced 3D T1 MRI acquisition

 2. Which answers are incorrect?
 (a) MR-elastography (MRE) is optimal to detect liver 

hemochromatosis
 (b) In liver fibrosis there is a decrease of stiffness
 (c) DWI correlated with ADC values can be used as bio-

markers in monitoring the effectiveness of oncology 
therapies

 (d) ADC values doesn’t allow to evaluate patients with 
moderate or severe liver fibrosis

 (e) MRE stiffness is different in liver solid tumors com-
pared with the normal liver parenchyma

 Answers

 1. Which are the incorrect answers concerning the use of 
Gd-EOB-DTPA (Primovist) in liver evaluation?
Incorrect answers: a, c because:
(a) Primovist is a hepato-specific contrast agent
(c) About 50% of the i.v. injected dose is uptake by func-

tioning hepatocytes and excreted via the biliary tree
 2. Which answers are incorrect?

Incorrect answers: a, b, d because:
(a)  MRE is not indicate in liver hemochromatosis. In 

patients with moderate to severe hepatic iron overload 
(the short T2∗ time of the affected liver) the signal inten-
sity of the liver is so low that the shear waves cannot be 
visualized on the phase-contrast 2D GRE acquisition

(b) In liver fibrosis there is an increase of stiffness
(d) ADC values   of patients with moderate to severe fibro-

sis are lower than those measured in cases of minimal 
or no fibrosis.
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Contrast Enhanced MR imaging of Liver
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47.1  Introduction

A variety of imaging modalities are currently used in evalu-
ating patients with liver disease; these include ultrasonogra-
phy (US), computed tomography (CT), magnetic resonance 
imaging (MRI), nuclear medicine, and angiography. Among 
these modalities, contrast enhanced dynamic MRI is one of 
the best noninvasive imaging techniques. Recent progress of 
the MR scanner hardware, software techniques and new con-
trast agents have increased the effectiveness and accuracy in 
detecting and characterizing liver disease, especially focal 
hepatic lesions [1]. The progress in MR machines include 
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Key Concepts
• Contrast enhanced MR imaging is the image of 

choice for the diagnosis of focal hepatic lesions. 
Gd-DTPA is currently the most frequently used 
contrast medium in clinical practice. The dynamic 
phases include arterial, venous and delayed phases.

• The hepatocyte-specific Gd-EOB-DTPA is another 
widely used contrast medium nowadays. GD-EOB- 
DTPA enhanced MR provides additional tumor 
information in the hepatobiliary images. Therefore, 
the sensitivity and specificity of hepatic tumor diag-
nosis are increased. It also provides quantitative 
liver and biliary functional information, and helps 
in staging liver fibrosis.

• The characteristic contrast enhanced MR images of 
focal nodular hyperplasia (FNH) are isointense in 
both T1-weighted image (T1WI) and T2-weighted 
image (T2WI), have dense enhancement in arterial 
phase, rapidly return to isointensity in venous 
phase, and then occasionally have delayed enhance-
ment of central scar. Gd-EOB-DTPA-enhanced 
hepatobiliary phase showed typically hyperintense/

isointense to adjacent liver parenchyma with a 
hypointense central scar. MR is better than contrast 
enhanced CT in the diagnosis of FNH.

• The typical MR contrast enhancing patterns of 
HCC are arterial enhancement and washout phe-
nomenon in venous and/or delayed phases. The 
specificity is 96–100%. However, the sensitivity is 
60%. Most HCCs showed hypointense in the hepa-
tobiliary phase of Gd-EOB-DTPA enhanced MR, 
which is helpful in increasing the diagnostic sensi-
tivity and specificity.
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3-T MRI, high performance gradient coils, advanced phased- 
array torso coils, parallel-acquisition imaging (a powerful 
gradient system with increased speed), a new 3D gradient- 
echo sequence with increased resolution, dynamic contrast 
enhanced (DCE) MR imaging and a variety of new or faster 
MR imaging techniques [2]. The new contrast media such as 
hepatocyte-specific Gd-EOB-DTPA provide quantitative 
functional information, help in staging liver fibrosis and pro-
vide additional tumor information in hepatobiliary images 
[3]. Therefore, the contrast enhanced MRI is widely used in 
the diagnosis of diffuse liver disease and focal hepatic 
lesions.

Using the most common hepatic malignant tumor hepato-
cellular carcinoma (HCC) as an example, dynamic studies, 
including CT and MR, are the images of choice and are 
accepted as the final diagnostic methods for HCC in all the 
clinical practices guidelines around the world. The typical 
vascular patterns of the dynamic images consist of enhance-
ment in arterial phase and hypointense signals in the venous/
delayed phases. This has a sensitivity of 60% and a specific-
ity of 96–100% [4]. With the use of hepatocyte-phase imag-
ing of Gd-EOB-DTPA enhanced MR, the diagnostic 
accuracy would be higher [5]. Furthermore, Gd-EOB-DTPA 
enhanced MRI can replace the role of CT during hepatic 
arteriography (CTHA) and the role of CT during arterial por-
tography (CTAP) in the diagnosis of HCC [3].

In this chapter, we will present the currently used MR 
techniques and contrast mediums used during contrast 
enhanced MRI of liver diseases.

47.2  Contrast Medium

The contrast agents used for liver MRI include extracellular 
agents (e.g., Gd-DTPA), reticuloendothelial agents (e.g. fer-
ucarbotran), hepatobiliary agents (e.g. mangafodipir), blood 
pool agents, and combined agents.

47.2.1  Extracellular Agents

After intravenous (IV) administration, the extracellular 
agents are distributed within the extracellular interstitial 
space. Gadolinium chelates are formed from the chelation of 
gadolinium to organic ligands. Structurally, the extracellular 
gadolinium-based contrast agents can be divided into two 
subgroups according to the type of ligand—linear agents and 
macrocyclic agents. Linear agents have an elongated organic 
ligand that wraps around the gadolinium ion. Macrocyclic 
agents form a cage-like ligand structure with the gadolinium 
ion wrapped in a preformed circle. Gadolinium has seven 
unpaired electrons, which can be used as high paramagnetic 
agents. Gadolinium chelates, such as gadolinium 

diethylenetriamine- pentaacetate (Gd-DTPA) and gadolinium 
tetraazacyclododecane-tetraacetate (Gd-DOTA), were the 
first contrast agents available for clinical use in hepatic imag-
ing. High paramagnetic gadolinium ions could shorten the 
T1 (spin-lattice) and T2 (spin-spin) relaxation times of adja-
cent water protons. These effects cause an increase in signal 
intensity of post contrast T1-weighted images (T1WI) [6]. 
The T1 shortening effect predominates at low concentrations 
of gadolinium, and the T2 shortening effect predominates at 
high gadolinium concentrations. After the administration of 
gadolinium chelates in clinically approved doses, the T1 
shortening effect is observed in essentially all tissues. 
Therefore, T1 is the imaging property that is routinely evalu-
ated after the administration of extracellular agents. 
Subsequent to the administration, these agents are initially 
distributed in the intravascular space and rapidly filtered 
through the capillaries into the extracellular space, produc-
ing contrast enhancement in the T1WI and providing 
dynamic-enhanced information [7].

47.2.1.1  Toxic Effects
Gadolinium chelates in high doses might cause more neph-
rotoxic injury than that of iodinated contrast agents [8]. In 
recent reports, an association between the gadolinium-based 
contrast agents and the development of nephrogenic sys-
temic fibrosis (NSF) has been identified in patients with 
severe renal impairment, inflammatory burden, and exposure 
to high doses of contrast agents [9]. This has led to modifica-
tions in clinical practices to reduce the incidence of NSF 
development. The more recent reports have also demon-
strated that gadolinium accumulates in various tissues (e.g. 
bone and brain) of patients who have normal renal function 
[10]. Despite the observations of gadolinium accumulation 
in tissues regardless of renal function, there have been very 
limited clinical data regarding the potential effects for patient 
health.

Subsequent to the gadolinium agent administration, the 
potential adverse effects include transient headache, nausea, 
and emesis. Other reactions have been reported, but only at a 
frequency of 1% or less. Anaphylaxis is exceedingly rare; 
only one anaphylaxis death related to a gadolinium-based 
agent has been reported [11]. Because the gadolinium-based 
contrast agents cross the placenta and their long-term effects 
are unknown, the contrast agents should be avoided in the 
first trimester and breast-feeding should be suspended for 
48 h after contrast administration.

47.2.1.2  MR Technical Considerations
MR protocols need to be carefully designed to obtain high 
quality images as well as to shorten the examination time. 
Basic pulse sequences of liver MR protocol include T1- and 
T2-weighted imaging, together with a dynamic series fol-
lowing intravenous administration of a gadolinium-based 
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contrast agent. Standard protocols on the high performance 
MR gradient system with phased-array body coils are as fol-
lows: (1) coronal T2-weighted with SSFSE sequence, (2) 
T2-weighted FSE with fat suppression and respiratory trig-
ger, (3) T1-weighted dual echo GRE images, (4) diffusion 
weighted imaging (5) heavily T2-weighted SSFSE for lesion 
characterization when high-intensity nodules are depicted on 
T2-weighted FSE images, and (6) 3D fast spoiled gradient- 
echo T1W sequence with fat suppression before and after the 
administration of contrast material in a dynamic fashion 
[12]. Gadolinium-enhanced MR imaging has been used in 
lesion detection and in characterization and depiction of 
hepatic vessels. On the dynamic contrast enhancement, the 
arterial-dominant phase is the most important for lesion 
characterization; various types of liver lesions have distinc-
tive arterial enhancement patterns. This arterial phase is 
obtained in most patients by initiating a 3D spoiled GRE 
sequence approximately 16–17 s after the start of injection. 
The portal venous phase or early hepatic venous phase is 
acquired at 45–60 s after initiation of the gadolinium-based 
agent injection. On this phase, the hepatic parenchyma is 
maximally enhanced so that hypovascular lesions are most 
clearly shown as regions of zero or diminished enhancement. 
Hepatic venous phase or interstitial phase is acquired 90 s to 
5  min after initiation of the contrast agent injection. Late 
enhancement features of focal liver lesions are shown on this 
phase [13].

47.2.1.3  Dosage
The recommended dosage of an extracellular gadolinium- 
based contrast agent for liver imaging is 0.1  mmol/kg of 
body weight. The recommended injection rate is 2–3 mL/s 
followed by a 20 mL saline flash. There are three methods 
available in determining the acquisition delay time to obtain 
images during the late hepatic arterial phase: a best-guess, 
fluoroscopic triggering, and timing with a test bolus [14]. In 
our opinion, the use of fluoroscopic triggering is 
recommended.

47.2.2  Reticuloendothelial Agents

These contrast agents are targeted to the reticuloendothelial 
system (RES) of the liver and spleen to improve detection 
and characterization of focal liver lesions. These particles are 
absorbed by phagocytic Kupffer cells in the reticuloendothe-
lial system (RES). In contrast, the contrast agent is not 
retained in lesions lacking Kupffer cells. Consequently, there 
are significant differences in T2/T2∗ relaxation between nor-
mal tissue and focal lesions, resulting in improvement of 
lesion conspicuity and detectability [15]. Two SPIO agents 
have been clinically approved: ferumoxides (Feridex in the 
USA, Endorem in Europe) with a particle size of 120–

180 nm, and ferucarbotran (Resovist) with a particle size of 
60 nm. The principal effect of the SPIO particles is on T2∗ 
relaxation, and thus MR imaging is usually performed using 
T2∗-weighted sequences or EPI sequences in which the tis-
sue signal loss is due to the susceptibility effects of the iron 
oxide core. Enhancement on T1-weighted images can also 
be seen with the smaller particle agent (Resovist) and can be 
administered as a rapid bolus (can be used for both dynamic 
and delayed imaging).

47.2.2.1  MR Technical Considerations
For pre-enhanced imaging, the MR protocol was similar to 
standard protocols mentioned above for extracellular agents. 
Contrast-enhanced MR imaging with the use of SPIO parti-
cles should be performed with T2∗-weighted sequences. 
Ferumoxide-enhanced imaging is typically performed 1–4 h 
after infusion. Ferucarbotran-enhanced imaging is typically 
performed 10 min after ferucarbotran administration.

47.2.2.2  Dosage
The recommended dose of ferumoxides is 0.05 mL/kg. The 
manufacturer recommends dilution of the dose in 100 mL of 
a 5% dextrose solution and intravenous infusion over 
30–60 min. The ferucarbotran consists of SPIO microparti-
cles coated with carboxydextran, and this was preloaded into 
1.4  mL (>50  kg body weight) syringe using a connecting 
intravenous tube.

47.2.3  Hepatobiliary Agents

Hepatobiliary agents are paramagnetic compounds that are 
absorbed by hepatocytes and excreted into bile ducts. This 
contrast agent increases the signal intensity of the liver 
parenchyma, bile ducts, and hepatocyte-containing lesions in 
post-enhanced T1-weighted imaging. Manganese is chelated 
to dipyridoxyl diphosphate to produce the prototype hepato-
biliary agent known as mangafodipir trisodium (Teslascan; 
Nycomed Amersham, Oslo, Norway). The agent shortens the 
T1 and T2 relaxation times of water protons. Low manga-
nese concentrations resulted in high signal intensity on 
T1-weighted images; and high concentrations resulted in low 
signal intensity on T2-weighted images. Dipyridoxyl diphos-
phate has a chemical structure similar to that of vitamin B6 
and is taken up by functioning hepatocytes [14]. Hepatic 
enhancement begins at approximately 1 min after adminis-
tration; enhancement peaks at approximately 15  min and 
persists for several hours. Biliary excretion is usually visible 
at 5 min after contrast agent administration. Complete delin-
eation of the biliary system might require more than 15 min. 
One use of mangafodipir is to characterize lesions as hepato-
cellular or nonhepatocellular in contrast-enhanced cholangi-
ography [16].
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47.2.3.1  MR Technical Considerations
For pre-enhanced study, the MR protocol was similar to 
standard protocols mentioned above for extracellular 
agents. Contrast-enhanced 3D spoiled GRE T1W imaging 
at 3–10 minutes (for detection and characterization of the 
focal liver lesion) and at 20 min (for biliary evaluation) 
after the administration of mangafodipir has recom-
mended [17].

47.2.3.2  Dosage
The recommended adult dose of mangafodipir is 5 mol/kg 
body weight. The dose is administered with a relatively slow 
injection over 10–20 min.

47.2.4  Blood Pool Agents

Blood pool agents are retained in the intravascular space 
much longer than extracellular agents. As a result, blood 
pool agents are currently under active investigation for MR 
angiography, which could be performed in the equilibrium 
phase. These agents may be divided into three subgroups: 
ultrasmall SPIO particles, agents that reversibly bind to 
plasma proteins, and macromolecules [18]. Only limited 
clinical data are available for these blood pool agents, par-
ticularly in liver imaging scenarios.

47.2.5  Combined Agents

The contrast agent gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid (Gd-EOB-DTPA) was developed to 
improve the detection and characterization of focal liver 
lesions in hepatic magnetic resonance imaging. Gd-EOB- 
DTPA is a gadolinium-based contrast agent with approxi-
mately 50% uptake by hepatocytes and subsequent biliary 
excretion [19]. After IV administration, it is distributed into 
the vascular and extravascular spaces, allowing for dynamic 
study (arterial, portal venous, and late phases). This 
contrast- enhanced dynamic imaging is similar to nonspe-
cific extracellular gadolinium contrasts in lesion detection 
and characterization. The contrast also provides hepatocyte 
information during the hepatobiliary phases. Approximately 
50% of the injected dose is absorbed into the functional 
hepatocyte and is excreted into the biliary system. The con-
trast enhancement of liver parenchyma peaks at about 
20  min and persists for more than 2  h. The elimination 
pathway of Gd-EOB-DTPA is unique compared to other 
extracellular gadolinium agents. The renal and hepatobili-
ary systems both eliminate half of the Gd-EOB-DTPA [19]. 
Because of this property, Gd-EOB-DTPA also has the 
potential to be a biliary contrast agent and an aid in predict-
ing liver function reserve. Gd-EOB-DTPA-enhanced MR 

cholangiography could be effective in the evaluation of 
biliary anatomy, the assessment of bile duct obstruction, 
and the detection of bile duct injuries, including leakage 
and stricture.

47.2.5.1  MR Technical Considerations
For pre-enhanced imaging and dynamic enhanced study, the 
MR protocol for Gd-EOB-DTPA was similar to standard 
protocols mentioned above for extracellular agents. 
Hepatobiliary phase imaging using the same 3D fast spoiled 
gradient-echo T1W sequence with fat suppression was 
obtained at 20 min after the administration of contrast mate-
rial. For patients with impaired liver function, extra delay 
time might be needed [20]. Additional high-resolution 3D 
T1W imaging with respiration trigger might be helpful in 
detection of small focal liver lesions [21].

Dynamic contrast-enhanced MRI (DCE-MRI) can be per-
formed either by extracellular agent or by Gd-EOB- 
DTPA. The dual blood supply, the portal vein and the hepatic 
artery, of the liver presents opportunities for DCE-MR imag-
ing. The sequence allows us to produce pharmacokinetic 
parameters that can quantify endothelial permeability 
(Ktrans) and fractional blood plasma volume in focal liver 
lesions and liver parenchyma. These parameters can provide 
more information about micro-vascularity than conventional 
multi-phase enhancements in the abdomen and have poten-
tially important clinical values for diagnosing disease and 
therapeutic planning [22]. The DCE-MRI protocol was com-
posed of two parts, a pre-contrast multi-flip angle sequence 
for T1 mapping and a dynamic sequence to monitor contrast 
media flow in and out. It has been applied to quantify perfu-
sion changes in the liver parenchyma observed in hepatic 
fibrosis and cirrhosis, and to quantify the angiogenic activity 
in malignant focal liver lesions [23].

47.2.5.2  Dosage
Gd-EOB-DTPA is approved at a dose of 0.1  mL/kg to 
0.025  mmol/kg body weight. Because transient-apnea was 
frequently found in the arterial phase for patients with 2 mL/s 
injection rates. The recommended injection rate is 1  mL/s 
according to some reports demonstrating that the transient- 
apnea could be reduced with a lower injection rate [24]. A 
newly developed MR protocol (compressed sensing tech-
nique) for dynamic study under free breathing was intro-
duced. It might resolve the transient apnea during arterial 
phase for Ga-EOB-DTPA-enhanced MRI [25].

Gadobenate dimeglumine is another combined agent 
with extracellular and hepatobiliary behavior. In contrast 
to 50% of Gd-EOB-DTPA being absorbed by hepatocyte, 
only 5% of Gadobenate dimeglumine was absorbed by 
hepatocyte. A longer delay time might be needed for 
Gadobenate dimeglumine- enhanced hepatobiliary phase 
imaging [26].
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47.3  Diagnosis of Diffuse Liver Diseases 
with Contrast Enhanced MR

Gd-EOB-DTPA-enhanced MRI can be used to evaluate 
diffuse liver diseases. Approximately 50% of the injected 
dose undergoes specific OATP1B1/B3-dependent hepato-
cyte uptake with consecutive biliary excretion via multi-
drug resistance protein 2 (MRP2) at the canalicular 
membranes of hepatocytes. Using the OATP1B1/B3—
MRP2 pathway, Gd-EOB-DTPA and indocyanine green 
(ICG) are dependent on the same transport mechanisms; 
therefore, like ICG clearance, Gd-EOB-DTPA-enhanced 
MR imaging could provide information for quantitative 
evaluation of liver function and allow for anatomic delin-
eation of hepatic function [27].

Patients with impaired liver function presenting with 
decreased liver parenchymal enhancement on hepatobiliary 
phase has been demonstrated. Signal intensity of liver paren-
chyma on hepatobiliary phase showed a negative correlation 
to the patient’s Child-Pugh score.

The evaluation of T1 relaxation time with Gd-EOB- 
DTPA-enhanced MRI is an alternative approach to the direct 
measurement of SI and has recently been reported as a diag-
nostic tool for quantitative evaluation of liver function.

47.4  Diagnosis of Focal Liver Lesions 
with Contrast Enhanced MR

Gd-DTPA and Gd-EOB-DTPA are widely used in clinical 
practice. The dynamic enhancement for both Gd-DTPA and 
Gd-EOB-DTPA were similar. Besides the above dynamic 
phases, the Gd-EOB-DTPA enhanced MR provides addi-
tional information in the hepatobiliary phase. The character-
istics of contrast enhanced MRI of common focal hepatic 
lesions (Table 47.1) are shown as follows.

47.4.1  Hemangiomas

Hemangioma is the most common benign liver tumor. The 
majority of lesions show low signals on T1-weighted images 
and very high signals on T2-weighted images as compared 
with liver parenchyma. The characteristic enhancing patterns 
are peripheral nodule-like enhancement in the arterial phase, 
with slow centripetal fill-in and persistent enhancement on 
delayed images. Some atypical hemangiomas showed rapid, 
strong homogenous enhancement in arterial phase and an iso 
to mildly high signal in venous or delayed phases. However, 
the diagnosis of hemangioma can be usually achieved with 
the combination of a very high signal (as a light bulb appear-
ance) in T2WI and enhancement on contrast enhanced 
images (Fig. 47.1).

In Gd-EOB-DTPA-enhanced MR, hemangioma showed 
hypointense to adjacent liver parenchyma on hepatobiliary 
phase imaging.

47.4.2  Focal Nodular Hyperplasia (FNH)

The majority of FNHs have similar signal intensities on 
both T1WI and T2WI. A typical display was early circum-
scription, strong enhancement, rapid return to isointensity, 
and then occasionally a delayed enhancement of the cen-
tral scar. MRI is better than contrast enhanced CT in the 
diagnosis of FNH; the vascularity pattern alone cannot 
make a definite diagnosis in atypical cases. The character-
istic signal intensity in T1WI and T2WI helps in the diag-
nosis of such cases.

On Gd-EOB-DTPA-enhanced MRI, FNH showed typi-
cally hyperintense/isointense to adjacent liver parenchyma 
on hepatobiliary phase imaging with a hypointense central 
scar. This additional information plays an important role in 
the diagnosis (Fig. 47.2).

Table 47.1 Contrast enhanced MRI for the focal liver lesions

Extracellular agents Gd-DTPA Gd-EOB-DTPA
Liver tumor Dynamic study Hepatobiliary phase

Arterial phase Portal venous phase Delayed phase
Hemangioma Peripheral nodular Centripetal fill-in Persistent stain hyperintense Hypointense
Focal nodular 
hyperplasia

Hypervascularity with 
hypointense central scar

Hypervascularity with 
hypointense central scar

Hyper-/iso-intense with 
delayed central scar 
enhancement

Hyperintense with 
hypointense central 
scar

Simple cyst No enhancement No enhancement No enhancement No enhancement
Adenoma Hypervascularity Hypervascularity Hypo-/iso-intense Hypointense
Hepatocellular 
carcinoma

Hypervascularity Hypointense to isointense Hypointense Hypointense

Cholangiocarcinoma Hypervascular rim 
enhancement

Heterogenous hyper/
hypointense

Heterogenous central delayed 
enhancement

Hypointense

Metastasis Hypervascular rim or 
hypovascularity

Hypointense Hypointense Hypointense
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47.4.3  Hepatic Cyst

Simple hepatic cysts showed low signals on T1WI and very 
high signals in T2WI, and do not enhance after the contrast 
administration.

47.4.4  Hepatocellular Adenoma

Hepatocellular adenoma is a rare benign neoplasm that is 
usually seen in young women with a history of oral contra-
ceptive usage; about 70–80% of them are solitary. Under 
the MR imaging, adenomas are heterogeneous in appear-
ance due to areas of increased signal intensity resulting 
from fat (36–77% of cases in different series) or hemor-

a

b

c

Fig. 47.2 A 50-year-old female with focal nodular hyperplasia at S2 of 
liver underwent Gd-EOB-DTPA-enhanced MR imaging. (a) The tumor 
shows mild hyperintense with bright signal central scar on T2WI. (b) 
The tumor is hypointense on precontrast T1W imaging, heterogenous 
and hypervascular on arterial phase, homogenous enhancement on late 
phase images. (c) The tumor features hyperintense with dark central 
scar on hepatobiliary phase

a

b

Fig. 47.1 A 56-year-old female with hemangioma at S8 of liver under-
went Gd-DTPA-enhanced MR imaging. (a) The tumor depicted bright 
signal intensity on T2W images. (b) The tumor showed hypointense on 
precontrast T1W imaging, peripheral nodular enhancement on arterial 
phase, centripetal fill-in with homogenous enhancement on portove-
nous/late phase images
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rhages (52–93%); and areas of low signal-intensity corre-
sponding to necrosis, old hemorrhages or calcifications. On 
T1WI, the tumors showed various signal intensities, about 
35–77% of them showed high signals. The presence of fat 
areas showed signal drops on opposed-phase dual T1 imag-
ing. On T2WI, they demonstrated a combined hyper- and 
hypo signal intensity; these may be related to hemorrhages 
and necrosis. Contrast enhanced MRI demonstrated early 
arterial homogenous enhancement. However, they some-
times showed  atypical features such as heterogeneous 
enhancement. The tumors became nearly isointense on late 
or delayed images [28].

On Gd-EOB-DTPA-enhanced MR imaging, hepatocellu-
lar adenoma showed hypointense to adjacent liver paren-
chyma on hepatobiliary phase imaging.

47.4.5  Malignant Metastatic Tumors

The liver is a common site of metastatic tumors. The 
appearance of a hepatic metastatic tumors can vary; it 
depends on the origin of the malignancy. The colon, breast, 
and lung comprise the majority of the primary sites. Most 
of the tumors showed hypointensity on T1WI and hyperin-
tensity on T2WI and enhanced heterogeneously. A large 
number of liver metastases are hypovascular and are best 
imaged during the portal venous phase; they occasionally 
show central non- enhancing areas that represent necrosis 
(Fig. 47.3) [29].

On Gd-EOB-DTPA-enhanced MR imaging, metastatic 
tumors showed hypointense to adjacent liver parenchyma on 
hepatobiliary phase imaging.

47.4.6  Hepatocellular Carcinoma (HCC)

HCC is the most common of the malignant primary 
hepatic tumors. These tumors frequently appeared in 
patients with underlying liver disease. The liver paren-
chyma showed heterogeneous appearance in the diffuse 
liver disease. Furthermore, it demonstrated nodular 
appearance in the cirrhotic liver. The hepatic and renal 
functions may also lead to different contrast uptakes of 
the liver parenchyma. The contrast uptake of the back-
ground liver parenchyma affects the appearance of hepatic 
tumors. HCCs against a background of cirrhosis are diag-
nostically challenging in daily practices. According to the 
American Association for the Study of Liver diseases 
(AASLD) and the European Association for the Study of 
the Liver (EASL) guidelines, the recognition of a hepatic 
nodule larger than 10 mm by US in patients at high risk 
for HCC should be followed by diagnostic contrasted 
enhanced dynamic CT or MR.

On MR images, it usually shows a heterogeneous sig-
nal on T1WI and a high signal on T2WI.  Diffusion-
weighted imaging (DWI) is currently a standard sequence 
of the protocol of liver MR, and it improves the detection 
of small focal liver lesions, including HCC. The majority 
of HCC showed mild to moderate signal hyperintensity 
compared to the surrounding liver parenchyma on the 
DWI.  The mean apparent diffusion coefficient (ADC) 
value is usually low in malignant tumors. However, there 
are debates about the effectiveness of DWI and ADC 
among different studies [4].

The performance in contrast enhanced MR is crucial in 
the diagnosis of HCC. The typical enhancing patterns are 

a b

Fig. 47.3 A 46-year-old female with breast carcinoma and multiple 
liver metastases underwent Gd-DTPA-enhanced MR imaging. (a) The 
tumor is hyperintense on T2WI. (b) The tumor features hypointense on 

pre-enhanced T1W imaging, rim enhancement in arterial phase, and 
hypointense with target appearance on late phase images
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consistent on arterial enhancement, are more than that of 
the surrounding liver parenchyma (wash-in), and have 
hypo- signal intensity compared to the surrounding liver 
(wash- out) in the venous phase. According to the AASLD/
EASL and other guidelines, if the above typical images 
appears on an MR profile, the diagnosis of HCC is estab-
lished. The specificity can reach to 96–100%. However, 
there are lesions with atypical presentations; for example, 
an early HCC (the small well-differentiated HCC) usually 
features diminished enhancement in the arterial and venous 
phases of contrast enhanced MRI [30]. Therefore, the sen-
sitivity is only 60% [4].

It is sometimes difficult to differentiate benign cir-
rhotic nodules from HCC since there are atypical presen-
tations and overlapping appearances in the conventional 
Gd-DTPA enhanced MR images. The Gd-EOB-DTPA 
enhanced hepatobiliary phase imaging can show cellular 
function of focal hepatic lesions. Therefore, it can help in 
the differentiation of functional benign hepatic nodules 
from HCCs with no hepatocellular functions. HCC is typ-
ically homogenous and hypointense to adjacent liver 
parenchyma on hepatobiliary phase imaging. However, a 
few HCCs (5–10%) might depict heterogeneous hyperin-
tensity instead of hypointensity on hepatobiliary phase 
imaging. This may be a result of expression of organic 
anion transporter in HCCs, rather than tumor differentia-
tion. Using quantitative evaluation, the liver-to- lesion 
contrasts of HCC showed a significant increase in the 
mean value on the hepatobiliary phase T1WI in compari-
son with adjacent liver parenchyma. In contrast, the liver-
to- lesion contrasts of dysplastic nodules were only slightly 
increased on hepatobiliary phase T1WI. Thus, the differ-
ences in the CNR change provide useful diagnostic clues 
in the differentiation of benign nodules from HCC in cir-
rhotic livers.

On the Gd-EOB-DTPA enhanced MR imaging, both 
dynamic and hepatobiliary phase imaging contribute to 
characterization of focal hepatic lesions. The typical HCC 
features arterial enhancement followed by washout in 
dynamic study, and hypointense on hepatobiliary phase 
(Fig. 47.4).

47.4.7  Intrahepatic Cholangiocarcinoma (ICC)

ICC is the second most common malignancy arising from the 
liver. MR imaging rarely identifies any pathognomonic fea-
tures of ICC compared with other liver lesions. The majority 
of MR imaging showed hypointensity on T1WI and high 
intensity on T2WI, peripheral enhancement, progressive con-
centric filling, and contrast pooling on delayed images.

a

b

c

Fig. 47.4 A 78-year-old male with chronic B hepatitis and HCC at S7 
of liver underwent Gd-EOB-DTPA-enhanced MR imaging. (a) The 
tumor is hyperintense on T2WI. (b) The tumor appears isointense with 
focal hypointense on pre-enhanced T1W imaging, it is heterogenous 
and hypervascular in arterial phase, and contrast washout on late phase 
images. (c) The tumor is heterogenously hypointense on hepatobiliary 
phase image
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The T2W-MR cholangiopancreatogram (MRCP) was 
introduced in 1990; it depicts static fluid as high signal inten-
sity in heavily T2 weighted sequences. MRCP has been 
proven to be an effective and noninvasive method in the char-
acterization of both extrahepatic and intrahepatic biliary 
abnormalities. In ICC, MRCP depicts biliary involvement of 
the tumors, and therefore, it plays an important role in the 
diagnosis (Fig. 47.5).

On Gd-EOB-DTPA-enhanced MRI, ICC is hypointense to 
adjacent liver parenchyma on hepatobiliary phase imaging.

47.4.8  Diagnostic Pitfalls of Focal Hepatic 
Disease

Many of the above statements overlap among focal hepatic 
lesions. Some of the authors had reported up to 5–7% of 
intrahepatic cholangiocarcinoma (ICC) demonstrated simi-
lar enhancement patterns to HCC [31]. Various enhancement 
patterns in liver parenchyma are also demonstrated on 
hepatic arterial–dominant phase images. One of the most 
common perfusion abnormalities observed is the transient 
increase in segmental enhancement in liver segments with 
compromised portal venous flow due to compression or 
thrombosis. These are the challenges of diagnosing focal 
liver lesions by contrast enhanced MR imaging.

47.5  Conclusions/Summary

Contrast enhanced dynamic MRI is one of the best nonin-
vasive imaging modalities in both detection and diagnosis 
of liver lesions. Currently, the extracellular contrast agent 

Gd-DTPA and the combined agent Gd-EOB-DTPA are the 
most frequently used contrast media in clinical practice. 
Different focal liver lesions show distinct enhancement 
patterns in the dynamic arterial, venous or delayed phases 
of Gd-DTPA enhanced MR images. The different signal 
appearance in the hepatobiliary phase of Gd-EOB-DTPA 
enhanced MR helps in further differentiating diagnoses 
among these lesions and plays a role in diagnosing diffuse 
liver disease. However, there are challenges because of the 
overlaps among the lesions and atypical presentations of 
some tumors. Diagnosis of liver diseases has been improv-
ing continuously over the past decades with imaging tech-
nology advances and new contrast mediums. However, 
future studies are still needed to continuously improve the 
diagnostic accuracy.

 Self Study

 Questions

 1. Which of the following are true for the Gd-DTPA 
enhanced MR images of liver lesions with typical 
presentations?
 (a) Hepatic hemangioma showed peripheral nodular 

enhancement in arterial phase and centripetal fill-in 
and persistent enhancement on delayed images.

 (b) HCC features arterial enhancement and washout phe-
nomenon on venous and/or delayed phases.

 (c) FNH is hypovascular in arterial and portal venous 
phases.

 (d) ICC showed no enhancement in all the dynamic 
phases.

a b

Fig. 47.5 A 57-year-old male with cholangiocarcinoma at S7 of liver 
underwent Gd-DTPA-enhanced MR imaging. (a) The tumor is hyperin-
tense on T2WI. (b) The tumor features hypointense on pre-enhanced 

T1W imaging, peripheral enhancement in arterial phase, and is mildly 
enhanced on late phase images
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 2. Which of the followings are true for the Gd-EOB-DTPA 
enhanced MR images of liver lesions?
 (a) Most HCCs are hyperintense on hepatobiliary phase.
 (b) The enhancement patterns in dynamic phases are 

similar to Gd-DTPA.
 (c) A typical FNH is hyperintense/isointense to adjacent 

liver parenchyma on hepatobiliary phase imaging 
with a hypointense central scar.

 (d) Metastatic tumors showed hyperintense to adjacent 
liver parenchyma on hepatobiliary phase imaging.

 Answers to the Questions

 1. Which of the following are true for the Gd-DTPA 
enhanced MR images of liver lesions with typical 
presentations?
(a), (b) Correct.
(c) FNH showed dense arterial enhancement, rapidly 

returned to isointensity in venous phase, and occasion-
ally showed delayed enhancement of its central scar.

(d) Most ICC showed peripheral enhancement in arterial 
phase, progressive concentric filling, and contrast 
pooling on delayed images.

 2. Which of the followings are true for the Gd-EOB-DTPA 
enhanced MR images of liver lesions?
(a) Most HCC showed hypointense on hepatobiliary 

phase.
(b), (c) Correct.
(d) Most metastatic tumors showed hypointensity on 

hepatobiliary phase.

References

 1. Lee JM, Yoon JH, Joo I, Woo HS. Recent advances in CT and MR 
imaging for evaluation of hepatocellular carcinoma. Liver Cancer. 
2012;1(1):22–40.

 2. Fahlenkamp UL, Wagner M, Nickel D, et  al. Novel dynamic 
hepatic magnetic resonance imaging strategy using advanced par-
allel acquisition, rhythmic breath-hold technique, and gadoxetate 
disodium enhancement. Investig Radiol. 2016;51(1):33–40.

 3. Chen BB, Murakami T, Shih TT, et  al. Novel imaging diagnosis 
for hepatocellular carcinoma: consensus from the 5th Asia-Pacific 
Primary Liver Cancer Expert Meeting (APPLE 2014). Liver 
Cancer. 2015;4(4):215–27.

 4. Ayuso C, Rimola J, Vilana R, et al. Diagnosis and staging of hepa-
tocellular carcinoma (HCC): current guidelines. Eur J Radiol. 
2018;101:72–81.

 5. Wang YC, Chou CT, Lin CP, Chen YL, Chen YF, Chen RC. The 
value of Gd-EOB-DTPA-enhanced MR imaging in character-
izing cirrhotic nodules with atypical enhancement on Gd-DTPA- 
enhanced MR images. PLoS One. 2017;12(3):e0174594.

 6. Brown JJ, vanSonnenberg E, Gerber KH, Strich G, Wittich GR, 
Slutsky RA.  Magnetic resonance relaxation times of percutane-
ously obtained normal and abnormal body fluids. Radiology. 
1985;154(3):727–31.

 7. Kenney PJ, Sobol WT, Smith JK, Morgan DE. Computed model 
of gadolinium enhanced MRI of breast disease. Eur J Radiol. 
1997;24(2):109–19.

 8. Prince MR, Arnoldus C, Frisoli JK. Nephrotoxicity of high-dose 
gadolinium compared with iodinated contrast. J Magn Reson 
Imaging. 1996;6(1):162–6.

 9. Sadowski EA, Bennett LK, Chan MR, et  al. Nephrogenic sys-
temic fibrosis: risk factors and incidence estimation. Radiology. 
2007;243(1):148–57.

 10. Murata N, Murata K, Gonzalez-Cuyar LF, Maravilla 
KR. Gadolinium tissue deposition in brain and bone. Magn Reson 
Imaging. 2016;34(10):1359–65.

 11. Prince MR, Zhang H, Zou Z, Staron RB, Brill PW.  Incidence 
of immediate gadolinium contrast media reactions. AJR Am J 
Roentgenol. 2011;196(2):W138–43.

 12. Neri E, Bali MA, Ba-Ssalamah A, et al. ESGAR consensus state-
ment on liver MR imaging and clinical use of liver-specific contrast 
agents. Eur Radiol. 2016;26(4):921–31.

 13. Semelka RC, Helmberger TK. Contrast agents for MR imaging of 
the liver. Radiology. 2001;218(1):27–38.

 14. Gandhi SN, Brown MA, Wong JG, Aguirre DA, Sirlin CB.  MR 
contrast agents for liver imaging: what, when, how. Radiographics. 
2006;26(6):1621–36.

 15. Wang YX.  Superparamagnetic iron oxide based MRI contrast 
agents: current status of clinical application. Quant Imaging Med 
Surg. 2011;1(1):35–40.

 16. Sahani DV, O’Malley ME, Bhat S, Hahn PF, Saini S. Contrast- 
enhanced MRI of the liver with mangafodipir trisodium: 
imaging technique and results. J Comput Assist Tomogr. 
2002;26(2):216–22.

 17. Rofsky NM, Earls JP.  Mangafodipir trisodium injection 
(Mn-DPDP). A contrast agent for abdominal MR imaging. Magn 
Reson Imaging Clin N Am. 1996;4(1):73–85.

 18. Hope MD, Hope TA, Zhu C, et  al. Vascular imaging with 
ferumoxytol as a contrast agent. AJR Am J Roentgenol. 
2015;205(3):W366–73.

 19. Zech CJ, Herrmann KA, Reiser MF, Schoenberg SO.  MR imag-
ing in patients with suspected liver metastases: value of liver- 
specific contrast agent Gd-EOB-DTPA.  Magn Reson Med Sci. 
2007;6(1):43–52.

 20. Cruite I, Schroeder M, Merkle EM, Sirlin CB.  Gadoxetate 
disodium- enhanced MRI of the liver: Part 2, Protocol optimization 
and lesion appearance in the cirrhotic liver. AJR Am J Roentgenol. 
2010;195(1):29–41.

 21. Hopkinson G, Lockwood P, Dolbear G. Evaluation of an equilib-
rium phase free-breathing dynamic contrast-enhanced MRI proto-
type sequence compared to traditional breath-held MRI acquisition 
in liver oncology patients. Radiography. 2018;24(3):211–8.

 22. Materne R, Smith AM, Peeters F, et  al. Assessment of hepatic 
perfusion parameters with dynamic MRI.  Magn Reson Med. 
2002;47(1):135–42.

 23. Taouli B, Johnson RS, Hajdu CH, et al. Hepatocellular carcinoma: 
perfusion quantification with dynamic contrast-enhanced MRI. Am 
J Roentgenol. 2013;201(4):795–800.

 24. Haradome H, Grazioli L, Tsunoo M, et al. Can MR fluoroscopic 
triggering technique and slow rate injection provide appropriate 
arterial phase images with reducing artifacts on gadoxetic acid- 
DTPA (Gd-EOB-DTPA)-enhanced hepatic MR imaging? J Magn 
Reson Imaging. 2010;32:334–40.

 25. Chandarana H, Feng L, Ream J, et  al. Respiratory motion-
resolved compressed sensing reconstruction of free-breathing 
radial acquisition for dynamic liver MRI.  Investig Radiol. 
2015;50(11):749–56.

 26. Thian YL, Riddell AM, Koh DM. Liver-specific agents for contrast- 
enhanced MRI: role in oncological imaging. Cancer Imaging. 
2013;13(4):567–79.

R.-C. Chen et al.



543

 27. de Graaf W, Häusler S, Heger M, et al. Transporters involved in the 
hepatic uptake of (99m)Tc-mebrofenin and indocyanine green. J 
Hepatol. 2011;54(4):738–45.

 28. Grazioli L, Federle MP, Brancatelli G, Ichikawa T, Olivetti L, 
Blachar A.  Hepatic adenomas: imaging and pathologic findings. 
Radiographics. 2001;21(4):877–92.

 29. Sica GT, Ji H, Ros PR. CT and MR imaging of hepatic metastases. 
AJR Am J Roentgenol. 2000;174(3):691–8.

 30. Choi J-Y, Lee J-M, Sirlin CB. CT and MR imaging diagnosis and 
staging of hepatocellular carcinoma: Part I. Development, growth, 
and spread: key pathologic and imaging aspects. Radiology. 
2014;272(3):635–54.

 31. Li R, Cai P, Ma KS, Ding SY, Guo DY, Yan XC. Dynamic enhance-
ment patterns of intrahepatic cholangiocarcinoma in cirrhosis on 
contrast-enhanced computed tomography: risk of misdiagnosis as 
hepatocellular carcinoma. Sci Rep. 2016;6:26772.

47 Contrast Enhanced MR imaging of Liver



545© Springer Nature Switzerland AG 2020
F. Radu-Ionita et al. (eds.), Liver Diseases, https://doi.org/10.1007/978-3-030-24432-3_48

Transient Elastography in Chronic Liver 
Diseases

Gamal El-Sayed Shiha and Nasser Mousa

48.1  Introduction

Appraisal of the degree of liver fibrosis is crucial in deciding 
for patients with CLD [1]. Albeit, liver biopsy has been con-
sidered as the perfect technique for assessment of liver fibro-
sis to date, several problems such as sampling errors, intra- and 
inter-observer variability, and potential life-threatening com-
plications have averted wide utilization of liver biopsy in 
clinical practice [2, 3]. In addition, the capacity to screen the 
dynamic process of liver fibrosis is incomprehensible. In this 
way, the requirement, for a non-invasive method of liver 
fibrosis evaluation has increased. Liver stiffness measure-
ment using transient elastography which is an ultra-sound 
dependent modality for quantitative appraisal of liver fibro-
sis, has been introduced and has been increasing consider-
ation all around [4].

Transient elastography (TE) using FibroScan presently 
takes into consideration a fast estimation of liver stiffness, by 
methods of an ultrasound transducer probe (FibroScan(R), 
Echosens, Paris, France), which measures the speed of slight 
amplitude and a low-frequency (50 Hz). This result in elastic 
shear wave that are propagated through the underlying liver 
parenchyma. This velocity is directly related to tissue stiff-
ness and correlates with fibrosis. The stiffer the tissue, the 
faster the shear wave propagates [5].

TE is done while the patient is requested to lie in the 
dorsal decubitus position with the right arm in maximal 
abduction. The tip of the probe is reached to the intercostal 
skin with connector gel in the (9th to 11th) intercostal space 
at a similar site of liver biopsy. The administrator, helped 
by ultrasound time motion and A-mode images, places the 

probe upon the liver, finds a liver part at least 6 cm thick 
and free of large vascular structures. The administrator at 
that point presses the probe button and vibration starts 
toward the liver (“potshots”). TE measures is between 25 
and 65 mm under the skin surface (an area at least one hun-
dred times > the common liver biopsy). When a shot is 
unsuccessful, the machine does not return a value. The 
whole procedure is considered to have failed when no value 
is obtained after ten shots. The final result of a TE sitting 
can be regarded as valid if the following criteria are ful-
filled: (1) at least ten valid shots; (2) a success rate equal to 
the ratio of number of valid measurements to the total num-
ber of measurements is ≥60%, and (3) an interquartile 
range (IQR, reflecting the variability of measurements) less 
than 30% of the median value of liver stiffness measure-
ments (LSM). LSM measurement using TE is failed when 
no value is obtained after ten shots of measurement or more 
[6, 7]. The results are expressed in kilopascals (kPa), and 
range from 1.5 to 75 kPa with usual values around 5 kPa, 
greater in men also, in patients with low or high body mass 
index (U-shaped distribution) [8–11].

48.2  Advantages of Transient Elastography

A speedy procedure time (<5 min), painless, the results are 
present at the same setting, and simple to complete even in 
outpatient clinic. Simple learning of the technique. Even so, 
the clinical interpretation of TE results should always be in 
the hands of a specialist clinician and should be made with 
full information of patient Clinical-demographic data [12].

48.3  Limitations of Transient Elastography

Transient elastography measurements can be confused by 
both pathologic and normal factors. TE indeed measures the 
shear wave speed via the liver giving an idea about liver stiff-
ness and not necessarily the true degree of fibrosis in the 
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liver. Therefore, situations in which stiffness of the liver 
increases independent of fibrosis will result in an increased 
LSM and falsely giving a higher estimate of fibrosis degree 
(Fig. 48.1).

48.3.1  Operator Skill

TE to a certain degree depends on operator skill. 
Consequently, there may be some inter-observer variability 
in results may reach up to 98% among operators of TE [13]. 
Moreover, a enormous review about TE examinations 
revealed that unsuccessful rate is 3.1% and unreliable mea-
surements are 15.8%. Yet, both were associated with higher 
body mass index (BMI) > 30 kg/m2 and operator skill of less 
than 500 examinations [14].

48.3.2  Obesity

Unfortunately, estimations by standard M test can’t gener-
ally be made in obese patients and they can have higher out-
comes and higher failure rate (5–22%) in patients with high 
BMI (>30  kg/m2) [13, 14]. Numerous clarification of this 
disadvantages in light of disabled transmission of shear 
waves through the liver parenchyma, e.g. thick subcutaneous 
fat tissue [15], and expanded subcutaneous thoracic fat that 
upsurge the distance between the skin and liver capsule [16]. 
Hence, XL probes were introduced for obese patients. The 
XL probe reaches a lower frequency with a extra sensitive 
transducer, longer length, abroad vibration amplitude, and 
greater depth under the skin surface. This probe is beneficial 
in obese subjects [17].

48.3.3  Cholestasis

Extrahepatic cholestasis apart from fibrosis degree increase 
the liver stiffness estimates. Reports demonstrated a high 
degree of correlation of liver stiffness measurements with 
total bilirubin values and these measurements declines after 
successful biliary drainage [18, 19]. Explanations for higher 
stiffness in cholestasis are uncertain but may possibly be 
attributed to tissue swelling, inflammation, edema, and 
increased intracellular pressure due to obstructed bile drain-
age. Furthermore, the increased hydrostatic pressure alone 
appears to add to increased liver stiffness during extrahepatic 
cholestasis [18].

48.3.4  Alanine Aminotransferase Flares

Initial reports revealed that severe necroinflammation with 
>10-folds increase in Alanine aminotransferase (ALT), 
might lead to an increase in liver stiffness overestimating 
degree of fibrosis [20]. Later investigations demonstrated 
that even in lesser grades of necroinflammation, liver stiff-
ness might be overestimated. In patients with chronic hepati-
tis B having the same fibrosis stage by liver biopsy, those 
with ALT levels ≥2 times ULN had higher TE outcomes 
compared to those with normal transaminases (9.5 versus 
4.7 kPa) [21]. The stiffness measurements generally return to 
baseline along with the normalization of liver enzymes. 
Hence, it is advisable not to use TE in the presence of ele-
vated transaminases [22].

48.3.5  Narrow Intercostal Space

Greater failure rates were reported in children and lean 
patients with narrow intercostal spaces, leading to develop-
ment of newer pediatric S2 probes to improve reliability in 
these situations [23].

48.3.6  Hepatic Congestion

Liver stiffness estimations were significantly higher in patients 
with heart failure which return to baseline after hospitalization 
and control of cardiac disease [24]. Additionally, liver stiffness 
was higher in patients with right-sided heart failure versus 
healthy controls [25]. These results can be explained by dete-
rioration of cardiac function that increase the hepatic vein 
pressure and producing intrahepatic blood stasis and higher 
liver stiffness. It is vital for clinicians to avoid use of TE in 
patients with heart failure and those with tricuspid regurgita-
tion as it will overestimate degree of liver fibrosis.

Fig. 48.1 Limitation of elastography of liver
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48.3.7  Food Intake

It is established that, the food ingestion will significantly 
increase liver stiffness estimation. Arise in liver stiffness was 
observed discovered 15–45 min once the start the start of the 
meal with come to baseline levels before meal within 2 h. 
Hence, it is recommended to use TE after 120–180 min of 
fasting state [26].

48.3.8  Steatosis

The impact of steatosis on TE measurements is still a 
matter of debate. Up till now, no available well-con-
trolled studies of TE in patients with NAFLD. Kim et al. 
reported that hepatic steatosis doesn’t influence liver 
stiffness. But it’s probably that, different cutoff values 
are going to be needed for patients with nonalcoholic 
steatohepatitis [27].

48.3.9  Ascites

It is nearly impossible to use TE in patients with ascites due 
to its infeasibility in patients with ascites [5, 28].

48.3.9.1  Validation of Transient Elastography 
in Liver Fibrosis Assessment

TE has been broadly investigated for determination of 
fibrosis degree in different chronic liver diseases especially 
HCV, HBV and non-alcoholic liver disease. Many 
researches revealed that, the hepatic stiffness measure-
ments correlated with fibrosis stages detected by liver 
biopsy in studied patients [29]. TE revealed practically 
high area under the receiver operating characteristic curves 
(AUROCs) in the HCV group (AUROC: F≥2 0.89, F≥3 
0.92, F4 0.92) and in the HBV group (F≥2 0.73, F≥3 0.83, 
F4 0.90), supporting previous results demonstrating that, 
TE permits staging of significant fibrosis [29, 30]. 
Furthermore, studies demonstrated value of TE in estima-
tion of hepatic stiffness in NAFLD [31]. Additional meta-
analysis of 50 studies in patients with different causes of 
CLD (n = 518) utilizing liver biopsy as the reference stan-
dard demonstrated that, 1D-TE was more precise in diag-
nosing F4 fibrosis than F2 or F3 fibrosis (AUROCF4 0.93 
vs. F≥2 0.87, F≥3 0.91), irrespective of the underlying eti-
ology of liver disease [10]. Generally, 1D-TE is considered 
useful to identify cirrhosis (F4 fibrosis) as well as for dis-
criminating significant (≥F2) from non-significant (F0 and 
F1) fibrosis. Yet, discrimination between individual fibrosis 
stages is still not well validated [28].

48.4  Normal Values of Liver Stiffness on TE

In really healthy individuals, reports revealed that, the nor-
mal range of liver stiffness measurements on TE is between 
(4.8 and 6.9  kPa). These estimations were not affected by 
age, but higher measurements were obtained in the presence 
of steatosis or components of metabolic syndrome [8, 10].

48.5  Transient Elastography in Chronic 
Liver Diseases

A study conducted by Rajakannu et al., 2018 validated the 
Baveno VI criteria for non-invasive evaluation of 
Compensated advanced chronic liver disease (cACLD) and 
cirrhosis using TE, taking explants liver after surgery as a 
reference, in different etiologies of chronic liver diseases 
(CLD), with confirmation of its value even in obese patients 
having steatotic liver. Four hundred and ten patients (63.7% 
men) with variable degrees of underlying liver disease (liver 
tumors without liver disease [53.7%], viral [14.9%], alcohol 
[12.9%], non-alcoholic fatty liver disease [7.3%], and others 
[11.2%]) were included with valid LSM. All TE measure-
ments were compared with the stage of fibrosis in resected 
liver specimen using the METAVIR scoring system by two 
expert pathologists. Agreeing with Baveno VI criteria, a cut- 
off of 10  kPa would confirm cACLD [AUROC: 0.95; 
95%(CI) 0.923–0.973; sensitivity 86.1%; specificity 90.1%]. 
LSM ≥15 kPa would prove or exclude cirrhosis with 94.5% 
positive and 91.4% negative predictive values. In the earlier 
stages of fibrosis, TE seemed to have a better ability to rule 
in, with a cut-off of 6 kPa for F≥1 and 8 kPa for F≥2 stages 
with a positive predictive value of approximately 90% [32].

48.6  Transient Elastography and HCV

The first validation studies of TE and correlation with liver 
biopsy were performed in CHC.  Sandrin et  al. in 2003, 
revealed a study during which he analyzed 91 CHC patients 
underwent liver biopsy in additionally to TE.  TE was 
(99%) effective in identifying cirrhosis and (88%) effec-
tive in identifying fibrosis [33]. Evaluation of the data on 
TE, principally in patients with CHC, shows that the liver 
stiffness measurement (LSM) does correlate strongly with 
the METAVIR fibrosis stage. Several studies have vali-
dated TE in CHC, and a meta-analysis of 50 studies showed 
characteristic area under the receiver operator curves 
(AUROCs) of 0.84, 0.89, and 0.94 for significant fibrosis 
(F≥2), F3–F4, and F4, respectively [34]. Similarly, in gen-
otype 4 CHC patients, a significant hepatic fibrosis, 
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advanced hepatic fibrosis and cirrhosis have a good vali-
dated cut-offs of (7.1, 9 and 12.2  kPa, respectively) in 
CHC patients with genotype 4 [35]. Rout et al., reported a 
reduction in liver stiffness measurement (LSM) by tran-
sient elastography, but increase in hepatic steatosis after 
completion of DAA therapy [36]. TE also is a useful tool 
to evaluate the severity of HCV recurrence after LT reduc-
ing the need of follow-up liver biopsies [37]. LSM per-
fectly predicts the existence of advanced fibrosis and portal 
hypertension (HTN) 1 year post-SVR in patient who had 
undergone liver transplantation [38]. In concordance with 
fibrosis progression rate, TE can predict time-to- cirrhosis. 
Erman et  al., 2018 estimated time to cirrhosis using TE 
and comparing it with biopsy. They found it 39 and 
38 years, respectively, [39]. Moreover, in pediatric study 
assessing the usefulness of TE (FibroScan) in liver fibrosis 
using the METAVIR score in a cohort of 30 chronic hepa-
titis C patients is from Egypt it was found that, the highest 
predictive performance of TE was detected for liver cir-
rhosis, followed by advanced fibrosis (F3). The accuracy 
for the discrimination of liver cirrhosis and advanced 
fibrosis was 96.7% and 85.3% at cut-off values of 9.5 kPa 
and 12.5 kPa, respectively [40].

48.7  Transient Elastography and CHB

TE can reliably assess degree of hepatic fibrosis in patients 
with CHB and therefore has been suggested by the 
American Association for the Study of Liver Diseases 
(AASLD) and European Association for the Study of the 
Liver (EASL) [41]. TE showed a good performance in 
both. Significant fibrosis (F2–4) and cirrhosis (F4) with 
pooled sensitivity of 78% and 84%, summary specificity of 
81% and 87%. However, Qi et  al. suggested that, TE is 
optimal in diagnosis of CHB-related cirrhosis (With cut-
off value 12.4 kPa) but has a less accuracy in identifying 
significant fibrosis(With cut-off value 7.25  kPa) [42]. 
Some studies suggested liver(LS) stiffness cut-offs rang-
ing from 5.2 to 8.7 kPa in diagnosing significant fibrosis 
(≥grade 2), with sensitivity (70–93%), specificity (38–
92%). These studies suggested that, LS cut-off from 10.3 
to 13.4  kPa, to diagnose cirrhosis (≥F4) with sensitivity 
59–100% and specificity 79–94% [43, 44]. TE also pro-
vides a useful monitoring tool for evaluation of dynamic 
changes and response to treatment in CHB patients receiv-
ing antiviral therapy. After 3 years of follow up of patients 
receiving either entecavir or lamivudine, a significant 
reduction in LS measurements were reported (medians 
from baseline to 1, 2, and 3  years after treatment were 
12.9 kPa, 7.5 kPa, 6.5 kPa, and 4.7 kPa, respectively; all 
P < 0.05) [45].

48.8  Transient Elastography and Portal 
Hypertension

The standard tools to detect PH in cirrhotic patients are inva-
sive methods, they include, angiographic measurement of 
HVPG, upper gastrointestinal endoscopy to screen for 
esophageal varices [46]. TE with sensitivity ≥90% can define 
presence of portal hypertension in cirrhotic patients at cut- 
off values of 17.6 and 21.0  kPa, to detect hepatic venous 
pressure gradient (HVPG) above 10–12  mmHg [47]. The 
existence of varices could be excluded with a liver stiffness 
below 12.5–19.8 kPa [48]. LSM by TE cannot provide the 
precise value of HVPG, nor identify with high certainty 
which patients carry EV, but it can identify clinically signifi-
cant portal hypertension. Even more importantly, LSM joint 
with platelet count has currently entered within the decision 
algorithm for patients with compensated ACLD, permitting 
patients at very low risk of varices needing treatment, to 
avoid endoscopy [49].

48.9  Transient Elastography 
and Autoimmune Hepatitis

Recent studies detected a significant correlation of LSM 
with stage of liver fibrosis in patients with autoimmune 
hepatitis (AIH), revealing a better performance, accuracy 
and reliability than non-invasive markers [50, 51]. LSM 
had significant correlation with fibrosis (r  =  0.752, 
P < 0.01) and increased gradually with increasing fibrosis 
stages in AIH patients. AUROC values of LSM for stages 
F≥2, F≥3, and F4 were 0.878 (95% CI: 0.789–0.967), 
0.883 (0.820–0.946), and 0.914 (0.852–0.976), respec-
tively. The optimal cut-off values of LSM for fibrosis 
stages F≥2, F≥3, and F4 were 6.45, 8.75, and 12.50 kPa, 
respectively. LSM was better than APRI score and FIB-4 
score in identifying advanced fibrosis (F≥3). Hepatic 
inflammatory activity and Serum ALT levels had no sig-
nificant effect on LSM measurements [51]. Guo et al. con-
firm this better performance of TE more than other 
non-invasive markers in determination of fibrosis stages in 
patients with AIH. AUROC value of LSM was 0.885 for 
stage F2, 0.897 for stage F3, and 0.878 for stage F4. The 
optimal LSM cut-off value was 6.27  kPa for stage F2, 
8.18 kPa for F3, and 12.67 kPa for F4 [52].

48.10  Transient Elastography and NAFLD

TE is an essential alternative for liver biopsy in NAFLD 
patients and it has a great value in ruling out liver cirrhosis. 
As the pathological fibrosis progresses, the sensitivity, 
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specificity and NPV of TE in the diagnosis of fibrosis 
improves in NAFLD patients [53]. A meta-analysis of TE 
in patients with NAFLD suggests that, TE has brilliant 
diagnostic accuracy for cirrhosis, good accuracy for F3, 
however modest accuracy for F2 [54]. Despite this, TE can 
exclude cirrhosis with a high NPV (~90%). Clinicians may 
use various cut-offs for different stages of fibrosis in differ-
ent situations depending whether they want to rule out or 
diagnose a fibrosis stage with high probability. In general, a 
cut-off of <8  kPa (or 7.2  kPa for the XL probe) reliably 
excludes a advanced fibrosis (F3–4) and a cut-off >9.6 kPa 
is suggestive of F3–4 [55]. A future meta-analysis revealed 
a pooled area under the receiver operating curve of (0.94) 
with 94% sensitivity and 95% specificity for advanced 
fibrosis [56]. Though, a chief disadvantage of this modality 
is its discrepancy in obtaining measurements in obese 
patients [57], and this was newly addressed by a study 
using a new XL probe, which has facilitate the examination 
in obese patients with comparable diagnostic accuracy to 
the standard probe [58].

48.11  Transient Elastography 
and Hepatocellular Carcinoma

TE can also be used in patients with CHB and CHC to 
predict the risk of development of hepatocellular carci-
noma (HCC). Taking patients with LSM ≤10.0 kPa as a 
standard, the hazard ratios of developing HCC were (17, 
21, 26 and 46) in patients with LSM at 10.1–15.0  kPa, 
15.1–20.0 kPa, 20.1–25.0 kPa and higher than 25.0 kPa, 
respectively, in a study of 866 CHC patients [59]. TE, as 
well as FibroTest, may be useful in patients with CHC to 
predict 5-year survival rate; even after adjustments for 
age, degree of activity and treatment response degree of 
activity [60].

48.12  Transient Elastography and Acute 
Cellular Rejection Following Liver 
Transplantation

TE may be useful in assessing the severity of acute cellular 
rejection (ACR) after liver transplantation. A study on 33 
patients with ACR by means of TE verified a cutoff point of 
>7.9 kPa to detect graft damage and < 5.3 kPa to rule out 
graft damage (receiver operating characteristic 0.93; 
P  <  0.001). Another study showed elevated levels of liver 
stiffness in ACR patients. Yet, in this study, no cutoff point 
for ACR was definite. The latter study included 27 patients 
with ACR at liver biopsy. It suggests a Cutoff value of 
>8.5 kPa by TE to diagnose moderate to severe ACR, with a 

specificity of 100% and receiver operating characteristic 
curve of 0.924. The measurement of TE < 4.2 kPa rules out 
the opportunity of any ACR (P = 0.02) [61].

48.13  Transient Elastography and Alcoholic 
Liver Disease

TE may be used as a diagnostic tool to exclude high degrees 
of fibrosis (F3) and liver cirrhosis (F4) in persons with alco-
holic liver disease. There is a debate about the best cut-off 
values for liver fibrosis in patients with alcoholic liver dis-
ease. By the most usually used cut-off value of 12.5 kPa, the 
sensitivity and specificity of transient elastography were 
0.95 and 0.71 with LR+ 3.3 and LR− 0.07, which again con-
firms value of transient elastography in excluding cirrhosis, 
without need of liver biopsy [62].

48.14  Controlled Attenuation Parameter 
(CAP)

Controlled attenuation parameter is a physical parameter, 
applying the property that hepatic steatosis affects ultra-
sound propagation [63]. It measures ultrasound attenua-
tion at the center frequency (expressed as dB/m) of the M 
probe. Ledinghen et  al., 2012 conducted a study on 112 
patients taking liver biopsy as a reference, concluding that 
CAP is a valuable tool in diagnosis of low grade steatosis 
[64]. A cut- off value of 215 dB/m has a sensitivity of 90% 
to detect S1 steatosis [64]. Studies have revealed that CAP 
can detect more than 5% hepatic steatosis exceeding the 
sensitivity of conventional ultrasound which can only 
detect greater than 30% steatosis [65, 66]. Furthermore, 
CAP is more reliable when the IQR of CAP is <30 dB/m. 
These findings support usefulness of CAP clinical evalua-
tion of NAFLD [67].

48.15  Transient Elastography 
and Postoperative Outcomes

LSM is also an important prognostic device in patients with 
HCC. A study included one hundred and five HCC patients 
revealed that, a LSM cut-off of 12.0 kPa had a sensitivity of 
86% and specificity of 72% concerning real post-operative 
complications. This cut-off would possibly recognize 
patients with more severe operative blood loss and higher 
transfusion rates [68]. An extra study of 133 HCC patients 
verified that, patients with LSM ≥13.4 kPa had an respecting 
dual rise in the risk of HCC recurrence, compared with those 
with LSM <13.4 kPa [69].
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48.16  Conclusions/Summary

The accessibility of TE as noninvasive event for estimation 
of fibrosis and cirrhosis is a vital discovery within the clini-
cal management of patients with chronic liver disease. It is a 
non-invasive, accurate and reproducible test alternative to 
biopsy for the assessment of liver fibrosis and possible ste-
atosis. It has been valid during a wide spectrum of different 
liver diseases. There are still issues that require to be 
addressed with the utilization of FibroScan. In addition to 
technological restrictions (ascites and obesity), questions 
related to variable cutoffs based on disease etiology, clinical 
utility in management of NAFLD, clinical approach to longi-
tudinal assessment, and frequency of repeated measurements 
must be addressed. Additional studies are necessary to inves-
tigate the reasonable cut-off values of newer XL and S 
probes; in addition those of the novel controlled attenuation 
parameter.

48.17  Future Perspectives for Liver 
FibroScan

Transient elastography has been shown to be a brilliant 
diagnostic means if strict quality criteria are applied, 
ensuring the reliability of the results. In spite of the lack 
of consensus guidelines concerning the use of liver stiff-
ness measurements in clinical practice, transient elastog-
raphy is already extensively used in many places. The 
main center now should be on the development of vali-
dated guidelines on the use of transient elastography, and 
to incorporate this new technology into current treatment 
guidelines.

 Self Study

 Questions

 1. Which statement is true?
 (a) Liver fibrosis is a sign of progressive liver disease.
 (b) Transient elastography provides fast estimation of 

liver stiffness.
 (c) The stiffer the tissue, the slower the shear wave 

propagates.
 (d) TE is done while the patient is requested to lie on 

right side.
 2. Which statement/statements is/are true?

 (a) Transient elastography is time consuming technique.
 (b) Transient elastography invasive maneuver.
 (c) Transient elastography is painless technique.
 (d) Transient elastography should be made with full 

information of patient Clinical-demographic data.

 3. Which statement/statements is/are true as regard 
Transient elastography?
 (a) Standard M test can’t generally be made in obese 

patients.
 (b) XL probes were ideal for obese patients.
 (c) Marked increase in Alanine aminotransferase, might 

lead to decrease in liver stiffness.
 (d) Liver stiffness estimations not exaggerated in patients 

with heart failure.
 4. Which statement/statements is/are true?

 (a) TE has been suggested by the American Association 
for the Study of Liver Diseases and European 
Association for the Study of the Liver in patients with 
CHB.

 (b) TE is very well validated in NAFLD.
 (c) TE lacks a high-quality as noninvasive method for the 

measurement of liver stiffness.
 (d) Studies have shown non promising results in the use 

of TE in assessing fibrosis and disease progression in 
the setting of HIV-HCV co-infection.

 Answers

 1. Which statement is true?
a

 2. Which statement/statements is/are true?
c and d

 3. Which statement/statements is/are true as regard 
Transient elastography?
a and b

 4. Which statement/statements is/are true?
a
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49.1  Introduction

Evaluating and establishing an understanding of the portal 
venous system is helpful in vascular disorders of the liver 
and splanchnic circulation and also vital in planning and 
following-up on procedures such as liver transplantations, 
hepatic resections, and trans-jugular intrahepatic portosys-
temic shunt (TIPS) placements. Portal venography provides 
valuable information regarding the anatomy, patency, and 
nature of collateral circulations of the portal venous system.

The portal venous system can be studied in both noninva-
sive and invasive approaches. The noninvasive modalities 
include ultrasonography (US) with duplex and color Doppler 
imaging, computed tomography (CT) venography, and mag-
netic resonance imaging (MRI). The invasive modalities 
include hepatic venography, trans-hepatic portography, per-
cutaneous spleno-portography, and arterial portography.

49.2  Noninvasive Imaging of the Portal 
System

49.2.1  Ultrasonography (US)

Ultrasound is one of the most commonly utilized noninva-
sive imaging modalities to evaluate liver anatomy and pathol-
ogy. Easy accessibility, low cost, favorable safety profile, 
and high sensitivity and specificity make ultrasound the first 
line study of choice for many liver diseases.

Using grey scale (B-mode) US, hepatic parenchyma, 
intrahepatic structures, and peri-hepatic structures can be 
differentiated by the echogenicity of the structures. This 
mode is preferred to outline and differentiate vessels, ducts, 
and lesions. Signs of portal hypertension, such as a dilated 
portal vein more than 13  mm diameter, can sometimes be 
seen, although it has a poor sensitivity for this. Similarly, US 
can also be used to assess the patency of the vessels and eval-
uate TIPS function. Portal vein thrombi are identified as 
hyperechoic material within the lumen. Contrast enhanced 
ultrasound might allow for the differentiation of a bland 
thrombus from a malignant thrombus, and has a sensitivity 
of 94% and specificity of 96% for this purpose [1, 2]. A 
bland thrombus is avascular and shows up as a void within 
the enhancing liver in all phases, whereas a malignant throm-
bus has the same enhancement characteristics as a tumor 
from which it originates [3–5].

Color doppler ultrasound allows visualization of body 
fluid movement and its velocity relative to the probe, allow-
ing for functional evaluation of the portal venous system. 
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Key Concepts
• Imaging modalities to evaluate portal venous system 

include ultrasonography, computed tomography, 
magnetic resonance imaging, spleno-portography, 
wedged hepatic venography, and splenic or superior 
mesenteric artery angiography with delayed venous 
phase imaging.

• Ultrasonography is the initial modality for 
evaluation.

• Computed tomography provides better global 
images of portal circulation when compared to 
ultrasound, but it does not provide functional sta-
tus of the circulation

• Magnetic resonance imaging (MRI) provides excel-
lent global images of the portal venous system. 
Four-dimensional flow MRI has the potential to be 
used to evaluate the hemodynamics of portal venous 
system.

• Catheter angiography is the “gold standard” to eval-
uate portal venous system.
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Vascular anomalies in the portal circulation can be assessed 
with color Doppler evaluation. A fistula between the portal 
vein and the hepatic vein or hepatic artery is an infrequent 
finding on liver ultrasound. While a fistula between the portal 
vein and hepatic vein is usually asymptomatic due to the low 
resistance in both veins, while a fistula between the hepatic 
artery and portal vein is a high resistance connection and 
generates turbulent and flow reversal within the portal vein 
[6]. Color doppler can also be useful in determining if a 
thrombus is occlusive or nonocclusive. Similarly, reduced or 
reversal of flow in portal vein can be observed in patients 
with portal hypertension, with low velocity flow sometimes 
appearing stagnant under US.

These findings however are only found in a portion of the 
patients with portal hypertension, and thus US is not a sensi-
tive study to evaluate for portal hypertension. While TIPS 
stenosis may be identified on grey scale US, TIPS dysfunc-
tion can also be identified by a decrease or increase in peak 
shunt velocity and further supported by a decrease in portal 
vein velocity and reversal of flow direction (Fig. 49.1) [7]. 
Although, there is no consensus in the criteria to diagnose 
shunt dysfunction, ultrasound and color doppler is often the 
primary tool to screen for TIPS dysfunction.

49.2.2  Computed Tomography

Intravenous iodinated contrast enhanced CT (CECT), spe-
cifically during portal venous phase of contrast enhance-
ment, is another noninvasive imaging modality used to 
evaluate the portal venous system. Similar to US, CT is 
widely available, has a relatively low cost and a short proce-
dure time. Moreover, CT is not operator dependent and offers 
a global view of the abdominal structures. This feature allows 
for the identification of liver volume, characteristics of liver 

disease, vascular variants, and portosystemic collateral ves-
sels which can be helpful for preoperative evaluation for 
liver transplantation [8].

The capability of using CT to assess the presence of a 
portal venous thrombus has also been well established. 
Focal high attenuation and venous enlargement in a nonen-
hanced CT scan is suggestive of an acute thrombus, 
whereas linear areas of calcification are seen in chronic 
thrombosis. In a CECT, thrombi are identified by the pres-
ence of a filing defect with partial or total occlusion of the 
lumen and rim enhancement of the vessels. Once a throm-
bus is identified, CT texture analysis and attenuation val-
ues can aid in differentiating malignant thrombus from 
bland thrombus [9]. The use of multi-detector CT with 
iodine quantification can further improve sensitivity and 
specificity in differentiating malignant and bland thrombi, 
with a sensitivity of 100%, specificity 95.2%, PPV 92.9%, 
NPV 100%, and an overall accuracy 97%, which is signifi-
cantly better than conventional enhancement measurement 
(p < 0.001) [10].

CT imaging can also point towards a diagnosis of portal 
hypertension, although imaging findings of portosystemic 
collaterals and splenomegaly are sometimes not seen in a 
small portion of patients with clinically significant portal 
hypertension. The disadvantage of this modality is that it 
does not allow for quantification of portal venous flow or 
provide functional status of the structure, but a few studies 
have evaluated the reliability of using imaging finding indic-
ative of portal hypertension to estimate portal pressure [11–
13]. Currently, even though CT is a useful tool to evaluate 
TIPS stenosis, there is a lack of evidence to recommend 
using CT to evaluate shunt dysfunction (Figs. 49.3, 49.4 and 
49.6) [14].

49.2.3  Magnetic Resonance Imaging

MRI is another imaging study that can provide a global 
image of abdominal structures. MRI with contrast allows for 
excellent evaluation of the liver anatomy, collateral circula-
tion, portal venous system, and thrombus just like CT. But 
unlike CT, phase contrast MR angiography is capable of 
evaluating directional flow and velocity within the portal 
venous system. While MRI has this advantage over both CT 
and US, it is expensive, requires longer imaging time and is 
inaccessible to certain patient populations. Further, it is dif-
ficult to evaluate stagnant flow, and artifact from surgical 
clips and ascites making it less desirable compared to other 
noninvasive imaging modalities.

Recent advances in MRI technology have reduced 
imaging time to 8–12 min with four-dimensional (4D) flow 
MRI. Studies of 4D flow MRI to obtain quantitative mea-
surements of the hemodynamic parameters in the hepatic 

Fig. 49.1 Main portal vein. Color doppler US of the liver post TIPS 
shows of a patent TIPS shunt with main portal vein velocities slightly 
decreased compared with previous examination
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and splanchnic system have been promising, with low 
inter- observer variability, and this technique can poten-
tially be used to evaluate portal hypertension and TIPS 
function [15–18].

49.3  Invasive Imaging of the Portal System

Catheter angiography is the gold standard to evaluate the 
portal venous system. It can evaluate the portal venous sys-
tem anatomy and hemodynamics and identify collaterals. 
However, angiography is invasive, has a longer procedural 
time and can be more expensive compared to noninvasive 
imaging modalities.

49.3.1  Wedged Hepatic Venography

Wedged hepatic venography has numerous applications but 
is most commonly used to visualize the portal vein during 
the TIPS procedure and evaluate hepatic hemodynamics, 
specifically the portosystemic pressure gradient. To perform 
wedged hepatic venography, one of the hepatic veins, usu-
ally the right hepatic vein, an angled vascular catheter is used 
from a jugular venous, or less commonly, a femoral approach. 
A hepatic venogram is first performed with the catheter 
 floating free in the vein (“free hepatic venogram”) with pres-
sure measurements taken. Subsequently, the catheter is 
advanced further into the vein till the end hole of the catheter 
is wedged against the liver parenchyma (“wedged hepatic”), 
and a venogram and pressure measurements are performed. 
This yields a wedged hepatic venogram that pushes the con-
trast across the hepatic sinusoids into the portal circulation. 
In general, the higher the viscosity of the contrast used, the 
more force is required to get the contrast across the sinu-
soids. This exposes the patient to a risk of liver and capsular 
perforation, especially if excessive force is required to push 
contrast across (Fig. 49.2). As a result of this potential com-
plication, either a diluted solution of contrast, or alterna-
tively, carbon dioxide gas (CO2) is used as the contrast agent 

(Fig. 49.3). CO2 has low viscosity and hence a lower risk of 
capsular perforation. The portal venous pressure is indirectly 
determined by subtracting the free hepatic vein (FHV) pres-
sure from the wedged hepatic venous (WHV) pressure. This 
is then regarded as the portal venous pressure (WHV-FHV). 
The right atrial pressure is then subtracted from this to yield 
the porto-systemic gradient. A gradient of less than 12 is 
considered normal.

The venograms and pressure measurements can also be 
performed using a balloon occlusion catheter. The free 
hepatic venogram is first performed as with the end hole 
catheter, subsequently, the balloon is inflated and the venous 
outflow obstructed. This yields a more predictable and 
repeatable wedged venogram and pressure measurement as 
the wedge measurements are averaged over multiple seg-
ments. When comparing CO2 to contrast, CO2 is preferred 
over contrast because of its low viscosity, cost, and toxicity. 
Renal function of the patient should be considered when 
using contrast.

Fig. 49.3 CT (left) and 
wedged CO2 hepatic 
venography (right) for TIPS 
and embolization on a 
61-year-old male patient with 
portal hypertension and upper 
gastrointestinal bleeding 
showing a coronary vein varix 
(hollow arrow) and splenic 
vein varices (solid arrow)

Fig. 49.2 Wedged hepatic venography using iodinated contrast per-
formed prior to TIPS procedure showing portal vein (solid arrow) and a 
ruptured liver capsule (hollow arrow)
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49.3.2  Percutaneous Splenoportography

In patients with an occluded main portal vein or intrahepatic 
portal vein branches, a percutaneous trans-splenic approach 
may be warranted to visualize the portal circulation. This is 
reserved for only those patients when noninvasive and other 
invasive studies are inconclusive, or when an intervention is 
planned, given that this method has a relatively increased 
risk of parenchymal hematoma, pseudo-aneurysm forma-
tion, and intraperitoneal hemorrhage [19].

To perform spleno-portography, the spleen is located 
using an ultrasound and is accessed from a mid-posterior 
axillary line between the eighth and ninth ribs. The needle 
is inserted at a 45° angle toward the dome of the dia-
phragm 3–4 cm into the spleen. The intra-splenic position 
of the  needle is confirmed by aspiration of blood and the 
splenic vein is catheterized. A portal venography can then 
be performed after advancing the catheter into the main 
portal vein and injecting iodinated contrast or CO2 [20] 
(Fig. 49.4).

This method is especially useful in patients with main 
portal venous thrombosis (PVT) in whom either portal 
thrombolysis is being considered; or in those with PVT and 
varices where antegrade embolization of bleeding varices is 
to be performed.

49.3.3  Transhepatic Portography

Percutaneous trans-hepatic portography is performed by 
directly accessing a portal venous branch under ultrasound 
and fluoroscopic guidance from a subxiphoid approach or 
low right intercostal approach under ultrasound guidance. 
Once portal venous access is acquired, iodinated contrast or 
CO2 can be injected for the venogram (Fig. 49.5). Direct por-
tal venous pressure measurements are also taken and thera-
peutic interventions like portal venous embolization or 
variceal embolizations performed. At the end of the proce-
dure, the catheter tract is embolized with coils or gelatin 
sponge pellets to reduce the risk of hemorrhage.

The trans-hepatic approach carries similar risks and compli-
cations as the trans-splenic approach, and thus is reserved for 
those patients in whom noninvasive and other invasive methods 
have failed. When performing trans-hepatic portography, spe-
cial attention should be paid to the proximity of biliary tracts to 
hepatic vasculature since there is a potential for formation of an 
arterial-portal fistula, biliary injury and infection.

49.3.4  Arterial Portography

Arterial portography is an indirect method to evaluate the 
portal system. Splenic or superior mesenteric arterial portog-
raphy and wedged hepatic venography can usually provide a 
complete view of the portal venous system.

To perform an arterial portography, the superior mesen-
teric artery or splenic artery is usually selected. Nitroglycerin 
maybe administered in the catheterized artery immediately 

Fig. 49.5 Percutaneous trans-hepatic portography of a 29-year-old 
female patient with nonalcoholic steatohepatitis with bleeding esopha-
geal varix showing embolized esophageal varices (solid arrow) via per-
cutaneous trans-hepatic access of the left portal vein (open arrow)

Fig. 49.4 CT (left) and 
percutaneous spleno- 
portography (right) of a 
58-year-old male patient with 
bleeding esophageal varices 
showing a thrombosis in the 
main portal vein (solid 
arrow). CT image shows 
esophageal varix, 
Splenoportography 
demonstrates embolized 
esophageal varix (thin open 
arrow), and a gastric varix 
(thick open arrow)
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prior to contrast injection. A contrast angiography is per-
formed with imaging followed through in the venous phase 
to delineate the portal venous system. The portal veins and 
collateral circulation are usually well seen 5–15 s following 
contrast administration (Fig. 49.6).

49.4  Conclusion

There are many clinical situations that require an evaluation 
of the portal venous system. Selection of the appropriate 
imaging modality depends on the consideration multiple fac-
tors including the risks and benefits, invasiveness, cost, avail-
ability, and accuracy of all available modalities.

Though noninvasive, US is the most operator dependent 
test. But due to its accessibility, short imaging duration, 
accuracy, and safety profile, it is the modality of choice for 
evaluation of the portal venous system, especially after liver 
transplantation or TIPS placement. CT and MRI are both 
noninvasive tests and have the advantage of being the least 
operator dependent. These modalities are excellent for pre- 
procedural planning and mapping the portal venous system 
and its collaterals. Angiography is considered the gold stan-
dard imaging modality to evaluate portal venous system, but 
due to its invasive nature, it is often reserved when noninva-
sive imaging studies are inadequate to evaluate the venous 
system, or the results are inconclusive for the clinical 
presentation.

 Self Study

 Questions

 1. Which statement is true?
 (a) US can reliably diagnose portal hypertension.
 (b) Biopsy is the only way to differential malignant and 

benign thrombus.
 (c) MRI can be used to evaluate the hemodynamics of 

portal venous system.
 (d) US is the gold standard to evaluate portal venous 

system.

 2. Which statement is true?
 (a) Iodinated contrast is the preferred contrast agent 

when performing wedged hepatic venography.
 (b) Percutaneous splenoportography can only be done 

with iodinated contrast.
 (c) Arterial portography is most concerning for signifi-

cant post procedural infection.
 (d) Wedged hepatic venography is the most reliable to 

way diagnose portal hypertension.

 Answers

 1. Which statement is true?
 (a) US findings of portal hypertension include 

reversed, decreased or increased venous flow, 
splenomegaly, or dilated veins. But these findings 
are not always seen in patients with portal 
hypertension.

 (b) Recent studies have shown that CT texture analysis 
and attenuation values are reliable in differentiating 
malignant thrombus from bland thrombus.

 (c) CORRECT ANSWER. Recent studies have shown 
that 4D flow MRI can acquire quantitative mea-
surement of the hemodynamic parameters in liver 
and splanchnic system with low inter-observer 
variability.

 (d) Angiography is the gold standard to evaluate portal 
venous system.

 2. Which statement is true?
 (a) CO2 is preferred contrast agent because its low vis-

cosity, low cost, low toxicity.
 (b) Portal venography can then be done with iodinated or 

CO2 contrast.
 (c) The proximity of biliary tract to vasculatures 

increased concern for the potential of arterial portal 
fistula, biliary injury and infection.

 (d) CORRECT ANSWER.  Hepatic venous pressure, 
which is the difference between wedged hepatic 
pressure and free hepatic pressure, is the  
best available method to diagnose portal 
hypertension.

Fig. 49.6 CT (left) and 
superior mesenteric artery 
portography (right) of a 
32-year-old female with 
chronic portal vein 
thrombosis with bleeding 
gastric varices showing a 
prominent superior 
mesenteric venin (open 
arrow) with numerous 
collateral vessels supplying 
the intrahepatic portal 
circulation (solid arrow)
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Minilaparoscopy and Conventional 
Laparoscopy

Guido Fiorentini, Francesca Ratti, Federica Cipriani, 
and Luca Aldrighetti

Abbreviations

MPL Multiport laparoscopy
NOTES-LR Natural Orifice Transluminal Endoscopic 

Surgery—Liver Resection
Sg Segment
SILS Single Incision Laparoscopic Surgery

50.1  Introduction

The development of laparoscopic surgery has been aimed to 
decrease as much as possible the degree of invasiveness 
since its onset and development. In the last decade, a new 
approach was born, with the goal to reduce the number of 
incisions through a single mini-laparoscopic access (SILS—
Single Incision Laparoscopic Surgery). This technique was 
initially applied to several gastroenteric procedures, encom-

passing cholecystectomy, splenectomy, appendectomy, col-
ectomy, while the application to liver resections has occurred 
later, mainly because of the difficulty to achieve parenchy-
mal hemostasis and to perform the parenchymal transection. 
Recently, few reports did show the feasibility of SILS in 
hepatic surgery [1–22], which slowly developed following 
the progresses of surgical skills and the implementation of 
new devices.

Aim of this chapter is to provide an overview on the most 
recent applications of SILS to liver resections, with notions 
on devices, indications and future perspectives. A literature 
review has been performed to investigate the state of the art 
of this technique in the clinical practice.

50.2  Indications

The applications of SILS to liver resections are not standard-
ized and, until now, limited in comparison with conventional 
multi-access laparoscopic liver surgery. Actually, while con-
ventional laparoscopy can theoretically be applied to multi-
ple, bilobar, deep lesions, the difficulty in instrument 
triangulation with SILS limits indications to favourably 
localized, single lesions, preferentially located in laparo-
scopic segments (anterior and lateral—i.e. Sg 4b, 2, 3, 5) or 
in the left liver lobe (Sg 2 + 3), thereby reducing the pool of 
patients that could benefit from this technique.

50.3  Surgical technique

50.3.1  Access to the Abdominal Cavity, 
Pneumoperitoneum, Exposition 
of the Operative Field

While in conventional laparoscopic surgery (multiport lap-
aroscopy, MPL) the minimum number of abdominal inci-
sion is 3 plus a service laparotomy for specimen retrieval, 
the aim of SILS is to gain access for all instruments through 
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Key Concepts
• Minilaparoscopy differs from conventional laparos-

copy by the use of a single incision to gain access to 
the abdominal cavity.

• While the range of indications in multiport laparo-
scopic liver surgery is wide, only few procedures 
can be tackled in SILS.

• No specific superiority has emerged until now by 
experimenting SILS while comparing with MPL; 
nevertheless, few selected patients could benefit 
from SILS in terms of better aesthetics, without any 
significant advantage on intra-operative nor post- 
operative outcomes.
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a single 3–4 cm incision which is also used for specimen 
retrieval. Such incision has to be placed in an adequate 
location, providing a comfortable access to the target area. 
For instance, while a left lateral sectionectomy (i.e. the 
resection of the left hepatic lobe, Segments 2  +  3) will 
require a midline minilaparotomy, the approach to a pos-
tero-superior segment will require a more lateral access on 
the right flank.

After the incision and entry into the abdominal cavity, a 
dedicated port specifically designed for SILS access has to 
be adopted, which role is to work as platform both for 
instrument access and CO2 insufflation. Several types are 
available on the market: Gelport® (Applied Medical); 
GelPoint® (Applied Medical); Gloveport® (Nelis Medical); 
SILSport® (Covidien); TriPort+® (Olympus); Octoport® 
(AFS Medical) (Fig. 50.1). Regardless of the manufacture, 
these devices contemporarily act as a wound retractor, as an 
interface for establishing and maintaining the pneumoperi-
toneum and inserting the instruments. Such devices are 
constituted of predefined ports for the direct insertion of 

instruments or, as an alternative, are provided with mallea-
ble membranes on the surface (like the Gelport®), which 
permit a customized insertion of trocars. Three accesses 
(one for the camera, two for the instruments) or four (one 
for the camera, two instruments for the first operator and 
one additional for the assistant, like in the TriPort®) are 
usually available on SILS devices. While in MPL trocars 
are positioned to obtain the triangulation of instruments 
with the camera, keeping adequate distances from each 
other, for SILS both instruments and the camera get close 
to each other, creating problems of sword fighting and 
clashing. Such difficulties have been partially overcome by 
curved shafts and the adoption of flip-top cameras; there-
fore, the need for specific devices has to be considered in 
institutions interested in the development of a program of 
SILS, requiring dedicated economic resources in addition 
to those already allocated for conventional laparoscopic 
surgery. In addition, the use of crooked instruments implies 
to work with crossed devices; therefore, the instrument 
appearing on the left of the screen will correspond to the 

a b c

d e f

Fig. 50.1 Several devices for SILS have been manufactured to be used 
as interface of the instruments and for the establishment of pneumoperi-
toneum. (a) Gelport® (Applied Medical); (b) GelPoint® (Applied 

Medical); (c) Gloveport® (Nelis Medical); (d) SILSport® (Covidien); 
(e) TriPort+® (Olympus); (f) Octoport® (AFS Medical)
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right hand of the operator and vice-versa. This difficulty 
requires a great adaptability from the operator, who actu-
ally finds himself working reverse on the screen.

50.3.2  Parenchymal Transection

One of the items actually limiting on a wide scale single 
incision liver surgery is the device used for parenchymal 
transection. Beside to angulated instruments like forceps 
and scissors, liver surgery requires use of instruments 
suitable for parenchymal division during hepatic transec-
tion. While articulating energy devices basing on radio-
frequencies are available, there is no ultrasonic dissector 
yet. This particularity limits use of ultrasonic aspirator for 
cavitation, that can be used only in a straight approach to 
the area of resection. In fact, the vibration needed for the 
ultrasonic dissector function cannot be transmitted on a 
curved shaft, and this strongly limits the application when 
fine dissection is required. This can be partially overcome 
by moving the incision used for SILS in more comfortable 
positions, whereas devices could be in the straighter line 
as possible with the area of intervention (i.e. a midline 
supraumbilical incision for a left lateral sectionectomy vs. 
a right flank incision for gaining access to right areas of 
the liver).

A good alternative in substitution of ultrasonic aspirator is 
using energy devices based on the principles of radiofre-
quencies, which actually exist in articulating versions. 
Articulating devices allow unparalleled access to the field, 
conferring a greater freedom for manipulation. Nevertheless, 
articulating energy devices can be used mainly for most 
superficial layers while fine dissection of parenchyma close 
to major pedicles is more difficult.

Another choice for parenchymal transection is the use of 
linear staplers, which can be used, for instance, not just in 
left lateral sectionectomy for the interruption of the left 
hepatic vein, but also for the parenchymal transection and 
the stapling of sectorial pedicle. With this technique, access-
ing through the SILS device, one hand is used for exposure 
and traction, while the other operator’s hand is used for sta-
pling, allowing transecting liver parenchyma and sealing 
vascular structures at the same time. While left lateral sectio-
nectomy is a suitable procedure for stapling technique, small 
wedge resections are more difficult due to the dimension of 
linear stapler’s jaws.

Various devices based on the precoagulation principle 
exist, like the Habib®4x resection device for laparoscopy: 
basing on four radiofrequency needles, the probe is inserted 
through the resective perimeter. Once activated, it induces a 
precoagulation, sealing effectively the small vessels of the 
parenchyma, making the subsequent transection bloodless, 
even by cutting with cold forceps.

50.4  Procedures

Differently from MPL (see Chap. 62), where application of 
laparoscopy is wide, the indications to SILS are limited to 
wedge resections, segmentectomies of anterior and lateral 
segments and to left lateral sectionectomies. The main rea-
son is the aforementioned technical difficulty represented by 
limited number of available ports, challenging exposition 
and need to work with crossed instruments.

Left lateral sectionectomy is the ideal procedure for 
SILS. Through a midline access, a frontal vertical transec-
tion plane is offered, that is suitable for stapling technique 
and for straight instruments like the ultrasonic aspirator or 
clip appliers.

Few authors reported their experience in SILS during last 
years. In the majority of experiences, anyway, retrospective, 
non-randomized, case reports and case series are present in 
literature, lacking with randomized clinical trial, and are 
principally aimed to demonstrate safety and reproducibility 
(Table 50.1).

Two prospective studies have been performed: Hu et al. 
[7] did enroll 38 patients in two cohorts equally representing 
SILS and MPL; all patients were affected by benign disease. 
They did not observe differences in operative time and blood 
loss, with no differences in the postoperative morbidity. 
Weiss et al. [18] enrolled 21 patients in their non-randomised 
trial, retrieving 33 segments (Segmentectomies 2–6); the 
peculiarity of their experience was adopting the pre- 
coagulation technique through a radiofrequency device, 
showing feasibility even for lateral segments like Sg6 by 
moving the access to the right flank.

As evidenced in Table 50.1, SILS was adopted mainly for 
minor resections, encompassing left lobectomies. About this, 
Aldrighetti et al. [2] conducted a single center case-matched 
analysis specifically investigating the role of SILS in left lat-
eral sectionectomy. They retrospectively compared 13 
patients receiving SILS left lateral sectionectomy with 13 
multi-port procedures. No differences were found in opera-
tive time, blood loss, conversion to open rate, R0 margin, 
requirements of post-operative pain medications. This series 
furtherly validate the possible role for standardization in 
SILS applied to left lateral sectionectomy, even if SILS can 
result in higher costs due to ports and specifically designed 
instruments, potentially raising the costs of a minimally- 
invasive program.

Limited experiences exist on major hepatectomies 
(defined as the resection of three or more segments): Shetty 
et  al. [14] in 2012 reported their series performed on 23 
patients, which enclosed 1 left and 1 right hepatectomy. 
Beside this experience, there are no other reports on SILS for 
major hepatectomies, reasonably because of the technical 
challenges that this technique adds to an already difficult 
procedure.

50 Minilaparoscopy and Conventional Laparoscopy
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Benzing et al. [21] in 2015 performed a systematic review 
photographing the state of the art of this topic: among 345 
studies identified, 15 resulted eligible for their purpose, 
globally accounting for 133 cases. Among these, left lateral 
sectionectomy was the most frequent procedure (49%), fol-
lowed by wedge resections (41%). This experience furtherly 
sustains the role of SILS for minor resections, potentially 
being left lateral sectionectomy the ideal procedure for SILS.

50.5  Comparison of Single Incision 
and Multi Port Laparoscopic Surgery

The main technical difficulty in SILS is related to the capac-
ity of achieve adequate exposure of the operative field and 
success in instruments triangulation. The introduction of 
instruments with angulated shaft and articulating devices 
partially solved this problem in SILS.  On the contrary, in 
MPL triangulation is eased by customized ports positioning, 
minimizing the risk of clashing instruments only to limited 
situations.

As stated, SILS requires adaptability, as surgeon will find 
his right hand working with the instrument on the left of the 

screen and vice-versa, while one of the basic principle of 
MPL is never to cross the instruments.

According to two observational studies comparing the 
two techniques, no differences were detected in terms of 
blood loss, operative time, post-operative pain and radicality 
between SILS and MPL [2, 7], so there is no clear superiority 
of SILS over MPL that could justify the increased degree of 
challenge, beside to the aesthetic outcome with fewer scars 
in the SILS.

Similar items have been investigated also out of the field 
of liver resections. In a recent meta-analysis on available 
randomized and prospective studies for SILS in colorectal 
surgery [23], post-operative pain was addressed among the 
short-term outcomes investigated. Patients receiving SILS 
experienced less severe pain only at rest. Nevertheless, no 
differences were found in opioid consume in comparison 
with MPL, as a possible expression of similar pain in com-
parison to MPL once the patient is in activity and out of the 
bed. Furthermore, no specific studies have ever objectively 
proved a superiority in terms of cosmetic benefit. If, on one 
side, it can be assumed that the single incision required for 
SILS might result in fewer scars, on the other side it could 
be speculated that the shorter incisions of MPL can be less 

Table 50.1 Review of the literature on recent single-institutional experience in single-incision liver surgery

Author Cit. Year
# of SILS 
cases

# Major 
resections

Type of 
resection

# Minor 
resections

Type of 
resection Device Conversion

Aikawa et al. [1] 2012 8 – 8 Sg SILS Port –
Aldrighetti 
et al.

[2] 2012 13 – 13 LLS TriPort –

Belli et al. [3] 2011 1 – 1 WR TriPort –
Camps-Lasa 
et al.

[4] 2014 5 – 5 WR; LLS GelPoint –

Chang et al. [5] 2011 3 – 3 Sg; LLS GelPort –
Gaujoux et al. [6] 2011 5 – 5 Sg GelPort –
Hu et al. [7] 2014 19 – 19 Sg; LLS TriPort –
Karabicak 
et al.

[8] 2015 9 – 9 WR; Sg; 
LLS

SILSPort –

Kim et al. [9] 2014 3 – 3 Sg; LLS GelPoint –
Kobayashi 
et al.

[10] 2010 1 – 1 WR None –

Machado 
et al.

[11] 2014 8 – 8 LLS GelPoint –

Pan et al. [12] 2012 8 – 8 WR; LLS None –
Patel et al. [13] 2010 1 – 1 LLS TriPort –
Shetty et al. [14] 2012 23 2 LH; RH 22 Sg; LLS Gloveport 4 to open; 2 to 

MPL
Tan et al. [15] 2012 7 – 7 Sg; LLS GelPoint –
Tayar et al. [16] 2014 7 – 7 Sg GelPoint, SILSPort –
Tzanis et al. [17] 2014 3 – 3 WR; LLS QuadriPort; TriPort –
Weiss et al. [18] 2015 21 – 33 WR; Sg; 

LLS
GelPort, OctoPort, 
SILSPort

–

Wu et al. [19] 2014 17 – 17 WR; LLS None –
Zhao et al. [20] 2011 12 – 12 WR; LLS TriPort 2 to MPL

LH left hepatectomy, RH right hepatectomy, WR wedge resection, Sg segmentectomy, LLS left lateral sectionectomy, MPL multiport laparoscopy

G. Fiorentini et al.
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evident on a patient abdomen when associated with a 
Pfannenstiel’s incision for specimen retrieval.

While benefits in reducing ascitic decompensation due to 
fewer collateral circles breakdown in the abdominal wall 
have been proved for MPL in comparison to open surgery, no 
studies have proved advantages for SILS in comparison to 
MPL in liver cirrhosis.

Eventually, further difference is related to patient 
selection: due to the technical difficulty imposed by SILS, 
application of mini-laparoscopy is limited to few, selected 
cases, characterized by singular lesions, superficial, or 
located in the left lateral sector. Contrarily, the broad 
spectrum of procedures that can be tackled through MPL 
is potentially limited only by the evidence of major vascu-
lar invasion (like hepatic veins or inferior vena cava 
infiltration).

50.6  Future Perspectives

Some limitations of SILS can potentially be overcome by 
robotic surgery, as the software can restore intuitive control 
by associating the right hand to the corresponding instru-
ment seen on the screen, despite of the crossing shafts. 
Nevertheless, the still elevated prices of robotic surgery 
strongly limit its diffusion.

Possible future perspectives on further developments of 
minimally-invasiveness is represented by Natural Orifice 
Transluminal Endoscopic Surgery Liver Resection 
(NOTES-LR). This technique makes use of natural orifices 
(per-oral trans-gastric; trans-anal; trans-vaginal) to gain 
access to the abdominal cavity. Katagiri et al. [24] collected 
the few existing experiences on this topic, which have been 
conducted mainly on animals. To our knowledge, even fewer 
experiences [25, 26] of hybrid trans-vaginal partial liver 
resection have been performed in human, with specimens 
retrieved trans-vaginally. Even if it is reasonable to imagine 
a future that is less and less invasive, while NOTES-LR 
could be implemented, an extensive application is difficult to 
be conceived in standardized fashions, especially for more 
complex procedures.

50.7  Conclusion

In conclusion, the rationale of SILS liver surgery is to use a 
single 3–4 cm incision to gain access to the abdominal cav-
ity, establishing the pneumoperitoneum and inserting the 
instruments to perform hepatic resections. Due to clashing 
instruments and the vicinity of instruments to each other, 
technical limitations exist, which are mainly related to dif-
ficult exposure and triangulation with the camera. Therefore, 

only selected cases could benefit from SILS, like for small 
wedge resections and left lateral sectionectomies, even 
though specific instruments are needed, requiring additional 
expenses. In the end, literature lacks of randomized, non- 
inferiority, clinical trials, and is consistent with a low level 
of evidence that is limited to case series performed in high 
volume centers with expertise in the field of laparoscopic 
liver surgery.

 Self Study

 Questions

 1. Which statement is true?
 (a) SILS is superior for better cosmesis, reduced post- 

operative pain and faster functional recovery.
 (b) There is no proved evidence of a superiority for SILS 

in comparison with MPL.
 (c) There are no additional technical limitations in 

single- port surgery in comparison to multiport lapa-
roscopy as the two techniques can be used to approach 
any procedure at the same way.

 (d) SILS and MPL share the same instruments, thus costs 
are contained for programs developing both 
techniques.

 2. Which statement is false?
 (a) Technical difficulties represented by the proximity of 

instruments, their curved shafts, and their crossing 
are reasons for limited exposure and triangulation.

 (b) SILS has been broadly applied for all liver proce-
dures, encompassing wedge resections, segmentecto-
mies and major hepatectomies.

 (c) Several devices have been designed and manufac-
tured specifically for SILS, encompassing special 
interfaces for ports and articulating dissectors.

 (d) Future perspectives of minimally-invasiveness con-
sider achieve access to the abdominal cavity through 
natural orifice, like per-oral trans-gastric and trans- 
vaginal access.

 Answers

 1. Which statement is true?
 (a) False. No studies have been conducted to assess 

superior intra-operative outcomes and functional 
recovery of SILS over MPL.

 (b) True. Several experiences assessing feasibility and 
safeness are present in terms of case series and case 
reports, even though randomized controlled trials 
lack on this topic.

50 Minilaparoscopy and Conventional Laparoscopy
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 (c) False. In SILS, exposure is poor and the range of pro-
cedures are limited.

 (d) False. Specific instrumentary encompassing SILS 
devices, curved instruments and articulating dissector 
are required to achieve triangulation in SILS and 
avoid instrument clashing. Therefore, SILS requires 
specific additional costs.

 2. Which statement is false?
 (a) True. Working with crossing instruments requires 

adaptability from the surgeon.
 (b) False. In only one case series two major resections 

were reported, embodying the significant limitations 
determined by SILS in major resections.

 (c) True. Specific instrumentary is required.
 (d) True. Even if performed mainly on experimental stud-

ies conducted on animals, new approaches on mini-
mally-invasiveness see NOTES surgery as a potential 
branch for development in highly selected cases.
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51.1  Introduction

Currently, Medical Nutrition Therapy (MNT) has become 
more and more important as a part of the therapeutic attitude 
in both acute and chronic pathology. The concept MNT is a 

general term which comprises the evaluation of the nutri-
tional status, the preparation of personalized nutritional rec-
ommendations based on each pathology, and also an 
integrated nutritional education of the patient. Therefore, 
MNT may have a vital role in the therapeutic attitude, since 
the success or failure of the evolution and prognosis of each 
disease depends on the efficiency of its implementation. It 
has to be underlined that nutritional evaluation itself is a 
prognostic factor, used more and more often in the overall 
assessment of the patient and the morbimortality.

Certainly, acute or chronic hepatic pathology benefits, in 
such a context, from nutritional evaluation, but also from 
MNT implementation, having malnutrition as a primary 
objective. Even though clinical nutrition and nutritional 
intervention along with metabolic assessment are not gener-
ally implemented and there are no precise standards in this 
regard, malnutrition being an essential aspect of current 
medical practice concerning hepatic pathology, especially 
the chronic one. So far, no clinical trial has provided any 
consistent data, however the only consensus in the field 
being the one prepared by the European Society for Clinical 
Nutrition and Metabolism (ESPEN) [1].

51.1.1  General Principles of Nutritional 
Medical Intervention in Liver Diseases 
(LDs)

As a matter of fact, the Nutrition Care Process (NCP) is 
defined by the American Dietetic Associations (ADA). 
Briefly, it represents a global concept by which nutrition spe-
cialists evaluate the nutritional status, prepare and imple-
ment recommendations for nutritional therapy based on the 
available pathology, so that to ensure the safety and the qual-
ity of the optimal nutrition state of patients with both acute 
and chronic disorders [2]. Therefore, NCP consists of four 
steps: nutrition assessment, nutrition diagnosis, nutrition 
intervention and nutrition monitoring and evaluation, as it 
can be seen in Fig. 51.1 [1, 2].

Key Concepts
• Currently, Medical Nutrition Therapy has become 

more and more important as a part of the therapeu-
tic attitude in both acute and chronic liver 
pathology.

• The Nutrition Care Process evaluate the nutritional 
status, prepare and implement recommendations for 
nutritional therapy, and comprises four steps: nutri-
tion assessment, nutrition diagnosis, nutrition inter-
vention and nutrition monitoring and evaluation.

• Nutritional intervention in acute liver disease aims 
the early recovery of the hepatic functional status 
without early denutrition.

• The nutritional attitude in chronic liver diseases or 
hepatic transplant requires long-term management 
of nutritional intervention, whose primary objective 
is the correction of malnutrition.
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51.2  Nutrition Assessment

51.2.1  Anthropometric and Body Composition 
Assessment

Physical measurements such as the measurement of weight, 
height, skinfold thickness, girth measurements, and body 
composition have the purpose to evaluate the patients’ state 
of underweight or overweight (obesity). Likewise, they have 
a major role in the subsequent monitoring and evaluation of 
the nutritional intervention. So far, we cannot say for sure 

that there is a consensus that the methods presented below 
are universally valid as appropriate techniques to all patients 
with liver disease. However, it is important to consider the 
composite score, this being used by the Veterans’ 
Administration Study Group [3].

51.2.1.1  Measurement of Height and Weight
The height is calculated using the statiometer when condi-
tion of the patient permits. In case of immobilized patient to 
bed or wheelchair, the classical evaluation is no longer 
valid. In this situation, the knee height or demi-span (the 
measurement of the arm, preferably the right one) is evalu-
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ated. Depending on these evaluations, the height can be 
appreciated given the formula presented in Tables 51.1 and 
51.2 [4, 5].

Body weight, especially body mass index, is not always a 
correct and coherent determination factor since it can be influ-
enced by several factors such as oedema, ascites or diuretics.

The calculation of the actual body weight is done classically 
by using the scale, in the morning to a lightly dressed patient 
with emptied bladder. The ideal body weight (IBW) can be 
evaluated and is appreciated using the Metropolitan Life 
Insurance formula (the most used formula), Lorentz equation 
or Hamwi equation. Correspondingly, the usual body weight 
(UBW) is also a significant parameter, representing the stable 
weight in the last 6–12 months, stated by the patient. Based on 
each patient’s situation, there can also be other weight estima-
tion methods or formulas which we present below (obese, 
amputee, etc.), as it can be seen in Tables 51.3 and 51.4 [4–7].

 (a) For obese people, the adjusted body weight (AdBW) is 
calculated using the formula [7–9]:

 
AdBW ABW IBW IBW= -( ) +0 25.  

where: ABW  =  actual body weight; IBW  =  ideal body 
weight.
 (b) For amputees, the estimated IBW is calculated using the 

formula below and also Table 51.5:

The percentage of weight loss/gain is an essential param-
eter in assessing the nutritional status especially in special 
conditions such as dehydration, water retention, acute 
inflammatory state, fever; a real indicator of disease sever-
ity and being positively correlated with morbidity and mor-
tality. Blackburn Formula is usually applied to assess the 
severity of weight loss: %Weight Change = UBW − ABW/
UBW  ×  100, where the percentage of weight loss of 
1–2%  ×  1 week is significant, and >10% is considered 
severe [7].

51.2.1.2  Determination of Body Mass Index 
(BMI)

For calculation of the body mass index (BMI) is currently 
use Quetelet formula: BMI  =  W (kg)/H2, where W  =  the 
weight measured in the morning, to a lightly dressed patient 
with emptied bladder, while H = height [3].

BMI is a quantitative method of evaluation, but it does 
not provide any information about the muscle mass, fat 
mass, and hydration degree of the patient. In some situa-
tions, BMI evaluation is not very precise i.e. cirrhotic 
patients with ascites, patients with morbid obesity, or ath-
letes with very developed muscle mass. Depending on the 
determined BMI value, the nutritional status can be classi-
fied as presented in the next table.

A more accurate parameter in assessing fat mass, espe-
cially abdominal fat, is the determination of waist circumfer-
ence (WC) and the waist-to-hip ratio (WHR). Both 
determinations are used in assessing the cardiovascular risk, 
blood pressure, type 2 diabetes mellitus and NAFLD, as it 
can be seen in Table 51.5.

100
100

-
´

% amputation IBW for original height

Table 51.1 Calculating the estimated height with knee height [4, 5]

Sex Calculating the estimated height with knee height
Females 84.88 − (0.24 × age in years) + (1.83 × knee height in cm)
Males 64.19 −  (0.04 × age in years) + (2.02 × knee height in cm)

Table 51.2 Calculating the estimated height with demi span [4, 5]

Sex Calculating the estimated height with demi span
Females (1.35 × demi-span in cm) + 60.1
Males (1.40 × demi-span in cm) + 57.8

Table 51.3 IBW formulas

Type of equation Male Female
Metropolitan Life 
Insurancea

W (kg) = 50 + 0.75 × [H (cm) − 150] + (A − 20)/4 W (kg) = 50 + 0.75 [H (cm) − 150] + (A − 20)/4 × 0.9

Hamwib W (kg) = 48 kg + 2.7 kg for each inch over 5 ft W (kg) = 45.5 kg + 2.2 kg for each inch over 5 ft
Lorentz formula Male (kg) = Height (cm) − 100 − {(height 

(cm) − 150)/4}
Female (kg) = Height (cm) − 100 − {(height 
(cm) − 150)/2}

aAbbreviations: W (kg) ideal body weight calculated in kilograms, H (cm) height measured in centimeters, A actual age
bNote: 1 kg = 2.2 lb, 1 m = 3.28084 ft

Table 51.4 Amputation adjustments for calculating IBW

Percentage Body weight according to body part 
amputation Percentage
Hand 0.7
Forearm 2.3
Arm 5
Foot 1.5
Lower leg below the knee 5.9
Leg 16

51 Medical Nutrition Therapy in Liver Disease
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51.2.1.3  Other Anthropometric Evaluations
 (a) Skinfold anthropometry is considered an indirect tool in 

assessing fat and muscle mass, especially in cirrhotic 
patients. It can be applied in more areas of the body so 
that the following can be determined: Biceps skinfold 
(the front side of the middle upper arm), Triceps skinfold 
(the back side of the middle upper arm), Subscapular 
skinfold (under the lowest point of the shoulder blade), 
Suprailiac skinfold (above the upper bone of the hip). 
This type of evaluation provides information about the 
body’s reserve of adipose tissue, muscle mass, and accu-
rate information about the malnutrition status. Depending 
on the obtained data, one can apply the table developed 
by Frisancho [10] to establish the nutritional status. In 
the presence of oedema or ascites, the triceps skinfold is 
an accurate parameter. Importantly, reassessment is 
applied whenever the nutritional status is changing or for 
periodic evaluation.

The most frequently method used in patients with 
chronic liver disease and especially in those with the 
alcoholic liver disease is the determination of muscle 
force through the handgrip test. Hand-grip evaluation 
with dynamometer is recognized as a good predictor of 
disease progression, but also an accurate parameter of 
malnutrition, being mainly indicated in fragile, elderly 
patients. It is a reproducible and repeatable method 
whenever necessary. Low grip strength correlates with 
early mortality, and it represents a negative prognostic 
factor in the evolution of complications, especially in 
middle-aged or elderly patients. It is interpreted accord-
ing to the age and the sex of patient, given the already 
existing cartographic tables.

 (b) The determination of body composition is also consid-
ered an indirect estimation method using total fat mass, 
visceral mass, body water, extracellular water and muscle 
mass. The determination of body composition through 
bioimpedance is controversial, especially in case of asci-
tes. Therefore, it is not a recommended method.

 (c) The determination of urinary creatinine or/and of potas-
sium are techniques for the assessment of body cell mass 

in general, being precise and easy to apply them in 
patients with cirrhosis. Also, there are more accurate 
methods through bioimpedance, but not validated yet. 
The evaluation of total potassium load can be success-
fully used in body composition study since more than 
90% of K + t exists in fat-free tissues. Its value ranges 
according to age, sex, weight (higher in obese) and it is 
achieved with a particular detector which displays 
gamma-ray interface.

 (d) Sophisticated methods mainly used in the medical study 
of metabolism are the determination of total body nitro-
gen, total fat mass, visceral mass, water mass, muscle 
mass, skeletal mass, obtained by neutron activation anal-
ysis, dual-energy X-ray absorptiometry (DEXA), deute-
rium oxide dilution, air displacement plethysmography, 
ultrasound and magnetic resonance imaging, or under-
water weighing.

51.2.1.4  Determination of the Energetic 
Balance

It can be determined by conducting indirect calorimetry, 
especially in patients with decompensated cirrhosis. If this 
method is not available, the calorie requirement can be cal-
culated by Harris-Benedict or Mifflin-St. Jeor formulas as 
predictive equations for basal energy expenditure (BEE) and 
also resting energy expenditure (REE). After getting BEE or 
REE, the total energy expenditure (TEE) is estimated by add-
ing the activity factor (AF) or the stress factor (SF). These 
determinations are still under discussion since errors appear 
in patients with ascites, where weight is masked by ascites. 
Practically, for a faster use, the daily energetic requirement 
(DER) is estimated by a shorter equation that uses the energy 
requirement factor (Erf) kcal/body kg and the current or ideal 
weight, as it can be seen in Table 51.6 [5, 11].

• Women: BEE = 655 + 96W + 1.9H − 4.7A
• Men: BEE = 66.5 + 13.8W + 5H − 6.8A

TEE BEE AF or DER ABW(or IBW) Erf= ´ = ´
 W = weight in kg (use actual weight vs. ideal weight), 

H = height in cm, A = age in years

Table 51.5 The nutritional status according to the BMI, WC and WHR, and also the assessment of CVD, HTN, T2D and NAFLD 
risk-classification

Nutrition/weight 
status

BMI (kg/
m2)

Waist circumference 
(cm) (WC)

Waist-to-hip ratio 
(WHR)

Health risk

Comorbidity risk
CVD, HTN, T2D, NAFLDNon-Asian Man Women Man Woman

Underweight <18.5 Low but with other health problems
Healthy/normal 18.5–24.9 ≤102 ≤88 ≤0.95 ≤0.80 Low risk Average
Overweight 25–29.9 ≥102 ≥88 0.96–1.0 0.81–0.85 Moderate risk Increased
Obesity class I 30–34.9 ≥1.0 ≥0.85 High risk Moderate
Obesity class II 35–39.9 ≥1.0 ≥0.85 Very high risk Severe
Obesity class III >40 ≥1.0 ≥0.85 Extremely high risk High severity

Abbreviations: BMI body mass index, WC waist circumference, CVD cardiovascular disease, HTN hypertension, T2D type 2 diabetes, NAFLD 
non-alcoholic fatty liver disease [7, 8]
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Once REE or DER are established, get the distribution of 
basic micro and macronutrients and of the total amount of 
liquids. It is recommended that a percentage of 45–60% 
from TEE to be represented by carbohydrates, respectively 
25–30% lipids and 15–20% proteins, fibers 25–30 g/day and 
water 25–40 ml/kg [1, 5].

51.2.1.5  The Composite Score
This is a complex score that entirely estimates the caloric 
protein malnutrition, validated by the Veterans’ 
Administration Study Group [12]. It reunites more variables 
such as skinfold thickness, mid-arm muscle determination, 
creatinine excretion, lymphocyte count, hand-grip determi-
nation corroborated with serum determinations of some pro-
teins (albumin, prealbumin, retinol-binding protein) and 
IBW. Essentially, it is a complex score including the anthro-
pometric assessment methods with the most accurate serum 
tests [1].

51.2.2  Biochemical Data

Laboratory data offers essential information regarding the 
nutritional and metabolic status, and about the severity of 
liver disease. In addition, they are useful in diagnosis, being 
a part of follow-up monitoring.

51.2.2.1  Biochemical Data Regarding 
the Nutritional Status

Practically, validated tests require collection of samples in 
morning usually after 8 h of food deprivation. They may be 
falsified by the coexistence of comorbidities or medication.

The most significant parameter is the proteins level, 
mainly albumin, prealbumin and transferrin. These hepatic 
proteins reflect the body’s response to different acute inju-
ries. Also, the total count of lymphocytes shows the protein 
status correlated with the immune system. Other parameters 
used for the evaluation of protein status are nitrogen balance, 
urea, hemoglobin, and lipid profile [5].

The nutritional risk index can be estimated using serum 
albumin. Similarly, the prognostic score can be obtained 
using the nutritional index and the inflammatory index.

Nutritional risk index (NRI) = (1.519 × albumin) + (41.7 × % 
IBW), where values below 97.5 indicate a high risk [5].

Nutritional risk index for prognosis (NRIP)  = 
158  −  (16.6  ×  albumin)  −  (0.78  ×  triceps skinfold 
mm) − (0.2 × transferrin) − 5.8 (delayed skin sensibility), 
where all values ≥40 represent a severe prognosis [5].

Nutritional inflammatory risk index (NIRI)  =  C Reactive 
protein  ×  alpha 1 acid-glycoprotein/prealbumin  ×  albu-
min, where values ≥20 indicates a high risk [5, 13].

51.2.2.2  Specific Lab Determinations for Liver 
Disease

Specific Lab determinations for liver disease include tests of 
viral markers: HBsAg, HBeAg, Anti-HBS, Anti-HCV, etc., 
and direct parameters of hepatic liver function assessment: 
hepatic enzymes, serum lactic dehydrogenase, prothrombin 
time, partial thromboplastin time, ceruloplasmin, α-fetoprotein, 
α1-antitrypsin, mitochondrial antibody, antinuclear antibodies, 
alkaline phosphatase (ALP), gamma- glutamyltranspeptidase 
(GGT), as well as amino acid dosage, and so on [1].

51.2.3  Nutrition: Physical Evaluation

Together with the anthropometric data, physical evaluation 
has high relevance in the assessment of the nutritional status, 
altogether being a part of the monitoring and revaluation 
stages. Physical exam provides data about poor nutritional 
status or even malnutrition. Nonetheless, different evaluation 
questionnaires including global questionnaires provide 
information not only about the nutritional status but also its 
evolution in time, eating habits etc.

There are several types of screening questionnaires, many 
of which validated and extremely useful in daily practice. 
Some of them are valuable elements in assessing malnutri-

Table 51.6 Activity and stress factors necessary for TEE calculation [5]

Activity
Activity 
factor (AF) Stress Stress factor (SF)

Energy requirement factor 
(Erf) (kcal/kg)

Sedentary 1.2 Confined to bed 1.2 25–30
Lightly active (light exercise/sports 1–3 days/
week)

1.375 Ambulatory 1.3 25–30

Moderately active (moderate exercise/sports 
3–5 days/week)

1.55 Burns (depending on the 
% of burns)

1.5–2 30–35

Very active (hard exercise/sports 6–7 days a 
week)

1.725 Infections (mild to severe) 1.2–1.8 35–40

Extra active (very hard exercise/sports and 
physical job or 2× training)

1.9 Starvation 0.85 35–40

Surgery (minor-major) 1.1–1.2 35–40
Trauma 1.2–1.4 35–40
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tion including liver disorders or other pathological circum-
stances. Out of these, Malnutrition Universal Screening Tool 
(MUST), Mini Nutritional Assessment (MNA), Geriatric 
Nutritional Risk Index (GNRI) and Subjective Global 
Assessment (SGA) are the most common [14].

Malnutrition Universal Screening Tool (MUST) devel-
oped by Straton [14] can rapidly identify malnutrition. It 
uses three criteria: actual weight and height under the form 
of the body mass index, the degree of unplanned weight loss 
in the last 3–6 months, and the acute disease score that also 

marks the therapeutic approach [14]. Another more complex 
score recommended to people older than 60 years of age is 
the Mini Nutritional Assessment (MNA-SF). It includes a 
questionnaire regarding the nutritional intake, the weight 
loss percentage over the last 3–6 months, the BMI, the mobil-
ity capacity, stress degree and neuro-psychic condition of the 
patient. This screening together with recommendations of 
nutritional intervention, were prepared by Kaiser et al. and 
implemented by Nestle Nutrition Institute, as it can be seen 
in Figs. 51.2 and 51.3 [14–18].

Fig. 51.2 The Mini- 
Nutritional Assessment 
[14–18]. (With Nestle’s 
Nutrition Institute permission)
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A third screening instrument is the Geriatric Nutritional Risk 
Index (GNRI) score that includes both the actual and the ideal 
weight (according to Lorentz formula), but also serum albumin 
level; and it is calculated using the formula below [19–21].

GNRI = (1.489x albumin g/L) + (41.7 x ABW/IBW) , where ABW = 

actual body weight, IBW  =  ideal body weight, calculated 
using Lorentz formula [21].

The score is assessed after calculating the result. It has 
four degrees: minimum = GNRI >98, low = GNRI between 
92 and 98, moderate  =  GNRI between 82 and 92 and 
severe = GNRI <82. It is used in the evaluation of malnutri-
tion or risk of malnutrition.

From all screening methods, subjective global assessment 
(SGA) is the most comprehensive. The subjective global 
assessment (SGA) method is currently accepted and vali-
dated, easy to apply, it can be repeated when needed, but it is 
not sensitive to modest changes in the nutritional status. It 
comprises data regarding weight and its variation, questions 
about diet, associated pathology, functional pathology, 
comorbidities and physical evaluation elements. The final 
score identifies nutritional state of the patient as being good, 
moderate or severely affected. It is also a screening and prog-
nostic factor for malnutrition in all medical specialities After 
applying the SGA questionnaire, one gets a score that quan-
tifies the patient’s nutritional status, as next 0–1 points (a): 

Well Nourish, no interventions required, re-assessment on 
routine, 2–3 points (b): Mild Nourish, patient and family 
education by a clinician, re-assessment, 4–8 points (c): 
Moderately Malnourished, patient and family education by a 
clinician, requires nutrition intervention, and >9 points (d): 
Severely Malnourished, indicates a critical need to improve 
symptoms management and nutrition status [22–25].

51.2.4  Patient’s History

Past medical history regarding both medical and nutritional 
history is extremely valuable in the management of nutri-
tional intervention.

It includes a complete picture of the patient’s diagnoses as 
well as the identification of all the factors that might affect his 
health (family medical history, surgical interventions, chronic 
diseases etc.). Typically, nutritional history identifies the 
factors which influence the nutritional state, starting from eat-
ing habits, preferences, nutritional education, duration and 
severity of some conditions (edentation, anorexia, bulimia, 
chronic or acute diseases, possible surgical interventions 
etc.), individual factors (genetics, age, sex, psychosocial fac-
tors etc.), current prescription/non-prescription medication or 
dietary supplements. Thus, the patterns of food consumption, 
predisposition or nutritional restraints are investigated.

MNA• Score

Normal
Nutritional Status
(12 – 14 points)

At Risk of Malnutrition
(8 – 11 points)

No Weight Loss

RESCREEN MONITOR TREAT TREAT

Weight Loss

Malnourished
(0-7 points)

• After acute
 event or illness

• Once per year in 
 community dwelling
 elderly

• Every 3 months in
 institutionalized
 patients

1. Milne AC, et al. Cochrane Database syst Rev. 2009:2:CD003288

2. Gariballa S, et al. Am J Med.2006;119:693-699

@ Nestec S.A 2009

• Close weight
 monitoring

• Rescreen
 every 3 months

• Nutrition intervention
 - Diet enhancement
 - Oral nutritional
   supplemenation
   (400 kcal/d)1

 
• Close weight
 monitoring

• Further in-depth
 nutrition assesment

• Nutrition intervention
 - Oral nutritional
   supplemenation
   (400-600 kcal/d)2

 - Diet enhancement
 
• Close weight
 monitoring

• Further in-depth
 nutrition assesment

Fig. 51.3 The MNA score 
[14–18]. (With Nestle’s 
Nutrition Institute permission)
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The diet history cannot be achieved in patients with acute 
disorders, but it is essential to be performed in collaborating 
cooperative patients. In non-cooperative patients, diet his-
tory can be obtained from the family, attendants or from 
medical sources in case of hospitalized or institutionalized 
patient. It should provide data regarding the quality and 
quantity of consumed food consumed, and detect specific 
nutritional imbalances. From several forms of dietary ques-
tionnaires such as food diaries, the most commonly used are 
the food frequency questionnaire and the 24-hour recall 
method. Details about each type of food principle are pro-
vided (proteins, carbohydrates, lipids), about their quality 
(vegetal, animal), about their frequency, amount and way of 
preparation. Moreover, the type of food (solid or liquid) is 
also mentioned, as well as the artificial nutritional history if 
it exists. A simplified food frequency questionnaire (FFQ) 
can be rapidly applied and then assessed according to food 
composition tables to estimate the relative caloric intake.

The analysis of relative caloric intake can be done using a 
questionnaire that assesses the last 72 h to establish nutritional 
variations. If it cannot be done, the investigation extends until 
a complete picture of the FFQ can be made. It is analyzed each 
macronutrient, the caloric intake, and amount of fibers, water 
or other beverages. Micronutrients such as minerals and vita-
mins are determined based on quality of food and its type, 
using recommended tables for such a purpose. If it is possible, 
the phytonutrients and prebiotic consumption are estimated, as 
well as the oxygen radical absorbance capacity (ORAC) that 
can be determined based on the type and amount of ingested 
vegetables and fruits. This extensive food survey can also offer 
information about other details such as allergies/food intoler-
ances, appetite status, diet issue aspects (chewing problems, 
dental problems, salivation issues etc.), eating habit influences 
(cultural, ethnic) [23–29].

51.3  Nutritional Intervention in LD

51.3.1  Related Issues Regarding Liver 
Physiopathology

Without a doubt, liver can be considered a central metabolic 
station, where more than 500 processes take place. It has a 
major metabolic role in the carbohydrate, protein and fat 
metabolism. Further, its function of storage and activation of 
several vitamins and minerals, the conversion of ammonia 
into urea, and its vital role from the steroid metabolism make 
it indispensable in the whole metabolic loop. It should be 
noted that in chronic liver disease, insulin resistance is 
the central metabolic feature. Thus, both glucose transport 
mechanisms and its storage in skeletal muscles are affected. 
Protein turnover is normal or high, and it is marked by 
increased catabolism, while lipids present impairment of the 

metabolic clearance and lipid oxidation in close relationship 
with the liver impairment degree.

To begin with, the first metabolic line, in the order of 
importance, is that of carbohydrates. It is well-known that 
liver is the “Gordian node” due to his role in the conversion of 
galactose and fructose into glucose at a hepatocyte level. On 
the other hand, liver actively stores glucose as glycogen 
through glycogenesis, which it subsequently releases into the 
bloodstream through glycogenolysis, when blood glucose 
level drops. On the other side, liver coordinates the main pro-
cess of glucose formation from alternative sources (i.e. amino 
acids, lactic acid or intermediates of the tricarboxylic acid 
cycle) that takes place by gluconeogenesis. All above men-
tioned mechanisms are mainly altered in cirrhotic patients. As 
a consequence, cirrhosis is characterized by impaired glucose 
tolerance, hyperinsulinemia and insulin resistance [29].

The conversion of amino acids through transamination 
and oxidative deamination represents supports the liver role 
in protein metabolism. These amino acids are converted at 
the hepatic level, or more precisely their substrate will 
become alternative sources of energy production and glucose 
synthesis. The liver is also the main site where some blood- 
clotting factors are secreted: prothrombin, fibrinogen and 
serum proteins (α-globulin, β-globulin, albumin, transferrin 
and other lipoproteins). Chronic liver disease especially cir-
rhotic patients present increased protein turnover either due 
to excessive intake or to a decrease in protein synthesis. 
Accelerated protein catabolism influences amino acid bal-
ance and increase nitrogen level in liver with hyperammone-
mia. The plasma level of albumin evolves according to the 
degree of liver impairment [24].

Lipid metabolism with its central function in β oxidation 
in the liver, transforms exogenous (dietary) and endogenous 
(adipose tissue-related) fatty acids into a source of energy. 
Most important stages of synthesis and re-synthesis in case 
of triglycerides, cholesterol and phospholipids take place in 
the liver. Characteristically, in cirrhosis, essential and poly-
unsaturated fatty acids present low plasma levels, being 
directly correlated with both nutritional status of the patient 
and severity of liver impairment [25].

The activity of many micronutrients, minerals and vita-
mins depends on the hepatic function. Liver represents both 
storage and activation of micronutrients, thus actively inter-
vening in their transportation process. It stores all fat-soluble 
vitamins: vitamin A, E, K; and plays an important role in the 
synthesis of vitamin D, being a central deposit of minerals 
such as iron, zinc, magnesium and copper [29].

The detoxifying function of liver is due to the process of 
ammonia conversion into urea in a proportion of 75% that is 
further excreted through the kidney [29]. Additionally, liver 
is a major detoxification station for most drugs, potentially 
toxic substances, alcohol; and for bacteria or debris through 
the intervention of Kupffer cells [29].
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Aldosterone, glucocorticoids, estrogen, progesterone, tes-
tosterone are inactivated and excreted in the liver, the metab-
olism of steroids being directly correlated with functional 
status of the liver.

As already shown, liver has an essential role in the metab-
olism of nutritive factors, and food imbalances lead to 
adverse evolution of the underlying disease. Moreover, 
above aspects worsen in case of impaired hepatic function. 
There are at least two great nutritional attitudes regarding 
LD. On the one hand, nutritional intervention in acute liver 
disease (viral hepatitis) aims early restoration of the hepatic 
functional status with the avoidance of early denutrition. On 
the other site, nutritional attitude in chronic diseases 
(NAFLD, NASH, ALD, CH) or hepatic transplant require a 
long-term management of nutritional intervention, whose 
primary objective is the correction of malnutrition [23, 26].

51.3.2  Nutritional Intervention in Acute Liver 
Diseases

Acute viral hepatitis are contagious diseases with digestive 
or blood transmission and stage-evolution, from incubation 
phase to symptomatic stage and remission. Also, acute hep-
atitis can be toxic due to a toxic agent (alcohol, medication, 
food supplements or environmental agents), and acute 
hepatic inflammation characterizes them. However, there 
are many situations in which acute hepatitis (either toxic or 
viral) can develop asymptomatically. Usually, the clinical 
picture comprises the presence of anorexia, asthenia, mus-
cle and articular pain, headache, nausea, bloating, constipa-
tion and, last but not least, jaundice and oedema. The attitude 
of nutritional intervention in such cases addresses three evo-
lutionary phases: pre-jaundice period, intermediate period 
and remission. The primary aim of nutritional intervention 
is to promote liver regeneration and prevent relapses (espe-
cially in case of toxic hepatitis). Generally, nutritional atti-
tude provides a caloric intake of 40–45  kcal/kg; where 
protein intake is the normal recommended one of 15–17% 
up to 20% of total caloric intake, with recommended restric-
tion in case of hepatic comas. The amount of liquids does 
not undergo any particular restrictions, but fresh intake of 
liquids is advisable. The amount of carbohydrates, between 
45% and 60% comprises fruits, vegetables, cereals, while 
concentrated sweets is avoided. Vitamin supplementation is 
not recommended if daily diet of the patient is right. If 
hypovitaminosis are detected, they should be corrected. The 
severe salt restriction is not recommended either, this being 
necessary only in case of hydro electrolytic imbalance with 
sodium retention. Meals are quantitatively reduced at every 
2 h. This diet is also called the hepatic cleansing diet as it 
can be seen in Table 51.7 [26].

51.3.3  Nutritional Intervention in CLD

Firstly, nutritional approach in CLD is related to malnutri-
tion. Caloric protein malnutrition as a physiological entity, is 
common in patients with CLD in about 60–90% cases [27]. 
Malnutrition can occur from the early stages of CLD (except 
in NAFLD), and there is a direct relation between the degree 
of hepatic impairment and the degree of malnutrition sever-
ity [28]. At the same time, severity of malnutrition is associ-
ated with the presence of CLD complications, such as 
hepatic-renal syndrome, encephalopathy, oesophageal vari-
ces, being associated with an adverse surgical prognosis and 
represent a valid predictor of morbi-mortality [28]. It is cur-
rently defined as a condition characterized by insufficient 
food intake with high mortality risk.

Several significant factors are incriminated in the onset 
and maintenance of malnutrition. Specifically, low food 
intake is associated with dysgeusia, early satiety, changes in 
taste and palatability, nausea, vomiting, bloating, dyspeptic 
syndrome, maldigestion and malabsorption, concomitant 
medication and anxiety. The most exposed patients are those 
who already have cirrhosis. Timely evaluation and nutri-
tional screening of these patients can identify early  deficiency 
of micro- and macronutrients; and their correction leads to 
risk lowering of complications and improving of hepatic 
function. As already stated, NCP should go through the four 
steps, and it should be applied to all patients with CLD.

From an etiological-pathological point of view, malnutri-
tion is caused by increased catabolism, but other important 
factors are also involved, as it can be seen in Fig. 51.4 [29].

In the whole picture of investigations necessary for diag-
nosis and assessment of malnutrition, the nutritional screen-
ing completes the biochemical picture. The standard of 
nutritional evaluation is SGA, with re-assessment whenever 
required based on clinical situation. Biochemical evaluation 
includes the routine and hepatic functional samples as well 
as vitamin and mineral determinations, such as magnesium, 
iron etc., as illustrated in Fig. 51.5 [29].

After SGA score performing and diagnosis of malnutri-
tion stage (low, mild or severe), the medical and nutritional 
managements are required, as presented in Fig. 51.6.

Determination of total energetic ratio is based on the pre-
viously presented formulas. Generally, higher total energetic 
ratio than determination per se is advisable, especially in the 
last stage of liver disease. Total energetic requirements range 
between 35 and 45 kcal/kg. In the case of ascites, it is advis-
able to calculate the dry body weight, to avoid overeating or 
overconsumption. The distribution of carbohydrates and lip-
ids follows general recommendations previously presented. 
In patients with uncomplicated cirrhosis or stable chronic 
hepatitis, protein recommendation ranges between 0.8 and 
1  g/kg body, to prevent nitrogen accumulation. Protein 

51 Medical Nutrition Therapy in Liver Disease



578

Table 51.7 Dietary recommendations for acute liver disease

The stage of the 
disease Symptoms Caloric intake Recommended food Restriction food

Duration of the 
diet

The 
pre-jaundice 
period

Dyspeptic 
syndrome

40–45 kcal/kg
Hypolipidemic, 
normoproteic, 
hyperglucidic, 
normal- sodium 
intake
30–40 ml liquids/
kg

Soup/clear soup
Mucilage, smoothies
Milk/yoghurt incorporated in foods
Egg white
Breadcrumbs (1-day-old bread)
Juices, jellies, fruit compotes
Teas
Non-spicy aromatic spices (parsley, 
lovage, rosemary, basil, tarragon, 
thyme, lemon juice, onion only used for 
boiling, then removed)

Thermally prepared fats
Fat meat, caviar
Vegetables and fruits rich in 
cellulose
Concentrated sweets
Fizzy drinks
Alcohol
Very spicy spices

7–10 days

The 
intermediate 
period

The 
jaundice 
syndrome

40–45 kcal/kg
Normolipidemic, 
normoproteic, 
normoglycemic, 
normal- sodium 
intake
30–40 ml 
liquids/kg

Milk/yoghurt
Light and fresh cheese (ricotta = a 
semi-soft white fresh cheese)
Pasta (rice, 1-day-old white bread, 
dietetic biscuits) in soups/mucilage
Pureed vegetables
Juices, jellies, fruit compotes
Teas
Non-spicy aromatic spices (parsley, 
lovage, rosemary, basil, tarragon, 
thyme, lemon juice, onion only used for 
boiling, then removed)

Thermally prepared fats are 
forbidden
Fat meat
Vegetables and fruits rich in 
cellulose
Concentrated sweets
Fizzy drinks
Alcohol
Very spicy spices

As long as 
jaundice 
persists

The remission 
phase

40–45 kcal/kg
Normolipidemic, 
normoproteic, 
normoglycemic, 
normal- sodium 
intake
30–40 ml 
liquids/kg

Light chow/steamed meat (chicken, 
fish) or as fresh dietetic mince
1–2 eggs/week (boiled, in soufflé)
Fresh milk/yoghurts
Pasta
One-day-old white bread, breadcrumbs, 
crackers
Oil
Each type of food is gradually added to 
the jaundice phase diet after its 
tolerance has been tested

Thermally prepared fats, fried 
food
Fat meat
Fat/matured, mould cheese/
dairy products, melted cheese, 
hard cheese
Non-dietary sauces (roux, 
mayonnaise)
Vegetables and fruits, cereals, 
bread rich in cellulose and fibers
Hazelnuts, nuts, seeds
Concentrated sweets
Fizzy or icy drinks, coffee
Alcohol
Very spicy spices

12–18 months

DEATH

SARCOPENIA
MALNUTRITION 

Anorexia 

Maldigestion/Malabsorbtion

Nausea/vomiting/bloating/dyspeptic syndrome

Early satiety/dysgeusia/restricted diets/medications/edentation

Metabolic impairments/Hypermetabolism/Increased catabolism

Chronic liver disease

Fig. 51.4 Etiopathology of 
malnutrition [29]
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restriction is indicated in fulminant hepatic failure. A 
 significant amount of protein intake, between 1.2 and 1.5 g/
kg is advisable in patients with ALD or decompensated dis-
ease (infections, sepsis, severe ascites) [29].

51.3.3.1  Nutritional Intervention in ALD
In ALD, malnutrition is the first expression of hepatic injury 
due to long-term excessive alcohol consumption. The initial 
alteration in more than 90% of chronic alcohol consumers, is 
fatty liver, while only 35% of them have concomitant liver 
inflammation, and 20% develop hepatic cirrhosis [30]. 
Several studies conducted on hospitalized patients with ALD 
have shown that the severity of protein-caloric malnutrition 
is associated with hepatic impairment degree, and increased 
mortality risk [31].

Due to the chronic alcohol consumption, patients with 
ALD have a caloric intake almost exclusively obtained from 
beverages to the detriment of food. Only 1 g of alcohol pro-
vides 7.1  kcal, while 1  g of carbohydrates only 4.1  kcal. 
Therefore, alcohol becomes the energetic source. Besides the 
direct hepatotoxic role, alcohol has also an adverse effect on 
the protein-caloric metabolism. Alcohol inhibits hepatic syn-
thesis of proteins, protein synthesis related to skeletal muscles, 
protein synthesis with a role in immune defence, it increases 
intestinal permeability and enhances the muscle proteolysis 
induced by endotoxins/cytokines, it replaces other caloric 
sources in the diet but with reduced energetic efficiency com-
pared to them. This is also the mechanism through which 
anorexia occurs, its severity developing according to duration 
and amount of alcohol consumption, as well as hepatic impair-
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Fig. 51.5 The management 
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CLD [29]
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Count lipids, proteins, vitamins, minerals
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Fig. 51.6 The management 
of malnutrition in CLD [29]
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ment degree. In this context, malabsorption and maldigestion 
of food principles accompany anorexia. Most often, there is an 
exocrine pancreatic alteration (pancreatic failure) at same time 
with liver impairment, fact that worsens malabsorption, espe-
cially of amino acids, folate and vitamin B12. The enzymatic 
deficiency, especially of lactase deficiency, alters digestion 
and metabolism of carbohydrates with their decreasing absorp-
tion. Insulin resistance is an obvious consequence of these 
processes. Lipid metabolism and lipid oxidation processes are 
altered, with increased fatty tissue deposits in liver and 
increased serum level of triglycerides. Protein synthesis 
decreases in liver with increased intestinal catabolism. The 
presence of steatorrhea completes all clinical picture and 
worsens the micro- and macronutrient deficiency. The level of 
fat-soluble vitamins is importantly affected. Vitamin A defi-
ciency is the cause of early loss of night vision, and thiamin 
deficiency—for the occurrence of Wernicke encephalopathy. 
In advanced stages, there are deficiencies of vitamin B6; vita-
min C, E, D, K; and hypocalcemia, hypomagnesaemia and 
hypokalemia accompany ALD [29, 32].

The benefits of nutritional intervention in these patients 
are available. About 15 studies have shown that early nutri-
tional intervention could have benefits on both nutritional 
status and improvement of nutritional parameters [33]. 
However, optimal nutrition and recommended measures are 
not an universal treatment for ALD, but with direct benefits 
for the malnutrition prevention.

NCP is applied in patients with ALD, with the manage-
ment previously detailed, and following the four steps. 
Nutritional evaluation is extremely valuable. The diagnosis 
of malnutrition subsequently dictates therapeutic attitude, 
and it is also the most relevant. Nutritional intervention in 
ALD aims to supplement the amount of nutrients, to admin-
ister nitrogenous substrates such as branched-chain amino 
acids (BCAA), deficient minerals and vitamins. The benefit 
of short-term administration of BCAA supplements is the 
positive nitrogen balance; but the long-term benefits are not 
clear yet [1, 34].

From the point of view of daily caloric ratio, recom-
mended requirements are calculated according to above- 
presented equations, with an average between 35 and 45 kcal/
kg and next distribution of nutritive principles: proteins 1.5–
2.0  g/kg, supplementation with 0.3–0.5  g/kg BCAA espe-
cially in case of protein intolerance, carbohydrates 2.5–4.5 g/
kg and lipids 1.5–5  g/kg with at least 50% medium-chain 
fatty acids (MCFA). Liquids are restricted to 2  l/day and 
sodium between 1 and 1.5 g/day, being recommended in case 
of advanced cirrhosis too. Supplementation with micronutri-
ents, vitamins and minerals is also necessary, to correct pos-
sible deficiencies. Meal distribution is dictated by the 
presence of anorexia, which recommends small and frequent 
meals, rich in calories and enriched with oral solutions of 
nutritive principles [29, 34].

In patients with severe ALD, enteral feeding is an option, 
mainly when the nutritional status is severely altered, or oral 
feeding cannot be performed. It has been shown that artificial 
nutrition with pre-established solutions is more efficient than 
“ad lib” feeding, by improving survival prognosis and hepatic 
function. Currently data indicate that an optimal caloric 
requirement ranges from 30 to 40 kcal/kg with a protein ratio 
of 1.5  g/kg. Although this nutritional attitude is not fully 
accepted, especially in the presence of oesophageal varices, 
there is no study that contraindicate nasogastric tube [1, 29, 
35]. Recommended enteral formula is hypercaloric with 1.5–
2.4 kcal/ml, low in sodium (40 mmol/day) and enriched with 
BCAA (40–45%). Protein restriction in patients with ALD 
and cirrhosis is not advisable because of adverse effects, such 
as triggering of encephalopathy episodes.

Parenteral feeding is recommended to patients with ALD 
who cannot have oral feeding. The solution formulas respect 
indications of enteral nutrition, but supplementation with 
BCAA is not recommended [1]. Supplementation with vita-
mins such as vitamin B1, B6, PP, folic acid and fat-soluble 
vitamins is required in parenteral nutrition solution, but in 
case of the onset of Wernicke’s encephalopathy, vitamin B1 
is administered before glucose I.V. In patients with jaundice 
syndrome, supplementary administration of vitamin K is 
necessary [29].

51.3.3.2  Nutritional Intervention in NAFLD, 
NASH

In patients with NAFLD, NASH, the key to successful nutri-
tional intervention is weight loss, especially in obese patients. 
The causes of NAFLD and NASH occurrence are obesity, 
alcohol consumption, type 2 diabetes mellitus, gastrointesti-
nal bypass surgery, and long-term parenteral nutrition. As 
already known, NAFLD is a manifestation of the metabolic 
syndrome. It is characterized by excessive presence of triac-
ylglycerol (TAG) deposits in the liver, caused by excessive 
red meat consumption, fructose, saturated fats, detrimental 
to the use of fibers- and omega-3-rich products, and due to a 
sedentary and unhealthy lifestyle (alcohol consumption, 
smoking). Once NAFLD is installed, there are alterations of 
carbohydrates metabolism with hyperglycemic state; of lipid 
metabolism through raise of free fatty acids and inflamma-
tory cytokines from Kupffer cells; and of gut microbiome, 
due to increased level of gut-derived lipopolysaccharides 
which impair liver through insulin resistance, increased 
hepatic oxidative stress, acute inflammatory responses, met-
abolic deregulation and liver fibrosis. The evolution of 
NAFLD to NASH is due to the “double hit” mechanism, 
hypothesis which suggests that insulin resistance is the lead-
ing cause of fat accumulation in the hepatic cell and fatty 
liver, exposed to lipid peroxidation with inflammation due to 
the activity of pro-inflammatory cytokines with hepatic cel-
lular apoptosis [5, 29].
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Nutritional intervention in NAFLD and NASH is focused 
on the optimization of lifestyle, on balanced diet without 
smoking and alcohol consumption and increasing of physi-
cal activity, which brings real improvements in this patients. 
The Mediterranean diet or the Dietary Approach to Stop 
Hypertension (DASH) diet is the most recommended. The 
primary objective is weight loss, not more than 10% of the 
actual body weight in a year. Any of above mentioned diets 
should be included in a daily caloric requirement. In patients 
with NASH or NAFLD, the recommendation is an energetic 
intake of 30–35 kcal/kg, which can be adapted according to 
the physical activity of each patient. The intervention 
regarding macronutrients states that 45–55% of daily caloric 
ratio should be carbohydrates, usually obtained from unre-
fined sugar sources: whole grains, foods with low glycemic 
index. Moderate to low lipids amount is no longer strictly 
recommended, but the composition of these lipids is impor-
tantly. Between 20% and 30% lipids from daily energetic 
requirement should be composed of the so-called “healthy” 
fats, such as monounsaturated fatty acids (MUFA) and 
omega-3 polyunsaturated fatty acids (PUFA) which are 
abundantly found in olive oil, nuts, different seeds, oily fish, 
but as little thermally processed as possible. The recom-
mended amount of protein is 10–15% to 20% of the daily 
energetic requirement, from both animal and vegetal in 
equal amounts. Fresh light meat, poultry, beef and fish is 
indicated at the expense of processed food. Dairy products 
and cheese should be skimmed or semi-skimmed. The 
amount of fibers and natural antioxidants are also a part of 
these recommendations; their daily consumptions should be 
increased, from fresh and unprocessed sources. Probiotics, 
abundantly found in fermented dairy products, especially in 
those containing L. acidophilus; along with a reasonable 
amount of prebiotics (fruits and vegetables) are recom-
mended to be used from natural sources, and not from 
dietary supplements. The amount of liquids with an average 
of 33 ml/kg/day, as well as a moderate sodium restriction, 
have proven benefits [29, 36].

51.3.3.3  Nutritional Intervention in Cirrhosis
Nutritional interventions in liver cirrhosis have the roles of 
maintaining and improving nutritional state with good prog-
nosis. Malnutrition, especially the protein-caloric one is 
present in most patients with liver cirrhosis. Improvement of 
the immunologic status and hepatic functions, stimulation of 
hepatic regeneration, reduction of infections, the increase of 
nitrate balance and the reduction of morbi-mortality are 
short- and medium-term benefits of the nutritional attitude. 
Studies also confirm the benefit of enteral and parenteral 
feeding especially in patients with advanced cirrhosis and 
complications (ascites, encephalopathy) [37].

NCP implementation in patients with cirrhosis is the 
first therapeutic and nutritional attitude. Patient assess-

ment plays a central role in the management of cirrhosis. 
The four steps mentioned at the beginning of chapter 
should be followed as such for the final result to be the 
optimal health state of patient. At least, nutritional screen-
ing is recommended to be repeated whenever the nutri-
tional state of patient and the biochemical picture indicate 
it. The most common and efficient assessment instrument 
remains SGA.

In general, nutritional measures include (1) the provision 
of the protein-caloric requirement, (2) the correction of vita-
min and mineral deficiencies, (3) weight loss in case of obese 
patients (BMI ≥  30 kg/m2), (4) restriction of alcohol con-
sumption and (5) nutritional interventions specific to compli-
cations (liver encephalopathy, ascites, alcoholic hepatitis, 
hyponatremia, and hyperglycemia).

The diet recommended for patients with hepatic cirrhosis 
should contain an adequate intake of calories, proteins, vita-
mins and minerals to ensure a positive nitrate balance and 
the correction of deficiencies. In patients with compensated 
liver cirrhosis, an intake of 25–35 kcal/kg body is necessary, 
as well as 1.0–1.2  g proteins/kg body. In malnourished 
patients or patients with advanced decompensated hepatic 
cirrhosis with complications, calories intake of 35–40 kcal/
kg body is recommended as well as 1.5 g proteins/kg body, 
and supplementation with BCAA of 0.25  g/kg/day g/pro-
tein/kg. Carbohydrate ratio should range between 45% and 
65% of daily caloric ratio from non-protein sources. Lipids 
represent between 25% and 40% of the energetic rate, with 
the mention that body prefers lipid source as energetic sub-
stratum in case of cirrhosis. In addition to the administration 
of deficient minerals and vitamins, use of anabolic hor-
mones such as anabolic steroids—oxandrolone (40–80 mg/
day) is only recommended in moderately nourished or mal-
nourished patients. In case of severe malnutrition, this thera-
peutic attitude is no longer efficient. The IV administration 
of insulin growth factor (IGF) enhances protein anabolism 
and nutritional status of severely affected cirrhotic patients 
[1, 29, 38, 39].

The timing and composition of meals are also very impor-
tant. Due to the presence of anorexia, of early satiety and 
malabsorption, 6–7 meals/day are recommended, in small 
amounts during day with 1–2 snacks of complex carbohy-
drates late in the evening or at night, so that intervals of 
dietary fasting longer than 6  h are avoided with a protein 
intake distributed during the day.

Oral feeding and administration of nutritional supple-
ments are preferable whenever digestive tolerance permits it. 
Enteral feeding through a nasogastric tube or a nasojejunal 
tube can replace oral feeding in case of gastrointestinal toler-
ance reduction or impossibility of oral feeding. Parenteral 
nutrition is recommended in particular situations when nutri-
tional requirements cannot be ensured orally/enterally: 
digestive bleeding, ileus, postoperatively.
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Sodium Restriction in the Diet and the Management 
of Ascites
Renal retention of sodium, portal hypertension, hypoalbu-
minemia, and lymphatic obstruction represent central patho-
physiological mechanisms which determine the formation of 
ascites in hepatic cirrhosis. Therefore, the key therapeutic 
principle to eliminate ascites is introduction of a negative bal-
ance of sodium. It is achieved by reducing sodium intake in 
the diet with concomitant increase of renal sodium excretion 
through diuretics. Renal sodium excretion in patients with 
hepatic cirrhosis and ascites, in the absence of the diuretic 
treatment, is reduced <20 mmol (mEq)/day, while non-renal 
sodium excretion is approximately 10 mmol/day. In case of a 
diet that contains 130–150 mmol sodium a day, such patients 
retain at least 100 mmol sodium per day, which leads to the 
accumulation of more than 10  l of ascites within 2 weeks 
(100 mmol/day × 14 days: 140 mmol/l = 10 l ascites). The 
International Ascites Club recommends the intake of 2  g 
sodium (88 mmol/day) in both inpatients and outpatients. A 
severe restriction (500 mg, respectively 22 mmol/day) makes 
the diet undesirable and therefore not respected [1, 29].

Determination of urinary sodium excretion/24  h repre-
sents an essential parameter for sodium balance and the 
treatment of ascites. On the other hand, sodium food intake 
represents an important source of sodium in absence of its 
iatrogenic administration (medication, saline infusions). 
Therefore, sodium intake and its urinary excretion are rela-
tively equivalent in patients with stable weight. Patients who 
consume less than 88 mEq of sodium/day and excrete more 
than 78 mEq sodium/day progressively lose weight. Sodium 
excretion more than 78  mEq sodium/day associated with 
weight gain indicates an increased intake of sodium. Fluid 
restriction in patients with ascites is not recommended. 
Weight loss and ascites reduction are controlled through 
sodium restriction, water passively removing sodium. The 
elimination of ascites only through sodium restriction from 
diet with no concomitant administration of diuretics (furose-
mide, spironolactone) is possible in fewer than 10% of the 
cases, usually in patients with increased salt consumption in 
diet and urinary sodium excretion >78 mmol/day. In the con-
text of diuretic administration, either separately or together, 
it is necessary to monitor potassium level [1, 5, 29].

Portal Hypertension
Portal hypertension is clinically manifested through occur-
rence of oesophageal varices, and it is due to collateral blood 
flow development. They are the leading cause of bleeding 
and secondary anaemia. During hemorrhagic episodes, the 
oral or enteral nutrition is not possible. Parenteral nutrition is 
the only one recommended, mainly if the patient has not 
been fed up more than 5 days [1].

Hepatic encephalopathy. Most cases of hepatic encepha-
lopathy without any clinical manifestation do not require 

particular recommendations. In patients with hepatic enceph-
alopathy and clinical signs (installed after digestive haemor-
rhage, hydro-electrolytic/acido-basic imbalance, 
constipation/diarrhoea), diet should include 1.5 g/kg/day of 
proteins (vegetal, based on casein and animals), protein 
restriction not being justified. In patients with protein intol-
erance, with recurrent episodes of encephalopathy, tempo-
rary protein restriction in the diet is recommended up to 
0.5 g/kg body/day. In these patients, the additional nitrogen 
intake to achieve a favourable balance must be ensured 
through BCAA administration (36%) and aromatic amino 
acid (AAA) restriction, such as tryptophan, phenylalanine, 
tyrosine.

There are other theories which state that diet protein toler-
ance also varies according to the source; milk and dairy pro-
teins are better tolerated than meat proteins, while vegetal 
proteins are better tolerated than animal proteins. Even pro-
teins like casein seem to improve the mental state more than 
animal proteins. The increased tolerance to diet vegetal pro-
teins reflects the increased dietary fibre content and their 
effect on the colon through the reduction of intestinal transit 
time, decrease of intraluminal pH, stimulation of fermenta-
tive bacterial flora, reduction of ammoniogenesis and 
increase of faecal excretion of ammonium. However, these 
protein types are poor in methionine and ammoniagenic 
amino-acids, but rich in BCAA.  Each patient should be 
encouraged to consume the maximal percentage of vegetal 
proteins that can be tolerated; since plants have an intrinsic 
and modest content of salt, diet with 30–40 g vegetal pro-
teins per day is relatively readily accepted organoleptically. 
A diet formed from casein (milk and dairy products) is ben-
eficial and easily accepted. Except for these recommenda-
tions, an amount of probiotics and synbiotics added to the 
basic diet improve the ammonia concentration in blood and 
decrease the level of inflammation and oxidative stress at 
hepatocyte level [29].

Hyponatremia
Hyponatremia occurs due to the inability of body to excrete 
excessive fluids from various causes: sodium loss following 
repeated paracenteses, excessive diuretics and laxatives, 
severe sodium restriction, release of antidiuretic hormone. 
Under these conditions, fluid limitation to 1–1.5  l/day is 
required, according to the severity of ascites and presence of 
oedema. Severe sodium restriction (<2.5 g/day) is not indi-
cated, and it is usually associated with significant reduction 
of the energetic and protein intake [1, 5, 29].

The nutritional management of patients with fluid reten-
tion (ascites or/and oedema) comprises, as well as in the 
case of hyponatremia, reduction of sodium and water 
intake. Within the hospital, severe restrictions of 250–
500 mg sodium/day (0.63–1.3 g salt/day) can control asci-
tes even in patients with minimal urinary excretion of 
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sodium. In ambulatory patients, a sodium restriction of 
2.5  g Na/day (6.3  g salt/day) is also useful and easily 
accepted organoleptically. A more severe limitation of 
sodium intake to 1 g Na/day (2.5 g salt/day) can be neces-
sary as a temporary measure in patients with severe ascites. 
Fluid restriction (below 400–600 ml/day) is not needed in 
most patients with ascites. Alcohol intake is absolutely 
contraindicated to all patients with hepatic cirrhosis irre-
spective of its aetiology since it determines progression or 
decompensation of the liver disease and the enhancement 
of protein-caloric malnutrition [1, 5, 29].

Approximately 40% of the patients with non-alcoholic 
hepatic cirrhosis present vitamin deficiencies of liposoluble 
vitamins (A, E), 20% folic acid deficiency and 10% of them 
have deficiencies of vitamin B complex (nicotinic acid, thia-
mine, riboflavin, pyridoxine, vitamin B12). These deficien-
cies are more common and severe in patients with alcoholic 
cirrhosis. They are due to hepatic failure, decrease in hepatic 
reserves (folic acid, vitamin B12), dietary restriction and 
malabsorption. Hydrosoluble formulas are preferable. 
Vitamin A should not be administered excessively, as it is 
known, it has hepatotoxic potential. Dosages that exceed 
40,000  IU/day are hepatotoxic. Usual dose of vitamin A 
2500–500 UI/day is found in prepaid multivitamin com-
plexes. Often, low serum level of vitamin A is due to zinc 
deficiency that determines the reduction of extrahepatic 
transport. Hydrosoluble vitamin supplements are adminis-
tered as multivitamin preparations. The clinical manifesta-
tions associated with hepatic cirrhosis respond relatively 
well to vitamin deficiency corrections: macrocytic anaemia 
(folic acid, vitamin B12), neuropathy (pyridoxine, thiamine, 
vitamin B12), ataxia, and confusion (thiamine) [1, 29, 36].

Glucose Alteration
Glucose intolerance occurs in 10–30% of patients with cir-
rhosis, most of them developing diabetes. It occurs due to the 
presence of peripheral insulin resistance. On the other hand, 
hyperinsulinism is present as a consequence of increased 
insulin production, increased hepatic clearance and porto- 
hepatic shunt. Hyperglycemic state occurs primarily in ful-
minant hepatitis or in patients with end-stage liver disease. 
The nutritional attitude, in this case, is same one as in case of 
diabetes mellitus. In the presence of hypoglycemias, medica-
tion is reevaluated, and small and frequent meals which 
include complex carbohydrates are recommended [29].

Hepato-Renal Syndrome
Hepato-renal syndrome represents the association between 
renal failure and severe liver disease. It is diagnosed when 
sodium level in urine is lower than 10 mEq/l in the presence 
of oliguria. The nutritional and medical intervention aim to 
eliminate nephrotoxic therapy, monitoring intake-excretion 
of fluids and, in some cases, dialysis is recommended [5, 29].

Osteopenia
Many cirrhotic patients develop osteopenia or osteoporosis 
especially those who have benefited from long-term cortico-
therapy. From a nutritional point of view, it is recommended 
the consumption of low-fat dairy and calcium-rich products 
(yoghurt, cheese), supplementation of 1500 mg Ca/day, as 
well as administration of vitamin D, only after it has been 
biochemically determined [29].

In case of overweight and obese patients, caloric intake 
reduction with 500–1000  kcal/day is recommended (less 
than 30% of the daily intake), especially of saturated fats 
(less than 7–8% of the daily caloric intake); consumption of 
complex carbohydrates from plants, fruits and cereals (which 
should ensure ≥55% of daily caloric intake); proteins mainly 
vegetal and dairy sources (15% of the daily caloric intake), 
consumption of dietary fibers 20–30 g/day (fruits and vege-
tables, cereals—barley, oat, rye), an adequate intake of vita-
mins and minerals, calcium intake 1000–1500  mg/day for 
osteoporosis prevention [5, 29].

51.3.3.4  Nutritional Intervention in Liver 
Transplantation

Optimal nutritional status is recommended to patients with 
future liver transplant, its surgical outcome depending on it. 
Nutritional intervention is indicated before surgery. 
Therefore, most patients with liver transplant do not have an 
accentuated degree of malnutrition, if they have previously 
benefited from its correction. In such conditions, NCP begins 
by assessing the nutritional state achieved with help of 
SGA. If nutritional recommendations are implemented early, 
in the beginning of malnutrition, postoperative evolution is 
better, hospitalization in intensive care unit is limited, risk of 
postoperative complications decreases, and life expectancy 
prolongs. In addition to SGA assessment, the performance of 
composite score is also recommended for the identification 
of patients with risk. Most European transplant centres do 
not assess malnutrition “per se”, and they do not consider it 
a major contraindication for the liver transplant. Nutritional 
indications are mostly those previously mentioned, with an 
optimal energetic requirement and a distribution of dietary 
principles within the limits of tolerance according to each 
condition. As already mentioned, oral feeding is preferable, 
but if it not possible, enteral nutrition is preferable to the 
parenteral one. Meals should be distributed at small time 
intervals, be rich in calories, and oral supplementation with 
mineral and vitamin supplements is recommended, as shown 
above [1, 29, 37].

In the acute post-transplantation phase, nutrient require-
ments and nitrogen substratum increase and the use of tube- 
feeding with pre-established solutions is recommended. 
Supplementation with BCAA as isotonic solutions and/or 
glucose solutions is also necessary. Between nasogastric 
tube and jejunal tube, as means of artificial feeding, the latter 
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has more advantages, as also shown by Hasse and his col-
leagues [38]. The energetic requirement in acute post- 
transplantation phase is calculated given the Harris-Benedict 
formula, using the actual weight to which 30% of caloric 
requirements are added. In clinical practice, evaluation of the 
adequate use of energetic substratum is done by monitoring 
blood glucose levels, lactate and lipid profile. Carbohydrate 
metabolism is altered, with insulin resistance and hypergly-
cemia in most cases. In these situations, monitoring of glyce-
mic profile and short-action insulin administration (in the 
infuser) is recommended to bring glycaemia within reason-
able limits, especially in non-diabetic patients before trans-
plant. Same recommendations are made in case of patients 
with diabetes mellitus diagnosed before transplantation, with 
the mention that insulin therapy is recommended [1, 29].

Patients with renal transplant develop a negative nitrogen 
balance in the following 25–30 days, and that is why early 
amino acid supplementation is indicated. An intake of 
1–1.5 g/kg/day is recommended to normalize nitrogen values 
[39]. On a long-term, the recommendation of protein require-
ments is 1  g/kg/day. From micronutrients and electrolytes, 
there are no specific recommendations, only some related to 
severe hyponatremia (the cause of pontine myelinolysis) and 
serum magnesium level (its deficiency being the cause of 
using cyclosporine and tacrolimus). Regarding sodium 
restriction, it should range between 2–4 g sodium/day both in 
the acute post-transplant phase and also later [40, 41].

Unless corrections of the nitrogen balance are required, 
patients with an hepatic transplant are not different from 
patients who undergo any surgery [42]. If the patient is nutri-
tionally correctly assessed before transplant and if nutritional 
intervention is implemented early, malnutrition is not a con-
traindication for surgery.

51.4  Conclusions

The nutritional intervention addresses each acute or chronic 
hepatic pathology, determines and implements the caloric 
requirements and even the composition of macro- and micro-
nutrients necessary for the achievement of an optimal nutri-
tional status, correct nutritional deficiencies and improves 
the life quality of patient with liver impairment.

 Self Study

 Questions

 1. Concerning nutritional, medical intervention in acute 
liver disease, which of the following statements are false:
 (a) The daily calorie requirement for acute liver disease 

does not require significant adjustments.

 (b) The amount of protein must exceed 15% of the daily 
calorie requirement to prevent malnutrition.

 (c) The need for minerals and vitamins will be supple-
mented if their deficit is documented.

 (d) The nutritional attitude provides a caloric intake of 
40–45 kcal/kg; the protein intake will be the normal 
recommended one of 15–17% up to 20% of the total 
caloric intake, the restriction is recommended in case 
of hepatic comas.
Answer: b.

 2. Concerning nutritional, medical intervention in chronic 
liver disease, which of the following statements are true:
(a) Malnutrition can occur even from the early stages of 

the chronic liver disease, including NAFLD.
(b) The severity of malnutrition is frequently associated 

with the presence of other complications such as 
hepatic, renal syndrome or encephalopathy in chronic 
liver disease.

 (c) The recommended amount of carbohydrates in NAFL or 
NASH is 40–55% of the recommended daily amount of 
energy, and they must come mostly from refined foods.

 (d) The recommended protein requirement in the 
patient’s cirrhotic diet should be between 1 and 1.2 g/
protein/kg/day, and in patients with decompensated 
cirrhosis this may increase to 1.5  g/protein/kg/day 
with an additional BCAA 0.25 g/protein/kg/day.
Answer: b, d.

 Answers

 1. About nutritional, medical intervention in acute liver dis-
ease, which of the following statements are false:
(b) CORRECT ANSWER: in the case of acute liver 

disease, malnutrition correction is not necessary 
because it is not yet installed. Therefore, protein sup-
plementation is not recommended.

 2. Concerning nutritional, medical intervention in chronic 
liver disease, which of the following statements are true:
(b) CORRECT ANSWER: In chronic liver disease, mal-

nutrition is almost exclusively due to excessive activa-
tion of anabolic processes. Any complication that 
accompanies the underlying liver disease aggravates 
the status of malnutrition in the sense of increasing its 
severity. Particularly hepato-renal syndrome, encepha-
lopathy presenting ascites or oesophageal varices are 
the factors that hurt protein-calorie malnutrition.

(d) CORRECT ANSWER: the recommended protein 
requirement in the patient’s cirrhotic diet should be 
between 1 and 1.2 g/protein/kg/day, and in patients 
with decompensated cirrhosis this may increase to 
1.5  g/protein/kg/day with an additional BCAA 
0.25 g/protein/kg/day.
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52.1  Protein Kinases

Protein kinases are enzymes that phosphorylate their sub-
strates, which induces a functional modulation of the target 
by changing its activation state, cellular localization, or 
interactivity with other proteins. Kinases regulate the major-
ity of cellular pathways, including those involved in cell 
growth, survival, angiogenesis, migration and differentia-
tion. Protein kinases are highly regulated and mutations 

resulting in the loss of regulation are frequently associated 
with oncogenesis. Many protein kinases, especially surface 
receptor tyrosine kinases and intracellular serine/threonine 
kinases, are pharmacological targets of small-molecule mul-
tiple kinase inhibitors in hepatocellular carcinoma (HCC) 
therapy.

52.1.1  Receptor Tyrosine Kinases

Receptor tyrosine kinases (RTKs) are a vast family of cell 
surface receptors involved in the regulation of important cel-
lular processes, such as differentiation, proliferation, migra-
tion, metabolism, survival and cell cycle control. The 
molecular structure of members of the RTK family is very 
well conserved from the nematode Caenorhabditis elegans 
to humans. All RTKs share a similar architecture: a ligand- 
binding region in the extracellular domain, a single α-helix 
as a transmembrane domain and a cytoplasmic domain, con-
taining the tyrosine kinase protein’s catalytic site and a 
C-terminal tail with regulatory functions. Because of their 
regulatory activity, many diseases originate from changes in 
RTK cellular expression or signaling. Mutations in the RTK 
genes and production of aberrant proteins have been causally 
linked to inflammation, cancer, bone disorders, diabetes, 
arteriosclerosis and angiogenesis.

As a general rule, RTK activation is mediated by ligand- 
induced receptor dimerization, even though a subclass of 
RTKs exists in a non-active dimeric or oligomeric form. 
However, the binding of the ligand is necessary to stabilize 
the interaction between the individual receptor molecules 
in their active form. Structural studies have shown that self- 
association of ligand-bound receptors occurs in the extra-
cellular region, after which intracellular domains are driven 
into a dimeric conformation that activates tyrosine kinase 
domains. The phosphorylated tyrosine kinase site then 
serves as a site for activation of intracellular signaling 
proteins.

Key Concepts
• Protein kinases are important mediators of cellular 

processes.
• Alterations of protein kinases are involved in 

carcinogenesis.
• Small-molecule multiple kinases inhibitors nega-

tively modulate the downstream signaling of 
kinases involved in carcinogenesis.

• Nuclear receptors are involved in the control of sev-
eral hepatic metabolic pathways.

• Farnesoid X receptor and peroxisome proliferator- 
activated receptors emerged as targets for cholesta-
sis and non alcoholic steatosis/steatohepatitis.

• Selective agonists of farnesoid X receptors and per-
oxisome proliferator-activated receptors are prom-
ising medications against cholestasis and non 
alcoholic steatosis/steatohepatitis.
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52.1.1.1  Vascular Endothelial Growth Factor 
Receptors

Vascular endothelial growth factor (VEGF) is well known 
for its pivotal role in vasculogenesis, the de novo formation 
of vessels from hematopoietic precursors and angiogenesis, 
the formation of vessels from pre-existing vasculature. 
Today, angiogenesis is universally considered the biological 
process that supplies tumors with oxygen and VEGF is con-
sidered the factor that mediates this process by activating 
the VEGF receptor (VEGFR). Currently, VEGFR is consid-
ered one of the most important targets in HCC therapy and 
many VEGFR inhibitors such as apatinib, regorafenib, len-
vatinib and cabozantinib, or monoclonal antibodies against 
VEGFRs such as ramucirumab, are already registered for 
use in HCC or under investigation in Phase 2 and Phase 3 
clinical trials [1].

VEGFR structure and activation. There are four VEGF 
ligands in humans: VEGF (or VEGFA), VEGFB, VEGFC, 
VEGFD, and placenta growth factor (PlGF). Several splic-
ing variants give rise to distinct isoforms, thus increasing 
the heterogeneity of the VEGF family, each member pos-
sessing specific functions as regards blood and lymph vessel 
formation and homeostasis. The members of the VEGF fam-
ily bind with different affinity to three types of RTKs: 
VEGFR- 1, VEGFR-2 and VEGFR-3 [2]. VEGFR-2 is the 
main endothelial VEGF signaling receptor and main phar-
macological target for small-molecule multiple kinase 
inhibitors [3]. VEGFRs, like other Class V RTKs, are struc-
tured as follows: (1) a ligand-binding extracellular domain, 
consisting of approximately 750 amino acid residues orga-
nized in seven immunoglobulin (Ig)-like domains; (2) a 
single transmembrane domain; (3) a split tyrosine kinase 
domain; (4) a C terminal tail. As with many RTKs, the 
VEGFR monomer is inactive and the active form is dimeric. 
It should be noted, though, that VEGFR has a unique ligand-
mediated mechanism of activation. In fact, VEGF is a biva-
lent molecule which interacts simultaneously with two 
receptor molecules, cross-linking them into an activated 
dimeric complex [2].

VEGFR2-mediated downstream signaling. The activa-
tion of VEGFR-2 triggers intracellular pathways crucial for 
endothelia. The most extensively studied pathways are the 
phospholipase Cγ (PLCγ)-ERK1/2 pathway and the SRC- 
AKT pathway. The PLCγ-ERK1/2 pathway regulates cell 
proliferation, cell migration and homeostasis in endothe-
lial cells. After VEGF binding, a tyrosine phosphorylation 
internalizes VGFR2. The VEGFR-2 endosome activates 
PLCγ which catalyzes the hydrolysis of phosphatidylino-
sitol 4,5-bisphosphate (PIP2), with the release of diacyl 
glycerol (DAG) and inositol 1,4,5-trisphosphate (IP3). 
Phosphorylation of the tyrosine domain is crucial for recep-
tor activation: the mutation of Y1173 into a phenylalanine 
has the same effect in mice as Vegfr2 gene silencing. DAG 

activates a Ca2+-dependent protein kinase that regulates the 
RAF1-MEK- ERK1/2 cascade. The opening of IP3 channel 
receptors on the endoplasmic reticulum induces the release 
of Ca2+ from its intracellular stores, providing all the ele-
ments needed for pathway activation. Many transcription 
factors are upregulated by this pathway, such as the E26 
transformation- specific (ETS) family, regulating many 
genes related to endothelial cell function, histone deacet-
ylase 7 (HADC7) and nuclear factor of activated T-cells 
(NFAT) proteins (via calmodulin and calcineurin) regulat-
ing genes involved in endothelial proliferation and migra-
tion. The SRC-AKT pathway’s activation depends on the 
phosphorylation of tyrosine pY949 (in mice; Y951 is the 
equivalent in humans), after which cytoplasmic SRC kinase 
is activated through the binding of a T cell-specific adap-
tor (TSAd). SRC substrates, including actin, focal adhe-
sion kinase (FAK) and vascular endothelial (VE)-cadherin, 
regulate vascular permeability, vascular leakage, cell adhe-
sion and cell shape. The SRC pathway also contributes to 
the activation of the PI3K-AKT pathway since VEGFR2 
is not able to activate it directly. The PI3K-AKT pathway 
is involved in the regulation of cell survival, proliferation 
and apoptosis. In addition, VEGFR2 also activates the p38 
MAPK pathway (angiogenesis, migration, permeability and 
survival) as well as signal transducers and activators of tran-
scription (STAT) proteins in endothelial cells (cell cycle and 
apoptosis) [3].

Regulation of VEGF and VEGFR expression in hypoxia 
and in HCC. Mammalian embryos develop in a hypoxic 
environment relying on simple diffusion of oxygen and other 
nutrients, which persists after the onset of vascularization 
since rapidly expanding tissues increase their oxygen and 
nutrient demand, stimulating continuous growth of the circu-
latory system. In HCC, oxygen levels may be as low as 0.8% 
inducing a vast cellular response, often mediated by hypoxia 
inducible factors (HIFs). In hypoxic states, proteasome and 
prolyl hydroxylase-mediated HIF-1α degradation is inhib-
ited. HIF1α is translocated into the nucleus where it forms 
heterodimers with HIF1β and binds to the hypoxia response 
element (HRE) located in the promoter of HIF-sensitive 
genes [1]. An oxygen-independent HIF stabilization has 
been also demonstrated. In osteosarcoma cells, tumor necro-
sis factor α (TNFα)-mediated upregulation of endogenous 
nuclear factor B (NF-κB) has been shown to induce NF-κB- 
dependent HIF-1α stabilization. Moreover, TNFα chronic 
administration induces faster growth and HIF1α upregula-
tion in subcutaneous tumors from Hep1-6 cells implanted in 
mice; the upregulation of VEGF has also been observed. 
VEGF is considered a direct HIF target: the presence of an 
HIF1α binding site has been demonstrated in the 47 base pair 
hypoxia response element of the VEGF gene. As a result, 
VEGF mRNA and protein are upregulated in HCC and HCC 
is highly vascularized [1].
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52.1.1.2  Platelet-Derived Growth Factor 
Receptors

Platelet-derived growth factor receptors (PDGFRs) are 
involved in the regulation of cell proliferation and survival, 
cell development and cell differentiation during embryonal 
development. They also play a role in tissue repair in adults. 
Mutations of the PDGFR genes causing hyperactivity or 
upregulation have been associated to tumorigenesis. In HCC 
and cholangiocarcinoma, upregulation of PDGFRα and 
PDGFRβ and their ligand PDGF-A has been observed. 
PDGFR signaling inhibitors have been shown to be promis-
ing tools for the treatment of HCC and small-molecule mul-
tikinase inhibitors such as sorafenib and lenvatinib, targeting 
PDGFR among other kinases, are recommended as first-line 
treatment for HCC [4].

PDGFR structure and activation. There are four isoforms 
of PDGFR ligands, PDGF A-, B-, C- and D, usually occurring 
as homodimers and the PDGF-AB heterodimer. PDGF dimers 
exert their effect by binding to PDGFRα and PDGFRβ. The 
structure of PDGFRs follows the general architecture of RTKs 
and includes: (1) a ligand binding Ig-like extracellular domain; 
(2) a single transmembrane domain; (3) a kinase domain and 
a C terminal tail with regulatory functions. Specifically, the 
PDGFR extracellular domain presents five Ig-like domains, 
two less than VEGFRs. Moreover, long kinase inserts in the 
kinase domain show a peculiar amino acidic sequence with 
no homology to other kinases. However, the motifs in PDGFR 
autophosphorylation sites have been shown to have good 
affinity for the VEGFR2 binding domain in PI3K [4]. Ligand 
binding promotes dimerization, occurring through further 
interactions among the intracellular parts of the receptors. The 
consequent closeness of the kinase domains induces recipro-
cal autophosphorylation between the receptors [4].

PDGFR-mediated downstream signaling. Autophosphor-
ylation is essential for PDGFR activation since it induces a 
conformational change in the intracellular domain possibly 
by easing access to the catalytic cleft. After activation, the 
PDGFR intracellular domain interacts with a large series of 
SH2-domain-containing molecules thus triggering a wide 
range of downstream cascades. These downstream signal-
ing mediators include the non-receptor kinases of the Src 
family, PLCγ and Rat sarcoma viral oncogene homolog 
(RAS)-specific GTPase activating protein. PDGFRs also 
activate STAT proteins promoting their translocation into the 
nucleus, where they act as transcription factors, upregulating 
many genes involved in immunity, proliferation, apoptosis 
and differentiation. Unlike VEGFRs, PDGFRs activate PI3K 
directly by binding the regulatory subunit p85; the RAS and 
Erk MAP-kinase pathways are activated by interaction with 
the regulatory Grb2. The activation of these downstream 
pathways promotes proliferation, survival and migration. 
Since the affected pathways are extensively intertwined, it 
is difficult to assign a specific response to each of them [4].

PDGF and PDGFR regulation. Originally found in plate-
lets, PDGFs are also secreted by macrophages, endothelial 
cells and fibroblasts as a response to tissue damage. When 
injury occurs in mice, monocytes are recruited from the cir-
culation to the liver where they differentiate into activated 
macrophages. These macrophages attract NK cells through 
the release of inflammatory cytokines and mediate the dif-
ferentiation of hepatic stellate cells in collagen-producing 
myofibroblasts by secreting PDGF-bb and TGF-β1 [5]. As 
well as secreting PDGFs, macrophages also express 
PDGFRβs and proliferate in response to receptor activation. 
PDGFRβ expression is controlled by a transcription factor 
called Prox1. Prox1 silenced human dermal lymphatic endo-
thelial cells have been shown to reduce PDGFRβ expression 
and decrease migratory potential [6]. JUN-mediated and 
JUNB-mediated transcriptional upregulation of PDGFRβ 
has also been demonstrated. Recently, evidence has emerged 
suggesting that PDGF and its receptors are regulated by 
micro RNAs; micro RNA miR-34a has been shown to inhibit 
the tumorigenic potential of stomach adenocarcinoma AGS 
cells by downregulation of PDGFR.  Similarly, miR-34a 
downregulates PDGFRβ in rat mesangial cells. PDGFR gene 
silencing or overexpression of miR-34a has been shown to 
induce apoptosis in lung carcinoma cells [6].

52.1.1.3  Hepatocyte Growth Factor Receptor 
c-MET

c-MET is a membrane RTK for the hepatocyte growth factor 
(HGF) whose overexpression has been associated with 
increased invasiveness and poorer prognosis in HCC patients 
[7]. The relevance of this RTK is related to the fact that 
sorafenib-resistant HCC cells overexpress HGF.  In these 
cells, the c-Met active form is increased but treatment with 
c-Met kinase inhibitors or anti-HGF monoclonal antibody 
reverses cellular metastatic potential [8].

52.1.1.4  c-MET Structure and Activation
c-MET is a single pass heterodimer with an extracellular 
region, a transmembrane region and an intracellular region. 
The extracellular region consists of three domains: (1) an 
N-terminal semaphorin domain; (2) a PSI domain (found in 
plexins, semaphorins and integrins) connected to the trans-
membrane helix via four immunoglobulin-like domains sim-
ilar to those found in integrins, plexins and transcription 
factors; (3) an intracellular tyrosine kinase domain. After 
HGF binding, c-MET homodimerization occurs, promoting 
the autophosphorylation of residues Y1234 and Y1235 
located in the catalytic loop of the tyrosine kinase domain, 
followed by phosphorylation of Y1349 and Y1356  in the 
C-terminal tail. These two tyrosines form a c-MET-specific 
SH2-motif recognized by a plethora of signaling effectors, 
including: growth factor receptor-bound protein 2 (GRB2), 
Src homology-2-containing phosphatase (SHP-2), PI3K, 
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PLCγ, v-src sarcoma viral oncogene homolog (SRC) and 
STAT-3. In addition, c-MET specifically associates with the 
adaptor protein GRB2-associated binding protein 1 (GAB1) 
which, once phosphorylated by c-MET, creates binding sites 
for more downstream adaptors. GAB1 can bind either 
directly to c-MET or indirectly, through GRB2 [8].

52.1.1.5  c-MET Downstream Signaling
The downstream response to c-MET activation relies on sig-
naling modulators common to many RTKs. Via binding with 
SHC and GRB2, c-MET activates guanine nucleotide 
exchanger Son of Sevenless (SOS), which in turn activates 
the RAS. This leads to the indirect activation of rapid accel-
erated fibrosarcoma (RAF) kinases, which can subsequently 
activate the MAPK effector kinase (MEK), ultimately lead-
ing to the activation of the MAPK cascades. MAPK-activated 
transcription factors are responsible for the regulation of a 
large number of genes, resulting in increased cell motility, 
cell cycle progression and cell proliferation. PI3K binds 
c-MET directly or indirectly through GAB1 so activating 
AKT/protein kinase B axis, primarily responsible for cell 
survival. The activation of the CRK/JNK axis is responsible 
for transformation processes. After directly binding c-MET 
and undergoing dimerization, STAT3 is translocated to the 
nucleus, resulting in tubulogenesis and invasion. Cellular 
migration is also mediated by c-MET by indirect activation 
of focal adhesion kinase (FAK). FAK is indirectly activated 
by c-MET through SRCs. The c-MET–SRC–FAK axis is 
involved in cell migration and growth [8].

52.1.1.6  c-MET Regulation
Negative modulation of the c-MET receptor occurs through 
tyrosine Y1003, a specific regulatory site in the juxtamem-
brane domain, and various tyrosine phosphatases modulating 
c-MET signaling by dephosphorylation of either the tyro-
sines in the c-MET kinase domain or the tyrosines in the 
SH-2-motif. Finally, PKC and the increase in intracellular 
calcium levels can adversely regulate c-MET [8].

52.1.2  Intracellular Serine/Threonine Kinases: 
RAF Kinases

A-RAF, B-RAF, and C-RAF belong to the family of serine/
threonine kinases. They are related to retroviral oncogenes 
like the sarcoma virus 3611, which enhances fibrosarcoma in 
mice. The first of these to be discovered was C-RAF, fol-
lowed by A-RAF and B-RAF.  Recently, it was discovered 
that RAF signaling is involved in HCC increased invasion 
and metastasis formation [9].

RAF kinases play an important role in the RAS-RAF- 
MEK-ERK signal pathway. This cascade regulates a plethora 
of processes from cell proliferation and differentiation, to cel-
lular apoptosis and transformation into a cancerous state. 

RAF activation is a RAS-mediated multistep process. After 
dimerization, once activated RAF phosphorylates its own 
substrates, MEK1 and MEK2, which, in turn, activate 
ERK1/2, leading to the regulation of numerous cellular 
events. All the members of RAF family have structures simi-
lar to other protein kinases. They present a small ATP- binding 
N-terminal β-sheet-structured region also called P-loop, a 
catalytic site and a large C-terminal tail. Moreover, RAF pres-
ents three conserved cysteine-rich domains: (1) a phospho-
lipid-binding domain (CR1); (2) a serine/threonine regulatory 
domain (CR2); (3) a protein kinase domain located near the 
C-terminus domain (CR3). The two protein domains move 
closer or further away, passing from a closed to an open con-
formation, to allow access to ATP. In the N-terminal region 
the αC-helix is involved in RAF activation and dimerization. 
In the inactivated form, a phenylalanine side-chain blocks the 
ATP-binding site; in the activated state, phenylalanine helps 
ATP positioning in its binding-pocket. The ATP-binding 
pocket is also the target for sorafenib, a small-molecule mul-
tiple kinase inhibitor which can prevent RAF dimerization 
and which has been registered for HCC therapy.

52.1.2.1  RAF Activation and Regulation
RAS-mediated phosphorylation is not sufficient to complete 
RAF activation. Other phosphorylating events are required, 
which occur in different serine residues, depending on the spe-
cific RAF isoform. Phosphorylation of Ser259 and Ser471 are 
required to bring about C-RAF’s interaction with its sub-
strates. Conversely, phosphorylation of Ser29, 43, 289, 296, 
301 and 642 catalyzed by ERK are associated with feedback 
inhibition. Phosphorylation of Ser432 at the catalytic site is 
required for A-RAF and MEK1/2 interaction. In the same site, 
phosphorylation of serine 579 serves to activate B-RAF. B-RAF 
shows a higher inclination for mutation transforming it into a 
constitutively active kinase. This occurs in a great variety of 
tumors, while mutation in the two other isoforms is very rare. 
Recent studies have demonstrated that RAF kinases need 
dimerization to complete their activation; moreover, RAF 
kinases form homodimers or heterodimers. Rushworth and 
co-workers have demonstrated that Ser621  in the αC-helix 
region of C-RAF is essential for hetero-dimerization with 
B-RAF and that the heterodimer C-RAF-B-RAF is more 
active than the homodimer. To finalize RAF activation, ERK-
catalyzed phosphorylation of threonine 753 is required.

52.1.2.2  RAF Signaling
After activation, RAF is translocated near the plasma mem-
brane, where it interacts with phospholipids through its CR 
domains and recruits other kinases, such as Src family kinases 
and casein kinase 2 (CK2). MEK1/2 proteins are also recruited 
by RAF directly or through scaffolding proteins such as kinase 
suppressors of RAS (KSRs). KSRs hold together RAF, MEK 
and ERK in a dose-dependent manner. Until now, structural 
studies have shown that B-RAF-MEK1 and KSR2-MEK1 form 
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a heterotetramer, in which two molecules of MEK1 associate 
with B-RAF and KSR2. However, in this configuration, RAF 
cannot phosphorylate MEK1, because this arrangement seques-
ters the MEK1 activation segment, preventing it from phosphor-
ylating. Thus, a second RAF molecule in the tetramer is needed 
to reach the MEK1 phosphorylation site. Once activated, MEK1 
recruits its own substrate, ERK1/2. At the end of signal trans-
duction, the basal state is reached by dephosphorylation of spe-
cific residues of RAF such as Ser338, though, so far, not all the 
steps in this mechanism have been clarified. Another mecha-
nism which turns the RAF signal off is ERK negative feedback, 
which phosphorylates specific B-RAF sites destroying the inter-
action between B-RAF and C-RAF, thus inhibiting RAS and 
ending the signalling cascade [10].

52.1.3  Drugs Targeting Protein Kinases in HCC

Sorafenib (4-[4-[[4-chloro-3-(trifluoromethyl)phenyl]car-
bamoylamino]phenoxy]-N-methylpyridine-2-carboxamide) 
was the first small-molecule kinase inhibitor approved for the 
management of HCC and is administered as first line treat-
ment in HCC subjects [11]. In vitro, sorafenib inhibits HCC 
cell proliferation and induces apoptosis. In clinical trials, it is 
associated with a longer median overall survival with respect 
to placebo. Sorafenib targets include surface receptor tyrosine 
kinases (VEGFR, PDGFR, KIT, FLT-3, RET), intracellular 
serine/threonine kinases in the MAPK pathway (B-RAF, 
C-RAF) and other MAPK-unrelated proteins, such as 
p53-upregulated-modulator-of-apoptosis (PUMA) and Bcl-2 
proteins. It has also been found that sorafenib enhances tumor-
specific T cell activity. Numerous pathways are implicated in 
HCC growth and many selective tyrosine kinase inhibitors 
fail, suggesting that one possible reason for sorafenib efficacy 
is to be found in the number of molecular targets affected [12]. 
Sorafenib has 38–49% oral bioavailability; its plasmatic peak 
is reached in 3 h and its steady state blood concentration in 
7 days. Oral bioavailability is affected when sorafenib is taken 
with fatty food. Sorafenib is highly protein-bound (99.5%). 
The drug has an elimination half-life of about 24–48  h. At 
steady state, 70–80% of sorafenib is present in plasma as the 
unchanged drug; 9–16% of the total drug is found as an 
N-oxide metabolite as a result of the action of CYP3A4. Most 
of the drug is excreted with the bile in the feces, the remaining 
20% is eliminated in the urine, mostly as a glucuronidated 
metabolite [12]. Lenvatinib ([4-[3-chloro-4-(N′-cyclo-
propylureido)phenoxy]-7-methoxyquinoline-6-carboxamide-
methanesulfonate]) is a multiple tyrosine kinase inhibitor 
recently added to first line treatments of HCC as, besides not 
being inferior to sorafenib, it has been shown to have higher 
progression- free survival and time to progression in a Phase 3 
clinical trial [11]. Lenvatinib has been shown to be more 
potent than sorafenib in inhibiting a variety of kinases, includ-
ing VEGFR (IC50: 5.2 and 20  nmol/l, respectively) and 

FGFR. Lenvatinib also inhibits RET, c-KIT, PDGFR. Its phar-
macokinetic properties are similar to sorafenib, but with 
higher oral bioavailability [13]. Regorafenib is another small-
molecule multikinase inhibitor affecting the same molecular 
targets as sorafenib and lenvatinib. It is currently recom-
mended in patients with tumor progression under treatment 
with sorafenib. Cabozantinib was recently found to be effec-
tive when compared to placebos and is currently recom-
mended for second- and third-line treatments. It is a tyrosine 
kinase inhibitor with a potent activity against c-MET, a HGF- 
activated protein kinase involved in cell growth, survival and 
motility found to be highly activated in sorafenib-resistant 
HCC [8]. Cabozantinib has also been shown to have a strong 
inhibitory activity against VEGFR2, to which c-MET is func-
tionally linked [11, 14] (Fig. 52.1 and Table 52.1).
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Fig. 52.1 Drug targets in HCC. Activation of receptor tyrosine kinases 
activates a plethora of downstream signaling pathways affecting cell 
survival, proliferation, angiogenesis, migration and invasion. Many 
small- molecule multiple kinase inhibitors inhibit these pathways. 
VEGF vascular endothelial growth factor, PDGF platelet-derived 
growth factor, IGF insulin- like growth factor, MAPK mitogen-activated 
protein kinase, PI3K phosphoinositide 3-kinase, EGF epidermal growth 
factor, mTOR mammalian target of rapamycin, HIF hypoxia- inducible 
factor, SCF stem cell factor. Image taken from [31]
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52.2  Nuclear Receptors

52.2.1 General Structure and Activation

52.2.1.1  Structure
Nuclear receptors (NRs) are a superfamily of ligand- 
regulated transcription factors activated by lipid soluble 
compounds such as steroid hormones, retinoic acid, thy-
roid hormone and bile acids (BAs). NRs are involved in 
the control of metabolism, development and reproduction 
and also play a role in hormone-dependent cancer [15]. 
NRs share structural domains classified in terms of six 
regions (called regions A–F), which correspond to five 
structural domains. The A/B region, called AF1 (for acti-
vation function 1) corresponds to the N-terminal domain 
(NTD) of the receptor. The C region, containing two Zn 
fingers, is the highly conserved DNA binding domain 
(DBD); the D region is a flexible hinge region connecting 
the DBD to the E region. The latter, called AF2 (for activa-
tion function 2), corresponds to the ligand-binding domain 
(LBD). The F Region, the C-terminal domain (CTD), 
whose function is still unknown, differs from one NR to 
another and is missing in some NRs [16].

52.2.1.2  Activation
NRs recognize DNA sequences, termed hormone response 
elements (HREs), which exist as homodimers, heterodi-
mers or monomers. When the ligand is not present, NRs are 
frequently complexed on the chromatin with co-repressor 
proteins. When the ligand binds to the NR, the co-repressor 
complex dissociates, and co-activator proteins are recruited. 
The members of the NR superfamily can be divided into 
three classes. Hormone NRs belong to Class I located in the 
cytosol; they usually act as homodimers and, after activa-
tion, translocate to the nucleus. Metabolic NRs belonging 

to Class II are located in the nucleus; they bind to DNA as 
heterodimers with retinoid X receptors (RXRs) as obligate 
partners. Orphan NRs belong to Class III and act either as 
heterodimers or monomers; their natural ligands are 
unknown [15].

52.2.2  Farnesoid X Receptors

Farnesoid X receptors (FXRs), described in 1995 as a prod-
uct of the NR1H4 gene and so named because of their abil-
ity to bind farnesol, were identified in 1999 as the receptor 
for BAs. FXRs, a member of NR Class II, are abundantly 
expressed in the liver, kidney and intestine, less expressed 
in adipose tissue, lungs, vascular walls and adrenal glands 
and have also been identified more recently in brain neu-
rons [17]. In the liver, FXRs are involved in the regulation 
of bile acid synthesis and transport, modulation of lipid 
and glucose homeostasis and hepatic inflammation [18] 
(Table 52.2).

52.2.2.1  Structure and Activation
As a transcription factor, FXR binds to DNA either as a het-
erodimer with retinoid X receptors (RXR, NR2B1) or as a 
monomer; it regulates the expression of various FXR target 
genes involved in various biological processes. FXR shares 
structural domains comparable with those found in other 
NRs. After binding with the ligand, the conformational 
change in the LBD allows the release of corepressor proteins 
and subsequent recruitment of coactivator proteins. These 
events promote the initiation of transcription. In addition to 
the NR1H4 gene, which encodes FXRα, another gene has 
been found for the FXR receptor, the NR1H5 gene; this 
encodes FXRβ although its precise role is still unclear. The 
FXRα gene encodes FXRα1 or α2 and FXRα3 or α4 iso-
forms localized in a tissue-dependent manner: FXRα is 
mostly expressed in the liver. FXRα1 and FXRα2 are 
expressed respectively in the adrenal glands and ileum. 
FXRα3 and FXRα4 are predominantly expressed in the 
ileum, less in the kidney, and at low levels in the stomach, 
duodenum and jejunum. The physiological role of the FXR 
receptor is related to the control of whole body metabolism 
processes such as cholesterol/BA metabolism, gluconeogen-
esis/lipogenesis and inflammation. Thus, this receptor 
 represents an attractive pharmacological target in liver dis-
eases in which BAs and lipid accumulation occur such as 
cholestasis and non-alcoholic fatty liver disease (NAFLD), 
respectively.

BAs are endogenous ligands for FXR activation: both 
conjugated and unconjugated bile salts activate FXRs at 
physiological concentrations. The hydrophobic BA chenode-
oxycholic acid (CDCA) is the most effective activator of 
FXRs. Deoxycholic acid (DCA) and lithocholic acid (LCA) 

Table 52.1 Drugs and molecular targets for the management of HCC

Compound Classification Molecular targets
Development 
stage

Sorafenib Small-molecule 
multiple kinase 
inhibitors

VEGFR, KIT, 
PDGFR, RET, 
B-RAF, C-RAF

Licensed 
(2005)

Lenvatinib Small-molecule 
multiple kinase 
inhibitors

VEGFR, FGFR, 
RET, KIT, 
PDGFR

Licensed 
(2018)

Regorafenib Small-molecule 
multiple kinase 
inhibitors

VEGFR, FGFR, 
RET, KIT, 
PDGFR

Licensed 
(2015)

Cabozantinib Small-molecule 
multiple kinase 
inhibitors

c-MET, HGF, 
VEGFR

Licensed 
(2018)

Nivolumab Monoclonal 
antibody

Cell death 
checkpoint 
protein-1

Phase III
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can both activate FXRs, but to a much lesser extent than 
CDCA. Cholic acid (CA) and ursodeoxycholic acid (UDCA) 
are markedly less potent than CDCA.

52.2.2.2  FXRs in Cholestasis
An alteration in the FXR pathway has been documented in 
progressive familiar intrahepatic cholestasis (PFIC), drug- 
induced cholestasis (DIC) and intrahepatic cholestasis of 
pregnancy (ICP). A downregulation of FXR target genes has 
been documented in ICP patients and FXR mutations have 
been found in PFIC patients. A NR1H4 gene mutation has 
been identified in the neonatal period associated with intra-
lobular cholestasis leading to liver dysfunction and death. In 
line with these data, FXR−/− mice present a hereditary form 
of cholestasis associated with impaired canalicular bile salt 
(BS) secretion and control of BA synthesis, metabolism and 
transport. In animal models, the use of the semi-synthetic 
FXR agonist OCA reduces bile flow impairment and cho-
lestasis. OCA is a strong FXR agonist and was approved by 
the FDA in May 2016 for PBC patients. In the POISE trial, 
the primary endpoint was reached after OCA treatment asso-
ciated with UDCA administration: a reduction in serum 
alkaline phosphatase (ALP) and a normal bilirubin level 
after 12 months of therapy were obtained. In addition, in a 
separate Phase 2 trial, OCA monotherapy was also found to 
reduce serum ALP levels. The common adverse effect is 
dose-dependent pruritus. A recent FDA recommendation 
advises a low starting dose of OCA that can be increased 
after the evaluation of medication tolerability [19].

52.2.2.3  FXRs in Non-alcoholic Fatty Liver 
Disease (NAFLD)/Non-alcoholic 
Steatohepatitis (NASH)

Because the activation of FXRs improves lipid and glucose 
homeostasis, this receptor is a potential drug target for many 
metabolic syndromes such as non-alcoholic fatty liver disease 
(NAFLD). NAFLD is the principal cause of liver injuries 
worldwide affecting up to 20–30% of the human population. 
In about 10% of these individuals, NAFLD progresses to 
NASH, cirrhosis and HCC, which raises social, economic as 
well as medical and ethical issues. A specific pharmacologi-
cal target has not yet been found. Several experimental mod-

els have reported the beneficial effects of the FXR agonist 
OCA against steatosis and fibrosis and recently its effective-
ness in reducing the progression of fatty liver to NASH in a 
murine model with obesity and insulin resistance has been 
observed. The mechanism of action appears to be a reduction 
in p53 activation involved in hepatocyte death and liver fibro-
sis [20]. OCA is the first drug in Phase 3 clinical trials 
(REVERSE) under evaluation in NASH patients with com-
pensated cirrhosis. The results of a previous multicenter, ran-
domized, placebo-Phase 2b controlled trial (FLINT) reported 
the effects of OCA in non- cirrhotic, non-alcoholic steatohep-
atitis patients: in 283 subjects with NASH treated with OCA 
for 72 weeks, a decrease in the NAFLD fibrosis score (NAS) 
was obtained in 45% in the OCA group vs. 21% in the pla-
cebo group. OCA was associated with an improvement in 
hepatic steatosis, inflammation, ballooning and fibrosis, but 
did not lead to NASH resolution so that the evaluation of 
OCA long-term benefits and safety require further study [21].

52.2.2.4  Drugs Targeting FXRs
FXR ligands comprise steroidal agonists and non-steroidal 
agonists. Steroidal agonists are semisynthetic BA deriva-
tives: chemistry changes in CDCA basic structure have pro-
duced several compounds that are in different developmental 
stages. The addition of an ethyl group in C6 produced 
6-ECDA/INT-747/obeticholic acid/Ocaliva (OCA), the first- 
in- class ligand for FXR approved by the FDA in 2016 for the 
treatment of ECDA-resistant patients with primary biliary 
cirrhosis (PBC). INT-767, a second-generation agent with 
potent dual activity against FXRs and TGR5s (a G-protein 
coupled bile acid receptor), has entered Phase 1 clinical 
development for chronic liver diseases. Recently, the 
3-deoxy-6-ethyl derivative of CDCA (BAR704) has been 
found to be a highly selective agonist for FXRs in preclinical 
studies for liver fibrosis. The first non-steroidal FXR agonist 
was GW4064, which demonstrated particular photolability 
that led to the addition of a trans-cyclopyl unit in a com-
pound termed Px-102 (GS-9674), which is currently in a 
Phase 2 clinical trial for non-alcoholic steatohepatitis 
(NASH). In 2009, WAY362450 was identified as an innova-
tive FXR agonist reducing hepatic inflammation and fibrosis 
in an experimental NASH model [21] (Fig. 52.2).

Table 52.2 FXR ligands, FXR activity, therapeutical indications and development stages

Compound FXR EC50 Therapeutical indications Development stage
OCA 99 nM Primary biliary cirrhosis (PBC)

Non-alcoholic steatohepatitis (NASH)
Primary sclerosing cholangitis (PSC)

Licensed (2016)
Phase III (REGENERETE)
Phase II

INT-767 30 nM Chronic liver diseases Phase I
BAR704 950 nM Hepatic fibrosis

Liver disorders
Preclinical

Px-102 0.014 μM NASH Phase II

WAY362460 4 nM Hypertriglyceridemia Phase I
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52.2.3  Peroxisome Proliferator-Activated 
Receptors

Peroxisome proliferator-activated receptors (PPARs) were 
identified in rodents in 1990. They belong to a Class II NR 
superfamily and act on DNA response elements as heterodi-
mers with the RXRs. In particular, PPARs function with co- 
activator complex binding to DNA sequence named 
peroxisome proliferators response elements (PPREs) found 
in promoters of target genes involved both in the transactiva-
tion and in the transrepression of different genes.

52.2.3.1  Structure and Activation
The structural domains of PPARs are comparable to those 
found in other NRs: the amino-terminal AF-1 followed by a 
DBD, and LBD with a ligand-dependent function AF-2 
located at the carboxy-terminal region. The LBD facilitates 
heterodimerization with RXRs and subsequently this het-
erodimer binds to PPREs with the recruitment of cofactors. 
The PPAR family plays a regulatory role in metabolic func-
tions and energy homeostasis and has three isoforms: 

PPARα, PPARγ, and PPARβ/δ. The effects of PPAR activa-
tion depend on the specific isoform activated. In particular, 
activation of PPAR-α, principally identified in the liver, 
decreases triglyceride levels while activation of PPAR-γ, 
localized in the adipose tissue and immune cells, increases 
glucose metabolism and is involved in insulin sensitization. 
Activation of PPAR-β/δ, ubiquitously expressed, improves 
fatty acid metabolism.

52.2.3.2  Drugs Targeting PPARs
Several ligands have been identified with specific affinities 
for the three PPAR subtypes. Fenofibrate is a specific ligand 
for PPAR-α, while seladelpar selectively binds PPAR-β/δ. 
Bezafibrate similarly binds the three isoforms.

Although the beneficial effects of PPAR-α agonists have 
been demonstrated in several mouse models of NAFLD/NASH, 
the administration of clofibrate has produced no benefits in the 
treatment of patients affected by fatty liver disease [22].

Several small clinical trials have tested the efficacy of 
bezafibrate in PBC patients with sometimes controversial 
results. After 2  years of administration of bezafibrate/
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UDCA versus placebo/UDCA, in the largest trial, 
BEZURSO, normalized ALP in 67% of patients compared 
to none in the placebo group [19]. Although a multicenter 
trial with Seladelpar in PBC patients was stopped for 
three patients with a high increase in aminotransferase, an 
ongoing Phase 2/3 trial has started using lower doses than 
those used previously. Recent results have reported no 
adverse side effects [19]. Elafibranor (GFT505), a dual 
PPAR-α and PPAR-γ agonist, appears to have antifibrotic 
activity and this drug is under evaluation in NAFLD and 
in PBC [19].

52.2.4  Glucocorticoid Receptors

Glucocorticoids (GCs) are liposoluble molecules freely 
diffusing across cell membranes and binding to a cyto-
plasmic GC receptor (GR). GRs exist in two forms: (1) a 
predominant GRα isoform and (2) the rare, non-functional 
splicing variant GRβ [23]. The binding of GRs with their 
ligands results in a dissociation of chaperone proteins and 
nuclear translocation of the active GR-ligand complex. In 
the nucleus, the GR-ligand complex binds to GC response 
elements (GREs) present in the promoter region of many 
GR-inducible genes, which respond by enhancing their 
transcription rate [23]. These genes encode anti-inflam-
matory proteins such as secretory leukoprotease inhibi-
tors (SLPIs), mitogen activated protein kinase 
phosphatase-1 (MKP-1) and GC-induced leucine zipper 
(GILZ), which inhibits the activity of pro-inflammatory 
transcription factors such as NF-κB and activator pro-
tein-1 (AP-1), these last two also inhibited by GR direct 
binding to NF-κB and AP-1. This GR-driven inhibition 
could slow down the inflammatory process, since NF-κB 
is a pivotal mediator of inflammation and stimulates the 
expression of multiple genes encoding  cytokines, chemo-
kines, enzymes and receptors involved in the pathogenesis 
of multiple diseases [24]. GCs can also interfere with the 
binding of NF-κB and AP-1 to their consensus nucleotide 
sequences located in proinflammatory genes by activating 
histone deacetylase-2 (HDAC2). The activation of HDAC2 
results in a tight winding of genomic DNA around core 
histones, thereby converting nuclear chromatin in a very 
compact and repressed molecular structure that impedes 
access to the DNA binding sites of NF-κB, AP-1, RNA 
polymerase and associated factors indispensable for DNA 
transcription. GRs are recommended in various liver dis-
eases. Budesonide, a highly potent GR ligand, is adminis-
tered together with ursodeoxycholic acid to reduce fibrotic 
progression in primary biliary cholangitis (currently an 
off-label prescription) [25] and to reduce inflammatory 
responses in autoimmune hepatitis [26].

52.3  Novel Therapeutic Targets

52.3.1  Takeda G Protein-Coupled Receptor 5 
(TGR5, Gpbar-1, M-BAR)

Small and large cholangiocytes express several G protein- 
coupled receptors (GPCRs) responsive to bile salts (BSs) 
such as the Takeda G protein-coupled receptor 5 (TGR5, 
Gpbar-1, M-BAR) localized in the apical plasma membrane. 
Although TGR5 is not found in hepatocytes, it has also been 
identified in sinusoidal endothelial cells, Kupffer cells and 
hepatic stellate cells. The activation of these receptors results 
in an increase in the basal metabolism and anti-inflammatory 
properties. In cholangiocytes, TGR5 is involved in the 
increase of bicarbonate secretion and this event protects 
against bile cytotoxicity. A reduced TGR5 expression may 
be involved in the beginning of the progression of cholangi-
opathies given that a decrease in TGR5-dependent cell- 
protective mechanisms such as bicarbonate secretion renders 
cholangiocytes more susceptible to BS toxicity. On the other 
hand, an overexpression of TGR5 in mice dorsal root neu-
rons has been associated with spontaneous itching and an 
increase or continuous activation of TGR5 promotes cholan-
giocyte proliferation or progression of cholangiocarcinoma. 
In addition, BA effects on immune cells are mediated by 
TGR5 activation. Based on these results, potential therapeu-
tic approaches for different types of biliary diseases may 
include, blocking of TGR5 signaling by antagonists as well 
as the activation of TGR5-mediated pathways by TGR5 ago-
nists [27]. Due to the ability of TGR5 agonists as anti- 
apoptotic and proliferative compounds in cholangiocytes, 
these drugs could promote the development of cholangiocar-
cinoma and may thus not be indicated in patients affected 
with primary sclerosing cholangitis (PSC). Instead, these 
ligands could be an emerging drug against NAFLD/NADH 
[19].

52.3.2  Cell Death Protein-1 Checkpoint 
Inhibitors

Since the beginning of the twentieth century, it has been 
postulated that the immune system is continuously involved 
in the eradication of clinically undetectable carcinomas. 
Immunological and cancer research has recently elucidated 
how subpopulations of malignant cells escape the immune 
system and establish clinically evident colonies, suggesting 
that effective cancer therapies depend on the blockade of 
these immune-escape mechanisms. Immune checkpoints 
are regulators of T lymphocytes. Their function is crucial 
for self-tolerance, which prevents autoimmune reactions. 
Programmed cell death protein-1 (PD-1) is an immune 
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checkpoint protein expressed on the surface of cells that 
promotes self-tolerance by suppressing T cell activity. When 
PD-1 is expressed on the surface of cancer cells, it can also 
prevent the immune system from attacking them [28]. PD-1 
exerts its defence against autoimmune reactions by two 
mechanisms: (1) by promoting regulatory T cell (Treg) 
development and inhibiting their apoptosis and (2) by 
directly inducing apoptosis in potentially pathogenic T 
cells. PD-1-induced Treg cells help to maintain immune 
homeostasis, keeping the T cell activation threshold suffi-
ciently high and protecting against autoimmunity. PD-1 
inhibitors, a new class of drugs suppressing immune control 
on T cells, have been increasingly considered as new target 
for cancer immunotherapy due to their potential for use in 
multiple types of cancer. The recent results from clinical tri-
als testing the efficacy of checkpoint inhibitors in different 
tumors has encouraged the realization of similar clinical tri-
als in HCC. The most promising, a large Phase 2 study, has 
shown nivolumab’s superiority over a placebo in HCC 
patients. On this basis, nivolumab has received FDA 
approval for HCC second-line treatment. A Phase 3 clinical 
trial is currently ongoing [11].

52.3.3  Metabotropic Glutamate Receptors

The Metabotropic Glutamate Receptor Type 5 (mGluR5) is 
a Group I mGlu receptor coupled to the inositol trisphos-
phate/diacylglycerol pathway. It contains an extracellular 
orthosteric binding site and an allosteric binding site on the 
heptahelical transmembrane domain. It plays a crucial role 
in many conditions affecting the central nervous system 
and allosteric positive and negative modulators are cur-
rently under evaluation in clinical trials for the treatment of 
fragile X syndrome, addiction, Parkinson disease and other 
CNS conditions. It is also involved in pathologies affecting 
peripheral organs such as the gastrointestinal tract and 
accessory digestive organs such as tongue, liver and pan-
creas. In the liver, mGluR5s have shown a permissive role 
in the onset of ischemic damage in hepatocytes isolated 
from mice and rats. On the other hand, hepatocytes treated 
with mGluR5 negative allosteric modulators and mGluR5 
knockout mice are less sensitive to ischemic injury. In an in 
vivo mouse model of acetaminophen intoxication, induc-
ible nitric oxide synthase (iNOS) expression was upregu-
lated by acetaminophen administration; the mGluR5 
blockade neutralized iNOS induction and reduced free 
radical injury and inflammation [29]. Moreover, in a model 
of cold ischemic liver injury, mGluR5 KO mice showed 
reduced warm reperfusion injury in association with a 
decreased expression and release of TNF-α and iNOS, pos-
sibly by a PKC-mediated suppression of NF-kB [30]. Very 
little preclinical research has been carried out on this par-

ticular receptor. However, considering mGluR5’s ability to 
modulate inflammatory mediators that are important in 
liver conditions including HCC, NASH, primary cholangi-
tis and autoimmune hepatitis, further studies are needed to 
evaluate its potential as a pharmacological target in differ-
ent animal models and to elucidate the downstream path-
ways involved in inflammation.

52.4  Summary

The number of molecular targets in the management of 
liver disease has increased consistently in the last decades. 
Small- molecule protein kinases inhibitors such as sorafenib, 
regorafenib, lenvatinib and cabozantinib are revolutioniz-
ing the management of HCC. Ocaliva, an FXR agonist, has 
been recently adopted in the management of primary chol-
angitis and is under evaluation for the treatment of NAFLD/
NASH in Phase III studies. Fibrates such as bezafibrate and 
fenofibrate are considered potent regulators of lipid metab-
olism in the liver; however, as many nuclear receptor ago-
nists, they modulate many different genes; moreover they 
showed an antifibrotic activity and are used in primary bili-
ary cholangitis and NAFLD/NASH progression. Novel 
therapeutic targets such as the Takeda G protein-coupled 
receptor 5 and immune checkpoint proteins are currently 
being studied. The Takeda G protein-coupled receptor 5 is 
a newly discovered mediator of inflammatory processes in 
Kupffer cells and hepatic stellate cells. Immune checkpoint 
proteins promote self-tolerance suppressing the activity of 
the immune system and checkpoint inhibitors such as 
nivolumab amplified the immune response against HCC in 
Phase II studies.

The knowledge about molecular processes involved in 
cellular proliferation, development and survival as well as 
new insights in the modulation of inflammatory processes 
and cell metabolism have increased constantly, driving 
toward the discovery of new drug targets that are changing 
the management of hepatic disease. In the near future, an 
increase in survival rate of patients with HCC will be possi-
ble with the use of new small-molecule multiple kinase 
inhibitors; moreover, a more specific treatment of NAFLD 
will prevent the progression to NASH and cirrhosis.

 Self Study

 Questions

 1. Which of these molecular targets are useful in cancer 
therapy?
 (a) Farnesoid X receptor (FXR)
 (b) Metabotropic glutamate receptor 5 (mGluR5)

A. Ferrigno et al.
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 (c) Vascular endothelial growth factor (VEGFR)
 (d) Peroxisome proliferator activated receptors (PPARs)
 (e) Platelet derived growth factor receptors (PDGFRs)

 2. FXR receptor is a membrane protein.
 (a) True
 (b) False

 3. Which of these targets are directly modulated by hypoxia 
inducible factor?
 (a) Farnesoid X receptor (FXR)
 (b) Metabotropic glutamate receptor 5 (mGluR5)
 (c) Vascular endothelial growth factor (VEGF)
 (d) Peroxisome proliferator activated receptors (PPARs)
 (e) Platelet derived growth factor receptors (PDGFRs)

 4. Which of these drugs is useful in the therapy of primary 
biliary cirrhosis?
 (a) Ocaliva
 (b) Budesonide
 (c) Sorafenib
 (d) Fenofibrate

 Answers

 1. Which of these molecular targets are useful in cancer 
therapy?
 (a) FXR is an important regulator of biliary acid synthe-

sis. It has also a role in lipid metabolism.
 (b) mGluR5 has showed a role in hepatic ischemia in 

preliminary preclinical studies.
 (c) Since growing tumors require oxygen, VEGFR is 

constantly activated to promote the formation of new 
vasculature. VEGFR and VEGF are considered 
among the most important targets in cancer therapy.

 (d) Hepatic PPAR has a pivotal role in regulating triglyc-
eride levels, glucose metabolism and insulin response. 
Fibrates, targeting PPAR, are used in primary biliary 
cirrhosis and in NAFLD/NASH.

 (e) PDGFR is involved in cell proliferation, survival and 
differentiation and it is the target of many small- 
molecule kinase inhibitors used in cancer therapy.

 2. FXR receptor is a membrane protein.
FXR receptor, as well as PPAR and GR, is a nuclear 

receptor. Nuclear receptors are located in the cytoplasm 
and they translocate into the nucleus after interacting with 
its substrates.

 3. Which of these targets are directly modulated by hypoxia 
inducible factor?

Among the enlisted targets, VEGF is very sensitive to 
hypoxia and HIF. In response to the presence of high con-
centration of intact HIF, VEGF expression increases, acti-
vating VEGFR and ultimately leading to angiogenesis.

 4. Which of these drugs is useful in the therapy of primary 
biliary cirrhosis?
 (a) Ocaliva has been recently included in the guidelines 

for the management of primary biliary cholangitis.
 (b) Budesonide, a glucocorticoid receptor inhibitor, is a 

potent anti-inflammatory glucocorticoid that has 
been shown to reduce fibrotic progression in clinical 
trials for primary biliary cholangitis.

 (c) Sorafenib is a serine kinase inhibitor targeting 
VEGFR and PDGFR used in hepatocellular 
carcinoma.

 (d) Fenofibrate is a PPAR inhibitor with antifibrotic 
activity.
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53.1  Introduction

Infections caused by hepatitis viruses will probably increase 
at least until 2020 and represent one of the major causes of 
the development of chronic liver diseases, including fibrosis, 
cirrhosis and hepatocellular carcinoma (HCC) [1]. Although 
showing the same hepatotropism, hepatitis viruses can be 
divided into five different families, according to their biolog-
ical features, i.e. hepatitis A (HAV) and hepatitis E (HEV) 
viruses, causing almost exclusively acute self-limiting infec-
tions; hepatitis B (HBV) and hepatitis C (HCV) viruses, 
which are frequently causing chronic infections, and finally 
hepatitis D virus (HDV), a satellite virus whose replication 
depends on HBV presence. HAV and HEV infections do not 

cause chronic liver disease and are rarely fatal [2]. Although 
the majority of the hepatic diseases associated with HBV, 
HCV and HDV are chronic infections, the acute infections 
due to these viruses can be severe, and occasionally fulmi-
nant. According to the World Health Organization (WHO), 
HCV causes about 130 million cases of chronic infection 
and HBV about 240 millions, 15–20 millions of which due 
to HBV-HDV co-infection [3].

53.2  Hepatitis B Virus (HBV) Infection

Chronic HBV infection represents a global health concern due 
to its still significant morbidity and mortality [4]. Despite the 
vaccination policies adopted in the last three decades, lead-
ing to a slight decrease of the global prevalence from 4.2% to 
3.7%, the absolute number of chronically infected patients has 
grown from 223 million in 1990 to 240 million in 2005. In the 
United States, it has been estimated that 730,000 US residents 
may have chronic HBV infection, and this number can prob-
ably rise to about 2.2 million if high prevalence groups deriv-
ing from immigration from endemic countries are included [5].

Chronic HBV infection can be classified into five phases:

 (I) HBeAg-positive chronic infection or immune tolerant 
phase

 (II) HBeAg-positive chronic hepatitis
 (III) HBeAg-negative chronic infection or ‘inactive carrier’ 

phase
 (IV) HBeAg-negative chronic hepatitis
 (V) HBsAg-negative phase.

The HBeAg-positive chronic infection is characterized by 
very high levels of HBV DNA (usually over 20,000 IU/mL), 
presence of HBeAg and persistently normal alanine amino-
transferase (ALT) levels, which are increased in HBeAg- 
positive chronic hepatitis, as a marker of active hepatic 
inflammation.
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Key Concepts
• Despite the vaccination policies and the effective-

ness of nucleos(t)ide analogues (NAs) and inter-
feron (IFN), the eradication of HBV still represents 
an unmet goal.

• The goal of new HBV treatments is a combination 
therapy, targeting multiple pathways of the virus 
and restoring immune response.

• Direct-acting antivirals (DAAs) opened a new era 
in HCV therapeutic management, achieving the 
goal of obtaining sustained virologic response in 
most patients with limited adverse effects.

• New techniques for testing and diagnosis and global 
access to expensive therapies represent future goals 
in HCV therapy.
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In HBeAg-negative chronic infection, patients usually 
show absent HBeAg, normal ALT, and undetectable or low 
levels of HBV DNA, generally below 2000 IU/mL. ALT val-
ues increase in HBeAg-negative chronic hepatitis, with liver 
necroinflammation and fibrosis. The HBsAg-negative phase, 
also known as “occult HBV infection”, is characterized by 
absence of HBsAg and presence of anti-HBcAg antibodies, 
with or without detectable anti-HBsAg antibodies. It should 
be noticed that the evolution of chronic infection does not 
necessarily pass through every phase of the disease and the 
immune responses to each phase have not been fully charac-
terized. However, the above reported classification of chronic 
HBV infection can be useful for finding more appropriate 
pharmacological treatments. Since the chronic infection is 
associated with an increased risk of developing cirrhosis and 
HCC, drug therapy is focused on improvement of survival 
and quality of life and also on prevention of disease progres-
sion, and consequently HCC development. The primary goal 
of current treatment strategies is the long-term suppression 
of HBV replication, although HBsAg loss represents a good 
surrogate end-point.

53.2.1  Treatment Strategies for HBV

Currently, two classes of drugs are approved for the treat-
ment of chronic HBV infection: nucleos(t)ide analogues 
(NAs) and interferon (IFN) and its derivatives.

Although these drugs are effective in both suppressing 
viral replication and reducing hepatic inflammation, the 
eradication of HBV still represents an unmet goal. Generally, 
IFN therapy has a limited duration, whereas nucleos(t)ide 
analogues often need a life-long administration. This pro-
longed treatment is associated with a high risks of adverse 
reactions, drug resistance, nonadherence, and elevated cost. 
Nevertheless, the gold standard treatment is the long-term 
administration of a potent nucleos(t)ide analogue with high 
barrier to resistance, such as entecavir, tenofovir disoproxil 
or tenofovir alafenamide. However, in mild-to-moderate 
chronic HBV hepatitis, IFN treatment can also be considered. 
Since HCC remains the major concern for treated chronic 
patients, therapy response, adherence and risk of disease pro-
gression should be monitored. It should be noted that most 
current literature focuses only on the immune active phases 
of chronic HBV infection and, as a consequence, the therapy 
choice in both common and challenging clinical settings is 
based on indirect evidence and should consider individual 
patient preference and available resources.

53.2.1.1  Interferon (IFN)
Two formulations (standard and pegylated) of interferon 
(IFN and PegIFN-α) are available; PegIFN-α is generally 
better tolerated. In chronic HBV patients, IFN treatment pro-

duces the loss of HBV DNA and HBeAg and the develop-
ment of anti-HBe antibody, together with an improvement of 
the biochemical and histological parameters of the liver. To 
achieve a lasting response and a long-term immunological 
control, PegIFN-α is used at moderate-to-high doses (5 or 
10 MU/day) and with a limited duration treatment (typically 
a 4–6 weeks-course). The two main drawbacks of PegIFN-α  
are the high variability of response and the unfavorable safety 
profile, so that a significant number of patients are ineligible 
or unwilling to use this drug [6].

The prediction of individual responses can be assessed on 
the basis of several patient characteristics, such as disease 
activity, HBV genotype, stage of the disease, as well as lev-
els of HBV DNA, HBsAg and HBeAg status [6]. Following 
these indications, PegIFN-α can be early discontinued in 
patients with a low probability of long-term response.

Theoretically, a combined therapy with NAs and 
PegIFN-α may provide advantages due to the synergistic 
antiviral effects of the two drugs [6–8]. However, evidence 
of the superiority of such an approach is lacking, and many 
questions regarding patient selection, timing and duration of 
the combination strategy are still unresolved. For these rea-
sons, the combined therapy with NAs and PegIFN-α is not 
generally recommended.

53.2.1.2  Nucleos(t)ide Analogues (NAs)
Five NAs are approved for chronic HBV treatment: lami-
vudine, adefovir, entecavir, telbivudine and tenofovir 
(Fig.  53.1). These compounds can be classified into two 
classes: those having a low barrier (lamivudine, adefovir 
dipivoxil, telbivudine) and those with high barrier to HBV 
resistance (entecavir, tenofovir) [5, 6].

Usually, the NAs with high barrier to resistance (i.e., 
entecavir, tenofovir disoproxil fumarate, tenofovir alaf-
enamide) are used as a first-line choice, since, besides a 
low risk of drug resistance, they have a desirable safety 
profile and a potent long-term antiviral activity leading to 
undetectable HBV DNA levels in the majority of adher-
ent patients [5, 6]. For these reasons, these compounds can 
be safely used in all HBV infected patients, representing 
the only treatment option for several patient subgroups 
(decompensated liver disease, liver transplants, extrahe-
patic manifestations, or severe chronic HBV exacerbation) 
[5, 9]. Moreover, NAs are successfully used to prevent 
HBV reactivation in patients under immunosuppression. 
Common adverse reactions of entecavir include head-
ache, fatigue, dizziness, and nausea. Lactic acidosis and 
hepatomegaly with steatosis are possible complications 
for decompensated cirrhotic patients (Child- Pugh B and 
C). The main adverse effects of tenofovir are impairment 
of renal function, with renal tubular dysfunction (Fanconi 
syndrome), and decreased bone mineral density. Despite 
the high antiviral efficacy of entecavir and tenofovir, a 
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persistent viremia can be observed in some patients, par-
ticularly among HBeAg-positive ones with high baseline 
serum HBV DNA.  Whether the association of a second 
antiviral agent increases the efficacy in patients with per-
sistent viremia has not yet been tested.

The main characteristics (posology, pharmacokinetic pro-
files and possible drug-drug interactions) of the five NAs 
approved for HBV treatment are listed in Table 53.1.

53.2.1.3  HBV in Pregnancy
One of the major risk factors of chronic HBV infection is 
the perinatal or mother-to-child transmission (MTCT) of 
HBV in many high-prevalence areas [10]. In the absence 
of prophylaxis, MTCT may occur in up to 90% of HBsAg-
positive and HBeAg-positive mothers. However, the admin-
istration of antiviral drugs during pregnancy is controversial, 
and precise guidelines on the risk-benefit balance are still 
 unavailable. Although the highest risk of MTCT occurs 
during the immune tolerant phase, the benefit of antiviral 
therapy in preventing MTCT in this phase still awaits dem-
onstration. Moreover, women in the immune active phase 
who have compensated liver disease can postpone antiviral 
treatment until delivery [10]. Additionally, it has been dem-
onstrated that HBV infection can be prevented in approxi-
mately 90% of infants with post-delivery neonatal combined 
immune- prophylaxis. Unfortunately, in women presenting 
high levels of viremia (serum HBV DNA >106 copies/mL), 
neonatal immune-prophylaxis can have unacceptably high 
rates of failure (9%) [10].

Based primarily on in  vivo preclinical data, FDA cur-
rently rates telbivudine and tenofovir as pregnancy category 
B (“Animal reproduction studies have failed to demonstrate a 
risk to the fetus and there are no adequate and well- controlled 
studies in pregnant women”), and lamivudine as pregnancy 
category C (“Animal reproduction studies have shown an 
adverse effect on the fetus and there are no adequate and 
well-controlled studies in humans, but potential benefits may 
warrant use of the drug in pregnant women despite potential 
risks”). However, in HIV-infected pregnant women, the use 
of tenofovir and lamivudine to prevent HIV transmission has 
not been linked to any significant safety concerns for either 
the mother or the newborn.

In conclusion, in pregnant women with chronic HBV 
infection, the administration of lamivudine, telbivudine, and 
tenofovir reduces the rate of MTCT and, although limited, 
safety data of clinical practice suggest no increased risk of 
adverse maternal or fetal outcomes. Larger-scale random-
ized controlled trials using tenofovir are ongoing, and their 
results are eagerly awaited. In the meantime, the treatment 
of HBeAg positive women with high HBV DNA level (>106 
copies/mL; 200,000 IU/mL) with antiviral agents in the third 
trimester is recommended to prevent MTCT.

53.2.1.4  HBV in Children
In children and adolescents, all the currently approved 
therapeutic agents for chronic HBV show acceptable safety 
profiles and oral antivirals are safe and well tolerated. The 
side effects of IFN are similar to that reported for adults, 
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although transient effects on body weight and growth have 
been observed. In children, the development of viral resis-
tance to lamivudine and adefovir is observed at least as often 
as in adults, whereas is less common with entecavir [11].

The decision of starting the pharmacological treatment in 
children depends on the patient’s characteristics (persistently 
abnormal ALT levels, active disease on liver biopsy) and on 
the probability of obtaining appropriate therapeutic goals. In 
some cases, the treatment can improve chronic HBV infec-
tion, at least as far as HBV DNA suppression and HBeAg 
seroconversion are concerned, although the efficacy in pre-
venting chronic liver diseases, e.g. cirrhosis and HCC in 
young adult life, remains to be demonstrated.

Generally, children in the immune-tolerant phase (ALT 
levels less than 1.5–2 times the normal upper limit and 
HBeAg-positivity with high HBV DNA levels) are not 
typical candidates for pharmacological treatment, because 
HBeAg seroconversion cannot be obtained. Children with 

ALT values 10 times over the upper normal range may 
undergo spontaneous HBeAg seroconversion, and the phar-
macological treatment can be started only after several 
months of observation.

New therapeutic options for chronic HBV infection in 
childhood will be available in the next future, since entecavir 
has recently been shown to be safe and effective in children, 
and data regarding the safety of pegylated IFN and tenofo-
vir are expected soon. Children in the immune-tolerant phase 
have not experienced substantial benefit from prolonged 
treatment with nucleos(t)ide analogues, moreover the risk 
of developing antiviral drug resistance to the drug used and 
structurally-related analogues should be considered. The only 
exception could be represented by those immune- tolerant 
children undergoing immunosuppressive therapy and chemo-
therapy, or receiving stem cell or solid organ transplantation 
[11]. In conclusion, the selection and timing of patient treat-
ment is very critical in childhood and adolescence.

Table 53.1 Nucleo(s)tide analogues for HBV treatment

Dosage
Pharmacokinetic 
tips

Route of 
drug 
elimination Adverse reactions Drug-drug interactions

High barrier to resistance
Entecavir •  0.5 mg once daily for 

naïve patients
•  1 mg once daily for 

patients with lamivudine 
or telbivudine resistance 
or with decompensated 
cirrhosis

•  Terminal t1/2 
128–149 h

•  Slightly bound 
to serum 
proteins (13%)

Renally 
excreted

•  Headache, fatigue, 
dizziness, and nausea

Tenofovir •  300 mg once daily •  t1/2 of 17 h •  Drugs that inhibit or 
induce OAT1, MRP, 
Pgp and BCRP 
Transporters may 
affect tenofovir 
exposure

•  Sofosbuvir, 
ledipasvir, and 
velpatasvir increase 
tenofovir exposures

Tenofovir 
Alafenamide 
(TDF)

•  25 mg once daily •  Fewer adverse effects on 
BMD and kidney function 
(CLCr, eGFR, proteinuria) 
than tenofovir

Low barrier to resistance
Lamivudine •  100 mg once daily
Adefovir 
dipivoxil

•  10 mg once daily •  t1/2 of 5–7.5 h Renally 
excreted

•  Dose-related nephrotoxicity 
and tubular dysfunction, 
manifested by azotemia and 
hypophosphatemia, 
acidosis, glycosuria, and 
proteinuria

•  Headache, abdominal 
discomfort, diarrhea, and 
asthenia

Telbivudine •  600 mg once daily •  t1/2 of 40–49 h Renally 
excreted

•  Increased creatine kinase, 
nausea, diarrhea, fatigue, 
myalgia, and myopathy

D. Gabbia and S. De Martin
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53.3  Hepatitis C Virus (HCV) Infection

Hepatitis C virus (HCV) infection is one of the major causes 
of chronic liver disease [12], with a very variable long-term 
course, ranging from minimal histological changes to exten-
sive fibrosis, cirrhosis and HCC.

The number of chronically infected individuals is about 
71 million worldwide [12, 13], but it should be noticed that 
many patients are unaware of their infection.

Clinical care for patients with HCV-related liver dis-
ease has advanced dramatically in recent years as a result 
of a better understanding of HCV pathophysiology, and the 
 consequent improvement of prevention, diagnosis, and espe-
cially pharmacological therapy.

The principal end-point of HCV therapy is to cure the 
infection with a very low chance of relapse, thus obtain-
ing a sustained virological response (SVR). SVR can 
be defined an undetectable HCV RNA after 12  weeks 
(SVR12) or 24  weeks (SVR24) of treatment comple-
tion. In patients without cirrhosis, this goal is generally 
associated with improvement or disappearance of liver 
necroinflammation and fibrosis and normalization of 
liver enzymes, whereas in patients with advanced fibro-
sis or cirrhosis, the risk of life- threatening complications 
still exists. Moreover, SVR is associated to reversal of a 
number of extra-hepatic manifestations related to HCV 
infection and to a significant reduction of all-cause mor-
tality [14].

53.3.1  Treatment Strategies for HCV

HCV has been treated for many years with a prolonged 
regimen of IFN-α (or PegIFN-α) with or without ribavi-
rin. Nevertheless, both efficacy and tolerability of these 
therapeutic regimens were not satisfactory. Recently, sev-
eral orally administered antivirals, directly targeting HCV 
life cycle (the so-called direct antiviral agents-DAAs) have 
been approved for HCV treatment, and can be used alone 
or in combination to enhance their efficacy. They are char-
acterized by a favorable toxicological profile, and can be 
taken for a limited period of time to achieve SVR rates of at 
least 90% in most patients. In some cases, ribavirin is still 
used with DAAs to improve their therapeutic efficacy.

Three are the major targets of available DAAs:

 – The non-structural (NS) protein 3 protease, molecular tar-
get of paritaprevir, grazoprevir, voxilaprevir and 
glecaprevir

 – The NS5B polymerase, molecular target of sofosbuvir 
and dasabuvir

 – NS5A, molecular target of ledipasvir, velpatasvir, ombi-
tasvir, elbasvir and pibrentasvir.

53.3.1.1  Ribavirin
Ribavirin is a purine nucleoside analogue that inhibits viral 
replication. The mechanism(s) of action are still unknown 
in vivo, but several immunomodulatory and antiviral effects 
have been observed in vitro (e.g. inhibition of HCV RNA- 
dependent RNA polymerase, depletion of GTP through inhi-
bition of inosine 5′-monophosphate dehydrogenase, increase 
in viral mutagenesis, conversion of the T-helper cell from 
phenotype 2 to 1, induction of IFN-stimulated genes, and 
modulation of natural killer cells). Currently, ribavirin is not 
administered in monotherapy, but in combination with other 
direct-acting antivirals (DAAs) for treating chronic HCV 
infection only in specific clinical conditions. The possible 
associations between ribavirin and DAAs are described in 
details below.

53.3.1.2  Direct-Acting Antivirals (DAAs)
This paragraph discusses the DAAs which are available 
in Europe in 2018 [14]. Their posology, pharmacokinetic 
profiles and possible drug-drug interactions are listed in 
Table 53.2.

Sofosbuvir
Sofosbuvir, a nucleotide analog potently inhibiting NS5B 
polymerase in HCV, has shown high efficacy in combina-
tion with several other drugs against HCV.  Generally, a 
sofosbuvir- based regimen ranging from 12 to 24  weeks is 
well tolerated. In urine, the major sofosbuvir metabolite is 
GS-331007, its dephosphorylated nucleoside (78%), while 
3.5% is recovered as unmodified drug. Sofosbuvir is trans-
ported by P-gp, whereas cytochrome P450 is not involved 
in its metabolism. Since no potential drug-drug interactions 
with other antiviral agents are reported, sofosbuvir can be 
used in association with such drugs.

The main concern for drug-drug interactions is related 
to amiodarone. Patients taking this drug should not be 
treated with sofosbuvir-based regimens since the risk of life- 
threatening arrhythmias may not be excluded. The risk of 
cardiac toxicity of sofosbuvir when used in monotherapy is 
still controversial.

Combination Regimens

Sofosbuvir and Ledipasvir
Patients with mild-to-moderate renal impairment do not 
require dose adjustment of this combination regimen, 
whereas in case of severe renal impairment (eGFR <30 mL/
min/1.73 m2) or end-stage renal disease, no dose adjustment 
has yet been proposed. Co-administration with P-gp sub-
strates (e.g. digoxin and dabigatran) and drugs transported 
by both P-gp and BCRP proteins (e.g. aliskiren, amlodip-
ine, buprenorphine, carvedilol, cyclosporine) require patient 
strict monitoring. As for sofosbuvir, the coadministration 

53 Specific Medications for Chronic Viral Hepatitis
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with amiodarone is contraindicated because of a serious risk 
of fatal bradycardia or asystole.

The combination sofosbuvir/ledipasvir can be used with 
all antiretrovirals. However, in tenofovir-containing regi-
mens, tenofovir concentration can rise and renal function 
should be carefully monitored, if other therapeutic options 
are not possible. Even efavirenz-containing regimens require 
caution as tenofovir levels can increased. This concern has 
been recently solved with the approval of tenofovir alafen-
amide (TAF), that considerably reduces the risk of this phar-
macokinetic interaction.

Sofosbuvir and Velpatasvir
In vitro, three CYP isoforms (CYP2B6, CYP2C8 and 
CYP3A4) have been found to be responsible for velpatas-
vir metabolism, whereas in vivo velpatasvir is essentially 
unmodified. Velpatasvir transport is operated by P-gp and 
BCRP and, to a limited extent, by organic anion transporting 
polypeptide (OATP) 1B1.

As for ledipasvir, co-medication of velpatasvir and drugs 
transported by P-gp and/or BCRP need caution, because of 
the possible increase of their plasma concentration. Therefore, 
co-administration with P-gp, BCRP, OATP and CYP sub-
strates having a narrow therapeutic window could potentially 
have clinical consequences due to increased drug exposure.

In HIV-HCV coinfected patients, sofosbuvir/velpatasvir 
should not be administered with efavirenz, etravirine and 
nevirapine due to pharmacokinetic interactions and increased 
risk of toxicity.

Sofosbuvir, Velpatasvir and Voxilaprevir
Since voxilaprevir AUC and maximum concentration were 
found to be 112–435%, and 147–680% higher, respectively, 
in the presence of food, the tablet containing these molecules 
should be taken during meal [14].

Both velpatasvir and voxilaprevir inhibit P-gp, BCRP, 
OATP1B1 and OATP1B3. In patients with moderate liver 
cirrhosis (Child-Pugh B patients) the administration of 
sofosbuvir/velpatasvir/voxilaprevir is not recommended, 
and is absolutely contraindicated when liver dysfunction 
becomes severe (Child-Pugh C patients), due to the signifi-
cant increase of voxilaprevir AUC in these patients.

Proton pump inhibitors can be given at a dose not exceed-
ing 20 mg omeprazole and, if possible, 4 h after sofosbuvir/
velpatasvir/voxilaprevir administration, since velpatasvir 
solubility decreases as pH increases. In HIV-HCV coinfected 
patients, the co-administration with efavirenz, etravirine and 
nevirapine and the protease inhibitor associations atazana-
vir/ritonavir and lopinavir/ritonavir is not recommended. 
Efavirenz causes a 50% decrease in velpatasvir exposure, 
whereas atazanavir causes a fourfold increase in voxilaprevir 
exposure. Tenofovir-based regimens should be monitored for 
renal adverse events.

Ritonavir-Boosted Paritaprevir, Ombitasvir and Dasabuvir
Paritaprevir is a HCV protease inhibitor predominantly 
metabolized by CYP3A4 and primarily excreted into the 
feces.

Ombitasvir is an nonstructural protein 5A (NS5A) 
inhibitor that predominantly undergoes hydrolysis and is 
eliminated with the feces. It can be partially subjected to 
CYP3A4-mediated metabolism.

Dasabuvir is a non-nucleoside inhibitor of HCV RNA- 
dependent RNA polymerase, undergoing hepatic CYP2C8- 
and to a lesser extent CYP3A4-mediated metabolism. Its 
main metabolite is excreted into the bile and eliminated 
with the feces. In genotype 1 patients, dasabuvir is given in 
combination with ritonavir/paritaprevir/ombitasvir. Patients 
with mild liver cirrhosis (Child-Pugh A) don’t require dose 
adjustment, whereas the combination of ritonavir-boosted 
paritaprevir and ombitasvir with or without dasabuvir should 
not be administered in case of decompensated liver cirrhosis 
(Child-Pugh B and C).

The antiretroviral drug ritonavir is a strong inhibitor of 
CYP3A4 and markedly increases the plasma concentrations 
of many drugs metabolized by this cytochrome. Because of 
this characteristic, it is used as a pharmacokinetic enhancer 
of paritaprevir, but, if co-administered with other CYP3A4 
substrates, can lead to serious adverse events. For this reason 
a wide range of drugs are contraindicated in association with 
ritonavir (i.e. alfuzosin, amiodarone, astemizole, terfenadine). 
Since the administration of enzyme inducers (carbamazepine, 
phenytoin, phenobarbital, rifampicin, St John’s wort, enzalu-
tamide) may compromise antiviral efficacy, and enzyme 
inhibitors (azole antifungals, some macrolide antibiotics) may 
increase paritaprevir exposure, the co- administration of a rito-
navir-boosted regimen with these drugs is not recommended.

Paritaprevir, dasabuvir and ritonavir may inhibit drug 
transporters. In particular, the drug inhibits OATP1B1/B3, 
P-gp and BCRP, whereas dasabuvir and ritonavir inhibit P-gp 
and BCRP, but not OATP. Because of the metabolic profile of 
these drugs and ritonavir characteristics, drug-drug interac-
tions during these regimens cannot be excluded. Therefore, 
based on the guidelines of both the European Medicines 
Agency and the US Food and Drug Administration, a com-
prehensive program investigating the drug-drug interac-
tions occurring with these drugs has been started. Thus, 
drug interactions need to be carefully considered and the 
therapeutic regimen could require dosage adjustment, 
modifications of the timing of administration or additional 
monitoring. Additional caution has to be taken in HIV co-
infected patients, in which ritonavir should be avoided if they 
are treated with atazanavir and darunavir. Other drugs used 
against HIV, such as efavirenz, etravirine, cobicistat and nev-
irapine are not indicated, whereas rilpivirine should only be 
used under ECG monitoring, because of the risk of cardiac 
toxicity.
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Grazoprevir and Elbasvir
According to in  vitro data, grazoprevir and elbasvir are 
partially metabolized by CYP3A4, although no metabo-
lites have been detected in plasma [14]. Grazoprevir is 
transported by P-gp and OATP1B1, while elbasvir is a sub-
strate of P-gp. In patients with moderate or severe hepatic 
impairment (Child-Pugh B and C) the administration of this 
combination is not recommended due to pharmacokinetic 
concerns, whereas renal impairment is not a contraindication 
and doesn’t require any dose adjustment. Drugs metabolized 
by CYP3A and transported by Pgp need additional monitor-
ing and often dose reduction. Currently, only nucleos(t)ide 
reverse transcriptase inhibitors can be used as antiretrovirals 
in combination with grazoprevir and elbasvir (e.g. abacavir, 
lamivudine, tenofovir).

Glecaprevir and Pibrentasvir
The combination of glecaprevir and pibrentasvir is contra-
indicated in case of moderate or severe hepatic impairment 
(Child-Pugh B or C). As with the grazoprevir/elbasvir com-
bination, co-administered drugs whose disposition depends 
on CYP3A require additional caution or dose reduction. 
Doses of omeprazole greater than 40  mg may lead to a 
profound decrease in glecaprevir concentrations, since gle-
caprevir solubility decreases as pH increases, even though 
the co-administration has not yet been rigorously studied. 
Glecaprevir/pibrentasvir is contraindicated with atazanavir- 
containing regimens in HIV coinfected patients and is not 
recommended with other HIV protease inhibitors and with 
inducing non-nucleoside reverse transcriptase inhibitors 
(efavirenz, etravirine and nevirapine). The other antiretro-
viral drugs, including cobicistat, can be co-administered in 
elvitegravir-containing regimens.

In conclusion, because of their efficacy, safety and toler-
ability, the best options for all both “treatment-naïve” and 
“treatment-experienced” patients, including those without 
cirrhosis and those with either compensated (Child-Pugh A) 
and decompensated (Child-Pugh B and C) cirrhosis, are rep-
resented by DAA-based regimens without interferon (IFN) 
and ribavirin. The therapeutic choice has to be based on the 
HCV genotype/subtype, the severity of liver disease, and/or 
prior therapy. In HIV-coinfected patients, treatment or dose 
adjustments may be required due to drug-drug interactions.

As mentioned before, HCV has six main genotypes 
(labelled 1–6) with multiple subtypes. The most frequent 
genotypes worldwide are 1–3. As described in details below, 
genotyping is fundamental for planning the HCV treatment 
and personalize HCV therapy. The recommended therapeu-
tic regimens illustrated below are listed in the EASL [14] 
and American Association for the Study of Liver Diseases 
(AASLD) and Infectious Diseases Society of America 
(IDSA) [15] guidelines. AASLD-IDSA also suggest possible 
alternative regimens (www.hcvguidelines.org).

• Genotype 1
 – Genotype 1a

For treatment-naive patients with HCV genotype 1a, 
characterized by a higher relapse rate than patients 
with HCV genotype 1b, there are four regimens of 
similar efficacy, i.e. sofosbuvir/velpatasvir, glecapre-
vir/pibrentasvir, sofosbuvir/ledipasvir, grazoprevir/
elbasvir.

 – Genotype 1b
For treatment-naive patients infected with HCV geno-
type 1b, five recommended regimens are available: 
sofosbuvir/velpatasvir, glecaprevir/pibrentasvir, sofos-
buvir/ledipasvir, grazoprevir/elbasvir and paritaprevir/
ombitasvir/dasabuvir boosted with ritonavir.

Patients with genotype 1 HCV infections who can-
not be subtyped should be treated as genotype 1a 
patients, since this subtype has a greater risk of relapse 
when compared with genotype 1b.

• Genotype 2
Sofosbuvir/velpatasvir and glecaprevir/pibrentasvir are 
the two first line treatment regimens recommended for 
genotype 2 patients, both treatment-naïve and 
experienced.

• Genotype 3
The response of genotype 3 to DAAs currently available 
is less satisfying hat of genotypes 1 and 2. According to 
AASLD guidelines, the recommended regimens are 
sofosbuvir/velpatasvir and glecaprevir/pibrentasvir, 
whereas EASL guidelines also indicate sofosbuvir/velpa-
tasvir/voxilaprevir as a further option.

• Genotype 4
According to the EASL guidelines, patients with HCV 
genotype 4 have four therapeutic options: glecaprevir/
pibrentasvir, grazoprevir/elbasvir and two sofosbuvir-
based regimens, namely ledipasvir/sofosbuvir and sofos-
buvir/velpatasvir.

• Genotype 5 or 6
Although few data are available for patients infected with 
HCV genotype 5 or 6, based on emerging data, sofosbu-
vir/ledipasvir, glecaprevir/pibrentasvir, sofosbuvir/velpa-
tasvir are currently recommended [16].

53.4  Future Perspectives for Hepatitis 
Treatment

53.4.1  Future Treatment Options for HBV

The main goal of HBV infection treatment is the clear-
ance of HBsAg, with the aim of avoiding the risk of post-
treatment virologic relapse and liver disease progression, 
and decreasing HCC risk. Since HBV DNA is integrated 
into the host genome, its eradication may not be feasible, 

53 Specific Medications for Chronic Viral Hepatitis

http://www.hcvguidelines.org


608

but treatment of earlier stages of liver disease would the-
oretically have a greater impact on reducing the risk of 
developing HCC. Currently, pre-clinical and early clinical 
studies are investigating two novel treatment options, i.e. 
direct antivirals and immunotherapeutic agents. The form-
ers, which have been designed to decrease HBsAg release 
in serum, include HBV entry inhibitors, drugs silencing 
or disrupting covalently closed circular DNA (cccDNA), 
genetic approaches by means of siRNA or anti-sense oli-
gonucleotides targeting viral transcripts, and modulators 
of nucleocapsid assembly. As immunotherapeutic agents, 
toll-like receptors 7 (TLR7) agonists and other agents that 
are able to restore INF responsiveness or affect other anti-
viral innate pathways are currently under investigation. 
Moreover, the ability of some new cancer immunotherapies 
to restore anti-tumor adaptive immunity in chronic HBV 
patients has been investigated.

In the future, the goal of new antiviral therapies is likely 
to be represented by a combination therapy, targeting mul-
tiple pathways of HBV and restoring immune response 
against HBV.

As far as the HBV-HDV coinfection is concerned, this 
is treated with PegIFN-α, nevertheless the success rate is 
low. Several clinical trials are evaluating new candidates to 
be used mainly in combination with PegIFN-α and/or NAs. 
Some of these compounds are HBV/HDV entry inhibitors 
(Myrcludex-B) [17, 18], nucleic acid polymers that inhibit 
the release of HBsAg [19] and inhibitors of the prenylation 
of the large HDV antigen [20]. In order to rescue patients 
who do not respond to PegIFN-α or to improve the success 
rate of treatment of naïve patients, the enrolment in these 
new clinical trials should be considered as a possible choice 
option.

53.4.2  Future Perspectives for the Treatment 
of HCV

At present, several studies are investigating new agents 
for the treatment of HCV, although in recent years sev-
eral drugs with high successful rate have gained approval. 
Some issues still remain to be addressed and represent a 
challenge for future drug development. For example, the 
successful rates of available agents is very high in most 
populations that have access to a cure, but not in all patient 
sub-populations, including cirrhotic genotype 3 patients, 
individuals with decompensated cirrhosis, and those who 
fail DAA treatment. Moreover, new techniques for HCV 
testing and diagnosis, and increasing access to expensive 
therapies to the whole world population represent future 
research goals.

 Self Study

 Questions

 1. Which statement is true?
 (a) Ritonavir is approved for treatment of HCV of all 

genotypes.
 (b) Only sofosbuvir-based regimens are indicated for 

genotype 2 HCV.
 (c) The antiretroviral drug ritonavir is a strong inhibitor 

of CYP3A4 and is used in association with DAAs as 
a pharmacokinetic enhancer of paritaprevir.

 (d) Sofosbuvir is transported by P-gp, and metabolized 
by cytochrome P450 3A4.

 2. Which statement is true?
 (a) Interferon is usually administered for the entire life of 

the patient.
 (b) Nucleos(t)ide analogues (NAs) have all high barrier 

to HBV resistance.
 (c) Mother-to-child transmission is never occurring for 

HBV.
 (d) Entecavir and tenofovir are classified as drugs with 

high barrier to HBV resistance.

 Answers

 1. Which statement is true?
 (a) Ritonavir is part of a combination therapy indicated 

for genotype 1b HCV therapy.
 (b) Sofosbuvir/velpatasvir and glecaprevir/pibrentasvir 

are the two first line treatment regimens recom-
mended for genotype 2 patients.

 (c) The antiretroviral drug ritonavir is a strong 
inhibitor of CYP3A4 and markedly increases 
the plasma concentrations of many drugs 
metabolized by this cytochrome. Because of this 
characteristic, it is used as a pharmacokinetic 
enhancer.

 (d) Sofosbuvir is transported by P-gp, whereas cyto-
chrome P450 is not involved in its metabolism.

 2. Which statement is true?
 (a) Interferon therapy has generally a limited duration.
 (b) Among the five NAs approved for chronic HBV 

treatment (lamivudine, adefovir, entecavir, telbivu-
dine and tenofovir), three (lamivudine, adefovir, tel-
bivudine) have low barrier and two (entecavir, 
tenofovir) high barrier to HBV resistance.

 (c) The perinatal or mother-to-child transmission 
(MTCT) of HBV is one of the major risk factors of 
chronic HBV infection.
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 (d) Differently from the other NAs, entecavir and 
tenofovir have a high barrier to HBV resistance.
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Portal Vein Embolization (PVE) 
and Partial TIPE ALPPS: Beyond 
the Limitations of PVE

Yutaka Suzuki and Yoshihiro Sakamoto

54.1  Introduction

Major hepatectomy is often necessary for the treatment of 
advanced biliary cancer, hepatocellular carcinoma (HCC), or 
colorectal liver metastasis. However, extensive hepatectomy 
in patients for whom the future liver remnant (FLR) volume 
will be insufficient and in patients with impaired hepatic func-
tional reserve can result in postoperative liver failure and sub-
sequent death. To prevent such liver failure, portal vein 
embolization (PVE) aimed at increasing the FLR volume is 
often performed before major hepatectomy. In this chapter, the 

history, methods, efficacy, and limitations of PVE performed 
before major hepatectomy are summarized, and a potential 
breakthrough in the limitations of PVE is described.

54.2  History

In 1920, Rous et al. showed, in a rabbit model, that ligation 
of portal branches to a part of the liver leads to atrophy in the 
region deprived of portal blood but to hypertrophy of the 
hepatic tissue that receives portal blood in excess [1]. In 
1975, Honjo et al., applying portal branch ligation as a new 
preoperative procedure, documented tumor shrinkage after 
the ligation in 20 patients with HCC [2].

In 1982, Makuuchi et al. performed PVE 20 days before 
hepatectomy in a patient with gallbladder cancer and then 
in 1990 reported the results of PVE performed before 
major hepatectomy in 14 patients with biliary cancer [3]. 
In a consecutive series of 84 patients reported by Imamura 
et  al., also in 1990, PVE performed before hepatectomy 
resulted in a median 30% (0–171%) increase in FLR vol-
ume over the original FLR volume, with diabetes mellitus, 
a high total bilirubin level at the time of PVE, and male sex 
shown to be factors that limited the organ hypertrophy [4]. 
In 1996, Nagino et al. described an ipsilateral approach to 
PVE, with the PVE catheter placed in the right anterior 
portal branch in patients for whom right portal branch 
resection was anticipated [5]. Further, Nagino et  al. 
reported a series of left and right trisectional PVEs 
achieved by means of this ipsilateral approach [6]. Curative 
major hepatectomy preceded by PVE, in comparison to 
limited biliary resection without PVE, improve long-term 
outcomes of patients with cholangiocarcinoma. Sequential 
arterial embolization and PVE have been performed to 
decrease tumor viability in patients with HCC, and PVE 
has been used to aid aggressive tumor resection in patients 
with bilateral colorectal metastasis [7]. Thus, preoperative 

Key Concepts
• Portal vein embolization (PVE) is an important and 

indispensable procedure performed to ensure the 
safety of major hepatectomy.

• About 20% of patients who undergo PVE cannot 
undergo subsequent hepatectomy, often because of 
tumor progression during the waiting period, which 
lasts 3–8 weeks.

• Two-stage hepatectomy (TSH) and associating liver 
partition and portal vein ligation for staged hepatec-
tomy (ALPPS) have been developed and applied for 
patients that the planned hepatectomy cannot be 
performed by PVE. But, original ALPPS is associ-
ated with high morbidity and mortality rates.

• Partial TIPE ALPPS can be safely applied in 
patients to overcome the limitations of conventional 
PVE.
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PVE has become an indispensable ancillary procedure for 
resection of biliary cancer, HCC, and metastatic liver 
tumor.

54.3  Mechanism of PVE-Induced 
Hypertrophy

The mechanism underlying hepatic hypertrophy after PVE 
has not been fully clarified, but the resulting increase in por-
tal venous pressure or portal venous flow is thought to induce 
accelerated hepatocyte turnover in the FLR. Portal vein flow 
increases in the non-embolized lobe, and shear stress occurs 
in the sinusoidal endothelium [8]. Nitric oxide, hepatocyte 
growth factor, and interleukin-6 are then released from sinu-
soidal endothelium and hepatocytes, promoting liver hyper-
trophy [9, 10]. Ozawa et al. reported that the liver hypertrophy 
occurs as a result of enhanced mitochondrial oxidative phos-
phorylation elicited by the increase in portal vein flow [11, 
12]. To the contrary, embolized hepatocytes undergo apop-
totic change. Imamura et al. reported that, numerous binu-
clear hepatocytes and mitotic figures were observed in the 
nonembolized lobe. In the embolized lobe, hepatocyte atro-
phy and large sinusoidal areas were evident, especially in the 
pericentral field. However, there was no inflammatory cell 
infiltration or necrotic reaction [4].

54.4  Approaches to the Portal Vein for PVE

There are two main PVE techniques: transileocolic portal 
vein embolization (TIPE) and percutaneous transhepatic 
portal vein embolization (PTPE). These two techniques rep-
resent two different approaches to the portal vein. TIPE is 
performed via mini-laparotomy under general anesthesia. 
The catheter is advanced through the ileocolic vein, making 
antegrade embolization possible. The mini-laparotomy also 
makes possible the gathering of intraperitoneal information, 
including whether peritoneal seeding has occurred. PTPE is 
performed under local anesthesia and ultrasound guidance. 
In the early days of PVE, TIPE was performed more fre-
quently than PTPE. Since the early 2000s, PTPE has been 
the preferred method because of improvements in the 
devices used and improvement of the interventional 
techniques.

54.4.1  TIPE Technique

When TIPE is performed, the patient is placed under general 
anesthesia, and a small pararectal incision is made. The 
abdominal cavity is explored for the presence of peritoneal 
seeding and/or ascites. If found, samples are submitted for 
pathological examination.

The end of the ileum-end is pulled out through the small 
pararectal incision, and the mesenteric serosa was incised to 
expose the ileocolic vein. A guidewire is inserted into the 
vein, and a sheath is inserted over the guidewire.

The next steps are best performed by an interventional 
radiologist. Portography is performed, especially for visual-
ization of the right and left portal branches. The portal 
venous pressure is measured, and if it is above 30 cm H2O, 
the planned PVE is abandoned.

To block blood supply to the right lobe, the right posterior 
portal branch should be embolized first. P6 and P7 are embo-
lized separately. The anterior section is embolized next. This is 
because the catheter advances easily into the anterior section, 
and thus if this section is embolized first, there is a risk that the 
catheter will dislodge the newly created thrombus. After 
embolization, portal venous pressure is again measured.

54.4.2  PTPE Technique (Fig. 54.1)

When PTPE is performed, the patient is given a local anes-
thetic, and the portal branch is punctured under ultrasound 
guidance. There are two approaches to PTPE: a contralateral 
approach by which the portal branch in the FLR is punctured 
and an ipsilateral approach by which the portal branch in the 
segment of the liver to be resected is punctured. In the case, 
for example, of right PVE performed via contralateral 
approach, the umbilical portion of the left branch of the por-
tal vein is punctured, and the right branch of the portal vein 
is embolized. In the ipsilateral approach, a right portal 
branch, P5, P6, P7, or P8, is punctured for embolization. The 
contralateral approach is technically easier than the ipsilat-
eral approach in terms of catheter operation and emboliza-
tion. However, the contralateral approach poses risks. There 
is the possibility of a major complication, such as arterial 
injury, bile duct bleeding, or portal vein thrombosis in the 
FLR. Thus, the ipsilateral approach should be the first-choice 
strategy. However, if the tumor is located in the puncture 
route, the ipsilateral approach should not be considered.

The puncture route should be determined carefully under 
ultrasound guidance. P5 or P8 is punctured with an 18G nee-
dle. After the tip of the needle is positioned in the portal vein, 
a guidewire is inserted into the portal vein and superior mes-
enteric vein, and a sheath is inserted over the guidewire. A 
balloon catheter is advanced into the main portal vein, por-
tography is performed, and portal venous pressure is mea-
sured. The balloon catheter is inserted into the posterior 
branch of the portal vein. Embolization is performed by 
injection of gelatin sponge particles and coils or absolute 
ethanol. Thereafter, the anterior branch of the portal vein is 
embolized. The embolic materials should be injected care-
fully to avoid their migration into the main portal vein or 
contralateral portal vein, which can put at risk the opportu-
nity for major hepatectomy.
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54.5  Embolic Materials

Various embolic materials are used for PVE: gelatin sponge 
particles [3], gelatin powder combined with thrombin [13], 
cyanoacrylate combined with ethiodized oil [14], fibrin glue 
combined with ethiodized oil [15], absolute ethanol [16], 
and polyvinyl alcohol and coils [17].

Complete embolization is achieved with absolute ethanol 
and cyanoacrylate through damage done to the sinusoidal 
cells. However, severe tissue injury and liver dysfunction can 
also result [18]. Furthermore, the injection of absolute alco-
hol results in severe pain. When gelatin sponge particles are 
used for embolization, the sponge is cut to a diameter of 
1–2 mm. When gelatin sponge is used alone, recanalization 
can occur. Recanalization after PVE is a severe problem 
[19], so coil embolization is added. It is important to push the 

coil into the distal end of the portal branch. A coil placed in 
the proximal end of the portal branch is unstable and migrates 
easily. The coil is made of platinum, so magnetic resonance 
imaging is possible after coil embolization.

54.6  Potential Complications of PVE

54.6.1  Bleeding

Bleeding can result from accidental puncture of the hepatic 
artery, hepatic vein, or bile duct. Accidental puncture of the 
hepatic artery in particular can lead to intra-abdominal bleed-
ing. This is because of the high vascular pressure. Bleeding 
from the hepatic vein or bile duct is always temporary 
because of the low vascular pressure.

a b

c d

e f

Fig. 54.1 PTPE in a case of 
hepatocellular carcinoma. 
(a) Portal phase contrast 
enhanced computed 
tomography image revealed a 
13-cm inhomogeneously 
enhanced tumor in the right 
liver lobe. (b) Further study 
revealed intrahepatic 
metastases of approximately 
1 cm in segments 8 and 3. 
Right hepatectomy and 
limited hepatectomies (S8 and 
S3) were planned, but the 
future remnant liver volume 
would have been 43%. 
Therefore, PTPE was 
performed. P6 was punctured 
and a 5 Fr sheath was 
inserted. (c) The tumors were 
not contrasted upon 
portography, and the branches 
of right portal vein were 
compressed. (d) The branches 
of the right portal vein (P5, 
P6, P7, and P8) were 
embolized separately with the 
use of gelatin sponge particles 
and coils. (e, f) Four weeks 
after embolization, the 
remnant liver volume had 
increased to 54%. Extended 
right hepatectomy and 
resection of segment 2 were 
then performed
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54.6.2  Portal Thrombosis and Coil Migration

Portal thrombosis and/or coil migration can occur after 
PVE. Portal thrombosis is the result of excessive or  erroneous 
embolization, and coil migration is usually the result of 
placement of an inappropriately sized coil.

54.6.3  Bile Leakage

There is an increased risk of bile leakage through the portal 
vein puncture line in patients with obstructive jaundice. This 
risk is due to the high pressure and dilatation of the biliary 
tree. When abdominal pain and/or fever is present after 
PTPE, imaging should be performed to check for accumula-
tion of intraabdominal fluid. Paracentesis should be consid-
ered for patients in whom such ascites develops.

54.7  Outcomes of PVE

Performance of PVE before major hepatectomy for hilar 
cholangiocarcinoma was first reported in 1990 [3]. Nagino 
et al. reported the usefulness of PVE in patients undergoing 
extended hepatectomy for cholangiocarcinoma or gallblad-
der cancer [19]. Both the volume of the nonembolized lobe 
and the volumetric ratio of the nonembolized lobe to the 
whole liver were significantly greater after PVE than before 
PVE.  However, 19.6% of their reported patients did not 
undergo subsequent hepatectomy because of tumor progres-
sion during the waiting period or because peritoneal dissemi-
nation, liver metastasis, and/or locally advanced cancer was 
found upon laparotomy. Overall, resectability and long-term 
survival were better among patients with cholangiocarci-
noma than among patients with gallbladder cancer.

Yamashita et  al. reported surgical outcomes after PVE 
performed in patients with HCC, biliary tract cancer, and 
colorectal liver metastasis [20]. In each group, the resulting 
increase in FLR volume was 10%. Major complications 
occurred in 4.7% of patients with HCC, 11% with biliary 
tract cancer, and 3.4% with colorectal liver metastasis and 
did not differ significantly. There was also no significant dif-
ference between these groups in hepatic insufficiency (0%, 
2.3%, and 3.4%, respectively), 90-day liver-related mortality 
(0%, 0%, and 0%, respectively), or 90-day overall mortality 
(0%, 0.8%, and 1.7%, respectively). The planned hepatec-
tomy was not carried out, however, in 5.7% of the HCC 
patients, 21.5% of the biliary cancer patients, and 22.1% of 
the patients with colorectal liver metastasis. This was because 
of tumor progression or poor general status.

Abdalla et  al. compared long-term outcomes between 
patients who did and did not undergo PVE before surgical 

treatment of their various hepatobiliary malignancies [21]. 
No significant survival difference was found between the 
two groups of patients. Similar results were obtained in 
patients with colorectal liver metastasis.

54.8  Beyond the Limitations of PVE: 
Associating Liver Partition and Portal 
Vein Embolization for Staged 
Hepatectomy

As noted above, the planned hepatectomy cannot be per-
formed in about 20% of patients who have undergone 
PVE. This is often because of tumor progression during the 
waiting period. Associating liver partition and portal vein 
embolization for staged hepatectomy (ALPPS) might reach 
beyond the limitations of PVE.

ALPPS has been performed enthusiastically mainly in 
Europe and South America to minimize the waiting period 
associated with PVE [19]. Originally applied in cases of 
bilobar colorectal liver metastasis, ALPPS is performed as 
follows: Tumors in the lateral segment are resected locally. 
The right branch of the portal vein is then ligated and 
divided, and the liver parenchyma is transected on the right 
side of the umbilical portion in segment 4, and the middle 
hepatic vein is ligated and divided. The right hepatic artery 
(RHA) and right hepatic vein (RHV) are preserved. These 
procedures comprise the first-stage surgery, and 7–10 days 
is allowed to pass between the first and second stages. The 
second-stage surgery comprises right hemihepatectomy, 
which is performed by ligation and division of the remnant 
RHA, right hepatic duct, and RHV.  The advantages of 
ALPPS over conventional PVE are accelerated hypertrophy 
of the FLR; the volume gain occurs within 7–10 days. The 
disadvantages of ALPPS are high morbidity and mortality 
rates [21–24].

In an Italian multicenter study, the reported median 
increase in FLR volume was 63% of the original volume 
(60.5% in cases of colorectal liver metastasis, 76.5% in cases 
of biliary cancer, and 56.5% in cases of HCC) over a median 
period of 7 days [23]. However, mortality within 90 days was 
20%, with 70% of the deaths due to post-hepatectomy liver 
failure and 80% to septic shock. In a recent randomized con-
trolled study in which ALPPS was compared with conven-
tional two-stage hepatectomy (TSH), the liver volume 
increase after the first-stage surgery and the rate at which the 
second-stage surgery was completed were significantly 
greater after ALPPS than after TSH (68% vs. 36%, respec-
tively, and 92% vs. 57%, respectively) [24]. No significant 
between-group difference was found in morbidity or 90-day 
mortality (43% vs. 43%, respectively, and 8.3% vs. 6.1%, 
respectively). A meta-analysis comparing ALPPS and TSH 
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has been reported [25]. However, 6–8% surgical mortality 
after hepatectomy is high and not acceptable in Japan, where 
the nationally reported mortality is 2.7% [26]

To overcome the high morbidity rates associated with 
ALPPS, several authors have reported modified ALPPS pro-
cedures. Robles et al. described use of a tourniquet instead of 
partitioning the liver [27] and named their procedure 
 “associating liver tourniquet and portal ligation for staged 
hepatectomy” (ALTPS). In lieu of partitioning the liver, a 
groove 1 cm deep is made along the partition line, and a tour-
niquet is tied tightly enough to occlude all vessels that con-
nect the two lobes. Among their 22 patients, the median 
increase in liver volume 7 days after this first-stage surgery 
was 61%. There was no tumor progression after this first-
stage surgery, but mortality after the second-stage surgery 
was 9%.

Gall et al. reported use of radiofrequency ablation along 
the Rex-Cantlie line in lieu of partitioning the liver, and they 
named this first-stage surgery radiofrequency-assisted liver 
partition with portal vein ligation (RALPP) [28]. They per-
formed RALPP in five patients with colorectal liver metasta-
sis and compared the outcomes against those of patients who 
underwent PVE. The median increase in liver volume was 
significantly greater in the RALPP group than in the PVE 
group (62.3% vs. 24.6%, respectively). The interval between 
the first- and second-stage surgeries was significantly shorter 
in RALPP group than the PVE group (22 days vs. 55 days, 
respectively). The morbidity rate was 20%, but there was no 
mortality at 90 days.

Sakamoto et  al. reported a modification termed partial 
TIPE ALPPS [29, 30]. Partial partition of the liver paren-
chyma along the Rex-Cantlie line is performed instead of 
complete transection of segment 4, and instead of portal vein 
ligation, the right branch of the portal vein is embolized by 
transileocolic approach. The key features of this procedure 
are the no-touch policy regarding the hepatoduodenal liga-
ment designed to avoid adhesion formation that would affect 
the second-stage surgery, partial partition of the liver with 
preservation of the middle hepatic vein and gallbladder, and 
guidance based on digital subtraction images. Volume gain 
of the FLR was 65.9% on day 7 and 70.5% on day 14. The 
interval between the first- and the second-stage surgeries was 
17 days. Partial TIPE ALPPS was shown to increase safety, 
especially that associated with the first-stage surgery. Partial 
TIPE ALPPS can be safely applied even in patients with 
perihilar cancer, which is generally considered a contraindi-
cation for standard ALPPS [30].

Results to date suggest that partial TIPE ALPPS will pro-
vide opportunities for major hepatectomy in patients for 
whom the problem of an insufficient FLR volume cannot be 
resolved by means of conventional PVE or TSH.

 Self Study

 Question

Which of the statements below is true?
 (a) Half of patients who undergo PVE cannot receive subse-

quent hepatectomy due to tumor progression, severe liver 
dysfunction, and/or insufficient increase in liver volume.

 (b) In TIPE, management of the catheter is easier than in 
PTPE, but it is necessary to perform laparotomy with 
general anesthesia.

 (c) Severe pain occurs during injection of the absolute etha-
nol used for embolization.

 (d) Mortality after application of the original ALPPS proce-
dure is less than 5%, and the procedure is very safe.

 Answers

 (a) False. Several authors reported that 20% of patients who 
undergo PVE cannot undergo subsequent hepatectomy.

 (b) True. In TIPE, operation of the catheter is easy, but it is 
necessary to perform laparotomy with general 
anesthesia.

 (c) True. Severe pain occurs after injection due to tissue 
injury, and liver dysfunction develops after emboliza-
tion. In most cases, the pain and liver dysfunction resolve 
within a short time.

 (d) False. The surgical mortality rate after application of the 
original ALPPS procedure is reported to be 5–9% in 
patients with colorectal liver metastasis.
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Endoscopic and Pharmacological 
Treatment of Esophageal Varices
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55.1  Introduction

Bleeding from gastroesophageal varices (GEVs) represents a 
dreadful complication of liver cirrhosis, associated with a 
mortality that, in spite of recent progress, is still in the order 
of 10–20% at 6 weeks [1]. At diagnosis, up to 50% patients 
with compensated cirrhosis and even more with impaired 
liver function have developed GEV [2]. Among patients 
without varices at diagnosis, annual incidence of GEV devel-
opment is about 5–9% [3, 4]; similar is the rate of progres-
sion from small to large varices.

Several scores based on predictors of the risk of first variceal 
bleeding have been proposed in the past, among them the North 
Italian Endoscopic Club (NIEC) score is the most validated and 

widely accepted [5, 6]. This score, developed in the late 1980s, 
is based on three main endoscopic/clinical features, namely 
impairment of liver function (classified according to Child-
Pugh score), size of varices and presence of red colour signs 
over the varices (red wales, red spots, diffuse redness) [5].

High mortality rates observed in patients with variceal 
bleeding are not only due to hemorrhage but also to infec-
tions, acute kidney injury (AKI) and liver failure [7].

Aim of this chapter is to provide an overview on recent 
improvements and latest developments concerning the phar-
macological and endoscopic treatment of esophageal vari-
ces, particularly based on the most robust evidence-based 
findings.

55.2  Pathophysiology and Endoscopic 
Characteristics of Esophageal Varices

Portal hypertension is initiated by an increase in outflow 
resistance from the portal-venous bed, and it is further wors-
ened by splanchnic arterial dilation, which increases portal- 
venous inflow in cirrhosis.

Intrahepatic vascular bed is physiologically at high-flow 
and low-resistance. Hepatic parenchyma is deeply altered in 
cirrhotic patients, thus leading to dramatic increase in vascu-
lar resistance from portal-venous bed. As a results, liver 
releases several vasodilators such as nitric oxide (NO) that 
determines splanchnic arterial dilation and consequently 
portal overflow [8].

Once portal hypertension occurs, a collateral circulation 
develops to return blood to the systemic circulation. This is the 
underlying mechanisms of GEVs development and bleeding.

Clinically, GEVs are classified by location into esopha-
geal and gastric varices.

Esophageal varices are often graded by size as:

• F1: small, straight varices (Fig. 55.1)
• F2: enlarged, tortuous varices, occupying less than one 

third of the lumen (Fig. 55.2)

Key Concepts
• Bleeding from gastroesophageal varices (GEV) 

represents a potentially lethal complication of liver 
cirrhosis. Gastroscopy is the milestone as a screen-
ing test for varices; however, non-invasive elastog-
raphy techniques offer valuable alternatives.

• Non-selective beta-blockers (NSBBs) and terlipres-
sin represent the most commonly used pharmaco-
logical agents for prevention and management of 
acute bleeding, respectively.

• Novel evidence suggest beneficial effects with the use 
of other molecules such as carvedilol or simvastatin.

• Endoscopic band ligation is the most effective 
endoscopic treatment in the setting of either acute 
bleeding and primary/secondary prevention and it 
has nearly completely replaced sclerotherapy in the 
clinical practice.
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• F3: large, coil-shaped varices, occupying more than one 
third of the lumen (Fig. 55.3)

Gastric varices (which are not object of the current chap-
ter) are classified by location into:

• Gastroesophageal varices (GOVs-gastric varices in conti-
nuity with esophageal varices) type 1 (GOV1: along the 

lesser curve) or type 2 (GOV2: along the greater curve 
extending towards the fundus of the stomach).

• Isolated gastric varices (IGVs) type 1 (IGV1: isolated 
cluster of varices in the fundus of the stomach) or type 2 
(IGV2: isolated gastric varices in other parts of the 
stomach).

GOVs (particularly GOV1) are usually associated with 
large esophageal varices.

As previously described, not only the size of esophageal 
varices but also some specific endoscopic features may rep-
resent predictors of bleeding such as white nipples 
(Fig. 55.4) or red wale marks. All of these endoscopic fea-
tures constitute signs of variceal wall weakness, thus claim-
ing for prompt endoscopic prophylactic treatment (see 
below).

55.3  Screening of EVs in Cirrhotic Patients

The gold standard to assess the presence and severity of por-
tal hypertension remains the hepatic venous pressure gradi-
ent (HVPG). However, this invasive procedure is routinely 
performed only in highly-specialized centers and it is not 
completely devoid of potential complications such as hemor-
rhage or infections.

Currently gastroscopy is the milestone as a screening test 
for varices and it is routinely offered once the diagnosis of 
cirrhosis is confirmed because of its excellent diagnostic 
accuracy and potential therapeutic approach [5, 9].

Fig. 55.1 Small varices classified as F1

Fig. 55.2 Enlarged, tortuous varices, occupying less than one third of 
the lumen, classified as F2

Fig. 55.3 Large, coil-shaped varices, occupying more than one third of 
the lumen, classified as F3
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The recent development of non-invasive assessment using 
elastography techniques offers valuable alternatives. The 
rationale of using liver stiffness measurement (LSM) in this 
field is that liver fibrosis is the major trigger of portal hyper-
tension (as previously described) hence measuring non- 
invasively hepatic fibrosis may help to discriminate patients 
at high risk of developing GEVs and first episode of bleeding 
from low-risk subjects [10–12].

As liver disease progresses, the role of extrahepatic fac-
tors (vasoactive molecules) in determining portal pressure 
increase becomes more important. Therefore, as portal 
hypertension becomes more severe, the correlation between 
LS and HVPG is attenuated [13], and in such cases the mea-
surement of spleen stiffness (SS) seems to be more reliable. 
In fact, since the portal vein receives blood from the splenic 
vein, any increase in portal pressure is theoretically transmit-
ted to the spleen with a subsequent increase in intrasplenic 
pressure and related increased stiffness [14].

In a recent meta-analysis correlation coefficient between 
LS and HVPG was 0.783 (95% CI, 0.737–0.823), however 
this coefficient dropped for high values of HVPG 
(HVPG > 12 mmHg) probably due to the aforementioned 
reasons [15]. Summary sensitivity and specificity were 
87% (95% CI 76–94%) and 85% (95% CI, 77–91%), 
respectively, thus indicating good diagnostic performance 
of LSM, with a cut-off value widely ranging from 8.74 to 
25 kPa and an area under receiving operator curve (AUROC) 
of 0.90 [15].

As a result of these new evidences, recent Baveno VI con-
sensus introduced a new statement on cirrhotic patients who 
may safely avoid screening gastroscopy [16]:

• Patients with a liver stiffness <20 kPa and with a platelet 
count >150,000 have a very low risk of having varices 
requiring treatment, and can avoid screening endoscopy 
(level of evidence 1b; grade of recommendation A)

• These patients can be followed up by yearly repetition of 
LSM and platelet count (5;D)

• If liver stiffness increases or platelet count declines, these 
patients should undergo screening gastroscopy (5;D)

Concerning surveillance gastroscopy, the new statements 
(changed from Baveno V) are as following [16]:

• In compensated patients with no varices at screening 
endoscopy and with ongoing liver injury (e.g. active drink-
ing in alcoholics, lack of response in HCV), surveillance 
endoscopy should be repeated at 2 year intervals (5;D).

• In compensated patients with small varices and with 
ongoing liver injury (e.g. active drinking in alcoholics, 
lack of SVR in HCV), surveillance endoscopy should be 
repeated at 1 year intervals (5;D).

• In compensated patients with no varices at screening 
endoscopy in whom the etiological factor has been removed 
and who have no co-factors (e.g. obesity), surveillance 
endoscopy should be repeated at 3 year intervals (5;D).

• In compensated patients with small varices at screening 
endoscopy in whom the etiological factor has been 
removed and who have no co-factors, surveillance endos-
copy should be repeated at 2 year intervals (5;D).

This approach has been validated in several series and 
constitutes the current state of art in the field [17–20].

55.4  Pharmacological Treatment 
in the Prevention and Management 
of Variceal Bleeding

55.4.1  Non-selective Beta-Blockers (NSBBs)

Standard NSBBs (propranolol, nadolol and timolol) decrease 
portal pressure by reducing portal-collateral blood flow 
through reduction of the cardiac index (via beta1-receptor 
blockade) and splanchnic vasoconstriction (via beta2- 
adrenoceptor blockade) [4, 21–23].

Moreover, NSBBs have been shown to exert other benefi-
cial effects in cirrhotics by increasing gut motility and reduc-
ing bacterial translocation thus potentially decreasing the 
rate of infections and their severity, as suggested by some 
recent reports [24–27].

Fig. 55.4 Large esophageal varices with white nipple signs. White 
nipples constitute signs of variceal wall weakness and represent an 
important predictor of bleeding
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While the role of NSBBs in cirrhotic patients has been 
recently questioned in light of the striking results of some 
retrospective studies which concluded that NSBBs are asso-
ciated to decrease survival in subjects with refractory ascites 
(RA) [28] and spontaneous bacterial peritonitis (SBP) [29], 
these findings have been debunked in more recent series and 
two meta-analysis [30–33].

The great debate raised about this topic led to an interest-
ing “window hypothesis” for beta-blocker therapy, in which 
Krag et  al. proposed that beta-blockers improve survival 
within only a narrow window in the natural history of 
 cirrhosis and are either ineffective or harmful outside of this 
window [34]. According to this theory, in advanced cirrhosis 
excessive beta-adrenergic activity suppression determines 
decreased perfusion to vital organs and subsequently 
increased risk for the HRS [1] and end-organ damage [1, 35]. 
However, supporting evidences of this theory are quite dis-
cordant and exactly when the “window” closes is still up for 
debate [36]. The recent meta-analysis published by our group 
and based on 3 randomized controlled trials (RCTs) and 13 
observational studies revealed that overall survival was com-
parable between the two groups (hazard ratio = 0.86, 0.71–

1.03, p = 0.11) and no difference in SPB (odds ratio = 0.78, 
0.47–1.29, p = 0.33) and HRS incidence (odds ratio = 1.22, 
0.48–3.09; p = 0.67) was observed [33]. Therefore, we con-
cluded that NSBBs should not be routinely withheld in cir-
rhotic patients even in presence of ascites and the decision 
should be taken individually [33].

Another source of concern when using NSBBs in cirrhot-
ics is the safety. In fact, beta-blockers are well known to 
determine a number of side effects such as hypotension, bra-
dycardia, rush or fatigue. Interestingly, our meta-analysis 
showed that pooled rate of treatment interruption was 18.6% 
(5.2–32.1%) [33], undoubtedly a non-negligible incidence 
but not that high as previously postulated.

Anyway, a long-term satisfactory hemodynamic response 
(decrease of HVPG to 12 mmHg or below or at least by 20% 
of its baseline value) is only obtained in 33–50% of patients. 
In non-responders, addition of low doses of an NO-donor 
such as isosorbide-5-mononitrate (ISMN) causes an addi-
tional decrease in portal pressure, while increasing side 
effects [37, 38].

The recommended dosages of NSBBs and most frequent 
side effects are listed in Table 55.1.

Table 55.1 Pharmacological agents used in the prevention of variceal bleeding

Drug
Mechanism of action; route of 
administration Dosage Side effects

Propranolol Beta1 and beta2 blocker; oral Start with 10–20 mg twice daily and 
increase the dose every 2–3 days up to 
the maximal tolerated dose
Maximal dose: 320 mg/day

Bradycardia, orthostatic hypotension, 
bronchospasm, erectile dysfunction

Nadolol Beta1 and beta2 blocker; oral Start with 20 mg daily and increase the 
dose every 2–3 days up to the maximal 
tolerated dose
Maximal dose: 160 mg/day

Bradycardia, orthostatic hypotension, 
bronchospasm, erectile dysfunction

Isosorbide- 
mononitrate 
(ISMN)

Nitric Oxide donor; oral Start with 10 mg daily at night and 
increase the dose after 2–3 days up to 
20 mg twice a day
Maximal dose: 40 mg/day

Headache, orthostatic hypotension

Carvedilol Beta-1 and beta-2 blocker with 
intrinsic anti-α1 activity; oral

Start with 3.125 mg twice daily and 
increase the dose every 2–3 days up to 
12.5 mg/day
Maximal dose: 25 mg/day

Arterial hypotension, sodium retention, 
ascites

Terlipressin Long-acting vasopressin analogue
Splanchnic vasoconstriction, 
increase in systemic vascular 
resistance; intravenous

2 mg injection every 4 h for 24–48 h, 
then 1 mg/4 h for up to 5 days
Maximal dose: 8 mg/day for 24–48 h 
4 mg/day thereafter

Abdominal pain, arterial hypertension; 
less than 3% ischaemia (peripheral, 
intestinal or myocardial)

Somatostatin Peptide hormone, inhibits 
glucagon and facilitates 
adrenergic vasoconstriction; 
intravenous

Bolus 250 μg followed by continuous 
i.v. infusion 250–500 μg/h for up to 5 
days
Maximal dose: 500 μg/h

Hyperglycaemia, vomiting

Octreotide Long-acting somatostatin 
analogue; intravenous

Bolus 50 μg i.v., followed by continuous 
i.v. infusion 50 μg/h for up to 5 days
Maximal dose: 50 μg/h

Hyperglycaemia, vomiting

Simvastatin Improves endothelial dysfunction 
and reduces intra-hepatic vascular 
resistance; oral

20 mg once a day
After 2 weeks, increase to 40 mg/day if 
CPK and ALT do not increase over 
twice the baseline values
Maximal dose: 40 mg/day

Elevated aminotransferases
Up to 3% rhabdomyolysis in advanced 
cirrhosis
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55.4.2  Carvedilol

In addition to the aforementioned mechanisms of action of 
NSBBs, carvedilol has an intrinsic anti-α-adrenergic activ-
ity and the potential to release NO. Carvedilol is the sole 
agent to exert a potential effect on the major driver of por-
tal hypertension by decreasing intrahepatic resistance. 
This is why it is more effective in lowering portal hyper-
tension than traditional NSBBs [39, 40]; however, thera-
peutic window is narrower and only low doses are 
recommended.

Of note, a single primary prophylaxis RCT showed that 
carvedilol prevented a first GEV bleeding episode more 
effectively than repeat endoscopic ligation, although this 
requires confirmation in further studies [41].

In conclusion, despite interesting preliminary results, 
carvedilol still remains an option only in specialized centers 
due to the concerns on the safety and the uncertainty on long- 
term effects.

55.4.3  Terlipressin

Terlipressin is a long-acting synthetic vasopressin analogue 
and exerts a significant action as splanchnic vasoconstrictor 
with also systemic circulatory effects, such as increasing 
arterial pressure and systemic vascular resistance, and 
decreasing cardiac output. Due to its long biological activity, 
terlipressin can be administered every 4 h as repeat intrave-
nous injections, although if it is given as a continuous infu-
sion the total dose may be decreased. Due to intravenous 
administration, this agent is only used for short periods, 
which in practice is limited to the treatment of acute variceal 
bleeding (2–5 days) or type-I HRS (1–2 weeks) [42]. Because 
of potential ischaemic and arrhythmic complications, terlip-
ressin should not be used in patients with a history of coro-
nary, cerebrovascular, peripheral or visceral arterial diseases. 
Also, it should be used with caution in elderly and/or hyper-
tensive patients.

55.4.4  Somatostatin and Its Analogues

Somatostatin and analogues (octreotide, vapreotide) cause 
splanchnic vasoconstriction by inhibiting the release of 
vasodilator glucagon and also by a local mesenteric vaso-
constrictive effect [43]. However, the primary mechanism 
may be through blunting of postprandial splanchnic hyper-
emia [44].

While continuous infusion of somatostatin has a mild but 
sustained effect in reduction of portal pressure [45], octreo-
tide does not result in sustained reduction in portal pressure 
due to rapid desensitization [46].

Unlike other vasoactive drugs, somatostatin and ana-
logues have fewer side effects; therefore their use is recom-
mended in patients at higher risk of ischemia.

55.4.5  Simvastatin

Simvastatin decreases intrahepatic vascular resistance result-
ing in vasodilation of liver vasculature in cirrhotic liver; this 
occurs because of upregulation of NO production through an 
enhancement in endothelial NO synthase activity as shown 
recently in both animals and humans [47, 48]. In a placebo- 
controlled double-blind RCT of 59 patients, 1-month simvas-
tatin administration was associated with a significant reduction 
in HVPG 8%, with 32% of hemodynamic responders. These 
effects were additive with those of beta-blockers [48].

A recent RCT compared the addition of simvastatin ver-
sus placebo in patients receiving standard therapy (ligation 
and drugs) and, although it showed a lacking effect on recur-
rent variceal hemorrhage, it showed a beneficial effect on 
survival [49].

55.5  Endoscopic Treatments of Esophageal 
Varices

55.5.1  Sclerotherapy

Sclerosants are chemical agents able to induce sclerosis 
when injected in or around the varices. Several agents have 
been used for long time in human medicine to induce phlebi-
tis and thrombosis of varices with subsequent obliteration. In 
many western countries polidocanol is commonly adopted 
for control of variceal hemorrhage. The type of needle used 
is usually 23  G or 25  G and injections can be made into 
(intravariceal injection) or around the varices (paravariceal 
injection) [50]. For the intravariceal technique, the first injec-
tion is usually made just below bleeding site in the varix. 
Subsequent injections are made at all varices around gastro-
esophageal junction. Proximal injections are made at 2 cm 
intervals up to 5–6 cm from gastroesophageal junction.

Usually treatment is repeated at 1–3 week intervals until 
obliteration and then every 3 months.

Most commonly observed complications are chest pain 
(about 10%), ulcers (20–60%), strictures (mostly asymptom-
atic, in up to 40% of cases) [51]. Risk of rebleeding is 
15–50% in first 24 h. Other rare complications include perfo-
ration, mediastinitis, pericarditis, pneumothorax, spinal cord 
paralysis and mesenteric vein thrombosis [51].

Therefore, due to the high rate of potentially severe com-
plications, sclerotherapy is generally restricted to the very 
uncommon situation where variceal ligation is not techni-
cally feasible.
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55.5.2  Endoscopic Variceal Band Ligation 
(EVBL)

EVBL is cornerstone for the endoscopic management of 
esophageal varices, both in the case of acute bleeding and as 
prophylaxis. Variceal ligation results in ischemic necrosis of 
banded tissue and thrombosis of varices (24–48 h).

The band ligator is attached to the shaft of endoscope. 
After advancing the endoscope towards the varix which needs 
to be banded, suction is applied till “red out” occurs and then 
the band is fired. It is important at this point not to release 
suction until after a band has been successfully applied. This 
is required to minimize the risk of iatrogenic bleeding. The 
bands are placed in distal 5 cm of esophagus in spiral fashion 
from the gastro-esophageal junction and moving upwards.

Final results are shown in Fig. 55.5.
Since early 1990s EVBL has been found to be supe-

rior and safer to endoscopic injection sclerotherapy for 
active variceal bleeding [52]. These findings were con-
firmed in several subsequent series and recent meta-
analyses [53, 54].

The incidence of post-banding ulcer bleeding is 2.6–7.3% 
[55]. Less frequent complications are chest pain, infections, 
and strictures.

55.5.3  Other Endoscopic Treatments

Sengstaken-Blakemore tube, originally described in the 
1950s, represents still an useful device in the case of severe 
bleeding able to buy time for patients who will need a more 

definitive treatment such as transjugular intrahepatic porto-
systemic shunt (TIPS).

Based on the same principle, over the last 5 years several 
studies have demonstrated the feasibility of controlling 
active bleeding from esophageal varices with an endoscopi-
cally placed stent in the esophagus. Initial bleeding control 
rates of 80–90% have been reported with minimal side 
effects [56]. Also, the stent placement can occur at the bed-
side and can come handy as a rescue therapy. The stent can 
be easily removed after 7 days.

TC-325 (Hemospray®, Cook Medical, Winston-Salem, 
North Carolina, USA) is a haemostatic powder which, when 
put in contact with moisture (e.g., blood or tissue) in the gas-
trointestinal tract, becomes cohesive and adhesive forming a 
mechanical barrier that adheres to and covers the bleeding 
site, achieving very rapid haemostasis [57]. After approxi-
mately 24 h, the adherent layer subsequently sloughs off into 
the lumen from the mucosal wall and is eliminated [57].

Using a delivery system dedicated to endoscopic applica-
tions, it has been shown to be effective in peptic ulcer bleed-
ing [57, 58], tumour-related bleeding [59] and patients with 
lower gastrointestinal bleeding [60]. Hemospray® mainly 
serves as a bridge towards more definitive endotherapy, with 
no major adverse events or device-related mortalities. 
Furthermore, this therapy offers an interesting option for 
transient haemostasis that does not require specific expertise 
in therapeutic endoscopy.

Following interesting results of several pilot studies and 
case reports [61–64], a recent RCT randomized 86 cirrhotic 
patients with acute variceal bleeding to either immediate 
endoscopy with haemostatic powder application within 2 h 
of admission, followed by early elective endoscopy on the 
next day or to early elective endoscopy only (control group) 
[65]. Out of 43 patients in the study group, 5 required rescue 
endoscopy versus 13  in the control group (p  =  0.034), 
whereas 6-week survival was significantly improved in the 
study group (7% vs. 30%, p = 0.006) [65].

55.6  Overall Management of Esophageal 
Varices

55.6.1  Primary Prophylaxis

In patients who do not have gastroesophageal varices, a large 
multicenter RCT showed no differences between placebo 
and NSBBs in the prevention of varices [4]. Therefore, no 
specific treatment for portal hypertension is recommended in 
this setting.

Patients with varices at screening gastroscopy need to be 
stratified by the risk of hemorrhage into (1) high-risk patients, 
i.e., those with medium/large varices or those with small 
varices that have red wale signs, or in Child C stage; and (2) 
low risk patients, i.e. those with small varices without red 
wale signs or occurring in a Child A or B patient [66].

Fig. 55.5 Results of endoscopic band ligation of F3 esophageal 
varices
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In patients with medium/large varices, quality trials have 
shown that NSBBs are as effective as EVBL in preventing 
first variceal hemorrhage [67, 68], and the recommendation 
is to use therapy based on local resources, expertise and 
patient preference [16].

In patients with high-risk small varices the mainstay of 
treatment is NSBB because technically performing EBVL in 
these varices may be challenging (although there is no clear 
evidence for this).

In patients with low-risk small varices, there is limited 
evidence that shows that their growth may be slowed by the 
use of NSBB [69]. Therefore, the use of NSBB in this setting 
is considered optional and should be discussed with the 
patient.

Carvedilol is more effective than traditional NSBB in 
reducing HVPG but has not been adequately compared head- 
to- head to traditional NSBB in clinical trials [16].

55.6.2  Acute Bleeding

Acute variceal hemorrhage is a medical emergency requiring 
intensive care. The basic medical principles of airway, 
breathing and circulation are followed to achieve hemody-
namic stability. Blood transfusion is done conservatively for 
a target hemoglobin level between 7 and 8  g/dL because 
excessive blood volume restitution can increase portal pres-
sure [70, 71]. Recommendations regarding management of 
coagulopathy and thrombocytopenia cannot be made on the 
basis of currently available data, and management should be 
individually adopted [16].

Antibiotic prophylaxis is an integral part of therapy for 
patients with cirrhosis presenting with upper gastrointestinal 
bleeding and should be instituted from admission [16]. 
Intravenous ceftriaxone 1  g/24  h or quinolones should be 
considered as first-line empirical therapy [72].

Safe vasoactive drugs are started as soon as possible, prior 
to diagnostic endoscopy. Endoscopy is done as soon as possi-
ble and not beyond 12 h after presentation. If a variceal source 
is confirmed, EVBL is the procedure of choice, but sclero-
therapy is an option when EVBL is technically difficult [16].

TIPS is recommended in patients who fail standard com-
bination therapy with endoscopic and pharmacological ther-
apy, however salvage TIPS is accompanied by a very high 
mortality. Predictors of failure are Child class C, 
HVPG > 20 mmHg and active bleeding at endoscopy [66].

The use of early (pre-emptive) TIPS (within about 48 h of 
admission) in patients at high risk of failing standard therapy 
has been shown to reduce mortality [73]. These patients are 
specifically those who are Child C or are Child B with active 
hemorrhage at the time of diagnostic endoscopy. In these 
patients it is recommended to consider early preemptive 
TIPS, while all others should continue standard therapy with 
vasoactive drugs continued for 2–5 days depending on con-
trol of bleeding and severity of liver disease [16, 66].

Balloon tamponade or novel stents are only used as a tem-
porary measure to control bleeding while a definitive therapy 
(TIPS or endoscopic therapy) is planned.

55.6.3  Secondary Prophylaxis

Given the high risk of rebleeding in patients who survive an 
episode of variceal hemorrhage (up to 60%), secondary pro-
phylaxis is an essential part of the management of these 
patients.

Secondary prophylaxis with NSBBs should be started as 
soon as the intravenous vasoactive drug is discontinued.

Studies comparing pharmacological therapy (NSBB plus 
ISMN) vs. EVBL show no differences in recurrent hemor-
rhage, but there is a suggestion of a beneficial effect on sur-
vival with pharmacological therapy in the long term [74, 75]. 
The combination of pharmacological (NSBB alone or 
NSBB + ISMN) plus EVBL is associated with lower rebleed-
ing rates than either therapy alone and constitutes the treat-
ment of choice [76].

In patients who experience recurrent variceal hemorrhage 
despite the combination of pharmacologic and endoscopic 
treatment, TIPS should be provided [77].

55.7  Conclusions

In the last two decades significant advances in the field of 
portal hypertension have improved the clinical care and sur-
vival of patients with cirrhosis and esophageal varices. In 
addition to better treatment strategies and improved thera-
peutic options, the issue of risk stratification has become 
more important so that, within each clinical stage, different 
patient subpopulations have been identified that require a dif-
ferent management. Finally, impact of novel effective antivi-
ral treatments are likely to have a significant impact on the 
natural course of cirrhosis, hence also on the risk of variceal 
bleeding. Clearly, further research is necessary to explore 
new pharmacological options that would allow a majority of 
patients to be hemodynamic responders, thereby foregoing 
the need for HVPG measurements and even the need for 
endoscopic therapy.

 Self Study

 Questions

 1. Which statement is true?
 (a) Non-selective beta-blockers (NSBBs) are less effec-

tive than endoscopic variceal band ligation (EVBL) 
as primary prophylaxis of variceal bleeding.

 (b) NSBBs are usually prescribed in monotherapy as sec-
ondary prophylaxis of variceal bleeding.
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 (c) NSBBs are as effective as EVBL in primary prophy-
laxis of variceal bleeding.

 (d) a, b.
 2. Which statement is true?

 (a) According to Baveno VI criteria, screening gastros-
copy is indicated in all cirrhotic patients.

 (b) According to Baveno VI criteria, screening gastros-
copy is not indicated in patients with a liver stiffness 
<20 kPa and with a platelet count >150,000.

 (c) According to Baveno VI criteria, screening gastros-
copy is contraindicated in cirrhotic patients.

 (d) None of the above.

 Answers

 1. Which statement is true?
 (a) NSBBs lead to similar results as EVBL in primary 

prophylaxis of variceal bleeding. In the case of small 
varices NSBBs are usually preferred as EVBL may 
appear challenging in this subset of patients.

 (b) Cornerstone of secondary prophylaxis of variceal 
bleeding is the association of NSBBs and EVBL.

 (c) Randomized controlled trials and meta-analyses 
showed that association of NSBBs and EVBL is not 
superior to NSBBs alone in primary prophylaxis of 
variceal bleeding-CORRECT.

 2. Which statement is true?
 (b) According to Baveno VI criteria gastroscopy is not 

indicated in patients with a liver stiffness <20 kPa and 
with a platelet count >150,000-CORRECT.
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56.1  Introduction

Balloon-Occluded Transvenous Retrograde Obliteration 
(BRTO) is a minimally invasive, image-guided procedure in 
which occlusion of gastric varices and its pathological porto-
systemic shunt, is achieved with sclerosants, embolic agents, 
and more recently, combinations of plugs and coils [1–4]. 
The procedure has been developed in Asia for more than two 
decades and now emerging globally as an important adjunct 
to currently available treatment options for gastric varices 
with spontaneous gastrorenal or gastrocaval shunt. In addi-
tion, it may provide additional benefits including treatment 
of overt hepatic encephalopathy and improvement in hepatic 
synthetic function [3–6]. Although there is no official guide-
line, BRTO is currently accepted with several indications. It 
is primarily performed on patients requiring secondary pre-

vention of recurrent gastric variceal bleeding but has also 
found a place in primary prophylaxis of gastric variceal hem-
orrhage (common in Japan and South Korea), and bleeding 
ectopic varices with gastrorenal or gastrocaval shunt [7, 8].

The current concept of BRTO is much older than most 
may realize. Thought to have been theorized as far back as 
the 1970s, it was first documented by Olson et al. at Indiana 
University in 1984 [9]. That case report described a novel 
intervention for the treatment of bleeding gastroesophageal 
varices in patients with spontaneous gastrorenal shunts, uti-
lizing a combination of ethanol sclerosant, coils, and balloon 
catheter. Two previous attempts to treat that patient’s esopha-
geal and gastric varices with coils alone had proven unsuc-
cessful. The major factor preventing complete treatment in 
those failed two episodes was thought to be the large outflow 
tract created by the spontaneous gastrorenal shunt, which 
enabled subsequent enlargement of any remaining varices 
within the larger shunt [9]. Beyond the work of Olson and his 
colleagues, BRTO did not gain much favor in North America 
and Europe for another 25 years. It was not until the work of 
Kanagawa et al. in Japan in the early 1990s that the proce-
dure began to generate significant interest. It has been 
hypothesized that one of the main reasons for this disinterest 
in the West stems from the concurrent development and 
advancement of the Transjugular Intrahepatic Portosystemic 
Shunt (TIPS) procedure in those years, with Eastern and 
Western practices differently focusing on BRTO and TIPS, 
respectively [6, 8, 10, 11].

The Western approach has consistently favored TIPS, and 
it has been argued that this focus stems from an overall 
approach to varices as a symptom of elevated portal pres-
sures, rather than a focus on addressing varices indepen-
dently from the underlying portal venous hypertension. 
Specifically, the Western approach tends to prioritize decom-
pression of the portal venous system as the primary means of 
treating varices, whereas the Eastern approach favors directly 
intervening as varices arise [6, 11, 12]. Modern BRTO was 
resurrected by Kanagawa and colleagues in Japan, in August 
1990, and culminating in the 1996 publication “Treatment of 
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Gastric Fundal Varices by Balloon-Occluded Retrograde 
Transvenous Obliteration” [4]. Since that time, it has been 
widely adopted in Japan and Korea and is progressively 
becoming accepted in the West as an important addition to 
current treatment options for patients with portal hyperten-
sion and gastric varices [6, 8, 11].

56.2  Techniques and Outcomes of BRTO

56.2.1  Patients

Currently, the primary patient population for BRTO or modi-
fied BRTO procedure is cirrhotic patients with portal hyper-
tension, of which alcoholic cirrhosis, hepatitis C, and 
non-alcoholic steatohepatitis constitute the majority of con-
tributing etiologies [8, 13, 14]. As the liver gets cirrhotic, its 
ability to perform both synthetic and anabolic functions 
begin to falter. Portal hypertension in the context of cirrhosis 
is frequently a chronic, progressive condition, leading to a 
variety of adverse outcomes [5, 15–18]. In addition to the 
inherent decline in liver functioning and subsequent adverse 
outcomes, portal hypertension frequently leads to the devel-
opment a spontaneous portosystemic shunt (SPSS), connect-
ing with esophageal varices or less commonly, gastric varices 
[5, 19]. Portal blood seeks the outflow tract of least resis-
tance and can lead to SPSS with gastrorenal, gastrophrenic, 
or gastrocaval shunt, along with combinations thereof [48]. 
Both esophageal and gastric varices are prone to hemor-
rhage. In addition, the gastric varices (GV) are challenging 

to treat endoscopically due to its location in gastric fundus 
which is technically more challenging [20]. Also, these 
shunts frequently form large vascular spaces with multiple 
inflow and outflow tracts, prompting the development of 
novel occlusion and obliteration therapies. GV bleeding 
(GVB) is a significant, life-threatening complication of por-
tal hypertension [16, 21–24]. While GVB occurs less fre-
quently than esophageal varices (EV), they are known to 
occur at lower portal pressures and are associated with sig-
nificant mortality. Patients with gastric varices require sig-
nificant medical resources. They frequently necessitate the 
involvement of multiple specialties; endoscopic treatment is 
attempted initially but is often insufficient in these patients 
[16, 21–24]. In the US, the primary treatment for patients 
who fail to respond to endoscopic ligation or banding of vari-
ces is TIPS. However, TIPS has its own set of inherent risks 
and limitations, and while it has been found to be an effective 
treatment for esophageal varices, outcomes for gastric vari-
ces have been mixed [11, 25, 26]. The details on TIPS are 
described in a different chapter.

56.2.2  Outcomes of BRTO

BRTO has proven itself to be a reliable and efficacious ther-
apy for treatment of gastric varices (GV) (Table 56.1). Unlike 
esophageal varices, which are more common, GVs are known 
to bleed in the absence of markedly elevated portal pressures 
and additionally confer high levels of mortality relating to 
significant blood loss [8, 27–30]. A recent meta- analysis by 

Table 56.1 A summary of BRTO for gastric variceal bleeding

Authors
Study 
design

Treatment 
received N

Technical 
success rate (%)

Obliteration 
(%)

Sclerosant 
type

Rebleeding 
(%)

1-Year 
mortality (%)

Chu et al. (2018) [43] Retro BRTO 142 90–96 95–96 EO or STS 1.3–3.8 
(1 year)

–

Kobayakawa et al. (2017) [42] Pros BRTO 45 100 93 5% EO 0 –
Chang et al. (2016) [48] Retro PARTO 19 95 95 Gelfoam 0 15
Gwon et al. (2015) [44] Pros PARTO 73 100 99 Gelfoam 0
Lee et al. (2014) [3] Retro CARTO 20 100 100 Gelfoam 0 5
Gwon et al. (2013) [1] Retro PARTO 20 100 100 Gelfoam 0 –
Jang et al. (2012) [57] Retro BRTO 183 97 52 5% EO 21 14
Sabri et al. (2011) [50] Retro BRTO 22 91 89 3% STS 0 –
Kasuga et al. (2010) [65] Pros BRTO 21 95 100 5% EO 0 10
Akahoshi et al. (2008) [37] Pros BRTO 68 93 97 5% EO 14 4 (3 years)
Cho et al. (2007) [20] Pros BRTO 49 84 80 5% EO 0 17
Hiraga et al. (2007) [66] Pros BRTO 34 97 91 5% EO 3 10
Ninoi et al. (2005) [59] Pros BRTO 78 87 95 5% EO 2 7
Kitamoto et al. (2002) [67] Pros BRTO 24 96 88 5% EO 9 4
Chikamori et al. (2001) [68] Pros BRTO 52 – 100 5% EO 0 8
Hirota et al. (1999) [40] Pros BRTO 20 100 75 5% EO – 5 (3 years)
Kanagawa et al. (1996) [4] Pros BRTO 32 100 97 5% EO 0 –
Koito et al. (1996) [69] Pros BRTO 30 100 100 5% EO 10 –

BRTO balloon-occluded retrograde transvenous obliteration, CARTO coil-assisted retrograde transvenous obliteration, PARTO plug-assisted retro-
grade transvenous obliteration, GV gastric varices, Pros prospective study, Retro retrospective study
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Park et al. in 2014 reviewed 24 uncontrolled studies, includ-
ing 23 retrospectives and one prospective study, evaluated the 
clinical success of the procedure, defined as no recurrence or 
rebleed of gastric varices [8]. They further expanded this suc-
cess rate to include complete obliteration of gastric varices 
observed at any point post-procedure and found that the 
pooled clinical success rate was nearly 98% [8].

Failure to achieve obliteration of varix, while uncommon, 
can be characterized based on several specific issues [8]. 
First, the gastrorenal shunt may not be fully occluded by the 
balloon-catheter, either due to the size of a shunt, or rapid 
flow around the balloon. Due to reports of failure based on 
high flow shunts, some authors have suggested partial embo-
lization of the outflow tract, typically the renal vein, in 
advance of the BRTO procedure. Secondly, tortuous shunts, 
comprised of highly complex variceal complexes with mul-
tiple in- or outflow tracts, may preclude the possibility of 
complete obliteration. Lastly, insufficient volume of scle-
rosant has been thought to be a common cause of incomplete 
obliteration. These three causes of incomplete obliteration 
are frequently encountered together and have continued to 
spur further evolution of the BRTO procedure.

56.2.3  BRTO vs. Endoscopic Treatment

At present, the standard of care for GVB in the US is typi-
cally endoscopic banding or injection of N-butyl-2- 
cyanoacrylate glue [31–36]. A 2009 study by Hong et  al. 
compared the outcomes of GVB treatment with endoscopic 
treatment vs. BRTO in Korean patients with high risk GV 
[35]. High-risk was defined as greater than or equal to 5 mm 
in diameter, GV with red spots, or GV with Child-Pugh liver 
cirrhosis rating of B or C. They found that endoscopic treat-
ment and BRTO had similar therapeutic efficacies. However, 
there was an interesting difference in technical success and 
occurrence of rebreeding. For those patients treated with 
endoscopic treatment, 100% achieved technical success, 
while those receiving BRTO only achieved 76.9%. Significant 
rebleeding occurred in 71.4% of the endoscopy treated 
patients, but only 15.4% of the BRTO patients [35]. BRTO 
further proved to be an effective rescue treatment for those 
previously treated GVB. Park and colleagues found that all 
patients treated with rescue BRTO due to rebleeding after 
initial endoscopic treatment achieved technical success and 
had no rebleeding events during the median follow-up period 
of 17 months [8]. Park and colleagues concluded that while 
both therapies have somewhat similar efficacies, BRTO has a 
unique role as a rescue treatment for those GVB patients 
experiencing rebleeding events [8]. They note that this results 
in large part due to the difficulty of repeat endoscopic glue 
injection due to glue polymerization.

56.2.4  Conventional BRTO: Technique

The first modern description of the procedure, as noted by 
Kanagawa and colleagues in the early 1990s, involved 
insertion of a balloon catheter into the outflow tract (e.g., 
gastro- renal shunt) of the target gastric varix or variceal 
complex via a transfemoral approach [4, 13, 20, 37–40]. 
The balloon was then inflated to block outflow. Then, retro-
grade venography was conducted to assess the shunt and 
gastric varices and its in- and outflow tracts and collateral 
vessels. They also used this venography to determine the 
amount of sclerosant needed to apply, which corresponded 
to 6–60  mL of ethanolamine oleate (EO). The sclerosant 
utilized in this first manuscript was a 5% EO and remained 
behind the occlusion balloon, exerting its effect on the 
shunt and gastric variceal vascular tissue, for 30  min to 
hours. After this time, the balloon catheter was removed [4, 
13, 20, 37–40]. The procedure described by Olson et al. in 
1984 utilized a very similar methodology, with the excep-
tion that absolute alcohol instead of EO was used as the 
sclerosant [9].

It should be noted that EO has the potential to cause 
hemolysis and renal insufficiency. It is for this reason 
that balloon occlusion is necessary for the conventional 
BRTO. Balloon occlusion does not, however, prevent all 
EO from escaping the variceal complex and circulating 
systemically. To prevent the leak of EO causing hemoly-
sis, haptoglobin has been prophylactically utilized (hap-
toglobin is an agent that binds free hemoglobin and 
functions as an antidote to the rapid hemolysis that may 
be observed by extravasation of sclerosant). Haptoglobin, 
while commercially manufactured and clinically avail-
able in Japan, was not available to Western clinicians, 
likely contributing to the weariness with which US clini-
cians view sclerosant such as EO. Patients were adminis-
tered 4000  U of haptoglobin peripherally, prior to the 
BRTO procedure [2, 6, 8, 20].

When a sclerosing agent is used, its ability to remain 
within the vessel or tissue of interest is paramount. 
Distribution within the circulatory system or extravasation 
within adjacent tissues has the potential to cause serious 
adverse reactions (AE) ranging from incomplete obliteration 
to anaphylaxis [2, 6, 8, 20]. With respect to BRTO, stasis of 
the sclerosant within the SPSS and gastric varices is achieved 
with the help of an occlusion balloon that effectively blocks 
flow [2, 6, 8, 13, 20, 41]. Despite this, many BRTO patients 
experience some form of AE, including fever, hematuria, 
hemolysis somewhat more common than back or abdominal 
pain [8, 42]. Presently a variety of adjunct tools are imple-
mented, including both plugs and coils, enabling and 
 improving obliteration of more complex variceal systems [2, 
5, 43, 44].
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56.2.5  The Occlusion-Balloon: Dwell-Time 
and Rupture

While BRTO does exhibit significant improvement in both 
technical and clinical success, it does have a number of 
important complications and limitations [13, 44]. Some of 
these complications and limitations are due to using an 
indwelling balloon for shunt occlusion. First, significant bal-
loon dwell-time is required to achieve adequate stagnation of 
the sclerosant and avoid leakage into the systemic circula-
tion. Studies have found that balloon dwell-time varies 
widely from several hours to greater than 24 h [2, 45, 46]. 
Dwell-time is ultimately left to the operator’s clinical judge-
ment but has generally been found to correlate with the over-
all size of the varices [46]. Length of dwell-time can be 
further determined based on the ability to aspirate blood 
freely through the balloon catheter along with sclerosant, 
indicating incomplete thrombus formation. In this scenario, 
the balloon catheter would remain inflated and additional 
sclerosant is often added to ensure complete obliteration of 
the gastrorenal shunt [46].

A 2007 study by Cho et  al. investigated clinical and 
technical outcomes of 49 BRTO patients. The authors 
found that procedure times ranged from 30 to 120 min and 
included 5–20 min of fluoroscopy time, which varied with 
the complexity of the variceal complex [20]. More recent 
studies examining total balloon dwell-time in US patients 
have documented subsequent balloon catheter dwell-times 
ranging from 4 to 24 h [47]. While these methods do vary 
considerably, the resources required post-procedure are 
highly variable as well [47]. The dwell time or wait time 
involves waiting for the formation of a thrombus in the 
gastric varices and can be done either in the ED or wards 
from which the patient was referred or with an ICU admis-
sion, depending on the institutional policies. In the past, 
overnight inflation was the standard of care at many 
Western institutions. More recently, however, US clini-
cians have engaged to limit this recovery time, not only to 
reduce costs but also to reduce the risk of complications 
from indwelling catheters [47].

BRTO Balloon rupture is also a serious concern when 
attempting BRTO.  Although the procedure has been con-
tinuously refined over the past three decades, a small num-
ber of BRTO patients experienced this complication [43]. In 
2018 Chu et  al. examined 142 BRTO procedures from 
January 2002 to June 2015 and found that six patients with 
a balloon rupture [43]. It should be additionally noted that 
while rupture has been hypothesized to occur after various 
insults, ranging from interaction with sclerosant to insuffi-
cient physical characteristics, it is a process that is not fully 
understood [43].

56.2.6  Sclerosants and Transvenous 
Obliteration

The concept of using sclerosant for the obliteration of varices 
is neither new nor novel. Beginning in the 1970s, various pub-
lished reports detail percutaneous transhepatic obliteration 
(PTO), which is the antegrade counterpart of the retrograde 
BRTO approach. Early work also pursued obliteration from a 
variety of approaches, including coils, gelfoam, and scle-
rosants ranging from dextrose and thrombin to ethanol [5, 6, 
13, 48, 49]. Based on ability to cause sclerosis of vasculature, 
ethanol would be the ideal candidate for interventional proce-
dures requiring transvenous obliteration. It cannot, however, 
be mixed or satisfactorily bound to a contrast agent that would 
enable monitoring of its distribution. As such, ETOH was rap-
idly discarded in favor of more novel compounds that could 
necessarily function as sclerosants while also facilitating visu-
alization through modern imaging modalities.

When the procedure was revived in the early 1990s, it was 
done with ethanolamine oleate, a sclerosant most Western 
clinicians had never encountered. Ethanolamine oleate (EO), 
typically mixed with lipiodol, has now been used in BRTO 
for more than two decades [20, 49]. However, EO has several 
important potential adverse reactions that continue to con-
cern physicians in the West. Major complications range from 
hemolysis, hemoglobinuria, and kidney injury to anaphy-
laxis [20, 40, 49]. Therefore, different sclerosing agents were 
evaluated in the West. Often known by its trade name 
Sotradecol, sodium tetradecyl sulfate (STS) is also a widely 
used sclerosant for BRTO, available in liquid and foam 
forms. Foam types of a sclerosing agent, such as STS, are 
thought to be more effective as they are likely better able to 
coat the endothelium of varix better than liquid, which more 
readily washes away. They are typically prepared in an 
institution- specific ratio of 3% STS, contrast media, and 
room air [2, 49, 50]. It has shown to be an effective scle-
rosant, capable of venous obliteration in conditions as varied 
as lower extremity varicose veins and varicocele [51, 52]. 
STS has been shown to obliterate GV and shunts with 
reduced AE associated with EO [49].

It should be noted that other non-sclerosing agents are 
also becoming popular adjuncts for the obliteration of spon-
taneous portosystemic shunts, embodied in so-called modi-
fied BRTO procedures [3, 5, 44]. In recent years, gelfoam 
has established itself as an effective embolizing agent in both 
PARTO (Vascular Plug-Assisted Retrograde Transvenous 
Obliteration) [1, 44] and CARTO (Coil-Assisted Retrograde 
Transvenous Obliteration) [3, 5]. The gelfoam itself  functions 
as a matrix precipitating formation of thrombus, through vas-
cular spasm, platelet agglutination, and ultimately, the for-
mation of an occlusive thrombosis (Fig. 56.1).
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56.3  Modified BRTO

56.3.1  PARTO

Plug-assisted BRTO or PARTO, as it is commonly known, is 
a more recent improvement on the decades-old BRTO proce-
dure that employs vascular plugs rather than balloon occlu-
sion to facilitate obliteration of the SPPS, along with the 
added benefit of faster recovery with no waiting period for 
balloon dwell-time [1, 44]. Vascular plugs have been 
employed for the obliteration of vascular malformations for 
nearly two decades and have been shown to effectively treat 
a variety of conditions ranging from pulmonary AV malfor-
mation to large retroperitoneal shunts, making them ideal for 
transvenous obliteration of SPPS [51, 53, 54]. Another sig-
nificant advantage of PARTO is the absence of sclerosants. 
Ethanolamine oleate and STS, the two most commonly used 
transvenous sclerosants are known to have significant 
adverse effect profiles and may induce complications as 
described above [2, 44, 48, 49]. As such, gelatin, foam, or 
combination compounds, with dramatically improved safety 
profiles, may be used. This means that unlike BRTO, clini-
cians performing PARTO do not need to wait for sclerosis of 
efferent veins in larger GV or SPPS formations [44, 55]. 

Finally, the most advantageous aspect of the PARTO proce-
dures is that it can be performed and completely obliterate 
GV in a single, one-time procedure, avoiding the risks asso-
ciated with additional interventions [2, 44, 48, 49, 55]. As 
with BRTO, PARTO does introduce the potential for recur-
rence or worsening of esophageal varices. However, these 
are thought to be treated best with close observation and 
endoscopic ligation as necessary [2, 44, 48, 49].

The first publication describing PARTO and its outcomes, 
from Gwon and colleagues in 2013, reported successful 
obliteration via induction of thrombosis in gastrorenal shunt 
and GV in 20 patients [1]. The study, while only involving 20 
patients, demonstrated the technical success of the plug- 
assisted procedure and did so without the dwell-time required 
by conventional BRTO [1]. Gwon reported a mean procedure 
time from vascular plug placement to vascular plug detach-
ment of 22 min with a range of 10–84 min, demonstrating a 
dramatic reduction in overall procedure time. Gwon 
employed a gelatin sponge-foam along with vascular plugs 
and achieved both 100% clinical and technical success rates. 
In 2015, Gwon and his colleagues reinforced this data with a 
prospective multicenter study that found a greater than 98% 
success rate with no recurrent GVB or hepatic encephalopa-
thy [44]. Follow-up CT on these patients found marked 
shrinkage or total obliteration of GV or SPPS with no cases 
of variceal bleeding in all patients. Again, showing a pro-
gressive refinement of the procedure with improving out-
comes [44].

56.3.2  CARTO

In recent years, there has been a need to improve upon the 
BRTO or PARTO because of several fundamental limita-
tions. First, larger gastrorenal shunts/SPSS have proven to be 
a challenge for PARTO. Higher rates of blood flow found in 
these larger vascular spaces make occlusion with the mesh 
plugs challenging to achieve. Size is also an issue. Plugs are 
not currently available in diameters larger than 22  mm, 
which are capable of occluding shunts no larger than 18 mm 
[2, 3, 5]. Although the use of multiple, overlapping plugs has 
been considered, they likely would not result in complete 
occlusion. It has also been noted that the complex course of 
the IVC-renal vein shunt presents the additional challenge of 
advancing the relatively larger sheath required to deploy vas-
cular plugs [5]. Because of these limitations, the CARTO 
procedure has recently come to fill the need for occlusion of 
more complex SPSSs. CARTO or Coil-Assisted retrograde 
transvenous obliteration maintains the original BRTO goal 
of retrograde transvenous occlusion but does so with detach-
able coils rather than plugs, the initial improvement over the 
use of an occlusive balloon [2, 3]. In practice, detachable- 
coils are placed to occlude the efferent shunt (outflow track), 

Fig. 56.1 A radiographic illustration of CARTO. Large gastric varices 
(white arrows) and gastro-renal shunt (black arrowheads) are com-
pletely embolized and obliterated with gelfoam. The outflow track of 
gastro-renal shunt is embolized with multiple coils (black arrow) to 
replace an indwelling balloon in BRTO to ensure no gelfoam leaks into 
the systemic circulation. The white arrowheads denote gastric fundus
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and retrograde gel-foam embolization is used to achieve 
thrombosis. This enables the occlusion of larger shunts with 
permanent obliteration. CARTO provides the resource sav-
ings of PARTO, which includes decreased care related to 
balloon dwell-time, but with the ability to tackle more exten-
sive and complex gastrorenal shunts with complete and per-
manent occlusion [3, 5].

CARTO can additionally be separated into two 
approaches, designated as CARTO I and CARTO II. CARTO 
I is performed similarly to PARTO, with coils substituting 
for a vascular plug while CARTO II can be described as hew-
ing to the standard BRTO approach [2]. An occlusion bal-
loon is introduced into the gastrorenal shunt, with multiple 
coils advanced and deployed through the balloon catheter. 
The occlusion balloon is removed after complete obliteration 
has been attained [2]. For the purposes of this chapter, 
CARTO will indicate CARTO I, the balloon-less procedure.

From a technical perspective, CARTO has demonstrated 
an ability to effectively treat larger and more complex 
SPSS. Lee et al. studied 20 patients receiving CARTO from 
2012 to 2013 and examined the incidence of post-PARTO 
variceal bleeding, finding that all 20 patients achieved clini-
cal success without subsequent variceal bleeding, with a 
mean duration of 2.82 ± 0.56 h [3]. CARTO has the potential 
to produce outcomes comparable to PARTO and BRTO with 
the ability to obliterate larger and more complex gastrorenal 
shunts.

56.4  More Indications for BRTO

56.4.1  BRTO, PARTO, CARTO: Hepatic 
Encephalopathy and Synthetic 
Function

BRTO and modified BRTO have additional benefits relat-
ing to hepatic reserve that highlight their markedly differ-
ent approaches relative to TIPS. One of the major limitations 
to more widespread acceptance of the TIPS procedure is 
the worsening of hepatic function observed with abrupt 
drops in portal pressure [13, 46]. While TIPS can be thought 
of as decompressing the portal circulation, BRTO can be 
considered as a type of portal re-compression therapy, 
owing to the increased flow that is now circulating through 
the portal system in anterograde direction. Therefore, there 
are also reports of complications of portal hypertension 
such as splenomegaly and ascites [8, 20, 32, 43, 49, 56, 57]. 
A further disadvantage of re-compression is the worsening 
of esophageal varices and portal hypertensive gastropathy 
after BRTO [8, 37, 58, 59]. In addition, BRTO is known to 
be additionally useful in those patients that are not candi-
dates for TIPS owing to hepatic encephalopathy [20, 40]. 
TIPS is not considered first-line treatment for refractory 

ascites or hepatorenal syndrome because of its unaccept-
able incidence of portosystemic hepatic encephalopathy 
[11, 17, 60].

Outcomes relating to liver functioning are generally 
determined with two major metrics. MELD or The Model for 
End-Stage Liver Disease produces a score that is based on 
bilirubin, creatinine, and International Normalized Ratio 
(INR). Child-Pugh (CP) is based on similar criteria, however 
also considers the presence or absence of ascites and enceph-
alopathy. Of these two metrics, MELD is typically used as an 
indicator of a hepatic reserve, or present functionality, pro-
viding an objective indication of post-procedural outcomes 
in cirrhotic patients [61, 62]. In 2013 Saad et al. examined 
the effects of BRTO in 29 patients without TIPS, and found 
significant improvement in synthetic function, noted by a 
significant improvement in MELD score between 1.5 and 
3  months post-BRTO [62]. Nearly a third of patients did, 
however, experience worsening of ascites, with or without 
hydrothorax, with significant ongoing debate regarding exact 
pathophysiology relative to portal re-compression [62]. With 
regard to hepatic encephalopathy, a small study by Mukund 
et  al. in 2012 found BRTO to be effective at treating HE, 
even with only partial obliteration [63]. They reported 86% 
resolution of HE comprising six of seven patients based on 
WH scores [63].

PARTO has also shown comparable success for patients 
with hepatic encephalopathy [1, 44]. Gwon and colleagues’ 
study in on 20 patients, published in 2013, found greater than 
two in three patients observed improvements in Child-Pugh 
score within 1 month of PARTO [1]. They additionally found 
that patients experienced significantly improved INR, a mea-
sure of hepatic synthetic functioning [1]. A more recent 
study of PARTO in 73 patients with GV and hepatic enceph-
alopathy with other portosystemic shunts. Of the 16 patients 
identified with refractory HE, no cases of HE were found 
post-PARTO based on West Haven Score (WH) [44].

Beyond the technical success of the CARTO procedure, 
patients have previously been shown to experience signifi-
cant improvement in overt hepatic encephalopathy and may 
also experience increased hepatic synthetic capacity after 
obliteration of SPSSs [3, 5, 64]. A recent study by Lee and 
colleagues examined 43 patients undergoing CARTO spe-
cifically indicated by overt hepatic encephalopathy and 
found a 91% clinical success rate constituting an improve-
ment in WH score [5]. Of those 43 patients, nearly two in 
three were found to have complete resolution of their HE 
symptoms within the follow-up period lasting a mean of 
755 days [5]. This same study additionally found that less 
than 3% of patients had major complications requiring 
 further treatment, with no procedural deaths reported [5]. 
This further indicates that CARTO is a safe and effective 
option for the treatment of refractory overt hepatic 
encephalopathy.
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56.5  Summary

As far back as the 1970s interventionists had conceived 
endovascular procedures for the treatment of portal hyper-
tension and its complications, including gastric and esopha-
geal varices. Although exact methods have evolved somewhat 
over the years, BRTO or Balloon-Occluded Retrograde 
Transvenous Obliteration has hewn to several major con-
cepts. In Western countries, it is an endovascular interven-
tion that functions as an adjunct or alternative treatment to 
Transjugular Intrahepatic Shunt or TIPS, while in Asia is 
accomplishes the same task, but is often performed prophy-
lactically, in lieu of TIPS.

From its beginning as a theoretical approach to the treat-
ment of spontaneous portosystemic shunt, BRTO has proven 
to be an effective means of treating GV bleeding. BRTO and 
modified BRTO have also recently established themselves as 
an effective therapy for the obliteration of SPPS complicated 
by hepatic encephalopathy. All three procedures, BRTO, 
PARTO, and CARTO, employ varied strategies, with the goal 
of treating gastric varices that are often difficult to effect with 
typical endoscopic therapy alone. While all three procedures 
demonstrate improvement in MELD or WH score, it should 
be noted that these same studies often document a worsening 
or smaller improvement in Child-Pugh score, which includes 
complications such as ascites, likely resulting from the re-
compressive aspects of the BRTO technique.

Ultimately, BRTO/PARTO/CARTO represents variations 
on a spectrum of re-compressive therapy that has only 
recently come into playfield in the West. There is great 
potential to apply these techniques to selective patients with 
no other options for treating fetal gastric variceal bleeding 
and medically refractory hepatic encephalopathy. Similar to 
other high-risk patients, a multi-disciplinary team approach 
to these patients requiring BRTO/PARTO/CARTO is abso-
lutely critical for optimizing patient care.

 Self Study

 Questions

 1. Which statement is true?
 (a) BRTO and modified BRTO is to treat esophageal 

varices.
 (b) Gastric variceal bleeding always occurs at the highest 

portosystemic gradient.
 (c) CARTO requires sclerosing agent such as EO.
 (d) TIPS should not be performed in patients with severe 

hepatic encephalopathy.
 2. Which statement is true?

 (a) BRTO should not be performed in patients with HE 
as BRTO may worsen HE.

 (b) BRTO creates a shunt between a portal vein and a 
hepatic vein.

 (c) SPSSs can be often seen in patients with cirrhosis and 
portal hypertension

 (d) PARTO requires sclerosing agent such as EO

 Answers

 1. Which statement is true?
(d) TIPS should not be performed in patients with severe 

hepatic encephalopathy.
 2. Which statement is true?

(c) SPSSs can be often seen in patients with cirrhosis and 
portal hypertension
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Key Concepts
• Acute variceal bleeding from gastric varices is one 

of the most serious complications of portal hyper-
tension, being associated with an increased 
mortality;

• Bleeding from ectopic gastrointestinal varices 
occurs much less frequently than in esophago- 
gastric varices, but the clinical course is usually 
more severe;

• The endoscopic injection of N-butyl-2- 
cyanoacrylate has become accepted as the primary 
intervention for bleeding gastrointestinal varices 
and is being preferred over other therapies;

• Endoscopic ultrasound can assess directly the vari-
ceal blood flow and thus identify the potential for 
recurrent bleeding of the gastrointestinal varices;

• Endoscopic ultrasound can also guide endoscopic 
treatment of complex variceal bleeding with direct 
glue injection and/or coil embolization, and can 
also direct subsequent endoscopic treatments until 
complete obliteration of the varices is obtained.

57.1  Introduction

Development of varices of the gastrointestinal (GI) tract is a 
consequence of an increased pressure in the portal venous 
system, a condition referred to as portal hypertension (PH). 
While most of the patients with PH have liver cirrhosis, PH 
can also develop in the absence of cirrhosis, i.e. “non- 
cirrhotic PH”, which has multiple recognized etiologies, 
including extrahepatic thrombosis of the portal vein or of its 
tributary mesenteric vessels, infection (such as schistosomia-
sis), autoimmunity, drugs, immunodeficiency, or idiopathic 
causes.

Varices are present in about 50% of patients with PH and, 
at least in those with liver cirrhosis, they form at a rate of 
5–15% per year. Acute variceal bleeding (AVB) is the most 
serious complication of PH. It occurs in one third of patients 
with GI varices and it is associated with an increased mortal-
ity up to 20% at 6 weeks in patients with already decompen-
sated liver cirrhosis [1]. Noteworthy, bleeding from GI 
varices is usually better tolerated in patients with non- 
cirrhotic PH due to their preserved liver function.

Establishing the correct diagnosis in cases of acute GI 
bleeding is very important. In patients with known liver 
cirrhosis or PH, any upper GI bleeding needs to be emer-
gently evaluated endoscopically and the source of bleeding 
should be considered of variceal origin until proven other-
wise. On the other hand, variceal bleeding can represent 
the initial clinical presentation of a previously unknown 
cirrhotic or non-cirrhotic patient with PH. The outcome of 
an AVB episode mostly depends on the control of the 
active bleeding and the avoidance of major complications 
usually related to the presence of an impaired liver func-
tion. Notably, only 50% of these patients stop bleeding 
spontaneously [2], thus a short time accessibility to a GI 
endoscopy Unit with experience in variceal management is 
of utmost importance.

The management of patients with variceal hemorrhage 
requires a multidisciplinary approach, which includes intensiv-
ists, endoscopists, interventional radiologists, hepatologists, 
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and surgeons. Standard diagnostic upper GI endoscopy 
should always be preceded by proper patient resuscitation in 
order to restore and maintain hemodynamic stability, and by 
endotracheal intubation in cases of altered consciousness to 
protect the airways during the endoscopic examination to 
avoid aspiration. Volume replacement through a venous cen-
tral line should be given to maintain a systemic blood pres-
sure greater than 100 mmHg, with caution not to overload 
the patient because this may result in difficulty in achieving 
bleeding control and in a higher risk of re-bleeding [3]. 
Hemoglobin level should be maintained between 7 and 8 g/
dl through blood transfusion, which is associated with 
reduction in further bleeding, in complications rates and in 
mortality [4].

At present there are no absolute contraindications regard-
ing the coagulation parameters that preclude the performance 
of the endoscopic treatment. However in patients with AVB, 
efforts to improve the coagulation status before performing 
the endoscopic procedure should be attempted [5]. Vasoactive 
drugs, such as somatostatin, vasopressin, and their analogs 
octreotide and terlipressin, which determine constriction of 
the mesenteric arterioles and decrease in the portal blood 
flow, should also be administered as soon as possible before 
endoscopy, and continued for up to 3–5 days in cases of con-
firmed AVB [6]. Their early utilization reduces the rate of 
active bleeding, and in combination with endoscopic therapy 
improves hemostasis and reduces short-term mortality, trans-
fusion requirement, and duration of hospitalization [7]. In 
patients with cirrhosis presenting with upper GI bleeding, it 
is also important to administer broad spectrum antibiotic 
prophylaxis (such as intravenous ceftriaxone 1  g/24  h) to 
prevent spontaneous bacterial peritonitis, and lactulose or 
rifaximin that may avoid the occurrence of hepatic encepha-
lopathy [6].

In these patients upper GI endoscopy is an emergency and 
should be performed within 12 h from presentation [6]. In 
the absence of a QT prolongation or other contraindications, 
i.v. administration of 250 mg of erythromycin 30–120 min 
before endoscopy should be considered to increase gastric 
motility and promote emptying of the stomach from blood 
clots [6]. This results in an improved endoscopic visualiza-
tion and in a significant decrease in the need for repeat 
endoscopy [8]. On the contrary, nasogastric aspiration or 
lavage are not routinely recommended based on the available 
literature.

The goal of endoscopic treatment is obliteration of the 
variceal bleeding vessel(s), which must be followed by addi-
tional endoscopic re-evaluation to confirm variceal obtura-
tion and to assess the need for retreatment. In cases in which 
endoscopic control of variceal bleeding fails, other rescue 
procedures, such as transjugular intrahepatic portosystemic 
shunt (TIPSS), balloon-occluded retrograde transvenous 
obliteration (BRTO), or creation of a surgical porto-caval 

shunt must be considered early in the course of the acute 
event. It should be remembered that Child-Pugh and MELD 
scores, besides failure to achieve primary hemostasis, predict 
the 6-week mortality in AVBs occurring in cirrhotic patients 
[6]. Therapy with non-selective beta-blockers on the long 
term is considered necessary for all surviving an AVB epi-
sode, if not otherwise contraindicated [6].

57.2  Gastric Varices

Gastric varices (GVs) are identified endoscopically in about 
20% of patients with PH [9, 10]. Sixty-five percent of these 
patients present with AVB within 2 years [11], which is usu-
ally more severe and associated with a higher mortality rate 
than bleeding from esophageal varices [12]. Gastric varices 
appear endoscopically as protruding lesions into the gastric 
lumen, which sometimes can be confounded with a submu-
cosal lesion. Their appearance as a cluster of varices, or in 
connection with the esophageal varices helps distinguish 
them from other types of lesions. Nonetheless, without an 
active bleeding site, small lesions can be difficult to be local-
ized endoscopically, likewise to what happens with larger 
lesions when the stomach is filled up with blood clots in 
cases of AVB.

Similarly to esophageal varices, GVs are located within 
the submucosa layer, but are anatomically different from the 
former. In many cases, GVs are composed by multiple vari-
ceal veins, interconnected to each other and forming a vari-
ceal net spreading over the gastric fundus, which has usually 
more than one feeding vessel. Therefore, it is understandable 
why rubber band ligation or clipping are not effective, and 
sometimes even dangerous [13], in treating such complex 
vascular structures.

According to Sarin’s classification, GVs are divided in 
four subtypes considering their location and isolation status, 
as shown in Fig.  57.1—GOV 1: gastroesophageal varices 
along the lesser curvature of the stomach, the most frequently 
encountered (75% of GVs); GOV 2: gastric varices in the 
fundus continuing esophageal varices along the greater cur-
vature of the stomach; IGV 1: isolated gastric varices in the 
fundus, and IGV 2: isolated gastric varices at other loci in the 
stomach, which are extremely rare [14]. IGVs result more 
frequently than GOVs from segmental PH due to splenic 
vein thrombosis. Noteworthy, IGV 1, although less fre-
quently encountered, bleed much more frequently (about 
90%) than other types of GVs, as described in a prospective 
study on 568 consecutive patients with GVs [9]. What 
exactly triggers an AVB episode from a gastric varix is 
unknown. However, a number of risk factors for GVs bleed-
ing have been identified, such as advanced Child-Pugh stage, 
presence of variceal red spots, and an increase in variceal 
size [15].
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An upper GI endoscopic procedure in a patient at high 
risk of GVs acute bleeding starts with the search for the 
source of bleeding. Careful exploration of the esophagus, the 
duodenum and the gastric antrum to rule out other causes of 
bleeding should be performed first. In cases in which the fun-
dus is filled up with blood clots and the examination was 
started with the patient on the left decubitus, a change to the 
right decubitus can be helpful to move part of the clots away 
from the gastric fundus in order to be able to better assess for 
the presence of GVs. Actively bleeding GVs, those with stig-
mata of recent bleeding (such as a fibrin plug) or GVs with 
endoscopic red signs should be targeted first by the endo-
scopic treatment.

57.2.1  Endoscopic Treatment

The therapeutic role of endoscopy in treating GVs has been 
described for the first time by Soehendra et al. in 1986, who 
performed injection of glue directly into a gastric varix 
[16]. Since then, endoscopic injection of N-butyl-2-
cyanoacrylate (NBC), also known as cyanoacrylate glue, 
has become accepted as the primary intervention for 
actively bleeding GVs and is being preferred over other 
therapies [17, 18], according to multiple society guidelines 
[6]. However, the American Association for the Study of 
Liver Disease (AASLD) still recommends TIPSS as the 

first treatment modality for cardio-fundal varices, while 
NBC injection is recognized as an alternative to TIPSS in 
case the latter is not technically feasible [14]. N-butyl-2-
cyanoacrylate, however, is not FDA approved for this use in 
the USA due to the fear of systemic embolism. In Canada, 
a similar compound, 2-octylcyanoacrylate, is presently 
used in clinical practice [19].

A previous or an active bleeding from GVs are clear-cut 
indications for GVs treatment, with the therapeutic goal to 
achieve variceal obliteration and cessation of the hemor-
rhage. In a study on 77 patients with previous GVs bleeding, 
after a median follow-up of 26 months, endoscopic treatment 
with NBC was associated with lower re-bleeding (15% vs. 
55%) and mortality rates (3% vs. 25%) compared to beta- 
blockers [20]. Injection of NBC has been proven to be more 
effective and safer than endoscopic band ligation (EBL) and 
injection of sclerosants in this subset of patients with GVs 
[21]. For patients with GOV 1 varices, EBL can also be used 
to treat the GVs [6]. In a non-randomized study on 162 
patients with GOV 1 varices, successful hemostasis with 
EBL was similar to that with NBC (85% vs. 89%, p = 0.7). 
However, a higher incidence of re-bleeding from the post- 
treatment ulcer (16% vs. 5%, p = 0.04), and a higher mortal-
ity rate (23% vs. 14%, p < 0.001) over a follow-up of 42 days 
was associated with EBL treatment [22]. Moreover, a recent 
systematic review has suggested that endoscopic NBC injec-
tion may be more effective than EBL in terms of preventing 
re-bleeding from GVs [23]. However, this inference was 
based on very low quality evidence data and other studies are 
needed before any conclusion can be drawn.

Injection of NBC is, therefore, considered at present the 
best endoscopic treatment for GVs to achieve control of 
bleeding and decrease the re-bleeding rates. The presence of 
large (>10 mm) GOV 2 or IGV 1 varices without previous 
bleeding episodes might also constitute an indication for 
prophylactic endoscopic treatment. In a randomized study 
[24] on 89 patients followed for a mean of 26 months with 
large (>10 mm) GOV 2 or IGV 1 GVs and no previous bleed-
ing episodes, bleeding occurred in a significantly smaller 
proportion of patients prophylactically treated with NBC 
injection (10%), than in those treated with beta-blockers 
(38%) or no treatment (53%). In this study, the size of the 
varix (>20 mm), a MELD score ≥17 and presence of portal 
hypertensive gastropathy were all associated with an 
increased risk of GVs bleeding. However, further data are 
needed to better evaluate the risk/benefit of prophylactic 
endoscopic treatment of large (>10 mm) GOV 2 or IGV 1 
varices with NBC in this patient population [6].

Cyanoacrylate, upon contact with water or blood, under-
goes rapid polymerization and transformation into a hard 
plug, leading to obstruction of the varix. Some centers use 
for fluoroscopic visualization a mixture of N-butyl-2- 
cyanoacrylate and Lipiodol typically in a 1:1 ratio, usually 

a b

c d

Fig. 57.1 Types of gastric varices according to Sarin’s classification: 
(a) Gastroesophageal varices type 1 (GOV 1). (b) Gastroesophageal 
varices type 2 (GOV 2). (c) Isolated gastric varices type 1 (IGV 1). (d) 
Isolated gastric varices type 2 (IGV 2)
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delivered through a regular endoscopic needle into the vari-
ceal lumen. Each injecting shot should contain no more than 
1–2 mL of glue and an equal volume of Lipiodol. Fluoroscopy 
should be used in real time to trace the opaque mixture within 
the varix if Lipiodol mixture is being used, and to identify 
signs of embolization, which should determine prompt ces-
sation of the injection. More recently the use of Lipiodol has 
been abandoned and undiluted glue has been injected intra-
variceally into the GVs followed by injection of 2 ml of nor-
mal saline to deliver the entire glue from the injector into the 
varix.

The maximum dose of cyanoacrylate glue to be used has 
not yet been established [25]. The total dose administered is 
at the discretion of the endoscopist and is based on the size 
of the GV and the result of the initial injection. However, a 
study comparing glue injection in patients with cirrhosis and 
those with extrahepatic portal venous obstruction (EHPVO) 
showed that patients with EHPVO required higher volumes 
of glue and more glue sessions for GVs obliteration [26]. At 
the end of the injection, the needle should be withdrawn 
while flushed with saline or sterile water to decrease the risk 
of needle embedment. Injections can be repeated until GVs 
appear occluded, which can be judged by probing the lesion 
with the closed needle catheter. After the injection, the nee-
dle is immediately withdrawn and kept outside the endo-
scope to prevent glue blockage of the endoscope working 
channel. Once outside the patient, the injector needle is cut 
and only then extracted from the working channel of the 
endoscope [26].

After initial hemostasis is achieved, the recommendations 
are to repeat NBC injection on a 2–4 week basis until vari-
ceal obliteration is achieved, and for GVs type GOV 1 and 
GOV 2 to eradicate esophageal varices as well. The American 
Society of Gastrointestinal Endoscopy (ASGE) does not 
have a recommendation for secondary prophylaxis, and there 
is a lack of consistent evidence for the combination of glue 
injection and non-selective beta-blockers for the secondary 
prophylaxis of GVs bleeding. In one randomized trial on 95 
patients, there was no difference in re-bleeding rates between 
those who received a combination therapy (NBC injections 
until GV obliteration and non-selective beta blockers) and 
those treated with glue injections alone for up to 3  years 
(52% versus 47%). Mortality rates were also similar between 
the two groups [27]. However, combination therapy is still 
recommended at present [28].

Endoscopic glue therapy for GVs has been reported to 
achieve hemostasis in more than 90% of cases in most series 
[28]. There have been, however, a number of adverse events 
related to the procedure, including further hemorrhage [29], 
with re-bleeding rates as high as 15–30% after glue injec-
tions alone [30], and embolization of glue material, which 
has been reported in several observational studies [31–35], 
with also fatal outcomes [36–39]. However, in a series of 753 

patients [40], complications of endoscopic glue therapy for 
GVs included infection (1.4%) and distant embolization 
(pulmonary or systemic; 0.7%), while the complication- 
related mortality rate was 0.5%.

In an attempt to decrease the risk of embolization, one 
case report presented the use of multiple clips positioned on 
a large gastric fundal varix in a patient with a large gastro- 
renal shunt before endoscopic treatment with 8 ml of cyano-
acrylate, 25  ml lauromacrogol and 10  ml of sodium 
morrhuate, with good final results and without occurrence 
of any embolism. However, placement of one of the clips 
was associated with rupture of the varix and variceal hemor-
rhage [13].

The use of NBC for variceal management requires, how-
ever, a multidisciplinary assessment. The risk of emboliza-
tion increases with greater injected volumes, and as already 
mentioned, besides embolization to the pulmonary arteries, 
systemic embolism and even fatalities have been reported. In 
a small series of five patients with systemic embolism fol-
lowing endoscopic NBC injection, the mortality rate was 
40%, and the overall re-bleeding rate after anticoagulation 
was 20% [41]. Upon review of imaging studies, three of the 
five patients had evident portosystemic shunts, while the 
remaining two cases had no prominent vascular anomaly. In 
a thorough review of the literature [41], including 27 studies, 
the authors found that the majority of occurrences were rep-
resented by pulmonary embolism (44%) and splenic infarc-
tion (33%), while only a few events were attributed to cardiac 
abnormalities such as patent foramen ovale, with right-to- 
left shunt, which was however not solidly proven. Therefore, 
while the known presence of a patent foramen ovale repre-
sents an absolute contraindication to variceal NBC injection, 
the exclusion of the presence of septal defects prior to the 
endoscopic treatment is not recommended at the present 
time, especially in patients who are presenting with AVB. The 
authors emphasized the importance of the technique utilized 
with injection of only small amounts of NBC mixture each 
time, which can minimize the risk of embolization [41]. It is 
also justified to perform BRTO-assisted GV obliteration for 
patients with large gastrorenal or splenorenal shunts by 
occlusion of the draining veins using a balloon device, fol-
lowed by injection of the sclerosing agent directly into the 
variceal veins, thus preventing the occurrence of systemic 
NBC embolism.

With regard to EBL, the procedure is used in GOV 1 if 
technically feasible, and works by capturing all or part of the 
GV within the ligating device. Thrombosis of the varix is 
followed within a few days by tissue necrosis sloughing off, 
which leaves a superficial ulcer that rapidly heals. More than 
one band can be deployed in a single endoscopic session.

Endoscopic sclerotherapy of GVs using polidocanol, 
absolute alcohol, ethanolamine oleate and sodium tetradecyl 
sulfate has also been reported in small uncontrolled series, 
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but appeared less effective in the control of bleeding from 
GVs than from esophageal varices [23]. Other treatments 
including loop ligation and endoscopic human thrombin 
injection have been tested in some centers with good initial 
results [23], but their use remains experimental.

The endoscopic treatment of acute GVs bleeding may be 
extremely difficult in patients with severe bleeding due to 
impaired endoscopic view with impossibility in the visual-
ization of the bleeding vessel(s). In such cases, balloon tam-
ponade could represent a temporary option to attempt 
bleeding control, while definitive treatment is being arranged. 
However, it can be associated with serious complications, 
such as aspiration pneumonia, esophageal necrosis or even 
perforation. Another way to temporary stop the bleeding is 
through the use of a hemostatic powder (TC-325 or 
Hemospray, Cook Medical, Winston-Salem, North Carolina, 
USA), which forms a cohesive mechanical barrier covering 
the bleeding site in AVB, resulting in temporary hemostasis 
in the majority of patients. Its use allows early elective 
endoscopy to be safely and effectively performed on the next 
day within 12–24 h [42]. The use of the hemostatic powder 
should also be considered as a rescue therapy for failure of 
primary endoscopic therapy or for early relapse of bleeding.

57.2.2  The Role of Endoscopic Ultrasound

The role of standard GI endoscopy is sometimes limited 
since it visualizes only the gastric mucosa and cannot evalu-
ate deeper structures of the GI wall and beyond it. Differently, 
endoscopic ultrasound (EUS) is able to visualize the five 
layers of the GI wall, including intramural varices, as well 
as, surrounding vascular structures. Indeed, EUS detects 
GVs almost twice more often as compared with standard 
upper GI endoscopy (Fig. 57.2) [43, 44]. In a study on 52 
patients with liver cirrhosis, GVs were detected in 30.8% of 

the patients by EUS as compared to 17.3% by standard 
endoscopy [43]. At EUS examination, GVs are seen as tubu-
lar anechoic structures located just beneath the muscularis 
mucosae layer, into the submucosal layer of the gastric wall 
(Fig.  57.3). The use of Doppler easily differentiates GVs 
from other types of submucosal lesions, which is important 
in order to avoid taking endoscopic biopsies. Gastric varices 
can also be easily measured by EUS, and their size strongly 
correlates with their blood flow volume [45]. Moreover, 
feeding perforating vessels can also be visualized by EUS in 
roughly 80% of cases, traversing the muscularis propria and 
connecting the submucosal varices to the esophagogastric 
collateral veins [46].

Endoscopic ultrasound has been also utilized to evaluate 
the response to previous endoscopic treatment. Successful 
obliteration is confirmed by absence of blood flow on color 
or pulsed Doppler examinations. In a retrospective study 
enrolling 101 patients who were treated with NBC injection 
after an episode of GVs hemorrhage, significantly lower re- 
bleeding rates were seen in those in whom EUS was aggres-
sively used during follow-up (biweekly) to assess complete 
obliteration and guide the subsequent need for repeat endo-
scopic treatment sessions (19% vs. 45%, p = 0.005) [47].

Since the re-bleeding risk in GVs is associated with per-
sistent variceal flow, a possible role of therapeutic EUS for 
GVs was foreseen. Besides confirming cessation of variceal 
blood flow, indicative of variceal obliteration [48], EUS 
allows the endosonographer to very precisely deliver under 
real time ultrasound control the therapeutic agent into the 
varix or into its feeding vessel(s) [49, 50] (Fig.  57.4). 
Table  57.1 presents all the studies evaluating EUS-guided 
treatments of GVs. In the first such study by Romero-Castro 
et al. [49], five patients were treated by EUS-guided injec-
tion of NBC. The perforating veins feeding the GVs were 
targeted until no flow was visible on Doppler EUS examina-
tion. GVs eradication was confirmed in all five patients after 

a b
Fig. 57.2 (a) EUS view from 
the gastroesophageal junction 
with multiple small (<5 mm) 
gastric varices seen within the 
submucosal layer, which were 
not detected by standard 
endoscopy. (b) Doppler 
confirmation of flow within 
the variceal vessels
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a mean of 1.6 endoscopic sessions, with no procedural- 
related complications, and no recurrent bleeding over 
10  months of follow-up. However, the authors stated that 
identification of the feeding vessel was extremely difficult 
and time consuming.

In another single-center study on 40 patients (13 with 
active bleeding), EUS-guided NBC injection was performed 
into the perforating veins located within the gastric wall, 
with subsequent sessions performed until GVs were eradi-
cated [50]. Control of acute bleeding was obtained in all 
cases, with only two complications (transient bacteriemia in 
one case and recurrence of bleeding in another one) [50]. 
The results of this study highly suggested that active bleed-
ing from GVs could be successfully treated endoscopically 
under EUS guidance, without the need for cleaning up the 

gastric cavity from blood clots, because with EUS structures 
are recognized without the need for endoscopic view.

In a small case series of eight patients [54], another thera-
peutic agent (thrombin) was administered under EUS- 
guidance until variceal flow obliteration or until a maximum 
dose of 10,000 IU was reached. In two of the three patients 
with active hemorrhage the treatment was successful. In the 
third one, variceal obliteration was not achieved despite 
injection of the maximum dose of thrombin. On the other 
hand, complete variceal obliteration was achieved in all the 
five patients electively treated to prevent future bleeding. In 
one case, however, complete restoration of blood flow within 
the gastric varices was observed after 8 months of follow-up. 
There were no procedure-related complications.

Another way to treat GVs is by performing EUS-guided 
intravascular embolization using metal coils available from 
interventional radiology, which are covered with synthetic 
fibers. They can be delivered into the target varix under EUS 
guidance by using standard fine needle aspiration (FNA) 
needles [59]. Importantly, their size needs to be tailored 
based upon the size of the varix in order to achieve the best 
results [60]. In a first feasibility study on four patients with 
GVs, two of whom were actively bleeding [57], insertion of 
stainless steel coils (MReye; IMWCE, Cook Medical, 
Limerick, Ireland) targeting the feeding perforating collater-
als was performed, resulting in complete obliteration of the 
GVs in three of the four patients, with no recorded 
complications.

In a subsequent retrospective multicenter study [58], 
EUS-guided NBC injection was compared with EUS-guided 
coil embolization in 19 and 11 patients, respectively. GVs 
obliteration rates were comparable between the two groups 
(90.9% vs. 94.7%), but complete obliteration was achieved 
more often in the coil group after a single endoscopic session 
(52.6% vs. 81.8%). Surprisingly, 47% of the patients in the 
NBC group had asymptomatic glue embolism detected by 
CT scan that was performed as per protocol in all patients, 
occurrence that was not recorded in the coil group.Fig. 57.3 EUS appearance of a large cluster of gastric varices inter-

connected to each other

a b
Fig. 57.4 (a) Endoscopic 
view of a large (>10 mm) 
fundal gastric varix with no 
stigmata of recent 
hemorrhage. (b) A standard 
FNA needle is inserted into 
the variceal lumen for 
EUS-guided glue injection
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In another large retrospective study on 152 patients with 
fundal GVs, seven of whom had active hemorrhage, 105 
recent bleeding, and 40 were treated as a primary prophy-
laxis, combined EUS-guided treatment with coil insertion 
and NBC injection was performed [51]. The hypothesis 
behind the study was that the coil promotes clot aggregation, 
working as a scaffold to retain the glue for achieving maxi-
mal varix obliteration (Fig. 57.5). The procedure was techni-
cally successful and clinically effective in all but one patient. 
A mean of 1.4 (range 1–4) coils, and a mean volume of 2 ml 
(range 0.5–6) of NBC were utilized per patient [51]. After a 
mean of 1.1 treatment sessions, complete GVs obliteration 
was confirmed in 93% of the cases by EUS examination, 
while GVs bleeding occurred in only 3% of these cases after 
a mean follow-up interval of more than 1 year. Symptomatic 
pulmonary embolization occurred in only one patient (<1%).

In another report of the combined EUS-guided treatment 
with coil embolization and cyanoacrylate glue injection, 
GVs treatment was performed across the diaphragmatic crus, 
in an anterograde fashion, on 30 patients in one single treat-
ment session, until absence of variceal flow was obtained 
[52]. With the echoendoscope positioned in the distal esoph-

agus, much of the difficulty resulting from working with the 
echoendoscope in the retroflexed position was obviated. The 
procedure was technically successful in all patients. Ninety- 
six percent of them had persistent complete GVs obliteration 
after this single treatment session, which lasted for more 
than 6 months of follow-up. Only one patient had recurrent 
bleeding within the first month after the initial procedure.

Based on the data available so far, GVs treatment strategy 
should imply achievement of GVs obliteration whenever 
possible at the first endoscopic session, with follow-up EUS 
examination to confirm it, or to guide the need of more endo-
scopic treatments. Because of the very low risk of coil migra-
tion and no risk of embolism, EUS-guided coil insertion is 
being favored over GVs glue injection by some centers, 
though not supported by any strong available evidence. 
Noteworthy, combination therapy of coils and glue appears 
safe and effective, possibly associated with a reduced risk of 
embolization, but its costs are significantly higher than of 
NBC alone. Despite all of the above arguments, at present 
the only clear indication for EUS-guided treatment is when 
conventional endoscopic NBC injection fails to control GVs 
bleeding [61].

Table 57.1 Summary of studies evaluating EUS-guided treatments of gastric varices

Author (year)
Number of 
patients Type of treatment

No. of 
sessions 
(average)

Confirmed 
obliteration

Post-treatment bleeding 
episodes from GV 
(Follow-up) Complications

BhatR (2016) [51] 152a CYA and coils 1.1 93% 8%b (mean 14.5 mo) 3% mild abdominal pain
1% pulmonary embolism
3% minor bleeding from coil 
extrusion

BinmoellerR (2011) 
[52]

30 CYA and coils 1.0 96% 4% (mean 6.4 mo) 0%

DedaniaCR (2018) [53] 1 STS and coils 2 Yes 0% (1 week) None
FrostR c (2018) [54] 8 THR 1 87.5% 12.5% (mean 24 mo) 0%
Fujii-LauR (2016) [55] 5 CYA and coils (3) 1.2 60% 0% (mean 24 mo) 0%

Coils (2)
GonzalesR (2012) [56] 3 PDL or CYA 1.0 100% 0% (mean 9.3 mo) 0%
GublerR (2014) [50] 40d CYA (38) 1.4 NR 15% (mean 60 mo) 2.5% minor bleeding from 

varix ulcer
CYA and coils (2) 2.5% transient bacteremia

Romero-CastroP 
(2007) [49]

5 CYA 1.6 100% 0% (mean 10 mo) 0%

Romero-CastroP 
(2010) [57]

4 Coils 1.0 75% 0% (mean 5 mo) 0%

Romero-CastroR 
(2013) [58]

30 Coils (11) 1.3 (coils) 91% (coils) 0% (mean 17.2 mo) 9.1% in coil (1 bleed from 
EV)

or CYA (19) 1.5 (CYA) 100% (CYA) 58% in CYA (9 asymptomatic 
pulmonary embolism; 1 
fever; 1 chest pain)

Adapted after: Rimbaş M, et al. Endoscopic Ultrasound for the Hepatologist: A Comprehensive Review. Semin Liver Dis. 2018; 38: 145–159.
CYA cyanoacrylate, GV gastric varices, R retrospective, mo months, THR thrombin, STS sodium tetradecyl sulfate, NR not reported, P prospective, 
PDL polidocanol
a5% had active bleeding and 26% were treated for primary prophylaxis
b3% in the group with confirmed variceal obliteration
cThree patients had acute variceal bleeding and five were treated for elective prevention
d32.5% had active bleeding and 10% were treated for primary prophylaxis
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Regarding the primary prophylactic treatment of GVs, a 
subgroup analysis of 40 patients with large GVs and no 
bleeding history [51] who were treated with a combination 
of EUS-guided coil and glue application showed that only 
two bleeding episodes occurred after a mean follow-up of 
449  days, supporting the results of a previous study with 
endoscopic NBC injection [24]. Even though these results 
are promising, more data are needed before any definitive 
conclusions can be drawn.

57.3  Ectopic Varices

Ectopic GI varices (i.e. not located in the esophagus or the 
stomach) are rare, being found in about 1% of patients with 
PH [10], and are often asymptomatic. They are vascular 
venous structures protruding into the lumen of the GI tract 
and similarly to GVs when they bleed, which occurs much 
less frequently than with esophago-gastric varices, the clini-
cal course is severe [10]. Bleeding from ectopic varices 
(EVs) is more frequently encountered in patients with pre- 
hepatic portal hypertension than in those with liver cirrhosis 
[62]. Other etiologies independent of PH include familial 
varices, previous surgery with intra-abdominal adhesions, 
previous trauma with development of arterio-venous malfor-
mations, mesenteric vein thrombosis, or lymphoid hyperpla-
sia [63]. The association of PH, prior abdominal surgery and 
hematochezia usually characterizes the hemorrhage from 

small intestinal varices [64]. Their localization and anatomy 
are, however, very heterogeneous and their rarity makes 
treatment standardization difficult. In general, the greater the 
size of the ectopic varices, the greater the chance of their 
bleeding [63]. The evaluation and treatment should therefore 
be made on a case-by-case basis and founded on vascular 
anatomy [14]. The clinical suspicion for the presence of 
small intestinal varices is very important for the diagnosis, 
which can be made with a contrast-enhanced thin-slice CT 
scanning in the portal venous phase, after administration of 
large-volume of water-soluble diluted oral contrast [14]. 
Confirmation could be made by endoscopic examination of 
the small bowel. Most frequently, ectopic varices are located 
at the level of surgical stomas, in the duodenum, jejuno- 
ileum, and rectum.

Management of ectopic variceal bleeding requires a good 
definition of their vascular supply [14]. The optimal treatment 
of patients with acute bleeding from ectopic varices is at pres-
ent still unclear. Management options include, besides endo-
scopic treatment, TIPSS or BRTO, while traditional treatment 
has been surgery. The small number of published cases does 
not allow drawing firm conclusions. A guideline of the 
AASLD recommends TIPSS as the preferred first approach 
for prevention of re-bleeding in patients with ectopic GI vari-
ces [65]. However, TIPSS is associated with a number of 
complications and requires close follow-up for many years.

Endoscopic control of bleeding can be achieved, depend-
ing on their location and on the expertise of the center where 

a b

c d

Fig. 57.5 EUS-guided GVs 
coil embolization. (a) Large 
group of gastric varices seen 
from the cardia with a 
standard 19G FNA inserted. 
(b) Initial placement of a coil 
inside the variceal lumen. (c) 
EUS image of the final result 
after combined coil insertion 
and glue injection with 
complete variceal lumen 
obliteration. (d) Endoscopic 
view of the gastric fundus 
after follow-up showing 
complete disappearance of the 
gastric varices

M. Rimbaș and A. Larghi



645

diagnosis is made, by band ligation, injection of sclerosants 
or endosonographic placement of coils. As with GVs, reduc-
ing of the injected volumes of sclerosant is advocated in 
order to decrease the risk of embolism following the proce-
dure. In the past, their management relied for years on surgi-
cal segmental resection of the involved intestinal area, which 
appears to successfully control the variceal bleeding and 
should always be taken into account when all the other meth-
ods fail. Radiological techniques, which are less invasive, 
can also be considered in these patients [66].

57.3.1  Duodenal and Jejunal Varices

Of the ectopic varices, those located in the duodenum (and 
especially the duodenal bulb) are particularly prone to bleed, 
and when this occurs the mortality can be as high as 40% 
[67]. Duodenal varices are usually found within the working 
length of a standard gastroscope and on occasion they can be 
incidentally discovered in patients with PH. The situation is 
different in the case of acute variceal bleeding, when endos-
copy plays more than a diagnostic role, being the main treat-
ment modality.

The small bowel bleeding from varices distal to the duo-
denum usually presents with profuse melena or hematoche-
zia of sudden onset, or with intraperitoneal bleeding [63, 68]. 
In patients who present with GI bleeding and are hemody-
namically stable without signs of severe bleeding, the first 
test that is usually performed after a negative upper GI 
endoscopy and colonoscopy have excluded other sources of 
bleeding is videocapsule endoscopy (VCE). Consideration 
should be given in performing the examination early (less 
than 3 days after hospital admission) in order to have a better 
detection rate of the bleeding vascular lesion [69]. The vari-
ces appear as bluish distended vascular lesions, but in the 
case of ongoing bleeding, the only sign could be the presence 
of fresh or degraded blood within the intestinal lumen. If no 
source of bleeding is identified after VCE and the bleeding 
continues, the next logical step is to perform deep small 
bowel enteroscopy, if available. Several methods of deep 
enteroscopy have been described such as single balloon, 
double balloon, and spiral enteroscopy. These procedures are 
indicated in patients with ongoing bleeding in a good enough 
health to tolerate the procedure. Push enteroscopy is an 
option in centers where deep enteroscopy is not available, 
but is able to evaluate only the proximal jejunum. Another 
possibility is intraoperative enteroscopy when regular small 
bowel enteroscopy does not identify the bleeding source, in 
cases of hemodynamic instability from ongoing bleeding, or 
if there are contraindications to deep enteroscopy, such as in 
the case of dense abdominal adhesions.

For duodenal varices, there are a number of case reports 
of successful endoscopic band ligation. Endoscopic scle-
rosant and NBC injection were also found to be effective in 

controlling bleeding from duodenal and jejunal varices. No 
severe adverse events were reported in the majority of the 
reported cases [70, 71]. However, cerebral infarction, along 
with multiple asymptomatic systemic emboli were recog-
nized postprocedurally in a patient with patent foramen 
ovale [72], and re-bleeding rates of up to 50% have been 
reported [70].

For jejunal varices, there are only a few case reports 
describing successful glue treatment performed during push- 
or deep enteroscopy [73, 74]. However, if this treatment 
strategy should be generalized is unknown, but in our opin-
ion it should be tried first, if available.

With regard to EUS, in a case report coil embolization 
and NBC injection emergently pursued at the patient’s bed-
side in ICU was successful in achieving hemostasis from a 
duodenal varix after failed initial endoscopic injection of 
ethanolamine [71]. EUS has also been found to be useful in 
detecting ectopic varices. A case of diagnosis by EUS of 
bleeding from duodenal varices in a 6-year-old girl, who was 
transplanted for biliary atresia has been reported [75]. 
Indeed, the first report of EUS-guided coil embolization of 
bleeding GI varices was a patient with refractory bleeding 
secondary to choledocho-jejunal varices [76]. Successful 
therapeutic EUS-guided coil embolization and NBC injec-
tion in two different patients with acute duodenal variceal 
bleeding have also been described [77, 78]. In one case, how-
ever, the glue cast produced compression of the common bile 
duct resulting in obstructive jaundice. In another small case 
series of three patients, EUS-guided coil insertion with or 
without NBC injection was successfully used to treat duode-
nal varices [55]. No further episodes of bleeding were 
reported over a median follow-up of 12  months (range 
1–104).

57.3.2  Choledochal Varices

Choledochal varices cannot be detected by standard gastroin-
testinal endoscopy. In a study on 56 patients with portal vein 
thrombosis, common bile duct (CBD) varices were diagnosed 
by EUS in 59% patients, a frequency slightly higher than that 
of transabdominal ultrasound (TUS) [79]. Three types of cho-
ledochal varices have been described. (i) paracholedochal, the 
most common, running parallel to the CBD; (ii) epichole-
dochal or intramural, the least common; and (iii) submucosal 
varices, which can protrude into the CBD lumen. Interestingly, 
in the previously aforementioned study [79] in 19% of the 
patients EUS revealed a different subtype of varices as com-
pared to TUS. In this study nine patients had obstructive jaun-
dice and proceeded to therapeutic ERCP, which resulted in 
hemobilia in two. Thus, it has been established that EUS 
should be performed as a diagnostic test prior to ERCP to 
search for choledochal varices in cases with portal vein throm-
bosis and obstructive jaundice [79]. As previously mentioned, 
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successful EUS-guided treatment of bleeding ectopic choled-
ocho-jejunal anastomotic varices was first reported in 2008 
[76]. In another study [55], five patients underwent EUS-
guided coil injection with or without concomitant NBC injec-
tion to treat choledochal varices. During a median follow-up 
of 12 (range 1–104) months, two patients did not have recur-
rent bleeding, while in the remaining three, the bleeding 
decreased significantly.

57.3.3  Rectal and Colonic Varices

Colonic varices are very rarely encountered. Their presence 
represents a very rare cause of lower GI hemorrhage that 
could be associated with PH, while other reported cases 
were idiopathic [80, 81]. They are usually extensive, associ-
ated with ileal varices as well and congestive changes of the 
ileo- colonic mucosa [82]. Decompression of the portal sys-
tem represents the treatment of choice in cases associated 
with PH, while ileo-colectomy is reserved for the idiopathic 
causes.

Rectal varices appear endoscopically as venous dilata-
tions usually located in the inferior rectum in close con-
nection to the hemorrhoidal plexus and can be very easily 
diagnosed by a regular endoscopic examination (Fig. 57.6). 
Bleeding from rectal varices is very rare, but can be very 
severe. Because of the rarity of this event, like in the case 
of other ectopic varices, the management of bleeding rec-
tal varices is at present not standardized. A number of case 
reports have shown endoscopic sclerotherapy or EBL to be 
able to control the bleeding [83]. In a retrospective study 
of 34 patients who were treated endoscopically for rectal 

varices, 25 patients underwent sclerotherapy (mean of 2.7 
sessions) and nine patients EBL (mean of 2.2 sessions) 
[84]. There was only one complication (bleeding from 
post- treatment ulcer), encountered in the EBL group. The 
rectal varices recurrence rate was also higher in the EBL 
group (56%) compared to the sclerotherapy group (33%), 
as was the re-bleeding rate (44% in the EBL group com-
pared to 0% in the sclerotherapy group) (p < 0.05). This 
study, although small and retrospective, is the only evi-
dence suggesting that sclerotherapy might be superior to 
EBL in the treatment of bleeding rectal varices [84].

Similarly to its performances in the upper GI tract, EUS is 
able to identify varices in the rectum in patients with PH, 
performing better than standard gastrointestinal endoscopy. 
Venous dilations of the rectum are rather common in PH, as 
was proved in a study on 96 patients with cirrhosis, in whom 
deep rectal varices were detected in 51%, and peri-rectal and 
para-rectal varices in 40% and 37%, respectively [85]. Of the 
83 patients with no rectal varices on standard endoscopy, 39 
(47%) had varices at EUS [85]. Although they have a much 
smaller incidence of bleeding than varices in the upper GI 
tract, EUS-guided NBC injection alone or in combination 
with coil placement to treat bleeding rectal varices have been 
successfully reported [86, 87].

57.4  Conclusions

Bleeding episodes from gastric and ectopic GI varices are 
less frequent than from esophageal varices but are usually 
associated with a more severe clinical course. The standard 
endoscopic management of bleeding GVs or EVs includes 
N-butyl-2-cyanoacrylate injection to obliterate the variceal 
lumen. EUS is useful in confirming complete obliteration of 
the variceal veins and guide subsequent endoscopic treat-
ments until this is achieved. Moreover, EUS-guided treat-
ment of bleeding GVs or EVs using glue and/or coil 
embolization represent an important therapeutic tool and can 
control the bleeding in the vast majority of cases. The value 
of GI endoscopy in treating patients with GVs or EVs with 
no previous bleeding as primary prophylaxis needs further 
investigation.

 Self Study

 Questions

 1. Which statement is true?
 (a) Endoscopic injection of N-butyl-2-cyanoacrylate in 

bleeding gastric varices is considered at present the 
best endoscopic treatment to achieve control of bleed-
ing and decrease the re-bleeding rates.

Fig. 57.6 Endoscopic view of multiple tortuous rectal varices inter-
connected to each other
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 (b) Isolated gastric varices type 1 are best treated by 
endoscopic band ligation.

 (c) The presence of asymptomatic gastric varices with no 
episodes of previous bleeding should be endoscopi-
cally treated in all cases.

 (d) In patients with previous bleeding from gastric vari-
ces, endoscopic treatment is not associated with any 
improvement in re-bleeding or mortality rates com-
pared to beta-blockers alone.

 2. Which statement is true?
 (a) Endoscopic ultrasound (EUS) is not able to perform 

better than standard gastrointestinal endoscopy in the 
detection of gastric varices.

 (b) Gastric varices are seen by EUS to be located pre-
cisely into the mucosal layer of the gastrointestinal 
wall.

 (c) The use of EUS clearly differentiates gastric varices 
from other types of submucosal lesions of the gastric 
wall.

 (d) Feeding vessels for gastric varices cannot be properly 
seen by EUS.

 Answers

 1. Which statement is true?
 (a) CORRECT ANSWER.  Injection of N-butyl-2- 

cyanoacrylate has been proven to be more effective 
and safer than endoscopic band ligation and injection 
of sclerosants in multiple studies in patients with 
bleeding gastric varices.

 (b) Only for patients with GOV 1 gastric varices, endo-
scopic band ligation can also be used for endoscopic 
treatment.

 (c) According to some studies, the presence of large 
(>10 mm) gastric varices without previous bleeding 
episodes might also constitute an indication for pro-
phylactic endoscopic treatment.

 (d) In a study on 77 patients with previous gastric vari-
ceal bleeding, after a median follow-up of 26 months, 
endoscopic treatment with N-butyl-2-cyanoacrylate 
was associated with lower re-bleeding (15% vs. 55%) 
and mortality rates (3% vs. 25%) compared to beta- 
blockers alone.

 2. Which statement is true?
 (a) Endoscopic ultrasound detects gastric varices almost 

twice more often as compared with standard upper 
gastrointestinal endoscopy.

 (b) At EUS examination, gastric varices are seen as tubu-
lar anechoic structures located just beneath the mus-
cularis mucosae layer, into the submucosal layer of 
the gastric wall.

 (c) CORRECT ANSWER.  The use of Doppler easily 
differentiates GVs from other types of submucosal 
lesions, which is important in order to avoid taking 
endoscopic biopsies.

 (d) Feeding perforating vessels can also be visualized by 
EUS in roughly 80% of cases, traversing the muscu-
laris propria and connecting the submucosal varices 
to the esophagogastric collateral veins.
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58.1  Overview of Portal Hypertension

Portal hypertension is a clinical condition characterized by 
a portosystemic gradient exceeding 5  mmHg. Cirrhosis 
contributes to the majority of cases with less than 10% aris-
ing from noncirrhotic etiology. Pathophysiological mecha-
nisms for the development of portal hypertension are 
categorized into two broad theories, forward and backward 
flow theories. In the latter, cirrhosis causes fibrosis and 

architectural distortion of the liver, leading to increased 
intrahepatic vascular resistance. Elevated pressure in the 
portal system eventually leading to reversal of flow within 
the portal vein, known as hepatofugal flow ensues. In the 
former, hyperdynamic mesenteric circulation mediated by 
vasoactive compounds such as Nitrous Oxide (NO), 
Vascular Endothelial Growth Factor (VEGF), and Tumor 
Necrosis Factor (TNF) α results in hyper dynamic circula-
tion and increased forward flow [1, 2].

The downstream clinical effects of elevated portal pres-
sure are mainly threefold and include variceal bleeding, asci-
tes and hepatic encephalopathy [3]. When these complications 
occur, cirrhosis is said to be decompensated with a life 
expectancy that now plummets to only 2 years from a 12-year 
life expectancy seen in a compensated cirrhotic patient. 
Variceal bleeding is a medical emergency with a 7–12% 
mortality. The onset of ascites portends a poor prognosis 
with a 1-year and 5-year mortality rate of 15% and 44% 
respectively. Hepatic encephalopathy is seen in half the 
patients with portal hypertension.

Other less common clinical manifestations of portal 
hypertension include hepatorenal syndrome, hepatopulmo-
nary syndrome, hypersplenism, bacterial peritonitis, hepatic 
hydrothorax, and portal hypertensive biliopathy.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24432-3_58&domain=pdf
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The diagnosis of portal hypertension is made on a clinical 
basis when a patient with cirrhosis presents with complica-
tions of portal hypertension. Direct portal vein measurement 
via a transhepatic, transjugular or umbilical vein approach is 
the gold standard but is invasive with a risk of bleeding. The 
wedged hepatic venous pressure (WHVP) can be measured 
using a balloon catheter which is wedged in the hepatic vein. 
Subsequently, the balloon is deflated to measure the free 
hepatic venous pressure (FHVP). The corrected sinusoidal 
HVPG is calculated by subtracting the free hepatic venous 
pressure (FHVP, which reflects intra-abdominal pressure) 
from the wedged hepatic venous pressure (WHVP, which 
reflects hepatic sinusoidal portal venous pressure and intra- 
abdominal pressure). The technique is accurate in the major-
ity of patients with cirrhosis that involves sinusoidal scarring. 
Other methods to diagnose portal hypertension include ultra-
sound and elastography; however, ultrasound lacks the sensi-
tivity, and elastography, though it has good correlation with 
liver fibrosis, is an indirect measure of portal hypertension 
and is susceptible to confounding factors; additionally, it does 
not account for extrahepatic causes of portal hypertension [5].

Cirrhosis can remain compensated for many years before 
the development of a decompensating event. Decompensation 
includes the development of any of the abovementioned 

complications of portal hypertension. Managing portal 
hypertension revolves around preventing or treating its com-
plications. The former (preventing complications) is appli-
cable in patients with compensated cirrhosis (Child-Pugh A) 
while the later (treating complications) is applicable in 
decompensated cirrhosis (Child-Pugh B or C). Preventing 
complications of portal hypertension involves regular screen-
ing of patients with Child-Pugh A cirrhosis with endoscopy 
and managing the portal blood pressure medically. The goal 
of preventative measures is to avoid the first variceal bleed, 
which is termed primary prophylaxis. Discussion of preven-
tative measures is beyond the scope of this chapter and dis-
cussed elsewhere in this book.

Variceal bleeding is the most dreaded complication of 
portal hypertension with a 1-year mortality of 50% [6]. 
Endoscopic therapy (either variceal ligation or sclerother-
apy) is the first line treatment for acute variceal hemorrhage. 
However, when rebleeding occurs, more definite therapy is 
required. This definitive treatment to reduce portal hyperten-
sion, outside of liver transplant, is by creation of a portacaval 
shunt to decompress the system. Historically, surgical shunts, 
whereby a connection between the portal vein and vena cava 
provides a low resistance outlet, and consequently lowers 
variceal pressures, preventing bleeds. Today, surgical shunts 
are not commonly used for the treatment of portal hyperten-
sion as percutaneous options have largely replaced them, but 
they should still be understood as they do have potential 
clinical scenarios of utility (Fig. 58.1).

58.2  Current Treatment Options

58.2.1  Surgical Shunts

Three categories of surgical shunts including total, selec-
tive and partial shunts have been described. Portacaval and 
mesocaval shunts are examples of total Portacaval shunts 
(TPCS). End-to-side portacaval shunt is created by ligating 
the portal vein and connecting the proximal stump of the 
ligated portal vein to the side of the inferior vena cava 
(Fig. 58.2). Mesocaval shunt are created between the supe-
rior mesenteric vein and the inferior vena cava. Although 
total shunts were remarkably effective in preventing vari-
ceal bleeding, operative mortality was high and the inci-
dence of hepatic encephalopathy and liver failure were not 
acceptable [7–9]. To reduce the risks, selective shunts 
including the proximal and distal splenorenal shunts were 
described. Splenorenal shunts maintain forward flow to the 
liver while decompressing the gastro-esophageal varices 
(Fig. 58.2).

Definition
Portal hypertension condition in which the portosys-
temic blood pressure gradient is above 5 mmHg.

Hepatofugal or Non-forward portal flow (NFPF) is 
defined as an abnormal flow pattern where portal 
venous flow is retrograde from the periphery of the 
liver towards the porta hepatis.

Hepatic Venous Pressure Gradient (HVPG) is 
defined as the gradient in pressure between the portal 
vein and the inferior vena cava (IVC).

 – Normal portal pressure is defined as HVPG of 
≤5 mmHg.

 – Subclinical portal hypertension is defined as HVPG 
6–9 mmHg.

 – Clinically significant portal hypertension (CSPH) is 
defined as HVPG of ≥10  mmHg, at which point 
varices may develop [4].

 – Measurement of HVPG provides independent prog-
nostic information on survival.

 – HPVG helps assess the risk of decompensation 
after resection in patients with compensated cirrho-
sis and hepatocellular cancer

F. G. Celii et al.
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Fig. 58.1 Illustration 
depicting the normal flow  
(a) and hepatofugal flow seen 
in portal hypertensive 
pathology (b)

Portal vein

Splenic vein

Left renal vein

Mesenteric vein

Inferior
vena
cava

Normal (without anastomosis) Portacaval side-to-side shunt

Mesocaval shunt

Central splenorenal shunt Distal splenorenal shunt

Portacaval end-to-side shunt

Fig. 58.2 Diagrams of common surgical shunts compared to normal vascular anatomy

58 Portacaval Shunting for Portal Hypertension



654

Clinical trials comparing TPCS to DSRS did not show 
significant differences in rebleeding, encephalopathy, or 
mortality. In addition, trials comparing DSRS with sclero-
therapy found that patients had worse survival after DSRS 
even though that arm had better bleeding control [10]. As a 
result, prophylactic shunt surgery was rapidly abandoned 
and became only indicated as a salvage therapy.

Partial shunts including calibrated small-diameter porto-
caval H-graft shunts were eventually designed with the same 
end goal as DSRS.  If the volume of shunted portal blood 
could be regulated, suppression of variceal bleeding without 
incurring hepatic encephalopathy or liver dysfunction could 
be achieved. There have been few RCTs to date evaluating 
the efficacy of this shunt. Partial shunts were shown to have 
better encephalopathy-free survival compared to total surgi-
cal shunts, and are easier to handle in subsequent transplants, 
but more data is needed [11, 12].

Ideal surgical shunt candidates in which PCS may be 
attempted are those who have well-preserved liver function 
but fail emergent endoscopic therapy or those who are not 
excellent surgical candidates, but have a contraindication to 
TIPS placement.

58.2.2  Percutaneous Shunts

58.2.2.1  Transjugular Intrahepatic 
Portosystemic Shunt (TIPS)

Creation of a transjugular intrahepatic portosystemic shunt 
(TIPS) is a well-established procedure recommended for 
patients suffering from sequelae of portal hypertension that 
is refractory to medical management. An effective end-to- 
end portacaval shunt between a branch of the portal vein and 
usually the right hepatic vein, which flows into the inferior 
vena cava, is created to decompress the portal system 

(Fig. 58.3). TIPS is performed in the interventional radiol-
ogy lab with moderate sedation or general anesthesia. 
Creation of a TIPS shunts is preferred over surgical shunts in 
patients who are transplant candidates as the extra-hepatic 
anatomy is not altered.

The most widely supported indications for TIPS include 
secondary prevention of variceal bleeding and refractory 
ascites. Multiple randomized controlled studies and several 
meta-analyses have proven the utility of TIPS creation in 
both these conditions. It has been shown to be superior in 
long-term prevention of rebleeding compared to endoscopic 
therapy [13]. In the treatment of refractory ascites, TIPS has 
been shown not only to control ascites in 70% of cases [14], 
it has also been shown to increase transplant-free survival as 
compared to large volume paracentesis (LVP) [14–16]. The 
meta-analysis summarizing five of the six RCTs found a 7.1- 
fold reduction in the risk of recurrent tense ascites after TIPS 
[11, 17, 18]. The first line treatment for acute variceal bleed-
ing includes vasoactive pharmacotherapy and endoscopic 
sclerotherapy or banding. Failure to achieve hemostasis 
occurs in 20% of patients undergoing the first line treatment 
[3]. TIPS is considered the second line treatment due to 
higher incidence of hepatic encephalopathy but achieves 
hemostasis in 95% of acute variceal bleeding [19].

The utility of TIPS shunt creation in the treatment of 
Budd-Chiari Syndrome (BCS) is highly dependent on etiol-
ogy. In primary BCS the patency and long-term survival is 
promising [20]. It has been postulated that using TIPS to 
return intravascular volume from the splanchnic circulation 
to the systemic circulation should improve renal status in 

Fig. 58.3 Illustration demonstrating placement and flow of TIPS pro-
cedure (1) and DIPS procedure (2) using IVUS and improved portal 
flow (blue arrows)

Definition
Distal Splenorenal Shunts (DSRS) are created by ligat-
ing the distal splenic vein and connecting the proximal 
arm of the ligated splenic vein to the left renal vein in 
order to decompress the gastro-esophageal varices.

Definition
Proximal Splenorenal Shunts (PSRS) are created by 
ligating the proximal splenic vein and the distal arm is 
connected into the left renal vein, taking portal pres-
sure away from the site of confluence with the superior 
mesenteric vein.

F. G. Celii et al.
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cirrhotic patients with hepatorenal syndrome. Currently, 
there is 2B evidence [21] for using TIPS in the treatment of 
hepatorenal syndrome. One study even screened patients 
likely to benefit by verifying response to combination ther-
apy of midodrine, octreotide, and albumin. They then saw 
further normalization of kidney function with the imple-
mentation of TIPS [22, 23]. Portal Hypertensive gastropathy 
has only level 4 evidence to support the use of TIPS for pri-
mary treatment [22, 24]. It has been shown to improve endo-
scopic endpoints and clinically stop hemorrhage in a case 
study.

Contraindications to TIPS placement a mostly related to 
the hemodynamic changes that take place after TIPS place-
ment. Severe congestive heart failure, tricuspid regurgitation, 
and severe pulmonary hypertension (mean pulmonary pres-
sure >45 mmHg) are all absolute contraindications due to the 
massive increase in preload that results after blood is shunted 
from the portal vein to the IVC. If there is evidence that the 
patient’s cardiopulmonary system cannot handle the increased 
load from the shunt, it should not be placed. Other absolute 
contraindications are multiple hepatic cysts, bacteremia or 
sepsis, and unrelieved biliary obstruction. Relative contrain-
dications include portal venous thrombosis, hepatocellular 
cancer, moderate pulmonary hypertension, obstruction of all 
hepatic veins, uncorrectable coagulopathy or thrombocytope-
nia, and existing hepatic encephalopathy [25].

The overall goal is the placement of a stent allowing for 
portal flow from the portal vein to the Inferior vena cava 
through the hepatic veins, thus creating a low resistance 
shunt to relieve elevated portal pressures. This reduction of 
the portosystemic gradient is successful in over 90% of cases 
[21]. This is accomplished by obtaining vascular access to 
the right jugular vein, traversing the superior vena cava 
through the right atrium, and into the inferior vena cava. 
From this point, the right or middle hepatic vein is cannu-
lated and hepatic pressures are recorded. Next, a needle 
assembly is advanced over the wire through a sheath and 
used to traverse the liver parenchyma and enter the portal 
vein. After establishing access to the portal vein, portal pres-
sures are obtained. Subsequently, the parenchymal tract is 
dilated with a balloon catheter and the stent graft is deployed. 
It is vital to ensure that the appropriate size endograft is 
selected so that it completely covers the tract, decreasing 
chances of stent stenosis from fibrous tissue overgrowth at 
the hepatic venous end. Furthermore, angiographic evidence 
of reversal of hepatofugal flow and decreased varices, as well 
as treatment to HVPG of less than 12 mmHg significantly 
decreases the likelihood of variceal rebleeding (seen in 
Fig. 58.4).

Complication rates continue to decrease as technique 
improves. Currently, only 3% of patients experience major 
complications and the likelihood of minor complications is 

Fig. 58.4 TIPS Procedure showing resolution portal hepatic congestion (white arrow) and gastro-esophageal varices (yellow arrows) before (left) 
and after (right) shunt placement
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reported at 4% [26]. In addition, procedural mortality is only 
1.7% [26]. Of the complications that patients may experience, 
the most commonly encountered are hepatic encephalopathy, 
variceal hemorrhage, and stent dysfunction. TIPS stent dys-
function can happen due to technical failure (e.g. stent shorten-
ing that leads to thrombosis, or biliary stent fistula), parenchymal 
stenosis due to excessive fibrotic healing response, or late 
“Pseudo-intimal” hyperplasia of the hepatic vein [27].

In response to the relatively high rates of stent dysfunc-
tion, bare metal stents (BMS) were presumed to be more 
susceptible to the pseudo-intimal hyperplasia and polytetra-
fluoroethylene (PTFE)-covered stents were introduced to 
prevent this stenosis. At this point, the evidence is robust 
enough to deem PTFE-covered stents as superior to bare 
metal stents [28–30] as a strong meta-analysis that includes 
four RCTs demonstrated that covered stents are almost 5 
times more likely to retain primary patency, two- thirds less 
likely to have rebleeding as a complication, and survival is 
superior with an odds ratio of 1.85 [31]. It appears that cov-
ered stents are less predisposed to pseudo-intimal hyperpla-
sia and this is thought to be the reason for better patency 
rates. It has been demonstrated that stent to inferior vena 
cava distance (SIVCD) has no negative effect on primary 
patency of TIPS when performed with covered stents as 
opposed to BMS [27]. In terms of sizing, 10-mm PTFE- 
covered stent have been shown to better control refractory 
ascites in patients with cirrhosis, compared with an 8-mm 
stent, and importantly, without increasing the incidence of 
hepatic encephalopathy [17]. As a result, the American 
Association for the Study of Liver Diseases (AASLD) now 
recommends the use of PTFE covered stents over bare metal 
stents.

As an important way to manage patients with uncontrol-
lable variceal bleeding and recurrent variceal bleeding, stud-
ies on the outcomes of early TIPS placement have shown that 
risk stratification is vital. Those patients with a persistent 
HPVG at 20 mmHg or above were at higher risk for recurrent 
bleeding despite best medical therapy and were shown to 
benefits from early TIPS intervention. Early TIPS interven-
tion has been shown to have improved 1-year survival of 
86% over 76% in the drug + Endoscopic Therapy (ET) group 
for acute variceal bleeding [32–35].

58.2.2.2  Direct Intrahepatic Portacaval  
Shunt (DIPS)

The Direct Intrahepatic Portacaval Shunt (DIPS) was first 
described by Petersen et al. [36] as a response to common 
failures observed when performing the more established 
TIPS procedure. The goal was to address parenchymal tract 
overgrowth at the hepatic venous end and prevent the most 
common cause of TIPS failure by means of bypassing it 
completely. In addition, exclusion of the hepatic vein allows 
for the DIPS procedure to treat those with hepatic veno- 

occlusive disease (i.e. Budd-Chiari Syndrome). Direct 
Intrahepatic Portacaval Shunt (DIPS) is a modification to the 
original TIPS procedure where an artificial communication 
between the IVC and portal vein is created through the caudate 
lobe. DIPS also allows for decreased radiation exposure due to 
real-time image guidance as intravascular ultrasound (IVUS). 
IVUS is used to navigate from the IVC to the portal vein (See 
Figs. 58.3 and 58.5). The other described benefit of this modi-
fication is that the much shorter liver tract decreases suscepti-
bility to stent stenosis from fibrous tissue overgrowth [37, 38].

Indications for the DIPS procedure are identical to that of 
the TIPS; however, the evidence backing these indications is 
not as robust at this point as DIPS is still a relatively new 
procedure. However, it seems to have good indication for 
portal hypertension secondary to hepatic veno-occlusive dis-
ease, patients with difficult vascular anatomy, those with 
unsuitable parenchymal tract [39], and DIPS may be consid-
ered in patients needing secondary intervention after an 
occluded TIPS [40].

Contraindications to DIPS mirror those of TIPS, with 
absolute contraindications being severe congestive heart fail-
ure, tricuspid regurgitation, severe pulmonary hypertension, 
multiple hepatic cysts, bacteremia or sepsis, and unrelieved 
biliary obstruction. Relative contraindications are fewer 
without obstruction of hepatic or portal veins being as much 
a concern. Moderate pulmonary hypertension, uncorrectable 
coagulopathy or thrombocytopenia, and existing hepatic 
encephalopathy are still relative contraindications [25].

The DIPS procedure begins with femoral venous access 
for introduction of the IVUS catheter which is placed in the 
retrohepatic IVC. Next, an echo tip trocar needle is advanced 
from a jugular access point to the same level of the IVC. Portal 
access is then created by advancement of the echo tip trocar 
needle under real-time ultrasound guidance through the liver 
and into the portal vein. This can be confirmed with aspira-
tion or contrast-injection. Rest of the procedure is similar to 
a conventional TIPS procedure.

Complications of DIPS placement are identical to those 
of TIPS placement and include hepatic encephalopathy, vari-
ceal hemorrhage, and stent dysfunction. Although the theo-
retical risk of stent occlusion by parenchymal tract 
hypertrophy is reduced, more evidence is needed to substan-
tiate this conclusion. Additionally, in patients with extrahe-
patic portal vein anatomy, there have been minor 
complications due to hemoperitoneum.

58.2.2.3  Percutaneous Mesocaval Shunt
One of the main benefits of using a mesenteric vessel as a 
connection to the systemic vasculature is the preservation of 
native portal venous anatomy in order for subsequent liver 
transplantation. This was the concept behind surgical meso-
caval shunts, and has now been adapted as a percutaneous 
procedure. The percutaneous mesocaval shunt also allows 
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for patients with chronically occluded portal veins, who are 
not good candidates for TIPS, to have their portal hyperten-
sion treated [37].

Indications are again identical to the TIPS procedure; 
however, percutaneous mesocaval shunts (PMCS) allow for 
the circumvention of absolute and relative contraindications 
based on hepatic anatomy that can make TIPS difficult 
(Hepato-occlusive venous disease, severe hepatic cysts, etc.).

Absolute contraindications are still severe congestive 
heart failure, tricuspid regurgitation, severe pulmonary 
hypertension, multiple hepatic cysts, bacteremia or sepsis, 
and unrelieved biliary obstruction. Moderate pulmonary 
hypertension, uncorrectable coagulopathy or thrombocyto-
penia, and existing hepatic encephalopathy are still relative 
contraindications.

A transjugular or percutaneous mesocaval shunt proce-
dure beings with a retrieval device, usually a snare basket, 

being placed through the internal jugular vein down to the 
IVC near the level of the desired shunt. After bowel prepara-
tion and prophylactic antibiotics, a 20-gauge Chiba needle is 
directed through the anterior abdominal wall under 
CT-guidance. It is advanced through-and-through the SMV 
and into the IVC. A wire is advanced through the chiba nee-
dle and introduced into the previously place snare. The wire 
is snared and pulled out through the jugular sheath, effec-
tively leaving a wire percutaneously that travels from SMV 
to IVC and out the jugular sheath. Then a catheter is advanced 
over the wire, keeping a second wire as the safety wire. 
Using the working wire, access is obtained further into the 
SMV. At this point, the percutaneous safety wire is removed, 
and the stent can be advanced over the working wire. After 
dilation, pressures and venogram can be taken to confirm 
appropriate placement and function of the shunt [41] 
(Fig. 58.6).

Fig. 58.5 DIPS Procedure showing echogenic needle (yellow arrows) traversing the IVC through the caudate lobe and into the portal vein (a), 
measuring catheter before stent placement (b) and after (c) demonstrating resolution of portal hepatic congestion (white arrows), (d) Completion 
venography after placement of a DIPS from the IVC to left portal vein
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58.3  Comparison of Available Portocaval 
Shunting Procedures (Table 58.1)

58.4  Future Directions

The DIPS procedure appears to be an excellent alternative to 
the standard TIPS treatment. The main advantages over a TIPS 
placement are that common failures due to bile leaks, tract 
hyperplasia, and hepatic vein occlusion are either excluded or 
much less likely (e.g. tract hyperplasia). Additionally, intravas-
cular US used in DIPS placement allows for visualization por-
tal vein puncture, the most technically challenging and 
dangerous aspect of TIPS creation. Finally, the widened indica-
tions for patients with altered intrahepatic anatomy and portal 
veno-occlusive disease of the hepatic or portal vein are more 
easily circumvented [36]. Further studies are currently needed 
to better quantify the complication rates for DIPS as well as 
randomized clinical trials to compare TIPS against DIPS on a 
broader level with stratification based on indication.

 Self Study

 Questions

 1. Which is not an absolute contraindication to TIPS 
placement?
 (a) Severe Pulmonary Hypertension
 (b) Hepatocellular Carcinoma
 (c) Severe Congestive Heart Failure
 (d) Multiple Hepatic Cysts

 2. Which statement is true?
 (a) Early TIPS treatment improves outcome in patients 

with persistently high HVPG
 (b) DIPS significantly increases patency rates compared 

to TIPS
 (c) Covered (PTFE) stent grafts have similar patency to 

Bare metal stents
 (d) TIPS placement for the treatment of refractory ascites 

is effective is 90% of patients

 Answers

 1. Which is not an absolute contraindication to TIPS 
placement?
 (a) Severe pulmonary hypertension is an absolute contra-

indication TIPS placement as shunt creation will 
 rapidly increase portal venous return to the right side 
of the heart, leading to exacerbation of pulmonary 
hypertension, which can lead to right heart failure 
and circulatory collapse.

a b c

Fig. 58.6 Surgical Shunts visualized via angiography: Portacaval shunt (a), Mesocaval shunt (b), and Distal splenorenal shunt (c)

Table 58.1 Comparison of relative complications across portacaval 
shunt types

Complications Surgical shunt TIPS DIPS Mesocaval
Operative mortality +++ + + ++
Cont. variceal bleeding − + + +

Hepatic encephalopathy +++ +++ +++ ?
Stent dysfunction + ++ − ?

Acute liver failure + + + −
Hemoperitoneum − − + ++

Bile Leaks − + − −
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 (b) CORRECT ANSWER. Hepatocellular carcinoma is 
a not an absolute contraindication to TIPS. HCC most 
commonly arises in a background of cirrhosis and as 
such will likely have sequelae of portal hypertension 
that may benefit from TIPS.  Unless the HCC is 
directly occluding the majority of the hepatic veins, 
portal vein, or their is a large degree portal venous 
thrombosis (PVT), HCC does not present issues with 
shunt placement.

 (c) Severe congestive heart failure is also an absolute 
contraindication to TIPS, for similar reasons as severe 
pulmonary hypertension. The rapid increase blood 
volume returning to the right side of the heart is likely 
to overload the already failing heart and lead to circu-
latory collapse and death.

 (d) A multitude of hepatic cysts can lead to compression 
of venous structures, obstruction of parenchymal 
tracts, and increased risk of hemorrhage.

 2. Which statement is true?
 (a) CORRECT ANSWER.  Studies have shown that 

patients who fail to respond to Endoscopic therapy 
and medical management with a decrease in HVPG 
below 20 mmHg are at significantly increased risk of 
rebleed and benefit from early intervention with TIPS 
placement.

 (b) Although theoretically performing DIPS increases 
the patency rates compare to TIPS as the hepatic 
venous stenosis from TIPS creation is avoided, not 
enough studies have been conducted to evaluate the 
potential benefit of increased patency.

 (c) Many RCTs have demonstrated improved patency, 
survival and decreased rates of bleeding with use of 
PTFE covered stents compared to bare metal stents. 
In fact, the AASLD now officially recommends the 
use of PTFE covered stents over bare metal stents.

 (d) TIPS placement in the setting of refractory ascites 
results in 70% resolution of ascites in addition to a 
significant improvement in transplant free survival
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Systemic Therapy of Advanced Liver 
Cancer

Matthias Ocker

59.1  Introduction

Liver cancer (HCC) still represents a global unmet medical 
need, ranking among the top ten cancer diseases and causes 
of cancer related deaths in both men and women [1]. While 
the majority of cases still occurs in Asia and Africa, inci-
dence rates are continuously rising also in Western countries 
due to the high prevalence of hepatitis C infection and the 
steep increase in non-alcoholic fatty liver diseases and non- 
alcoholic steatohepatitis, which is expected to rise further 
until 2030 [2, 3]. As HCC usually develops on the basis of 
underlying cirrhosis (due to various pathophysiologic condi-
tions), treatment options, esp. for advanced stages, are still 
limited. Due to this complex etiology, HCC is considered a 
disease within a disease and makes the identification of 
unanimous oncogenic drivers and thus also of potential drug 
targets very challenging [4].

The only curative treatment options today are surgical 
resection and liver transplantation, both being applicable only 
to early stage HCCs. Transplantation is further limited by the 
availability of donor organs, while resection is often impacted 
by early relapse. For intermediate stages, several locoregional 
therapies like radiofrequency or microwave ablation, transar-
terial chemoembolization (TACE), cryoablation, electropora-
tion or transarterial radioembolization and radiotherapy have 
been established that could be applied repeatedly (also during 
transplant waiting time) in an adjuvant setting [5]. For 
advanced (metastatic or venous invasive) HCC, only little 
progress has been made since the approval of the multi-kinase 
inhibitor sorafenib about a decade ago. In this chapter, current 
and emerging treatment options including cancer immuno-
therapy approaches for advanced HCC are further discussed.

59.2  Conventional Chemotherapy 
for Advanced HCC

HCC is considered to be highly resistant to chemotherapeu-
tic agents, probably due to the intrinsically high metabolic 
capacity of liver parenchymal cells which is e.g. linked to the 
high expression of efflux pumps as well as to factors associ-
ated with altered microenvironment in HCC like fibrosis, 
chronic inflammation or disturbed blood flow in cancers. 
Furthermore, high expression of potential drug resistance 
genes like heat-shock proteins or p53 mutations are com-
monly observed [6].

Several drugs have been evaluated as single agents or in 
combination studies, including doxorubicin, 5-fluorouracil, 
irinotecan, gemcitabine, and others. Most studies showed 
modest activities with only minimal improvement in overall 
survival and overall response rates usually below 20% [5, 6]. 
Combination studies usually showed significant toxicities 
and it is recommended to use chemotherapy only in selected 
patients with good performance status and preserved liver 
function, usually without cirrhosis.
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Key Concepts
• Liver cancer (HCC) still represents a global unmet 

medical need, ranking among the top ten cancer dis-
eases and causes of cancer related deaths in both 
men and women [1].

• Molecular targeted therapy was shown to have only 
limited efficacy.

• It is recommended to use chemotherapy only in 
selected patients with good performance status and 
preserved liver function, usually without cirrhosis.

• Immunotherapeutic approaches (checkpoint inhibi-
tors, combinations) are a novel treatment option
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59.3  Molecularly Targeted Therapy

The identification of distinct oncogenic drivers has led to the 
development of highly potent and specific drugs like crizo-
tinib for ALK-translocated lung cancer or imatinib for 
chronic myeloid leukemia and gastrointestinal stroma 
tumors. Despite a huge number of clinical trials using tar-
geted agents [7], today only four small molecule kinase 
inhibitors (sorafenib, regorafenib, lenvatinib, cabozantinib) 
could show a survival benefit in clinical studies of advanced 
HCC [8–12].

Sorafenib, an oral multi-kinase inhibitor, achieved overall 
survival of 10.7  months vs. 7.9  months of controls in 
advanced HCC [8]. Lenvatinib, another multi-kinase inhibi-
tor with strong anti-angiogenic properties, showed increased 
overall survival (18.7 months) in a non-controlled phase 2 
study of advanced HCC [13] and proved to be non-inferior to 
sorafenib in a recently published phase 3 study [11].

Regorafenib is a derivative of sorafenib with enhanced 
potency towards inhibition of antiangiogenic targets like 
VEGFR1-3, TIE2 and other kinases like PDGFR, FGFR, 
KIT or BRAF [14]. Regorafenib increased overall survival 
vs. placebo (10.6 months vs. 7.8 months) in a phase 3 study 
(RESORCE) of second line setting after sorafenib treatment 
[10]. Noteworthy, patients intolerant to sorafenib also do not 
benefit from regorafenib therapy and thus still represent an 
unmet medical need [15].

Cabozantinib inhibits both MET and VEGFR signaling 
and showed signs of efficacy in a phase 2 study [12]. 
Recently, the phase 3 study (CELESTIAL) of cabozantinib 
in a second line setting after sorafenib progression met its 
primary endpoint and reached an overall survival of 
10.2 months vs. 8.0 months in the placebo arm [16] leading 
to regulatory submission in 2018.

While sorafenib received approval for first line therapy, 
regorafenib and cabozantinib are used in a second line set-
ting. Approval of lenvatinib is expected in 2018 for first line 
therapy. All compounds are recommended for use in patients 
with Child-Pugh A and selected (low) Child-Pugh B status 
only.

Several studies investigated combinations of targeted 
agents, esp. sorafenib, with chemotherapy or other kinase 
inhibitors. The combination of sorafenib with doxorubicin 
failed to show a survival benefit in a phase 3 study [17] and 
a combination trial of sorafenib with the EGFR inhibitor 
erlotinib even demonstrated a worse outcome [18]. Overall, 
such combination therapies only provide a modest benefit to 
the patient but usually show an increase in drug related 
toxicities.

The combination of targeted agents with locoregional 
therapies like TACE has also been investigated. Sorafenib 
was used in intermediate stage multinodular HCC in combi-
nation with doxorubicin-eluting beads during TACE in the 
phase 2 SPACE trial. The procedure proved to be clinically 

feasible and led to a prolonged time to progression but with-
out improvement in overall survival [19]. In the STORM 
study, sorafenib was investigated in an adjuvant setting 
against placebo but was shown not to be effective here [20].

59.4  Immunotherapy

The connection between inflammation and cancer was 
described by Rudolf Virchow more than 150 years ago and it 
took more than a century to re-discover the connection of 
cancer formation and wound healing [21]. As HCC com-
monly develops on the basis of chronic inflammatory dis-
eases like HBV or HCV infection or (non-) alcoholic 
steatohepatitis and as so far no unique oncogenic driver has 
been identified in HCC [22], the concept of using the immune 
system to tackle HCC is very attractive [23]. Also, locore-
gional therapies can activate T cells in experimental models 
and lead to enhanced anti-tumor activity in HCC [24, 25]. 
The discovery of specific checkpoint inhibitors to overcome 
T cell inactivation in cancer was key to develop specific 
drugs which have now become a central pillar for modern 
oncology therapy in various indications [26]. As the ratio 
between suppressive (regulatory) and cytotoxic T cells has 
already been shown to be associated with improved survival 
in HCC [27], several checkpoint inhibitors have been studied 
in clinical trials now. Interestingly, also sorafenib has been 
shown to reduce regulatory T cells [23]. Studies in non-HCC 
patients already showed a long-lasting anti-tumor response 
of a combination of pembrolizumab and lenvatinib [15, 28].

As of March 2018, a total of 54 studies investigating the 
immune checkpoint inhibitors ipilimumab (CTLA-4), treme-
limumab (CTLA-4), nivolumab (PD-1), pembrolizumab 
(PD-1), atezolizumab (PD-L1), durvalumab (PD-L1) or ave-
lumab (PD-L1) in advanced hepatocellular carcinoma are 
listed on clinicaltrials.gov (Table 59.1).

The CTLA-4 inhibiting antibody tremelimumab showed 
a favourable safety and efficacy profile in phase 1 with 17.6% 
partial responses and 76.4% disease control rate. Interestingly, 
tremelimumab also evoked an anti-viral response in HCV 
positive patients [29]. In combination with locoregional ther-
apies, tremelimumab confirmed the hypothesis of activating 
cytotoxic T cells, leading to a median overall survival of 
12.3 months [30].

Based on the phase 1/2 (CheckMate-040) data, the anti- 
PD- 1 antibody nivolumab was recently granted accelerated 
approval by FDA for the treatment of advanced HCC. In this 
study, 3.2% of patients experienced a complete response. 
The median overall survival was 28.6% in sorafenib-naïve 
patients with an overall survival rate of 73% at 12 months 
and safety seemed slightly better than for the CTLA-4 anti-
body [31]. The randomized controlled phase 3 trial 
CheckMate-459 vs. sorafenib did not meet its primary end-
point (OS).
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Table 59.1 Studies with immune checkpoint inhibitors listed on clinicaltrials.gov (as of March 19, 2018)

Target Drug NCT Phase Regimen
Line of 
therapy Comment

PD-L1 Avelumab NCT03389126 2 Mono After 
sorafenib

PD-L1 Avelumab NCT03289533 1b + Axitinib First line
PD-L1/
CTLA-4

Durvalumab/
Tremelimumab

NCT03298451 3 Combo First line

PD-L1/
CTLA-4

Durvalumab/
Tremelimumab

NCT02519348 2 Combo After 
sorafenib

PD-L1 Durvalumab NCT03257761 1 + Guadecitabine After 
sorafenib

PD-L1/
CTLA-4

Durvalumab/
Tremelimumab

NCT02821754 1/2 Combo + locoregional 
therapy

After 
sorafenib

RFA, Cryoablation or TACE

PD-L1 Durvalumab NCT02572687 1 + Ramucirumab After 
sorafenib

PD-L1 Atezolizumab NCT03434379 3 + Bevacizumab First line
PD-1 Pembrolizumab NCT02658019 2 Mono After 

sorafenib
PD-1 Pembrolizumab NCT03006926 1b + Lenvatinib First line
PD-1 Pembrolizumab NCT02702414 2 Mono After 

sorafenib
KEYNOTE-224

PD-1 Pembrolizumab NCT02702401 3 Mono After 
sorafenib

KEYNOTE-240

PD-1 Pembrolizumab NCT03337841 2 Mono Neoadjuvant
PD-1 Pembrolizumab NCT03163992 2 Mono After 

sorafenib
PD-1 Pembrolizumab NCT03316872 2 + radiotherapy After 

sorafenib
PD-1 Pembrolizumab NCT03099564 1 + Y90 radioembolization First line
PD-1 Pembrolizumab NCT03397654 1/2 + TACE First line TACE followed by 

Pembrolizumab
PD-1 Pembrolizumab NCT02940496 1/2 Mono After 

sorafenib
PD-1 Pembrolizumab NCT03419481 2 Mono After 

sorafenib
HBV positive patients

PD-1 Pembrolizumab NCT03062358 3 Mono After 
sorafenib

KEYNOTE-394

PD-1 Pembrolizumab NCT02509507 1b/2 + Talimogene 
Laherparepvec

First line MASTERKEY-318

PD-1 Pembrolizumab NCT03347292 1b + Regorafenib First line
PD-1 Pembrolizumab NCT03211416 1/2 + Sorafenib First line
PD-1 Pembrolizumab NCT03095781 1 + XL888 After 

sorafenib
PD-1 Pembrolizumab NCT02595866 1 Mono After 

sorafenib
HIV positive patients

PD-1 Pembrolizumab NCT02432963 1 + p53 modified vaccinia 
virus

After 
sorafenib

PD-1 Pembrolizumab NCT02178722 1/2 + Epacadostat After 
sorafenib

KEYNOTE-037/ECHO-202

PD-1 Pembrolizumab or 
Nivolumab

NCT03259867 2 + transarterial 
tirapazamine

After 
sorafenib

TATE-PD1

PD-1 Pembrolizumab NCT01174121 2 + tumor infiltrating 
lymphocytes

After 
sorafenib

PD-1 Pembrolizumab NCT03277352 1/2 + INCAGN01876 After 
sorafenib

PD-1 Nivolumab NCT03382886 1 + bevacizumab After 
sorafenib

NUANCE

PD-1 Nivolumab NCT03033446 2 + Y90 radioembolization All
PD-1 Nivolumab NCT03299946 1 + Cabozantinib Neoadjuvant CaboNivo

(continued)
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Combinations of CTLA-4 and PD-1/PD-L1 have shown 
superior efficacy in patients with malignant melanoma [32, 
33] and are currently also investigated in HCC. Preliminary 
results of a combination of durvalumab and tremelimumab 
phase 1/2 study presented at ASCO 2017 showed a  confirmed 
overall response rate of 17.5% (30% in non-HBV and non-
HCV patients) and a disease control rate 57.5% and 70.0%, 
respectively [34].

Although immunotherapy trials are still ongoing, the 
available data already indicate that this approach is feasible 
in HCC patients and can be an alternative to sorafenib, esp. 
in addition to locoregional therapies [7].

59.5  Future Perspective and Biomarkers

An important learning from successful trials in HCC is that 
patient selection is key to translate antitumor efficacy into 
prolonged survival. Interestingly, the underlying etiology 
seems less important than the overall patient performance as 
reflected by Child-Pugh status [35]. Beyond clinical status, 

the identification of predictive biomarkers would strongly 
foster the success of new drugs in HCC, not limited to tar-
geted agents but especially also to immunotherapy 
approaches. The mutational load of a tumor seems to be a 
better predictor than the expression of PD-1/PD-L1 itself, as 
it is still unclear where this expression needs to predomi-
nantly occur (stroma/tumor) and what would be a useful 
overall cut-off [36]. Unfortunately, HCC shows rather an 
intermediate mutational burden and neoantigen load com-
pared to e.g. melanoma or lung cancers [37]. Mutations that 
are commonly found in HCC samples include TERT, p53 
and cell cycle control genes (e.g. TP53, CDKN2A), Wnt/β- -
catenin signaling, chromatin remodeling and the PI3K path-
way [4, 22, 38]. Biomarker studies in HCC have previously 
been limited by the availability of biopsy material, which 
was not mandatory for setting the initial diagnosis. More 
recently, European guidelines recommend taking biopsies 
from patients in clinical studies [39]. Evolving technologies 
using liquid biopsies will help to overcome the sampling 
error of biopsies and help to increase our knowledge on 
oncogenic drivers in HCC. Enrichment of biomarker-selected 

Table 59.1 (continued)

Target Drug NCT Phase Regimen
Line of 
therapy Comment

PD-1 Nivolumab NCT03071094 1/2 + Pexa-Vec First line
PD-1 Nivolumab NCT02576509 3 Mono First line Study did not meet its primary 

endpoint (OS)
PD-1/
CTLA-4

Nivolumab/
Ipilimumab

NCT03222076 2 Combo All

PD-1 Nivolumab NCT03380130 2 + Y90 SIRT SIRT followed by Nivolumab
PD-1 Nivolumab NCT03383458 3 Mono Adjuvant CheckMate 9DX
PD-1/
CTLA-4

Nivolumab/
Ipilimumab

NCT03203304 1 + radiotherapy All

PD-1/
CTLA-4

Nivolumab/
Ipilimumab

NCT01658878 1/2 Combo First line CheckMate040

PD-1 Nivolumab NCT02423343 1/2 + Galunisertib After 
sorafenib

PD-1 Nivolumab NCT03418922 1 + Lenvatinib First line
PD-1 Nivolumab NCT02828124 1/2 Mono After 

sorafenib
PD-1 Nivolumab NCT02837029 1 + Y90 Therasphere All
PD-1 Nivolumab NCT03439891 2 + Sorafenib First line
PD-1 Nivolumab NCT02859324 1/2 CC-122 After 

sorafenib
PD-1 Nivolumab NCT03143270 1 + TACE All TACE followed by Nivolumab
PD-1 Nivolumab NCT02705105 1/2 + Mogamulizumab After 

sorafenib
PD-1 Nivolumab NCT03071757 1 + ABBV-368 After 

sorafenib
PD-1 Nivolumab or 

Ipilimumab
NCT03126110 1/2 + INCAGN01876 After 

sorafenib
PD-1 Nivolumab or 

Ipilimumab
NCT03241173 1/2 + INCAGN01949 After 

sorafenib
PD-1 Nivolumab NCT02465060 2 NCI-MATCH
CTLA-4 Tremelimumab NCT01853618 1 + locoregional therapy After 

sorafenib
RFA, Cryoablation or TACE

CTLA-4 Tremelimumab NCT01008358 2 Mono After 
sorafenib
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patients using novel trial designs (e.g. umbrella or basket 
studies) seems necessary to further evolve the treatment 
options for HCC patients.

 Self Study

 Questions

 1. Which statement is true?
 (a) Kinase inhibitors, e.g. sorafenib or regorafenib, are 

approved for treatment of all HCCs.
 (b) Combination therapies of kinase inhibitors with e.g. 

chemotherapy usually demonstrate improved effi-
cacy and survival in HCC.

 (c) Combination with locoregional approaches prolongs 
time to progression.

 (d) Sorafenib is effective in an adjuvant setting.
 2. Which statement is true?

 (a) Taking biopsies is not recommended for HCC.
 (b) Immune checkpoint combination therapies are con-

sidered feasible and achieve higher response rates in 
non-viral HCCs.

 (c) Sorafenib increases infiltration of regulatory T cells 
to HCC.

 (d) HCC shows very high mutational load.

 Answers

 1. Which statement is true?
 (a) Kinase inhibitors are approved for advanced stages of 

HCC only (BCLC C) with preserved liver function 
(Child-Pugh A–low B) good clinical performance 
score (PS 1–2). Chemotherapy is used in BCLC D 
while locoregional therapies, transplantation or surgi-
cal resection are used in early HCC.

 (b) Combination of different targeted agents are often 
limited by additive toxicity. Combination of sorafenib 
with doxorubicin failed to show a survival benefit and 
combination with erlotinib even demonstrated a 
worse outcome.

 (c) CORRECT ANSWER.  Although overall survival 
was not improved in the SPACE study (sorafenib in 
combination with doxorubicin-eluting TACE), time 
to progression was prolonged.

 (d) In the STORM study, sorafenib did not show efficacy 
in an adjuvant setting against placebo.

 2. Which statement is true?
 (a) European guidelines now recommend taking biopsies 

from HCC patients in clinical studies to improve bio-
marker discovery.

 (b) CORRECT ANSWER. Several clinical trials are cur-
rently ongoing and preliminary data show a higher 
response rate and disease control rate in non-viral HCC.

 (c) Sorafenib reduces the number of regulatory T cells 
and thus potentially improves the immunologic con-
trol of HCC.

 (d) HCC has an intermediate mutational load compared 
to e.g. melanoma or lung cancer. Commonly found 
mutations include TERT, p53 and cell cycle control 
as well as WNT/β-catenin signaling and other path-
ways without having identified a clear oncogenic 
driver so far.
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Key Concepts
• The concept of TACE is based on minimally inva-

sive induction of tumor necrosis by a high local 
concentration of a chemotherapeutic agent and an 
embolic/ischemic effect.

• TACE is the treatment of first choice for patients 
with intermediate HCC stage BCLC B, but may 
also be considered in individual cases for patients 
with early stage A (stage migration) and advanced 
stage C (segmental PVT).

• Current studies suggest that TACE is also an effec-
tive and safe alternative for the treatment of non- 
resectable liver metastases from colorectal 
carcinomas and other tumor entities, but there is not 
yet sufficient evidence as of 2019.

• Currently available methods are cTACE using 
Lipiodol, DEB-TACE using drug eluting beads and 
DSM-TACE using dissolvable starch 
microspheres.

• As of 2019, there is still no agreement on the best 
TACE technique and different options for patient 
selection, retreatment schemes, drugs and embolic 
agents are still in use.
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60.1  Introduction

The concept of transarterial chemoembolization (TACE) is 
based on the minimally invasive induction of tumor necrosis 
by a high local concentration of a chemotherapeutic agent 
and an embolic effect. The embolic effect causes ischemia on 
the one hand and an increased local dwell time of the chemo-

therapeutic agent in the tumor on the other. Since both HCC 
and secondary liver tumors receive a large part of their blood 
supply from the hepatic arteries, but healthy liver tissue is 
primarily supplied with blood portalvenously, transarterial 
application is particularly suitable for achieving the highest 
possible concentration of the chemoembolisate in the tumor.

For the first time TACE was mentioned as an alternative 
therapy for patients with HCC in 1985 [1], since then it has 
taken a stable place in the multimodal oncological therapy of 
primary malignant liver tumors and is also gaining increas-
ing importance in the treatment of secondary malignant liver 
tumors. In the following, both the general technical proce-
dure for TACE, the indications for TACE as well as the vari-
ous methods of TACE currently available will be presented.

60.2  Indications

The European Association for the Study of the Liver (EASL) 
[2] recommends TACE in its guidelines for the treatment of 
HCC in the version of 2018 for patients with non-resectable 
HCC in intermediate stage according to the criteria of the 
Barcelona Clinic Liver Cancer staging system (BCLC B) 
(Fig. 60.1) [3]. This is defined as multinodular, non- resectable 
disease with preserved liver function and good clinical status 
of the patient. There is a high level of evidence for first-line 
treatment with TACE for this tumor stage.

Also, for patients with tumor stage A, TACE is sometimes 
considered if, for example, resection and ablation is not pos-
sible for technical reasons [4]. This procedure is called stage 
migration. Similarly, treatment with TACE can keep patients 
with tumor stage A waiting for a liver transplant longer on 
the transplant list [5]. A further study from 2013 also shows 
that TACE reduces the risk of recurrence after liver trans-
plantation [6].

Recent studies suggest that TACE may also be an option 
for patients with advanced stage C HCC with segmental por-
tal vein invasion. A 2017 study with 238 patients observed 
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that patients with central portal vein thrombosis (PVT) sur-
vived an average of 6.4 months after TACE, while patients 
with segmental PVT survived an average of 20.0  months 
after TACE [7].

Adverse prognostic factors for TACE in HCC are tumor 
diameter of more than 5 cm, more than four lesions, cirrhosis 
of the liver with stage Child-Pugh B, and unselective chemo-
embolization. Poor ECOG status (ECOG PS ≥ 2) and Child- 
Pugh C are considered absolute contraindications. Although 
an extrahepatic tumour manifestation is generally also con-
sidered a contraindication, selected patient groups may ben-
efit from TACE [18].

If, after two treatments with TACE, there is no response to 
therapy in the sense of no tumour necrosis or no change in 
the size of the vital part of the tumour or even tumour pro-
gression, no further TACE should be administered and the 
therapy should be switched to systemic therapy.

The majority of all secondary liver tumors are metastases 
of colorectal cancer (CRC) and occur in about 25% of all 
patients with CRC [8]. Even though there is a steadily grow-
ing number of studies suggesting that TACE is a safe and 
effective therapy alternative for patients with non-resectable 
liver metastases [9], there are still no recommendations for 
TACE in guidelines due to the not yet sufficient evidence. 
The same also applies to liver metastases of other tumour 
entities, for example cholangiocellular carcinoma (CCC) 
and neuroendocrine tumours (NET).

Since TACE is primarily understood as a palliative rather 
than a curative treatment approach, repeated treatments of 
patients are recommended. There is no consensus on the 
intervals between TACE treatments, the most common being 

intervals of 4–8 weeks between two treatments. At the latest 
after the second treatment, imaging should be performed 
with a contrast-enhanced MRI or CT to monitor the success 
of the therapy.

Since TACE induces tumor ischemia/infarction but has no 
direct effect on tumor size, new imaging criteria had to be 
developed to assess the success of treatment. For the assess-
ment of HCC, the modified RECIST (mRECIST) criterion 
was developed, which is based on a single measurement of 
the longitudinal axis of the enhancing part of the tumor tissue. 
mRECIST is a reliable response marker and independent 
prognostic factor for survival after TACE and can therefore be 
used as a guide for potential therapeutic changes [10].

60.3  Technique

Possible access paths for TACE are transfemoral puncture as 
well as transbrachial and transradial access.

The relatively short access path as well as the normally 
large diameter of the AFC speak for a femoral access. It is 
important to puncture the AFC at the level of the femoral 
head in order to ensure sufficient compressibility of the ves-
sel after the intervention and to reduce the risk of secondary 
bleeding. Bleeding into the retroperitoneal space after AFC 
puncture is a feared complication with a mortality rate of 
10% and occurs after 0.1–0.7% of all punctures [11].

Both transbrachial and transradial punctures have a sig-
nificantly lower risk of relevant bleeding than transfemoral 
punctures. The complication rate for transbrachial access 
though is not negligible with 12.5% [12] but can be slightly 

HCC in cirrhotic liver

Intermediate stage (B)
Multinodular,
unresectable

Preserved liver function1,
PS 0

Early stage (A)
Single or 2-3 nodules <3 cm

Preserved liver function1, PS 0

Very early stage (0)
Single or <2 cm

Preserved liver function1,
PS 0

Prognostic
stage

Solitary

Yes

Ablation Resection Transplant Ablation Chemoembolization BSCSystemic therapy5

No

Yes No

Transplant
candidate

Treatment4

> 5 years > 2.5 years 3 months_> 10 monthsSurvival

Optimal surgical
candidate3

2-3 nodules
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Advanced stage (C)
Portal invasion/

extrahepatic spread
Preserved liver function1,

PS 12-2

Terminal stage (D)
Not transplantable HCC
End-stage liver function

PS 3-4

Fig. 60.1 Treatment schema of the European Association for the Study of the Liver (EASL). TACE is recommended for patients with non- 
resectable HCC in intermediate stage (multinodular, non-resectable disease with preserved liver function and good clinical status)
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reduced with vascular occlusion systems such as Angioseal 
and Exoseal.

Since the transradial access is the access path of choice 
in guidelines for coronary interventions, various studies 
exist which confirm an overall lower complication level for 
the transradial access compared to transfemoral access 
[13]. Also, stroke risk does not seem to be increased with 
transradial interventions compared to transfemoral inter-
ventions [14].

Disadvantages of transbrachial and transradial puncture 
are the longer access path and the somewhat more compli-
cated probing of the aorta abdominalis over the aortic arch. 
Access via the patient’s left arm is preferred due to the 
shorter access route.

Depending on the experience of the interventionalist, the 
puncture can be performed conventionally or under 
ultrasound- guidance. For all three access routes, a 4-F or 5-F 
sheath is suitable for TACE. In most cases, a cobra catheter 
with a length of 65 cm is used as a probing catheter for the 
coeliac trunk when performing femoral access. In cases 
where the coeliac trunc leaves the aorta in a steep angle, a 
retreat catheter (e.g. SOS-Omni, AngioDynamics, Latham 
NY, USA) may facilitate access. When probing from a cra-
nial direction via transbrachial and transradial puncture, the 
angle of the coeliac trunc is usually flatter than 90°, so a less 
strongly curved catheter is sufficient for stable probing in 
most cases, but it should have a length of at least 90  cm 
(transbrachial) or 110 cm (transradial) (e.g. Ultimate 1, Merit 
medical, Jordan UT, USA).

For first-time TACE treatments, if no thin-layer 
CT-angiography is available for orientation, the AMS should 
be probed and visualized to identify possible aberrant hepatic 
arteries. Subsequently, an overview angiography with cathe-
ter position in the coeliac trunc should also be performed. 

Subsequently, the A. hepatica communis is probed with a 
microcatheter in coaxial technique, from where a new angi-
ography is obtained (Fig. 60.2).

Identification of A. gastrica dextra and sinistra, gastrodu-
odenalis, cystica and possible vessel variations (e.g. exit of 
A. gastrica dextra from the left A. hepatica or a pancreatico-
duodenal arcade originating from A. hepatica propria, but 
also from AV fistulas and shunts) is necessary to avoid false 
embolization.

60.4  Technical Advances

The more superselective the tumour feeders can be probed, 
the better a tumour embolization can be achieved while pro-
tecting the surrounding healthy liver parenchyma. In order to 
achieve complete and superselective embolization, all tumor 
feeders must be identified. The simplest and most effective 
way to visualize the tumor including all tumor supplying ves-
sels is to perform a 3D angiography with a flat panel detector 
(so called Cone-Beam-CT). Using automated tumor-feeder 
detection software, even tiny feeder vessels can be detected, 
visualized three-dimensionally and then embolized ultrase-
lectively [22]. This approach helps to increase local tumor 
control, preserve the hepatic function and reduce the extent of 
complications (especially post-embolization syndrome) [15].

60.5  Methods

Essentially, three TACE procedures are available: conven-
tional TACE (cTACE), TACE with drug-eluting beads (DEB- 
TACE) and TACE with dissolvable-starch-microspheres 
(DSM-TACE).

a b

Fig. 60.2 (a) Patient with two large HCC in the right lobe of the liver. 
The truncus coeliacus (long arrow) was probed with a 5F cobra cathe-
ter. The tip of the catheter was placed in the hepatica propria (short 
arrow). After injecting the catheter with a contrast medium, the two 

HCC show themselves as “tumor blushes” due to their strong arterial 
vascularization. (b) After successful embolization with DSM and 
Farmorubicin, a contrast-enhanced final check is performed again. No 
tumor blushes are recognizable as signs of the embolic effect

60 Embolization Therapy for Liver Cancer
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60.5.1  cTACE

cTACE is the oldest method for TACE and was first men-
tioned in 1985. The evidence on cTACE is mainly based on 
two large meta-analyses in which randomized, controlled 
studies on the efficacy of cTACE with cisplatin or doxorubi-
cin were evaluated in comparison to Best Supportive Care 
(BSC) in HCC patients not eligible for surgical therapy [16, 
17]. These analyses demonstrated a significant advantage of 
cTACE over BSC in terms of mean survival time of patients.

In cTACE, Lipiodol (Guerbet, Paris, France) is used as a 
carrier for a chemotherapeutic agent. Various therapeutics 
are available, including doxorubicin, epirubicin, idarubicin 
and cisplatin. A water-in-oil emulsion of Lipiodol and the 
respective chemotherapeutic agent is produced manually, 
which is mixed approx. 10–20 times in the “push and pull” 
process via a 3-way tap, so that droplets with a diameter of 
70–100 μm are formed. This mixture is then selectively or 
superselectively introduced into the tumor supplying arteries 
via a microcatheter, followed by embolizing particles.

Several options are available as embolizates. Absorbable 
gelatin (Gelfoam, Pfizer, New  York, USA) is most com-
monly used, alternatives are degradable starch microspheres 
or permanent materials including polyvinyl alcohols, uncali-
brated and calibrated microspheres.

A review from 2016, which analyzed data from 101 clini-
cal studies up to 2013 confirmed the previously known data 
on the efficacy and safety of cTACE with a median survival 
of 19.4 months after cTACE [19]. Furthermore, a progression- 
free- survival of 57.2% was observed 6 months after interven-
tion. The most common adverse events were related to 
postembolization syndrome, which is characterized by fever 
(17.2%), pain in the right upper quadrant (11%), and nausea 
and/or vomiting (6%). The results of a randomized trial pub-
lished in 2017 suggest that prophylactic intravenous dexa-
methasone on days 1–3 after TACE may reduce the incidence 
of postembolization syndrome [20].

60.5.2  DEB-TACE

DEB-TACE was introduced 10  years ago with the aim of 
improving the results of cTACE and minimising the side 
effects of the procedure. It is based on the use of micro-
spheres that are capable of binding the cytotoxic drug 
through an ion exchange mechanism and then slowly release 
it within the target lesion in a controlled manner over a pro-
longed period of time. This favourable pharmacokinetic pro-
file increases the exposure of the tumor to the 
chemotherapeutic agent and minimises associated toxicity 
due to reduced systemic drug circulation [21].

DEB-TACE has the same clinical applications as cTACE 
to treat selectively targetable liver lesions in an asymptom-

atic patient without impaired liver function, metastatic 
spread or portal vein thrombosis. A study published in 2012 
reported unprecedented results in over 100 HCC patients 
with early and intermediate stage disease: The mean OS was 
48.6  months (BCLC A: 54.2  months and BCLC B: 
47.7 months) [23].

However, the choice of DEB-TACE over cTACE contin-
ues to be debated given the high costs and the controversial 
results of comparative studies [24, 25]. There is still no 
agreement on the best TACE technique and different options 
for patient selection, retreatment schemes, drugs and embolic 
agents are still in use.

60.5.3  Comparison of DEB-TACE and cTACE

The PRECISION V study published in 2010 was the first to 
show a lack of superiority of DEB-TACE over cTACE and 
demonstrated no statistical difference in overall response 
between these regimens, although the radiological response 
rate was slightly higher in the DEB-TACE arm [24].

Four years later, the results were confirmed by a random-
ized controlled trial by Golfieri et al., which found no signifi-
cant difference in local and overall tumor response rates of 
cTACE and DEB-TACE [25]. The median time to progres-
sion (TTP) was 9 months in both arms (p = 0.766) and over-
all survival after 1 year and 2 years was 86.2% and 56.8%, 
respectively, after DEB-TACE, and 83.5% and 55.4% after 
cTACE (p = 0.949). The study was terminated prematurely, 
as the interim analysis showed no significant advantage of 
DEB-TACE over cTACE.

However, it is important to note, that some of the studies 
that showed non-superiority of DEB-TACE reported lower 
rates of adverse events in the DEB-TACE group. The 
PRECISION V study, for example, indicates that DEB- 
TACE has a higher tolerability, significantly lower liver tox-
icity and fewer doxorubicin-associated side effects. Golfieri 
et  al. also conclude that DEB-TACE may lead to a lower 
incidence of post-embolization syndrome.

To summarize, despite the theoretical advantages of DEB- 
TACE, in particular with regard to pharmacodynamics, the 
routine use of DEB-TACE remains the subject of controver-
sial scientific debate due to the lack of evidence of its superi-
ority over cTACE while at the same time is it associated with 
higher costs.

60.5.4  DSM-TACE

In recent years, DSM-TACE has emerged as an alternative 
chemoembolization method. Instead of Lipiodol or drug 
eluting beads, dissolvable starch microspheres are used to 
obtain a transient occlusion of target vessels. The most com-
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mon embolization agent is Embocept (PharmaCept GmbH, 
Berlin, Germany). DSM provide a well-defined, compared to 
Lipiodol and DEB reasonably shorter and transient vessel 
occlusion time of 35–50 min, combined with the ability to 
bind chemotherapeutical agents. Potential advantages of this 
method may be a reduced vascular epithelial growth factor 
(VEGF) response, which is discussed to be a predictor for 
poor response to TACE [26], and a lower risk for adverse 
events due to embolization of non-target vessels. Partial 
reperfusion after embolization can be observed after a time 
of 10–15 min [27], making DSM-TACE a possible alterna-
tive for patient scenarios, where selective embolization can’t 
be obtained, for example in bilobar or disseminated disease. 
First studies describe a good technical efficacy and safety for 
DSM-TACE [28, 29], but as of 2019 there is still a lack of 
evidence.

 Self Study

 Questions

 1. Which statement is correct:
 (a) According to the EASL guidelines for HCC, TACE 

should primarily be performed in patients with 
advanced HCC stage BCLC C.

 (b) TACE may be considered for patients with early HCC 
stage BCLC A.

 (c) The evidence for benefits of TACE in patients with 
intermediate HCC Stage BCLC B compared to sys-
tem therapy with sorafenib is scarce.

 (d) If, after two treatments with TACE, tumor progres-
sion is observed, at least a third treatment session 
should be performed.

 2. Which statement is correct:
 (a) DSM-TACE has a vessel occlusion time of approxi-

mately 6 weeks.
 (b) DEB-TACE is more suitable for lesser selective 

embolizations in disseminated disease than cTACE.
 (c) Transradial approach has a lower risk for adverse 

events compared to brachial and femoral approach.
 (d) To induce maximum tumor-necrosis, chemoemboli-

zation with DSM must be followed by embolizing 
particles like calibrated microspheres or gelfoam.

 Answers

 1. Which statement is correct:
 (a) TACE is the treatment of choice for patients with 

HCC BCLC B. Recent studies suggest, that patients 
with HCC stage BCLC C and segmental portal vein 
infiltration may profit from TACE.

 (b) Patients with early HCC stage BCLC A may be 
treated with TACE if resection or ablation is not pos-
sible, this procedure is called stage migration. 
CORRECT.

 (c) Evidence for TACE as first line treatment in patients 
with intermediate HCC Stage BCLC B is strong.

 (d) If tumor progression or a non-response to TACE is 
observed after two treatments, no further TACE 
should be administered and therapy should be 
switched to system therapy.

 2. Which statement is correct:
 (a) Vessel occlusion time of DSM-TACE is approxi-

mately 35–50 min.
 (b) Tumor feeders should be probed as superselective as 

possible when performing cTACE and DEB-TACE.
 (c) Transradial approach has a significantly lower risk 

for adverse events compared to brachial and femoral 
approach. CORRECT.

 (d) Application of embolizing particles like absorbable 
gelatin, degradable starch microspheres or permanent 
materials including polyvinyl alcohols, uncalibrated 
and calibrated microspheres
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61.1  Introduction

Thermal ablation procedures were developed in the 1980s 
for minimally invasive and percutaneous use [1]. A dis-
tinction has to be made between thermodestructive proce-
dures, which usually allow heat of 60–100 °C to act on the 
target tissue, and hyperthermia procedures (target temper-
atures approx. 42–45 °C). While hyperthermia is usually 
used supportively for radio- or chemotherapy to improve 
local efficacy, thermodestruction, hereafter referred to as 
thermoablation, is based on the irreversible complete 
destruction of biological tissue due to protein denaturation 
[2]. This complete and irreversible process is achieved 

within a few seconds after a target temperature of 60 °C 
has been reached.

Cold based methods (cryotherapy) with target tempera-
tures below −20 °C have also been developed. In contrast to 
protein denaturation, however, the radicality of cold-based 
methods is controversial. Even at temperatures below 
−50 °C, the cell damage induced by the cold, such as mem-
brane ruptures, vascular and capillary thrombosis and apop-
tosis, can be reversible at least in some tumor cells.

Percutaneous applicators make it technically possible to 
introduce thermal energy. The diameter of today’s applica-
tors is usually between 14 and 18 gauge, which makes them 
no more traumatic than standard probes for obtaining histo-
logical material. Depending on the manufacturer and method, 
the number of applicators used varies between one and sev-
eral applicators, whereby the time required for the placement 
of the applicators increases with the number of applicators 
and, especially in the case of multi-applicator technology, 
novel navigation procedures have an added value.

In the 1990s, numerous Phase 1 and Phase 2 studies were 
conducted, which demonstrated the effectiveness of ther-
moablative procedures using sonographic, computed tomog-
raphy or magnetic resonance imaging. Numerous groups 
used either light (laser-induced thermotherapy) or electric 
current (radio frequency ablation, RFA) [3, 4] for the energy 
input of the heat-based procedures.

Although laser light has methodological advantages for 
the visualization of thermal effects for therapy control, RFA 
has gained widespread acceptance due to its simpler han-
dling, cheaper materials, better miniaturization and better 
controllability and is still regarded today as the standard 
method of thermal ablation. However, microwave ablation 
(MWA) has evolved considerably in recent years. While the 
radicality and controllability is comparable to the radio fre-
quency method, many working groups prefer the MWA to 
the RFA due to the time advantage.

In tumors in the vicinity of blood-flowed vessels from a 
size of approx. 3  mm, incomplete ablation with residual 
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Key Concepts
• Ablation or resection is the treatment of choice for 

very early stage and early stage HCC according to 
the criteria of the Barcelona Clinic Liver Cancer 
staging system

• Most ablation procedures are based on irreversible 
cell damage caused by heating above 60 °C

• Combination with transarterial chemoembolization 
improves local tumor control for HCC larger than 
3 cm

• Compared to radiofrequency ablation, microwave 
ablation has theoretical advantages due to the higher 
possible energy output

• Irreversible electroporation is a novel ablation pro-
cedure that is not heat-based and can therefore be 
used in the vicinity of large bile ducts and vessels
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tumor cells along the vessel walls can occur due to heat sink 
effect [5]. Since in hepatocellular carcinoma a curative result 
for the patient can only be expected in the case of complete 
ablation, further procedures, such as irreversible electropora-
tion (IRE), have recently been developed to improve selec-
tivity [6].

In our decade, thermal ablation methods have become 
established in the healthcare system and, in spite of the 
expandable evidence, are an integral part of guideline- 
oriented therapy, especially for HCC, but also for secondary 
liver tumors. Although the motto “surgery first” still seems to 
prevail, percutaneous tumor ablation is already on a par with 
open surgery, at least for hepatocellular carcinoma. 
Percutaneous ablation procedures enjoy a high level of 
patient acceptance due to the better tolerability of thermal 
ablation and the associated lower side effect rates.

61.2  Indications

The European Association for the Study of the Liver (EASL) 
guidelines for the treatment of HCC in the version 2018 [7] 
recommend resection and ablation or transplantation for 
very early stage and early stage HCC according to the  criteria 
of the Barcelona Clinic Liver Cancer staging system 
(Fig. 61.1).

Very early HCC (BCLC stage 0) is defined in patients 
with well-preserved liver function (Child-Pugh A) pre-
senting with a single tumor <2  cm in diameter without 

vascular invasion. Recent studies have shown excellent 
5-year survival rates of 80% in patients with very early 
stage HCC after resection [8]. Given that percutaneous 
ablation can produce a complete tumor necrosis with an 
adequate safety margin, resection and RFA are likely to be 
comparable in their outcome for small HCC less than 
2–3  cm. This assumption is supported by a systematic 
meta-analysis consisting of 17 studies (8420 patients), 
which concludes that patients with very early HCC treated 
by RFA have a comparable life expectancy to patients 
after resection [9].

Early HCC (BCLC stage A) is defined in patients with pre-
served liver function presenting with a single tumour >2 cm 
or 2–3 modules <3 cm in diameter. Although data is scarce, 
studies suggest 5-year median survival rates of 50–70% after 
resection, liver transplant or local ablation [10].

A 2017 Cochrane Review compared safety and efficacy 
of different treatment options for very early and early 
HCC.  The review included a total of 18 randomized con-
trolled trials, four of which (593 patients) compared surgical 
resection with RFA. The authors found no evidence of a dif-
ference in all-cause mortality between resection and 
RFA. The incidence of severe adverse events after resection 
was significantly higher (23.3% vs. 1.7%) [11]. When weigh-
ing between resection and ablation, it is crucial that the prog-
nosis after resection is highly dependent on the progress of 
the liver dysfunction, whereas prognosis after ablation is 
determined by the rapid drop of primary efficacy with 
increasing tumor size.

HCC in cirrhotic liver

Intermediate stage (B)
Multinodular,
unresectable

Preserved liver function1,
PS 0

Early stage (A)
Single or 2-3 nodules <3 cm

Preserved liver function1, PS 0

Very early stage (0)
Single or <2 cm

Preserved liver function1,
PS 0

Prognostic
stage

Solitary

Yes

Ablation Resection Transplant Ablation Chemoembolization BSCSystemic therapy5

No

Yes No

Transplant
candidate

Treatment4

> 5 years > 2.5 years 3 months_> 10 monthsSurvival

Optimal surgical
candidate3

2-3 nodules
_<3 cm

Advanced stage (C)
Portal invasion/

extrahepatic spread
Preserved liver function1,

PS 12-2

Terminal stage (D)
Not transplantable HCC
End-stage liver function

PS 3-4

Fig. 61.1 Treatment schema of the European Association for the Study 
of the Liver (EASL). Ablation is recommended as an alternative to 
resection or transplantation for very early and early stages (single 

tumour or 2–3 tumours <4 cm with preserved liver function and good 
clinical status)
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61.2.1  At-Risk Localizations and Adverse 
Events

Studies have shown that around 30% of patients referred for 
ablation were drifted to palliative treatment because of an 
at-risk localization or an at-risk patient profile (Kim et  al. 
2013). Although certain locations in the liver are associated 
with risk of complications, special techniques haven been 
developed in recent years to safely and efficiently treat these 
patients.

The risk of a diaphragmatic injury or a hollow organ per-
foration is associated with a location of the tumor near the 
diaphragm or colon/stomach (Kang et al. 2011). Peritoneal 
insufflation dextrose solution (“hydrodissection”) or CO2 
(“pneumodissection”) to separate the liver from the endan-
gered organ nevertheless allows safe treatment of these 
patients by means of thermal ablation. Alternatively, non- 
thermal irreversible electroporation can be used for these 
patients, but at significantly higher time and effort. Studies 
have shown that the treatment of tumors at these sites does 
not lead to reduced efficacy compared to other, less vulner-
able locations (Teratani et al. 2006).

The risk of a bile duct injury with development of bilio-
mas, cholestasis or bile duct fistulas is significantly increased 
in centrally located tumors in the vicinity of the primary bile 
ducts. The use of thermodestructive methods for immediate 
perihilary HCC is therefore still contraindicated according to 
current opinion. For these patients, irreversible electropora-
tion is often the only potentially curative therapy option for 
small, irresectable tumors.

Although a subcapsular situation was long considered an 
unfavorable prognostic factor, this was proven wrong in a 
propensity score analysis of 2016 with over 500 patients 
(Fig. 61.2) [12]. The thermocoagulation of the ablation tract 
(“tract ablation”), indirect puncture with interposition of 
non-tumorous liver tissue and the no-touch technique involv-
ing several probes placed tangentially to the tumor can 
reduce the risk of tumor cell seeding in these patients to less 
than 1% (Nakagomi et al. 2014).

61.2.2  Tumor Size

Selected patients with tumors greater than 3 cm can be rea-
sonably treated with ablation. Although good results can also 
be achieved for large HCC, primary efficacy and results 
decrease significantly with increasing size. However, the 
ablation of large tumors in particular benefits from increas-
ing improvements in percutaneous ablation technology, in 
particular the use of multi-applicator systems and modern 
navigation systems [13, 14]. Several mostly retrospective 
studies report acceptable efficacy rates of more than 80% for 
ablation of HCC ≥5  cm by multipolar RFA or MWA and 
1-year survival rates above 80% with only low morbidity 
(Lin, Cheng, Chen M, & Lin, 2015; Liu et al. 2013).

Another approach in large HCC is to combine RFA with 
transarterial chemoembolization. Recent meta-analyzes have 
shown that the combination of RFA and transarterial chemo-
embolization (TACE) significantly increases overall and 
recurrence-free survival, without significant differences in 

a b c

Fig. 61.2 (a) Hypervascular, subcapsular HCC in liver segment VIII. 
(b) The microwave antenna was placed cranio-caudally tangentially to 
the HCC to avoid tumor seeding and too close proximity to the dia-

phragm. (c) CT shows complete response with hypodense coagulation 
necrosis 6 weeks after ablation
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major complications [15]. For small HCC (<3 cm), combina-
tion therapy with TACE has no advantages over ablation 
alone (Shibata et al. 2009).

61.3  Technical Aspects

61.3.1  Radiofrequency-Ablation (RFA)

In radiofrequency-ablation (RFA), an alternating current 
field with frequencies between 375 and 480 kHz is applied 
to the tissue to induce an ion movement that leads to the 
generation of a relevant frictional heat. Temperatures above 
60 °C lead to irreversible protein denaturation and thus to 
cell damage due to coagulation necrosis [16]. Temperatures 
between 90 and 100 °C are considered optimal target tem-
peratures for RFA. In RFA, the electrical energy is applied 
by special electrodes. These radiofrequency electrodes 
essentially consist of an insulated metal shaft with one to 
six active electrode tips and are also called ablation probes 
or applicators. An RF generator generates the high-fre-
quency, sinusoidal alternating current, which is emitted 
into the surrounding tissue via the active electrode tips. 
Most generators, however, also regulate the power output 
individually on the basis of the permanently measured 
parameters resistance (impedance) and/or temperature in 
the tissue. This control is intended to keep the target tem-
perature in the tissue at a constant level and thus prevent 
premature carbonisation of the tissue. In the so-called 
monopolar technique, the current is dissipated via up to 
four cutaneously attached neutral electrodes. With the 
bipolar technique, the current is conducted between two 
tips of the RF electrode. In multipolar systems, the current 
flows between two to a maximum of six individually 
inserted bipolar RF probes.

The first monopolar needle-like ablation probes could 
only generate small necrosis zones. Probe geometries 
expandable up to 5  cm like umbrellas (Starburst, 
Angiodynamics, NY, USA and LeVeen, Boston Scientific, 
MA, USA) were developed to induce larger lesions. Perfused 
ablation probes (Starburst Talon, Angiodynamics, NY, USA) 
have an additional lumen through which cooled saline solu-
tion is guided to the active electrode tip. This cooling of the 
electrode tip reduces carbonization effects. The increased 
local ion concentrations of NaCl additionally reduce tissue 
resistance, allowing higher energies to be applied, resulting 
in larger ablation areas [17].

In the case of ablations in the vicinity of larger vessels, 
the heat-sink-effect (RFA) can lead to a considerable dissipa-
tion of the generated heat. As a result, the temperature around 
the vessel is not sufficient to cause tissue necrosis. The con-
sequence is a zonal lack of ablation, which leads to a local 

relapse if the tumor is insufficiently covered. At some centers 
a technically complex modulation of the blood flow is used 
during ablation in order to reduce the influence of the heat 
sink effect. This can be done by mechanically closing the 
“cooling” vessels (e.g. using balloon catheters) in the hepatic 
vein or portal vein. In the vicinity of large vessels, micro-
wave ablation and irreversible electroporation are advanta-
geous due to the higher energy output respectively the 
non-thermal mechanism.

61.3.2  Microwave Ablation (MWA)

Microwave ablation (MWA) is based on the emission of 
electromagnetic waves in the frequency range between 900 
and 2500  MHz. The microwaves generate an alternating 
electromagnetic field whose polarity changes 109 times per 
second. Dipole molecules align their charge at this alternat-
ing field. Since the most important dipole for hyperthermal 
ablation is the water molecule (H2O), tissues with high water 
content are particularly susceptible [18]. The water mole-
cules are excited by the periodically changing orientation of 
their charges in the electromagnetic alternating field. This 
oscillation increases the kinetic energy of the water mole-
cules and leads to tissue heating due to friction.

In contrast to RFA, which uses high-frequency alternating 
current, MWA does not require a neutral electrode for a 
closed circuit. This allows several applicators to be used at 
the same time. Some systems support the synchronous use of 
up to three applicators, thus increasing the achievable abla-
tion zone compared to sequential use [13]. If the probes are 
operated phase-synchronously, the synergistic effect based 
on constructive interference is exploited, which enables 
more efficient tissue heating and higher temperatures and 
leads to a larger continuous ablation area [18].

Since MWA is not dependent on the transmission of an 
electric current in the tissue, there are some advantages over 
RFA. Using MWA, a larger ablation area can be achieved in 
a shorter time compared to RFA [19]. In addition, MWA is 
less vulnerable to the heat sink effect than RFA, which means 
that treatment efficiency is less affected by vessels in the 
vicinity of the tumor. A number of studies comparing RFA 
with MWA are available. In all available studies, the overall 
survival between RFA and MWA was not significantly dif-
ferent. There are contradictory results regarding the techni-
cal success rate: some studies indicated a lower local 
recurrence rate for MWA than for RFA [20], while others 
could not show any difference [21]. The complication rates 
seem comparable. Similarly, recent meta-analyses indicate 
similar efficacy between the two percutaneous techniques, 
with one study showing possible superiority of MWA in 
larger HCCs [22].
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61.3.3  Irreversible Electroporation (IRE)

Electroporation is a technique for the permeabilization of cell 
membranes by external electric fields [23]. Although the 
exact molecular mechanisms have not been conclusively clar-
ified, it is assumed that the process of electroporation is asso-
ciated with the formation of nanopores in the bilipid layer 
[24]. The transient permeabilization of the cell membrane 
with restoration of membrane integrity with limited cell injury 
is referred to as reversible electroporation. Extensive permea-
bilization of the cell membrane leading to loss of homeostasis 
and cell death is called irreversible electroporation (IRE). IRE 
was developed in clinical settings as an ablation technique for 
the focal destruction of malignant tumors in solid organs.

A special characteristic of IRE is the damage to the cell 
membrane alone; tissue architecture to be spared [25]. 
Although histopathological analyses suggest that both necro-
sis and apoptosis are involved [26], the molecular mecha-
nisms of cell death after IRE remain unclear. Two possible 
explanations for cell death are the permanent lysis of the cell 
membrane or the loss of homeostasis.

One of the main advantages of IRE over the established 
thermodestructive methods MWA and RFA is that it is not 
influenced by local blood flow and therefore tumors in the 
immediate vicinity of large blood vessels can be treated. In 
addition, vessels and bile ducts in the ablation area remain 
intact while RFA and MWA destroy these structures in the 
necrosis area [25]. Overall, IRE seems to be a useful therapy 
option for the treatment of HCC which cannot be treated 
with thermodestructive methods due to their location.

The decisive limitation of the IRE is the tumor diameter. To 
achieve complete ablation, the tumor diameter should not 
exceed 3 cm [27]. Irreversible electroporation can lead to car-
diac arrhythmias such as ventricular tachycardia or atrial fibril-
lation, especially in the treatment of liver tumors below the right 
half of the diaphragm. Modern devices synchronize the pulse 
delivery with the patient’s ECG so that the pulses are delivered 
at the time of the absolute refractory time of the cardiomyo-
cytes. The pulses can also cause contractions of the skeletal 
muscles. Therefore, a deep neuromuscular blockade during 
general anesthesia is necessary for the duration of the IRE.

 Self-Study

 Questions

 1. Which statement is correct:
 (a) According to the EASL guidelines for HCC, ablation 

should primarily be performed in patients with inter-
mediate HCC stage BCLC B.

 (b) Subcapsular HCC should not be treated by ablation 
because of the high risk of tumor seeding.

 (c) HCC immediately adjacent to a central bile duct can 
be safely treated using microwave ablation, but not 
radiofrequency ablation.

 (d) Hydrodissection can be used to safely treat HCC 
adjacent to the colon or stomach.

 2. Which statement is correct:
 (a) MWA is independent of the transmission of an elec-

tric current in the surrounding tissue.
 (b) IRE is especially suitable for large HCC  >  5  cm 

because multiple electrodes can be placed surround-
ing the tumor.

 (c) For HCC > 3 cm, ablation should be combined with 
systemic treatment.

 (d) Resection improves overall survival compared to 
ablation for HCC < 2 cm.

 Answers

 1. Which statement is correct:
 (a) Ablation is one of three curative options for patients 

with HCLC BCLC 0 and A. TACE is the treatment of 
choice for patients with HCC BCLC B.

 (b) Recent data suggests subcapsular location of HCC is 
not an unfavourable prognostic factor. Techniques 
such as indirect puncture and needle tract coagulation 
or “no-touch” ablation using multiple probes can be 
used to avoid tumour seeding.

 (c) All thermodestructive ablation techniques such as 
RFA and MWA are considered contraindicated next 
to major central bile ducts. Alternatively, irreversible 
electroporation can be used.

 (d) Hydrodissection uses artificial ascites to protect ther-
mosensitive structures such as the stomach or colon 
during thermal ablation. Alternatively, CO2- dissection 
or irreversible electroporation can be used. CORRECT

 2. Which statement is correct:
 (a) MWA is based on the emission of electromagnetic 

waves and not electric current. CORRECT
 (b) The main limitation of IRE is the tumor diameter 

with high local recurrence rates for tumors exceeding 
3 cm. For large tumors multi-probe RFA or MWA are 
the technique of choice.

 (c) The STORM trial failed show improved recurrence- 
free survival for a combination of resection or abla-
tion and sorafenib. However, several meta-analysis 
showed improved recurrence-free and overall sur-
vival for the combination of TACE and ablation in 
patients with HCC > 3 cm.

 (d) A large systematic meta-analysis (8420 patients) 
showed that patients with very early HCC treated by 
RFA have a comparable life expectancy to patients 
after resection

61 Ablation of Hepatocellular Carcinoma
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Laparoscopic Liver Resection
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Key Concepts
• Laparoscopic liver resections is performed both for 

benign and malignant disease.
• Potentially, there is no limit embodied by the kind 

of disease or the number of liver lesions for 
minimally- invasive approach.

• Lesions invading major vessels’ walls (e.g. portal or 
hepatic vein infiltration) contraindicate laparo-
scopic approach.

• Laparoscopic hepatic procedures encompass a wide 
range of difficulty level, which is different for minor 
or major resections and according to the location in 
the liver. Indication to laparoscopic approach is 
therefore conditioned by individual expertise in the 
field.

• Proper post-operative hepatic function is guaran-
teed by adequate future remnant liver, which is 
assessed before major procedures (at least 30% in 
healthy liver; 50% or more in injured liver).
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high experience in hepatobiliary and minimally invasive 
advanced surgery. Started as a promising concept, MILS has 
progressively become a solid practice, reaching more than 
10,000 cases described in literature. This spread, probably 
due to the progress of technology and the increasing experi-
ence and indication in expert centers, has generated an 
increasing interest in minimally invasive surgery. For this 
reason, in recent years, some consensus conference has indi-
cated which should be the direction for the development of 
this surgical approach of liver lesions. Louisville consensus 
conference [2], defined the indication of MILS, identifying 
some concept that actually are fundamental for MILS:

Currently acceptable indications for laparoscopic liver 
resection (LLR): solitary lesions 5 cm or less located in liver 
segments 2–6

LLR approach to left lateral sectionectomy should be 
considered standard practice.

Although all types of liver resection can be performed 
laparoscopically, major liver resections (e.g., right or left 
hepatectomies) should be reserved for experienced 
surgeons.

Conversion should be considered prudent surgical prac-
tice rather than failure.

Indications for surgery for benign hepatic lesions should 
not be widened simply because the surgery can be done 
laparoscopically.

Although data presented on colorectal metastases did not 
reveal an adverse effect of the laparoscopic approach on 
oncological outcomes in terms of margins or survival, ade-
quacy of margins and ability to detect occult lesions are 
concerns.

Recently, a second International Consensus Conference 
was held in Morioka [3], 2014, confirmed that:

MINOR LLRs had become standard practice and that 
MAJOR liver resections were still innovative procedures in 
the exploration phase. Continued cautious introduction of 
MAJORLLRs was recommended.

62.1  Introduction

Laparoscopic liver surgery, since first reports in 1991 by 
Reich [1], has developed increasing the number of centers 
began practicing minimally invasive surgery of the liver, 
even if a slower adoption compared to other laparoscopic 
procedure, due to the initial high risk of bleeding and inade-
quate oncological results and necessity of contemporary of 
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Based on this consideration, we can consider the rapid 
diffusion and evolution of LLS in recent decade, with con-
solidation of results and development of high volume centers 
[4]. Literature confirms that no difference were evidenced 
with open surgery in terms of oncological a short terms 
results [5], despite MILS guarantees less postoperative pain 
and shorter postoperative stay.

Even if an increasing interest has been demonstrated in 
literature with series from all around the world, MILS 
remains a kind of surgery that could be addressed in expert 
centers [6].

62.2  Indications

Laparoscopic liver surgery is finding more and more applica-
tions since its first introduction almost 25 years ago [7]. The 
range of indications is wide, encompassing primary and sec-
ondary, benign and malignant diseases. Few of the most fre-
quent indications for laparoscopic liver resection are 
presented, divided as benign, primary malignant and meta-
static disease.

62.2.1  Benign Disease

62.2.1.1  Simple Liver Cyst
Simple liver cysts originate from hamartomatous tissue, are 
benign and do not communicate with the biliary tree; they 
can arise sporadically or in the context of polycystic liver or 
polycystic kidney/liver disease.

While usually asymptomatic in most of the cases, in other 
cases the symptoms they can be responsible of are mainly 
related to their dimensions, potentially causing compression 
on the thoracic or abdominal wall and discomfort. Whether a 
liver cyst is in close vicinity with the hepatic hilum, an intra- 
hepatic bile ducts obstruction can be observed on imaging, 
causing segmental intra-hepatic bile ducts dilation. In pres-
ence of any of these conditions, a laparoscopic fenestration is 
indicated, in which the more superficial layer of the cyst is 
resected allowing its spontaneous drainage into the abdomi-
nal cavity. Final aim of such procedure is to relieve the cyst’s 
content rather than completely removing it: actually, major 
vessels and portal pedicles lie behind posterior walls of the 
cyst, preventing a complete excision without harvesting liver 
parenchyma through a formal resection.

Whether malignancy was suspected pre-operatively or 
the post-operative finding was consistent with a definitive 
pathology of malignancy (e.g. mucinous cystic adenocar-
cinoma), a formal resection will be required to radicalize 
the field. Even in this case, such procedure can be tackled 
laparoscopically, in accordance to the local expertise of 
the center [8].

Other common benign indications for laparoscopic liver 
procedures encompass liver angiomas and focal nodular 
hyperplasia, whose resection is indicated basing on the risk 
of traumatic rupture.

62.2.2  Primary Malignant Disease

Hepatocellular carcinoma (HCC) and intra-hepatic cholan-
giocarcinoma (ICC) accounts for primary malignant liver 
diseases.

62.2.2.1  Hepatocellular Carcinoma
Hepatocellular carcinoma accounts for more than 50% of the 
indications of laparoscopic liver procedures for malignant 
disease [9]. Typically, HCC arises on fibrotic and cirrhotic 
livers on a background of chronic hepatitis. Despite the pres-
ence of cirrhosis, laparoscopic approach is preferred to open 
as its benefits and advantages have been highlighted in 
reducing collateral circles brake-down in the abdominal wall 
with fewer post-operative ascitic decompensation and post- 
operative morbidities. In fact, since Louisville’s consensus in 
2008 [2], laparoscopy became the standard of care to per-
form procedures like left lateral sectionectomy in cirrhotic 
Child A patients and should represent the approach of first 
choice in cirrhotic patients requiring minor liver resections 
[10]. Major liver resections are considered more challenging 
operations, confined to surgeons who have completed the 
learning curve on minor procedures. Nevertheless, the onco-
logic outcomes of laparoscopic resections for HCC have 
been observed to overlap with open in retrospective series, 
even for major hepatectomies [11, 12].

Further extension to the application of laparoscopy in the 
treatment of HCC, other than minor and major resections, 
has been the introduction of thermal ablation (radiofre-
quency—RFA and microwave—MWA) for nodules inferior 
to 3  cm otherwise not achievable percutaneously. It was 
recently observed laparoscopic thermal ablation is a safe 
treatment option for early-stage HCC, with inferior local 
tumor progression rates for MWA (MWA vs. RFA = 8.3% 
vs. 21.2%, p = 0.034), maintaining similar respective overall 
and disease-free survival rates [13].

62.2.2.2  Intrahepatic Cholangiocarcinoma
Traditionally, since the early development of laparoscopic 
liver surgery, patients affected by cholangiocarcinoma have 
been excluded from laparoscopic series. The main reasons 
for this reside in the needing to perform major resections and 
the necessity of performing a lymphadenectomy of the 
hepatic pedicle [14] (Fig.  62.1a, lymphadenectomy of the 
hepatic pedicle). Actually, laparoscopic lymphadenectomy is 
itself a technically demanding procedure, requiring a skele-
tonization of vascular structures like the celiac trunk, the 
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proper hepatic artery, the portal vein and the common bile 
duct. Nevertheless, recently there are more series describing 
laparoscopic resections for ICC [15], showing less perioper-
ative morbidity and faster functional recovery, without com-
promising oncologic outcomes [16].

62.2.3  Metastatic Disease

Colorectal cancer metastasis (CRCM) to the liver account 
for the most frequent indication to liver resection in laparo-
scopic liver surgery after HCC. Other metastatic lesions to 
the liver encompass breast and prostatic cancer and neuroen-
docrine tumors.

Focusing on CRCM, there are three main topics regarding 
the synchronicity, the possibility of executing a preoperative 
neoadjuvant chemotherapy and the numerosity of lesions: of 
these, the first two are beyond the focus of the present discus-
sion, which is aimed to show the applicability of minimally- 
invasiveness to resective liver surgery.

The item concerning the number of lesions and the loca-
tions of the lesions inside the liver, introduces the topic of 
parenchymal sparing resections, for the possibility of per-
forming not just formal resections (like segmentectomies, 
sectionectomies and hepatectomies), but also multiple wedge 
resections—for more superficial tumours—with associated 
intra-operative thermal ablation (Fig.  62.1b, intraoperative 
thermal ablation)—for deeper parenchymal lesions. This 
scenario increases the amount of metastatic patients who can 
benefit of laparoscopic liver resections, even in presence of 
multiple and bilobar disease [17]. Currently, there are no 
guidelines or recommendations concerning the maximum 
number of lesions to be harvested or the maximum number 

of resections recommended for a laparoscopic case, and this 
limit is therefore individually set by surgeons mainly basing 
on individual experience.

Other, more complex, procedures whose aim is to increase 
the future remnant liver, like ALPPS (Associating Liver 
Partitioning and Portal vein Ligation for Staged 
Hepatectomy), are technically demanding operations to be 
performed in laparoscopy, requiring a two-staged major liver 
resection (Fig.  62.1c, d, ALPPS stage 1 and 2). There are 
some described reports in literature, even if laparoscopy is 
far from becoming the standard of care for this procedure 
[18, 19].

In any case whereas laparoscopy is doable for a minimally- 
invasive treatment of CRCM, a quicker recovery has been 
observed, definitely leading to a faster return to chemother-
apy [20], other than described benefit from a biological 
standpoint [21].

62.3  Preparation

Minimally invasive surgery requires an operating room 
organized to safe perform surgical procedures. First of all, 
a laparoscopic trolley equipped with light source, laparo-
scope and camera unit, video monitor and insufflator is 
necessary. Recently, modern operating theatre has ceiling-
mounted trolley with a better ergonomic and occupation of 
space in the room. Light source, quality of laparoscope and 
screens are actually extremely important to achieve a cor-
rect view during laparoscopic dissection and transection to 
reduce at minimum the risk of bleeding. Constant pneumo-
peritoneum insufflator represents today an important help for 
surgeon in case of necessity of prolonged suction, permitting 

Fig. 62.1 (a) Lymphad-
enectomy of hepatic pedicle 
with skeletonization of 
common bile duct, portal 
vein, hepatic artery (from left 
to right). (b) Intraoperative 
ultra-sound guided microwave 
ablation. (c) ALPPS stage 
1—in situ liver partition. (d) 
ALPPS stage 2—completion 
of right lobectomy after future 
remnant liver induced 
hypertrophy
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an easier control of the bleeding. In modern MIS, it is man-
datory to have the possibility to perform intraoperative 
ultrasound, to easily guide the surgeon during the surgical 
procedure. Increasing quality of video support has intro-
duced recently the possibility to have a 4k view or a 3d 
view, increasing the quality of intraoperative view. With the 
progression of technology, the introduction of even more 
complex devices permits to perform safer surgical proce-
dure, with reduced risk of massive bleeding during liver 
transection, due to the introduction of energy based sealer 
and ultrasonic dissector.

Concerning laparoscopic instruments, the ideal concept is 
that the same set of open surgical instrument should be avail-
able in laparoscopy. Extremely important is the use of bipo-
lar forceps, dissectors, vascular clamp, bulldog, needle 
driver, Goldfinger, precise suction instrument.

In most of cases, surgeon stands between the legs, with 
assistant on the side, opposite to the scrub nurse. Video mon-
itors are placed at both side of the head of the patient, in 
order to allow all surgical team to assist the operation.

In selected cases, patient could be positioned in different 
way, to achieve a better exposition of deep segments. In case 
of intraoperative bleeding or complication needing rapid 
conversion, surgeon, assistant and equipment need to be 
ready for conversion to open procedure.

62.4  Surgical Technique

Minimally invasive liver resection needs to be planned, 
understanding patient anatomy and relation among arterial, 
portal, hepatic vein and biliary structure. The analysis of the 
surgical case should be discussed in multidisciplinary team, 
with the analysis of CT scan and MRI, better supported by a 
3d model that could be extremely important for 3- dimensional 
orientation of the lesion and to calculate future remnant liver 
in case of project of major hepatic resection.

In case of MIS, all instrument should be prepared and 
tested before surgery, as well a conventional operation box of 
instrument should be in the operating room ready for conver-
sion. It’s extremely important to perform laparoscopic liver 
surgery with at least two expert hepatobiliary surgeon and an 
adequate nursing staff.

Laparoscope is extremely important, preferring 30° scope 
(even better if flexible) to explore difficult angle during 
resection. The introduction of 3d camera and 4k screen facil-
itate the resection due to the high definition and visualization 
of structures during the resection.

Collaboration with anesthesiologist is mandatory to 
reduce the risk of complication during the surgical proce-
dure. Low CVP should be monitored and during surgery, and 
management of pneumoperitoneum should be performed 
informing the anesthesiologist.

Patient’s and trocar positioning is fundamental for the 
correct execution of the surgery. Usually patient is positioned 
in French position (surgeon among the leg’s of patient), 
except for resection in posterior segments of the liver, in 
which patient is placed on left lateral decubitus. Surgeon 
stands between legs of the patient with nurse lateral to the 
surgeon. The assistant usually are placed on left and right 
side of the patient. All operators and nurse should have easy 
access to a screen in order to actively participate to the surgi-
cal procedure.

Umbilical open access is preferred to Veres, and after the 
induction of pneumoperitoneum, all ports are placed under 
view of the surgeon. Ports should be place din function of the 
localization of lesion, with the possibility to add extra ports 
in case of need, even transthoracically.

An extremely careful exploration of the abdominal cavity 
should be performed, and a doppler ultrasound is mandatory 
at the beginning of the procedure. This is necessary to com-
prehend if further lesion are present and to better interpreta-
tion the anatomy of the liver intraoperatively. Pringle 
maneuver should be always prepared, after opening the pars 
flaccida, even if we don’t preview to clamp the hepatic pedi-
cle. This is a safe procedure, that allow to be safe in case of 
unexpected bleeding. Pedicle clamp is possible for 15 min 
with 5 min of release.

One of the fundamental moments of liver resection is 
parenchymal transection. Bleeding control can be consid-
ered more complicated in laparoscopy compared to open 
surgery, and so bleeding should be prevented, instead of 
treatment. Deep transection, close to large vessel, need to 
be careful and the use of energy devices did cannot avoid 
the knowledge of liver anatomy and laparoscopic ultraso-
nography, who can be fundamental to avoid major hepatic 
bleeding. In dissection of deep vessels, identification and 
selective control is mandatory, to avoid laceration of pedi-
cles, especially hepatic veins. The use of clips and vascular 
suture could be useful to control glissonian pedicles or 
large hepatic veins. Meticulous intrahepatic dissection 
guarantees the best rate of success to perform even major 
hepatectomies. Once hepatectomy is completed, specimen 
must be extract in a plastic bag, via enlargement of trocar 
incision, Pfannenstiel incision, or previous surgery scar. 
Drainage is placed via a trocar orifice, depending of sur-
geon habitude.

62.4.1  Wedge Resection

This kind of resection is usually the first performed by a hepa-
tobiliary surgeon who approaches minimally invasive surgery. 
This non-anatomical resection, usually don’t require liver 
mobilization. A pringle preparation in recommended, espe-
cially in initial experience. Transection could be performed 
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after the determination of correct resection margin with ultra-
sonography, and use of clip is determined in function on depth 
of resection

62.4.2  Anatomical Segmentectomy

Segmentectomy is a formal resection whereas the complete 
area of liver corresponding to the vascularization of a seg-
mental pedicle is removed.

Traditionally, laparoscopic segments have always been 
distinguished from non-laparoscopic ones, to highlight dif-
ferences in the surgical accessibility between anterior seg-
ments—3, 4b, 5, 6 and posterior and superior segments—4a, 
7, 8, which are technically more difficult. Anatomical seg-
mentectomies have become an important surgical technique 
capable of minimizing loss of functional liver [22], and can 
be performed laparoscopically for any segment of the liver, 
basing on the degree of complexity and the level of expertise 
of individual surgeons.

62.4.3  Left Lateral Lobectomy

Considered as the gold standard of minimally invasive liver 
resection [3], it actually represents the standard of care. 
Falciform ligament and left triangular ligaments are sectioned 

at the beginning of the procedure. Lesser omentum opening 
is useful either to perform pringle maneuver or to verify the 
presence of aberrant left hepatic artery. Transection line 
should be performed ideally on the left side of the coronary 
ligament. Opening of parenchymal bridge among segment 
III and IV should be opened to correct expose the glissonian 
pedicle of segment III and II. Energy devices could be used 
in the superficial layer of the liver, in order to easily access 
to a correct visualization of glissonian pedicle. Once glis-
sonian pedicle of segment III is dissected and taped, Hem o 
Lock or vascular suture could be used to transect the pedicle 
and to access to segment II pedicle, who is dissected, encir-
cled and sectioned and sutured. Parenchymal transection 
continues cranially, up to the visualization of left hepatic 
vein who is usually stapled with an amount of parenchyma 
around.

62.4.4  Left Hepatectomy

Left hepatectomy is one of the procedures accounted as 
advanced according to Ban-Wakabayashi’s score and should 
therefore be tackled once the learning curve on minor proce-
dures is completed.

The procedure is presented in a step-by-step fashion 
(Fig.  62.2 step-by-step left hepatectomy), following a pri-
mary anterior approach (inflow interruption–parenchymal 
transection–outflow interruption).

Fig. 62.2 Left hepatectomy 
step-by-step. (a) Left hepatic 
artery interruption. (b) Left 
portal vein isolation. (c) 
Parenchymal transection. (d) 
Left hepatic vein interruption
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 A. Interruption of the pars flaccida of the hepatoduodenal 
ligament gives access to the left lateral aspect of the 
hepatic pedicle, where the left hepatic artery is inter-
rupted between clips (Fig. 62.2a).

 B. The left portal vein is isolated and interrupted between 
vascular clips (Fig. 62.2b).

 C. An intermittent extra-corporeal Pringle maneuver is set 
up through an umbilical lace and a chest tube, permitting 
an avascular transection with intermittent pedicle clamp-
ing (10  min of ischemia are alternated to 5  min of 
reperfusion).

 D. The parenchymal transection is performed through an 
ultrasonic dissector and an energy device (Fig.  62.2c). 
Vascular structures are clipped or sealed with wet bipolar 
forceps, according to dimensions.

 E. The left hepatic vein is isolated intra-parenchymally and 
stapled (Fig. 62.2d).

At the end of procedure, the specimen is extracted through 
a Pfannenstiel incision or a small mid-line incision (if a mid- 
line scar is present as consequence of a previous open proce-
dure) in a retrieval bag. No drain tubes are left in place if no 
bile is observed during the procedure itself, in accordance 
with enhanced recovery after surgery (ERAS) philosophy 
applied to liver surgery.

62.4.5  Right Hepatectomy

Compared to left hepatectomy, this procedure is more com-
plex compared to left hepatectomy and requires a solid expe-
rience in minor liver resection and left hepatectomies. 
Falciform and round ligament are sectioned and pringle 
maneuver is prepared after incision of the pars flaccida. 
Identification and section of cystic duct and cystic artery is 
done, and gallbladder is partially detached and used as tool 
to be grasped and give better exposition. Cystic stump is gen-
tly retracted in order to lift up the bile duct and identify right 
branch of hepatic artery and portal vein. Hepatic artery is 
divided among hem o lock clips, after verification of contra-
lateral arterial signal at ultrasound. Right branch of portal 
vein is dissected and resected often with vascular stapler, 
after identification of origin of left branch, in order to avoid 
stenosis. Once artery and portal vein are sectioned, demarca-
tion appears among left vascularized liver and right non- 
vascularized part. Parenchymal dissection is performed 
following the caudal approach, straight on the right border of 
the vena cava. During the dissection, middle hepatic vein 
branches to segment V and VIII are clipped and divided, as 
well as at the level of hilar plate, biliary structure are identi-
fied and clipped. Parenchymal dissection continues up to the 
identification of right hepatic vein who is dissected, encir-
cled and stapled.

62.5  Peri-operative Management

An institutional protocol is presented for the peri-operative 
management of patients operated for laparoscopic liver 
resections as part of a local ERAS program [23]. The same 
protocol is equally applied to patients both undergoing minor 
and major resections.

 – Day −1: an oral carbohydrate loading is administered to 
patients the night before and 3 h before the procedure.

 – Day 0: After surgery, patients are allowed to drink water 
in the evening. Vital signs are monitored hourly through 
the first night-time.

 – Day 1: blood tests including liver function tests (LFT) are 
collected; out of bed (at least 2 h in the morning and 2 h 
in the afternoon). Walking is encouraged. Solid food since 
morning and light meals are given, if no post-operative 
nausea is present. Two liters of a balanced i.v. electrolytic 
solution are administered.

 – Day 2: blood tests including LFT are repeated. Walking is 
recommended. Urine catheter and i.v. infusions are 
 discontinued. Drain tubes are removed if no bile is evi-
dent at this time. Patient is started on a full diet.

 – Day 3: blood tests including LFT are repeated. Para- 
vertebral analgesia and i.v. pain medications are discon-
tinued. Discharge criteria are evaluated.

 – Day 4: discharge is considered if discharge criteria are 
satisfied (patient is motivated to leave hospital; adequate 
oral feeding; satisfying pain management through p.o. 
medications; first flatus occurred; no post-operative com-
plications are encountered).

62.5.1  Pain Management

Before the general anesthesia induction, a right para- 
vertebral catheter is placed at T12 level according to the risk 
of conversion which is evaluated basing on previous abdomi-
nal surgeries, the type of resection (e.g. whether a major 
hepatectomy is planned) and the estimated degree of com-
plexity of the procedure.

1 g of i.v. paracetamol and 30 mg of ketorolac are given at 
the end of procedure.

Post-operatively, paracetamol 1 g Q 6 h is administered 
i.v.; paravertebral infusion with naropine/sufentanil is 
administered until POD 3–4. Tapentadol 50 mg p.o. Q 12 h 
is administered since POD 1; i.v. pain medications are dis-
continued since POD 2–3 and paracetamol 1 g p.o. every 8 h 
is given since day 2 replacing i.v. administrations.

Ketorolac 30  mg i.v. p.r.n. is administered inpatient as 
rescue for pain exacerbation.

At the time of discharge, paracetamol 1 g p.o. Q 8 h and 
tapentadol 50 mg p.o. Q 12 h of are prescribed for 1 week.
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62.5.2  NG Tubes, Abdominal Drains

A naso-gastric tube is placed after general anesthesia and is 
removed before the end of procedure.

Abdominal drains are not routinely placed, for neither 
minor nor major resections. The following conditions have 
been identified as the necessity to monitor for bile 
leakage:

 – if the resection is performed in superior/postero-superior 
areas (which can be difficultly achieved percutaneously in 
case of a post-operative collection);

 – if, during transection, a bile leakage is observed or bilio-
stasis is not satisfying at the end of the procedure.

Post-operatively, drains are removed between POD 2 and 
3 if no bile is encountered nor abdominal complications are 
suspected.

To summarize, ERAS protocol for patients undergoing 
laparoscopic liver resections contemplate a quick return to 
preoperative condition within 2 days from the time of sur-
gery, having infusions and lines discontinued and oral feed-
ing resumed as soon as possible.

62.6  Conclusion

Initially applied to laparoscopic liver segments, the develop-
ment of technique and technologies expanded indications to 
more and more difficult resections, encompassing non- 
laparoscopic liver segments, major resections and extending 
indications from benign disease to HCC, ICC and multiple 
metastatic disease. These evolutions make possible an 
increasing number of patients can take advantages of bene-
fits from minimally-invasive liver surgery without compro-
mising safety profiles and oncologic outcomes.

 Self Study

 Questions

 1. Which statement is true?
 (a) Minor liver resections only are the correct indication 

for laparoscopic approach.
 (b) Patients with liver cirrhosis should not be tackled 

with laparoscopy due to risk of liver 
decompensation.

 (c) Only benign disease can be tackled laparoscopically 
because of oncological concernings.

 (d) Laparoscopy is associated with reduced intraopera-
tive bleeding, faster postoperative recovery and fewer 
post-operative complications.

 2. Which statement is false?
 (a) CO2 pneumoperitoneum in laparoscopy significantly 

increases the risk of air embolism, in comparison to 
open surgery.

 (b) Careful anaesthesiological intraoperative manage-
ment is mandatory to perform resections with reduced 
blood loss by keeping hypovolemic state and low 
CVP.

 (c) Fast-track protocols in laparoscopic liver surgery lead 
to a faster resume of chemotherapy in patients 
affected my metastatic colorectal cancer.

 (d) Bilobar disease is not a contraindication to minimally- 
invasiveness due to associated intraoperative thermal 
ablations, parenchymal sparing resections and staged 
hepatectomies.

 Answers

 1. Which statement is true?
 (a) False. Both minor and major resections are indica-

tions for laparoscopic liver procedures.
 (b) False. Laparoscopy is related to fewer liver decom-

pensation rate in patients with cirrhosis, mainly 
because of the inferior collateral circles breakdown in 
the abdominal wall.

 (c) False. Both malignancies and benign disease are 
approached with laparoscopy.

 (d) True.
 2. Which statement is false?

 (a) False. The risk of CO2 embolism is unremarkable 
during laparoscopic procedures, mainly because most 
of the carbon dioxide is exchanged at lungs during 
ventilation and then is expelled.

 (b) True.
 (c) True. Patients undergone laparoscopic liver proce-

dures have been shown faster resume of adjuvant 
therapies.

 (d) True.
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common malignancy in adults. Incidence is higher in men 
than women, and in African Americans than Caucasians [4]. 
Worldwide, over a million deaths per year (about 10% of all 
deaths in the adult age range) can be attributed to hepatocel-
lular carcinoma. Surgical treatments including hepatic resec-
tion and liver transplantation are considered as the most 
effective treatment of HCC.  The vast majority of HCC 
patients are not suitable for curative treatment. Henceforth, 
novel minimally invasive interventional radiology tech-
niques have come in existence over the past two decades as 
the mainstay for managing HCC [2]. We will discuss the 
basic applicability and designs of these techniques along 
with their outcomes. The image-guided loco-regional treat-
ment for patients with unresectable Hepatocellular carci-
noma can be broadly classified into ablative and endovascular 
techniques.

63.2  Ablative Techniques

Ablative techniques involve destruction of tumor by thermal, 
electrical and chemical agents. Thermal ablative techniques 
involve either heating or freezing tissues to tumoricidal tem-
peratures. Radiofrequency, microwave, laser and high inten-
sity focused ultrasound ablation causes frictional heating in 
tissues to lethal temperatures of above 60 °C. Cryo-ablation 
induces ice formation and tissue destruction at temperatures 
between −20 and −40  °C [5]. Irreversible electroporation 
(IRE) utilizes electric energy to create nanopores in the cell 
membrane facilitating osmotic cell death. Percutaneous 
chemical ablation (PCA) is performed by injecting absolute 
alcohol or other sclerosant agents directly into the tumor 
microenvironment. The common theme in all ablative tech-
niques in precise placement of a needle/needles into the 
tumor. The choice of tumoricidal agent is governed by patient 
factors, tumor characteristics, local availability, operator 
preference and expertise. In the following sections we will 
look into each specific ablative technique.

63.1  Introduction

Hepatocellular carcinoma is responsible for 12,000 deaths 
per year in the United States. The incidence of the disease is 
approximately 2.5 per 100,000 population. It is third most 
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63.2.1  Radiofrequency Ablation

RFA is the most studied ablative technique. An alternating 
electric current between 200 and 1200  kHz is passed 
between two electrodes (needle tip and the grounding pads) 
and the patient in series. Rapid motion of polar water mol-
ecules creates frictional heating in the tissues. The heat 
generated is inversely proportional to the surface area of 
the electrode. Heating around the needle tip is much higher 
than at the grounding pad. RFA has many advantages—it is 
minimally invasive with acceptable morbidity, it enables 
excellent local tumor control, it has promising long-term 
survival, and can be combined with other locoregional 
techniques like chemoembolization. In the guidelines pro-
posed by EASL and AASLD, Radiofrequency ablation is 
recommended as a non- surgical technique for the treatment 
of early stage HCC (Child A or B), solitary HCC up to three 
nodules <3 cm in size. Combined treatment with TACE is a 
good alternative for the larger tumor measuring more than 
3 cm [6]. Limitations of RFA include tumor size >3 cm and 
heat sink effect. Heat is transmitted in tissue by conduction. 
As the tumor size extends beyond 3 cm, the conduction of 
heat to the periphery of the tumor is limited by formation of 
gas bubbles (charring) near the needle tip (Fig. 63.1). Gas 
is a poor conductor of heat and decreases the tumoricidal 
effect. Another well-known phenomenon limiting RFA 
ablation is “Heat-sink” effect (Fig.  63.2). The convected 
heat from the adjacent large vessel can decrease the abla-
tion effect by lowering the temperature near the flowing 
vessel [9]. If the tumor is located close to an organ, collat-
eral thermal injury can develop. Most vulnerable organs are 
colon, diaphragm, gall bladder and central bile duct. For 
minimizing thermal injury to the GI tract and diaphragm, 
tissue separation techniques like hydrodissection (D5W) or 

CO2 to separate the organs at risks from the ablation zone is 
carried out [8].

An extensive meta-analysis of 82 independent reports 
including 3670 patients, reported by Mulier et al. revealed that 
the overall mortality was 0.5% and major/minor complication 
rate was 8.9%. These most common complications were 
abdominal hemorrhage, abdominal infection (abscess), liver 
failure, biliary tract damage. RFA is associated with much less 
complication than surgical treatment with the overall survival 
rates being 60–70% at 5 years [10] (Level 1). Hence, it is the 
ideal treatments of patients within the Milan criteria.

63.2.2  Microwave Ablation

Image-guided, percutaneous microwave ablation (MWA) is a 
fairly recent and promising method in the field of thermal 
ablation. Unlike RFA, microwave ablation utilizes electro-
magnetic waves oscillating between 900 and 2450 MHz to 
induce movement of water molecules and create frictional 
heating. Formation of gas bubbles does not limit the ability 
of microwaves unlike RFA and thus larger tumors can be 
treated. Heat sink effect is also less with MWA. Collateral 
damage to surrounding structures is still a concern especially 
to bowel, gall bladder and biliary tree. Large scale random-
ized prospective clinical trials comparing MVA and RFA are 
needed to determine the future clinical role of MWA [7]. 
Early MWA equipment was faced with much scrutiny given 
the technical problems including inadequate power handling 
to exceeding probe gauge, poor predictability of the field pat-
tern and uncontrolled back heating “Comet effect” 
(Fig.  63.3). MWA was first used clinically in 2001  in 107 
HCCs ranging from 0.8 to 6.4  cm using either a single 
antenna (in 46 nodules) or multiple antennae (61 nodules).

Fig. 63.1 Formation of gas bubbles near the needle tip limits the abil-
ity To transfer heat to the periphery of the tumor during RFA ablation

Fig. 63.2 Tumor recurrence (dark arrow) due to heat sink effect from 
a portal vein branch (white arrow) after RFA
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Technical success was achieved in 98% of tumors <2 cm 
and 92% of nodules >2 cm, while local recurrence was found 
in 2% of nodules <2 cm and in 8% of nodules >2 cm [11]. In 
2005, Lu et  al. [12] reported the results of a retrospective 
study comparing percutaneous MWA with RFA. The mean 
diameter of HCC nodules was 2.5 ± 1.2 cm in MWA group 
and 2.6  ±  1.2  cm in RFA group. A single insertion was 
applied for tumors <2.0 cm while multiple insertions were 
used for tumors >2  cm. RFA was performed by using a 
290  kHz-RF generator with a maximum power output of 
200  W.  Complete ablation rates were 98.6% in <3.0  cm 
tumors and 83.3% in >3.0  cm tumors in the MWA group. 
The numbers comparatively in the RFA group were 98% and 
81% respectively. The differences between the two groups 
were not statistically significant. Complications and long 
term survivals were also equivalent in the two groups.

However, with the upgrade of MWA devices there have 
been early clinical trials showing promising results in treat-
ing hepatic tumors >3 cm. Yin et al. [13] treated with percu-
taneous RFA or MVA 109 patients with HCC measuring 
between 3 and 7 cm. They reported a complete ablation of 
92.6%, a local recurrence in 22% of patients and a 3 year 
survival rate of 31%. Still no statistical difference between 
the complete ablation rate between RFA and MVA. Though 
recent improvement of ablation microwave technology has 
significantly improved clinical efficacy, its superiority or 
inferiority over RFA is yet to be determined.

63.2.3  Cryoablation

Cryoablation (CA) is a less prevalent percutaneous ablative 
therapy for HCC, and current evidence about its usefulness is 

limited. Cryoablation destroys tissue by the application of 
alternating freezing and thawing leading to apoptotic cell 
death by osmotic damage. The currently available cryosys-
tems use argon and helium gas based on the Joule Thomson 
effect [14]. There is direct cellular injury (which relies on ice 
crystal formation in extracellular and intracellular spaces) 
and vascular related injury (which occurs as a result of vaso-
constriction and a decrease in the flow of blood). Comparisons 
of Cryoablation to other modalities for HCC are limited [14]. 
A multicenter randomized controlled trial [15] of Cryoablation 
versus RFA was published in 2015 which included a total of 
260 patients with Child Pugh Class A or B cirrhosis and one 
or two HCC lesions <4 cm, treatment naïve, without metasta-
sis. Patients were randomly assigned to Cryoablation 
(m = 180) and RFA (n = 180). The primary endpoints were 
local tumor progression at 3 years after treatment and safety. 
Local tumor progression rates at 1, 2 and 3 years were 3%, 
7% and 7% for Cryoablation and 9%, 11% and 11% for RFA 
(P = 0.043). For lesions >3 cm in diameter, the local tumor 
progression rate was significantly lower in the Cryoablation 
group versus the RFA group. The 1 year, 3 year and 5 year 
survival rates were 97%, 67%, and 40% for Cryoablation and 
97%, 66%, and 38% for RFA, respectively [15]. According to 
Wang et al. the recurrence free survival rate and overall sur-
vival rate were not significantly different between two groups. 
In terms of complication, the major complication rate between 
percutaneous Cryoablation and RFA was also comparable. 
Although the safety profile of Cryoablation overall is compa-
rable, and there is less chance of damage to blood vessels and 
gall bladder, it is important to discuss the clinical relevance of 
“Cryo-Shock”. Cryo-shock is a rare, but fatal Cryoablation-
related complication leading to multi organ failure experi-
enced by few patients after hepatic cryotherapy. Patients 
suffer from severe coagulopathy and DIC, similar to septic 
shock but without evidence of systemic sepsis. Severe DIC 
necessitating repeated transfusions of fresh frozen plasma, 
cryoprecipitate, platelets, and tranexamic acid has been 
observed in some patients. According to a survey study, Cryo-
Shock occurred in about 1% of patients who underwent 
hepatic cryosurgery, but the exact rate of Cryo-Shock in per-
cutaneous Cryoablation remains unknown [15]. The inci-
dence of bleeding complication after CA is slightly more 
compared to coagulative techniques like MWA and RFA.

63.2.4  Irreversible Electroporation (IRE)

Irreversible electroporation (IRE) is a new non-chemical, 
non-thermal ablation treatment during which alteration of 
trans-membrane potential disrupts the integrity of the mem-
brane resulting in cellular death [16]. The technique is cur-
rently undergoing clinical evaluation for small sized HCC. In 
the early experience, IRE was hampered by cardiac toxicity 

Fig. 63.3 Tail burn in the soft tissue (arrow) after MWA
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and arrhythmias. Since the introduction of cardiac synchro-
nization with IRE treatment delivery, the safety of IRE for 
liver ablation has been established in several case series and 
a systematic review. Like thermal ablation, the best results 
with IRE are seen after treating tumors <3 cm [16]. Since 
IRE does not induce thermal coagulative necrosis it becomes 
the ablative tool of choice is patients with tumors close to 
vital structures like portal vein and biliary system. IRE does 
not suffer from the effects of heat sink unlike thermal tech-
niques (Fig. 63.4).

63.2.5  Chemical Ablation

Introduced more than 30  years ago for local treatment of 
Hepatocellular cancer, this technique is not very prevalent in 
the western world. Absolute alcohol is injected directly into 
the tumor after percutaneous access using a special type of 
needle with tines to induce coagulative necrosis by protein 
denaturation and vascular occlusion. Alcohol ablation is 
cheap, does not cause collateral damage, and is not affected 
by heat sink. The penetration of alcohol into the tumor is 
variable. Multi-septate tumor limits diffusion of alcohol to 
all parts of the tumor leading to local recurrence. With intro-
duction of thermal ablation techniques, alcohol ablation has 
fallen out of favor. Several Randomized studies have shown 
superiority of RFA over alcohol ablation.

63.3  Endovascular Techniques

63.3.1  TACE

For patients who are not candidates for surgical treatments 
and ablation either due to tumor size or distribution, trans 
catheter embolization is the mainstay treatment option with 

proven survival benefits [17]. The normal liver receives a 
dual blood supply from the hepatic artery (25%) and the por-
tal vein (75%). As HCC grows, it increasingly depends on 
the hepatic artery for blood supply and once a tumor nodule 
reaches a diameter of 2 cm or more, most of the blood supply 
derives from the hepatic artery. This unique property of HCC 
provides the rationale for the use of trans arterial therapies. 
Trans arterial chemoembolization consists of the selective 
angiographic occlusion of the tumor arterial blood supply 
with a variety of embolizing agents with the precedence of 
local chemotherapy infusion.

Conventional Trans arterial chemoembolization (TACE) 
uses a mixture of chemotherapeutic agent (e.g. doxorubicin 
or cisplatin) and lipiodol which is the recommended stan-
dard of care for the treatment of intermediate stage HCC 
[18]. Drug-eluting beads (DEBs) is a novel system consis-
tent of embolic microspheres preloaded with doxorubicin, 
that ensure the controlled release over time of chemotherapy 
and thus provide a combined local ischemic and cytotoxic 
effect. This results in lower systemic doxorubicin concentra-
tions than conventional TACE and higher intra-tumor reten-
tion [18]. Patients with more advanced liver disease might 
benefit from DEB-TACE due to lower systemic chemother-
apy concentrations. Lencioni R et  al. published in May of 
2016 SPACE trial aimed at comparing DEB-TACE with 
doxorubicin-eluting beads on Sorafenib versus just Deb- 
TACE alone. Patients with intermediate stage (BCLC B) 
multinodular HCC without macrovascular invasion or extra-
hepatic spread were randomized 1:1 to DEB-TACE (150 mg 
doxorubicin) plus sorafenib 400 mg twice daily or just DEB- 
TACE with placebo (Table 63.1). The primary end point was 
time to tumor progression (TTP) [19]. No unexpected 
adverse events related to Sorafenib were observed. The over-
all response rate for patients in the sorafenib and placebo 
groups with post-baseline scans were 55.9% and 41.3% 
respectively and the disease control rate was 89.2% and 
76.1% respectively. However, median TTP for subjects 
receiving sorafenib plus DEB-TACE or placebo plus DEB- 
TACE was similar (169 days versus 166 days) proving that 
while TACE alone may not provide all beneficial effects 
combining it with systemic chemotherapy is both safe and 
technically feasible [19]. Contraindications include encepha-
lopathy and large burden metastatic disease outside the liver. 
TACE is also contra-indicated in patients with portal vein 
thrombosis due to concern that further decrease to the blood 
supply of the liver can prove to be deleterious. Therefore, it 
is best to exercise extreme precaution and/or avoid TACE in 
patients with advanced cirrhosis. Other complications 
include post-embolization syndrome (fever, nausea, elevated 
liver function tests); Gastrointestinal ulceration (3–5%), rare 
pancreatitis or cholecystitis (<1%), due to embolization of 
other vessels. The survival rates of TACE are approximately 
60–80% at 1 year and 30–60% at 2 years. Studies have even 
shown that TACE combined with Radiofrequency ablation 

Fig. 63.4 Lesion near the portal vein treated with IRE to avoid heat sink
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improves the overall survival compared with that of TACE 
Alone. Anti-VEGF antibodies in combination with TACE 
and p53 gene therapy in combination with TACE are under 
study. Ultra-selective catheterization of tumor feeding arter-
ies is also under consideration.

63.3.2  Bland Embolization

Bland embolization aims to increase tumor ischemia by 
peripheral vessel occlusion with the use of a permanent 
embolic agent without combining chemotherapeutic agents 
or iodized oil [20].

A study published in July 2008 by Keigo et al. shows that 
bland embolization using super absorbed polymer (SAP) 
microspheres as an initial therapeutic option for previously 
untreated hepatocellular carcinoma ineligible for resection 
or ablation is a safe and very promising option. Fifty-nine 
patients were allocated to this study and a total of 121 ses-
sions of SAP trans-arterial embolization were performed. 
The mean period of repeated SAP-TAE was 15.6 months and 
it exceeded 1 year and 2 years in 32 (54%) and 15 (25%) 
patients, respectively. Thirteen (22%) patients underwent 
repeated SAP-TAE alone, and the remaining 46 (78%) 
patients underwent subsequent chemoembolization [21].

No major complication was observed and post emboliza-
tion syndrome was minimal after SAP-TAE. Overall survival 
rates were 100% and 83% at 1  years and 2  years, respec-
tively, and median survival time was 30 months. In conclu-
sion, SAP-TAE was a safe and repeatable option as the 
induction therapy for HCC unamenable to surgery or abla-
tion [21].

63.3.3  Y-90

Yttrium-90 radio embolization is a catheter based therapy 
that delivers internal radiation to hepatic tumors in the 
form of microspheres. It can be delivered to the hepatic 
tumor as either a constituent of a glass microsphere (Thera 
sphere), or a biocompatible resin-based microsphere 

(Sirsphere). Once embedded within the tumor microcircu-
lation, these microspheres emit Beta radiation at therapeu-
tic levels [22]. Y-90 unlike other modalities discussed 
above such as TACE and RFA is less often associated with 
toxicities such as abdominal pain, fever, nausea, and vom-
iting. In fact, there is a significant body of evidence sup-
porting its safety and efficacy. The selection process for 
patients undergoing radio- embolization and their subse-
quent pretreatment evaluation is similar. Patients’ eligibil-
ity for repeat radio embolization should be evaluated 
following every treatment. A study by Carr in 2004 reports 
on the safety and efficacy of Thera sphere for inoperable 
HCC [23]. Sixty-five patients with biopsy-proven HCC 
received a median radiation dose of 134 Gy. Median sur-
vival was 649 days and 302 days for Okuda Stage I and 
Okuda II patients respectively compared with 244  days 
and 64  days respectively for historical controls. These 
findings were supported by Geschwind et al. in 2004 [24] 
who reported on 80 patients from a relatively large data-
base of 121 who were treated with Thera sphere.

Although further clinical investigation is warranted and 
should be directed towards a more rigorous approach to 
investigating patient selection criteria, as well as optimal 
dosimetry to obtain the desired therapeutic effect, there is no 
question about the inevitable application of radio emboliza-
tion in patients with advanced HCC. A study by Chow et al. 
published in 2018 March compared Radio embolization to 
Sorafenib for Advanced HCC. Significantly fewer patients in 
the Radio embolization group had grade >3 Adverse effects 
(36 of 130 [27.7%] versus 82 of 162 [50.6%]), p < 0.01 [25], 
while overall survival did not differ between radio- 
embolization and Sorafenib. The improved toxicity profile of 
Radio embolization may inform treatment choice in selec-
tion patients.

63.3.4  Stereotactic Body Radiotherapy (SBRT)

SBRT refers to the use of a few fractions, generally fewer 
than 10, of potent doses of highly conformal radiation ther-
apy with high geometric precision and accuracy to ablate the 

Table 63.1 BCLC classification

BCLC stage Performance status Tumor features Liver functions Treatment options Survival data
0 0 Single < 2 cm No PH

Nor T bili
Surgery or ablation OS >60 months

5 years—75%
A 0 Single < 5 cm

Three <3 cm
Child A Transplant

Ablation
OS >60 months
5 years—75%

B 0 Multinodular CP A-B Transarterial treatments OS 20 months
SD 14–45 months

C 1–2 Vascular invasion
Metastatic

CP A-B Sorafenib OS 11 months
SD 6–14 months

D 3–4 Any CP C Supportive care OS <3 months
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tumor. The main advantage of SBRT is that it is noninvasive. 
Radiation liver damage has been the concern with external 
beam radiation. In carefully selected patients with good liver 
functions, SBRT has been shown to be comparable to TACE 
and RFA. In patients with decompensated liver disease, the 
use of SBRT is limited.

63.4  Immunotherapy

There are four major immunotherapeutic approaches for 
HCC. These include Adoptive Cell therapy, HCC vaccines, 
oncolytic viruses and immune checkpoint inhibitors [26]. 
Adoptive cell therapy is an immunotherapeutic approach that 
kills cancer cells using patients’ own lymphocytes. It func-
tions by stimulating or loading autologous lymphocytes with 
cytokines or tumor antigens, cultivating them ex  vivo and 
then reinfusing them into the patient. Adoptive immunother-
apy includes cytokine-induced killer cells, tumor infiltrating 
lymphocytes, natural killer cells, and chimeric antigen recep-
tor cells [26].

Cancer vaccination is performed using antigenic sub-
stances to activate tumor specific immune responses that can 
reduce tumor load and prevent tumor relapse. HCC vaccines 
include cancer cells, antigen peptides, and DNA-based vac-
cines, and some of these effectively inhibit tumor recurrence 
and metastasis. Oncolytic virotherapy includes engineering 
of wild-type viruses that selectively replicate in tumor cells 
and cause lysis without harming normal tissues. The mecha-
nism underlying the antitumor activity of oncolytic viruses 
involves direct killing of cancer cells by expanding in them 
and causing cell lysis [26].

Immune checkpoint inhibitors reactivate tumor specific T 
cells and develop an antitumor effect by suppressing 
checkpoint- mediated signaling. Common immune check-
point proteins include cytotoxic T lymphocyte-associated 
antigen-4 (CTLA-4), programmed cell death protein-1, pro-
grammed cell death ligand 1, VISTA, TIM-3, LAG-3 and 
OX40. CTLA-4 and PD-1 inhibitors have been well charac-
terized and have been approved by FDA for treating melano-
mas, with some progress in their application in treating 
Hepatocellular carcinomas [26].

63.5  Conclusion

While there is still more research as our techniques continue 
to evolve there have been some major achievements made 
with non-surgical treatments. BCLC stage A patients can be 
treated with RFA with RFA and microwave ablation achiev-
ing similar outcomes and with less complications (with 
microwave ablation avoiding the heat-sink effect) compared 
to surgical treatments. Trans arterial embolization can be 

used for BCLC stage B patients and can be applied with che-
motherapy or Yttrium-90 radio-embolization or even 
RFA. For extensive disease Yttrium-90 is a great option as it 
offers a better toxicity profile compared to the chemoembo-
lization. With so many different trans-arterial options, a 
meta-analysis to find the optimal trans-catheter embolization 
was inevitable. Katsanos et  al. [27] performed a meta- 
analysis which included the network of evidence of 55 ran-
domized controlled trials (12 direct comparisons) with 5763 
patients with preserved liver function and unresectable HCC 
(intermediate to advanced stage). All embolization strategies 
achieved a significant survival gain over control treatment. 
However, TACE, DEB-TACE, Trans-arterial Radio emboli-
zation and adjuvant systemic agents did not confer any sur-
vival benefit over Bland embolization lone. Estimated 
median survival was 13.9 months in control, 18.1 months in 
TACE, 20.6  months with DEB-TACE, 20.8  months with 
bland TAE, 30.1 months in TACE plus external radiotherapy, 
and 33.3 months in TACE plus liver ablation. Trans arterial 
RE was the safest treatment. And while the quality of evi-
dence remained mostly low to moderate because of clinical 
diversity, chemoembolization combined with external radio-
therapy or local liver ablation showed to significantly 
improve tumor response and patient survival rates over 
embolization (See Fig. 63.3). For BCLC stage C HCC there 
has been an equivalent survival demonstrated along with 
lower toxicity for trans arterial therapy compared to systemic 
therapy alone.

 Self Study

 Questions

 1. Which is the following is a tumor ablative modality that 
can be use in tumors located in the hepatic hilum?
 (a) Microwave ablation
 (b) Radiofrequency ablation
 (c) Irreversible electroporation
 (d) Cryoablation

 2. Heat sink effect is a major limitation in which of the fol-
lowing ablative modalities?
 (a) Chemical ablation
 (b) Irreversible electroporation
 (c) Laser ablation
 (d) Radiofrequency ablation

 3. The recommended ideal tumor size for ablative modali-
ties currently in practice is?
 (a) 2–3 cm
 (b) 1–2 cm
 (c) 3–5 cm
 (d) 5–9 cm
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 4. Which endovascular treatment has shown a superior sur-
vival benefit for BCLC B HCC within the Milan 
criteria?
 (a) TACE
 (b) Y-90 Radio-embolization
 (c) Bland Embolization
 (d) No difference in outcomes

 5. Abscopal effect of ablation refers to
 (a) Complete tumor ablation from thermal techniques
 (b) Augmented response to immunotherapy after 

ablation
 (c) Undesirable effects of immunotherapy
 (d) Side effect of microwave ablation causing tumor 

progression

 Answers

 1. Which is the following is a tumor ablative modality that 
can be use in tumors located in the hepatic hilum?

Correct Answer C.  Tumors at the hepatic hilum are 
risky to treat with thermal ablation techniques due to the 
proximity to the main bile ducts. Thermal injury can lead 
to biliary strictures. Irreversible electroporation does not 
cause coagulative necrosis. Collateral damage to biliary 
system does not occur with this modality.

 2. Heat sink effect is a major limitation in which of the fol-
lowing ablative modalities?

Correct Answer: D. Heat sink effect is due to presence 
of a blood vessel in the vicinity of a tumor that is being 
thermally ablated. As the temperature cannot be main-
tained in the tumoricidal range due to flowing blood in the 
vicinity of the tumor, local recurrence can occur. This is a 
major issue with RFA.  It also occurs in MWA and 
Cryoablation to a lesser extend.

 3. The recommended ideal tumor size for ablative modali-
ties currently in practice is?

Correct Answer: A.  The AASLD and EASL recom-
mendation for thermal ablation are tumors below 3 cm. 
Multiple studies have shown that as the tumor becomes 
larger, the local recurrence rate increases. With MWA 
larger tumors could be targeted, but there is limited data.

 4. Which endovascular treatment has shown a superior sur-
vival benefit for BCLC B HCC within the Milan criteria?

Correct Answer: D. There is no survival benefit among 
all the endovascular treatment options. DEB-TACE and 
Y-90 has a better safety profile.

 5. Abscopal effect of ablation refers to
Correct Answer: B.  Immune modulators like 

Tremelimumab in combination with ablation in patients 

with advanced hepatocellular carcinoma causes an aug-
mented immune response referred to as Abscopal effect. J 
Hepatol. 2017 Mar; 66(3): 545–551
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Key Concepts
• With the exception of the rare patient with hepatic 

encephalopathy (HE) due to a congenital urea cycle 
enzyme defect, HE occurs either as a consequence 
of severe acute, chronic or acute-on-chronic liver 
disease or in the setting of porto-systemic venous 
shunting.

• Evolving evidence points to key roles for both 
ammonia and inflammation in the pathogenesis of 
HE.

• The more rapidly progressive clinical course of HE 
arising in acute liver failure (ALF) and acute-on- 
chronic liver failure (ACLF), compared to that of 
HE complicating cirrhosis and chronic porto- 
systemic shunting, is best explained by differences 
in the rapidity of ammonia-generated glutamine 
accumulation within astrocytes and the extent to 
which this can be effectively counter-balanced by 
regulatory osmotic processes.

• Contrasting effects of acute and chronic increases 
in ammonia and glutamate concentrations on astro-
cyte function and neuronal transmission, along with 
differences in the potential for inflammation to 
complicate these various clinical scenarios, are also 
important.

• Treatments aimed at reversing ammonia accumula-
tion and preventing or suppressing systemic and 
neural inflammation form the bases of current ther-
apeutic strategies.

• Consideration for emergency liver transplantation 
based on prognostic criteria and careful assessment 
for, and effective management of, cerebral oedema 
are of paramount importance in the management of 
HE in patients with ALF.

• The new concept that disturbances in the intestinal 
microbiome are associated with systemic inflam-
mation in cirrhotic patients with HE offers the 
potential for various gut-flora altering therapies to 
be beneficial in this group not only as a conse-
quence of their conventional role in modulating the 
intestinal metabolism of ammonia but also via anti-
inflammatory effects.

Hepatic encephalopathy (HE) encompasses a spectrum of 
neuropsychiatric manifestations, ranging from covert distur-
bances such as deficits in memory and learning evident only 
by psychometric testing (referred to as minimal HE) through 
to clinically overt disturbances reflected by changes in per-
sonality, inversion of the sleep cycle, confusion and, in its 
most extreme form, coma [1] (Table 64.1). HE, in either of 
its covert or overt forms, occurs either as a consequence of 
severe acute, chronic or acute-on-chronic liver disease or in 
the setting of porto-systemic venous shunting. The exception 
is the rare patient with HE due to a congenital urea cycle 
enzyme defect.

The occurrence of HE defines the often rapidly progres-
sive entity of acute liver failure (ALF), in which severe 
liver damage occurs in a patient without underlying chronic 
liver disease. In the chronic liver disease setting, HE is 
highly prevalent, occurring in up to 80% of patients with 
cirrhosis when both MHE and overt forms are taken in to 
account [2] and not only adversely impacts both quality of 
life and daily functioning but also is independently predic-
tive of an increased mortality rate [3]. HE is also commonly 
encountered in the syndrome of acute on chronic liver fail-
ure (ACLF), in which an acute decompensation of hepatic 
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function in a patient with pre-existing, but clinically stable 
chronic liver disease follows a precipitating insult, often 
infective or hepatotoxin-related [4].

Importantly, none of the clinical manifestations of HE are 
specific for an hepatic aetiology of encephalopathy, such that 
it is imperative to exclude alternative neuropsychiatric diag-
noses by appropriate clinical assessment and further investi-
gations, including various laboratory markers, cerebral 
imaging and electroencephalography (Table 64.2). Unlike in 
the ALF setting, the blood ammonia level is of relatively lit-
tle clinical value for establishing the diagnosis of HE in the 
more chronic scenarios of cirrhosis and chronic porto- 
systemic shunting, as levels in these clinical contexts do not 
reliably correlate with HE grades [5]. Practical bedside tests 
such as trail-making tests are easily administered and gener-
ally provide useful information in patients with low grade 
HE who are able to co-operate, although educational status 
and familiarity consequent to repeated testing can confound 
interpretation of results, and various computerised psycho-
metric and neurophysiological tests are more widely used 
these days for this purpose [6].

64.1  Developments in Pathophysiologic 
Understanding

Accumulation of unmetabolised ammonia plays a funda-
mental role in the pathogenesis of HE.  Evolving evidence 
points to an additional and important mechanistic role for 
inflammation, with complex interactions between ammonia 
metabolism and inflammation promoting dysfunction of 
astrocytes, neuronal transmission, blood-brain barrier per-
meability, cerebral blood flow and cerebral energy produc-
tion. The more rapidly progressive clinical course of HE 
arising in ALF and ACLF, compared to that of HE complicat-
ing cirrhosis and chronic porto-systemic shunting, is best 
explained by differences in the rapidity of ammonia- 
generated glutamine accumulation within astrocytes and the 
extent to which these metabolic abnormalities can be effec-
tively counter-balanced by regulatory osmotic processes. 
Contrasting effects of acute and chronic increases in 
 ammonia and glutamate concentrations on astrocyte function 
and neuronal transmission, along with differences in the 
potential for inflammation to complicate these various clini-
cal scenarios, are also important. Treatments aimed at revers-
ing ammonia accumulation and preventing or suppressing 
systemic and neural inflammation form the bases of current 
therapeutic strategies.

64.1.1  The Role of Ammonia in the 
Pathogenesis of HE Occurring 
in ALF, Cirrhosis and Chronic  
Porto- Systemic Shunting

64.1.1.1  In ALF
HE in ALF is often rapidly progressive and frequently asso-
ciated with the development of cerebral oedema and intra-
cranial hypertension, especially at more advanced HE 
grades (grades 3 and 4). Cerebral oedema in ALF is pre-
dominantly intracellular in aetiology, due to a combination 
of osmotic, oxidative and nitrosative stresses, largely the 
consequence of increased metabolism of ammonia to gluta-
mine in astrocytes. Osmotic stress related to ammonia in 
this circumstance is related to the rapidity with which high 
levels of glutamine are generated, overwhelming the capac-
ity of astrocytes to  compensate by losing osmolytes such 
as  myoinositol and up-regulating water channels such as 
aquaporin- 4. These compensatory mechanisms attempting 
to counter-regulate ammonia-induced oxidative stress on 
astrocytes contribute to the potential for extracellular cere-
bral oedema to occur, although the extent to which extracel-
lular factors account for cerebral oedema is only modest 
when compared to intracellular processes. Markedly reduced 
cerebral energy production consequent to a toxic effect of 
ammonia on cellular metabolism also occurs [7].

Table 64.1 The West Haven criteria for grading the severity of overt 
hepatic encephalopathy (HE) [1]

Grade Manifestations
1 Trivial lack of awareness; euphoria; anxiety; shortened 

attention span; impaired performance in basic arithmetic.
2 Lethargy; apathy; minimal disorientation in time and space; 

subtle changes in personality; inappropriate behaviour; 
asterixis.

3 Somnolence but responsive to verbal stimuli; gross 
disorientation; bizarre behaviour.

4 Coma.

Table 64.2 Differential diagnoses of hepatic encephalopathy

Category Examples
Intracranial pathology Haemorrhage

Infarction
Tumour
Abscess
Meningitis
Encephalitis
Epilepsy/post-seizure encephalopathy

Neuropsychiatric disorders Organic brain syndromes
Toxic encephalopathies Alcohol intoxication

Alcohol withdrawal
Wernicke-Korsakoff syndrome
Psychoactive drugs
Salicylate intoxication
Heavy metal intoxication

Metabolic encephalopathies Electrolyte imbalance
Hypoxia
Carbon dioxide narcosis
Hypoglycaemia
Uraemia
Ketoacidosis
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In addition to cerebral oedema related to disturbed ammo-
nia metabolism, excitatory neurotransmission, stemming 
from the excessive generation within astrocytes and subse-
quent release of glutamate from ammonia, leading to neuro-
nal activation triggered via glutamate/N-methyl-d-aspartate 
(NMDA) receptors and the glutamate-nitric oxide (NO)-
cyclic guanosine monophosphate (cGMP) pathway and 
reflected clinically by manifestations such as agitation and 
seizure activity, often subclinical, is a key pathophysiologi-
cal process responsible for HE in ALF [6, 8, 9] (Fig. 64.1).

64.1.1.2  In Cirrhosis and Chronic 
Porto-Systemic Shunting

The effects on the astrocyte of the more gradual, chronic 
elevation in intracellular ammonia that occurs in cirrhosis 

and chronic porto-systemic shunting, in which circum-
stances patients’ capacities for ammonia detoxification in 
alternative sites to the damaged or bypassed liver are often 
severely limited by factors such as associated skeletal mus-
cle wasting and zinc deficiency, differ in several important 
respects from those that occur acutely in ALF. Most impor-
tantly, the slower rates of glutamine accumulation in astro-
cytes in the former settings allow for more effective osmotic 
regulation that prevents or at least greatly limits osmotic 
stress of astrocytes and, hence, intracellular cerebral 
oedema [10, 11]. Indeed, cerebral oedema of sufficient 
extent to be detectable by computerised tomography is gen-
erally not apparent in cirrhotic patients with HE, even at 
high grade [12], although more sensitive imaging modali-
ties, such as magnetic resonance imaging, demonstrate that 
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Fig. 64.1 Current concepts of the pathophysiology of hepatic encephalopathy (HE) in acute liver failure (ALF), demonstrating the key effects of 
ammonia on the astrocyte and neuron. cGMP cyclic guanosine monophosphate, NMDA N-methyl-d-aspartate, NO nitric oxide
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cerebral oedema, predominantly extracellular and only 
low-grade, does occur, even in those patients with only 
MHE [13]. As in the ALF setting, the counter-regulatory 
mechanisms that limit osmotic stress on astrocytes likely 
contribute to the development of this extracellular cerebral 
oedema [14] (Fig. 64.2). Nonetheless, low- grade cerebral 
oedema is unlikely the predominant mechanism for HE in 
cirrhosis and chronic port-systemic shunting [15].

This seems more related to disturbed neurotransmission 
resulting in neuro-inhibition, a phenomenon in marked 
 contrast to the neuro-excitatory state occurring in encephalo-
pathic ALF patients. This occurs largely as a result of pro-
longed exposure of astrocytes to increased ammonia levels, 
resulting in effects on three key neurotransmitter pathways, 

namely the glutamate-NO-cGMP pathway [16], the seroto-
nergic pathway [17] and the gamma-aminobutyric acid 
(GABA)ergic pathway [6, 18] (Fig. 64.2).

Other deleterious effects of chronically elevated ammonia 
levels, potentially contributing to HE, have been demonstrated. 
A disturbance in blood brain barrier permeability related to the 
development of a type II Alzheimer phenotype by astrocytes in 
the setting of chronic exposure to increased ammonia has been 
proposed [15], given that astrocytes contribute importantly to 
the blood brain barrier. In addition, CBF is substantially 
reduced in cirrhotic patients with clinically overt HE [19], due 
to reduced cerebral energy production, with both phenomena 
significantly correlated with increased blood ammonia levels 
[20] (Fig. 64.2).
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64.1.2  The Role of Inflammation in the 
Pathogenesis of HE Occurring in ALF, 
Cirrhosis and Chronic Porto- Systemic 
Shunting

Increasing evidence points to an important role of pro- 
inflammatory mediators, produced either systemically or 
within the brain as a result of either the severe underlying liver 
injury, accumulation of ammonia and lactate or complicating 
bacterial or fungal infection, in promoting HE in ALF [21, 
22], in which an often marked systemic inflammatory response 
frequently occurs [23]. Important interactions between ammo-
nia and inflammation in promoting HE have also been demon-
strated in cirrhosis and chronic porto- systemic shunting, 
especially in the setting of inflammation resulting from super-
imposed bacterial or fungal infection. Cirrhotic patients dis-
play significant deteriorations in psychometric test scores 
following hyperammonaemia induced in the setting of inflam-
mation due to super-imposed infection, but not when hyper-
ammonaemia is induced in the non-inflammatory state, 
suggesting that pro-inflammatory mediators are important in 
modulating the cerebral effects of ammonia in cirrhosis [24].

Increased circulating pro-inflammatory cytokines are also 
produced by a disturbed gut microbiome in cirrhotic patients, 
resulting in a systemic inflammatory state even in the absence 
of overt infection [25]. Disturbances in the colonic mucosal 
microbiome have been demonstrated in cirrhotic patients 
with an history of HE compared to cirrhotic patients with no 
prior history of HE. In those with a history of HE, signifi-
cantly lower levels of Roseburia species and increased abun-
dance of Enterococcus, Veillonella, Megasphaera and 
Burkholderia are evident. Genera over-expressed in the 
colonic mucosa in the HE group were found on network 
analysis to be significantly associated with both poor cogni-
tion and systemic inflammation, as reflected by serum levels 
of pro-inflammatory cytokines [26]. Taken together, the find-
ings suggest that a disturbed gut microbiome in cirrhotic 
patients with an history of HE, detected at the colonic muco-
sal level, may contribute significantly to systemic inflamma-
tion, which, in turn, adversely affects cognition. Another 
study has demonstrated that dysbiosis is associated with sys-
temic inflammation in cirrhotic patients with HE and that 
specific gut microbial families, namely autochthonous taxa 
negatively and Enterobacteriaceae positively, correlate with 
hyperammonaemia-associated astrocytic changes in gluta-
mine and glutamate [27]. These findings provide rationale to 
investigate the use of gut flora-altering therapies in the treat-
ment of cirrhotic patients with HE as potential modulators of 
systemic inflammation, beyond their conventional role in 
reducing the intestinal production of ammonia.

Systemic and neural inflammation have the potential to 
promote HE via various mechanisms, ultimately leading to 
increased oxidative and nitrosative stress in astrocytes, 
increased blood brain barrier permeability, increased cere-
bral blood flow, cerebral oedema and an exacerbation of 
ammonia-mediated deleterious effects, as outlined in 
Fig. 64.3 [21, 22, 28–36].

64.1.3  The Two-Phase Roles of Ammonia 
and Inflammation in the Pathogenesis 
of HE Occurring in ACLF

HE in ACLF is often rapidly progressive. A two-phase expla-
nation for the occurrence of cerebral oedema in ACFL 
patients with HE has been proposed, in which an initial intra-
cellular component due to a sudden and rapid accumulation 
of ammonia-derived glutamine, analogous to that occurring 
in the ALF setting, is followed by increased blood-brain bar-
rier permeability mediated by pro-inflammatory cytokines 
that promotes increased extracellular water accumulation 
[14]. Nonetheless, cerebral oedema generally develops to a 
lesser extent in ACLF than in ALF [37] and is generally pre-
dominantly extracellular [38]. As in cirrhosis and chronic 
porto-systemic shunting, cerebral oedema sufficient to be 
detectable by computerised tomography occurs in only a 
small minority of ACLF patients, even when the HE grade is 
high (grade 3 or 4) [12].

64.2  Management

Fundamentally, treatment of HE is aimed at correcting 
hyperammonaemia and inflammation and their conse-
quences, including cerebral oedema when present, while 
adopting measures to at least limit the degree of underlying 
liver damage and, in the settings of cirrhosis and ACLF, iden-
tifying and correcting precipitating factors. Given the differ-
ing clinical course of HE in ALF and ACLF as compared to 
that arising in cirrhosis and porto-systemic shunting, as well 
as the potentials for more rapid progression of the underlying 
liver injury and development of multi-organ failure in the 
former contexts, the management of HE complicating ALF 
and ACLF must be considered separately from that occurring 
in other settings. In all circumstances, careful assessment for 
and correction of a systemic inflammatory response syn-
drome, defined by abnormalities in body temperature, heart 
rate, respiratory rate, PaCO2 level and white blood cell count 
[23], and an high index of suspicion for complicating bacte-
rial or fungal infection must be maintained. In the latter 
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regard, some centres favour the commencement of prophy-
lactic broad-spectrum antibiotics while awaiting results of a 
septic screen, especially in patients with more advanced 
grades of HE (grade 3 or grade 4). Enteral nutrition is gener-
ally preferable to the parenteral route in order to limit the 
likelihood of septic complications. A potential role for 
N-acetylcysteine in limiting or reversing oxidative stress in 
astrocytes and attenuating neuroinflammation has also 
recently been proposed, given both its anti-oxidant and anti- 
inflammatory properties and since it has been shown to cross 
the blood-brain barrier [31].

64.2.1  Treatment of HE in ALF (Table 64.3)

Along with the institution of specific therapies to limit the 
extent of liver damage in those with treatable aetiologies, 
consideration for emergency liver transplantation based on 
prognostic criteria and careful assessment for, and effective 
management of, cerebral oedema are of paramount impor-
tance in ALF patients. Selection criteria for liver transplanta-
tion in ALF are based on indices identifying the most severely 
affected group, having a poor prognosis with medical man-
agement alone and are not currently standardised. 

Nonetheless, those formulated at King’s College Hospital 
are the most widely applied [39]. In the original analyses, 
positive predictive values for death (the proportions of those 
patients fulfilling criteria who died) in patients with 
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Fig. 64.3 Mechanisms by which inflammation contributes to the pathogenesis of hepatic encephalopathy (HE)

Table 64.3 Approach to the management of hepatic encephalopathy 
(HE) in acute liver failure (ALF)

Intervention
Consideration of emergency liver transplantation according to 
prognostic criteria, such as the King’s College criteria [39]
Commence specific therapies for treatable causes
Aetiology Treatment
Paracetamol
Hepatitis B virus
Herpes simplex virus
Autoimmune
Budd-Chiari syndrome
Lymphoma
Pregnancy-associated

N-acetylcysteine
Entecavir or tenofovir
Acyclovir
Corticosteroids
Thrombolysis, decompressive shunt
Chemotherapy
Delivery

Intracranial pressure monitoring in patients with advanced HE grades
Strategies to reverse cerebral oedema (see text)
Strategies to reverse neuroinflammation
High index of suspicion for and aggressive treatment of 
complicating bacterial or fungal infection
Possible role for prophylactic, broad-spectrum antibiotic use in 
advanced HE grades
Possible role for N-acetylcysteine
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paracetamol and non-paracetamol aetiologies of ALF were 
84% and 98%, respectively, while negative predictive values 
(the proportions of those patients not fulfilling criteria who 
survived) were 86% and 82%, respectively. The findings 
suggest that ALF patients fulfilling the King’s College crite-
ria should be considered for urgent liver transplantation, 
even with HE grade is not advanced, with the exception of 
non-acidotic paracetamol-related ALF patients, in whom 
advanced HE grade is a prognostic factor. Conversely, lack 
of fulfilment of prognostic criteria in current use do not reli-
ably predict spontaneous survival, especially in cases unre-
lated to paracetamol, and emergency liver transplantation 
should still be considered for this group.

Potential transplant candidates should be urgently trans-
ferred to a liver transplant unit at an early HE stage, ideally 
before cerebral oedema has developed. Various strategies are 
available to prevent or treat cerebral oedema and optimise 
cerebral perfusion in those with grade 3 or 4 HE. Elective 
mechanical ventilation, along with positioning of the patient 
20–30° head-up and minimising endotracheal suctioning, 
patient turning and other tactile stimulation are all important 
measures to prevent surges in intracranial pressure that can 
provoke or exacerbate cerebral oedema. Intracranial pressure 
monitoring, with sufficient clotting factor support to achieve 
an international normalised ratio ≤2 and platelet transfusions 
to achieve a count ≥50 × 109/L at the time of insertion of the 
transducer, remains controversial on account of risks of 
haemorrhagic and infective complications, but can be of con-
siderable value in determining intracerebral pressure and 
cerebral perfusion pressure (the difference between mean 
arterial pressure and intracranial pressure) and thereby guid-
ing further therapy in ALF patients with grade 3 or 4 HE 
[40]. In particular, a cerebral perfusion pressure <50 mmHg 
due to arterial hypotension in ALF is an indication for use of 
vasopressor agents, provided that intravascular volume sta-
tus is adequate. Conversely, when cerebral perfusion pres-
sure is reduced to <50 mmHg due to an increase in intracranial 
pressure, or when the latter exceeds 25 mmHg irrespective of 
cerebral perfusion pressure, bolus intravenous injection of 
mannitol (0.5 g/kg body weight) is considered first-line treat-
ment [41]. Continuous veno-veno haemodiafiltration, rather 
than intermittent haemodialysis in order to reduce the likeli-
hood of systemic arterial hypotension that might result in a 
fall in cerebral perfusion pressure [42] and with the aim of 
removing two to three times the volume of mannitol given, is 
required to properly manage intracranial hypertension in 
ALF patients in oliguric renal failure. Induction of moderate 
hypothermia (32–33  °C) can be beneficial for otherwise 
uncontrolled increases in intracranial pressure [43], while 
reduction in cerebral blood flow by means of hyperventila-
tion is appropriate in the subgroup with cerebral hyperaemia, 
as reflected by an increased reverse jugular venous oxygen 
saturation of at least 75%. Artificial liver support using 

modalities such as plasmapheresis and extracorporeal albu-
min dialysis may also have a role in reducing cerebral 
oedema in the ALF setting [44, 45]. Thiopentone may be 
helpful in cases of otherwise intractable cerebral oedema, 
but has the potential to promote or exacerbate haemody-
namic instability. Prophylactic anti-epileptic therapy reduces 
the incidence of subclinical epilepsy which can exacerbate 
cerebral oedema [9].

Importantly, earlier disease recognition likely accounts 
for the significantly reduced prevalence of intracranial hyper-
tension complicating ALF demonstrated at admission to a 
large, dedicated liver intensive care unit over recent decades 
(from 76% during the period from 1984 to 1988 to 20% dur-
ing the period from 2004 to 2008), while improvements in 
modern liver intensive care based on a better understanding 
of pathogenesis and availability of emergency liver trans-
plantation in a timely manner, before patients become un- 
transplantable, presumably are responsible for the 
significantly reduced mortality rate in those with intracranial 
hypertension from 95% to 55% during this time [46].

64.2.2  Treatment of HE in Cirrhosis (Table 64.4)

Most episodes of HE complicating cirrhosis are secondary 
to a clinically apparent precipitating event that requires 
appropriate additional treatment. Several precipitating fac-
tors may be operative in a given patient at the same time. 
Most manifestations of overt HE complicating cirrhosis 
improve with medical treatment, although refractory syn-
dromes such as dementia, spastic paraparesis, cerebellar 
degeneration and extrapyramidal movement disorders are 
well-recognised. The latter may gradually improve follow-
ing successful liver transplantation. MHE commonly per-
sists in cirrhotic patients after resolution of overt HE and 
requires on-going medical therapy [47]. Medical therapy for 
HE complicating cirrhosis is aimed at reducing the intestinal 
production and systemic absorption of ammonia and/or pro-
moting increased systemic metabolism of absorbed ammo-
nia. Several recent studies have investigated whether 
systemic inflammation in cirrhosis can be modulated by gut 
flora-altering treatments, given data that a disturbed intesti-
nal microbiome may contribute to systemic inflammation in 
this group.

64.2.2.1  Reducing the Intestinal Production 
and Systemic Absorption of Ammonia

While intestinal production of ammonia can be effectively 
reduced by dietary protein restriction, patients with cirrhosis 
require daily protein intakes of 1.2–1.5 g/kg body weight to 
maintain nitrogen balance and long-term restriction to below 
this range must be avoided in order to avoid protein energy 
malnutrition. In patients whose total daily dietary protein tol-
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erance is below this level, supplementation with vegetable, 
rather than animal, protein can result in significant improve-
ments in nitrogen balance without precipitating or worsening 
HE, possibly due to the increased fibre content of vegetable 
protein [48]. Non-absorbable disaccharides are considered 
first line pharmacological therapy for reducing the intestinal 
production and systemic absorption of ammonia in cirrhotic 
patients with overt HE.  The lowered colonic pH resulting 
from their fermentation by gut flora to acetic and lactic acids 
is both hostile to the survival of urease-producing intestinal 
bacteria and reduces ammonia absorption by non-ionic diffu-
sion. Lactulose (galactosidofructose) is the most commonly 
used of these [5]. The daily dose of lactulose should be 
titrated to result in two to four soft, acidic stools (pH < 6) 
daily. Meta-analyses suggest that oral lactitol (galactosidos-
orbitol) is as effective as lactulose for treating overt HE in 
cirrhosis and is more palatable, aiding compliance [49]. 

Disaccharide enemas have a role in those patients in whom 
oral or nasogastric administration is impossible [50]. 
Compared to placebo or no treatment, oral lactulose or lacti-
tol therapy significantly reduces the likelihood of no improve-
ment in overt HE in patients with cirrhosis (relative risk 0.62; 
95% confidence interval 0.46–0.84) [51, 52]. Lactulose is 
also considered first line therapy for MHE complicating cir-
rhosis [53], with the likelihood of no improvement in psy-
chometric test scores significantly reduced by lactulose 
therapy compared to placebo or no treatment [54, 55].

Antibiotics such as neomycin, metronidazole, vancomy-
cin and rifaximin also reduce intestinal ammonia production 
and are beneficial in the treatment of overt HE complicating 
cirrhosis [5]. However, the potential for adverse effects (oto-
toxicity and renal toxicity with neomycin; peripheral neu-
ropathy with metronidazole and development of resistant 
Enterococcus strains with vancomycin) limits their use. 
Rifaximin is a well-tolerated, broad spectrum antibiotic with 
low risk of inducing bacterial resistance. Meta-analyses indi-
cate that the efficacy of rifaximin for treating overt HE in 
cirrhosis is comparable to that of the non-absorbable disac-
charides [56, 57]. The combination of rifaximin and lactu-
lose may be more effective than lactulose alone for treating 
overt HE in patients with cirrhosis [58]. Rifaximin is also of 
proven value for the management of MHE in this group [59–
61], apparently without significantly altering the composi-
tion of the faecal microbiome, although the relative 
abundances of genus Veillonella and Streptococcus were 
lowered [61].

The promotion of urease-negative bacteria within the 
intestine by use of probiotic and synbiotic (probiotic plus 
fermentable fibre) preparations, as an alternative strategy to 
antibiotic or disaccharide therapies for reducing the intesti-
nal production of ammonia, has been shown to significantly 
improve MHE complicating cirrhosis and reduce the likeli-
hood of development of overt HE [62–65]. Notably, probi-
otic and synbiotic treatments were found to be better tolerated 
than lactulose, a factor favouring improved compliance [62]. 
Recent data suggest that faecal microbial transplantation of 
microbiota shown to be deficient in HE, resulting in increased 
faecal microbial diversity and beneficial taxa, may reduce 
the likelihood of recurrent HE in cirrhosis [66].

64.2.2.2  Increasing the Systemic Metabolism 
of Ammonia

Ornithine and aspartate are important substrates involved in 
the systemic metabolism of ammonia to urea and glutamine, 
respectively. l-ornithine-l-aspartate thus provides substrates 
for each of these ammonia detoxification pathways. Recent 
analyses have confirmed significant beneficial effects of treat-
ment compared to placebo or no intervention in cirrhotic 

Table 64.4 Management of hepatic encephalopathy (HE) complicat-
ing cirrhosis

Intervention Examples
Correction of 
precipitating 
factors

Gastrointestinal haemorrhage
Infection
Constipation
Uraemia
Hypokalaemia
Hyponatraemia
Systemic alkalosis
Use of benzodiazepines
Porto-systemic shunting
Progressive liver damage
Development of hepatocellular carcinoma

Ammonia-lowering 
treatments

Prevent excessive dietary protein intake
Non-absorbable disaccharides (lactulose, 
lactitol)
Rifaximin
Probiotics, synbiotics, faecal microbial 
transplantation
l-ornithine-l-aspartate
Sodium benzoate
Zinc
Glycerol phenylbutyrate
Possible role for Sodium phenylbutyrate

Strategies to 
reverse 
neuroinflammation

High index of suspicion for and aggressive 
treatment of complicating bacterial or fungal 
infection
Possible role for prophylactic, broad-spectrum 
antibiotic use in advanced HE grades
Possible role for N-acetylcysteine
Reduction in systemic inflammation due to 
disturbed intestinal microbiome (lactulose, 
rifaximin, probiotics, possible role for 
synbiotics, possible role for faecal microbial 
transplantation)

Liver 
transplantation

Failed medical therapies, especially for HE 
occurring in association with other 
manifestations of severe hepatic functional 
decompensation
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patients with both overt HE and MHE [67, 68]. The efficacy 
of l-ornithine-l-aspartate therapy was comparable to that of 
lactulose [67]. Treatment with sodium benzoate, which 
reduces systemic ammonia levels by the formation of hippu-
rate, is also of proven value [69]. Whether there is benefit in 
combining these strategies to increase the systemic metabo-
lism of ammonia with therapies that reduce ammonia produc-
tion, such as non-absorbable disaccharides and/or rifaximin, 
remains to be properly assessed. A controlled trial of oral zinc 
supplementation in addition to other therapies, including lact-
ulose, found significant improvement in psychometric test 
scores in the group receiving zinc [70]. A randomized, dou-
ble-blind, placebo-controlled study of glycerol phenylbutyr-
ate, which acts by promoting ammonia removal via the 
kidney in the form of urinary phenylacetylglutamine, has 
demonstrated a significantly beneficial effect in preventing 
recurrent episodes of overt HE in patients with cirrhosis [71]. 
A beneficial effect of sodium phenylbutyrate has also been 
suggested recently in a preliminary analysis [72], although 
randomized, controlled trial data are currently lacking.

64.2.2.3  Reducing Systemic Inflammation 
by Modulation of the Intestinal 
Microbiome

To date, assessment of this evolving therapeutic concept has 
been conducted only in cirrhotic patients with MHE, using 
treatment with lactulose [73], rifaximin [59] and probiotics 
[74]. Modulation of systemic levels of pro-inflammatory and 
anti-inflammatory cytokines has been demonstrated, associ-
ated with clinical improvement (Table  64.5). Whether a 
change in intestinal microbial function rather than its com-
position is predominantly responsible [25] remains to be 
fully determined. Further delineation of the possible anti- 
systemic inflammatory effects of these and other gut flora- 
altering therapies, including synbiotics and intestinal 
microbial transplantation, along with stratification of the 
relative benefit of this potential mechanism of action on HE 
management as opposed to their anti-ammonia effects in 
various clinical contexts, are awaited.

64.2.3  HE in Chronic Portal-Systemic Shunting

HE complicating spontaneous or surgically-created portal- 
systemic anastomoses or radiologically-placed transjugular 
intrahepatic portal-systemic shunt procedures is usually suc-
cessfully managed as in cirrhosis, as discussed above. 
Transhepatic or percutaneous transparaumbilical emboliza-
tion or surgical ligation of portal-systemic shunts is occa-
sionally of benefit in such patients when HE is refractory to 
other modalities [75, 76]. Similarly, refractory HE compli-
cating TIPSS may be successfully managed by the implanta-
tion of a reducing stent, especially in patients in whom 
hepatic function is well maintained and porto-systemic 
shunting is taken to be the major factor responsible for the 
HE [77].

64.2.4  HE in Acute on Chronic Liver Failure 
(ACLF)

Reversal of the precipitating factor and support of all other 
failing organ systems are crucial to the management of 
patients with HE complicating ACLF, which is often compli-
cated by associated multi-organ failure. The use of emer-
gency liver transplantation as a rescue procedure is hampered 
by the high frequency of concomitant conditions that contra- 
indicate the procedure, such as unresolved infection and cir-
culatory failure. Given the low incidence of intracranial 
hypertension demonstrated in patients with even advanced 
HE grades in this syndrome [12], invasive intracranial pres-
sure monitoring is generally not required. The medical man-
agement of HE in ACLF currently relies on those measures 
outlined above for patients with overt HE complicating cir-
rhosis, such as non-absorbed disaccharides and rifaximin, 
although little data are currently available regarding effica-
cies in this particular syndrome.

The possible role of artificial liver support using extracor-
poreal albumin dialysis to improve HE refractory to medical 
treatments in ACLF has been assessed in two multi-centre, 
randomised, controlled trials [78, 79]. In the first of these, 
conducted in 70 cirrhotic patients in grade 3 or 4 HE, most 
with ACLF, significantly more frequent improvement and 
faster reduction in HE grade were apparent in patients man-
aged with extracorporeal albumin dialysis in combination 
with standard medical treatment compared to patients man-
aged with standard medical treatment alone [78]. Conversely, 
a significant difference in rates of HE improvement associ-
ated with extracorporeal albumin dialysis and standard medi-
cal treatment compared with standard treatment alone was 
not demonstrated in a subsequent, larger analysis of 189 
patients with ACLF [79].

Table 64.5 Studies investigating whether systemic inflammation can 
be reduced by gut flora altering therapies in cirrhotic patients with mini-
mal hepatic encephalopathy (MHE)

Treatment
Trends in systemic levels 
of parameters measured Clinical correlates

Lactulose 
[73]

Significant reductions in 
TNF-α, IL-6 and IL-18

Improvement in 
psychometric test scores

Rifaximin 
[59]

Significant reduction in 
IL-10

Improvement in driving 
simulator performance

Probiotics 
[74]

Significant reduction in 
IL-6

Reduced need for 
hospitalisation for HE

TNF tumour necrosis factor, IL interleukin
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 Self Study

 Question

 1. Which of the following statements is/are true?
 (a) Cerebral oedema rarely occurs in hepatic encepha-

lopathy (HE) complicating acute liver failure (ALF), 
even at advanced HE grades (grade 3 or grade 4).

 (b) Excitatory neurotransmission via neuronal activation 
of glutamate/N-methyl-d-aspartate (NMDA) recep-
tors and the glutamate-nitric oxide (NO)-cyclic gua-
nosine monophosphate (cGMP) pathway is a key 
pathophysiological process responsible for HE in 
ALF.

 (c) A cerebral perfusion pressure (the difference between 
mean arterial pressure and intracranial pressure) 
<50 mmHg is always an indication for bolus intrave-
nous injection of mannitol (0.5 g/kg body weight).

 2. Which of the following statements is/are true?
 (a) As in ALF, cerebral oedema is a key clinical feature 

in cirrhotic patients with high grade HE (grades 3 
and 4).

 (b) Disturbed neurotransmission resulting in neuro- 
inhibition is an important feature of the pathogenesis 
of HE in cirrhosis.

 (c) A disturbed intestinal microbiome contributes to the 
pathogenesis of HE via pro-inflammatory mechanisms.

 Answers

 1. Which of the following statements is/are true?
 (a) This is false. Cerebral oedema often complicates 

advanced grades of HE (grades 3 or 4) in ALF. This is 
predominantly intracellular in aetiology, due to a 
combination of osmotic, oxidative and nitrosative 
stresses, largely the consequence of increased metab-
olism of ammonia to glutamine in astrocytes. Osmotic 
stress related to ammonia in this circumstance is 
related to the rapidity with which high levels of glu-
tamine are generated, overwhelming the capacity of 
astrocytes to compensate by losing osmolytes such as 
myoinositol and up-regulating water channels such as 
aquaporin-4.

 (b) This is true and reflected clinically by features such 
as agitation and seizure activity.

 (c) This is false. A cerebral perfusion pressure <50 mmHg 
due to arterial hypotension in ALF is an indication for 
use of vasopressor agents, provided that intravascular 
volume status is adequate. Conversely, when cerebral 
perfusion pressure is reduced to <50 mmHg due to an 
increase in intracranial pressure, or when the latter 

exceeds 25 mmHg irrespective of cerebral perfusion 
pressure, bolus intravenous injection of mannitol 
(0.5  g/kg body weight) is considered first-line 
treatment.

 2. Which of the following statements is/are true?
 (a) This is false. Unlike in the ALF setting, the slower 

rate of glutamine accumulation in astrocytes in cir-
rhosis allows for more effective osmotic regulation 
that prevents or at least greatly limits osmotic stress 
of astrocytes and, hence, cerebral oedema. Indeed, 
cerebral oedema of sufficient extent to be detectable 
by computerised tomography is generally not appar-
ent in cirrhotic patients with HE, even at high grade.

 (b) This is true, in marked contrast to the neuro- 
excitatory state occurring in encephalopathic ALF 
patients. This neuro-inhibition in cirrhotic patients 
with HE arises largely as a result of prolonged expo-
sure of astrocytes to increased ammonia levels, 
resulting in effects on three key neurotransmitter 
pathways, namely a reduction in excitatory gluta-
mate-NO-cGMP neurotransmission, a reduction in 
excitatory serotonergic neurotransmission and an 
increase in inhibitory gamma-aminobutyric acid 
(GABA)ergic neurotransmission.

 (c) This is true, providing rationale to further investigate 
the use of gut flora-altering therapies in the treatment 
of cirrhotic patients with HE as potential modulators 
of systemic inflammation, beyond their conventional 
role in reducing the intestinal production of 
ammonia.
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Management of Ascites

Michela Triolo and Vincenzo La Mura

65.1  Introduction

Ascites is the most common of the three major complications 
related with cirrhosis, being the others hepatic encephalopa-
thy and variceal hemorrhage [1]. Ascites is associated with a 
high incidence of further complications of cirrhosis. In fact, 
patients with ascites have a high risk of developing dilutional 
hyponatremia, bacterial infections, in particular spontaneous 
bacterial peritonitis (SBP), and a specific type of acute kid-
ney injury (AKI), namely hepatorenal syndrome (HRS) [1].

65.2  Classification and Management 
of Ascites

Ascites can be classified into complicated and uncomplicated 
ascites. Complicated ascites is defined in association with at 
least one among hyponatremia, refractoriness to diuretic 
treatment, acute kidney injury and SBP [1]. In addition, asci-
tes can be quantified in three grades according to its amount 
in the peritoneal cavity: (1) mild ascites only detectable by 
ultrasound; (2) moderate ascites with symmetrical distension 
of the abdomen; (3) large ascites. The first step in the man-
agement of ascites is to collect a detailed medical history and 
to perform liver and renal blood tests and an abdominal ultra-
sound. A paracentesis should be performed in all patients 
with first onset of grade 2/3 ascites and/or acutely decompen-
sated. Peritoneal fluid analysis can provide relevant informa-
tion such as the confirmation of ascites as a consequence of 
portal hypertension [serum albumin ascites gradient (SAAG) 
≥1.1 g/dl], the presence/absence of an SBP (neutrophil cell 
count [250 cells/μl]) and the risk of developing SBP during 
follow-up (total protein content <1.5  g/dl) [1]. Before dis-
cussing the specific treatment of ascites, it should be high-
lighted that an important issue in the management of patients 
with cirrhosis is the treatment of the underlying cause of liver 
disease. In fact, several data suggest that the antiviral treat-
ment of HBV and HCV and/or alcohol abstinence may lead 
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Key Concepts
• Ascites is the most common complication of cir-

rhosis. It is associated with a high risk of further 
complications such as dilutional hyponatremia, 
spontaneous bacterial peritonitis (SBP), refractory 
ascites and hepatorenal syndrome (HRS)

• Diuretics are the mainstay of treatment for uncom-
plicated ascites. However, the development of any 
complication requires a specific approach which 
can consist of drug implementation (e.g. antibiotics 
for SBP, terlipressin and albumin for acute and rap-
idly progressive HRS) and, in patients with refrac-
tory ascites, can consider transjugular intrahepatic 
porto-systemic shunt (TIPS) allocation.

• Liver transplantation represents the best treatment 
of patients with complicated ascites which is a clin-
ical hallmark of poor survival. In several countries 
refractory ascites is considered an exception to the 
MELD score in the allocation of priority in patients 
with cirrhosis on the waiting list
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to a progressive improvement of liver function with the poten-
tial prevention of the first episode of ascites in patients with 
compensated cirrhosis and the potential improvement of the 
response to diuretics in already decompensated patients.

65.2.1  Uncomplicated Ascites

The treatment of uncomplicated ascites should be adapted to 
the ascites grade. The clinical impact of grade 1 ascites have 
not been extensively investigated and no specific treatment 
has been suggested. The aim of treatment of moderate ascites 
is to induce a negative sodium balance with a moderate 
restriction in salt intake and diuretic use to increase renal 
sodium excretion.

65.2.1.1  Sodium Intake Restriction
Although there is no clear evidence of the efficacy of low 
sodium intake in the management of ascites in cirrhosis, the 
current guidelines suggest a moderate restriction of dietary 
salt (80–120  mmol of sodium/day, equivalent to approxi-
mately 4.6–6.9 g of salt/day) [1]. A lower sodium intake is 
often intolerable to patients, and also might worsen the mal-
nutrition frequently observed in these patients [2].

65.2.1.2  Diuretics
Renal sodium retention in patients with ascites due to cir-
rhosis is mainly due to increased proximal as well as distal 
tubular sodium reabsorption [3]. The mediators of the 
enhanced proximal tubular reabsorption of sodium have not 
been elucidated completely, while aldosterone stimulates 
renal sodium reabsorption along the distal tubule by increas-
ing both the permeability of the luminal membrane of princi-
pal cells to sodium and the activity of the Na/K ATPase pump 
in the basolateral membrane, therefore, aldosterone antago-
nists, such as spironolactone are used for first-line diuretics 
to treat ascites [3]. Aldosterone antagonists should be admin-
istered starting from 100 to 200 mg/day. A stepwise increase 
of aldosterone antagonist doses (up to 400 mg/day) may be 
effective in mobilizing ascites in 60–80% of nonazotemic 
cirrhotic patients with a first episode of ascites [1]. A long- 
standing debate in the management of ascites is whether 
aldosterone antagonists should be given alone or in combina-
tion with a loop diuretic (i.e., furosemide). Since the effect of 
aldosterone is slow, as it involves interaction with a cytosolic 
receptor and then a nuclear receptor, a sequential increase of 
antialdosteronic drugs requires a long time to find the effec-
tive dose, especially for patients with recurrent ascites [3]. A 
combined diuretic treatment has been proposed with the 
administration of a low dose of furosemide (up to 160 mg/
day) and 100–400 mg/day of an antialdosteronic drug [3].

Amiloride can be substituted for spironolactone in 
patients with tender gynecomastia. However, amiloride is 

more expensive and has been shown to be less effective 
than an active metabolite of spironolactone [1]. 
Triamterene, metolazone, and hydrochlorothiazide have 
also been used for ascites [1]. Hydrochlorothiazide can 
also cause rapid development of hyponatremia when added 
to the combination of spironolactone and furosemide; it 
should be used with extreme caution or avoided [1]. In all 
patients, diuretic dosage should be adjusted to achieve a 
rate of weight loss of no greater than 0.5 kg/day in patients 
without peripheral edema and 1  kg/day in those with 
peripheral edema to prevent diuretic-induced renal failure 
and/or hyponatremia [1]. Following mobilization of asci-
tes, diuretics should be reduced to maintain patients with 
minimal or no ascites to avoid diuretic-induced 
complications.

65.2.1.3  Complications of Diuretic Therapy
The use of diuretics may be associated with several compli-
cations such as renal failure, hepatic encephalopathy, elec-
trolyte disorders, gynecomastia, and muscle cramps [1, 4]. 
Diuretic-induced renal failure is most frequently due to 
intravascular volume depletion that usually occurs as a 
result of an excessive diuretic therapy [1, 4]. Diuretic ther-
apy has been classically considered a precipitating factor of 
hepatic encephalopathy. Hypokalemia may occur if patients 
are treated with loop diuretics alone. Hyperkalemia may 
develop as a result of treatment with aldosterone antago-
nists or other potassium-sparing diuretics, particularly in 
patients with renal impairment. Hyponatremia is another 
frequent complication of diuretic therapy, most experts 
agree that diuretics should be stopped temporarily in 
patients whose serum sodium decreases to less than 120–
125  mmol/L.  Gynecomastia is common with the use of 
aldosterone antagonists, but it does not usually require dis-
continuation of treatment. Finally, diuretics may cause 
muscle cramps [1, 4]. If cramps are severe, diuretic dose 
should be decreased or stopped and albumin infusion may 
relieve symptoms [1, 4].

65.2.2  Large Ascites

In patients with large ascites the first-line treatment should 
be the combination of large volume paracentesis (LVP) and 
infusion of albumin because is more effective than diuretics 
and significantly shortens the duration of hospital stay [1, 3]. 
In addition, the frequency of hyponatremia, renal impair-
ment, and hepatic encephalopathy is significantly lower with 
paracentesis than with diuretic treatment. Hemorrhagic com-
plications after LVP are infrequent even in patients with INR 
>1.5 and platelet count <50,000/μl [5]. Thus, there are no 
data to support a systematic use of fresh frozen plasma or 
pooled platelets before LVP.
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The mobilization of ascites can be completed in one sin-
gle tap. The removal of large volumes of ascitic fluid is 
associated with circulatory dysfunction characterized by a 
≥50% increase of plasma renin activity 1  week after the 
procedure [6], a reduction of effective blood volume, an 
acute increase of cardiac output and a reduction in the sys-
temic vascular resistance and arterial blood pressure, a con-
dition known as post-paracentesis circulatory dysfunction 
(PPCD) [6]. PPCD is a relevant complication, being associ-
ated with a rapid recurrence of ascites, a high incidence of 
HRS, dilutional hyponatremia and death [6]. The most 
effective method to prevent circulatory dysfunction after 
LVP is plasma volume expansion. Albumin, at the dose of 
8 g/l of ascites removed, is more effective than other plasma 
expanders for the prevention of PPCD [7] and to reduce the 
mortality rate in patients with ascites [7]. When less than 
5  L of ascites are removed, dextran-70 (8  g/L of ascites 
removed) or polygeline (150 ml/L of ascites removed) show 
efficacy similar to that of albumin. However, albumin should 
be preferred because it is more effective [8]. Patients treated 
with LVP should immediately receive diuretic treatment 
after the removal of ascitic fluid to prevent the re-accumula-
tion of ascites [4].

65.2.3  Refractory Ascites

Refractory ascites is defined as “ascites that cannot be 
mobilized or the early recurrence of which (i.e. after para-
centesis) cannot be satisfactorily prevented by sodium 
restriction and diuretic treatment” [3]. Two different types 
of RA have been described: diuretic-resistant ascites [that 
do not respond to dietary sodium restriction and maximal 
diuretic dose (furosemide 160 mg/day and aldosterone 
antagonists 400 mg/day)] and diuretic-intractable ascites 
(caused by the development of diuretic-related complica-
tions) [3]. The latter accounts for more than 90% of patients 
with refractory ascites [3]. Refractory ascites occurs in 
5–10% of patients with cirrhosis and ascites and is associ-
ated with a low probability of survival, about 50% at 
6  months [3]. The treatment includes LVP with albumin, 
liver transplantation (LT), vasoconstrictors or insertion of a 
transjugular intrahepatic portosystemic shunt (TIPS). The 
use of therapies under investigation will also be discussed 
briefly.

65.2.3.1  Liver Transplantation (LT)
LT represents the best treatment of patients with refractory 
ascites who have a poor survival, even worse than that pre-
dicted by the MELD score. Thus, in several countries refrac-
tory ascites is considered an exception to the MELD score 
and indicates priority for transplantation in waiting list 
patients [8]. However, many patients with refractory ascites 

have contraindications to LT. These patients need some other 
therapeutic options. The same happens for the management 
of patients with large ascites while on waiting list.

65.2.3.2  Vasoconstrictors
Vasoconstrictors, such as the α1-adrenergic agonist mido-
drine or the vasopressin-1 (V1) receptor agonist terlipressin 
may decrease the splanchnic arterial vasodilatation and 
thereby improve the renal perfusion and filtration [9, 10]. In 
patients with ascites, a single oral dose of midodrine 
increases the arterial blood pressure, renal perfusion, glo-
merular filtration rate (GFR) and sodium excretion but this 
drug is not recommended as standard of therapy [9]. The 
administration of terlipressin has been shown to be effective 
in the treatment of refractory ascites in a small pilot study 
[10]. However, considering the lack of large prospective 
studies, and the high risk of adverse events, outpatient 
administration of terlipressin cannot be recommended.

65.2.3.3  Other Treatments
Radiologists and surgeons have collaborated to develop a 
device, named alpha pump, that drains ascitic fluid into the 
urinary bladder [11]. The alpha pump has been recently 
tested in comparison with therapeutic paracentesis in a ran-
domized clinical trial [11] confirming that it significantly 
reduces the need for paracentesis with an impact on quality 
of life, however, alpha pump was associated with a signifi-
cant higher number of adverse events, among them, AKI 
after the intervention and the need of re- intervention. Finally, 
no survival advantages were observed [11].

Vaptans are vasopressin receptor antagonists and have 
been studied predominantly in heart failure but also in the 
setting of cirrhosis [12]. Their utility is treating hyponatre-
mia and reducing fluid overload. These drugs appear to cor-
rect mild hyponatremia. Unfortunately, a recent meta-analysis 
showed no beneficial effect of vaptans in the control of asci-
tes, moreover the treatment could be associated with an 
increased morbidity and mortality [12] therefore the use of 
this class of drug is not recommendable in clinical practice.

65.2.3.4  Transjugular Intrahepatic 
Portosystemic Shunts (TIPS)

TIPS decompresses the portal system like a side-to-side por-
tocaval shunt inserted between the portal vein, at high pres-
sure, and the inferior cava vein, at low pressure [13]. In the 
short-term, TIPS induces an increase of cardiac output, right 
atrial pressure, and pulmonary artery pressure leading to a 
secondary reduction in systemic vascular resistance and 
effective arterial blood volume [13].

International clinical guidelines recommends TIPS as a 
treatment of medically refractory ascites for patients who do 
not tolerate repeated LVP [1]. Indeed, LVP has a negative 
effect on systemic hemodynamics and renal function which 
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often limits its use as a long-term treatment [6]. In contrast, 
TIPS offers a treatment option which even improves renal 
function and systemic hemodynamics as well. Within 
4 weeks after TIPS, urinary sodium excretion and serum cre-
atinine improve significantly and can normalize within 
6–12 months. This is associated with an increase in serum 
sodium concentration, urinary volume, and glomerular filtra-
tion rate together with a normalization of plasma renin activ-
ity, aldosterone, and noradrenaline concentrations at 
4–6 months of follow-up [13]. These findings strongly sug-
gest that TIPS ameliorates central underfilling.

A recent analysis of the literature showed that TIPS was 
associated with better control of ascites and a higher inci-
dence of hepatic encephalopathy (HE) than LVP, however 
results on survival were conflicting. This discrepancy, at 
least in part,  could be explained by distinct selection criteria 
of the patients and the difference in the technical success rate 
of the procedures among different studies.

In the most recent randomized control trial, which 
included also patients with recurrent ascites, not just refrac-
tory, TIPS with covered stents improved survival when 
compared to LVP [14]. Furthermore, patients treated with 
TIPS had a lower rate of portal hypertension-related bleed-
ing and fewer days of hospitalization than those treated with 
LVP [14].

Bercu et al. published a single center retrospective series 
of 92 patients with refractory ascites who underwent covered 
TIPS. Stents were initially dilated to 6 mm in an attempt to 
target a PSG of 7–12 mmHg [15]. If the porto-systemic gra-
dient (PSG) response was not adequate (over the threshold of 
12 mmHg indicating high risk of variceal bleeding/rebleed-
ing), serial dilation up to the maximum stent diameter was 
performed. Of the 61 patients with documented follow- up, 
90% had a partial or complete ascites response. The TIPS 
revision rate was 13%. Overall survival was 79% at 365-day 
follow-up and transplantation-free survival was 75%. Fifty- 
nine percent of patients had HE, of which 19.7% were severe. 
These recent investigations suggest TIPS as the primary ther-
apy for the treatment of refractory ascites. Careful selection 
of patients with preserved liver function and the use of cov-
ered stents may further improve both survival and ascites 
control [13].

Unfortunately, the main limitation to the extensive use of 
TIPS for the treatment of refractory ascites is the presence of 
contraindications to TIPS placement, making TIPS use avail-
able for less than 40% of patients [13]. An important draw-
back is the risk of HE which remains frequent and constitutes 
an invalidating complication after TIPS allocation. This not-
withstanding, recently Schepis et al. [16] showed, in a non- 
randomized study of 42 unselected patients with cirrhosis 
who received under-dilated TIPS and 53 patients who 

received TIPS dilated to its nominal diameter, that HE devel-
oped in a significantly lower proportion of patients with 
under-dilated TIPS (27%) than controls (54%) during the 
first year after the procedure (P = .015) without significant 
difference in the recurrence of ascites between groups. 
Hence, under-dilation of stent during TIPS placement may 
be feasible, associated with lower rates of HE, and effective 
in the ascites control. However these data need to be vali-
dated in adequately sized randomized controlled trials before 
an under-dilatation of TIPS can be routinely recommended 
in patients with ascites even more if we think that the lowest 
the PSG the lowest the risk of variceal bleeding which is 
lifethreatening.

65.3  Hyponatremia

Hypervolemic hyponatremia is common in patients with 
decompensated cirrhosis and is related to impaired solute- 
free water excretion secondary to non-osmotic hypersecre-
tion of vasopressin (the antidiuretic hormone), a decrease in 
the delivery of pre-urine to the ascending limb of the loop of 
Henle (the diluting segment of the nephron), and the reduced 
production of prostaglandins, which results in a dispropor-
tionate retention of water relative to sodium retention [17]. 
Hyponatremia in cirrhosis is arbitrarily defined when serum 
sodium concentration decreases below 130  mmol/L [17]. 
Serum sodium concentration is an important marker of prog-
nosis in cirrhosis and the presence of hyponatremia is associ-
ated with an impaired survival [17]. Moreover, hyponatremia 
may also be associated with an increased morbidity, particu-
larly neurological complications, and reduced survival after 
transplantation [17].

65.3.1  Management of Hyponatremia

The aim of treatment of hypervolemic hyponatremia is to 
improve the free water excretion with the urine. The 
administration of hypertonic sodium chloride cannot be 
recommended since it would further increase ascites and 
edema. The current available treatments for hypervolemic 
hyponatremia in cirrhosis include: (1) fluid restriction, (2) 
albumin and (3) antagonists of AVP V2 receptors (vap-
tans). Fluid restriction to about 1 L per day has been sug-
gested for these patients but its efficacy is poor [4]. Some 
reports suggest that albumin may increase the serum 
sodium concentration in patients with cirrhosis and ascites 
by increasing the effective circulating volume [18]. A 
number of evidences show that a short-therapy with vap-
tans (1  week to 1  month) ameliorates solute-free water 
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excretion and leads to the increase in serum sodium levels 
in 45–82% of patients without particular side effects on 
renal function, urine sodium and circulatory function. 
Satavaptan and tolvaptan were investigated in the treat-
ment of hypervolemic hyponatremia in cirrhotic patients 
[12]. Satavaptan was more effective than placebo in 
increasing the serum sodium concentration, but control of 
ascites was not improved even with an increased morbidity 
and mortality for unknown reasons [12]. Hence, satavap-
tan was abandoned. Tolvaptan was more effective than pla-
cebo in treating hyponatremia in patients with  cirrhosis 
and ascites, however robust long-term data are still lacking 
[12]. Thus, nowadays the role of vaptans in the manage-
ment of hyponatremia in cirrhosis is still uncertain.

65.4  Spontaneous Bacterial Peritonitis 
(SBP)

SBP is defined as bacterial infection of ascitic fluid without 
any intra-abdominal, surgically treatable source of infec-
tion [19]. The prevalence of SBP is about 20% in hospital-
ized patients with cirrhosis and ascites [20]. SBP is 
diagnosed when neutrophil count in ascitic fluid is 
≥250 cells/μl [19]. The pathogenesis of SBP includes both 
a pathological bacterial translocation from the gut to the 
systemic circulation and an impaired ability of the local 
and systemic immunity to control the spread of these bac-
teria [19]. Bacterial translocation occurs because of an 
intestinal bacterial overgrowth, an increased intestinal per-
meability, a change in the quality of bacteria and the inef-
fective activity of the intestinal immune system [19]. SBP 
is associated with a high risk of AKI and poor short-term 
survival [20].

65.4.1  Management of SBP: Antibiotic 
Treatment

Empirical antibiotic therapy must be initiated immediately 
after the diagnosis of SBP, without the results of ascitic fluid 
culture [1, 4]. Cefotaxime, a third-generation cephalosporin, 
has been extensively investigated in patients with SBP 
because it covers most causative organisms and because of 
its high ascitic fluid concentrations during therapy [1, 4]. A 
dose of 4 g/day is as effective as a dose of 8 g/day [1, 4]. A 
5-day therapy is as effective as a 10-day treatment [1, 4]. 
Alternatively, amoxicillin/clavulanic acid, first given intrave-
nously then orally, has similar results with respect to SBP 
resolution and mortality, compared with cefotaxime [1, 4] 
and with a much lower cost. Ciprofloxacin, given either for 

7 days intravenously or for 2 days intravenously followed by 
5  days orally, results in a similar SBP resolution rate and 
hospital survival compared with cefotaxime, but with a sig-
nificantly higher cost [1, 4]. Oral ofloxacin has given similar 
results as intravenous cefotaxime in uncomplicated SBP, 
without renal failure, hepatic encephalopathy, gastrointesti-
nal bleeding, ileus, or shock [1, 4]. Cefotaxime or amoxicil-
lin/clavulanic acid are effective in patients who develop SBP 
while on norfloxacin prophylaxis [1, 4]. In hospital acquired 
episodes of SBP, the efficacy of the above-mentioned antibi-
otics is poor, because those episodes are frequently sustained 
by multi-drug-resistant (MDR) bacteria; in this case a 
broader spectrum empirical antibiotic treatment should be 
used according to local epidemiology [3]. If ascitic fluid neu-
trophil count fails to decrease to less than 25% of the pre- 
treatment value after 2 days of antibiotic treatment, there is a 
high likelihood of failure to respond to therapy [3]. This 
should indicate modification of antibiotic treatment accord-
ing to antibiogram or empiric choice or the presence of ‘sec-
ondary peritonitis’. Hepato-renal syndrome (HRS) occurs in 
approximately 30% of patients with SBP treated with antibi-
otics alone, and is associated with a poor survival [20]. The 
administration of albumin (1.5 g/kg at diagnosis and 1 g/kg 
on day 3) decreases the frequency of HRS and improves sur-
vival. It is unclear whether albumin is useful in the subgroup 
of patients with baseline serum bilirubin <4 mg/dL and cre-
atinine <1  mg/dL [20]. Until further trials are completed, 
albumin infusion appears a valuable adjunction to the treat-
ment of SBP.

65.4.2  Prophylaxis of SBP

The probability of SBP recurrence is about 70% at 1 year [1, 
4]. In these patients, secondary prophylaxis with norfloxacin 
was shown to be effective in preventing the recurrence of 
SBP [1, 4]. Currently, primary prophylaxis of SBP is recom-
mended in two conditions: (1) after episodes of gastrointesti-
nal bleeding and (2) in patients with a protein concentration 
in ascitic fluid below 1.5  g/dl and advanced liver disease 
(Child-Pugh C9 and bilirubin ≥3 mg/dl or serum creatinine 
≥1.2 mg/dl or serum sodium ≤130 mmol/l) [1, 4]. In patients 
with gastrointestinal bleeding and severe liver disease (at 
least two of the following: ascites, severe malnutrition, 
encephalopathy or bilirubin >3 mg/dl) ceftriaxone is the pro-
phylactic antibiotic of choice [1, 4], while patients with less 
severe liver disease may be given oral norfloxacin or an alter-
native oral quinolone to prevent the development of SBP [1, 
4]. In patients with a protein concentration in ascitic fluid 
below 1.5 g/dl, advanced liver disease and without prior SBP 
norfloxacin (400 mg/day) reduced the risk of SBP and 
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improved survival [1, 4]. Therefore, these patients should be 
considered for long-term prophylaxis with norfloxacin.

Patients who recover from an episode of SBP have a high 
risk of developing recurrent SBP.  In these patients, the 
administration of prophylactic antibiotics reduces the risk of 
recurrent SBP. Norfloxacin (400 mg/day, orally) is the treat-
ment of choice [1, 4]. Nevertheless, this efficacy is counter-
balanced by the risk of MDR infection, therefore the 
indication is for selected patients who cannot be addressed to 
alternative therapies. Alternative antibiotics include cipro-
floxacin (750  mg once weekly, orally) or co-trimoxazole 
(800 mg sulfamethoxazole and 160 mg trimethoprim daily, 
orally), but evidence is not as strong as that with norfloxacin 
[1, 4]. Patients who recover from SBP have a poor long-term 
survival and should be considered for liver transplantation 
[1, 4].

65.5  Hepatorenal Syndrome (HRS)

Renal dysfunction is a severe complication of advanced 
stages of cirrhosis. Traditionally renal dysfunction in 
patients with liver disease has been defined as a serum cre-
atinine >1.5 mg/dl [19] while AKI has been defined by an 
absolute increase of serum creatinine  more than or equal 
to 0.3 mg/dl up to 48 h of clinical observation, or by a per-
centage increase of serum creatinine more or equal to 50% 
in less than seven days [19]. HRS has been defined as a 
syndrome that occurs in patients with advanced liver dis-
ease, characterized by impaired renal function and marked 
abnormalities in the arterial circulation and over-activity of 
the endogenous vasoactive systems. In the kidney, there is 
marked renal vasoconstriction that results in a low GFR. In 
the extrarenal circulation there is a predominance of arte-
rial vasodilation that results in the reduction of systemic 
vascular resistance and arterial hypotension [20]. HRS has 
been traditionally classified into two different clinical 
types: type-1 HRS, characterised by a rapidly progressive 
reduction of renal function, defined by a doubling of the 
serum creatinine to a level >2.5 mg/dl in less than 2 weeks, 
and type-II HRS, in which the renal failure does not have a 
rapidly progressive course [20]. Recently this schematic 
classification has been questioned and partially modified as 
the reader can see in the guidelines of the European 
Association for the Study of the Liver published in 2018  
for further details.

65.5.1  Management of HRS

The first measure is to minimize or to stop any potential 
nephrotoxic drug (i.e., diuretics, antibiotics, NSAIDs, 

angiotensin- converting enzyme inhibitors, etc.). Then, it is 
important to verify the presence of hypovolemia and, if pres-
ent, to correct it. In patients with AKI stage ≥2 (increase of 
serum creatinine ≥2-fold from baseline) diuretics should be 
withdrawn and plasma expansion with albumin (1  g/kg of 
body weight) should be administered [1, 4, 20]. In patients 
without response of creatinine to albumin expansion HRS 
diagnosis should be considered whether there has been no 
recent use of nephrotoxic drugs, no hematuria, no significant 
proteinuria, no shock and no alterations of renal ultrasonog-
raphy [1, 4, 20]. Liver transplantation (LT) is the best treat-
ment both for type-1 and type-2 HRS [1, 4, 20]. Unfortunately, 
not all patients are eligible for LT. Thus, medical treatments 
have been developed, the most effective being the combina-
tion of vasoconstrictors plus albumin. The rationale behind 
the use of vasoconstrictors is to counteract splanchnic arte-
rial vasodilation. Albumin improves the effective circulating 
volume [19]. Among vasoconstrictors, terlipressin (i.v. 
boluses starting from 1 mg/4–6 h to 2 mg/4–6 h or continu-
ous i.v. infusion starting from 2  mg/24  h to 12  mg/24  h, 
increasing dosage in a stepwise fashion any 48–72 h in case 
of no response) is the most widely used, while alpha-adren-
ergic drugs have been claimed to be a potential alternative. 
Among alpha-adrenergic drugs, midodrine given orally (2.5 
up to 12.5 qid) together with octreotide given subcutane-
ously (125 up to 250 μg bid) [20] or norepinephrine (con-
tinuous i.v. infusion starting from 0.5 to 3  mg/h) [20] has 
been used. Recently, terlipressin was shown to be superior to 
midodrine plus octreotide in the treatment of type-1 HRS 
[19]. Norepinephrine is as effective as terlipressin in terms of 
reversal of type-1 HRS and 1-month survival [20]. Albumin 
should be administered at a dose of 1 g/kg of body weight for 
1 day followed by 20–40 g/day and it should be withdrawn 
or reduced if signs of pulmonary edema appear [20]. The 
treatment with vasoconstrictors plus albumin should be con-
tinued until serum creatinine reaches a value below 1.5 mg/
dl. About 20% of patients may present a recurrence of HRS 
after treatment withdrawal, and retreatment is usually effec-
tive. Some patients may show a continuous recurrence of 
HRS at any attempt to discontinue terlipressin. For these 
patients, a high priority on the LT waiting list and/or outpa-
tient infusion has been suggested [20]. The use of TIPS is a 
potential treatment because it reduces portal hypertension 
and increases cardiac output. TIPS improves renal perfusion, 
sodium and water excretion and has been reported to reduce 
serum creatinine in selected patients with HRS [20]. 
However, data available on the use of TIPS in patients with 
type-1 HRS are mainly based on case series and randomized 
clinical trials are needed to evaluate the use of TIPS in these 
patients. Both hemodialysis or continuous venous hemofil-
tration, have been used to treat patients with type 1 HRS 
[20]. However, published information is very scant and in 
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most studies patients with type 1 HRS have not been differ-
entiated from patients with other causes of renal failure.

65.6  Conclusions/Summary

Ascites is the most frequent complication of patients with 
portal hypertension. The first line of treatment is represented 
by diuretic therapy. Albumin, antibiotic therapy, TIPS consti-
tutes a second line of treatment in highly selected patients 
with complicated ascites.

 Self-Study

 Questions

 1. Which statement/s is/are true?
 (a) Aldosterone antagonists, such as spironolactone, are 

used as first-line diuretics drugs to treat patients with 
portal hypertension related ascites

 (b) The removal of large volumes of ascitic fluid (over 
4 L) does not need plasma volume expansion

 (c) The most frequent type of “Refractory Ascites” is the 
diuretic-intractable ascites

 2. Which statement/s is/are true?
 (a) Spontaneous bacterial peritonitis is diagnosed when 

lymphocytic count in ascitic fluid is ≥250 cells/μl
 (b) International guidelines recommends TIPS as an effi-

cacious treatment of refractory ascites
 (c) The combination of vasoconstrictors plus albumin is 

the most effective medical treatment in the manage-
ment of hepato-renal syndrome

 Answers

 1. Which statement/s is/are true?
 (a) CORRECT—Renal sodium retention in ascites due 

to cirrhosis is mainly due to increased proximal reab-
sorption, whose mediators have not been elucidated 
completely, and distal tubular sodium reabsorption. 
Aldosterone stimulates renal sodium reabsorption 
along the distal tubule by increasing both the perme-
ability of the luminal membrane of principal cells to 
sodium and the activity of the Na/K ATPase pump in 
the basolateral membrane.

 (b) INCORRECT—The removal of large volumes of 
ascitic fluid is associated with post-paracentesis cir-
culatory dysfunction (PPCD), characterized by a 
≥50% increase of plasma renin activity 1 week after 
the procedure, a reduction of effective blood volume, 

an acute increase of cardiac output and a reduction in 
the systemic vascular resistance and arterial blood 
pressure. The most effective method to prevent PPCD 
is plasma volume expansion, in particular with albu-
min, at the dose of 8 g/l of ascites removed.

 (c) CORRECT—Refractory ascites is defined as “ascites 
that cannot be mobilized or the early recurrence of 
which cannot be satisfactorily prevented by sodium 
restriction and diuretic treatment”. Two different 
types of refractory ascites have been described: 
diuretic-resistant ascites (not responder to dietary 
sodium restriction and maximal diuretic dose) and 
diuretic-intractable ascites (caused by the develop-
ment of diuretic-related complications). The latter 
accounts for more than 90% of patients with refrac-
tory ascites.

 2. Which statement/statements is/are true?
 (a) INCORRECT—Spontaneous bacterial peritonitis is 

diagnosed when neutrophil count in ascitic fluid is 
≥250 cells/μl

 (b) CORRECT—TIPS can improves survival when com-
pared to large volume paracentesis. Unfortunately, 
the main limitation to the extensive use of TIPS for 
the treatment of refractory ascites is the presence of 
contraindications to TIPS placement, especially HE 
Under-dilation of stent during TIPS placement may 
be associated with lower rates of HE, and effective in 
the ascites control.

 (c) CORRECT—Hepato-renal syndrome in cirrhosis is 
mainly due to marked renal vasoconstriction that 
results in a low GFR as well as predominance of arte-
rial vasodilation in the extrarenal circulation that 
results in the reduction of systemic vascular resis-
tance and arterial hypotension. The rationale behind 
the use of vasoconstrictors is to counteract splanchnic 
arterial vasodilation while albumin improves the 
effective circulating volume.
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Extracorporeal Non cellular Liver 
Assisted Devices
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66.1  Introduction

Liver is a very complex organ that performs some of the 
most vital functions such as blood detoxification and purifi-
cation, synthesis and storage that is crucial in maintaining 
function of other organs [1]. Even though the liver has the 
capacity to regenerate there are occasions whereas the insult 
to the liver is extreme in a such a way that recovery and 
regeneration is suboptimal and the patient develops cerebral 
edema, infections and multi-organ failure among others.

Liver diseases are responsible for more than one million 
deaths worldwide and the number continues to rise as per the 
study published by Naghavi and colleagues [2]. Some of the 
deaths are related to acute liver failure while others are due 
to acute on chronic liver failure. In acute liver failure, the 
adult mortality is approximately 50% despite the increase in 
the number of patients receiving liver transplants. In acute on 
chronic liver failure, the mortality is increasing with repeated 
hospitalizations due to acute decompensation.

Liver transplantation is a life saving procedure, though 
mortality while on the least is substantial. In order to decrease 
the mortality rate there is a high demand for modalities that 
can bridge the gap until a graft is available. Extracorporeal 
liver support devices have therefore been developed in order 

to clinically stabilize the decompensated patient and either 
act as a bridge to liver transplantation or allow the liver to 
recover from injury [3].

The ultimate liver assist device would eliminate the need 
for liver transplantation and may offer a chronic replace-
ment for patient with end stage liver disease, as, potentially 
in renal dialysis. Liver assist devices are far from ready to 
be routinely used as renal dialysis but with research in this 
field we are making remarkable strides towards achieving 
the goal.

66.2  Types of Extracorporeal Liver Assisted 
Devices

Effective liver assisted devices would be expected to perform 
three key functions in patients with liver failure 1) detoxifi-
cation, 2) synthesis of clinically important proteins and 3) 
facilitated regeneration of native hepatocytes [4].

Liver assisted devices can be divided into two types:

• Extracorporeal Non Cellular Liver Assisted Devices
• Extracorporeal Cellular Liver Assisted Devices

In this chapter, we will be focusing on the Extracorporeal 
Non Cellular Liver Assisted Devices (Table 66.1) such as 
Molecular Adsorbent Recirculating System (MARS™), 
Fractionated Plasma Separation and Adsorption System—
FSPA (Prometheus™), Single Pass Albumin Dialysis 
System (SPAD), and Selective plasma filtration therapy 
(SEPET).
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Division of Gastroenterology and Hepatology, Rutgers—New 
Jersey Medical School, Newark, NJ, USA
e-mail: ms2828@njms.rutgers.edu; pyrsopni@njms.rutgers.edu

66

Key Concepts
• Mortality in patients with liver failure remains high.
• Liver assisted devices may assist in bridging 

patients who are waiting for liver transplantation
• More randomized controlled trials are needed to 

establish the effective use of liver assisted devices.

Table 66.1 Artificial liver support devices (non-cell based liver sup-
port devices)

Molecular Adsorbents Recirculating System (MARS)
Fractionated plasma separation and adsorption (Prometheus)
Single pass albumin dialysis (SPAD)
Selective Plasma Filtration therapy (SPFT)
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These systems are based on the concept of albumin 
dialysis (removal of albumin bound toxins). These toxins 
have been associated with Hepatic Encephalopathy (HE), 
renal failure due to hepatorenal syndrome (HRS) and car-
diovascular failure. These devices can also remove water-
soluble substances such as creatinine or urea, ammonia, 
and smaller proteins such as some cytokines, by standard 
dialysis. Non cellular assisted devices are based on the 
principles of adsorption and filtration and are aimed at 
removing circulating toxins by using membranes with dif-
ferent pore sizes and adsorbent columns [5].

66.3  Molecular Adsorbent Recirculating 
Systems (MARS)

MARS was originally developed by Strange and colleagues 
[6] in 1993. The system provided a combination of conven-
tional dialysis with hemodialysis against an Albumin dialy-
sate solution over an Albumin impermeable membrane.

MARS consists of an albumin hemodialyzer, a standard 
hemodialyzer, an activated carbon adsorber and an anion 
exchanger (Fig. 66.1). This circuit is filled with 600 ml of 
20% human albumin solution. The albumin acts as a dialy-
sate and is pumped through a hollow-fibre membrane hemo-
dialyzer (High Flux Dialysis Filter) countercurrent to the 
blood flow. Protein-bound toxins and water-soluble sub-
stances diffuse into the albumin solution. The albumin is 
then passed through another dialyzer countercurrent to a 

standard buffered dialysis solution where diffusive clearance 
of water-soluble substances occurs. The albumin solution is 
then cleaned of its albumin-bound toxins by passage through 
an activated carbon adsorber and an anion exchanger [7].

The MARS High Flux dialyzer has a surface area of 
2.1 m2, a membrane thickness of 100 nm and a molecular 
cut-off of about 50 kDa. The irregularities in the membrane 
surface provide deep crypts, which act as binding sites for 
albumin when the circuit is primed with albumin solution. 
The albumin molecules on the dialysis side of the membrane 
are in very close proximity to the surface of the membrane in 
contact with patient’s blood. Albumin-bound toxins move by 
physicochemical interactions between the plasma, albumin 
molecules bound to the dialysis side of the membrane and 
the circulating albumin solution. A concentration gradient is 
maintained by circulation of the albumin solution and dis-
posal of the albumin-bound toxins by passage through the 
activated charcoal and anion-exchange columns [8, 9].

In the first randomized controlled trial [10], 13 patients 
with cirrhosis were divided into two groups: A control group 
(n = 5) receiving standard medical treatment and hemodiafil-
tration, and a group (n = 8) additionally being treated with 
MARS.  The MARS treatment was applied 1–10 times for 
6–8 h. A significant decrease in creatinine and bilirubin lev-
els as well as increase in serum sodium level and prothrom-
bin activity was detected in the MARS group. Mortality of 
control group was 100% after 7 days, where it was 62.5% in 
the MARS group.

A prospective, controlled study was performed to test 
whether hyperbilirubinemia, 30-day survival, and encepha-
lopathy would be improved by extracorporeal albumin dialy-
sis (ECAD) [11]. Twenty-four patients were studied; 23 
patients had cirrhosis; one had a prolonged cholestatic drug 
reaction and was excluded from per protocol (PP) analysis. 
Patients had a plasma bilirubin greater than 20 mg/dL and 
had not responded to prior standard medical therapy (SMT). 
Patients were randomized to receive SMT with ECAD or 
without (control). ECAD was performed with an extracorpo-
real device that dialyzes blood in a hollow fiber dialyzer 
against 15% albumin. Albumin-bound molecules transfer to 
dialysate albumin that is regenerated continuously by pas-
sage through a charcoal and anion exchange column and a 
conventional dialyzer. ECAD was associated with improved 
30-day survival (PP, 11 of 12 ECAD, 6 of 11 controls). 
Plasma bile acids and bilirubin decreased on average by 43% 
and 29%, respectively, in the ECAD group after 1 week of 
treatment, but not in the control group. Renal dysfunction 
and hepatic encephalopathy improved in the ECAD group, 
but worsened significantly in the control group. ECAD was 
safe, with adverse events being rare and identical in both 
groups. In conclusion, ECAD appeared to be effective and 
safe for the short-term treatment of patients with cirrhosis 
and superimposed acute injury associated with progressive 

Molecular Adsorbent Recirculating System (MARS)

Adsorption

Whole
Blood

Dialysis Solution

Waste

High-flux Dialysis Filter

Filter

Neutral resin

Anion exchanger

Low-flux Dialysis Filter

A
lbum

in solution

Fig. 66.1 Molecular adsorbent recirculating system

M. Shah and N. T. Pyrsopoulos



717

hyperbilirubinemia and may be useful for increasing survival 
in such patients awaiting liver transplantation [11].

A prospective randomized controlled multi-center trial 
was performed in 19 tertiary hospitals in Europe known as 
Relief Trial. One hundred eighty-nine patients with acute 
on chronic liver failure were randomized either to MARS 
(n = 95) or to standard therapy (SMT) (n = 94). Ten patients 
(five per group) were excluded due to protocol violations. 
In addition, 23 patients (MARS: 19; SMT: 4) were excluded 
from per-protocol (PP) analysis (PP population n = 156). 
Up to ten 6–8-h MARS sessions were scheduled. The main 
endpoint was 28-day intention to treat (ITT) and PP sur-
vival. There were no significant differences at inclusion, 
although the proportion of patients with Model for End 
stage Liver Disease (MELD) score over 20 points and with 
spontaneous bacterial peritonitis (SBP) as a precipitating 
event was almost significantly greater in the MARS group. 
The 28-day survival was similar in the two groups in the 
ITT and PP populations (60.7% versus 58.9%; 60% versus 
59.2% respectively). After adjusting for confounders, a sig-
nificant beneficial effect of MARS on survival was not 
observed. MELD score and HE at admission and the 
increase in serum bilirubin at day 4 were independent pre-
dictors of death. At day 4, a greater decrease in serum cre-
atinine (P  =  0.02) and bilirubin (P  =  0.001) and a more 
frequent improvement in HE (from grade II–IV to grade 
0–I; 62.5% versus 38.2%; P = 0.07) was observed in the 
MARS group. Severe adverse events were similar. So in 
conclusion at scheduled doses, a beneficial effect on sur-
vival of MARS therapy in patients with acute on chronic 
liver failure could not be demonstrated. However, MARS 
has an acceptable safety profile, has significant dialysis 
effect, and non-significantly improves severe HE [12].

An additional randomized controlled trial of MARS that 
included 102 patients (n  =  53 MARS vs. 49 SMT) in 16 
French transplant centers to determine whether MARS 
improves survival in acute liver failure was contacted. The 
main end point was to evaluate the 6  month survival. one 
hundred two patients (mean age, 40.4 years [SD, 13]) were 
in the modified intention-to-treat (mITT) population. The 
per-protocol analysis (49 conventional, 39 MARS) included 
patients with at least 1 session of MARS of 5 h or more. This 
study showed no survival benefit of MARS at 6  months 
(84.9% vs. 74.4% SMT, p = 0.28). A significant criticism of 
this study was the short time from randomization to liver 
transplantation (median 16.2 h), which may have limited any 
demonstrable effect from albumin dialysis. This randomized 
trial of MARS in patients with acute liver failure was unable 
to provide definitive efficacy or safety conclusions because 
many patients had transplantation before administration of 
the intervention. Acute liver failure not caused by paracetamol 
was associated with greater 6-month patient survival [13].

66.4  Prometheus System

The Prometheus system is based on fractional plasma sepa-
ration and adsorption (FPSA) and hemodialysis. It uses a 
membrane with a cut-off of 250 kDa, being permeable for 
albumin. The toxin-loaded patient albumin crosses the mem-
brane and passes a neutral resin adsorber and an anion 
exchanger, where the toxins bind to the adsorbers and free 
albumin is brought back to the patient. The method is com-
bined with additional hemodialysis, therefore being able to 
remove water-soluble toxins as well as albumin-bound 
toxins.

A small clinical study was performed including nine 
patients with acute on chronic liver failure and documented 
cirrhosis due to alcohol or chronic viral infection, to confirm 
the efficacy of the system, to outline the effect of the single 
components and to evaluate the saturation effect of the 
adsorber columns [14]. It was shown that water-soluble tox-
ins were almost exclusively cleared by the dialyzer, whereas 
bilirubin was cleared by the adsorber column, as expected. 
However, the clearance of bilirubin and bile acids strongly 
decreased in time, suggesting a saturation of the adsorbers. 
In general, the Prometheus system was shown to be effective 
in the removal of various toxins and to trigger no adverse 
events [15–18].

The first Prometheus trial was published in 2003 and 
included 11 patients with acute on chronic liver failure 
and accompanying renal failure [19]. While on treatment 
there was a significant improvement in serum levels of 
conjugated bilirubin, bile acids, ammonia, cholinester-
ase, creatinine, urea, and blood pH. Major complication 
of the procedure included hypotension in two patients 
due to infection and one patient developed uncontrolled 
bleeding.

Over the last few years, only a limited number of stud-
ies have used clinical endpoints. The most important was 
the HELIOS study, which was published in 2012 by 
Kribben et al. [20]. This was a multi-centric randomized 
controlled trial comparing Prometheus with SMT in 145 
patients with acute on chronic liver failure, and the pri-
mary endpoint was the probabilities of survival at 28 and 
90 days (irrespective of liver transplantation). This RCT 
scored 3 on the Oxford quality scoring system. This trial 
failed to prove a survival benefit with Prometheus in the 
overall patient population, and the patient recruitment 
was interrupted after the interim analysis (90 patients) 
due to futility (204 patients were initially planned for 
inclusion in the study). It is important to note that in the 
overall population the probability of survival was slightly 
higher in the Prometheus group compared to the SMT 
group (90-day survival probability: 47% vs. 38%) but 
without statistical significance.
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66.5  Single Pass Albumin Dialysis (SPAD)

Single Pass Albumin Dialysis (SPAD) applies similar prin-
ciples. The patient’s blood also passes a high flux dialysis 
membrane. Albumin solution streams along the other side of 
the membrane counter-directionally, accepting toxins from 
the plasma. However, in SPAD the albumin solution is 
 discarded after a single passage of the membrane without 
being recycled. The concept enables CVVHDF using the 
same dialysis filter [21].

With respect to clinical data on SPAD, only a few case 
reports were published in the early years, and there are 
currently no published studies that focus on demonstrat-
ing the clinical benefits of SPAD versus standard medical 
therapy (SMT) in acute liver failure or acute on chronic 
liver failure. Two retrospective uncontrolled studies 
reviewing data from patients with liver failure treated 
with SPAD as rescue therapy were identified. One included 
pediatric patients with ALF of different etiologies [22], 
and the other included adults patients with severe liver 
dysfunction in a context of alcoholic liver disease who 
were treated with SPAD or Prometheus [23]. Neither of 
these studies allow us to draw conclusions about the clini-
cal usefulness of SPAD, and they only show us its relative 
ease of use and the absence of unexpected complications 
from its use.

The only randomized study using SPAD was recently 
published by Sponholz et  al. [24]. This is a randomized, 
controlled crossover study comparing the detoxification 
capacity and influence on clinical and para-clinical param-
eters of SPAD (4% albumin dialysate solution; 700 mL/h 
dialysis flow rate) and MARS (20% albumin flow rate 
equal to the blood flow rate, 2000 mL/h dialysis flow rate). 
The authors found similar reductions in the total plasma 
bilirubin levels, without significant differences between 
the two devices. The reductions in the total bile acids and 
γ-glutamyl transferase levels in the SPAD arm were non-
significant. The creatinine and urea levels were not signifi-
cantly reduced with SPAD compared to those of MARS. In 
contrast to other studies, neither MARS nor SPAD induced 
a reduction in the systemic cytokine levels. Moreover, the 
patients treated with SPAD presented some metabolic 
derangements such as increasing lactate levels or decreas-
ing calcium levels, which are probably explained by the 
preferential use of citrate anti- coagulation with a low dial-
ysis flow rate. The effects of MARS and SPAD on the clin-
ical parameters (HE and hemodynamic status) were small 
and equivalent. Currently, SPAD may be an easy-to-use 
alternative to MARS, but the optimal albumin dialysate 
concentration, dialysate flow rate and treatment regimen 
are not yet fully established.

66.6  Selective Plasma Filtration Therapy 
(SEPET)

In Selective Plasma Filtration Therapy (SEPET) the patient’s 
blood is lead through a single-use cartridge containing hollow 
fibers with a molecular weight cut-off at 100 kDa. A plasma 
fraction containing several of the accumulated toxins in the 
blood is discarded after passing the membrane. This fraction 
contains toxins of small molecular weight and free pro-
inflammatory cytokines but not for example immunoglobu-
lins. Molecules with a molecular weight close to 100  kDa 
pass the membrane in only limited amounts so that large por-
tions of for example albumin, HGF, as well as several clotting 
factors, are retained. The fluid loss is replaced by electrolyte 
solution, human albumin solution, fresh frozen plasma or a 
combination thereof. The system is designed for use with any 
commercially available kidney dialysis unit and/or plasma-
pheresis system utilizing hollow-fiber cartridges.

66.7  Discussion

There continues to be great interest and potential for extra-
corporeal non cellular liver assist devices. At present it is 
difficult to make an evidence-based recommendation sup-
porting artificial liver assisted devices. Of this group, MARS 
is the best-studied albumin dialysis technology in acute liver 
failure and acute on chronic liver failure. Although studies 
have consistently demonstrated biochemical improvement 
and improvement in HE with MARS [11], recent large ran-
domized studies in acute on chronic liver failure (RELIEF) 
[12] and acute liver failure (FULMAR) [13] showed no sur-
vival benefit. The HELIOS study examining Prometheus in 
acute on chronic liver failure was also disappointing [20]. 
These studies shared some common methodological limita-
tions in study design. Within studies in acute liver failure and 
acute on chronic liver failure, heterogeneous groups of 
patients with varying causes with different natural histories 
were often lumped together. Several studies did not stratify 
patients based on severity of illness (e.g., MELD, CLIF- 
SOFA); hence, it is difficult to assess patient matching and, 
furthermore, the impact of underlying disease on patient 
mortality with or without treatment. Furthermore due to co- 
interventions, such as liver transplantation, not all patients 
received pre-specified durations of extracorporeal non cel-
lular liver assist device therapy. When examining RELIEF 
AND HELIOS, it may have been more parsimonious to 
examine only acute on chronic liver failure patients who 
were candidates for liver transplantation because acute on 
chronic liver failure patients with multi-organ failure por-
tends poor outcomes. Successfully bridging patients to liver 
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transplantation may warrant further consideration because 
the primary endpoint over a 30-day to 90-day survival.

66.8  Conclusion

Severe liver failure is associated with high mortality, as 
patients succumb despite undergoing optimal medical treat-
ment. Liver transplantation can be a life saving procedure 
though approximately a quarter of patients will succumb 
while waiting for a liver transplant. Consequently, there is a 
clear need for liver support systems to provide a “bridge” to 
a final treatment. Over the last two decades, several artificial 
liver support systems with promised advances were intro-
duced. However, whether such devices that can lead into sur-
vival benefit are still in need.

 Self Study

 Questions

 1. Which of the following is not an Extracorporeal Non 
Cellular Assisted Device?
 (a) Molecular Adsorbent Recirculating System 

(MARS™)
 (b) Extracorporeal Liver Assist Device (ELAD®)
 (c) Fractionated Plasma Separation and Adsorption 

System—FSPA (Prometheus™)
 (d) Single Pass Albumin Dialysis System (SPAD)
 (e) Selective plasma filtration therapy (SEPET)

 2. Which of the following non cellular liver assisted devices 
have survival benefit?
 (a) Molecular Adsorbent Recirculating System 

(MARS™)
 (b) Fractionated Plasma Separation and Adsorption 

System—FSPA (Prometheus™)
 (c) Single Pass Albumin Dialysis System (SPAD)
 (d) Selective plasma filtration therapy (SEPET)
 (e) None of the above

 Answers

 1. Which of the following is not an Extracorporeal Non 
Cellular Assisted Device?
 (a) Molecular Adsorbent Recirculating System 

(MARS™). This is a non cellular liver assisted device.
 (b) CORRECT ANSWER.  Extracorporeal Liver Assist 

Device (ELAD®). It is a bioartificial liver assist 
device.

 (c) Fractionated Plasma Separation and Adsorption 
System—FSPA (Prometheus™). This is a non cellu-
lar liver assisted device.

 (d) Single Pass Albumin Dialysis System (SPAD). This 
is a non cellular liver assisted device.

 (e) Selective plasma filtration therapy (SEPET). This is a 
non cellular liver assisted device.

 2. Which of the following non cellular liver assisted devices 
have survival benefit?
 (a) Molecular Adsorbent Recirculating System 

(MARS™)
 (b) Fractionated Plasma Separation and Adsorption 

System—FSPA (Prometheus™)
 (c) Single Pass Albumin Dialysis System (SPAD)
 (d) Selective plasma filtration therapy (SEPET)
 (e) CORRECT ANSWER. None of the above
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Extracorporeal Cellular Liver Assisted 
Devices

Pavan Patel and Nikolaos T. Pyrsopoulos

67.1  Introduction

Patients with acute liver failure (ALF) require liver trans-
plant for definitive therapy unless the liver is able to regener-
ate. Many patients however may not survive until a suitable 
liver is available or may not be candidates for transplant. In 
addition, patients with long-standing liver disease may 
undergo sudden onset of decline and acute liver failure which 
is termed acute on chronic liver failure (ACLF) which may 
not be amenable to standard medical therapy [1].

Therefore, other treatment modalities that may reduce 
morbidity and mortality and perhaps serve as a bridge to 
transplantation may be an additional option. One particular 
avenue that has been investigated are the hepatic assist 
devices. Such devices aim to temporarily assume metabolic 
and excretory functions of the liver and thereby allow stabi-
lization of patients who await transplant. This chapter will 

focus on the bioartificial devices that incorporate liver cells 
to accomplish this task [2–6].

67.2  Bioartificial Liver Support (BALS)

The BALS are based on the concept of dialysis with cell- 
based techniques that utilize animal or human liver cells to 
replace all of the intricate detoxification, synthetic (proteins 
and clotting factors) regulatory (hormones) and immuno-
logic functions of the liver. This is accomplished by incor-
porating a bioreactor into the extracorporeal circuit that 
consists of hepatocytes. These cells are cultured in a 3-D 
matrix and surrounded by fibers that allow capillary perfu-
sion. Oxygen and carbon dioxide are exchanged and glu-
cose is supplied to mimic human physiology [7].

However, the limitations of producing such devices lies 
in the complexity of the liver functions themselves. The 
main issues that arise in the development of these devices 
is the selection of the source of liver cells and the stabili-
zation of normal physiologic function with the artificial 
bioreactors [8].

The ideal bioartificial liver assist device would use human 
hepatocytes to closely mimic human physiology. However, a 
good-quality source of a large number of these cells is not 
currently available to accomplish this task. Most human 
hepatocytes would come from unused cadavers or from par-
tial hepatectomy specimens which are uncommon. The qual-
ity of these specimens is inadequate as the better-quality 
ones are usually used for liver transplantation.

Currently the two cell sources that have been used in 
human clinical trials for bioartificial liver support systems 
are the human hepatoblastoma cell line, HepG2/C3A and 
primary hepatocytes from healthy pig livers [9].

C3A cells have numerous proteins that produce anti- 
inflammatory effects. They express anti-apoptotic and 
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Key Concepts
• Currently available hepatic assist devices have lim-

ited studies in acute liver failure
• Complex physiologic liver functions cannot be 

emulated despite advances in technology
• Extracorporeal devices may be of benefit in the sub-

set of patients with acute liver failure
• Better randomized-controlled trials with strict 

inclusion and exclusion criteria as well as high 
power will need to be undertaken to fully under-
stand the utility of these devices.
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anti- oxidative mechanisms that decrease hepatocellular 
injury. They also express growth factors that are involved 
in regeneration of hepatocytes following acute phase 
response to injury [10].

67.3  Extracorporeal Liver Assist Device

The Extracorporeal Liver Assist Device (ELAD®) is a bioar-
tificial liver assist device. Cartridges containing hollow fibers 
filled with human hepatoblastoma cell lines, HepG2/C3A, 
are employed in this device. These cells have hepatocyte 
properties, such as a functional CYP450 enzyme system and 
the ability to produce liver-specific proteins. They have 
shown a higher level of albumin secretion as well. It employs 
the use of whole blood for perfusion and can be continued 
for long periods of time [11]. These cell lines are originally 
from human liver tumor and therefore there is a theoretical 
risk that tumor dissemination can occur. However, there have 
been no reports of transmission of cancer thus far in the 
patients treated with these cells [12].

67.3.1  Extracorporeal Circuit

The system is connected in a closed circuit via venous access 
gained by placement of a double-lumen dialysis catheter in 
either the internal jugular or femoral vein. Four ELAD car-
tridges are used in this circuit to give a hepatocyte mass of 
400 g. These cartridges are composed of thousands of hollow 
fibers that are semipermeable. The C3A cells are grown in 
the extracapillary space around these hollow fibers. Patient’s 
blood is ultra-filtrated to isolated plasma ultra-filtrate. This 
plasma is then pumped through these cartridges via a stan-
dard dialysis pump at a rate of 150–200  mL/min. 
Anticoagulation is achieved using heparin with an initial 

bolus and then continuous infusion to achieve an activated 
clotting time of 200–250 s. An oxygenator is used to ensure 
adequate oxygen supply to the cells. Negative pressure is 
applied across the membranes to achieve an ultra-filtrate 
before being returned to the patient [13, 14]. A schematic 
representation can be seen in Fig. 67.1.

67.3.2  Studies

A phase 1 trial was performed in 11 patients most of which 
had acute liver failure. Improvement in mental status 
occurred in 8 of the 11 patients. Of the group, 4 were suc-
cessfully bridged to OLT and six patients died before OLT 
while 1 survived without OLT [15].

The pilot ELAD study enrolled 24 patients with acute 
liver failure, 17 of whom had been considered to have poten-
tially recoverable disease (Group 1) and 7 that had been 
listed for transplant (Group 2). Each of these subsets were 
then randomly assigned to ELAD vs. control (standard medi-
cal therapy). The median period of treatment was 72 h. There 
were no issues with biocompatibility and patients remained 
hemodynamically stable on the device. Six patients in Group 
1 deteriorated and were placed on the waiting list for OLT. In 
patients treated with ELAD, ammonia, bilirubin and hepatic 
encephalopathy improved when compared to standard medi-
cal treatment. There was no survival benefit in either group 
(survival rates were 78% and 75% in Group 1 and 33% and 
25% in Group 2) for patients treated with and without ELAD, 
respectively [14].

In a follow-up study in which ultra-filtrate was used 
instead of whole blood, Millis et al., studied [5] patients with 
ALF who were bridged to transplant using ELAD.  The 
patients tolerated the treatment well and the clinical course 
for the treated patients appeared to be stabilized. The 30-day 
survival rate was 75%. Other parameters that showed 
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improvement included mean arterial pressures, cerebral per-
fusion pressures, and reduction in cardiovascular and venti-
lator support [13].

An open-label randomized controlled trial was conducted 
in two Chinese Centers to evaluate ELAD in patients with 
chronic hepatitis B and C infection. A total of 49 patients 
were enrolled of which 32 were treated with ELAD.  The 
28-day transplant-free survival was 47% in the control group 
vs. 81% in the ELAD group (p = 0.022). Total bilirubin level 
decreased by 25% in the ELAD group vs. 37% increase in 
the control group (p < 0.001). Thrombocytopenia occurred in 
a majority of patients however with a mean drop in counts of 
28% from baseline. However, the counts recovered within 
5 days of ELAD discontinuation [16].

More recently, a randomized multi-center clinical trial 
using ELAD for patients with severe alcoholic hepatitis was 
published (VTI-208 [Assess Safety and Efficacy of ELAD 
(Extracorporeal Liver Assist System) in Subjects with 
Alcohol-Induced Liver Failure]). The study population was 
defined as adults ≥18  years of age with last drink within 
6 weeks of rapid onset of jaundice (serum bilirubin ≥8 mg/
dL) and coagulopathy (Maddrey’s DF ≥ 32) and Model for 
End‐Stage Liver Disease (MELD) score ≤35. Patients were 
randomized to ELAD for 3–5 days plus standard of care vs. 
standard of care alone. Unfortunately, after a minimum fol-
low- up of 91  days, there was no significant difference in 
overall survival between groups. However, in a pre-specified 
analysis in patients with MELD  <  28 there was a trend 
toward higher survival at 91  days (68.6% vs. 53.6%; 
p = 0.08). Using regression analysis, high creatinine and INR 
were associated with negative outcomes. Therefore a new 
trial investigating the potential benefit of ELAD in younger 
patients with sufficient renal function and less severe coagu-
lopathy was done in 2018 [10]. Unfortunately, the study 
failed to meet the primary endpoint of overall survival 
through 91 days using the Kaplan Meier statistical method. 
The secondary endpoint of proportion of survivors at study 
day 91 was also not statistically different between study 
groups. There were no differences between groups regarding 
safety and tolerability of the treatment. Therefore, at this 
time, ELAD cannot be approved for management of either 
ALF or ACLF until further studies are completed.

Smaller studies have been presented regarding the anti- 
inflammatory effects of the C3A cells based on data from 
VTL-208. Plasma from cohorts with severe alcoholic hep-
atitis that met inclusion criteria were assayed for a variety 
of inflammatory markers. When compared to controls, lev-
els of procalcitonin and ferritin were significantly reduced 
in ELAD patients. Levels of Interleukin-1 receptor antago-
nist (IL-1Ra) which reduces inflammation was higher in 
the ELAD arm as well. This may suggest that HepG2/C3A 
cells release products that dampen the inflammatory 
response [17].

67.4  HepatAssist™

HepatAssist (Alliqua Inc., Langhorne, PA, USA) is made 
from porcine hepatocytes that are contained within a hol-
low fiber bioreactor [18]. It uses plasma that is obtained 
from the patient’s blood that is separated via plasmaphere-
sis and then passed through the circuit containing porcine 
hepatocytes.

67.4.1  Extracorporeal Circuit

The system includes a perfusion pump, a charcoal column, 
an oxygenator, and custom tubing that connects the various 
components to a plasmapheresis machine [19]. During its 
use, plasmapheresis is performed via a double-lumen cath-
eter. The plasma is pumped into the HepatAssist device and 
continuously circulates the plasma through the hollow fiber 
reactor. The charcoal provides detoxification and dimin-
ishes the toxin load applied to the hepatocytes. The mem-
brane oxygenator ensures adequate oxygen supply. The 
plasma flows through the hollow fibers that are surrounded 
by the porcine hepatocytes. There are 5–7 × 109 cryopre-
served porcine hepatocytes attached to beads which are 
inoculated into the extrafiber compartment. The pore size is 
small enough to prevent cell debris from passing into the 
patient [18]. This can be seen in Fig.  67.1. An improved 
version, HepatAssist-2 was created with an increased cell 
mass of 15 × 109 hepatocytes.

67.4.2  Studies

The largest, randomized, multicenter trial involving 
HepatAssist involved 171 patients with ALF or primary non-
function after liver transplantation. The patients in the 
HepatAssist group underwent 6 h of treatment with the num-
ber of treatments ranging from 1 to 9 (mean 2.9) per patient. 
The 30-day survival was 71% versus 62% (P = 0.26) for the 
HepatAssist group compared to standard medical therapy, 
respectively. The study was stopped prematurely due to futil-
ity in the safety interim analysis. Though there was no sur-
vival benefit in the overall cohort, survival in the subgroup of 
patients with fulminant or sub-fulminant hepatic failure was 
significantly higher in the HepatAssist group compared with 
control with a 44% reduction in mortality (P = 0.048). Serum 
bilirubin had a statistically significant reduction in patients 
receiving HepatAssist, however there were no changes in 
encephalopathy, hemodynamics, or other lab values. In the 
subgroup of patients with acute liver failure, there was a sig-
nificant difference in the time to death within the first 30 days 
compared to the control group (p = 0.009). No zoonosis or 
immune reactions were reported though this still remains a 
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concern [18]. Despite the survival benefit identified in a post 
hoc subgroup analysis, the FDA did not approve the 
HepatAssist device.

67.5  Modular Extracorporeal Liver 
Support System (MELS)

MELS was Initially developed by Gerlach et  al. in Berlin, 
Germany using a unique multi-compartment bioreactor unit 
(CellModule) and detoxification unit (DetoxModule) using 
the concept of single-pass albumin dialysis for removing 
albumin-bound toxins [20].

67.5.1  Extracorporeal Circuit

The bioreactor contains three interwoven hollow-fiber 
membranes aimed at reproducing the liver vascular net-
work [21]. Up to 600 g of porcine hepatocytes or human 
hepatocytes are inoculated into the extracapillary space. 
The patient’s plasma is separated from the blood via 
plasma filter and recirculated through the hollow fibers at 
200–250 cm3/min. The device can combine different extra-
corporeal units that can be personalized to patient needs 
using either single pass albumin dialysis (SPAD) or con-
tinuous veno-venous hemodialysis (CVVHD) [22]. The 
first system used primary porcine cells from pigs. Later 
MELS became the only system that used primary human 
hepatocytes isolated from donor livers as well as porcine 
hepatocytes.

67.5.2  Studies

In a phase 1 clinical study published in 2003 by Sauer et al., 
eight patients with acute liver failure were treated with 
MELS continuously for 8–46 h. All patients were success-
fully bridged to OLT with 100% 3-year survival. More 
importantly, the therapy was well tolerated [20].

Due to rising concern for xenogenic infections using por-
cine cells, primary human cells were isolated from discarded 
donor organs as an alternative source. Cells from 54 human 
livers were isolated from grafts that were not suitable for 
transplant due to a variety of reasons (steatosis, cirrhosis, 
and fibrosis) [23]. Prepared bioreactors using these cells 
were then used to treat 8 patients with liver failure for 
7–144 h. Once again, no adverse events were observed. Six 
of these patients were bridged successfully to transplant and 
the other two were not due to active alcohol consumption. In 
all patients, neurological and coagulation status improved 
during the treatment [20].

67.6  Bioartificial Liver Support System 
(BLSS)

The BLSS system was first developed at the University of 
Pittsburgh and employed the use of semipermeable cellulose 
acetate hollow fibers containing porcine hepatocytes. It uses 
whole blood perfusion instead of plasma [24].

67.6.1  Extracorporeal Circuit

The BLSS consists of a blood pump, heat exchanger to con-
trol the temperature of the blood being exchanged, oxygen-
ator, and a bioreactor. The bioreactor contains hollow fibers 
with cellulose acetate membranes with a 100 kDa size cutoff. 
About 70–100  g of primary porcine hepatocytes are har-
vested and infused into the extraluminal space of the biore-
actor. After loading these hepatocytes, the bioreactor is kept 
under physiologic conditions in an incubator prior to use 
with the patient. Oxygenation and pH control is maintained 
with the use of mass flow controllers [25].

67.6.2  Studies

The first clinical use of BLSS was in a 41-year old patient with 
acute liver failure. After treatment with BLSS the patient’s 
ammonia, total bilirubin and lactate all improved. In addition, 
the coagulation function and clinical symptoms also improved 
and the patient was removed from the treatment [25].

A phase 1 clinical trial was then done on 4 patients with 
different etiologies of acute liver failure including acetamin-
ophen toxicity, Wilson’s disease, acute alcoholic hepatitis 
and chemotherapy. The mean ammonia and total bilirubin 
levels decreased after treatment (33% and 6% respectively). 
Renal and neurologic function did not improve however and 
survival data was not mentioned. All patients tolerated the 
system well [26].

67.7  Conclusions

Though orthotopic liver transplantation is the gold standard 
therapy for treating acute liver failure, there have been dra-
matic advances in liver support strategies to cope with the 
shortage in available donor organs. As outlined above and in 
Table  67.1, bio-artificial extracorporeal cellular assist 
devices have shown some promise. However, due to diffi-
culty in creating a well-structured randomized-controlled 
trial with adequate power is difficult in this diverse popula-
tion. In addition, standard medical therapy varies from insti-
tution to institution and therefore broad applicability is 
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difficult. Treatment with these devices is usually followed 
by urgent OLT and therefore the 30-day survival is largely 
influenced by the outcomes of the OLT.  The published 
results point towards the need for new trials with improve-
ments in the system. The obvious limitations of these sup-
port systems are the membranes used for appropriate 
exchange and the lack of complete physiologic function. 
The government has yet to approve any of these bioartificial 
systems for this reason.

In addition, new approaches not using extracorporeal 
devices such as hepatocyte transplantation, repopulation of 
decellularized livers, organogenesis and stem cell transplant 
appear to be appealing. Further research is in need in order to 
improve survival of this difficult to manage population.

 Self Study

 Question

 1. Which statement is true?
 (a) ELAD employs the use of porcine hepatocytes
 (b) MELS employs the use of only porcine hepatocytes
 (c) HepatAssist employs the use of porcine hepatocytes
 (d) BLSS uses plasma for exchange

 Answer

 1. Which statement is true?
 (a) ELAD uses human hepatoblastoma cells not porcine 

hepatocytes
 (b) MELS uses both porcine and human hepatocytes
 (c) CORRECT ANSWER.  HepatAssist uses porcine 

hepatocytes
 (d) BLSS uses whole blood for exchange not plasma
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68.1  Introduction

The American Association for the Study of Liver Diseases 
(AASLD) and the American Society of Transplantation 
(AST) issued updated guidelines in 2013 for evaluation of 
liver transplantation (LT) in adults in acknowledgement of 
the changing landscape of transplant medicine that has 
occurred with the development of treatments for viral hepa-
titis, the increasing longevity of the population, and the 
impact of the increasing number of patients with metabolic 
syndrome leading to the development of Non-alcoholic fatty 
liver disease (NAFLD) [4]. NAFLD has become an increas-
ingly prominent cause of cirrhosis and hepatocellular carci-

noma requiring LT [5]. As such the makeup of the individuals 
eligible for liver transplantation has slowly shifted.

Access to LT has profoundly altered the management of 
advanced liver disease. Management of decompensated cir-
rhosis and acute liver failure before the introduction of LT 
was limited to attempts to treat complications, but without 
the ability to extend life. Without liver transplantation the 
1-year survival rate for patients with decompensated cirrho-
sis is less than 10%, but increases to 85–90% at 1 year and 
75% at 5  years after LT [6]. When liver transplantation is 
successful it increases life expectancy and enhances quality 
of life [7].

68.2  Liver Allocation

Prior to 2002, liver allocation was based on the Child- 
Turcotte- Pugh (CPT) score, which took into account clinical 
parameters (encephalopathy and ascites) and laboratory val-
ues (bilirubin, albumin, and prothrombin time). In the past, a 
CPT score of 7 or greater was considered the minimum list-
ing criteria for liver transplantation [8]. The Model for End- 
stage Liver Disease (MELD) score replaced the CPT score as 
it was found to be a better predictor of mortality for listed 
patients [9]. The MELD score was initially designed to eval-
uate 3-month prognosis in patients with cirrhosis undergoing 
a transjugular intrahepatic portosystemic shunt [10]. It is a 
mathematical model that is calculated from laboratory values 
(creatinine, bilirubin, the international normalized ratio of 
prothrombin time) and does not take into account clinical 
presentation [11]. In an important paper by Merion et  al., 
transplant survival was observed in patients with a MELD 
score of at least 18, and increased with higher MELD scores 
[12]. However, recipients who underwent liver transplanta-
tion (LT) with a MELD score less than 15 had higher 1-year 
mortality rates compared to individuals with comparable 
MELD scores who remained on the waitlist [7]. This high-
lights another complexity to organ allocation, the need to 
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Key Concepts
• Liver transplantation is a life-saving procedure for 

patients with acute and chronic liver diseases.
• Allocation of organs and indications for organ 

transplantation is an ever developing process, with 
refinements continuously being implemented in the 
hopes of developing an equitable way to allocate 
grafts but some ethical dilemmas have been 
formulated.

• As the population ages, new considerations for 
evaluation for cardiovascular risk factors in the pre- 
listing are required

• New developments in surgical techniques for “split-
ting” organs and for criteria for graft acceptance 
such as “extended criteria livers” has increased the 
graft supply
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both offer transplantation to the patients with the greatest 
need, but also to avoid liver transplantation in patients who 
could potentially improve without liver transplantation and 
would therefore be placed at unnecessary risk.

Refining the process to determine the best prognostica-
tion score for organ allocation is a dynamic process. Recently, 
studies showed that incorporating sodium into the MELD 
score increases its accuracy at predicting survival. A pivotal 
study showed that by calculating the MELD with sodium 
(MELD-Na), 7% of waiting-list deaths could be prevented 
[13]. Hyponatremia was also found to be a marker for 
increased neurologic dysfunction post-liver transplantation 
[8]. Therefore, in 2016 the MELD-Na became the predictive 
model used to facilitate liver allocation by The United 
Network for Organ Sharing (UNOS) [14]. The MELD-Na 
score does have some disadvantages as described in 
Table 68.1 and therefore other predictive models have been 
proposed, such as a MELD-X calculation which excludes 
INR, but it has not yet been validated [15].

Additionally, the MELD score does not take into account 
that many liver conditions have a high risk of morbidity and 
mortality without significantly affecting the laboratory val-
ues incorporated in the MELD-Na score. For this reason, 
MELD exception points are granted to individuals with 
hepatocellular carcinoma, hepatopulmonary syndrome, 
porto-pulmonary hypertension, cholangiocarcinoma, and 
familial amyloidosis to decrease their waitlist time 
(Table 68.2) [16].

Deterioration in a patient’s quality of life is not reflected 
adequately in predictive models, including the MELD score. 
For instance, many patient suffer from life-interfering symp-
toms such as sever pruritus, fatigue, and in the case of 
Primary Sclerosing Cholangitis, recurrent bacterial cholan-
gitis [17]. Therefore, in extreme situation MELD exception 
points can be requested from UNOS on a case by case basis. 
Studies have shown that patients with a MELD score of less 
than 15 appear to have better survival without transplantation 
than with transplantation [18]. That is why patients with a 
MELD score of less than 10 are not eligible for active listing 
with UNOS unless they have received exception points [18].

Patients with certain clinical presentations including ful-
minant hepatic failure, primary graft nonfunction, and acute 
hepatic artery thrombosis are given the highest priority and a 
status 1A designation and listed first regardless of MELD 
score [19]. For patients with cirrhosis, the highest MELD 
score within a specific location and blood group determines 
the order on the waiting list for liver transplantation. If mul-
tiple patients have the same MELD score, priority for liver 
transplantation is then based on the amount of time spent at 
the current MELD score. In 2013 “Share-35” was imple-
mented which changed the allocation algorithm, so that liver 
offers were made within the local organ procurement organi-
zation, then regionally. According to the AASLD, Share-35 
led to a 6.6% increase in the number of transplants performed 
for patients with MELD score of 35, with follow-up data 
showing that this change had not impact on overall waiting- 
list mortality, post-transplant survival, or liver discard rate 
[15]. In 2018, a new policy was implemented which changes 
how livers are allocated in the United States of America. 
Previously, livers were allocated to recipients based which 
geographical region the donor was in. The new policy has 
discarded the idea of regions, and instead livers are offered to 
recipients based on a radius determined by nautical miles. 
This policy change was made in hopes of reducing geo-
graphic disparity and making the process of liver allocation 
more equitable [15].

68.3  Orthotopic Liver Transplantation

Orthotopic liver transplantation (OLT) refers to the placement 
of a new organ in the same location as the ex-planted liver. 
Although most LT recipients receive a whole organ from a 
deceased donor, we now are able to split a liver with, most 
commonly, a pediatric recipient receiving a left lateral seg-
ment and an adult recipient the larger right lobe. The method 
of splitting livers has also allowed for the development of live 
donor liver transplantations (LDLT) with a part of the liver 
removed from the donor and given to the recipient. Adult 
LDLT reduces waiting time for the recipient. In Europe and 
United States, the graft supply is predominantly deceased 
donor, with living donor transplant comprises only 4% of all 
liver transplants [20]. LDLT might raise some concerns due 
to potential risks to the donor including perioperative morbid-
ity and mortality, economic losses, issues with obtaining life 
insurance in the future, a lack of data on possible downstream 
effects after liver surgery which may cause biliary abnormali-
ties and potential medical complications later in life [17, 21]. 
Additionally, “extended-criteria grafts” are now being 
employed to increase the donor liver supply. “Extended crite-
ria grafts” are livers that are not normally considered “opti-
mum” such as organs from older donors (age > 55) and from 
non–heart-beating donors, which often leads to longer cold 

Table 68.1 Limitations of the MELD score

Male gender bias
PT/INR not developed for measuring abnormalities in the setting of 
cirrhosis
Disadvantageous for candidates with low MELD-Na and 
complications of cirrhosis
Serum creatinine is not reliable marker of renal function in cirrhosis
Interlaboratory variability of serum creatinine, bilirubin, and INR
Weak predictor of posttransplant mortality as it does not take into 
account donor characteristics
Bilirubin levels can be influenced by extrahepatic factors

MELD model for end-stage liver disease
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ischemia time (>10  h) or warm ischemia time (>40  min). 
Using “extended-criteria graft”, however, increases the fre-
quency of biliary complications such as the development of 
biliary stricture post-transplantation, as well as abdominal 
hernias, and post-traumatic stress disorder [22].

68.4  Indications for Liver Transplantation

According to the AASLD, evaluation for LT should be con-
sidered once a patient with cirrhosis has experienced a 
complication from his condition such as ascites, hepatic 
encephalopathy, variceal hemorrhage (Table 68.3) or if her 
MELD-Na Score is 15 or greater reflecting hepatocellular 
dysfunction [4]. Referral to a transplant center for evalua-
tion should occur early as to not delay the patient’s work-up 
as decompensation can occur rapidly. Individuals with 
well- compensated cirrhosis do not require liver transplant 
evaluation. It is important to always weigh the risk of sur-
gery against an assessment of the potential recipient’s prog-
nosis without LT.  A not so common, but important 
indication is acute liver failure (ALF), which accounts for 
8% of all transplant cases [23]. ALF is a life threatening 

presentation of hepatic encephalopathy and liver test abnor-
malities, especially INR, in patients without previous docu-
mented liver disease [24]. Without, transplantation 

Table 68.2 Standardized MELD exceptions per UNOS guidelines

Disease Diagnostic criteria
Listed MELD 
SCORE Adjustments

Cholangiocarcinoma 
(CCA)

The candidate must meet a specific hospital approved 
protocol and have documented hilar CCA.

22 10% increase in score every 
3 months while on the wait list

Cystic Fibrosis Reduced pulmonary function and FEV1 < 40% 22 10% increase in score every 
3 months while on the wait list

Familial Amyloid 
Polyneuropathy (FAP)

The candidate has all of the following:
1. Clear diagnosis of FAP. 2. Echocardiogram showing the 
candidate has an EF > 40%
3. Ambulatory status. 4. Identification of transthyretin (TTR 
gene) mutation (Val30Met vs. non-Val30Met).
5. Biopsy-proven amyloid in the involved organ.

22 10% increase in score every 
3 months while on the wait list

Hepatic Artery 
Thrombosis (HAT)

The candidate has HAT within 14 days of transplant but 
does not meet criteria for status 1A

40 NA

Hepatocellular 
Carcinoma (HCC)

The candidate must meet specific HCC criteria for listing 
which is based on the number and size of lesions identified.

Calculated 
MELD 
score

Every 90 days an additional 
extension request can be submitted 
and if approved the MELD score will 
be adjusted The maximum score is 
capped at 34 after 5 requests.

Hepatopulmonary 
Syndrome (HPS)

All of the following: 1. Clinical evidence of portal 
hypertension. 2. Evidence of a shunt. 3. PaO2 less than 60 
mmHg on room air. 4. No significant clinical evidence of 
underlying primary pulmonary disease

22 10% increase in score every 
3 months as long as the PaO2 
remains under 60 mmHg

Portopulmonary 
Hypertension (PHT)

The candidate meets criteria for PHT and shows 
documentation of post-vasodilator treatment 
MAP < 35 mmHg and PVR < 400 dynes/s/cm−5

22 10% increase in score every 
3 months as long as MPAP remains 
<35 mmHg

Primary Hyperoxaluria The candidate has all of the following: 1. Is registered for a 
combined liver-kidney transplant. 2. Alanine glyoxylate 
aminotransferase (AGT) deficiency proven by liver biopsy 
using sample analysis or genetic analysis. 3. GFR ≤ 25 mL/
min for 42 or more days

28 10% increase in score every 
3 months while on the wait list

MELD model for end-stage liver disease, FEV1 Forced expiratory volume at 1 s, EF ejection fraction, MPAP mean pulmonary arterial pressure, 
PVR pulmonary vascular resistance, GFR glomerular filtration rate

Table 68.3 Indications for liver transplantation

Acute liver failure
Complications of cirrhosis
Ascites
Chronic gastrointestinal blood loss due to portal hypertensive 
gastropathy
Hepatic Encephalopathy
Liver cancer
Refractory variceal hemorrhage
Synthetic dysfunction
Liver-based metabolic conditions with systemic manifestations
a1-Antitrypsin deficiency
Familial amyloidosis
Glycogen storage disease
Hemochromatosis
Primary oxaluria
Wilson disease
Systemic complications of chronic liver disease
Hepatopulmonary syndrome
Portopulmonary hypertension
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mortality rates have been recorded as high as 50–83% [24]. 
With LT, survival rates are drastically improved with docu-
mented 1-year survival rates are 79% in Europe and 84% in 
the United States [25].

68.5  Transplantation Evaluation 
and Listing

Individuals referred to a transplant center are required to 
undergo rigorous testing and evaluation by a multi-spe-
cialty team to determine his or her suitability for listing. 
As delineated in Table 68.4, the process involves not only 
medical investigations, but also in-depth examination of 
the social, psychological, and financial circumstances of 
the patient to ascertain their ability to successfully navi-
gate the difficulties presented after transplantation. 
Candidates who meet all the listing criteria should be 
placed on the waiting list.

68.6  Important Medical Concerns 
for Listing

68.6.1  Age

With an aging population, increased life expectancy, and 
increasing prevalence of NAFLD, older individual are requir-
ing liver transplant evaluations. The AASLD, recommends 
evaluating patients based on their physiologic age and not 
their chronological age to determine whether an older patient 
can be accepted for LT [4]. Careful attention must still be 
made to the patient’s comorbidities and functional status. 
Transplantation has been successful in recipients over age 
70. However, outcomes have still been reported as inferior to 
younger individuals, with a reported 73.3% survival at 1 year 
for individuals >70  years in one single center prospective 
study compared to reported survival rates of >90% at 1 year 
patients of all ages combined [26]. Therefore, in a healthy 
individual older recipient age is not a contraindication.

68.6.2  Obesity

Obesity in liver transplant candidates is on the rise in pro-
portion with the increasing prevalence of NAFLD and obe-
sity in the general population [27]. Obesity and metabolic 
syndrome are associated with increased risk of complica-
tions and poorer outcomes following LT [27]. Therefore, 
AASLD recommends obese patients with BMI of 30 or 
more undergo dietary counseling prior to listing. 
Additionally, BMI of 40 or more is considered a relative 
contraindication for listing [4].

68.6.3  Coronary Artery Disease

Cardiac evaluation pre-LT is necessary to assess periopera-
tive risk and to evaluate for cardiopulmonary disorders that 
would lead to poor outcome post-LT [28]. Coronary artery 
disease (CAD) is equally prevalent in patients with advanced 
liver disease as it is in the general population [29]. Before 
listing, cardiac evaluation with stress testing is required if a 
patient is 40 years or older or shows any signs or symptoms 
concerning for CAD. Often due to decompensation, patients 
will require pharmacologic stress testing or cardiac catheter-
ization as they are unable to achieve the targeted heart rate 
required in standard exercise testing. Special consideration 
must be taken with cardiac catheterization as patients with 
advanced liver disease often have abnormal renal function 
putting them at risk for contrast induced nephropathy. 
Additionally, cirrhotic patients with coagulopathy or throm-
bocytopenia are at higher risk for bleeding complications 
from cardiac catheterization [4]. If significant CAD is found 

Table 68.4 Steps prior to listing

Financial 
screening

Secure approval for the evaluation

Medical and 
Hepatology 
evaluation

Identify interventions such as prophylaxis of 
variceal hemorrhage or vaccination against 
hepatitis A and B that are appropriate in any 
patient with advanced liver disease

Laboratory 
testing

Assess hepatic synthetic function, serum 
electrolytes, renal function, viral serologies, 
markers of other causes of liver disease, tumor 
markers, ABO-Rh blood typing; 24-h urine for 
creatinine clearance; urinalysis and urine drug 
screen

Cardiac 
evaluation

Electrocardiography and 2-dimensional 
echocardiography; stress testing and potential 
cardiac catheterization, cardiology consult if risk 
factors are present and/or the patient is ≥40 years 
old

Imaging Ultrasound with Doppler to document portal vein 
patency, multi-phase dynamic imaging such as 
triple-phase CT, MRI, or gadolinium MRI for 
tumor screening

Cancer 
Screening

Chest film, prostate-specific antigen level (men), 
Pap smear and mammogram (women), 
colonoscopy if the patient is ≥50 years or has 
PSC

Surgery 
evaluation

Assessment of technical issues and discuss the 
risks of the procedure

Anesthesia 
evaluation

Required if operative risk is unusually high

Dietitian/
Nutritionist

Many patients with cirrhosis have protein-calorie 
malnutrition

Psychiatry and 
psychology 
evaluation

Necessary if there is a history of substance abuse, 
psychiatric illness, or adjustment difficulties
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with stenosis >70%, revascularization will be required before 
listing. Angioplasty with bare metal stent placement is pre-
ferred in cirrhotic patients with advanced liver disease as to 
mitigate the need for dual antiplatelet therapy in patients at 
high risk for bleeding [30]. Evaluation of valvular heart dis-
ease may also be required pre-LT.

68.6.4  Porto-Pulmonary Hypertension

Porto-pulmonary hypertension (POPH) is the presence of 
elevated mean pulmonary artery pressure (MPAP) over 25 
mmHg occurring in the presence of portal hypertension 
[31]. Approximately, 4–8% of LT candidates are reported 
to have POPH [32]. Moderate and severe POPH, with 
MPAP of >35 and >45 respectively are predictors of 
increased mortality after transplantation [4]. “In a report 
from the Mayo Clinic, mortality was 50% with MPAP 
>35  mmHg and 100% with MPAP >50  mmHg” [4]. 
Therefore, screening for POPH with routine echocardiog-
raphy is required for pre-LT evaluation. If increased right 
ventricular systolic pressure is noted, then the patient will 
require right heart catheterization [4]. This is necessary to 
confirm the diagnosis, evaluate for elevated pulmonary vas-
cular resistance (PVR) 240-dynes  s cm and to assess if a 
patient’s POPH is responsive to vasodilator therapy [4]. If 
the MPAP can be reduced by vasodilator therapy to less 
than 35 mmHg and PVR to less than 400 dynes s cm then a 
LT is still possible with good outcomes [4].

68.6.5  Hepatopulmonary Syndrome

In the setting of chronic liver disease and/or portal hyper-
tension, hepatopulmonary syndrome (HPS) can develop. 
It is caused by intrapulmonary microvascular dilation that 
leads to arterial deoxygenation [33]. “Intrapulmonary 
shunting can be demonstrated by contrast echocardiogra-
phy or by 99mTC macro aggregated albumin (MAA) 
lung-brain perfusion scanning” [4]. HPS was reported in 
5–32% of adult liver transplant candidates [4]. At Mayo 
Clinic it was shown that LT offered a large survival bene-
fit, with a 5-year survival rate of 76% in LT recipients vs. 
26% of matched controls that were not transplanted [34]. 
In most cases, LT leads to reversal of HPS, although peri-
operative mortality is reportedly high in those with severe 
HPS [4]. “UNOS policy assigns a MELD exception score 
of 22 for patients with evidence of hepatopulmonary syn-
drome as evidenced by portal hypertension, intrapulmo-
nary shunting, and a room air PaO2 < 60 mmHg, with a 
10% mortality equivalent increase in points every 
3 months if the PaO2 remains <60 mmHg” [4]. Therefore, 
the AASSLD recommends screening LT candidates with 

pulse oximetry and follow-up arterial blood gas as indi-
cated to detect HPS [35].

68.6.6  Renal Dysfunction

Renal insufficiency in patients with advanced liver disease 
can be due to many things including hepatorenal syndrome 
which is potentially reversible. Hepatorenal syndrome, is a 
type of progressive kidney disease due to underlying changes 
in the way fluid and electrolytes are moved and stored in 
patient’s with advanced liver disease. It is often difficult to 
distinguish HRS from primary kidney disease in cirrhotic 
patients. Regardless of the cause, renal insufficiency is asso-
ciated with poorer outcomes and decreased survival in cir-
rhotic patients [17].

Candidates who develop renal failure are eligible for a 
simultaneous liver-kidney transplantation (SLK) where the 
candidate receives both a liver and kidney from the same 
deceased donor (ref). The candidate must be listed for both 
organs and meet the criteria outlined in Table 68.5.

68.6.7  Tobacco Use

Tobacco use is associated with many adverse outcomes in 
LT recipients, including cardiovascular events, cancer 
development and an increased incidence of hepatic artery 

Table 68.5 Listing criteria for simultaneous liver-kidney 
transplantation

Diagnosis Criteria for listing
CKD as defined as a 
GFR < 60 mL/min for 
greater than 90 
consecutive days

The candidate must meet one of the 
following criteria:
1. The candidate has begun regularly 
administered dialysis as an end-stage 
renal disease (ESRD) patient
2. At the time of registration on the kidney 
waiting list or in a date after registration 
the candidate’s most recent measured 
CrCl or GFR ≤ 30 mL/min

Sustained kidney 
injury

The candidate must meet one of the 
following criteria for at least 6 weeks:
1. That the candidate has been on dialysis 
at least once every 7 days.
2. That the candidate has a measured or 
calculated CrCl or GFR ≤ 25 mL/min at 
least once every 7 days.

Metabolic disease A diagnosis of at least one of the 
following: Hyperoxaluria, Atypical 
hemolytic uremic syndrome (HUS) from 
mutations in factor H or factor I, Familial 
non-neuropathic systemic amyloidosis, 
Methylmalonic aciduria

CKD chronic kidney disease, GFR glomerular filtration rate, CrCl cal-
culated creatinine clearance
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thrombosis [36]. The AASLD, recommends that tobacco 
cessation be required of all patients prior to listing [4].

68.6.8  Absolute Contraindications 
to Transplantation

Absolute contraindications to liver transplantation have been 
reduced over the last decade. For example, transplantation in 
HIV positive individuals without active AIDS is now possi-
ble. Additionally, the presence of non-tumoral thrombosis of 
the portal and splanchnic venous systems, which was previ-
ously considered a major contraindication to transplantation, 
can now be done in selected cases. Table 68.6 lists the cur-
rent absolute contraindications to LT. However, at this time 
the indication for pre-transplantation abstinence from alco-
hol is being heavily debated amongst transplant hepatolo-
gists as newer research has shown success with liver 
transplantation for alcoholic hepatitis with good post-LT 
rates of alcohol abstinence [37]. Therefore, some transplant 
centers are allowing LT in patients with active alcohol use 
who do not have a long history of alcohol dependence.

68.7  Early Post-Liver Transplant 
Complications

Early post-LT complications are usually related to graft dys-
function, surgical issues, and infection [38]. Primary non-
function (PNF) is a rare, but life-threatening complication in 
the immediate post-operative period and has been reported to 
occur in occurring in 2–6% of transplanted patient [39]. 
According to the strict criteria established by the United 
Network for Organ Sharing (UNOS; American transplanta-
tion regulatory body), PNF is defined as serum AST levels 
≥3000 associated with at least one of the following: 
NR ≥ 2.5, acidosis corresponding to arterial pH ≤ 7.30 or 
venous pH  ≤  7.25 and/or serum lactate levels ≥4  mmol. 
Recipients develop acute liver failure, encephalopathy, coag-
ulopathy, and renal failure [16]. Risk factors for PNF include 
older‐age donors, DCD donors, prolonged ischemic times 
and high‐risk recipients, however the underlying etiology 

has not been fully elucidated [40]. Patients with PNF require 
urgent transplantation and therefore are listed as Status 1A 
within 7  days of the initial transplantation [16]. A similar 
entity, primary graft dysfunction also called delayed graft 
function can be seen in up to 39% of recipients [40]. There is 
no consensus definition or accepted criteria for this entity 
though it is associated with elevated aminotransferase levels, 
bile production and prothrombin time within the first 72 h 
after transplant [41]. It is due to multiple causes including 
most prominently severe ischaemic-reperfusion injuries, 
acute rejection episodes, vascular complications, though in 
some cases no of these factors are present [41]. Patients with 
delayed function often require elongated hospital stays and 
are at risks for secondary complications such as infections, 
or renal dysfunction. However ultimately the majority of 
patients have good graft recovery by day 28 [41].

Another life threatening complication is hepatic artery 
thrombosis (HAT) which occurs in 2–12% of patients. It is a 
catastrophic event which requires relisting within 7 days for 
a liver as a status 1A at a MELD score of 40 [16]. Another 
possible vascular complication is hepatic venous outflow 
obstruction which is due to stenosis of the anastomosis at the 
inferior vena cava, and is associated with the presence of 
ascites and occurs in 1–2% of the cases [17]. Biliary compli-
cations occur in 8–15% of the patients and include biliary 
leaks and strictures [42]. Leaks occur within the first month, 
while strictures occur later often requiring ERCP for treat-
ment. Diffuse biliary strictures are difficult to treat and trans-
plantation may be required [42]. Overall, the most common 
post-op complication is postoperative hemorrhage which 
occurs in ~20% of the patients, and about half will require 
re-operation. Infectious complications in the early setting are 
linked to the level of immunosuppression required, the pres-
ence of surgical complications, and length of stay in the 
intensive care unit [17]. The most common infections within 
the first month are bacterial and originate from the surgical 
wound site, biliary tree, abdominal cavity, urinary tract, or 
lungs [17]. Patients with fulminant hepatic failure or immu-
nosuppression prior to transplant are at additional risk for 
invasive fungal infections immediately after transplant. 
Infections due to cytomegalovirus and Epstein-Barr virus are 
also common after the first month of transplantation [17].

68.8  Immunosuppression

Induction and maintenance of immunosuppression have led 
to an overall decrease in the incidence of both acute and 
chronic rejection in liver transplant recipients. Induction 
immunosuppression, given at the time of transplantation, is 
used by approximately 25% of liver transplant centers and 
includes antibody therapy with antithymocyte globulin and 
IL-2 receptor antibodies (basiliximab and daclizumab) [43]. 

Table 68.6 Absolute contraindications to liver transplantation

Brain death
Extrahepatic malignancy
History of malignancy with a disease-free period <2 years
Uncontrolled Sepsis
Active substance or alcohol use abuse
AIDS
Severe cardiopulmonary disease
Inability to comply with medical regimen

AIDS acquired immune deficiency syndrome
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Maintenance immunosuppressive agents are usually given in 
combinations. There are 4 general classes: corticosteroids, 
calcineurin inhibitors (CNIs) such as tacrolimus and cyclo-
sporine; antimetabolites (mycophenolate mofetil, azathio-
prine), and mammalian target of rapamycin (mTOR) 
inhibitors (sirolimus, everolimus). Induction immunosup-
pression is tapered in the months following LT to avoid tox-
icity and lessen the risk of recurrent disease, often by 
discontinuing maintenance glucocorticoids. As described in 
Table 68.7, there are many well established side-effects to 
immunosuppressive agents such as renal toxicity, arterial 
hypertension, osteopenia, hyperlipidemia, diabetes mellitus, 
and obesity. Renal insufficiency secondary to cyclosporine 
or tacrolimus nephrotoxicity affects most of these patients. 
Hypertension and diabetes are additional cofactors that con-

tribute to renal insufficiency. Preliminary studies show the 
possibility of reducing CNI doses by adding mycophenolate 
mofetil or sirolimus, to reduce renal dysfunction. Drug inter-
actions between immunosuppressive agents and other com-
monly prescribed drugs are well described. Possible 
interactions should be considered when transplant recipients 
are using additional medications, including antibiotics, anti-
fungal and antiviral agents, and seizure medications. After 
the first 90  days following LT, immunosuppression is 
reduced, as the graft becomes somewhat tolerant to the recip-
ient’s immune system. While most liver recipients require 
lifelong immunosuppressive therapy, there are some recipi-
ents in which a phenomenon called operational tolerance 
may occur, and graft rejection does not occur despite immu-
nosuppression withdrawal [44]. This is specific to liver trans-
plantation as it is not seen with other types of transplants and 
the frequency of this event is unknown though is estimated at 
occurring in 20–60% of LT recipients. However, since there 
is no way at this time to predict which patients will develop 
tolerance, complete withdrawal of immunosuppression is a 
rare occurrence [44].

68.9  Acute and Chronic Rejection

Acute cellular rejection (ACR) occurs in 15–30% of trans-
plant recipients [45]. This form of rejection typically occurs 
within 90 days after liver transplantation, but can occur later 
on as well. The hallmark morphologic features of ACR are: 
mixed portal inflammation in the portal triad which is pre-
dominantly lymphocytic; nonsuppurative cholangitis involv-
ing interlobular bile duct epithelium, bile duct inflammation 
and damage; and endothelialitis. These three features com-
prise the “diagnostic triad” of ACR [46]. Liver biopsy with 
evidence of these pathologic changes and subtherapeutic lev-
els of immunosuppressive medications indicates the pres-
ence of acute cellular rejection. However, differentiation 
between acute rejection and hepatitis from viral disease, 
drugs, and autoimmunity can be difficult given the overlap of 
clinical and histologic features [47]. First-line treatment is 
with high-dose corticosteroids, which 80–90% of patients 
respond well to, and augmentation of maintenance immuno-
suppression [17]. A proposed algorithm for treating ACR is 
depicted in Fig. 68.1.

According to one study, 15.7% of transplant recipients 
had at least one episode of acute rejection and this was asso-
ciated with an increased risk of graft failure and death, espe-
cially if the episode occurs more than 1  year after 
transplantation [45].

Chronic rejection occurs in 5–10% of LT recipients and 
usually occurs between 6 weeks and 6 months after the pro-
cedure. Liver biopsy typically shows obliterative arteriopa-
thy with bile duct injury and loss affecting more than 50% of 

Table 68.7 Common immunosuppressive agents

Agents
Mechanism of 
action Major side effects

Prednisone Cytokine inhibitor 
(IL-1, IL-2, IL-6, 
TNF, and IFN-γ)

Hypertension, diabetes 
mellitus, obesity, 
osteoporosis, infection, 
depression, psychosis

Cyclosporine Calcineurin 
inhibitor: 
suppresses 
IL-2–dependent 
T-cell 
proliferation

Renal, neurologic, 
hyperlipidemia, 
hypertension, hirsutism

Tacrolimus Calcineurin 
inhibitor: 
suppresses 
IL-2–dependent 
T-cell 
proliferation

Renal, neurologic, 
diabetes mellitus

Azathioprine Inhibition of 
T- and B-cell 
proliferation by 
interfering with 
purine synthesis

Bone marrow 
suppression, 
hepatotoxicity

Mycophenolate 
mofetil

Selective 
inhibition of 
T- and B-cell 
proliferation by 
interfering with 
purine synthesis

Diarrhea, bone marrow 
suppression

Sirolimus/
Everolimus

Inhibition of late 
T-cell functions

Neutropenia, 
thrombocytopenia, 
hyperlipidemia

OKT3 
(Muromonab-CD3)

Blocking of T-cell 
CD3 receptor, 
preventing 
stimulation by 
antigen

Cytokine release 
syndrome, pulmonary 
edema, increased risk of 
infections

Basiliximab/
Daclizumab

Competitive 
inhibition of IL-2 
receptor on 
activated 
lymphocytes

Hypersensitivity 
reactions

IFN interferon, IL interleukin
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the portal tracts [48]. Recipients with viral hepatitis or auto-
immune liver diseases have a 4 times greater risk for devel-
oping chronic rejection compared with other recipients [49]. 
Treatment of chronic rejection requires ramping up the 
immunosuppressive regimen. This is not always successful 
and ultimately re-transplantation is required.

68.9.1  Long-Term Outcomes and Reoccurrence 
of Disease

Outcomes after liver transplantation have continued to 
improve, with the most recent data analysis as of 2016 with 
estimated patient and graft survival rates of 93% at 6 months, 
90% at 1 year, 75% at 5 years, and 55% at 10 years for all 
etiologies of liver disease combined [50]. Many factors influ-
ence survival rates including baseline characteristics of the 
donor and recipient, and factors associated with periopera-
tive and post-operative period. Donor parameters that have 
been shown to be associated with poorer outcomes include 
advanced age, higher BMI, increased length of hospitaliza-
tion, use of vasopressors, and the presence of infection [44]. 
Recipient parameters include urgent indication, the presence 
of renal dysfunction, older age, mechanical ventilation 
requirement, poor nutritional status, and the presence of 

infection [44]. Perioperative factors include cold and warm 
ischemia time, increased blood product requirements, and 
complex surgery required for liver placement [44].

Based on data collected from the National Institute of 
Diabetes and Digestive and Kidney Diseases Liver 
Transplantation Database, the most common overall causes 
of death were hepatic (recurrent disease or liver failure) 
causes (23.9%), malignancy (18.7%), infection (15.9%), car-
diovascular disease (12.2%), and renal failure (4.3%) [51].

Survival rates have been shown to differ based on the pri-
mary indication for LT as depicted in Fig.  68.2. Notably, 
patients with HCV and HCC having poorer outcomes at 
5 years post-LT. HCV survival rates are expected to increase 
as more patients with HCV are being treated with direct act-
ing anti-viral medications after LT preventing recurrence of 
HCV cirrhosis in the new liver though this has not yet been 
reflected in an increase in long term outcomes.

Generally, patients with cholestatic disease and autoim-
mune cirrhosis have better survival rates though both dis-
eases have been noted to be associated with reoccurrence. 
Autoimmune liver diseases have documented survival rates 
of approximately 90% at 1 year and 70%, at 5 years [53]. 
However, recurrent disease is common and the prevalence 
increases with time following LT ranging from 17% to 42% 
in patients with autoimmune hepatitis, 12–30% in those with 

Start with high dose steroids.
•  Methylprednisolone 500- to 1000-mg bolus followed by a slow taper over 10 to 14 days
•  This works in 70-80% of patients.

Attempt second high dose steroid bolus.

Thymoglobulin can be tried.
•  1.5 mg/kg per day for for 5 days with premiedication

Some centers use Basiliximab or
Muromonab-CD3 (OKT3) as an
alternative to Thymoglobulin.

or

Failure

Failure Failure

Fig. 68.1 Algorithm for 
treating acute cellular 
rejection
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primary biliary cirrhosis, and 12–60% in subjects with pri-
mary sclerosing cholangitis [54]. One large center reported 
that 6% of patients with autoimmune hepatitis had progres-
sion of disease requiring re-transplantation [55].

Hepatitis B infection after transplantation is increased in 
patients with high hepatitis B virus DNA levels, hepatitis B e 
antigen positivity, prior resistance to antiviral therapy, and in 
patients who are hepatitis B surface antigen negative and 
receive a liver from a hepatitis B core antibody–positive 
donor [56]. With implementation of prophylactic regimens 
using hepatitis B immunoglobulin and nucleoside or nucleo-
tide analogues, patients are able to live disease free, they 
must be maintained lifelong on antiviral therapy.

Almost all patients with hepatitis C viremia before trans-
plantation will have reinfection of the new liver graft and can 
have accelerated progression to cirrhosis and therefore treat-
ment is required. The best time for treatment is in the periop-
erative period since hepatitis C virus RNA levels are at its 
lowest during the “anhepatic phase” with viral replication 
starting within hours of transplantation [57].

Nonalcoholic fatty liver disease (NAFLD) reoccurrence is 
common after transplantation. Risk factors include obesity, 
diabetes, hyperlipidemia, hypertension, tacrolimus-based 
immunosuppression, alcoholic cirrhosis as primary indica-
tion for transplantation, and steatosis in the liver graft [43]. 
Rates of reoccurrence range widely, with steatosis reported in 
25–100% of livers and nonalcoholic steatohepatitis (NASH) 
reported in 10–37.5% of livers after transplantation [43]. It 
has been noted that progression to fibrosis may be more rapid 
in transplant recipients compared to the original livers [43].

The 5-year patient and graft survivals in adults trans-
planted for alcoholic liver disease (ALD) are similar to 
patients transplanted for other indications [50]. However, 
ALD survival decreases after the 5 year point due to non- 
liver related morbidity and mortality from cardiorespiratory 
disease, cerebrovascular events, and de novo malignancy 
[58]. Interestingly, the incidence rate of de novo malignan-
cies is higher in patients with ALD compared to other LT 
recipients, especially cancers of the oropharyngeal and lung, 
which is thought to be related to substance abuse and smok-
ing history [17]. Recidivism in patients after LT is always a 
concern. In one metanalysis, relapse rates were reported at 
2.5 cases per 100 patients per year with heavy alcohol use 
and 5.6 cases per 100 patients per year with any alcohol use 
[59]. Additionally, recidivism has not been shown to increase 
patient or graft mortality [59].

68.9.2  Long-Term Concerns After Liver 
Transplantation

Recipients after LT are at higher risk of developing meta-
bolic syndrome compared to the general public and increased 

aggressive management is indicated. This is due to the side- 
effects of many immunosuppressive agents and the reversal 
of the pre-transplant catabolic state [60]. The risk of a car-
diovascular event, such as acute coronary syndrome, cere-
brovascular accident, arrhythmia, congestive heart failure, 
peripheral artery disease, within 10 years of liver transplan-
tation is over 13%, which correlates with a 64% increased 
risk compared with the general population [61]. Therefore, 
aggressive management of risk factors including hyperlipid-
emia, diabetes mellitus, and obesity must be emphasized in 
the post-LT population.

68.10  Hypertension

Systemic hypertension is a frequent complication of LT and 
is related to calcineurin inhibitors inducing renal vasocon-
striction, as well as to the effects of other drugs such as glu-
cocorticoids. Unfortunately, a reduction in 
immunosuppression is generally ineffective in treating 
hypertension. Medication management is also complicated 
by the many interactions most anti-hypertensive medications 
have with immunosuppressive agents. Therefore, dihydro-
pyridine calcium channel blockers (amlodipine, felodipine, 
nifedipine) are often used first in treating hypertension due to 
their vasodilatory effects and minimal interaction with the 
commonly used immunosuppressants [62]. Non- 
dihydropyridine calcium channel blockers (diltiazem, vera-
pamil) should be avoided as they can cause increased levels 
of calcineurin inhibitors [43]. Angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers are may 
be less effective early after transplantation, when renin levels 
are relatively low and may be contraindicated in patients 
with renal dysfunctions from calcineurin inhibitors [43]. 
Beta-blockers can also be used effectively in patients with 
coronary artery disease or patients who are unresponsive to 
calcium channel blockers [43].

68.11  Obesity

Obesity (body mass index ≥30 kg/m2) is seen in one-third of 
patients within the first year after transplantation [17]. Risk 
factors include elevated body mass index before transplanta-
tion, presence of NASH, presence of diabetes after trans-
plantation, glucocorticoid use, increased caloric intake, and 
decreased physical activity during recuperation from surgery 
[19]. Pharmacotherapies for weight loss have limited data in 
liver transplant recipients. Bariatric surgery is an effective 
means of achieving weight loss and improving obesity- 
related comorbidities, but there are no clear guidelines for 
performing bariatric surgery in liver transplant recipients 
[43]. Immunosuppression with tacrolimus has been reported 
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to result in less weight gain than occurs with cyclosporine, 
though this may be due to the lower glucocorticoid doses 
used with tacrolimus [17].

68.12  Diabetes Mellitus

Diabetes mellitus (DM) is common in liver transplant recipi-
ents and new-onset diabetes mellitus is estimated to occur in 
25–33% of liver transplant recipients [17, 43]. The presence 
of diabetes is an independent risk factor for mortality [63].

Immunosuppressant medications contribute to diabetes 
by various mechanisms, including increased insulin resis-
tance, increased gluconeogenesis, and decreased peripheral 
insulin use [43]. The use of cyclosporine is associated with a 
lower rate of new-onset diabetes after transplantation when 
compared with tacrolimus [43]. Other risk factor for DM 
include: age greater than 50 year old, African American race, 
body mass index greater than 25 kg/m2, hepatitis C infection, 
donor age >60  years old, and a cadaveric donor [43]. 
Management of liver transplant recipients with diabetes, 
mirrors that of the general population and often requires 
treatment with insulin. Monitoring for long-term complica-
tions including nephropathy, neuropathy, retinopathy, and 
cardiovascular disease is essential.

68.13  Dyslipidemia

Hyperlipidemia occurs in up to 50% of patients after trans-
plantation, reflecting a number of factors including diabetes 
mellitus, obesity, renal dysfunction, and immunosuppressive 
agents, especially mTOR inhibitors and glucocorticoids 
[64]. Pharmacologic therapy is indicated if hypercholesterol-
emia fails to improve with weight reduction and glycemic 
control. Treatment with statins must be done carefully 
because they inhibit the cytochrome p450 CYP3A4 pathway 
leading to increased levels of both the statins and calcineurin 
inhibitors when used concomitantly [43]. Therefore, statins 
should be used at the lowest possible doses and the patient 
must be monitored for development of myalgias. Pravastatin 
and fluvastatin are the only available statins on the US mar-
ket that are not metabolized by the CYP3A4 pathway and 
may be safer to use in LT recipients [43].

68.14  Kidney Disease

Patients after LT are at higher risk for renal dysfunction com-
pared to the general population. Risk factors include the use 
of calcineurin inhibitors, hypertension, diabetes mellitus, 
HCV infection [43]. One study showed that chronic renal 
failure is at high rates in LT recipients with prevalence at 

8.0% at 1  year, 13.9% at 3  years, 18.1% at 5  years, and 
25.0% at 10 years [65]. Modifications in standard immuno-
suppressive regimens may be helpful in preventing renal 
dysfunction. In the perioperative period, antibody induction 
may be used to allow for delayed introduction of calcineurin 
inhibitors. A lower dose of calcineurin inhibitors may also be 
used with adjunctive therapy with mTOR inhibitors or myco-
phenolate, but some studies have shown that this benefit is 
not as significant after the first year post-transplantation [43]. 
Control of baseline risk factors is also important, including 
glucose and blood pressure control.

68.15  Osteopenia

Osteopenia is frequently seen in liver transplant recipients 
[17]. Risk factors include poor nutritional status, immobility, 
glucocorticoid use, increased age, female gender, and the 
post-menopausal state. In the initial several months after LT, 
osteopenia is accelerated by high-dose glucocorticoid ther-
apy as well as the use of other immunosuppressive agents. 
Even prednisone doses as low as 7.5  mg daily have been 
shown to cause bone loss despite the absence of other risk 
factors [43].

Increased bone loss leads to a higher incidence of atrau-
matic fractures, especially in patients with low bone mineral 
density before transplantation [43]. Treatment with supple-
mental calcium and vitamin D is required in all post-LT 
patients, and bisphosphonates should be considered in 
patients with osteoporosis or recent fractures [17].

68.16  Malignancy

The overall incidence of malignancy in adult liver transplant 
recipients is nearly 12 times greater than the general popula-
tion due to the required immunosuppressive agents used. The 
most common malignancies seen are skin (30.5%), solid 
organ (38.3%), hematologic (11.3%), and recurrent (19.5%) 
malignancies [66]. Liver transplant recipients need ongoing 
age-appropriate surveillance for common tumors such as 
breast, cervical, and colon cancer [17]. The incidence rates 
of squamous cell carcinoma and malignant melanoma are 
respectively 35.7 and 2.8 times higher than the general popu-
lation [67]. Therefore patients should be educated to always 
use sun protection with SPF 15 or above, limit sun exposure, 
and receive annual skin examinations [17]. Posttransplant 
lymphoproliferative disorder (PTLD) is a common malig-
nancy in liver transplant recipients with an estimated inci-
dence of 2–4% in post-LT recipients and leads to death in 
50% of cases [55]. It is seen at increased rates in recipients 
over the age of 50, with hepatitis C or alcoholic cirrhosis, or 
recipients of antilymphocyte antibodies [55]. The majority 
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of cases are associated with Epstein–Barr virus infection 
leading to B-cell proliferation in the setting of decreased 
T-cell function from immunosuppression [55]. Treatment 
requires a reduction in immunosuppression. Anti-CD20 anti-
bodies, radiation therapy, or surgery may be necessary in 
patients who do not improve with decreased immunosup-
pression or patients with more aggressive disease at initial 
presentation [55].

68.17  Conclusion

The field of liver transplantation is a dynamic and changing 
area with new break-throughs and advances allowing for 
increased accessibility to organ transplantation for those in 
need. With an aging population, the makeup of transplant 
recipients is changing and it is expected that NALFD will be 
the most common indication for transplantation in the near 
future, as hepatitis C is slowly eradicated. As such, advance-
ments in organ procurement and the methods for allocation 
will need constant updating as time goes on. At this time, 
there are not enough organs available, and candidates die 
while on the waiting list. Alternative avenues to allow for 
extended life are currently being developed but have not 
shown the same efficacy as liver transplantation yet.

 Self Study

 Questions

 1. Which statement is true?
 (a) All patients diagnosed with HCC are automatically 

assigned the status 1A designation.
 (b) Patients with hepatopulmonary syndrome are diag-

nosed with right heart catheterization and if the pul-
monary vascular resistance is responsive to 
vasodilators the patient can be listed for liver 
transplantation.

 (c) Post-transplant lymphoproliferative disorder (PTLD) 
is a common malignancy in liver transplant recipients 
leads to death in 50% of cases

 (d) Liver transplantation is contraindicated in recipients 
who are over the age of 70.

 2. A 55-year-old man with a PMH significant for well- 
compensated NASH cirrhosis presents to clinic for fol-
low- up. She complains of dyspnea on exertion. She denies 
a history of smoking. On examination, she has finger 
clubbing, but a normal cardiac and respiratory exam. 
Vitals: T 37.2 °C HR 87 BP 112/60 SpO2 86% on room 
air. Labs reveal a PaO2 on ABG is 59 mmHg. Chest X-ray 
is significant for an enlarged mediastinum. Doppler of the 
lower extremities is negative for deep vein thrombosis.

What is the next best test to evaluate the patient?
 (a) VQ scan
 (b) CT chest
 (c) Right heart catheterization.
 (d) Contrast echocardiogram

 3. A 64 year old man received an orthotopic liver transplant 
7 years ago for NASH cirrhosis. He is on tacrolimus for 
immunosuppression and takes medications for hyperten-
sion. On routine labs his creatinine is found to be 2.3 mg/
dL and has been rising progressively over the last year. 
All his other labs values are normal and he has no other 
complaints.
What do you consider doing next?
 (a) Plan for dialysis
 (b) Stop tacrolimus and start Basiliximab.
 (c) Stop tacrolimus and start sirolimus
 (d) Stop tacrolimus and start cyclosporine.
 (e) Start prednisone 20 mg.

 Answers

 1. Which statement is true?
 (a) All patients diagnosed with HCC are automatically 

assigned the status 1A designation
 (b) Patients with hepatopulmonary syndrome are diag-

nosed with right heart catheterization and if the pul-
monary vascular resistance is responsive to 
vasodilators the patient can be listed for liver 
transplantation.

 (c) Posttransplant lymphoproliferative disorder (PTLD) 
is a common malignancy in liver transplant recipients 
leads to death in 50% of cases—CORRECT

 (d) Liver transplantation is contraindicated in recipients 
who are over the age of 70.

 2. A 55-year-old man with a PMH significant for well- 
compensated NASH cirrhosis presents to clinic for fol-
low- up. She complains of dyspnea on exertion. She denies 
a history of smoking. On examination, she has finger 
clubbing, but a normal cardiac and respiratory exam. 
Vitals: T 37.2 °C HR 87 BP 112/60 SpO2 86% on room 
air. Labs reveal a PaO2 on ABG is 59 mmHg. Chest X-ray 
is significant for an enlarged mediastinum. Doppler of the 
lower extremities is negative for deep vein thrombosis.
What is the next best test to evaluate the patient?
 (a) VQ scan
 (b) CT chest
 (c) Right heart catheterization.
 (d) Contrast echocardiogram—CORRECT

 3. A 64 year old man received an orthotopic liver transplant 
7 years ago for NASH cirrhosis. He is on tacrolimus for 
immunosuppression and takes medications for hyperten-
sion. On routine labs his creatinine is found to be 2.3 mg/dL 
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and has been rising progressively over the last year. All his 
other labs values are normal and he has no other 
complaints.
What do you consider doing next?
 (a) Plan for dialysis
 (b) Stop tacrolimus and start Basiliximab.
 (c) Stop tacrolimus and start sirolimus—CORRECT
 (d) Stop tacrolimus and start cyclosporine.
 (e) Start prednisone 20 mg.
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Surgical Complications Following Liver 
Transplant and Their Management

Rahul S. Koti, Helen Tzerbinis, and Brian R. Davidson

69.1  Introduction

Liver transplantation is the treatment of choice for end stage 
liver disease, resulting in 1 year survival reaching 96% and 
10 year survival of 75% [1, 2]. With advances in anaesthesia 
and surgical techniques, intraoperative death is nowadays a 
rare occurrence. However, liver transplantation surgery 
remains a complex operation and nearly two thirds of patients 
develop surgical complications in the postoperative period. 
Recipients are often debilitated by their end stage liver dis-

ease (ESLD) at the time of major transplant surgery which 
predisposes to postoperative complications. Common surgi-
cal complications include postoperative haemorrhage, vas-
cular and biliary complications and wound complications 
(Table  69.1). They have a significant impact on graft and 
patient survival. Failed or delayed management of major 
complications may lead to the need for re-transplantation, a 
major undertaking with less favourable outcomes than a first 
liver transplant. Retransplantation also deprives another 
patient of a transplant organ. Early and effective diagnosis 
and treatment of postoperative surgical complications is cru-
cial in optimizing transplant outcomes and ensuring best use 
of the scarce donor organ pool.

69.2  Surgical Complications

69.2.1  Haemorrhage

Postoperative haemorrhage is a common complication of 
liver transplant. It is also the most common reason for reop-
eration after liver transplantation either for control of the 
bleeding or evacuation of the haematoma. Reoperation for 
postoperative haemorrhage is required in 8–27% of OLT 
recipients [3] and is associated with significant resource uti-
lization and increased postoperative mortality [4].

The cause of bleeding post transplant is multifactorial 
but key factors include the presence of portal hypertension 
and varices in the recipient, the development of coagulopa-
thy during and after transplant and poor function of the 
transplanted graft.

69.2.1.1  Methods of Ensuring Haemostasis 
During Transplant

Management of intraoperative coagulopathy is vital to pre-
vent postoperative bleeding.
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69

Key Concepts
• Liver transplantation is now an established treat-

ment for end stage liver disease, resulting in excel-
lent long term survival.

• With advances in anaesthesia and surgical tech-
niques, intraoperative mortality is rare. However 
postoperative complications are common and have 
a significant impact on graft and patient survival, 
and resource utilization.

• Symptoms and signs of complications are masked 
in the immunosuppressed patient and a high degree 
of clinical suspicion is crucial.

• Most surgical complications occur within the first 
few weeks of transplantation.

• The general condition of the transplant recipient, the 
quality of the donor liver and complexity of the oper-
ative procedure are key determinants of outcome.
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Bleeding can occur from the extensive raw surfaces cre-
ated by mobilization of the cirrhotic liver, from the various 
vascular anastomoses or from the abdominal wound and drain 
sites. Iatrogenic liver lacerations, usually at organ retrieval 
and from the gallbladder bed following cholecystectomy on 
the donor graft are other potential sites for bleeding. 
Haemostasis during surgery is achieved by suturing of bleed-
ing points, electro-cautery or argon beam coagulation and 
administration of clotting factors and platelets (see Chap. 71: 
Surgery in Liver Disease).

69.2.1.2  Post transplant Monitoring of Clotting 
and Administration of Clotting Factors

Coagulation abnormalities, thrombocytopenia and fibrino-
lysis which may be related to poor preoperative general 
condition of the recipient or occur on reperfusion of the 
transplanted liver are important considerations in the patho-
genesis of post liver transplant bleeding. If graft function is 
good, coagulations factors synthesized by the new liver 
stop the oozing from raw areas.

In the early postoperative period, the causes of haemor-
rhage include bleeding from the vascular anastomoses due 
to technical failure, primary nonfunction or early dysfunc-
tion of the graft, iatrogenic injury to the liver and use of 
anticoagulants such as heparin. In the late postoperative 

period, percutaneous liver biopsy and endoscopic or percu-
taneous interventions of the biliary tract may also cause 
bleeding.

69.2.1.3  Detection, Quantifying and Treating 
Post op Haemorrhage

Postoperative haemorrhage commonly manifests as fresh 
blood loss in the abdominal drains or as haemodynamic 
instability. Coagulopathy is diagnosed and managed as out-
lined in Chap. 70: Anaesthesia for Liver Transplantation.

If bleeding persists despite correction of coagulopathy or if 
the patient is losing sufficient blood to become haemodynami-
cally unstable an urgent exploratory laparotomy is required.

At laparotomy, the vascular anastomoses, raw areas on 
the liver, diaphragm and behind the liver are carefully 
inspected. Bleeding from the hepatic artery, portal vein and 
inferior vena cava anastomoses is usually controlled by extra 
sutures to achieve haemostasis but occasionally the entire 
anastomosis may have to be refashioned. Bleeding from the 
peritoneal and retroperitoneal raw areas can be controlled by 
diathermy, argon beam coagulation or suture ligation. 
Diaphragmatic collateral vessel near the bare of the liver are 
associated with the inferior phrenic artery and bleeding from 
these usually requires suture ligation. Bleeding from the 
abdominal wound or abdominal drain sites may arise from 
the abdominal wall due to injury of the superior or inferior 
epigastric arteries, or superficial circumflex iliac arteries, 
and is controlled by suture ligation of the bleeding vessel. 
Often at exploratory laparotomy, an active bleeding source is 
not to be found but the laparotomy, lavage and evacuation of 
the blood clot achieves haemostasis.

In a haemodynamically stable patient Ultrasound and CT 
are useful in establishing whether there is a significant abdom-
inal haematoma and if this warrants evacuation. Re-laparotomy 
may be required if the haematoma is large and loculated to 
prevent abdominal compartment syndrome, difficulty in venti-
lation and possible development of secondary infection.

Diffuse liver parenchymal bleeding causing subcapsular 
haematoma is rare but occurs from minor injuries during 
mobilization and handling of the liver and is precipitated by 
underlying coagulopathy (Fig.  69.1). Selective arterial 
embolization is recommended for controlling expanding 
subcapsular haematomas which can compress the underlying 
liver parenchyma and compromise graft function [5]. Once 
the bleeding is controlled a subcapsular pigtail catheter can 
be inserted under ultrasound guidance to drain the haema-
toma [5]. If expanding subcapsular haematoma is discovered 
at relaparotomy for bleeding, perihepatic packing or opening 
of the liver capsule with haemostasis of the underlying raw 
bleeding surface may be required. Percutaneous endolumi-
nal selective arterial embolization performed under local 
anaesthesia and sedation is also the best treatment option for 
bleeding from pancreaticoduodenal and jejunal branches of 
the superior mesenteric artery, pseudoaneurysms of the 

Table 69.1 Common surgical complications after orthotopic liver 
transplantation and their incidence

Complications Incidence Reference
Postoperative haemorrhage Common
Vascular complications 6.8% [8]
  Hepatic artery thrombosis 1–9% [9]
  Hepatic artery stenosis 2–15% [15]
  Hepatic artery pseudoaneurysms 1–3% [14, 22]
  Portal vein thrombosis 2% [8]
  Portal vein stenosis 1% [28]
  Concurrent hepatic artery and portal 

vein thrombosis
Rare

  Inferior vena cava stenosis or 
thrombosis

<2% [30, 31]

Biliary complications 23% [33]
  Bile leaks 8.2% [33]
  Biliary strictures 12.8% [33]
   Anastomotic biliary strictures 12% [33]
   Non anastomotic biliary strictures 10% [48]
Intra-abdominal infections
  Intra-abdominal abscesses 29% [54]
  Infected bilomas 11.5% [58, 59]
  Liver abscesses 2.6% [60]
  Peritonitis 43% [54]
Wound complications
  Haematomas Common
  Superficial and deep wound infections 6–43% [51, 62, 

63]
  Wound dehiscence (superficial and 

deep)
27% [61]

  Incisional hernias 1.7–34.3% [66]
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hepatic and splenic artery and bleeding from percutaneous 
liver biopsy track [6, 7].

In the setting of postoperative bleeding related to poor ini-
tial graft function, it is prudent to maintain the clotting with 
clotting factors until the graft has had an opportunity to func-
tion with synthesis of clotting factors. If the graft function 
remains poor then consideration should be given to 
re-transplantation.

69.2.2  Vascular Complications

Several vascular anastomoses (hepatic artery, portal vein and 
vena cava) are carried out during the transplant procedure. 
Thrombosis or stenosis at these anastomoses are specific 
vascular complications related to liver transplantation. A 

large review of 4200 OLT’s had a 6.8% incidence of postop-
erative vascular complications [8]. Hepatic artery thrombo-
sis and portal vein thrombosis occurred in 5% (203 patients) 
and 2% (84 patients), respectively. For patients with HAT, 
initial treatment was surgical anastomotic revision or throm-
bectomy in 71% of patients and catheter based thrombolysis 
in 11.2%. Retransplantation was required in 75% of patients 
with HAT. Initial treatment for PVT was thrombolysis in 10 
patients, surgical revision or thrombectomy in 22 patients 
and retransplantation in 20 patients [8]. Although uncom-
mon, vascular complications are a major source of morbidity 
and mortality. By interrupting blood supply to the liver, they 
can cause early graft failure, long term graft dysfunction or 
patient death [8]. Thus all vascular complications are feared 
and considered life threatening. Hepatic artery thrombosis 
(HAT) and portal vein thrombosis (PVT) are more common 
than IVC complications.

69.2.2.1  Hepatic Artery Thrombosis (HAT)

 Incidence and Presentation
Hepatic artery thrombosis (HAT) is the most common vascu-
lar complication of liver transplantation. The incidence of 
HAT is between 1% and 9% [9]. Factors increasing the risk 
of HAT are outlined in Table 69.2. It leads to graft loss or 
mortality in 56% and 33% of cases, respectively [10].

The majority of publications define early HAT as occur-
ring within 1  month of transplantation [10, 11]. The UK 
liver advisory group has arbitrarily defined early HAT as an 
event which occurs between 0 and 21 days after transplan-
tation [12].

Hepatic artery thrombosis results in liver parenchymal 
ischaemia and biliary tree necrosis leading to graft failure, 
sepsis, and ultimately multiorgan failure and death. Late 
HAT may be asymptomatic and found following investiga-
tion of graft dysfunction and the finding of diffuse biliary 
strictures typical of an ischaemic cholangiopathy (Fig. 69.2). 
The development of arterial collaterals may occur second-
ary to a slow and progressive reduction in hepatic arterial 
flow resulting in the milder clinical course in late 
HAT. Fulminant hepatic failure, however, may occur in both 
early and late HAT [9].

 Diagnosis and Treatment of Early HAT
The mean incidence of early HAT is 3.9% [10]. Early 
HAT, is usually detected on either routine Doppler ultra-
sound or following elevation in liver function tests (prin-
cipally transaminases). Regular postoperative monitoring 
of the liver vasculature with Doppler ultrasound is com-
mon practice, although there are no randomized controlled 
trials of early Doppler US after OLT showing improved 
outcome. The hepatic artery supplies high oxygen level 
arterial blood to the liver and is the main blood supply to 

Fig. 69.1 Coronal (top image) and Axial (bottom image) CT scan 
from a patient post liver transplantation. A large crescent shaped sub-
capsular haematoma is seen (measured at approximately 18  mm in 
depth). This fluid is of high attenuation on CT (Hounsfield units mea-
sured at 45) consistent with haematoma. The compressive effect of the 
subcapsular haematoma gives the donor graft an irregular contour
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the extra-hepatic biliary tree. Early HAT often presents 
with biliary tract complications and should be suspected if 
the patient develops fever, transaminitis or a gram nega-
tive sepsis in the early postoperative period. Profound 
transaminitis is indicative of severe graft dysfunction 
from development of parenchymal necrosis and cholesta-
sis. Biliary ischaemia leads to development of pathogno-
monic non-anastomotic biliary strictures, intrahepatic 
biliary abscesses, cholestasis and cholangitis. The dura-
tion and severity of biliary tract ischaemia which can 
recover if hepatic artery occlusion or stenosis is diagnosed 
and treated is unknown. Biliary necrosis can also present 
as a bile leak and sepsis. Untreated early HAT usually 
leads to graft loss and patient death without urgent inter-
vention [11].

Causes of early HAT have been outlined in Table 69.2.

Diagnosis of HAT
Doppler ultrasound is typically the initial examination for 
monitoring of vascular integrity in the immediate postopera-
tive period. It is noninvasive and is available by the patient’s 
bedside. The reported sensitivity and specificity of Doppler 
sonography for HAT range from 54% to 92% and from 64% 
to 88%, respectively [13]. Visualization of the vessel together 
with demonstration of flow on Doppler US indicates a patent 
hepatic artery. However, there may be false positive findings 

in situations of hypotension, slow flow in the artery, or small 
caliber artery. Technical factors such as patient position, 
abdominal dressings, ascites and bowel gas also can limit US 
examination. Further, US is an indirect test. Doppler US is 
used as a screening test for HAT. Patients in whom US does 
not visualize the hepatic artery or does not show a normal 
arterial waveform require CT angiography or conventional 
coeliac angiography.

Treatment of Early HAT
The treatment options for early HAT are urgent retransplan-
tation, surgical revascularization, endovascular intervention 

Fig. 69.2 Top image—CT in the late arterial phase demonstrates nor-
mal filling of the coeliac trunk and splenic artery but abrupt truncation 
at the origin of the hepatic artery. A small flap is seen in the artery 
consistent with a dissection. Bottom image—ERCP performed 
3 months later demonstrating an extensive stenosis at the liver hilum 
with dilated intrahepatic ducts—this is consistent with ischaemic chol-
angiopathy secondary to loss of hepatic artery

Table 69.2 Causes of early hepatic artery thrombosis (HAT) [8, 11]

Surgical causes (technical complications)
Retrieval injuries (intimal tears and dissection)
Kinking of the artery
Discrepancy in size between donor and recipient arteries
Anastomotic stenosis
Aberrant and accessory arteries requiring complex back-table 
arterial reconstruction
Small donor or recipient arteries
Poor quality donor or recipient arteries (e.g. atheromatous)
Use of aortohepatic arterial grafts (conduits)
Pretransplant transarterial chemoembolisation for liver cancers
Retransplantation
Paediatric transplants
Non surgical causes
Cigarette smoking
ABO incompatibility
Long cold ischaemia time
Procoagulant states (Janus kinase 2, factor V Leiden deficiency, 
anticardiolipin antibodies, high haematocrit)
Procoagulant liver diseases (primary sclerosing cholangitis, human 
immunodeficiency virus)
Fragile arteries (familial amyloid polyneuropathy, alpha-1- 
antitrypsin deficiency)
Drugs (aprotinin, tranexamic acid)
Massive ascites
Cytomegalovirus
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or observation. Surgical revascularization techniques include 
thrombectomy, revision of hepatic artery anastomosis or cre-
ating an interposition conduit from recipient aorta to donor 
hepatic artery using a donor iliac artery graft. Endovascular 
interventions include intra-arterial thrombolysis, percutane-
ous transluminal angioplasty and stent placement. The best 
treatment option has not been established and there are no 
guidelines or randomized controlled trials to guide treatment 
of HAT.  Endovascular treatments are controversial due to 
potential risks of haemorrhage, dissection and thrombosis, 
and their efficacy is not proven [14]. The safety and efficacy 
of thrombolytic treatment has been shown with different 
dosing regimens, but the best protocol in terms of dose and 
duration of treatment is not known and there are no specific 
guidelines for their use [14]. Retransplantation is ultimately 
required in most patients with HAT.  In 133 cases of early 
HAT, surgical thrombectomy or anastomotic revision was 
performed in 86 patients of which graft salvage was achieved 
in only 9 patients (10.5%), retransplantation was required in 
71 patients. Six patients died while waiting for retransplanta-
tion. Catheter based thrombolysis was performed in 3 
patients of which only 1 had graft salvage [8]. In a systematic 
review of early HAT, revascularisation was attempted in 75% 
of adults and 64% of children with overall success rate of 
56%. In 30% retransplantation was necessary after attempted 
revascularisation. Retransplantation was the treatment of 
choice in 53% of cases of early HAT. The overall mortality 
of retransplantation was 55% [10]. At our institution, experi-
ence with thrombolysis for early HAT has not been encour-
aging. In patients with a patent coeliac trunk and no CT 
evidence of parenchymal ischaemia a surgical approach with 
thrombectomy would be considered or formation of an arte-
rial conduit to the infrarenal aorta. Patients with established 
graft damage at the time of HAT diagnosis would be consid-
ered for re-transplant.

Treatment of Late HAT
Late HAT may be treated conservatively if there is evidence 
of arterial collateralisation with good hepatic perfusion. If 
late HAT is associated with graft impairment or ischaemic 
cholangiopathy then retransplantation is required. In a retro-
spective review of 71 episodes of late HAT conservative 
management was successful in 13% of patients. The inci-
dence of retransplantation was 41%. In 32%, patients were 
too ill for retransplantation and died within a month of diag-
nosis [9]. Endovascular treatment has not generally been 
successful for late HAT.

69.2.2.2  Hepatic Artery Stenosis
The clinical significance of hepatic artery stenosis (HAS) 
has not been well defined. This is likely related to whether 
it is a radiological appearance or producing a true reduc-

tion in arterial flow. It is considered a risk factor for devel-
opment of HAT, for graft ischaemia and for biliary 
complications. The reported incidence of HAS is between 
2% and 15% [15]. Untreated HAS progresses to HAT in 
65% of cases [14].

Hepatic artery stenosis most commonly occurs at the site 
of anastomosis [16]. It can also occur due to kinks in redun-
dant hepatic artery or due to intimal damage from vascular 
clamp injury [16]. Atheromatous donor or recipient vessels 
can also cause HAS.

 Diagnosis
Severe HAS is defined as resistive index <0.5, peak systolic 
velocity >400 cm/s and presence of tardus parvus waveform 
on Doppler ultrasound [17]. More than 50% narrowing of the 
transverse diameter on angiogram in the presence of clinical 
suspicion (elevated liver function tests) also suggests signifi-
cant HAS [14]. Technical factors such as poor surgical tech-
nique, redundant length with kink, clamp injury, intimal 
dissection and acute rejection are considered risk factors for 
development of HAS.

Clinical presentation can be with abnormal liver function 
tests alone, biliary complications and cholangitis, or deterio-
rating graft function. The incidence of biliary complications 
in patients with HAS is between 22% and 54% [15]. Initial 
investigation is Doppler US followed by CT angiography or 
conventional angiography for confirmation of diagnosis.

 Treatment
Treatment options for HAS are endovascular intervention, sur-
gical revision of vascular anastomosis and retransplantation. 
Surgical revision methods include resection of the stenotic 
segment with primary reanastomosis, interposition artery or 
vein grafts and vein patch angioplasty [18]. Endovascular 
intervention consists of percutaneous transluminal balloon 
angioplasty with or without stent placement. There are no ran-
domized trials comparing efficacy and outcomes of surgery 
versus endovascular treatment of HAS. In 35 cases of HAS 
treated by open surgical revision, actuarial patient and graft 
survival at 4  years were 65% and 56%, respectively [18]. 
Endovascular treatment is a less invasive alternative to surgery 
and can be performed with high technical success rate and low 
morbidity. In a retrospective review [17] of 99 cases of HAS, 
technical success of endovascular treatment defined as <30% 
residual stenosis after treatment was accomplished in 91% of 
cases. Major complications occurred in 7.5%. In another 
review [15] transluminal intervention and endovascular stent 
placement, was associated with 5 year graft and patient sur-
vival rates of 82.3% and 87.7% respectively.

Patients with HAS who develop deranged liver function 
tests or biliary complications within 6–12 months of trans-
plantation appear to benefit from endovascular treatment 
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[19, 20], but whether asymptomatic patients with HAS also 
benefit is not clear [20, 21].

69.2.2.3  Hepatic Artery Pseudoaneurysms
An arterial pseudoaneurysm is formed following injury to 
the vascular wall, with resultant leakage of blood which is 
contained by the tunica adventitia of the vessel or its sur-
rounding tissues.

Hepatic artery pseudoaneurysm (HAP) is a rare but well 
documented complication following liver transplantation, 
with a reported incidence between 1% and 3% [14, 22]. The 
location of the pseudoaneurysm can be either extrahepatic, 
or less frequently intrahepatic [14].

HAP’s most commonly present within the first month fol-
lowing transplantation, but a more delayed appearance has 
also been described. Common presentations are massive 
intra-abdominal haemorrhage and shock following rupture 
or intermittent gastrointestinal bleeding and haemobilia. 
Obstructive jaundice and deranged liver function tests can 
also be found in the presence of a pseudoaneurysm that 
extrinsically compresses the biliary tree. In rare occasions, 
they may remain quiescent and are found on radiological 
investigations for non-specific symptoms, including abdomi-
nal pain, fever and falling haemoglobin [23–25].

The aetiology varies and it may include infection, instru-
mentation and biliary leak [22–24]. In a review of 16 OLT’s 
complicated by HAP, the majority of the patients had cul-
ture proven bacterial or fungal intra-abdominal infections. 
A strong association with bile leak and bilioenteric anasto-
mosis was also demonstrated [23]. A technically difficult 
arterial anastomosis is also considered a risk factor for 
HAP formation [22, 23]. In a review of 13 OLT’s compli-
cated by HAP, intrahepatic pseudoaneurysms were associ-
ated with interventional procedures, such as liver biopsy, 
percutaneous transhepatic cholangiography (PTC) and 
placement of percutaneous transhepatic biliary drainage 
catheters (PTBD) [22].

Preoperative diagnosis can be difficult, and frequently 
pseudoaneurysms are detected during emergency laparot-
omy for intra-abdominal haemorrhage or infected collec-
tions. Multimodality imaging can assist in diagnosis and the 
methods include Doppler ultrasound scan, contrast-enhanced 
CT scan, magnetic resonance angiography and formal angi-
ography [22–25].

Treatment may be surgical or by the interventional radi-
ologist. Presentation and location may determine the optimal 
treatment [14, 22]. Intrahepatic pseudoaneurysms are often 
treated by selective embolisation with good results in the 
absence of infection [22]. Pseudoaneurysms involving the 
main hepatic artery or the anastomosis (Fig. 69.3) frequently 
require surgical intervention but embolisation of the artery or 
placement of arterial stent to exclude the pseudoaneurysm 

may be effective [22, 23, 26]. Surgical approaches include 
hepatic artery ligation with or without revascularization of 
the graft [22–26]. Hepatic artery ligation without revascular-
ization is considered a salvage procedure and should only be 
considered as a lifesaving procedure in the setting of a rup-
tured HAP [24]. Another surgical approach involves excision 
of the HAP and immediate revascularization by direct arte-
rial re-anastomosis or by use of an arterial conduit [22–26].

Despite optimal surgical and/or radiological treatment, 
HAP following liver transplantation is associated with 
increased mortality and morbidity [14]. Complications 
include loss or poor graft function requiring retransplanta-
tion, sepsis and multiorgan failure, ischaemic cholangiopa-
thy with biliary strictures leading to recurrent cholangitis and 
bleeding [22–26].

HAP is a rare but serious complication of liver transplan-
tation. It is frequently seen in the setting of intra-abdominal 
sepsis and biliary leak. High clinical suspicion and vigilance 
should prompt early investigation and treatment. Management 
should be achieved in a multimodality approach including 
surgical and radiological interventional procedures. 
Unfortunately, a high mortality and morbidity remain high 
even following successful initial treatment.

69.2.2.4  Portal Vein Thrombosis (PVT)
Portal vein thrombosis after liver transplantation occurred in 
2% of cases in a large single centre review of 4200 OLT’s 
[8]. It is commonly a result of technical issues such as small 
portal vein size, discrepancy in caliber of donor and recipient 
vessels, redundancy, misalignment, stretching of the anasto-
mosis and use of venous conduits for portal vein reconstruc-
tion. Other risk factors include previous portal vein 
thrombosis, previous splenectomy and hypercoagulable 
states. Similar to HAT, portal vein thrombosis disrupts blood 
supply to the liver graft and can lead to graft failure and 
patient death.

PVT can present acutely with graft failure or with portal 
hypertension and ascites, gastrointestinal bleeding and ele-
vated transaminases. Diagnosis can be made on Doppler 
ultrasound and confirmed by contrast enhanced CT scan. 
Non opacification of the portal vein on contrast CT is indica-
tive of portal vein thrombosis.

Acute portal vein thrombosis is treated by exploratory 
laparotomy and portal vein thrombectomy. Revision of the 
portal vein anastomosis or construction of a mesenteric 
venous jump graft (venous conduit) may be required. 
Urgent retransplantation is required for patients presenting 
with acute graft failure and graft necrosis. Chronic portal 
vein thrombosis presenting with complications of portal 
hypertension can be treated by creation of a surgical porto-
systemic shunts if the superior mesenteric or splenic vein 
remains patent. Asymptomatic patients can be treated with 
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anticoagulation without surgical therapy. In 84 patients 
with post transplant PVT, 48 patients received anticoagu-
lation without surgical therapy, 22 underwent reoperation 
and thrombectomy, 20 underwent retransplantation, ten 
had catheter directed therapy and six had portosystemic 
shunt surgery [8].

Portal vein thrombosis can be more detrimental to graft 
and patient survival than HAT [8]. This may be due to tech-
nical considerations precluding retransplantation. During 
retransplantation for HAT, arterial reconstruction may be 
performed by anastomosing the donor artery to recipient 
common hepatic artery, coeliac trunk or via an arterial 
 conduit to the aorta. However in patients with extensive por-
tal vein thrombosis extending into the mesenteric veins it 
may not be technically possible to construct alternative por-
tal inflow to the new graft even with construction of a venous 
conduit. Therefore many patients with portal vein thrombo-
sis may not be candidates for retransplantation [8].

With advances in interventional radiology, minimally 
invasive treatments have been tried and there are small case 
series of percutaneous transhepatic thrombolysis, balloon 
angioplasty and stent placement [27].

69.2.2.5  Portal Vein Stenosis
Portal vein stenosis occurs in less than 1% of patients after 
liver transplantation. It occurs at the site of the portal vein 
anastomosis. It can lead to portal vein thrombosis or can 
present with portal hypertension with gastrointestinal bleed-
ing and ascites. Diagnosis is made on Doppler US and CT 
angiography and confirmed by percutaneous transhepatic 
portal venography. The recommended treatment is percuta-
neous transhepatic balloon angioplasty performed by an 
interventional radiologist [28] (Fig. 69.4).

69.2.2.6  Concurrent Hepatic Artery and Portal 
Vein Thrombosis

This is extremely rare and there are only a handful of 
case reports published in the English literature. Not much 
is known about its causation. Trauma from vascular inter-
vention such as embolization of hepatic artery pseudoaneu-
rysm and generalized hypercoagulable states are some of 
the factors reported to precipitate this event. When concur-
rent HAT and PVT occur in the first few days post trans-
plant complete graft necrosis is inevitable and urgent 
retransplantation is required. However when the event 

Fig. 69.3 Top left image—
CT coronal maximal intensity 
projection demonstrating a 
pseudoaneurysm at the 
hepatic arterial anastomosis 
(white arrows). Top right 
image—Angiogram from the 
coeliac trunk confirms finding 
on CT (black circle). Bottom 
left image—Further 
subselective angiogram via a 
microcatheter in the neck of 
the pseudoaneurysm 
demonstrates its extent (red 
circle)
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occurs late, graft survival has been reported due to develop-
ment of collateral circulation reconstituting intrahepatic 
blood flow. These patients have high risk of developing 
biliary necrosis and ischaemic cholangiopathy and there-
fore require close surveillance [29].

69.2.2.7  Vena Cava Complications
Stenosis or thrombosis of the inferior vena cava after liver 
transplantation is rare with an overall incidence of less than 
2% [30, 31]. The stenosis or thrombosis occurs at the site of 
the surgical inferior vena cava anastomosis and can lead to 
hepatic outflow obstruction. The likely cause depends on the 
length of time elapsed since the liver transplant operation. 
When the event occurs acutely, it is due to technical issues 
such as a tight anastomosis, twisting or misalignment of the 
IVC, donor recipient size mismatch, or an intimal flap. Late 
anastomotic stenosis is usually due to perivascular fibrosis or 
intimal hyperplasia. Extrinsic compression of the IVC can 
also occur due to an oedematous or hypertrophic liver graft 
causing outflow obstruction.

The clinical features of hepatic outflow obstruction can 
include abdominal pain, enlargement and engorgement of 
the liver, ascites, increased abdominal girth, peripheral 
oedema and laboratory findings of deteriorating liver func-
tion. The liver is enlarged and firm on palpation.

Diagnosis can be made on US and contrast enhanced 
CT or MRI.  Venography and measurement of pressure 
gradient across the stenosis will confirm the diagnosis of 

hepatic outflow obstruction [30, 32]. However, it is often 
not possible to do a gradient measurement if there is out-
flow occlusion.

Initial treatment is medical with diuretics. When this 
fails percutaneous balloon angioplasty with or without 
stent can be considered. IVC stenosis are resistant to angio-
plasty and have high risk of restenosis with angioplasty 
alone. IVC stents have good short term success rates but 
have risk of thrombosis, migration and can interfere with 
retransplantation. Surgical repair of the IVC anastomosis is 
technically difficult because of the short length of suprahe-
patic IVC [30–32]. Ultimately retransplantation is required 
for many patients.

69.2.3  Biliary Complications

Biliary complications are the most common major post 
transplant complication and a major source of morbidity 
after OLT.  They increase hospital stay and often require 
invasive procedures such as Endoscopic Retrograde 
Cholangio Pancreatography (ERCP), percutaneous transhe-
patic cholangiography (PTC), surgical reconstruction of the 
bile duct and even re-transplantation. Biliary complications 
manifest as bile leaks which occur in the early postoperative 
period or as biliary obstruction due to anastomotic or non-
anastomotic strictures which occur late. In a systematic 
review [33] of more than 14,000 transplanted patients the 

Fig. 69.4 Top left image—
CT scan in the portal venous 
phase showing a relative 
caliber change in the portal 
vein at the anastomosis. Top 
right image—Transhepatic 
portogram confirming the 
stricture (red circle). Bottom 
left image is after balloon 
angioplasty of the portal 
anastomosis
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mean overall incidence of biliary strictures and bile leaks 
was 12.8% and 8.2%, respectively. Mortality was 1% for 
each.

69.2.3.1  Biliary Reconstruction Techniques
The preferred surgical technique for biliary reconstruction 
during OLT in most centres is a choledochocholedochos-
tomy (duct to duct reconstruction) where the donor bile duct 
is anastomosed to the recipient bile duct using interrupted or 
continuous sutures. This is done most commonly as an end to 
end anastomosis but a side to side anastomosis is equally 
effective and both techniques have similar risk of biliary 
complications [34]. A duct to duct anastomosis is physiolog-
ical, preserves sphincter of Oddi function and maintains 
endoscopic access to the bile duct.

A Roux en Y choledochojejunostomy, where the donor 
bile duct is anastomosed to a Roux loop of recipient jejunum, 
is performed in specific situations such as primary sclerosing 
cholangitis with involvement of the extrahepatic bile duct, 
significant discrepancy between donor and recipient ducts, 
retransplantation, and revision surgery for biliary stricture.

A choledochoduodenostomy, where the donor bile duct is 
anastomosed directly to recipient duodenum has been 
described as a safe alternative to choledochojejunostomy by 
some centres. However the benefits of this technique have 
not been demonstrated in a randomized trial [35].

Traditionally a T-tube was used for duct to duct recon-
struction during OLT to provide radiological access to the 
bile duct and to monitor bile output postoperatively, a marker 
of satisfactory graft function. However T-tubes are associ-
ated with a risk of ascending cholangitis and bile leak at the 
time of tube removal in up to 15% of patients. Some studies 
have, however, reported lower incidence of biliary strictures 
with use of T-tube [36]. There is no strong evidence to sup-
port the routine use of T-Tube for biliary reconstruction dur-
ing OLT [36, 37] and nowadays most transplant centres only 
use them when difficulties in reconstruction are 
encountered.

69.2.3.2  Diagnosis of Biliary Complications
Most biliary complications occur within the first 3 months 
after OLT.  Early diagnosis and prompt intervention has 
decreased the morbidity and mortality associated with bili-
ary complications after OLT.  The coexistence of hepatic 
artery thrombosis with biliary complications must always be 
considered and investigation of biliary complications must 
include careful assessment of the hepatic artery patency and 
blood flow.

Initial evaluation is with US examination of the liver and 
Doppler evaluation of the hepatic artery. US is useful in 
detecting fluid collections and bile duct dilatation but has 
low sensitivity in diagnosing biliary complications. If 
Doppler US is suspicious for hepatic artery stenosis or 

thrombosis, CT angiography or conventional coeliac angiog-
raphy should be performed to confirm the diagnosis.

Cholangiography either by the endoscopic route (endo-
scopic retrograde cholangiopancreatography, ERCP) or per-
cutaneous route (percutaneous transhepatic cholangiography, 
PTC) are the gold standard for diagnosis of biliary complica-
tions. However MRCP (Magnetic resonance cholangiopan-
creatography), which is noninvasive, has sensitivity of 96% 
and specificity of 94% for diagnosing biliary obstruction in 
OLT patients [38]. MRCP is therefore an appropriate diag-
nostic procedure before undertaking invasive procedures 
such as ERCP and PTC.

69.2.3.3  Bile Leaks
The majority of bile leaks occur at the surgical anastomo-
sis site. Other sites of bile leaks are the liver cut surface 
when partial grafts are used and after T-tube removal. 
Occasionally bile leaks can occur after percutaneous liver 
biopsy. The mean incidence of bile leak after cadaveric 
OLT was 7.8% [33].

Anastomotic bile leak is considered a technical failure 
and can occur due to improper surgical technique causing 
ischaemic necrosis of the anastomosis due to tension at the 
anastomosis, traction on the stitches, taking large bites or 
placing too many stitches. Stripping of the extrahepatic bile 
duct of all surrounding tissues during the retrieval or back 
table preparation procedures can also lead to ischaemic 
necrosis of the duct by injuring its blood supply which arises 
via small branches from the hepatic artery. Hepatic artery 
thrombosis occurring in the early postoperative period causes 
necrosis of the entire bile duct with complete disruption of 
the anastomosis.

Bile leaks can be asymptomatic with elevation in labora-
tory values of liver function or present with fever, abdominal 
pain and peritonitis. For suspected duct to duct anastomotic 
leaks, if a T-tube is in place, a T-tube cholangiogram should 
be performed to detect the bile leak. In those without a T-tube 
an ERCP is the investigation of choice for diagnosing the 
bile leak. Sphincterotomy with placement of a plastic biliary 
stent at ERCP is successful in resolving 94% of bile leaks 
[39]. Fluid collections and bilomas are drained by percutane-
ous methods under US or CT guidance to prevent secondary 
infection and abscess formation. The bile duct stent is left in 
situ for at least 2–3 months to allow sufficient time for the 
leak to heal in the immunosuppressed patient.

There is limited experience in the use of covered self 
expanding metal stents (cSEMS) for post liver transplant bile 
leaks. cSEMS are effective in controlling the bile leak 
(Fig. 69.5) but may be associated with a high risk of stricture 
at site of previous bile leak. In a review of 17 cases of post 
liver transplant bile leaks treated by cSEMS placement, 8 
cases developed biliary strictures after removal of cSEMS 
[40]. Prospective studies comparing cSEMS versus plastic 
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stents are required to ascertain the benefits and risks of 
cSEMS use for bile leaks in OLT patients.

In patients with a choledochojejunostomy anastomotic 
leak, ERCP is not possible. A PTC with insertion of internal 
external biliary drain is the preferred initial management. 
Relaparotomy for revision of the choledochojejunostomy is 
often required.

69.2.3.4  Biliary Strictures
Biliary strictures can be anastomotic or non anastomotic. 
Anastomotic strictures are more common. Anastomotic 
strictures are extrahepatic and occur at the site of surgical 
biliary anastomosis, whereas nonanastomotic strictures 
occur at any other site in the biliary tree and can be extrahe-
patic as well as intrahepatic.

 Anastomotic Strictures
The mean incidence of anastomotic strictures is 12% after 
cadaveric OLT [33] and the majority of them occur within 
the first year after OLT. They occur as a result of technical 
issues causing ischemia and scarring of the anastomosis. A 
previous bile leak is an important risk factor for developing a 
biliary stricture [41].

Clinical presentation is variable and the diagnosis of bili-
ary obstruction requires a high degree of clinical suspicion. 
Many patients present with abnormal liver function tests and 
no symptoms. Others will present with acute cholangitis 
(fever, rigors, abdominal pain and jaundice). Other presenta-
tions are symptoms of jaundice with or without pruritus, or 
as repeated episodes of fever and abnormal liver function 
tests. Ultrasound with Doppler is the initial investigation to 
assess the liver parenchyma, bile ducts and hepatic vascula-

ture. However US has low sensitivity to detect biliary 
obstruction because many OLT patients do not develop bili-
ary dilatation despite a tight biliary stricture [42]. Therefore 
if biliary obstruction is suspected, MRCP followed by ERCP 
or PTC should be performed (Fig. 69.6).

Most transplant centres nowadays use ERCP with balloon 
dilatation and placement of plastic stent for treatment of 
anastomotic strictures. Reported long term success rate var-
ies from 64% to 100% [43]. However treatment of the biliary 
stricture is not usually possible in a single endoscopic inter-
vention and most patients require several ERCP’s, usually 
once every 2–3 months, for repeated balloon dilatation and 
stent changes. Following endoscopic treatment, patients 
require long term surveillance since the recurrence rate is 
high. One study reported recurrence of anastomotic stric-
tures in 25.5% of patients after initial successful course of 
stent treatment [43]. However recurrences can be treated 
with further course of endoscopic plastic stents achieving 
long term stricture resolution in 67% of patients [43]. 
Although ERCP is an invasive procedure, it is generally well 
tolerated by patients with one prospective study showing a 
complication rate of 6.6% per procedure and 20.7% per 
treated patient [44]. In this study the cumulative rate was 
higher because most patients require multiple endoscopic 
interventions for treatment of anastomotic strictures follow-
ing OLT.

There is limited data on the value of covered self expand-
ing metal stents (cSEMS) in the management of anastomotic 
biliary strictures after liver transplant. Spontaneous cSEMS 
migration is known to occur [45, 46]. In a randomized clini-
cal trial [45] comparing cSEMS versus multiple plastic stents 
in 64 patients, stricture recurrence rates were higher in 
cSEMS group (32% versus 0%), complications rates 

Fig. 69.5 Left hand 
image—ERCP demonstrating 
extravasation of contrast at 
biliary duct to duct 
anastomosis (red circle). 
Right hand image—ERCP 
image, showing placement of 
a covered metal biliary stent 
across the anastomosis (red 
arrows)
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 including acute pancreatitis were higher in cSEMS group 
(23.3% versus 6.4%). Stricture resolution rates were not sta-
tistically different (83.3% versus 96.5%) between the two 
groups. cSEMS migration occurred in 3 cases [45]. cSEMS 
however may require fewer endoscopic interventions and 
stent changes. In another randomized clinical trial [46] of 48 
patients, cSEMS required a median of 2 endoscopic inter-
ventions and a median of 1 stent whereas the plastic stent 
group required a median of 4 endoscopic interventions and a 
median of 8 stents until stricture resolution. cSEMS migra-
tion occurred in 8 cases [46]. At present, cSEMS may be 
reserved for use in biliary strictures refractory to treatment 
with plastic stents, however stent migration will continue to 
be a problem in these cases too. Further prospective studies 
are required to investigate duration and cost effectiveness of 
cSEMS therapy. Trial of newer stents with flared ends or 
anchoring flaps which may prevent stent migration may also 
be beneficial.

PTC for balloon dilatation and stent placement is per-
formed in patients in whom ERCP is not successful due to 
failure to gain access to the bile duct or to cross a tight stric-
ture. Patients with Roux en Y choledochojejunostomy 
require PTC as endoscopic access is rarely possible. PTC is 
required in 16–44% of cases [47]. It is more invasive than 
ERCP but has a high technical success rate. Complications 
include haemorrhage and bile leak from the liver puncture 
site. Also, PTC can be difficult and challenging if the intra-
hepatic bile ducts are not dilated.

Surgery is required for the treatment of bile duct strictures 
when ERCP and PTC have failed. Surgical biliary recon-
struction most commonly consists of conversion to Roux en 
Y choledochojejunostomy or hepaticojejunostomy when the 
original procedure was a duct to duct anastomosis. In patients 
in whom the initial procedure was a Roux en Y choledocho-
jejunostomy, the anastomosis is reconstructed above the pre-
vious anastomosis to healthy and well vascularized bile duct 
and jejunum.

 Nonanastomotic Biliary Strictures
Non anastomotic biliary strictures occur secondary to 
hepatic artery thrombosis, chronic rejection, recurrence of 
primary sclerosing cholangitis, prolonged warm ischaemia 
time and use of ABO incompatible grafts. The incidence of 
non anastomotic biliary stricture after cadaveric OLT is 
around 10% [48]. Strictures can occur at single or multiple 
sites and can involve the extrahepatic bile ducts, hilum and 
intrahepatic bile ducts. The strictures are difficult to treat. 
The reported success rate of endoscopic therapy is 50–75% 
[49]. As the obstruction progresses biliary sludge, casts and 
stones form in the obstructed bile ducts further compound-
ing the obstruction and predisposing to recurrent episodes 
of cholangitis. Graft loss rate is up to 46% by the end of the 
second postoperative year [48]. Progression of the anatomi-
cal extent of the biliary strictures occurred in 68% of 
patients with a significant number of patients developing 
sludge and casts [50]. Cholangitis occurred in 48% of 
patients and biliary cirrhosis, the end result of long stand-
ing biliary obstruction from nonanastomotic strictures, 
occurred in 28% of patients [50]. Overall, up to 50% of 
patients with non anastomotic biliary strictures die from 
complications or require re- transplantation [49].

69.2.4  Intra-abdominal Infections

Intra-abdominal infections present as intra-abdominal 
abscesses, infected bilomas, liver abscesses or peritonitis. 
Abdominal infections are a major source of bacterial 
infections and account for 27–47% of bacterial infections 
in the early postoperative period after OLT [51]. Risk fac-
tors associated with development of intra-abdominal 
infections after OLT include high pre transplant MELD 
score, prolonged duration of surgery, retransplantation, 
Roux en Y biliary anastomosis, and renal replacement 
therapy after liver transplant [52]. Abdominal infections 

Fig. 69.6 Left hand 
image—MRCP coronal image 
showing caliber change at the 
biliary anastomosis. Right 
hand image—ERCP image, 
Cholangiogram confirming 
the finding on MRCP with 
tight stricture at the biliary 
anastomosis

69 Surgical Complications Following Liver Transplant and Their Management



752

prolong hospital stay, increase medical costs and graft 
loss [53].

Peritonitis occurs as a result of technical complications 
such as biliary or bowel anastomotic leak, or due to bowel 
perforation. Peritonitis accounted for 43% of intra- 
abdominal infections in a review of 169 adult OLT’s [54]. 
In a retrospective review of 950 cadaveric OLT’s studying 
peritonitis after liver transplant, bile leak and bowel anas-
tomotic leak or perforation were associated with 28.7% 
and 18.5% of episodes of peritonitis respectively [52]. 
Bowel leaks which occur at enteric anastomosis sites are 
often due to a technical failure. Gastrointestinal perfora-
tions after adult OLT are rare and there are only anecdotal 
reports in the literature. Perforations can occur in the 
small and large bowel or stomach and duodenum and 
could be due to iatrogenic injury related to adhesiolysis 
and diathermy use. Post transplant lymphoproliferative 
disease (PTLD) is a rare cause of intestinal perforations 
after OLT and in a review of 5677 adult OLT’s, 6 patients 
with PTLD presented with perforation [55]. Plain X-rays 
and contrast CT are diagnostic and exploratory laparot-
omy is required. In the immunosuppressed transplanted 
patient, clinical features of perforation may be absent or 
non specific and the interval from clinical onset to surgery 
can be 2–8 days [56].

Intra-abdominal abscesses after OLT can occur as a result 
of secondary infection of fluid collections or haematomas. The 
source may be external contamination such as drains or via 
haematogenous route or translocation from gut. Small ascitic 
fluid collections are common after OLT and usually resolve 
spontaneously in a few days. Small haematomas are also com-
mon and usually resolve without complications although com-
plete resolution of some haematomas can take several months. 
Large haematomas can get infected leading to abscess forma-
tion. The gallbladder fossa, hepatorenal pouch and subphrenic 
spaces are common sites for haematoma and abscess forma-
tion. In a retrospective review of 169 OLT patients, intraab-
dominal infections occurred in 40% of patients in the first 
2 months after OLT, with intra-abdominal abscesses compris-
ing 29% of infections [54]. In the presence of immunosup-
pression, fever and leukocytosis do not correlate well with 
abdominal sepsis and a low threshold should be maintained to 
investigate for abdominal infection in OLT recipients with 
minimum signs and symptoms [54]. US and contrast CT are 
the investigations of choice and a complex fluid collection 
with an air fluid level is diagnostic of an abscess. Treatment 
consists of US or CT guided drainage of abscess and antimi-
crobial therapy. Intra-abdominal abscesses are significantly 
associated with patient death and graft loss [57].

Bilomas are localised intra or extrahepatic collections of 
bile typically associated with bile leaks or strictures. They 
have a high rate of retransplantation and decreased patient 
and graft survival. Bilomas may be associated with biliary 

anastomotic leaks or occur secondary to ischaemic bile duct 
injury from hepatic artery thrombosis or stenosis. 
Choledochojejunostomy is also strongly associated with 
biloma formation [58]. Although initially sterile, superim-
posed infection can occur. In a review of 492 OLT’s 11.5% 
patients developed one or more bilomas [58, 59]. Clinical 
presentation was with fever and abdominal pain in 44% and 
40% of patients respectively. Thirty-five percent were 
asymptomatic and were identified only because of abnormal 
liver enzymes [59]. Common infecting organisms were 
enterococci, staphylococci and candida species. Contrast 
enhanced CT and cholangiography are the mainstay of diag-
nosis. In the absence of graft failure, initial treatment is with 
percutaneous aspiration or drainage of the biloma, endo-
scopic stenting and antimicrobial therapy. Retransplantation 
is required if there is worsening graft function or no clinical 
improvement with nonsurgical therapy [59].

Pyogenic liver abscesses after OLT are uncommon. In a 
review of 2715 recipients of organ transplants 12 patients with 
14 episode of liver abscesses were identified, all in liver trans-
plant recipients (n = 459) [60]. Fever, chills and abdominal pain 
were common presenting symptoms. US and contrast enhanced 
CT were the mainstay of diagnosis. Predisposing factors for 
liver abscess formation were HAT, cholangitis, choledochoje-
jeunostomy, liver biopsy and prior episodes of bacteremia. CT 
guided drainage was successful in 70% of cases, five patients 
required retransplantation and five patients died [60].

69.2.5  Wound Complications

Surgical wound complications are the most common surgi-
cal problem following liver transplantation [61]. They 
include wound haematomas, superficial and deep wound 
infections, wound dehiscence and incisional hernias. Their 
incidence is related to various factors, including the com-
plexity and duration of the transplant procedure, immuno-
suppressive treatment and the recipient BMI. Although not 
usually associated with mortality, their presence can increase 
morbidity due to increased hospital stay, readmissions and 
reoperations. They also increase medical costs and affect the 
patient’s quality of life.

Wound haematomas are common after OLT. Portal hyper-
tension and coagulopathy are risk factors for development of 
wound haematomas. They can delay wound healing or get 
secondarily infected. Removal of a few skin sutures to allow 
evacuation of the haematoma is advisable.

Wound infections may be superficial involving the skin 
and subcutaneous tissue or deep involving the fascia and 
muscle layers. Superficial and deep wound infections usually 
occur within the first month after transplantation and com-
monly present with wound erythema, tenderness and puru-
lent discharge. The incidence of wound and organ/space 
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infections considered together ranges between 6% and 43%. 
They are associated with prolonged hospitalization and read-
mission, and higher costs. Risk factors include diabetes, obe-
sity, prolonged surgical procedure, large number of red blood 
cell transfusions and immunosuppression [51, 62, 63]. Gram 
positive organisms including Staphylococcus and 
Enterococcus species are the most common pathogens, but 
gram negative bacteria and Candida species can also cause 
wound infections [64, 65]. Multiple pathogens are also com-
mon [65]. Removal of skin sutures to release the wound col-
lections and pus, and wound debridement is often required, 
following which wounds are allowed to heal by secondary 
intention. Antimicrobial treatment protocols including peri-
operative prophylaxis and postoperative empirical treatment 
(until wound culture and antimicrobial sensitivities are avail-
able) should be specifically tailored, rather than generalized, 
to each transplant centre’s requirements and always take into 
consideration that more than one pathogens may be involved.

Superficial wound dehiscence involves the skin and the 
subcutaneous tissue whereas full-thickness or deep wound 
dehiscence denotes the involvement of the underlying fascia 
and muscle, and can lead to evisceration. Wound dehiscence 
(superficial and deep) occurs in 27% of liver transplant 
patients. Superficial wound dehiscence can be managed con-
servatively and healing by secondary intent can be achieved 
or the wound can be debrided and primarily closed. Another 
emerging technique is the application of vacuum dressings 
that promote wound healing by suction approximation of the 
skin edges and promoting granulation tissue and healing by 
secondary intention. Full-thickness wound dehiscences are 
considered a surgical emergency and require reoperation for 
primary or mesh closure of the abdomen [61].

An abdominal incisional hernia is a defect in the abdomi-
nal wall at the site of a previous incision. Incisional hernias 
following liver transplantation are late complications and 
their incidence can range between 1.7% and 34.3% [66]. Not 
all incisional hernias are symptomatic, however they can lead 
to several complications, including abdominal discomfort 
and pain, incarceration and strangulation, bowel obstruction, 
necrosis and perforation of the bowel and cosmesis issues 
[61, 66]. Risk factors for the formation of an incisional hernia 
after liver transplantation include surgical site infection, pro-
longed ICU stay, high BMI, older age (>55 years) and immu-
nosuppression [61, 66–68]. Surgical site infections are 
strongly associated with the formation of incisional hernias 
and the underlying mechanism involves impaired wound 
healing [67]. The association between prolonged ICU stay 
and incisional hernia has been hypothesised to be related to 
malnutrition and impaired immune function [66]. A link 
between obesity and incisional hernia development has been 
suggested by several studies and this is attributed to the higher 
intra-abdominal pressures exerted on the abdominal muscles 
during wound healing, the higher incidence of wound infec-

tions as well as the higher occurrence of diabetes mellitus in 
obese patients [66–68]. Older patients are also more likely to 
form an incisional hernia after liver transplant due to altera-
tions in their immune system that can lead to a higher rate of 
wound infections as suggested by one study, although the 
mechanism behind this is not clear [66]. More than a few 
studies have shown a relationship between incisional hernia 
formation and immunosuppression. Several agents have been 
implicated in the pathogenesis and include mycophenolate 
mofetil (MMF), steroids and mammalian target of rapamycin 
(mTOR) inhibitors, such as sirolimus [61, 67]. The type of 
incision is also important and a J shaped subcostal incision is 
associated with reduced incidence of wound infection, dehis-
cence and hernias as compared to the classic Mercedes Benz 
incision [69]. Clinical follow-up and examination of the 
patient is important in the identification of incisional hernias, 
as they can be often missed and thus their management 
delayed [66]. Treatment of symptomatic incisional hernias is 
surgical and the preferred method is bridging of the defect 
with the use of a mesh, either synthetic or biological, as it has 
been found that direct closure of the abdominal wall with 
sutures leads to high recurrence rates [66, 70].

69.3  Conclusion

Postoperative surgical complications are a common and 
important cause of morbidity and mortality after liver trans-
plantation. The results of OLT have improved with advances 
and improvements in anaesthesia and surgical techniques. In 
the current era, intraoperative deaths are rare but postopera-
tive complications are a frequent occurrence and prevention 
of these complications is crucial to the success of OLT. Early 
diagnosis and treatment of postoperative surgical complica-
tions improves graft and patient survival rates but when there 
is significant graft dysfunction or failure, early retransplanta-
tion can save the patients life.

 Self Study

 Questions

 1. Which of the following statements is correct?
 (a) Hepatic artery thrombosis is the most common rea-

son for reoperation following liver transplantation.
 (b) Hepatic artery thrombosis is the most common vas-

cular complication in liver transplantation.
 (c) Hepatic artery thrombosis can have greater impact on 

graft and patient survival than portal vein 
thrombosis.

 (d) Laparotomy is indicated for all patients with early 
bleeding following liver transplantation.
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 2. Which of the following statements is correct?
 (a) Wound infections in transplant patients are more 

commonly caused by single organisms and gram neg-
ative bacteria are the most frequently isolated bacte-
rial microorganisms

 (b) Incisional hernias are a frequent complication follow-
ing liver transplantation and should be treated surgi-
cally with mesh placement.

 (c) ERCP and/or PTC are the gold standard for biliary 
leak diagnosis, but MRCP should be the initial inves-
tigation when a biliary complication is suspected.

 (d) Covered self-expanding stents are associated with 
fewer complications and higher success rates when 
compared to plastic stents in the management of bili-
ary complication and should be the treatment of 
choice.

 Answers

 1. Which of the following statements is correct?
 (a) Postoperative haemorrhage is the most common rea-

son for reoperation following liver transplantation. 
Reoperation is required in 8–27% of OLT recipients

 (b) CORRECT.  Hepatic artery thrombosis is the most 
common vascular complication in liver transplanta-
tion occurring in 1–9% of OLT recipients and can 
leads to graft loss in 56% of the patients and is associ-
ated with a 33% mortality.

 (c) Portal vein thrombosis has overall a more detrimental 
effect on patient and graft survival than hepatic artery 
thrombosis, as it may involve extension into the mes-
enteric vessels and thus preclude retransplantation.

 (d) Patients with haemodynamic instability, persisting 
despite clotting correction, require emergency relapa-
rotomy. However haemodynamically stable patients 
can have a diagnostic US or CT scan prior to deciding 
on whether a laparotomy is necessary.

 2. Which of the following statements is correct?
 (a) Most common pathogens causing wound infections 

are gram positive cocci including Staphylococcus 
and Enterococcus species and multiple microorgan-
isms can be isolated. Antimicrobial treatment should 
be tailored according to each transplant centre’s 
microbiology policy.

 (b) Only patients with symptomatic incisional hernias 
should be treated surgically. The preferred method of 
treatment is reconstruction of the abdominal wall 
with a mesh, as primary closure has high recurrence 
rates.

 (c) CORRECT. ERCP and/or PTC are the gold standard 
investigations for diagnosis of biliary complications 
but should be preceded by MRCP which is a non- 

invasive investigation and has a high sensitivity and 
specificity (96% and 94% respectively).

 (d) Currently covered self-expanding stents are reserved 
for patients with strictures refractory to plastic stent 
treatment, as there are associated with spontaneous 
stent migration and higher stricture recurrence rate.
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70.1  Introduction

Liver transplantation offers the possibility of long term sur-
vival for eligible patients with end-stage liver disease (ESLD) 
and has overall excellent outcomes with a UK 5-year elective 
survival rate of over 80% [1]. Most liver transplants are iso-
lated liver grafts from donors who have fulfilled criteria for 
brainstem death: donation after brain death (DBD). 
Transplantation of organs recovered by donation after car-
diac death (DCD) is increasingly common, and now repre-
sents around 20% of the volume in the UK. Transplantations 
of split liver grafts, reduced size grafts and living donor 
transplants represent only a small fraction of the liver trans-
plant volume in Western healthcare systems.

The majority of recipients undergoing elective transplan-
tation suffer from chronic liver disease of variable aetiology, 
most commonly associated with cirrhosis. Approximately 
10% of organs go to recipients with acute liver failure—
‘super-urgent’ transplantation—and survival in this group is 
only slightly inferior to the elective cohort [1].

Evidence is emerging of good results of transplantation in 
patients with acute on chronic liver failure, with centres 
reporting 5-year survival in the range of 73–90% [2, 3].

70.2  Preoperative Considerations

Owing to the complex, multi-system nature of ESLD and the 
risks associated with surgery, candidates for liver transplan-
tation undergo rigorous, multidisciplinary assessment prior 
to listing for transplant. This assessment includes input from, 
at minimum, a hepatologist, surgeon, anaesthetist and trans-
plant coordinator, but should also include input from radiolo-
gist, dietician, substance misuse counsellor, psychologist 
and physiotherapist as appropriate.

Liver disease severity is central to the prioritisation of 
candidates for liver transplant. The most commonly used 
scoring system is the Model for End-Stage Liver Disease 
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Key Concepts
• Sarcopenia, frailty and poor exercise capacity are 

prevalent among patients undergoing liver trans-
plantation, and contribute substantially to perioper-
ative risk

• Liver transplantation presents extreme physiologi-
cal challenges relating to anhepatic physiology and 
donor graft reperfusion, and these demand proac-
tive management

• Robust management strategies for detecting and 
treating coagulopathy must be adopted and policies 
must be in place for managing major blood loss.

• Living donor liver transplantation produces good 
outcomes for recipients but requires an appreciation 
of additional technical, logistical and ethical con-
siderations, as well as anaesthetic complexity.
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(MELD), based on an algorithm derived from the biochemi-
cal function of the liver [4]. Poorer function results in a 
higher score and prioritisation on the transplant waiting list. 
The MELD score correlates with perioperative risk. The risk 
of adverse perioperative outcomes is also increased by the 
high and overlapping incidence of frailty, sarcopenia, poor 
functional capacity and cardiorespiratory pathology in this 
cohort. Diabetes mellitus, chronic kidney disease and hae-
matological disorders are also frequently identified in the 
preoperative period and affect perioperative management 
and outcomes.

70.2.1  Frailty, Sarcopenia and Poor Functional 
Capacity

Frailty is the age-related syndrome of increased vulnerability 
to stressors and decreased physiological reserve that results 
from the accumulation of biological deficits. Though more 
commonly associated with older patients, the prevalence of 
frailty is around 15–20% in patients awaiting liver transplan-
tation, and the diagnosis is associated with waiting list and 
perioperative mortality [5]. Frailty may be measured using 
one of the validated scales of general frailty in current use 
and a liver disease-specific frailty measure has recently been 
developed [4, 6, 7].

Sarcopenia is a syndrome of older age characterised by 
the loss of skeletal muscle mass and function. It is increas-
ingly recognised in younger patients, particularly those with 
obesity. It affects around 40% of patients awaiting liver 
transplantation and is associated with increased waiting list 
and surgical mortality, complications and length of hospital 
stay [8, 9]. Sarcopenia may be diagnosed by the presence of 
low muscle mass (e.g. by cross-sectional imaging), low mus-
cle force (e.g. by handgrip dynamometer) and poor physical 
function (e.g. by short physical performance battery) [10].

Poor performance on measures of global physical func-
tion is associated with a host of adverse outcomes. A reduced 
six-minute walking distance (6MWD) predicts death on the 
waiting list for liver transplant candidates [11]. 
Cardiopulmonary exercise testing (CPET) is the gold stan-
dard test of global cardiorespiratory function, and is used 
routinely in some centres in the assessment of liver trans-
plant candidates. Poor CPET performance is associated with 
adverse perioperative outcomes, with an anaerobic threshold 
below 9 ml/min/kg predicting increased surgical mortality in 
retrospective series, although prospective validation is 
awaited [12].

The identification of frailty, sarcopenia and poor func-
tional capacity is an essential part of the preoperative assess-
ment of liver transplant candidates. An appreciation of their 
contribution to increased surgical risk supports listing deci-
sions, patient counselling and tailoring of perioperative care. 

Crucially, these are all dynamic and reversible conditions 
that may improve with nutritional and exercise interventions 
in the preoperative period.

The science and practice of prehabilitation aims to 
improve preoperative fitness through programmes of physi-
cal exercise, nutritional support and psychological interven-
tions. There are clear challenges in applying fitness and 
exercise regimes in people debilitated by chronic liver dis-
ease. However evidence supporting its role in improving pre-
operative function and perioperative outcomes is emerging. 
Applied to patients with ESLD, prehabilitation could in the-
ory allow deconditioned, marginal transplant candidates to 
be placed on the waiting list, prevent death and de-listing 
while on the waiting list, and improve post-transplant out-
comes. Though the benefits of prehabilitation to liver trans-
plant candidates would intuitively seem to be substantial, 
supporting evidence is awaited.

70.2.2  Cardiorespiratory Pathology

Patients with portal hypertension may develop a significant 
intrapulmonary shunt as a consequence of abnormal pulmo-
nary haemodynamics and neovascularisation. This condi-
tion, the hepatopulmonary syndrome, affects 10% of liver 
transplant candidates, presenting clinically with reduced 
resting oxygen saturation, exercise intolerance, and orthode-
oxia: improved oxygenation in the supine position [13]. 
Diagnosis requires the presence of liver disease, a positive 
contrast-enhanced transthoracic echocardiogram, and an 
alveolar-arterial oxygen gradient greater than or equal to 
15 mmHg (≥20 mmHg if age > 64) [14]. Cases associated 
with severe hypoxaemia (PaO2 < 7 kPa) are associated with 
increased perioperative mortality and complications [13]. 
These patients may require ambulatory oxygen therapy and 
suffer from significant functional impairment. Maintaining 
adequate intraoperative and postoperative oxygenation is 
usually possible in mild to moderate disease and is aided by 
the supine position during surgery.

Pulmonary hypertension in association with portal hyper-
tension, the syndrome of portopulmonary hypertension, is 
found in approximately 6% of patients considered for liver 
transplantation [7]. Raised pulmonary artery systolic pres-
sure on preoperative transthoracic echocardiogram should 
prompt further investigation by right heart catheterisation. 
Diagnosis requires the presence of portal hypertension, a 
mean pulmonary artery pressure (mPAP) >25 mmHg, PVR 
>240  dynes/s per cm−5, pulmonary artery wedge pressure 
<15 mmHg and the exclusion of other causes of pulmonary 
hypertension [14]. In mild disease, with mPAP between 25 
and 35 mmHg, perioperative risk is only slightly increased. 
Moderate disease (mPAP 35–45  mmHg) increases both 
short- and long-term postoperative mortality and severe dis-
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ease (mPAP > 45 mmHg) is generally considered a contrain-
dication to transplantation [8]. Unexpected increased 
breathlessness in patients awaiting transplantation, or in 
patients presenting on the day of planned transplantation, 
should prompt consideration of repeat echocardiography. 
Good transplant outcomes have been demonstrated in a 
series of patients with moderate and severe portopulmonary 
hypertension who were responsive to vasodilators in the pre-
operative period [15]. At present transplantation in such 
patients remains controversial and should be considered on a 
case-by-case basis.

The characteristic systemic vasodilatation of severe liver 
disease results in a compensatory increase in the cardiac out-
put and work. It is thought that this, along with direct myo-
cardial toxicity from abnormal metabolites, results in the 
constellation of features known collectively as cirrhotic car-
diomyopathy. Cirrhotic cardiomyopathy typically is charac-
terised by diastolic dysfunction and impaired contractile 
response to stress. Clinical suspicion may be raised by evi-
dence of abnormal repolarisation including a prolonged QT 
interval [16]. Intraoperatively this may increase the likeli-
hood of arrhythmia and reduce tolerance of hypo- or 
hypervolaemia.

70.2.3  Diabetes Mellitus

Diabetes mellitus is common among patients awaiting liver 
transplantation and is especially prevalent among those with 
non-alcoholic steatohepatitis (NASH). NASH cirrhosis is an 
increasingly common indication for transplantation, rising 
commensurate with population obesity levels. NASH is fre-
quently responsive to lifestyle intervention, which may at the 
same time improve blood glucose control. Medical manage-
ment of diabetes in the liver transplant candidate should be 
according to local guidelines and adjusted according to serial 
measurement of glycosylated haemoglobin. Where control is 
poor, patients benefit from early involvement of a diabetes 
specialist. A diagnosis of diabetes increases the risk of a 
range of perioperative complications, including acute kidney 
injury, wound infection, and sepsis [17]. Careful attention to 
blood glucose control in the perioperative period is 
essential.

70.2.4  Chronic Kidney Disease

Patients with chronic liver disease may have concomitant 
chronic kidney disease (CKD) as a direct consequence of 
their liver disease, as in the hepatorenal syndrome, or due to 
common causes such as pre-existing diabetes or hyperten-
sion. The risk of postoperative acute kidney injury is sub-

stantially higher in patients with CKD and should be 
anticipated. In some centres selected patients with severe 
CKD may be established on haemofiltration in the pre- and 
intraoperative periods to optimise electrolytes and acid-base 
balance.

70.2.5  Coagulopathy and Anaemia

Coagulopathy is a hallmark of severe liver disease and its 
management is a major intraoperative challenge for the liver 
transplant anaesthetist. The cell-based model of coagulation 
explains that coagulation in patients with ESLD is ‘rebal-
anced’ with preserved thrombin generation, and that even in 
the presence of abnormal laboratory coagulation tests they 
may not exhibit a bleeding tendency. They are however more 
vulnerable to stressors, including surgical stress, that may 
increase their risk of haemorrhage, thrombosis, or both [18]. 
Abnormal coagulation tests in the absence of clinical haem-
orrhage are not routinely corrected in the preoperative period.

Thrombocytopenia frequently occurs due to bone marrow 
suppression, splenic sequestration associated with spleno-
megaly and preoperative bleeding episodes. Preoperative 
platelet transfusion is uncommon and must be weighed 
against the risks, including that of transfusion-related acute 
lung injury.

Anaemia in the liver transplant candidate is common, 
multifactorial and increases the risk of perioperative transfu-
sion. Preoperative identification and treatment of anaemia as 
part of a patient blood management strategy may help to 
reduce transfusion requirements. Patients with iron defi-
ciency may benefit from treatment with intravenous iron 
(Fig. 70.1).

70.3  Intraoperative Care

Anaesthetic management for liver transplantation is com-
plex, aiming to mitigate against the high risk of major haem-
orrhage and to maintain stability through the physiological 
challenges presented by the anhepatic phase and donor organ 
reperfusion. Intraoperative management may be standardised 
at each liver transplant center, but it varies considerably 
between centers. Factors influencing management include 
the surgical approach (caval replacement or piggyback, with 
or without a temporary porto-caval shunt or venovenous 
bypass [VVBP]), the experience of surgeons and anesthe-
tists, case volume, and patient factors. Intraoperative resource 
and personnel utilisation also varies widely between liver 
transplant centers and is influenced by the same factors. In 
general, two experienced anaesthetists are required to deliver 
safe care.

70 Anaesthesia for Liver Transplantation
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70.3.1  Anaesthetic Choice

Anaesthetic techniques vary due to the lack of evidence sup-
porting any one approach over others, but all involve bal-
anced general anaesthesia with invasive monitoring. With the 
exception of halothane, all volatile anaesthetics are suitable 
for liver transplantation. Nitrous oxide should not be used to 
avoid intestinal distension. Intravenous techniques have been 
used successfully. The use of epidural catheters is discour-
aged due to the risk of severe and persistent perioperative 
coagulopathy.

70.3.2  Vascular Access

Line placement should include an arterial line for invasive 
blood pressure monitoring and some form of multi-lumen 
central venous access to allow pressure transduction and 
infusion of multiple drugs. The risk of severe bleeding makes 
some form of large bore venous access essential. The choices 
for large-bore venous access are highly variable between 
institutions, with some centres siting them in central veins, 
and others preferring to place multiple wide gauge peripheral 
cannulae.

It is routine practice in some centres to monitor venous 
pressure both in the SVC and the infrahepatic IVC, in order 
to estimate the trans-caval pressure gradient during the anhe-
patic phase. During surgery using the piggyback technique, 
this gradient indicates the degree of IVC obstruction, and 
during full caval cross-clamp it indicates the extent of tran-

shepatic venous collateral flow. This traditionally requires 
access via both the femoral and internal jugular or subcla-
vian approach, but some centres have reported good results 
measuring infrahepatic pressure at the saphenous vein.

Similarly, practices for arterial access differ widely 
between transplant centers with some placing a single femo-
ral or radial arterial line, and others routinely placing two 
arterial lines to allow simultaneous sampling and pressure 
monitoring.

70.3.3  Haemodynamic Monitoring

Invasive monitoring of at minimum arterial and central venous 
pressure is standard. In addition to haemodynamic status, arte-
rial and central venous lines allow serial measurement of 
blood gases, blood glucose, electrolytes and haemoglobin, 
which is considered routine in most transplant centers.

Pulmonary artery catheters were historically placed for 
the majority of patients but practice at many centres has 
evolved over time toward their targeted use for the minority 
of patients where concerns about newly developed or wors-
ening pulmonary hypertension persist at the time of surgery.

Trans-oesophageal echocardiography is now frequently 
used for fluid management, monitoring of cardiac func-
tion, and identification of intraoperative complications 
(e.g. pulmonary embolus) [19]. Despite its widespread 
use, most practitioners are not formally certified, and joint 
guidelines from the American Society of Echocardiography 
(ASE) and the Society of Cardiovascular Anesthesiologists 
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(SCA) state that it is sufficient for anaesthetists to familia-
rise themselves with a limited number of views that allow 
a focused assessment of cardiac function and detection of 
complications [20].

Newer monitors using pulse contour analysis to estimate 
cardiac output are also used in some centres. While they are 
easy to use and associated with fewer complications than 
pulmonary artery catheters, concerns persist about their 
accuracy in a variety of contexts, including liver transplanta-
tion [21].

70.3.4  Point of Care Testing

Frequent intraoperative blood samples allow rapid diagnosis 
of acid-base, electrolyte and metabolic disturbances, and 
assessment of coagulopathy and adequacy of transfusion. 
Aside from guiding transfusion and interventions to correct 
other derangements, post-reperfusion monitoring of meta-
bolic status and serum lactate can be used to assess initial 
graft function. With a healthy graft there is often correction 
of acidaemia and a reduction in serum lactate within hours of 
graft reperfusion.

Approaches to the assessment and management of intra-
operative coagulopathy vary considerably. There is evidence 
that point of care viscoelastic testing (viscoelastography or 
viscoelastometry) is beneficial, although use of the technol-
ogy is at present far from universal [22]. Results of visco-
elastic test results are available more quickly than laboratory 
coagulation tests and they permit targeted correction of spe-
cific coagulation abnormalities using blood products and 
factor concentrates. Use of viscoelastic tests is supported by 
the European Society of Anaesthesiology guidelines for the 
management of severe bleeding during major surgery, and 
there is evidence that their use may reduce bleeding during 
liver transplantation [23].

70.3.5  Induction and Maintenance

Patients selected for liver transplantation usually have pre-
served cardiac function, although the cardiovascular physiol-
ogy in ESLD is significantly altered with often severe 
peripheral vasodilation and increased cardiac output. However, 
it is usually not necessary to place an arterial line or a central 
line/pulmonary artery catheter for invasive monitoring before 
induction. Cricoid pressure and rapid sequence intubation 
should be considered in cases of large-volume ascites, enceph-
alopathy, or uraemia. Induction can be accomplished with any 
IV anaesthetic such as propofol or etomidate, with or without 
opioids. A short- or intermediate-acting neuromuscular block-
ing agent should be used to facilitate endotracheal intubation.

Hypotension after induction is common and may persist 
throughout surgery due to the peripheral vasodilatation of 
ESLD.  It is treated with small boluses of vasoconstrictors 
(e.g. metaraminol) and, if persistent, by infusion of nor-
adrenaline or other vasopressor.

The pharmacokinetics and pharmacodynamics of any 
given drug are unpredictable in the setting of liver transplan-
tation due to the effects of ESLD and because of acute 
changes as the dysfunctional native liver is removed and 
replaced by a new graft. Initial graft function is unpredictable 
and difficult to measure, with only secondary indicators such 
as a reduction in serum lactate providing an index of 
function.

An orogastric or nasogastric tube should be placed to 
decompress the stomach and improve surgical access, and 
temperature monitoring and active warming measures should 
be instituted as soon as practicable.

70.3.6  Fluid Management and Transfusion

Large volume fluid replacement during liver transplantation 
is common because of bleeding, ascitic and other fluid 
losses and fluid shifts. Most centres use a combination of 
crystalloids and colloids for fluid replacement, with normal 
saline and albumin the most frequently used in their respec-
tive classes [24]. We would advocate for the use of balanced 
salt solutions where possible, to reduce the risk of hyper-
chloraemic acidosis associated with infusions of large vol-
umes of normal saline [25]. A rapid transfusion device is 
typically set up and connected to a large-bore IV line. These 
devices include efficient warming systems that help to 
maintain normothermia even during large volume fluid 
replacement.

Close communication with the blood bank before and 
during surgery is crucial, with initial provision of blood 
products guided by a standard protocol. While local practices 
vary, a typical setup may include 10 units of packed red 
blood cells (PRC) and 10 units of fresh frozen plasma (FFP) 
to be brought to the operating room, with four units of single- 
donor platelets available on request. The use of intraopera-
tive cell salvage is common and may reduce the requirement 
for allogeneic blood products.

70.4  Key Intraoperative Priorities

Specific haemodynamic targets and management goals vary 
according to the phase of surgery: dissection, anhepatic, and 
reperfusion. The surgical approach (bicaval clamp, piggy-
back, or VVBP) also has a major impact on fluid and hemo-
dynamic management.
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70.4.1  Dissection Phase

At incision, acute decompression of ascites and resulting 
fluid redistribution frequently unmasks intravascular volume 
depletion and may result in significant hypotension. Adequate 
volume replacement is essential at this time, and in the 
absence of anaemia or coagulopathy, colloids may be the 
fluid of choice.

Depending on the underlying cause of the liver disease 
and the degree of portal hypertension, bleeding during dis-
section is highly variable. Patients with extensive varices 
may bleed briskly and require significant blood product 
transfusion. Coagulopathy during liver transplantation is 
very common and may result from dilution/consumption of 
clotting factors, platelet entrapment, endogenous heparinoid- 
like substances, and hyperfibrinolysis. Viscoelastic testing 
may indicate the predominant cause of coagulopathy and 
allow targeted treatment, for instance with tranexamic acid 
where there is evidence of hyperfibrinolysis. There is 
 evidence that use of viscoelastic testing may reduce bleeding 
complications and mortality in high-risk liver transplant 
patients [26].

Where point of care viscoelastic testing is not used, a 
combination of empirical administration of blood products 
and treatment guided by laboratory coagulation tests may 
be employed. The value of laboratory coagulation tests in 
guiding the immediate management of haemorrhage is lim-
ited due to their turnaround time of over an hour, and by 
data showing that they do not predict blood loss during 
transplantation [27, 28]. In the absence of clinical bleeding, 
moderate abnormalities of coagulation are not normally 
treated.

Some data indicate that aiming to limit the CVP to less 
than 5 mmHg, as is well established practice in liver resec-
tion surgery, may reduce blood loss during the dissection 
phase of liver transplantation [29]. A low CVP strategy is 
facilitated by use of the piggyback technique, where venous 
return is relatively maintained on vascular exclusion of the 
recipient liver. Where a caval replacement technique is used, 
a low initial CVP may result in severe haemodynamic insta-
bility on caval cross-clamping. Overall a low CVP strategy is 
controversial, with many anaesthetists preferring to maintain 
normovolaemia throughout dissection. When significant 
blood loss is encountered, viscoelastic testing may allow tar-
geted use of blood products and avoid significant dilutional 
coagulopathy.

Immediately prior to the anhepatic phase, especially when 
complete caval occlusion is planned, haemodynamic stabil-
ity will be better maintained if a normovolaemic state is 
achieved. The surgeons should perform a test clamp so that 
the haemodynamic impact can be better anticipated and the 
fluid and vasoconstrictor therapy can be optimised before the 
anhepatic phase.

70.4.2  Anhepatic Phase

The dissection phase ends and the anhepatic phase begins 
with clamping of the native portal vein, hepatic artery and 
IVC or hepatic vein. The native liver is excised and meticu-
lous haemostasis is achieved. The cooled donor graft is 
placed into the surgical field after being flushed to remove 
the organ preservation solution. The suprahepatic and infra-
hepatic caval and portal vein anastomoses are then com-
pleted in that order. In the piggyback approach, only one 
caval anastomosis needs to be completed. The hepatic artery 
anastomosis is often performed after restoration of venous 
blood flow.

The degree of reduction in venous return on vascular 
exclusion is dependent on the extent of venous collateral 
flow in the case of a caval replacement and, in the piggyback 
technique, on the degree of caval obstruction on clamping. 
Reduced venous return during this phase often requires an 
increase in vasopressor administration and judicious fluid 
administration. Aggressive fluid administration should be 
avoided during this phase because it may lead to fluid over-
load following reperfusion, with consequent risks of right 
heart failure and liver engorgement contributing to delayed 
graft function.

The use of veno-venous bypass (VVBP) has declined sig-
nificantly over the years, and is subject to centre- and 
surgeon- specific preferences [30]. While it may improve 
haemodynamic stability during the anhepatic phase, there is 
no clear evidence that it improves outcome and it is associ-
ated with a significant rate of serious complications [31]. In 
most centres its role is limited to specific circumstances such 
as re-transplant, Budd-Chiari syndrome or gross hepatomeg-
aly secondary to polycystic disease. If VVBP is used to blunt 
the hemodynamic consequences of vascular exclusion, 
bypass is usually accomplished by cannulation of the femo-
ral and portal veins with diversion to the suprahepatic vena 
cava through the axillary, subclavian, or jugular vein.

There is some evidence that temporary intraoperative 
porto-caval shunts may improve short- and long-term graft 
function [32]. Their use is controversial, however, and many 
centres reserve them for use only as a temporising measure 
in cases where a prolonged anhepatic phase is anticipated, 
for instance due to difficult anastomoses or extensive porto-
mesenteric thrombosis.

Coagulopathy during the anhepatic phase is common and 
multifactorial, and it is not uncommon to encounter signifi-
cant haemorrhage. Lack of hepatic clearance of endothelial 
tissue plasminogen activator (tPA) leads to fibrinolysis and 
this, combined with progressive acidosis due to impaired lac-
tate and citrate metabolism, and hypothermia due to intro-
duction of the cooled graft into the surgical field, are all 
contributory. Point of care viscoelastic testing is useful in 
diagnosis and initial management of this coagulopathy, 
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although moderate abnormalities in the absence of surgical 
bleeding are usually not actively corrected.

Correction of coagulopathy in the setting of clinical 
bleeding varies according to institutional preferences, 
although it does appear that administration of packed red 
blood cells, FFP, platelets and cryoprecipitate remain the 
preferred method of treating blood loss and coagulopathy 
during liver transplantation [7]. Some centres have moved 
toward greater use of fibrinogen concentrate, prothrombin 
concentrate and specific factor concentrates for haemostatic 
treatment. Recombinant factor VIIa is usually reserved for 
cases of very severe bleeding, as current evidence does not 
support its haemostatic effectiveness and concerns persist 
regarding thrombotic risk.

Meticulous optimisation of electrolytes and acid-base 
balance is essential prior to donor organ reperfusion. 
Reducing serum potassium to the low end of the physiologi-
cal range with insulin/dextrose or furosemide may prevent 
severe hyperkalaemia at reperfusion and administration of 
5–10 mmol of calcium chloride provides a degree of myo-
cardial, protection. Where acidosis develops during the 
anhepatic phase, correction with sodium bicarbonate, along 
with optimal ventilation, will improve tolerance of 
reperfusion.

70.4.3  Reperfusion Phase

The donor graft is flushed to clear the preservation fluid and 
the IVC is then unclamped, restoring caval blood flow, 
venous return and overall haemodynamics. The onset of 
reperfusion is marked by unclamping of the portal vein anas-
tomosis. Blood from the splanchnic circulation perfuses the 
new liver, and this is often the most critically unstable period 
for the anaesthetist to manage. The sudden influx of cold, 
hyperkalaemic, acidotic fluid from the donor liver, despite 
flushing the graft, frequently causes a post-reperfusion syn-
drome of hypotension, bradycardia, vasoplegia and coagu-
lopathy. In severe cases there may be profound haemodynamic 
instability. The incidence of cardiac arrest requiring cardiac 
massage within minutes of reperfusion is around 3% [33].

Immediate treatment of haemodynamic instability may 
require bolus doses of adrenaline, atropine, calcium or 
sodium bicarbonate. We prefer to treat any evidence of bra-
dycardia immediately with small increments of adrenaline 
(e.g. 10–20 μg initial dose) and further doses titrated accord-
ing to effect. In some centres, preoperative placement of 
defibrillator pads is standard practice to allow rapid treat-
ment of ventricular tachycardia or fibrillation. In cases of 
cardiac arrest, effective coordination with the surgical team 
is essential to allow safe CPR. Hypotension and instability 
may persist beyond immediate reperfusion and may require 
significant up-titration of vasopressor and inotrope therapy. 

Extreme cases of post-reperfusion syndrome may respond to 
administration of methylene blue in addition to conventional 
therapy [34].

Coagulopathy at reperfusion may be severe and produces 
characteristic findings on viscoelastic tests, including hyper-
fibrinolysis and a ‘heparin-like effect’ due to endogenous 
heparinoids from the donor liver. In the presence of good 
graft function, this coagulopathy normally self-corrects 
within a matter of hours. However with poor initial graft 
function it may be associated with ongoing severe bleeding 
and require active management. Care must be taken to avoid 
over-correction of coagulation abnormalities and induction 
of a hypercoagulable state which predisposes to hepatic 
artery thrombosis, a complication which is usually fatal 
without re-transplant. Surgery concludes with suturing of the 
biliary anastomoses and wound closure.

70.5  Immediate Postoperative Care

Initial postoperative care takes place in an intensive care set-
ting. Extubation in the operating room at the conclusion of 
surgery is feasible in a substantial proportion of patients, 
although practice varies substantially between centres. A fur-
ther group of patients may be appropriate for extubation 
within a few hours of admission to the intensive care unit, 
and a proactive approach to extubation may have substantial 
benefits for resource utilisation and cost of care without 
increasing the risk of complications [35].

Postoperative anaemia is common and objective criteria 
for transfusion including haemoglobin/haematocrit thresh-
olds and clinical triggers should be set to minimise the risk 
of inappropriate transfusion. The risk of postoperative 
venous thromboembolism and hepatic artery thrombosis is 
significant, and prophylactic antiplatelet and anticoagulant 
therapy should be considered although the evidence for 
effectiveness is limited.

70.6  Discussion of Adjuvant Drugs

Massive haemorrhage during liver transplantation surgery is 
associated with decreased graft and patient survival [36]. 
Octreotide reduces portal venous blood flow, and there is evi-
dence of a trend toward a reduction in intraoperative blood 
transfusion requirements when it is administered as a con-
tinuous intraoperative infusion [37]. There is evidence that 
tranexamic acid is effective in reducing the requirement for 
RBC transfusion without any increase in thrombotic risk, 
and the European Society of Anaesthesiologists recommend 
that its use is considered for liver transplant [23, 38].

Acute kidney injury after liver transplantation affects 
40–70% of patients, with 8–17% requiring renal replacement 
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therapy [39]. While no specific therapy is accepted as provid-
ing renal protection, there is some evidence that octreotide 
infusion may improve intraoperative urine output [40]. While 
diuretics do not offer renal protection, significant diuresis 
may in some cases make volume management easier, espe-
cially where coagulopathy is treated by the transfusion of 
large volumes of blood products.

Ionized calcium levels can be significantly decreased dur-
ing liver transplantation, especially when large volumes of 
RBC and/or FFP need to be transfused. The citrate load from 
these products can significantly reduce calcium levels, in par-
ticular during the anhepatic phase when capacity to metabo-
lise citrate is further reduced. Administration of calcium 
chloride or calcium gluconate as infusion or bolus is often 
required, and calcium levels should be closely monitored.

In addition, the glucose-insulin pathway is frequently 
impaired in patients with ESLD, and close monitoring of 
blood glucose levels is required. Administration of steroids 
for immunosuppression, enhanced glycogenolysis, and insu-
lin resistance of the graft may all contribute to hyperglyce-
mia requiring insulin treatment.

Immunosuppressive therapy is crucial for the success of 
transplantation. Protocols vary between medical centers, and 
clear communication is important to ensure delivery of the 
appropriate immunosuppressant.

70.7  Living Donor Liver Transplantation 
in Adults

Living donor liver transplantation (LDLT) comprises a small 
proportion of overall liver transplantation activity in Western 
healthcare systems [1, 41]. The situation is very different in 
Asia, where cultural factors lead to very low rates of cadav-
eric donation, and in this region transplants from living 
donors form the vast majority of the caseload [42]. LDLT 
requires two operations: the donor undergoes either a left or 
right hepatectomy and the recipient undergoes native hepa-
tectomy and orthotopic transplantation of the donor graft. 
The vast majority of live donations are directed donations 
from individuals who are related genetically or emotionally 
to the recipient, although undirected, altruistic donations are 
possible.

70.7.1  LDLT Recipients

The indications for LDLT are broadly similar to those for 
deceased donor transplantation, but there are some important 
differences. Because the choice of recipient in LDLT is usu-
ally made by the donor and does not require the equitable 
allocation of a scarce, shared resource, there is the potential 
for patients to undergo transplantation who do not qualify for 

deceased donor transplantation. This includes patients with 
hepatocellular carcinoma (HCC) falling outside of standard 
criteria for transplant such as the Milan criteria. Centres have 
reported acceptable outcomes in patients with more than 
three lesions, providing that no lesion exceeds 5 cm in diam-
eter [43]. Some studies have reported higher HCC recurrence 
rates after LDLT than after deceased donor transplantation, 
although other data contradict this, and there is an absence of 
prospective studies [44]. In the absence of definitive evi-
dence it is reasonable to assume that recurrence rates are 
similar.

Patients with less advanced liver disease of any aetiol-
ogy may be transplanted when the severity of their disease 
may not yet prioritise them for deceased donor transplanta-
tion but where their clinical condition may optimise their 
outcomes.

70.7.2  Donor Preoperative Assessment

Living donors volunteer to undergo major surgery associated 
with substantial morbidity and mortality, from which they 
derive no direct benefit. Accurate assessment and effective 
communication of risk are therefore crucial to donor preop-
erative assessment, and strict donor selection criteria are 
required.

Exclusion criteria vary between centres, but many exclude 
donors over the age of 55, those with BMI over 30 kg/m2, 
significant comorbid disease or hepatosteatosis and those 
with a post-donation residual liver volume predicted to be 
less than 30–35% [45, 46]. Preoperative screening aims to 
uncover occult disease and to assess the severity of known 
comorbidities.

Assessment of the donor liver aims to quantify the risk of 
a small-for-size syndrome in recipients, a syndrome of 
hyperbilirubinaemia, ascites and poor liver function result-
ing from insufficient postoperative functioning hepatocyte 
mass. Graft weight to recipient weight (GWRW) ratio and 
the quality of the donor liver both affect this risk, and are 
carefully assessed by preoperative imaging and liver biopsy, 
respectively. Selection of a right or left lobe graft aims to 
reduce the risk of small-for-size syndrome in the recipient 
while ensuring adequate residual liver volume in the donor. 
Right lobe grafts are by far the most common in adults, 
although some centres have reported good results with dual 
left lobe grafts [47].

Donors should undergo thorough preoperative psycho-
logical assessment to explore their motivation for transplan-
tation and their understanding of the likely short- and 
long-term consequences of donation [48]. Any concerns that 
donors are being in any way coerced or unduly influenced by 
family pressures should be explored in detail, and may pre-
clude donation.
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70.7.3  Intraoperative Care of the Living Donor

The considerations for anaesthetic management of the donor 
are similar to those of patients undergoing hepatectomies. 
Preoperative placement of a thoracic epidural catheter for 
postoperative pain control is performed in some transplant 
centers. There is some evidence that postoperative pain con-
trol is better with an epidural technique compared with PCA 
and that concerns about safety based on possible coagulopa-
thy may not be justified [49, 50]. Other centres have reported 
good pain control with intrathecal opioids in conjunction 
with PCA, or with the oblique subcostal approach to trans-
versus abdominis plane block [51, 52].

Induction of anaesthesia can be performed using any 
intravenous anaesthetic and neuromuscular blocker of 
choice. Wide-bore intravenous access and invasive arterial 
blood pressure monitoring are commonly used, and a central 
venous catheter is used in many centres. An orogastric or 
nasogastric tube should be placed to improve surgical expo-
sure through decompression of the stomach.

General anaesthesia is standard and may consist of a bal-
anced technique or be combined with intraoperative supple-
mentation of epidural analgesia. Paralysis is maintained 
throughout the operation. Mobilisation of the liver may lead 
to brief periods of hypotension due to temporary obstruction 
of venous return to the heart. These episodes do not usually 
require active treatment in view of their brevity and donor 
fitness.

Intravenous fluid is administered cautiously until the graft 
has been isolated, aiming to minimise blood loss during tran-
section. Many anaesthetists aim to maintain the CVP below 
5 mmHg and there is some evidence that this strategy, or an 
alternative strategy of maintaining the stroke volume varia-
tion between 10% and 20%, are associated with reduced 
blood loss [53]. Although average blood loss at most centers 
is usually well below 1000 ml, the nature of the procedure 
warrants vigilance and preparation. A patient blood manage-
ment strategy incorporating preoperative autologous blood 
donation, iron supplementation and intraoperative cell sal-
vage may reduce the risk of allogeneic blood transfusion.

In most cases, the patient can be extubated immediately 
following surgery. Choice of postoperative location is influ-
enced by institutional practices and patient factors, but the 
intensive care unit, high dependency unit or dedicated post-
operative care unit may be appropriate.

70.7.4  Recipient and Donor Outcomes

Recipient post-transplant liver function is critically depen-
dent on graft size, graft quality, portal inflow and venous out-

flow [40]. Postoperative biliary strictures are common with 
right lobe grafts, with reported overall rates of biliary com-
plications in the range of 20–30% [54, 55]. Multidisciplinary 
management of these strictures with involvement of expert 
interventional radiologists and endoscopists is essential to 
preserving graft function and quality of life. Survival rates 
for live donor grafts are similar to those of deceased donor 
grafts, with rates of 80% at 1 year and 69% at 5 years reported 
by European registry data [41].

The main cause of donor mortality or need for transplan-
tation is liver insufficiency due to resection of an excessively 
large volume of liver. The right lobe hepatectomy used in 
most LDLT carries a mortality risk of approximately 0.5%, 
and deaths may be attributable to suboptimal donor selection 
or inappropriately large resection volume [40, 41].

The rate of serious donor complications is around 30%, 
with biliary anastomotic leaks and infection the most com-
mon [40, 41]. Donor comorbidities fail to predict postopera-
tive complications but this is likely due to the low severity of 
comorbidities among qualifying donors. Donors may take 
approximately 3–6 months to return to full social and occu-
pational functioning, although the majority, more than 80%, 
say they would choose to donate again [56].

 Self Study

 Questions

 1. Which of the following statements is true?
 (a) Candidates are prioritised for liver transplant based 

primarily on an assessment of their frailty.
 (b) Any degree of portopulmonary hypertension is gen-

erally considered a contraindication to liver 
transplantation.

 (c) At the time of transplant, patients may be at increased 
risk of haemorrhage, thrombosis, or both.

 (d) Preoperative correction of laboratory coagulation 
tests is important to reduce the risk of intraoperative 
haemorrhage.

 2. Which of the following statements is true?
 (a) European Society of Anaesthesiology guidelines rec-

ommend against the use of point-of-care viscoelastic 
testing in liver transplantation.

 (b) Intraoperative cardiac arrest during orthotopic liver 
transplantation is very rare.

 (c) The severity of bleeding during surgery does not pre-
dict transplant outcomes.

 (d) Living donation may allow candidates to undergo 
transplantation who would not qualify to receive a 
deceased donor liver.
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 Answers

 1. Which of the following statements is true?
 (a) Prioritisation is usually based on liver disease sever-

ity, and the most commonly used measure is the 
MELD score.

 (b) Mild portopulmonary hypertension increases periop-
erative risk only slightly and is not generally consid-
ered a contraindication to transplant. Severe 
portopulmonary hypertension is generally considered 
a contraindication.

 (c) CORRECT ANSWER.  The cell-based model of 
coagulation explains that while coagulation in chronic 
liver disease is ‘rebalanced’, there is an increased 
vulnerability to stressors that may increase the ten-
dency to thrombosis, haemorrhage, or both.

 (d) Laboratory coagulation tests are poor predictors of 
surgical bleeding and are not normally corrected 
preoperatively.

 2. Which of the following statements is true?
 (a) ESA guidelines support the use of an algorithmic 

approach with predefined viscoelastic triggers for the 
treatment of perioperative bleeding. They also state 
that there is some evidence to suggest that viscoelas-
tic testing reduces bleeding during liver 
transplantation.

 (b) The rate of cardiac arrest within minutes of donor 
organ reperfusion is around 3% in some series.

 (c) Massive haemorrhage during liver transplant surgery 
predicts worse graft and patient survival.

 (d) CORRECT ANSWER. Candidates with hepatocellu-
lar carcinoma falling outside of standard transplanta-
tion criteria, and those with liver disease of insufficient 
severity to prioritise them for deceased donor trans-
plant, may undergo living donor transplant.
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Surgery in Liver Disease
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71.1  Introduction

People with chronic liver disease may require surgery for their 
liver condition or may require surgery for an unrelated disorder. 
The management and outcome of the surgery are dependent on 
the severity of the underlying liver disease. The incidence of 
liver disease is on the rise and survival for many liver diseases 

is improving with new treatments. In Europe alone, around 29 
million people are estimated to suffer from chronic liver dis-
ease [1]. Recent data suggests that about 0.1% of the European 
population is affected by cirrhosis, corresponding to 14–26 
new cases per 100,000 inhabitants per year or an estimated 
170,000 deaths per year [2]. Both cirrhosis and primary liver 
cancer (incidence of 1–13 new cases) are representative of end-
stage liver disease. With almost 10% of cirrhotic patients 
undergoing surgery during their last year of life [3], this trans-
lates into an ever- increasing cohort of patients with complex 
medical needs undergoing operative management.

Liver surgery was historically a risky procedure as it was 
associated with much blood loss and high patient morbidity 
and mortality. Over the past two decades, this field of surgery 
has expanded vastly due to an improved understanding of the 
pathophysiology of cirrhosis, improved diagnosis and severity 
grading, surgical technologies and new surgical techniques. A 
better understanding of liver anatomy and physiology was 
incorporated into specific training programmes for surgeons in 
the rapidly developing speciality of HPB and liver transplant 
surgery. This combination of developments has resulted in safe 
surgery being available for highly complex patients.

Patients with chronic liver disease who require surgery 
need particular attention to a number of factors in the pre- 
operative and intra-operative period to optimise their care. 
Such considerations are based on the extent of liver disease 
and the type of surgery required. Non-hepatic operations 
tend to be more common than hepatic resection in this group 
of patients. Irrespective of the nature of surgical procedure 
common factors are addressed pre-operative and post- 
operatively to achieve better outcomes.

71.2  Surgical Anatomy of the Liver

Couinaud’s description of the eight anatomic segments of the 
liver is now the most widely accepted nomenclature for liver 
anatomy. His description of segments was based on portal 
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Key Concepts
• Liver disease affects a wide range of physiological 

parameters (e.g. clotting, electrolyte disturbance, 
hyperdynamic circulation)

• Chronic liver disease increases the risk of morbidity 
and mortality from surgery. Key factors are the 
severity of liver disease and the extent of the pro-
posed surgical procedure.

• It is important to assess risk preoperatively and 
meticulously assess individual patient’s pre- 
operative physiological status in a multi- disciplinary 
manner.

• Scoring systems Child-Turcotte Pugh (CTP) or 
Model for End-Stage Liver Disease (MELD) can be 
used to assess risk but should be used as an adjunct 
to other means of assessing risk (i.e. ASA grading, 
cardiac risk factors)

• Pre-operative optimisation can improve postopera-
tive outcomes.

• Any major surgical procedure in cirrhotic patients 
should be carried out by experienced surgeons and 
anaesthetists in a Liver Unit with the support of 
hepatologists and HPB surgeons.
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venous inflow which resulted in a safer surgical approach for 
liver resection surgery. Thorough knowledge of liver anat-
omy is essential. The liver receives dual blood supply from 
the portal vein and the hepatic artery, which together with the 
bile duct form the portal triad. The triad branches to each 
liver segment within the liver where it is covered by the 
Glisson’s sheath, a continuation of the visceral peritoneal 
capsule of the liver.

71.2.1  Avoiding Blood Loss During Liver 
Surgery

Understanding the vascular supply of the liver allows for 
development and performing vascular exclusion techniques 

during the division of the liver parenchyma in liver resec-
tion surgery. Such techniques can decrease intraoperative 
bleeding and transfusion by controlling the inflow and out-
flow of blood to the liver [4]. The concept of hepatic vascu-
lar control is based on the known tolerance of liver to 
ischemia and on the strong evidence that liver tolerates 
ischemia better than bleeding [5, 6]. This has resulted in the 
development of ischemic preconditioning and total vascu-
lar exclusion techniques (through selective inflow or out-
flow vascular occlusion) as strategies of blood control 
during liver surgery (Fig. 71.1) [4]. There is variability of 
the use of these methods in  different centres with variabil-
ity in the time of occlusion [4, 7]. These methods must be 
applied with an understanding of its combined effect on the 
overall physiology of the patient.

Hepatic Vascular Control
Methods

Total Hepatic Vascular
Exclusion

Inflow & Outflow
Vascular OcclusionInflow Vascular Occlusion

Hepatic Pedicle Occlusion

Continuous Pringle
Maneuver

Selective Inflwo
Occlusion

Hemihepatic Vascular
Clamping

Segmental Vascular
Clamping

Continuous inflow occlusion

Intermittent inflow
occlusion

Ischemic
Preconditioning Clamp

Intermittent inflow occlusion

Clamp Clamp

Intermittent Pringle
Maneuver

Inflow Occlusion +
Extraparenchymal control

of major hepatic vein

Release

a

b

Fig. 71.1 (a) Different methods of inflow and outflow techniques. 
Occlusion can be only inflow or inflow and outflow combined. 
Depending on the type of surgery different inflow occlusion strategies 
can be achieved. (b) Occlusion can be continuous, intermittent or 
regular intervals of ischemia and reperfusion to precondition hepato-
cytes function and reduce the risk of hepatocyte dysfunction. 
Knowledge of the techniques can aid pre-operative and intra-opera-

tive fluid management. For example, a low CVP (<5 mmHg) can be 
achieved by fluid restriction which can be a useful technique in inflow 
occlusion as a mean of reducing further blood loss. Equally, tech-
niques such as total vascular occlusion rely on both inflow and out-
flow occlusion, which in turn can increase the preload on the heart and 
to counter the physiological imbalance may require volume loading 
pre- or intra-operatively
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71.3  Physiological Changes of Liver 
Disease and Implications for Surgery

The liver has many physiological roles—synthesis of most 
serum proteins, metabolism of nutrients and drugs, excretion 
and detoxification of toxins to name a few. In cirrhosis, these 
processes are altered, and they can impact on the success of 
surgery (Fig. 71.2).

71.3.1  Altered Circulation

Cirrhosis creates a hyperdynamic circulation. There is an 
increase in cardiac output with decreased vascular resistance 
due to impairment of the autoregulatory mechanism. 
Consequently, blood flow to the liver is reduced. Portal 
hypertension develops as a result of poor portal flow. The 
cirrhotic liver is therefore at risk of hypoxic injury during 
surgery. Hence, special consideration should be given to the 
choice of anaesthesia, pre-operative volume status and the 
choice of surgical procedure for any given pathology (e.g. 
liver resection vs. transplant for hepatocellular carcinoma, 
HCC). It is known that inhalational anaesthetic agents have a 
profound effect on hepatic blood flow. More stable agents 
such as propofol can reduce hepatic blood flow and hence 
predispose the liver to hypoxia. Blood flow reduction has a 

subsequent effect on the pharmacokinetics of the liver, e.g. 
reduced clearance of endogenous substances. Intra-operative 
factors such as the volume of blood loss, periods of hypoten-
sion, use of vasoactive drugs, and pneumoperitoneum during 
laparoscopy all can exacerbate susceptibility of the liver to 
hypoxia [8].

71.3.2  Drug Clearance and Hepatic 
Encephalopathy

Reduced metabolic capacity of the liver leads to accumula-
tion of endogenous toxins and altered drug metabolism. 
Cautious use of sedatives and narcotics is advised under 
such circumstance as they can exacerbate hepatic encepha-
lopathy and would prolong periods of unconsciousness. 
Hyperammonaemia can further contribute to cerebral dys-
function and therefore careful pre-operative assessment to 
identify mild hyperammonaemia is necessary to differenti-
ate between hepatic and non-hepatic (e.g. GI bleed, urinary 
diversion, urea-splitting gram-negative bacteria) causes of 
raised ammonia. Therefore, a high index of suspicion is 
used when dealing with the patient who present with neuro-
logical symptoms on the background of normal liver func-
tion. Delay in diagnosis can have potentially life-threatening 
consequences such as seizure and coma. If encephalopathy 
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Intra-operative
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Fig. 71.2 Altered physiology in cirrhotic liver and consequential effects to be considered in patients undergoing surgery
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is identified, treatment should be focused on treating the 
underlying cause of encephalopathy, i.e. correction of elec-
trolyte imbalance, treatment of sepsis or hypoxia [9].

71.3.3  Clotting and Blood Loss

Cirrhotic patients have impaired hepatic synthesis of clotting 
factors II, VII, IX and X resulting in a risk of bleeding intra- 
and post-operatively. Bleeding can range from small pete-
chial bleeds to massive gastrointestinal bleeding. Hence, 
careful planning with detection and correction of coagulopa-
thies should be combined with surgical planning to minimise 
blood loss. For patients with coagulopathy, administration of 
fresh frozen plasma (FFP) and vitamin K to correct a pro-
thrombin time (PT) to within 3 s of normal is recommended 
[10]. If coagulopathy is not corrected with FFP, cryoprecipi-
tate or desmopressin can be used. When available, the aid of 
thromboelastography (TEG) would limit the use of FFP and 
reduce side effect by limiting inappropriate administration of 
blood products. TEG is a novel technique that analyses the 
interaction between platelets, fibrinogen and clotting factors. 
It provides an insight into clot development and aids in mea-
suring the strength of fibrin-platelet bonds in whole blood. 
This kind of qualitative analysis can facilitate the administra-
tion of the right blood products at the right time.

As a general rule, a coagulopathy should be corrected in 
the peri-operative period. If FFP is being used attention 
should be given to the half-life of the products and the timing 
of its use (i.e. half-life of vWB factor: 2–5  h; factor VII: 
5–7 h and factor VIII 8–12 h [10]). Additionally, cirrhotic 
patients are often anaemic which requires investigation and 
treatment before consideration of any surgery. Preoperative 
correction of low Hb and coagulopathy can limit intra- 
operative transfusion rate. Intraoperative transfusion is an 
independent risk factor of increased mortality. Therefore, 
patients with cirrhosis with a haemoglobin level lower than 
10 g/dL should receive a corrective blood transfusion before 
abdominal surgery [11].

71.3.4  Nutrition, Obesity and Sarcopenia

A low serum albumin level is common in patients with 
chronic liver disease. It is a sign of impaired hepatocellular 
protein synthesis and is often associated with the malnour-
ished state seen in advanced cirrhosis. Multiple mechanisms 
including poor nutritional intake, poor absorption and 
increased losses lead to sever macro- and micronutrient 
 deficiencies in cirrhotic patients. This and the overall cata-
bolic state in cirrhosis leads to poor wound healing, sepsis, 
delay in recovery, impaired mobility and respiratory muscle 
dysfunction from muscle wasting. Hypoalbuminaemia is a 

predictor of mortality in patients with cirrhosis undergoing 
surgery. The lower the albumin level, the higher the risk of 
mortality from surgery in cirrhotic patients. Evidence sup-
ports preoperative nutritional assessment and supplementa-
tion [10, 12]. In a recent study, Merli et al. [12] concluded 
that pre-transplant nutritional optimisation leads to a reduced 
number of infection during hospital stay and malnutrition 
was an independent risk factor associated with ICU length of 
stay. More so, preoperative nutritional support leads to better 
outcomes and may reduce short-term complications [13, 14]. 
Therefore, correcting the nutrient deficit of the affected 
patients is mandatory prior to surgery. Avoidance of alcohol 
and excess fat plus ingestion of 4–6  meals/day containing 
carbohydrates and protein are the most common recommen-
dations [15]. Close collaboration with a dietician preopera-
tively helps with optimal timing of surgery. For those 
cirrhotic patients with obesity (sarcopenic obesity1), in addi-
tion to medical therapy, close collaboration with bariatric 
services is recommended, particularly for those patients 
being considered for liver transplantation. Malnutrition is 
not the only challenge in sarcopenic obesity; the risk of sur-
gery is increased in obese patients due to a number of added 
technical challenges (e.g. anaesthetic risks, challenging lapa-
roscopic surgery). Indeed, sarcopenic obesity is associated 
with increased mortality, sepsis complications, 
 hyperammonaemia, risk of overt hepatic encephalopathy and 
it’s associated with increased length of hospital stay after 
liver transplantation [14].

71.3.5  Hepato-Renal Syndrome (HRS)

Patient with cirrhosis, particularly those on the transplant 
waiting list, are at risk of rapid deterioration of their renal 
function. This is attributed to renal vasoconstriction second-
ary to the activation of the renin-angiotensin-aldosterone 
system that comes about as a result of the circulatory 
changes associated with portal hypertension. HRS is often 
fatal unless timely liver transplantation is performed. 
Treatments such as dialysis can prevent advancement of the 
disease and can be used as a bridging therapy until a patient 
get a liver transplant. Additionally, any form of elective sur-
gery is avoided in patients with acute renal failure with pre-
existing cirrhosis. If patients are being considered for 
transplantation, terlipressin and albumin along with liver 
and kidney support systems are considered preoperatively to 
avoid or reduce the incidence of postoperative complica-
tions: prolonged ITU and hospital stay, need for postopera-
tive dialysis, infectious complications, acute rejection, and 
increased mortality [16, 17].

1 Sarcopenic obesity: a condition in cirrhotic patients with obesity 
marked by loss of skeletal muscles and gain of adipose tissue.
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71.3.6  Sepsis in Cirrhotic Patients, Particularly 
SBP

Patients with cirrhosis have impaired immunity and are 
therefore predisposed to infections with a higher incidence 
of multi-drug resistance organisms [10]. Sepsis in this group 
of patients can rapidly worsen liver function and lead to an 
acute on chronic liver failure state with poor short term prog-
nosis. Therefore, pre-operative assessment should focus on 
identifying undiagnosed infections and treating pre-existing 
infections. In patients with cirrhosis and spontaneous bacte-
rial peritonitis (SBP), early use of antibiotics and intravenous 
albumin administration decreases the risk of developing 
renal failure and improves survival [18]. Prophylactic antibi-
otic therapy is recommended for those with low-protein asci-
tes (<1.5 g/dL) and advanced cirrhosis (primary prophylaxis), 
prior history of SBP (secondary prophylaxis) and gastroin-
testinal haemorrhage [10, 19].

71.4  Pre-operative Management 
for Cirrhotic Patients

Multiple factors should be taken into consideration when plan-
ning surgery in patients with liver disease (Fig. 71.3). Even in 
medically fit cirrhotic patients, liver disease poses multiple 
challenges that make the decision to operate a difficult one. 
The necessity of the proposed procedure and the magnitude of 
intervention are key factors. Other vital considerations are 
non-hepatic comorbidities and the severity of their liver dis-
ease. Therefore, appreciation of the risk of surgery is essential 
for optimal preoperative evaluation of the patients.

Preoperative multi-disciplinary assessment should 
include an assessment by a hepatologist, gastroenterologist, 
anaesthetist, intensivist and surgeon experienced in dealing 
with the liver disease in addition to dietetics and physiother-
apy. Ideally, patients with chronic liver disease should be 

managed and worked up in a Liver unit where facilities exist 
to deal with episodes of liver failure postoperatively. Hence, 
high-risk patients should be transferred to or managed along 
with a tertiary liver unit.

Liaison with the critical care team in the preoperative 
period is necessary as most patients post-surgery require 
HDU/ITU bed. This is important particularly for those at high 
risk (co-morbidity of the severity of liver disease) and emer-
gency operations. Any patient with chronic liver disease 
should undergo a rapid and detailed nutritional assessment by 
the dietician team. Particularly those with Child-Pugh class C 
and those with BMI of <18 as they are at increased risk of 
decompensation and mortality. Assessment should include 
determination of BMI, the severity of malnutrition, and con-
sideration of CT and a DEXA scan to assess for sarcopenia.

Biochemical derangements should be identified early and 
corrected in the perioperative period. This includes early 
identification and correction of anaemia, clotting abnormali-
ties, renal impairment and electrolyte disturbances. Blood 
bank should be informed if operating on patients with a high 
risk of bleeding and those who are coagulopathic to ensure 
ready availability of matched blood and blood products. 
Appropriate blood products (FFP, platelets, cryoprecipitate) 
should be anticipated before surgery and be ready to be uti-
lised immediately if necessary (blood products may be fro-
zen requiring careful rewarming in a water bath prior to 
clinical use). Theatre staff should be informed of high-risk 
patients so they can also help in better planning (i.e. utilisa-
tion of equipment such as cell saver, different haemostatic 
products and increased in the number of theatre personnel if 
anticipating major bleed or any complications).

71.4.1  Auto-Transfusion and Cell Salvage

Cell salvage offers a relatively inexpensive and safe 
method of avoiding allogenic red cell transfusion during 

Post-operatively 

Peri-operatively 

Home

Pre-operative assessment

Early follow up for patients with liver dysfunction post discharge

(1) Main risk: ascites, edema, infection, hemorrhage, encephalopathy: (2) Salt 
restriction - both oral & intravenous; (3) Lactulose / enema to prevent 
constipation (4) Analgeisa / Sedation - increase dosage interval or reduce dose 
proportionally to match degree of liver dysfunction 

Assesment of co-morbid status 
CVS: ECG, Echo, TTE, Cardiac MR, Exercise

tolerance test 
Renal: need for pre-/post-op dialysis or RRT 

Diabetes: BM control
Sepsis: Correct Abx therapy

Discuss risk of morbidity & mortality with
patient & family:

Child A ~ 10%
Child A + Portal Hypertension ~ 30%

Child B ~ 30%
Child C ~ 75%

(1) Assesment by Hepatologist/Gastroenterologist; (2) 
Calculate the CTP / MLED Score;(3) Assess for portal
hypertensidon; (4) Assess nutritional status - 
Dietician referal if needed; (5) Give Parenteral
Vitamine K; (6) Consider TIPSS if sever ascites

(1) Notify anesthetist of cirrhosis & its severity; (2) Book High
dependency unit bed; (3) Salt restrict - limited IV saline or
Hartmann’s solution; (4) Assess extent of co-morbid disease

Fig. 71.3 Pre- and peri-operative assessment pyramid for patients with liver disease. Factors to consider at different stages of surgery to optimize 
care [22]
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the intra- operative period. Autologous means of transfu-
sion have gained acceptance in a major surgical procedure 
where homologous blood transfusion has proven challeng-
ing and pose a risk. Therefore, its use is recommended par-
ticularly in high-risk surgical patients. There are a number 
of relative contra-indications that would limit its use such 
as the presence of infection/sepsis, suspicion of malig-
nancy, haematological disorders such as sickle cell dis-
ease, contamination with urine, fat or bowel content.

71.4.2  Pre-operative TIPPS

For the majority of the patient with cirrhosis, the high mor-
bidity and mortality after surgery are due to portal hyper-
tension and liver failure in the postoperative period [9]. 
Transjugular Intra-hepatic Portosystemic Shunting (TIPS) 
allows connection of the portal vein to the hepatic veins by 
allowing the return of the blood to heart while avoiding the 
liver and therefore reducing the risk of internal bleeding. 
Hence, it’s a meaningful strategy to consider TIPS in cir-
rhotic patients who are considered for elective surgery to 
reduce post-operative complications related to portal 
hypertension [20]. Although more robust evidence regard-
ing utilisation of TIPS in the per-operative period is needed, 
the general trend is a reduction in morbidity and mortality 
reported with neoadjuvant TIPS placement. Further, the 
optimal timing of its placement is subject to debate. 
Planning for this should take place several weeks prior to 
elective surgery since it takes a few weeks for the ascitic 
volume to respond to the intervention. Although TIPS has 
the added benefit of reducing the risk of internal bleeding, 
equally by diverting blood from liver parenchyma, it can 
predispose it to poor hepatic flow and increases the risk of 
hepatic encephalopathy.

Steps in the pre-operative period should be focused on: 
optimising patient for surgery and therefore reducing overall 
risk; taking actions to better plan for surgery as well as steps 
to ensure adequate treatment post-surgery. Prior to any surgi-
cal intervention imaging studies can aid in better planning of 
the operation. Hence, it’s important to have imaging studies 
to confirm anatomy, the extent of pathology and most impor-
tantly to check for degree of venous dilations/varices in the 
presence of portal hypertension. All of which can help in the 
assessment of risk pre-operatively.

Assessment of the specific risk in this group of patients 
is somewhat difficult mostly due to lack of robust studies. 
The available data tend to be from retrospective studies 
mostly focused on abdominal surgery [21]. Hence, a more 
individualised assessment of risk performed by a physi-
cian experienced in dealing with liver disease is more 
favoured.

71.5  Classifying Severity of Liver Disease

The Child-Turcotte-Pugh (CTP) score or model for end- 
stage liver disease (MELD) score may be used to determine 
the severity of liver disease and the operative risk for an indi-
vidual patient. More generic assessment of surgical risk such 
as the American Society of Anaesthesiologist (ASA) classifi-
cation is less helpful for this patient group as it is not specific 
to the liver disease. More useful are the new models for risk 
estimation in the context of liver disease.

71.5.1  CTP Score

The CTP score is easy to calculate and correlates well with 
severity of disease and survival. It was originally developed 
to predict operative risk in patients undergoing portosys-
temic shunt surgery for variceal bleeds. It has been found to 
be a useful indicator of operative risk for other surgical pro-
cedures in patients with chronic liver disease. CTP score is 
obtained by adding the score for five parameters: encepha-
lopathy, ascites, bilirubin and albumin level and the degree 
of coagulopathy. The score ranges from 5 to 15 with a further 
classification of CTP scores into three classes: Class A (CTP 
score 5–6), Class B (CTP score 7–9) and Class C (CTP score 
10–15), the higher scores reflecting a more severe liver dis-
ease and hence higher operative risks. Overall general surgi-
cal risk of mortality is considered to be 10% for CTP classes 
A, 30% for class B and 82% for class C [23]. This means 
while patients with mild chronic liver disease are able to tol-
erate surgery, those with higher scores should have a realistic 
discussion about the associated risk of mortality and non- 
surgical options. They tend to fall in CTP class C, presenting 
as an emergency, their risk of mortality is several fold and 
surgery may have a detrimental effect. Risk of morbidity 
from surgical procedure also increases with higher classes of 
CTP classification and can have an impact on the quality of 
life of the patient. Hence, any intervention should be offered 
not only with mortality in mind but also with morbidity asso-
ciated with the intervention and its short and long term 
impact on the quality of life of the patient.

71.5.2  MELD Score

The MELD score was originally developed to predict mor-
tality after TIPS and now is implemented in risk assessment 
of patients awaiting liver transplantation, as well as, to pre-
dict perioperative mortality risk in abdominal surgery [24]. It 
has been validated for the prediction of both short- and long- 
term survival of cirrhotic patients to allow anticipated sur-
vival without any interventions to be considered. When 

S. Froghi et al.



775

applied to the risk assessment of cirrhotic patients undergo-
ing surgery a MELD score of 0–11 correlates with 5–10% 
90-day mortality, a score of 12–25 with 25–54% mortality 
rate, and a score greater than 26 with a 90% postoperative 
mortality rate [9]. In the non-transplant surgical group, there 
was approximately a 1% increase in mortality risk per MELD 
point below a score of 20, whereas there was a 2% increase 
in mortality risk per MELD point over 20 [25]. A MELD 
score of greater than 8 in patients undergoing hepatic resec-
tion is associated with decreased long-term survival and cor-
relates well with peri-operative mortality [26]. Generally, a 
MELD score of 14 or greater should be considered as a 
replacement for CTP class C and as a predictor of being very 
high risk for abdominal surgery [11].

The above models provide an estimation of operative and 
post risk as well as an indicator for both short and long term 
survival. However, there are other factors that need to be 
considered for risk stratification and prediction in cirrhotic 
patients undergoing major surgery. For patients with cirrho-
sis undergoing either elective or emergency surgery, CTP 
and MELD scores provide a good measure of global liver 
function and patient’s overall risk. Any patient with CTP 
class B/C or a MELD score of >8 should be carefully 
assessed for surgery where possible the above risk stratifica-
tion models should be accompanied with other methods of 
functional liver assessment. More so, when considering the 
risk of surgery patient’s other comorbid conditions should be 
taken into account such as their age, BMI, the presence of 
diabetes, cardiovascular status, renal function and presence 
of sepsis. This will reveal more about the patient’s physio-
logical reserve and ability to cope with the insult of surgery.

71.6  Emergency Surgery in Cirrhotic 
Patients

When compared to elective, emergency surgery in cirrhotic 
patients is associated with a sevenfold increased risk of mor-
tality [27]. Morbidity and mortality depend on the severity of 
cirrhosis (see above), the presence of complications related 
to liver cirrhosis, e.g. varices, and the nature of the surgical 
emergency. As a general rule aim should be to optimise 
patients prior to any operation. However, there is a balance 
between the time required to investigate and optimise the 
patient with liver disease and the reduction in the patient’s 
condition secondary to the surgical emergency. For example, 
patients with a demonstrated radiological evidence of a 
strangulated hernia with rising lactate are likely to benefit 
from early intervention rather than a period of pre-operative 
optimisation. Patients risk of emergency surgery must be 
weighed against non-intervention, and the discussion needs 
to be clearly communicated with the patient, their family and 
the rest of the clinical team. Patients with Child C score who 

present in an emergency setting are more likely to be consid-
ered for a non-operative or palliative measure because sur-
gery may be futile.

71.7  Elective Surgery in Patients 
with Abnormal Liver Function

For patients requiring elective surgery who are found to have 
asymptomatic biochemical abnormalities (LFT derange-
ment), these should further be investigated prior to surgery 
irrespective of level and duration of abnormality. In adults, 
this normally includes an ultrasound scan and a serology 
screen looking for chronic liver disease (hepatitis screen 
[HCV, HBV], anti-mitochondrial Ab, anti-nuclear Ab, anti- 
smooth muscle Ab, serum immunoglobulins, simultaneous 
serum ferritin and transferrin saturation).

Patients with a history of alcohol dependence should be 
referred to alcohol services for clinical assessment including 
a Fibroscan/ARFI elastography. This allows planning for 
post-operative management including alcohol withdrawal 
and commencing treatment. Those presenting with evidence 
of NAFLD on their ultrasound scan should have an assess-
ment of the risk of advanced fibrosis. Patients at high risk 
with advanced fibrosis (Fibroscan of >8  kPa) should be 
referred to a specialist hepatology clinic for further assess-
ment and management plus screening and treatment of portal 
hypertension and HCC.

If investigations reveal acute hepatitis, then elective sur-
gery should be deferred until the stabilisation of the patient. 
Further consideration of the type of surgery should be given 
as mortality differs in non-hepatic operation to hepatic resec-
tion in the context of liver disease/cirrhosis (Table 71.1).

71.8  Hepatic Resection in Cirrhotic 
Patients

71.8.1  Selection of Surgical Procedure

Liver cirrhosis is not only a major risk factor for the develop-
ment of hepatocellular carcinoma (HCC) but also other 
extrahepatic malignancies [29]. HCC is the most common 
primary liver cancer and the second most common cause of 
cancer-related mortality with its incidence on the rise glob-
ally. It is the most common indication for hepatic resection in 
cirrhotic patients. The severity of liver disease, the extent of 
the required liver resection and the volume of the anticipated 
future liver remnant (FLR) should define the operative strat-
egy. Liver transplantation is an ideal treatment for early- 
stage HCC meeting the Milan criteria (BCLC staging) but is 
restricted to young patients with limited co-morbidities. 
Hepatic resection is considered mainly for patients with soli-
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tary tumours and very well-preserved liver function (CTP 
class A) [30]. This decision making necessitates a careful 
patient selection and detailed evaluation of liver function. 
Unlike other malignancies, the prognosis of HCC in cirrho-
sis is not only determined by the burden of cancer but also 
the degree of cirrhosis and its complications (e.g. ascites, 
portal hypertension, encephalopathy) significantly determine 
overall mortality [31].

71.8.2  Evaluation of Liver Function 
and Functional Reserve

Both CTP and MELD score, in addition to BCLC stating 
system, have led to better risk stratification in patients with 
HCC leading to a more appropriate patient selection. Patient 
with early HCC stage and a low CTP score (class A) are gen-
erally the most suitable candidates for surgical treatment [32, 
33]. On the other hand, more advanced disease and CTP 
class C patients are considered for non-surgical treatments 
(i.e. TACE, Radiofrequency ablation, PEIT and HAIC). The 
MELD score has been shown to be a strong predictor of peri-
operative mortality. A MELD score of 9 or greater, as well 
as, tumour size of >5 cm, high tumour grade and absence of 
tumour capsule are independent predictors of decreased 
long-term survival [32, 33]. Both CTP classification and 
ASA grade can also provide useful information about the 
risks associated with elective hepatic resection [34]. 
However, they lack quantitative information about the func-
tional reserve of the liver thus lacking accuracy in predictive 
risk associated with liver surgery in cirrhosis.

71.8.3  Other Methods of Predicting 
Postoperative Liver Failure

Since CTP provides a rough estimation, current guidelines 
recommend additional studies to assess liver functional 
reserve. Indocyanine green retention rate at 15 min (ICGR15) 

or assessment of severity of portal hypertension provide use-
ful information. Resections are reportedly safe in patients 
with an ICGR15 less than 20%, while others have suggested 
a cut-off point of 14% to achieve zero operative mortality 
[35, 36]. A hepatic venous pressure gradient of >10 mmHg 
has been shown to be a predictor of unresolved hepatic 
decompensation after surgery [37]. Presence of portal hyper-
tension is a poor prognostic indicator; its 5-year survival 
rates are less than 50% [38]. Hence, the presence of portal 
hypertension is now widely considered a relative 
 contraindication for liver resection. Current western guide-
lines recommend resection in patients with well-preserved 
liver function, defined as normal serum bilirubin with either 
hepatic venous pressure <10  mmHg or platelet count 
>100 × 109/L [29].

Once HCC is suspected detailed imaging is required for 
staging and surgical planning. Arterial phase CT and/or MRI 
of the liver are standard. Biopsy tends to be preserved for 
lesions greater than 2 cm with low alpha-fetoprotein (AFP) 
where ablative therapy or transplant is contraindicated. 
Patients should also be screened for extra-hepatic metastasis. 
These findings should be discussed in the local MDT prior to 
any plan for resection.

71.8.4  Importance of AFP Levels in Patients 
with Suspected HCC

AFP is an important biomarker used in diagnosis and moni-
toring treatment regimen in HCC. It also serves as an indica-
tor of HCC risk mostly in patients with cirrhosis and HCV/
HBV infection [39]. Although, it’s a cheap screening option, 
it is only 40–64% sensitive. Only the regenerating hepato-
cytes or tumours at a very advanced stage produce AFP. More 
so, levels can be elevated in chronic active hepatitis leading 
misinterpretation of results. AFP levels also transiently rise 
post liver resection or following recovery from a toxic injury. 
Hence, when interpreting AFP levels, it must be interpreted 
in the clinical context with support from imaging studies. 

Table 71.1 Mortality rates associated with specific types of surgery in patients with cirrhosis—adapted from [28]

Type of surgery

Mortality

Overall
Child class

MELD scoreA B C
Appendectomy 9% NA NA NA NA
Cardiac 16–17% 0–3% 42–50% 100% NA
Cholecystectomy 1–3% 0.50% 3% NA <8 = 0%, ≥8 = 6%
Colorectal cancer surgery 12.50% 6% 13% 27% NA
Esophagectomy 17% NA NA NA NA
Hepatic resection 9% 9% NA NA <9 = 0%, ≥9 = 29%
Major abdominal surgery 26–30% 10% 30–31% 76–82% NA
Total knee arthroplasty 0% 0% NA NA NA
Treatment of hepatic hydrothorax with talc 39% NA NA NA NA
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Preoperative serum AFP level has predictive value for malig-
nant feature and prognosis of HCC. HCC patients with no 
contraindication of operation and serum AFP  <  20  ng/mL 
can benefit from primary treatment of hepatectomy. While 
HCC patients with serum AFP higher than 20 ng/mL need 
comprehensive therapy beside surgical resection and close 
follow up [40].

Resection of HCC in cirrhotic patients requires expert 
selection of the candidates—meaning adequate knowledge 
of the stage of the disease, the risk factors for postoperative 
morbidity and mortality, recurrence, and survival—and the 
surgical skills necessary for the planned procedure [41].

Further, the severity of cirrhosis and characteristics of 
tumour more depicts long-term survival than the type of 
resection in HCC.  The safety and feasibility of surgical 
resection in selected cirrhotic cases is now well established. 
The success of an intervention depends on the careful selec-
tion of patients with meticulous pre-operative work-up and 
risk stratification.

71.9  Non-hepatic Surgery in Cirrhotic 
Patients

71.9.1  Umbilical Hernia Repair (UHR)

An umbilical hernia occurs in about 20% of cirrhotic patients 
[42], caused mainly by ascites, poor nutritional status and 
muscle wasting. Ascites should be controlled medically prior 
to hernia repair. If the ascites is refractory to diuretics, the 
patient should be considered for a liver transplant with hernia 
repair during the transplant surgery. If they are not a candi-
date for transplant, a TIPPS stent may be considered to con-
trol ascites prior to hernia repair.

Historically, UHR was associated with high morbidity 
and mortality in cirrhotic patients. Therefore, the general 
consensus was to manage uncomplicated umbilical hernias 
conservatively. However, recent evidence would suggest 
elective UHR can be performed safely and effectively with 
improved surgical technique supported by specialist peri- 
operative medical management [43].

71.9.1.1  Emergency UHR
Emergency hernia repair is becoming less common as elec-
tive repair is becoming safer and hence more often performed 
in cirrhotic patients. Morbidity and mortality are higher in 
the emergency setting and with the severity of the underlying 
liver disease [43]. There are more wound-related complica-
tions following emergency repair. To decrease the risk of 
emergency hernia repair, elective repair should be carried out 
whenever possible. If the need for emergency repair arises, 

this should be done at experienced centres following control 
of ascites with diuretic therapy and/or percutaneous paracen-
tesis [44]. Preoperative anaemia and electrolyte abnormali-
ties should be aggressively treated. Early referral to the local 
HPB/transplant unit should be made particularly for those 
with higher CTP score or evidence of strangulation or 
decompensation.

71.9.1.2  Elective
Elective UHR is considered a safe approach and is preferred 
to conservative measures. Eker et al. [45], reports on elec-
tive UHR in 30 patients with different CTP scores: six were 
CTP class A, 19 CTP class B and five were CTP class C. The 
patient’s median MELD score was 12. None of the patients 
required ITU admission following operation. Only one post-
operative complication was reported which was due to 
pneumonia and decompensated cirrhosis. More so, after a 
median follow-up period of 25-month only two patients suf-
fered recurrence. Although this was a small study, it sup-
ports earlier reports on the safety and effectiveness of 
elective UHR [46]. Marsman et  al. [46] in a retrospective 
database analysis, compared elective repair (17 patients) 
versus a  conservative approach (13 patients) to umbilical 
hernia in cirrhotic patients. As would be expected there was 
a higher rate of incarceration requiring emergency repair in 
the conservative group. Elective repair, on the other hand, 
was performed with less morbidity and therefore advocated. 
Elective repair has been associated with poor outcomes in 
those >65  years, MELD score >15, and albumin level 
<3.0 g/dl [47].

Whether nylon or polypropylene mesh should be used for 
hernia repair in cirrhotic patients has been a matter of 
debate. In a prospective comparative study, use of mesh in 
non- complicated UHR in ascitic patients with liver cirrhosis 
is reported to be associated with less ascitic fluid leakage 
(15% vs. 30%) and hernia recurrence (10% vs. 35%) com-
pared to primary suture repair [48]. However, higher rates of 
wound infection (25% vs. 15%) are reported in the mesh 
group. In a recent randomised control trial [49], the use of 
mesh in complicated umbilical hernias in cirrhotic patients 
was considered safe with minimal wound-related morbidity 
and significantly lower rates of recurrence than conventional 
fascial repair.

In brief, elective UHR is advised in patients with cirrho-
sis, and it seems to be well tolerated. However, this group of 
patients require pre-operative workup to ensure they are well 
compensated and ascites is under control. This means those 
medically fit patients with Child A score and no evidence of 
decompensation can be managed locally and those with 
higher CTP score or evidence of decompensation should be 
referred and managed in an HPB unit.
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71.9.2  Cholecystectomy

Gallstones are a common finding in patients with cirrhosis 
with an increased incidence of 9.5–29.4% compared to those 
without cirrhosis (5.2–12.8%) [50]. Haemolysis and a reduc-
tion in gallbladder emptying in cirrhotic patients are contrib-
uting factors to the high incidence [51]. The majority are 
asymptomatic, the minority presenting with biliary pain, 
cholecystitis or obstructive jaundice [51].

Until recently, cirrhosis was considered to be an absolute 
or relative contraindication to laparoscopic cholecystectomy 
(LC). However, LC has been reported to be safe in CTP class 
A and selected class B [52]. The laparoscopic approach 
offers the advantage of less blood loss, shorter operative 
time, and shorter length of hospitalisation in patients with 
cirrhosis.

CTP class C usually represents the end stage of liver dis-
ease and surgery would generally not be indicated for elec-
tive procedures [53]. In patients with CTP class C, 
cholecystostomy is recommended over cholecystectomy. 
However, if surgery is required, open rather than laparo-
scopic is recommended [8]. Complication rates are high for 
CTP class C patients regardless of an open or laparoscopic 
approach.

Pre-operatively, any patient undergoing LC should have 
an attempt at control of ascites, correction of coagulopathy 
with Vit K and FFP (aim for INR < 1.3) and correction of 
platelet count to >50,000/dL.  Patients should have pre- 
operative imaging (arterial and venous phase CT scan) to 
help identify abdominal wall varices, re-canalised umbilical 
vein with choledochal varices and to rule out HCC [54].

71.9.2.1  Emergency
Emergency cholecystectomy in cirrhotic patients is a chal-
lenging operation particularly with those who have advanced 
liver disease. A recent meta-analysis demonstrated patient 
with cirrhosis who undergo emergency cholecystectomy 
have a higher morbidity (20.9% vs. 7.99%; p-value: <0.001) 
and no difference in mortality (0.59% vs. 0.13%; p-value: 
0.133) compared to the patients undergoing LC in non- 
cirrhotic group [55]. Surprisingly, In the 400 patients with 
liver cirrhosis that were reviewed in the study, only six 
patients had advanced stage liver disease (PTC class C). The 
laparoscopic approach to cholecystectomy was associated 
with less blood loss (113 mL vs. 425 mL; p = 0.015), shorter 
operative time (123.3 min vs. 150 min, p < 0.042) and shorter 
length of stay (6 days vs. 12 days, p < 0.001) when compared 
to open technique in cirrhotic patients [56]. In comparison to 
non-cirrhotic patients who undergo LC, cirrhotic patients 
have a higher conversion rate, more bleeding complications 
and higher overall morbidity [55]. Given the challenges of 

LC in cirrhotic patients, attempts should be made to refer 
patients early to HPB centres with the capacity to deal with 
surgical complications and the episodes of liver decompen-
sation. Even elective cases are suggested to be considered for 
referral to an HPB Unit.

71.9.2.2  Elective
LC in cirrhosis is associated with better outcomes in the 
elective as compared to the emergency setting. Reported 
mortality rates from LC in CTP class A and B is low (0.12% 
and 0.97% respectively) [57]. The rate for CTP class C, how-
ever, have been reported as high as 50–83% and even higher 
in the emergency settings [57].

MELD score may also be used to predict both mortality 
and morbidity and may be more accurate than CTP in assess-
ing morbidity [50]. A MELD score of >13 was associated 
with an increased rate of conversion to open and a high inci-
dence of postoperative complications [50]. A conservative or 
minimally invasive treatment (antibiotics, percutaneous gall-
bladder drainage) should be considered in patients with 
MELD score of >13.

Post-operative complications can be reduced via modifi-
cations to a surgical technique such as hepatic pedicle occlu-
sion (Pringle manoeuvre) to reduce bleeding, provide a clear 
surgical field and avoid damage to vital structures during LC 
[58]. The Pringle manoeuvre offers a feasible and safe 
approach to lower the conversion rate in difficult cases. In 
high-risk patients an alternative surgical strategy is to per-
form a subtotal LC [59] leaving the patient with a risk of 
future biliary complications. The need for conversion to 
open cholecystectomy should not be considered a failure but 
as a safe strategy to avoid intra- or post-operative complica-
tions [59]. Puggioni et  al. [55] reviewed 400 patients with 
cirrhosis undergoing LC; their meta-analyses reported a 7% 
conversion rate for LC in cirrhotic patients (47% presented 
with acute cholecystitis). Recently, Machado et  al. [57] 
reported on LC in 1310 cirrhotic patients. The overall con-
versation rate was 4.5% but was 35% in CTP class C patients. 
Interestingly, a low platelet count <50,000/dL was associated 
with a higher rate of conversion in cirrhotic patients under-
going LC [50], presumably related to the severity of portal 
hypertension and hypersplenism.

In summary, LC is considered a safe approach to CTP 
class A patients and in a selected number of patients with 
CTP class B (those without evidence of portal hyperten-
sion). Conservative measures should be first line consider-
ations in the management of CTP class C with surgery 
being considered only in those failing conservative treat-
ment. In patients with cirrhosis, LC should be performed 
by surgeons with advanced laparoscopic and HPB surgical 
experience.
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71.9.3  Colorectal Surgery

Cirrhosis poses a major challenge in patients requiring major 
colorectal surgery. Morbidity and mortality rates at 30 days 
range from 48% to 77% and 21.5–26%, respectively [60]. 
Patients with cirrhosis have a 6.5-fold increased risk of mor-
tality following bowel surgery [61]. Mortality is higher in 
emergency surgery and in the presence of portal hyperten-
sion. A review of data from the American College of Surgeons 
National Surgical Quality Improvement Project [62] revealed 
MELD score of >15 in chronic liver disease patients under-
going colorectal surgery was significantly associated with 
higher rates of complications, failure to rescue (proportion of 
death following major complication) and mortality. 
Subsequent studies confirmed the MELD score as an inde-
pendent predictor of mortality in cirrhotic patients undergo-
ing bowel surgery regardless of the underlying disease [63]. 
The higher the MELD score, the higher the risk of death and 
major morbidity in the 30-days after elective colorectal 
resection [64]. This re-enforces the importance of risk strati-
fication and pre-operative optimisation to improve the out-
come of elective bowel surgery in cirrhotic patients.

Postoperative complications, particularly, infective com-
plications, significantly contribute to mortality following 
colorectal surgery in cirrhotic patients [65]. Other indepen-
dent predictors of mortality include age, functional status, 
ASA classification, ascites, oesophageal varices, dissemi-
nated cancer, chronic steroid use, cardiac disease, renal fail-
ure, sepsis, ventilatory dependence and emergency operation 
[63]. These factors should also be considered in conjunction 
with the MELD or CTP score for a more realistic approach 
to risk assessment.

A recent review [66] of the Danish database looking at 
patients with the colorectal disease who underwent surgery 
between 1996 and 2009, the 30-day mortality after surgery 
was 8.7% in a patient without liver disease, 13.3% in patients 
with non-cirrhotic liver disease and 24% in those with cir-
rhosis. Mortality was greater in patients undergoing colon 
cancer surgery compared to rectal cancer surgery [66]. 
Similar, high 30-day mortality rates (13%) were found in 
patients with colorectal adenocarcinoma by Gervaz et  al. 
[67] in their retrospective study. They reported 1-, 3-and 
5-year survival rates of 69%, 49%, and 35%. Significantly 
better survival rates are described for CTP class A than CTP 
class B and C. Interestingly, TNM staging of the adenocarci-
noma provided no prognostic information in patients with 
cirrhosis [67]. However, low albumin and prolonged pro-
thrombin time are identified as risk factors for mortality.

Although there is limited data on methods to reduce the 
risk of colorectal surgery in liver disease recommendations 
have been made on the importance of perioperative risk 
assessment and optimisation of physiological markers such 
as albumin and haematocrit [60]. Laparoscopic rather than 

open surgery may offer benefit. Martinez et al. [68] reported 
reduced blood loss, 29% morbidity and no mortality in a 
small cohort of patients (n = 17) with compensated cirrhosis 
(CTP A = 12 and CTP B = 5) undergoing laparoscopic bowel 
resection. Laparoscopic surgery may have favourable out-
comes in patients with cirrhosis, but careful patient selection 
is crucial to reduce associated morbidity and mortality [69]. 
This depends on a number of factors and a meticulous pre- 
operative assessment of the patient (i.e. identifying and 
addressing the correctable). Not only the degree of liver dis-
ease is a determinant of patients’ suitability for laparoscopic 
surgery, but the nature of the colonic tumour (position and 
local stage) along with other comorbid conditions (e.g. pre-
vious surgery, the presence of cardio-respiratory disease) 
would be a determining factor. Patients should have their sur-
gery at centres with experienced laparoscopic surgeons and 
availability of hepatology and HPB surgeons that can assist 
in all stages of the patient management.

71.9.4  Cardiac Surgery

Cardiac surgery and other surgical procedures that require 
cardiopulmonary bypass (CPB) have increased rates of mor-
tality in patients with cirrhosis (Table 71.1) [8]. Cardiovascular 
risk factors are more common in cirrhotic patients than the 
general population [70], and they are therefore more likely to 
require cardiac surgery. Identification of those with underly-
ing liver disease is essential to facilitate preoperative plan-
ning. As with the other surgeries being performed in cirrhotic 
patients mentioned above, the mortality following cardiac 
surgery increases with the severity of liver disease [71]. 
MELD score has again been shown to reliably identify cir-
rhotic patients who are at high risk for open heart surgery 
[72]. Thielmann et al. [71], showed both MELD score and 
CTP class differed significantly between survivors and non- 
survivors following cardiac surgery both for in-hospital and 
long-term mortality.

Interestingly, in a study of 55 patients with cirrhosis 
undergoing cardiac surgery, Lin et al. [73] revealed preop-
erative serum bilirubin, the EuroSCORE2, and CABG are 
major predictors of early and late mortality. In this study, 
CTP and MELD scores were not strongly predictive of 
early or late mortality. There were 30 patients in PTC A, 
20 in PTC class B and five in PTC C with an overall hospi-
tal mortality rate of 16.4%. The actuarial survival rates 
were 70%, 64%, 56%, and 44% at 1 year, 2 years, 3 years, 
and 5  years after surgery, respectively. The mortality of 

2 EuroSCORE (European System for Cardiac Operative Risk 
Evaluation): is a risk model which allows the calculation of risk of 
death after heart surgery.
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patients with liver cirrhosis undergoing open heart surgery 
increases with the severity of liver disease.

Filsoufi et al. [74], reported on patients with livers disease 
and a mean MELD score of 14 who had undergone cardiac 
surgery between 1998 and 2004. Stratified mortality accord-
ing to CTP class were 11%, 18%, and 67% for class A, B, 
and C, respectively. The 1‐year survival was 80%, 45%, and 
16% for CTP class A, B, and C, respectively. Results are sug-
gestive that cardiac surgery can be performed safely in CTP 
class A patients and a selected number of CTP class B 
patients. Operative mortality is very high in CTP class C 
patients, surgery is hazardous, and alternative conservative 
treatments must be considered [72]. Overall mortality is high 
in all classes of liver cirrhosis [75]. Short-term, peri- operative 
mortality is particularly high in class B and C patients [75]. 
Therefore, when considering surgery in Class B, apart from 
the severity of liver disease other comorbidities play an 
important part in decision making (i.e. renal failure, respira-
tory disease) and overall long-term survival.

Other factors determining the outcome in cirrhotic 
patients undergoing cardiac surgery have been platelet count, 
serum cholinesterase level, and Cardio-pulmonary bypass 
(CPB) time. Low platelet count and serum cholinesterase 
levels along with longer CPB time were associated with 
increased mortality [76]. Mortality is even higher in the pres-
ence of such factors along with a MELD score >13 [77]. 
Therefore, when assessing liver disease patients for cardiac 
surgery, in addition to MELD score other factors (e.g. co- 
morbidity, platelet count and anticipated bypass period) need 
to be taken into account to assess the true extent of risk [78].

Modifications to techniques such as off-pump coronary 
artery bypass in patients with liver cirrhosis have been shown 
to reduce bleeding and transfusion time [79]. Although off- 
pump surgery has the aforementioned added advantages, the 
presence of cirrhosis did not affect morbidity or mortality 
unless there was severe liver dysfunction [80]. The impact of 
cirrhosis on preoperative outcomes and health care costs are 
significant. Therefore, CABG should be performed in care-
fully selected patients and, whenever possible, without the 
use of CPB [75]. However, CPB is safe in those compensated 
cirrhotic patients with a CTP score of <8 and no other sig-
nificant comorbidity.

71.10  Avoiding Futile Operations

Any surgical treatment in patients with cirrhosis should be 
undertaken with careful consideration of the severity of liver 
disease, the likely operative morbidity and mortality and the 
anticipated length and quality of life for those who survive.

Consideration must also be given to the technical abili-
ties of the surgeon as well as the availability of resources to 
deal effectively with decompensated cirrhosis in a patient 

following major surgery [81]. If no HPB medical and surgi-
cal expertise is available cirrhotic patients requiring any 
form of major surgical intervention should be referred to a 
specialist unit. This allows pre-assessment to be done in 
conjunction with a hepatology team for optimisation of the 
background liver disease, the availability of liver surgery 
expertise if required and a multi-disciplinary team avail-
able to treat decompensated cirrhosis. The patient will be 
assessed by an anaesthetist who is experienced with portal 
hypertension and the hemodynamic challenges of a cir-
rhotic patient. Additionally, input from haemophilia team 
with clotting management can be coordinated and the 
requirement identified for specialist intensive care monitor-
ing postoperatively.

There are a number of liver-related contraindications to 
elective surgery (Table 71.2). Acute liver failure [82] defined 
by the presence of neurologic dysfunction, INR >1.5, with 
no prior evidence of liver disease and a disease course of 
fewer than 26 weeks, is considered an absolute contraindica-
tion to any form of surgery unless transplantation is being 
considered. Acute hepatitis and alcoholic hepatitis are also 
considered contraindications to elective surgery due to 
increased risk of morbidity and mortality. Surgery should be 
delayed until the patient’s condition is stable both clinically 
and biochemically.

It is important to identify high-risk patients pre- operatively. 
Those with high pre-operative serum creatinine (>125 μmol/L) 
are at increased risk of blood loss, higher postoperative mor-
bidity and have a higher incidence of cardiorespiratory com-
plications [83]. Elective surgery should be postponed until 
renal function has been stabilised. In those requiring liver 
resection, the presence of pre-existing renal failure can have 
fatal consequences if other comorbidities exist and the patient 
undergoes an extended resection [84].

Futile operations can be avoided by appropriate risk 
assessment, adequate preoperative optimisation, better oper-
ative planning and appropriate level of care postoperatively. 
Every patient must be discussed individually and assessed on 
their merits in the context of the severity of background liver 
disease.

Table 71.2 Contraindication to elective surgery in patients with liver 
disease [28]

Acute or fulminant liver failure
Acute renal failure
Alcoholic hepatitis
Hypoxaemia
Cardiomyopathy
Severe coagulopathy (despite treatment; prolongation of PT >3 s 
despite vitamin K; Platelet count of <50,000/mm3)
Child Class C cirrhosis
Severe chronic hepatitis
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71.11  Summary

Liver disease, irrespective of its severity, poses a challenge to 
surgery. Any degree of liver disease must be investigated and 
discussed with appropriate members of the MDT team before 
any planned operations. Preoperative risk assessment and 
optimisation of the liver function are essential as the liver 
disease severity score (CTP or MELD) correlates with peri- 
operative mortality. Referral to a specialist HPB centre is 
necessary for all major surgical procedures in cirrhotic 
patients as the multi-disciplinary team is essential for pre- 
operative optimisation, determining whether surgery is 
appropriate, determining the optimal surgical approach and 
for maximising the chance of survival with anaesthetists and 
intensivists familiar with the physiology of cirrhotic patients 
and the availability of hepatology review for those decom-
pensating following surgery.

Risk assessment of patients should not be based solely on 
CTP or MELD score and a more individualised approach 
including patients’ age, co-morbid status and extent of 
planned surgery should determine the patient risk and suit-
ability for surgery. In general, patients with CTP class C 
should be considered as having end-stage liver disease and 
should not be considered candidates for major surgery unless 
intensive management can improve the function of chronic 
liver disease.

 Self Study

 Questions

 1. In patients with cirrhosis undergoing surgery:
 (a) The liver is at increased risk of hypoxia due to arterio- 

venous shunting
 (b) Sarcopenic obesity can increase the risk of hepatic 

encephalopathy
 (c) Cardiac output is decreased and systemic vascular 

resistance increased
 (d) Coagulopathy can only be corrected with FFP
 (e) Sedatives and narcotics should be used judiciously

 2. When assessing patients in the pre-operative period:
 (a) Type and extent of surgery does not determine risk
 (b) Biochemical derangements should be investigated 

and corrected prior to surgery
 (c) Preoperative TIPS is safe in emergency surgery
 (d) Patients with BMI of <18 are at increased risk of 

decompensation
 (e) Imaging is mandatory prior to surgery

 3. Regarding risk classification of liver disease:
 (a) Higher CTP class tolerate invasive procedures well

 (b) A MELD score of 8 or greater should be considered 
the same as CTP Class C

 (c) Either MELD or CTP is sufficient in determining risk 
alone

 (d) The risk is higher in the emergency setting for any of 
CTP classes

 (e) ASA classification is useful in determining risk in 
cirrhotic patients

 4. In hepatic resections in cirrhotic patients
 (a) CTP or MELD score provide sufficient information 

regarding risk
 (b) ICGR15 of less than 20% is considered safe
 (c) The severity of cirrhosis and tumour characteristic 

are predictive of long term survival
 (d) Resection is considered safe in hepatic venous pres-

sures >10 mmHg
 (e) A MELD score of 9 or greater is associated with good 

outcome

 Answers

 1. In patients with cirrhosis undergoing surgery:
TTFFT

 2. When assessing patients in the pre-operative period:
FTFTT

 3. Regarding risk classification of liver disease:
FFFTF

 4. In hepatic resections in cirrhotic patients
FTTFF
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Robotic Liver Resection
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72.1  Introduction

Minimally invasive approaches have revolutionized the face 
of surgical practice. These techniques have provided for 
improved perioperative morbidity and mortality in a variety 
of surgical specialties [1–4]. Hepato-pancreato-biliary 
(HPB) surgery, however, is low-volume, technically chal-
lenging and morbid rendering the implementation of mini-
mally invasive techniques difficult and this is particularly 
evident in liver surgery [5–7].

Liver resection is becoming more routine surgery in expe-
rienced hands. Laparoscopic techniques are increasingly 
used with multiple studies showing improved short-term out-
comes and oncologic non-inferiority compared to the open 
approach [8–11]. However, there are a number of limitations 
to the laparoscopic approach including limited depth percep-

tion, restricted movement by rigid instruments and fixed ful-
crum at the ports, unnatural ergonomics and difficult suturing 
[12–16]. These limitations largely persist despite advances in 
instruments and utilization of single port surgery.

The robotic platform has seen some success in gastroin-
testinal surgery and circumvents many of the short-comings 
of laparoscopic surgery. These features included improved 
three-dimensional imaging, 540-degree movement of instru-
ments, improved dexterity and precision in vascular dissec-
tion and intracorporeal suturing [14, 17–19]. This work will 
cover the operative technique in detail and review some of 
the published short and long-term outcomes on robotic liver 
resection (RLR).

72.2  Indications

Table 72.1 shows some of the indications for RLR. The indi-
cations for robotic hepatectomy are the same as those for 
laparoscopic hepatectomy. Although malignancy is the most 
common indication for robotic liver resection, both benign 
and malignant tumors can be resected with the robot. 
Contraindications to use of the robot include invasion of 
major hepatic vessels, extension into the diaphragm and 
patient inability to tolerate pneumoperitoneum.

72.3  Operative Technique

72.3.1  Patient Positioning and Port Placement

Patient positioning is contingent upon the patient’s body 
habitus and procedure being performed with the goal of 
avoiding arm collisions and offering optimal exposure. The 
patient is typically positioned in supine position, legs parted, 
in about 30-degree reverse Trendelenburg. However, for 
right posterior-section liver resection, the patient is posi-
tioned in 45–90° left lateral decubitus position without legs 
parted, in 30-degree reverse Trendelenburg. The assistant 
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Key Concepts
• Robotic liver resection offers certain advantages to 

and circumvents many of the difficulties encoun-
tered in laparoscopic surgery

• Robotic liver resection has the same indications and 
contraindications as laparoscopic liver resection

• Short and long-term outcomes of robotic liver 
resection have been non-inferior to the open and 
laparoscopic approaches

• The learning curve and financial constraints limit 
wide-spread use of the robotic platform
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surgeon then stands to the left of the patient and pneumoperi-
toneum is achieved with a 5 mm trocar in the left upper quad-
rant; however, entry technique will vary by surgeon. 
Port-placement may vary depending on the location of the 
lesion. Trocar port-placements for different hepatectomies 
are shown in Figs. 72.1, 72.2, and 72.3. Trocars are generally 
placed closer to the transverse umbilical line, shifting 
towards the left or right depending on lesion location. 
Laparoscopy is typically performed to exclude the presence 
of metastasis prior to the procedure and the robot is brought 

in from the patient’s head and the arms are docked. If an 
Intuitive Surgical (Sunnyvale, CA) Si Robot is used. 
However, if an Xi is used, docking can occur anywhere, but 
is usually on the side of the lesion.

72.3.2  Lobectomy (Right and Left 
Hepatectomy)

Three steps are clearly defined: dissection of the hepatic 
hilum, ligament and connective tissue dissection around the 
hepatic plane, and hepatic transection. Surgeons preferences 
will vary for using the Pringle Maneuver. However, having 

Table 72.1 Indications and contraindications of robotic liver 
resection

Indications Contraindications
Malignant disease General
Primary hepatocellular 
carcinoma (HCC)

Any contraindication to open liver 
resection

Hepatoblastoma Pneumoperitoneum intolerance
Cholangiocarcinoma Major vessel invasion or need for 

vascular reconstruction
Gallbladder carcinoma Specific
Recurrent hepatocellular 
carcinoma

Dense adhesions

Colorectal liver metastasis Significant lesion proximity to 
major vasculature

Other hepatic metastasisa Lesion size prohibits laparoscopic 
manipulation

Benign disease
Adenoma
Benign biliary disease
Hemangioma/hamartoma
Recurrent cholangitis

aMetastasis from breast, neuroendocrine carcinoma, pheochromocy-
toma, endometrial carcinoma, melanoma, clear cell renal metastasis, 
ovarian carcinoma, and small bowel cancer

Fig. 72.1 Port-placement for right anterior hepatectomy

Fig. 72.2 Port-placement for right posterior hepatectomy

Fig. 72.3 Port-placement for left hepatectomy
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the porta identified and being set up to employ a Pringle at a 
moment’s notice can be a safety step since you can’t quickly 
pinch off the entire porta like in open surgery. The following 
intra-operative pictures will be used to convey the steps.

 I. Pringle Maneuver Set-up
 1. Isolate the hepatoduodenal ligament (Fig. 72.4).
 2. Prepare vessel loop around the hepatoduodenal liga-

ment (Fig. 72.5).
 3. Prepare general-use bulldog clamp (Fig. 72.6).

 II. Dissection of the Hepatic Hilum
 1. Identify the location of the liver lesion using laparo-

scopic ultrasound (Fig. 72.7).

 2. Perform a standard retrograde cholecystectomy 
(Fig. 72.8).

 3. Dissect the hepatic pedicle with an Intuitive Surgical 
permanent cautery hook (Sunnyvale, CA).

 4. Portal vein (PV) and hepatic artery dissection.
 a. The right hepatic artery is usually located superior 

to the PV whereas the left hepatic artery is usually 
located anterior lateral to the PV.

 b. Isolate and ligate these branches with an Intuitive 
Weck hem-o-lock large clip applier (Intuitive 
Surgical, Sunnyvale, CA) (Fig. 72.9).

 c. Alternatively, suture and tie using 3-0 black silk 
and 5-0 prolene or ligate using laparoscopic clips 
(Fig. 72.10).

Fig. 72.4 Hepatoduodenal Ligament Isolation

Fig. 72.5 Vessel loop placement around hepatoduodenal ligament

Fig. 72.6 Preparation of bulldog clamp

Fig. 72.7 Use of endoscopic ultrasound to identify the lesion

72 Robotic Liver Resection
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 d. Attention should be paid to the small posterior 
branches of the portal vein to segment I.

 e. Ligate these branches with laparoscopic clips or 
suture them using 5-0 prolene

 f. Alternatively, the Ligasure (Medtronic, 
Minneapolis, MN) can be used.

 g. After ligation of these small branches, proceed to 
isolate the right or left portal vein. It can be 
sutured using 3-0 black silk or 5-0 prolene. It may 
also be ligated using a Covidien laparoscopic sta-
pler (Medtronic, Minneapolis, MN) or an Intuitive 
weck hem-o-lock large clip applier (Figs.  72.11 
and 72.12).

 5. An optional step when the anatomy is clear and the 
portal confluence is low, is extrahepatic bile duct 
dissection.

 III. Hepatic Transection
 1. Hepatic ligament and connective tissue isolation 

before resection:
 a. Isolate and section the coronary and falciform 

ligaments (Fig. 72.13).
 b. The right triangular ligament is dissected along 

the lateral peritoneal reflection and the along the 
hepatocaval plane in the case of right lobe resec-
tion (Fig. 72.14).

 c. Transect the left triangular ligament in the case of 
left lobe resections (Fig. 72.15).

 d. In the case of right hepatectomy:
 i. Use the third arm to lift the inferior surface of 

the right lobe, exposing the inferior vena cava 
(IVC).

 ii. Ligate minor accessory veins from the IVC 
with laparoscopic clips or suture using 5-0 
Prolene or ligate using the Ligasure.

 iii. If they are large, resection and ligation is per-
formed using the laparoscopic stapler.

 iv. Dissect along the right side of the IVC up to 
the inferior aspect of the right hepatic vein for 
right lobar resections.

Fig. 72.8 Retrograde cholecystectomy

Fig. 72.9 Use of hem-o-lock to isolate and ligate portal vein or hepatic 
artery branches

Fig. 72.10 Ligating portal 
vein and hepatic artery 
branches using suture
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 2. Liver Transection:
 a. Burn the liver surface to mark along the ischemic 

demarcation line using an Intuitive permanent 
cautery hook (Fig. 72.16).

 b. Apply stay sutures using 0-O Vicryl or chromic 
along the liver border to retract the left or right 
hepatic lobes and expose the resection line 
(Fig. 72.17).

 c. Perform the Pringle maneuver by lifting the vessel 
loops up and clamping them using the bulldog 
clamp as mentioned above (Fig. 72.6).

 d. Communicate with anesthesia before the case to 
keep the central venous pressure (CVP) lower 
than 5 mmHg.

 e. Transection of the liver layer by layer:
 i. Start at the cortical aspect along the burned 

markings.
 ii. This illustration uses the Intuitive PK dissect-

ing forceps (Intuitive Surgical, Sunnyvale, 
CA) and Maryland bipolar forceps (Intuitive 
Surgical, Sunnyvale, CA) for liver resection 
and control minor bleeding (Fig. 72.18).

 iii. Alternatively, an Intuitive Harmonic ACE or 
Endowrist Vessel Sealer (Intuitive Surgical, 
Sunnyvale, CA) can be used in addition to 
laparoscopic instruments like the Aquamantys 
bipolar sealers (Medtronic, Minneapolis, 
MN), the Argon beam coagulator (Medtronic, 
Minneapolis, MN), and Habib 4X laparo-
scopic bipolar resection device 
(AngioDynamics, Queensbury, NY).

 iv. Larger vessels should be resected with a 
Covidien laparoscopic stapler or ligated/
sutured using 3-0 black silk and 5-0 prolene 
suture (Fig. 72.19).

 3. Once done with the subcortical aspect, proceed to 
resection of the core of the liver parenchyma.
 a. Care must be taken with the bigger venous 

branches directed to the middle hepatic vein and 
the Glisson pedicle containing bile ducts.

 b. One option is to use Covidien laparoscopic sta-
plers for transection and ligation of venous 
branches and the Glisson pedicle during paren-
chymal liver resection (Fig. 72.20).

 c. Isolate the right or left hepatic vein and ligate it 
with a Covidien laparoscopic stapler (Fig. 72.21).

Fig. 72.11 Portal vein isolation and ligation using suture

Fig. 72.12 Portal vein isolation and ligation using the weck hem-o- 
lock large clip applier

Fig. 72.13 Coronary and falciform ligament isolation and resection

72 Robotic Liver Resection
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 4. Examine the liver parenchyma for bleeding or bile 
leak
 a. Bleeding is controlled using the Intuitive perma-

nent cautery hook and surgicel (Johnson and 
Johnson, New Brunswick, NJ) or using 5-0 
prolene sutures (Fig. 72.22).

 b. Suture using 3-0 black silk (Fig. 72.23).
 c. After bleeding control, place dry gauze on the 

liver surface and de-clamp the bulldog (Fig. 72.24).

 d. Decrease intra-abdominal pressure up to less than 
5 mmHg for 5–15 min and recheck for bleeding or 
bile leak.

 e. Drain placement is at the discretion of the 
surgeon.

 5. Remove the specimen in the endocatch bag and 
extract it through the lower 12 mm Trocar site after 
extension of the incision line.

 6. After the specimen is removed:

Fig. 72.14 Right triangular 
ligament dissection

Fig. 72.15 Left triangular ligament transection

Fig. 72.16 Use of cautery hook to mark along ischemic demarcation 
line

A. I. Al Abbas et al.
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 a. Undock the robot.
 b. Stop pneumoperitoneum.
 c. Extract trocars under direct vision.
 d. Close port sites.

72.3.3  Segmentectomy (Follow Segmental 
Anatomy)

 I. The ultrasound is used to find the location of the liver 
lesion.

Fig. 72.17 Applying sutures for traction along liver

Fig. 72.18 Liver resection and bleeding control using the PK dissect-
ing forceps and Maryland bipolar forceps

Fig. 72.19 Ligation of larger vessels using suture during liver 
resection

Fig. 72.20 Ligation of venous branches and the Glisson pedicle dur-
ing parenchymal liver resection

Fig. 72.21 Isolation and ligation of the hepatic vein

72 Robotic Liver Resection
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 II. Burn around the liver lesion using the Intuitive perma-
nent cautery hook.

 III. Place anchoring 0-Vicryl along the virtual line of the 
liver segment based on the lesion’s location and retract 
gently.

 IV. Perform the Pringle maneuver according to preference 
as stated previously in the section on lobectomy to 
achieve hepatic inflow control.

 V. Transect layer by layer starting from the surface and 
proceeding to the core.

 VI. Use Intuitive PK dissecting forceps and maryland 
bipolar forceps for liver transection.

 VII. Control minor bleeding with the Intuitive permanent 
cautery hook, maryland bipolar forceps or the 
Ligasure.

 VIII. Inspect the liver remnant as before and proceed with 
specimen retrieval and port-closure as stated 
previously.

72.3.4  Wedge Resection

 I. Follows a similar technique to segmentectomy but 
does not respect segmental anatomy.

 II. Typically used for metastatic liver lesions originating 
from another tumor (e.g. colorectal cancer, pancreatic 
cancer neuroendocrine tumors, etc).

 III. Most resection is performed apart from the liver lesion 
around 1–2 cm.
 a. An early study showed higher rates of positive mar-

gin with wedge resection compared to segmental 
resection [20]. More recent studies have challenged 
this and suggest that there is no difference 
[21–23].

 IV. The robotic Aloka drop-in probe (Hitachi, Tokyo, 
Japan) can be used to determine the location of the 
liver lesion (Fig. 72.25).

 V. Use the Intuitive permanent cautery hook to burn 
around the liver lesion with a radius of about 2  cm 
(Fig. 72.26).

 VI. Anchoring sutures using 0-O vicryl are placed around 
the liver lesion and the lesion is retracted gently to 
avoid rupture (Fig. 72.27).

 VII. The Pringle maneuver is applied to achieve hepatic 
inflow control using the same technique as in 
lobectomy.

 VIII. Intuitive PK dissecting forceps and maryland bipolar 
forceps are used for liver lesion removal.

 IX. Hemostasis is achieved with the Intuitive permanent 
cautery hook, the maryland bipolar forceps or the 
Ligasure.

 X. Alternative techniques to the PK described above can 
also be used according to surgeon preference.

Fig. 72.22 Bleeding controlled using suture

Fig. 72.23 Suturing liver parenchyma

Fig. 72.24 Placing dry gauze on liver surface and de-clamping the 
bulldog

A. I. Al Abbas et al.
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 XI. After examining for liver parenchymal bleeding or bile 
leak, the wound is closed as stated previously.

72.3.5  Near-Infrared Fluorescence Imaging

One of the unique advantages afforded by the robotic plat-
form includes near-infrared fluorescence imaging. Firefly 
fluorescence imaging (Intuitive Surgical, Sunnyvale, CA) 
provides real-time, image-guided identification of key ana-
tomical landmarks using near-infrared technology. This 
allows for assessing anatomy better than the naked eye. This 
involves the use of Indocyanine green (ICG) which is a non- 
toxic fluorophore that appears green upon stimulation with 
near-infrared light. This has been approved by the Food and 
Drug Administration (FDA) and been in use for over four 
decades. Upon injection, arteries and veins are visualized for 
just under a minute and then it accumulates in the liver. It is 
secreted in bile about an hour later, allowing for visualization 
of the biliary tree. This technique allows for differentiating 
hepatic lesions based on their vascular pattern. Well differen-
tiated HCCs are hyperfluorescent while poorly differentiated 
HCCs and colorectal metastasis are hypofluorescent [24, 
25]. The utility of this technology is endless with future ave-
nues for antibody-conjugated fluorophores for fluorescence 
guided surgery, real-time microscopy for resection margin 
evaluation and differentiating between normal versus malig-
nant lymph nodes.

72.4  Outcomes of Robotic Liver Resection

72.4.1  Post-operative Outcomes

Table 72.2 lists some selected major studies on RLR. The 
most recent systematic review and meta-analysis [26] 
revealed that most RLRs were wedge or segmental resec-
tions (28.67%), followed by right hepatectomy (17.88%) 
and left lateral segmentectomy (13.22%). Operative time 
ranged from 200 to 275 min. As expected, series with major 
hepatectomies tended to have longer operative times. The 
total rate of conversion was 5.59%, varying from 0% to 
55%. The most common indication for conversion was 
bleeding (46.67%) followed by tumor margin (33.33%). 
Intraoperative blood loss ranged from 50 to 1800 mL with 
one series reporting that cirrhotic patients had a median esti-
mated blood loss (EBL) of 400 mL more than non-cirrhot-
ics. The hospital length of stay varied from 4 to 15 days. 
Interestingly, a study by Tsung et al. had shown that opera-
tive time, blood loss and hospital length of stay significantly 
decreased when comparing surgeries performed early on in 
the group’s experience to surgeries performed later [16]. 
This highlights the role of a learning curve for robotic liver 

Fig. 72.25 Use of Aloka drop-in probe to locate lesion during wedge 
resection

Fig. 72.26 Use of permanent cautery hook to mark around lesion

Fig. 72.27 Anchoring suture placement around liver lesion
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surgery that ought to be considered when comparing 
approaches. A recent ACS NSQIP analysis by Zureikat et al. 
on predictors of conversion for robotic hepatectomy revealed 
no significant differences between the robotic and laparo-
scopic approaches to hepatectomy in terms of pure MIS 
completion rates [27]. Finally, in a relatively large multi-
center study on 61 patients undergoing RLR for malignancy, 
median hospital stay was 5 days and Grade III–IV compli-
cations occurred in seven patients with no perioperative 
mortality recorded [28].

72.4.2  Long-Term Oncologic Outcomes

Studies on long-term oncologic outcomes of RLR are limited. 
According to the most recent meta-analysis, most of these 
studies do not differentiate between the different pathologies 
and reports on oncologic margins showed that they ranged 
from 8 to 18.7 mm [26]. Recurrence rate in patients with hepa-
tocellular carcinoma (HCC) was 13.5% at 14 month follow-up 
[26]. A report by Beber et al. showed that there were no sig-
nificant differences in survival between robotic and laparo-
scopic liver resection on 14 month follow- up [29]. Wang et al. 
reported the long-term outcomes of HCC in patients undergo-
ing robotic and open hepatectomy [30]. There were no signifi-
cant differences between the two groups: similar margin 

negative resection rates, and similar rates of overall survival 
and disease free-survival at 1, 2 and 3 years. This was repro-
duced in another recent study [31]. A recent multicenter study 
by Khan et al. included 61 patients, 56% who had RLR for 
HCC, 26% for Cholangiocarcinoma and 18% for gallbladder 
carcinoma [28]. Most of the resections were non-anatomical 
(39.3%). At a median follow-up of 75 months, 5-year OS and 
DFS were 56% and 38%, respectively.

72.4.3  Comparative Outcomes:  
Robotic vs. Open

Chen et al. showed comparable percentages of major liver 
resection and cirrhotic patients between the two proce-
dures [31]. However, patients undergoing RLR had a lon-
ger operative time, but shorter hospital stay and lower 
patient controlled anesthesia (PCA) dosages. Multiple 
studies have shown similar findings [30, 32, 33]. A list of 
selected comparative case series on RLR and OLR are 
shown in Table 72.3.

72.4.4  Comparative Outcomes:  
Robotic vs. Laparoscopic

Differences between the robotic and laparoscopic 
approaches are less starkly delineated. Yu et al. showed no 
significant differences in operative time, intra-operative 
blood loss, post-operative liver function tests, complication 
rates and hospital stay [34]. Multiple other studies have 
shown similar findings [16, 26, 35, 36]. However, while 
Tsung et al. did show longer operative times in the robotic 
approach, the robotic approach appeared to allow greater 
rates of completion of major hepatectomy without utilizing 
hybrid approaches [16]. A systematic review and metanaly-
sis comparing the two approaches showed significant reduc-
tion in blood loss and operative times in the robotic 
approach, but no differences in conversion rates, hospital 
length of stay (LOS) and morbidity [26]. Details on some 
large comparative studies are shown in Table 72.4.

Table 72.2 Selection of recent major studies on robotic liver 
resection

Study Year Center
Sample  
size (n)

Malignancy 
(%)

Khan  
et al. [28]

2018 Multiple 61 61 (100)

Wang  
et al. [30]

2018 Kaohsiung, 
Taiwan

63 63 (100)

Chen  
et al. [31]

2017 Taipei, Taiwan 81 81 (100)

Kingham 
et al. [32]

2016 New York, NY 64 57 (88)

Sham  
et al. [40]

2016 Seattle, WA 71 60 (85)

Tsung  
et al. [16]

2014 Pittsburgh, PA 57 40 (70)

Table 72.3 Comparative case series of robotic vs. open liver resection

Sample size OR time Hospital stay EBL pRBC transfusion
Study Year RLR OLR RLR OLR RLR OLR RLR OLR RLR OLR
Wang et al. [30] 2018 63 177 296 182 6.21 8.18 NA NA NA NA
Chen et al. [31] 2017 81 81 402 285 8.9 12.3 182 322 0 3
Kingham et al. [32] 2016 64 64 163 210 4 7 100 300 1 9
Sham et al. [40] 2016 71 88 284 269 3.9 7 495 1132 NA NA
Morel et al. [33] 2015 16 16 352 235 10 16.6 NA NA NA NA

RLR robotic liver resection, OLR open liver resection, OR operating room, EBL estimated blood loss, pRBC packed red blood cells, NA not 
applicable
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72.4.5  Learning-Curve

The learning curve of RLR is not particularly well investi-
gated. One study by Chen et al. included a series of 183 RLR 
performed at a single center from 2012 to 2015 [37]. Using 
the cumulative sum model, they showed that the procedural 
learning curve was characterized by three main phases: ini-
tial (15 patients), intermediate (25 patients), and mature (52 
patients). The initial phase was characterized by shorter 
operation time and hospital stay, whereas the second phase 
was characterized by less blood loss. In an earlier study by 
Tsung et al., surgeries performed earlier in the group’s expe-
rience were compared to those performed later and there was 
a significant difference in terms of the operative time, blood 
loss and hospital length of stay: with those performed earlier 
having longer operative time, more blood loss and longer 
hospital stay [16]. A recent study included both RLR (40) 
and LLR (91) to evaluate the learning curve in both 
approaches. Groups were divided into early and late and the 
primary end-point was to determine the number of proce-
dures before the difficulty index increased significantly. The 
difficulty index of RLR was found to be significantly higher 
when comparing the late group to the early group 7.3 (4.3–
10.2) vs. 5.0 (3.0–7.7) (p < 0.001). However, the difficulty 
index did not increase significantly for LLR when comparing 
the late and early periods [38]. There were no significant dif-
ferences in post-operative outcomes between RLR and LLR 
as well as between the subgroups of early and late experience 
for both types of resection despite the increase in difficulty 
index. The authors concluded that it was necessary to per-
form 8–10 robotic procedures of low and intermediate level 
of difficulty before proceeding to high difficulty resections. 
A non-exhaustive list of major studies on the learning curve 
is provided in Table 72.5.

72.4.6  Financial Impact

The financial impact of the robotic approach is poorly 
studied despite the fact that financial constraints are one 

of the main hindrances for institutions to overcome. One 
of the first studies to include cost comparing 13 RLRs to 
matched OLRs and LLRs showed that cost was higher in 
the RLR group compared to the OLR and the LLR groups 
($12,046 versus $10,548 and $7618, respectively) [39]. 
An early study from the University of Pittsburgh compar-
ing outcomes between robotic and laparoscopic left lat-
eral sectionectomy showed that cost was not significantly 
different between two approaches when considering 
direct costs ($5130 versus $4408, p = 0.401) [15]. Robotic 
costs were significantly higher, however, when factoring 
in indirect costs which were estimated to be 1423$ per-
case (total $6553 versus $4408, p = 0.021). Another study 
comparing cost between RLR and LLR revealed that 
direct costs associated with post-operative care were 
actually lower in the RLR group ($8570 versus $13,425, 
p  <  0.001) [40]. Overall average adjusted direct costs 
were shown to be $4244 lower in RLR ($14,754 versus 
$18,998, p  =  0.001). Daskalaki et  al. compared costs 
between the robotic and open approaches and showed 
that anesthesiology, operating and recovery room and 
readmission costs were higher for the robotic group [41]. 
On the other hand, intensive care unit (ICU) admission, 
inpatient nursing and pharmacy costs were higher for the 
open group. Average total costs, including readmissions 
were $37,518 for the robotic group and $41,948 for the 
open group. A more recent study has compared costs 
between the robotic and laparoscopic approaches and 
showed that total medical costs were significantly higher 
in the robotic group compared to the laparoscopic group 
($11,475 for the robot vs. $6762 for the laparoscopic 
group, p = 0.001) [34]. Further details on cost are shown 
in Table 72.6.

Table 72.4 Comparative case series of robotic vs. laparoscopic liver resection

Sample size OR time Hospital stay EBL pRBC transfusion
Study Year RLR LLR RLR LLR RLR LLR RLR LLR RLR LLR
Montalti et al. [36] 2016 36 72 306 295 6 4.9 415 437 NA NA
Tranchart et al. [35] 2014 28 28 210 176 6 5.5 125 200 2.5 5
Yu et al. [34] 2014 13 17 240.9 291.5 8.9 12.3 342.6 388.5 0 0
Tsung et al. [16] 2014 57 114 253 198.5 4 4 200 100 NA NA
Packiam et al. [15] 2012 11 18 175 188 4 3 30 30 NA NA

RLR robotic liver resection, LLR laparoscopic liver resection, OR operating room, EBL estimated blood loss, pRBC packed red blood cells, NA not 
applicable

Table 72.5 Selected studies on the learning curve of robotic liver 
resection

Study Year Center Sample size (n)
Chen et al. [31] 2017 Taipei, Taiwan 183
Efanov et al. [38] 2017 Moscow, Russia 40
Tsung et al. [16] 2014 Pittsburgh, PA 57
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72.5  Conclusion

RLR is a safe and feasible approach. While more high- powered 
studies are necessary to delineate the benefits and risks com-
pared to other approaches, most current studies show promise. 
Financial constraints may limit wide-spread use of this 
approach, however further centralization of HPB surgery 
within referral centers may make this issue moot. An important 
avenue for future research would be work focused on charac-
terizing the learning curve of RLR in order to ensure safer and 
more efficient implementation at a system wide-scale.

 Self Study

 Questions

 1. Which of the following statements is true?
 (a) Well differentiated HCCs are hypofluorescent on 

Firefly fluorescence imaging.
 (b) Segmental resections pose a lower risk of margin 

positive resections when compared to wedge 
resection.

 (c) The robotic approach affords greater degree of move-
ment, improved dexterity and precision in vascular 
dissection and intracorporeal suturing.

 (d) The robotic approach is less useful for more complex 
hepatic resections when compared to laparoscopy.

 2. Which of the following statements is true?
 (a) The robotic approach may contribute to longer opera-

tive times, but affords shorter length of stay and less 
use of patient-controlled anesthesia when compared 
to the open approach.

 (b) The right hepatic artery is usually located anterolat-
eral to the PV whereas the left hepatic artery is usu-
ally located superior to the PV.

 (c) The robotic approach has a higher likelihood of con-
version when compared to the laparoscopic approach 
in liver resection

 (d) Long-term oncologic outcomes with the robotic 
approach are inferior to those of the laparoscopic 
approach.

 Answers

 1. Which of the following statements is true?
C

 2. Which of the following statements is true?
A
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Cardiac Surgery Risks in Liver 
Dysfunction
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73.1  Introduction

The incidence of chronic liver diseases and cirrhosis is steadily 
increasing. The age-adjusted prevalence for 2016 in 35 coun-
tries for males and females ranged from 447 (Iceland) to 1100 

(Romania) cases per 100,000 inhabitants, with a median of 833 
[1]. It is therefore common that patients with advanced liver 
dysfunction are addressed for cardiac surgery interventions. 
Liver disease has been long time considered an important risk 
factor for both major morbidity and mortality following cardiac 
surgery as a result of cardiovascular disorders, haemostatic and 
coagulation disorders, renal impairment and bacterial infec-
tion. Several risk score models have been specifically devel-
oped for cardiac surgery to assess a patient’s surgical candidacy 
based on the potential unfavourable outcome (major complica-
tions and mortality), the most used being the Society of 
Thoracic Surgeons (STS) system and the European System for 
Cardiac Operative Risk Evaluation (EuroSCORE) model. Both 
scores are of limited use as they fail to include all major factors 
that may render patients at higher risk for surgery. It is prob-
lematic to distinguish patients who may benefit from cardiac 
surgery from those whose perioperative risk exceeds benefit. 
Consequently, for patients with advanced liver dysfunction, the 
operative benefit needs to be carefully weighted after a specific 
assessment and the therapeutic management adapted to the par-
ticular clinical picture of the individual patient.

The aims of this chapter are to reveal the impact of the 
pathophysiological changes induced by advanced liver dys-
function on the surgical and anaesthetic outcomes in cardiac 
surgery and to outline the particular aspects of the pre, intra 
and postoperative management used to optimize the outcome 
in this group of patients.

73.2  Advanced Liver Dysfunction 
Physiopathological Changes Relevant 
for Cardiac Surgery

73.2.1  Haemostasis and Coagulation 
Disorders

Advanced liver dysfunction is associated with various anom-
alies, particularly protein synthesis impairment, that affect 
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Key Concepts
• The incidence of chronic liver diseases and cirrho-

sis is steadily increasing and is therefore common 
that patients with advanced liver dysfunction are 
addressed for cardiac surgery interventions;

• Patients in Child Pugh class A can be assimilated to 
the general population and are candidates to elec-
tive cardiac surgery; Patients in Child Pugh class B 
can undergo elective cardiac surgery with adequate 
preoperative preparation and adapted intraoperative 
strategy;

• Elective cardiac surgery is contraindicated in Child 
Pugh class C patients, acute hepatitis, alcoholic 
hepatitis, acute liver failure and in case of severe 
extrahepatic complications;

• Endovascular procedures (Transcatheter Aortic 
Valve Implantation) are associated with acceptable 
mortality and morbidity rates in patients with 
advanced liver dysfunction and are preferred to open 
surgery when available and technically possible.
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almost all aspects of haemostasis and coagulation. According 
to Shah et al., impaired haemostasis in cirrhotic patients is 
due to four types of abnormalities that may coexist in the 
same patient: coagulation factor defects, thrombocytopenia 
and platelet dysfunction, increased fibrinolysis, prothrom-
botic changes [2] (Table 73.1).

The above-mentioned abnormalities lead to pro- 
haemorrhagic and procoagulant impairment of both pri-
mary and secondary haemostasis and fibrinolysis. If 
haemostasis abnormalities in advanced liver dysfunction 
are a certitude, debates still exist concerning the threshold 
values of laboratory tests that indicate an increased haem-
orrhagic risk and impose corrective measures prior to sur-
gery. Conventionally proposed correction thresholds are 
PT  <  50%, fibrinogen level <1  g/L or platelet count less 
than 50,000/mm3, but international normalized ratio (INR) 
values should not be used to guide therapy.

Corrective measures may include comorbidities control 
(infection treatment, optimization of renal status, avoid accen-
tuating portal hypertension), vitamin K and cryoprecipitate 
administration, platelets and red blood cells  transfusion, 
administration of antifibrinolytic agents (tranexamic acid, 
epsilon aminocaproic acid). Recent advancements in surgical 
and anaesthetic approaches have led to significant reduction in 
blood transfusion requirements.

73.2.2  Renal Function Impairment

Renal function impairment in cirrhotic patients has a multi-
factorial aetiology related to hemodynamic changes 
(splanchnic vasodilatation, decline in renal perfusion despite 
activation of the renin-angiotensin system and intense renal 
vasoconstriction, balance alteration between vasoconstrictor 
and vasodilator mediators) that alter renal vascular reactivity. 
Other causes of renal dysfunction (prerenal, renal or postre-
nal) must be systematically excluded. Prerenal causes related 
to true or relative hypovolemia frequently occur in cirrhotic 
patients due to diuretic treatment, diarrhoea, ascites drain-
age. Nephrotoxic drugs and those inducing a decrease in 
renal blood flow (eq. anti-inflammatory drugs) should be 
avoided in cirrhotic patients. Patients with alcoholic cirrhosis 
may develop mesangial nephropathy with IgA deposits, 
while a patient with post-hepatitis C cirrhosis may develop 

cryoglobulinemia related nephropathy. An important aspect 
to be signalled is the overestimation of the renal function in 
cirrhotic patients, urea and creatinine synthesis are usually 
diminished (decrease in lean body mass and hypoprotein-
emia) and do not reflect glomerular filtration ratio (GFR).

The most severe form of renal dysfunction is represented 
by the hepatorenal syndrome (HRS).

The hepatorenal syndrome occurs in advanced stage of 
cirrhosis, spontaneously or caused by complications (haem-
orrhages, infections, ascites puncture). Hepatorenal syndrome 
may be acute and short-term lethal or with a slower progres-
sion, the latter responding to vasoactive drugs or transjugular 
intrahepatic portosystemic shunt (TIPS) placement.

Therapeutic management generally relies on prevention 
(avoidance of nephrotoxic agents, drugs that induce arterial 
hypotension, diuretics, infection screening) and early recog-
nition. If severe acute kidney injury/hepatorenal syndrome 
installs, patients should be treated with vasoconstrictors in 
combination with intravenous albumin according to the 
revised consensus recommendations of the International 
Club of Ascites [3].

73.2.3  Cardiovascular Alterations

Advanced liver dysfunction is associated with cardiovascular 
changes secondary to neurohumoral and vascular dysregula-
tions, portal hypertension and portosystemic shunts. These 
changes include hyperdynamic circulation (increased car-
diac output), decreased blood pressure, decreased vascular 
resistance and cirrhotic cardiomyopathy. The importance of 
cardiovascular abnormalities is associated with the degree of 
liver failure.

Arteriolar vasodilation is the hallmark of cardiovascular 
alterations and finally leads to decreased circulating blood 

Table 73.1 Haemostasis abnormalities in cirrhotic patients

Coagulation factor defects Thrombocytopenia and platelet dysfunction Increased fibrinolysis Prothrombotic changes
  –  Decreased liver 

synthesis of 
fibrinogen (factor I), 
thrombin (factor II), 
factors V, VII, IX, X, 
XI

  –  Vitamin K deficiency 
in alcohol induced 
liver disease

–  Decreased liver synthesis of thrombopoietin
–  Bone marrow suppression (hepatitis virus 

C, infection, alcohol, antiviral therapy)
–  Increased platelet sequestration in the 

spleen
–  Platelets dysfunction secondary to uremia, 

infection, endothelial cells abnormalities 
(platelets inhibition by NO and 
prostacyclin)

–  Increased levels of tissue 
plasminogen activator (tPA)

–  Decreased liver synthesis of 
alpha 2 antiplasmin, coagulation 
factor XIII, thrombin-activatable 
fibrinolysis inhibitor (TAFI)

–  Fibrinolytic activity of ascitic 
fluid

–  Decreased liver synthesis 
of protein S, protein C, 
fibrinolytic factors

–  Inflammatory changes in 
endothelial cells

–  Decreased liver clearance 
of von Willebrand factor 
(vWF)

Definition
Hepatorenal syndrome combines functional renal fail-
ure (anuria secondary to diminished blood pressure), a 
decrease in sodium levels and irreducible ascites.

G. Tinica et al.
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volume. A vicious cycle (compensatory vasoconstrictor 
mechanisms that promote water and salt retention) is initi-
ated as baroreceptors are stimulated.

An authentic cirrhotic cardiomyopathy has also been 
identified, different from other cardiomyopathies that may 
occur in patients with advanced liver dysfunction such as 
alcoholic cardiomyopathy.

Cirrhotic cardiomyopathy is characterized by systolic and 
diastolic dysfunction, as well as by conduction disorders that 
may become clinically evident following physiological or 
surgical stress, and cause heart failure. Pathogenic mecha-
nisms include alteration of the β-adrenergic signalling path-
way and exposure to cardiodepressant factors.

Decreased cardiac contractility as a response to stressors 
and the degree of impairment is similar regardless of the eti-
ology of liver disease.

The exact prevalence of cirrhotic cardiomyopathy remains 
unknown, however one of the typical anomalies, QT interval 
prolongation, appears to be present in the majority of patients 
with Child B or C cirrhosis. No specific treatment was sug-
gested for these changes and the recommendations for the 
treatment of liver disease and heart failure should be fol-
lowed [4].

73.2.4  Disorders of the Immune System

The incidence of bacterial infections during hospitalization 
of cirrhotic patients is 4 times higher than the one registered 
in the general population (40% versus 10%) [5]. This phe-
nomenon is due to reticuloendothelial system abnormalities, 
humoral and cellular immunity as well as neutrophil dys-
function. In cirrhotic patients, the reduced phagocytosis 
capacity of the Kupffer cells together with intrahepatic vas-
cular shunts that bypass the Kupfferian system contribute to 
bacteraemia secondary to bacterial translocation. The toxic 
action of alcohol further contributes to accentuating immune 
disorders. An appropriate empirical antimicrobial treatment 
should be promptly initiated when bacteraemia is proved.

73.2.5  Pulmonary Disorders

Pulmonary and pleural disorders occurring in patients with 
advanced liver dysfunction are generally represented by 

hydrothorax, hepatopulmonary syndrome and portopulmo-
nary hypertension.

The hepatic hydrothorax occurs in 5–10% of patients with 
ascites and results from the passage of ascitic fluid from the 
peritoneal cavity into the pleural cavity through diaphrag-
matic gaps due to the pressure gradient between the two 
cavities [6]. Pleural effusion is mostly right-sided and its vol-
ume can cause dyspnoea. A low-salt diet is mandatory for 
controlling this condition associated or not with a combina-
tion of furosemide and spironolactone.

Pulmonary vasodilation (precapillary and capillary vaso-
dilatation, arteriovenous shunt bypassing the alveoli) is the 
man cause of this hypoxemia. Vascular abnormalities pre-
dominate in the middle and lower lung fields, leading to a 
worsening of hypoxemia in orthostatism. This condition is 
generally managed with drugs inhibiting NO synthesis and 
endothelin-1 inactivation.

The mean pulmonary arterial pressure (mPAP) increases 
(>25  mmHg), pulmonary capillary wedge pressure 
decreases (<15  mmHg) and these changes result in an 
increase in transpulmonary gradient (the difference 
between the pulmonary artery pressure and the pulmonary 
capillary wedge pressure) and pulmonary vascular resis-
tance (>120  dynes per s/cm−5). The cause of PPHTN is 
unknown, most authors pleading for a vasoactive humoral 
substance reaching the pulmonary circulation through por-
tosystemic collaterals. Portopulmonary hypertension 
causes dyspnea only when the mPAP exceeds 40–50 mmHg. 

Definition
Cirrhotic cardiomyopathy is defined as the presence of 
structural and functional cardiac abnormalities in 
patients with cirrhosis, without other associated heart 
disease.

Definition
Hepatic hydrothorax defines the pleural effusion 
occurring in cirrhotic patients in the absence of any 
lung, pleural or cardiac disease.

Definition
Portopulmonary hypertension (PPHTN) is reported in 
2–16% of cirrhotic patients with portal hypertension 
depending on the study and is a complication of portal 
hypertension involving pulmonary arterial vasocon-
striction [8].

Definition
The hepatopulmonary syndrome is a rare complication 
associating severe hypoxemia (PaO2 < 70 mHg), pul-
monary vasodilatation and an increased in the alveo-
capillary oxygen gradient (>20 mmHg) [7].

73 Cardiac Surgery Risks in Liver Dysfunction
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Blood gases are normal or show moderate hypoxemia. The 
prognosis for this condition is particularly severe and usu-
ally represents a contraindication to liver transplantation. 
Patients are generally treated with anticoagulants and 
diuretics part of the general measures to prevent pulmo-
nary thromboembolism and volume overload. Patients that 
do not respond to general measures are treated with agents 
used for severe pulmonary hypertension (epoprostenol, 
iloprost, bosentan, sildenafil).

73.2.6  Liver Function Deterioration

Cirrhosis is associated with an increase in resistance to 
venous flow, especially at a post-sinusoidal level, which 
decreases the total hepatic flow at the expense of portal flow. 
The arterial self-regulation system is also significantly 
altered with little or no compensation of low-flow situations. 
Because of these changes, the oxygenation of centrilobular 
hepatocytes can be severely compromised in the circum-
stances of a cardiac surgery intervention with cardiac arrest 
and major hemodynamic stress.

The vulnerability of centrilobular hepatocytes to hypo-
perfusion and associated metabolic changes are explained 
by the particular architecture of the liver. The hepatic lob-
ule is the anatomical unit of the hepatic parenchyma, cen-
tered by the centrilobular vein and limited at the periphery 
by portal spaces containing the portal triad (portal venule, 
hepatic arteriole, bile ductule). The functional organization 
of the liver parenchyma is not modeled on the anatomical 
structure represented by the hepatic lobule. The concept of 
hepatic acinus, the functional unit of the liver, is based on 
the vascular architecture, the central axis being represented 
by the line connecting two portal triads and the periphery 
by two adjacent centrilobular veins. The hepatic acinus can 
be divided in three metabolic zones from central axis to the 
center of the lobule. The periportal zone [1] is well oxygen-
ated and less susceptible to ischemia, the centrilobular zone 
[3] is poorly oxygenated and very susceptible to ischemia, 
and the transition zone [2] has an intermediate susceptibil-
ity. The central zone of the acinus is specialized in oxida-
tive metabolism and gluconeogenesis; the peripheral zone 
preferentially ensures glycolysis, biotransformation of 
xenobiotics (cytochrome P450) and alcohol metabolisa-
tion. This particular architecture explains the increase of 
centrilobular necrosis and deterioration of liver function in 
the early postoperative period.

All these cirrhosis associated disorders can alter the intra-
operative and postoperative course in cardiac surgery wors-
ening the outcome, but advanced liver dysfunction is not an 
absolute contraindication to cardiac surgery. With adequate 
patient selection, perioperative and anaesthetic management 
the outcome can be significantly improved.

73.3  Cardiac Surgery Risks and Outcome 
in Patients with Advanced Liver 
Dysfunction

It is estimated that approximately 10% of cirrhotic patients 
undergo surgery within the last 2 years of their life [9]. An 
increased surgical risk in this group of patients is indisput-
able due to difficult abdominal surgical conditions, anaesthe-
siologic issues, haemostatic and coagulation disorders, and 
increased risk of infection.

Cirrhotic patients can generally undergo two types of sur-
gery: interventions related to their liver disease (resection of 
hepatocellular carcinoma, treatment of umbilical hernias) 
and extrahepatic interventions. In the first case, the periop-
erative management of these patients assumes a good knowl-
edge of the specific complications such as refractory ascites, 
renal impairment or postoperative worsening of hepatic 
function with a major risk of decompensation.

The second type of surgery to which the cirrhotic patient 
is confronted is extrahepatic surgery for various cancers, 
orthopaedic issues, valvular or coronary heart diseases, or 
other thoracic diseases.

In practice, the postoperative morbidity in cirrhotic 
patients is not only related to the complications of the surgi-
cal site like infection or haemorrhage but also to long-term 
complications, more frequent than the first ones. Generally, 
there is an increase in the risk of infection in these patients. 
Surgical stress combined with a potential postoperative 
infection create the circumstances for hepatic decompensa-
tion, under the form of refractory ascites, renal impairment, 
digestive haemorrhage or hepatocellular function alteration.

The occurrence of postoperative hepatocellular insuffi-
ciency is associated with a mortality rate superior to 70% in 
the absence of transplantation.

Between 2.5% and 27% of patients with advanced liver 
disease present coronary heart disease [10]. A higher inci-
dence of adverse events related to catheterization has been 
observed in cirrhotic, especially related to vascular access 
(severe bleeding, pseudoaneurysms, hematoma).

Cardiac surgery in cirrhotic patients is associated with an 
increased mortality, reaching 19.3% on the short term and 
42% within 1 year [11].

Preoperative assessment of the individual surgical risk for 
each patient suffering from advanced liver disease allows 
separating patients who may benefit from cardiac surgery 
from those whose perioperative risk exceeds surgical bene-
fits. Several risk evaluation systems have been developed 
and, in this section, we will analyse their ability to predict 
operative mortality in cirrhotic patients that need a cardiac 
surgery intervention.

In cardiac surgery, several specific scoring models have 
been developed to assess the risk of operative mortality, the 
most used being EuroSCORE II and STS.

G. Tinica et al.



803

EuroSCORE II has been developed in 2011 to update the 
original EuroSCORE model. The scoring system includes a 
limited number of patient related factors like age, gender, 
renal impairment, extracardiac arteriopathy, poor mobility, 
previous cardiac surgery, chronic lung disease, active endo-
carditis, critical preoperative state, diabetes on insulin, and 
omits all parameters relevant for liver function.

STS includes liver disease among the evaluated parame-
ters as a binary selection (Yes or No) irrespective to the type 
and severity of the disease (“Indicate whether the patient has 
a history of hepatitis B, hepatitis C, cirrhosis, portal hyper-
tension, oesophageal varices, chronic alcohol abuse or con-
gestive hepatopathy”).

Considering all severity stages, early postoperative mor-
bidity and mortality after cardiac surgery in cirrhotic patients 
ranges from 31% to 66% and 10–25%, respectively. There 
appears to be an almost linear relationship between severity 
of liver damage, morbidity and mortality.

The surgical risk in cirrhotic patients is evaluated accord-
ing to three main factors: liver function assessment, type and 
urgency of the procedure. Cirrhotic patients are at high surgi-
cal risk not only because of the cirrhosis itself but by the 
presence of coagulopathy, malnutrition, immune disorders, 
cardiomyopathy, pulmonary and renal impairment. Elective 
surgery is generally contraindicated in patients with acute 
hepatitis (especially if INR  >  1.5), alcoholic hepatitis and 
acute liver failure (10–50% mortality rate).

In order to estimate the surgical risk in cirrhotic patients 
different scoring systems have been proposed. Developed in 
1964 by Child and Turcotte and modified by Pugh in 1973 
(prothrombin time assessment), the Child Turcotte Pugh 
(CTP) score is mostly used to assess the liver functional 
reserve prior to derivative surgery (porto-systemic and 
spleno-renal shunts). Formulated more than 50  years ago, 
without evidence base, CTP score lacks discriminatory 
capacity and is not adequate for non-derivative surgery 
where morbidity and mortality have a more significant rela-
tionship with other factors than those included in the CTP 
score (total bilirubin, albumin, prothrombin time/INR, asci-
tes, encephalopathy).

Due to the subjectivity of the CTP score, a new prognostic 
index in advanced liver disease called MELD (Model for 
End-Stage Liver Disease) has been developed by the Mayo 
clinic by using mathematical modelling. MELD is general-
ized, verifiable and can be computed with easily obtained 
variables (dialysis, creatinine, bilirubin, INR, sodium). 
MELD-XI is an adapted version of the original MELD score 
excluding INR and is of particular use in patients with car-
diovascular diseases.

To date, the prognostic value of MELD score has been 
validated in different groups of patients with advanced liver 
disease, initially in candidates for liver transplantation and 
afterwards for another types of surgery.

Cardiac surgery is not contraindicated in cirrhotic patients 
but the risk-benefit ratio should be carefully evaluated. The 
performance of cardiac surgical interventions in patients 
with advanced liver diseases increased with 22% from 1998 
to 2006 according to the New  York State Department of 
Health Cardiac Surgery Registry review [12]. A better under-
standing of both diseases and prophylaxis (beta-blockers for 
portal hypertension, endoscopic treatment of oesophageal 
varices, transjugular intrahepatic portosystemic shunts, 
spontaneous bacterial peritonitis prophylaxis, suppression of 
viral replication) led to this decrease.

Compared to other types of extra-hepatic surgery, cardiac 
surgery is associated with major hemodynamic and circula-
tory changes due to significant bleeding requiring blood 
transfusion, hypoperfusion and hypotension, changes that 
impair hepatic function. Moreover, CPB circuit activates fac-
tor XII, stimulates inflammation and platelet aggregation 
(further detailed in subchapter Cardiopulmonary bypass and 
liver dysfunction).

The first study to analyse the predictive value of CTP 
class, CTP score and MELD score after cardiac surgery with 
cardiopulmonary bypass (CPB) as performed by Suman 
et al. in 2004. The reference outcomes were considered death 
within 3 months from surgery and hepatic decompensation. 
A CTP score >7 emerged as the strongest predictor of post-
operative mortality but the authors did not manage to estab-
lish a threshold value for the MELD score. The results were 
confirmed in 2007 by Filsoufi et al. who added preoperative 
thrombocytopenia as a poor prognostic factor for hospital 
mortality. MELD score regained interest in 2009 when 
Ailawadi et al. determined that a MELD score >15 is a pre-
dictor of mortality in cirrhotic patients undergoing tricuspid 
valve surgery. In 2010, Thielmann et al. retrospectively eval-
uated 57 cirrhotic patients who underwent cardiac surgery 
with CPB and compared the predictive value of CTP class, 
MELD score and EuroSCORE and showed that MELD was 
superior to both CTP and EuroSCORE [13]. Several research 
groups proposed threshold values for MELD score ranging 
between 13 and 15 and corresponding to the transition from 
CTP B to C class.

Until 2012, most studies were unicentric and on limited 
number of patients.

In 2015, there was published a meta-analysis performed 
on 22 reports including 939 patients from eight countries in 
order to assess the value of advanced liver dysfunction 
graded according to CTP score as a risk factor for mortality 
and morbidity in cardiac surgery. We only considered stud-
ies that analysed cirrhotic patients that underwent valve sur-
gery (repair or replacement of a single or multiple valves), 
CABG (coronary artery bypass grafting), pericardiectomy, 
ascending aorta surgery, patch repair of a septal defect or of 
the free ventricular wall. The mean in hospital mortality 
rates were 8.92%, 31.38%, and 47.62% for patients in CTP 

73 Cardiac Surgery Risks in Liver Dysfunction



804

class A, B and C compared to mean late mortality rates of 
20.58%, 43.58%, and 56.48% respectively. Patients in class 
A had significantly lower in hospital (OR 0.30) and late (OR 
0.34) mortality rate compared to patients in class B. When 
compared to class C, mortality rate was even lower (OR 
0.16 for early mortality and 0.07 for late mortality). When 
comparing class B versus class C, the difference was not 
statistically significant. Morbidity rates were also analysed 
with quantification of a 4.37% mean reexploration rate, 
3.83% mean neurological complication rate, 2.67% mean 
cardiovascular complication rate, 16.51% mean pulmonary 
complication rate, 22.15% mean renal complication rate, 
5.75% mean hepatic complication rate, 8.09% mean gastro-
intestinal complication rate, 5.64% mean sepsis and multi-
ple organ failure syndrome rate, 5.54% mean haemorrhage 
and cardiac tamponade rate, 9.16% mean infection rate [13]. 
Morbidity risk related to CTP class could not be assessed as 
not all studies reported results accordingly. These findings 
indicate that both in hospital and late mortality rates increase 
in accordance with CTP classification the lower rates being 
registered in class A patients. With adequate preparation, 
perioperative and anaesthetic management, cardiac surgery 
can be safely performed in CTP class A patients. Other stud-
ies confirmed our findings that patients in CTP class C reg-
ister significantly higher mortality rates. The need for a 
surgical treatment should be carefully analysed in these 
patients and if it considered mandatory with no medical or 
interventional alternatives, liver function should be opti-
mized prior to surgery as much as possible. For patients in 
CTP class B, further studies are necessary to determine if it 
is safe to conduct cardiac surgery in this group. The most 
frequent complications reported in cirrhotic patients are 
renal (21.15%), pulmonary (16.51%) and cardiovascular 
(12.67%). Hepatic failure accounts for less than 6% of com-
plications but is associated with a more than 70% mortality 
rate. Compared to cirrhotic patients, a large recent study 
performed in 2017 on 40,652 patients with isolated CABG 
irrespective to comorbidities (general population) reported a 
1.6–2.8% mortality rate depending on study year and a 
major complication rate between 3.8% and 7.8% [14].

Jacob et al. performed a similar meta-analysis on 19 stud-
ies published up to February 2014 and reached similar 
results—9% early mortality rate in CTP class A patients, 
37.7% in class B and 52% in class C. They also quantified a 
within 1-year mortality rate of 27.2% in class A patients, 
66.2% in class B and 78.9% in class C but did not evaluate 
postoperative morbidity [11].

The predictive value of the MELD score was evaluated by 
fewer studies compared to CTP class. In 2010, Thielman pro-
poses 13.5 as a cut-off value for postoperative in-hospital 
morbidity and considers MELD score as having a superior 
predictive value compared to CTP classification and 
EuroSCORE [13]. In 2017, Sabry et al. proposed a MELD 
score of 12 as a threshold value for postoperative morbidity 

after analysing 90 adult patients with chronic hepatitis C 
virus undergoing cardiac surgery with CPB [15]. As one can 
notice, MELD threshold value varies largely among studies 
given the heterogeneity of the evaluated population (from 
general population to patients awaiting liver transplantation). 
MELD score predicts short term mortality in cirrhotic patients 
undergoing cardiac surgery but further studies on homoge-
neous populations are needed to reach a consensus regarding 
the threshold value for considering the patient at high risk.

Risk stratification, preoperative evaluation and preparation, 
adequate operative and postoperative care are mandatory in 
cirrhotic patients to maintain an optimal risk-benefit ratio.

73.4  Preoperative Preparation of Cirrhotic 
Patients Prior to Major Cardiac 
Surgery

In cirrhotic patients, surgery should ideally be elective as 
these patients are at risk especially in case of urgent surgery. 
However, if the latter case cannot be avoided, the choice of 
the surgical technique is important.

Cirrhosis generally recognizes three etiologies: meta-
bolic, cholestatic and non-cholestatic. Patients with meta-
bolic liver disease maintain normal hepatic reserve for a long 
period of time and generally do not develop portal hyperten-
sion compared to cholestatic liver disease associated with 
portal hypertension and liver failure due to cholangitis in 
advanced stages, and non-cholestatic liver disease that 
involves portal hypertension and diminished hepatic reserve.

Patients with metabolic and cholestatic liver disease 
(except advanced stages) can be assimilated to the general 
population as they present a slightly increased risk.

Non-cholestatic liver disease (alcoholic liver disease, 
viral hepatitis, non-alcoholic steatohepatitis) is the major 
cause of cirrhosis worldwide and cardiac surgery risk should 
be particularly evaluated in this group of patients.

The preoperative evaluation begins with a clinical history 
and full physical examination. A history of jaundice, poorly 
controlled ascites, physical exhaustion, gastrointestinal 
haemorrhage generally indicates advanced liver dysfunction 
and high operative risk. One should pay attention to changes 
suggestive of portal encephalopathy like sleep disorders, 
concentration difficulties, confabulation, altered handwrit-
ing. Portal hypertension is suggested by thrombocytopenia 
(<150,000), increased prothrombin time/INR, and normo-
chromic normocytic anemia. Transaminases can register nor-
mal values and are not to be considered an indicator of liver 
dysfunction severity.

Additional to laboratory tests, preoperative abdominal 
ultrasound examination is mandatory to evaluate ascites and 
exclude a hepatocellular carcinoma. In patients with viral 
hepatitis B, viral replication should be excluded prior to sur-
gery as it could lead to postoperative acute hepatitis. An 
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endoscopic examination should be performed prior to trans-
esophageal echocardiography to exclude major varices at 
risk of bleeding.

The general status of these patients can be improved pre-
operatively. Nutritional assessment followed by renutrition 
strategy (high carbohydrate/lipid content and low sodium 
diet), vitamin K and protein administration are able to ame-
liorate prothrombin time/INR.  Prophylactic administration 
of coagulation factors to correct hemostasis abnormalities is 
unjustified and potentially dangerous.

Portal hypertension can be managed with non-selective 
beta-blockers if the cardiac status allows it. The use of TIPS 
in candidates to cardiac surgery is a controverted measure. 
Although it decreases the portosystemic gradient, ascites and 
bleeding risk, TIPS could lead to heart failure, hepatic 
decompensation and exacerbate encephalopathy.

Hemodynamic optimization, adequate volemic manage-
ment, and avoidance of nephrotic drugs are also fundamental 
points in the perioperative management of these patients. 
The impact of hypotension on morbidity and mortality (inde-
pendently of other risk factors) suggests a particular suscep-
tibility of the cirrhotic liver to ischemia, but excessive 
volume expansion is likely to aggravate ascites and lower 
limbs edema without an effective benefit on the circulating 
blood volume. Thus, hemodynamic optimization while mon-
itoring the cardiac output or stroke volume is necessary.

Ascites, both peritoneal and pleural, leads to atelectasis 
and restrictive ventilatory defects in cirrhotic patients. 
Perioperative protective ventilation associating a tidal vol-
ume of 6 ml/kg of ideal weight and a PEEP (Positive end- 
expiratory pressure) of 6–8  cm  H2O appears particularly 
useful and reduces the incidence of postoperative pulmonary 
complications.

Finally, early recognition, timely and appropriate treat-
ment of any perioperative infection can reduce postoperative 
morbidity and mortality.

Preoperative conversion of a CTP class C patient to CTP 
class B could improve postoperative survival.

73.5  Anaesthetic Management of Patients 
with Advanced Liver Dysfunction 
Undergoing Cardiac Surgery

The liver plays a major role in the metabolization, distribu-
tion and elimination of many drugs through two main 
mechanisms:

• Biotransformation through the cytochrome P450 pathway 
(oxygen-dependent—oxidation, reduction or hydrolysis) 
allowing the transformation of many hydrophobic com-
pounds into hydrophilic compounds;

• Glucuronidation, glutathione or sulphate conjugation 
often succeeding first pathway (except for water-soluble 

molecules such as morphine), forming a more hydrophilic 
and acidic compound easily excreted in bile.

First pathway is altered in the early phases of liver dys-
function and the second phase, in the later phases. Generally, 
liver dysfunction interferes the metabolization of anaesthetic 
drugs secondary to alteration of the cytochrome P450 path-
way, hypoproteinaemia (decreased binding) and decreased 
biliary excretion.

Many anaesthetic drugs are bound to plasma albumin and 
usually inactive in this phase. In case of hypo-albuminemia, 
the free fraction of these agents is therefore greater with a 
potentially increased pharmacological effect or toxicity. On 
the other hand, in case of portal hypertension, the first pass 
effect is reduced because of portosystemic shunts with, con-
sequently, an increase in the bioavailability of drugs.

In well-compensated patients with close to normal liver 
function (CTP class A), the pharmacokinetics of anaesthetic 
drugs is almost unchanged. The more serious the cirrhosis is 
(portal hypertension, hepatocellular insufficiency), the more 
important and difficult to predict are the pharmacological 
changes.

Benzodiazepines, such as midazolam, should be avoided in 
cirrhotic patients as they could trigger hepatic encephalopathy. 
If such drugs are administered and the neurological state of the 
patient alters, flumazenil remains an effective antidote.

Propofol is not metabolised by the liver and does not suf-
fer any major pharmacodynamic variation in cirrhotic 
patients. Similarly, inhaled anaesthetic agents, especially 
isoflurane, are poorly metabolized by the liver (0.2%) and 
are safe to be used in such cases [16]. Morphine on the other 
hand is metabolized by hepatic glucuronidation to an inter-
mediate metabolite with renal elimination. Its half-life is 
prolonged in patients with CTP class B and C cirrhosis. If 
opioid administration is necessary, remifentanil could be 
safely used as it is not metabolized by the liver.

For curarisation, atracurium and doxacurium (for long 
interventions) are preferred as they do not undergo hepatic 
metabolization. Succinylcholine may have a prolonged effect 
due to a decrease in plasma cholinesterase activity.

73.6  Operative Management of Cirrhotic 
Patients Undergoing Major Cardiac 
Surgery. Cardiopulmonary Bypass 
and Liver Dysfunction

The key elements of operative management in cirrhotic 
patients are adequate visceral perfusion, correct hydroelec-
trolytic balance, thermoregulation, preventing hepatic 
decompensation, avoiding bleeding diathesis. Although not 
all centres are able to perform it, thromboelastography is a 
rapid method that evaluates the degree of coagulopathy and 
indicates potential optimization measures.

73 Cardiac Surgery Risks in Liver Dysfunction



806

Cirrhotic patients poorly tolerate large volume oscilla-
tions and haemodilution is generally not recommended in 
this group of patients as its effects are unknown even if it was 
demonstrated to improve hepatic flow, both arterial and por-
tal venous, in general population.

Compared to other major surgeries, most cardiac surgery 
interventions are performed on pump. The impact of cardiopul-
monary bypass (CPB) upon liver function is incompletely eluci-
dated. The materials used are not perfectly  biocompatible and 
the established circulation is not physiological. CPB triggers a 
consumption of coagulation factors, an increase in the oxidative 
stress and a generalized inflammatory reaction resulting in the 
release of stress hormones and hepatotoxic cytokines. Finally, at 
the end of the intervention, when the aortic-cross clamp is 
removed, there is a sudden reperfusion with fully anticoagulated 
blood, immunologically primed and highly oxygenated.

The consequences of CPB could be summarized as 
follows:

• Immunological consequences
 – Activation of complement system (classical and alter-

native pathways) and liberation of active fractions C3a 
and C5a in the early phases (starting with aortic can-
nulation) as blood comes in contact with a foreign sur-
face (cannulae, membrane oxygenator, circuits);

 – Neutrophils activation especially in lungs secondary to 
complement activation;

 – Prostaglandins augmentation—prostacyclin, throm-
boxane A2 secondary to free radicals liberation, com-
plement activation, formation of heparin—protamine 
complexes;

 – Increase of pro-inflammatory cytokines (TNF-α, IL-6 
and IL-8) 2–6 h after removal of aortic clamp;

 – Alteration of both humoral and cell-mediated immu-
nity, quantitatively (decreased T, B and NK lympho-
cytes), qualitatively (decrease of CD4/CD8 ratio) and 
functionally. In cirrhotic patients, given the preopera-
tive anergy, the risk of postoperative complications is 
particularly increased;

• Hematologic consequences:
 – Initial neutropenia secondary to hemodilution and 

lung accumulation of neutrophils followed by hyper-
leukocytosis (neutrophilia) correlated with an inflam-
matory response;

 – Activated neutrophils release proteases, free radicals, 
cytokines and lipid mediators. In the postoperative 
phase, neutrophils are desensitized and lose their abili-
ties—chemotactic, phagocytosis and elastase produc-
tion or free radicals—which would lead to septic risk;

 – Early thrombocytopenia secondary to hemodilution, 
CPB circuit and sequestration in the liver, spleen and 
lungs. Thrombocytopenia is aggravated by protamine 
administration;

 – Hemolysis particularly in case of abundant blood 
aspiration.

• Metabolic consequences:
 – Liberation of stress hormones (catecholamines, antidi-

uretic hormone, cortisol, glucagon) especially with 
normothermic CPB. Insulinemia is reduced with hypo-
thermic CPB but not with normothermic CPB;

 – Increase in peripheral vascular resistance;
 – Desensitization of myocardial adrenergic receptors;
 – Hypocalcaemia;

• Visceral consequences:
 – Myocardial sideration of ischemic cause secondary to 

aortic clamping. Myocardial protection and cardiople-
gia are of particular importance in reducing ischemia- 
reperfusion myocardial injuries;

 – Extravascular lung water (EVLW) accumulation which 
may cause respiratory distress syndrome;

 – Pulmonary restrictive syndrome secondary to inflam-
matory reactions, sternotomy, prolonged decubitus 
and potential phrenic nerve lesions. Additional pulmo-
nary injuries may be determined by complement acti-
vation, neutrophils sequestration and free radicals that 
damage the endothelium. Nowadays, membrane oxy-
genators reduce the incidence of pulmonary complica-
tions compared to ancient bubble oxygenators. The 
partial pressures of arterial oxygen (PaO2) and postop-
erative pulmonary vascular resistance are improved 
with normothermic CPB;

 – Neurological consequences are difficult to assess but 
cognitive disorders have been signalled in 22.5% of 
patients after CABG due to microembolism, hemody-
namic or rheologic changes;

 – Renal impairment in CPB occurs secondary to hypo-
tension with hypoperfusion, hemolysis and 
microembolism;

 – Hepatic dysfunction.

According to Di Tomasso et al., hepatic dysfunction second-
ary to CPB is due to microembolism, free radicals generation, 
inadequate tissue perfusion, dilutional anaemia and haemody-
namic changes and we would add activation of multiple humoral 
(coagulation, complement, kinin-kallikrein, cytokines, fibrino-
lysis) and cellular (platelets, neutrophils, endothelial cells) sys-
tems [17]. Many factors contribute to these changes: blood 
contact with foreign surfaces, air-blood interface, hypothermia 
and reheating, blood cells trauma, intraoperative hypotension. 
Of particular interest in cirrhotic patients is the potential libera-
tion of endotoxins secondary to intestinal ischemia.

In general population, transient elevation of bilirubin 
and hepatic enzymes is noticed in the early postoperative 
period, but in cirrhotic patients decompensation can occur. 
“Shocked liver” (hepatic ischemia), the extreme form of 
CPB related hepatic dysfunction determined by marked 
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hypotension and haemodynamic instability (perfusion 
quantitative and qualitative variations, rheologic changes), 
could become fatal in cirrhotic patients. The centrilobular 
zone is particularly sensitive to ischemia compared to bile 
ducts affected by lobular congestion (in case of right heart 
failure). CPB is considered one of the major determinants 
of postoperative hepatic morbidity in cardiac surgery. Di 
Tomasso et al. signalled a higher rate of refractory coagu-
lopathy, infections, right ventricular failure, portal hyper-
tension and hepatorenal syndrome in patients with 
preoperative liver dysfunction [17].

Patients in CTP class A tolerate CPB same as the general 
population but in class B, CPB should be avoided if possible. 
If on pump surgery is unavoidable, normothermic CPB 
should be used and its duration reduced to the minimum 
under a strict hemodynamic and coagulation monitoring. 
Mean arterial blood pressure should be maintained above 60 
mmHg in the context of a dry approach with avoidance of 
fluid overload. Anaesthetic considerations previously men-
tioned are to be considered during the intervention.

Patients in CTP class C or with a history of complications 
related to portal hypertension are associated with a high mor-
tality risk in case of open cardiac surgery. Endovascular pro-
cedures and optimal medical treatment should be considered 
in these cases.

73.7  Postoperative Care of Cirrhotic 
Patients After Major Cardiac Surgery

The cirrhotic patient carries a higher risk of prolonged hospi-
talization in the intensive care unit. The common cause of 
perioperative mortality is sepsis. Bacteraemia is frequent, 
mostly secondary to bacterial translocation correlated with 
deficient immune response. At the slightest suspicion, an 
empiric antibiotherapy should be quickly initiated. 
Postoperative leucocytosis and hyperbilirubinemia further 
increase the mortality risk.

Postoperative hepatic dysfunction in cirrhotic patients 
ranges from temporary hyperbilirubinemia related to intra-
operative haemolysis, to decompensation and liver failure 
depending on the preoperative hepatic reserve and aetiology 
of liver dysfunction. Hyperbilirubinemia can be marked and 
prolonged if the evolution is complicated with cardiogenic 
shock and prolonged mechanical ventilation. Cholestasis 
may also occur due to hepatic ischemia and congestion. Its 
consequences are variable, from digestion impairment to 
cholangitis. Prolonged cholestasis and hyperbilirubinemia 
correlate with postoperative morbidity and mortality.

Major supportive measures in the postoperative period 
include hemodynamic support to avoid hepatic ischemia, 
early reinitiation of adequate enteral nutrition, haemorrhage 
and sepsis prevention.

Fresh frozen plasma (FFP) can be used to correct identi-
fied coagulopathies while monitoring the central venous 
pressure to avoid fluid overload. If FFP is not sufficient or 
not indicated (fluid overload), cryoprecipitate or desmopres-
sin represent alternative methods.

Fluid administration (oral or intravenous) and sodium 
intake restriction are recommended to prevent postoperative 
ascites. If the patient received a diuretic treatment with furo-
semide prior to surgery, the treatment should be continued 
postoperatively while monitoring hydroelectrolytic balance 
and renal function.

Postoperative pain relief is another issue to be considered. 
Patients in CTP class A tolerate morphine and fentanyl 
administration but the dose should be reduced in class B 
patients. Nonsteroidal anti-inflammatory drugs are to be 
avoided as they are nephrotoxic and increase the risk of gas-
trointestinal haemorrhage. Acetaminophen administration is 
not contraindicated, but doses should be reduced (<2 g/day). 
Special care should be paid not to provoke somnolence as it 
could mask incipient signs of hepatic encephalopathy.

Prophylaxis of gastrointestinal haemorrhage with intrave-
nous ranitidine, somatostatin and metoclopramide is recom-
mended especially in patients with portal hypertension.

Correct partial arterial pressure of oxygen and a haemo-
globin level superior to 9 mg/dL assure a good hepatic oxy-
genation in the absence of hypotension.

73.8  Endovascular Procedures in Cirrhotic 
Patients

The emergence of endovascular cardiac interventions and 
especially transcatheter aortic valve implantation (TAVI) 
completely changed the management of aortic stenosis and 
expanded the range of potential candidates to aortic valve 
replacement. Patients previously considered at high risk for 
surgical aortic valve replacement (SAVR) are now potential 
candidates to TAVI.

In 2017, Alqahtani et  al. published an extensive study 
comparing the outcomes of TAVI and SAR in cirrhotic 
patients. They analysed 1766 cirrhotic patients treated over a 
12 years period, and propensity matched 268 patients (134 
with TAVI and 134 with SAVR). The reported postoperative 
mortality was significantly lower with TAVI (8.2%) com-
pared to SAVR (20.2%) same as blood transfusion rate and 
hospital length of stay [18].

Yassin et al. on the other hand, compared the outcomes of 
TAVI in cirrhotic and non-cirrhotic patients and found that 
cirrhotic patients registered no increase in the risk of in- 
hospital mortality or postprocedural complications [19].

All studies analysing the outcomes of TAVI in cirrhotic 
patients up to date are performed on small matched groups 
with low incidence of specific complications. Authors report 
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decreased renal, pulmonary, infectious and neurological 
complication rates with TAVI compared to SAVR but with 
no statistical significance given the reduced number of cases. 
They are unanimous in stating that TAVI is a safe procedure 
in patients with advanced liver dysfunction being associated 
with lower mortality rates and length of stay.

The major advances of TAVI in cirrhotic patients are rep-
resented by the absence of CPB, shorter anaesthesia, lesser 
requirement of blood and blood products transfusions.

73.9  Early Ischemic Liver Injury After 
Cardiac Surgery

Ischemic hepatitis occurs in the presence of a combination of 
hepatic hypoxia and hepatic venous congestion and is a rare 
complication of cardiac surgery with CPB.  Also called 
“shocked liver”, it characterized by massive elevation of 
aspartate aminotransferases (AST) up to 20 times normal 
values [20]. At the cellular level, ischemic hepatitis occurs in 
two phases that correspond to an ischemia/reperfusion 
mechanism.

The reperfusion phase is crucial because it is the main 
cause of the majority of cellular damage. The ischemic phase 
is accompanied by an initially reversible edema of centri-
lobular hepatocytes and sinusoidal cells. If ischemia contin-
ues, cellular dysfunction occurs with activation of enzymes 
such as proteases and phospholipases and intracellular oxi-
dative stress reactions.

The reperfusion phase occurs during the restoration of 
hemodynamics when hepatic blood flow increases and oxy-
gen again reaches the hepatocytes.

In the case of prolonged ischemic phase, ischemia/reper-
fusion injury with cell necrosis will occur due to intracellular 
oxidative stress at the beginning of re-oxygenation, activa-
tion of Kupffer cells, and abnormalities of the sinusoidal 
microcirculation. Lactic dehydrogenase (LDH) is a marker 
of hepatic cytolysis. The xanthine/xanthine oxidase enzy-
matic system also plays a major role in cellular oxidative 
stress. Metabolites will contribute to free radicals formation 
(superoxide) that further activate the neutrophils which will 
secrete proteases. Free radicals and proteases are responsible 
for hepatic cytolysis mainly in the intermediate region.

Hepatic congestion secondary to increased central venous 
pressure also contributes to ischemic hepatitis.

“Shocked liver” syndrome generally installs in the first 
48 h after the surgical intervention. The patient may present 
with nausea, vomiting, jaundice, turgescent jugular veins and 
hepatojugular reflux, hemorrhagic syndrome or even hepatic 
encephalopathy in patients with preexistent liver dysfunction. 
Laboratory testes reveal a marked increase of AST and ala-

nine aminotransferase (ALT) up to 20 times normal values 
and also of LDH. Bilirubin level also increases but at a lesser 
extent. Coagulopathy is aggravated by hepatic ischemia with 
potential hemorrhagic diathesis. In non-cirrhotic patients, 
clinical symptoms and laboratory test results improve in a 
few days of normal hemodynamics is restored. In patients 
with prior liver dysfunction, it can evolve towards potentially 
fatal complications like hepatic encephalopathy, liver failure 
or multiple organ dysfunction syndrome (MODS).

The treatment of this condition relies mainly on preven-
tion (maintenance of adequate blood perfusion and avoid-
ance of major volume shifts during the intervention) and, if it 
occurs, the only option is represented by supportive mea-
sures (sepsis, hemorrhage and further ischemia risk 
minimization).

73.10  Conclusion

Pathophysiological changes associated with advanced 
liver dysfunction predispose to potentially fatal complica-
tions in cardiac surgery especially if the intervention is 
performed with CPB. Patients in CTP class A can undergo 
elective cardiac surgery same as the general population 
with almost similar outcome. In CTP class B patients, 
elective interventions are possible, preferably off pump 
after adequate preoperative preparation. In CTP class C 
patients, open cardiac surgery is contraindicated and endo-
vascular treatment should be considered instead if techni-
cally possible. Anaesthetic and perioperative management 
have be adapted to specific metabolic, humoral, haemato-
logical and hemodynamic alterations to prevent postopera-
tive morbidity and mortality.

 Self Study

 Questions

 1. Which statement is true?
 (a) Cardiac surgery risk scores (STS, EuroSCORE II) 

correctly estimate mortality risk in cirrhotic patients.
 (b) Cardiopulmonary bypass has no impact on liver 

function.
 (c) In CTP class A patients the pharmacokinetics of 

anaesthetic drugs is almost unchanged.
 (d) Advanced liver dysfunction is an absolute contraindi-

cation to cardiac surgery.
 2. Which statement is true?

 (a) Non cirrhotic patients register no changes of liver 
function tests in the postoperative period.
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 (b) Haemorrhagic complications are most common cause 
of postoperative mortality in cirrhotic patients under-
going cardiac surgery.

 (c) TAVI is not indicated in CTP class C patients.
 (d) Fresh frozen plasma (FFP) can be used to correct 

coagulopathies in the postoperative period.

 Answers

 1. Which statement is true?
 (a) EuroSCORE II system includes a limited number of 

patient related factors like age, gender, renal impair-
ment, extracardiac arteriopathy, poor mobility, previous 
cardiac surgery, chronic lung disease, active endocardi-
tis, critical preoperative state, diabetes on insulin, and 
omits all parameters relevant for liver function. STS on 
the other hand, includes liver disease among the evalu-
ated parameters as a binary selection (Yes or No) irre-
spective to the type and severity of the disease

 (b) Hepatic dysfunction secondary to CPB is due to 
microembolism, free radicals generation, inadequate 
tissue perfusion, dilutional anaemia and haemody-
namic changes and activation of multiple humoral 
(coagulation, complement, kinin-kallikrein, cyto-
kines, fibrinolysis) and cellular (platelets, neutro-
phils, endothelial cells) systems.

 (c) CORRECT ANSWER. In well-compensated patients 
with close to normal liver function (CTP class A), the 
pharmacokinetics of anaesthetic drugs is almost 
unchanged. The more serious the cirrhosis is (portal 
hypertension, hepatocellular insufficiency), the more 
important and difficult to predict are the pharmaco-
logical changes.

 (d) CTP class A patients can safely undergo cardiac sur-
gery. In class B, open cardiac surgery is possible, 
preferably off pump and after adequate preoperative 
preparation.

 2. Which statement is true?
 (a) In general population, transient elevation of bilirubin 

and hepatic enzymes is noticed in the early postop-
erative period, but in cirrhotic patients decompensa-
tion can occur.

 (b) The cirrhotic patient carries a higher risk of pro-
longed hospitalization in the intensive care unit 
and the most common cause of perioperative mor-
tality is sepsis. Bacteraemia is frequent, mostly 
secondary to bacterial translocation correlated 
with deficient immune response. At the slightest 
suspicion, an empiric antibiotherapy should be 
quickly initiated.

 (c) In CTP class C patients, open cardiac surgery is con-
traindicated and endovascular treatment (TAVI) 
should be considered instead if technically 
possible.

 (d) CORRECT ANSWER.  Fresh frozen plasma (FFP) 
can be used to correct identified coagulopathies while 
monitoring the central venous pressure to avoid fluid 
overload. If FFP is not sufficient or not indicated 
(fluid overload), cryoprecipitate or desmopressin rep-
resent alternative methods.
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Abbreviations

ATF5 Activating Transcription Factor 5
BAL bioartificial liver
BMPs bone morphogenetic protein
CEBPA CCAAT/enhancer binding protein (C/EBP) 

alpha
CYP cytochrome P450
DNMTi DNA methylation inhibitor
EGF epidermal growth factor
ESCs embryonic stem cells
FGF fibroblast growth factor
FGF fibroblast growth factor
FOXA1 Forkhead Box A1
FOXA2 Forkhead Box A2
FOXA3 Forkhead Box A3
G-CSF Granulocyte-colony stimulating factor
HDACi histone deacetylase inhibitor
HGF hepatocyte growth factor
HLCs Hepatocyte like-cells
HNF1A hepatocyte nuclear factor 1 alpha or hepatocyte 

nuclear factor 1 homeobox alpha
HNF4A hepatocyte nuclear factor 4 alpha
HSCs hematopoietic stem cells
IL-6 interleukin-6
iPSCs induced pluripotent stem cells

LSPCs liver stem/progenitor cells
MELD Model For End-Stage Liver Disease
MIR122 MicroRNA 122
MSCs mesenchymal stem cells
NASH Nonalcoholic steatohepatitis
OSM oncostatin M
PPARα peroxisome proliferator-activated receptor α
PSCs pluripotent stem cells
TGFα transforming growth factor
TNFα tumor necrosis factor alpha
β-PDGRR platelet-derived growth factors

74.1  Introduction

Orthotopic liver transplantation (OLT) is the only therapeu-
tic choice in end-stage liver disorders such as cirrhosis, 
chronic hepatitis, acute liver failure, chronic hepatic failure 
or metabolic diseases [1]. Moreover, about 26% from inher-
ited metabolic disease have OLT indication [2]. Liver trans-
plantation have significant limitations such as high costs, 
donor shortage, allogeneic rejection, and long-term immuno-
suppression with side effects [3, 4].

To overcome these problems, the emerging field of regen-
erative medicine offers novel approaches to liver disease 
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Key Concepts
• The best option in severe damaged liver is liver 

transplantation
• Cell therapy with hepatocytes aim to restore liver 

parenchyma after liver injury
• The Bioartificial Liver is used for acute liver dis-

ease as a temporary bridge to liver transplant
• Stem cell transplantation together with gene ther-

apy can correct the metabolic deficits of inherited 
liver disease on long time
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treatment based on a remarkable progress in basic biomedi-
cal research during the last 20–30  years. Nowadays, the 
major methods of regenerative medicine are cell therapy, tis-
sue/organ engineering and bioartificial liver (BAL) devices 
with promising results [3].

74.2  Liver Architecture and Its 
Regeneration

Liver cells consist of hepatocytes, cholangiocytes and sinu-
soidal cells (Fig. 74.1) [5]. Further, sinusoidal cells are rep-
resented by endothelial cells, Kupffer cells (resident liver 
macrophages), hepatic stellate cells (Ito cells, fat-storing 
cells, lipocytes, perisinusoidal cells, or vitamin A-rich cells), 
pit cells (lymphoid cells, natural killer cells, granular lym-
phocytes), and liver stem/progenitor cells (LSPCs) [5–7]. 
Hepatocytes represent 80% from the liver volume with a nor-
mal turnover over several months [8]. Hepatocytes and chol-
angiocytes form parenchymal cells. Sinusoidal cells or 
non-parenchymal cells secrete the growths factors and cyto-
kines which determine the hepatocytes replication [9].

Liver stem/progenitor cells (LSPCs) represent 0.3–
0.7% of liver mass [10, 11] and they are also named oval 
cells in vitro studies [12]. LSPCs are inactive and located in 
the terminal ductules (i.e. canals of Hering) (Fig. 74.2) [5, 
10, 13]. To date, Hering canals represent liver stem/progeni-
tor cells niches in adult liver (Fig. 74.2) [9].

Presently, it is still debatable the role of resident stem 
cells in the regeneration of normal adult liver [8]. Furthermore, 
the proliferation of cells within periportal area (or around 
portal vein) from liver injury with regeneration is better men-
tioned as progenitor cells [8]. As a consequence, Miyajima 
et  al. [8] suggest that the usage of liver progenitor cells 
(LPCs) is more suitable to delineate different populations of 
stem/progenitor cells activated in liver irrespective of liver 
injury.

LSPCs are characterized by 1) clonogenicity; and 2) 
bilineage differentiation or bipotential plasticity defined as 
the differentiation into hepatocytes and biliary duct cells [8]. 
In fact, an important liver injury (acute or chronic liver disor-
ders) will activate bipotential LSPCs niches with their devel-
opment and proliferation from periportal to the pericentral 
zones, process named ductular reaction or reactive ductules 

Portal tract

HA

PV

BS

CV

BD

CholangiocyteLSPC
Hepatocyte

Kupffer cell Space of Disse Stellate cell

Bile ductuleCanal of
Hering

Bile canaliculus

Fig. 74.1 Schematic histological structure of liver tissue. Functional 
units of liver tissue are formed by trabeculae and accompanying blood 
sinusoids. Liver tissue gets its afferent blood supply from two sources: 
hepatic artery and portal vein. Hepatic arterioles (HAs) and the terminal 
branches of portal vein (PV) merge to form blood sinusoids (BSs) lined 
with endotheliocytes and drained into the central veins (CVs). In the 
sinusoids, close to endothelium reside liver macrophages named 
Kupffer cells. Bile produced by hepatocytes flows in the opposite direc-
tion and is discharged into the bile ducts (BDs). Hepatic arterioles, ter-
minal branches of portal vein, and the smallest bile ducts are drawn 
together forming compact structures called portal tracts shown at the 
right side of the figure. Liver trabeculae are built of hepatocytes. The 

inner cavities of trabeculae form canaliculi which are closed at the cen-
tral ends of the lobules (left side of figure) and while on their way to BD 
they convert into bile ductules (BDLs) via a transitory zone called the 
canals of Hering (CH). Bile ductules drained into the bile ducts are 
lined with cholangiocytes, and the canals of Hering contain LSPCs. 
Tiny spaces between trabeculae and the endothelium of blood sinusoids 
are called the spaces of Disse (SD). They participate in the bidirectional 
traffic of different substances between blood and hepatocytes and con-
tain stellate (Ito) cells. From [5]. [This is an open access article distrib-
uted under the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.]
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[10, 11]. Also, LSPCs have markers CK19, EpCAM, CD133 
and they can be separated with their culturing in vitro [8]. 
The differentiation of LSPCs into either hepatocytes or chol-
angiocytes needs Notch and Wnt signaling pathways [10, 
11]. By “dedifferentiation, rapid proliferation, and 
 redifferentiation”, a tiny part from hepatocytes or LSPCs can 
induce new hepatocytes [5].

As previously discussed, some vitro populations of 
LSPCs from periportal areas are activated with proliferation 
into oval cells [14]. Hepatectomy triggers oval cells develop-
ment [9]. At this stage, oval cells express intermediary phe-
notype with markers from hepatocytes and cholangiocytes. 
Oval cells can transform into hepatocytes or cholangiocytes 
in the presence of a right microenvironment and signaling 
pathways [14].

Liver Regeneration Mechanisms. Liver development 
may include stages of pre-hepatogenesis, liver specification 
(hepatoblast), proliferation (hepatoblast), and differentiation 
and maturation (hepatocyte, cholangiocyte) [8]. Hepatoblasts 
(immature hepatocytes) are liver progenitor cells which 
define foetal livers and neonatal livers, and their number 
decrease with maturity being untraceable in adult livers [15]. 
In vitro, hepatoblast has specific cell surface markers: 
EpCAM+, CD133+, E-cadherin+, DLK+, Nope+, CD13+, and 
Liv2+ [8].

Of major interested, published evidence supports the con-
cept that activated LSPCs regenerate hepatocytes and biliary 

epithelia. Current studies showed that only hepatocytes 
assure regeneration of parenchyma, wherein biliary epithelia 
do not promote regeneration and may be the result of hepato-
cytes de-differentiation in chronic liver disease [16]. Also, in 
chronic liver diseases or chronic injury, LSPCs regenerate 
only hepatocytes but not cholangiocytes [10, 11].

Hepatocytes have the capacity to proliferate [17]. Any 
liver injury triggers hepatocytes replication [9]. Of particular 
interest, liver regeneration is accomplished by a counterbal-
anced cellular mechanism such as hypertrophy and hyper-
plasia of all liver cell types [5]. Mature hepatocytes have 
great proliferation with multiple replication cycles, but when 
they become polyploid with reduced telomeres and chromo-
somal damages, their replication stops [18]. To sum up, 
human liver regenerative ability is influenced by 1) intercon-
nection of hepatocytes with other cells; 2) elements of extra-
cellular matrix liver; 3) cytokines; 4) soluble growth factors; 
5) portal vein pressure; 6) injury dimension; 7) other liver 
diseases; and 8) age [5, 14].

Partial Hepatectomy. Sources for marginal grafts are 
represented mainly by living donors when right lobe is 
removed from young or old donors, split livers or steatotic 
livers [10]. After an injury including partial hepatectomy, 
liver can regenerate its mass. As such, both transplanted liver 
and donor liver develop up to normal dimension and normal 
mass [9]. In case of two-thirds of hepatectomy, the rest of 
liver triggers hyperplasia with proliferation, and regenerated 

CANALS OF HERING PERIBILIARY GLANDS

HEPATIC STEM/PROGENITOR CELLS BILIARY TREE STEM/PROGENITOR CELLS

•  Location: Canals of Hering

•  Potency:  Hepatocytes and Cholangiocytes

•  Disease:  NAFLD, ASH, Viral cirrhosis,
                    acute hepatitis, cholangiopathies

•  Origin:      Ductal Plate

•  Location: Peribiliary Glands – Large Intra-and
                    Extra-Hepatic Bile Ducts
•  Potency:  Hepatocytes, Cholangiocytes and
                    Pancreatic β-cells

•  Disease:  PSC, PSC-CCA, NAS, BA

•  Origin:     Hepatic Diverticulum – Caudal Part

Fig. 74.2 Stem/progenitor cell niches in the human biliary tree. Canals 
of Hering harbor Hepatic Stem/progenitor Cells (HpSCs), while 
peribiliary glands (PBGs) constitute the niche for Biliary Tree Stem/
progenitor Cells (BTSCs). Embryological origin, location, potency, and 
diseases in which cells are involved are summarized in the boxes. CK7: 
cytokeratin 7; NAFLD: Non-alcoholic fatty liver disease; ASH: 
Alcoholic steatohepatitis; PSC: Primary sclerosing cholangitis, CCA: 

cholangiocarcinoma; NAS: non-anastomotic strictures; BA: biliary 
atresia. Original Magnification: 10× (left) and 5× (right). From [13]. 
[This is an open access article distributed under the Creative Commons 
Attribution License which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly 
cited (CC BY 4.0).]
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liver will attain 10% from initial liver mass. As a result, liver 
mass is reestablished but does not recuperate anatomical 
shape [9]. In fact, human hepatectomy is followed by imme-
diate hepatocyte replication and delayed non-parenchymal 
cells replication (endothelial cells, Kupffer cells, biliary 
cells) [9]. Significantly, periportal cells replicate earliest [9].

At a simplistic level, it seems that hepatectomy triggers 
stress signaling by enhanced energy stress per unit liver vol-
ume; and liver regeneration is activated also by changed 
hemodynamic factors [9]. Partial hepatectomy triggers 
Kupffer cells to exhibit TNFα and IL-6. Serum IL-6 and 
HGF raise after hepatectomy [9]. Later, it is followed by the 
downstream signaling of HGF and TGFα [9]. It is well dem-
onstrated that hepatectomy is associated with raised portal 
pressure, portal vein flow and shear stress which further trig-
ger regeneration [9]. This leads to the liver cells proliferation 
hepatocytes, Kupffer cells, stellate cells, bile duct epithe-
lium, and fenestrated endothelium of vascular sinusoids [5].

In about 8–10 days, the normal liver histology and func-
tions are reestablished when hepatic stellate cells release 
β-PDGRR with blocking of hepatocyte proliferation [5].

74.2.1  Cell Therapy

The aim of cell transplantation is to provide new healthy 
hepatocytes which trigger liver regeneration with its resti-
tution [5].

Cell therapy or cell-based therapy can be a choice instead 
of OLT [19]. Moreover, cell therapy is a life-saving choice in 
patients with end-stage cirrhosis, chronic hepatic failure and 
acute liver failure [20]. Until now, hepatocyte transplanta-
tion proved a successful bridge to OLT in case reports or 
uncontrolled trials either adults or children with acute liver 
disease [16]. Liver resection together with cell-based ther-
apy in hepatocellular carcinoma postpone disease progres-
sion [10]. In addition, adult hepatocytes or cell-based therapy 
are an important tool to evaluate liver regeneration, hepato-
toxicity or metabolism of xenobiotics by CYP enzymes, 
drug interactions [21].

Generally, conditions treated by cell transplantation in 
people are 1) congenital disorders (i.e. α1 antitrypsin defi-
ciency, urea cycle defects, Crigler-Najjar syndrome type 1, 
familial hypercholesterolemia, congenital coagulation factor 
VII deficiency, glycogen storage disease type I); and 2) 
acquired disorders (acute liver failure—multiple etiologies, 
fatty liver of pregnancy, acute-on-chronic liver failure—mul-
tiple etiologies) (Table 74.1) [15, 16]. Furthermore, inherited 
liver disorders can be classified into two categories: 1) 
genetic disorders affecting a specific hepatic function with 
extrahepatic symptoms (Crigler-Najjar syndrome, familial 
hypercholesterolemia, clotting factor deficiencies) where 
hepatocytes are normal and can proliferate; 2) diseases in 

which hepatocytes are injured due to accumulation of a toxic 
product (α1 antitrypsin (A1AT), or copper in Wilson’s dis-
ease), and hepatocytes do not proliferate) [2].

Hepatocyte transplantation can be frequently applied, it is 
not invasive as liver transplantation, and by reprogramming 
or gene therapy assure autologous hepatocytes [3].

General limitations of liver cell therapy include donor liv-
ers shortage, susceptible to cryopreservation, lower engraft-
ment, allograft rejection, and immunosuppression that is a 
need after hepatocyte transplant [14, 16].

Importantly, sources of hepatocytes are mature primary 
hepatocytes, hepatocyte-like cells (HLCs), or tissue/organ 
engineering. Hepatocyte like-cells (HLCs) are generated 
in  vitro, from human pluripotent stem cells (PSCs), from 
human ESCs, iPSCs, gestational stem cells, and mesenchy-
mal stem cells (MSCs) [14, 22]. Hepatocytes and PSCs are 
the most accessible as cell therapies in liver restitution or 
tissue engineering [5].

Mechanisms. Simply, transplantation of hepatocytes into 
hepatic or extrahepatic sites is followed by engraftment and 
proliferation of hepatocytes [16]. Autologous transplanted 
liver cells have the ability to repopulate liver injury by trans-
differentiation. Only 10–20% from transplanted cells get to 
home or engraft inside liver. Transplanted cells are homing 
in liver parenchyma or liver niches based on cells size and 
cell-cell adhesions [16]. During first 20 h, about >70% from 
transplanted hepatocytes are blocked in the portal spaces and 
sinusoids, where are finally removed by the immune system 
within 24–48 h. Initial engraftment of transplanted cells in 
vessels structure release local harmful vasoactive factors (i.e. 
NO, prostacyclin, complement, platelet-related thrombo-
genic substances, endothelin, cyclooxygenases, chemokines, 

Table 74.1 Potential clinical indications for liver cell therapya

A. Congenital disorders
• Alpha 1 antitrypsin deficiencya

• Crigler Najjar syndrome type 1a

• Familial hypercholesterolemiaa

• Congenital coagulation factor VII deficiencya

• Hemophilia A
• Glycogen storage disease type Ia

• Infantile Refsum disease
• Maple syrup urine disease
• Neonatal hemochromatosis
• Progressive familial intrahepatic cholestasis type 2 (PFIC2)
•  Urea cycle defects—ornithine transcarbamylase 

carbamoylphosphate (OTC) deficiency, argininosuccinate lyase 
deficiency, carbamoylphosphate synthase type 1 deficiency; 
citrullinemiaa

• Wilson’s disease B.
Acquired disorders
• Acute liver failure (multiple etiologies)a

• Fatty liver of pregnancya

• Acute on chronic liver failure (multiple etiologies)a

From [16] with permission
aIndicates conditions treated by cell transplantation in people

M. Jinga et al.



815

cytokines) [16]. Further, these local harmful vasoactive fac-
tors increase vascular permeability facilitating surviving 
hepatocytes to get into the perisinusoidal space (or space of 
Disse) with further engraftment and proliferation [15]. 
Moreover, transplanted liver cells activate liver regeneration 
in liver resident progenitors or extrahepatic stem cells, by 
secretion of growth factors, noncoding RNAs, chemokines 
and cytokines [5]. A pre-existent liver inflammation and 
injury might intensify subsequently to transplanted cells in 
liver which trigger ischemia [16].

Cell therapy is done mainly by intravenous route to 
transplant suspensions of autologous hepatocytes. Basically, 
hepatocyte transplantation can be ensured via spleen (or 
intrasplenic), portal vein, extrahepatic lymph nodes or intra-
peritoneal administration [16]. Of note, cell therapy in a cir-
rhotic liver by portal vein might cause severe portal 
hypertension with portal thrombosis. Moreover, portal vein 
injection is a problematic task in patients with portal hyper-
tension or/with coagulopathy [16]. This can be avoided by 
cell therapy in extrahepatic sites [20]. Transplanted hepato-
cytes via intrasplenic injection seed the liver in cirrhosis or 
after acute injury of liver [16].

The capacity of hepatocytes to engraft in extrahepatic 
sites is already demonstrated. Pietrosi et  al. showed in an 
ongoing phase I–II matched case-control study in patients 
with end-stage chronic liver disease that administration of 
human foetal liver cells by intrasplenic infusion is safer with 
positive outcomes on MELD score and encephalopathy [23].

Finally, successful hepatocyte engraftment in metabolic 
liver diseases means the achievement of a therapeutic level 
of 5–10% from liver mass defined as the generation of absent 
proteins or enzymes [3].

74.2.2  Human Primary Hepatocytes

Published data demonstrate the efficacy of primary (nonculti-
vated) hepatocytes transplantation in human liver metabolic 
and genetic disorders such as severe dyslipidemia, tyrosin-
emia, Crigler-Najjar syndrome, hepatolenticular degenera-
tion (Wilson-Konovalov disease) and urea cycle disorders [5].

Harvested hepatocytes can be used immediately or cryo-
preserved. In this context, hepatocyte transplantation uses 
fresh or cryopreserved hepatocytes with cell viability over 
60%; with ABO blood group compatibility; with immuno-
suppression—tacrolimus and steroids; with almost 109 cells 
per autologous infusion; with portal pressure monitoring; 
and it can be repeated up to 5–10% liver mass [16]. That 
said, donor age, ABO system compatibility, infectious risk, 
other liver diseases are factors taken in account when har-
vesting and isolate hepatocytes from donated livers [14]. 
Cryopreservation alters the viability and engraftment of har-
vested hepatocytes from livers [3].

After hepatocyte transplant, immunosuppression is a need 
with the mention that the hepatocyte transplant has a greater 
rejection risk in comparison with the whole liver [14]. Harvesting 
human hepatocytes from partial hepatectomy or deceased livers 
donors do not provide enough amounts of hepatocytes [3].

Primary or fresh hepatocytes has transplantation limita-
tions such as lower proliferation, lesser accessibility or donor 
liver shortage, lower viability, and low immune tolerance 
with allogeneic rejection [3, 11].

Human hepatocytes are usually isolated by collagenases 
perfusion techniques respecting clinical Good Manufacturing 
Practice (GMP) terms [16]. Alternatively, human hepatocytes 
can be cryopreserved as cell banks being a timely option for 
temporary cell transplantation [15]. Presently, human hepato-
cytes such as allogeneic hepatocytes can be generated to be 
used in liver transplantation free of immunosuppression [5].

74.2.3  Hepatocyte Like-Cells (HLCs)

Hepatocytes come from endodermal lineage [5]. Hepatocyte 
like-cells (HLCs) are generated in  vitro, from human plu-
ripotent stem cells (PSCs), from human embryonic stem 
cells (ESCs), iPSCs, gestational stem cells, and mesenchy-
mal stem cells (MSCs) (Fig. 74.3) [21, 22].

Basically, steps to maturation into HLCs are represented by 
1) hepatic specification—FGFs, BMPs; 2) hepatoblast devel-
opment; and 3) hepatic maturation—HGF, EGF, OSM and 
DEX (dexamethasone) [22]. Hepatic fate is determined by the 
combination of conversion factors (HNF1A, HNF4A, HNF6) 
with maturation factors (PROX1, ATF5, CEBPA) [24].

Importantly, HLCs have CYP5 activity being characteris-
tic enzymes of drug and xenobiotics metabolisms. Therefore, 
they might represent a gold standard for the tests focused on 
drug metabolism and drug toxicity. It represents the “person-
alized drug administration future medicine” [22].

74.2.4  Cellular Reprogramming

Simply, a chronic liver injury displays unbalanced transcrip-
tion. Also, dedifferentiated cells or diseased cells might be 
reset to normal function if they re-expose or re-express all 
important transcription factors [25].

Transcription factors. Liver development requires tran-
scription factors with gradual activation. Therefore, tran-
scription factors mediate the maturation of hepatocytes [21]. 
Examples of transcription factors are HNF4A, constitutive 
androstane receptor, eosinophil-associated, ribonuclease A, 
PPARα, Retinoid X receptor α (RXR-α, NR2B1-nuclear 
receptor subfamily 2, group B member 1), farnesoid X recep-
tor; PXR, small heterodimer partner, and liver receptor 
homolog 1 [21]. All transcription factors interrelate. MIR122, 
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FOXA1 and HNF4A interrelate by upregulation in a positive 
feedback loop [21].

In fact, Nishigawa et al. have been shown that transcrip-
tion factors such as HNF4A, forkhead box A2, CCAAT 
(enhancer binding protein alpha) and HNF1A, mediate the 
phenotype of mature hepatocyte with protein synthesis 
essential to lipid, biliary metabolism and coagulation [25].

In vivo, reprogramming of hepatocytes in animals, with 
end-stage degenerative liver diseases cause a fast recovery of 

liver function [25]. Therefore, transcription program assures 
amelioration of hepatic failure.

Small molecules (natural, synthetic) may substitute 
growth factors or transcription factors induced by differenti-
ation [21]. Several small molecules can promote differentia-
tion of PSCs and MSCs into HLCs [21]. DNMTis triggers 
differentiation of MSCs into HLCs [21]. HDACis act during 
or after differentiation into HLCs. DAPT and A8301 block 
differentiation of HPCs into cholangiocytes [21].
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Fig. 74.3 Cells and methods to generate HLCs. Blue boxes show cells, and yellow and pink boxes show methods, used to generate HLCs. From 
Chen et al. [21] with permission
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74.2.5  Pluripotent Stem Cells (PSCs)

Pluripotent stem cells (PSCs) can generate any cell as well as 
liver cells or hepatocytes and in this case are named induced 
pluripotent stem cells (iPSCs) [5]. PSCs comprise embry-
onic stem cells (ESCs) and iPSCs-derived somatic cells 
which can generate all cell body types having genomic sta-
bility [21].

To start with, human iPSCs can differentiate into any 
cell type from three primary germ layers (endoderm, meso-
derm, ectoderm) [26]. Human PSCs have low immunoge-
nicity with no immunosuppression prior engraftment, 
pluripotency, significant autologous activity and self-
renewal [10, 27]. Pluripotency is the capacity of iPSCs to 
generate by differentiation any human cell body in pres-
ence of correct signaling pathways. Self-renewal means 
their clonogenic development with no genomic instability. 
In other words, human PSCs can produce infinitely “identi-
cal copies” with no chromosomal anomalies [27]. iPSCs 

can generate easily human HLCs using a retroviral vector 
and transcription factors [16]. Basically, using growth fac-
tors or by directed differentiation (transduction of FOXA2, 
HFNα1), iPSCs generate HLCs with main characteristics 
of primary hepatocytes [10]. Therefore, alternative tech-
niques to generate iPSCs are excisable viral vectors, 
miRNA, mRNA transfections, or episomal plasmids trans-
fections [22].

Importantly, human iPSCs are promising cell source for 
regenerative medicine especially in the modeling of liver 
infections, hepatic disease and drug toxicity testing, phar-
macological screening and bio-artificial liver (Fig.  74.4)  
[2, 11, 21].

Genomic instability of iPSCs still represents a limitation 
in their use in cell therapies. Both cultured iPSCs and repro-
gramming of iPSCs into HLCs might assimilate genomic 
anomalies (i.e. variations in gene copy numbers, chromo-
somal abnormalities, somatic mutations). Or genomic anom-
alies or instability is a finding of tumorogenesis [4].

Hepatocellular differentiation and application

PSC Scale-up PSC Seeding
Laminin ECM Laminin ECM

Bioartificial liver
Scaffold
Scaffold Free
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Bioprinted
Cell sheet

Cell based modelling

Non parenchymal cells+/–

Cell based therapy
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Peritoneal cavity

Definitive
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Hepatoblast Hepatocytes and Hepatospheres
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Fig. 74.4 Directed differentiation of pluripotent stem cells (PSCs) and 
their potential applications. PSCs were maintained on laminin extracel-
lular matrix (ECM) and differentiated toward hepatic tissue using a 
four-stage process employing Activin A (ACTA), Wnt3a, and using dif-
ferentiation medium (80% knockout DMEM (KO-DMEM), 20% 
knockout serum replacement (KSR), GlutaMAX, non-essential amino 
acids, β-mercaptoethanol, 1% Dimethyl sulfoxide (DMSO), and peni-
cillin/streptomycin), and HepatoZYME maturation medium supple-
mented with Oncostatin M (OSM) and human hepatocyte growth factor 
(HGF). Following differentiation and tissue engineering, monolayer, 
co-culture, sphere and organoids could be applied in the future to model 

human biology, generate artificial liver devices, and used as cell-based 
therapies in vivo. The liver is shown in brown, the spleen in reddish- 
brown, and the liver bandage as a patch on the liver. Arrows (red) point 
to the site of cell delivery. From Alwahsh et al. [11]. [Open Access This 
article is distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative 
Commons license, and indicate if changes were made]
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74.2.6  Mesenchymal Stem Cells (MSCs)

MSCs are cells with mesodermal origin [5]. MSCs are iso-
lated from adult somatic tissues such as bone marrow, lungs, 
liver, umbilical cord blood, placenta, adipose tissue and den-
tal pulp [4, 21]. The best source for MSCs manufacture is 
human iPSCs [4].

As well, MSCs via paracrine secretion accelerate liver 
regeneration [5]. MSCs release growth factors, cytokines 
and chemokines [19]. They have stem cell-like characteris-
tics 1) self-renewal; and 2) pluripotency (multipotent differ-
entiation capacity) including into HLCs. MSCs differentiate 
into HLCs through two-steps 1) firstly, induction stage trig-
gered by HGF and FGF; and 2) second stage is maturation 
induced by OSM and dexamethasone [21]. Adding growth 
factors (i.e. HGF, insulin-like growth factor I) to the MSCs 
culture generates their fate into HLCs [22].

As cell therapy, MSCs have numerous advantageous posi-
tive properties in liver disorders 1) low immunogenicity with 
no rejection risk and no immunosuppressive therapy; 2) 
increased engraftment or homing in injury locations; 3) regu-
late immune responses; 4) no malignant conversion; and 5) 
their manufacture is low-cost [5, 19].

The most used MSCs populations in studies are 1) MAPC 
(multipotent adult progenitor cells); 2) Muse cells 
(multilineage- differentiating stress-enduring); and 3) VSEL 
cells (very small embryonic-like stem cells) [5]. For instance, 
Muse cells have an important role in the repopulation of liver 
injury. Going into details, in liver injury, Muse cells trigger 
the restoration of liver injury with hepatocytes, cholangio-
cytes, Kupffer cells, and sinusoidal endothelial cells [5].

As stated above, MSCs represent the main part of preclinical 
and clinical research from human cell therapy [5]. For instance, 
adipose tissue-derived stem cells might be a future treatment in 
steatosis because improves liver function with diminishing 
lipid metabolism [3]. Similarly, MSCs such as human umbilical 
cord-derived MSC and bone marrow- derived MSC enhance 
liver function in cirrhosis and chronic liver failure [3].

It is already known that transplantation of autologous 
MSCs derived from bone marrow via intrasplenic or intrahe-
patic ways in patients with end-stage liver disease proved 
important alleviations of edema, ascites, fatigability, serum 
albumin with short-term efficiency [10].

Trials of MSCs transplantation has been published show-
ing their benefits. In one published study, patients with acute- 
on- chronic liver failure and HBV were divided in two groups: 
1) first group received immunosuppression therapy, plasma 
exchange and a single transplantation of MSCs derived from 
umbilical cord (100 × 106 cells) in suspension via hepatic 
artery; 2) second group were subject to immunosuppression 
therapy plus plasma exchange [28]. Importantly, first group 
with MSCs transplantation showed at 24 months: better liver 
function tests and superior cumulative survival rate [28].

74.2.7  Embryonic Stem Cells (ESCs)

HLCs from human ESCs are obtained from inner part of 
blastocyst with its destruction; and ethics of use has been 
questioned [16, 22]. However, even if long-term stability is 
unclear, it has been developed protocols for ESCs differen-
tiation into HLCs. ESCs can be cultivated infinitely in vitro 
having pluripotency [2].

ESCs and iPSCs derived HLCs have a more foetal pheno-
type. Until now, human ESCs have been generated at GMP 
levels for clinical use [16]. Human ESCs or iPSCs by 
 transduction with transcription factors are induced by differ-
entiation into HLCs in vitro [10]. ESCs have potential indi-
cation in metabolic liver disease and liver failure but they do 
not have clinical use presently.

74.2.8  Hematopoietic Stem Cells (HSCs)

Hematopoietic stem cells (HSCs) can be generated from 
bone marrow and umbilical cord blood [29]. In case of liver 
transplantation, HSCs derived HLCs develop into hepato-
cytes by transdifferentiation [5]. Human liver disorders can 
be relieved by transplantation of hematopoietic cells or mac-
rophages. Infusion with HSCs can induce liver regeneration 
but with the risk of teratoma development, and severe immu-
nological reactions. These can be avoided by the usage of 
iPSCs derived from umbilical cord blood cells [5].

There have been published ~10 clinical trials using autol-
ogous bone marrow-derived cells in patients with liver dis-
ease, and six clinical trials have used G-CSF-mobilized mPB 
or direct G-CSF injections to mobilize endogenous HSC into 
circulation [29]. These trials comprised liver disorders 
patients such as hepatitis-associated cirrhosis, alcoholic liver 
disease, decompensated cirrhosis, cryptogenic cirrhosis, 
drug-induced acute liver failure, and primarily sclerosing 
cholangitis [29]. The endpoints of all clinical trials were 
serum aminotransferase levels, MELD score, Child-Pugh 
score and survival. Almost all studies except one showed 
long-term benefits over several months [29].

Other published trials support that the use of G-CSF or 
G-CSF mPB seems to be safe and well tolerated [29]. 
Moreover, G-CSF administration is associated with important 
therapeutic effect, with better MELD and Child-Pugh scores, 
better survival rates, and better SOFA (sequential organ fail-
ure assessment) score, even after 1 year treatment [29].

74.2.9  Human Fibroblasts

Adult human skin (fibroblasts, adult somatic cells) generate 
iPSCs with pluripotency [30]. Foetal and human fibroblast 
can be reprogrammed to obtain HLCs. Reprogramming is 
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achieved with vector transfer (lentiviruses) that express tran-
scription factors such as HNF1A, HNF4A and FOXA3 [10]. 
Limitations are their usage in only one infusion in a single 
patient. Fibroblast-derived HLCs by reprogramming may 
keep the epigenetic memory of source [10].

The manufacture of fibroblast-derived HLCs involves 
only one stage. By transdifferentiation, it can be obtained 
HLCs from fibroblasts [31]. Direct conversion refers to 
transdifferentiation of human fibroblasts to other cell lin-
eages HLCs. This method avoids the stage of iPSCs [22].

74.3  Liver Tissue/Organ Engineering

Tissue/organ engineering (bioartificial grafts, bioartificial 
livers) can remove the problematic lack of donor liver and 
allows disease modeling. Disease modeling of liver refers to 
the study of infectious disease, cancer, liver fibrosis, NASH, 
cirrhosis [20]. In case of chronic liver disease and liver 
malignant tumors, bioartificial liver is a better choice in 
comparison with hepatocyte transplantation [14].

Newly, present scientific advances, developed and extended 
the tissue/organ manufacturing process by utilizing allogeneic 
cells or autologous cells with neutral immunological proper-
ties [5]. Consequently, liver tissues for transplantation may be 
produced by rather inexpensive industrial technologies [5].

To begin with, tissue/organ engineering or liver bioengi-
neering comprises scaffold-based systems, scaffold-free sys-
tems (scaffold-free platform, scaffold-free microtissues), 
encapsulated techniques, liver-on-a-chip platforms, organoid 
technology, and bioprinted liver tissues [10, 11].

74.3.1  Scaffold-Based Systems

In scaffold-based systems, the tissue/organ engineering tech-
nique is based on the generation of an extracellular matrix 
scaffold that reproduces the liver stromal 3D backbone. 
Basically, these 3D scaffolds are engineered structures which 
imitate the extracellular matrix of liver with porosity for 
recellularization, biodegradability and injectability 
(Fig. 74.5) [3, 20].

Sources of scaffolds are represented by biodegradable 
polymer matrices, 2D hepatic tissue sheets, and decellular-
ized xenogeneic liver matrices [3]. Currently, there are many 
challenges to obtain manufactured implantable tissue/organ 
engineered organs by decellularization than reseeding or 
recellularization with specific cell types along with the neo- 
organ maturation in a bioreactor [20]. Xenogeneic (porcine 
or murine) liver scaffolds have highest success [3]. 
Xenogeneic scaffold is the decellularized native organ that 
undergone gamma irradiation to decrease immunogenic 

Decellularization Recellularization

Direct Parenchymal Injection
vs continous PerfusionDetergent perfusion 24-48hr

Functional Liver Graft

Fig. 74.5 Decellularization and recellularization process for the cre-
ation of bioengineered livers. The liver is decellularized through deter-
gent perfusion at physiologic pressures via the native vasculature for 
24‐48 h. The resulting scaffold is then recellularized and reendothelial-

ized with functional hepatocytes and endothelial cells either through 
direct parenchymal injections or through single or multistep continuous 
perfusion at physiologic pressures to produce a functional liver graft. 
From [3] with permission
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properties; and with <50 ng double stranded DNA per scaf-
fold in case of recellularization [20].

Further, the scaffold is recellularized or seeded with cells, 
and implanted with blood vessels and biliary ducts [5]. About 
10–30% or 200–600 g of residual hepatic parenchyma can 
assure human survival. Therefore, around 2.5–7.5 billion of 
hepatocytes per infusion are required to guarantee survival 
[3]. The stage of liver scaffold recellularization still implies 
challenges approaches regarding the preservation of vascular 
network; adequate blood circulation flow; and to regenerate 
elements of the intrahepatic biliary tree [20]. In case of 
 recellularization, the proliferation is checked by ki67 anti-
body staining; and metabolic function is verified by albumin 
serum level and CYP1A1/2 activity [3].

74.3.2  Organoid Technology

Organoid cell culture is defined as the 3D human micro- 
tissues or buds generated in vitro and vivo [10, 11]. Precisely, 
in 3D cultures, the aggregation process generates buds or 
organoid structures [3].

Further, organoids are 3D clusters of self-assembled cells 
generated in long-term 3D culture with genomic stability 
created on Matrigel supplemented with laminin and collagen 
IV. Activation of FGF signaling and inhibition of Notch and 
Wnt signaling pathways differentiate hepatic progenitor/
stem cells into hepatocytes [21].

Sources of organoids are human adult stem cells [32]. 
Organoid technology supports the manufacturing of organo-
typic culture that is genetically stable and long-term [32]. It 
is a cost-effective and time-effective alternative to liver 
transplantation [4].

Co-culture of diverse cell types can be used to generate 
transplantable liver buds or organoids. It is well established 
that cells can self-organize in 3D spheroid structures termed 
liver buds or liver organoids, a feature demonstrated by vitro 
studies using co-cultures of human MSCs, HUVEC-human 
umbilical vein endothelial cells, and human iPSCs-derived 
human endodermal cells [10, 20]. All above mentioned cells 
undergo self-assembly into 3D liver buds or organoids with 
own vascularization. After transplantation, the organoid ves-
sels are partly joining to host vessels and are working with 
liver function [11, 21]. Presently, it seems that transplanted 
organoids might furnish almost 1 month of functional assis-
tance [10].

For instance, cultures of human iPSCs promote hepato-
cyte differentiation with expression of albumin and 
α1-antitrypsin. Implantation of these organoids in various 
liver sites or extrahepatic sites developed avascular network 
(HUVEC-derived blood circulation) interconnected with 
host circulation [14]. Human iPSCs (autologous stem cells) 

can generate liver buds or liver organoids with same drug 
metabolism of hepatocytes [3].

Isolated Lgr5+ (leucine-rich repeat containing G-protein- 
coupled receptor 5) stem cells are a source for organoid cul-
tures [31]. Lgr5+ cells can generate organoids or liver buds 
in vitro and vivo [10]. These cells have chromosomal stabil-
ity during lengthy culture [16].

74.3.3  Microencapsulation Technique

It defines the fixation of hepatocytes into a semipermeable 
polymer. As a result, it removes the side effects of 
 immunosuppression, bleeding risk, and increases the viabil-
ity and function of cryopreserved hepatocytes [16, 33].

As a side note, there are published vitro and vivo studies 
on acute liver failure with peritoneal transplantation of algi-
nate microencapsulated hepatocytes technique (Fig.  74.6) 
[33]. Theoretically, these encapsulated hepatocytes in algi-
nate microbeds are obtained from purified alginate, and 
assure metabolic function and detoxification, and defend 
against immunosuppression side effects [33]. Their remov-
ing after recovery is with no complications. In this context, 
microencapsulation technique represents a future approach 
in clinical transplantation [10, 33].

74.3.4  Bioprinting in the Fabrication of 3D 
Liver Tissues (Bioprinted Liver Tissues)

Bioprinted livers are defined as the mini-livers which present 
the hepatocyte functions regardless the vascular network. 
Hepatic 3D bioprinting is a novel technique [21]. Bioprinters 
produce hepatic tissues with specific cell types having an 
hepatic tissue design with cell allotment [21].

Inkjet printers and 3D printers are used in the maneu-
vering of mammalian cells [20]. Inkjet bioprinting might 
be used to create 2D and 3D human liver tissue [20]. Its 
mechanism is based on the pouring of bio-ink droplets 
from biomaterials by layered method (layer-by-layer) into 
hydrogel medium or culture medium or culture plate [20]. 
3D printers produce sophisticated cell structures by using a 
layering process [20]. Only that, hepatocytes or cells are 
greatly susceptible to shear force [20]. Or bioprinting 
apply biochemical forces on cells. Therefore, one disad-
vantage is that shear- damaged cells might be locked inside 
bioprinted tissues with necrosis and bad shaping of the 
architecture [20].

One example is Novo-Gen MMX Bioprinter (Invetech, 
San Diego, CA) [20]. From 2014, Organovo, San Diego has 
commercialized bioprinted liver tissues with the aim to study 
liver biology, diseases modeling, and drug toxicity [20].
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74.4  Bioartificial Liver (BAL)

Cell-based extracorporeal support devices are used only as a 
temporary bridge for patients with acute liver failure and are 
represented by 1) bioartificial liver (BAL) support systems, 
2) machine perfusions, and 3) hepatocyte microdevices 
(Fig. 74.7) [34].

BAL systems are a temporary option in therapy of acute 
liver failure or the treatment of acute-on-chronic liver failure 
[3, 4]. They also can assure for short term the endogenous 
regeneration of the native liver [3].

By definition, BAL system is a bioreactor with liver cells 
which temporarily replace the hepatic functions. Ideal BAL 
systems contain hepatocytes located in a mechanical artifi-
cial liver support device that assures albumin dialysis, syn-
thetic function (albumin, coagulation factors), detoxification 
function (removes ammonia), diminish inflammation and 
enhance hepatocyte regeneration [3].

BAL support system uses as liver cells primary human 
hepatocytes, stem cells-derived HLCs and xenogeneic 

hepatocytes [3]. It has to be mentioned that there is no con-
tact between porcine hepatocytes and patient [3]. Constant 
developments in hepatocyte differentiation such as iPSCs, 
ESCs and human fibroblasts might supply ideal HLCs for 
BAL systems [3]. Besides, tumorigenicity risk is dimin-
ished in a BAL system [35].

Currently, there are 11 BAL systems [4]. ELAD (the 
extracorporeal liver assist device) uses human hepatoblas-
toma cells known as HepG2/C3A cell line and is safe in 
acute liver failure patients [3]. The viability of HepG2/
C3A is between 3 and 10 days, with synthetic function of 
albumin and cytochrome P-450 activity [3]. Also, 
HepatAssist contains porcine hepatocytes in a bioreactor 
[3]. Additionally, SRBAL (Spheroid Reservoir Bioartificial 
Liver) is based on 3D spheroids aggregates cultured cells 
(Fig. 74.8) [3].

Other BAL systems mentioned by published evidence are 
MELS (Modular Extracorporeal Liver Support), AMC-BAL 
(the Amsterdam Medical Center Bioartificial Liver), and 
BLSS (the Bioartificial Liver Support System).
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Fig. 74.6 Distribution of 
human hepatocytes in 
alginate-hepatocyte 
microbeads. Representative 
image of HMBs produced 
with different cell densities; 
2.0, 2.5, 3.0 and 
3.5 × 106 cells/ml alginate 
(a–d respectively) under light 
microscopy (left) and 
fluorescence microscopy 
(right). Representative 
confocal microscopy images 
used in 3D reconstruction to 
demonstrate (e, f) cell 
distribution and viability 
across the microbead, and (g) 
viability of cells within outer 
half vs. inner half of same 
microbead. Green; viable and 
red; dead cells. From [33]. 
[This is an open-access 
article distributed under the 
terms of the Creative 
Commons Attribution License, 
which permits unrestricted 
use, distribution, and 
reproduction in any medium, 
provided the original author 
and source are properly 
credited.]
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74.5  Gene Therapy

Stem cell transplantation together with gene therapy can cor-
rect the metabolic deficits of inherited liver disease on long 
time [3].

Advancements in liver genome editing might treat either 
hereditary monogenic liver disorders or viral hepatitis (hepa-
titis B infection) [36]. Until now, about 20 human liver trans-
plants focused on genotyping which demonstrated the 

existence of chimeric genotypes or recipient genotypes in 
liver cell types such as sinusoidal cells, cholangiocytes, peri-
portal liver cells, and hepatocytes [5].

Gene therapy is defined as the correction of damaged genes 
or “site-specific modifications” with beneficial therapeutic 
effects [37]. Presently, germline and somatic cells are used in 
gene therapy [37]. Gene therapy of somatic cells is based on 
the incorporation of therapeutic genes into somatic cells of 
patient with the final scope to remove abnormal gene [37].
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Fig. 74.7 Engineered liver devices. (a) Bioartificial liver. Engineered 
liver devices are at different scales and have a wide range of applica-
tions. The Bioartificial Liver (BAL) is a bioreactor system which bears 
hepatocytes in a variety of formats (hollow fiber vs. spheroid vs. mono-
layer culture). A large number of hepatocytes, approximately 10% of 
the adult liver, are needed to provide appropriate level of functions. 
Typically, the BAL is used for acute liver disease. In this case, it can be 
used a bridge to transplant, or as a way to regenerate acutely injured 
liver. The main challenges and applications are as shown. (b) Machine 
Perfusion. This is a technique used for several applications in animal 
models. The whole liver is connected to the perfusion device and per-
fusate is oxygenated and pumped to perfuse the whole liver under hypo-
thermic or normothermic conditions. The technique is used to preserve 
organs after harvest, as opposed to storage of organs without flow in 
organ preservation solution. Machine perfusion is also used to condi-
tion marginal livers, for example by adding medium components to 
reverse fatty liver disease in a donor liver. Finally, machine perfusion 
can be used to understand complex, whole liver metabolic functions by 
measuring metabolites at inlet and outlet of the device under various 
experimental conditions. The main challenges and applications are as 

shown. (c) Hepatocyte Microdevices. This is a technique in which the 
hepatocytes are placed within miniature microfabricated devices so that 
they display physiological functions. Both animal and human liver on a 
chip applications are possible, and are valuable for assessing hepatotox-
icity, drug metabolism, and pharmacokinetics, in the setting of drug 
discovery. These devices can potentially replace animals in the drug 
discovery pipeline. Patient-specific hepatocytes can be used to under-
stand how genetic variations effect drug metabolism. Multiple cell 
types can be used in a circuit to better model the human body. The main 
challenges and applications are as shown [34]. [Open Access This arti-
cle is distributed under the terms of the Creative Commons Attribution 
4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and reproduction 
in any medium, provided you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons 
license, and indicate if changes were made. The Creative Commons 
Public Domain Dedication waiver (http://creativecommons.org/public-
domain/zero/1.0/) applies to the data made available in this article, 
unless otherwise stated.]
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Theoretically, gene therapy is based on the transfer of 
DNA into cells. It can be accomplished by gene correction, 
gene adding, and gene knockdown [38]. Every gene editing 
platform use a transfer vector that deliver genes to hepato-
cytes with the help of a carrier. The main transfer vectors 
used in gene therapy are non-viral DNA plasmids (DNA 
sequences) and viral vectors [38].

Gene editing platforms or gene editing tools have the 
aim to correct cells from diseases such as hereditary dis-
eases (Crigler-Najjar syndrome, glycogen storage dis-
ease, hypercholesterolemia, Wilson’s disease, and 
advanced cirrhosis) [10]. Presently, gene editing plat-
forms allow accurate modifications in the genome of 
eukaryotic cells [36].

On the whole, gene editing platforms might be a solu-
tion for renewal with expression of absent genes; to elimi-
nate the damaging genes; to eliminate viral genomes; or to 
correct mutations responsible for disease [36]. The genome-
editing tools (e.g. engineered programmable endonucle-
ases) enable corrections of gene or modifications at 
endogenous loci [26]. Currently, there are four genome-
editing tools meganucleases, ZFN (zinc finger nucleases); 
TALENs (transcription activation-like effector nucleases); 
and CRISPRs (clustered regularly interspaced short palin-
dromic repeats) which are useful to alleviate or to treat 
numerous diseases especially genetic disease with no effec-
tive treatment (Fig. 74.9) [26, 36].

Inside cellular genome, metabolism products can alter 
DNA bases with further possible replication blocking. Only 
that, genome has checkpoint mechanisms which repair by 
BER (base excision repair), NER (nucleotide excision 

repair), and DSBR (double-strand break repair) [26]. 
Repairing of DSBR can be obtained through 1) HDR path-
way (high fidelity homology-directed repair); and 2) NHEJ 
pathway (error-prone nonhomologous end joining) [26]. 
Shortly, gene editing platforms insert a site-specific DSBs 
with different mechanisms of DNA identification [36].

A short overview of the liver diseases targeted by gene 
editing treatments are given in Table 74.2 [36]. The principal 
limitations of gene therapy are tumorigenicity and the thera-
peutic threshold [36].

74.6  Conclusions

The worldwide donor livers shortage stimulated and 
developed the regenerative medicine. Notably, there are 
remarkable progresses in liver regenerative medicine and 
ongoing experimental liver regeneration studies offer sup-
port for proper development methods of regenerative ther-
apy such as cell therapy, tissue/organ engineering and 
gene therapy [5].

Unrestricted source of hepatocytes is the key need for 
regenerative therapy based on cell therapy [4]. Compared 
to organ transplantation or organ/tissue engineering, cell 
 therapy is much less invasive and expensive [5]. 
Engraftment and liver repopulation are changeling for 
liver cell transplantation [20]. Differentiation of human 
ESCs and iPSCs into HLCs proved already useful as per-
sonalized medicine in drug testing or liver disease model-
ling. Only that, genomic instability issues have to be 
resolved [4].
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Fig. 74.8 Schematic representation of the spheroid reservoir bioartifi-
cial liver device. The red and blue lines indicate the blood compartment, 
while the orange line indicates the acellular albumin dialysate compart-
ment. The blood filter consists of a hollow fiber cartridge, and the 

spheroid reservoir, containing over 100 g of hepatocyte spheroids, func-
tions as a suspension bioreactor with fluid entering below and exiting 
above. From [3] with permission
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Fig. 74.9 The four main 
gene editing platforms. The 
different nucleases (pale red) 
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TALENs) or protein-RNA- 
DNA interactions (CRISPR- 
Cas nucleases). ZFNs and 
TALENs contain protein 
domains that can bind 3 or 1 
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represented by the red lines. 
DSB, double-strand break; nt, 
nucleotide; PAM, 
protospacer-adjacent motif; 
sgRNA, single guide 
RNA. The vertical black bars 
indicate homology. From [36] 
with permission
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 Self Study

 Questions

 1. Which statement is true?
 (a) An important tool to evaluate liver regeneration is 

cell therapy.
 (b) Hepatocyte like-cells are manufactured only from 

human ESCs.
 (c) Hepatocyte like-cells from human ESCs are obtained 

from whole blastocyst.
 (d) Co-culturing uses only human umbilical vein endo-

thelial cells.
 2. Which statement/statements is/are true?

 (a) Microencapsulation technique defines the fixation of 
hepatocytes into a semipermeable polymer.

 (b) BAL systems are a temporary option in therapy of 
acute liver failure.

 (c) BAL systems contain hepatocytes located in a 
mechanical artificial liver support device.

 (d) Stem cell transplantation together with gene therapy 
can correct the metabolic deficits of inherited liver 
disease on long time.

 Answers

 1. Which statement is true?
 (a) Correct. Cell-based therapy is an important tool to 

evaluate liver regeneration, hepatotoxicity or metabo-
lism of xenobiotics by CYP enzymes, drug 
interactions.

Table 74.2 An overview of the liver diseases targeted by gene editing treatments [36] with permission

Disease
Type of genetic 
alteration

Gene editing 
treatment

Gene editing 
platform 
employed 
(preclinical)

Delivery method 
(preclinical)

Efficiency 
(preclinical)

Therapeutic 
threshold 
(preclinical) Refs.

Haemophilia Loss of 
function 
mutations in 
Factor IX

Correction or 
integration of 
Factor IX through 
HDR

ZFNs AAVs 7% Yes (>1%) [39, 
40]

Tyrosinemia Loss of 
function 
mutations in 
FAH

Correction or 
integration of 
through HDR

CRISPR/Cas9 Hydrodynamic 
injections; or viral 
and lipid particles

0.4–6% Yes [41, 
42]

Alpha 1 antitrypsin 
deficiency

Loss of 
function 
mutations in 
SERPINA1

Correction or 
integration of 
SERPINA1 through 
HDR

Hemochromatosis Loss of 
function 
mutations in 
HFE

Correction or 
integration of HFE 
through HDR

Wilson disease Loss of 
function 
mutations in 
ATP7B

Correction or 
integration of 
ATP7B through 
HDR

Hypercholesterolemia Gain of 
function 
mutations in 
PCSK9

Correction or 
deletion of ATP7B 
through HDR and 
NHEJ, respectively.

CRISPR/Cas9 AAVs 50% Yes [43]

Hepatitis B infection Exogenous 
DNA

Deletion or 
mutation of viral 
DNA through NHEJ

CRISPR/Cas9, 
TALENs, 
ZFNs

Hydrodynamic 
injections; AAVs

27–70% Yes
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 (b) Hepatocyte like-cells are generated in  vitro, from 
human pluripotent stem cells (PSCs), from human 
ESCs, iPSCs, gestational stem cells, and mesenchy-
mal stem cells (MSCs).

 (c) Hepatocyte like-cells from human ESCs are obtained 
from inner part of blastocyst.

 (d) Co-culturing uses human MSCs, HUVEC-human 
umbilical vein endothelial cells, and human iPSCs- 
derived human endodermal cells.

 2. Which statement/statements is/are true?
 (a) Correct.
 (b) Correct.
 (c) Correct.
 (d) Correct.
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