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Our book is a primer that should guide practitioners, internists, gastroenterologists, and hepa-
tologists in the assessment of patients with liver problems and is instructive for undergraduates 
and graduates in studying practical applications for diagnosis and treatment of liver diseases. 
Clinical manifestations, image analysis, and liver biopsy are essential for diagnosis and are 
combined throughout this book to assist clinicians in formulating differential diagnosis and 
treatment plan. Liver biopsy with or without peritoneoscopy is being replaced by noninvasive 
modalities for diagnosis. However, liver biopsy is still the “gold standard” for accurate diagno-
sis, and there is a significant emphasis on the role of macro- and microscopic pathology in 
elucidating pathogenesis as well as identifying confounding features of image findings in 
patients with liver disease that may lead to a more elaborate differential diagnosis. If appropri-
ate, the role of light and electron microscopic examination—as well as the role of specific 
stains and molecular techniques—is illustrated.

Progress in diagnostic and therapeutic aspects of liver disease has been impressive, and our 
second book is edited by Professor Paul Y.  Kwo, Professor Arief A.  Suriawinata, Director 
Wilson M. S. Tsui, and Professor Etsuko Hashimoto as well as myself, and they also partici-
pate in authorship for their individual specialized chapters. We can also welcome Professor 
Takashi Kojima (anatomy and function), Associate Professor Yoshio Sumida (laboratory tests 
in liver disease), Associate Professor Yoshinori Harada (acute hepatitis), Professor Akio Ido 
(acute liver failure), Associate Professor Terumi Takahara (liver cirrhosis), Professor Mikio 
Zeniya (autoimmune liver diseases), Director Masahiko Koda (vascular and granulomatous 
liver diseases), Professor Toshinori Kamisako (hyperbilirubinemia), Associate Professor 
Naoshi Nishida (malignant liver tumors), and Professor Hironori Haga (liver pathology in 
transplantation) as authors. They describe essential and most current information for diagnosis 
of and therapy for liver diseases. Concepts related to each liver disease including the pathogen-
esis are summarized, and the diagnosis and therapy are presented in helpful tables. Concise, 
accurate, and up-to-date data on various diseases are provided in all chapters, and unresolved 
problems in diagnosis, treatment, and pathogenesis are clearly described. Thus, this book can 
be used as a textbook of clinical hepatology and can also be useful for gastroenterologists and 
hepatologists or researchers to explore topics and themes in the clinical field which should be 
scientifically investigated.

Practitioners, internists, gastroenterologists, and hepatologists encountering a patient 
with clinical manifestations of possible liver disease are often challenged when deciding 
how to reach a diagnosis for therapy by integrating clinical information, imaging studies, 
and potential liver biopsy. The latter may be accompanied simultaneously by peritoneos-
copy showing macroscopic changes of the liver as well as image analysis to add accurate 
information for understanding the pathogenesis and generating a differential diagnosis. The 
findings should guide further management and assist in the final diagnosis of the liver dis-
ease and its treatment. The approach in this book is a practical one with a focus on the 
evaluation of representative cases, simultaneously illustrated with cross-sectional images 
(ultrasonography, computed tomography, magnetic resonance imaging, and angiography), 
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pathological findings, and peritoneoscopic images. Our second book is cooperatively edited 
by specialists in hepatology and pathology and with the authors comprising experts from 
the United States, Europe, Asia, and Japan. This book should serve as a useful source of 
information for physicians, internists, hepatologists, gastroenterologists, radiologists, and 
pathologists worldwide.

� Masaki Iwai, MD, PhD 

Preface
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Abbreviations

AFP	 Alpha fetoprotein
cAMP	 cyclic adenosine 3′,5′-monophosphate
cGMP	 cyclic guanosine 3′,5′-monophosphate
Cx	 Connexin
EGFR	 Epidermal growth factor receptor
GVHD	 Graft-versus-host disease
HCV	 Hepatitis C virus
IL-6	 Interleukin-6
JAMs	 Junctional adhesion molecules
PDZ	 Postsynaptic density 95; Discs large, zonula 

occludens
PKC	 Protein kinase C
PSC	 Primary sclerosing cholangitis

SR-BI	 Scavenger receptor BI
TNF	 Tumor necrosis factor
ZO	 Zonula occludens

1.1	 �Anatomy of the Liver

The liver weighing 1200–1500  g is the largest organ in the 
human adult and occupies about 2% of body weight. There are 
two anatomical lobes in the liver, right and left, with the right 
lobe six times in volume than the left lobe. The right and left 
lobes are separated anteriorly by the falciform ligament, poste-
riorly by ligamentum venosum, and inferiorly by ligamentum 
teres. The Couinaud classification [1] defines eight segments of 
the liver, and the Bismuth classification [2] divides it into four 
sectors; they are subdivided into right anterior (V and VIII), 
right posterior (VI and VII), left medial (IV), or left lateral (II 
and III) segment and caudate lobe (I) (Fig. 1.1).

The liver receives double blood supply from the portal vein 
and hepatic artery. The portal vein brings about 65% of hepatic 
blood flow to the liver from the intestine and spleen, while the 
hepatic artery brings the remainder 35% from the celiac axis. 
These vessels enter the liver through the porta hepatis. Inside 
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the porta hepatis, the portal vein and hepatic artery branch into 
the right and left lobes. Venous blood from the liver drains into 
the right and left hepatic veins and enters the inferior vena cava 
very near to the entry of the right atrium. Lymphatic channels 
are divided into deep and superficial networks. The former runs 
parallel to the branches of the portal vessels and hepatic veins, 
while the latter is found in the capsule, with numerous anasto-
moses among these networks. The right and left hepatic bile 
ducts join to form the common hepatic duct. The hepatic nerve 
plexus contains fiber from the synaptic ganglia, and it accom-
panies the hepatic artery and bile ducts in the portal tracts. A 
few fibers enter at the porta hepatis, and arteries are innervated 
by sympathetic fibers. The bile ducts are innervated by both 
sympathetic and parasympathetic fibers (Fig.  1.2a). Nerve 
fibers are present in the portal tract (Fig. 1.2b), and these unmy-
elinated sympathetic fibers innervate the hepatic parenchyma. 
Most hepatic nerve fibers are aminergic or peptidergic. 
Vasoactive intestinal peptide, neuropeptide Y, glucagon, soma-
tostatin, neurotensin, and calcitonin gene-related peptide are 
present in hepatic nerve fibers (Fig. 1.2c) [3].

Pituitary gland

Dorsal nucles
of the vagus nerve

Posterior part
of hypothalamus

Sympathetic
chain

Vagus
nerve

Vagus
nerve

Sympathetic
chain

Sympathetic nerves

Parasympathetic nerves

T6

LR

T7

T8

T9

T10

Celiac
ganglion

LiverGall bladder

Hepatic artery

Portal vein

Posterior plexus

Anterior plexus

Common bile duct

a

b

c

Fig. 1.2  Hepatic nerves. (a) Parasympathetic nerve fibers are derived 
from the dorsal nucleus of vagus nerve, while sympathetic nerve fibers 
are derived from spinal segments of T6 or 7–T10. They form intercom-
municating plexuses around the hepatic artery and portal vein. (b) 
Unmyelinated nerve (UMN) bundle is seen in portal tract of rat liver. (c) 

Glucagon-immunoreactivity (arrow) is seen on nerve fibers in the wall 
of rat portal vein (P). (b, c); reuse of Iwai M, et  al. Immunoreactive 
glucagon in rats with normal or regenerative livers induced by galactos-
amine. Biomedical Res. 1988;9:85–92, with permission of its chief 
editor

VIII

V

VII

VI

IV I

II

III

IVC LHVRHV

MHV PV

Fig. 1.1  Schematic demonstration of the vascular relations with the 
segments of the liver (Bismuth classification). The right anterior sector 
contains segments V and VIII; right posterior sector, segments VI and 
VII; left medial sector, segment IV; left lateral sector, segments II and 
III; caudate lobe, segment I. IVC inferior vena cava, LHV left hepatic 
vein, MHV middle hepatic vein, RHV right hepatic vein, PV portal vein

M. Iwai et al.
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The liver takes important roles for metabolism of amino 
acid/protein, carbohydrate, lipid/lipoprotein, bile acid, bili-
rubin, hormones, vitamins, and porphyrin. Biotransformation 
and detoxification of trace elements, acid-base balance, and 
alcohol degradation also occur in the liver. The morphologi-
cal and functional integrity of the liver is vital to the health of 
body, and disturbance of their integrity is closely associated 
with pathogenesis of liver diseases.

1.2	 �Anatomy of the Biliary Tract

The right and left hepatic bile ducts (diameter: >800 μm) 
emerge from the liver and unite at the porta hepatis to form 
the common hepatic duct (diameter: 0.4 mm–1.3 cm). They 
are joined by the cystic duct from the gall bladder to form the 
common bile duct (Fig. 1.3a). Large bile ducts are lined by 
columnar epithelium with thicker fibrous walls. In primary 
sclerosing cholangitis (PSC) and IgG4-related cholangitis, 
the large bile ducts or extrahepatic bile duct is stenotic.

Small intrahepatic bile ducts are classified into septal 
(diameter >100  μm) and interlobular bile ducts (diameter 
40–100 μm). The interlobular bile ducts are connected to the 
bile canalicular network by ductules and the canals of Hering 
(diameter: <15 μm). Small bile ducts less than 100 μm are 

the focus of examination in chronic allograft rejection, 
GVHD, and Alagille syndrome and are severely damaged in 
primary biliary cholangitis.

Peribiliary glands are seen within the walls of extrahe-
patic bile ducts and along the large intrahepatic bile ducts 
and drain secretory component into the bile duct lumen via 
their own conduit [4] (Fig. 1.3b). They are thought to have 
absorptive and secretory activities and may be a site of biliary 
epithelial regeneration. Cystic lesion, hyperplasia, adenoma, 
and adenocarcinoma can arise from peribiliary glands.

1.3	 �Development of the Liver

The human liver arises from hepatic diverticulum of the fore-
gut during the third or fourth week of gestation (Fig. 1.4a). 
The left and right vitelline veins around the foregut commu-
nicate to each other and form sinusoids [5]. The umbilical 
veins pass on each side of the liver and connect to the hepatic 
sinusoids (Fig. 1.4b). As the embryo develops, blood, supply-
ing this region, delivers nutrients from the yolk sac, placenta, 
and gut [6]. Hepatocyte precursors, hepatoblasts, arise from 
endodermal cells at the front of the diverticulum and invade 
the mesoderm of septum transversum. The confluence of 
endodermal cells from the hepatic diverticulum that grows 

a b

CBD

GB

RHBD LHBD

CD

CHBD

Lumen
of BD

Fig. 1.3  Anatomy of bile duct (BD) and peribiliary gland. (a) 
Cholangiography under therapy of endoscopic biliary drainage shows 
common bile duct (CBD), common hepatic bile duct (CHBD), right or 

left hepatic bile duct (RHBD or LHBD), and gall bladder (GB) with 
cystic duct (CD). (b) Peribiliary glands (arrow) are communicating 
with large bile ducts

1  Anatomy and Function
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a b

Fig. 1.4  Development of the vitelline and umbilical veins during the 
fourth (a) and fifth (b) week. Note the plexus around the duodenum, 
formation of the hepatic sinusoids, and initiation of left-to-right shunts 
between the vitelline veins. (a) Liver buds arise from the ventral wall of 
the future duodenum. (b) Blood from umbilical veins drains to the 

sinusoidal plexus and passes through symmetrical right and left hepato-
cardiac channels, to enter the sinus venous. (Reproduced from Sadler’s, 
Langman’s Medical Embryology, tenth edition with permission from 
Wolters Kluwer)

Liver

Septum

transversum

Stomach

Yolk sac
Pancreas

Gall bladder

Heart

(atrium &

ventricle)

Forebrain

Fig. 1.5  Sagittal section  
of a human embryo at 
approximately 32 days of 
development. The confluence 
of endodermal cells from 
hepatic diverticulum invades 
septum transversum

into host mesenchyme creates the solid organ destined to be 
liver, while hepatoblasts form trabecular structures (Fig. 1.5). 
The vitelline veins traverse the region, bridging blood from 
the yolk sac and digestive tube to the heart. As hepatoblasts 

invade the mesenchyme, they disrupt the vitelline veins of 
which segments become the portal veins. The hepatic bud is 
subdivided into cords by new capillaries of sinusoids, and 
the sinusoidal flow coalesces into three major hepatic veins.
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Hepatoblast cords develop into anastomosing tubular 
structures with central bile canaliculi that eventually com-
municate with the bile ducts. Most hepatoblasts produce 
AFP (Fig.  1.6a, b) and differentiate into hepatocytes. 
Numerous hematopoietic cells are found in the sinusoids 
even at birth and surround immature hepatocytes 
(Fig.  1.6c), but they are largely gone from the liver by 
4 weeks of age.

Hepatoblasts adjacent to the portal mesenchyme differenti-
ate into a layer of duct progenitors called the ductal plate [7]. 
The ductal plate gradually becomes bilayer and forms ductal 
segments with lumina. These ductal segments migrate away 
from the limiting plate to a more central location in the portal 
tracts near the portal veins. Portion of the ductal plate is 
resorbed, leaving a complex anastomosing network of ducts 
which continues to simplify in the weeks after birth. Abnormal 

remodeling of the embryonic ductal plate causes neonatal bili-
ary atresia [8], congenital hepatic fibrosis, Caroli’s disease, 
microhamartoma, choledochal cyst, and polycystic disease in 
which there is a genetic abnormality in cholangiocytic cilia 
leading to disruption of fluid transport and cholangiocyte pro-
liferation [9]. The common bile duct, left and right hepatic 
ducts, and gallbladder develop in the stalk region of the hepatic 
diverticulum. These ducts are connected with the ductal plate 
at the cranial end of the diverticulum.

The liver occupies most of the abdominal cavity in the 
third month of gestation, in part because of large masses of 
sinusoidal hematopoietic cells. Thereafter, the right lobe 
grows faster than the left lobe but less than the growth rate of 
the rest of the body. The liver cell cords remain tubular until 
birth when they begin to remodel into double-cell plates and 
eventually into single-cell plates by 5 years of age.

HE

HE
HERER

M

BC

a

c

b

HE

HEHE

Fig. 1.6  AFP-positive hepatocytes in prenatal liver of rat an 
Immunohistochemistry for AFP in the liver of prenatal period. (a) AFP 
immunoreactivity is present in all hepatocytes. (b) Immunoelectron 
microscopy of AFP. AFP immunoreactivity (arrow) is detected in poor 
lamellar structure of rough endoplasmic reticulum. AFP-positive cell is 

in contact with hematopoietic cells (HE) and is oppressed by HE. (c) 
Electron microscopy shows hepatocytes surrounded by HE, and they 
have poorly structured rough endoplasmic reticulum (RER) and mito-
chondria (M), and microvilli (arrow) and bile canaliculi (BC) are 
visible
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1.4	 �Functional Heterogeneity of the Liver

Rappaport advocates a series of functional acini, each cen-
tered on the portal tract with its terminal branch of portal 
vein, hepatic artery and bile duct (Fig. 1.7a), [10] and fibrous 
tissue supports the structure of the portal tract and central 
vein (Fig. 1.7b). Hepatocytes show different structural and 
functional characteristics depending on their acinar loca-
tion. The relative functions of cells in acini area adjacent to 
terminal hepatic veins (zone 3) are different from those in 
the area of zone 1. The zonation is related to the lobular/

acinar oxygen gradient and to signaling via Wnt/beta-
catenin pathway [11]. Glycogenesis, fatty acid metabolism, 
and protein, albumin, or fibrinogen synthesis are more active 
in zone 1 than in zone 3 hepatocytes (Fig.  1.8a, b). Urea 
synthesis and glutaminase are found in the highest concen-
tration in zone 1, whereas glutamine synthetase is more 
active at perivenular zone 3. The drug-metabolizing P450 
enzymes are present in greater amounts in zone 3, which is 
the site of detoxification and biotransformation of drugs. 
The cells in zone 3 receive their oxygen supply last and are 
particularly prone to anoxic liver injury. Sharply defined 

BD

A

BD

CV

PV BD

BD

A

CV

PV
Z1

Z3

Z2 Z2

Z1

Z3

a b

Fig. 1.7  Normal architecture of hepatic acini in adult liver. (a) Cords 
of liver cells are radiating from a central vein (CV) and interlaced in 
ordered fashion by sinusoids, and at the periphery a portal tract contains 
arteriole (A), bile duct (BD), and portal vein (PV). Z1, 2, and 3; zone 1, 

zone 2, and zone 3. H&E staining. (b) Portal tract and central vein are 
supported by fibrous tissue, which is scarcely seen along hepatocytes. 
Masson trichrome staining. (Courtesy of Dr. Y Harada)

P

C

ER

G

G

a b

Fig. 1.8  Immunohistochemistry of albumin-positive hepatocytes in a 
lobule of adult rat and ultrastructural finding of albumin immunoreac-
tivity. (a) All hepatocytes contain albumin immunoreactivity, and its 

intensity is stronger in periportal area than in pericentral one (C). P 
portal vein; C central vein. (b) Albumin immunoreactivity is visible in 
rough endoplasmic reticulum (ER) and Golgi (G) apparatus
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zone 3 necrosis is characteristic of toxicity from acetamino-
phen, pyrrolizidine alkaloids, and various hydrocarbons 
such as halothane and carbon tetrachloride. Zone 1 necrosis 
has been found with allyl alcohol, phosphorus, and high-
dose iron ingestion (Table 1.1).

1.5	 �Microanatomy of the Liver (Fig. 1.9)

Hepatocytes: The life span of liver cells is about 150 days in 
experimental animals, and hepatocytes comprise about 65% 
of the liver. They are arranged in plates of one cell in thick-
ness and polygonal in shape, ranging from 30 to 40 μm in 
diameter. Microvilli project into the perisinusoidal space, 
providing active secretion or absorption of nutrients from the 
space of Disse. Hepatocytes are attached to one another by 
tight junctions, gap junctions, and desmosomes. There are 

Table 1.1  Functional and ultrastructural heterogeneity of hepatocytes 
in acini

Zone 1 Zone 3
Organelle Golgi complex; rich

Mitochondria; 
numerous, larger, more 
inner membranes

Smooth ER; rich
Mitochondria; 
smaller, less 
inner membranes

Protein synthesis 
(albumin fibrinogen)

3+ 1+

Carbohydrate Gluconeogenesis Glycolysis
Glutathione 2+ 1+
Ammonia 
metabolism

1+ 2+

Cytochrome 450 + 3+
Oxygen supply 3+ +
Bile formation
 � Bile salt dependent 2+ 1+
 � Non-bile salt 

dependent
1+ 2+

Kupffer cell

Reticulin fibre

Microtubules

Cell membrane

Desmosome

Golgi apparatus

Gap junction

Tight junction

Biliary
canaliculus

Microfilaments

Mitochondrion

Glycogen

Hepatic stellate
cell

Endothelial cell

Sinusoid

Fenestrae

Space of Disse

Lysosome

Peroxisome

Vacuole

Nucleolus

Chromatin

Lipid

Rough
endoplasmic

reticulum
(r-ER)

Smooth
endoplasmic

reticulum

Fig. 1.9  Ultrastructural scheme of hepatocyte and mesenchymal 
cells within the lobule. Hepatocytes are attached to one another by 
junctional complex and they have abundant organellae, projecting 

microvilli in the perisinusoidal space. Sinusoids are composed of 
endothelial and stellate cells, and infiltrated by Kupffer cells
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three surfaces: sinusoidal, basolateral, and canalicular sur-
faces. The polarity of the cell membrane is maintained by 
tight junctions [12].

The hepatocytes have single nucleus or, sometimes, mul-
tiple nuclei. The cytoplasm is rich in rough or smooth endo-
plasmic reticulum, mitochondria, peroxisomes, and 
lysosomes. Cell functions associated with the endoplasmic 
reticulum include protein synthesis, metabolism of fatty 
acids, production of cholesterol or triglyceride and bile acids, 
xenobiotic metabolism, and heme degradation. Golgi com-
plex, lying near the canaliculus, has a role not only for secre-
tion of proteins but also for glycosylation of secretory 
proteins. Production of energy and oxidative phosphoryla-
tion take place in mitochondria. The mitochondria also con-
tain various enzymes useful for cycle of citric acid, 
beta-oxidation of fatty acid, and heme synthesis. Lysosomes 
located adjacent to the bile canaliculi contain many hydro-
lytic enzymes which can destroy the cell. The lysosomes are 
the site of deposition of ferritin, copper, bile pigment, lipo-
fuscin, and senescent organelles. The peroxisomes are 
enzyme-rich and oxidative-reactive structures. The enzymes 
include simple oxidases and those involved in beta-oxidation 
cycles, glyoxylate cycle, lipid synthesis, and cholesterol 
biosynthesis.

The cytoskeleton supporting the hepatic structure consists 
of microtubules, microfilaments, and intermediate filaments 
[13]. Microtubules that contain tubulin control subcellular 
motility, vesicle movement, and secretion of plasma protein 
or glycoprotein. Microfilaments made up of actin are con-
tractile and are important for the motility of bile canaliculus 
and for the bile flow. Intermediate filaments consisting of 
cytokeratins are essential for the stability and special organi-
zation of hepatocytes.

Endothelial cells: The sinusoidal endothelial cells consti-
tute 70% of sinusoidal cells, and they do not have intercel-
lular junctions or a conventional basement membrane. They 
act as a sieve between sinusoid and space of Disse due to 
presence of fenestrations. The fenestrations are larger in 
zone 1, but smaller and more numerous in zone 3, filtering 
macromolecules of different sizes [14]. The fenestrations 
can change in size in response to stimuli of pressure, neural 
impulses, endotoxins, alcohol, serotonin, and nicotine. They 
also have specific and non-specific endocytic activities and a 
variety of receptors. Receptor-mediated endocytosis exists 
for several molecules including transferrin, ceruloplasmin, 
and high- or low-density lipoprotein. Sinusoidal endothelial 
cells can clear small particles (<0.1 μm) from circulation as 
well as denatured collagen. Unlike vascular endothelial cells 
elsewhere in the body, sinusoidal endothelial cells do not 
express CD34 or factor VIII-related antigen. However, in 
chronic liver disease or liver cirrhosis, they undergo a pheno-
typic shift to conventional vascular endothelium and are 
referred as capillarization of sinusoids [15].

Kupffer cells: Kupffer cells are the resident macrophages 
attached to the endothelial cell lining of the sinusoids and 
can be mobilized. They are derived from monocytes in bone 
marrow and are found in greater number in the periportal 
area. Their cytoplasm contains microvilli, intracytoplasmic-
coated vesicles, and dense bodies made up by lysosomal 
apparatus. They are responsible for removing old blood cells, 
cellular debris, bacteria, viruses, parasites, and tumor cells 
by endocytosis through receptor- or non-receptor-mediated 
mechanisms [16]. They are activated by agents of endotoxin, 
sepsis, shock, interferon-gamma, arachidonic acid, and 
tumor necrosis factor. They produce cytokines; hydrogen 
peroxide; nitric oxide; tumor necrosis factor; interleukin 1, 6, 
or 10; interferon alpha; transforming growth factor; and 
prostanoids [17].

Hepatic stellate cells: They are known as fat-storing 
cells, stellate cells, Ito cells, or lipocytes. They lie within the 
subendothelial space of Disse. Cytoplasmic droplets contain 
abundant vitamin A in the form of retinol palmitate [18], 
which can be identified by their immunoreactivity to smooth 
muscle actin. When the droplets are scanty, they resemble 
fibroblasts, which contain actin and myosin and contract in 
response to endothelin-1 and substance P [19] to regulate 
blood flow and to influence portal pressure [20]. In hepato-
cellular injury, hepatic Kupffer cells are activated, releasing 
many cytokines. Stellate cells transform to 
myofibroblast-like phenotype, producing collagen types 1, 
3, and 4 and laminin. They also release matrix proteinases 
and their inhibitory molecules. In normal condition or liver 
injury, hepatic stellate cells play a role in regeneration, 
induced by hepatic growth factor in response to insulin-like 
growth factor 2 [21].

Pit cells: Pit cells are natural killer-lymphocytes attached 
to the sinusoidal surface of the endothelium [22] and are 
numerous in sinusoids of zone 1. They are short-lived cells 
that are renewed from circulating large granular lympho-
cytes. They have characteristic granules which contain per-
forin injuring cell membrane [22] and have a role for killing 
tumor cells and virus-infected hepatocytes.

Bile duct epithelial cells: Biliary epithelial cells that are 
columnar in shape, lining intrahepatic and extrahepatic bile 
duct system, constitute 3.0–5.0% of all hepatic cells [23]. 
Compared to hepatocytes, biliary epithelial cells contain 
fewer mitochondria and less endoplasmic reticulum. They 
are rich in cytoskeleton and contain prominent Golgi appara-
tus, numerous vesicles, and short luminal microvilli. 
Cholangiocytes lining small ducts transport water and 
organic solutes under hormonal control (secretin and soma-
tostatin). IgA and IgM are secreted through cholangiocytes 
[24]. Bile acids are absorbed by biliary epithelium and are 
recirculated by a cholehepatic shunt pathway via the peribili-
ary plexus, [25] which promotes bile acid-dependent bile 
flow in the ducts [26].

M. Iwai et al.
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1.6	 �Junctional Complex Between 
Hepatocytes

Hepatocytes are attached to each other by tight junctions, 
gap junctions, and desmosomes. There are three surfaces of 
hepatocytes: sinusoidal, basolateral, and canalicular 
domains. The polarity of cell membrane is maintained by 
tight junctions [12].

Tight junctions constitute the permeability barrier to mac-
romolecules between the bile canaliculus and the rest of the 
intercellular space, preventing passage of the bile out of the 
canaliculus. The most apically located intercellular junc-
tional complexes inhibit solute and water flow through the 
paracellular space (termed the “barrier” function) [ 27, 28], 
and they also separate the apical from the basolateral cell 
surface domains to establish cell polarity (termed the “fence” 
function)) [ 29, 30] (Fig. 1.10a). Recent evidence suggests 
that tight junctions also participate in signal transduction 
mechanisms that regulate epithelial cell proliferation, gene 
expression, differentiation, and morphogenesis [31]. The 
tight junctions are formed by not only the integral membrane 
proteins claudins, occludins, and JAMs (Fig. 1.10b) but also 
many peripheral membrane proteins, including the scaffold 
PDZ-expression proteins, cell polarity molecules, and non-
PDZ-expressing proteins (Fig.  1.10c) [32–34]. Tricellulin 
was identified at tricellular contacts where there are three 

epithelial cells and has shown to have a barrier function 
(Fig. 1.10b) [35].

In the human liver, occludin, JAM-A, ZO-1, ZO-2, clau-
din-1, claudin-2, claudin-3, claudin-7, claudin-8, claudin-12, 
claudin-14, and tricellulin are detected together in well-
developed tight junction structures (Fig. 1.11a, c). Claudin-2 
shows a lobular gradient increasing from periportal to peri-
central hepatocytes as in the livers of rat and mouse, whereas 
claudin-1 is expressed in the whole liver lobule (Fig. 1.11b). 
Tricellulin is detected in the regions of bile canaliculi where 
tight junctions can be identified as a set of branching intra-
membranous strands in freeze-fracture replicas (Fig. 1.12a, 
b) [36]. Claudin-1 and claudin-2 in hepatocytes are regulated 
by various cytokines and growth factors via distinct signal 
transduction pathways (Fig. 1.13a, b) [ 37, 38].

As a genetic disease of human tight junction protein, mis-
sense mutations in ZO-2 have been identified in patients with 
familial hypercholanemia [39]. In neonatal ichthyosis-
sclerosing cholangitis (NISCH) syndrome, mutations of 
claudin-1 may lead to increased paracellular permeability 
between bile duct epithelial cells [40].

HCV is an enveloped positive-stranded RNA hepatotropic 
virus. Three host cell molecules are important entry factors 
or receptors for HCV internalization: scavenger receptor BI 
(SR-BI), tetraspanin CD81, and claudin-1 [ 41]. CD81 and 
claudin-1 act as co-receptors during late stages in the HCV 
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Fig. 1.10  Structure of tight 
junction. (a) Fence or barrier 
function of tight junction and 
its signal transduction. (b) 
Molecular structure of tight 
junction. (c) Tight junctional 
formation in cell membrane in 
association with actin filament
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CL-1 CL-2 CL-3 CL-4 CL-5 CL-6 CL-7 CL-8 CL-9 CL-12 CL-14 TRIC
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Fig. 1.11  Molecular structure of tight junction. (a) Western blot shows 
expression of JAM, Z-1, ZO-2, CL-1, CL-2, CL3, CL-7, CL-8, CL-12, 
and CL-14  in human liver. (b) Immunohistochemistry of CL-1 and 
CL-2. CL-1-immunoreactivity is seen diffusely on bile canaliculus of 

all hepatocytes, and CL-2 is detected on bile canaliculus of hepatocytes 
in pericentral area. (c) TEM and freeze fracture show tight junctional 
structure (arrow). BC bile canaliculus
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human liver

tricellulin FF

a b

Fig. 1.12  Immunohistochemistry of tricellulin and its observation by freeze-fracture method. (a) Tricellulin-positive immunofluorescence is seen 
on bile canaliculi. (b) Freeze-fracture replicas show branched intramembranous strands in tight junction
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Fig. 1.13  Relation between 
tight junction and various 
cytokines. (a) Association of 
tight junction and oncostatin, 
IL-1beta, TNF alpha, IL-6, 
EGF, HGF, and TGF beta 
produced by non-parenchymal 
cells. (b) Oncostatin, EGF, 
and TGF beta suppress 
Claudin-1 expression in 
hepatocytes. Oncostatin, IL-1 
beta, EGF, HGF, and TGF 
beta can induce expression of 
Claudin-2
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entry process. The first extracellular loop of claudin-1 in the 
liver is critical for the entry [42]. Occludin is also reported to 
be required for HCV entry [43, 44]. The tight junction 
proteins, claudin and occludin, are novel key factors for 
HCV infection. Both are potential targets for antiviral drugs.

Gap junctions are composed of 12 subunits (connexin) 
(Fig.  1.14a, b), six of which are contributed by each 
neighboring cell; the six-subunit assembly contributed by 
each cell is called a connexon or hemichannel (Fig. 1.14a, c) 
[45]. Intercellular communications occur at the gap junc-
tions, involving calcium ion, second messenger RNA, and 
nerve impulses from zone 1–3. Connexin (Cx) 32 are per-
meable to both cAMP and cGMP, whereas heteromeric con-
nexons composed of Cx32 and Cx26 lose permeability to 
cAMP but not to cGMP (Fig. 1.14d) [ 46]. The gap junctions 
also play an important role in liver homeostasis, [47] liver 
development [48], cancer, [49–52] and non-tumor liver dis-
eases (hepatitis, liver fibrosis, cirrhosis, cholestasis, hepatic 
ischemia, and reperfusion injury) [47]. Hemichannels of 

connexon are made up of Cx32 in pericentral area of adult 
liver (Fig. 1.15a), and they are mixed with Cx32 and Cx26 
in periportal area (Fig. 1.15b, c) [53]. The cells of the liver 
capsule, Ito (fat-storing) cells, cholangiocytes, and endothe-
lial cells express Cx43 as a major gap junction protein 
(Fig. 1.15d) [46].

In freeze-fracture images, hepatic gap junctions are recog-
nizable as plaques of approximately 8- to 9-nm intramembra-
nous particles present in the P fracture face in vertebrate 
tissues; complementary pits appear on the E fracture face 
(Fig. 1.16a). These plaques are generally round or oval and 
can be quite large in hepatocytes. Furthermore, small gap 
junction plaques are associated with tight junction strands in 
some cell types including hepatocytes (Fig. 1.16b), and Cx32 
is partly colocalized with occludin and claudin-1 forming 
tight junction structures [ 54]. In Cx32-transfectanted immor-
talized mouse hepatocytes, which lack endogenous Cx32 and 
Cx26, induction of tight junction strands, and the integral 
tight junction proteins, occludins and claudins are observed, 
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Fig. 1.14  Structure of gap junctions. (a) Connexon or hemichannel of 
gap junction is composed of six subunits of connexin. (b) There are two 
types of connexin in hepatocytes, and connexin 26 or 32 is a penetrating 
protein in cell membrane. (c) There are homomeric or heteromeric 

hemichannels, and there are homotypic or heterotypic intercellular 
channels. (d) Homomeric channels of Cx32 are permeable to both 
cAMP and cGMP, whereas heteromeric connexons lose permeability to 
cAMP but not to cGMP
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Fig. 1.15  Expression of connexin 26, 32, and 43. (a) 
Immunofluorescence of connexin 32. Connexin 32-positive fluores-
cence is seen on cell membrane of all hepatocytes. (b) 
Immunofluorescence of connexin 26. Connexin 26-positive fluores-
cence is present on the cell membrane of periportal hepatocytes. (c) 
Double immunocytochemistry of Cx32 and Cx26. Cx32 labeled with 
fluorescence and Cx26 labeled with rhodamine are seen in simultane-

ous dots on cytoplasmic membrane of periportal area (orange color), 
and fluorescence-positive dots of Cx32 are seen in pericentral area 
(green color) (rat liver). (d) Cx43 are expressed in endothelial cells or 
Ito cells, and Cx26 expression is gradually decreased in zone 2 to zone 
3, and Cx32 are diffusely expressed in a lobule. P portal tract, C peri-
central area
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and the induced endogenous occludin protein in the transfec-
tants is found to bind to the exogenously expressed Cx32 pro-
tein [55, 56]. Gap junction and tight junction expression are 
closely correlated in hepatocytes, and gap junction expression 
may play a crucial role in the establishment of cell polarity 
via regulation of tight junction proteins. Studies of protein-
protein interactions and coordinate/subordinate regulation of 
gene families are soon expected to disclose the intricacies of 
inter- and intracellular signaling and growth control at gap 
junctions and the regulatory mechanisms of the “blood-bili-
ary barrier” formed by tight junctions [57].

1.7	 �Regeneration

Normal liver structure and function depend upon a balance 
between cell death and proliferation, [58] and the liver con-
verts to a proliferative organ after surgical resection or mas-
sive injury and recovers its mass slowly and can store 
three-quarters of its mass within 6  months after surgical 
resection, but it has not been clearly understood from where 
or how parenchymal cell proliferate in partial hepatecto-
mized liver and injured liver.

Protein kinase C (PKC) alpha type is reported to take an 
important role in early event of liver regeneration, not only 
phosphorylating Raf and mitogens but also activating proto-
oncogene [59]. Our experimental study using combined 
technique of immunocytochemistry for PKC alpha and 
autoradiography with3H-thymidine reveals that it is 
expressed in periportal area 6 h after 2/3 hepatectomy and 
that proliferating hepatocytes appear around portal tract at 
the same time and PKC alpha expression and proliferating 
hepatocytes reach a peak 12 and 48 h (Fig. 1.17a, c), then 
PKC alpha may take a role for early event of liver regenera-
tion after hepatectomy, and DNA synthesis begins in hepa-
tocytes of periportal area after stimulation of PKC alpha. 
Progenitor cells or proliferating hepatocytes around a portal 
tract spread to central area in the hepatectomized liver 
(Fig. 1.17b).

Liver structure is restored by regeneration of parenchymal 
and mesenchymal cells after liver injury. AFP, which is con-
sidered to be a regenerating marker, [60–63] is elevated in 
serum just after a peak of s-GOT in rat with acute liver injury 
(Fig. 1.18a), and AFP-positive cells are detected in surround-
ing area of central necrosis (Fig.  1.18b, c). Proliferating 
parenchymal cells labeled with 3H-thymidine are found not 
only in surrounding area of central necrosis but also in peri-
portal area (Fig. 1.19), and then restoration of parenchymal 
cells after liver injury occurs not only in vicinity of necrosis 
but also in periportal tract.

Polypeptide growth factors like hepatocyte growth fac-
tor [64], epidermal growth factor [65], transforming growth 
factor [66], heparin-binding EGR-like growth factor, [67] 
and insulin-like growth factor [68] are known to be capable 
of inducing hepatocyte replication at the beginning of 
regenerative process. Regenerating liver requires nutrition 
and various hormones of insulin, glucagon, thyroid and 
adrenal cortical, parathyroid, prolactin, vasopressin, pros-
taglandin, or catecholamines, and sex hormones[69]. 
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Fig. 1.16  Freeze-fracture images. (a) Hepatic gap junctions are recog-
nizable as plaques of approximately 8- to 9-nm intramembranous par-
ticles present in the P fracture face (Pf), and complementary pits appear 
on the E fracture (Ef) face. (b) Small gap junction plaques are associ-
ated with tight junctional strands (arrow head)
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Cytokines of IL-6 and TNF alpha play a critical role in the 
regulation of liver regeneration. Further studies are required 
to answer remaining questions on liver regeneration [70–
72] so that we may treat patients with acute or chronic liver 
failure effectively. What cells are involved in the liver 

regeneration after its injury or partial hepatectomy? How 
are the architecture and function of the liver retained during 
its regeneration? Which signals are responsible for the turn-
ing off of the growth response once the mass of the liver is 
reconstituted?
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Fig. 1.17  Relation between expression of PKC alpha and presence of 
3H-thymidine-labeled hepatocytes in rat liver after 2/3 partial hepatec-
tomy. (a) Combined technique of immunohistochemistry for PKC 
alpha and autoradiography with 3H-thymidine. PKC alpha (arrow head) 
is expressed from periportal area 9  h after hepatectomy, and 
3H-thymidine-labeled hepatocytes (arrow) are first seen in periportal 
area. (b) Combined technique of immunohistochemistry and autoradi-
ography. PKC alpha-immunoreactivity is invisible in 48  h, and 

3H-labeled hepatocytes are spread from periportal tract to pericentral 
area. (c) Expression of PKC alpha and 3H-labeled hepatocytes after 
hepatectomy Expression of PKC alpha reaches a peak in 12  h, and 
labeled hepatocytes are in a peak in 48 h. P portal tract, C central vein. 
(Redrawn from Ishii Y. Expression and significance of PKC alpha in 
regenerating liver of rats after partial hepatectomy and CCL4 adminis-
tration. Jpn J Gastroenterol. 1996;93:717–24, with permission of 
Japanese Society of Gastroenterology)

1  Anatomy and Function



16

References

	 1.	Le Foie CC. Etudes anatomiques et chirurgicales. Paris: Masson; 
1957.

	 2.	Bismuth H. Surgical anatomy and anatomical surgery of the liver. 
World J Surg. 1982;6:3–9.

	 3.	Timmermans JP, Geerts A. Nerves in liver: superfluous structures? 
A special issue of the anatomical record updating our reviews on 
hepatic innervation. Anat Rec B New Anat. 2005;282:4.

	 4.	Nakanuma Y, Katayanagi K, Terada T, Saito K. Intrahepatic peribil-
iary glands of humans. I.  Anatomy, development and presumed 
functions. J Gastroenterol Hepatol. 1994;9:75–9.

	 5.	Severn CB.  A morphological study of the development of the 
human liver. 1. Development of the hepatic diverticulum. Am J 
Anat. 1971;13:133–58.

	 6.	Strasberg SM.  Terminology of liver anatomy and liver resec-
tions: coming to grips with hepatic babel. J Am Coll Surg. 
1997;184:413–34.

	 7.	Haruna Y, Saito K, Spaulding S, et  al. Identification of bipoten-
tial progenitor cells in human liver development. Hepatology. 
1996;23:476–81.

C  

 

C  

P  

MN  

  

b c

A F P

ng/ml

3000
2000

1000
600
400

200

100
60
40

20

Normal Rats 1 2 3 4 5 6 Days

Days after Administration of CCI4

AFP
GOT

GOT

KU

300

200

100

a

Fig. 1.18  Acute liver injury of rat induced by CCL4. (a) Change of 
serum GOT and AFP after administration of CCL4. Serum value of 
GOT is highest day 1 or 2 and AFP is highest day 3. (Reuse of a printed 
figure in Shoukakibyo-Gakkai Zasshi 93: p720 with permission of the 

Japanese Society of Gastroenterology). (b) Massive necrosis (MN) is 
seen around central vein day 1. (c) AFP-positive cells (arrow) are dis-
tributed in vicinity of central necrosis day 3. P portal tract, C central 
vein

P

C

Fig. 1.19  Autoradiographic study of proliferating hepatocytes in acute 
liver injury induced by CCL4, using 3H-thymidine 3H-thymidine-
labeled hepatocytes (arrow) are seen not only in vicinity of central 
necrosis day 1 but also in periportal area. P portal tract, C central vein

M. Iwai et al.



17

	 8.	Desmet VJ. Congenital diseases of intrahepatic bile ducts: varia-
tions on the theme “ductal plate malformation”. Hepatology. 
1992;16:1069–83.

	 9.	Masyuk T, Masyuk A, LaRusso N. Cholangiociliopathies: genet-
ics, molecular mechanisms and potential therapies. Curr Opin 
Gastroenterol. 2009;25:265–71.

	10.	Rappaport AM.  The of normal and pathologic hepatic structure. 
Beitr Pathol. 1976;157:215–43.

	11.	Torre C, Perret C, Colnot S.  Transcription dynamics in a physi-
ological process: beta-catenin signaling directs liver metabolic 
zonation. Int J Biochem Cell Biol. 2011;43:271–8.

	12.	Mitic L, Anderson JM. Molecular architecture of tight junctions. 
Annu Rev Physiol. 1998;60:121–41.

	13.	Feldmann G.  The cytoskeleton of the hepatocyte. Structure and 
functions. J Hepatol. 1989;8:380–6.

	14.	Wisse E, Braet F, Luo D, et al. Structure and function of sinusoidal 
lining cells in the liver. Toxicol Pathol. 1996;24:100–11.

	15.	Schaffner F, Papper H. Capillarization of hepatic sinusoids in man. 
Gastroenterology. 1963;44:239–42.

	16.	Toth CA, Thomas P.  Liver endocytosis and kupffer cells. 
Hepatology. 1992;24:255–66.

	17.	Smedsrod B, LeCouteur D, Ikejima K, et  al. Hepatic sinusoidal 
cells in health and disease: update from the 14th international sym-
posium. Liver Int. 2009;29:490–9.

	18.	Mathew J, Geerts A, Burt AD.  Pathobiology of hepatic stellate 
cells. Hepato-Gastroenterology. 1996;43:72–91.

	19.	Sakamoto M, Ueno T, Kin M, et al. Ito cell contraction in response 
to endothelin-1 and substance P. Hepatology. 1993;18:973–83.

	20.	Rockey DC, Weisiger RA. Endothelin induced contractility of stel-
late cells from normal and cirrhotic rat liver: implications for regula-
tion of portal pressure and resistance. Hepatology. 1996;24:233–40.

	21.	Skirtic S, Wallenius V, Ekberg S, et al. Insulin-like growth factors 
stimulate expression of hepatocyte growth factor but not trans-
forming growth factors beta 1  in cultured hepatic stellate cells. 
Endocrinology. 1997;138:4683–9.

	22.	Wisse E, Luo D, Vermijlen D, et al. On the function of pit cells, the 
liver specific natural killer cells. Semin Liver Dis. 1997;17:265–86.

	23.	Alpini G, Prall RT, LaRusso NF. The pathobiology of biliary epi-
thelia. In: Arias IM, Boyer JL, Chisari FV, et al., editors. The liver 
biology and pathobiology. 4th ed. London: Lippincott Williams & 
Wilkins; 2001. p. 421–35.

	24.	Sugiura H, Nakanuma Y. Secretory components and immunoglobu-
lins in the intrahepatic biliary tree and peribiliary glands in normal 
livers and hepatolithiasis. Gastroenterol Jpn. 1989;24:308–14.

	25.	 Ishida F, Terada T, Nakanuma Y. Histologic and scanning electron 
microscopic observations of intrahepatic peribiliary glands in nor-
mal human livers. Lab Investig. 1989;60:260–5.

	26.	Hofmann AF, Yeh H-Z, Schteingart CD, et  al. The cholehepatic 
circulation of organic anions: a decade of progress. In: Alvaro D, 
Benedeti A, Strazzabosco M, editors. Vanishing bile duct syndrome-
pathophysiology and treatment. Dordrecht: Kluwer Academic; 
1997. p. 90–103.

	27.	Gumbiner BM. Breaking through the tight junction barrier. J Cell 
Biol. 1993;123:1631–3.

	28.	Schneeberger EE, Lynch RD. Structure, function, and regulation of 
cellular tight junctions. Am J Phys. 1992;262:L647–L661.100.

	29.	van Meer G, Simon K. The function of tight junctions in maintaining 
differences in lipid composition between the apical and basolateral 
cell surface domains of MDCK cells. EMBO J. 1986;5:1455–64.

	30.	Cereijido M, Valdés J, Shoshani L, et  al. Role of tight junctions 
in establishing and maintaining cell polarity. Annu Rev Physiol. 
1998;60:161–77.

	31.	Matter K, Balda MS. Signalling to and from tight junctions. Nat 
Rev Mol Cell Biol. 2003;4:225–36.

	32.	Schneeberger EE, Lynch RD. The tight junction: a multifunctional 
complex. Am J Physiol Cell Physiol. 2004;286:C1213–28.

	33.	Tsukita S, Furuse M, Itoh M. Multifunctional strands in tight junc-
tions. Nat Rev Mol Cell Biol. 2001;4:285–93.

	34.	Sawada N, Murata M, Kikuchi K, Osanai M, Tobioka H, Kojima 
T, Chiba H.  Tight junctions and human diseases. Med Electron 
Microsc. 2003;36:147–56.

	35.	 Ikenouchi J, Furuse M, Furuse K, Sasaki H, Tsukita S, Tsukita 
S.  Tricellulin constitutes a novel barrier at tricellular contacts of 
epithelial cells. J Cell Biol. 2005;171:939–45.

	36.	Kojima T, Ninomiya T, Konno T, Kohno T, Taniguchi M, Sawada 
N.  Expression of tricellulin in epithelial cells and non-epithelial 
cells. Histol Histopathol. 2013;28:1383–92.

	37.	Kojima T, Sawada N, Yamaguchi H, Fort AG, Spray DC. Gap and 
tight junctions in liver: composition, regulation, and function. 
In: Arias IM, et  al., editors. The liver: biology and pathobiol-
ogy. 5th ed. Philadelphia: Lippincott Williams & Wilkins; 2009a. 
p. 201–20.

	38.	Kojima T, Murata M, Yamamoto T, Lan M, Imamura M, Son S, 
Takano K, Yamaguchi H, Ito T, Tanaka S, Chiba H, Hirata K, 
Sawada N.  Tight junction proteins and signal transduction path-
ways in hepatocytes. Histol Histopathol. 2009b;24:1463–72.

	39.	Carlton VE, Harris BZ, Puffenberger EG, Batta AK, Knisely 
AS, Robinson DL, Strauss KA, Shneider BL, Lim WA, Salen G, 
Morton DH, Bull LN. Complex inheritance of familial hyperchol-
anemia with associated mutations in TJP2 and BAAT. Nat Genet. 
2003;34:91–6.

	40.	Hadj-Rabia S, Baala L, Vabres P, Hamel-Teillac D, Jacquemin E, 
Fabre M, Lyonnet S, De Prost Y, Munnich A, Hadchouel M, Smahi 
A. Claudin-1 gene mutations in neonatal sclerosing cholangitis asso-
ciated with ichthyosis: a tight junction disease. Gastroenterology. 
2004;127:1386–90.

	41.	Helle F, Dubuisson J. Hepatitis C virus entry into host cells. Cell 
Mol Life Sci. 2008;65:100–12.

	42.	Evans MJ, von Hahn T, Tscherne DM, Syder AJ, Panis M, Wölk B, 
Hatziioannou T, McKeating JA, Bieniasz PD, Rice CM. Claudin-1 
is a hepatitis C virus co-receptor required for a late step in entry. 
Nature. 2007;446:801–5.

	43.	Benedicto I, Molina-Jiménez F, Barreiro O, Maldonado-Rodríguez 
A, Prieto J, Moreno-Otero R, Aldabe R, López-Cabrera M, 
Majano PL. Hepatitis C virus envelope components alter localiza-
tion of hepatocyte tight junction-associated proteins and promote 
occludin retention in the endoplasmic reticulum. Hepatology. 
2008;48:1044–53.

	44.	Liu S, Yang W, Shen L, Turner JR, Coyne CB, Wang T. Tight junc-
tion proteins claudin-1 and occludin control hepatitis C virus entry 
and are downregulated during infection to prevent superinfection. J 
Virol. 2009;83:2011–4.

	45.	Kumar NM, Gilula NB. The gap junction communication channel. 
Cell. 1996;84:381–8.

	46.	Ayad WA, Locke D, Koreen IV, Harris AL. Heteromeric, but not 
homomeric, connexin channels are selectively permeable to inosi-
tol phosphates. J Biol Chem. 2006;281:16727–39.

	47.	Maes M, Cogliati B, Crespo Yanguas S, Willebrords J, Vinken 
M. Roles of connexin and pannexin in digestive homeostasis. Cell 
Mol Life Sci. 2015;72:2809–21.

	48.	 Iwai M, Harada Y, Muramatsu A, Tanaka S, Mori T, Okanoue T, 
Katoh F, Ohkusa T, Kashima K.  Development of gap junctional 
channels and intercellular communication in rat liver during onto-
genesis. J Hepatol. 2000;32:11–8.

	49.	Temme A, Buchmann A, Gabriel HD, Nelles E, Schwarz M, 
Willecke K.  High incidence of spontaneous and chemically 
induced liver tumors in mice deficient for connexin32. Curr Biol. 
1997;7:713–6.

	50.	Vinken M, De Kock J, Oliveira AG, Menezes GB, Cogliati B, 
Dagli ML, Vanhaecke T, Rogiers V.  Modifications in connexin 
expression in liver development and cancer. Cell Commun Adhes. 
2012;19:55–62.

1  Anatomy and Function



18

	51.	Caro JF, Poulos J, Ittoop O, et al. Insulin-like growth factor 1 bind-
ing in hepatocytes from human liver, human hepatoma, and normal 
regenerating and fetal rat liver. J Clin Invest. 1988;81:976–81.

	52.	Muramatsu A, Iwai M, Morikawa T, Tanaka S, Mori T, Harada 
Y, Okanoue T.  Influence of transfection with connexin 26 gene 
on malignant potential of human hepatoma cells. Carcinogenesis. 
2002;23:351–8.

	53.	Maes M, Decrock E, Cogliati B, Oliveira AG, Marques PE, Dagli 
ML, Menezes GB, Mennecier G, Leybaert L, Vanhaecke T, Rogiers 
V, Vinken M. Connexin and pannexin (hemi) channels in the liver. 
Front Physiol. 2014;4:405.

	54.	Kojima T, Kokai Y, Chiba H, Yamamoto M, Mochizuki Y, Sawada 
N. Cx32 but not Cx26 is associated with tight junctions in primary 
cultures of rat hepatocytes. Exp Cell Res. 2001;263(2):193–201.

	55.	Kojima T, Sawada N, Chiba H, Kokai Y, Yamamoto M, Urban M, 
Lee GH, Hertzberg EL, Mochizuki Y, Spray DC. Induction of tight 
junctions in human connexin 32 (hCx32)-transfected mouse hepa-
tocytes: connexin 32 interacts with occludin. Biochem Biophys Res 
Commun. 1999;266:222–9.

	56.	Kojima T, Spray DC, Kokai Y, Chiba H, Mochizuki Y, Sawada 
N. Cx32 formation and/or Cx32-mediated intercellular communi-
cation induces expression and function of tight junctions in hepato-
cytic cell line. Exp Cell Res. 2002;276:40–51.

	57.	Kojima T, Yamamoto T, Murata M, Chiba H, Kokai Y, Sawada 
N.  Regulation of the blood-biliary barrier: interaction between 
gap and tight junctions in hepatocytes. Med Electron Microsc. 
2003;36:157–64.

	58.	Fausto N.  Liver regeneration and repair: hepatocytes, progenitor 
cells, and stem cells. Hepatology. 2004;39:1477–87.

	59.	Angel P, Karin M.  The role of Jun, Fos and the AP-1 complex 
in cell-proliferation and transformation. Biochim Biophys Acta. 
1991;1072:129–57.

	60.	Kuhlmann WD, Peschke P.  Hepatic progenitor cells, stem cells, 
and AFP expression in models of liver injury. Int J Exp Pathol. 
2006;87:343–59.

	61.	Kakisaka K, Kataoka K, Onodera M, Suzuki A, Endo K, Tatemichi 
Y, Kuroda H, Ishida K, Takikawa Y. Alpha-fetoprotein: a biomarker 

for the recruitment of progenitor cells in the liver in patients with 
acute liver injury or failure. Hepatol Res. 2015;45:E12–20.

	62.	Tournier I, Legrès L, Schoevaert D, Feldmann G, Bernuau 
D. Cellular analysis of alpha-fetoprotein gene activation during car-
bon tetrachloride and D-galactosamine-induced acute liver injury in 
rats. Lab Investig. 1988;59:657–65.

	63.	Seo SI, Kim SS, Choi BY, Lee SH, Kim SJ, Park HW, Kim 
HS, Shin WG, Kim KH, Lee JH, Kim HY, Jang MK.  Clinical 
significance of elevated serum alpha-fetoprotein (AFP) level 
in acute viral hepatitis a (AHA). Hepato-Gastroenterology. 
2013;60:1592–6.

	64.	Ueki T, Kaneda Y, Tsutsui H, et al. Hepatocyte growth factor gene 
therapy of liver cirrhosis in rats. Nat Med. 1999;5:226–30.

	65.	Marti U, Burwen SJ, Jones AL.  Hepatic sequestration and 
biliary secretion of epidermal growth factors: evidence for 
a high-capacity uptake system. Proc Natl Acad Sci U S A. 
1983;80:3797–801.

	66.	Mead JE, Fausto N. Transforming growth factor alpha may be a 
physiological regulator of liver regeneration by means of an auto-
crine mechanism. Proc Natl Acad Sci U S A. 1989;86:4–13.

	67.	Kan M, Huang J, Mansson PE, et al. Heparin-binding growth factor 
type 1(acidic fibroblast growth factor): a potential biphasic auto-
crine and paracrine regulator of hepatocyte regeneration. Proc Natl 
Acad Sci U S A. 1989;86:7432–6.

	68.	Caro JE, Poulos J, Ittoop O, et al. Insulin-like growth factor 1 bind-
ing in hepatocytes from human liver, human hepatoma, and normal 
regenerating, and fetal rat liver. J Clin Invest. 1988;81:976–81.

	69.	Bucher NLR, Strain AJ. Regulatory mechanisms in hepatic regen-
eration. In: Millward-Sadler GH, Wright R, Arthur MJP, edi-
tors. Wright’s liver and biliary disease. London: Saunders; 1992. 
p. 258–74.

	70.	Riehle KJ, Dan YY, Campbell JS, Fausto N. New concepts in liver 
regeneration. J Gastroenterol Hepatol. 2011;26(Suppl 1):203–12.

	71.	Michalpoulos GK.  Liver regeneration after partial hepatectomy. 
Am J Pathol. 2010;176:2–13.

	72.	Duncan AW, Dorrell C, Grompe M. Stem cells and liver regenera-
tion. Gastroenterology. 2009;137:466–81.

M. Iwai et al.



19© Springer Nature Singapore Pte Ltd. 2019
E. Hashimoto et al. (eds.), Diagnosis of Liver Disease, https://doi.org/10.1007/978-981-13-6806-6_2

Laboratory Tests in Liver Diseases

Yoshio Sumida, Yoshihiro Kamada, Masaki Iwai, 
Paul Y. Kwo, and Masashi Yoneda

Y. Sumida, MD, PhD (*) · M. Yoneda, MD, PhD 
Aichi, Japan
e-mail: sumida.yoshio.500@mail.aichi-med-u.ac.jp 

Y. Kamada, MD, PhD 
Osaka, Japan 

M. Iwai, MD, PhD 
Kyoto, Japan 

P. Y. Kwo, MD 
California, CA, USA

2

Contents
2.1     �Biochemistry�   20
2.1.1  �Transaminases�   20
2.1.2  �Biliary Enzymes�   21
2.1.3  �Hepatic Synthetic Function�   21
2.1.4  �Severity of Liver Disease�   22

2.2     �Peripheral Blood Cell Count�   22
2.2.1  �Platelets�   22

2.3     �Immunological Tests�   23

2.4     �Other Blood Tests�   23

2.5     �Hepatic Fibrosis Markers�   23
2.5.1  �Hyaluronic Acid�   23
2.5.2  �Type 4 Collagen 7S�   24
2.5.3  �Pro-C3�   24
2.5.4  �M2BPGi (Mac-2-Binding Protein Glycosylation Isomer) �   24
2.5.5  �Scoring Systems�   25

2.6     �Approach to Evaluation of Liver Injury Pattern�   26
2.6.1  �Evaluation of Acute Liver Injury�   27
2.6.2  �Evaluation of Chronic Liver  

Injury/Chronic Liver Disease�   27

2.7     �Assessing the Severity of Cirrhosis�   28
2.7.1  �Child-Pugh Score �   28
2.7.2  �The Model for End-Stage Liver Disease  

(MELD) Score �   28
2.7.3  �ALBI (Albumin-Bilirubin) Grade�   28

2.8     �Tumor Markers�   28
2.8.1  �α-Fetoprotein (AFP) �   29
2.8.2  �AFP-L3 (Fucosylated AFP) �   29
2.8.3  �Des-Gamma-Carboxyprothrombin (DCP) �   30
2.8.4  �Glypican-3 (GPC3) �   30

�References�   30

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-6806-6_2&domain=pdf
mailto:sumida.yoshio.500@mail.aichi-med-u.ac.jp


20

Abbreviations

AA	 Aromatic amino acid
AASLD	 American Association for the Study of Liver 

Diseases
ACA	 Anti-centromere antibodies
ACG	 American College of Gastroenterology
AFP	 α-fetoprotein
AFP-L3	 Fucosylated AFP
AIH	 Autoimmune hepatitis
ALBI	 Albumin-bilirubin
ALD	 Alcoholic liver disease
ALP	 Alkaline phosphatase
ALT	 Alanine aminotransferase
ANA	 Antinuclear antibodies
anti-LKM	 Antibodies to liver/kidney microsome
APASL	 Asian Pacific Association for the Study of the 

Liver
APRI	 AST to platelet ratio index
ARFI	 Acoustic radiation force impulse
ASMA	 Anti-smooth muscle antibodies
AST	 Aspartate aminotransferase
AAR	 AST to ALT ratio
BCAA	 Branched-chain amino acid
BTR	 BCAA/tyrosine ratio
CHB	 Chronic hepatitis B
CHC	 Chronic hepatitis C
CK	 Creatine kinase
CLD	 Chronic liver disease
DCP	 Des-γ-carboxyprothrombin
DIC	 Disseminated intravascular coagulation
DILI	 Drug-induced liver injury
EASL	 European Association for the Study of the 

Liver
ECM	 Extracellular matrix
ELF score	 Enhanced liver fibrosis score
FIB4 index	 Fibrosis-4 index
GGT	 γ-glutamyl transferase
GPC3	 Glypican-3
GPI	 Glycosylphosphatidylinositol
HBV	 Hepatitis B virus
HCC	 Hepatocellular carcinoma
HCV	 Hepatitis C virus
HIV	 Human immunodeficiency virus
HPLC	 High-performance liquid chromatography
HSC	 Hepatic stellate cell
HSPG	 Heparan sulfate proteoglycan
ICG	 Indocyanine green
ICP	 Intrahepatic cholestasis of pregnancy
IFN-γ	 Interferon-γ
IgA	 Immunoglobulin A
IgE	 Immunoglobulin E
IgG	 Immunoglobulin G
IgM	 Immunoglobulin M

INR	 International normalized ratio
IL-6	 Interleukin-6
JSH	 Japanese Society of Hepatology
LCA	 Lens culinaris agglutinin A
LDH	 Lactate dehydrogenase
LSEC	 Liver sinusoidal endothelial cell
M2BP	 Mac-2 binding protein
M2BPGi	 Mac-2-binding protein glycosylation isomer
MELD	 Model for end-stage liver disease
MRE	 Magnetic resonance elastography
MRI	 Magnetic resonance imaging
NAFLD	 Nonalcoholic fatty liver disease
PIIINP	 Procollagen type III N-terminal peptide
PBC	 Primary biliary cholangitis
PDD	 Pulse dye densitometer
Pro-C3	 N-terminal propeptide of type III collagen
PSC	 Primary sclerosing cholangitis
PT	 Prothrombin time
SRCR	 Scavenger receptor cysteine-rich domain
SVR	 Sustained virological response
T4C7S	 Type 4 collagen 7S
TIMP-1	 Tissue inhibitor of matrix metalloprotease-1
TIPS	 Transjugular intrahepatic portosystemic shunt
TNF-α	 Tumor necrosis factor-α
UDP	 Uridine diphosphate
WFA	 Wisteria floribunda agglutinin

2.1	 �Biochemistry

2.1.1	 �Transaminases

Aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) are enzymes present in hepatocytes and are 
released into the bloodstream in response to hepatocyte injury 
or death (hepatitis). Elevations in either of these enzymes are 
the most common abnormality seen on liver blood test pro-
files. Both enzymes are present in many differing types of 
tissue, but ALT is considered more liver-specific since it is 
present in low concentrations in non-hepatic tissue, and non-
liver-related elevations are uncommon. However, AST is 
abundantly present in skeletal, cardiac, and smooth muscle 
and so may be elevated in patients with myocardial infarction 
or myositis. Although ALT is considered a more specific indi-
cator of liver disease, the concentration of AST may be a 
more sensitive indicator of liver injury in conditions such as 
alcoholic liver disease (ALD), congestive liver due to heart 
failure, and in some cases of autoimmune hepatitis (AIH). 
Creatine kinase (CK) measurement may help to determine 
whether an isolated rise in AST is due to an underlying mus-
cle disorders, such as myocardial infarction, myositis, and 
various muscular dystrophies. AST is increased also in 
patients with hemolysis. Globally normal values of ALT are 
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up to ~30 IU/L in men and up to ~19 IU/L in women [1]. The 
practice guideline of the American College of Gastroenterology 
(ACG) defined true healthy normal ALT value ranging from 
29 to 33 IU/L for males and 19 to 25 IU/L for females based 
on an increased risk of liver-related mortality at ALT levels 
that were higher than these [2]. The degree of ALT elevation 
may correlate with the extent of hepatic injury but is generally 
not of prognostic importance. AST and ALT are not markers 
of liver function and should be referred to as liver chemistry 
or liver tests. Amino transaminase levels may be higher than 
3000 IU/L in acute viral hepatitis, drug-induced liver injury 
(DILI), acute liver failure, or ischemic hepatitis (shock liver) 
though very high ALT levels are generally more common in 
acetaminophen overdose and ischemic injury to the liver. In 
ALD patients, the serum AST is usually no more than two to 
ten times the upper limit of normal with a AST/ALT ratio 
(AAR) >2. In contrast, in nonalcoholic fatty liver disease 
(NAFLD), ALT is typically higher than AST until cirrhosis 
develops. Mild to moderate elevations of aminotransferase 
levels are typical of chronic viral hepatitis, AIH, NAFLD, 
hemochromatosis, and Wilson disease. Abnormally low 
amino transaminase levels may be associated with uremia 
and chronic dialysis; chronic viral hepatitis in this population 
may not result in aminotransferase elevation. Rarely, isolated 
AST elevation without concurrent elevation in other liver 
enzymes is noted, and this is a result of the presence of macro-
AST enzyme [3], because AST can exist as a macroenzyme 
by forming a complex with an immunoglobulin G (IgG). This 
is of no clinical consequence.

2.1.2	 �Biliary Enzymes

Alkaline phosphatase (ALP) [4] is produced mainly in the 
liver (from the hepatocyte canalicular membrane with a sig-
nificantly lesser contribution from the biliary epithelium) but 
is also found in abundance in the bone and in smaller quanti-
ties in the intestines, kidneys, and white blood cells. Levels 
are physiologically higher in childhood, associated with 
bone growth, and in pregnancy due to placental production. 
Pathologically increased levels occur mainly in bone disease 
(e.g., metastatic bone disease and bone fractures) and chole-
static liver disease—for example, primary biliary cholangitis 
(PBC), primary sclerosing cholangitis (PSC), common bile 
duct obstruction, intrahepatic duct obstruction (metastases), 
and drug-induced cholestasis. Furthermore, hepatic conges-
tion secondary to right-sided heart failure can also lead to 
cholestasis (elevated ALP levels and/or bilirubin). When 
ALP is elevated in isolation, the measurement of 
γ-glutamyltransferase (GGT) can indicate whether the ALP 
is of hepatic or non-hepatic origin. While there are no data on 
the most likely causes of an isolated raised ALP in an asymp-
tomatic population, the most common cause is likely to be 
vitamin D deficiency or normal increase seen in childhood 

due to rapid growth. Other causes include Paget’s disease 
and bony metastases. If doubt still exists, the use of electro-
phoresis to separate the isoenzymes of ALP can differentiate 
hepatic from non-hepatic causes of increased ALP.  In sub-
jects with blood types B and O, serum ALP may increase 
after a fatty meal due to influx of intestinal ALP [5]. There 
are also reports of a benign familial occurrence of elevated 
serum ALP due to intestinal ALP. GGT is abundant in the 
liver and also present in the kidney, intestine, prostate, and 
pancreas but not in the bone; therefore it can be useful in 
confirming that an elevated ALP is of liver and not bony ori-
gin. GGT is most commonly elevated as a result of obesity 
and excess alcohol consumption or may be induced by drugs 
such as phenytoin or barbiturates. Although an elevated GGT 
has a low specificity for liver disease, it is one of the best 
predictors of liver mortality. It is particularly useful in chil-
dren to establish the likelihood of biliary disease when ALP 
is not a reliable indicator. Predominant causes of cholestasis 
in children include congenital abnormalities of the biliary 
tract and genetic disorders affecting bile synthesis and excre-
tion. We should be aware that GGT level is usually normal in 
intrahepatic cholestasis of pregnancy (ICP).

2.1.3	 �Hepatic Synthetic Function

Albumin is a protein that is produced only in the liver and has 
multiple biological actions, including maintenance of oncotic 
pressure and binding of other substances (such as fatty acids, 
bilirubin, thyroid hormone and drugs, metabolism of com-
pounds, including lipids, and antioxidant properties). As albu-
min is only produced by the liver, the serum albumin 
concentration is often considered as a marker of the synthetic 
function of the liver. However, overinterpretation of the mea-
sured concentrations of albumin as a marker of the severity of 
liver disease is not always merited. Albumin concentrations are 
reduced in many clinical situations, including sepsis, systemic 
inflammatory disorders, nephrotic syndrome, malabsorption, 
and gastrointestinal protein loss. Albumin has a plasma half-
life of 3 weeks, resulting slow change in serum concentration 
in response to acute alteration in hepatic function.

Prothrombin time (PT) and international normalized ratio 
(INR) are assessments of blood clotting, which are used to 
measure liver function, as the underlying protein clotting 
factors (II, V, VII, IX, and X) are made in the liver. If there is 
significant liver injury (usually loss of >70% of synthetic 
function), this results in a reduction in clotting factor produc-
tion and subsequent coagulopathy, as confirmed by a pro-
longed PT or INR. While a prolonged PT/INR can indicate 
either acute or chronic liver dysfunction, it can also be caused 
by vitamin K deficiency as seen in fat malabsorption and 
chronic cholestasis. It should be noted that PT can be ele-
vated with warfarin, heparin bolus, disseminated intravascu-
lar coagulation (DIC), and hypothermia.
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2.1.4	 �Severity of Liver Disease

Bilirubin is a breakdown product of hemoglobin and, to a 
lesser extent, heme-containing enzymes; 95% of bilirubin is 
derived from senescent red blood cells. After red cell break-
down in the reticuloendothelial system, heme is degraded by 
the enzyme heme oxygenase in the endoplasmic reticulum. 
The daily formation of bilirubin is 250–350  mg. Bilirubin 
from this process passes into the blood, where it is bound to 
albumin to form unconjugated bilirubin. Unconjugated biliru-
bin is lipid soluble, is not filtered by the glomerulus, and does 
not appear in the urine. It is rapidly cleared from the blood in 
less than 5 min by hepatocytes and then conjugated with gluc-
uronic acid by uridine diphosphate (UDP)-glucuronyl trans-
ferase to form a more water-soluble compound that can be 
excreted in bile. Conjugated bilirubin and unconjugated biliru-
bin are also referred to as direct and indirect bilirubin, respec-
tively, based on their reaction with diazo dyes. In clinical 
practice, most clinical laboratories today measure total and 
direct bilirubin and calculate in indirect bilirubin. However, 
because direct bilirubin detected by this method also measures 
delta bilirubin (δ-bilirubin), it is not an accurate measurement 
of conjugated bilirubin. Delta bilirubin (δ-bilirubin) is cova-
lently conjugated to albumin during times of liver injury and 
cholestasis. Accordingly, δ-bilirubin has a half-life similar to 
albumin (17–20  days). Recovery of icterus after removing 
biliary obstruction is often late because of elevation in 
δ-bilirubin (Table  2.1). Gilbert syndrome commonly causes 
unconjugated hyperbilirubinemia and is not associated with 
liver injury. Unconjugated hyperbilirubinemia is also seen in 
patients with hemolysis (elevated lactate dehydrogenase 
[LDH], low haptoglobin). Conjugated hyperbilirubinemia is 
usually seen in liver diseases, both obstructive and 
hepatocellular.

Blood ammonia is often measured in cirrhotic patients 
and known or suspected hepatic encephalopathy with altered 
mental status or coma. However, blood ammonia levels do 
not always accurately correlate with metal status of patients 
with liver disease, and increased levels are not required to 
make the diagnosis of hepatic encephalopathy though a 
recent guideline [6] has suggested that if the ammonia level 
is normal in a patient with cirrhosis, other causes of mental 
status changes should be investigated. Thus, the primary 
clinical utility of blood ammonia levels is to monitor treat-
ments in patients with encephalopathy.

2.1.4.1	 �BTR (Branched-Chain Amino Acids/
Tyrosine Ratio)

Fischer’s ratio (a molar ratio of branched-chain amino acids 
[BCAA] to aromatic amino acids [AA] (tyrosine + phenyl-
alanine]) was measured by conventional high-performance 
liquid chromatography (HPLC). A molar ratio of free 
BCAAs to tyrosine (BTR) was determined in the plasma of 
patients with liver diseases using a new enzymatic method. 
Significant correlation was also found between enzymati-
cally determined BTR and Fischer’s ratio obtained by 
HPLC. Changes of BTR in clinical courses were found to be 
in parallel with those of Fischer’s ratio. BTR is a quite sim-
ple method and is also considered to be a very useful param-
eter of the clinical conditions of patients with liver diseases.

Indocyanine green (ICG) is a nontoxic water-soluble dye 
that can be absorbed by the liver stromal cells and almost 
completely discharged through excreted bile rather than 
extrahepatic removal or enterohepatic circulation. Minimally 
invasive pulse dye densitometry (PDD), as the primary 
approach for ICG detection test, has been commonly used 
for quantitative evaluation of liver function before hepatec-
tomy [5]. PDD has been proven to be a safe, sensitive, and 
accurate method for early prediction and diagnosis of post-
operative liver failure [7, 8]. Previous investigations have 
demonstrated that the ICG detection rate is of significance 
for predicting the survival rates of both grafts and patients 
[2, 5, 9]. Dynamic detection of ICG is able to identify early 
liver dysfunction and hepatic insufficiency [10, 11].

2.2	 �Peripheral Blood Cell Count

2.2.1	 �Platelets

A reduction in platelets, termed thrombocytopenia, is the 
most common hematological abnormality found in patients 
with chronic liver disease and is an indicator of advanced 
disease. Multiple factors culminate in a low platelet count: 
decreased production, splenic sequestration, and increased 
destruction. Decreased production is a consequence of bone 
marrow suppression, as caused by alcohol, iron overload, 
drugs, and viridae and also by a reduction in thrombopoietin 
levels in chronic liver injury. Splenic sequestration results 
from hypersplenism, which is a consequence of portal 
hypertension seen in advanced liver fibrosis. Platelet 

Table 2.1  Under HPLC, bilirubin separates into four peaks (α, β, γ, and δ)

Bilirubin peaks on HPLC
α β γ δ

Bilirubin species Unconjugated Singly conjugated Doubly conjugated Conjugated to albumin
Total—bilirubin

Commonly performed laboratory test Indirect bilirubin (calculated) Direct bilirubin
On request Unconjugated Conjugated Delta (calculated)

Y. Sumida et al.
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destruction is also increased nonspecifically in liver cirrho-
sis owing to shear stress, fibrinolysis, and bacterial translo-
cation, whereas in specific causes of autoimmune liver 
disease, immunologically mediated destruction of platelets 
occurs owing to antiplatelet immunoglobulin. Several scor-
ing systems such as AST to platelet ratio index (APRI), 
Forns test, and fibrosis-4 (FIB4) index use platelet count in 
their scoring algorithm to predict stages of hepatic fibrosis.

2.3	 �Immunological Tests

Immunoglobulins are often increased nonspecifically in 
chronic liver disease (CLD), especially in cirrhosis. Elevated 
IgG, IgA, and IgM suggest AIH, ALD, and PBC, respectively. 
IgA is also elevated in some cases of NASH with advanced 
fibrosis [12]. In cases with DILI, serum IgE levels are occa-
sionally abnormal. In patients with elevated IgG4 levels, 
IgG4-related hepatobiliary diseases should be considered. 
IgG4-related hepatobiliary diseases are part of a multi-organ 
fibroinflammatory condition termed IgG4-related disease and 
include IgG4-related sclerosing cholangitis (IgG4-SC), IgG4-
related AIH, and IgG4-related hepatopathy. The traditional 
markers of AIH include antinuclear antibodies (ANA), anti-
smooth muscle antibodies (ASMA), and antibodies to liver/
kidney microsome 1 (anti-LKM1). The characteristic sero-
logic hallmark of PBC is the AMA, a highly disease-specific 
autoantibody found in 90–95% of patients and less than 1% 
of normal control. Fewer than 5% of patients with PBC are 
AMA-negative [13]. Nearly all of AMA-negative patients 
have ANA, ASMA, and/or anti-centromere antibodies (ACA).

2.4	 �Other Blood Tests

Serum copper levels are increased in cholestatic diseases and 
decreased in Wilson disease.

Serum ceruloplasmin levels are decreased in patients 
with Wilson disease (<20  mg/dL). Serum ferritin is 
increased in a variety of liver diseases, such as hemochro-
matosis, ALD, chronic hepatitis C (CHC), and 
NASH.  Ferritin, however, is also an acute-phase reactive 
protein and may be elevated in inflammatory conditions. 
Transferrin saturation (serum iron/total iron-binding capac-
ity × 100) should be evaluated to differentiate hemochro-
matosis from other diseases.

2.5	 �Hepatic Fibrosis Markers

Chronic damage to the liver induces liver fibrosis resulting 
from wound-healing process and subsequent development of 
liver cirrhosis. Liver fibrosis comprises the excessive deposi-
tion of extracellular matrix (ECM) in the liver [14]. Excessive 

accumulation of ECM in the liver triggers the various compli-
cations of end-stage liver diseases, such as ascites, varices, 
and liver failure (including encephalopathy, synthetic dys-
function, and impaired metabolic capacity) [15–17]. Liver 
biopsy remains the definitive test, but liver biopsy has signifi-
cant limitations such as pain, risk of severe complications, 
sampling error, cost, and patient unwillingness to undergo 
invasive testing [18, 19]. Therefore, reliable, accurate, dis-
ease-specific, and noninvasive biomarkers of fibrosis are criti-
cally needed to assess the degree of liver fibrosis accurately.

Novel noninvasive approaches [e.g., transient elastogra-
phy (FibroScan), acoustic radiation force impulse (ARFI), 
and magnetic resonance elastography (MRE)] and various 
scoring systems can be used to measure the severity of fibro-
sis in patients with chronic liver diseases [20–26]. Ultrasound 
elastography is very useful for excluding advanced liver 
fibrosis and cirrhosis. However, there are some problems in 
elastography approach. For example, transient elastography 
is technically difficult in patients with early-stage fibrosis, 
moderate to severe steatosis, ascites, or increased body mass 
index. MRE is useful for the assessment of liver fibrosis even 
in early stage and obese people.

A variety of cells are associated with liver fibrosis patho-
physiology, including hepatocytes, Kupffer cells, liver sinusoi-
dal endothelial cells (LSECs), and hepatic stellate cells (HSCs). 
Among these cells, HSC is thought to play central roles in liver 
fibrosis progression and produces various kinds of ECM pro-
tein [14, 27]. HSC is located in the perisinusoidal space and is 
the predominant hepatic vitamin A storage cell in quiescent 
state [28]. When HSC is activated by inflammatory cytokines 
and/or fibrogenic cytokines, HSC migrates and accumulates at 
the liver injury site and secretes large amount of ECM [14]. 
Serum levels of ECM proteins directly relate to liver fibrosis 
progression, and used as liver fibrosis biomarkers, including 
hyaluronic acid, type 4 collagen 7S (T4C7S), procollagen type 
III N-terminal peptide (PIIINP), and N-terminal propeptide of 
type III collagen (Pro-C3). In addition, recent development in 
glycobiology could establish a novel liver fibrosis biomarker, 
M2BPGi (Mac-2-binding protein glycosylation isomer), which 
is clinically used in Japan since 2015 [29].

2.5.1	 �Hyaluronic Acid

Hyaluronic acid (hyaluronan) is a high molecular weight 
glycosaminoglycan and is highly present in the ECM in the 
liver [30]. The liver is the most important organ involved in 
the synthesis of hyaluronic acid. HSC synthesizes hyal-
uronic acid, and LSECs are involved in its degradation [31]. 
Degradation of hyaluronic acid occurs rapidly, and its 
half-life in the blood is very short (about 2–5  min) [32]. 
Serum hyaluronic acid levels may be dependent on the 
clearance via receptor-mediated uptake to the liver and sinu-
soidal endothelial cell function, and serum hyaluronic acid 
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levels in healthy people are typically low due to the rapid 
clearance [33]. As the liver fibrosis progresses, hyaluronic 
acid clearance decreases, and serum hyaluronic acid levels 
can be used as a liver fibrosis biomarker in various chronic 
liver diseases. As we see later in this book, hyaluronic acid 
is included in enhanced liver fibrosis (ELF) score [34].

In injured liver, inflammatory cytokines, such as interleu-
kin-6 (IL-6) and tumor necrosis factor-α (TNF-α), stimulate 
HSC to produce hyaluronic acid [33, 35]. Serum hyaluronic 
acid concentration significantly correlated with fibrosis stage 
in cCHC patients, and treatment of HCV with interferon and 
ribavirin decreased serum hyaluronic acid levels in sustained 
virological response (SVR) patients [36–38]. In patients with 
chronic hepatitis B (CHB), hyaluronic acid levels also cor-
related with liver fibrosis stage [39, 40]. Treatment of hepa-
titis B virus (HBV) with entecavir decreased serum 
hyaluronic acid levels in CHB patients [41]. In nonviral 
chronic liver diseases, such as PBC, PSC, ALD, and NAFLD, 
serum hyaluronic acid levels also increased with the liver 
fibrosis progression [33, 42–45].

2.5.2	 �Type 4 Collagen 7S

Type 4 collagen (T4C) is widely distributed and found 
exclusively in the basement membranes [46, 47]. T4C is a 
non-fibrillar collagen and is categorized into network-
forming collagen [48]. T4C chains (α1-α6) are encoded by 
COL4A1-COL4A genes, and all chains have similar domain 
structures. The α-chain can be separated into three domains: 
an N-terminal non-collagenous 7S domain, a middle triple-
helical collagenous domain, and a C-terminal globular non-
collagenous (NC)-1 domain [49]. In the liver, LSEC, HSC, 
biliary epithelial cells, and fibroblasts secrete T4C as one of 
the basement membrane components [50, 51].

With the liver fibrosis progression, T4C is highly upregu-
lated, and its relative increase is highest among all collagen 
types [52]. Antigen related to the 7S domain of T4C (T4C7S) 
has been evaluated as biomarkers of chronic liver diseases, 
such as CHC [53], CHB [54, 55], ALD [56, 57], and NAFLD 
[25, 58]. These indicate that increase in serum T4C7S levels 
reflects perisinusoidal basement membrane metabolism caused 
by chronic liver diseases. Serum T4C7S would be derived from 
the degradation of basement membrane associated with ECM 
remodeling during fibrogenesis. Circulating T4C7S levels 
decreased after interferon therapy in CHC patients [59].

2.5.3	 �Pro-C3

Procollagen type III N-terminal peptide (PIIINP) represents 
collagen turnover, and serum levels of PIIINP are used as a 
liver fibrosis biomarker [60]. PIIINP levels increases in hepa-
titis and correlate with serum levels of aminotransferase [61]. 

PIIINP levels are associated with advanced fibrosis in chronic 
liver diseases and used as one of the ELF score factors [62, 
63]. However, PIIINP is not specific for liver fibrosis and can 
reflect fibrosis and inflammation in other organs as a conse-
quence of tissue repair [64]. N-terminal propeptide of type III 
collagen (Pro-C3) is cleaved by N-proteases and is exclu-
sively derived from type III procollagen cleavage during col-
lagen deposition. The measurement of Pro-C3 was developed 
to assess true formation of type III collagen [65]. A conven-
tional PIIINP is a marker of both fibrogenesis and fibrolysis, 
and a novel Pro-C3 is a pure synthesis marker of collagen 
type III. Serum levels of PIIINP and Pro-C3 showed no cor-
relation in healthy human [65]. Serum Pro-C3 levels corre-
lated to fibrosis scores in CHC patients, and it can predict 
fibrosis changes in clinical course [66]. Pro-C3 measurement 
is also useful for liver fibrosis assessment in NAFLD patients 
[67]. Pro-C3 not only can identify liver fibrosis degree but 
also can respond to a potential anti-fibrotic therapy [68].

2.5.4	 �M2BPGi (Mac-2-Binding Protein 
Glycosylation Isomer)

Mac-2-binding protein (Mac-2 bp) is a highly glycosylated 
secreted glycoprotein that was firstly identified from breast 
cancer patient in 1986 [69]. Mac-2bp specifically bounds 
galectin-3 (Mac-2) via a carbohydrate-specific interaction 
[70]. It is identical to a previously described tumor-associated 
antigen (90K, named after its molecular mass) released in 
the culture media of human breast cancer cells [71]. Mac-
2bp belongs to the scavenger receptor cysteine-rich domain 
(SRCR) superfamily of proteins and is involved in immune 
defense and regulation [72]. Mac-2bp is expressed in many 
tissues, and its expression in macrophages can be upregu-
lated by adherence and the inflammatory cytokines TNF-α 
and interferon-γ (IFN-γ) in mice [73]. In addition, Mac-2bp 
may regulate cell adhesion by binding to cellular matrix pro-
teins including β1-integrin, collagens, and fibronectins [74]. 
Thus, Mac-2bp is a widely known glycoprotein, but its phys-
iological functions are not fully understood. Serum levels of 
Mac-2bp are elevated as liver fibrosis stage progression in 
NAFLD patients [75].

Recently, Kuno et al. reported that WFA+-M2BP [Wisteria 
floribunda agglutinin (WFA)-positive Mac-2bp] is a novel 
liver fibrosis biomarker for CHC [29]. They developed an 
automatic measurement system that can detect M2BPGi 
(Mac-2-binding protein glycosylation isomer) within 20 min. 
WFA+-M2BP has a characteristic glycan structure that is rec-
ognized by WFA.  WFA recognizes terminal 
N-acetylgalactosaminides and specifically binds with the disac-
charide LacdiNAc (β-D-GalNAc-[1 → 4]-D-GlcNAc; GalNAc 
N-acetylgalactosamine, GlcNAC N-acetylglucosamine) [76].

M2BPGi quantification is based on a lectin-antibody 
sandwich immunoassay performed using a fully automatic 

Y. Sumida et al.



25

immunoanalyzer (HISCL-2000i, Sysmex Co., Hyogo, 
Japan) [29]. The measured values of WFA+-M2BP conju-

gated to WFA were indexed with the obtained values using 
the following calculating formula:

Table 2.2  Effective scoring system for detection of liver fibrosis in 
chronic liver diseases

Name Calculation formula
ELF score 2.278 + 0.851 × ln[hyaluronic 

acid] + 0.751 × ln[PIIINP] + 0.394 × ln[TIMP-1]
AST to 
ALT ratio 
(AAR)

AST/ALT

AST to 
platelet 
ratio index 
(APRI)

[AST/upper limit of normal range (U/L)]/platelet 
count (109/L) × 100

FIB4 index Age × AST (U/L)/platelet count (× 109/L)/√ALT 
(U/L)

AST upper limit of normal range U L platelet count/ / /( )éë ùû 109 // L( )´100

	
Cutoff index CO I WFA M BP WFA M BPsample NC

. . . /( ) = ùû éëéë ùû( )+ +- -2 2- WWFA M BP WFA M BPPC NC

+ +] [éë ùû( )- -2 2-

[WFA+-M2BP]sample was the WFA+-M2BP count for the 
serum sample, PC was the positive control, and NC was the 
negative control. The positive control was supplied as a cali-
bration solution preliminarily standardized to yield a C.O.I. 
value of 1.0 [77].

M2BPGi is very useful as a liver fibrosis biomarker for 
CHC and for predicting HCC development in CHC patients 
[78]. In Japan, M2BPGi has been used clinically as a novel 
liver fibrosis biomarker since 2015. M2BPGi can be also 
used for the other chronic liver diseases (e.g., NAFLD, CHB, 
PBC, and AIH) [29, 79–82]

2.5.5	 �Scoring Systems

Many serum biomarkers in routine laboratory tests are not 
specific for the liver fibrosis and can elevate on inflamma-
tion of other organs. Recently, combinations of several bio-
markers (scoring systems) have been established for liver 
fibrosis assessment. Among these scoring systems, ELF 
score [based on the serum levels of hyaluronic acid, PIIIINP, 
and tissue inhibitor of matrix metalloprotease-1 (TIMP-1)] 
[60], FIB4 index (based on the age, platelet count, serum 
AST and ALT levels) [83], AAR [84], APRI [85], and 
BARD score [based on the body mass index (BMI), AAR, 

and diabetes] [23] are often used for the assessment of liver 
fibrosis in chronic liver diseases (Table 2.2). These scoring 
systems are especially useful for the exclusion of advanced 
liver fibrosis and cirrhosis but less useful for early-stage 
liver fibrosis [86, 87].

2.5.5.1	 �Enhanced Liver Fibrosis (ELF) Score
ELF score contains serum concentration of three direct 
markers of fibrosis including hyaluronic acid, PIIINP, and 
TIMP-1 [60]. The ELF score is calculated by the instrument 
employing the following equation [88]:

ELFscore hyaluronicacid PIIINP= + ´ [ ]+ ´ [ ]+2 278 0 851 0 751 0. . ln . ln .. ln394 1´ [ ]TIMP -

The concentration of these three biomarkers is used to 
calculate ELF score. ELF score well-correlates with the his-
tological stage of liver fibrosis [89] and is superior to liver 
biopsy for predicting clinical outcomes in patients with 
chronic liver diseases [90]. ELF score has been shown to 
have good performance for liver fibrosis diagnosis in CHC 
[91], CHB [92], NAFLD [93], and ALD patients [60]. 
However, ELF score can be influenced by gender and age 
[94]. Therefore, results need to be adjusted appropriately by 
these influence factors [95].

2.5.5.2	 �AAR (AST to ALT Ratio)
Serum AST and ALT are transaminases, which are released 
from damaged hepatocytes, and are used as liver damage 

tests. In 1988, the AAR was reported to be less than 1.0 in 
the majority of chronic hepatitis patients, but there was a 
significant correlation between AAR and the presence of 
liver cirrhosis [94]. AAR in the patients without cirrhosis is 
often smaller than 0.8 but greater than 1.0  in those with 
liver cirrhosis in virus and non-virus-associated liver dis-
eases [95].

2.5.5.3	 �APRI (AST to Platelet Ratio Index)
APRI was firstly proposed as a noninvasive diagnostic 
method for CHC patients [85]. APRI is one of the simplest 
scoring systems that can diagnose advanced fibrosis and cir-
rhosis with acceptable accuracy. APRI is calculated by the 
following simple equation:
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Age, AST, ALT, and platelet count are routinely measured 
in clinical use. FIB4 index is useful for the diagnosis of 
advanced fibrosis in CHC [7], CHB [8], and NAFLD patients 
[102]. FIB4 index has better performance characteristics for 
the diagnosis of advanced fibrosis in Caucasian [102] and 
Japanese NAFLD patients [101].

2.6	 �Approach to Evaluation of Liver 
Injury Pattern

The initial evaluation of a patient with abnormal liver tests 
includes obtaining a history to identify potential risk factors 
for liver disease and performing a physical examination to 
look for clues to the etiology and for signs of chronic liver 
disease. A thorough medical history is central to the evalua-
tion of a patient with abnormal liver tests. The history should 
determine if the patient has had exposure to any potential 
hepatotoxins (including alcohol and medications), is at risk 
for viral hepatitis, has other disorders that are associated with 
liver disease, or has symptoms that may be related to the liver 
disease or a possible predisposing condition. Alcohol con-
sumption is a common cause of liver disease, although obtain-
ing an accurate history can be difficult. The American 
Association for the Study of Liver Diseases (AASLD) defines 
significant alcohol consumption as an average consumption 
of >210 grams of alcohol per week in men or >140 grams of 
alcohol per week in women over at least a 2-year period. 
Questioning about drug use should seek to identify all drugs 
used, the amounts ingested, and the durations of use. Drug 
use is not limited to prescription medications but also includes 
over-the-counter medications, herbal and dietary supple-
ments, and illicit drug use. Features that suggest drug toxicity 
include lack of illness prior to ingesting the drug, clinical ill-
ness or biochemical abnormalities developing after beginning 
the drug, and improvement after the drug is withdrawn. Risk 
factors for viral hepatitis include potential parenteral expo-
sures (e.g., intravenous drug use, blood transfusion prior to 
1992), travel to areas endemic for hepatitis, and exposure to 
patients with jaundice. Hepatitis B and C are transmitted par-
enterally, whereas hepatitis A and E are transmitted from per-
son to person via a fecal-oral route (often via contaminated 
food). It should be considered in patients who live in or have 
travelled to Asia, Africa, the Middle East, or Central America 
and has been seen increasingly in Europe as a result of con-
sumption of contaminated swine and game meat. Patients 

should be asked about conditions that are associated with 
hepatobiliary disease, such as right-sided heart failure (con-
gestive hepatopathy), diabetes mellitus, skin pigmentation, 
arthritis, hypogonadism and dilated cardiomyopathy (hemo-
chromatosis), and obesity (nonalcoholic fatty liver disease), 
pregnancy (gallstones), inflammatory bowel disease (primary 
sclerosing cholangitis, gallstones), early-onset emphysema 
(alpha-1 antitrypsin deficiency), celiac disease, and thyroid 
disease. Finally, patients should be questioned about occupa-
tional or recreational exposure to hepatotoxins (e.g., mush-
room picking). Examples of hepatitis due to exposures to 
hepatotoxins include industrial chemicals such as vinyl chlo-
ride and the mushrooms Amanita phalloides and Amanita 
verna, which contain a potent hepatotoxin (amatoxin). A vari-
ety of liver examinations are listed to examine the etiology of 
liver test abnormality (Table 2.3).

Pattern recognition of liver enzyme abnormalities is the 
most frequent cognitive mechanism used by physicians in 
the evaluation of liver disease. An R ratio defined as (ALT/
ULN) ÷ (ALP/ULN) is often used to determine the pattern of 
injury; this is labeled “cholestatic “when R less than is 2, 
“mixed” when R is between 2 and 5, and “hepatocellular” 
when R greater than is 5 [10].

APRI can diagnose significant liver fibrosis and cirrhosis 
in various CLDs, including CHC [85], CHB [98, 99], ALD 
[100], and NAFLD [10, 101].

2.5.5.4	 �FIB4 Index
The FIB4 index was developed as a noninvasive scoring system 
to assess liver fibrosis stage in patients with human immunode-
ficiency virus (HIV) and hepatitis C virus (HCV) coinfection 
[83]. FIB4 index is calculated with the following formula:

Table 2.3  Laboratory tests performed in the evaluation of acute and 
chronic liver injury

Etiology Tests
Viral 
hepatitis

HAV Anti-IgM-HA
HBV HBsAg, Anti-IgM-HBc
HCV Anti HCV, HCV RNA
HEV IgA-HEV
Other virus IgM-CMV, EBV VCA IgM, 

IgM-HSV
Autoimmune AIH IgG, ANA, ASMA, 

anti-LKM1
PBC IgM, AMA (anti-M2)
PSC pANCA
IgG4-related 
diseases

IgG4

Metabolic 
disease

Wilson Serum copper, ceruloplasmin, 
24-hr urine copper

Hemochromatosis Serum ferritin, transferrin 
saturation, HFE mutation

ALD IgA, mAST
NAFLD/NASH HOMA-IR

Hepatic fibrosis markers 
(FIB4 index, type 4 collagen 
7s, Mac2-bp, Pro-C3)

FIB index age AST U L platelet count L ALT U L4 109= ´ ( ) ´( ) Ö ( )/ / / / /
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2.6.1	 �Evaluation of Acute Liver Injury

Acute liver injury/acute liver disease is defined as the pres-
ence of abnormal liver tests for less than 6 months in a patient 
without preexisting liver diseases. Algorithm for evaluation 
of acute liver injury was shown in Fig. 2.1.

2.6.2	 �Evaluation of Chronic Liver Injury/
Chronic Liver Disease

The term of chronic liver injury/chronic liver disease is used 
when abnormal ALT levels persist for more than 6 months 

or if there is evidence of chronic liver injury on liver histol-
ogy. Algorithm for evaluation of chronic liver injury/CLD 
was shown in Fig. 2.2. If NAFLD is diagnosed, algorithm is 
shown in Fig.  2.3. Accumulating evidences suggest that 
FIB4 index is the most reliable and simple index to exclude 
severe fibrosis in NAFLD. FIB4 index is of use for predict-
ing mortality and carcinogenesis in NAFLD patients. 
NAFLD patients with low FIB4 index (<1.3) who are 
unlikely to have severe fibrosis can be followed up, whereas 
those with inderminate or high FIB4 index cannot be 
excluded to have severe fibrosis. General physicians refer 
these patients to refer to hepatologists. Hepatologists should 
perform to examine liver fibrosis markers (type 4 collagen 
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7S, M2bp, and Pro-C3) and elastography (FibroScan, 
MRE). NAFLD patients who are likely to have severe fibro-
sis should be considered performing liver biopsies and 
screening hepatocellular carcinoma (HCC)/esophageal vari-
ces (Fig. 2.3).

2.7	 �Assessing the Severity of Cirrhosis

2.7.1	 �Child-Pugh Score (Table 2.4)

The Child-Pugh score, initially derived to predict survival 
after portacaval shunt surgery, is the most widely used. 
The score divides patients into class A, B, and C based on 
three laboratory tests (prothrombin time, bilirubin, and 
albumin) and two clinical features (ascites, hepatic enceph-
alopathy). Two-year survival for patients in class A is 85%, 
compared 60% and 35% for patients in class B and C, 
respectively.

2.7.2	 �The Model for End-Stage Liver Disease 
(MELD) Score (Table 2.5)

The MELD score (Table 2.3) was originally developed to 
predict 3-month mortality following transjugular intrahe-
patic portosystemic shunt (TIPS) placement [7]. Now, the 
MELD scale is a reliable measure of mortality risk in 
patients with end-stage liver disease and suitable for use as 
a disease severity index to determine organ allocation pri-
orities [8]. Several online tools are available for calculat-
ing the MELD score (https://www.mayoclinic.org/
medical-professionals/model-end-stage-liver-disease/
meld-model). MELD = 3.8*loge(serum bilirubin [mg/dL]) 
+  11.2*loge(INR)  +  9.6*loge(serum creatinine [mg/
dL]) + 6.4. The MELD score is based entirely on objective 
data. Serum sodium has recently been added to the MELD 
score as the MELD-Na score to improve its performance 
[102, 103].

2.7.3	 �ALBI (Albumin-Bilirubin) Grade

The Child-Pugh classification has some nonobjective 
factors (ascites, hepatic encephalopathy). Recently, 
albumin-bilirubin (ALBI) scoring/grading, consisting of 
only albumin and total bilirubin, has been proposed to 
evaluate hepatic function. ALBI grade  =  (log10 biliru-
bin × 0.66) + (albumin × −0.085), where bilirubin is in 
μmol/L and albumin in g/L. ALBI score used for grad-
ing; ≤−2.60  =  grade 1, greater than −2.60 to 
≤−1.39  =  grade 2, greater than −1.39  =  grade 3 [9]. 
ALBI grade is a simple, evidence-based, objective, and 
discriminatory method of assessing liver function. This 
new model eliminates the need for subjective variables 
such as ascites and encephalopathy, a requirement in the 
conventional Child-Pugh classification. ALBI grade pro-
vided better prognostic performance than Child-Pugh 
score [11].

2.8	 �Tumor Markers

As major tumor biomarkers for HCC, α-fetoprotein (AFP), 
fucosylated AFP (AFP-L3), and des-γ-carboxyprothrombin 
(DCP) are used during clinical follow-up [104]. These bio-
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MRE
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(1.3~2.67)

FIB4 index
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(>2.67)

Refer to hepatologists

Type 4 collagen 7s .
.
.

.

.

Fig. 2.3  NAFLD algorithm

Table 2.4  Child-Pugh score

Measure 1 point 2 points 3 points
Total bilirubin 
(mg/dL)

<2.0 2.1–3.0 >3.0

Serum albumin, 
g/dL

>3.5 2.8–3.5 <2.8

Prothrombin 
time, 
prolongation, or 
INR

<4.0
<1.7

4.0–6.0
1.7–2.3

> 6.0
>2.3

Ascites None Mild (or 
suppressed 
with 
medication)

Moderate to severe 
(or refractory)

Hepatic 
encephalopathy

None Grades I–II Grades III–IV

Scores: class A, 5–6; class B, 7–9; class C, 10–15

Table 2.5  Model for end-stage liver disease (MELD) score

Score 3-month mortality
<10 2–8%
10–19 6–29%
20–29 50–76%
30–39 62–83%
>40 100%
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markers can be used not only for the detection of HCC but 
also for the recurrence detection markers in the follow-up of 
HCC patients. However, approximately 30% of HCC are 
negative for AFP and DCP. Therefore, combination of these 
biomarkers is clinically used, and many researchers still have 
tried to establish novel HCC biomarkers. High-risk popula-
tions and risk factors for the development of HCC are pro-
posed in Table  2.6. Among various risk factors for HCC 
development, HBV and HCV are most important [105–108]. 
Especially, HBV-/HCV-induced liver cirrhosis patients are 
super high-risk group for HCC.  About 10% of virus-
associated CLDs develop liver cirrhosis, and 5–10% of these 
cirrhosis patients develop HCC per year. Among patients 
with HCC, the prevalence of liver cirrhosis has been esti-
mated to be 85–95% [109]. However, the ratio of cirrhosis 
patients in NAFLD-related HCC is about 50–60% [110–
112]. In Japanese male NAFLD patients, more than half of 
HCC is developed from F0 to F3 stage patients [112, 113]. 
This finding is very important in the clinical surveillance of 
HCC for NAFLD patients.

Recently, the number of NAFLD-induced HCC is increas-
ing around the world. CLD patients with virus (HBV, HCV) 
positive, obesity, diabetes mellitus, older age, male gender, 
and heavy alcohol drink are at high risk for the development of 
HCC. Outpatients with these risk factors should receive HCC 
surveillance. According to the guidelines for HCC treatment, 
the Asian Pacific Association for the Study of the Liver 
(APASL) and the European Association for the Study of the 
Liver (EASL) recommend HCC surveillance using tumor bio-
marker and abdominal ultrasonography (US) [106, 107]. 
These guidelines recommend AFP measurements every 6 
months with abdominal US in high-risk patients for HCC 
development, especially in virus-associated liver cirrhosis 
patients. However, surveillance with AFP alone is not recom-
mended as a confirmatory test in small HCC [106–108]. 
Combination of two or more tumor biomarkers would contrib-
ute to increase sensitivity without decreasing specificity [104]. 
In Japan, three HCC biomarkers (AFP, DCP, AFP-L3) are cov-

ered by the national health insurance in clinical settings for 
HCC surveillance. The Japanese Society of Hepatology (JSH) 
recommends the measurements of AFP, DCP, and/or AFP-L3 
with imaging screening (US, dynamic CT, dynamic MRI) 
[105]. In contrast, AASLD practice guidelines recommend 
that US examination as the primary modality (without AFP) 
should be part of HCC surveillance [108]. However, cases 
with a very rough background liver parenchyma (e.g., cirrho-
sis, obesity) have difficulty for US evaluation; periodic imag-
ing screening using dynamic CT and/or dynamic MRI every 
6–12 months is proposed [105]. Imaging screening needs each 
testing equipment and involves significant cost, while mea-
surements of tumor biomarkers are convenient and relatively 
low less expensive for HCC screening. Therefore, reliable bio-
markers are needed for HCC surveillance.

2.8.1	 �α-Fetoprotein (AFP)

AFP is the most common and classical tumor marker for 
HCC. AFP was first identified in the sera of patients with 
HCC [114]. The serum levels of AFP higher than 500 ng/mL 
were diagnostic in the 1970s when most patients with HCC 
were diagnosed at advanced stage [115]. The usefulness of 
AFP is limited in small HCC diagnosis. The human AFP 
gene is mapped to chromosome 4 (4q11–q13) and is part of 
the albuminoid gene superfamily that encodes several pro-
teins, including albumin in addition to AFP [116, 117]. AFP 
is synthesized by the yolk sac in early fetal life and later by 
the fetal liver. In adults the serum AFP concentration is 
approximately 5–10  μg/L under normal conditions [118]. 
APASL and EASL recommend AFP cutoff value of 200 ng/
mL in a surveillance [106, 107]. It is to be noted that AFP 
levels increase in patients with active hepatitis, cirrhosis, 
AFP producing digestive tract tumor, and yolk sac tumor. An 
increase in the serum level of AFP is mainly used as a tumor 
marker for HCC.

2.8.2	 �AFP-L3 (Fucosylated AFP)

Recent findings in glycobiology include direct evidence of 
the involvement of oligosaccharide changes in human dis-
eases [119]. Glycoproteomics has been in focus as a post-
genomic research field for the identification of diagnostic 
markers [120, 121]. In particular, fucosylation, characterized 
by the addition of fucose to the glycans, is one of the most 
important models of glycosylation involved in hepatocarcino-
genesis [122]. Various fucosylated proteins are reported to be 
biomarkers for human diseases including HCC [123–125].

AFP-L3 is a fucosylated variant of AFP that reacts with 
LCA (Lens culinaris agglutinin A) which recognizes α1-6 
fucosylation. AFP-L3 is synthesized through the reaction 

Table 2.6  High-risk populations and risk factors for the development 
of HCC

1. High-risk population
 � •  Patients with chronic hepatitis type B (including cirrhosis)
 � •  Patients with chronic hepatitis type C (including cirrhosis)
 � •  Liver cirrhosis patients caused by other than HBV or HCV
2. Risk factors
 � •  HBV infection
 � •  HCV infection
 � •  Obesity
 � •  Diabetes mellitus
 � •  Older age
 � •  Male gender
 � •  Heavy alcohol drinker
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of α1-6 fucosyltransferase (Fut8) in the presence of GDP-
fucose as a donor substrate. While the enzymatic activity 
of Fut8 was not higher in HCC tissues than in the sur-
rounding non-tumor tissues, the level of GDP-fucose, a 
donor substrate for Fut8, was dramatically increased in 
HCC tissues [126]. The lectin-dependent fractionation of 
AFP was originally described by Breborowicz [127] and 
Taketa [128].

The AFP concentration often increases in patients with 
active chronic liver diseases, and the low specificity of AFP 
for a diagnosis for HCC is a clinical problem. In contrast, 
AFP-L3 is a more specific marker for HCC than AFP alone 
[129–131]. The specificity of AFP-L3 for a differential 
diagnosis of HCC from chronic liver diseases is quite high 
[129]. Certain cases of benign liver diseases with high lev-
els of AFP-L3 include those with severe acute hepatitis or 
fulminant hepatitis. A high level of AFP-L3 in HCC indi-
cates a poor prognosis [132]. Therefore, AFP-L3 is consid-
ered to be much more useful than AFP as a tumor biomarker 
for HCC. AFP-L3 (%) is usually described as ratio to total 
AFP concentration, and it could not be measured when total 
AFP levels were less than 10 ng/mL. Recently, a highly sen-
sitive measurement system was developed which enables 
AFP-L3 measurement even in the range of AFP less than 
10 ng/mL [133].

2.8.3	 �Des-Gamma-Carboxyprothrombin 
(DCP)

DCP is also known as prothrombin induced by vitamin K 
absence or antagonist II (PIVKA-II). DCP is an abnormal 
product of liver carboxylation during the formation of throm-
bogen that acts as an autologous mitogen for HCC cell lines 
[134]. DCP is an abnormal prothrombin that was identified 
as an HCC biomarker in 1984 [135], and elevated DCP is 
most notably found in advanced cases with portal vein inva-
sion [136, 137]. DCP has been recognized as a highly spe-
cific HCC biomarker and as a useful prognostic biomarker, 
for HCC [138, 139]. In NAFLD-associated HCC, DCP is 
reported to have a higher positive rate than AFP [112, 113].

Serum DCP levels are not correlated with the AFP, and 
about 30% of AFP-negative HCC is DCP-positive [140]. In 
small HCC cases, measurement of AFP and DCP is recom-
mended. A high level of DCP indicates poor prognosis, and 
an increase in the DCP level after HCC therapy could be a 
marker of HCC recurrence [138, 139]. Interestingly, DCP is 
reported to have a biologic function in the growth of 
HCC.  DCP acts as a growth factor in both autocrine and 
paracrine manners [134]. DCP also induces cell proliferation 
and migration of human umbilical vein endothelial cells 
[141]. DCP cannot be used in patients on vitamin K antago-
nists such as warfarin.

2.8.4	 �Glypican-3 (GPC3)

Glypican-3 (GPC3) is a family of the heparan sulfate proteo-
glycans (HSPGs) that are linked to the cell surface by a glyco-
sylphosphatidylinositol (GPI) anchor [142]. GPC3 was 
identified as a gene developmentally expressed in rat intestine 
[143]. GPC3 has pivotal roles in cell growth, differentiation, 
and migration [144, 145]. GPC3 is highly expressed in fetal 
organs but is scarcely expressed in adult tissues [146]. In most 
HCCs, GPC3 mRNA levels and protein expression are signifi-
cantly increased compared with benign liver lesions of the nor-
mal liver [146, 147]. In addition, serum levels of GPC3 also 
increased in HCC patients [146]. Thus, GPC3 is considered as 
a good candidate for HCC biomarker. The combination of 
GPC3 and AFP could significantly increase the sensitivity for 
the diagnosis of HCC [146]. Although GPC3 is expressed even 
in early small HCC, it is difficult to detect serum GPC3 in the 
patients with small HCC in such low serum levels. Diagnostic 
accuracy of serum GPC3 for early HCC is still unsatisfactory 
mainly due to unestablished assay system [148]. At this 
moment, GPC3 is of some help for the diagnosis of HCC.
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Abbreviations

CMV	 Cytomegalovirus
DIC	 Disseminated intravascular coagulation
EBNA	 EBV nuclear antigen
EBV	 Epstein-Barr virus
HAV	 Hepatitis A virus
HBV	 Hepatitis B virus
HCV	 Hepatitis C virus
HDV	 Hepatitis D virus
HEV	 Hepatitis E virus
HSV	 Herpes simplex virus
IgM-HA	 Anti-HAV IgM antibody
VCA	 Viral-capsid antigen

Acute viral hepatitis is sporadic or endemic mainly due to 
hepatitis virus. It is spread by the oral-fecal route or parenter-
ally by blood transfusion, intravenous drug abuse, and sexual 
intercourse. The hepatitis virus is defined as a virus that has a 
greater affinity for the liver and produces a characteristic 
inflammatory reaction in the liver. The virus includes types A, 
B, C, D, and E. Types A is transmitted via the oral-fecal route, 
whereas types B, C, and D are transmitted by parenteral route. 
Type E is mostly transmitted through the fecal-oral route, but 
it can be transmitted via blood transfusions (Table  3.1). 
Systemic infections of Epstein-Barr virus (EBV), cytomega-
lovirus, herpesvirus, adenovirus, and rubella rarely produce 
acute concomitant hepatitis. EBV causes hepatitis in the 
acute phase of systemic infection; and acute hepatitis due to 
herpesvirus, cytomegalovirus, adenovirus, or rubella occurs 
in immunosuppressed patients and young children.

Acute attacks of hepatitis virus are frequently subclinical 
or anicteric. If symptoms are present, they may be either char-
acteristic or nonspecific. Typical symptoms include anorexia 
and nausea in the early stages, followed in the icteric form by 
dark urine and jaundice. In the anicteric form, jaundice is absent 
or unnoticed, and portal hypertension and ascites develop in some 
patients with acute hepatitis. These complications are partly the 
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result of liver cell injury and consequent collapse of the sinu-
soidal network. Biochemical changes in acute hepatitis are 
associated with hepatocellular damage, and serum amino-
transferase activities are high, showing a peak preceding the 
onset of jaundice. Prothrombin time provides good informa-
tion regarding liver failure, and serum bilirubin levels correlate 
with the severity of liver injury. In addition, polymorphonu-
clear leukocytes may be a secondary response to epithelial 
injury and are often seen with bile ductular proliferation.

Peritoneoscopy in acute viral hepatitis shows an enlarged 
liver with a red surface, whereas a green surface is seen in 
acute hepatitis with jaundice (Fig. 3.1).

In approximately 1–2% of patients with acute hepatitis, it 
is fulminant, and once fulminant, the death rate increases. 
Therefore, when diagnosing a patient with acute hepatitis, it 
is necessary for clinicians to clarify the cause and to deter-
mine whether inflammation has passed the acme phase. If 
there is an indication of severity or fulminant signs, one 
should consult a specialized medical institution promptly. It 
is also necessary to track until the virus is eliminated in order 
not to overlook chronicity.

3.1	 �Hepatitis A Virus

Hepatitis A virus (HAV) is a common cause of acute hepati-
tis. It rarely causes fulminant hepatitis and is not associated 
with chronic hepatitis. The rate of lethality in acute hepatitis 
A is exceptionally low. HAV infections generally occur via 
the oral-fecal route and are related to shedding of the virus in 
the stool for 2–3 weeks before and 1 week after the onset of 
jaundice [1, 2]. Sporadic HAV infection can occur after 
ingestion of contaminated shellfish. HAV can cause epi-
demic hepatitis in countries with poor public hygiene.

HAV, 27  nm in diameter, is a nonenveloped, positive-
strand RNA virus [3]. The virus itself is considered not to 
have direct toxic effects on hepatocytes. T cell-mediated 
immune response appears to cause hepatocyte injury. A repre-
sentative course of acute hepatitis A is shown in Fig. 3.2 [1, 2]. 
Anti-HAV IgM antibody (IgM-HA) emerges in the serum at 
the symptomatic onset. Detection of IgM-HA is a good 
serological indicator for acute hepatitis A. A large amount 
of virus is discharged into the feces of the patient before 
onset. Therefore, infection expands even during the incuba-
tion period. Emission of virus is greatest at onset. After 
infection with HAV, a high-titer defensive antibody is pro-
duced, resulting in acquisition of permanent immunity.

There are two histopathological features in acute hepatitis 
A [4, 5]. The first is a periportal pattern of inflammation and 
necrosis with little or no perivenular necrosis. In severe hep-
atitis A, the virus may cause virus-associated hemophago-
cytic syndrome [6], and hepatocytes in the periportal area 
become swollen and develop a microvesicular formation. 
The second feature is perivenular cholestasis with little or no 
associated hepatocellular necrosis.

Case 3.1
A 44-year-old male complained of a common cold, and labo-
ratory tests showed TBIL 3.7 mg/dL, ALT 7070 IU/L, AST 

a b

Fig. 3.1  Peritoneoscopic findings in acute hepatitis. (a) Liver is diffusely swollen, with a red surface. (b) Liver is enlarged, with a smooth surface 
and green color

Table 3.1  Hepatitis viruses

Virus Type Spread and disease
Hepatitis A RNA 

hepatovirus
Fecal-oral, acute, and fulminant

Hepatitis B DNA 
hepadnavirus

Parenteral, acute, fulminant, and 
chronic, hepatocellular carcinoma

Hepatitis C RNA 
hepacivirus

Parenteral or sporadic, acute, more 
often chronic and rarely fulminant, 
hepatocellular carcinoma

Hepatitis D RNA delta 
virus

Pathogenic when combined with 
hepatitis B virus

Hepatitis E RNA 
hepevirus

Fecal-oral and parenteral, epidemic 
or sporadic
Acute and fulminant
Chronic in immunocompromised hosts
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5800 IU/L, LDH 4400 IU/L, ALP 515 IU/L, GGT 365 IU/L, 
PT 17.9 s, and IgM-HA positive. Liver biopsy 10 days after 
onset showed disarrayed trabecular structure and infiltration 
of mononuclear cells, neutrophils, and histiocytes in the por-
tal tract (Fig. 3.3).

Case 3.2
A 40-year-old-female complained of fever for several days 
and epigastric pain with nausea. She was icteric and had dark 
urine. Liver function test 1 week after onset showed TBIL 
3.29 mg/dL, ALT 1018 IU/L, AST 702 IU/L, ALP 16.6 KAU, 
LAP 280 IU/L, GGT 62 IU/L, TTT 7.8 U, and IgM-HA posi-

tive. Liver biopsy 3  weeks after onset showed bridging 
necrosis from portal tracts with infiltration of mononuclear 
cells and dilated sinusoids; the magnified view of the portal 
tracts showed a cluster of phagocytosing histiocytes and 
lymphocytes with an abnormal configuration of bile ducts 
(Fig. 3.4).

Acute viral hepatitis A is caused by an enterally trans-
mitted RNA virus, and with good hygienic living stan-
dards, infection shifts to adulthood. A fulminant course is 
rare, and there is no causative relation with development of 
hepatocellular carcinoma. Transition to chronic hepatitis 
need not be feared. It is easy to make a diagnosis of acute 
hepatitis A serologically. HAV IgM rises in the serum dur-
ing the first week of the disease, and it persists for 2 or 
3 months.

Fecal
HAV

ALT

IgM anti-HAV

Total anti-HAV

HAV-RNA

Jaundice

Weeks post-infection 
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Fig. 3.2  Clinical course of acute hepatitis A.  The mean incubation 
period for hepatitis A is 2–4 weeks

Fig. 3.3  Acute hepatitis A.  Trabecular structure is disarrayed, and 
mononuclear cells, neutrophils, and histiocytes are seen in the portal 
tract

a b

Fig. 3.4  Acute hepatitis A. (a) Submassive necrosis in the portal tract, with disarray of the lobular structure and dilated sinusoids. (b) Infiltration 
of mononuclear, neutrophilic, and histiocytic cells, with destruction of the bile ducts in the portal tract
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3.2	 �Hepatitis B Virus

Hepatitis B virus (HBV) is a partially double-stranded DNA 
virus of the Hepadnaviridae family, and HBV is subdivided 
into ten different genotypes of A (HBV/A) to J (HBV/J), on 
the basis of sequence comparison [7–10]. The distribution of 
each HBV genotype is known to vary geographically [11]. 
Acute HBV infection in adults causes acute hepatitis, fulmi-
nant hepatitis, chronic hepatitis, and an asymptomatic carrier 
state. Sixty percent to 65% of adult infections with HBV 
result in subclinical disease, but 20–25% of HBV-infected 
patients develop acute hepatitis, and <1% of them progress 
to fulminant hepatitis. Five percent to 10% of adult HBV 
infections develop into chronic hepatitis [2]. Persistence of 
HBV is reported to be associated with genotype HBV/A 
[12]. When a stop codon mutation occurs in the precore/core 
promoter region, HBe antigen is not produced, which 
increases the risk of severity. That is, detection of the stop 
codon mutation is necessary to select therapeutic agents 
when acute hepatitis B is suspected of causing fulminant 
hepatitis [12].

HBV is transmitted via blood or body fluids; the principal 
routes of infection are sexual contact, blood transfusion, 
medical accidents, and mother-to-child transmission. The 
typical course of acute hepatitis B is shown in Fig. 3.5 [2, 
11]. Acute hepatitis B develops after an incubation period of 
1–4  months, and HB antigen appears in the sera about 
1 month before onset [2, 11]. Anti-HBc IgM antibody is of 
value in the diagnosis of acute hepatitis B: IgM-HBc anti-
body may be positive even with acute exacerbation in an 

HBV carrier, but generally its titer is low. It is possible to 
distinguish acute hepatitis B from acute exacerbation in an 
HBV carrier.

Histopathology in acute hepatitis B infection appears 
similar to that in other forms of viral hepatitis, demonstrating 
periportal hepatitis, perivenular confluent necrosis, acido-
philic bodies, and parenchymal collapse.

Case 3.3
A 30-year-old male complained of general malaise, common 
cold-like symptoms, and was icteric. Liver chemistries dem-
onstrated a peak 2 weeks after onset: TBIL 9.5 mg/dL, ALT 
3245 IU/L, AST 1788 IU/L, ALP 396 IU/L, GGT 133 IU/L, 
and anti-HBcAb IgM 3.4. Liver biopsy 2 months after onset 
showed periportal hepatitis and intralobular necrosis; there 
was infiltration of mononuclear cells in portal tracts, and 
scattered acidophilic bodies were seen (Fig. 3.6).

3.3	 �Hepatitis C Virus

Hepatitis C virus (HCV), a family of Flaviviridae viruses, 
contains a positive-sense, single-stranded RNA molecule 
[13]. The HCV viral genome is translated into a single poly-
protein of about 3000 amino acids. Clinical manifestations on 
acute infection of HCV are milder than in the case of HBV. 
Seventy-five percent of cases in acute HCV infection are 
asymptomatic [14, 15]. Only one in four cases develops 
symptomatic acute hepatitis C.  The incubation period of 
HCV in acute symptomatic patients is usually 6–12 weeks 
[2]. HCV infection resolves spontaneously in 25% of patients, 
but about 75% of acute hepatitis C cases become chronic and 
persistent. Chronic hepatitis C is reported to result in the 
development of cirrhosis in about 20% of cases [2].
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HBsAg

HBV-DNA

Anti-HBs

Anti-HBs

80
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Fig. 3.5  Clinical course of acute hepatitis B with resolution. The mean 
incubation period for hepatitis B is 1–4 months

Fig. 3.6  Acute hepatitis B. Edematous portal tract with infiltration by 
inflammatory cells and scattered acidophilic bodies in the lobule and 
central necrosis showing infiltration of lymphocytes
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The clinical course of acute hepatitis C is shown in Figs. 3.7 
and 3.8 [2, 16]. As mentioned above, acute hepatitis C most 
commonly becomes chronic and persistent. A diagnosis of 
acute hepatitis C is confirmed primarily by the presence of 
HCV RNA in the sera of a previously HCV-negative patient or 
seroconversion from anti-HCV antibody-negative to anti-HCV-
positive [17]. Note that serum HCV RNA can be detected 
1–3  weeks after exposure to HCV, whereas seroconversion 
may occur 4–10 weeks after exposure to HCV [18, 19].

Histological features of infection by the hepatitis C virus 
are similar to those of acute hepatitis A and B, and infiltra-
tion of lymphocytes is distributed along the sinusoids in the 
absence of severe liver cell damage [20].

Case 3.4
Due to a fracture of the femoral bone, a 17-year-old female 
underwent surgery with blood transfusion. Ten weeks after 
transfusion, her liver function test showed ALT 260 IU/L and 
AST 150 IU/L. Liver biopsy 3 weeks after onset of hepatitis 
showed infiltration of lymphocytes in the portal tract and 
scattered spotty necrosis in a lobule. Lymphocytes infiltrated 
along the sinusoids (Fig. 3.9).

3.4	 �Hepatitis D Virus

Hepatitis D virus (HDV) infection is found only in coexis-
tence with HBV infection: it is either HDV infection in an 
HBV carrier or coinfection with HBV and HDV as acute 
hepatitis. Both HDV antibody and HB antigen are positive. 
The chronicity rate after acute hepatitis is about 2–7%, and 
the fulminating rate is about 1–2%.

3.5	 �Hepatitis E Virus

Hepatitis E is caused by infection with hepatitis E virus 
(HEV) and usually develops into transient acute hepatitis. 
Acute hepatitis E causes epidemics in Asia and is found in 
Africa and North America. The incubation period is about 
15–50 days. Clinical pictures are almost identical to those of 
acute hepatitis A, and clinical findings and symptoms regress 
within 2 or 3 weeks. Hepatitis E does not generally become 
chronic in patients with normal immunity; however, in the 
case of immunocompromised hosts, chronic hepatitis can 
develop due to HEV infection [21].
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Fig. 3.7  Clinical course of acute hepatitis C with resolution
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Fig. 3.8  Clinical course of acute hepatitis C with progression to 
chronicity

Fig. 3.9  Acute hepatitis C. Infiltration of the portal tract by inflamma-
tory cells, along with scattered spotty necrosis and infiltration of the 
sinusoids by lymphocytes
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ALT
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Fig. 3.10  Clinical course of acute hepatitis E. The incubation period is 
about 15–56 days

HEV is the sole member of the family Hepeviridae and 
includes four genotypes (genotypes 1–4) which cause hepa-
titis E [22]. Of these, genotype 1 and 2 HEVs infect only 
humans and are responsible for epidemic and sporadic hepa-
titis E due to fecal-oral infections in developing countries. 
On the other hand, genotype 3 and 4 HEVs are zoonotic 
viruses which are isolated from both humans and animals, 
such as pigs, wild boars, etc. Intake of undercooked contami-
nated meat causes sporadic hepatitis E [23]. Transfusion-
borne hepatitis E is also increasingly recognized.

The typical course of acute hepatitis E is shown in Fig. 3.10. 
In individual cases, severe courses of acute hepatitis occur 
with transaminase values >2000 IU/L and a high value of total 
bilirubin [24], and fulminant hepatitis occurs in 2–3%. 
Pregnant women are susceptible, and mortality in the third tri-
mester is high (10–25%) [25]. The histological appearance of 
the liver in HEV is similar to that of hepatitis A; cholestasis 
and portal or periportal inflammation can be observed [26]. 
For the diagnosis of acute hepatitis E, IgM anti-HEV antibody, 
IgA anti-HEV antibody, and/or HEV-RNA is used [27, 28]. 
IgM anti-HEV antibody and HEV-RNA are detected at onset 
and for a relatively short period. Since IgA anti-HEV antibody 
appears even after the recovery phase of hepatitis in addition 
to the acute phase, clinicians should try to detect HEV-RNA 
for the diagnosis of acute hepatitis E if IgA anti-HEV antibody 
is found in the early period of hepatitis. When acute hepatitis 
E is diagnosed, the genotype of HEV should also be deter-
mined. By assessing genotype of HEV, physicians can specu-
late as to the source of infection, infectious route, and possible 
prognosis of individual cases [29].

Fig. 3.11  Acute hepatitis E. (a) Lymphocytes, neutrophilic leukocytes, 
and plasma cells are infiltrated in the portal tract and periportal area. (b) 
Lobular architecture is disarrayed, vacuolated hepatocytes remain in the 
periportal area, and acidophilic bodies are seen. (c) There is focal necro-
sis, giant cells (arrow), and infiltration of many lymphocytes and neutro-
philic leukocytes around phlebitis of the central vein. C central vein
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Case 3.5
A 55-year-old Japanese male working in China complained 
of general malaise, icterus, and febrile sense. Acute hepatitis 
E was suspected. His liver chemistry in 2  weeks showed 
TBIL 9.7  mg/dL, AST 1227  IU/L, ALT 2003  IU/L, ALP 
811 U/L, GGT 180 U/L, IgG 2012 mg/dL, IgM 261 mg/dL, 
PT 73.5%, and HEV-RNA positive. Liver biopsy showed 
disarray of lobular architecture and infiltration of many 
inflammatory cells in the portal tract and periportal area; aci-
dophilic bodies or vacuolated hepatocytes were seen with 
infiltration of lymphocytes, neutrophilic leukocytes, and 
Kupffer cells in zone 1; and there were spotty necrosis, mul-
tinucleated cells, and many inflammatory cells around the 
central vein with phlebitis (Fig. 3.11). He gradually recov-
ered from his liver disorder; the jaundice disappeared after 
2 months, and his liver chemistry reverted to normal values 
after 3 months.

3.6	 �Hepatitis Associated with Epstein-
Barr Virus

Epstein-Barr virus (EBV) is a DNA virus belonging to a 
member of the herpesvirus family and is transmitted through 
saliva. EBV infection is common among children in the trop-
ics, and it is also seen in adolescents in developed countries. 
It causes infectious mononucleosis, which is a clinical syn-
drome. Pharyngeal pain, fever, splenomegaly, and lymph 
node swelling are present, and atypical lymphocytes are 
detected in peripheral blood [30]. Infectious mononucleosis 
is diagnosed by the early detection of IgM antibody against 
EBV viral-capsid antigen (EBV-VCA), and IgG antibody 
against EBV nuclear antigen (EBNA) is not detected 
(Fig. 3.12) [30]. There is hepatic involvement, but cholesta-
sis is rare [31, 32], and fulminant hepatitis is infrequent [33]. 
The common histological feature of the liver in EBV infec-

tion is of a diffuse lymphocytic infiltrate in the sinusoids, and 
fatty change may occur [34]. At times, EBV infection causes 
virus-associated hemophagocytic syndrome [35].

Case 3.6
A 29-year-old female complained of persistent high fever 
and pharyngeal pain. Laboratory data showed TBIL 7.9 mg/
dL, ALT 295  IU/L, AST 408  IU/L, LDH 1595  IU/L, ALP 
4340  IU/L, WBC 26,700 with atypical lymphocytes, and 
VCA IgM positive. Liver biopsy 3 weeks after onset showed 
a cluster of inflammatory cells in the portal tract, and sinu-
soids were dilated and infiltrated with inflammatory cells; a 
magnified view of the portal tracts showed infiltration of 
lymphocytes, plasma cells, histiocytic cells, eosinophils, and 
neutrophilic leukocytes, while the bile ducts were infiltrated 
by lymphocytes, and the nuclei of cholangiocytes were vacu-
olated (Fig. 3.13).

IgM VCA

Weeks post-infection 

IgG VCA

IgG EBNA

Primary infection           +                 +                 -

Previous infection          - +                +

IgM VCA    IgG VCA   IgG EBNA

0 4 8 12 16 20 24 28

Fig. 3.12  Sequence of antibody responses in infectious mononucleo-
sis. VCA viral-capsid antigen. EBNA EBV nuclear antigen

a b

Fig. 3.13  Acute liver injury with Epstein-Barr virus. (a) Preserved lobu-
lar architecture with infiltration of the portal tract by numerous inflamma-
tory cells and dilated sinusoids showing infiltration by mononuclear cells. 

(b) Infiltration of the portal tract by lymphocytes, polymorphonuclear or 
eosinophilic leukocytes, and histiocytic cells surrounding the bile ducts, 
and the nuclei of cholangiocytes showing vacuolation
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3.7	 �Hepatitis Associated 
with Cytomegalovirus (CMV)

CMV has broad organotropism and persistently infects mul-
tiple organs, such as the salivary glands and kidneys. It is 
excreted in breast milk, saliva, etc., and these become sources 
of infection. The frequency of infection of the liver is high. 
CMV infections include congenital CMV infection transmit-
ted across the placenta; acquired infection transmitted via 
saliva, lactation, or blood; and opportunistic infection trans-
mitted by organ transplantation [36, 37].

The most acquired infections with CMV among healthy 
subjects appear as occult infections, but occasionally infec-
tious mononucleosis symptoms are seen [38, 39]. Fever, liver 
dysfunction, cervical lymphadenopathy, and hepatospleno-
megaly are the main symptoms. Liver dysfunctions are usu-
ally mild, resolving in 2–3 weeks, and there is no chronicity, 
but there are reports of cholestatic jaundice and fulminant 
hepatitis. Opportunistic infections tend to cause systemic 
CMV infection and cause death.

The CMV antigenemia method for detecting CMV anti-
gen and the PCR method for the detection of CMV DNA are 
suitable for diagnosis of CMV infection and determination 
of therapeutic effect. In C7HRP, one of the CMV antigen-
emia methods, the number of CMV antigen-positive cells in 
peripheral leukocytes is measured. IgM-CMV antibody 
detection is also used for acute infection with CMV [40, 41].

The histological findings for CMV hepatitis are similar to 
those for EBV hepatitis. Hepatocellular damage and necrosis 
are mild, but infiltration of mononuclear cells into sinusoids is 
conspicuous. Mononuclear cell infiltration into the portal region 
is moderate. Granulomatoid changes may also be observed. 
Opportunistic infections tend to result in extensive hepatocellu-
lar necrosis, but there are few immune cell reactions. 
Intranuclear inclusion in bile duct epithelia and hepatocytes 
is seen [42, 43].

3.8	 �Hepatitis Associated with Herpes 
Simplex Virus (HSV)

Herpes simplex virus (HSV) consists of HSV-1 and HSV-2. 
Originally, HSV-1 affects the oral mucosa, and HSV-2 affects 
the genitals. HSV hepatitis is caused by both HSV-1 and 
HSV-2. HSV infects newborns, HSV infection occurs fre-
quently in children aged 1–3 years, and more than 80% of 
adults have HSV antibodies.

Systemic infections with HSV are rare in healthy adults 
but are seen in patients with opportunistic infection. It is 
reported that HSV hepatitis has a high mortality rate [44]. In 
HSV hepatitis, fever, mild jaundice, transaminase elevation, 
coagulation abnormalities, and thrombocytopenia are seen. 
Even when transaminase values are very elevated in the 

serum, values of bilirubin tract enzyme often show only mild 
elevation. If pyrogenic severe hepatitis with disseminated 
intravascular coagulation (DIC) is found, especially in 
immunocompromised individuals, consider HSV hepatitis. 
IgM-HSV is of diagnostic value for HSV hepatitis. Fulminant 
liver failure accompanied by DIC is often observed in HSV 
hepatitis: it is critical to make an early diagnosis for improve-
ment of prognosis [45, 46]. Pathologically, HSV hepatitis 
presents random areas of coagulation necrosis of hepatocytes 
and bleeding of liver parenchyma. Inflammatory response is 
commonly weak. Ground-glass intranuclear inclusions are 
found.

As other viruses causing hepatitis, varicella zoster virus 
(VZV), adenovirus, measles virus, rubella virus, human par-
vovirus, paramyxovirus, coxsackie virus, ECHO virus, yel-
low fever virus, and others are described.
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Abbreviations

ALF	 Acute liver failure
EGF	 Epidermal growth factor
HAV	 Hepatitis A virus
HBV	 Hepatitis B virus
HEV	 Hepatitis E virus
HGF	 Hepatocyte growth factor
HVP	 High-volume plasmapheresis
IL	 Interleukin
MARS	 Molecular adsorbent recirculating system
OLT	 Orthotopic liver transplantation
TGF-α	 Transforming growth factor α
TNF	 Tumor necrosis factor

4.1  �General Consideration 
and Classification

Acute liver failure (ALF) is defined as severe liver 
dysfunction characterized by an elevated prothrombin 
time with encephalopathy occurring within 8 weeks after 
onset of the first symptom without a history of chronic 
liver disease. The first symptom develops as jaundice [1]. 
Depending on the interval between jaundice and encepha-
lopathy, liver failure can be classified into hyperacute, 
acute, and subacute types. The patient outcome is reported 
to be different in all three [2]. Hyperacute type develops 
encephalopathy within 7 days of onset, and the spontane-
ous survival rate is 80–90%. Common etiologies of 
hyperacute type are hepatitis A, acetaminophen overdose, 
and ischemia. Acute type indicates a jaundice-to-enceph-
alopathy interval of 7–28 days, and the spontaneous sur-
vival rate is 50–60%. In subacute type, the interval from 
onset to encephalopathy ranges from 28 days to 2–3 
months [3, 4], and the prognosis is worse than in hyper-
acute and acute type: the spontaneous survival rate is 
15–20%. Acute or subacute type may be caused by viral 
hepatitis, drugs, herbal therapies, autoimmune hepatitis, 
hypoperfusion or ischemia, inherited diseases, malignant 
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infiltration of the liver, and mitochondrial defects in the 
liver [5]. The underlying causes of ALF are shown in 
Table 4.1 [6].

4.2  �Pathogenesis of ALF and Regeneration 
Failure

ALF is characterized by a massive cell death and the sup-
pression of the regenerative capacity of the liver [7]. Immune 
dysregulation leads to the large production of inflammatory 
cytokines such as TNF-α, IL-1, and IL-6. Apoptosis can be 
triggered by activating death receptors such as Fas and tumor 
necrosis factor (TNF)  receptor, which are activated by 
inflammatory cytokines [8]. Oxidative stress of mitochon-
dria and endoplasmic reticulum induces apoptosis [8]. 
Additionally, activation of Kupffer cells by intestinal-derived 
endotoxin causes local hypercoagulability [9], resulting in 
hepatocellular death. As viral factors that cause poor progno-
sis, 5′ non-translated region (5′NTR) of the HAV genome 
[10], pre-core or core promoter mutation in HBV [11], and 
genotype 4 in HEV [12] have been assumed.

Liver regeneration failure is caused when hepatocyte 
death exceeds hepatocyte proliferation or when hepatocyte 
proliferation itself is suppressed or insufficient. Generally 
TNF-α and IL-6 contribute to the initiation of the cell cycle 
(G0 to G1) by binding to their receptors [13]. Several growth 
factors such as hepatocyte growth factor (HGF) , epidermal 
growth factor (EGF) , and transforming growth factor α 
(TGF-α) are thought to initiate the G1 to S transition [14, 
15]. These factors stimulate DNA replication and mitosis by 
binding to their corresponding receptors [14]. In the patients 
with fulminant hepatitis, HGF and TGF-α level in serum are 

elevated [16, 17]. It is considered to be a biological reaction 
trying to regenerate liver against extensive liver cell death. In 
fulminant hepatitis, receptors for growth factors on 
hepatocytes and subsequent signal transduction change, and 
as a result, liver regeneration is impaired [18, 19].

On the other hand, expression of strong inhibitors of 
hepatocyte proliferation such as TGF-β and IL-1β is also 
enhanced [20, 21]. In acute liver failure, proliferation of not 
only mature hepatocytes but also progenitor cells called oval 
cells is observed. Wnt/Notch signal is related to control of 
this cell [22]. In liver regeneration deficiency, liver stem cells 
and progenitor cells are suspected to have maturation and 
differentiation disorders, but details are unknown.

4.3  Symptoms

Symptoms of ALF are similar to those of acute hepatitis: 
general malaise, appetite loss, and jaundice. However, the 
severity of symptoms varies. Symptoms of acute hepatitis 
are improved after the onset of jaundice; however, patients 
with ALF worsen after the onset of jaundice. Severe general 
malaise and vomiting develop, and encephalopathy and 
coma are noted.

4.4  Hepatic Encephalopathy

The mechanism of hepatic encephalopathy in ALF has not 
been fully elucidated. Hyperammonemia is considered a 
fatal factor related to cerebral edema and hernia development 
[23, 24]. Alpha-ketoglutarate dehydrogenase is inhibited by 
ammonia, resulting in inhibition of tricarboxylic cycle, sup-
pression of glucose metabolism, accumulation of lactic acid, 
reduction of adenosine triphosphate biosynthesis, and swell-
ing of astrocytes [25].

Encephalopathy is classified into four grades [26]. The 
prognosis in ALF depends on the extent to which encepha-
lopathy develops. Patients with grade 3 or 4 encephalopathy 
are at risk of developing cerebral edema and multiple organ 
failure [26, 27]. ALF occurs with complications of infection, 
hepatorenal syndrome, gastrointestinal hemorrhage, and dis-
seminated intravascular coagulation. Infection is a common 
complication of ALF, and bacterial and fungal infections 
should be carefully watched for in the beginning.

4.5  Clinical Findings

The serum value of AST and ALT is generally >3000  IU/
mL. As acute liver atrophy progresses, ascites and jaundice 
develop, ammonia in the serum is elevated, albumin is 
reduced, prothrombin time is prolonged, and triphasic waves 
are seen in electroencephalography.

Table 4.1  Etiologic factors in fulminant hepatic failure [6]

Viral Hepatitis A, B, D, C, and E, CMV, HSV, EBV, 
VZV, HHV 6, parvovirus B19, parainfluenza, 
yellow fever, etc.

Toxic 
dose-
dependent

Acetaminophen (paracetamol), Amanita 
phalloides, isoniazid, tetracycline, methotrexate, 
carbon tetrachloride, amphetamine

Idiosyncratic Coumarins, carbamazepine, valproic acid, 
chinolones, halogenated hydrocarbons, 
methyldopa, phenytoin, rifampicin, penicillin, 
sulfonamides, etc.

Toxic 
synergistic

Ethanol + acetaminophen, 
barbiturate + acetaminophen, 
isoniazid + rifampicin

Metabolic Wilson’s disease, alpha-1 antitrypsin deficiency, 
galactosemia, tyrosinemia, Reye’s syndrome, 
nonalcoholic steatohepatitis

Associated 
with pregnancy

Acute fatty liver of pregnancy, HELLP syndrome

Vascular Budd-Chiari syndrome, veno-occlusive disease, 
shock, heart failure

Miscellaneous Autoimmune hepatitis, malignant infiltration, 
sepsis, hyperthermia
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4.6  Treatment

The most important prognostic indicators for predicting the 
outcome in ALF are the etiology of the disorder, the degree 
of encephalopathy, and the patient’s age. Orthotopic liver 
transplantation (OLT)  is the most effective treatment for 
patients with ALF, in addition to conservative medical man-
agement treating specific causes and supporting multiple 
organ system failure [27]. The European Liver and Intestine 
Transplant Association database showed 1-, 5- and 10-year 
patient and graft survival rates were 74%, 68%, and 63% and 
63%, 57%, and 50%, respectively [28]. It follows that 
patients with ALF should be promptly referred to transplant 
centers for the management of variable medical conditions. 
The determination for OLT depends on the probability of 
hepatic recovery, which is difficult to predict [29]. A com-
monly used method for selecting potential candidates for 
OLT is the King’s College Hospital criteria (Table 4.2) [6, 
29]. However, OLT is not universally available, has shortage 
in the cadaveric donor, and has the risk of coercion, compli-
cation and death in the living donor. Less than 10% of liver 
transplantations are performed in patients with acute liver 
failure [7, 28].

There are some liver assist therapies, which aim to com-
pensate liver synthesis and detoxification and to maintain the 
body metabolic environment until the liver obtains sufficient 
regeneration or liver transplantation. However, none of the 
therapies compensates efficiently all of these functions. Two 
randomized controlled studies about liver assist therapies 
have reported in ALF. Molecular adsorbent recirculating sys-
tem (MARS) is one of the liver assist therapies, which allows 
albumin-bound toxins to be removed [30]. A multicenter, 
randomized, controlled study about MARS in ALF showed 
no survival benefit, but 75% of enrolled patients had been 

undergoing liver transplantation within 24 h [31]. High-flow 
dialysate continuous hemodiafiltration had higher recovery 
late of encephalopathy than non-high-flow group; however, 
there was no difference about survival rate between high-
flow and non-high-flow groups [32].

High-volume plasmapheresis (HVP)  is also one of the ther-
apies. In a recent study, HVP has been shown to significantly 
improve hospital survival, especially for patients with contrain-
dications for liver transplantation [33]. However, the incidence 
of severe adverse events was similar in the control group [33].

Liver regeneration medicine is a field expected to be clini-
cally applied to acute liver failure. Induced pluripotent stem 
cells (iPSc), mesenchymal stem cells (MSC), hepatic pro-
genitor cells (HPC), human amniotic epithelial cells (hAEC), 
fibroblasts, and so on are potential alternative cell sources 
which can be used to generate hepatocytes [34]. In addition, 
among the potential therapies, anti-apoptotic or cell protec-
tive drugs are expected to become clinically available. 
Emricasan, a pan-caspase inhibitor [35]; ALF-5755, recom-
binanthepatocarcinoma-intestine-pancreas/pancreatitis-
associated protein [36]; and recombinant human hepatocyte 
growth factor (rh-HGF) [37] are candidates that are currently 
being investigated in clinical trials.

4.7  Case Presentation

4.7.1	 HBV carrier with Crohn’s disease

A 29-year-old male complained of high fever, nausea, and 
general malaise 2 months after ileocecal resection and 
ileocolostomy for perforation of the ileum due to Crohn’s 
disease. Liver chemistries showed TBIL 17.0 mg/dL, ALT 
5400  IU/L, AST 5000  IU/L, PT 54%, and HBsAg and 
HBeAg positive. The high fever persisted, and he died of 
hepatic failure within 1 week. Necropsy showed massive 
necrosis with hemorrhage in the lobules, reticulin fibers 
were diffusely distributed, and bile ductular proliferation 
was observed around the portal tract; few viable hepato-
cytes were noted, and infiltration of polymorphonuclear 
leukocytes, small lymphocytes, and macrophage were seen 
around the portal tract with ductular proliferation or “oval 
cells” (Fig.  4.1). In another case, most hepatocytes were 
lost, hemorrhage was detected, and sinusoids were dilated 
although viable ductular structures remained (Fig. 4.2).

4.7.2	 Anti-pyretic drug-induced liver injury

An 18-year-old girl with anorexia nervosa had taken a com-
bination of drugs in a suicide attempt and was referred to our 
hospital several hours after stomach lavage. Liver tests 2 
days after drug intake showed ALT 7162  IU/L, AST 
6388 IU/L, and TBIL 3.54 mg/dL, and PT was unmeasur-

Table 4.2  King’s College Hospital criteria for liver transplantation in 
fulminant hepatic failure [6, 29]

Acetaminophen Arterial pH < 7.30 (irrespective of grade of 
encephalopathy)
OR
Prothrombin time > 100 s and serum 
creatinine > 300 μmol/L in patients with 
grade 3 or 4 encephalopathy

Nonacetaminophen 
patients

Prothrombin time > 100 s (irrespective of 
grade of encephalopathy)
OR
Any three of the following variables 
(irrespective of grade of encephalopathy):
 � •  Age < 10 years or >40 years
 � • � Etiology: non-A, non-B hepatitis, 

halothane hepatitis, idiosyncratic drug 
reactions

 � • � Duration of jaundice before onset of 
encephalopathy > 7 days

 � •  Prothrombin time > 50 s

 � •  Serum bilirubin > 300 μmol/L
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able. She became comatose within 5 days and was scheduled 
for liver transplantation from a living donor. CT scan without 
contrast showed low or heterogeneous density in the liver 
(Fig.  4.3). The hepatectomized liver showed hemorrhagic 
necrosis around the central veins, pseudoglandular forma-
tions of immatured hepatocytes around the portal tracts, and 
infiltration of eosinophilic leukocytes, lymphocytes, plasma 
cells, and histiocytes in the portal tract (Fig. 4.4). Roxonin 
was positive on the drug lymphocyte stimulation test.

4.7.3	 Autoimmune hepatitis

A 43-year-old female complained of general malaise and 
dark urine. Her liver function test showed AST 1015 IU/mL 

and ALT 925  IU/mL.  One month later, her TBIL reached 
26  mg/dL, and massive ascites were present. CT and 
ultrasonography demonstrated atrophic liver with nodular 
surface, and hepatic encephalopathy developed. Liver biopsy 
after onset of symptoms showed periportal necrosis and 
extensive cell loss with infiltration of neutrophilic leukocytes 
and small lymphocytes, as well as proliferation of bile duct-
ules and rosette formations with abundant macrophages 
(Fig.  4.5a). The international autoimmune hepatitis score 
[38] was beyond that of the definite type, and the patient sur-
vived after plasma exchange and glucocorticoid administra-
tion. A second biopsy 4 months later demonstrated hepatic 
plates 2 or more cells thick, forming regenerative nodules 
consistent with cirrhosis, and stroma or inflammatory cells 
were decreased in number (Fig. 4.5b).

Fig. 4.3  CT in fulminant hepatitis due to toxic injury. CT without 
intravenous contrast medium shows heterogeneous density in the liver

a b

Fig. 4.1  Fulminant hepatitis. (a) Submassive necrosis of hepatocytes 
and collapse of the normal architecture with fine fibrosis are seen. 
Scattered hemorrhage and ductular proliferation are observed around 
the portal tracts. (b) Bile ductular structures are seen around the portal 

tracts, and matured bile ducts are absent. Lymphocytes and polymor-
phonuclear leukocytes infiltrate in the portal tracts with ductular 
proliferation

Fig. 4.2  Fulminant hepatitis. Most hepatocytes are absent, and dilata-
tion of sinusoids and hemorrhage are seen, while bile ducts remain in 
the portal tracts
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a

c

b

Fig. 4.4  Drug-induced liver injury. (a) Massive hemorrhagic necrosis 
is observed around the central veins. (b) Massive hemorrhagic necrosis 
is seen around the central vein, and the pseudoglandular structure of 
immature cells is noted around the portal tract as the liver attempts to 

regenerate. (c) The portal tract is infiltrated by eosinophilic leukocytes, 
plasma cells, and lymphocytes, and immature cells form pseudoglandu-
lar structures

a b

Fig. 4.5  Severe liver injury in autoimmune hepatitis. (a) Many inflam-
matory cells and damaged cholangioles are seen in the portal tract. 
Residual hepatocytes show ballooning and rosette formations, which 
are surrounded by lymphocytes, plasma cells, and Kupffer cells.  

(b) Inflammatory cells are decreased after glucocorticoid therapy. 
Hepatocytes form plates that are two or three cells thick, and their cyto-
plasm becomes clear
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Abbreviations

AIH	 Autoimmune hepatitis
ALT	 Alanine aminotransferase
APRI	 AST-to-platelet ratio index
DAAs	 Direct-acting antiviral agents
DNA	 Deoxyribonucleic acid
HBcAg	 Hepatitis B core antigen
HBsAg	 Hepatitis B surface antigen
HBV	 Hepatitis B virus
HCC	 Hepatocellular carcinoma
HCV	 Hepatitis C virus
HDV	 Hepatitis D virus
HIV	 Human immunodeficiency virus
RNA	 Ribonucleic acid
SVR	 Sustained viral response

Chronic viral hepatitis is defined as persistent inflammation 
of the liver in an identifiable hepatotropic viral (most com-
monly hepatitis B or C virus) infection persisting for 

6  months or longer after acute infection [1]. Patients with 
chronic viral hepatitis may be asymptomatic or may com-
plain of general fatigue, mild right hypochondoralgia, loss of 
appetite, nausea, and weakness. Many patients are diagnosed 
as having chronic viral hepatitis during routine physical with 
biochemical examination revealing abnormal liver chemis-
tries, typically mild elevation of serum aminotransferases. 
Occasionally, patients may have flares or exacerbation of 
necroinflammatory activity in the liver, particularly with 
hepatitis B [2]. Less common causes of chronic viral hepati-
tis include hepatitis B/D coinfection and rarely chronic hepa-
titis E in immunosuppressed patients [3, 4].

The recent advances in noninvasive tests in the management 
of patients with chronic viral hepatitis—including elastography, 
radiologic studies, and serologic markers for fibrosis—have 
reduced the immediate need for liver biopsy, though an assess-
ment of fibrosis is essential as those with advanced fibrosis and 
viral hepatitis are at high risk for complications from portal 
hypertension as well as hepatocellular cancer. Elastography is a 
method of assessing liver stiffness as a surrogate for liver fibro-
sis that uses longitudinal sound waves (transient elastography) 
or acoustic radiation forces [5, 6]. Elastography may also be 
determined by magnetic resonance. Imaging of the liver may 
also reveal a cirrhotic liver with an enlarged portal vein diame-
ter, nodular liver, and splenomegaly which may be seen on 
ultrasound, CT scan with contrast, or MR with contrast. 
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Clinicians may also use any number of serum tests to assess 
fibrosis such as AST to platelet ratio index (APRI) or FIB-4 
index using commonly available laboratory tests including AST, 
ALT, and platelet count. Finally, a number of commercial assays 
are also available worldwide to assess fibrosis.

However, despite all of these advances, liver biopsy is still 
considered the gold standard by many physicians in guiding 
the treatment of patients with chronic viral hepatitis, particu-
larly in patients with chronic hepatitis B. In addition to pro-
viding staging and grading of chronic viral hepatitis, liver 
biopsy can furnish histologic information that is not availed by 
other tests. This is often the case in patients with comorbidities 
such as fatty liver, alcoholic, and iron storage diseases. 
Screening for hepatocellular carcinoma (HCC) may lead to 
fine needle aspiration or core biopsy of suspicious space-
occupying lesions, especially lesions with atypical enhance-
ment patterns that are suspicious for hepatocellular carcinoma 
as a late complication of chronic viral hepatitis that do not 
meet standard radiologic criteria for hepatocellular cancer. 
Depending on the underlying disease, the risks of HCC 
development may vary considerably. For example, chronic 
hepatitis B virus (HBV) is associated with the development 
of HCC in both cirrhotic and non-cirrhotic livers, whereas 
HCC rarely occurs in non-cirrhotic hepatitis C virus (HCV) 
infection. Therapy nucleoside analogues (and much less 
commonly interferon) have been shown to be most effective 
in suppressing HBV DNA levels, preventing fibrosis and 
reducing the risk of HCC [7, 8]. Direct-acting antiviral 
agents (DAAs) have replaced the combination of interferon 
with ribavirin as the standard therapy for chronic hepatitis C 
with high rates of cure (>95%) with minimal side effects [9].

Peritoneoscopy of a patient with chronic hepatitis gener-
ally shows an irregular surface of the tan-white liver, with or 
without red markings (Fig. 5.1). In general, chronic hepatitis 

is characterized by a combination of portal inflammation, 
interface hepatitis (previously referred to as piecemeal necro-
sis or periportal hepatitis), and mild lobular inflammation 
with scattered necroinflammatory foci. After years of contin-
uous inflammation, fibrosis and cirrhosis may eventually 
develop.

Portal inflammation consists of lymphocytic infiltrate 
with a variable number of plasma cells. A mild degree of 
ductular reaction can be seen at the periphery of the portal 
tracts, which represents hepatic progenitor cell activation 
and correlates with the degree of interface hepatitis and 
fibrosis. Interface hepatitis is a common feature in chronic 
viral hepatitis, consisting of lymphocytic infiltrate at the lim-
iting plate with associated necrosis or apoptosis of the peri-
portal hepatocytes. This process results in the destruction of 
the periportal parenchyma, its replacement by fibrous tissue, 
stellate enlargement of the portal tracts, and portal-to-portal 
fibrous septum formation. The degree of interface hepatitis 
varies according to the activity of the disease; it is often focal 
or absent in mild disease activity. Focal ballooning degenera-
tion of the periportal hepatocytes can be seen in severe inter-
face hepatitis. Lobular inflammation in chronic viral hepatitis 
is typically variable in severity and spotty in distribution. 
Lymphocytes cluster around injured or apoptotic hepato-
cytes. In areas of hepatocyte necrosis, Kupffer cells may 
contain phagocytosed cellular debris. Lobular disarray, cho-
lestasis, significant regeneration, and ballooning degenera-
tion of the hepatocytes—similar to those seen in acute viral 
hepatitis—are uncommon in chronic viral hepatitis, unless 
there is severe exacerbation or injury due to other 
etiologies.

These histological features described above are not spe-
cific to chronic viral hepatitis; they are shared with other 
chronic liver diseases, most commonly autoimmune hepati-
tis (AIH), and drug-induced liver injury.

5.1	 �Hepatitis B Virus

Nearly 240 million people all over the world are chronic HBV 
surface antigen (HBsAg) carriers, with a large regional variation 
of HBsAg positive [10]. Chronic hepatitis B is characterized by 
various degrees of portal chronic inflammation, interface hepati-
tis, and lobular inflammation. The most distinctive histological 
feature of chronic hepatitis B is the presence of “ground-glass” 
hepatocytes (Fig. 5.2), which represents distended smooth endo-
plasmic reticulum containing abundant hepatitis B surface anti-
gen (HBsAg). Ground-glass hepatocytes are seen in chronic 
hepatitis only and usually in biopsies that show minimal necroin-
flammatory activity and represent a marked increase of smooth 
endoplasmic reticulum which contains filamentous and spherical 
HBsAg particles. The accumulation of hepatitis B core antigen 
(HBcAg) within the hepatocyte nuclei produces the sanded 
nucleus appearance. Intrahepatic HBcAg positivity may corre-
late with a higher degree of necroinflammatory activity [11].

Fig. 5.1  Peritoneoscopic findings of liver with chronic hepatitis. 
Peritoneoscopy shows tan-white liver with red markings on the surface
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The distribution of both HBV core and surface antigens 
and the subcellular localization of HBsAg in liver biopsy of 
patients with chronic hepatitis B and cirrhosis can be exam-
ined using immunohistochemistry and ultrastructural immu-
noperoxidase techniques. The distribution patterns of HBsAg 
in hepatocytes are membranous, cytoplasmic, festoon, and 
inclusion body types (Fig. 5.3). Both cytoplasmic and fes-
toon types are seen more frequently than the membranous 
type. Extensive membranous staining for HBsAg is usually 
parallel to the staining of core antigen and associated with 
high viral replication. HBcAg is found predominantly in the 
nucleus and less prominently in the cytoplasm of hepato-
cytes, and electron microscopy shows clusters of HBV par-
ticles in the nucleus (Fig. 5.4). HBcAg immunoreactivity is 
detected in HBsAg-positive hepatocytes, and the staining 
pattern of HBsAg is the festoon and cytoplasmic type 
(Fig. 5.5). The inclusion body pattern of HBsAg is character-
istic of liver cirrhosis with HCC, which suggests active syn-

G

G

G

Fig. 5.2  Ground-glass hepatocytes (G) in chronic hepatitis B. Finely 
granular pink inclusions are identified in hepatocytes. Many ground-
glass hepatocytes show a pale-staining halo in the cytoplasm

a

c d

b

Fig. 5.3  HBsAg staining patterns. HBsAg localization reveals the membranous (a), cytoplasmic (b), festoon (c), and inclusion type (d)
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thesis of HBsAg in chronic hepatitis or cirrhosis, and that 
HBV is retained in the liver with HCC.

Hepatitis B treatments depend on E antigen status, extent 
of liver injury, HBV DNA level, and ALT level. For HBeAg-
positive patients with elevated ALT (ALT more than twice the 
upper limit), the HBV threshold of treatment is 20,000 IU/L, 
and for HBeAg-negative patients with elevated ALT, HBV 
threshold of treatment is 2000 IU/L. In addition, AASLD sug-
gests antiviral therapies to reduce the risk of perinatal trans-
mission of hepatitis B in HBsAg-positive women with an 
HBV level >200,000 IU/mL. Approved agents for hepatitis B 
therapies include tenofovir disoproxil, tenofovir alafenamide, 
entecavir, telbivudine, adefovir, and lamivudine [2, 12, 13]. 
Interferon may also be given for a finite duration with lower 
rates of viral suppression but, in general, higher rates of 
HBeAg clearance and HBsAg clearance.

a

c

b

Fig. 5.4  HBcAg. (a) HBcAg immunoreactivity is seen not only in the 
nucleus of hepatocytes but also in the cytoplasm. (b) Immunoelectron 
microscopy shows the presence of HBcAg (arrow) in the nucleus and 

cytoplasm. (c) Electron microscopy shows a cluster of hepatitis B virus 
particles (arrow) in the nucleus

Fig. 5.5  Co-localization of HBsAg and HBcAg. Double staining 
shows the presence of HBcAg (purple) in the nucleus or cytoplasm of 
hepatocytes with cytoplasmic and festoon type of HBsAg (brown)
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Hepatitis D virus (HDV, delta agent) superinfection 
requires HBsAg, and this phenomenon can be demonstrated 
using immunohistochemical stains. The clue to HDV infec-
tion is severe necroinflammatory activity in patients with 
HBV; therefore, HDV infection should be suspected in all 
patients with hepatitis B who develop severe exacerbation of 
disease activity or who have a severe clinical course. 
Diagnosis is confirmed via positivity for anti-HDV in a 
patient seropositive for HBsAg and/or quantitative/qualita-
tive testing for serum HDV RNA.  There are no approved 
therapies for hepatitis D though interferon has been used.

Fibrosing cholestatic hepatitis, an atypical form of chronic 
hepatitis B infection, may be encountered in patients with HIV 
infection or in immunosuppressed states, such as post-liver 
transplantation [14]. It is caused by the direct cytopathic effect 
of hepatitis B, seen in the high levels of HBV replication and 
massive HBcAg expression in the liver. The histological fea-
tures include marked ductular reaction at the limiting plate, 
combined with cholangiolitis and extensive periportal sinusoi-
dal fibrosis. With the advent of nucleoside/nucleotide ana-
logues, fibrosing cholestatic hepatitis is readily treated.

5.2	 �Hepatitis C Virus

The total global HCV prevalence is estimated at 2.5% with 
an approximate 70 million of HCV RNA positive cases [15]. 
There are six main genotypes of hepatitis C; genotype 1b is 
the most common genotype worldwide followed by geno-
type 3 [16].

Most cases of chronic hepatitis C tend to show mild 
necroinflammatory activity on biopsies. The portal tract is 
infiltrated by dense aggregates of lymphocytes with follicle 
formation; the intralobular bile ducts are often found within 
the lymphocytic infiltrate and disrupted; and mild macro 
vesicular steatosis can be seen in the lobule, particularly in 
periportal hepatocytes (Fig. 5.6) [17, 18]. The lobular necro-
inflammatory activity is commonly represented by scattered 
acidophilic or apoptotic bodies in the lobules.

Steatosis in chronic hepatitis C can occur in the periportal 
or centrilobular region or both. Although steatosis tends to 
occur in hepatitis C genotype 3b infection [12], excessive 
centrilobular steatosis in genotype 3 or other genotypes may 
suggest concurrent steatohepatitis. Hepatitis C genotype 3 

a

c

b

Fig. 5.6  Histological features of chronic hepatitis C. (a) The formation of lymphoid follicles is observed in the portal tract. (b) Bile duct damage 
is seen in the portal tract. (c) Steatosis is seen around the portal tract
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also has the most aggressive natural history (fibrosis progres-
sion as well as HCC risk) [19].

Treatment for hepatitis C is recommended for all patients 
with chronic HCV infection, except those with short life 
expectancies owing to comorbid conditions. Agents cur-
rently used for hepatitis C treatment include ribavirin and 
direct-acting antiviral agents (DAAs) [20, 21]. The treatment 
regimen is selected based on the genotype, extent of liver 
damage, and response to previous treatment. There are mul-
tiple DAAs available for treatment. These agents belong to 
multiple classes and are combined to achieve high rates of 
cure: NS3 protease inhibitors, NS5A replication complex 
inhibitors, and NS5B polymerase inhibitors (sofosbuvir). 
DAAs have been proved very effective in multiple trials 
achieving a sustained viral response (SVR) or cure of greater 
than 95% of infected individuals even in genotype 3.

Hepatitis C may induce autoantibody formation, including 
antinuclear and anti-LKM type 1, but the titers are low. Clinically, 
these patients still resemble patients with chronic hepatitis C and 
not AIH. The presence of severe activity and a significant num-
ber of plasma cells—in the area of interface hepatitis in a liver 
biopsy specimen of a patient with chronic hepatitis C—suggest 
concurrent autoimmune features that are induced either by the 
HCV infection or by the interferon treatment. The overlap syn-
drome of AIH and chronic hepatitis C implies the coexistence of 
AIH with high titer of autoantibodies and high IgG level and 
detectable HCV RNA [22]. The diagnosis of AIH alone should 
not be rendered to patients who are known to harbor the virus, as 
corticosteroid therapy will enhance viral replication and disease 
progression. In the era of DAA therapy, it is now straightforward 
to treat hepatitis C patients with DAAs first to see if liver chem-
istries normalize and, if they do not, address the potential AIH.

In chronic hepatitis C, the rate of progression to cirrhosis 
correlates with serum HCV RNA levels, high-grade necroin-
flammatory activity, and advanced stage at initial biopsies 
[23, 24]. Other factors that may influence disease progression 
include viral genotype, sex, age, alcohol consumption, and 
iron overload. Genotype 3 is harder to treat in the era of DAAs 
though SVR rates still are excellent. Male and older individu-
als are more likely to show progressive fibrosis. Alcohol con-
sumption increases viral replication and severity of disease. 
Iron overload may reduce the response to antiviral therapy.

Late complications of chronic hepatitis C infection 
include diabetes, cirrhosis with or without decompensation, 
lymphoma, hepatocellular cancer (HCC), and less com-
monly intrahepatic cholangiocarcinoma [25].

5.3	 �Hepatitis E Virus

There are 20 million HEV infections estimated worldwide, 
further leading to an estimated 3.3 million symptomatic cases 
of hepatitis E [26]. Hepatitis E is usually considered as a self-

limiting illness lasting 1–3 months with spontaneous resolu-
tion. However, recent studies suggested that there is virus 
retention in posttransplant immunocompromised patients. 
HEV genotypes 3	 and 4 can lead to chronic infection in trans-
plant recipients and immunosuppressed subjects. Worsening 
of liver function, liver cirrhosis, and decompensation due to 
chronic HEV infection can occur as early as 2  years after 
infection with hepatitis E [27]. A 3-month course of ribavirin 
is recommended as treatment if an immunocompromised 
patient fails to clear the virus in 3 months after detection. If the 
patient has a detectable viral load after 3 months of ribavirin, 
a 6-month course of ribavirin is given. Pegylated interferon for 
3 months has been used if ribavirin therapy fails.

5.4	 �Combined Viral Infection

Hepatitis B and C or hepatitis B/C and HIV coinfection is not 
uncommon due to shared modes of transmission [28]. In hep-
atitis B and C coinfection, the features of hepatitis C often 
predominate. If co-replication occurs, the disease is more 
likely to be severe and show faster progression of fibrosis.

HIV coinfection negatively impacts on the natural history 
of acute and chronic viral hepatitis, thereby increasing the 
risk of chronicity and progressive liver disease [29]. In addi-
tion, drug-induced liver injury related to antiretroviral ther-
apy complicates the treatment of both diseases and should be 
considered in “exacerbation” or atypical presentation of 
chronic viral hepatitis. Treatment for coinfected patients is 
similar to monoinfected patients; drug-drug interactions 
must be accounted for, particularly with HIV/HCV coinfec-
tion with similar high rates of efficacy.

5.5	 �Non-viral Causes of Chronic Hepatitis

In most cases, chronic hepatitis is caused by hepatitis viruses 
B, C, and B/D; rare isolated cases are caused by non-hepatitis 
viruses (Epstein-Barr virus and cytomegalovirus), bacterial 
infection, and parasitic infestation [30–32]. Steatohepatitis 
due to metabolic syndrome is likely the most common form 
of non-viral chronic hepatitis worldwide [33]. Toxic sub-
stances such as alcohol, drugs, and chemicals also cause 
chronic hepatitis. Genetic and metabolic etiologies are rela-
tively rare but should be taken into account. Chronic hepatic 
autoimmunopathies including AIH, primary biliary cirrho-
sis, primary sclerosing cholangitis, and overlap syndrome 
are more frequent than has hitherto been assumed.

AIH is reported to be due to disturbance of the immune 
system. Immunologically, it is classified into two types, of 
which type 1—with antinuclear antibody or anti-smooth 
muscle antibody-positive sera—is most frequent in AIH 
[34]. All AIH types are treated with administration of pred-
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nisolone with or without immunomodulators, and most indi-
viduals respond well. However, few cases that do not respond 
to prednisolone require high dosage or a combination with 
other immunomodulators. Cirrhosis may rapidly occur when 
the patient does not respond well to immunotherapy or when 
the diagnosis and therapy of AIH are delayed. Interface hep-
atitis with infiltration of lymphoplasmacytic cells is histo-
logically characteristic of AIH, and lobular necrosis is 
frequently seen after acute onset, while bridging necrosis 
and fibrosis are observed in the chronic phase of AIH 
(Fig.  5.7). Cirrhotic change develops in asymptomatic 
patients when AIH is diagnosed.

5.6	 �Staging and Grading of Chronic 
Hepatitis

Several semiquantitative scoring systems were introduced 
over the years, including those of Knodell in 1981 [35], 
Scheuer in 1991 [36], Ishak in 1995 [1], Ludwig and Batts in 
1995 [37], and METAVIR in 1996 [38]. Each system has its 
strengths and weaknesses in clinical practice or in investiga-

tive work. The Ishak system is often used in clinical trials, 
while the newer systems are simple to understand and allow 
greater reproducibility in everyday clinical practice.

Grading pertains to the intensity of inflammation. For 
example, according to the Ludwig and Batts system, a score 
of 0 indicates the absence of inflammation while 1 refers to 
minimal portal and lobular inflammation, 2 refers to mild or 
localized interface hepatitis and/or mild lobular inflamma-
tion, 3 refers to moderate or more extensive interface hepati-
tis and/or moderate lobular inflammation, and 4 indicates 
severe and widespread interface hepatitis (Fig. 5.8).

Staging refers to the degree of fibrosis and is also measured 
on a semiquantitative scale ranging from 0 to 4, with 0 indicat-
ing the lack of fibrosis while 1 refers to fibrosis confined to the 
portal tract, 2 refers to periportal or portal-to-portal septa, 3 
refers to bridging fibrosis causing structural distortion (but 
without obvious cirrhosis), and 4 refers to cirrhosis (Fig. 5.9).

It is important to understand that the use of a scoring sys-
tem for staging and grading is not meant to replace micro-
scopic description and should include diagnosis of concurrent 
comorbidities, such as fatty liver and alcoholic and meta-
bolic diseases, which may alter treatment decisions.

a
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b

Fig. 5.7  Grading of inflammation in chronic hepatitis C. (a) No 
inflammation is observed in the portal tract, and necrosis is not seen in 
the lobule. (b) Mild inflammation is seen in the portal tract with mini-

mal interface hepatitis. (c) Mild interface hepatitis with lymphoid fol-
licle is seen in the portal tract. (d) Moderate interface hepatitis is seen, 
with the establishment of bridging fibrosis
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a
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b

Fig. 5.8  Stages of chronic hepatitis C (Masson’s trichrome stain). (a) 
Stage 1  =  Localized fibrosis is seen in the portal tract. (b) Stage 
2 = Portal fibrosis extends beyond the portal tract. (c) Stage 3 = Portal 

fibrosis extends beyond the portal tract, bridging fibrosis is seen, and 
the lobular structure is distorted. (d) Stage 4 = Pseudolobular formation 
is seen

a b

Fig. 5.9  Autoimmune hepatitis (AIH) . (a) Interface hepatitis is seen, 
with infiltration of lymphoplasmacytic cells in AIH. (b) Bridging 
necrosis is observed in the chronic phase of AIH. (c) Intralobular necro-

sis is present with a cluster of lymphoplasmacytic cells, and rosette for-
mation of hepatocytes is seen. (d) Bridging fibrosis develops 
simultaneously (Mallory-Azan stain)
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Fig. 5.9  (continued)
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Abbreviations

ARFI	 Acoustic radiation force impulse
DAA	 Direct-acting antiviral
EVL	 Endoscopic variceal band ligation
HBV	 Hepatitis B virus
HCC	 Hepatocellular carcinoma
HCV	 Hepatitis C virus
HRS	 Hepatorenal syndrome
HSC	 Hepatic stellate cell

MELD	 The model for end-stage liver disease
MMP	 Matrix metalloproteinase
MRE	 Magnetic resonance elastography
NA	 Nucleos(t)ide analogue
NASH	 Nonalcoholic steatohepatitis
SBP	 Spontaneous bacterial peritonitis
SWE	 Shear wave elastography
TE	 Tissue elastography
TGF	 Transforming growth factor
TIMP	 Tissue inhibitor of matrix metalloproteinase

Liver cirrhosis is anatomically defined as a diffuse disruption 
of the normal architecture of the liver with fibrosis and nodule 
formation. It is the end result of fibrogenesis caused by 
chronic liver injury. The anatomical architecture is the same 
with any etiology: continuous inflammation or hepatocyte 
damage causes fibrogenesis, and fibers extend from central or 
portal area, and finally fibrous septa is completely formed to 
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surround regenerative nodules. Thus liver cirrhosis is charac-
terized with hepatocyte dysfunction and portal hypertension.

6.1	 �Classification

	(a)	 Morphological classification
WHO classification of macropathology showed three 
nodular types, namely, macronodular (bigger than 3 mm 
nodule in diameter), micronodular (smaller than 3 mm 
nodule in diameter), and mixed. Micronodule is caused 
by alcohol, cholestasis, or hemochromatosis, and mac-

ronodule is caused by viral infection. However the 
dynamics is not specified, and micronodule can evolve 
to macronodule (Fig. 6.1) [1].

	(b)	 Functional classification
Clinically cirrhosis is classified as compensated or 
decompensated stages. No significant symptoms are 
observed at compensated stage because protein synthesis 
and detoxification ability are reserved. However decom-
pensation means one or more of the following: jaundice, 
ascites, bleeding varices, or hepatic encephalopathy.

Child-Pugh classification is used worldwide and is 
based on jaundice, ascites, encephalopathy, serum albumin 
concentration, and prothrombin time [2]. The total score 
classifies patients into grade A, B, or C (Table 6.1).

At the same time, MELD (the model for end-stage 
liver disease) score is used for prognostication of decom-
pensated stage, which is derived from serum creatinine, 
prothrombin time (INR), and serum bilirubin. MELD 
score is applied to liver transplantation and found to pre-
dict the mortality in waiting list; thus it is now widely 
used as a criterion for organ allocation [3].

	(c)	 Etiology
Liver cirrhosis is caused by several etiologies, and the 
incidence varies between different countries and genetic 
background. In Western countries the prevalence of 
alcoholic and nonalcoholic steatohepatitis (NASH) and 
viral cirrhosis, in particular hepatitis C, are all increas-
ing. In developing countries, the predominant causes 
are hepatitis virus B and C. In Japan HCV is the cause 
in about 60%, alcohol 15%, and HBV 13% (Fig. 6.2) 
[4]. In China and Korea, HBV is the most predominant. 

a b

Fig. 6.1  Peritoneoscopic findings in liver cirrhosis. (a) Peritoneoscopic examination shows macronodules in the right lobe of liver cirrhosis with 
HBV infection. (b) Peritoneoscopic examination shows micronodules in left lobe of alcoholic liver cirrhosis

Table 6.1  Child-Pugh staging system and MELD score

Child-Pugh staging system

Parameter
1 
point

2 point
3 point

Total bilirubin

μmol/L <34 34–50 >50

mg/dL <2 2–3 >3
Serum albumin
g/L >35 28–35 <28
INR <1.7 1.71–2.3 >2.3
Ascites None Mild (controlled 

by diuretics)
Moderate to 
severe (refractory 
to diuretics)

Hepatic 
encephalopathy

None Grades I–II 
(absent with 
medication)

Grades III–IV 
(recurrent)

Child A class is 5–6 points; B is 7–9 points; C is 10–15 points
MELD score
MELD  =  3.78× [serum bilirubin (mg/dL)]  +  11.2× [INR]  +  9.57× 
[serum creatinine (mg/dL)] + 6.43
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Recently, the incidence of NASH is increasing world-
wide, especially in developing country.

6.1.1	 �Hepatitis C

HCV-mediated infection causes mild and persistent attacks 
in the liver. When degeneration and regenerative activity are 
mild, the excavations are small, and regenerative nodules are 
lower in height [5].

Case 6.1
A 65-year-old male suffering from persistent infection of 
HCV presented with serum HCV RNA 6.0  log copies/
mL.  Liver function test showed TBIL 1.04  mg/dL, AST 
71 IU/L, ALT 48 IU/L, GGT 353 IU/L, PLT 7.8 × 104/μL, 
and hyaluronic acid 400  ng/mL.  Peritoneoscopy showed 
white and wavy surface with dilated peripheral portal veins, 
and nodules were not apparent; histologically, pseudolobular 
formation was present, and the internodular space differed in 

each pseudolobule; and steatosis was seen in hepatocytes, 
and bile ducts were disorganized (Fig. 6.3).

6.1.2	 �Primary Biliary Cholangitis

In primary biliary cholangitis, interlobular bile ducts or sep-
tal bile ducts are initially destroyed, and their destruction is 
irregularly distributed. Therefore, excavation due to destruc-
tion of bile ducts is distributed irregularly, with liver surface 
becoming wavy or undulating. Nodules may become large 
and vary in size. Fibrosis spreads from the portal tracts, with 
destruction or disappearance of bile ducts [6], and prolifer-
ated fibrosis may cause the formation of pseudolobules.

Case 6.2
A 53-year-old female was suspected of having ascites and 
jaundice. Her liver function test showed TBIL 4.6  mg/dL, 
AST 93 IU/L, ALT 70 IU/L, ALP 1177 IU/L, GGT 331 IU/L, 
IgG 2350 mg/dL, IgM 645 mg/dL, anti-M2 antibody 2980 U/
mL, ANA × 1280, and PLT 7.1 × 104/μL. Esophageal varices 
were detected by esophagogastroduodenoscope. 
Peritoneoscopy with liver biopsy showed formation of large 
nodules and presence of lymph follicles on wavy surface, 
while lobular architecture was microscopically destructed, 
pseudolobular formation was established, and bile ducts dis-
appeared (Fig. 6.4). Ursodeoxycholic acid was administered, 
but serum value of TBIL and ALP gradually increased, and 
she died of hepatic failure after 3.5 years.

6.1.3	 �Wilson’s Disease

In Wilson’s disease, there is genetic disturbance of hepatobi-
liary copper discharge by copper-transporting ATPase [7], 
and copper is deposited in the liver and brain. Microscopically 
fatty metamorphosis, chronic active hepatitis, cirrhotic 

Etiology of liver cirrhosis in Japan (2008)

AIH 1.9%
PBC 2.4%

NASH 2.1 %

HBV+HCV
1.2%

Aoyagi et al.
2008 Etiology of Liver cirrhosis

Others 4.0% 
 Cholestasis 
 Metabolic 
 Congestion 
 Parasite 
 Drugs 

Alcohol 
13.6%

HCV 
60.9%

HBV 
13.9%

Fig. 6.2  Etiology of liver cirrhosis in Japan. HCV is the most predomi-
nant cause

a b

Fig. 6.3  Liver cirrhosis due to hepatitis C virus infection. (a) Peritoneoscopy shows nodules are regular in size and are low in height, and inter-
nodular space is narrow. (b) Pseudolobular formation is seen and nodules vary in size
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changes, and submassive necrosis occur in the liver of some 
patients with Wilson’s disease. Cirrhotic change can develop 
with chronic hepatitis; therefore, the liver surface is typically 
yellow with red markings [8].

Case 6.3 (See Chap. 12)
Liver test performed on a 12-year-old boy showed abnor-
mal values, including low ceruloplasmin in serum with 
high urinary copper. Wilson’s disease was suspected. 
Peritoneoscopy showed round nodular formations on yel-
low liver surface, while pseudolobular formation with 
microvesicular or macrovesicular fatty change was 
observed under histology, and active inflammation was 
seen in portal tracts (Fig. 6.5).

6.1.4	 �Budd-Chiari Syndrome

Clinical manifestations in Budd-Chiari syndrome (BCS) 
vary from symptom-free to epigastric pain, hematemesis 
and hepatic encephalopathy, lower extremity edema, 
venous dilatation of abdominal wall, and ascites. BCS is 
classified into two types: with or without membranous 
obstruction of inferior vena cava (MOVC). Chronic 
obstruction leads to peliosis and hemorrhage between the 
parenchyma and portal area or subcapsular space. Hepatic 
capsule is thick and white in color, and necrosis of hepato-
cytes is persistent. Liver surface is darkly white, regenera-
tive nodules are low in height, and subcapsular hemorrhage 
is seen on liver surface [9].

a b

Fig. 6.4  Primary biliary cholangitis. (a) Peritoneoscopy shows nodules are irregular in size and are low in height, and lymph vesicles are seen on 
liver surface. (b) Pseudolobular formation with aggregate of lymphocytes is established. Pseudolobules vary in size, and septum fibrosis is wide

a b

Fig. 6.5  Wilson’s disease. (a) Peritoneoscopy shows nodular formation on yellow liver surface. Nodules are round and vary in size. (b) Masson 
trichrome stain shows pseudolobular formation, extension of fibrosis from portal tracts, and micro- and macrosteatosis
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Case 6.4
A 66-year-old male had an esophagogastroduodenoscopic 
examination, and early gastric cancer was detected. Upper 
abdominal CT examination was performed prior to gastrec-
tomy, and thrombus was detected in inferior vena cava 
(Chap. 11). Peritoneoscopy showed atrophic liver of left 
lobe with thick capsule, and subcapsular hemorrhage was 
seen on wavy surface of the liver; pseudolobular formation 
was established, and hemorrhage was seen in the subcapsu-
lar space. On histology, bridging fibrosis between portal 
tracts was noted, and central veins were not dilated 
(Fig. 6.6).

6.2	 �Pathology

Liver cirrhosis is caused by significant fibrosis due to the 
wound healing steps from continuous liver injuries together 
with structural changes of lobules and vessels.

In normal liver, low-density basement membrane com-
posed of type IV collagen, glycoprotein (fibronectin and lam-
inin), and proteoglycans is located in the space of Disse, 
which separates hepatocytes from sinusoidal endothelium. 
After hepatic injury there is a three- to eightfold increase of 
extracellular matrix, which is composed predominantly of 
interstitial fibril-forming collagens (types I and III) as well as 
other matrices. In addition, there are loss of endothelial cell 
fenestration and formation of basement membrane which is 
composed of high-density type IV collagen and laminin. This 
change is known as capillarization of sinusoid, which impedes 
the metabolic exchange between blood and hepatocytes.

The activated hepatic stellate cell (HSC) located in Disse’s 
space is the principal cell involved in fibrogenesis. With liver 
injury, HSC undergoes phenotypic changes referred to as 

“activation” characterized as myofibroblastic changes. HSC 
activation can be divided into two phases such as initiation 
and perpetuation. Initiation is caused by different factors of 
liver injury depending on the disease etiology. Stimuli 
include oxidant stress signals, apoptotic bodies, lipopolysac-
charide, and paracrine stimuli from neighboring cells such as 
Kupffer cells, sinusoidal endothelial cells, and hepatocytes 
which initiate HSC to respond to a host growth factor and 
cytokines. Perpetuation involves cellular events that amplify 
the activated phenotype through enhanced cytokine expres-
sion and responsiveness. Fibrosis is developing through 
enhanced HSC proliferation, contractility, chemotaxis, 
secretion of proinflammatory mediators, direct interaction 
between HSCs and the immune systems, and altered matrix 
degradation. Among cytokine, TGF-beta is the most potent 
fibrogenic cytokine (Fig. 6.7) [10].

Once the initiating injury signal is eliminated, HSCs 
either revert to the quiescent phenotype or are removed from 
the liver through programmed cell death or apoptosis.

Liver biopsy is the gold standard for diagnosis [11]. 
Interpretation may be limited by small size and sampling 
error. Specialist liver histopathology is essential. Even with 
small biopsies, the expert histopathologist may be able to 
make a diagnosis of cirrhosis by recognizing a rim of fibrosis 
at the periphery of the fragments and the lack of normally 
related portal tracts and hepatic venules in the parenchyma, 
often with a widened reticulin pattern or architectural disrup-
tion. Liver biopsy contributes to the determination of etiology 
by identifying features such as micronodule and pericellular 
fibrosis indicating alcoholic liver cirrhosis (Fig. 6.8), steatosis 
and balooning indicating NASH, or plasma cell infiltration 
suggesting autoimmune hepatitis. Liver biopsy is not without 
risk. If there are contraindications such as ascites or prolonged 
coagulation time, the transjugular approach is suggested.

a b

Fig. 6.6  Budd-Chiari syndrome. (a) Peritoneoscopy shows wavy and 
white-colored liver surface, and nodular formations are seen. 
Internodular space is wide, and subcapsular hemorrhage is observed 
(Redrawn from Iwai M, et  al. Clinical features, image analysis, and 

laparoscopic and histological liver findings in Budd-Chiari syndrome. 
Hepato-Gastroenterol 1998; 45: 2359–68). (b) Subcapsular or peripor-
tal hemorrhage is seen, pseudolobular formation is established, and 
bridging fibrosis is observed between portal tracts
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6.3	 �Clinical Symptoms

The symptoms are caused by both the loss of hepatocytes 
function and portal hypertension.

At the compensated stage, no significant symptoms are noted, 
and it is difficult to distinguish from chronic hepatitis. Non-
specific symptom such as general fatigue, easy fatigability, 
anorexia, muscle cramp, itching, and loss of libido may be noted.

Vascular spider at the neck to forechest, palmar erythema, 
gynecomastia, asterixis, white nails, dark skin, malnutrition, 
and sarcopenia are also noticed. Right lobe of the liver 
becomes atrophic, and left lobe is hypertrophic; thus hard 
liver is palpable at epigastrium. Splenomegaly is also noted. 
Venous collaterals of abdominal wall from umbilical area, 
known as “caput medusa,” are caused by portal hypertension 
(Fig. 6.9).

Fig. 6.8  Histology of 
alcoholic liver cirrhosis. 
Microscopy shows 
micronodule formation 
together with pericellular 
fibrosis
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Fig. 6.7  Pathway of hepatic 
stellate cell (HSC)  activation. 
HSC activation can be divided 
into two phases: initiation and 
perpetuation. Initiation is 
provoked by soluble stimuli 
including oxidative stress 
signals, cytokines from 
neighboring cells such as 
Kupffer cells, and apoptotic 
bodies. Perpetuation follows, 
characterized by a number of 
specific phenotype changes 
including proliferation, 
contractility, fibrogenesis, 
altered matrix degradation, 
chemotaxis, and inflammatory 
signaling
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At decompensated stage, leg edema and ascites, jaundice, 
consciousness disturbance due to hepatic coma, and 
hematemesis occur.

6.4	 �Laboratory Examination

	(a)	 Biochemistry and blood cell count: Disturbance of hepa-
tocyte function causes low level of synthesis, such as 
albumin, cholesterol, and cholinesterase, and elevated 
level of bilirubin and prothrombin time (INR) (Table 6.2). 
AST and ALT are rather low compared with that of 
chronic hepatitis, and AST is higher than ALT. Gamma 
globulin is elevated, and albumin/globulin ratio (A/G) is 
decreased. Hepatic fibrosis markers such as hyaluronic 
acid, type IV collagen, and Mac-2 binding protein gly-
can isomer (M2BPGi) are elevated together with fibrosis 
progression [12]. High level of ammonium suggests 
hepatic coma. Low level of Fisher ratio (BCAA/AAA) 
suggests the disturbance of protein metabolism. 
Indocyanine green tolerance test at 15 min (ICG R15) is 
more than 20% at cirrhotic stage. Alpha-fetoprotein is 
sometimes increased due to hepatocyte regeneration. 
Portal hypertension causes splenomegaly and pancyto-
penia, especially decrease in white blood cells and 
platelets.

	(b)	 Image analyses: Many kinds of images are used because 
liver cirrhosis is highly associated with liver cancer. 
Ultrasonography is not reliable for the diagnosis of cir-

rhosis but useful for screening for hepatocellular carci-
noma. US shows the coarse echo pattern in the liver, 
irregular surface, dull edge, left lobe enlargement, sple-
nomegaly, and sometimes ascites. CT scan can assess 
liver size and shape and identify liver nodules (Fig. 6.10). 
It provides an objective record for evaluating changes 
over time. Fatty change, focal liver lesions, ascites, col-
lateral vessels, and splenomegaly can be identified. MRI 
is also useful for evaluating liver nodules.

*
**
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Fig. 6.9  Clinical symptoms of cirrhotic patient

Table 6.2  Laboratory investigations

Investigations
Hematology Red blood cell ↓

White blood cell ↓
Platelet ↓
Prothrombin time (INR) ↑

Biochemistry Albumin ↓
Cholinesterase ↓
Total cholesterol ↓
Bilirubin ↑
Transaminase ↑
 AST/ALT>1
Ammonia ↑
ICG (R15) ↑
Fischer ratio ↓

Protein fraction g-globulin ↑
IgG ↑

Fibrosis marker P-III-P ↑
Type IV collagen ↑
Hyaluronic acid ↑
M2BPGi ↑

Fig. 6.10  CT scan in liver cirrhosis. CT shows the liver with irregular 
surface, enlargement of left lobe, and splenomegaly
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	(c)	 Noninvasive assessment of cirrhosis: Serum markers of 
fibrosis can be subclassified as direct and indirect mark-
ers. Direct markers such as serum hyaluronic acid, type 
IV collagen, procollagen type III amino-terminal pep-
tide (PIIINP), matrix metalloproteinase-2 (MMP-2), tis-
sue inhibitor of metalloproteinase-1 (TIMP-1), and 
TIMP-2 have been implicated in hepatic fibrosis. 
Indirect markers of fibrosis involve combinations of 
standard laboratory tests including AST/ALT, GGT, 
bilirubin, coagulation parameters, platelet count, and so 
on. APRI (AST to platelet ratio index) is a simple indi-
rect marker that can be calculated from routine labora-
tory data. It has proven effective in predicting the 
presence of cirrhosis in HCV patients [13]. FIB-4 is 
another simple indirect marker that found to be a pre-
dictor of cirrhosis [14].

Liver stiffness measurement appears to have a better 
diagnostic accuracy compared with serum markers. Liver 
stiffness measurement has the advantage of being liver-
specific and unaffected by extrahepatic inflammation and 
scarring. However, stiffness measurement has some disad-
vantages such as requiring a dedicated device and subjec-
tion to inter- and intraobserver variability unlike serum 
markers. Also it may not be measurable in certain patients, 
such as those with obesity or ascites [15]. Tissue elastog-
raphy (TE) using FibroScan measures the velocity of a 
low-frequency (50  Hz) elastic shear wave propagating 

through the liver. The velocity is directly related to tissue 
stiffness, called the elastic modulus (expressed as 
E = 3 pv2, where v is the shear velocity and p is the density 
of tissue, assumed to be constant). The stiffer the tissue, 
the faster the shear wave propagates. The standard M probe 
is estimated to examine a liver volume 100 times larger 
than a standard biopsy. The results are expressed in kilo-
pascals (kPa) and range from 1.5 to 75 kPa with normal 
values around 5 kPa. Result more than 17.0 kPa suggests 
liver cirrhosis (Fig. 6.11). TE takes only 5–10 min for the 
procedure and is simple, inexpensive, and reproducible. 
Acoustic radiation force impulse (ARFI) imaging, also 
called point shear wave elastography (pSWE), is an 
ultrasound-based elastography technique. Short acoustic 
pulse (~262  μs) generates shear waves causing micro-
displacement of the hepatic parenchyma. The shear wave 
velocity is measured in m/sec. Liver stiffness measured by 
2D shear wave elastography (2D-SWE) is another modal-
ity. The technique involves the real-time capture of tran-
sient shear waves induced in the hepatic parenchyma by 
focused ultrasonic beams. 2D-SWE has a lower failure rate 
than TE, and there has been a suggestion that 2D-SWE has 
better performance than both TE and ARFI/pSWE 
(Fig. 6.12). Magnetic resonance elastography (MRE) has 
not yet been adopted in routine clinical use due to its 
expense and time commitment. However, MRE provides 
excellent quantification of shear wave propagation using 
modified phase-contrast imaging.

Fig. 6.11  Tissue elastography using FibroScan. Left: normal liver. The inclination is mild. Elasticity is 2.7 kPa. Right: liver cirrhosis. The inclina-
tion is steep. Elasticity is 29.1 kPa

T. Takahara et al.



69

6.5	 �Complications

	(a)	 Hepatocellular carcinoma (HCC): The most dreadful 
complication is HCC. The risk of HCC differs with the 
etiology of liver cirrhosis. The occurrence rate of HCC 
is reported at 7–8% per year in hepatitis C [16]. The 
guideline recommends regular imaging examination 
and tumor markers such as alpha-fetoprotein (AFP) and 
des-γ-carboxy prothrombin (DCP) in liver cirrhosis 
patients.

	(b)	 Portal hypertension: Portal hypertension is noticed as 
gastroesophageal varices, portal hypertensive gastropa-
thy, splenomegaly, and hepatic coma. 
Esophagogastroduodenoscopy is required to show gas-
troesophageal varices. Red color sign (RC sign), which 
is reddish area on the varices, is particularly important to 
evaluate the possibility of bleeding and to decide the pre-
ventive treatment (Fig. 6.13).

	(c)	 Ascites: The ascites of liver cirrhosis is transudative with 
clear and yellowish fluid. The mechanisms of ascites for-
mation are complicated, but portal (sinusoidal) hyper-
tension and renal retention of sodium are universal. The 
natural history of cirrhotic ascites progresses from 
diuretic-responsive (uncomplicated) ascites to the devel-
opment of dilutional hyponatremia, refractory ascites, 
and finally hepatorenal syndrome.

	(d)	 Spontaneous bacterial peritonitis (SBP): One of the most 
common bacterial infections in cirrhosis is SBP. It is 
called spontaneous because it occurs in the absence of a 
contiguous source of infections and in the absence of an 

intra-abdominal inflammatory focus. The diagnostic 
puncture of ascites shows the increase of white blood 
cell more than 750/mm3 or polymorphonuclear cells 
more than 250/mm3 as an indication of SBP. Culture of 
bacteria is negative in approximately 50% of patients 
with clinical manifestations suggestive of SBP.

	(e)	 Hepatorenal syndrome (HRS): HRS is a severe compli-
cation of cirrhosis that occurs in patients with ascites and 
hyponatremia and consists of the development of renal 
failure in the absence of any identifiable renal pathology. 
It is a functional disturbance, and the histology of the 
kidney is mostly normal. The syndrome involves intense 
splanchnic and peripheral vasodilation with consequent 
renal vasoconstriction.

	(f)	 Hepatic encephalopathy: Hepatic encephalopathy in 
liver cirrhosis is characterized by neuropsychiatric 
abnormalities, ranging from indiscernible changes in 
cognition to obvious changes in intellect, behavior, 
motor function, and consciousness. This complication 
has detrimental effects on health-related quality of life, 
safety, and survival. Both hepatocellular failure and 
portal-systemic shunting are key to this development. 
Ammonia plays a key role in the pathogenesis of the 
syndrome via the induction of astrocyte swelling, and 
the development of low-grade cerebral edema, oxidative 
stress, disrupted glial-neuronal communication, and 
neuronal dysfunction follow. Asterixis (flapping tremor) 
is the best-known motor abnormality. Fetor hepaticus, a 
sour, musty, feculent smell, can be detected on the breath 
of some patients.

Fig. 6.12  2D-share wave elastography. Left: normal liver. Shear wave speed is slow (blue). The propagation is parallel and narrow. Right: liver 
cirrhosis. Shear wave speed is fast (red to yellow), and the propagation is wide
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Fig. 6.13  Esophagogastroduodenoscopic findings. (a) Esophagogastroduodenoscopy shows meandered blue esophageal varices. (b) Bleeding 
from esophageal varices. (c) Endoscopic variceal band ligation is done to the ruptured varices. (d) Esophageal scaring is seen after EVL
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6.6	 �Prognosis

Poor prognosis is associated with a prolonged prothrombin 
time, marked ascites, gastrointestinal bleeding, high serum 
bilirubin, low albumin values, and poor nutrition. If liver 
transplantation is done, the prognosis is getting better. The 
appearance of ascites is the most common first decompensat-
ing event, followed by variceal bleeding, encephalopathy, 
and jaundice.

6.7	 �Therapy

Treatment consists of two factors. One is the treatment for 
the cause of cirrhosis. The other is for treatment of its 
complications.

6.7.1	 �Etiology-Based Therapy

	(a)	 Hepatitis B virus
Liver cirrhosis with hepatitis B infection is treated with 
antiviral drug. Nucleos(t)ide analogue (NA) rather than 
interferon is used for the treatment of liver cirrhosis 
because interferon has many adverse events compared 
with NA. Tenofovir and entecavir are used as first-line 
drugs. Regression of fibrosis and reversal of cirrhosis can 
be observed in patients with maintained viral suppression 
after 3–5 years of continuous NA administration [17].

	(b)	 Hepatitis C virus
Treatment of hepatitis C has dramatically changed 
within recent several years. The efficacy of direct-acting 
antiviral (DAA) on hepatitis C is more than 95%. The 
sustained viral response will lead to resolution of the 
extended fibrosis, together with decreased incidence of 
HCC [18].

	(c)	 Autoimmune hepatitis
Autoimmune hepatitis can be treated with immunosup-
pressant reagents. Two general treatment strategies have 
developed: (1) prednisolone monotherapy and (2) com-
bination therapy, either from the onset or with addition 
of azathioprine a few weeks later. Some may choose 
budesonide as first-line treatment instead of 
prednisolone.

	(d)	 Primary biliary cholangitis
The first-line licensed treatment is ursodeoxycholic acid 
(UDCA). Obeticholic acid (OCA) is now approved for 
use in both Europe and the USA in patients showing an 
inadequate response to or intolerant of UDCA.  Liver 
transplantation remains the only effective treatment for 
patients with end-stage disease. Bilirubin level of 
>100 μmol/L (6 mg/dL) is a useful threshold at which 
transplant is actively considered.

	(e)	 Alcoholic liver cirrhosis
The most important measure is to ensure total and imme-
diate abstinence from alcohol. Psychological and phar-
macological treatments are available to help abstinence 
and prevent relapse.

	(f)	 Wilson’s disease
Patients will require continuous treatment throughout 
their lifetime. The frontline agents are copper chelators 
such as d-penicillamine and trientine. After successful 
initial treatment, options for maintenance treatment 
include a reduction in the dose of chelator or its substitu-
tion by zinc.

	(g)	 Hemochromatosis
Venesections of 500 mL are carried out weekly and are 
continued until the serum ferritin level falls into low nor-
mal range. Other endpoints have been the development 
of anemia and a reduction in the mean cellular volume 
(MCV).

	(h)	 NASH
NASH has no approved pharmacotherapy yet. The 
mainstay of treatment remains diet and lifestyle change 
to promote weight loss. But this is either unattainable or 
not maintainable in some patients; thus pharmacother-
apy is warranted. Exercise, calorie reduction, and 
weight loss are first recommended. Only vitamin E and 
thiazolidines have the beneficial evidence in treatment 
of NASH.

6.7.2	 �Complication Treatment

	(a)	 Hepatocellular carcinoma (HCC): The strategy of HCC 
treatment is based on liver function and tumor status. 
Treatments can be divided into “curative” including liver 
resection, liver transplantation, and local ablation 
(mainly radiofrequency ablation) or “palliative” includ-
ing hepatic artery embolization, chemoembolization, 
radiotherapy, various chemotherapy regimens, and 
recently targeted agents sorafenib, regorafenib, and 
lenvatinib.

	(b)	 Portal hypertension: Pharmacological therapy aims at 
decreasing portal pressure. Traditional nonselective 
beta-blockers include propranolol and nadolol decrease 
portal pressure by reducing portal vein inflow. Carvedilol 
and terlipressin are also used. As an endoscopic treat-
ment, endoscopic variceal band ligation (EVL) is more 
effective and safer than endoscopic variceal sclerother-
apy (Fig. 6.13). As intervention procedure, transjugular 
intrahepatic portosystemic shunt (TIPS) and balloon-
occluded retrograde transvenous obliteration (BRTO) 
are considered for constructing a shunt connecting the 
high-pressure portal vein with a low-pressure systemic 
vein.
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	(c)	 Ascites: Therapy of ascites reduces clinical symptoms and 
improves quality of life. The spectrum of therapeutic inter-
vention ranges from sodium restriction alone to diuretic 
use, therapeutic paracentesis, and, for the most severe 
groups, TIPS and eventually liver transplantation. For 
diuretics, spironolactone is administered alone or in combi-
nation with furosemide in refractory case. Tolvaptan, a new 
vasopressin V2 receptor antagonist, may be considered to 
add if available. Recently long-term albumin administra-
tion was proved to prolong overall survival in uncompli-
cated ascites patients by decreasing the rate of spontaneous 
bacterial peritonitis and hepatorenal syndrome [19].

	(d)	 Spontaneous bacterial peritonitis (SBP): When compli-
cated with SBP, 10–33% of patients will die during the 
hospital admission. Main predictors of mortality are the 
development of renal dysfunction and lack of response 
to initial empirical antibiotic therapy. The most common 
infecting organisms are Escherichia coli and Klebsiella. 
Antibiotics should be started empirically, and first-line 
drugs are third-generation cephalosporins, usually cefo-
taxime, administered intravenously. Amoxicillin-
clavulanic acid is as effective as cefotaxime. Lack of 
response can be due to resistant bacteria or secondary 
bacterial peritonitis. Then extended spectrum antibiotics 
(carbapenems, piperacillin/tazobactam) should be used 
as initial empirical therapy. In a randomized study, the 
administration of intravenous albumin to patients with 
SBP treated with cefotaxime significantly reduced the 
incidence of renal impairment [20].

	(e)	 Hepatorenal syndrome: Liver transplantation is the only 
definitive therapy for HRS, resulting in improved sur-
vival, though the opportunity is limited. As pharmaco-
logical treatment, vasoconstrictors plus intravenous 
albumin constitute the current mainstay therapy. 
Administration of vasoconstrictors (ornipressin, terlip-
ressin, noradrenaline) for periods greater than 3 days is 
associated with significant increases of mean arterial 
pressure and decreased serum creatinine. The best evi-
dence supports the use of terlipressin, a synthetic ana-
logue of vasopressin. Alternative vasoconstrictive 
therapy is the use of intravenous noradrenaline infusion, 
which has been shown to be as effective as terlipressin.

	(f)	 Hepatic encephalopathy: Patients with cirrhosis are 
unable to effectively store glycogen. Patients should 
avoid fasting for longer than 3–6  h during the day 
time. Branched-chain amino acids have a beneficial 
effect on hepatic encephalopathy by promoting ammo-
nia detoxification, correcting the plasma amino acid 
imbalance, and reducing the brain influx of aromatic 
amino acids. There are additional benefits associated 
with consumption of a late evening snack. The nonab-
sorbable disaccharide lactulose or lactitol is used 
widely as first-line treatment for hepatic encephalopa-

thy. This disaccharide has several beneficial effects: a 
laxative effect, bacterial uptake of ammonia, reduction 
of intestinal ammonia production, and improving gut 
microbiome. Antibiotics can be also used selectively 
to eliminate urease-producing organisms from the 
intestinal tract, thereby reducing the production of 
ammonia. Neomycin and rifaximin are poorly absorbed 
antibiotics and are used to treat hepatic encephalopa-
thy. l-ornithine l-aspartate promotes hepatic removal 
of ammonia by stimulating residual hepatic urea cycle 
activity and by promoting glutamine synthesis, partic-
ularly in skeletal muscle.

6.8	 �Reversibility

It is widely believed that cirrhosis is an irreversible process 
that leads ultimately to liver failure. However, it has recently 
been reported that upon cessation of the injurious process, 
cirrhosis may reverse or at least improve histologically [17, 
18]. Dense micronodular cirrhosis can undergo remodeling 
to a more attenuated, macronodular pattern, and fibrous septa 
is shown to become attenuated and then discontinued. 
Incomplete septal cirrhosis, a previously obscure entity, is 
now recognized as an indication of regression in fibrosis and 
a reversal of cirrhosis [21]. Histological clues of regression 
include delicate perforated septa, isolated thick collagen 
fibers, delicate periportal fibrosis spikes, portal tracts rem-
nants, hepatic vein remnants, minute regenerative nodules, 
and aberrant parenchymal veins—so-called hepatic repair 
complex (Fig. 6.14). Despite the lack of significant fibrosis, 
patients with regressed cirrhosis may have portal 
hypertension. It has been advocated that the use of the word 

Fig. 6.14  Incomplete septal cirrhosis (cirrhosis with regressing fibro-
sis). Trichrome stain highlights a slender fibrous septum with perfora-
tion (arrow)
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“cirrhosis” should be discontinued because of its connota-
tion and that these patients labeled as having “chronic liver 
disease of advanced stage” should be provided treatment on 
the basis of clinicopathologic correlation of all available 
findings with the hope of disease regression [22].
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7.1	 �Alcoholic Liver Disease (ALD)

Alcoholic liver disease (ALD) has been reported world-
wide with a prevalence of 0–20% and remains one of the 
major causes of liver disease. The spectrum of ALD 
includes fatty liver, alcoholic hepatitis, alcoholic fibrosis, 
and cirrhosis. Hepatocellular carcinoma may also develop, 
especially in patients with cirrhosis. Histologically, ALD 
shows simple steatosis and steatohepatitis and eventually 
progresses to cirrhosis. These clinical and histological fea-
tures overlap.

The diagnosis of ALD is based on a history of significant 
alcohol consumption and clinical evidence of liver disease, 
supported by laboratory abnormalities [1–3]. Significant 
total and daily ethanol intake is the most important risk fac-
tor for the development of ALD. Furthermore, the type of 
alcohol consumed and the drinking pattern (binge drinking), 
gender, ethnicity, and associated comorbidities, such as 
chronic viral hepatitis, obesity, and iron overload, may also 
have an influence. Epidemiological studies have shown that 

ALD can occur when the daily alcohol consumption exceeds 
20 g in women and 30 g in men; fatty liver develops in about 
90% of individuals who drink more than 60 g/day of alcohol. 
Risk of alcoholic fibrosis, cirrhosis, or alcoholic hepatitis 
increases markedly in patients with ALD who drink >40 g of 
alcohol/day for more than 5  years and even more so with 
>60 g/day.

There is no specific test for ALD. Laboratory data show 
elevation of aminotransferases, with the ratio of AST to ALT 
≥2, and elevation of GGT induced by ethanol. Macrocytosis 
with a mean corpuscular volume (MCV) > 100 fL occurs due 
to the direct effect of alcohol on bone marrow or due to folate 
deficiency in malnutrition. Neutrophilic leukocytosis may 
result from elevation of cytokines in alcoholic hepatitis. 
Imaging modalities show fatty change and mild to severe 
enlargement of the liver, with or without evidence of cirrho-
sis. Liver biopsy is indicated if there are atypical clinical fea-
tures and to rule out other chronic liver diseases. For patients 
with cirrhosis, α-fetoprotein and protein induced by vitamin 
K absence/antagonist-II (PIVKA-II) levels and liver ultraso-
nography should be done every 4 months to screen for hepa-
tocellular carcinoma. The levels of PIVKA-II may increase 
in ALD patients without hepatocellular carcinoma, as a 
result of vitamin K deficiency in malnutrition or prolonged 
cholestasis.

Alcoholic fatty liver can result in an accumulation of 
triglyceride in the hepatocytes. Patients with alcoholic 
fatty liver are asymptomatic, and steatosis disappears after 
2–6  weeks of abstinence. Continued significant alcohol 
consumption increases the risk of progression to alcoholic 
hepatitis, alcoholic fibrosis, and cirrhosis. Alcoholic 
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hepatitis can occur in patients with ALD after several days 
of significant alcohol abuse. Severity of alcoholic hepatitis 
ranges from mild to life-threatening, and alcoholic hepati-
tis has a high risk of progression to cirrhosis. Symptoms 
may include fever, fatigue, right upper abdominal pain, 
abdominal distension, and jaundice. With abstinence, mild 
cases can be self-limited, but severe cases can progress to 
hepatic failure, disseminated intravascular coagulation, 
and sepsis, with a high risk of death. Severe cases should 
be treated aggressively with enteral nutritional therapy, 
and steroids or anticytokine therapy might be considered. 
Patients with decompensated cirrhosis have generalized 
fatigue, jaundice, encephalopathy, and features of portal 
hypertension, such as ascites, edema, or gastrointestinal 
varices.

The characteristic features of liver histology are macrovesicu-
lar steatosis, neutrophilic infiltrates, ballooning degeneration, 
giant mitochondria, Mallory-Denk bodies, perivenular fibrosis, 
pericellular fibrosis, central hyaline sclerosis, and stellate-shaped 
portal fibrosis [4–6]. The absence of steatosis, in the presence of 
other features, does not rule out the diagnosis of ALD.

Alcoholic foamy degeneration, which shows mainly 
microvesicular steatosis and minimal inflammation, has 
been previously described in severe liver injury. However, 
patients with benign prognosis have also been reported. 
There may be a purely degenerative process of steatosis. 
Mallory-Denk bodies or alcoholic hyaline are characteristic 
features of alcoholic hepatitis. Mallory-Denk bodies are 
clumps or strands of intermediate filaments of the hepato-
cyte cytoskeleton that are positive for cytokeratins 8 and 18, 
ubiquitin, and p62. Mallory-Denk bodies [4] are found in 
biopsies of heavy drinkers and disappear after abstinence. 
Neutrophils typically surround hepatocytes with Mallory-
Denk bodies.

The pattern of early fibrosis in alcoholic liver disease is 
pericellular or perisinusoidal fibrosis, commonly referred to 
as “chicken wire” fibrosis, which begins in the centrilobular 
areas (zone 3). As the fibrosis progresses, occlusion of cen-
tral hepatic venules occur, referred to as central hyaline scle-
rosis. Patients with central hyaline sclerosis can present with 
clinical features of portal hypertension in the absence of cir-
rhosis. Stellate-shaped portal and periportal fibrosis develops 
later in the progression of the disease, followed by central-
to-central, central-to-portal, and portal-to-portal thin bridg-
ing fibrosis. Central hyaline sclerosis is not a histologic 
feature of nonalcoholic steatohepatitis. Cirrhosis in patients 
who are actively drinking is usually the micronodular type, 
and pericellular or perisinusoidal fibrosis can be gradually 
obscured by expansion of fibrosis and increasing parenchy-
mal loss. Mild to moderate iron deposition is common in 

ALD as a result of increased intestinal absorption, upregula-
tion of transferrin receptor, hemolysis, or iron-containing 
alcoholic beverages.

Case 7.1
A 32-year-old housewife was admitted to our hospital due to 
abdominal distension. She denied alcoholism, but her family 
confirmed that she drank a half bottle of whisky (700 ml) 
daily for 3 years. Her laboratory data included T.Bil 2.0 mg/
dL, D.Bil 1.2  mg/dl, AST 340  IU/L, ALT 99  IU/L, GGT 
2415  IU/L, WBC 10,200/mm3, Plats 22.4  ×  104/μL pro-
thrombin time (PT) 12.1 sec, and elevated CRP. Abdominal 
ultrasonography showed a large bright liver, increased hepa-
torenal contrast, deep attenuation, and vascular blurring 
(Fig.  7.1). Computed tomography (CT) with and without 
contrast enhancement showed enlargement of the liver, 
decrease of hepatic attenuation, and a decreased liver-to-
spleen attenuation ratio (Fig. 7.2). Peritoneoscopy showed a 
smoothly enlarged, yellowish liver. Acinar markings were 
blurred, and the peripheral portal veins were dilated 
(Fig. 7.3). Liver biopsy revealed broad central fibrosis, cen-
tral hyaline sclerosis, perisinusoidal fibrosis, and macrove-
sicular steatosis (Fig.  7.4). Electron microscopy revealed 
large fat droplets, a vesicular smooth-surfaced endoplasmic 
reticulum, distorted mitochondrial cristae, and nuclei com-

a b

Fig. 7.1  Ultrasonographic features of the liver with alcoholic injury. 
(a) There is a different echo density between the liver and kidney, and 
the liver is bright. (b) Vision of intrahepatic vessels are blurred. (Reuse 
of Iwai M, et al. Alcoholic hepatitis in a kitchen drinker. J Kyoto Pref 
Univ Med 1991; 100: 149–157, with permission of its chief editor)
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pressed to the periphery of the hepatocytes by fat droplet; 
there were also giant mitochondria and a dilated smooth-
surfaced endoplasmic reticulum, and neutrophilic infiltration 
was seen in the vicinity of damaged hepatocytes (Fig. 7.4). A 
repeat liver biopsy on the second admission within 6 months 
showed cirrhosis caused by central hyaline sclerosis. On the 
third admission after repeated drinking, the patient presented 
with hepatic failure. It is well known alcoholic hepatitis with 
histological hyaline sclerosis progresses rapidly to cirrhosis. 
Denial of alcohol abuse is very common, especially in female 
patients. It is also important for physicians to be aware of 

other alcoholic injury, such as depression, cardiomyopathy, 
chronic pancreatitis, and alcoholic neurotoxicity. Strict absti-
nence must be advised. Only abstinence improves the out-
come of ALD.

Case 7.2
A 45-year-old man showed elevation of transaminases and 
GGT for 3 years. He had a history of heavy drinking for 
25  years. He presented to our clinic complaining of 
abdominal fullness, jaundice, nausea, and diarrhea. His 
laboratory data showed TBIL 14.15 mg/dL, AST 234 IU/L, 
ALT 55  IU/L, ALP 295  IU/L, GGT 119  IU/L, WBC 
13,000/mm3, platelets (PLT) 6.2 × 104/μL, PT 19.1 s, and 
immunoglobulin A (IgA) 1139  mg/dL.  Peritoneoscopy 
showed ascites and a green and yellow liver with fine nod-
ule formation (Fig. 7.5). Liver biopsy specimens showed 
nodular formation with pericellular fibrosis and neutro-
philic infiltrates. Residual hepatocytes showed ballooning 
degeneration. With abstinence and disappearance of asci-
tes and jaundice, liver function tests gradually returned to 
normal over 6 months. However, 15 years later, he died of 
liver failure after bleeding from esophageal varices. In this 
patient, long-term alcohol intake from age of 20- to 
45-year-old induced cirrhosis. Even though he stopped 
drinking after diagnosis of cirrhosis, and ALT and AST 
returned to normal, his portal hypertension gradually dete-
riorated accompanied by recurrent bleeding from esopha-
geal varices, which eventually caused his death from liver 
failure.

permission of J Kyoto Pref Univ Med

a

b

Fig. 7.2  CT in alcoholic liver injury. (a) CT without contrast medium 
shows heterogenous density in the liver, and density in the liver is lower 
than that in the spleen. (b) CT with contrast medium shows low density 
in the inner area of the right lobe and left lobe, and intrahepatic portal 
veins are enhanced (Reuse of Iwai M, et  al. Alcoholic hepatitis in a 
kitchen drinker. J Kyoto Pref Univ Med 1991; 100: 149–157, with per-
mission of its chief editor)

Fig. 7.3  Peritoneoscopic findings of the liver with alcoholic injury. 
Peritoneoscopy shows an enlarged yellow liver, and acinus markings are 
blurred on the liver surface with dilation of peripheral portal veins. (Reuse 
of Iwai M, et al. Alcoholic hepatitis in a kitchen drinker. J Kyoto Pref 
Univ Med 1991; 100: 149–157, with permission of its chief editor)
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Abstinence is the only therapeutic intervention for 
patients with ALD; however, when cirrhosis is established, it 
may be too late for complete recovery.

Case 7.3
A 52-year-old heavy drinker had edema and abdominal full-
ness, and his laboratory tests showed TBIL 5.3 mg/dL, AST 
201 IU/L, ALT 91 IU/L, GGT 284 IU/L, CRP 10.8 mg/dL, 
and WBC 19,800/mm3. Peritoneoscopy showed an enlarged 
yellow liver, with dilated peripheral portal veins. Liver 
biopsy showed Mallory-Denk bodies in ballooned hepato-
cytes with pericellular fibrosis (Figs. 7.6 and 7.7). He stopped 
drinking for 6 months, but started drinking again, and later 
developed cirrhosis.

Abstinence is the only treatment for ALD patients. 
Appropriate treatment should be provided by physicians, 
psychologist, nurses, psychotherapists, and family 
members.Fig. 7.5  Peritoneoscopic findings of the liver. Peritoneo-scopy shows a green 

and yellow liver with micronodular formation

P

C

a b

c d

Fig. 7.4  Alcoholic liver injury. (a) PAS staining of the liver tissue 
shows a broad collapse in the central area, and there are residual hepato-
cytes containing macrovesicular droplets. P portal tract, C central vein. 
(Reuse of Iwai M, et al. Alcoholic hepatitis in a kitchen drinker. J Kyoto 

Pref Univ Med 1991; 100: 149–157, with permission of its chief editor). 
(b) Masson trichrome staining reveals broad fibrosis with occlusion of 
the central vein (central hyaline necrosis) and pericellular fibrosis, and 
the stellate fibrosis is seen in the portal tract. P portal tract, C central vein
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a

b

Fig. 7.6  Alcoholic liver injury. (a) Reticulum fiber staining shows 
pseudolobular formation with marked pericellular fibrosis. (b) 
Ballooning hepatocytes are surrounded by fibrosis and infiltration of 
neutrophils is noted. Hematoxylin-eosin staining

Fig. 7.7  Alcoholic liver injury. Ballooning hepatocytes contain 
Mallory Denk bodies (arrow) and some hepatocytes contain fat droplets 
and neutrophilic leukocytes are scatteredly seen. Hematoxylin-eosin 
staining

7.2	 �Nonalcoholic Fatty Liver Disease/
Nonalcoholic Steatohepatitis

Changes in diet and lifestyle have resulted in a dramatic 
increase in obesity and metabolic syndrome worldwide. 
Nonalcoholic fatty liver disease (NAFLD) is a hepatic 
manifestation of metabolic syndrome, and it also has a caus-
ative role in it. Currently NAFLD is the most common chronic 
liver disease. A meta-analysis of a very large population 
(8,515,431 subjects from 22 countries) by Younossi et al. [7] 
showed that the global prevalence of NAFLD is 25.24% 
(95% confidence interval, 22.10–28.65), with the highest 
prevalence in the Middle East, followed by South America 
and Asia. The higher prevalence of NAFLD in these geo-
graphic areas can be explained by a higher prevalence of obe-
sity and in addition to genetic factors. A single nucleotide 
polymorphism, patatin-like phospholipase 3 rs738409 
(PNPLA3), is known to be the most important risk allele for 
the onset and progression of NAFLD; G allele is the risk factor 
[8]. This risk allele, of PNPLA3, is the most common in 
Hispanics, who are most susceptible to NAFLD, followed by 
Asians.

NAFLD consists of two clinical entities, which are 
known, i.e., nonalcoholic fatty liver (NAFL) and nonalco-
holic steatohepatitis (NASH) [9–12]. NAFL is generally a 
benign, nonprogressive clinical entity, while NASH can 
progress to cirrhosis or even hepatocellular carcinoma. 
NASH is found in 10–20% of patients with 
NAFLD. Diagnosis of NAFLD is based on the following: 
(1) nonalcoholic, alcoholic liver disease that can occur when 
daily alcohol consumption exceeds 20 g in women or 30 g 
in men (thus “nonalcoholic” indicates lower levels of these 
alcohol consumptions), (2) hepatic steatosis diagnosed by 
histology or imaging modalities, and (3) appropriate exclu-
sion of other liver diseases. NASH has emerged as a distinct 
clinicopathological concept, but given the lack of surrogate 
markers for making a diagnosis, histology is still considered 
the “gold standard” for a definitive diagnosis. NASH is 
defined as the presence of hepatic steatosis, inflammation, 
and hepatocyte injury (ballooning degeneration) with or 
without fibrosis (Figs. 7.8 and 7.9). NAFL encompasses ste-
atosis alone or steatosis with inflammation. Most practice 
guidelines for diagnosis and management of NAFLD have 
proposed that NAFLD should only be used to define only 
fatty disorders of the liver based on insulin resistance, with 
exclusion of other causes of hepatic steatosis/steatohepati-
tis, such as Wilson’s disease, starvation, parenteral nutrition, 
and drug-induced liver injury, etc. Ultrasonography is the 
preferred first-line diagnostic procedure for diagnosing 
steatosis.

The definition of NAFLD is problematic. Sensitivity to alco-
holic liver injury varies; then there is no clear consensus regard-
ing the threshold of alcohol intake to that defines “nonalcoholic.” 
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a

b

Fig. 7.9  (a) Peritoneoscopy shows an enlarged yellow liver with smooth surface; fatty liver. (b) Liver surface shows micronodular formation in a 
cirrhotic stage

CV

a b

Fig. 7.8  (a) Liver biopsy shows macrovesicular steatosis, inflamma-
tory infiltrates, and ballooning degeneration. There are normal-sized 
hepatocytes in the upper right corner, while ballooning of hepatocytes, 
indicating necrotic change, can be seen on the left side. (Hematoxylin-

eosin stain). (b) Mallory staining for fibrosis shows prominent pericel-
lular fibrosis in zone 3, while portal fibrosis is mild. In NASH, fibrosis 
extends from around central veins

Moreover, it is difficult to determine the exact amount of alco-
hol intake, and we should also consider the pattern of drinking, 
including binge drinking. Obesity and excess alcohol intake 
frequently occur in combination. The diagnostic definition and 

ability of steatosis are different between liver pathology and 
imaging modalities; histologically, the minimum threshold for 
steatosis is the finding of fat droplets in 5% of hepatocytes; how-
ever, imaging modalities can identify steatosis when more than 
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10% of hepatocytes have fat droplets. Sampling error is inevi-
table in liver biopsy. There is no clear consensus regarding the 
histological definition of NASH. The interpretation of histol-
ogy is subjective. The characteristic features of NASH disap-
pear when cirrhosis is advanced (i.e., burned-out NASH). 
Lastly, contrary to current dogma, recent studies have reported 
that a substantial proportion of NAFL patients can progress to 
NASH [13]. Accordingly, Dufour commented in an editorial: 
“In hepatology, the worst name is NASH.  Time to Abandon 
NASH?” [ 14].

There are four important pathological classifications of 
NAFLD/NASH: Matteoni’s classification, Brunt’s classifica-
tion, the NAFLD activity score (NAS), the fatty liver inhibi-
tion of progression (FLIP) algorithm, and the steatosis, 
activity, and fibrosis (SAF) score [15–21].

In 1999, Matteoni et al. [17] described a classification that 
distinguished between NASH and non-NASH based on the 
relationship between histological characteristics and out-
comes. According to their classification, type 1, steatosis 
alone, and type 2, steatosis with lobular inflammation, are 
considered non-NASH; type 3, steatosis with ballooning 
degeneration, and type 4, which is a type 3 plus either 
Mallory-Denk bodies or fibrosis, are classified as 
NASH. Brunt et al. [18] proposed a semiquantitative grading 
and staging system for NASH. Grading consists of steatosis, 
inflammation, and ballooning degeneration, while staging is 
based on fibrosis. This classification is only applicable to 
NASH.  In 2005, the NASH Clinical Research Network 
Pathology Committee developed and validated a histological 
score for NAFLD based on Brunt’s classification [ 19]. The 
NAFLD activity score (NAS) addresses the full spectrum of 
NAFLD and is applicable to both adult and pediatric patients. 
The score is determined by the unweighted sum of the scores 
for steatosis (0–3), lobular inflammation (0–3), and balloon-
ing degeneration (0–2). A score ≥ 5 is diagnostic of NASH, 
a score of less than 3 is non-NASH, and scores of 3 or 4 are 
borderlines. Concerning fibrosis, stage 1 indicates perisinu-
soidal fibrosis in zone 3 (perivenular area), either delicate, 
1A, or dense, 1B; detection of portal fibrosis without perisi-
nusoidal fibrosis is defined as 1C (an atypical feature in pedi-
atric and morbidly obese patients). Stage 2 is characterized 
by perisinusoidal and portal/periportal fibrosis. Stage 3 is 
defined as bridging fibrosis, and stage 4 is cirrhosis. The 
authors recommended the NAS system for use in research 
and not as a diagnostic tool for NASH. The recently reported 
FLIP algorithm and SAF score increase observer agreement 
[20, 21]. The FLIP algorithm is based on evaluation of ste-
atosis, hepatocellular ballooning, and lobular inflammation 
to distinguish between normal liver, NAFLD, and NASH. The 
semiquantitative SAF score evaluates steatosis (S), activity 
(A), and fibrosis (F). The activity score consists of balloon-
ing degeneration and lobular inflammation. It is important to 
note that steatosis does not include activity, but this is 

reported separately in the SAF score, as the degree of steato-
sis is not a histological marker of ongoing liver damage, i.e., 
necroinflammatory changes. Fibrosis staging basically relies 
on the Kleiner classification [19]. Based on the distinctive 
histological pattern, a specific histological score (Pediatric 
NAFLD Histological Score, PNHS) has been validated for 
better classification of children with/without NASH.

NAFLD/NASH patients are usually asymptomatic until 
the stage of decompensated cirrhosis. Blood chemistry 
shows mild elevation of transaminases; however substantial 
numbers of patients have normal levels of transaminases. 
There has been considerable interest in the development of 
biochemical markers and scoring systems for diagnosing 
NASH or fibrosis stages. There are no practically useful sur-
rogate markers for diagnosing NASH. However, scoring sys-
tems for fibrosis, the NAFLD fibrosis scoring system and 
FIB-4 index, as well as transient elastography, are acceptable 
noninvasive procedures for evaluation of fibrosis stages. 
Fibrosis is the most important prognostic factor in NAFLD/
NASH and is strongly correlated with liver-related outcomes 
and mortality [22].

NAFLD is associated with an increase in the standardized 
mortality ratio compared with the general population due to 
an increased liver- and cardiovascular-related mortality rate. 
The most common causes of death in patients with NAFLD 
are cardiovascular disease or malignancy. Overall, NAFLD 
appears to be slowly progressive, with liver-related morbid-
ity and mortality occurring in a small number of patients. 
However, patients with cirrhotic NASH/NAFLD showed a 
survival rate similar to that of patients with cirrhosis caused 
by hepatitis C virus, although the rate of development of 
hepatocellular carcinoma was lower (5-year development 
rate, about 10%; 5-year survival rate, 70–80%) [23–25]. 
Patients with NAFLD/NASH cirrhosis should be screened 
for gastroesophageal varices and development of hepatocel-
lular carcinoma.

The mainstays of prevention and treatment of NAFLD/
NASH include dietary restriction and exercise. Weight 
reduction of 3–5% is associated with improved steatosis; 
reductions of 5–7% are necessary for decreased inflam-
mation; with 7–10%, individuals may experience NAFLD/
NASH remission and regression of fibrosis [26]. However, 
only 30–40% of NAFLD/NASH patients succeed in 
weight loss. Currently, vitamin E and thiazolidinedione 
derivatives are the most evidence-based therapeutic 
options, although the clinical evidence for long-term effi-
cacy and safety is limited. Bariatric surgery may be con-
sidered in morbidly obese NASH patients who cannot 
reduce weight. End-stage cirrhotic NAFLD/NASH is an 
indication for liver transplantation. Patients with NAFLD/
NASH have a high prevalence of cardiovascular compli-
cation and diabetes, and clinicians should be aware of 
these complications.
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Case 7.4
Hematemesis was developed in a 67-year-old woman with 
BMI 21.6% due to rupture of esophageal varices [27]. She 
had no history of alcohol intake and lifestyle-related disease. 
Serum examination showed TBil 1.0  mg/dl, AST 34  IU/l, 
ALT 29 IU/l, GGT 29 IU/l, HbA1c 6.0%, Hb 12.0 g/dl, Plats 

5.9 × 104/mm3, and PT 71.8%. HBsAg and HCV Ab were 
negative. She was urgently rescued by endoscopic sclerother-
apy. Peritoneoscopy showed an enlarged yellow liver with 
irregular surface. Her liver biopsy showed moderate steatosis, 
inflammation, and ballooning degeneration; she was diag-
nosed as having NASH (Fig. 7.10a,b). Two years later hepato-

Peritoneoscopya

c

d e

b

Fig. 7.10  (a) Peritoneoscopy showed an enlarged yellow liver with 
irregular surface. (b) Her liver biopsy showed severe steatosis with 
moderate inflammatory changes and ballooning degeneration. 
(Hematoxylin-eosin stain). (c) Cirrhotic liver with hepatocellular carci-

noma (autopsy). (d) Noncancerous lesions showed cirrhosis without 
steatosis; burned-out NASH. (Hematoxylin-eosin stain). (e) The tumor 
showed moderately differentiated hepatocellular carcinoma with tra-
becular type. (Hematoxylin-eosin stain)
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cellular carcinoma was diagnosed by imaging modalities, and 
she died of multiple hepatocellular carcinomas in 4  years 
after repeated therapy for them. Autopsy showed burned-out 
NASH and moderately differentiated hepatocellular carci-
noma (Fig. 7.10c,d,e). In cirrhotic NAFLD/NASH, screening 
for hepatocellular carcinoma should be performed.

Case 7.5
A 32-year-old morbid obese man was admitted in our hospi-
tal due to fatigability. He had been obese from the age of 6 
[28]. He had no history of alcohol intake and complications 
of lifestyle-related diseases. His laboratory tests showed 
TBil 1.9 mg/dL, AST 64 IU/L, ALT 35 IU/L, ALP 316 IU/L, 
GGT 38 IU/L, Hb 13.4 g/dl, Plats 10.9 × 104/mm3, and PT 
72.4%. HBsAg and HCV Ab were negative. His liver biopsy 
showed moderate macrovesicular steatosis, ballooning 
degeneration, Mallory-Denk bodies, and pericellular fibrosis 
with cirrhosis (Fig.  7.11a). The features are diagnostic of 
NASH.  Two years later, he died of liver failure. Autopsy 

showed an enlarged micronodular cirrhosis (Fig. 7.11b). It is 
very important to note that morbid obesity is the most impor-
tant risk factor of NASH and it progresses insidiously.

Case 7.6
A 59-year-old obese woman had been suffering from diabe-
tes mellitus for10 years and had no history of drinking. Her 
laboratory tests showed T.Bil 0.3 mg/dL, AST 51 IU/L, ALT 
48  IU/L, ALP 250  IU/L, GGT 56  IU/L, albumin 4.2  g/dl, 
HbA1c 6.8%, Hb 12.4 g/dl, Plats 16.2 × 104/mm3, and PT 
100%. HBsAg and HCV Ab were negative. Her peritoneos-
copy showed an enlarged yellow liver with fine nodular sur-
face, and liver biopsy showed severe macrovesicular 
steatosis, inflammatory infiltrates, and ballooning hepato-
cytes with cirrhosis (Fig. 7.12). The features are diagnostic 
of NASH. Vitamin E and pioglitazone were administered, 
and her laboratory tests showed slight improvement. It is 
important to note that substantial numbers of patients with 
cirrhotic NASH have normal liver function with mild eleva-
tion of transaminases. It is not easy to diagnose obese cir-
rhotic NASH among so many NAFLD patients.
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Abbreviations

AIH	 Autoimmune hepatitis
ALP	 Alkaline phosphatase
ALT	 Alanine aminotransferase
AST	 Aspartate aminotransferase
DAIH	 Drug-induced autoimmune hepatitis
DILI	 Drug-induced liver injury
DILIN	 Drug-Induced Liver Injury Network

GGT	 Gamma-glutamyltransferase
HDSs	 Herbal and dietary supplements
TBIL	 Total bilirubin
ULN	 Upper limit of normal

8.1  Introduction

The liver plays an important role in drug metabolism and 
disposition. Hepatic uptake, biotransformation, cellular 
transport, and excretion in bile are important processes that 
clear drugs from the body, terminate their pharmacological 
action, and prevent accumulation of toxic metabolites. These 
processes are highly regulated, and—depending on the way 
one looks—it may be surprising to note that adverse drug 
reactions are quite uncommonly encountered relative to the 
enormous consumption of prescription and non-prescription 
drugs. Drug-induced liver injury (DILI) has an estimated 
annual incidence between 10 and 15 per 10,000 to 100,000 
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persons exposed to prescription medications [1]. DILI 
accounts for approximately 10% of all cases of acute hepati-
tis, and it is the most common cause of acute liver failure in 
the United States. DILI is the most common reason for the 
withdrawal of a drug from the market, not uncommonly 
within months to a few years after its initial approval by 
agencies such as the Food and Drug Administration (FDA) 
of the United States.

8.2  Mechanisms of DILI

DILI can be classified in several ways (Table 8.1). Based on 
the mechanism of drug injury DILI is classified into two 
types: intrinsic type with drug-associated liver injury in a 
predictable, dose-dependent manner and idiosyncratic type 
with drug-associated liver injury in an unpredictable, 
non-dose-dependent manner. Rigorous testing typically 

helps to identify intrinsic hepatotoxic agents. In contrast, 
idiosyncratic toxicity is mostly unpredictable and 
non-dose-dependent, and individual susceptibility varies 
according to genetic determinants, metabolic variations, and 
environmental factors. For most cases of idiosyncratic 
hepatotoxicity, there are as yet no specific tests to predict or 
confirm the association with drug-induced liver injury. Thus, 
practitioners have little choice but to rely on circumstantial 
evidence and the elimination of other obvious causes. One of 
the more significant breakthroughs may, in this respect, 
come from pharmacogenomics.

Acetaminophen, as a classic example of intrinsic hepato-
toxicity, is the most common cause of severe intrinsic DILI 
in the United States. All subjects will develop liver damage if 
the dosage is high enough. Regular alcohol consumption 
(upregulation of toxic metabolic pathways) or underlying 
liver disease (diminished functional reserve) may enhance 
susceptibility to acetaminophen. As a consequence, some 

Table 8.1  Classifications of drug-induced liver injury

Type of classification Pattern Comments
Mechanism of 
hepatotoxicity

Direct/intrinsic Predictable, dose-dependent
Idiosyncratic Unpredictable, non-dose-dependent
Immunologic Immune-mediated hypersensitivity with fever, rash, granuloma, and eosinophilia
Metabolic Remaining cases lack of evidence of hypersensitivity

Clinical laboratory Hepatocellular ALT ≥ (2–5) × ULN and/or R ≥ 5
Cholestatic ALP ≥ 3 × ULN and/or R ≤ 2
Mixed hepatocellular/cholestatic ALT ≥ (2–5) × ULN and ALP ≥ 3 × ULN

And/or 2 < R < 5
Histology-common 
patterns

Zonal coagulative necrosis Coagulative hepatocyte necrosis within 1 of the 3 zones without significant 
inflammation (zone 3 is most common)

Submassive to massive necrosis Confluent panacinar necrosis with variable inflammation
Acute hepatitis Predominantly lobular inflammation and damage without cholestasis or fibrosis
Chronic hepatitis Predominantly portal inflammation with variable degrees of lobular 

inflammation and portal fibrosis, no cholestasis
Acute cholestasis Hepatocellular and/or canalicular cholestasis with minimal inflammation
Chronic cholestasis Periportal cholate stasis, periportal fibrosis, copper accumulation, duct injury 

(such as ductular proliferation or ductopenia)
Cholestatic hepatitis A combination of acute or chronic hepatitic and cholestatic patterns

Histology-uncommon 
patterns

Macrovesicular steatosis Predominantly macrovesicular steatosis without significant inflammation or 
cholestasis

Microvesicular steatosis Predominantly microvesicular steatosis without significant inflammation or 
cholestasis

Steatohepatitis Steatosis with hepatocyte ballooning, variable degrees of inflammation, and 
fibrosis

Granulomatous inflammation Non-necrotizing epithelioid granulomas
Sinusoidal obstruction syndrome/
veno-occlusive disease

Occlusions or loss of central veins, thrombosis, with or without central 
hemorrhage and necrosis

Hepatoportal sclerosis Disappearance of portal veins
Nodular regenerative hyperplasia Diffuse nodular formation with or without inflammation and sinusoidal fibrosis
Sinusoidal dilation/peliosis Sinusoidal dilation and congestion with or without mild lobular inflammation, 

sinusoidal fibrosis
Glycogenosis Diffuse hepatocyte swelling with very pale bluish-gray cytoplasm
Ground-glass change Diffuse hepatocellular cytoplasmic homogenization due to induction of smooth 

endoplasmic reticulum
Hepatocellular inclusions 
(poly-glucosan-like bodies)

Discrete cytoplasmic inclusions with variable periodic acid-Schiff staining

ALT serum alanine aminotransferase, ALP serum alkaline phosphatase, ULN upper limit of normal, R (ALT/ULN) / (ALP/ULN)
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may only tolerate 1–1.5 grams daily, whereas others tolerate 
a few grams or more. An acetaminophen overdose death is 
preventable. Acute overdose can be managed with antidote 
N-acetyl-cysteine if administered within 8 h of ingestion [2]. 
A reactive metabolite (N-acetyl-p-benzoquinone imine 
[NAPQI]) is produced from the metabolism of acetamino-
phen. Intra-hepatocellular accumulation of NAPQI will 
reduce the capacity of glutathione, which leads to covalent 
modification of numerous intracellular structures and conse-
quently causes a zone 3, centrilobular hepatocyte necrosis. 
N-acetyl-cysteine acts by facilitating regeneration of gluta-
thione, leading to detoxification for accumulated NAPQI. The 
dose-related manner in which acetaminophen causes liver 
damage has facilitated the development of specific recom-
mendations for safe usage of this widely used medication. 
The FDA recommends a maximum daily dose of 3250 mg 
and encourages manufacturers to reduce the amount of acet-
aminophen to 325 mg per dose and highlight the potential for 
severe hepatotoxicity on labeling.

Idiosyncratic drug reactions may occur in only 1 in 10,000 
to 1,000,000 individuals. It is nearly impossible to predict 
idiosyncratic drug reactions, which draw attention to the 
importance of careful post-marketing surveillance of medi-
cations as clinical trials are not done on such a major scale. 
In the United States, antimicrobials (amoxicillin-clavulanate, 
nitrofurantoin, sulfamethoxazole- trimethoprim, ciprofloxa-
cin, isoniazid) [3], anticancer agents (such as the tyrosine 
kinase inhibitors and temozolomide), and immunomodulat-
ing agents (such as the tumor necrosis factor-a [TNF-a] 
inhibitors and anti-cytotoxic T-lymphocyte antigen-4 
(CTLA-4) can cause idiosyncratic drug reactions. Most idio-
syncratic DILI cases are mild, self-limited injury that reverses 
completely when the offending agent is identified and with-
drawn. Idiosyncratic DILI accounts for 13–16% of life-
threatening acute/ fulminant liver failure episodes in the 
United States [4]. It is a common cause of the removal of 
drugs from the market by the FDA. Idiosyncratic DILI can be 
broadly divided into hypersensitivity (also called immuno-
logic) and metabolic mechanisms of injury. Hypersensitivity-
type reactions represent 23–37% of all idiosyncratic DILIs, 
characterized by fever, rash, granulomas, and eosinophilia in 
the peripheral blood or tissue biopsy sample [5]. The remain-
ing cases are considered to be metabolic and, by default, lack 
the evidence supporting hypersensitivity.

Almost all the early information about DILI was obtained 
from case reports or small case series collected at a single or 
few institutions. Therefore, their impact is limited by the 
rare nature of idiosyncratic drug reactions. Large national 
registries have been created to centralize and standardize 
the analysis to gain a more complete understanding of 
DILI. In the United States, the Drug-Induced Liver Injury 
Network (DILIN), funded by the National Institutes of 
Health, began to enroll patients in prospective study and 
collect cases at 12 participating sites in 2004.

Several risk factors are associated with the development 
of DILI [6]. Age is a risk factor for DILI development. 
Adults generally have a higher risk for DILI than children, 
except valproate and aspirin, with which children are at a 
higher risk for developing hepatotoxicity. Women are more 
likely than men to progress to acute/fulminant liver failure 
from idiosyncratic DILI. Individual genetic components are 
believed to greatly contribute to the development and injury 
pattern for a given chemical compound. Human leukocyte 
antigen (HLA) genes, involved in antigen recognition and 
immune function, are thought to play a role in idiosyncratic 
DILI.  HLA genotypes, HLA-DRB1*15 and HLADRB1* 
06, have been shown to be more common in patients with 
amoxicillin-clavulanate induced DILI, although this asso-
ciation is influenced by other cofounders such as ethnicity 
[7]. Polymorphisms within drug-metabolizing enzymes, 
such as cytochrome P450, N-acetyltransferase 2, UDP-
glucuronosyltransferases, and glutathione S-transferases, 
have been found to be associated with DILI [8]. Certain 
genetic variations of mitochondrial DNA polymerase 
γ gene (POLG) have been shown to associate with liver 
toxicity caused by sodium valproate [9]. Although idio-
syncratic DILI is not directly related to drug dosage, study 
has shown that drugs commonly taken at a dose of 50 mg 
or more per day represent 77% of all idiosyncratic DILIs 
[10]. Additionally, small reports showed that decreasing 
the dose of a drug below 50  mg led to the resolution of 
DILI symptoms [11].

8.3  Biochemical Profiles of DILI

In clinical practice, DILI is initially categorized based on the 
clinical presentation (i.e., biochemical testing profiles) and 
can be further categorized based on the histologic findings if 
liver biopsy is available. DILI is classified into hepatocellu-
lar, cholestatic, or mixed type based on biochemical patterns 
of injury, which is determined by the ratio of elevation of 
serum level of alanine aminotransferase (ALT) to that of 
serum alkaline phosphatase (ALP) (R-value, defined as 
[ALT/ULN of ALT]/[ALP/ULN of ALP]) (Table  8.1). 
Hepatocellular-type DILI is defined as ALT ≥ 2 to 5 times of 
the upper limit of normal (ULN) and/or an R ratio ≥ 5; cho-
lestatic-type DILI is defined as an elevated ALP ≥ 3 times of 
the ULN and/or an R ratio ≤ 2; and mixed hepatocellular−/
cholestatic-type DILI is defined as an increase in ALT ≥ 2 to 5 
times of the ULN and an elevated ALP ≥ 3 times of the ULN 
and/or an R ratio between 2 and 5 [12]. The presence of 
jaundice (serum bilirubin >2 times of ULN) in association 
with an elevation in ALT (>3 times of ULN) is associated 
with a worse prognosis [13]. Patients with an autoimmune-
like presentation may have positive serologic markers of 
autoimmunity (e.g., an elevated antinuclear antibody). DILI 
is considered acute if the liver tests have been abnormal for 
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less than 3 months and chronic if they have been abnormal 
for more than 3 months.

Most patients with DILI are asymptomatic or with only 
mildly abnormal laboratory testing. Some patients with acute 
DILI may have malaise, low-grade fever, anorexia, nausea, 
vomiting, abdominal pain, jaundice, light-colored stool, and 
dark urine. Cholestatic patients may have pruritus. Acute 
liver injury with coagulopathy and hepatic encephalopathy 
may be seen in severe cases. Patients with chronic DILI may 
develop fibrosis or cirrhosis and have symptoms associated 
with cirrhosis or hepatic decompensation. Patients with DILI 
may also have symptoms of a hypersensitivity reaction 
including fever, rash, or mononucleosis-like illness, and 
some patients may have evidence of toxicity to other organs.

A number of scales have been developed attempting to 
codify causality of drug toxicity into objective criteria. They 
include the Council for International Organizations of 
Medical Sciences (CIOMS)/Roussel Uclaf Causality 
Assessment Method (RUCAM) scale and the Maria & 
Victorino (M & V) clinical scale. However, they do not 
address all risk factors and are not used routinely in clinical 
practice [14]. The US DILIN causality scoring system adju-
dicates the causality of drug-induced injury for patients 
enrolled in its prospective clinical trial, but it relies on expert 
opinion and is not a clinically viable option.

8.4  Challenges in Diagnosis of DILI

Diagnosis of DILI is challenging since there is no specific 
serum biomarkers or characteristic histologic features that 
can reliably identify a drug as the cause of hepatic injury. 
Careful history-taking is essential and should include all 
drugs and supplements taken over the last several months. 
Patients tend to forget or underreport their use of medications 
or supplements, such as a recent course of antibiotics. 
Medical records and information from the pharmacy can be 
most revealing.

The latent period between exposure and onset of symp-
toms varies from several days to a few months. Viral hepatitis, 
alcohol abuse, extrahepatic biliary obstruction, autoimmune 
hepatitis, and other causes of abnormal liver tests should be 
excluded, and the possibility of drug-induced injury should 
always be considered in any patient with liver disease with-
out an obvious cause. If testing for alternative causes for 
liver injury is negative and patient has a history of exposure 
to a drug known associated with liver injury, the patient usu-
ally will be managed without liver biopsy. Liver biopsy is 
necessary in the settings of uncertain diagnosis or presenting 
with evidence of chronic liver disease. Several key elements 
could be considered before rendering a diagnosis of 
DILI. Patients may be taking multiple medications, making 
identification of a single offending agent difficult. 
Furthermore, patients may have underlying liver disease, 
which can produce an acute on chronic liver disease.

8.5  Histologic Patterns of DILI

Liver biopsy is not a requirement for clinical evaluation of 
DILI, and it is performed in less than 50% of suspected cases. 
An accurate interpretation of liver biopsy can provide valu-
able information on the nature and severity of liver injury, the 
possible pathogenesis, the expected clinical outcome, and 
even guidance for therapy. While histologic findings are not 
diagnostic for a specific cause of DILI, recognizing the his-
tologic injury pattern will help to narrow the differential 
diagnosis to a small group of agents causing DILI and 
exclude other non-DILI cause (e.g., Wilson disease and 
hemochromatosis) [15]. The US DILIN recognizes 18 dis-
tinct histologic damage categories (Table 8.1), which include 
7 common patterns (zonal coagulative necrosis, submassive 
to massive necrosis, acute hepatitis, chronic hepatitis, acute 
cholestasis, chronic cholestasis, and cholestatic hepatitis) 
and 11 uncommon patterns (macrovesicular steatosis, 
microvesicular steatosis, steatohepatitis, granulomatous hep-
atitis, sinusoidal obstruction syndrome/venoocclusive dis-
ease, hepatoportal sclerosis, nodular regenerative hyperplasia, 
sinusoidal dilation/peliosis, glycogenosis, ground-glass 
change, and hepatocellular inclusions (poly-glucosan-like 
bodies)) [16]. Among all of them, acute and chronic hepa-
titic, acute and chronic cholestatic, and mixed hepatitis-cho-
lestatic patterns are the most common patterns.

DILI leads to acute hepatocellular injury in about 90% of 
cases of toxicity [17]. Hepatocellular injury caused by intrin-
sic toxins is commonly zonal in distribution, whereas idio-
syncratic injury is usually non-zonal. Therefore, zonal 
necrosis—either periportal (zone 1), mid-zonal (zone 2), or 
perivenular (zone 3)—is usually the result of intrinsic toxins. 
Perivenular (zone 3) necrosis is the most common type of 
zonal necrosis, with carbon tetrachloride and acetaminophen 
as prototypical examples. Idiosyncratic injury tends to cause 
more of an acute hepatitis-like injury, characterized by dif-
fuse lobular lymphocytic infiltrate with scattered apoptotic 
hepatocytes, ballooning degeneration of hepatocytes, regen-
eration with rosette formation and mitoses, and sometimes 
an eosinophilic infiltrate. If severe, lobular inflammation 
may be followed by zonal necrosis. Many of the drugs that 
are known to cause acute hepatitis-like injury can also cause 
chronic hepatitis-like injury, characterized by predominant 
portal and periportal necroinflammatory infiltrate and rela-
tively mild lobular inflammation.

Drug-induced chronic hepatitis may have features similar 
to autoimmune hepatitis (AIH) with the presence of hyper-
gammaglobulinemia, antinuclear antibody, or anti-smooth 
muscle actin. Inflammatory infiltrates with a predominance 
of CD8 cytotoxic T cells indicate activation of the host 
immune response, suggestive of intrahepatic neoantigen pro-
duction by the drug or its metabolite. Examples of these 
drugs are clometacin, infliximab, and other tumor necrosis 
factor-alpha-blocking agents, methyldopa, minocycline, and 
nitrofurantoin. A large retrospective study showed 9% 

B. Ren et al.



89

(24/216) of AIH cases were related to medication [18]. Most 
of the minocycline- and nitrofurantoin-associated AIH cases 
presented with positive serology, while only half of the 
hydralazine- and methyldopa-associated AIH cases had posi-
tive serology [19]. Cholestasis in suspected drug-induced 
AIH cases has been suggested as a finding in favor of drug 
etiology [20].

Five to ten percent of acute hepatocellular DILI cases can 
progress to chronic injury, which can histologically resemble 
other chronic liver disease, such as autoimmune hepatitis, 
viral hepatitis, or alcohol liver disease. Some agents com-
monly associated with chronic DILI are amoxicillin-
clavulanic acid, bentazepam, atorvastatin, methotrexate, 
hypervitaminosis A, vinyl chloride, heroin, herbal products, 
and dietary supplements [17, 21]. Drugs that can lead to cir-
rhosis include herbal products, dietary supplements, metho-
trexate, isoniazid, ticrynafen, amiodarone, enalapril, and 
valproic acid [17].

Some drugs may produce a predominantly cholestatic 
injury rather than hepatocellular injury. In pure cholesta-
sis, there is an accumulation of bile in the hepatocytes and 
canaliculi (prominent in zone 3) with minimal hepatocellu-
lar injury or inflammation. This type of injury is often seen 
with the use of anabolic steroids or oral contraceptives, caus-
ing interference with hepatocyte secretion of bile via the 
bile salt excretory protein (BSEP) [22]. This pattern should 
be distinguished from other causes of cholestasis, such as 
large duct obstruction with predominant portal changes 
including marked portal edema and a ductular reaction. 
Chlorpromazine, beta-lactams, and erythromycin (macrolide 
antibiotics) are typical examples of zone 3 cholestatic injury. 
When acute cholestasis is accompanied by bile duct injury 
(cholangitis), it may lead to chronic duct injury and bile duct 
loss (ductopenia or vanishing bile duct syndrome). In rare 
cases, there is a progression to cirrhosis and ultimately liver 
failure. Drugs that have been associated with ductopenia are 
amoxicillin-clavulanate, flucloxacillin, ACE inhibitors, and 
terbinafine [23].

When both acute hepatic injury and intrahepatic 
cholestasis are present, it is referred to as a mixed form of 
hepatic injury. Cholestatic hepatitis is characterized by por-
tal inflammation, prominent cholestasis, and hepatocellu-
lar injury. Bile duct proliferation may be seen. Hepatocyte 
injury is usually localized to the zones of cholestasis. Drugs 
associated with this type of injury include erythromycin, 
amoxicillin-clavulanate, herbal products, and angiotensin-
converting enzyme (ACE) inhibitors.

Drugs can cause various other patterns of injury, such as 
steatosis, steatohepatitis, granulomatous inflammation, and 
vascular lesions. Drugs that disrupt mitochondrial beta-
oxidation of lipids and oxidative energy production lead to 
steatosis. Drug-induced microvesicular steatosis is com-
monly associated with acute presentation and is characterized 
by the presence of small fat droplets composed predomi-
nantly of triglycerides in the cytoplasm of the hepatocytes. 

Microvesicular steatosis has been observed in association 
with tetracycline, valproic acid, salicylates, and amiodarone 
[23]. Drug-induced chronic steatosis is predominantly mac-
rovesicular and could be associated with inflammation (ste-
atohepatitis). The histologic features of steatohepatitis 
include variable steatosis, lobular inflammation (predomi-
nantly neutrophilic), and hepatocellular injury (ballooning) 
[23]. Acidophil bodies, Mallory hyaline, and pericellular 
fibrosis may also be present. Drug-induced macrovesicular 
steatosis and steatohepatitis are associated with amiodarone, 
glucocorticoids, methotrexate, sulfasalazine, spironolactone, 
phosphorus, tannic acid, arsenic, metoprolol, nonsteroidal 
anti-inflammatory drugs (NSAIDs), tamoxifen, and total par-
enteral nutrition [17]. When administered over the long term, 
some of these agents may result in fibrosis and cirrhosis.

Granulomatous inflammation, often accompanied by 
increased eosinophils, can be associated with other patterns 
of drug-induced injury such as cholestasis and steatosis. 
Drug-induced granulomas are generally non-necrotizing and 
are not associated with the bile duct injury. It is worthy to 
note that systemic granulomatous disease, such as sarcoid-
osis, does not preclude the possibility of drug-induced 
granulomas.

Drug-induced endothelial injury leads to vascular mani-
festations, including thrombosis or occlusion of hepatic 
veins, venules or sinusoids, perisinusoidal fibrosis, hepato-
portal sclerosis, sinusoidal dilatation, and peliosis hepatis. 
The abnormal blood flow caused by these lesions often 
results in nodular regenerative hyperplasia. Androgens, con-
traceptive steroids, and chemotherapeutic medications can 
lead to peliosis hepatis.

Certain drugs may have a variety of manifestations. 
Azathioprine, for example, may cause pure intrahepatic 
(canalicular) cholestasis [24] or a more hepatitic pictures 
[25] that can be confusing if given in the context of 
autoimmune hepatitis (uncontrolled autoimmune disease 
versus hepatotoxicity) or veno-occlusive disease with major 
edema [26] that can clinically be confused with decompen-
sated cirrhosis or right-sided heart failure.

8.6  Herbals and Dietary Supplements

DILI develops not only following the use of prescription or 
over-the-counter drugs but also caused by herbals and dietary 
supplements (s). HDSs encompass a variety of agents includ-
ing vitamin and mineral supplements, fish oils, plant extracts, 
traditional medicines, and proprietary commercial products. 
In the United States, dietary supplement is consumed by 
more than 50% of the general population for maintaining 
good health or for treatment of disease [27]. In a study drawn 
from the US DILIN cohort, 15% (136/839) cases were 
caused by HDSs [28]. In this study, HDSs were divided into 
bodybuilding and non-bodybuilding groups. It was found 
that non-bodybuilding HDSs were much more likely to 
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develop acute liver failure or undergo liver transplantation 
than bodybuilding or conventional medications groups. Non-
bodybuilding HDSs causing severe liver injury include a 
variety of agents, such as weight-loss and energy-boosting 
supplements, Asian herbal remedies, and multivitamins. 
Acute hepatitis and liver failure have been reported to be 
associated with proprietary mixtures of HDSs, such as 
Herbalife [29] and OxyELITE Pro (withdrawn from the mar-
ket by FDA in 2013 due to the hepatotoxicity) [30]. 
Bodybuilding agents sometimes contain anabolic steroids, 
which have been associated with acute cholestasis or choles-
tatic hepatitis [31] along with sinusoidal dilation and peliosis 
hepatis [32, 33]. They are also associated with hepatocellular 
adenomas.

8.7  Immunomodulating Agents

Immunomodulating agents, including methylprednisolone, 
the antitumor necrosis factor (TNF) agents infliximab and 
adalimumab, the anti-cytotoxic T-lymphocyte antigen-4 
(CTLA-4) agent ipilimumab, and the anti-alpha 4 integrin 
antibody natalizumab, have been described in the recent lit-
erature to cause drug-induced autoimmune hepatitis 
(DAIH). Methylprednisolone has been shown to cause 
(acute) hepatitis with zonal necrosis and to be associated 
with an autoimmune-like hepatitis after several weeks of 
therapy [34]. The anti-TNF agents infliximab, adalimumab, 
and etanercept are anti-inflammatory drugs, which are 
monoclonal antibodies and soluble form of the TNF-alpha 
receptor that bind and block TNF alpha. They have been 
associated with severe acute liver injury and can cause 
reactivation of hepatitis B [35, 36]. Among all the pub-
lished anti-TNF-induced DILI cases, infliximab was the 
most frequently reported. The most common histologic pat-
tern of infliximab DILI is acute or chronic hepatitis with 
features of autoimmune hepatitis (AIH). Elevated titers of 
antinuclear antibodies can be observed. Besides DAIH, 
acute cholestasis and mild reactive hepatitis have been 
reported. Ipilimumab and tremelimumab are monoclonal 
antibody agents directed against CTLA-4, which inhibits 
the activation of cytotoxic T lymphocytes and results in 
persistent activation of these immune cells. Ipilimumab has 
been associated with a variety of autoimmune-like reac-
tions, with a minority of cases showing pan lobular hepati-
tis and central vein endothelialitis [37]. About half of the 
cases had a prominent plasma cell infiltrate. It is worth not-
ing that nivolumab, another type of immune checkpoint 
inhibitor, has been used as combination therapy in some 
cases. In contrast to AIH and anti-TNF agents, patients 
with immune checkpoint inhibitor-associated liver injury 
did not have autoimmune antibodies. Natalizumab, which 
blocks migration of lymphocytes to areas of inflammation, 

is used to treat multiple sclerosis and inflammatory bowel 
disease. It has been associated with autoimmune-like hepa-
titis as well as hepatocyte dropout in zone 3. Low titers of 
anti-smooth muscle antibody and anti-F-actin were detected 
in some cases [38].

8.8  Temozolomide and Bile Duct Injury

Temozolomide, an alkylating agent to treat glioma, causes 
cholestatic patterns of injury including acute cholestasis, 
cholestatic hepatitis, and chronic cholestasis with ductopenia 
[39]. Most temozolomide cases are present as bile duct injury 
with bile duct loss. Vanishing bile duct syndrome (VBDS) is 
associated with poor prognosis. Patient with abnormal liver 
enzyme persisting over a year is more likely to have chronic 
cholestasis with or without ductopenia than other patterns of 
injury [40].

8.9  Management of DILI

The management of drug-induced hepatic injury has been 
addressed only to a limited extent and rarely in any con-
trolled setting. Minor transaminase elevations, such as those 
caused by isoniazid, tend to resolve spontaneously, whereas 
minor cholestatic changes are often not associated with sig-
nificant disease. Statins are widely prescribed and frequently 
cause an increase in enzymes, but this is rarely, if ever, asso-
ciated with significant liver disease. The recognition of risky 
patterns (such as a rapid increase in numbers after initiating 
isoniazid and transaminases exceeding five times ULN) and 
proper monitoring ought to be done in consultation with a 
hepatologist.

In some patients, it can take weeks and or even 1–2 years 
after the withdrawal of the agent before the hepatic injury 
and/or liver enzymes are completely resolved. Examples 
include injury caused by macrolide antibiotics. Specific 
antidotes are barely available, except timely administration 
of acetylcysteine in the case of acetaminophen-induced 
injury and L-carnitine in the cases of valproic acid overdose 
[41, 42]. Drug-induced injury that strongly mimics autoim-
mune hepatitis, steroids, and immune modulators should be 
considered; the duration of such therapy is the subject of 
major debate. Ursodeoxycholic acid and a variety of anti-
pruritics should be considered in severe drug-induced 
cholestasis.

The careful documentation of drug-induced liver injury 
remains a major challenge. Conclusive data on severely ill 
patients with multi-organ disease and complications cannot 
easily be obtained. There are increasing efforts to improve 
the study of drug-induced hepatic injury, including the activ-
ity of the Drug-Induced Liver Injury Network (DILIN) 
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established in the United States. Major underreporting is 
unfortunately likely, and it may take years to assess the 
impact of hepatotoxic potential of an agent.

8.10  Pathologist’s Role in Diagnosis of DILI

Pathologist’s role is to recognize the pattern of liver injury 
in a case suspicious for DILI. The interpretation of histo-
logic findings can help confirm or rule out the drug effect or 
raise alternative causes for liver injury. Both the histologic 
pattern of injury and the severity of injury should be docu-
mented in the pathology report, since the information may 
influence clinical decision-making. Supplement of interpre-
tation may be added as new clinical information is gener-
ated in the follow-up. As one of the challenging areas in 
hepatic pathology, careful examination and accurate inter-
pretation of a liver biopsy are invaluable in the clinical sus-
picious DILI cases.

8.11  �Example of DILI Cases

Case 8.1 Alpha Methyldopa Induced Hepatitis
Clinical and histological features of alpha-methyldopa 
hepatic injury, a nearly obsolete antihypertensive agent, are 
often indistinguishable from viral hepatitis. A prodromal 
period of anorexia, malaise, and fever may be followed by 
jaundice. Histopathologically, various degrees of acute 
hepatitis with bridging necrosis, chronic hepatitis with fibro-
sis, and moderate to severe steatosis can be seen [24–26]. 
The inflammatory infiltrate is concentrated in the portal and 
periportal regions. Prominent plasma cell infiltrate can be 
present in chronic injury and mimics autoimmune hepatitis.

A 50-year-old man with hypertension had taken 
250 mg/dL a day of alpha-methyldopa for 3 months when 
severe hepatitis developed with anorexia and general mal-
aise. His liver function test showed TBIL 3.8 mg/dL, ALT 
1850 kU/L, AST 650 IU/L, ALP 14.5 KAU, LAP 640 IU/L, 
and GGT 380 IU/L, and lupus erythematosus and rheuma-
toid arthritis tests were negative. Blastoid transformation 
of lymphocytes in  vitro by alpha-methyldopa was posi-
tive. Liver biopsy revealed submassive hepatic necrosis 
with steatosis in the periportal area, and electron micro-
scopic study showed fat droplets in the vicinity of 
destroyed rough endoplasmic reticulum and lysosomes 
(Fig. 8.1). Three months after withdrawal of alpha-meth-
yldopa, his liver function test had reverted to normal 
values.

Alpha-methyldopa-related liver injury ranges from mild 
hepatitis and patchy hepatocellular necrosis to severe hepati-
tis. At times, it resembles autoimmune hepatitis associated 
with immune hemolytic anemia, positive antinuclear anti-
body test, and lupus erythematosus [26]. The clinical spec-
trum is usually similar to that of viral hepatitis. Interestingly, 
when the disease resolves, the autoimmune tests tend to 
become negative as well.

Case 8.2 Anticancer Drug-Induced Liver Injury
Tamoxiften used to treat breast cancer. It induces liver 
damage [23, 43] by affecting mitochondrial function 
through inhibiting the electron transport chain [44], resulting 
in nonalcoholic steatohepatitis and is associated with liver 
cirrhosis.

A 51-year-old female had mastectomy for breast cancer 
11  years previously. She had been taking tamoxifen for 
3  years when bone metastases were discovered. She 
developed abdominal fullness with ascites and leg edema. 

P
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C

a b

Fig. 8.1  Alpha-methyldopa-induced hepatitis. (a) Masson’s trichrome 
stain shows submassive necrosis. C central vein, P portal tract. (b) 
Electron microscopy shows the presence of increased lysosomes (Ly) and 

fat droplets (Lp) in the vicinity of r-ER (ER). (Reuse of Iwai M, et al. 
Fatty metamorphosis of liver due to alpha-methyldopa. J Kyoto Pref Univ 
Med 1983; 92: 1427–1432., with permission of its chief editor)
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CT confirmed ascites and revealed an enlarged liver with het-
erogeneous density. Laboratory testing showed TBIL 2.5 mg/
dL, AST 108  IU/L, ALT 41  IU/L, LDH 493  IU/L, ChE 
2030  IU/L, total protein 5.8 g/dL, albumin 2.9 g/dL, NH3 

106 μ/dL, PLT 6.3 × 104/μL, and HPT 27%. Peritoneoscopy 
showed an enlarged yellow liver with dull edge and irregular 
surface. Liver biopsy showed nonalcoholic steatohepatitis 
(Fig. 8.2).

a b
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d

Fig. 8.2  Tamoxifen-induced liver damage. (a) CT shows presence of 
ascites, irregular surface of the liver with heterogeneous density, and 
mild splenomegaly. (b) Peritoneoscopy shows yellow liver with dull 
edge and enlarged left lobe. (c) Masson’s trichrome stain shows lobular 

architecture disarray and bridging fibrosis. (d) Hepatocytes are swollen 
or ballooned, and mononuclear cells infiltrate the sinusoids. (e) Masson 
trichrome stain shows ballooned hepatocytes surrounded by perisinu-
soidal fibrosis
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Case 8.3 Nutritional Supplement-Induced Liver Injury
Nutritional supplements are widely used, and their use has 
been linked to liver injury [45]. An interesting example is 
severe hepatic injury associated with intake of Herbalife 
products contaminated with Bacillus subtilis [46].

A 28-year-old female had been taking a weight-loss pro-
moting agent for 3 months when she developed jaundice. Her 
liver function test showed TBIL 18.57 mg/dL, AST 1563 IU/L, 
ALT 1205 IU/L, ALP 454 IU/L, and negative IgM-HA Ab, 
HBsAg, HCV RNA, and ANA. Liver biopsy showed disar-
rayed trabecular structure and many inflammatory cells in the 
portal area. Periportal hepatocyte rosetting and ballooning 
hepatocytes in the mid-zonal to centrilobular areas were 
noted, and there were mixed inflammatory infiltrates includ-
ing lymphocytes, neutrophils, and scattered eosinophils in the 
portal area, ballooning hepatocytes, and acidophilic bodies 

(Fig.  8.3). After cessation of intake of supplements, liver 
function tests reverted to normal values 4 months later.

Case 8.4 Chlorpromazine-Induced Liver Injury
A prototypical cholestatic injury is chlorpromazine, which 
can cause hepatocanalicular cholestasis. Jaundice develops 
several weeks after its administration [47, 48].

A 77-year-old male was treated with chlorpromazine for 
6 months when jaundice developed. His liver function test 
showed TBIL 24.03  mg/dL, ALT 60  IU/L, AST 35  IU/L, 
GGT 36  IU/L, LAP 294  IU/L, WBC 7100/mm3, and 
eosinophilia 7%. Liver biopsy showed a disarrayed trabecu-
lar structure and the presence of ballooning hepatocytes 
around the portal tract, and there was central parenchymal 
and canalicular cholestasis accompanied by scattered acido-
philic bodies (Fig. 8.4).

a b

Fig. 8.3  Nutritional supplement-induced hepatitis. (a) Disarrayed tra-
becular structures with hepatocyte rosetting and portal tracts with 
inflammatory cell infiltrate. (b) Hepatocytes are ballooning and an aci-

dophilic body (arrow) is seen, while the portal tract shows mixed infil-
trate of lymphocytes, plasma cells, and eosinophils with interface 
hepatitis

a b

Fig. 8.4  Chlorpromazine-induced liver injury. (a) Mild inflammation 
is seen in the portal tract and disarrayed trabecular structures, and most 
periportal hepatocytes are swollen. (b) Cholestasis is seen in the centri-

lobular area, and bile pigments are localized in the bile canaliculi. An 
acidophilic body (arrow) is also noted
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Fig. 8.5  Tiopronin-induced liver injury. (a) Peritoneoscopy shows green liver parenchyma with white capsule. (b) Cholestasis is seen in the cen-
tral area (c), and bile plugs (arrow) are observed in the bile canaliculi

a

c

b

Fig. 8.6  Antibiotic-induced liver injury. (a) Peritoneoscopy shows 
clear and green prominent acinus markings. (b) An edematous portal 
tract with ductular proliferation. (c) Portal tract with ductular reaction 

and mild inflammatory cell infiltrate. Cholestasis and microvesicular 
steatosis are seen in the periportal hepatocytes
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Case 8.5 Tiopronin-Induced Liver Injury
Tiopronin, a drug prescribed to prevent kidney stones associ-
ated with cystinuria, may induce severe cholestasis 1 month 
after initial administration, and the effect appears to be long-
lasting [49]. Human leukocyte antigen (HLA) is reported to 
be associated with severe cholestasis in tiopronin-induced 
liver injury [50]. It is important to note that drug-induced 
injury can take a long time to resolve.

A 41-year-old male took tiopronin for 6 months to pre-
vent gallstones. He developed low-grade fever and became 
icteric for 3 months. His liver function tests showed TBIL 
17.3 mg/dL, ALT 38 IU/L, AST 42 IU/L, ALP 1022 IU/L, 
and GGT 526  IU/L.  Peritoneoscopy showed a green liver 
with a white capsule; microscopic findings revealed lobular 
disarray with centrilobular, parenchymal damage and cana-
licular cholestasis; and amorphous material was seen in the 
perisinusoids of the centrilobular area (Fig. 8.5).

Case 8.6 Antibiotic-Induced Liver Injury
Antibiotics can induce hepatocellular injury, intrahepatic 
cholestasis, mixed hepatitis, chronic hepatitis, or microve-
sicular steatosis. Cephalosporin and its metabolites may lead 
to intrahepatic cholestasis with damage of the bile ducts and 
microvesicular steatosis [51].

A 64-year-old male had alcoholic stools, dark urine, and 
jaundice after administration of the antibiotic cefamezin alfa 
for pharyngitis. Laboratory data showed TBIL 30.89 mg/dL, 
AST 199  IU/L, ALT 210  IU/L, ALP 2106  IU/L, GGT 
3539 IU/L, and total cholesterol 709 mg/dL. Peritoneoscopy 
2 weeks after the peak of jaundice showed green liver with-
out small excavations and scattered cholestatic acini; liver 
biopsy revealed expanded portal tracts with edema and pro-
liferating bile ductules; and cholestasis was seen in hepato-
cytes, with microvesicular steatosis in the periportal region 
(Fig. 8.6).
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Abbreviations

AIH	 Autoimmune hepatitis
ALP	 Alkaline phosphatase
AMA	 Anti-mitochondrial antibody
ANA	 Antinuclear antibody
ASMA	 Anti-smooth muscle antibody
CNSDC	 Chronic nonsuppurative destructive cholangitis
ERCP	 Endoscopic retrograde cholangiopancreatography
GGTP	 Gamma-glutamyltranspeptidase
GOT	 Glutamic oxaloacetic transaminase
GPT	 Glutamic pyruvic transaminase
GVHD	 Graft-versus-host disease
HLA	 Human leucocyte antigen
Ig	 Immunoglobulin
MRCP	 Magnetic resonance cholangiopancreatography
PBC	 Primary biliary cholangitis
PSC	 Primary sclerosing cholangitis

UDCA	 Ursodeoxycholic acid

9.1	 �Introduction

Autoimmunity of the human body can be directed toward the 
hepatocytes or toward the bile ducts. Autoimmune disease 
affecting the hepatocytes (with elevation of hepatocellular 
enzymes—AST, ALT) is called autoimmune hepatitis (AIH), 
whereas the classical example of autoimmune disease affect-
ing small bile ducts is called primary biliary cholangitis 
(PBC). The latter is associated with elevation of cholestatic 
liver enzyme (ALP, gamma-GT). The role of autoimmunity 
in primary sclerosing cholangitis (PSC) affecting the large 
bile ducts is rather unclear, although in recent years a variant 
of PSC is certainly caused by IgG4-mediated bile duct injury. 
Finally, sometimes features of both AIH and PBC or PSC 
can be present, producing so-called overlap syndrome.

9.2	 �Autoimmune Hepatitis

Autoimmune hepatitis (AIH) is a chronic self-perpetuating 
inflammatory disease with a female predominance occurring 
in all ages and races that may start with an episode of acute 
hepatitis and may lead to liver cirrhosis, liver cancer, liver 
transplantation, or death. The etiology of autoimmune hepatitis 
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is unknown, though both genetic and environmental factors 
are likely to be involved. An immune response targeting liver 
autoantigens is thought to initiate and perpetuate the liver 
damage. There are particularly strong associations within the 
HLA-DRB1 locus, with the HLA-DR3 (DRB1/0301) and 
HLA-DR4 (DRB1/0401) molecules conferring susceptibility 
to AIH-1 in Europe and North America and DR4 in Japan [1], 
and susceptibility to AIH type 2 is associated with HLA-DR3 
and HLA-DR7 in the United Kingdom and Brazil [2].

The criteria for the diagnosis of autoimmune hepatitis 
(AIH) are evolving. An initial attempt to define this disease 
by the International Autoimmune Hepatitis Group [3] was 
followed by validation studies, a redefinition with still an 
extensive scoring system [4] and more recently a strong 
simplification of criteria, [5] and recently EASL published a 
well-summarized review [6].

AIH is in fact a syndrome, and the diagnosis is based on a 
combination of clinical features suggesting liver disease, the 
absence of other causes in conjunction with the presence of 
autoimmune markers (ANA, SMA, IgG), and typical fea-
tures on liver biopsy. Autoantibodies are normally detected 
by indirect immunofluorescence on a rodent substrate that 
includes the kidney, liver, and stomach.

Severe liver injury and its repeated attack in AIH cause 
significant parenchymal loss and extinction, resulting in liver 
failure. Therefore, glucocorticoid with or without other 
immunosuppressants, such as azathioprine or cyclosporine, 
should be administered as soon as the diagnosis of AIH is 
established [7, 8] to achieve normalization of transaminases 
and immunoglobulin G levels in serum. Liver transplantation 
may be needed when treatment is delayed or ineffective [9].

Definite diagnosis requires (1) the absence of markers sug-
gesting active viral hepatitis, abstinence from alcohol, no recent 
blood transfusion, and no recent exposure to hepatotoxic drugs, 
(2) the presence of autoimmune markers and elevated gamma-
globulin, and (3) compatible histological patterns of liver injury 

[1, 3–5]. The histology in AIH includes interface and panlobu-
lar hepatitis, lymphoplasmacytic infiltrate, rosette formation of 
the periportal hepatocytes, and absence of biliary injury. 
Interface hepatitis is necroinflammation at the interface 
between the portal tract stroma and hepatic lobule and is recog-
nized as chronic feature; however, in some patients with acute 
onset, this finding is less observed, and centrilobular necrosis is 
the dominant findings [10, 11]. The precise mechanism of 
autoimmune-related liver damage has not been elucidated in 
the liver that is known as tolerated organ [12, 13]. Clinically, 
AIH is classified into acute and chronic types, with or without 
acute exacerbation. Central necrosis with plasma cell infiltrate 
is frequently seen in the “acute” phase or acute exacerbation of 
AIH [14, 15], and syncytial giant cells are sometimes seen in 
severe AIH [16–19]. Cautiously, “acute” onset AIH frequently 
shows negative for autoantibodies and elevation of serum 
immunoglobulin, resulting in a much difficult diagnosis [20]. 
The histology of AIH varies depending on when the biopsy is 
taken during the disease. It is important to understand that 
biopsy cannot lead the definite diagnosis; however, biopsy is 
essential for ruling out other diseases. There are also various 
overlap forms of AIH with other autoimmune diseases, includ-
ing primary biliary cirrhosis (PBC), primary sclerosing cholan-
gitis (PSC) and outliers, autoimmune cholangitis [1], and AIH 
with bile duct injuries [21, 22]. Especially in child the differen-
tiation between AIH and PSC is difficult, suggesting that 
MRCP should be done in child case. For the diagnosis of such 
so-called overlap syndrome, initial diagnosis is important and 
should be diagnosed as AIH with bile duct injury or PBC with 
liver injury except for overlap syndrome.

Disease severity assessment is important especially at the 
initial diagnosis [23]. Peritoneoscopy reveals red swollen 
liver in an acute AIH with fissuring excavation, while chronic 
AIH demonstrates red mottling on the surface of the enlarged 
liver and white markings due to dilatation of the peripheral 
portal vein (Fig. 9.1).

a b

Fig. 9.1  Macroscopic findings of the liver with autoimmune hepatitis. 
(a) Peritoneoscopy shows swollen red liver with red markings in a 
patient with acute autoimmune hepatitis. (b) Peritoneoscopy in a patient 

with chronic autoimmune hepatitis shows fissure excavation with red 
markings on the surface of the enlarged liver, and white markings are 
visible with dilatation of the peripheral portal vein
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Case 9.1
A 59-year-old male complained of general malaise, arthral-
gia, jaundice, and brown urine. His liver function test 
showed ALT 144 IU/L, AST 121 IU/L, GGT 76 IU/L, IgG 
2322 mg/dL, ANA × 160, ASMA × 20, and negative AMA. 
Liver biopsy showed severe interface hepatitis and dense 
inflammatory infiltrates in the portal tract, consisting of 
plasma cells, lymphocytes, and rare eosinophils (Fig. 9.2). 
Prednisolone 30  mg/day was administered; arthralgia 
improved, and his liver function test reverted to normal 
values with maintenance dose. A variety of complications 
are often associated with AIH. Polyarthralgia, thyroiditis, 
and ulcerative colitis frequently occur in AIH, and the 
administration of glucocorticoid generally reduces their 
symptoms and signs.

Case 9.2
A 74-year-old female complained of general malaise for 
6 months, and her liver function test showed ALT 673 IU/L, 
AST 756 IU/L, ALP 281 IU/L, GGT 420 IU/L, IgG 1361 mg/
dL, ANA × 40, and negative AMA. Liver biopsy showed not 
only severe interface hepatitis but also central necrosis with 
plasma cell infiltrate (Fig. 9.3a). Prednisolone was adminis-
tered, and her liver function test improved. Central necrosis 
with infiltration of plasma cells, such as seen in this case, is 
often observed in the acute phase of AIH [14, 15, 24].

Case 9.3
A 15-year-old female complained of general malaise and 
developed jaundice. Liver function test showed TBIL 11.5 mg/
dL, AST 1185 IU/L, and ALT 1297 IU/L, and TBIL peaked 

a b

Fig. 9.2  Histological findings in autoimmune hepatitis. (a) Interface 
hepatitis is seen in the periportal area with many inflammatory cells in 
or around the portal tract. (b) The inflammatory cells in the portal tract 

consist of plasma cells, lymphocytes, and eosinophils. Bile ductules are 
damaged

C

C

a b

Fig. 9.3  Histological findings in autoimmune hepatitis. (a) Central 
necrosis with infiltration of plasma cells. (b) Multinucleated giant cells 
around the central vein (arrow), surrounded by plasma cells and neutro-

phils. Small hepatocytes are distributed in a rosette formation in the 
periportal area. P portal tract

9  Autoimmune Liver Disease
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36.4 mg/dL in a month, and PT was 55%. Liver biopsy showed 
syncytial giant cells in the centrilobular area, rosetting of 
hepatocytes in the periportal area, and neutrophilic and plasma 
cell infiltrate in the portal tract (Fig.  9.3b). Prednisolone 
30 mg/day and azathioprine 50 mg/day were simultaneously 
administered, and her liver function test reverted to normal 
values after 3 months. Although giant cell hepatitis is a fre-
quent pattern of liver injury in neonates, multinucleated syn-
cytial giant cells can also be observed in AIH. Their appearance 
is associated with severe liver injury in AIH [18].

Case 9.4
A 51-year-old male underwent a health examination and was 
found to have TBIL 0.89 mg/dL, AST 95 IU/L, ALT 128 IU/L, 
ALP 394  IU/L, IgG 3800  mg/dL, ANA × 1280, and PLT 
7.4 × 104/μL. Liver biopsy under peritoneoscopy showed nod-
ular formations with lymphoid follicles and red markings on 
the surface of the liver. Liver histology showed irregularly 
sized pseudolobules with massive necrosis, broad septa, and a 
fibrotic area infiltrated with many lymphoplasmacytic cells 

(Fig. 9.4). The prognosis of AIH is poor if liver cirrhosis has 
occurred at the time of diagnosis of AIH [25], unless predniso-
lone is promptly administered. The patient was treated with 
30 mg prednisolone, and his liver function test improved [26].

Case 9.5
A 56-year-old male complained of abdominal discomfort 
with brown urine. Liver function test showed TBIL 8.5 mg/
dL, AST 1173 IU/L, ALT 2236 IU/L, PT 65%, thrombocyte 
10.4 × 10 [4]/μL, and ANA × 40. Repeat liver function test 
1 month later did not show any improvement. Echo-guided 
liver biopsy showed lobular disarray with abundant inflam-
matory cells in the portal tracts and central necrosis, and high 
magnification showed interface hepatitis with mononuclear 
cell infiltrate comprising CD138-positive plasma cells 
(Fig. 9.5). Administration of prednisolone and repeat plasma 
exchange did not improve liver failure after 4 months. Upper 
abdominal CT showed a reduction in liver size compared to 
that seen on admission, accompanied by decreasing con-
sciousness. He underwent liver transplantation 5 months after 

a

c

b

Fig. 9.4  Liver cirrhosis due to autoimmune hepatitis. (a) 
Peritoneoscopy shows irregularly sized nodules on the liver surface 
with intermittent large excavation. (b) Nodules of remaining liver 

parenchyma (pseudolobules) separated by wide areas of collapse fibro-
sis. (c) Lymphoplasmacellular infiltrate in broad band of fibrosis

M. Zeniya et al.



101

initial treatment. The explanted liver showed submassive 
hepatic necrosis with abundant ductular reaction and roset-
ting of hepatocytes in the necrotic area (Fig. 9.6). Liver trans-
plantation is indicated in acute liver failure due to AIH. The 
patient survived 4.5 years after liver transplantation.

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by disorders of multiple organs, including 
the liver [27, 28]. The frequency of hepatic involvement in SLE 
is about 8–23% [28, 29]. Fatty change or congestion of the liver 
is frequently seen in patients with SLE [30], but concurrent 
AIH and SLE is quite rare [31, 32]. Furthermore, a differential 
diagnosis of SLE-associated hepatitis and AIH is clinically dif-
ficult [33, 34]. Here, we present a case of SLE with periportal 
hepatitis and plasma cell infiltrate and discuss the histologic 
differential diagnosis of SLE-associated hepatitis and AIH.

Case 9.6
A 60-year-old woman complained of fever and fatigue and 
developed proteinuria and polyarthralgia. Liver function test 
showed slight elevation of AST and ALT. A diagnosis of SLE 
was established according to the criteria of the American 
College of Rheumatology. She was treated with low-dose 

prednisolone therapy for 6 months and was asymptomatic for 
4  years. Subsequently, she developed new onset of polyar-
thralgia, fatigue, and myalgia and had dark urine and jaundice. 
There was no history of drug-taking, alcohol abuse, or paren-
teral exposure to blood products. On admission, her liver func-
tion test revealed TBIL 3.28 mg/dL, DBIL 2.11 mg/dL, AST 
192 IU/L, ALT 231 IU/L, ALP 1063 IU/L, GGT 332 IU/L, and 
LDH 253 IU/L. Immunological tests showed ANA × 640, IgG 
2130 mg/dL, IgM 148 mg/dL, positive lupus erythematosus 
cell test, anti-double-stranded DNA, anti-single-stranded 
DNA, and HLA typing for DR4 and negative anti-ribosomal P 
antibody. Anti-smooth muscle antibody, anti-mitochondria 
antibody, and anti-LKM 1 antibody were negative. HBsAg, 
IgM-HA Ab, and HCV RNA were negative. Serological tests 
for hepatotropic viruses, including cytomegalovirus and 
Epstein-Barr virus, were also negative. Peritoneoscopy 
revealed mild excavations on the liver surface with diffuse 
white markings, but without any red mottling. Liver biopsy 
showed fatty metamorphosis in the hepatic lobules, and the 
portal tracts were fibrotic but without bridging fibrosis; there 
was mild interface hepatitis with lymphoplasmacytic infiltrate 
without rosetting of the hepatocytes (Fig. 9.7). After admission, 

C

P

P

P

a

c

b

Fig. 9.5  Autoimmune hepatitis. (a) Liver histology at admission shows 
architectural disarray of the lobule, abundant inflammatory cells in the 
portal tract, and centrilobular necrosis. (b) Many inflammatory cells, 

including plasma cells and lymphocytes, are seen. (c) CD138 immuno-
reactivity is seen in plasma cells. C central vein, P portal tract
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her ALT and AST were elevated to 422 IU/L and 347 IU/L, 
respectively. Massive proteinuria (11  g/day), fever, massive 
pleural effusion, and pericardial effusion developed. 
Prednisolone was administered orally at an initial dose of 
40 mg/day and tapered to a maintenance dose of 10 mg over a 
period of 3 months. Subsequently, pericarditis, pleuritis, and 
proteinuria disappeared, and her liver function tests reverted to 
normal levels. A seropositive lupus erythematosus test became 
negative, and serum complements returned to normal levels. 
Serum IgG and the ANA titers were decreased. Her AIH score 
was 19 before treatment and 21 after treatment. Pericarditis 
and pleuritis resolved after administration of prednisolone, 
and her liver function tests reverted to normal values for 
4 years. SLE is sometimes complicated by liver injury, and it 
is difficult to distinguish chronic hepatitis in SLE from AIH 
[34, 35]. The histologic findings of interface hepatitis with 
lymphoplasmacytic infiltrate are those of AIH in SLE [36].

9.3	 �Primary Biliary Cholangitis

Primary biliary cirrhosis is recently renamed as primary biliary 
cholangitis (PBC) and generally regarded as an autoimmune 
disease. PBC is histologically characterized as chronic nonsup-
purative destructive cholangitis [37]. The disease affects the 
small bile ducts (interlobular or septal bile ducts) in contrast to 
sclerosing cholangitis that affects mostly the large bile ducts.

Serum anti-mitochondrial antibody is the major marker of 
PBC and is positive in 90% of patients with PBC [38]. The 
disease usually affects middle-aged to elderly women, with a 
peak incidence between 40 and 60 years old. PBC is clinically 
classified into asymptomatic PBC (a-PBC), PBC with esopha-
geal varices (v-PBC) [39], and symptomatic PBC (s-PBC). 
With the increasing number of medical checkups including 
laboratory testing, PBC is now frequently diagnosed at an 
early and completely asymptomatic stage. Most patients with 

a b

Fig. 9.6  Autoimmune hepatitis. (a) Submassive hepatic necrosis in the recipient liver. (b) Oval cells or small hepatocytes are seen around the 
portal tract

a b

Fig. 9.7  Autoimmune hepatitis in systemic lupus erythematosus. (a) 
Mallory-Azan stain shows the portal tract is enlarged, with portal tract 
fibrosis. Neither bridging fibrosis nor pseudolobular formation is seen. 
Fatty metamorphosis is seen in hepatocytes. (b) Hematoxylin and eosin 
stain shows the portal tract is infiltrated with many plasma cells and 

lymphocytes, and configuration of the biliary epithelium is irregular. 
C  central vein, P  portal tract. (Reuse of Iwai M, et  al. Autoimmune 
hepatitis in a patient with systemic lupus erythematous. Clin Rheumatol 
2003; 22: 234–6., with permission from Springer)
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a-PBC remain stable for long periods of time, but some may 
gradually progress to s-PBC. The presenting features in s-PBC 
are intense pruritis, lethargy, skin pigmentation, and choles-
tatic jaundice, occasionally followed by liver failure, and some 
patients are associated with the Sjogren disease with or with-
out CREST (calcinosis, Raynaud’s phenomenon, esophageal 
dysfunction, sclerodactyly, and telangiectasia) syndrome [40].

Histological staging [37] can be summarized as follows:

•	 Stage 1  =  inflammation and nonsuppurative destructive 
cholangitis (florid bile duct lesion).

•	 Stage 2 = destruction of parenchymal limiting plates with 
variable degrees of ductular proliferation and early short 
radiating septa.

•	 Stage 3 = extension of the portal-septal fibrosis to include 
portal to portal bridging septa (biliary fibrosis).

•	 Stage 4 = fully developed biliary cirrhosis.

Recently more clinical scoring system for both staging 
and grading has been shown, and this scoring is much practi-
cal and useful for assessing the disease [41].

Ursodeoxycholic acid (UDCA) is the treatment of choice 
for early-stage PBC [42]. Monotherapy of UDCA improves 
serum biochemical markers of bilirubin, alkaline phosphatase, 
γ-GTP, cholesterol, and IgM levels [43, 44] and slows down 
histological progression to liver cirrhosis, [45] and obeticholic 
acid and bezafibrate, probably by activating nuclear receptor, 
have shown promising results for non-responders of UDCA 
[46, 47]. Combination therapy of UDCA with bezafibrate is 
reported to improve biochemical tests in patients with PBC, 
with partial response to UDCA [48].

Case 9.7
A 73-year-old female underwent a health examination and 
was found to have AST 25 IU/L, ALT 14 IU/L, ALP 358 IU/L, 
and GGT 73I U/L.  Further examination showed IgG 
1113 mg/dL, IgM 205 mg/dL, AMA ×40, and ANA ×1280. 
Liver biopsy under peritoneoscopy showed small scattered 
excavations on the liver surface with white capsular thicken-
ing, infiltration of the portal tracts by inflammatory cells, and 
bile duct proliferation accompanied by many inflammatory 
cells including lymphocytes and plasma cells (Fig.  9.8). 

a

c

b

Fig. 9.8  Primary biliary cholangitis. (a) Peritoneoscopy shows small 
excavations of the liver surface, with white capsules. (b) Silver-stained 
liver tissue shows the presence of an enlarged portal tract. (c) 

Proliferating bile ductules and many lymphocytes and plasma cells in 
the enlarged portal tract are seen
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UDCA 600  mg/day was administered, and ALP and GGT 
reverted to normal values after 2 months. Her liver function 
test remained within normal limits for a long time, which 
proved the efficacy of UDCA in treating a-PBC.

Patients with PBC have a complication of Sjogren syn-
drome, and PBC should be also considered the main cause of 
liver disease in primary Sjogren syndrome [49].

Case 9.8
A 45-year-old female usually complained of dry eye or mouth 
and Raynaud’ phenomenon in cold season. Physical examina-
tion showed AST 55 IU/L, ALT 62 IU/L, ALP 525 IU/L, and 
GGT 198  IU/L, and detailed examinations showed AMA 
×1280, ANA ×1280, thyroid test ×6400, microsomal test ×100, 
SS-A Ab negative, SS-B Ab negative, and HLA-DR2 positive. 
Peritoneoscopy with liver biopsy showed mosaic pattern of 
leopard with acinus markings on the surface, and there are his-
tologically, enlarged portal tracts with infiltration of inflamma-

tory cells and neither infiltration nor necrosis was seen in 
central area. In portal tract bile ducts were destructed with 
degeneration of epithelial cells, and lymphoplasmacytic infil-
tration was observed (Fig. 9.9). UDCA of 300 or 600 mg/day 
was administered, and serum value of ALP/GGT was reverted 
to normal value as well as that of AST/ALT for 3 years.

Clinical manifestations and histological features in PBC 
with or without Sjogren syndrome were not different, and 
stage 1 PBC is considered to be one of the first extraglandu-
lar manifestations in patients with primary Sjogren syndrome 
[49], and then relation between PBC and Sjogren syndrome 
should be studied more in detail.

Case 9.9
A 34-year-old female complained of general malaise and 
itching for 2 years, which was exacerbated after the delivery 
of her second child [50]. After delivery, her liver function 
tests reverted to normal values, but were elevated later. Liver 

a b

c

Fig. 9.9  Primary biliary cholangitis in a patient with Sjogren syn-
drome. (a) Peritoneoscopy shows appearance of leopard crest with 
white markings on the liver surface. (b) Microscopic view shows an 

enlarged porta tract with infiltration of inflammatory cells, and there are 
few necrotic areas. (c) There are lymphoplasmacytic cells in portal 
tract, and bile ducts are destructed with degenerated epithelial cells
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function tests showed TBIL 0.74 mg/dL, AST 89 IU/L, ALT 
131 IU/L, ALP 416 IU/L, GGT 177 IU/L, IgM 689 mg/dL, 
and AMA × 320. Peritoneoscopy showed a patchy liver sur-
face, and liver biopsy showed an enlarged portal tract and 
fibrosis; the bile duct was damaged, with ductular prolifera-
tion accompanied by many lymphocytes and plasma cells 
(Fig. 9.10). UDCA 600 mg/day was effective, and the ALP, 
ALT, AST, and GGT levels were decreased to some extent.

Case 9.10
A 62-year-old female suffering from arthralgia with abnormal 
liver function tests for 10  years had TBIL 0.96  mg/dL, AST 
164 IU/L, ALT 196 IU/L, ALP 483 IU/L, GGT 422 IU/L, IgM 
345 mg/dL, and AMA ×320. Peritoneoscopy with liver biopsy 
showed early nodular formation on the liver, liver biopsy showed 
bridging fibrosis, and bile duct loss, interface, and intralobular 
hepatitis were noted (Fig. 9.11). The findings in liver biopsy were 
consistent with PBC stage 3. The administration of UDCA with 
and without bezafibrate did not improve liver chemistry. Ascites 

and leg edema followed by liver failure occurred 6 years later. 
The levels of ALP, ALT, AST, and GGT in serum were high, and 
UDCA did not improve liver chemistry in this a-PBC patient.

Clinical manifestations and liver histology with perito-
neoscopic findings in a patient of s-PBC is demonstrated in 
Chap. 6 (Case 6.2), and the patient died of hepatic failure 
with encephalopathy 3.5 years after initial presentation.

The PBC-AIH overlap syndrome is defined by the asso-
ciation of PBC and AIH in a patient, either simultaneously or 
consecutively [51]. The overlap syndrome has been applied 
to some cases with aggregate scores of definite or probable 
AIH using the modified scoring system of the International 
Autoimmune Hepatitis Group and cholestatic state of bio-
chemical study combined with seropositivite-AMA [51]. 
Other study suggests requirement for two out of three diag-
nostic criteria of AIH and PBC among patients suspecting of 
overlap syndrome (Table 9.2) [52], and about 10% of AIH 
and PBC belongs in the overlap category [53]. The histologi-
cal features include a variable combination of inflammatory 

a

c

b

Fig. 9.10  Primary biliary cholangitis. (a) Peritoneoscopy shows 
patchy markings on the liver surface. (b) The portal tract is enlarged, 
and fibrosis extends into the lobules. (c) The interlobular bile duct is 

damaged, with an aggregate of lymphocytes, neutrophils, and eosino-
phils surrounding the damaged bile duct. Their inflammatory cells infil-
trate beyond the basement membrane of the bile duct
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cell infiltrates directed at the bile ducts and hepatocytes, and 
development of superimposed AIH can result in rapid pro-
gression toward cirrhosis and liver failure [54].

Case 9.11
A 67-year-old male was found to have AST 447 IU/L, ALT 
712 IU/L, ALP 266 IU/L, GGT 247 IU/L, ANA × 1280, and 
AMA × 40. Peritoneoscopy showed an irregular surface with 
red markings, formation of large nodules, and lymphangiec-
tasia; liver biopsy showed nodule formation separated by 
broad septa and lymphoplasmacytic infiltration from the por-
tal tracts, while the bile ducts decreased in number (Fig. 9.12). 
Administration of UDCA reduced the ALP, ALT, AST, and 
GGT levels for a while, but transaminase was then elevated 

again. Prednisolone and UDCA administration reverted both 
ALT/AST and ALP/GGT to near-normal values and reduced 
ANA titer. UDCA and a small dosage of prednisolone main-
tained normal liver function in the long term.

9.4	 �Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) is a chronic cholestatic 
liver disease caused by chronic inflammatory destruction of 
intrahepatic or extrahepatic bile ducts (large duct), and is fre-
quently accompanied by inflammatory bowel disease, usu-
ally chronic ulcerative colitis [55]. Many patients are 
<50 years old at the time of diagnosis, with a male prepon-
derance of 3 to 1. There is a variant form of small duct PSC 
in which findings from cholangiographic study are normal 
[56] and of PSC overlapped with autoimmune hepatitis [57].

Genetic and environmental factors contribute to the patho-
genesis of PSC, and genome-wide association studies identi-
fied genomic region of HLA antigen-B locus most important 
for its development, and several other genomic regions are 
said to associate with disturbance of immune self-recognition 
and adaptive immunity in PSC [58]. Microbial component 

a

c

b

Fig. 9.11  Primary biliary cholangitis. (a) Peritoneoscopy shows early nodular formation and deep fissuring excavation on the liver surface. (b) 
Masson’s trichrome stained liver biopsy shows bridging fibrosis, and the portal tract is expanded. (c) Interface or intralobular hepatitis is seen

Table 9.2  Diagnostic criteria of overlap syndrome (Paris criteria)

AIH  � 1.  ALT>5 times upper limit of normal
 � 2. � IgG > 2 times upper limit of normal, or anti-SMA 

positive
 � 3.  Chronic hepatitis pattern of injury on liver biopsy

PBC  � 1.  Alkaline phosphatase>2 times upper limit of normal
 � 2.  AMA positive
 � 3.  Florid duct lesion on liver biopsy
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entering into the portal circulation from the gut could contrib-
ute to biliary inflammation [59]. Moreover gut-derived acti-
vated T lymphocytes may home to the liver during the 
development of PSC [60], and cholangiocytes undergo the 
phenomenon of cellular senescence influenced by various 
cytokines [61] and participate in pathogenesis of PSC [62].

In the early stage, PSC is asymptomatic in some patients, 
and 5–25% of them are discovered because of elevated serum 
alkaline phosphatase. In some cases, the disease progresses, and 
biliary cirrhosis develops; this is followed by liver failure [63].

Follow-up studies have shown considerable variations in 
the clinical course. The diagnosis of PSC is based on clinical, 
laboratory, and morphological findings as well as by endo-
scopic retrograde cholangiopancreatography (ERCP). Serum 
biliary enzyme is elevated, and protoplasmic-staining anti-
neutrophil cytoplasmic antibodies are positive. ERCP or 
magnetic resonance cholangiopancreatography (MRCP) 
[64] shows irregular wall contour and stenosis of intrahe-
patic or extrahepatic bile ducts with prestenotic dilatation.

Liver biopsy is rarely done in these patients unless issues 
remain. Histological features are classified into four stages. 
In stage 1, changes are confined within the portal boundaries, 
with infiltration of lymphocytes, plasma cells, and neutro-
phils. Lymphoid follicles or aggregates are occasionally 
present. Small bile ducts are degenerated, and the portal 
stroma is edematous. In stage 2, the portal tracts are swollen, 
with disruption of the parenchymal limiting plates and chol-
angitis. Biliary interface activity is accompanied by focal 
ductular proliferation. In stage 3, portal fibrosis develops 
with formation of portal-to-portal fibrous septa and, in stage 
4, biliary cirrhosis. The natural course of PSC shows differ-
ent survival rates—depending on the histological stage—and 
its association with autoimmune diseases is far less than in 
PBC. It is complicated by cholecystolithiasis or choledocho-
lithiasis and cholangiocarcinoma. However, the disease may 
reappear in about 25% of patients after transplantation [65].

Treatment varies from conservative therapy with UDCA 
[66] to invasive therapy using balloon and stent insertion to 
reduce isolated stenosis of intrahepatic or extrahepatic steno-
sis of bile ducts [67]. Liver transplantation is the therapy of 
choice in late-stage PSC [68] and may have a role in treat-
ment of cholangiocarcinoma.

Case 9.12
A 20-year-old male came to our clinic complaining of epigas-
tric pain, fever, and bloody stools. Laboratory data showed 
TBIL 0.32 mg/dL, ALT 32 IU/L, AST 23 IU/L, ALP 587 IU/L, 
GGT 130  IU/L, IgG 2270  mg/dL, ANA ×40, and negative 
AMA. ERCP showed irregularly narrowed and dilated intra-
hepatic bile ducts (Fig.  9.13). Laparoscopy showed white 
markings with dilated peripheral portal veins on the liver sur-
face, and liver biopsy revealed onion-skin fibrosis surround-
ing small bile ducts (Fig.  9.14). UDCA was administered 
orally. Ulcerative colitis was diagnosed by colonoscopy.

Case 9.13
An asymptomatic 66-year-old female has TBIL 0.93 mg/dL, 
ALT 55  IU/L, AST 40  IU/L, ALP 674  IU/L, and GGT 
390 IU/L. ERCP showed stenosis or stricture of the intrahe-
patic or extrahepatic bile ducts (Fig. 9.15). Peritoneoscopic 
findings revealed a wide excavation at the edge of the left lobe 
and a thick hepatic capsule with white markings (Fig. 9.16a). 
UDCA was administered. Excavation developed extensively 
on the liver surface, with increased white markings after 
7 years (Fig. 9.16b). Liver biopsy from the first peritoneos-
copy showed proliferating bile ducts with lymphocytic and 
eosinophilic infiltrate in the portal tract (Fig. 9.17).

To investigate liver fibrogenesis in PSC, we examined the 
expression of stem cell factor (SCF), a ligand of c-kit, in the 
injured bile ducts of four patients with overt PSC and histologi-
cally classified as stage 2 or 3. Mast cells were identified by 
immunohistochemistry using anti-human mast cell tryptase 

a b

Fig. 9.12  Macroscopic and microscopic liver findings in overlap syn-
drome of primary biliary cholangitis and autoimmune hepatitis. (a) 
Peritoneoscopy shows adhesion of liver surface to the peritoneum. The 

liver surface is wavy. Large and irregularly sized nodules are visible, 
with red markings. (b) Liver histology reveals broad septum fibrosis, 
and inflammatory cells are seen in the portal tract
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Fig. 9.13  Early-stage primary sclerosing cholangitis. Endoscopic ret-
rograde cholangiopancreatography shows narrowing and dilatation of 
intrahepatic bile ducts

a b

Fig. 9.14  Early-stage primary sclerosing cholangitis (a) Peritoneoscopy shows white markings on the smooth surface of enlarged liver. (b) 
Masson’s trichrome stain shows onion-skin fibrosis in the portal tract

Fig. 9.15  Late-stage primary sclerosing cholangitis Endoscopic retro-
grade cholangiopancreatography shows irregular and narrowing wall of 
the intrahepatic or extrahepatic bile duct
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(HMCT) and anti-c-kit antibodies to clarify their relationship 
with portal fibrosis and damaged bile ducts. SCF was detected 
in the epitheliums of most bile ducts in PSC, and many HMCT- 
and c-kit-positive mast cells were found in the portal tracts 
(Fig. 9.18). Image analysis showed more significant numbers 
of c-kit-positive mast cells per area of portal tract in PSC than 
in chronic hepatitis C, which may be increased from stage 2 to 
3. The infiltration of c-kit-positive cells in SCF-positive portal 
tracts destroyed bile ducts, and c-kit mast cells were suggested 
to associate closely with hepatic fibrosis in PSC [69–73].

The overlap syndrome of primary sclerosing cholangitis 
and AIH is defined as meeting criteria of probable or definite 
AIH with cholangiographic evidence of PSC and character-
ized by ANA- or SMA-seropositive, interface hepatitis and 
hypergammaglobulinemia in mixture with cholestatic change 
of serum alkaline phosphatase, occurrence of inflammatory 

bowel disease, and fibrous obliterative cholangitis. The over-
lap syndrome of PSC and AIH is in general resistant to 
corticosteroid.

9.5	 �IgG4-Related Sclerosing Cholangitis

IgG4-related sclerosing cholangitis is referred to the biliary 
manifestation of IgG4-related systemic disease [74] and is 
an autoimmune inflammatory condition associated with 
autoimmune pancreatitis [75]. This type of sclerosing chol-
angitis involves the extrahepatic ducts, is characterized by 
IgG4-positive lymphoplasmacytic infiltrate, and is steroid-
responsive [76]. It should be distinguished from PSC 
(Table 9.1) [77].

The clinical presentation of IgG4-related sclerosing chol-
angitis is different from PSC. Diabetes mellitus, pseudotu-
mor in the lung or pancreas [78, 79], and multifocal 
fibrosclerosis often precede or follow IgG4-related scleros-
ing cholangitis, and autoimmune hepatitis is rarely seen [80, 
81]. The typical imaging findings of intrahepatic or extrahe-
patic bile ducts and pancreas in IgG4-related sclerosing chol-
angitis and autoimmune pancreatitis [82], and the histological 
findings of autoimmune pancreatitis, are fairly well recog-
nized. However, the pathogenesis remains unclear.

Glucocorticoid therapy reduces IgG4-positive plasma cell 
infiltrate [80], and a consensus on the treatment of IgG4-
related sclerosing cholangitis has been reached: an initial 
dose of prednisolone 30–40 mg/day and long-term adminis-
tration are recommended [83]. Azathioprine appears useful 
in patients with partial response to prednisolone [84]. There 
are cases of IgG4-associated autoimmune hepatitis, [85] 
which should be distinguished from classical one. Further 
study is needed on this new disease entity.

a b

Fig. 9.16  Peritoneoscopic findings in advanced primary sclerosing 
cholangitis (a) Peritoneoscopy shows large excavation on the edge of 
the left lobe, and white markings are clearly demarcated on the surface. 

(b) Repeat peritoneoscopy shows wide development of excavation on 
the left lobe, and the liver surface is more irregular. The liver capsule 
has become thick

Fig. 9.17  Liver histology from the first peritoneoscopy. The portal 
tract is infiltrated with many lymphocytes and lymphoid follicles. 
Proliferating bile ductules and damaged bile duct are visible
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a

c

d e

d

b

Fig. 9.18  Expression of stem cell factor, human mast cell tryptase, 
and c-kit in patients with chronic hepatitis C and primary sclerosing 
cholangitis. (a) Biliary epithelial cells in a portal tract show weak stain-
ing of stem cell factor in chronic hepatitis C. (b) Immunoreactivity of 
stem cell factor in most epithelial cells of bile ducts in primary scleros-
ing cholangitis. (c) Several positive human mast cells are shown in the 
portal tract in chronic hepatitis C. (d) Many positive human mast cells 

are visible in the portal tract in primary sclerosing cholangitis. (e) Few 
c-kit-positive cells are seen in the portal tract in chronic hepatitis C. (f) 
Several c-kit-positive cells (arrowheads) are visible in the portal tract in 
primary sclerosing cholangitis. Bar = 100 μm. Reuse of Ishii M, et al. A 
role of mast cells for hepatic fibrosis in primary sclerosing cholangitis. 
Hepatol Res 2005; 31: 127–31., with permission from Wiley

Case 9.14
A 77-year-old male suffered from chronic pancreatitis and 
complained of anorexia.

Jaundice was indicated, and serum examination showed 
TBil 1.92  mg/dl, DBil 1.58  mg/dl, AST 137  IU/l, ALT 

186 IU/l, ALP 2227 IU/l, GGT 871 IU/l, P-amy 54 IU/l, 
CA19–9185 U/ml, IgG 2124.8 mg/dl, and IgG4 471 mg/dl. 
US and CT with contrast medium revealed enlarged pan-
creas, dilation of choledochus and intrahepatic bile ducts, 
and enlarged gall bladder (Fig.  9.19a–d). MRCP and 
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Table 9.1  Clinicopathological difference between IgG4-related sclerosing cholangitis and primary sclerosing cholangitis

Variable IgG4-related sclerosing cholangitis Primary sclerosing cholangitis
Age Old Young and old
Sex Male > female Male = female
Liver chemistry Jaundice Liver functional disturbance
IgG4 in serum High Normal
Complication Diabetes mellitus, pancreatitis, multifocal fibrosclerosis, interstitial pneumonia Irritable bowel syndrome
Therapy Glucocorticoid Transplantation
Prognosis Good Worse
IgG4-positive cells Positive
Obliterative phlebitis Positive Negative
Onion-skin lesion Rare Positive
Stage (Ludwig criteria) I–II I–IV

a

c d

b

Fig. 9.19  (a, b) US shows enlarged gall bladder with stone shadow 
and dilated bile ducts. (c, d) CT present thickened wall of gall bladder, 
and dilated common and intrahepatic bile ducts are found. Head of pan-

creas is swollen. (b, c & d. Reuse of Douhara A, et al. Gastroenterol 
Endosc 2011; 53: 1617–25., with permission from Jpn Soc Gastroenterol 
Endosc)
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ERCP presented dilated middle portion and stenotic lower 
portion of choledochus, and main duct of pancreas was 
irregularly dilated. Enlarged papilla Vater was detected by 
ERCP (Fig.  9.20a–d). Biopsied tissue from papilla Vater 
showed normal arrangement of columnar epitheliums and 
edematous submucosa area with infiltration of inflamma-
tory cells. Magnified view revealed abundant plasma cells 
and eosinophilic leukocytes in submucosal area, and many 
of plasma cells contain IgG4-positive immunoreaction 
(Fig. 9.21a–d).

Case 9.15
A 65-year-old male had obstructive jaundice, and chol-
angiocarcinoma was suspected by abdominal ultrasound. 
Percutaneous transhepatic cholangiodrainage and endoscopic 
retrograde biliary drainage reduced jaundice, and his general 
status was stable for 1.5 years. MRCP showed reduced tail 
size of pancreas, and liver chemistry showed TBIL 1.39 mg/
dL, AST 99  IU/L, ALT 77  IU/L, ALP 1135  IU/L, GGT 
737  IU/L, IgG 2307  mg/dL, and IgG4 165  mg/dL. ERCP 
revealed stricture and dilatation of intrahepatic bile ducts. 

a b

c d

Fig. 9.20  (a, b) MRCP and ERCP shows dilated common in upper 
portion and intrahepatic bile ducts, and irregularly dilated pancreatic 
duct is seen. c.d. ERCP shows hyperemic and enlarged papilla Vater (a, 

b & d. Reuse of Douhara A, et  al. Gastroenterol Endosc 2011; 53: 
1617–25., with permission from Jpn Soc Gastroenterol Endosc)
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The lower portion of the common bile duct was narrowed, 
and liver biopsy showed an enlarged portal tract with bile 
ductular proliferation and cluster of plasma cells and lym-
phocytes (Fig.  9.22). Prednisolone 20  mg/day was admin-
istered. Gradually, the dosage was tapered and ceased after 
34 months, and liver function tests reverted to normal values.

Case 9.16
An 81-year-old male complained of appetite loss, weight 
loss, and general malaise. His liver tests showed AST 

63 IU/L, ALT 54 IU/L, ALP 583 IU/L, GGT 373 IU/L, IgG 
2437 mg/dL, and IgG4 487 mg/dL. ERCP showed stricture 
or dilatation of intrahepatic biliary ducts and strictured lower 
portion of the common bile duct with an irregularly sized 
pancreatic duct, and liver tissue showed an enlarged and 
inflamed portal tract with fibrous bands, neutrophils, eosino-
phils, and lymphoplasmacytic cells (Fig. 9.23). Prednisolone 
25  mg/day was administered. The dosage was gradually 
tapered and ceased after 5  months, and his liver function 
returned to normal.

a

c

b

Fig. 9.21  (a) HE staining of papillae Vater shows edematous submu-
cosa with many inflammatory cells. (b) Magnified view shows many 
plasma cells and eosinophilic leukocytes. (c) Immunohistochemistry 

shows IgG4 immunoreactivity in plasma cells. (a, b & c. Reuse of 
Douhara A, et al. Gastroenterol Endosc 2011; 53: 1617–25., with per-
mission from Jpn Soc Gastroenterol Endosc)
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a

c

b

Fig. 9.22  IgG4-related sclerosing cholangitis. (a) Endoscopic retro-
grade cholangiopancreatography shows irregular stenosis of intrahe-
patic bile ducts, and stenotic area is seen in the lower portion of the 
choledochus. (b) Liver tissue stained by Masson’s trichrome stain 

shows a portal tract enlarged by fibrosis. (c) The portal tract is enlarged 
by fibrosis, and proliferating bile ductules are seen. Clusters of lympho-
cytes are present with scattered plasma cells

a b

Fig. 9.23  IgG4-related sclerosing cholangitis. (a) Endoscopic retro-
grade cholangiopancreatography shows irregular stenosis of the intra-
hepatic bile ducts. (b) Endoscopic retrograde cholangiopancreatography 
shows irregular stenosis of the pancreatic duct. (c) Masson’s trichrome 

stained liver tissue shows proliferating fibrosis from an enlarged portal 
tract, and inflammatory cells are present along the fibrotic area. (d) 
Interface hepatitis is seen, and the epitheliums of the bile ductule are 
damaged, with lymphoplasmacytic and eosinophilic infiltrate

M. Zeniya et al.



115

c d

Fig. 9.23  (continued)
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Abbreviations

ADPKD	 Autosomal dominant polycystic 
kidney disease

ADPLD	 Autosomal dominant polycystic 
liver disease

ARPKD	 Autosomal recessive polycystic 
kidney disease

CHF	 Congenital hepatic fibrosis
Erb-B2	 Erythroblastic oncogene B2
Gd-EOB-DTPA-MRI	 Gadolinium ethoxybenzyl diethyl-

enetriaminepentaacetic acid mag-
netic resonance imaging

MEK	 MAP (Mitogen-Activated Protein) / 
ERK (Extracellular Signal-
Regulated Kinase) kinase

mTOR	 Mechanistic target of rapamycin
SOL	 Space-occupying lesion
Srk kinase	 S-receptor kinase

Extrahepatic biliary atresia, paucity of intrahepatic bile 
ducts, viral hepatitis, and malformations of bile ducts are 
the main causes of neonatal cholestasis. Biliary atresia 
occurs due to inflammation and destruction of extrahepatic 
bile duct systems in utero and during the perinatal period. 
Malformations of bile ducts are associated with abnormal 
remodeling of embryonic bile duct plate and fibrocystic 
lesions are developed, and they include congenital hepatic 
fibrosis [1], Caroli’s disease [2], microhamartoma [3], and 
choledochal cyst, and they carry an increased risk of bile 
duct carcinoma. Differing from other cystic lesions, cili-
ated hepatic cyst arising from embryonic foregut is 
detected incidentally in adults and should be differentiated 
from bile duct lesions [4]. Infantile and adult types of 
hereditary polycystic disease cause renal failure, and 
hepatic failure is rare [5, 6].

10.1	 �Biliary Atresia

Biliary atresia may involve the entire extrahepatic biliary 
tree or only proximal or distal segments of bile ducts [7, 8]. 
Intrahepatic bile ducts are rarely affected early in the dis-
ease, but they may be gradually destroyed by fibrosis due to 
prolonged biliary obstruction. If biliary atresia is not diag-
nosed and treated, biliary cirrhosis develops early in life, and 
median age of death is 12 months [9]. Biliary atresia is clas-
sified into two patterns: early one (embryonal/fetal) 
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accounting for 15–35% and late one (perinatal) for 65–85% 
of cases. About 20% of cases are associated with congenital 
anomalies of cardiovascular or digestive system and spleen 
[10]. Patients are anicteric at birth and develop jaundice in 
the first weeks of life, accompanied by dark urine and pale 
stools. Liver is enlarged and hard at presentation, and labora-
tory examinations show elevation of serum bilirubin, alka-
line phosphatase, and gamma-glutamyltransferase.

It is hypothesized that prenatal or postnatal viral infection 
may initiate cholangiocyte apoptosis and trigger immune 
response of T-helper cell lymphocytes which amplify bile 
duct injury, inflammation, and obstructive fibrosis [11]. 
Regulatory T cells and genetic factors play a role in destruc-
tive autoimmune mechanisms in biliary atresia [12, 13].

Histological change of extrahepatic bile ducts is classified 
into three types: [1] atretic with no inflammatory cells in sur-
rounding connective tissue, [2] cleft-like lumen lined by 
cuboidal epithelium, and [3] altered bile duct incompletely 
lined by columnar epithelium. The pathological features of 
liver include cholestasis, periportal ductular proliferation, 
and presence of bile plugs in cholangioles and interlobular 
bile ducts.

Hepatoportoenterostomy (Kasai procedure) [14] is the 
first-line surgical approach for biliary atresia, but it should be 
performed before 30–45 days of life to prevent worsening of 
the disease [15]. Even after successful hepatoportoenteros-
tomy, more than 70% of the patients develop liver cirrhosis 
and require liver transplant by adulthood [11].

Case 10.1
A 1-month-old girl was icteric and her stool was acholic. 
Liver chemistry showed TBIL 11.9 mg/dL, DBIL 8.78 mg/
dL, ALT 42 IU/L, AST 80 IU/L, ALP 1441 IU/L, and GGT 
395 IU/L. Computed tomogram (CT) with contrast medium 
did not show dilatation of intrahepatic or extrahepatic bile 

ducts, and portal veins were seen. Percutaneous transhepatic 
cholangiography showed fine intrahepatic bile ducts, but no 
extrahepatic bile ducts (Fig.  10.1). Wedge biopsy of liver 
during Kasai enterostomy showed portal and bridging fibro-
sis. Magnified view of portal tract revealed proliferating bile 
ductules. Their epithelia were degenerated, with congestion 
mixed with fibrosis and infiltration of neutrophilic leuko-
cytes and lymphocytes (Fig. 10.2).

10.2	 �Fibropolycystic Diseases

Fibropolycystic diseases include congenital hepatic fibrosis, 
Caroli’s disease, microhamartoma (von Meyenburg com-
plex), choledochal cyst, and both infantile and adult forms of 
polycystic disease, which represent a number of congenital 
abnormalities involving the bile ducts related to abnormal 
remodeling of the embryonic bile duct plate [16].

10.2.1	 �von Meyenburg Complex

Usually, Caroli’s disease and von Meyenburg complex can-
not be easily distinguished. However, cystic malformation 
affects different parts of the intrahepatic biliary trees with or 
without surrounding fibrosis in Caroli’s disease, and portal 
tract bile ducts are affected in von Meyenburg complex.

Von Meyenburg complex is often multiple and distinct 
from congenital hepatic fibrosis. CT shows presence of mul-
tiple low-density areas, MRI demonstrates multiple high-
intensified small lesions, and peritoneoscopy reveals diffuse 
distribution of white maculae with small cystic lesions on 
liver surface (Fig.  10.3a,b,c). Morphologically, there are 
small nodules with inspissated bile in the lumen, which are 
portal-based lesions comprising angulated, ectatic, branching 

a b

Fig. 10.1  Biliary atresia. (a) CT with contrast medium does not show dilatation of intrahepatic or extrahepatic bile duct, and portal trunk and 
veins are seen. (b) Percutaneous hepatic cholangiography shows immature intrahepatic bile ducts, but extrahepatic bile duct is not detected
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Fig. 10.3  von Meyenburg complex. (a) Multiple low-density areas are 
seen in right lobe of liver in CT image. (b) MRI for cholangio-pancreatic 
ducts shows multiple high-intensified small lesions in liver. (c) 
Peritoneoscopy shows white maculae with small cyst on liver surface. 

(d) Portal-based lesion consists of angulated, ectatic, and branching 
bile ducts in fibrous stroma. The ducts are lined by columnar or cuboi-
dal epithelium and contain amorphous pink material or inspissated bile

a b

c d

Fig. 10.2  Biliary atresia. (a) Fibrosis develops from periportal area and is bridged among portal tracts. (b) Bile ductular proliferation is accom-
panied by fibrosis. Congestion is seen in portal tract, and lymphocytes or neutrophilic leukocytes infiltrate in the portal tract

a b
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bile ducts in fibrous stroma, and ducts lined by columnar or 
cuboidal epithelium containing amorphous pink material or 
inspissated bile (Fig. 10.3d).

10.2.2	 �Caroli’s Disease

Caroli’s disease is characterized by segmental or lobar cystic 
dilatation of bile ducts [17], and cysts are round or lanceolate. 
The inheritance is autosomal recessive, and the patients suf-
fer from fever and pain when cholelithiasis develops. Liver 
test is always normal, and biliary duct enzymes are only 
elevated when obstruction of biliary ducts occurs. 
Transluminal fibrovascular bridges are visualized in cysts as 
central dot sign by CT [18, 19] or abdominal ultrasound 
(US), and cystic lesions are shown by endoscopic retrograde 
cholangiography to communicate with biliary ducts 
(Fig. 10.4). Macroscopic findings of liver in Caroli’s disease 
show cystically dilated bile ducts traversed by fibrovascular 

bridges. Microscopic findings reveal dark bilirubinate calculi 
in the lumen and dilated bile ducts arranged around the cen-
tral vessels (ductal plate malformation) and lined by mucin-
secreting columnar epithelium (Fig. 10.5).

Due to communication of the abnormal dilated bile ducts 
with bowel, Caroli’s disease is complicated by cholangitis 
and cholelithiasis [2], and treatment consists of biliary drain-
age, administration of antibiotics, surgical procedures, and 
liver transplantation.

Case 10.2
A 26-year-old female complained of right hypochondralgia 
and vomiting. She had a history of infection in the biliary 
tree 12 years ago. Her liver chemistry showed ALT 6 IU/L, 
AST 13 IU/L, ALP 187 IU/L, and GGT 48 IU/L. US showed 
multiple low-echoic lesions communicating with biliary 
trees in liver, MRI showed high signal intensity in cystic 
lesions, and abdominal CT showed cystic dilatation of intra-
hepatic bile ducts (Fig. 10.6). There were no abnormal liver 
values, except for elevated ALP.  Peritoneoscopy showed 
dark blue lesions mixed with white maculae of various sizes 
on liver surface (Fig.  10.7). Histology showed irregularly 
configured bile ducts surrounded by broad band of fibrosis, 
and columnar epithelium of bile ducts was flattened and des-
quamated into bile duct lumen, consistent with ductal plate 
malformation (Fig. 10.8).

10.3	 �Ciliated Hepatic Foregut Cyst

The cyst is generally found incidentally by imaging studies 
or during surgery, seen more frequently in men, and com-
monly detected in the medial segment of left lobe. It is pro-
posed that the cyst is originated from the detachment and 
migration of buds from esophagus or bronchial regions of 
foregut and subsequent entrapment by the liver [20]. In most 

Fig. 10.4  Endoscopic retrograde cholangiography in Caroli’s disease. 
There is cystic and irregular dilatation of intrahepatic bile ducts

a b

Fig. 10.5  Macroscopic and microscopic findings of liver in Caroli’s 
disease. (a) Cystically dilated bile ducts are traversed by fibrovascular 
bridges. Dark bilirubinate calculi are present in lumen of bile ducts. (b) 

Dilated bile ducts are arranged around central vessels (ductal plate mal-
formation) and lined by mucin-secreting columnar epithelium
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cases, it is unilocular and its diameter is about 3 cm. It should 
be differentiated from solitary bile duct cysts, hepatobiliary 
cystadenomas, or echinococcal cysts. There are a few reports 
of squamous cell carcinoma arising from a ciliated foregut 
cyst [21].

Case 10.3
An 80-year-old male suffering from advanced gastric can-
cer was hospitalized for preoperative examination. 
Abdominal US showed a protrusive space-occupying lesion 
(SOL) in S4 area of left lobe, and its circumference was 
low-echoic and inner area of SOL isoechoic (Fig. 10.9a). 
Doppler-echo showed no signal of vasculature (Fig. 10.9b). 
His laboratory test showed neither HBsAg nor anti-HCV in 
serum, and CEA, CA19–9, and AFP were within normal 
limits. CT without contrast medium showed high-density 
area detected by US (Fig.  10.9c), and CT with contrast 

medium revealed low-density area in the early phase 
(Fig. 10.9d). MRI intensified by T1 showed high-intensi-
fied tumor (Fig.  10.10a), MRI intensified by T2 showed 
low-intensified tumor and high intensity in its surrounding 
area (Fig.  10.10b), and Gd-EOB-DTPA-MRI in phase of 
hepatocytes showed slightly high intensity in comparison 
with non-tumor area and high intensity in its surrounding 
area (Fig. 10.10c). Tumor resected by partial hepatectomy 
showed a cystic lesion containing mass of yellow jerry-
material in transparent and viscus liquid (Fig.  10.11a). 
Histologically the cystic lesion was surrounded by a thick 
capsule composed of connective tissues, muscular struc-
ture, and arterioles (Fig. 10.11b). The inner surface is lined 
by ciliated stratified epithelium and separates from the 
hepatic parenchyma by connective tissue containing some 
inflammatory cells and muscle bundles (Fig.  10.11c). 
Columnar epithelium is stratified and ciliated with some 
mucus cells, and lymphoplasmacytic infiltrate is present 
beneath the epithelium (Fig. 10.11d). There was no tumor 
recurrence after resection.

10.4	 �Polycystic Kidney Disease

Autosomal recessive and dominant polycystic kidney dis-
ease (ARPKD and ADPKD) can occur in both children [5] 
and adults [6]. The gene for ARPKD, PKHD1 (polycystic 
kidney and hepatic disease 1), is mapped to chromosome 6p 
21.2-p12, and the gene encodes a 4074-amino acid protein, 
fibrocystin [22]. There are perinatal, neonatal, infantile, and 
juvenile types. The liver does not show gross cystic lesions. 
There is striking increase in number of portal bile ducts with 
intraacinar extension and little supporting connective tissue 
stroma. Circumferential arrangement reminiscent of the 
embryonic ductal plate (ductal plate malformation) and often 

a b

Fig. 10.6  Caroli’s disease. (a) T2-weighted magnetic resonance image shows multiple lesions with high intensity in liver. (b) CT with contrast 
medium shows multiple cystic dilatations of intrahepatic bile ducts

Fig. 10.7  Caroli’s disease. Peritoneoscopy shows dark blue lesions 
mixed with white maculae of varying sizes and dilated peripheral portal 
veins
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a b

Fig. 10.8  Portal tract in Caroli’s disease. (a) Masson’s trichrome stain shows wide band of fibrosis with irregularly configured bile ducts in the portal 
area. (b) Fibrosis develops in portal tract with irregularly configured bile ducts, and lining epithelium is flattened and desquamated into lumen

b

a c

d

Fig. 10.9  Ciliated hepatic foregut cyst. (a) US shows a protrusive 
space-occupying lesion (SOL) in S4 area of left lobe, and its circumfer-
ence is low-echoic and inner area of SOL isoechoic. (b) Doppler-echo 

shows no signal of vasculature. (c) CT without contrast medium shows 
high-density area in tumor. (d) CT with contrast medium reveals low-
density area in the early phase
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polypoid fibrovascular projections into microcystically 
dilated ducts are present (Fig. 10.12). Increasing portal fibro-
sis develops, evolving into a pattern of congenital hepatic 
fibrosis (CHF) .

ADPKD is associated with mutations of PKD1 or PKD2, 
located on chromosome 16 (16p13) or chromosome 4 (4q21), 
and encoding for polycystin 1 and polycystin 2, respectively 
[23]. Autosomal dominant polycystic liver disease (ADPLD) 
with isolated liver involvement and no kidney disease has 
also been identified and is genetically distinct from ADPKD 
[24]. Multiple cystic lesions of various sizes are seen in liver, 
and cystic bile ducts are dilated and lined with bile duct epi-

thelium (Fig.  10.13). Rupture of a large cyst may lead to 
acute abdomen. The large cyst causes portal hypertension, 
cholestasis [25], and leg edema. Renal insufficiency due to 
the development of multiple cysts is a dangerous complica-
tion [26]. Treatment includes laparoscopic or surgical fenes-
tration [27], injection of minocycline hydrochloride [28] or 
alcohol [29], and surgical management [30]. There is no 
clear role for medical therapy for polycystic diseases, but 
somatostatin analogs, vasopressin, vitamin K3, mTOR 
inhibitors, inhibitors of Erb-B2 tyrosine kinase, Srk kinase, 
and MEK have been investigated to decrease size of cysts 
and to reduce symptoms.

a

b

c

Fig. 10.10  Ciliated hepatic foregut cyst. (a) MRI intensified by T1 
shows high-intensified tumor. (b) MRI intensified by T2 shows low-
intensified tumor and high-intensified area in its surrounding. (c) 

Gd-EOB-DTPA-MRI in phase of hepatocytes shows slightly high 
intensity in tumor in comparison with non-tumor area and higher inten-
sity in its surrounding
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a b

c d

Fig. 10.11  Ciliated hepatic foregut cyst. (a) Tumor resected by partial 
hepatectomy shows a cystic lesion containing yellow jerry-material in 
transparent and viscus liquid. (b) Tumor is cystic and surrounded by thick 
capsule composed of connective tissue, muscular structure, and arterioles. 

(c) Lining epithelium is ciliated and stratified, and inflammatory cells and 
muscle bundles are present in the connective tissue wall. (d) Stratified 
columnar epithelium is mucinous and ciliated, and lymphocyte and 
plasma cells are infiltrating between the epithelium and connective tissue

a b

Fig. 10.12  Autosomal recessive type of polycystic disease. (a) Enlarged portal tract contains increased numbers of bile ducts arranged circumfer-
entially (ductal plate malformation). (b) There is polypoid fibrovascular projection into microcystically dilated duct
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Fig. 10.13  Autosomal dominant type of polycystic disease. (a) Numerous cysts of various sizes are present throughout liver. (b) Multiple cysts 
of various sizes are lined by flattened epithelium
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RA	 Right atrium
SMAV fistula	 Superior mesenteric arteriovenous fistula
SMV	 Superior mesenteric vein
SV	 Splenic vein
TIPS	 Transjugular intrahepatic portosystemic shunt

11.1	 �Introduction

The liver has a dual blood supply: 60–70% from portal 
vein and 30–40% from hepatic artery. Arterioportal mixed 
blood in sinusoids streams to terminal hepatic veins from 
the periportal zone, and the venous blood collected in three 
hepatic veins is carried to inferior vena cava and right-sided 
atrium. Vascular disorders of the liver can be classified into 
three groups, the impairments of blood flow into (prehe-
patic), through (intrahepatic), or from (posthepatic) the liver 
(Table 11.1, Fig. 11.1). Then disturbance of blood flow in car-
diovascular system (acute or chronic heart failure), hepatic 
veins or arteries, portal veins, and sinusoids must affect liver 
function, and these vascular lesions are closely associated 

with development of acute and chronic liver diseases. This 
chapter describes liver disorders caused by abnormal stream 
or obstruction of hepatic artery, portal or hepatic veins, and 
sinusoids.

11.2	 �Hepatic Veins

The hepatic venous flow begins in terminal hepatic veins; 
drains into the intercalated veins, from there into the collect-
ing veins and truncal veins; and reaches the inferior vena 
cava. Congestive cardiac failure (acute or chronic type), ste-
nosis or obstruction of inferior vena cava, hepatic vein 
thrombosis, veno-occlusion, and endophlebitis obliterans 
cause acute or chronic liver disease and cirrhosis.

Table 11.1  Classification of vascular disorders of the liver

Posthepatic
1. Right hepatic failure
 � •  Congestion heart failure
 � •  Constructive pericarditis
 � •  Intracardiac neoplasia
 � •  Fontan procedure
2. Budd-Chiari syndrome
 � •  Hepatic vein obstruction
 � • � Inferior vena cava obstruction at its hepatic portion 

(obliterative hepatocavopathy)
Intrahepatic
1. Presinusoidal
 � •  Non-cirrhotic portal fibrosis (idiopathic portal hypertension)
 � •  Hepatic arteriovenous fistula
 � •  Hepatic arterioportal fistula
 � •  Schistosomiasis
 � •  Nodular hyperplasia
 � •  Caroli’s disease (ductal plate abnormalities)
2. Sinusoidal
 � •  Cirrhosis
 � •  Peliosis hepatis
 � • � Hereditary hemorrhagic telangiectasia (Osler-weber-Rendu 

disease)
3. Postsinusoidal
 � •  Sinusoidal obstruction syndrome (veno-occlusive disease)
Prehepatic
1. Portal vein
 � •  Portal thrombosis
 � •  Portal tumor thrombus
 � •  Phlebitis
 � •  Congenital portal atresia
 � •  Portal vein aneurysm
2. Hepatic artery
 � •  Polyarteritis nodosa
 � •  Hepatic artery aneurysm
3. Portal vein and hepatic artery
 � •  Hepatic infarction

RA FALD

IVC

HV

BCS

post-hepatic

APF

HHT

CV

SOS/VODsinusoid Peliosis
hepatis

HA PV

INCPH

PVT

PV aneurysm

EHPVO

SV

SMV

pre–hepatic

pre–
sinusoidal

intra–
hepatic

sinusoidal

post–
sinusoidal

Fig. 11.1  Schematic representative of the anatomic classification of 
hepatic vascular disorders. Hepatic vascular disorders can be classified 
into prehepatic, intrahepatic (presinusoidal, sinusoidal, postsinusoidal), 
and posthepatic lesions. APF arterioportal fistula, BCS Budd-Chiari 
syndrome, CV central vein, EHPVO extrahepatic portal venous obstruc-
tion, FALD Fontan-associated liver disease, HA hepatic artery, HHT 
hereditary hemorrhagic telangiectasia, HV hepatic vein, INCPH idio-
pathic non-cirrhotic portal hypertension, IVC inferior vena cava, PV 
portal vein, PVT portal vein thrombosis, RA right atrium, SMV superior 
mesenteric vein, SV splenic vein
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11.3	 �Budd-Chiari Syndrome (BCS)

Budd-Chiari Syndrome [1–4] is a rare disease with an esti-
mated prevalence of 1/100,000 [5] and is a disorder caused 
by obstruction of hepatic veins and inferior vena cava (IVC). 
Primary BCS is due to endoluminal venous lesions such as 
thrombus or web. Secondary BCS is due to a lesion outside 
the venous system such as tumor, abscess, or cysts. 
Obstruction of a single hepatic vein out of three hepatic veins 
is clinically silent. The obstruction of 2–3 hepatic veins 
induces hepatic dysfunction and becomes symptomatic. 
According to the location of obstruction, BCS is classified 
into three types: pure obstruction of hepatic veins, pure 
obstruction of IVC, and combined obstruction of hepatic 
veins and IVC. Clinical manifestations are characterized by 
abdominal pain, edema, ascites, jaundice, hepatomegaly, 
hepatic encephalopathy, variceal bleeding, and/or formation 
of collateral circulation pathways in abdominal and chest 
walls. However, they vary according to whether the disorder 
is acute, subacute, or chronic [6].

On etiology, the primary BCS is associated with hyperco-
agulable states leading to vascular thrombosis and develops 
from hereditary conditions such as Factor V Leiden, protein 
C, S, or antithrombin deficiency [7]. Pregnancy and estrogen 
intake can promote or trigger BCS especially in the presence 
of an underlying risk factor of thrombosis. The secondary 
BCS is associated with invasion or extrinsic compression of 
the hepatic veins and/or IVC. Causes of vascular compres-
sion are a pyogenic infectious process, amoebas, hydatid dis-
ease or echinococcosis, and benign and/or malignant tumors. 
Idiopathic membranous obstruction of IVC (MOVC) is fre-
quently seen in South Africa [8], India [9], Nepal [10], and 
Japan [11].

The clinical diagnosis of BCS can be accurately assessed 
with imaging modalities. Color Doppler ultrasonography 
(CDUS) [12] is a noninvasive technique and has high sen-
sitivity and specificity. Typical findings are absence of flow 
or flat wave form without fluttering as against a triphasic 
pattern observed in patent hepatic vein. Small and tortuous 
intrahepatic or subcapsular collaterals are seen in about 80% 
patients. Abdominal computed tomography (CT) and mag-
netic resonance imaging (MRI) are also used as diagnostic 
tools. Triple-phase CT [13] shows the absence of hepatic 
vein opacity and a mottled appearance along with late 
enhancement of the hepatic periphery. MRI [13] is helpful 
for visualizing the entire length of IVC or intrahepatic collat-
erals and for differentiating acute from subacute or chronic 
BCS.  In acute form, post-contrast MR show decreased 
T1 signal intensity and heterogeneously increased T2 sig-
nal intensity in the hepatic periphery. In the chronic form, 
T1 and T2 signal intensity are decreased on unenhanced 
MR imaging due to hepatic fibrosis. Noninvasive imaging 
modalities are sufficient for the diagnosis of BCS at most 
cases. However, if inadequate, venography and liver biopsy 

should be performed. Venograohy [13] is a useful modality 
for assessing extension and location of obstruction and mea-
suring hepatic venous pressure.

Liver biopsy is not required to confirm BCS and insuffi-
cient to assess the severity of BCS due to sampling errors but 
is useful for the differential diagnosis of veno-occlusive dis-
ease. As histologic findings in BCS have previously been 
described [14–16], zone 3 sinusoidal congestion and dilata-
tion may be the only findings in the early stage. Centrilobular 
fibrosis and nodular regenerative hyperplasia may develop 
over time in chronic stage and may lead to cirrhosis.

Laparoscopy is a useful tool in the diagnosis of BCS, but 
only a few reports have described macroscopic findings in 
the liver [17]. We describe the laparoscopic appearance of 
the liver in BCS with MOVC to clarify the macroscopic fea-
tures associated with liver histology.

Treatment depends on the causes, anatomic location, 
extent of thrombotic process, and functional capacity of the 
liver. The primary goal of the treatment is relieving hepatic 
venous outflow obstruction and improving liver perfusion, 
leading to preserve functioning hepatocytes. It is divided into 
medical treatment, including anticoagulation and thromboly-
sis, interventional procedures such as angioplasty and tran-
sjugular intrahepatic portosystemic shunt (TIPS), and 
surgical interventions including orthotopic or living donor 
liver transplantation. BCS should manage stepwisely [18, 
19]. The first-line treatment is medical therapy which uses 
heparin or vitamin K antagonist. The second step is percuta-
neous transluminal angioplasty for patients with short-length 
stenosis of either the hepatic veins or IVC. TIPS is the third 
step in patients not responding to medical therapy and with-
out response to or stenosis unsuitable for angioplasty/stent-
ing. A transcaval approach has been found to be successful in 
most patients using covered stents [20]. The last step is liver 
transplantation. The remaining 10–20% of patients with 
BCS treated with a stepwise management strategy need res-
cue transplantation. A large series of transplanted patients 
have shown 5-year survival rates of up to 80% [21].

We present four cases of acute (case 11.1), subacute (case 
11.2), and chronic BCS (cases 11.3 and 11.4) including the 
clinical manifestations, image analyses, and liver histology 
results with or without macroscopic findings to derive an 
accurate diagnosis. The clinical signs and symptoms may be 
caused either by a large, sudden blockage of hepatic veins 
or by portal hypertension due to differentiate chronic BCS 
from liver cirrhosis. Therefore, cirrhotic patients with nega-
tive hepatitis B and C tests should be examined by US, CT, 
and MRI to detect obstruction of IVC or thrombus in hepatic 
veins. In subacute phase, sinusoids become collagenized, 
and hepatocytes become atrophic and are lost. In chronic 
BCS, small hepatic veins disappear as they are incorporated 
into septa that eventually link hepatic veins to form cirrhosis 
with relative sparing of portal triads, also known as reversed 
lobulation cirrhosis or venocentric cirrhosis.

11  Vascular Disorders in the Liver
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Acute BCS is associated with various conditions, including 
malignancy, myeloproliferative disorders, infection, preg-
nancy, oral contraceptives, Bechet’s disease, and hypercoagu-
lable state. The patient described in case 11.1 had leukocytosis, 
high transaminase levels, and prolonged prothrombin time; he 
rapidly developed hepatic failure. High serum aminotransfer-
ase levels are considered ominous in acute BCS. Hypercoagulable 
state after operation might cause the thrombosis of IVC or 
hepatic veins and pulmonary artery, leading to respiratory and 
hepatic failure. Autopsy of the liver in case 11.1 showed mas-
sive hemorrhagic necrosis in zones 2 and 3.

Case 11.1
A 44-year-old male had surgery for a herniated cervical disc 
and was on complete bed rest for 1 week. He experienced 

vertigo upon standing and was in shock. He had no history of 
autoimmune, myeloproliferative, or infectious disease and 
had not taken any hormonal drugs. His serum and blood 
examination showed TBIL 2.1  mg/dL, SGOT 1250 KU, 
SGPT 1130 KU, PT 13%, PLT 5.7 × 104/μL, total cholesterol 
169 mg/dL, WBC 30,600/mm3, and serum creatinine 3.8 mg/
dL. He developed hepatic failure, and abdominal US revealed 
thrombus in IVC (Fig. 11.2). He was transferred to the inten-
sive care unit. CT revealed high-density material in IVC at 
the hepatic vein ostia (Fig. 11.3), and acute BCS was diag-
nosed. Anticoagulants were administered, and plasmaphere-
sis and hemodialysis were initiated. However, he died from 
multiorgan failure due to a hypercoagulable state. Autopsy 
showed massive hemorrhagic necrosis in zones 2 and 3, 
while hepatocytes in zone 1 remained intact (Fig.  11.4). 

a b

Fig. 11.2  Ultrasonographic findings in acute BCS without MOVC. (a) Thrombus (arrow) is seen in IVC. (b) No thrombus is detected in subdia-
phragmatic area of IVC

Fig. 11.3  CT in acute BCS without MOVC. High-density thrombus 
material is seen in IVC

C

P

Fig. 11.4  Histological appearance of autopsied liver in acute BCS. 
Massive hemorrhagic necrosis is seen in zones 2 and 3, but hepatocytes 
in zone 1 remain intact. No fibrotic change is seen in portal tract (P). C 
central vein
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Thrombus was seen in the pulmonary artery, along with 
microthrombi in the adjacent small arteries and hemorrhage 
in surrounding tissues.

Case 11.2
A 37-year-old male had complained of leg edema for 
6 months and developed epigastralgia and brown urine. On 
admission, his laboratory data were TBIL 2.1 mg/dL, SGOT 
32 IU/L, SGPT 37  IU/L, ALP 13.9 KAU, total cholesterol 
138 mg/dL, PLT 11.1 × 104/μL, and ICGR15 38.5%. Enhanced 
serial CT showed disappearance of IVC, presence of a throm-

bus in the IVC, dilated collateral veins, and enlarged caudate 
lobe (Fig. 11.5). Simultaneous inferior and superior venoca-
vography showed a complete obstruction of the IVC and at 
the entry of the right and middle hepatic veins into the IVC 
(Fig. 11.6). Laparoscopy revealed enlarged liver with a dusky 
green color, and blue maculae and white markings were 
detected on the surface; numerous lymphatic cysts were 
seen, and small amount of ascites were present in the abdom-
inal cavity; and laparoscopy-guided liver biopsy revealed a 
dilated portal vein and increasing fibrosis in the portal tract, 
and congestion was seen around the central vein (Fig. 11.7).

Fig. 11.5  CT in subacute BCS with MOVC.  Serial CT shows IVC 
(arrow) as a low-density or high-density area, and thrombus is seen in 
IVC. Collateral vein (arrow head) is next to thoracic or abdominal aor-

tic artery. (Redrawn from Iwai M, et al. Clinical features, image analy-
sis, and laparoscopic and histological liver findings in Budd-Chiari 
syndrome, Hepato-Gastroenterol 1998; 45: 2359–68)

11  Vascular Disorders in the Liver
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Fig. 11.6  Simultaneous superior and inferior venocavography. IVC is 
obstructed in right subatrium, and right and middle hepatic veins drain 
into IVC. (Redrawn from Iwai M, et al. Clinical features, image analy-
sis, and laparoscopic and histological liver findings in Budd-Chiari syn-
drome, Hepato-Gastroenterol 1998; 45: 2359–68)

P

C

a b

Fig. 11.7  Macroscopic and histological findings of liver in subacute 
BCS with MOVC. (a) Greenish liver is enlarged, white markings are 
visible with blue maculae, and numerous lymphatic vesicles are visible 

on liver surface. (b) Hematoxylin eosin stain shows congestion around 
central vein, and portal tract is enlarged. C central vein, P portal tract

Fig. 11.8  Chest radiograph in an asymptomatic BCS patient. Shadow 
of enlarged azygos vein (arrow) is seen in paratracheal area. (Redrawn 
from Iwai M, et al. Clinical features, image analysis, and laparoscopic 
and histological liver findings in Budd-Chiari syndrome, Hepato-
Gastroenterol 1998; 45: 2359–68)

M. Koda et al.
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Case 11.3
The chest radiograph of an asymptomatic 42-year-old male 
showed the shadow of an enlarged azygos vein in the right 
paratracheal area (Fig.  11.8). His liver chemistries were 
TBIL 1.0 mg/dL, SGOT 19 IU/L, SGPT 19 IU/L, ALP 9.4 
KAU, total cholesterol 123 mg/dL, PLT 11.0 × 104/μL, and 
ICGR15 23.5%. BCS was suspected. Superior and inferior 
venocavography showed complete obstruction of IVC and 
drainage of the right hepatic vein into IVC. Serial enhanced 
CT showed the presence of left, middle, and right hepatic 
veins. The right hepatic vein communicated with the IVC, 
but the connection of the middle and left hepatic veins with 
the IVC was not clear; the lumen of the IVC in the hepatic 
vein ostia was narrow, the post-occlusion portion of IVC was 
dilated, and dilated collateral veins were also seen (Fig. 11.9). 
Laparoscopy revealed enlarged, purplish liver with white 
markings and dilated peripheral portal veins, while liver 
biopsy revealed capsular thickening and subcapsular hemor-
rhage; the sinusoids were dilated and congested in the sub-
capsular area (Fig. 11.10). Routine chest radiograph showed 
the shadow of a dilated azygos vein, and this finding could be 
a valuable tool in the diagnosis of BCS [16].

Case 11.4
A 66-year-old male with a 3-year history of liver cirrhosis 
underwent enhanced CT, which showed a thrombus in the 
hepatic portion of IVC. BCS was the suspected diagnosis. 
The sagittal view of his abdominal MRI showed obstruction 
of IVC, entry of right hepatic vein into IVC, and high-intensity 
thrombus in the hepatic vein ostia; MRI angiography revealed 
stenosis of IVC and dilated collateral veins communicating 
with the femoral vein (Fig. 11.11). Simultaneous inferior and 
superior venocavography showed obstruction at the hepatic 
vein ostia, nozzle-like tapering of IVC from the right atrium, 
and entry of right hepatic vein into IVC.  Laparoscopy 
showed liver atrophy with formation of multiple nodules, 
capsular thickening, and numerous lymphatic cysts; the nod-
ules were low in height, internodular space was wide, and 
scattered subcapsular hemorrhages were visible (see Fig. 4.9 
in Chap. 4). Liver biopsy showed pseudolobular formation 
with wide septum of fibrosis, capsular thickening, and sub-
capsular hemorrhage; hemorrhaging was evident in the inter-
space between parenchymal cells and septal fibrosis in the 
portal area, and dilated portal veins were surrounded by 
increased fibrosis (Fig. 11.12).

Fig. 11.9  Serial enhanced CT in BCS. Narrowing of IVC is seen at 
hepatic vein ostia. Middle and left hepatic veins are visible, but there is 
no clear communication between both veins and IVC. Entry of right 
hepatic vein into IVC is visible, and IVC is dilated distant to occlusion. 

Azygos vein is dilated, and other collateral veins are seen. (Redrawn 
from Iwai M, et al. Clinical features, image analysis, and laparoscopic 
and histological liver findings in Budd-Chiari syndrome, Hepato-
Gastroenterol 1998; 45: 2359–68)
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H

P

a b

Fig. 11.10  Macroscopic and microscopic appearance of liver in an 
asymptomatic BCS patient. (a) Surface of enlarged liver is purplish red 
in color with white markings, and dilated peripheral portal veins are 
visible. (Redrawn from Iwai M, et al. Clinical features, image analysis, 
and laparoscopic and histological liver findings in Budd-Chiari syn-

drome, Hepato-Gastroenterol 1998; 45: 2359–68). (b) Histological 
appearance of the liver shows capsule of liver surface (arrow) to be 
thick, and subcapsular hemorrhage (H) is visible. Mallory-Azan stain 
shows peliosis (P) communicates with subcapsular hemorrhage

a b

Fig. 11.11  MRI in chronic BCS with MOVC. (a) Sagittal MRI shows 
obstruction of IVC (arrow), entry of right hepatic vein into IVC, and 
highly intense thrombus (star) in hepatic vein ostia. (b) MRI angiogra-
phy shows obstruction of IVC (arrow) in hepatic vein ostia, entry of 

right hepatic vein in IVC, and formation of collateral circulation. 
(Redrawn from Iwai M, et  al. Clinical features, image analysis, and 
laparoscopic and histological liver findings in Budd-Chiari syndrome, 
Hepato-Gastroenterol 1998; 45: 2359–68)
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11.4	 �Fontan-Associated Liver Disease 
(FALD)

In 1971, Fontan and Baudet reported an effective palliative 
operation for tricuspid atresia, and it is currently the most 
common surgical procedure performed in patients with 
single-ventricle physiology or when biventricular repair is 
not feasible. Advances in perioperative management have 
contributed to an improved outcome of the Fontan operation 
and an increase of long-term survivors. Venous congestion 
and decreased cardiac output are the hallmarks of Fontan cir-
culation, and then it is rational that long-term survivors of 
Fontan surgery commonly progress to congestive hepatopa-
thy [22]. FALD can be defined as abnormalities in liver 
structure and function that result from the Fontan circulation. 
FALD arises due to chronic congestion of the liver created 
by the elevated venous pressure and low cardiac output. 
Main pathologic features are massive or universal sinusoidal 
dilatation, centrilobular and /or sinusoidal fibrosis, and car-
diac cirrhosis [23].

Elevated hepatic venous pressure due to Fontan circula-
tion may diminish portal flow, and portal vein saturation 
can be decreased by the hepatic arterial buffering response. 
These changes may promote the development of focal nod-
ular hyperplasia (FNH), since it arises secondary to arterial 
hyperperfusion. Recently, hepatocellular carcinoma (HCC) 
after Fontan operation has been reported [24]. There is a 
well-documented multistep process of progression to hepa-
tocellular carcinoma. A subgroup of hyperplastic nodules 
may have malignant potential. The development of HCC 

gives a great impact for the prognosis of patients with 
FALD.

Noninvasive imaging modalities are useful for detecting 
FALD [25]. US can identify in liver parenchymal changes 
(parenchymal heterogeneity, liver surface irregularity), cir-
rhotic findings (hepatomegaly, splenomegaly, ascites), and 
liver tumors. CT and MRI can demonstrate IVC engorge-
ment, hepatic vein dilatation, and hypervascular tumors. 
Hepatic elastography is a noninvasive tool for assessing 
hepatic fibrosis and hepatic congestion. Because it is not able 
to determine the true hepatic fibrosis excludes the effect of 
hepatic congestion, we should keep in mind that the elastog-
raphy may overestimate hepatic fibrosis. Increased central 
venous pressure has been shown to be associated with 
increased morbidity and mortality in patients undergoing 
Fontan procedure. All Fontan patients should undergo the 
surveillance for FALD and HCC.

Case 11.5
This case was a 31-year-old man who was referred to our 
division for evaluation of liver nodules detected on US. He 
had undergone the Fontan procedure for a single ventricle at 
the age of 10  years, which was his second operation for 
congenital heart disease. He had also received insertion of a 
permanent pacemaker for sick sinus syndrome. When liver 
cirrhosis and esophageal varices were diagnosed at the age 
of 29 years, he was on treatment with diuretics, antiarrhyth-
mic agents, and antithrombotic drugs, with his cardiac status 
being NYHA class III. On admission, he was cyanotic and 
showed poor growth with a reduced exercise capacity. He 
had moderate ascites and a pleural effusion. Laboratory 
tests revealed a hemoglobin 11.7  g/dL, platelet count 
13.2 × 10,000/μL, AST 38 IU/L, ALT 21 IU/L, T-bil 1.8 mg/
dL, and albumin 3.3 mg/dL. Serum AFP level was 4.0 ng/
mL. US showed characteristic features of cirrhosis and sev-
eral nodules ranging in size from 10 to 35  mm that were 
suspected to be regenerative nodules or FNH.  CT demon-
strated diffuse patchy enhancement of the hepatic paren-
chyma, as well as hypervascular nodules ranging from 10 to 
35 mm in size (Fig. 11.13a). Most of the nodules displayed 
enhancement in the arterial phase and contrast retention in 
the portal venous phase, which are characteristics consistent 
with FNH. However, the 23 mm mosaic pattern nodule with 
a halo in S2 showing early arterial uptake followed by 
washout in the portal venous phase was suspected of hepato-
cellular carcinoma (Fig. 11.13b). Liver biopsy was contrain-
dicated due to ascites and anticoagulant therapy. One year 
and a half later, follow-up imaging showed enlargement of 
the suspected hepatocellular carcinoma from 23 to 35 mm in 
diameter, while the other nodules were unchanged in size. 
The serum AFP level remained in the normal range. This 
patient died of combined hepatic and cardiac failure.

H

H

Fig. 11.12  Mallory-Azan stain of liver in chronic BCS. Thick capsule 
and subcapsular hemorrhage are visible. Hemorrhage is also visible 
around portal fibrosis. There is pseudolobular formation, and wide sep-
tum formation is seen between regenerating nodules. Portal veins are 
dilated, and lumen of central veins (arrow) is narrow. (Redrawn from 
Iwai M, et al. Clinical features, image analysis, and laparoscopic and 
histological liver findings in Budd-Chiari syndrome, Hepato-
Gastroenterol 1998; 45: 2359–68)
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11.5	 �Sinusoidal Obstruction Syndrome 
(SOS)/Veno-Occlusive Disease (VOD)

Sinusoidal obstructive syndrome (SOS) known as veno-
occlusive disease (VOD) is a condition characterized by 
toxic destruction of hepatic sinusoidal endothelial cells 
with sloughing and downstream occlusion of terminal 
hepatic venules. Initially, VOD was well-established as a 
hepatic complication by either chemical or radiation. In 
the 1970s, hepatic VOD in patients undergoing bone mar-
row transplantation was reported. A large number of drugs 
and toxins have been associated with SOS/VOD.  Causal 
factors include hematopoietic stem cell transplantation, 
adjuvant or neoadjuvant chemotherapy with hepatectomy 
for metastatic liver diseases, radiation (total body or 
hepatic) chemotherapy for acute leukemia, liver transplan-
tation, use of herbal remedies, and VOD with immunodefi-
ciency. The presentation mimics BCS. In its acute form, 
presentation may include hepatomegaly, ascites, and liver 
failure. The chronic form leads to cirrhosis and portal 
hypertension with esophageal varices. Liver biopsy typi-
cally shows striking centrilobular congestion around the 
hepatic venule with centrilobular hepatocellular necrosis 
in acute phase (Fig. 11.14). The terminal hepatic venules 
exhibit subintimal edema without obvious fibrin deposi-
tion or thrombosis. This is accompanied by dissection of 
erythrocytes into the space of Disse and downstream accu-
mulation of cellular debris in the terminal vein. In the sub-
acute phase, collagen deposition occurs in and around the 

terminal venules, resulting in progressive obliteration of 
the venule. In the chronic phase, dense perivenular fibrosis 
radiating out into the parenchyma develops [26]. Currently, 
no effective therapy is available other than to remove the 
etiologic agent, typically a drug. As a medical treatment, 
defibrotide has shown the most promising results in clini-
cal trials, which showed 32% of patients who underwent 
hematopoietic stem cell transplantation (HSCT) achieved 
complete response [27]. High-dose methylprednisolone 
has also been used. Liver transplantation should be consid-
ered only in patients who are expected to have a good out-
come [28]. The prevention is needed for patients at high 
risk for developing SOS.  Ursodeoxycholic acid or low-
dose heparin prophylaxis and aggressive fluid manage-
ment during HSCT are available.

11.6	 �Hepatic Artery

Forty to 50% of the oxygen requirement and 35% of the 
blood volume of the liver are supplied by hepatic artery. 
The common hepatic artery continues as the proper hepatic 
artery and branches into the right and left hepatic artery. 
Clinical disorders of the hepatic artery are aneurysm [25], 
occlusion or infarction [26], and arteriovenous fistula [27, 
28]. Some of these diseases should be diagnosed immedi-
ately to prevent circulatory insufficiency and liver failure 
by using image analysis of US, CT with contrast medium, 
and angiography.

a b

Fig. 11.13  CT in a patient with FALD and HCC. (a) CT demonstrated 
diffuse patchy enhancement of the hepatic parenchyma, as well as 
hypervascular nodules ranging from 10 to 35  mm in size. (b) The 

23 mm mosaic pattern nodule with a halo in S2 showing early arterial 
uptake followed by washout in the portal venous phase was suspected 
of hepatocellular carcinoma (arrowheads)
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11.7	 �Arterioportal Fistulas (APFs)

APFs are fistulas between any of the splanchnic arteries 
and the portal veins and represent an infrequent cause of 
presinusoidal portal hypertension. They can be acquired or 
congenital. Acquired APFs can be by liver trauma, inter-
ventional procedures (liver biopsy, percutaneous transhe-
patic catheterization of bile duct, radiofrequency ablation, 
etc.), artery aneurysm, and hepatic tumors (hepatocellular 
carcinoma). Many patients with APF are asymptomatic. 
Symptoms depend on the location of APF and the amount 
of shunted blood. They are usually secondary to portal 
hypertension. Common manifestations include gastroin-
testinal bleeding, ascites, congestive heart failure, and 
diarrhea. The pathologic features of APFs are the dilata-
tion of the sinusoids and portal branches in the early stage 
and venous intimal hyperplasia and arterialization of the 
portal branches, called hepatoportal sclerosis after persis-
tent portal hypertension. Doppler US is the first-choice 
tool for the diagnosis or a screening of APFs. Doppler US 
demonstrates pulsatile flow in the portal system with or 
without hepatofugal flow. On triple-phase enhanced CT, 
the early filling of the portal vein and the presence of 
wedge-shaped, transient peripheral enhanced area are 
observed in the arterial phase. Hepatic arteriography 
reveals early visualization of the portal system after celiac 
or hepatic artery injection. Superior mesenteric arteriove-
nous fistulas (SMAVF) are usually caused by iatrogenic or 
traumatic damage, though a few congenital cases have also 
been reported [29, 30]. Fistula formation originates from a 
transfixion suture through the artery and vein simultane-
ously or via mass ligation in the mesentery [31, 32]. Some 

patients with SMAVF have suffered cardiac failure or liver 
failure [33, 34]. Treatment indication is to prevent the 
development of portal hypertension. Extrahepatic APFs 
should be treated because of no spontaneous closure of 
APFs. Arterial embolization is effective in treating single 
or a few APFs. Next options are hepatic artery ligation or 
fistula resection. Liver transplantation may be the last pos-
sible therapy in patients with extensive involvement, espe-
cially congenital multiple APFs.

We present a case of SMAVF occurring after small bowel 
resection to treat an ileus.

Case 11.6
A 38-year-old woman was admitted for watery and bloody 
diarrhea and abdominal distension for several weeks. She 
had undergone a wide resection of the small bowel to 
relieve intestinal obstruction 6  years earlier. Physical 
examination revealed massive ascites, and a bruit was 
audible in the periumbilical area. On admission, her heart 
rate was 98/min, and blood pressure was 110/70 mmHg. 
Her hemoglobin level was 10.6  g/dL and hematocrit 
33.2%. Liver chemistries revealed TBIL 0.6 mg/dL, GOT 
34 IU/L, GPT 34 IU/L, TP 6.7 g/dL, and gamma globulin 
11.5%. US examination revealed massive ascites, dilated 
intrahepatic and extrahepatic portal veins, and “rabbit 
tail” appearance of the superior mesenteric vein commu-
nicating with some vessels (Fig.  11.15). Conventional 
enhanced CT showed a dilated portal vein in parallel with 
the superior mesenteric artery, and the bowel wall was 
enhanced by contrast medium (Fig. 11.16); a connection 
between the portal vein and superior mesenteric artery 
was suspected. Superior mesenteric arteriography revealed 

a b

Fig. 11.14  Sinusoidal obstruction syndrome. (a) Periodic acid Schiff’s 
stain in SOS shows zone 3 hepatocytes have been replaced by blood 
cells. A small vein contains macrophages and fibrous tissue. (b) 

Hematoxylin eosin stain shows loss of hepatocytes around the hepatic 
vein in SOS. (Courtesy of Professor Michael A Kern)
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a b

Fig. 11.16  Enhanced CT in SMAV fistula. The dilated superior mes-
enteric vein is contiguous to the superior mesenteric artery (a), and the 
vein makes a fistula with the artery (b). The small intestine is enhanced 
by contrast medium. (Reuse of Iwai M, et al. Iatrogenic superior mes-

enteric arteriovenous fistula: Ultrasonographic, CT and angiographic 
features and histological findings of the liver biopsy. J Gastroenterol 
Hepatol 1990; 5: 586–9, with permission of Wiley)

a b

Fig. 11.15  US in SMAV fistula. (a) The extrahepatic and intrahepatic 
portal vein (P) is dilated. (b) The superior mesenteric vein (V) is dilated 
and is connected to a stenotic vessel. (Reuse of Iwai M, et al. Iatrogenic 

superior mesenteric arteriovenous fistula: Ultrasonographic, CT and 
angiographic features and histological findings of the liver biopsy. J 
Gastroenterol Hepatol 1990; 5: 586–9, with permission of Wiley)
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a fistula of the dilated mesenteric vein, with its artery at 
the level of the fourth lumbar vertebra (Fig.  11.17). 
Hematochezia was frequent, and hematemesis occurred 
due to rupture of esophageal varices. Cardiac output was 
measured via isotope dilution, and the cardiac index was 
7.78 L/mm/m2. Cardiac failure occurred, and blood urea 
nitrogen and creatinine were elevated to 85 and 4.7 mg/
dL, respectively. The fistula between the superior mesen-
teric artery and vein was ligated as an emergency proce-
dure. The pressure in the superior mesenteric vein before 
and after ligation was 56 and 47 mmHg, respectively. No 
regenerating nodules were seen on the liver surface, and a 
wedge biopsy of the liver showed arteriolized portal veins 
surrounded by increasing fibrosis (Fig.  11.18). Neither 
septum nor pseudolobular formation was seen.

11.8	 �Portal Vein

Portal vein is formed by gastric or pyloric and superior or 
inferior mesenteric and splenic veins. The portal vein divides 
into left and right branch, and the branch reaches interlobular 
veins and interlobular venules and continues into afferent 
venules and into sinusoids.

There are congenital or acquired diseases of portal veins, 
and their diseases cause portal hypertension. Portal hyper-
tension arises due to obstruction of hepatic blood flow, and 
patients with portal hypertension are classified as having 
either presinusoidal or postsinusoidal obstruction. Congenital 
anomalies of the portal vein, portosystemic shunts, or arte-
rioportal fistula cause portal hypertension, and acquired dis-
eases of large or small portal veins (idiopathic portal 
hypertension) lead to liver disturbance with or without cir-
rhotic change.

11.9	 �Idiopathic Non-cirrhotic Portal 
Hypertension (INCPH)

Idiopathic non-cirrhotic portal hypertension has been 
recently proposed to replace terms, for example, hepatopor-
tal sclerosis, idiopathic portal hypertension, and so on [35]. 
INCPH is defined as a presinusoidal non-cirrhotic portal 
hypertension of unknown etiology with a patent extrahepatic 
portal vein and hepatic veins. Anemia, thrombocytopenia, 
and esophageal or gastric varices are clinically manifested, 

Fig. 11.17  SMAV fistula. Superior mesenteric arteriography shows a 
fistula of the dilated mesenteric vein. (Reuse of Iwai M, et  al. 
Iatrogenic superior mesenteric arteriovenous fistula: Ultrasonographic, 
CT and angiographic features and histological findings of the liver 
biopsy. J Gastroenterol Hepatol 1990; 5: 586–9, with permission of 
Wiley)

Fig. 11.18  SMV fistula. Liver histology shows deposition of collagen 
fibers (CF) surrounding the portal vein (PV). A artery, B bile duct. 
(Reuse of Iwai M, et al. Iatrogenic superior mesenteric arteriovenous 
fistula: Ultrasonographic, CT and angiographic features and histologi-
cal findings of the liver biopsy. J Gastroenterol Hepatol 1990; 5: 586–9, 
with permission of Wiley)
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and splenomegaly is always detected. Liver biopsy should 
be performed for the diagnosis of INCPH. Pathological fea-
tures are (1) obliterative portal venopathy, (2) portal fibro-
sis without inflammation, (3) paraportal shunting vessels, 
(4) enlarged portal branches, and (5) increased number of 
portal vascular channels [36, 37].

The diagnosis of INCPH is based on the portal hyperten-
sion with patent portal and hepatic veins in the absence of 
known causes of liver damage. In patients with INCPH, 
hepatic synthetic capacity is usually preserved. Imaging 
modalities have poor sensitivity and specificity. These 
modalities demonstrated portal hypertension findings such 
as splenomegaly, collateral shunts, and enlarged caudate 
lobe. US shows thickened PV with echogenic walls, normal 
liver size, and normal echotexture.

Variceal bleeding is a life-threatening complication [38], 
and combined pharmacological and endoscopic therapy is 
effective to control acute bleeding [39]. Endoscopic variceal 
ligation [40] and transjugular intrahepatic portosystemic 
shunt [41] are applied for prophylaxis of bleeding, and 
balloon-occluded retrograde transvenous obliteration is indi-
cated to prevent gastric variceal bleeding [42]. The natural 
course of INCPH is good except for uncontrolled gastroin-
testinal bleeding. Long-term survival after eradication of 
esophagogastric varices is nearly 100% [43]. Hepatic reserve 
usually remains well preserved, but 20% of patients develop 
parenchymal atrophy with subsequent decompensation.

Case 11.7
A 58-year-old female complained of melena and was found 
to have anemia. Her liver test showed AST 23  IU/L, ALT 
18 IU/L, ALP 495 IU/L, GGT 73 IU/L, and PLT 11.7 × 104/
μL.  Upper abdominal CT with contrast medium showed 
esophageal varices in the venous phase, and another slice of 

CT revealed splenomegaly and development of a collateral 
portal vein around the stomach (Fig. 11.19). Upper gastroin-
testinal fiberscope showed esophageal varices with RC sign. 
Three-dimensional CT showed presence of esophageal vari-
ces, collateral portal branch around the stomach, and spleno-
megaly (Fig.  11.20). Liver biopsy showed non-cirrhotic 
liver, bile ducts and artery in a portal tract, and herniated 
portal vein (Fig. 11.21). Thrombocytopenia and anemia are 
found in idiopathic portal hypertension, and hematemesis or 
melena develops. Histological findings show non-cirrhotic 

a b

Fig. 11.19  Idiopathic portal hypertension. (a) CT with contrast medium shows presence of esophageal varices and paraesophageal veins in the 
venous phase. (b) CT with contrast medium shows splenomegaly and dilatation of perigastric veins

Fig. 11.20  Three-dimensional analysis by CT. CT shows esophageal 
varices, dilatation of perigastric veins, and splenomegaly
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liver, narrow lumen or destruction of the portal vein, and her-
niation of the portal vein.

Case 11.8
A 53-year-old female was diagnosed with esophageal varices. 
Her liver function tests showed ALT 14 IU/L, AST 21 IU/L, 
LDH 303  IU/L, gamma globulin 23.3%, and ICGR15 9.8%. 
Neither HBsAg nor HCV Ab were present. Her thrombocyte 
level was 6.1 × 104/μL. US revealed splenomegaly with col-
lateral vein formation, and splenectomy was performed to 
reduce portal hypertension. MRI revealed dilatation of the 
portal trunk and tapering of the intrahepatic portal veins. 

Regenerating hyperplastic nodules were laparoscopically seen 
on the liver surface, but no cirrhotic nodules were detected, 
and liver biopsy showed portal fibrosis and dilated peripheral 
portal veins with herniated abnormal vessels (Fig. 11.22).

11.10	 �Portal Vein Thrombosis (PVT)

Portal vein thrombosis refers to thrombosis that develops in 
the portal trunk including its right and left branches and 
extends to the splenic or superior mesenteric veins [44]. The 
pathogenesis of PVT is reduced portal flow, a hypercoagulable 

P
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Fig. 11.21  Idiopathic portal hypertension. (a) Silver stain shows non-cirrhotic liver with mild fibrosis in the portal tract. P portal tract, C central 
vein. (b) Bile duct (arrow) and arterial structure (arrow head) are observed, and portal vein (star) is herniated from the portal tract

a b

Fig. 11.22  Laparoscopic and histological findings of liver in idio-
pathic portal hypertension. (a) The liver surface is wavy and excavated 
with a thick white capsule and white markings. (b) The peripheral por-

tal vein is branched and dilated in the portal tract and herniated. Fibrosis 
has developed
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state and vascular endothelial injury. Etiology of PVT is cir-
rhosis, primary hepatobiliary malignancy, secondary hepato-
biliary malignancy, abdominal infection including pancreatitis 
and cholangitis, and a myeloproliferative disorder. Cirrhosis is 
associated with increased intrahepatic vascular resistance and 
reduced portal flow, leading to venous stasis. Levels of both 
pro- and anticoagulant factors are reduced in cirrhosis. Its bal-
ance may often tilt toward hypercoagulability in cirrhotic 
patients. Bacterial translocation and endotoxemia lead to por-
tal endothelial injury and the activation of coagulation cas-
cade. Cirrhotic patients are higher risky due to these three 
pathogeneses.

On the diagnosis of PVT [45], US is the first-choice diag-
nostic modality. It shows hypo (recent thrombus)-, iso-, or 
hyperechoic (elderly) material within portal vein either fill-
ing the lumen partially or completely. Color Doppler US and 
contrast-enhanced US allow the diagnosis of an occlusion of 
the veins by an elimination of the flow signal. They can 
reveal collateral flows such as in a portal cavernoma, which 
is multiple tortuous small vessels with hepatopetal flow or 
varices. Enhanced CT shows a bland thrombus as a low den-
sity, non-enhancing defect within portal veins. CT and MRI 
can provide additional information such as extension of 
thrombus, collaterals, differentiation from tumor thrombus, 
and status of adjacent organs. The variations of T1- and 
T2-weighted signals allow defining the age of thrombus for-
mations. The increase of both signal intensity is due to fresh 
thrombus. The aim of the treatment is to reverse or prevent 

advancement of PVT. Anticoagulation therapy should be ini-
tiated with heparin or low molecular weight heparin and 
maintained 2–3  weeks [46]. Later, oral vitamin K antago-
nists should be given to maintain an INR of 2–3. Thrombolytic 
therapy with recombinant tissue plasminogen activator, uro-
kinase, for very fresh PVT can be done via indirect intra-
arterial infusion into the superior mesenteric artery or 
directly into portal vein and might improve regional clot 
lysis. However, there is a high rate of bleeding.

Extrahepatic portal venous obstruction (EHPVO) refers 
to chronic portal obstruction in the absence of associated 
liver disease [47]. EHPVO should be considered as a sepa-
rate entity. Etiology of EHPVO in children is infection, con-
genital anomaly, or a primary thrombotic disorder. Infections 
include omphalitis, neonatal umbilical sepsis, repeated 
abdominal infection, or umbilical vein catheterization. 
However, 50% of patients still remain idiopathic. EHPVO in 
adult is due to prothrombotic disorders, intra-abdominal 
infection, pregnancy, or oral contraceptives.

Case 11.9
A 21-year-old female using low-dose pill for premen-
strual syndrome complained acute severe stomachache. 
Her liver function test showed ALT 16 IU/L, AST 17 IU/L, 
ALP 161  IU/L, GGT 15  IU/L, and PLT 18.0  ×  104/
μL.  Abdominal enhanced CT showed persistent well-
defined filling defect within superior mesenteric vein to 
extrahepatic portal vein (Fig. 11.23a). She was diagnosed 

a b

Fig. 11.23  Portal vein thrombosis. (a) Portal vein thrombosis on coro-
nal section. Contrast-enhanced CT showed filling defect from superior 
mesenteric vein to intrahepatic portal vein in the portal phase. (b) Portal 

cavernoma (arrow) around the pancreas on coronal section. Contrast-
enhanced CT showed collaterals with hepatopetal flow around pancreas 
in the portal phase
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portal vein thrombosis and underwent anticoagulant ther-
apy. Enhanced CT after anticoagulant therapy revealed 
hepatopetal collaterals (portal cavernoma) around pan-
creas (Fig. 11.23b). Portal vein thrombi disappeared after 
anticoagulant therapy, but superior mesenteric vein 
remained narrowed.

11.11	 �Pylephlebitis

Pylephlebitis is characterized by suppurative thrombosis 
of the portal vein and is a deadly complication of intra-
abdominal infections such as appendicitis, diverticulitis, 
pancreatitis, peritonitis, or cholangitis [48]. An uncon-
trolled infection in the regions neighboring or drained by 
the portal system induces thrombophlebitis of small mes-
enteric veins and can spread to the portal system and to 
the liver. It is not easy in clinical settings to get the cul-
ture-positive fluid from the portal system for its diagnosis. 
As an alternative method, it is defined as the presence of 
portal mesenteric venous thrombosis with or without bac-
teremia within 30 days of intra-abdominal infection. It is 
advocated to use broad-spectrum antibiotics for pylephle-
bitis, even without bacteremia.

11.12	 �Portal Vein Aneurysm (PVA)

PVA is an unusual vascular dilatation of the portal vein 
with an incidence of 0.06% and defined as a diameter 
exceeding 15 mm in normal liver and 19 mm in cirrhosis 
[49]. Etiology of PVA is still unclear but considered to be 
congenital or acquired. The congenital cause is the incom-
plete regression of the right primitive distal vitelline vein. 
Moreover, the presence of vein wall defects can facilitate 
the development of the aneurysm. The acquired cause is 
mainly portal hypertension in cirrhosis. The high splanch-
nic flow and hyperdynamic circulation cause the portal 
dilatation with weakening venous wall. Other causes are 
pancreatitis, trauma, and invasion of portal wall by 
malignancies.

One third of patients are asymptomatic. Main symptom 
is abdominal pain. Symptoms by the compression of adja-
cent organs, gastrointestinal hemorrhage, and spontane-
ous rupture are rare. Most of the cases are diagnosed with 
US or CT.  US, especially color Doppler US, can show 
hemodynamics of the portal vein and PVA. CT is useful to 
evaluate the positional relationship with adjacent organs. 
Surgical indications are patients with complicated PVA 
such as rupture, high risk of the rupture, and thrombosis.

11.13	 �Hereditary Hemorrhagic 
Telangiectasia (HHT)

Hereditary hemorrhagic telangiectasia (HHT) was ini-
tially reported as Osler-Weber-Rendu disease named 
Rendu in 1896, Osler in 1901, and Weber in 1907. HHT is 
a genetic vascular disorder characterized by the primarily 
dominant autosomal hereditary transmission of dermal, 
mucosal, and visceral telangiectasia and arteriovenous 
malformations (AVMs). The genetic mutations lead to the 
impairment of blood vessel development, resulting in tel-
angiectasia and AVMs. Liver involvement is more com-
mon with an incidence of about 75% [50–52]. Hepatic 
histological features are a honeycombed meshwork of 
dilated sinusoids or tortuous veins, adjacent arteries, and 
increased portal vascular channels. Portal fibrosis may be 
seen. Triple-phase enhanced CT demonstrates arteriove-
nous, arterioportal, or portovenous shunts in the liver. 
Arteriovenous shunt is the most common and may induce 
congestive heart failure, hepatomegaly, and pulmonary 
hypertension. Arterioportal shunt may induce portal 
hypertension including splenomegaly or esophagogastric 
varices.

The diagnosis of HHT is widely used Curaçao criteria 
[53] which is based on the most characteristic features of 
disease: (a) recurrent spontaneous epistaxis, (b) a family 
medical history, (c) mucocutaneous telangiectasia, and (d) 
the presence of visceral lesions. A definitive diagnosis of 
HHT is made if a patient exhibits at least three of the four 
criteria. If the diagnosis of HHT is proven or assumed, all 
patients should be screened for cerebral vascular malforma-
tions, pulmonary AVMs, and hepatic vascular malformations 
and annual hemoglobin examined.

The therapeutic options for hepatic involvement were 
limited. Complications of portal hypertension such as bleed-
ing of varices or ascites should be treated with medical and 
endoscopic treatments. High-output cardiac failure can be 
treated with medical treatment. Liver transplantation may be 
the only curative option for hepatic vascular malformations 
and apply to uncontrolled high-output cardiac failure, chol-
angitis, and portal hypertension.

Case 11.10
A 60-year-old man was admitted because of iron deficient 
anemia. Telangiectasia in the tongue was observed. Upper 
gastrointestinal endoscopy showed many gastrointestinal 
angioectasia and esophageal varices. His blood test was 
hemoglobin 7.1 g/dL, platelet count 197,000/μL, albumin 
4.0  g/dL, total bilirubin 0.5  mg/dL, AST 15  U/L, ALT 
15 U/L, γ-GTP 73 mg/dL, Fe 28 μg/dL, TIBC 373 μg/dL, 
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Fig. 11.24  Hereditary hemorrhagic telangiectasia. (a) An arteriove-
nous shunt (arrow) is presented in the liver with color Doppler ultraso-
nography. (b) A portovenous shunt (arrow) is presented in the liver with 
color Doppler ultrasonography. (c) An arterioportal shunt (arrow) is 
shown between a left gastric artery and portal vein with contrast-

enhanced computed tomography. (d) A portovenous shunt (arrow) is 
presented between a portal vein and a middle hepatic vein with contrast-
enhanced computed tomography. (e, f) Multiple arterioportal shunts are 
presented with angiography
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ferritin 10.3  ng/mL, HBs antigen-negative, and HCV 
antibody-negative, antinuclear antibody-negative, and 
anti-mitochondrial antibody-negative. From these data, he 
was diagnosed iron deficient anemia. Color Doppler US 
showed an arterioportal shunt and a portovenous shunt in 
the liver (Fig. 11.24a, b). MDCT also showed an arterio-
portal shunt and a portovenous shunt between a left portal 
vein and a middle hepatic vein (Fig.  11.24c, d). 
Angiography revealed the multiple arterioportal shunts in 
both lobes (Fig. 11.24e, f).

11.14	 �Sinusoids

Sinusoids are lined by endothelial cells containing fenestra-
tions, and Kupffer cells reside in the lumen, and hepatic stel-
late cells, natural killer cells, and mast cells are found within 
the space of Disse. Pericellular fibrosis, sinusoidal dilatation, 
peliosis hepatis, and microvascular injury may be related to 
drugs, toxins, and ischemia.

11.15	 �Peliosis Hepatis

Peliosis hepatis is defined as blood-filled cystic spaces, either 
nonlined or lined with sinusoidal endothelial cells in the liver 
[54, 55]. At gross inspection, it looks like “Swiss cheese 
appearance.” Microscopically, it is classified into two types; 
the first type is designated “parenchymal peliosis” and con-
sists of irregular cavities that are neither lined by sinusoidal 
cells nor by fibrous tissue. The second type is “phlebectatic 
peliosis” and characterized by regular spherical cavities 

lined by endothelium and /or fibrosis [56]. Macroscopic peli-
osis hepatis is induced by anabolic, estrogenic, or adrenocor-
tical steroids. It can also be caused by malnutrition, leukemia, 
tuberculosis, leprosy, vasculitis, and AIDS.  Microscopic 
lesions are caused by the intake of drugs for organ transplan-
tation and various malignancies.

Imaging modalities do not allow a clear diagnosis of peli-
osis hepatis. It should be differentially diagnosed from 
hemangioma, hepatocellular adenoma, hepatocellular carci-
noma, focal nodular hyperplasia, abscess, and metastatic 
adenocarcinoma. US shows heterogenous with both hypo- 
and hyperechoic areas. On enhanced CT, they appear hyper-
vascular in the arterial phase and then become isodense. On 
unenhanced T2-weighted MR images, they demonstrate high 
intensity with high-intensity multiple spots, which are attri-
bute to hemorrhagic necrosis.

We present a case of macroscopic peliosis hepatis of 
unknown etiology.

Case 11.11
A 29-year-old female complained of mild fever accompa-
nied by right-sided hypochondralgia and a backache. 
Contrast-enhanced abdominal CT showed a low-density 
area 6 cm by 4 cm in diameter in the early phase, and the 
area was still low in density in the late phase (Fig. 11.25). 
No abnormal values on liver function tests were seen, and 
no coagulopathy was detected. Echo-guided tumor biopsy 
showed dilatation of sinusoids with preservation of the 
portal tracts; the sinusoids were congested with red blood 
cells and destroyed (Fig. 11.26). Peliosis hepatis is usually 
of no significance, but macroscopic peliosis may rupture 
spontaneously [57].

a b

Fig. 11.25  Peliosis hepatis. (a) CT with contrast medium shows a low-density area in S6 in the arterial phase. (b) CT in the late phase shows a 
low-density area, and its density is heterogeneous
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12.1	 �Iron Overload

Iron overload, or siderosis, is a commonly encountered prob-
lem in clinical practice and may be classified as primary 
(genetic) or secondary to other diseases, such as hereditary 
anemias (Table 12.1). Dietary iron is absorbed primarily by 
enterocytes in the duodenum, transported from the intestine 
to the portal blood stream (where it is bound to apotransfer-
rin), and transported to the liver. It is, therefore, not surpris-
ing that excessive deposition of iron in liver is commonly 
encountered in liver biopsies.

12.1.1	 �Hereditary Hemochromatosis

Hereditary hemochromatosis (HH) due to human hemochro-
matosis (HFE) mutations is one of the most common genetic 
disorders in Caucasians, with a prevalence of nearly 1 in 200 
[1, 2]. These patients suffer from lifelong and excessive gas-
trointestinal absorption of iron. The two most common muta-
tions are designated C282Y (85–90% of affected individuals) 

and H63D and account for approximately 85% of autosomal 
recessive HH [3]. The C282Y mutation prevents formation 
of a disulfide bond essential for binding of the protein to 
beta-2-microglobulin, thus preventing transportation of the 
HFE protein to the cell surface. The H63D mutation affects 
binding of the HFE to the transferrin receptor and results in 
a less severe phenotype; homozygosity for H63D mutation 
accounts for <2% of HH. About 8–18% of Northern, Central, 
and Western Europeans are heterozygotes for the C282Y 
mutation. The high frequency of this mutation and data from 
population studies suggest origin from a common ancestor in 
Northwest Europe before 4000 BC.

Juvenile hemochromatosis and transferrin receptor 2 
(TfR2)-associated hemochromatosis are inherited as autoso-
mal recessive disorders [4]. The juvenile form has the same 
pattern of iron overload seen in the homozygous C282Y 
form. However, iron overload occurs much sooner: in the 
second and third decades. Ferroportin disease is inherited in 
an autosomal dominant fashion, and there are two pheno-
types: a mild and severe form [5]. Defective hepcidin synthe-
sis, which is a central regulator of systemic iron homeostasis, 
is a common mechanism underlying iron overload in HFE 
and non-HFE-associated HH.

Individuals with HFE HH are asymptomatic until signifi-
cant accumulation of iron occurs in the liver and other 
organs, a process which takes decades. Men typically present 
in their 40s or 50s, with women presenting a decade later 
because of the protective effects of menstruation. Skin pig-
mentation is less frequently found with earlier diagnosis than 
in the past. Weakness, lethargy, abdominal pain, and arthrop-
athy are common, nonspecific presenting symptoms. In late 
stages, iron deposition in pancreatic islets results in diabetes 
mellitus. Hypogonadism is very common. In young subjects, 
cardiac manifestations may be the presenting feature—gen-
erally as congestive cardiomyopathy—and death may result 
within 1 year of presentation if iron reduction is not insti-
tuted. Many patients with HFE mutations are now identified 
at an asymptomatic stage, when hyperferritinemia is discov-
ered upon routine testing. Treatment is generally phlebotomy 
to reduce iron stores [6].

In HH due to HFE mutations, iron is preferentially depos-
ited in hepatocytes as granular, refractile, golden-brown 
hemosiderin. In early stages, iron deposition is more promi-
nent in zone 1. As the disease progresses, zone 2 and 3 hepa-
tocytes are involved. Inflammation is not a feature of 
hemochromatosis, and fatty change is not specifically associ-
ated with the disorder. Iron also accumulates in biliary epi-
thelial cells. The accumulation of iron causes necrosis of 
individual hepatocytes, releasing iron which is taken up by 
Kupffer cells. Unlike HFE HH, iron deposition in ferroportin 
disease and hematologic disorders occurs preferentially in 
Kupffer cells, involving hepatocytes only when they are 
present in large quantities. Fibrosis in HH occurs when a 

Table 12.1  Causes of hepatic iron overload

Primary hereditary hemochromatosis
�• � HFE-associated hereditary hemochromatosis (type 1); autosomal 

recessive
�•  Non-HFE-associated hereditary hemochromatosis
 �   – � Juvenile hemochromatosis (type 2A, hemojuvelin; type 2B, 

hepcidin mutations)
 �   –  Transferrin receptor 2 mutations (type 3)
 �   –  Ferroportin mutations (type 4); autosomal dominant
Secondary hemosiderosis
�•  Dyserythropoietic and hemolytic anemias
 �   –  Beta-thalassemia major
 �   –  Sideroblastic anemia
 �   –  Pyruvate kinase deficiency
 �   –  Chronic hemolytic anemias
�•  Chronic liver disease
 �   –  End-stage cirrhosis
 �   –  Chronic viral hepatitis B and C
 �   –  Alcoholic liver disease
 �   –  Nonalcoholic steatohepatitis
 �   –  Post-portocaval shunt
�•  Dietary iron overload
 �   –  African “bantu” hemochromatosis
 �   –  Prolonged excessive medicinal iron ingestion
�•  Parenteral iron overload
 �   –  Transfusion iron overload
 �   –  Excessive parenteral iron
�•  Miscellaneous
 �   –  Porphyria cutanea tarda
 �   –  Neonatal hemochromatosis
 �   –  Aceruloplasminemia
 �   –  Atransferrinemia

HFE human hemochromatosis
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threshold of approximately 15,000 μg iron/gram dry weight 
liver is reached. This corresponds to grade 3 siderosis. It 
begins in the periportal areas, where iron deposition is great-
est, thereby causing portal-to-portal septa. Early cirrhosis is 
typically micronodular with no significant ductular prolifera-
tion, and the liver is rust-colored. The risk for hepatocellular 
carcinoma is up to 200 times that of the general population, 
and the carcinoma almost always occurs in cirrhotic livers. It 
is postulated that the presence of increased iron produces 
oxidation stress that leads to p53 mutations [7].

Case 12.1
A 37-year-old Chinese woman was investigated for second-
ary amenorrhea, which was found to be related to hypogo-
nadotropic hypogonadism. Her liver function was also 
slightly deranged: ALP 283  IU/L, AST 175  IU/L, ALT 
85 IU/L, and normal bilirubin. Hepatitis viruses and autoim-
mune markers were negative. Ferritin was markedly elevated 
at 2220  μg/L, and the Fe/TIBC ratio increased to 86.2%. 
Hyperglycemia was present, and US revealed a normal-sized 
liver with normal echo pattern. Liver biopsy showed normal 
architecture tissue with abundant coarse brown pigment 
granules in all the hepatocytes, which were shown to be 
hemosiderin (Fig.  12.1). Iron was also present in some 
Kupffer cells and bile duct epithelium. There was periportal 
fibrosis with occasional fibrous bridges. Subsequently, her 
older brother was found to be suffering from iron overload. 
When genotyping was available several years later and 
performed, it was found that the patient did not have the typi-
cal mutations in the HFE gene (C282Y or H63D). This find-
ing does not exclude a diagnosis of genetic hemochromatosis, 
since the C282Y HFE gene mutation is not found in Chinese 
hemochromatotics [8]. Other types of non-HFE-associated 
HH may be responsible.

12.1.2	 �Secondary Hemochromatosis

Iron deposits are occasionally seen in chronic hepatitis B and 
C [9, 10]. However, its significance has not been determined. 
We observed secondary hemochromatosis in a patient with 
chronic hepatitis B and chronic renal failure with blood 
transfusion.

Case 12.2
A 69-year-old female received interferon for chronic hepati-
tis B, and seroconversion of HBeAg to HBeAb was seen. 
Her liver function test showed AST 68 IU/L, ALT 47 IU/L, 
ferritin 7080 ng/mL, s-Fe 206 μg/dL, TIBC 238, type IV col-
lagen 6.5  ng/mL, hyaluronic acid 149  ng/mL, and PLT 
7.2 × 104. CT showed high density diffusely in the liver; MRI 
revealed low intensity on T1- and T2-weighted images; lapa-
roscopic findings showed a brown-colored liver surface, and 
low nodules with thick capsules; fibrosis had spread from the 
portal tract, and a brown pigment was observed in hepato-
cytes and Kupffer cells (Fig. 12.2).

12.1.2.1	 �Transfusion Iron Overload
The clinical and pathological features of iron overload are 
well known in patients with HH [1, 2]. They suffer from 
lifelong and excessive gastrointestinal absorption of iron. 
Iron overload in patients with chronic renal failure is often 
complicated by intravenous blood transfusion or iron dex-
tran during hemodialysis [11], and there are common liver 
pathology findings in advanced-stage HH and parenteral 
iron overload [12, 13]. It has been stated that blood transfu-
sion results in accumulation of iron not only in the reticulo-
endothelial system but also in parenchymal cells [12]. 
Patients with chronic renal failure often have iron overload 
through continuous blood transfusion, and iron overload in 
experimental animals has a big influence on liver fibrosis 
[14]. Below, we report cirrhotic changes of the liver in a 
renal transplant recipient with a long history of blood trans-
fusion. We observed alpha-smooth muscle actin-positive 
stellate cells and their ultrastructural features to investigate 
their role in liver fibrosis in iron overload, after reviewing 
the literature [15–17].

Case 12.3
A 39-year-old man with chronic renal failure complained of 
malaise and was referred for evaluation of abnormal liver 
function tests. Proteinuria was indicated, and he had chronic 
hemodialysis. He had received a first renal allograft, but the 
cadaveric transplant failed due to immunological rejection, 
and he was retransplanted. He received 300 units of packed 
red blood cells during chronic hemodialysis, but no iron dex-
tran had been administered. He was taking prednisolone and 
azathioprine and did not drink alcohol. On admission, his skin 
was pigmented but not icteric. Elastic liver was palpable 5 cm 

P

C

Fig. 12.1  Hereditary hemochromatosis. Perls’ stain shows all hepato-
cytes contain hemosiderin granules in the pericanalicular area. Hepatic 
iron gradient (heaviest in zone 1, least in zone 3) is still identified (grade 
3 iron overload). C central vein, P portal tract
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beneath the right costal margin, and extremities were edema-
tous. The laboratory examination showed RBC 3.28  ×  106/
mm3, Hb 9.7 g/dL, HT 29.6%, s-Fe 148 μg/dL, TIBC 162 μg/
dL, s-ferritin 8180 ng/mL, TBIL 0.89 mg/dL, AST 92 IU/L, 
ALT 148  IU/L, ALP 1853  IU/L, gamma-GTP 1322  IU/L, 
hyaluronic acid 424  ng/mL, desferal test 5.7  mg/dL, blood 
urea nitrogen 52 mg/dL, creatinine 2.9 mg/dL, and HLA typ-
ing A2 AW24BW39 BW55 CW1 CW7. Neither HBsAg nor 
HCV Ab was present. Ultrasonography of the abdomen dem-
onstrated an irregular liver surface, and computed tomography 
(CT) showed a high-density liver, spleen, and pancreas. CT 
density of the liver was 106 Hounsfield units (HU). Magnetic 
resonance imaging (MRI) showed low intensity in the liver on 
T1- and T2-weighted images. Laparoscopy revealed an 
enlarged, lobulated, and brown-colored liver. Histological fea-
tures showed bridging fibrosis from the portal tract to the 
neighboring one, and pseudo-lobular formation was seen 

(Fig.  12.3a); iron deposits were found in both Kupffer and 
parenchymal cells, and heavy iron-loaded hepatocytes were 
distributed mainly in the periportal area (Fig. 12.3b). Electron 
microscopy showed hepatocytes laden with iron deposits sur-
rounded by collagen fibers, Kupffer cells, and neutrophils. 
Immunocytochemical study showed alpha-smooth muscle 
actin-positive stellate cells near fibrosis and heavy iron-depos-
ited hepatocytes, forming a continuous network.

12.1.2.2	 �Liver Fibrosis
Iron is essential to life, but its excessive intake is toxic to 
many organs. The liver is a major organ for its storage and is 
susceptible to its toxic effect. Our patient had received 
300 units of packed red blood cells during chronic hemodi-
alysis. Ferritin in serum was very high, and CT density of the 
liver was 106 HU. It has been reported that the upper limit of 
70 HU for coefficient attenuation provides 64% sensitivity 

a b

Fig. 12.2  Secondary hemochromatosis. (a) Dull edge of the liver and a brown-colored surface are seen, and acinus markings are clear. (b) Brown 
pigment is seen not only in hepatocytes but also in mesenchymal cells in the fibrotic area of the portal tract

a b

Fig. 12.3  Morphological aspects of liver with secondary hemochro-
matosis. (a) Reticulin fiber stain shows bridging fibrosis between portal 
tracts and little fibrosis around the central area. (b) Berlin blue stain 

shows iron is deposited not only in Kupffer cells but also in hepatocytes 
around the portal tracts and along the fibrotic area. Other hepatocytes 
contain fine iron granules
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and 87% specificity for hepatic iron overload [18], and high-
density hepatic CT in a patient with elevated serum ferritin is 
suspicious of iron deposition in the liver [19]. Hepatic MRI 
showed low intensity on both T1- and T2-weighted images, 
and image analysis indicated iron deposition in the liver [20]. 
Laparoscopy showed a brown, lobulated liver. Biopsy showed 
bridging fibrosis that distorted lobular formation. Iron deposi-
tion is often seen in inherited and acquired disorders [21], and 
pathological features in iron overload by blood transfusion 
are indistinguishable from those of HH.  Iron deposition in 
hemochromatosis is saturated not only in Kupffer cells but 
also in parenchymal cells [12]. The specific mechanism of 
hepatocellular injury in iron overload is still unknown, but in 
experimental studies, iron overload has caused the formation 
of free radicals and peroxidation of membrane lipids that are 
closely associated with hepatocellular injury [22, 23], eventu-
ally leading to liver fibrosis and cirrhotic change.

Recently, liver stellate cells (LSCs) have been noted to 
play an important role for liver fibrosis in experimental rats 
after administration of iron [15, 24]. Activated LSCs are 
reported to participate not only in a necroinflammatory reac-
tion [25] but also in fibrosis, expressing collagen and extra-
cellular matrix [16]. Recent studies also indicate that 
human-activated LSCs express alpha-isotype actin that is spe-
cific for the differentiation of smooth muscle cells [16, 25]. 
We identified alpha-smooth muscle actin-positive LSCs in 
the liver tissue, and many of them were found to coexist with 
fibrosis in the periportal area. There might be a significant 
association between them and fibrosis [26]. Activated LSCs, 
hypertrophic Kupffer cells, and increased collagen were 
ultrastructurally seen around iron-laden degenerative hepato-
cytes, and LSCs are reported to be activated by Kupffer cells 
through cytokines [27]. Subsequently, activated LSCs partici-
pate in liver fibrosis with transfusion iron overload.

12.1.3	 �Differential Diagnosis

Quantitative analysis of iron in the liver has long been the gold 
standard for the diagnosis of HH but is supplanted in some set-
tings by genetic testing. HLA typing has been used as a surro-
gate test for HH within kindreds because of the tight linkage 
between the HFE gene and the HLA complex but has largely 
been replaced by testing for C282Y mutations. The role of liver 
biopsy in the evaluation of iron overload has also changed—it 
has become less of a diagnostic tool and more of a grading and 
staging tool, and it also serves to detect incidental diseases and 
complications such as hepatocellular carcinoma.

The differential diagnosis of HH primarily includes 
chronic liver diseases associated with hepatic iron deposition 
and hematologic disorders (Table 12.1). Although iron over-
load from transfusions and/or chronic hemolytic anemias is 
easily distinguished from HH by the preferential deposition 

of iron in Kupffer cells rather than hepatocytes, a note of 
caution must be sounded here because of the recent descrip-
tions of the hepatopathology of ferroportin disease. Clinical 
history should aid in making these distinctions, but in ambig-
uous cases, genetic testing may be indicated.

Hepatic iron overload is commonly seen in alcoholic liver 
disease and cirrhosis of any type [28] and may overlap morpho-
logically with HH. The pathogenesis of iron deposition in alco-
holics is largely unknown, but increased alcohol consumption 
may increase intestinal iron absorption in some patients. 
Heterozygosity for C282Y does not appear to influence hepatic 
iron levels or the risk of fibrosis in these patients [29]. 
Quantitative iron determination is usually helpful in distin-
guishing these entities. The hepatic iron index is determined by 
dividing the weight of iron (micromoles per gram) in the biopsy 
by the patient’s age in years. A level of >1.9 reliably distin-
guishes homozygosity for HH from the heterozygous state and 
alcoholic liver disease. However, the hepatic iron index may 
exceed 1.9  in chronic hemolytic anemia, and levels <1.9 are 
seen in up to 15% of HH patients. The test may be performed 
on formalin-fixed, paraffin-embedded tissue or fresh tissue.

Hepatic iron deposition in chronic viral hepatitis is typi-
cally modest and is found primarily in Kupffer cells; incon-
spicuous deposits in endothelial cells may also be noted. The 
contribution of HFE heterozygosity and increased hepatic 
iron to nonalcoholic fatty liver disease is controversial, with 
some—but not all—investigators reporting increased preva-
lence of HFE mutations in nonalcoholic steatohepatitis [30, 
31]. It should be noted that HH, by itself, does not produce 
an inflammatory pattern of injury in the liver; if present, it 
should be a prompt consideration of superimposed disease 
processes or alternative diagnoses.

12.2	 �Wilson’s Disease

Wilson’s disease is an autosomal recessive disorder in which 
there is a mutation in the ATP7B gene for copper-transporting 
ATPase in the liver [32], and the functional loss of ATP7B 
gene impairs excretion of copper into the bile, leading to accu-
mulation of copper in the liver and other organs. Increased 
level of copper in tissues induces harmful reactions and oxida-
tive stress and can damage the structure and integrity of mito-
chondria, leading to cell injury [33]. Patients with symptomatic 
Wilson’s disease present with liver disease or neurologic/psy-
chiatric symptoms and osteoarthritis, functional disturbance 
of kidneys, or cardiomyopathy [34]. Keizer-Fleisher rings are 
caused by deposition of copper in Descemet’s corneal mem-
brane [35], and their presence is confirmed by slit-lamp exam-
ination, and they are present in about 50% of patients with 
hepatic disease [36]. A diagnostic score was proposed by 
International Meeting on Wilson’s disease, Leipzig, 2001 [37], 
and the scoring system includes the following elements, (1) 
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serum ceruloplasmin, (2) 24-h urinary copper excretion, (3) 
the presence of nonimmune hemolytic anemia, (4) hepatic 
copper, (5) the presence of Kayser-Fleisher rings on slit-lamp 
examination, (6) neurologic or neuroimaging features, and (7) 
mutation analysis, and a score of 4 or more provides good 
accuracy for diagnosis of Wilson’s disease, and the probable 
case with 2 or 3 points needs more diagnostic tests [38], and 
nonimmune hemolytic anemia with elevation of serum biliru-
bin and low serum alkaline phosphatase in young patients may 
predict acute liver failure [39]. There are four pathological fea-
tures in the liver: acute hepatitis, fulminant hepatitis, chronic 
active hepatitis, and cirrhosis. In the early phase, there is fatty 
metamorphosis with fat granulomas [40, 41] and glycoge-
nated nuclei in hepatocytes and focal hepatocellular necrosis, 
and these abnormalities are often misdiagnosed as nonalco-
holic fatty liver or nonalcoholic steatohepatitis [42]. 
Ultrastructural findings show enlarged mitochondria with a 
dense matrix and vacuolated granules [43]. In the presence of 
acute liver failure, marked hepatocellular degeneration and 
parenchymal collapse are developed on a background of cir-
rhosis although some might show the presence of massive 
necrosis with only bridging fibrosis [35, 44, 45].

To treat Wilson’s disease, nutrition should be low in copper, 
and the first choice of medication is D-penicillamine [46]. 
Zinc [47] or triethylenetetramine [48]  is considered as an 
alternative therapy to penicillamine. About 3–5% of patients 
present with acute liver failure, and prognostic score incorpo-
rating serum bilirubin, AST, prothrombin time, and leuko-
cytes-count is reliable to determine liver transplantation [49], 
and liver transplantation is the remaining therapy in a fulmi-
nant course or an advanced stage of liver cirrhosis [50, 51].

Case 12.4
A 12-year-old boy had abnormal values in his liver function 
test when he had a common cold. His serum examination 
for liver function showed GOT 47 IU/L, GPT 42 IU/L, s-Cu 
26  μg/dL, ceruloplasmin 8  mg/dL, hyaluronic acid 
295.4 ng/mL, type IV collagen 7S 8.0 ng/mL, and ICGR15 
12.6%. Peritoneoscopy showed yellow liver surface with 
nodular formation; the nodules were homogenously equal 
in size, and the internodular space was narrow; and bridg-
ing fibrosis was observed with necrosis in the portal tracts. 
Interface hepatitis was seen in the portal tract with infiltra-
tion of lymphocytes, and microvesicular fatty metamorpho-
sis remained (Fig.  12.4). His 11-year-old sister also had 
abnormal values in the liver function test: AST130 IU/L, 
ALT 232 IU/L, s-Cu 16 μg/dL, ceruloplasmin 2.1 mg/dL, 
type IV collagen 7S 8.5  ng/mL, hyaluronic acid 315  ng/
mL, and ICGR15 4.0%. Peritoneoscopy showed smooth yel-
low liver surface with shallow excavations (Fig.  12.5a); 
liver histology showed fibrosis in the portal tract, and mac-
rovesicular or microvesicular formation was seen in hepa-
tocytes (Fig. 12.5b); and lobular formation was distorted by 
fibrosis, but no pseudo-lobular formation was present 

(Fig.  12.5c). In the fulminant type, massive necrosis was 
seen, while pseudo-lobular formation was constructed in 
other areas. Steatosis was also seen in pseudo-lobules; elec-
tron microscopy showed electron-dense materials, and 
mitochondria cristae were distorted (Fig. 12.6).

12.3	 �Non-Wilson’s Disease Form of Copper 
Toxicosis

12.3.1	 �Indian Childhood Cirrhosis

Daily ingestion of dietary in copper household utensils or 
drinking of milk stored in brass is the cause of copper over-
load, and urinary, serum, and hepatic copper concentration 
becomes noted; however serum ceruloplasmin is normal or 
elevated. The disease has been reported to present in geneti-
cally susceptible individuals at 4 months to 5 years of age, 
with a peak around 2 years not only in Indian subcontinent 
[52] but also in the USA [53]. There are clinically three stages, 
an early, an intermediate, and a late stage, with jaundice, hep-
atosplenomegaly, and progression to hepatic failure [54], but 
it has been rarely seen because education is widely spread. 
The earliest morphological change is ballooning degeneration 
and focal necrosis, followed by formation of Mallory-Denk 
bodies [54, 55]. There is inflammatory cell infiltration, peri-
portal ductular reaction, and progressive fibrosis to the devel-
opment of micronodular cirrhosis. Copper toxicosis is treated 
with copper chelation therapy of D-penicillamine [56].

12.3.2	 �Idiopathic Copper Toxicosis

Progressive cirrhosis develops by 2  years of age in 
the absence of neurological symptoms sporadically 
worldwide; however serum ceruloplasmin is normal or 

Fig. 12.4  Wilson’s disease. Active inflammation is seen in the portal 
tract of cirrhotic liver and microvesicular fatty change is detected in 
hepatocytes. HE staining

M. Iwai et al.



157

elevated. This disease is caused by excessive amount of 
environmental copper exposure, for example, by drink-
ing cow’s milk from untinned copper or brass vessels or 
spring water contaminated with copper, and an autosomal 

recessive inheritance has been described in endemic 
Tyrolean cirrhosis (non-Indian childhood cirrhosis) [57]. 
Histopathology shows micronodular cirrhosis with copper 
overload in severely affected children [58], and combined 

a

c

b

Fig. 12.5  Wilson’s disease. (a) Peritoneoscopy shows diffuse excava-
tions on the yellow liver. (b) Fibrosis is proliferated in the portal tract, 
and hepatocytes have macrovesicular and microvesicular formation. (c) 

Mallory-Azan stain shows bridging fibrosis from the portal tract and 
lobular formation is distorted, but no pseudo-lobular formation is 
established

a b

Fig. 12.6  Wilson’s disease. (a) Massive necrosis is accompanied with ductular reaction and fibrosis, and macrovesicular or microvesicular formations 
are seen in residual hepatocytes. (b) Electron microscopy shows electron-dense materials and secondary lysosomes, and mitochondria cristae are disturbed
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administration of trientine and zinc can improve the 
decompensated function of the liver [59].

12.3.3	 �Menkes Disease

Menkes disease is an X-linked recessive neurodegenerative 
disorder, and it presents by 3 months of age and is fatal by 
3–6 years of age. It is caused by mutations in ATP7A gene, 
homologous to ATP7B, that causes impaired copper trans-
port across the placenta, small intestine, and blood-brain bar-
rier and then leads to a severe copper deficiency state [60]. 
Affected infants develop hypotonia, seizure, and failure to 
thrive, and “kinky hair,” hypopigmentation, osteoporosis, 
and arterial vascular tortuosity are characteristically detected. 
Serum copper or ceruloplasmin is low. Treatment of copper 
histidine should be instituted in the early phase of the disease 
and improve outcomes partially.

12.4	 �Porphyria

Porphyrias are disorders of the biosynthesis of porphyrins 
and heme synthesis, which has eight steps. They are grouped 
into two types: acute hepatic porphyria and cutaneous por-
phyria, and X-linked dominant protoporphyria is added to a 
category of porphyria (Fig. 12.7) [61]. The acute porphyrias 

are due to overproduction of the porphyrin precursors, 
δ-aminolevulinic acid(ALA) and porphobilinogen (PBG). 
The symptoms are caused by injury primarily to the nervous 
system. Cutaneous porphyria is due to overproduction of 
photosensitizing porphyrins in the liver or bone marrow, 
characteristically leading to skin damage following sunlight 
exposure.

12.4.1	 �Acute Intermittent Porphyria (AIP)

It is the acute type most often encountered in clinical prac-
tice [62, 63] and is due to partial deficiency of the third 
enzyme of heme synthesis, porphobilinogen deaminase. 
Attack in AIP largely occurs in women of reproductive age, 
presenting with unexplained abdominal pain, nausea with 
vomiting, constipation, and muscle weakness. Psychiatric 
symptoms of confusion, hallucination, and seizure are 
sometimes recognized as well as peripheral neuropathy. The 
attack is triggered by infections, smoking, excessive alcohol 
consumption, intake of oral contraceptives or medications, 
and caloric deprivation. Hepatic abnormalities range from 
mild elevations in AST/ALT to liver failure. The amber-
colored urine is a clue to the diagnosis of AIP and can be 
confirmed by remarkable elevation of urinary PBG and 
ALA [64]. Measurement of PBG, ALA, uroporphyrin, and 
coproporphyrin in urine is useful to make a differential 
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diagnosis among different types of porphyria. Estimation of 
erythrocyte PBG deaminase activity is available to establish 
the diagnosis of AIP and its carriers, and gene analysis of 
PBG deaminase helps to find out not only patients with AIP 
but also an asymptomatic carrier in family. Long-term fol-
low-up of AIP patients reveals complications of chronic 
hypertension, chronic kidney insufficiency, chronic pain 
syndrome, and hepatocellular carcinoma [65]. Management 
of AIP is to provide adequate caloric intake by intravenous 
infusion, correct electrolyte disturbance including hypona-
tremia, treat pain with opiate analgesia, administer hematin, 
suppress ovulation with gonadorelin analogues, treat any 
intercurrent infections, or treat hepatic failure by liver trans-
plantation [63].

12.4.2	 �Cutaneous Porphyrias

Porphyria cutanea tarda (PCT) and erythropoietic protopor-
phyria (EPP) are the most prevalent in cutaneous porphyrias, 
and the presentation typically occurs during or after puberty. 
They are also two of the porphyrias which importantly affect 
the liver. PCT is the most common form of porphyria and is 
due to acquired deficiency of uroporphyrinogen decarboxyl-
ase [66] and is almost always sporadic. Spontaneous PCT is 
reported to be associated with alcoholic liver disease, HCV 
infection, iron overload, and Alagille syndrome. In the liver, 
there is accumulation of uroporphyrin forming needle-
shaped inclusions in the cytoplasm of hepatocytes detectable 
by light, fluorescent, and electron microscopy. Patients are at 
risk of developing hepatocellular carcinoma. Phlebotomy is 
useful for patients with PCT to reduce the iron burden. In 

Japan, 85% of PCT patients suffer from HCV infection, and 
interferon- or direct-acting antiviral therapy is a standard 
method for treating PCT [67, 68].

EPP is an inherited porphyria caused by decrease of fer-
rochelatase activity which is a terminal enzyme of heme bio-
synthesis [66] and is a disorder in which accumulation of 
protoporphyrin in the erythrocytes, skin, liver, and other tis-
sues leads to lifelong and acute painful photosensitivity. 
Presentation usually begins in childhood, with swelling, 
burning, itching, and redness of the skin after exposure to 
sunlight. The most effective treatment is the prevention of 
the photosensitive reaction by avoiding sunlight, and admin-
istration of carotenoids is also effective for skin lesions. 
Liver disease develops later, mostly after 30  years of age, 
and death occurs within 3–5 months following the develop-
ment of jaundice due to hepatic failure as a result of exces-
sive deposits of protoporphyrin in the hepatobiliary tract. 
Liver biopsy specimens show accumulation of dark brown 
pigment in canaliculi, interlobular bile ducts, and Kupffer 
cells, displaying a characteristic bright red birefringence 
with central dark Maltese cross (Fig. 12.8). Many patients 
have mild degree of anemia suggesting iron deficiency. It is 
important not to give excessive amount of blood transfusion 
to patients of EPP with anemia. Hematin is successful for 
treatment, and liver transplantation is required for patients 
with liver failure or end-stage cirrhosis [69].

Case 12.5
A 34-year-old female with a history of acute intermittent 
porphyria (AIP) for 15 years was admitted to a hospital with 
complaints of abdominal pain and sensory loss of lower 
extremities, and her mother also suffered from AIP.  The 

a b

Fig. 12.8  Liver in erythropoietic protoporphyria. (a) Brown deposits are present in bile canaliculi, hepatocytes, and Kupffer cells. (b) The depos-
its have a yellow to red birefringence with a dark Maltese cross (arrow)
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urine during her acute attack was wine-red colored 
(Fig. 12.9). Biochemical analysis of porphyrin and precur-
sors in urine was porphobilinogen (PBG) 20.6  mg/day 
(N < 5), δ-aminolevulinate 3.5 mg/day (N<3), uroporphyrin 
(UP) 449  μg/gCRN (N<36), and coproporphyrin (CP) 
765 μg/gCRN (N < 170). Gene analysis of porphobilinogen 
deaminase showed a point mutation of C to T in exon 8. After 
admission, intermittent attack of abdominal and limb pain 
occurred. To relieve the pain, morphine chloride of 
30–160 mg/day was administered intramuscularly, and body 
weight was reduced by diet therapy. The porphyrin and its 
precursors were serially measured in urine, and the dosage of 
morphine chloride was determined by the value of PBG and 
ALA (Fig. 12.10). She was finally relieved from the pain and 
discharged.

Case 12.6
A 54-year-old male with history of heavy drinking for 
30  years complained of skin lesions on the face or hands 
(Fig. 12.11) and was admitted to a hospital for survey of liver 
functional disturbance. Urine color was reddish-brown 
(Fig. 12.12), and his biochemical tests were AST 67 IU/mL, 

ALT 54 IU/mL, GGT 191 IU/mL, HCV RNA 4.7 × 10 [6], 
and genotype Ib. Urinary data were ALA 2.4 mg/day (N < 3), 
PBG 0.8 mg/day (N < 5), UP 1029 μg/g CRN (N < 20), and 
CP 524 μg/g CRN (N < 170). IFNβ therapy (900 γ/day) was 
intravenously administered. HCV RNA became negative, 

Fig. 12.9  Urine color of AIP patients. Urine color is amber in AIP 
patient (left) in comparison with one without porphyria (right)
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Fig. 12.10  Dosage of 
morphine chloride related 
with urinary value of 
δ-aminolevulinic acid (ALA) 
and porphobilinogen (PBG) 
in a 34-year-old female with 
AIP. She had severe 
abdominal pain and 
intramuscular management of 
morphine chloride. Dosage of 
morphine chloride is closely 
related with urinary excretion 
of PBG and ALA, and PBG is 
closely related with dosage of 
morphine chloride in 
comparison with ALA

Fig. 12.11  Skin lesions on back hands in a 54-year-old male with PCT 
patient. There were scars, hyperpigmentation, and bullae and skin was fragile

Fig. 12.12  Urine color in a patient with PCT. Urine color is reddish-
brown in a patient with PCT (left) in comparison with one in a patient 
without porphyria (right)

M. Iwai et al.



161

porphyrins decreased in urine, and the skin lesion 
disappeared. On decreasing intake of alcohol, there was no 
more liver functional disturbance.

12.5	 �Amyloidosis

Amyloid deposition occurs in the liver in primary amyloido-
sis, secondary amyloidosis (in response to chronic infection 
or inflammatory process of tuberculosis, lepromatous lep-
rosy, osteomyelitis, rheumatoid arthritis, or Crohn’s dis-
ease), and heredofamilial amyloidosis. Primary amyloidosis 
(amyloid light chain case) is characterized by the deposition 
of abnormal extracellular protein in the form of fibrils in 
many organs, especially the heart, kidneys, gastrointestinal 
tract, and peripheral nervous system [70]. Hepatic involve-
ment is not uncommon in both secondary and primary amy-
loidosis [71]. Hepatomegaly occurs in >50% of patients 
suffering from amyloidosis, but disturbance of liver func-
tion is mild [72]. Jaundice is rare, but a primary amyloidosis 
patient with severe jaundice was reported in 1971 [73], and 
25 cases of cholestatic jaundice were discussed by Peters 
and colleagues [74].

Approximately 5% of patients with primary amyloidosis 
have clinical evidence of cholestatic jaundice [73]. In sys-
temic amyloidosis, death often occurs from congestive heart 
failure or arrhythmia and is usually due to renal failure, but 
a few patients die of hepatic failure with cholestatic jaundice 
[74–77]. Therefore, it is significant to recognize the clinical 
features of primary amyloidosis with cholestatic jaundice 
and to investigate why cholestatic jaundice develops in 
patients with amyloidosis. Here we describe two patients 
with primary amyloidosis who developed severe cholestatic 
jaundice. Besides the clinical and histopathological features 

of the syndrome, we also describe the ultrastructural findings 
of the liver to discuss the pathogenesis of cholestatic 
jaundice in primary amyloidosis.

Case 12.7
A 73-year-old male complained of hoarseness, and squa-
mous cell cancer of the vocal cords was diagnosed. 
Preoperative physical examination showed elastic liver pal-
pable 6 cm beneath the right costal margin. His laboratory 
data were TBIL 0.4 mg/dL, DBIL 0.3 mg/dL, GOT 25 KU, 
GPT 20 KU, ALP 12.9 KAU, GGT 104 IU/L, and leucine 
aminopeptidase 358 GRU. Neither dilated biliary ducts nor 
space-occupying lesions were seen on ultrasonography. A 
month after laryngectomy, his liver function test results were 
TBIL 0.6 mg/dL, DBIL 0.4 mg/dL, GOT 81 KU, GPT 55 
KU, LDH 382 WU, ALP 63.2KAU, GGT 357  IU/L, and 
LAP 1191 IU/L. Liver scintigraphy showed irregular uptake 
of technetium, and CT revealed an enlarged liver, mild asci-
tes, and splenomegaly. Peritoneoscopy showed enlarged 
liver with a lardaceous, smooth surface, and acinus or white 
markings were ambiguous (Fig.  12.13). Biopsied tissue 
showed amorphous eosinophilic material in the perisinusoi-
dal space compressing hepatocytes, while fine granules were 
seen in hepatocytes of the pericentral veins (Fig.  12.14). 
Congo red staining was positive in the amorphous material, 
and polarized light microscopy showed green fluorescence in 
the perisinusoidal space. Electron microscopy showed the 
presence of amyloid fibrils in Disse’s space, and aggregates 
of electron-dense fine granules were seen near bile canaliculi 
(Fig.  12.15). Two months after peritoneoscopy, the patient 
became jaundiced. The laboratory data were TBIL 17.6 mg/
dL, DBIL 17.0 mg/dL, GOT 270 KU, GPT 126 KU, LDH 
543 WU, ALP 181.8 KAU, GGT 674 IU/L, LAP 1662 IU/L, 
albumin 4.4 g/dL, gamma-globulin 0  .6g/dL, IgG 580 mg/

a b

Fig. 12.13  Peritoneoscopic findings of liver with hepatic amyloidosis. (a) Liver surface is smooth and lardaceous. (b) Acinus markings are 
ambiguous, and peripheral portal veins are dilated
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dL, IgA 100.3  mg/dL, and IgM 164  mg/dL.  Protein 
electrophoresis was normal, and Bence-Jones proteins were 
not detected. Bone marrow examination revealed no abnor-
mal plasma cells. One month later, TBIL was 30.4 mg/dL 
(DBIL 28.6 mg/dL), pleural effusion and ascites appeared, 
and he died of cardiac and hepatic failure.

Case 12.8
A 58-year-old female presented with epigastralgia and hepa-
tomegaly. Liver function tests revealed no abnormality. 
Three years later, TBIL was 1.1 mg/dL, DBIL 0.6 mg/dL, 
GOT 111 KU, GPT 84 KU, LDH 500 WU, ALP 41.6 KAU, 
GGT 239 IU/L, LAP 957 IU/L, ChE 0.69 ΔpH, ALB 3.6 g/
dL, gamma-globulin 1.4 g/dL, IgG 1420 mg/dL, IgA 205 mg/
dL, IgM 58 mg/dL, and indocyanine green test (R15) 32.4%. 
Protein electrophoresis was normal, and urine Bence-Jones 
proteins were not detected. Bone marrow examination 

revealed 3% plasma cells. On physical examination, elastic 
liver was palpable 8 cm beneath the xiphoid process, but nei-
ther splenomegaly nor ascites were present. Scintigraphy 
revealed heterogeneous uptake of technetium in the liver, 
and CT showed enlarged liver without any defect or low 
attenuation. Peritoneoscopy revealed a lardaceous and irreg-
ular liver surface and dilated intracapsular vessels; liver 
biopsy showed deposits of amorphous eosinophilic material 
in the perisinusoidal space, and hepatocytes were atrophic 
due to compression of amyloid deposit (Fig. 12.16). Electron 
microscopy showed amyloid fibrils not only in the dilated 
Disse’s space but also in the sinusoids; endothelial cells were 
flattened, hepatocyte microvilli facing Disse’s space were 
spicular, and the nucleus of the hepatocyte was irregularly 
shaped; the intercellular space of epithelia in the bile duct 
was widened, and the basement membrane was destroyed 
due to compression of the amyloid deposit and secretory 

P

a b

Fig. 12.14  Hepatic amyloidosis. (a) Amorphous eosinophilic materials are seen in the perisinusoidal space in a lobule, and the sinusoidal space 
is narrow. (b) Fine granules (arrow head) are present in hepatocytes around the central vein. P portal tract

D

S

a b

Fig. 12.15  Electron microscopic findings in liver with amyloidosis. 
(a) Amyloid fibrils are present not only in Disse’s space(D), but also in 
sinusoid (S). Endothelial cells (arrow) along sinusoid are flattened, and 

materials are leaked into sinusoid. (b) Amyloid fibrils (arrow) infiltrate 
into lateral space of hepatocytes, and intercellular space becomes wide. 
Lysosomal granules can be seen in vicinity of bile canaliculi
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component leaking from the lumen (Fig. 12.17). After diag-
nosis of primary amyloidosis, dimethyl sulfoxide was admin-
istered. However, TBIL and DBIL reached 32.1 mg/dL and 
28.3 mg/dL, respectively, 3 months after the onset of jaun-
dice. The kidney function deteriorated, and the patient died 
of renal and hepatic failure.

12.6	 Discussion of Amyloidosis

We treated two patients with systemic amyloidosis who 
developed severe cholestatic jaundice. The clinical manifes-
tations, biochemical test results, macroscopic and micro-
scopic appearance of the liver biopsied under peritoneoscopy, 
and the ultrastructural features of the hepatocytes have been 
described. Hepatomegaly was present without symptoms in 
our patients, and the median size of the liver was reported to 

be about 7  cm below the right costal margin [71]. Ascites 
were present in only one patient; it is relatively uncommon 
and may be associated with a good prognosis [78]. Globulin 
level in serum, especially IgM, was notedly low, and hypo-
gammaglobulinemia has been detected in 34% of amyloido-
sis patients [71]. They indicate urinary loss or suppression of 
normal immunoglobulin synthesis by an abnormal plasma 
cell clone. Gamma-glutamyl transpeptidase, leucine amino-
peptidase, and alkaline phosphatase (ALP) were elevated in 
both patients. However, glutamic-oxaloacetic transaminase 
and glutamic-pyruvic transaminase were only slightly ele-
vated. Isolated elevation of ALP is generally found [79], and 
the ALP level does not correlate with survival. However, 
extreme elevation of ALP in one of our patients was associ-
ated with hyperbilirubinemia. Bilirubin is almost always 
normal, and hyperbilirubinemia has been reported in only 
5% of primary amyloidosis patients [73]. Our patients died 

P

C

a b c

Fig. 12.16  Peritoneoscopic findings of liver with hepatic amyloidosis. 
(a) Liver is white in color, and there are small excavations and lymph 
vesicles on the liver surface. (b) Acinus markings are ambiguous, and 
peripheral portal veins are dilated. (c) Amorphous eosinophilic material 
is distributed diffusely in a lobule, and all hepatocytes are atrophic by 

compression of amyloid fibrils. C central vein, P portal tract (Reuse of 
Iwai M, et al. Cholestatic jaundice in two patients with primary amyloi-
dosis. J Clin Gastroenterol 1999; 28: 162–6., with permission of Wolters 
Kluwer Health, Inc.)

a b

Fig. 12.17  Electron microscopic findings of liver with amyloidosis. 
(a) Amyloid fibrils are seen not only in dilated Disse’s space (D) but 
also in the sinusoids (S). Endothelial cells (arrow head) are flattened 
and microvilli of cytoplasmic membranes are spicular. The nucleus is 
irregular in shape. (Reuse of Iwai M, et al. Cholestatic jaundice in two 

patients with primary amyloidosis. J Clin Gastroenterol 1999; 28: 
162–6., with permission of Wolters KluwerHealth, Inc.) (b) Intercellular 
spaces of cholangiocytes are widened by compression of amyloid 
fibrils, and secretory materials are leaked outside. Bar = 1 μm
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of renal, cardiac, or hepatic failure within 3 months after the 
onset of jaundice. Thus, hyperbilirubinemia is a sign of the 
approach of the preterminal stage, and a marked increase of 
ALP leading to jaundice is associated with a poor prognosis 
[74]. Image analysis showed no dilatation of intrahepatic 
bile ducts. Cholestasis was due to parenchymal damage or to 
mechanical impedance to bile flow at the level of the bile 
canaliculi or at the small bile ducts. Hepatomegaly and mild 
ascites were seen in abdominal CT, but no low attenuation in 
the liver was detected [80]. Scintigraphy showed low uptake 
of technetium in the liver, as deposits of amyloid in Disse’s 
space disturbed the transfer of technetium into hepatocytes 
and the reticular endothelium system, and portal hyperten-
sion had developed [77, 81].

Peritoneoscopy showed a lardaceous liver surface and 
dilated peripheral portal veins or numerous lymph vesicles. 
These peritoneoscopic findings are typical of hepatic amy-
loidosis [82]. Liver biopsy is said to carry an added risk in 
patients with amyloidosis [83], but peritoneoscopy with liver 
biopsy prevents patients from bleeding because anticoagu-
lants are injected through needle biopsy or the biopsied area 
can be compressed by the needle. Thus, peritoneoscopy with 
liver biopsy is safer than echo-guided biopsy and is a useful 
tool in the diagnosis of hepatic amyloidosis.

Amorphous eosinophilic materials were present in the 
perisinusoidal space and portal tract, and they were identi-
fied as amyloid fibrils by Congo red stain and light hemifluo-
rescence. Hepatic amyloidosis is classified into three 
types—vascular pattern, parenchymal pattern, and stromal 
pattern—according to the topographic distribution [84]. 
Amyloid fibrils in our patients could be identified not only in 
the parenchymal sinusoid involvement of Disse’s space but 
also in the portal tracts. Our case was a mixture of parenchy-
mal and stromal types. The amyloid fibrils infiltrated into the 
sinusoidal space, and it was narrow. Hence, portal hyperten-
sion may be caused by the blockage of sinusoids by amyloid 
fibrils.

A few reports have described ultrastructural findings in 
hepatic amyloidosis [85, 86], but there are no reports on the 
preterminal stage of hepatic amyloidosis and no confirma-
tory electron microscopic data on the pathogenesis of severe 
cholestatic jaundice in primary amyloidosis [87, 88]. In our 
cases, electron microscopy showed many lysosomal gran-
ules near bile canaliculi before the onset of jaundice, and 
some bile canaliculi were dilated with stunting or loss of 
microvilli. Edematous microvilli protruded into the lumen in 
the preterminal stage. As a result, the secretory vesicles or 
bile juice may have been retained because the structure of the 
cytoskeletal system around the bile canaliculi may have been 
damaged by compression of amyloid fibrils [89]. Amyloid 
fibrils infiltrated into the portal tracts and compressed bile 
ductules and the basement membrane of bile ductules were 
separated from the epithelium by infiltration of amyloid 

fibrils. As the contact was loose, bile juice may have been 
retained in small bile ductules and leaked from them. 
Amyloid fibrils were seen not only in Disse’s space but also 
in the sinusoids. Hepatocytes were rendered atrophic by 
being compressed by amyloid fibrils; hepatocyte microvilli 
facing Disse’s space were spicular, and irregularly shaped 
mitochondria with disturbed arrays of cristae were present in 
hepatocytes.

These findings suggest the difficulty in transporting and 
supplying essential materials from sinusoids to hepatocytes, 
and the disturbance in the uptake of essential substances 
from sinusoids may be closely related to hepatic failure. 
Cholestatic jaundice must be distinguished from obstructive 
jaundice in primary amyloidosis [90], and the pathogenesis 
of cholestatic jaundice should be examined in more detail by 
ultrathin sections from the same patient at different stages.

Treatment for amyloidosis depends upon the type of amy-
loidosis. Melphalan and prednine are superior to colchicine 
[91], and melphalan in combination with dexamethasone is 
highly effective in treating AL amyloidosis [92]. Autologous 
stem cell transplantation is considered to be a primary option, 
but few patients are required [93]. Thalidomide, lenalidomide, 
pomalidomide, and bortezomib are examined, and non-cell 
transplant candidates can be offered melphalan-dexameth-
asone or cyclophosphamide-bortezomib-dexamethasone. 
Other combination chemotherapies of cyclophosphamide-
thalidomide (or lenalidomide)-dexamethasone, bortezomib-
dexamethasone, and melphalan-prednisone-lenalidomide 
have been investigated, and antibodies designed to dissolve 
existing amyloid deposits are under study [94].

12.7	 �Anorexia Nervosa

Anorexia nervosa is an eating disorder predominantly affect-
ing young women, and hepatic dysfunction is present among 
the patients, and it has the highest mortality rate of all psy-
chiatric disorders due to multiple organ failure with hepatic 
insufficiency by severe malnutrition [ 95]. Patients have ele-
vated value of liver biochemical test, predominantly the ami-
notransferases [95]. Previous pathological findings show 
centrilobular changes (trabecular atrophy and/or sinusoidal 
fibrosis), nonspecific periportal inflammatory infiltrates, and 
fatty changes, and glycogen is depleted or accumulated 
depending upon the duration of starvation [96, 97]. Hepatic 
cytoplasm and organelles are quite low in density [97] and 
there are numerous autophagosomes [96]. Pathogenesis of 
acute liver insufficiency is not clarified yet, but two principle 
hypotheses, acute hypoperfusion and starvation-induced 
autophagy, are discussed. The treatment is hydration, correc-
tion of electrolyte and fluid imbalance, and gradual nutri-
tional support in consideration of refeeding syndrome, and 
supervised increase in caloric intake and a return to healthy 
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body weight can lead to normalization of elevated 
aminotransferases [95, 98].

Case 12.9
A 30-year-old female had a history of anorexia nervosa for 
10  years, and general malaise and nausea with vomiting 
were developed a month ago, and 4 kg of body weight was 
additionally lost. Biochemical and blood tests after hospi-
talization revealed abnormal value, TBil 0.8 mg/dl, AST 
5124 IU/L, ALT 4413 IU/L, PLT 13.1 × 104 ul/ml, and PT 
49%. Her liver biopsy under guidance of ultrasonography 
showed disarrayed trabecular structure in periportal tract 
and hepatocytes revealed pale staining by hematoxylin and 
eosin (Figs. 12.18a), and sinusoidal spaces in pericentral 
area were dilated, and endothelial cells were decreased in 
number (Figs.  12.18b). Fibrosis was seen in portal tract 
and slightly present in perisinusoidal space (Figs. 12.18c). 
Electron microscopy showed presence of giant mitochon-
dria and poor structure of endoplasmic reticulum, Golgi 
apparatus, and mitochondria and their low density, and a 
fat storing cell was seen in contact with hepatocytes 
(Figs.  12.18d). Hydration and intravenous infusion of 
electrolytes with intake of moderate calorie improved her 
general condition, and liver function tests were reverted to 
normal value, and gradual intake of food recovered her 
condition without refeeding syndrome.

12.8	 �Glycogen Storage Disease

The hepatic glycogen storage diseases are a group of inher-
ited disorders affecting the metabolism of glycogen to glu-
cose leading to excessive or abnormal glycogen in the tissues 
(Table 12.2), and there are more than ten types. Liver disease 

is seen in most types, and there are morphological changes of 
steatosis or glycogenic distension in hepatocytes and fibrosis 
or cirrhotic change in liver. In type 1A glycogen storage dis-
ease, deficiency of glucose-6-phosphatase leads to hypogly-
cemia during fasting, and patients present with lactate 
acidemia, hyperuricemia, hypertriglyceridemia, hypercho-
lesterolemia with hepatomegaly, short stature, and immatu-
rity [99]. Glycogen and fat are stored in the cytoplasm of 
hepatocytes, and their storage places nuclei in the periphery 
of the cytoplasm. There are two main complications of this 
disease, the development of hepatocellular adenoma and 
focal glomerulosclerosis [100, 101], and adenoma is reported 
to develop into hepatocellular carcinoma [102].

Frequent feedings of a high-starch, low-simple sugar or 
glucose polymer are recommended to keep glucose level at 
70  mg/dl during infancy and childhood, and uncooked 
cornstarch is fed at night. Liver transplantation is effective 
for curing type 1A glycogen storage disease, and transplan-
tation of both liver and kidney is recommended for patients 
with glomerulosclerosis [103].

Case 12.10
A 42-year-old male with a short stature and “doll’s face” had 
a history of type 1A glycogen storage disease since the age 
of 14, and liver functional disturbance was monitored regu-
larly. His laboratory data revealed high values of ALT and 
AST, and hepatomegaly was progressed, and he was admit-
ted assessing his liver disease. His liver function test showed 
TBIL 0.47  mg/dL, ALT 32  IU/L, AST 79  IU/L, ALP 
289 IU/L, GGT 80 IU/L, and negative HBsAg and HCV Ab. 
Liver biopsy showed distorted lobular formation with bridg-
ing fibrosis, but pseudo-lobules were not established; a mag-
nified view showed enlarged pale-staining hepatocytes 
containing macrovesicular or microvesicular steatosis and 

Table 12.2  Glycogen storage disease: enzyme defect, clinical findings, and histological features

Type Name Enzyme defect Signs and symptoms Liver histology
O von Gierke’s 

disease
Glycogen synthase Ketotic hypoglycemia, alanine↓, 

lactate↓
Steatosis

Ia Glucose-6-phosphatase Hepatomegaly, lactate↑, glucose↓, 
uric acid↑

Steatosis, glycogenic hepatocytes
Adenoma, hepatocellular carcinoma

Ib Glucose-6-phosphate Hepatomegaly, acidosis, glucose↓, 
neutrophils↓

Steatosis, glycogenic hepatocytes
Translocase Adenoma, hepatocellular carcinoma

II Pompe’s 
disease

Lysosomal-γ1–4 & Cardiomyopathy, creatine Cytoplasmic vacuoles, lysosomal mono-

-γ1–6-glucosidase Kinase↑ Particulate glycogen

IIIa/b Cori’s disease Amylo-alpha-1, 6-glucosidase Hepatomegaly, muscle weakness, 
glucose↓

Steatosis, glycogenic hepatocytes, fibrosis, 
cirrhosis (rare)

IV Andersen’s 
disease

Amylo-1-4 
glycan6-glycosyltransferase

Hepatomegaly, cardiomyopathy, 
myopathy

Fibrosis, cirrhosis, ground-glass, diastase-
resistant inclusions

VI Her’s disease Liver phosphorylase E Hepatomegaly, slow growth, Glycogenic hepatocytes, steatosis, fibrosis, 
cirrhosis (rare)Ketotic hypoglycemia

IX Liver phosphorylase kinase Hepatomegaly, hyperlipidemia Non-uniform glycogenic hepatocytes, 
steatosis

XI Fanconi-Bickel GLUT2 transporter Glycogenic hepatocytes
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vacuolated nuclei; sinusoids were compressed by swollen 
hepatocytes (Figs. 12.18 and 12.19).

Liver functional disturbance is seen in types I,III,IV,VI, 
and IX. Type III,IV,VI and IX are caused by deficiency of 
debrancher enzyme; amylo-alpha-1,6-glucosidase, branched 
enzyme; amylo-1,4 1,6-transglucosidase, liver phosphory-
lase E and liver phosphorylase kinase, and they are charac-
terized by accumulation of glycogen not only in liver but 
also in heart, skeletal muscle, and kidney. The diagnosis is 
made by liver or muscle analysis for specific enzyme activity 
or genetic analysis or suggested by ultrastructure finding of 
glycogen structure.

For patients of types III and IV to maintain blood sugar, 
the diet used for type 1A patients is supplied by nocturnal 
nasogastric or gastrostomy tube.

12.9	 �Citrullinemia

Citrin is a liver-type mitochondrial aspartate-glutamate car-
rier [104]. Citrin deficiency is caused by a mutation of the 
SLC25A13 gene on the long arm of chromosome 7 [105] 
and is an autosomal recessive disorder and is prevalent in 
Japan and East Asia countries. Its disorder is classified into 
infantile (NICCD, neonatal intrahepatic cholestasis caused 
by citrin deficiency), child (FTTDCD, failure to thrive and 
dyslipidemia caused by citrin deficiency), and adult (CTLN2, 
citrullinemia type II) types, depending on onset.

The mutated gene disturbs the function of arginine-
succinic acid synthetase, and hyperammonemia and citrul-
linemia occur. CTLN2 presents suddenly in older child or 
almost adulthood between ages 20 and 50 years. Disturbance 

a b

c d

Fig. 12.18  Histological findings of liver with anorexia nervosa and 
electron microscopic findings of hepatocytes. (a) Trabecular structure is 
disarrayed in portal tract and hepatic cytoplasm is clear and sinusoids 
are dilated. (b) Sinusoids are dilated with retention of red blood cells in 
pericentral area and hepatic cytoplasm is clear. (c) Fibrosis is seen in 

portal tract and slightly detected in perisinusoidal space. Mallory-Azan 
staining. (d) Electron microscopy shows low density in cytoplasm and 
presence of giant mitochondria. Cristae in mitochondria are unclear, 
and rough endoplasmic reticulum and Golgi apparatus are not 
well preserved. Ito’s cell with lipid is seen
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of consciousness and abnormal behavior and seizures develop 
due to hepatic encephalopathy [106], and symptoms are pro-
voked by alcohol, sugar intake, medication, and surgical 
treatment, and most individuals are fond of protein- and fat-
rich foods such as beans and peanuts. Significant liver disease 
is evidenced by hepatomegaly and elevations of serum ala-
nine transaminase, ammonia, citrulline, and arginine. Citrin 
deficiency causes excessive deposit of NADH, which induces 
overproduction of fatty acid in hepatocytes and inhibits its 
metabolism [107]. Steatosis is induced, and a second hit of 

oxidative stress develops nonalcoholic steatohepatitis. Liver 
histology shows fatty change [108], mild periportal fibrosis, 
nonalcoholic steatohepatitis [109], interface hepatitis, and 
cirrhotic change. To treat citrullinemia, low-carbohydrate, 
high-fat, and high-protein diet is recommended [110], and 
moderate amino acids including Asp, Asn, and Arg or an anti-
oxidant derivative—as well as vitamin E—should be admin-
istered. Arginine should be infused to lessen hyperammonemia. 
To correct all the metabolic abnormalities or rescue hepatic 
encephalopathy, liver transplantation is considered [111].

Case 12.11
A 57-year-old male presented with liver functional distur-
bance for several years and dizziness for 2 months. He was 
hardly aroused when his name was called. His liver function 
test showed TBIL 1.5 mg/dL, ALT 55 IU/L, AST 40 IU/L, 
ALP 404 IU/L, GGT 192 IU/L, and NH3 132 μg/dL. Analysis 
of amino acids in serum showed citrulline 530 nmoL/mL, 
arginine 280 nmoL/mL, and cystine 63 nmoL/mL.  A 
sequence of DNA extracted from white blood cells showed 
homozygotes of 851 del 14, and CTLN2 was diagnosed. 
Ultrasound examination showed blurred vision in the dorsal 
area of the liver. CT showed neither cirrhotic findings nor 
portosystemic shunts, and CT density was lower in the liver 
than in the spleen (Fig. 12.20). Liver histology showed fatty 
metamorphosis in zones 2 and 3, and mild fibrosis or pericel-
lular fibrosis was seen around the central vein; macrovascu-
lar steatosis was observed around the central vein, and mild 
inflammatory cells were seen in the portal tracts; and neutro-
philic leukocytes were concentrated in the necrotic area 
around the central vein (Fig. 12.21).

a b

Fig. 12.19  von Gierke’s disease. (a) Fibrosis is bridged from the por-
tal tract, and fatty metamorphosis is seen. (b) Macrovesicular or 
microvesicular formation is seen in many hepatocytes, and nuclei are 

centrally localized. The cytoplasm is rarefied, and swollen hepatocytes 
compress sinusoids

Fig. 12.20  Citrullinemia. CT with contrast medium shows smooth 
surface of normal-sized liver. CT density is lower in the liver than in the 
spleen. (Reuse of Fukumoto K, et al. A case of adult-onset type 2 citrul-
linemia having a liver histology of nonalcoholic steatohepatitis. Jpn J 
Gastroenterol 2008; 105: 244–51., with permission of Jpn Soc 
Gastroenterol)
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Abbreviations

ABC	 ATP-binding cassette
BDG	 Bilirubin diglucuronide
BMG	 Bilirubin monoglucuronides
BRIC	 Benign recurrent intrahepatic cholestasis
GST	 Glutathione-S-transferase
ICP	 Intrahepatic cholestasis of pregnancy
MRP2	 Multidrug resistance-related protein 2
OATP	 Organic anion transporting polypeptides

PFIC	 Progressive familial intrahepatic cholestasis
TJP	 Tight junction protein
UCB	 Unconjugated bilirubin

13.1	 �Bilirubin Metabolism Under 
Physiological Conditions

Approximately 250–300  mg bilirubin is formed in a normal 
adult in a day. Bilirubin, the final product of heme degradation, 
is catabolized by heme oxygenase-1 and biliverdin reductase, 
which are distributed in the liver, spleen, bone marrow, and retic-
uloendothelial systems [1]. Eighty percent of bilirubin is derived 
from hemoglobin in erythrocytes. The remaining 20% is derived 
from ineffective erythropoiesis in the bone marrow and from 
rapid hepatic metabolism of heme (shunt bilirubin) and hemo-
proteins, such as cytochrome P450 and myoglobin [2–4].

Under normal conditions, much of serum bilirubin exists as 
unconjugated bilirubin (UCB). The conjugated bilirubin con-
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stitutes only less than 5% of total bilirubin in the serum of 
normal subjects [5]. Much of the serum UCB is bound mainly 
to albumin [6] or high-density lipoprotein [7], as UCB is 
poorly soluble in water. The bound UCB in the blood is trans-
ported to the liver. After transfer from the sinusoids into 
Disse’s space, bilirubin is dissociated from albumin and is 
taken up into the hepatocyte across the sinusoidal membrane.

Uptake into the hepatocyte appears to be partly in a passive 
manner [8], and partly mediated by organic anion transporters 
[9]. Several proteins that transport organic anions, including 
bile acids and bilirubin, have been identified in the hepatocyte 
basolateral membrane. Organic anion transporting polypep-
tides (OATPs) are the sinusoidal organic anion transporters. 
OATP1B1, a member of the OATP family, is thought to be the 
most important bilirubin transporter protein that transports bili-
rubin from the blood to the hepatocyte [9]. However, the exact 
mechanism of UCB uptake has not been fully clarified [10].

After transport into the cytoplasm of hepatocyte, UCB is 
bound to glutathione-S-transferase (GST) A, also called ligan-
din [11], and is transported to the endoplasmic reticulum. After 
transfer into the endoplasmic reticulum, hydrophobic UCB 
undergoes glucuronidation to hydrophilic conjugated bilirubin. 
One or two sugar moieties are coupled to the –COOH of the 
propionic acid side chains of UCB in an ester linkage, resulting 
in bilirubin monoglucuronides (BMG), and then bilirubin 
diglucuronide (BDG), respectively [12]. The conjugation is 
catalyzed by bilirubin UDP-glucuronyltransferase, an enzyme 
encoded by the UGT1A1 gene. UGT1A1 is a member of the 
UGT1 family in microsomal membranes.

Bilirubin becomes hydrophilic after conjugation for 
excretion into the bile. Conjugated bilirubin (BMG and 
BDG) is excreted into bile against the concentration gradi-
ent. It is transported by one of the canalicular ATP-binding 
cassette (ABC) transporters, multidrug resistance-related 
protein 2 (MRP2) [13]. In addition to the biliary excretion, 
conjugated bilirubin in hepatocyte is also secreted into sinu-
soidal blood flow by basolateral transporter MRP3 under 
physiological condition. The conjugated bilirubin in the 
sinusoidal blood flow is reuptaken by OATP1B1 and 
OATP1B3 subsequently for biliary excretion [14].

Biliary conjugated bilirubin is excreted to the intestine. In 
the intestinal lumen, bilirubin is converted to urobilinogens 

by bacterial enzymes. A minor part of bilirubin glucuronides 
undergoes deconjugation, mainly by bacterial enzymes, and 
the ensuing UCB undergo intestinal reabsorption.

13.2	 �Unconjugated Hyperbilirubinemia

The upper limit of normal serum UCB is 1.2 mg/dL (20 μM). 
Increases in serum UCB concentration can be due to an 
increase in the rate of the production of bilirubin, a decrease 
in uptake of bilirubin to hepatocytes, or a decrease in conju-
gation by UGT1A1.

13.2.1	 �Overproduction of Bilirubin

Overproduction of bilirubin is manifested by an increase in the 
serum UCB. The main source of bilirubin is hemoglobin in the 
erythrocytes. Hemolysis is one of the main causes of bilirubin 
overproduction. The increase in ineffective erythropoiesis—the 
increase in the destruction of developing erythrocytes in the bone 
marrow—is also an important disorder of bilirubin overproduc-
tion. It occurs in sideroblastic anemia, lead poisoning, erythro-
poietic porphyria, and primary shunt hyperbilirubinemia [15].

13.2.2	 �Constitutional Jaundice 
with Unconjugated Hyperbilirubinemia

Non-hemolytic unconjugated hyperbilirubinemia caused by 
the mutations in UGT1A1 is classified into Crigler-Najjar 
syndrome type 1, Crigler-Najjar syndrome type 2, or Gilbert’s 
syndrome. Crigler-Najjar syndrome type 1 is a severe uncon-
jugated hyperbilirubinemia, characterized by complete loss 
of hepatic UGT1A1 activity [16]. Crigler-Najjar syndrome 
type 2 is a moderate unconjugated hyperbilirubinemia, char-
acterized by a decrease of hepatic UGT1A1 activity to ≤10% 
of normal subjects [16, 17]. Gilbert’s syndrome is a mild 
unconjugated hyperbilirubinemia in which the activity of 
UGT1A1 in liver homogenate drops to about 30% of normal 
[17]. In principle, the macroscopic findings and histology of 

Table 13.1  Differential characteristics of constitutional jaundice with unconjugated hyperbilirubinemia

Variable Crigler-Najjar syndrome type 1 Crigler-Najjar syndrome type 2 Gilbert’s syndrome
Serum bilirubin Increased: > 340 μM Increased: between 103 μM and 339 μM Increased: between 20 μM and 102 μM
Routine liver function Normal Normal Normal
Hepatic UGT1A1 activity Complete loss 10% or less of normal subjects 30% of normal
Molecular pathology Mutation of UGT1A1 coding 

lesion
Mutation of UGT1A1 coding lesion, 
promoter lesion

Mutation of UGT1A1 coding 
lesion, promoter lesion

Pathology of liver Normal Normal Normal; in some cases, lipofuscin 
pigment is deposited

Treatment Phototherapy, plasmapheresis, 
liver transplantation

Phototherapy None

Prognosis Kernicterus in almost all patients Usually benign Benign

UGT1A1 uridine diphosphoglucuronyltransferase 1A1 gene
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liver are normal in patients with non-hemolytic unconjugated 
hyperbilirubinemia (Table 13.1).

13.3	 �Gilbert’s Syndrome

Gilbert’s syndrome is a hereditary, chronic, and mild uncon-
jugated hyperbilirubinemia resulting from impaired hepatic 
bilirubin clearance in humans [18]. The diagnosis of Gilbert’s 
syndrome is based on:

•	 Normal liver function test with regular ultrasound 
findings.

•	 Fluctuating mild unconjugated hyperbilirubinemia.
•	 Lack of overt hemolysis or ineffective erythropoiesis.

Gilbert’s syndrome is the most common constitutional 
jaundice with an incidence of about 2–7% in the general 
population. It is more common in men than in women. The 
serum bilirubin level is >1.2 mg/dL (20 μM), but <6.0 mg/
dL (102 μM). Serum bilirubin is raised after fasting, physi-
cal exertion, and infections. UGT1A1 induction by pheno-
barbital is effective to reduce serum bilirubin concentration, 
but it provides no benefit other than a cosmetic reason 
[19]. The histological findings of liver biopsy are normal 
in most patients. However, it has been reported that lipo-
fuscin pigment is deposited in higher amounts in some 
patients with Gilbert’s syndrome [20]. Ultrastructurally, 
the hepatocytes reveal hypertrophy of smooth endoplasmic 
reticurum [21].

Case 13.1
A 65-year-old male presented with hyperbilirubinemia 
without any symptoms. His liver function test showed 
TBIL 4.54 mg/dL, DBIL 0.99 mg/dL, ALT 19 IU/L, AST 
20  IU/L, ALP 211  IU/L, and GGT 21  IU/L.  Ultrasound 
findings were normal. He had no overt hemolysis and was 

diagnosed with Gilbert’s syndrome. His liver tissue showed 
small amounts of lipofuscin granules in pericentral hepa-
tocytes (Fig. 13.1).

13.4	 �Crigler-Najjar Syndrome

Crigler-Najjar syndrome type 1 was first described by Crigler 
and Najjar in 1952 [22]. It is a rare disorder characterized by 
severe, inherited unconjugated hyperbilirubinemia. Until the 
introduction of phototherapy or plasmapheresis, most patients 
suffer from kernicterus in infancy and die in the first 18 months 
of life. Total serum bilirubin concentration is >20  mg/dL 
(340 μM) in this disorder. All serum bilirubin is UCB; no con-
jugated bilirubin is found in the serum using high-performance 
liquid chromatography, the most sensitive bilirubin measure-
ment method. Treatment is aimed at reduction of serum biliru-
bin level to prevent kernicterus. Phenobarbital, which induces 
hepatic UGT1A1 in patients with Crigler-Najjar syndrome 
type 2 and Gilbert’s syndrome, is ineffective in Crigler-Najjar 
syndrome type 1. Phototherapy [23] or plasmapheresis [24] is 
effective to reduce the risk of kernicterus. However, photo-
therapy in older children with Crigler-Najjar syndrome type 1 
is less effective because of thickening of the skin, skin pig-
mentation, and decreased body surface compared with body 
weight. Liver transplantation is indicated [25].

Crigler-Najjar syndrome type 2, described by Arias in 1962, 
is characterized by moderate levels of hyperbilirubinemia [26]. 
In patients with this disorder, the total serum bilirubin level is 
>6  mg/dL (103  μM), but <20  mg/dL (340  μM). Unlike in 
Crigler-Najjar syndrome type 1, kernicterus is rare, and pheno-
barbital administration induces residual UGT1A1 activity with 
a reduction in serum bilirubin levels. In Crigler-Najjar syn-
drome type 2 patients, the bile contains significant amounts of 
bilirubin glucuronides [27]. Histological findings of liver 
biopsy are normal in Crigler-Najjar syndrome types 1 and 2.

13.5	 �UGT1A1 in Hereditary Unconjugated 
Hyperbilirubinemia

To date, more than 100 variant allelic genotypes have been 
identified in the human UGT1A1 gene [28]. In Gilbert’s syn-
drome, two types of UGT1A1 mutations are described. The 
first phenotype can be described by a dinucleotide polymor-
phism in the TATA box promoter of the UGT1A1 gene, most 
frequently A(TA)7TAA (UGT1A1*28) instead of A(TA)6TAA 
(UGT1A1*1) [29]. Homozygosity for the A(TA)7TAA is 
observed in most cases of Gilbert’s syndrome in Caucasians and 
Africans, the frequency of UGT1A1*28 allele being 35–40% 
[30]. But the frequency is lower in Asians at 11–16% [31, 
32]. The second phenotype is a missense mutation in the 
coding region of the UGT1A1, most commonly Gly71Arg 
in exon 1 (UGT1A1*6). This mutation is rare in Caucasians, 
but common in Asians [33–36].

C

Fig. 13.1  Histological findings in patient with Gilbert’s syndrome. 
Increased lipofuscin pigment is seen in hepatocytes of the pericentral 
area. (C central vein)
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Crigler-Najjar syndrome type 1 is characterized by a 
complete loss of bilirubin glucuronidation and provides evi-
dence for coding region mutations within exons 1–5 of the 
UGT1A1 gene locus [37–40]. Mutations that cause a stop 
codon or shift the reading frame—thereby altering or deleting 
a large number of amino acid residues—always abolish 
UGT1A1 activity. The truncated protein loses one or more of 
its critical functional domains.

In patients with Crigler-Najjar syndrome type 2, molecu-
lar genetic studies have demonstrated presence of mutations 
in the coding regions of UGT1A1 [41–44]. Furthermore, 
unlike Crigler-Najjar syndrome type 1, nucleotide polymor-
phism in the TATA box promoter of the UGT1A1 gene has 
been reported [45]. From these findings on UGT1A1, it is 
important to recognize that Gilbert’s syndrome represents 
one end of a spectrum of UGT1A1 activity that continuously 
extends to Crigler-Najjar syndrome type 1, which is a com-
plete lack of UGT1A1 activity.

13.6	 �Conjugated Hyperbilirubinemia

Most conjugated hyperbilirubinemia syndromes are caused 
by hepatobiliary disease, and the rest are caused by rare con-
stitutional jaundice (Dubin-Johnson syndrome or Rotor 
syndrome).

13.6.1	 �Hyperbilirubinemia Caused  
by Hepatobiliary Diseases

Disturbance in bilirubin secretion due to an acquired hepato-
biliary disease (such as acute hepatitis, cirrhosis, alcohol-
related liver disease, and cholestatic diseases) typically 
causes conjugated hyperbilirubinemia. Acquired hepatobili-
ary diseases are described in detail in other chapters of this 
book. In this section, cholestasis associated with genetic 
abnormalities of ABC transporters is described.

13.6.2	 �Cholestasis with Genetic Abnormalities 
of ABC Transporters

The hereditary defects of three ABC transporters have been 
linked to several hepatobiliary disorders, ranging from the 
severe form of progressive familial intrahepatic cholestasis 
(PFIC) to the mild form of benign recurrent intrahepatic 
cholestasis (BRIC) and intrahepatic cholestasis of preg-
nancy (ICP). In severe hereditary cholestasis, there are three 
types of PFIC caused by ABC transporters. These are the 
result of mutations in the ATP8B1 (PFIC type 1) [46], 
ABCB11 (PFIC type 2) [47, 48], and ABCB4 (PFIC type 3) 
[49] genes.

ATP8B1 is an inward flippase for phosphatidylserine, 
which is crucial to maintaining cell membrane asymmetry. 
Mutations in the ATP8B1 gene cause PFIC type 1 (also 
known as Byler’s disease), presenting in the neonatal period 
and characterized by elevated levels of serum bile acids, 
bilirubin and transaminases, low serum GGT activity, and 
low biliary bile acid concentrations. Diarrhea and growth 
failure are major complications, sensorineural deafness 
develops in 30% of patients, and progression to liver cir-
rhosis is slow. Mutations in the BSEP gene result in PFIC 
type 2. In this disease, liver damage is relatively restricted 
to hepatocytes, since bile acids do not reach the bile cana-
liculi and bile ducts; this explains the normal GGT levels in 
these patients. Accumulation of bile acids in hepatocytes 
causes giant cell hepatitis and progressive liver damage. A 
complete loss of this protein is associated with develop-
ment of neoplasm in the liver including hepatocellular car-
cinoma [50] and cholangiocarcinoma [51]. PFIC type 3 is 
caused by mutations in the encoding MDR3. This protein is 
essential for entry of the main phospholipid, phosphatidyl-
choline, into bile. This disease is characterized by high 
GGT levels, bile duct disease, and progressive cholestasis 
in infants, leading to end-stage liver disease.

Liver biopsy from patients with PFIC types 1, 2, and 3 
shows canalicular cholestasis with abnormal bile duct epi-
thelium in the early stages of the diseases and biliary cir-
rhosis in later phase. In PFIC type 1, canalicular cholestasis 
is seen (Fig. 13.2a), and coarse bile juice is ultrastructurally 
visible in the dilated bile canaliculus with the loss of micro-
villi (Fig.  13.2b), and bile is coarsely granular. In PFIC 
type 2, hepatocellular necrosis, moderate inflammatory 
infiltrate, and portal bridging fibrosis are seen (Fig. 13.3a). 
Inflammation is more pronounced than in PFIC type 1 [52], 
and focal giant cell transformation is evident (Fig. 13.3b), 
and bile is ultrastructurally filamentous. Liver biopsy of 
PFIC type 3 shows nonspecific portal inflammation 
(Fig.  13.4a) [49], and ductular reaction and subsequent 
fibrosis are seen in the first year of life (Fig. 13.4b).

These three liver diseases can progress rapidly and cause 
patients to require liver transplantation at an early age. 
Ursodeoxycholic acid may ameliorate symptoms and nor-
malize hepatic biochemical tests in up to 60% of PFIC type 
3 patients. Liver transplantation is required in 50% of 
patients.

Mild variants of PFIC types 1 and 2 are thought to be 
forms of BRIC [53, 54]. MDR3 heterozygous mutations may 
also play an important role in ICP [55–57]. Patients with ICP 
are healthy under nonpregnant conditions, though they may 
develop symptoms with exposure to high levels of 
estrogens.

In addition to these three PFICs, another type of PFIC, 
PFIC type 4, is described in 2014. PFIC type 4 is not 
caused by ABC transporter mutation but is attributed to 
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a b

Fig. 13.2  Histological and electron microscopic findings in PFIC type 1 (Byler’s disease). (a) Bland cholestasis is seen in dilated canaliculi 
(arrows), and there is little inflammatory activity. (b) Dilated canaliculus with loss of microvilli is filled with loose, coarsely granular bile

a b

Fig. 13.3  Histological findings in PFIC type 2. (a) Liver biopsy shows 
chronic hepatitic picture with portal-to-portal fibrous bridging, moder-
ate inflammatory infiltrate, intact interlobular bile ducts, and swollen 

hepatocytes. (b) Cholestasis is prominent, hepatocytes are swollen, and 
focal giant cell transformation (arrows) is evident

a b

Fig. 13.4  Histological findings in PFIC type 3. (a) There is nonspecific inflammation in portal area with ductular reaction. (b) There is progressive 
fibrosis leading to cirrhosis
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mutations in gene encoding the tight junction protein 
(TJP) 2 [58].

13.6.3	 �Constitutional Jaundice 
with Conjugated Hyperbilirubinemia

Constitutional jaundice with conjugated hyperbilirubinemia 
is classified into Dubin-Johnson syndrome or Rotor syn-
drome. Biliary bilirubin excretion is disturbed in both syn-
dromes (Table 13.2).

13.7	 �Dubin-Johnson Syndrome

Dubin-Johnson syndrome is a rare hereditary hyperbilirubi-
nemia characterized by fluctuating low levels of conjugated 
hyperbilirubinemia [59]. The clinical picture is chronic or 
intermittent hyperbilirubinemia, with serum bilirubin con-
centration between 2 and 5 mg/dL (34 and 85 μM) [60]. The 
bilirubin concentration occasionally elevates to 20  mg/dL 
(340 μM), which may be caused by several stress factors. The 
serum bilirubin is predominantly conjugated (60% of total), 
and two-thirds of conjugated bilirubin is BDG. Other labora-
tory tests, including serum activities of transaminase, alkaline 
phosphatase, and serum bile acid concentration, are normal.

Immunofluorescence and laser scanning microscopy have 
indicated the absence of MRP2 protein from the hepatocyte 
canalicular membrane in Dubin-Johnson syndrome [61]. 
Mutations in the MRP2 gene have been reported [62, 63]. 
After intravenous injection of bromosulfthalein (BSP), 
serum BSP decreases at near-normal rate for 45 min; how-
ever, the concentration increases afterward in Dubin-Johnson 
syndrome. The characteristic second serum BSP peak was 
identified after 90 min. Glutathione-conjugated BSP is also a 

substrate for MRP2 [64]. The defect in biliary excretion 
caused by MRP2 mutation produces the secondary BSP rise 
resulting from reflux of conjugated BSP from hepatocyte 
into blood.

The excretion of coproporphyrins in urine is normal; how-
ever, the amount of urinary coproporphyrin I is elevated and 
that of coproporphyrin III is reduced. The excretion pattern is 
also useful in the diagnosis of Dubin-Johnson syndrome. 
However, the relationship between porphyrin abnormalities 
and organic anion transport defect is not known.

Laparoscopic findings of livers of patients with Dubin-
Johnson syndrome show the organ to be greenish black in 
color. This is due to the presence of pigment within hepatocyte 
lysosome that is more concentrated in the pericanalicular 
region and more prominent in centrilobular hepatocytes 
(Fig.  13.5). The pigment is thought to be a by-product of 

Table 13.2  Differential characteristics of constitutional jaundice with conjugated hyperbilirubinemia

Variable Dubin-Johnson syndrome Rotor syndrome
Serum bilirubin Increased: between 34 and 85 μM (occasionally 

as high as 340 μM)
Increased: between 34 and 85 μM (occasionally as 
high as 340 μM)

Routine liver function Normal (except for bilirubin) Normal (except for bilirubin)
BSP administration
�–  45-min serum retention Normal or slightly increased Markedly increased

Secondary rise at 90–120 min No secondary rise
Urinary coproporphyrin excretion Normal Markedly increased
Proportion of coproporphyrin I 
(normal: ~ 25%)

Markedly increased (> 80%) Increase (~ 60%)

Prognosis Good Good
Treatment None None
Pathology of liver Black or greenish liver; dark brown pigment in 

hepatocyte (predominantly in centrilobular 
region)

Normal

Molecular pathology Defect of MRP2 in canalicular membrane Defect of OATP1B1/1B3 in sinusoidal membrane

BSP bromosulfthalein, MRP2 multidrug resistance-associated protein 2

Fig. 13.5  Histological findings of Dubin-Johnson syndrome. Liver 
biopsy shows brown pigmentation in hepatocytes, and coarsely granu-
lar pigment in the perivenular area
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polymerization of catecholamine. It is reported to have disap-
peared in a patient who suffered from acute hepatitis. The prog-
nosis is good, and no therapy is required. However, one should 
remain cautious over the metabolic delay of anionic drugs.

Case 13.2
A 45-year-old female complained of general malaise and 
brown urine, and her liver function test showed TBIL 5.6 mg/
dL, ALT 1018 IU/L, AST 889 IU/L, ALP 468 IU/L, and posi-
tive IgM HAV antibody. After 1 month, the liver function test 
returned to normal values, but total and direct bilirubin 
remained elevated. Laparoscopy showed scattering black 
maculae on the green liver surface (Fig. 13.6).

13.8	 �Rotor Syndrome

Rotor syndrome is a disorder of chronic conjugated hyperbili-
rubinemia. It was first described by A.B. Rotor in 1948 [65]. 
The serum bilirubin concentration is between 2 and 5 mg/dL 
(34 and 85 μM) and is elevated by various stress factors as in 
Dubin-Johnson syndrome. The disappearance of serum BSP 
and indocyanine green (ICG) is delayed, and there is no sec-
ondary rise in BSP seen in the Dubin-Johnson syndrome. 
Biliary BSP and ICG transport is greatly delayed. Unlike in 
Dubin-Johnson syndrome, total coproporphyrins in urine are 
markedly elevated. Recently, homozygous mutation in both 
SLCO1B1 and SLCO1B3 genes resulting in complete and 
simultaneous deficiency of OATP1B1 and OATP1B3 has been 
identified as the molecular mechanism of Rotor syndrome [14].

The laparoscopic findings and histology of the livers of 
patients with Rotor syndrome are normal. As with Dubin-
Johnson syndrome, the prognosis is good, and no therapy is 
required.
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14.1	 �Introduction

The liver is the largest parenchymal organ in the body and a 
prime target for the formation of granulomas because of its 
large population of fixed macrophages, the Kupffer cells. 
Granulomas are defined as circumscribed collections of 
inflammatory cells, such as activated macrophages, lympho-
cytes, histiocytes, and plasma cells. The diagnosis of granulo-
matous liver diseases is made by histological examination of 
liver specimens. However, the presence of the disease cannot 
be predicted by clinical symptoms and signs or serological 
data. The clinical manifestations are due to cytokines released 
by activated macrophages and lymphocytes. Symptoms are 
pyrexia, anorexia, night sweats, weight loss, and nonspecific 
constitutional symptoms. Liver manifestations are hepato-
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megaly and deranged liver function such as elevated alkaline 
phosphatase. It is often asymptomatic and discovered as an 
incidental finding.

14.2	 �Etiology

Granuloma formation is due to bacterial, mycobacterial, rick-
ettsial, chlamydial, fungal, viral, or parasitic infection, immu-
nological disease, hypersensitivity, foreign materials, neoplasm, 
and other miscellaneous factors (Table  14.1). Sarcoidosis, 
infection, drug reactions, and primary biliary cholangitis are 
the four most common causes, accounting for >80% of cases. 
The incidence of the different etiologies, however, varies 
according to geographic region, characteristics of the patient 
population, and biopsy habits of clinicians. Diagnosis of granu-
lomatous liver diseases is determined by its histological find-
ings of caseous or non-caseous necrosis, location in acini, and 
bile duct injury. Thus the importance of hepatic granulomas 
lies in the opportunity to diagnose the underlying disease, 
which dictates prognosis and treatment. [1–3]

14.3	 �Diagnostic Evaluation

Hepatic granulomas have been classified into four morpho-
logic types [4]. The first type is foreign body granuloma. The 
second one is lipogranuloma, which forms when histiocytes 

ingest fat droplets released by ruptured steatotic hepatocytes 
or in mineral oil lipidosis. The third is an epithelioid type 
which consists of activated macrophages. These macro-
phages secreted a large amount of cytokines and are often 
multinucleated and surrounded by lymphocytes and plasma 
cells. The fourth is an inflammatory (lymphohistiocytic) 
type, composed of lymphocytes, plasma cells, and occasion-
ally eosinophils and neutrophils without epithelioid cells.

Pathologically significant granulomas involve the formation 
of epithelioid cells. However, if the host is immunocompro-
mised, the reaction may take the form of aggregates of foamy 
macrophages, without the formation of epithelioid cells and 
with little inflammatory response. Examples include leproma-
tous leprosy and Mycobacterium avium-intracellulare infection 
in AIDS patients. Besides epithelioid granulomas, other types of 
granulomas may not be clinically significant. Kupffer cell gran-
ulomas (or microgranulomas) are small and round clusters of 
unmodified histiocytes and are usual nonspecific findings result-
ing from the cleanup of necrotic hepatocytes or other debris by 
Kupffer cells. Bile granulomas, resulting from small clusters of 
bile-laden and foamy histiocytes, are often associated with sur-
rounding extracellular bile or evidence of cholestasis [5].

The pathologist plays a key role in etiological diagnosis. 
Infections may often be identified morphologically, even 
before culture results are available. In suspected drug reac-
tions, the finding of granulomatous hepatitis may serve to 
confirm the diagnosis. Thus, careful and systematic exami-
nation of the pathological specimen is important. This 
includes assessment of the features described below [6–8].

14.4	 �Distinctive Features of Granulomas

Sarcoid granulomas are characteristically large and noncase-
ating. They contain Schaumann bodies, asteroid bodies, or 
calcium oxalate crystals. They often coalesce to form con-
glomerates and undergo fibrosis. Epithelioid granulomas 
with a caseous or necrotic center are suggestive of an infec-
tive etiology, such as tuberculosis (Fig.  14.1). Associated 

Table 14.1  Etiology of hepatic granuloma

Infectious Mycobacteria
 � Tuberculosis
 � Mycobacterium leprae
 � Mycobacterium 

avium-intracellulare
 � BCG immunotherapy
Brucellosis
Systemic mycoses
 � Candidiasis
 � Histoplasmosis
Parasitic infections
 � Schistosomiasis
 � Toxoplasmosis
Rickettsial infections
Viral infections
 � Hepatitis C
 � EBV
 � CMV

Noninfectious Immunology 
disorder

Sarcoidosis
Primary biliary cholangitis
Common variable immunodeficiency

Drugs and 
chemicals

Beryllium, thorotrast, allopurinol, 
sulfonamides, phenytoin, carbamazepine, 
chlorpropamide, quinidine, methyldopa, 
nitrofurantoin, isoniazid, amiodarone, 
diazepam

Malignancy Lymphoma
Renal cell carcinoma

Other cause Foreign materials

Fig. 14.1  Tuberculosis. Caseous necrosis is commonly present in 
tuberculous granuloma, and epithelioid cells and lymphocytes are pres-
ent in the surrounding area

M. Mishima et al.
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suppurative inflammation is commonly due to fungal infec-
tion or chronic granulomatous disease. Abundant eosinophils 
within or at the periphery of the granulomas are observed in 
acute drug reactions (Fig. 14.2) or parasitic infestation. The 
presence of fibrin-ring granulomas is characteristic of Q 
fever [9], but it is also reported in allopurinol-induced injury 
(Figure 14.3) [10], Epstein-Barr virus [11], cytomegalovirus 
[12], toxoplasmosis [13], leishmaniasis [14], and Hodgkin’s 
disease [13].

14.5	 �Acinar Distribution

Sarcoid granulomas are diffusely distributed, though often 
portal or periportal in location. Granulomas in primary bili-
ary cholangitis and schistosomiasis are mostly portal-based 
and are related to damaged bile ducts in the former 
(Figure 14.4) and obliterated portal venous branches in the 
latter. Granulomas caused by tuberculosis and drug reactions 
are randomly present in the parenchyma.

14.6	 �Associated Parenchymal Changes

Infective and drug-induced granulomas may be associated 
with a true hepatitis-like background. Fungal infection with 
angioinvasion can cause confluent necrosis or infarction. Bile 
duct damage and destruction are noted in primary biliary cir-
rhosis, sarcoidosis, and some drug reactions (Table 14.2).

14.7	 �Identifiable Etiological Agents

Apart from careful investigation at multiple levels, special 
histochemical and immunohistochemical stains for microor-
ganisms are invaluable in the evaluation of granulomas. 
Polarization microscopy should be used to detect foreign 
bodies. Polymerase chain reaction can also be performed 
on liver specimens for infectious agents.

In many cases of granulomas, however, there are no mor-
phological clues to the diagnosis. Hence, a complete workup 
needs to be done. Culture should be taken from suitable speci-
mens from the patient, and a detailed drug history must always 
be taken. Other investigations, such as skin tests and serology, 
are performed as a diagnostic tool. In spite of these measures, 
the cause cannot be established in 10–25% of patients.

14.8	 �Immunological Disease

14.8.1  �Sarcoidosis

Sarcoidosis is an inflammatory disorder of unknown etiology 
characterized by noncaseating granulomas [15]. There is usu-
ally no subjective complaint, and in the acute stage, high fever is 
generally found. Lung and intrathoracic lymph nodes are always 
affected, and extrathoracic organs are frequently involved. The 

Fig. 14.2  Chlorpropamide-induced liver injury. Abundant eosinophils 
are seen in granulomas induced by chlorpropamide administration

Fig. 14.3  Allopurinol-induced liver injury. Biopsied specimen of liver 
stained by Masson-Trichrome shows an eosinophilic ring of fibrin in 
granuloma

Fig. 14.4  Primary biliary cholangitis. An epithelioid granuloma sur-
rounds damaged bile duct and is accompanied by lymphocytes, plasma 
cells, and neutrophils in the periphery

14  Granulomatous Liver Diseases
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incidence of hepatic involvement is reported to be 17–90%. 
Sarcoidosis is often associated with serum elevation of angio-
tensin-converting enzyme and calcium levels [16], and its diag-
nosis is frequently established by peritoneoscopy or liver biopsy 
[17, 18]. Sarcoid granulomas are epithelioid type and are dif-
fusely distributed and tend to be more frequent in portal tracts or 
periportal area. They consist of aggregated epithelioid cells with 
multinucleated giant cells surrounded by lymphocytes and mac-
rophages [18]. They often coalesce to form conglomerates, 
undergo fibrosis, and may be complicated by portal hyperten-
sion in 6–8% of patients and primary biliary cholangitis-like 
lesions. Cirrhotic change can occur by portal inflammation and 
fibrosis, associated with phlebitis and thrombosis of portal or 
hepatic veins [19], though it is uncommon [20]. It is necessary 
to make a diagnosis of hepatic sarcoidosis in the early phase by 
biopsy. Evidence for the treatment of hepatic sarcoidosis is lack-
ing. Sarcoidosis does not respond well to therapeutic drugs, and 
corticosteroid administration does not prevent the development 
of liver lesions; however, it is recommended to treat hepatic sar-

coidosis in symptomatic patients by its administration [21]. 
Liver transplantation is done in some cases complicated with 
liver cirrhosis, but the disease may recur in the allograft.

Case 14.1
A 26-year-old male complained of high fever. Chest radiograph 
revealed swelling of bilateral hilar lymph nodes. Uveitis was 
present. Serum angiotensin-converting enzyme was 33.7 mU/
mL. Peritoneoscopy showed white granulomas on the liver sur-
face, while liver biopsy showed granulomas in portal tract; giant 
cells were surrounded by fibrous tissues with epithelioid cells 
and rimmed by lymphocytes and macrophages (Figure 14.5).

Case 14.2
Granular shadow in the lower field of bilateral lung was 
detected in a 28-year-old male by chest CT several years ago 
(Fig.  14.6a), and his laboratory data showed AST 18  IU/L, 
ALT 14 IU/L, CRP 0.1 mg/dL, WBC 6100/μL, PLT 27 × 104/
μL, KL-6425 U/mL, Quantiferon (−), and ACE 15.6 U/L. CD4/

Table 14.2  Pathological features of granuloma and liver injury

Non-
necrotizing Caseating Location Giant cell

Bile duct 
injury Remarks

Infectious 
cause

Tuberculosis + Randomly 
present

+ HIV coinfections, drug abuser, multidrug 
resistance, and immunocompromised host

Fungal 
infection

+ ± 
(candidiasis)

Candidiasis - suppurative central necrosis 
and giant cells
Aspergillosis - neutrophilic infiltration in 
granuloma
Cryptococcosis - inflammatory reaction or 
granuloma

Sarcoidosis + Portal or 
periportal

+ ± Portal hypertension (±)

PBC + Portal + Anti-mitochondrial antibody(+) chronic 
nonsuppurative destructive cholangitis

Drugs and 
chemicals

+ Randomly 
present

± Liver injury(+); hepatocellular, cholestatic, 
or mixed type

Malignancy +

a b

Fig. 14.5  Sarcoidosis. (a) Peritoneoscopy shows enlarged liver with granular formations. (b) Granuloma is seen in portal tract, and a giant cell is 
visible in the center, and lymphocytes and histiocytic cells are observed

M. Mishima et al.
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CD8 was proved to be high in aspiration tissue taken by bron-
chofiberscope. Abdominal CT without contrast medium 
showed presence of multiple low-density area in right lobe 
(Fig.  14.6b), and low-density area was faintly enhanced by 
contrast medium in early phase, and enhancement was 
remained in late phase, and low-density area was seen in 
enlarged spleen. MRI with contrast medium showed stenotic 
area in S8-branch of portal vein (Fig. 14.6c), and right hepatic 
vein is partly interrupted with presence of developing collat-
eral vein (Fig. 14.6d). Liver biopsy under US guidance showed 
granulomatous lesions with central non-caseous necrosis with 
giant cells surrounded by mononuclear cells (Fig. 14.7a), and 
pseudolobular formation was established (Fig. 14.7b).

14.9	 �Primary Biliary Cholangitis (PBC)

PBC targets the small intrahepatic bile ducts. Chronic 
nonsuppurative destructive cholangitis is histologically 
characteristic of PBC. Noncaseating granuloma is seen in 

about 25% of patient with PBC and is a requisite com-
ponent of the florid duct lesion in the early stage [22]. 
Granuloma involves damaged interlobular or septal bile 
duct in the center surrounded by infiltration of epithe-
lioid cells, plasma cells, lymphocytes, and eosinophils 
(Fig. 14.4).

14.10	 �Infectious Cause

14.10.1  �Hepatic Tuberculosis

The liver involvement in tuberculosis is histologically classi-
fied into miliary, nodule (tuberculoma), and abscess. Miliary 
pattern is the most common form in the liver and part of gen-
eralized or localized disease. Patients with chronic liver 
diseases due to hepatitis B or C virus, HIV, or alcohol and 
with a past history of tuberculosis should be examined by bio-
chemical test including albumin/globulin ratio and alkaline 
phosphatase. Granulomas in hepatic tuberculosis are due to 

Fig. 14.6  Sarcoidosis. (a) Chest CT shows high-density area in lower 
field of bilateral lung, and granular shadows are detected. (b) Abdominal 
CT without contrast medium shows presence of multiple low-density 

area in the right lobe. (c) MRI with contrast medium shows stenotic 
area in S8-branch of the portal vein (arrow). (d) MRI shows partial 
interruption of the right hepatic vein (arrow)

a b

c d
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cell-mediated immunological response to tuberculosis anti-
gens; they are well-demarcated and composed of epithelioid 
cells, lymphocytes (Fig. 14.5), and multinucleated Langhans 
giant cells. Central caseous necrosis may be observed in large 
granulomas. Granulomas in AIDS patients are typically 
absent or poorly formed and lack necrosis due to a dysfunc-
tional immune system. Liver specimen for the diagnosis of 
hepatic tuberculosis should be stained for acid-fast bacilli or 
examined by PCR for mycobacterial DNA. Combination of 
isoniazid, rifampicin, pyrazinamide, and ethambutol is used 
for the treatment of hepatic tuberculosis. [23–26]

14.10.2  �Immunotherapy in Bacillus 
Calmette-Guerin

Local immunotherapy using an attenuated live strain of 
Mycobacterium bovis, Bacillus Calmette-Guerin (BCG), is 
effective for bladder cancer. However, intravesical BCG 
administration sometimes induces granulomatous hepatitis 
with high value of serum alkaline phosphatase or gamma-
glutamyl transpeptidase as a rare and serious systemic side 
effect, as well as sepsis and pneumonitis after its hematog-
enous dissemination [27–29]. Formation of granulomas in 
the liver is considered to be due to hematogenous infection 
of Mycobacterium bovis or its hypersensitive reaction. 
Granulomatous hepatitis should be treated by combination 
of isoniazid, rifampicin, and ethambutol. Corticosteroid 
should be administered when interstitial pneumonia is com-
plicated [30].

Case 14.3
A 65-year-old male suffered from superficial bladder can-
cer. He was administered bladder instillations with BCG. 

At the second administration, fever and general malaise 
developed, and his liver function tests showed TBIL 
2.38 mg/dL, AST 195 IU/L, ALT 235 IU/L, ALP 813 IU/L, 
GGT 340 IU/L, CRP 0.8 mg/dL, and WBC 5900/μL. CT 
showed hepatomegaly, but neither low-density areas nor 
dilatation of intrahepatic bile ducts could be detected. 
Peritoneoscopy showed small, white macular patches on 
liver surface, with white capsule; liver biopsy showed 
proliferation of Kupffer cells in sinusoids, a few microve-
sicular fat vacuoles in hepatocytes and scattered granulo-
mas; and granulomas were noncaseating and comprised 
epithelioid cells and giant cells, surrounded by lympho-
cytes or macrophages (Fig.  14.8). A 6-month course of 
isoniazid plus rifampin was recommended, with adminis-
tration of pyrazinamide for the first 2  months [31]. His 
liver function tests returned to normal values, and fever 
disappeared.

Case 14.4
A 66-year-old male received BCG immunotherapy for early 
cancer of urinary bladder 13 times for 3 years, and he was 
admitted because of high fever and general malaise. Liver 
function test showed AST 46  U/L, ALT 52  U/L, ALP 
558 U/L, γ-GTP 148 U/L, and CRP 12.7 mg/dL, and abdom-
inal US and CT showed hepatosplenomegaly (Fig.  14.9a). 
Liver biopsy showed non-caseous granuloma with presence 
of giant cells (Fig.  14.9b), and BCG immunotherapy was 
considered to induce granulomatous hepatitis. INH, EB, and 
RFP were administered, and liver function test gradually 
reverted to normal value with alleviation of fever. However, 
dyspnea developed and CT of chest showed interstitial pneu-
monia (Fig. 14.9c). Lung biopsy under guidance of broncho-
fiberscope showed non-caseous granuloma with giant cells 
(Fig.  14.9d). Thereafter, PSL pulse therapy improved his 
dyspnea.

14.11	 �Syphilis Infection

Hematogenous dissemination of the pathogen, Treponema 
pallidum, which causes syphilis takes place in the primary 
and secondary stages of the disease. Syphilitic hepatitis is 
found in 10% of those infected.

In secondary syphilis, there is focal liver cell necrosis 
infiltrated with lymphocytes, eosinophils, and granulocytes, 
portal inflammation with numerous neutrophils around bile 
ductules, and epithelioid granulomatous formation. Vasculitis 
is sometimes seen in portal tract [32].

In the tertiary stage, lesions are gumma-necrotizing gran-
ulomas accompanied by plasma cells and endarteritis oblit-
erans leading to fibrous scarring and hepar lobatum. 
Diagnosis is derived from serological tests for specific anti-
gens, and administration of penicillin is recommended for 
treatment.

a

b

Fig. 14.7  Sarcoidosis. (a) Liver biopsy shows multiple non-necrotizing 
granulomas with giant cells and intermixed mononuclear cells, and 
granulomatous lesions are cohesive and associated with fibrosis. (b) 
Serial section stained with Masson-Trichrome shows pseudolobular 
formation

M. Mishima et al.
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Case 14.5
An 18-year-old female complained of general malaise, and 
jaundice was seen. Physical examination showed tonsillitis 
and erythematous lesions on the foot. Liver function test 
showed TBIL 5.3  mg/dL, AST 744  IU/L, ALT 678  IU/L, 
LDH 694 IU/L, ALP 659 IU/L, and GGT 260 IU/L. Rapid 
plasma reagin and Treponema pallidum haemagglutination 
tests were positive with a titer of 1:16 and 1:1280, respec-
tively. Liver histology showed many inflammatory cells and 
vasculitis in portal tract, with numerous neutrophils and lym-
phocytes (Fig. 14.10).

14.12	 �Schistosomiasis

The great majority of schistosomal liver diseases are caused 
by Schistosoma mansoni in Africa and South America, by S. 
japonicum in Asia, and by S. mekongi in Laos and Cambodia 
[33]. Other species mainly involve bladder or bowel and 
cause minor non-symptomatic hepatic lesions [34]. 
Fever, chills, headaches, arthralgia, pain in the right 
epigastrium, diarrhea, protein-losing enteropathy, weight 

loss, lymphadenopathy, and urticaria may rarely be mani-
fested in acute infection, due to hypersensitivity [35].

However, the cardinal characteristic manifestations of 
advanced hepatic disease are related to the development of 
presinusoidal portal hypertension. Eggs are produced by 
mature worms in the mesenteric veins, carried to the liver, 
and trapped in the small portal venules, eliciting a granulo-
matous reaction. The granulomas consist of lymphocytes, 
histiocytes, eosinophils, and multinucleated giant cells with 
ova. The end result is marked portal and periportal fibrosis, 
described as “clay pipestem fibrosis,” and occasionally leads 
to distortion and scarring simulating hepar lobatum [36]. The 
obstruction of portal venules due to eggs and portal fibrosis 
leads to presinusoidal portal hypertension. Egg-laying 
worms are sometimes present in the intestinal microvascula-
ture of the inferior mesenteric venous plexus, and deposition 
of eggs in the large intestine induces exudative granuloma 
resulting in formation of inflammatory polyps, and fibrosis 
and wall thickening cause stenosis [37]. Clinical features are 
bloody diarrhea, anemia, and protein-losing enteropathy 
[35]. Praziquantel or oxamniquine should be administered to 
prevent schistosomiasis [38, 39].

a b

c

Fig. 14.8  Bacillus Calmette-Guerin immunotherapy-induced liver 
injury. (a) Peritoneoscopy shows diffuse presence of granules on liver 
surface. (b) Granulomatous lesions are visible in the liver. (c) Giant 

cells and epithelioid cells are seen in the center, and lymphohistiocytic 
infiltrates are observed in peripheral area of granuloma
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b

Fig. 14.9  Bacillus Calmette-Guerin immunotherapy-induced liver 
injury. (a) Abdominal CT with contrast medium shows hepatospleno-
megaly. (b) Liver specimen shows a granulomatous lesion with giant 

cell. (c) Chest CT shows high-density shadows in lower field of both 
lungs. (d) Lung specimen shows a non-caseating granuloma with giant 
cell

a b

Fig. 14.10  Syphilis. (a) Inflammatory cells are present in portal tract, clustering around bile ductules. (b) Portal tract is infiltrated by polymorphs 
and lymphocytes, and vasculitis is seen

M. Mishima et al.
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Case 14.6
A 76-year-old man presented with repeated hematemesis. 
His liver function was normal. Endoscopy showed bleeding 
from abnormal vessels in gastric fundus. CT showed spleno-
megaly and normal-sized liver with no mass lesion. 
Laparotomy was required to control repeated bleeding from 
gastric varices. Splenectomy was also performed, and wedge 
liver biopsy was undertaken to find the underlying cause of 
portal hypertension. Biopsy showed normal architecture 
with no evidence of cirrhosis. Portal tracts were enlarged and 
fibrotic, and many portal venous branches were obliterated. 
Clusters of schistosome ova were deposited in region of 
obliterated veins, and an occasional foreign body-type gran-
uloma was noted (Fig. 14.11).

Case 14.7
A 37-year-old female who had stayed in Southeast Asia 
when she was 18 years old was admitted because of right 
hypochondriac pain. Liver function test showed AST 
123 U/L, ALT 84 U/L, ALP 113 U/L, γ-GTP 50 U/L, and 
CRP 0.6 mg/dL. Abdominal US showed hyperechoic edges 
of large or peripheral portal vein (Fig. 14.12a). Liver biopsy 
showed eggs in portal vein surrounded by fibrosis, and lobu-
lar structure is disarrayed (Fig.  14.12b). Colonoscopy 
showed atrophic mucosa, irregular yellow fleck, and telangi-
ectatic spots (Fig. 14.12c). Colon mucosa showed the pres-
ence of eggs in venules, and mucosa was infiltrated by 
lymphocytes and eosinophils (Fig. 14.12d).

14.13	 �Drugs

Many drugs and chemicals induce hepatic granuloma with 
infiltration of eosinophils, and hepatitis, cholestasis, steato-
sis, ballooning of hepatocyte, and apoptosis are often seen in 
liver injury. Granulomas usually are small and present within 

hepatic lobule accompanied by a portal and lobular inflam-
mation. Chemical materials of beryllium and thorotrast and 
phenylbutazone, allopurinol (Fig. 14.3), phenytoin, carbam-
azepine, chlorpromazine (Fig. 14.2), methyldopa, isoniazid, 
amiodarone, and diazepam are known to cause formation of 
hepatic granulomas [3]. It may be difficult to diagnose a rela-
tionship between drug usage and hepatic granuloma forma-
tion. However, the resolution of granulomas after 
discontinuation of the drug is helpful in establishing the 
diagnosis.

14.14	 �Lymphomas

Hepatic noncaseating epithelioid granuloma has been 
reported to occur in patients with Hodgkin’s lymphoma and 
non-Hodgkin’s lymphoma [40, 41]. Hepatic lesions are dif-
ficult to detect in image analysis. Liver biopsy sometimes 
demonstrates lymphoid aggregates with atypical cells or 
Reed-Sternberg cells and sinusoidal dilatation with or with-
out infiltration of atypical cells. Macroscopic findings in the 
livers of non-Hodgkin’s lymphoma patients are classified 
into disseminated infiltrate in sinusoids, multiple granulo-
mas in the portal tract, multiple macronodules, and solitary 
tumor mass. The relationship between malignant lesions and 
the development of hepatic granuloma is not clear. Hepatic 
granuloma in lymphoma is non-necrotic, and atypical cells 
are almost present in granulomas and rarely not seen, and the 
presence of granuloma does not affect the prognosis of lym-
phoma [3].

Clinical manifestations of patients with malignant lym-
phomas include high fever, night sweats, weight loss, hepa-
tosplenomegaly, and swelling of lymph nodes. Serum values 
of alkaline phosphatase and C-reactive protein are high, and 
lactate dehydrogenase is sometimes elevated. Liver biopsy is 
recommended for differential diagnosis and staging, and 
guidance under peritoneoscopy is essential to prevent bleed-
ing. The diagnostic process is described in greater detail in 
Chap. 15.

Case 14.8
A 93-year-old man complained of unknown fever and had 
anemia. His liver function test showed AST 11  IU/L, ALT 
7  IU/L, ALP 280  IU/L, TP 4.8  g/dL, and CRP 8.3  mg/
dL.  Peripheral blood examination showed Hb 6.5  g/dL, 
WBC 3800/μL, RBC 249  ×  104/μL, and PLT 30.1  ×  104/
μL. Spike in fever remained, and serum test 2 weeks later 
revealed AST 58 IU/L, ALT 34 IU/L, ALP 3782 IU/L, GGT 
110 IU/L, and CRP 17 mg/dL. Liver biopsy showed dilata-
tion of sinusoids filled with red blood cells in middle zone to 
central area. Granulomas were seen in portal tract 
(Fig. 14.13), and many atypical lymphocytes were present in 
clusters. He was diagnosed with lymphoma.

Fig. 14.11  Schistosomiasis. Granuloma is seen in portal tract, and a 
schistosome egg is ingested by multinucleated giant cell
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Liver disease may occur in association with various systemic 
diseases. These primary diseases are predominantly extrahe-
patic, but associated hepatic dysfunction may develop and 
often is of clinical significance and diagnostic importance. In 
some cases, liver disease simply represents a manifestation 
of the systemic disease process involving the liver, as in dis-
seminated malignancy, systemic infection, and some meta-
bolic diseases. Rarely, it may constitute a relatively unique 
manifestation of a systemic disease, as in primary sclerosing 
cholangitis associated with ulcerative colitis.
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15.1	 �Liver in Hematolymphoid Diseases

15.1.1	 �Malignant Hematological Disorders

The liver is an extranodal organ where lesions are seen frequently 
in malignant hematological disorders and also may be the pri-
mary site in a small number of cases [1, 2]. Diagnosis of malig-
nant hematological disorders and evaluation of their staging are 
important to establish appropriate therapy, and demonstrating 
hepatic involvement is vital because it can lead to restaging of 
the disease and altering treatment strategy. Serum alkaline phos-
phatase and lactic dehydrogenase are often elevated in patients 
with malignant hematological disorders [1], but scintigraphy, 
ultrasonography (US), computed tomography (CT), and mag-
netic resonance imaging (MRI) may not always reveal involve-
ment of the liver [3, 4]. Sinusoidal infiltration and granuloma 
formation as well as nodular formation are reported in the liver 
in malignant lymphoma [5–7]; therefore, peritoneoscopy may be 
required to detect liver involvement in malignant hematological 
disorders. We have demonstrated peritoneoscopic findings of the 
liver surface characteristic of malignant hematological disorders, 
thereby reflecting the histological features of liver.

Case 15.1
A 66-year-old, asymptomatic male carrier of hepatitis B com-
plained of minimal fever of 1 month. He had intermittent high 
fever. His conjunctiva was neither pale nor icteric. The liver was 
palpable 3 cm beneath the right costal margin, but the spleen was 
not enlarged. On admission, the laboratory data showed WBC 
2480/μL, Hb 12.8 g/dL, PLT 16 × 104/μL, ESR 59 mm/h, CRP 
13.2  mg/dL, AST 59  IU/L, and ALP 666  IU/L.  CT and US 
revealed neither nodules nor tumors in the liver. Various antibiot-
ics and antituberculosis drugs were administered, but fever per-
sisted. Peritoneoscopy was carried out with liver biopsy. It 
revealed diffuse white maculae with or without fusion on liver 
surface, and peripheral portal veins were dilated; histology 

showed granulomas in portal tract and sinusoidal congestion in 
lobule, but few lymphoma cells were seen in granulomas 
(Fig. 15.1). Malignant lymphoma was suggested based on peri-
toneoscopic findings. A lymph node 1.5 cm in diameter seen in 
the submandibular area became palpable after 1 month, and the 
incised node showed non-Hodgkin’s lymphoma. Combined che-
motherapy was administered with adriamycin, cyclophospha-
mide, vincristine sulfate, and prednisolone. Liver function tests 
returned to normal values, and enlarged liver reduced in size. He 
lived for 12 years, while combined therapy was effective.

Case 15.2
A 72-year-old male patient complained of general malaise and 
high fever. His conjunctiva was neither anemic nor icteric. The 
liver was palpable 2 cm beneath the right costal margin. His 
laboratory data showed WBC 6900/μL, Hb 12.3  g/dL, PLT 
7.0 × 104/μL, CRP 8.5 mg/dL, ESR 112 mm/h, LDH 449 IU/L, 
ALT 25  IU/L, and ALP 1281  IU/L. A submandibular lymph 
node 1.8  cm in diameter was palpable. Neither US nor CT 
showed tumors. Peritoneoscopy showed enlarged liver with 
peliosis hepatis, scattered white maculae, and dilated peripheral 
portal veins; fibrin was deposited on thick liver capsule; there 
were portal fibrosis, congestion, and granulomas in the portal 
tract; and magnified view showed cluster of lymphoma cells 
with Reed-Sternberg cells (Fig.  15.2). Submandibular lymph 
node biopsy revealed Hodgkin’s cells. C-MOPP-ABVD was 
given. His liver function tests returned to normal values, and 
liver was reduced in size. He survived for 3 years and 8 months.

Case 15.3
A 19-year-old female complained of polydypsia and general 
malaise due to diabetes insipidus. Nausea, vomiting, and right 
hypochondriac pain developed, along with high fever. Her 
conjunctiva was anemic and icteric, and the liver was elastic 
and palpable 5 cm beneath the right costal margin. Laboratory 
data revealed WBC 13,510/μL, Hb 7.0 g/dL, PLT 39.8 × 104/

a b

Fig. 15.1  Malignant lymphoma. (a) Peritoneoscopy shows maculae or 
white spots on liver surface, which are cohesive. (b) Granulomatous 
lesions are observed in portal tracts, and malignant cells are absent in 
granulomas. (Reuse of Iwai M, et  al. Macroscopic and microscopic 

findings of livers in malignant hematologic disorders, biopsied under 
peritoneoscopy. J Clin Gastroenterol 2002; 35: 262–5, with permission 
of Wolters Kluwer Health, Inc.)
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μL, fibrinogen 816 mg/dL, ESR 148 mm/h, positive CRP 6, 
TBIL 6.7 mg/dL, AST 63 IU/L, ALT 38 IU/L, LDH 478 IU/L, 
ALP 1731  IU/L, and GGT 661  IU/L.  US showed multiple 
small, high-echoic lesions in the liver. Conventional CT 
showed multiple low-density areas. Endoscopic retrograde 
cholangiopancreatography revealed stenotic area in the lower 
portion of the common bile duct, and cystic or irregular dilata-
tion was observed in the main pancreatic duct (Fig.  15.3). 
Peritoneoscopy showed the enlarged liver with uneven surface 
and white maculae. Some maculae were cohesive, lymph ves-
sels were dilated on the surface, and peliosis hepatis was scat-
tered; liver biopsy showed clusters of foam cells in portal tract 
that tested positive for S100 protein and contained Birbeck 
granules (Fig. 15.4). She was diagnosed with Langerhans cell 
granulomatosis, and vinblastine was administered. Diabetes 
insipidus improved greatly, liver function tests returned to nor-
mal levels, and the liver reduced in size. After 3 years, hepatic 
lesions became resistant to vinblastine, and jaundice appeared. 
She died 4 years later from liver failure due to cirrhotic change, 
with bleeding of esophageal varices (Fig. 15.5).

Enlargement of the liver is often seen in patients with 
malignant hematological disorders [8, 9]. On physical exam-
ination, the liver is elastic in patients with malignant lym-

a

c

b

Fig. 15.2  Hodgkin’s lymphoma. (a) Peritoneoscopic findings show 
peliosis hepatis with dilatation of peripheral portal veins. Liver capsule 
is thick, and fibrin is deposited. (Reuse of Iwai M, et al. Macroscopic 
and microscopic findings of livers in malignant hematologic disorders, 
biopsied under peritoneoscopy. J Clin Gastroenterol 2002; 35: 262–5, 

with permission of Wolters Kluwer Health, Inc.) (b) Granulomatous 
formation (arrowhead), congestion (arrow), and portal fibrosis are visi-
ble. (c) Magnified view shows Reed-Sternberg cell with mirror imaged 
nucleus (arrow)

Fig. 15.3  Langerhans cell histiocytosis. Endoscopic retrograde chol-
angiopancreatography shows stenotic area in lower portion of common 
bile duct and cystic and irregular dilatation of the main pancreatic duct. 
(Reuse of Iwai M, et al. Cholestatic liver disease in a 20-yr-old woman 
with histiocytosis X. Am J Gastroenterol 1988; 83: 164–8, with permis-
sion of Springer Nature)
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phoma and Langerhans cell histiocytosis. Serum ALP and 
LDH show high values, while ALT and AST remain in the 
normal range or slightly elevated. In Case 15.3, serum CRP 
was positive, and ESR was elevated.

Patients with enlarged liver and high serum value of ALP 
or LDH and CRP or ESR are considered to have liver involve-
ment in malignant hematological disorders [10, 11]. 
However, image analysis does not always show an abnormal 
space-occupying lesion, except for enlargement of the liver. 
Therefore, peritoneoscopy with liver biopsy is necessary and 
important to assess the involvement of the liver in patients 
suspected of malignant hematological disorders.

Liver tissues can be obtained by CT-guided or open 
biopsy for diagnosis of hematological disorders. CT can also 
show low-density areas in the liver of malignant hematologi-
cal disorders [3], but small lesions cannot be detected. 
Macroscopic findings of the liver surface can be observed 
during open biopsy or under peritoneoscopy and are diag-
nostic in malignant hematological disorders. Therefore, open 
biopsy and biopsy under peritoneoscopy have greater speci-
ficity and sensitivity than CT-guided biopsy. Open biopsy is 
carried out under general anesthesia [12], and peritoneos-
copy is done under local or lumbar anesthesia [13, 14]. 
Hence, peritoneoscopy with liver biopsy is superior to open 
biopsy to preserve the general condition and shorten hospital 
stay [15].

a b

c d

Fig. 15.4  Langerhans cell histiocytosis. (a) Peritoneoscopic findings 
show diffuse maculae on liver surface, which are cohesive. The lymph ves-
sels are dilated. (b) Clusters of foamy cells are seen in granuloma around 
portal tract. (c) Immunocytochemical investigation shows S-100 protein 

immunoreactivity in foamy cells. (d) Electron microscopy shows Birbeck 
granules (arrowheads) in foamy cells. ((a) and (d); reuse of Iwai M, et al. 
Cholestatic liver disease in a 20-yr-old woman with histiocytosis X. Am J 
Gastroenterol 1988; 83: 164–8, with permission of Springer Nature)

Fig. 15.5  Langerhans cell histiocytosis. Cholestasis is seen in the large 
bile ducts of the portal tract, and portal fibrosis has developed, estab-
lishing pseudolobular formation
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In our patients, peritoneoscopy showed white maculae on 
liver surface, and some of these were fused. White maculae can 
be seen on the liver surface not only in malignant hematological 
disorders but also in tuberculosis and sarcoidosis. Maculae are 
cheesy or chalky in tuberculosis [16, 17] and are geographically 
scattered in sarcoidosis [18]. The maculae in our patients were 
flattened, irregular in size, and present diffusely on the liver sur-
face. Moreover, they were fused and so large that image analysis 
showed a space-occupying lesion by US or low-density area by 
CT after diagnosis or therapy. Maculae in lymphoma are histo-
logically equivalent to granulomatous lesions with or without 
malignant cells, and granulomas without lymphoma cells are 
indicative of positive host response [19]. Biopsied tissues are 
used not only to observe microscopic and ultrastructural fea-
tures of malignant cells but also to identify expression of surface 
markers or specific proteins by immunohistochemistry and flow 
cytometry. In our patients, lymphoma cells were mixed with 
those of the Reed-Sternberg type in granulomas, and foamy 
cells were found to be histiocytes. These findings were diagnos-
tic of Hodgkin’s lymphoma and Langerhans cell histiocytosis. 
Peritoneoscopy with liver biopsy is necessary not only to detect 
liver involvement in malignant hematological disorders early 
but also to make an accurate diagnosis.

Portal-based hematolymphoid neoplasms are typically of 
lymphoid histogenesis, mostly low-grade lymphomas. These 
correspond to the “white maculae” seen under peritoneoscopy 
and the so-called granulomas in clinical terms. The interpre-
tation of a significant subset of these cases can be quite sub-
tle, mimicking quiescent hepatitis or chronic biliary disease. 
Examples include mast cell disease, classical Hodgkin’s lym-
phoma, chronic lymphocytic leukemia, and extranodal mar-
ginal zone lymphoma of MALT-type (MALToma). Damage 
to bile duct epithelium may even be seen. Recognition of the 
difference in cell content from inflammatory diseases in terms 
of cell count, monotonous appearance of cellular infiltrate, 
expansile and sometimes destructive nature of the infiltrate, 
and low threshold for suspicion should elicit an immunophe-
notypic workup and molecular study.

Case 15.4
A 68-year-old female complained of high fever, and her labora-
tory data showed LDH 1980 IU/L, AST 34 IU/L, ALT 23 IU/L, 
ALP 27.7 KAU, CRP 4.2 mg/dL, and ESR 31 mm/h. CT and US 
revealed no definite low-density area, and diffuse uptake was 
seen in gallium scintigraphy. Liver biopsy under echo guidance 
showed lymphoma cells in dilated sinusoids of middle zone to 
central area and congestion; lymphoma cells and phagocytosing 
red blood cells were seen scattered in dilated sinusoids (Fig. 15.6).

Hepatic sinusoidal dilatation has been reported in lym-
phoma, and it may be a consequence of an alteration in the 
sinusoidal barrier [20] and infiltration of lymphoma cells 
with phagocytosis of red blood cells along the sinusoids [21]. 
Peliosis hepatis could be seen on the liver surface in our 
cases of malignant lymphomas and Langerhans cell histiocy-
tosis. Granulomatous lesions may compress sinusoids and 
cause hepatic sinusoidal dilatation. Infiltration of malignant 
cells causes alteration of the sinusoidal barrier and conges-
tion. Therefore, retention of sinusoidal flow or peliosis hepa-
tis can be observed by peritoneoscopy. Liver biopsy under 
peritoneoscopy can be carried out to make an accurate diag-
nosis of malignant hematological disorders, and bleeding 
from biopsied area can be prevented simultaneously.

A different pattern of lymphomatous involvement of the 
liver is seen in sinusoidal lymphocytosis. In general, this pat-
tern is characterized by increased mononuclear cells through-
out sinusoids, with no zonal predilection, giving the appearance 
of a string of pearls. This may be associated with sinusoidal 
dilatation. Sinusoidal lymphocytosis can be seen in chronic 
hepatitis C, systemic infectious diseases such as Epstein-Barr 
virus infection (infectious mononucleosis), cytomegalovirus 
infection, and toxoplasmosis. Mild infiltrates can occur with 
“hepatic involvement by systemic inflammatory conditions,” 
such as collagen vascular diseases. Almost any hematolym-
phoid neoplasm can present with this pattern, although the 
most characteristic diagnoses are leukemias (acute or chronic), 
hairy cell leukemia, hepatosplenic T-cell lymphoma, and 
peripheral T-cell lymphoma unspecified.

a b

Fig. 15.6  Malignant lymphoma. (a) Sinusoids are dilated, and there is congestion in lobules. (b) Sinusoids are dilated and permeated by lym-
phoma cells
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Awareness of this pattern, and correlation with clinical 
and serological data, should allow for appropriate workup 
for the possibility of lymphoma and leukemia. In our patients 
with malignant lymphoma and Langerhans cell histiocytosis, 
white maculae and peliosis hepatis were observed on the 
liver surface. Peritoneoscopy with liver biopsy is useful not 
only for staging of malignant hematological disorders but 
also for early diagnosis.

Hematolymphoid malignancy involving the liver can 
manifest several different patterns that should alert the 
pathologist to the possibility of lymphoma, leukemia, or 
other malignant disorders, despite significant morpho-
logic overlap with nonneoplastic inflammatory liver dis-
eases [22]. The most straightforward situation is a solitary 
tumor mass, most often seen in intermediate- and high-
grade lymphomas, and rarely observed in plasmacytoma 
and histiocytosis. This is an uncommon presentation, but 
biopsy is clearly indicative of neoplastic cells that require 
only immunophenotypic confirmation for a final 
diagnosis.

Multiple myeloma affects the liver, and diffuse (sinusoi-
dal), granular (portal), or mixed and nodular patterns have 
been described, and diffuse disease is the predominant pat-
tern of liver involvement [23]. Hepatic plasmacytoma is 
defined as a single mass of clonal plasma cells, with no or 
minimal bone marrow plasmacytosis and with no other 
symptoms than those derived from the primary lesion. At 
diagnosis, ultrasonography shows hypoechoic space-
occupying lesion [24], and the sensitivity and specificity of 
PET/CT is higher than that of MRI. While radiotherapy or 
chemotherapy remains the recommended treatment, extra-
medullary plasmacytoma of the liver after treatment some-
times progresses to multiple myeloma [25, 26].

Case 15.5
A 75-year-old male was diagnosed with multiple myeloma 
4 years ago, and complete remission was obtained by treat-
ment. PET-CT revealed multiple FDG accumulation in the 
liver after the re-elevation of serum M protein. The results 
for blood routines and liver function were within normal 
ranges. Enhanced CT showed multiple hypervascular 
tumors in the liver (Fig.  15.7). B-mode ultrasonography 
showed hypoechoic tumors with mosaic pattern in part. 
Sonazoid-enhanced ultrasonography demonstrated whole 
tumor staining in vascular phase (Fig. 15.8a) and complete 
defect in post vascular phase (Fig. 15.8b). Needle biopsy 
revealed the invasion of heterotypic cells showing differen-
tiation into plasma cells (Fig. 15.9). After additional treat-
ment, all liver tumors disappeared.

Case 15.6
A 58-year-old male presented with multiple histiocytic 
tumors in the liver and spleen. Laboratory data showed WBC 

9500/μL, CRP 6.9 mg/L, ESR 77 mm/h, and soluble inter-
leukin-2 receptor 1255 ng/mL. CT showed space-occupying 
lesions in the liver and spleen; MRI revealed high-intensity 
area in the liver and spleen, and it was more intense at the 
edge and in the center (Fig. 15.10). Diagnostic splenectomy 
showed large splenic tumor with small nodule and enlarged 
lymph node in the hilus. Histopathological examination of 
tumor in the spleen revealed proliferation of histiocytic cells 
with abundant clear cytoplasm and horseshoe-shaped nucleus 
(Fig.  15.11). Immunohistochemical studies revealed S-100 
protein and CD1a antigen in the tumor cells (Fig. 15.12). No 
lymphocytic markers or lysozymes were detected. 
Ultrastructural findings showed clear cytoplasm and an 
invaginated nucleus; rough endoplasmic reticulum was swol-
len, but no definite Birbeck granules were seen (Fig. 15.13). 
Tumor cells could be classified into Langerhans cell type 
without Birbeck granules. Administration of adriamycin, 
vincristine, cyclophosphamide, and prednisolone reduced 
size and number of the liver tumors. Histiocytic cells could 
not be detected in tissues biopsied repeatedly from the liver.

15.1.2	 �Extramedullary Hemopoiesis

Extramedullary hemopoiesis (EMH) of the liver is a physio-
logical process in the fetal and neonatal periods, but EMH is 
regarded as a pathological condition in adults. It occurs 
mainly in aplastic anemia and marrow replacement syn-
dromes, including myeloproliferative disease, osteomyelofi-
brosis, myelomatosis, bone marrow carcinomatosis, and 
osteopetrosis. Hepatomegaly and massive splenomegaly are 
often seen, and portal hypertension may develop with asci-
tes. Both diffuse microscopic infiltration and focal mass-like 
lesions in the liver have been reported with EMH [26].

Fig. 15.7  Hepatic plasmacytoma. Contrast-enhanced CT showed mul-
tiple hypervascular tumors (arrows) in the liver
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Case 15.7
A 78-year-old female suffered from polycythemia vera for 
30 years, and myelofibrosis developed. Abdominal fullness 
and diarrhea were present for 1  year, and abdominal CT 

showed ascites, hepatomegaly, and splenomegaly. The asci-
tes increased gradually. Her laboratory data showed WBC 
16,000/μL (myelocyte 8%, band 19%, segment 55%, baso-
phil 4%, eosinophil 5%, lymphocyte 7%, and monocyte 2%), 
RBC 353  ×  104/μL and PLT 30.7  ×  104/μL.  Liver tests 
revealed TBIL 1.5  mg/dL, LDH 749  IU/L, AST 95  IU/L, 
ALT 98 IU/L, ALP 784 IU/L, and GGT 62 IU/L. CT with or 
without contrast medium showed splenomegaly and ascites, 
and dilatation of splenic and superior mesenteric vein was 
detected by CT with contrast medium. Liver biopsy under 
US guidance showed intrasinusoidal megakaryocytes and 
erythropoietic precursors, which are the key cells to be iden-
tified and distinguished from sinusoidal infiltrate of hemato-
lymphoid malignancy (Fig. 15.14).

15.1.3	 �Hemophagocytic Syndrome

Hemophagocytic syndrome (hemophagocytic lymphohistio-
cytosis) is characterized by fever, anorexia, and irritability. 
Blood cytopenia is present; jaundice and hepatosplenomeg-
aly may develop later [27]. The syndrome, which was 
reported initially in patients with viral infection, occurs in 

a b

Fig. 15.8  Hepatic plasmacytoma. (a) Contrast-enhanced ultrasonography showed whole tumor stained in vascular phase (arrow). (b) Contrast-
enhanced ultrasonography showed complete defect in post vascular phase (arrow)

Fig. 15.9  Hepatic plasmacytoma. Pathological findings showed the 
invasion of heterotypic cells differentiating into plasma cells
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association with various lymphoproliferative disorders, bac-
terial infections, acquired immunodeficiency syndrome, sys-
temic lupus erythematosus, immunosuppressive therapy, and 
neoplastic diseases. Many autopsied series have shown 
hemophagocytosis in the spleen, lymph nodes, and bone 
marrow; hepatic involvement is characterized by diffuse 
hyperplasia of Kupffer cells and prominent hemophagocyto-
sis [27, 28]. In a substantial number of cases, the liver is 
involved by the underlying conditions triggering hemo-
phagocytosis, especially when liver derangement is profound 
[28, 29]. Hemophagocytic phenomenon is also seen in famil-
ial hemophagocytic reticulosis, familial erythrophagocytic 
lymphohistiocytosis, histiocytic medullary reticulosis, and 
malignant histiocytosis, which constitute the differential 
diagnosis. Early diagnosis is essential to initiate appropriate 

treatment and improve the quality of life and survival of 
patients with various infection, collagen vascular diseases, 
and malignant disorders [30].

Case 15.8
A 62-year-old man complained of general malaise and high 
fever and had lost 5 kg of body weight in 6 months. Physical 
examination revealed icteric skin and hepatomegaly of two 
fingers’ breadth in epigastrium. Laboratory data showed 
WBC 1700/μL, RBC 314 × 104/μL, PLT 13.4 × 104/μL, PT 
18.4 s (control, 11.4 s), fibrinogen 45 mg/dL, FDP 2.5 g/mL, 
ESR 4 mm/h, TBIL 21.35 mg/dL, DBIL 14.51 mg/dL, ALP 
1300 IU/L, LDH 1341 IU/L, and CRP 4.2 mg/dL. Bone mar-
row showed ANC 65,000/μL, and no atypical cells were 
seen. Liver biopsy showed sinusoidal dilatation, and steato-
sis was seen in the hepatocytes; foamy cells phagocytosing 
red blood cells in the sinusoids were also seen (Fig. 15.15). 
Disseminated intravascular coagulopathy (DIC) developed 
while chemotherapy was carried out without immunosup-
pressive agents, and hemorrhagic diathesis was apparent. He 
died of multiple organ failure 1 month after chemotherapy.

15.2	 �Liver in Systemic Sepsis and Infection

15.2.1	 �Liver in Sepsis

In sepsis, the liver may be affected directly by infection, 
injury induced by circulatory toxins, inflammatory and 
immunological response, ischemic effect of septic shock, or 
a combination of these factors. The hepatic changes may be 
very complex.

The range of infective lesions includes abscess, cholangi-
tis, pylephlebitis, vasculitis, granulomas, and tissue necrosis. 
Various organisms may induce specific changes of diagnostic 

a b

Fig. 15.10  Histiocytic tumor. (a) CT with contrast medium shows 
low-density area in the liver and spleen. (b) T2-weighted magnetic 
resonance image reveals high-intensity area in the liver and spleen and 

is more intensified at the edge and in the center. (Redrawn from Iwai M, 
et al. Langerhans cell histiocytosis of an adult with tumors in liver and 
spleen. Hepato-Gastroenterol 2001; 48: 581–4)

Fig. 15.11  Histiocytic tumor. Histiocytic cells with abundant clear 
cytoplasm and horseshoe-shaped nucleus (arrows) have proliferated in 
the spleen. (Redrawn from Iwai M, et al. Langerhans cell histiocytosis 
of an adult with tumors in liver and spleen. Hepato-Gastroenterol 2001; 
48: 581–4)
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importance. Other than direct involvement, reactive changes 
are common. The condition may be complicated by infection-
associated hemophagocytic syndrome, in which liver func-
tion derangement may be profound [28].

Case 15.9
A 50-year-old man was admitted for abdominal pain and dis-
tension in poor condition. He died shortly after hospitaliza-
tion. Blood culture grew Escherichia coli. Postmortem 
examination revealed fecal peritonitis as the cause of death. 
The biliary tree was patent. Liver section showed ductular 
proliferation at the margins of the portal tracts, with dilated 
ductules filled with inspissated bile along with neutrophilic 
infiltrate (Fig. 15.16).

Jaundice is common in patients with extrahepatic sepsis, 
especially due to gram-negative organisms. Three histologi-
cal patterns have been described in such patients. The most 

common is perivenular canalicular cholestasis, associated 
variably with mild steatosis, Kupffer cell hyperplasia, and 
portal inflammatory infiltrate. Periportal ductular cholestasis 
with inflammation (“cholangitis lenta,” as in Case 15.9) is 
common in the terminal stages of fatal sepsis, especially 
those complicating acute or chronic liver diseases. The rarest 
lesion is seen in toxic shock syndrome (mostly associated 
with the use of tampons), in which there is cholangitis with 
neutrophils in interlobular bile ducts (similar to bacterial 
cholangitis) attributed to a circulating staphylococcal toxin 
rather than to bacteremia.

15.2.2	 �Acquired Immunodeficiency Syndrome

In acquired immunodeficiency syndrome (AIDS), the liver is 
the target of a number of disease processes: opportunistic 

a b

Fig. 15.12  Histiocytic tumor. (a) Histiocytic cells contain S-100 pro-
tein immunoreactivity (arrowheads). (b) Histiocytic cells contain CD1a 
antigen (arrowheads). (Redrawn from Iwai M, et  al. Langerhans cell 

histiocytosis of an adult with tumors in liver and spleen. Hepato-
Gastroenterol 2001; 48: 581–4)

a b

Fig. 15.13  Histiocytic tumor. (a) Ultrastructural findings show clear cytoplasm and invaginated nucleus. Bar = 10 μm. (b) Rough endoplasmic 
reticulum is swollen, and no definite Birbeck granules are seen
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Fig. 15.14  Extramedullary hemotopoiesis. (a) CT without contrast medium shows splenomegaly with ascites. (b) CT with contrast medium 
shows dilated splenic and superior mesenteric vein. (c) Megakaryocytes and erythropoietic precursors are visible in sinusoids

a

b

infections, AIDS-related tumors (Kaposi’s sarcoma and lym-
phoma), concurrent infection with hepatitis viruses, and 
drug reactions [31].

Common opportunistic infections include atypical myco-
bacterium, cytomegalovirus, various fungi (such as histo-
plasma and cryptococcus with strong geographic variations), 

and protozoa (such as toxoplasma and pneumocystis). The 
pathology of these infections is no different from that seen 
in an immunocompetent host, except that there is generally 
less inflammation and poor granuloma formation. More dis-
tinctive lesions associated with human immunodeficiency 
virus (HIV) infection are bacillary angiomatosis and AIDS 
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cholangiopathy. The former shows peliotic blood spaces, 
fibromyxoid stroma alternating with angioproliferative 
spindle cells, and clumps of granular purple material shown 
to be rod-shaped bacilli (Rochalimea henselae) [32]. 
Cholangiopathy exhibits bile duct damage resembling that 
of graft-versus-host disease; sometimes, periductal fibrosis 
is indistinguishable from primary sclerosing cholangitis. 
These changes are seen with cryptosporidium or cytomega-
lovirus infection of the biliary tree [33].

Case 15.10
A 61-year-old-man presented with low-grade fever and non-
productive cough for 1 month. He was treated empirically with 
antibiotics. However, there was no improvement, and he devel-
oped high fever and diarrhea. Hepatomegaly and supraclavicu-
lar lymph nodes were detected, and fine-needle aspiration of 

c

Fig. 15.14  (continued)

Fig. 15.16  Liver in sepsis. Ductular proliferation is seen at margins of 
portal tracts, and dilated ductules are filled with inspissated bile and 
infiltrated with neutrophilic leukocytes

a b

Fig. 15.15  Hemophagocytosis. (a) Sinusoidal dilatation and steatosis in hepatocytes. (b) There are foamy cells phagocytosing red blood cells in 
dilated sinusoids
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the lymph node showed infection by a yeast organism, which 
was confirmed to be Penicillium marneffei on culture. HIV 
antibody was then found to be positive. Despite treatment with 
amphotericin B, his condition deteriorated and he died. 
Postmortem liver biopsy showed diffuse histiocytic infiltrates 
with numerous intracellular yeast cells 2–4  μm in diameter 
(Fig. 15.17). There was no evidence of pneumocystis or cyto-
megalovirus infection. It is known that the incidence and types 
of opportunistic, systemic fungal infection in AIDS patients 
vary widely according to geographic regions. Penicillium 
marneffei turns out to be the indicator organism for AIDS in 
Southeast Asia [34].

15.3	 �Liver in Pregnancy

Intercurrent liver diseases can occur in pregnancy and are 
the most common causes of jaundice: viral hepatitis (40%), 
drug reactions (10%), and large duct obstruction (6%). 
Several liver diseases are relatively unique to pregnancy. 
These include acute fatty liver of pregnancy, preeclampsia/
eclampsia, HELLP syndrome, and intrahepatic cholestasis 
of pregnancy.

15.3.1	 �Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy is the most serious of 
pregnancy-related liver diseases [35]. Without treatment, the 
maternal and fetal mortality rate may be as high as 80%. 
With increasing recognition, earlier diagnosis, and recogni-
tion of more mild forms of the disease, the mortality rate for 
both mother and fetus has decreased to between 5 and 50%. 
Prompt termination of pregnancy and improvements in sup-
portive care for acute liver failure are thought to contribute to 
the improved outlook. It is caused by defects in mitochon-

drial fatty acid beta-oxidation and associated with a defi-
ciency of long-chain 3-hydroxyacyl-CoA dehydrogenase 
[36]. The most common clinical presentation is a prodromal 
illness characterized by pruritus, severe vomiting, and jaun-
dice in the final 4–10  weeks of gestation in a primigravid 
female. Acute liver failure ensues, with modest elevations of 
transaminases and bilirubin and doubling of prothrombin 
time. Many patients have hypertension and proteinuria.

Jaundice may develop following delivery. Grossly, the 
liver is yellow and usually small. Microscopically, hepato-
cytes are swollen, and the cytoplasm is transformed by tiny 
fat vacuoles [37]. The vesicles in microvesicular steatosis 
may be too small to appreciate, and the hepatocytes may 
simply appear ballooned; in this case, fat stains or electron 
microscopy may be necessary. Steatosis, which usually 
involves zones 2 and 3, is most prominent in zone 3 and is 
not infrequently panacinar. Macrovesicular steatosis can 
appear and is thought to result from coalescence of microves-
icles over time.

While hepatocellular necrosis is not generally promi-
nent, hepatocellular loss can be demonstrated on reticulin 
staining and, indirectly, by Kupffer cell hypertrophy and 
reduced organ weight. Other less specific features include 
canalicular and hepatocellular cholestasis, and mild mixed 
portal infiltrates with lymphocytes, eosinophils, and plasma 
cells. Serial biopsies of patients who have survived have 
demonstrated rapid resolution of microvesicular steatosis 
within days of delivery, with zone 3 hepatocytes being the 
last to resolve.

Case 15.11
A 30-year-old female was admitted with 3 weeks of jaun-
dice prior to delivery of her third child, with meconium 
staining. She developed nausea and vomiting with lower 
abdominal and back pain and dark urine. Her liver biopsy 
showed microvesicular steatosis and brown-pigmented 
hepatocytes in zones 2 and 3 (Fig. 15.18). After delivery, 
her liver function tests returned to normal values, and she 
recovered completely.

15.3.2	 �Intrahepatic Cholestasis of Pregnancy

Intrahepatic cholestasis of pregnancy is characterized his-
tologically by perivenular, canalicular cholestasis without 
steatosis, inflammation, or hepatocellular damage. Patients 
have pruritus and/or jaundice with elevated serum bile acid 
levels in late pregnancy. The disease regresses spontane-
ously following delivery, but frequently recurs during sub-
sequent pregnancies or on administration of oral 
contraceptives. It is now associated with a canalicular 
phospholipid transporter defect, and heterozygous MDR3 
gene mutation is identified [38].

Fig. 15.17  Liver in AIDS. Histiocytes infiltrate with numerous intra-
cellular yeast cells that are 2–4 μm in diameter (Penicillium marneffei)
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15.3.3	 �Toxemia of Pregnancy

Toxemia of pregnancy includes preeclampsia and eclampsia 
and is characterized by hypertension, proteinuria, and edema 
(preeclampsia). In more severe cases, DIC is seen [39]. 
Fewer than 50% of patients have clinical evidence of liver 
disease, and many of them have normal biopsies. When jaun-
dice occurs in the early stages of toxemia, it is usually not 
due to liver involvement but, rather, to hemolysis. In severe 
cases, the most characteristic findings are DIC with deposi-
tion of fibrin in sinusoids and focal hepatocellular necrosis of 
varying degrees, often—but not always—periportal. Portal 
areas have minimal infiltrates, and arterioles may have evi-
dence of DIC with swollen endothelial cells and plasmatic 
vasculosis.

Case 15.12
A 32-year-old woman presented at 32  weeks of gestation 
with malaise, headache, and pain in the right hypochon-
drium. She was found to be hypertensive and proteinuric. 
Her laboratory data showed Hb 10.8 g/dL, PLT 57 × 104/μL, 
PT 29 s (control, 15 s), and AST 400 IU/L. Her condition 
deteriorated, and she lapsed into a terminal coma with clini-
cal features of a cerebral vascular accident. At autopsy, there 
was massive subarachnoid and cerebral hemorrhage. The 
1.9-kg liver showed patchy congestion, yellow discoloration, 
and some areas of hemorrhage. Histology showed areas of 
liver cell necrosis, hemorrhage, and fibrin deposition around 
some portal tracts (Fig. 15.19).

HELLP syndrome (or hemolysis, elevated liver tests, and 
low platelets) is a multisystemic disorder of pregnancy and 
seen in a small percentage of patients with preeclampsia/
eclampsia. It is characterized by hypertension, proteinuria, 

and edema or seizure and coma, as in Case 15.12 [40]. The 
liver is involved in 10–20% of patients.

The syndrome may occur a few days after delivery, and 
there is no consensus on whether HELLP is a mild form of 
DIC or a subtype of toxemia. The histology is variable, rang-
ing from normal to mild portal and lobular hepatitis to peri-
portal fibrin and focal necrosis seen in toxemia (Fig. 15.20). 
Hepatic infarction and rupture have been reported in fatal 
cases. Treatment is aimed at controlling hypertension. 
Prednisolone is indicated, and delivery is recommended.

15.4	 �Liver in Collagen Vascular Diseases

Clinically, overt liver disease is unusual in collagen vascu-
lar diseases, but minor abnormalities in liver function tests 
are quite common [41]. Nonspecific abnormalities, such as 
fat or nonspecific reactive hepatitis, are also seen regularly 

a b

Fig. 15.18  Acute fatty liver of pregnancy. (a) Swollen, pale-staining hepatocytes are seen in zones 2 and 3, in contrast to rim of normal periportal 
hepatocytes. (b) Microvesicular steatosis is evident in pale hepatocytes, and canalicular cholestasis is also seen

Fig. 15.19  Toxemia of pregnancy. Areas of periportal necrosis with 
intrasinusoidal fibrin deposition are present
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in liver biopsies. However, it may be difficult or impossible 
to distinguish changes due directly to the primary disease 
from those merely secondary to therapy (such as antirheu-
matic drugs) [42].

Patients with rheumatoid arthritis and its variants 
(Still’s disease and Felty’s syndrome) often have abnormal 
liver function. Besides nonspecific changes, concomitant 
primary biliary cirrhosis, chronic hepatitis, nodular regen-
erative hyperplasia, necrotizing arteritis, or amyloidosis 
may be found. Even rheumatoid nodules have been 
reported in the liver.

In systemic lupus erythematosus, abnormal liver func-
tion tests are occasionally present (approximately 10%) 
without serious liver lesions. However, chronic hepatitis, 
cirrhosis, and hepatic granulomas have been reported [43]. 
Most cases of chronic hepatitis are probably related to viral 
infection or drugs and do not bear any relationship to lupoid 
or autoimmune hepatitis. Other reported lesions include 
steatosis, cholestasis, nodular regenerative hyperplasia, and 
necrotizing arteritis.

Patients with polyarteritis nodosa may have necrotizing 
arteritis involving the liver, leading to infarction. In polymy-
algia rheumatica-giant cell arteritis syndrome, granuloma-
tous arteritis may be found in the liver.

Case 15.13
A 64-year-old female had a long history of systemic lupus 
erythematosus complicated by diffuse glomerulonephri-
tis. In recent months, the liver function was deranged: 
TBIL was 268 μmol/L, ALP was 142 IU/L, and ALT and 
AST were normal. Hepatitis virus serologies were nega-
tive. CT showed small liver with features of portal hyper-
tension. She developed progressive jaundice and ascites 
and finally succumbed to variceal bleeding. Postmortem 
liver biopsy showed distorted architecture, monoacinar 

nodular formation, and preserved portal-central relation-
ship (Fig.  15.21). The nodules consisted of hyperplastic 
hepatocytes in twin-celled plates delimited by a rim of 
atrophic hepatocytes and collapsed reticulin framework. 
Portal venules in about half of the portal tracts were nar-
rowed or totally obliterated.

Some specific liver lesions are encountered more com-
monly in connective tissue diseases. Nodular regenerative 
hyperplasia (as in Case 15.13) is one such lesion and is fre-
quently associated with Felty’s syndrome [44]. It is attribut-
able to vasculitis or thrombotic occlusion diffusely involving 
small intrahepatic vessels, leading to differential hyperplas-
tic and atrophic zones and reorganization of the 
architecture.

Primary biliary cirrhosis may be associated with other 
autoimmune diseases, such as scleroderma, CREST syn-
drome (calcinosis cutis, Raynaud’s phenomenon, esophageal 
dysfunction, sclerodactyly, and telangiectasia), rheumatoid 
arthritis, and Sjogren’s syndrome [45].

15.5	 �Liver in Chronic Inflammatory Bowel 
Disease

The association between liver dysfunction and chronic 
inflammatory bowel disease (IBD) is well known, and clini-
copathological reviews show fatty liver, primary sclerosing 
cholangitis, chronic hepatitis, cirrhosis, and hepatobiliary 
disease [46, 47]. Steatosis is the most common histological 
abnormality (up to 50%) in the liver. Severe steatosis is 
caused by malnutrition, anemia, and toxemia in IBD and 
may persist after colectomy [48].

Fatty metamorphosis is often seen in the livers of patients 
with IBD and is also detected in patients with ileostomy. 
Fatty change is more developed during intravenous infusion 

Fig. 15.20  Liver in HELLP.  Martius scarlet blue stain shows red-
stained fibrin in periportal sinusoids

Fig. 15.21  Nodular regenerative hyperplasia. Masson’s trichrome 
stain shows regenerative nodules delimited by rim of atrophic hepato-
cytes, without significant fibrosis
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of high-calorie nutrients. Therefore, long-term intravenous 
infusion of high-calorie nutrients and intake of a high-fat diet 
should be avoided.

Case 15.14
A 30-year-old man had suffered from Crohn’s disease for 
10 years. His liver function test showed TBIL 0.36 mg/dL, 
ALT 437  IU/L, AST 115  IU/L, ALP 409  IU/L, and GGT 
30  IU/L. Liver biopsy revealed macrovesicular steatosis in 
the hepatocytes from perivenular area to middle zone. To 
prevent stimulation of the intestinal tract in Crohn’s disease, 
high-calorie infusion was administered through intravenous 
hyperalimentation. Repeat liver tests showed TBIL 1.37 mg/
dL, ALT 577  IU/L, AST 246  IU/L, ALP 1278  IU/L, and 
GGT 624 IU/L. Repeat biopsy demonstrated severe steatosis 
in hepatocytes compared to the first biopsy, and macrove-
sicular steatosis was seen in entire acinus (Fig. 15.22).
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Abbreviations

AFP	 Alpha-fetoprotein
AML	 Angiomyolipoma
BDA	 Bile duct adenoma
CEA	 Carcinoembryonic antigen
c-myc	 Cancer-myelocytomatosis
ELISA	 Enzyme-linked immunosorbent assay
FNH	 Focal nodular hyperplasia
HCA	 Hepatocellular adenoma

HCC	 Hepatocellular carcinoma
HMB45	 Human melanoma black 45
HNF-1	 Hepatocyte nuclear factor 1
IL6ST	 Interleukin 6 signal transducer
IPN	 Intraductal papillary neoplasm
IPT	 Inflammatory pseudotumor
L-FABP	 Liver fatty acid binding protein
LMS	 Larva migrans syndrome
MCN	 Mucinous cystic neoplasm
p53	 53-kilodalton protein
PECOMA	 Perivascular epithelioid cell tumors
PIVKA2	 Protein induced by vitamin K absence or 

antagonist-2

Compared to malignant tumors, benign tumors of the liver are 
encountered rarely in daily practice, although their true inci-
dence is probably not low [1]. This is because they are either 
asymptomatic and not discovered or they are not biopsied and 
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left unresected. However, ultrasonographic imaging often may 
show benign tumors in the liver. Some of these tumors are true 
neoplasms, while others are tumor-like masses (Table 16.1) [2].

16.1	 �Hemangioma

Hemangioma is the most common benign tumor of the liver, 
being noted in 0.4–20% of cases in autopsy studies. The asymp-
tomatic lesions are usually solitary and are typically <5 cm in 
diameter. Patients sometimes present with abdominal pain or 
discomfort and a palpable mass. Large tumors may rarely be 

complicated by rupture, thrombocytopenia, and consumptive 
coagulopathy (Kasabach-Merritt syndrome) [3]. A large or rup-
tured hemangioma requires immediate surgical intervention.

Histologically, liver hemangioma is mainly cavernous 
type. Complications such as thrombosis, infarction, sclerosis, 
and calcification may occur, leading to possible confusion 
with a more aggressive tumor. Although hemangiomas are 
grossly well circumscribed, microscopic extension of dilated 
vascular spaces into adjacent hepatic parenchyma may be 
observed [4]. Though extremely rare, diffuse and multiple 
lesions occur with progressive development [5], and some 
cases are associated with bone and lung involvement (diffuse 
systemic hemangiomatosis). Multiple or diffuse lesions must 
also be differentiated from peliosis hepatis and hereditary 
hemorrhagic telangiectasia. Recently a rare small vessel-type 
hemangioma with infiltrative border is recognized and has to 
be distinguished from angiosarcoma by immunohistochemi-
cal staining for p53, c-myc, and Ki-67 [6].

Hemangiomas are usually asymptomatic. The diagnosis is 
based on imaging studies. Abdominal ultrasonography (US) 
shows a hyperechoic structure with smooth margin; CT reveals 
hypodense tumor; and CT with contrast medium shows 
enhanced tumor in a peripheral-central direction with focal 
globular pattern. MRI displays low-signal T1 time and hyperin-
tensity in the T2-weighted image. Sclerosed hemangioma has 
atypical imaging features and may be confused with hepatocel-
lular carcinoma, cholangiocarcinoma, and metastatic tumor [7].

Case 16.1
A 51-year-old female complained of persistent right flank pain, 
and her ultrasonographic diagnosis was liver hemangioma. Her 
liver function test showed TBIL 0.92 mg/dL, AST 12  IU/L, 
ALT 12 IU/L, LDH 197 IU/L, and AFP 1.6 ng/mL. HBsAg and 
anti-HCV were negative. Computed tomography (CT) showed 
a low-density signal in the S6 area and enhancement on the 
edge of the tumor in the arterial phase (Fig. 16.1). The tumor 
had a larger circumference in the venous phase, and low den-
sity remained in the center. T1 image on magnetic resonance 
imaging (MRI) showed a low-intensity area in S6, MRI with 

Table 16.1  Benign neoplasms and tumor-like lesions of the liver

Tumor Lesion
Hepatocellular 
tumors

Focal nodular hyperplasia
Hepatocellular adenoma

Biliary tumors Biliary microhamartoma (von Meyenburg 
complex)
Bile duct adenoma
Biliary adenofibroma
Mucinous cystic neoplasm (biliary 
cystadenoma)
Intraductal papillary neoplasm (biliary 
papillomatosis)
Other pancreatic type tumors

Vascular tumors Hemangioma
Infantile hemangioma
Lymphangioma and lymphangiomatosis

Miscellaneous 
tumors

Angiomyolipoma and lipomatous tumors
Leiomyoma
Solitary fibrous tumor
Mesenchymal hamartoma
Benign teratoma

Miscellaneous 
lesions

Inflammatory pseudotumor
Fibrosing necrotic nodule
Parasitic granuloma
Nodular transformation
Pseudolipoma
Heterotopia (adrenal, pancreas, spleen)
Gauzeoma

a b

Fig. 16.1  Hemangioma. (a) CT without contrast medium shows low-density area in S6. (b) Contrast medium is retained from the edge to the center
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a b

c

Fig. 16.2  Hemangioma. (a) T1-weighted image on MRI shows low intensity in S6. (b) MRI with contrast medium shows high-intensity area on 
the edge of tumor in early phase. (c) MRI with contrast medium reveals high intensity in tumor

a b

Fig. 16.3  Hemangioma. (a) Histology shows cavernous spaces filled with blood cells. (b) Vascular spaces are lined by flattened endothelial cells 
and filled with blood cells
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contrast medium revealed high-intensity area on the edge, and 
T2 revealed high intensity in the tumor (Fig. 16.2). Surgically 
resected tissues showed cavernous vascular spaces filled with 
blood cells or amorphous materials, and the cavernous spaces 
were separated by delicate fibrous strands and lined by flat-
tened endothelial cells without atypia (Fig. 16.3).

Case 16.2
An obese female aged 76 years suffered from diabetes mellitus, 
and her abdominal CT showed low-density area (25 mm on 
diameter) in S4, and faint staining was detected in the center of 
tumor during early and late phase of enhanced CT (Fig. 16.4). 
All liver function tests were normal, and tumor markers of AFP, 
PIVKA2, CEA, and CA19-9 were within normal limit. MRI 
showed low intensity in the tumor by T1 and slightly high 
intensity by T2, and dynamic MRI revealed low intensity in 
tumor as well as non-tumor area in early and late phase and 

slight retention of contrast medium in the center during the late 
phase (Fig. 16.5). Tumor biopsy under echo guidance revealed 
small- and variously sized vessels surrounded by thick myxoid 
walls and lined with flattened endothelial cells. Cavernous for-
mation was not well developed, and red blood cells were scanty 
in the lumen (Fig. 16.6). The histological features are consis-
tent with sclerosing cavernous hemangioma.

In this rare sclerosing cavernous hemangioma, the lesion 
cannot be detected as cavernous hemangioma by CT and MR 
imaging. There have been only a few studies to report radio-
logical findings of sclerosed hemangiomas, and the majority 
is reported to present as a perfusion defect on enhanced CT 
[8]. In addition sclerosed hemangiomas exhibit mild to mod-
erate hyperintensity on T2-weighted MR images, hypointen-
sity on T1-weighted images, patchy enhancement during the 
arterial phase, and gradual enhancement during the delayed 
phases [9]. Hemorrhage, thrombosis, or infarction within a 

Early phase Delay phase

a

b c

Fig. 16.4  Sclerosing cavernous hemangioma. (a) Low-density area 
(LDA) (about 2.5  cm in diameter) is seen in S4, and several cystic 
lesions are seen in both lobes. (b) LDA is slightly enhanced from center 

by contrast medium in early phase. (c) Enhancement in center of LDA 
is retained in late phase

W. M. S. Tsui et al.
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cavernous hemangioma may instigate progression to a scle-
rosed hemangioma, as a result of fibrosis and hyalinization 
of thick-walled blood vessels. Mast cells have been impli-
cated in the development of this process [10].

16.2	 �Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is the second most com-
mon benign liver process. It occurs in both sexes and across 
all ages, but most commonly in young adult women [11]. It 
is usually solitary but can be multiple in 20–30% of cases. It 

is usually <5 cm in diameter and discovered incidentally on 
physical examination or by imaging, but it may also present 
with complications attributed to large size (or, rarely, due to 
hemorrhage or pain). Some patients with the so-called mul-
tiple FNH syndrome have at least two FNHs associated with 
one or more lesions, such as hepatic hemangioma, arterial 
vascular malformations, meningioma, and astrocytoma.

FNH is a polyclonal nonneoplastic lesion [12]. The cur-
rently favored hypothesis of its tumorigenesis is that it repre-
sents a hyperplastic and altered growth response to changes 
in blood flow in the parenchyma surrounding a preexisting 
arterial malformation [13]. The ductular proliferation, once 

Fig. 16.5  Sclerosing cavernous hemangioma. (a) MRI intensified by 
T1 shows low intensity in tumor and (b) by T2 shows weakly high 
intensity in tumor. (c) Dynamic MRI shows iso-intensity in circumfer-

ence of tumor in arterial and delayed phase, and low intensity is seen in 
center, and (d) enhancement is seen in center during delayed phase

T1 WI Dynamic MRI arterial

T2 WI
Dynamic MRI delayed

a b

c d
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thought to arise from biliary metaplasia of hepatocytes, 
appears to be an attempt to establish biliary drainage, as nor-
mal bile ducts are absent and features of chronic cholestasis 
(pseudoxanthomatous change, copper accumulation) are 
often present.

FNH is difficult to diagnose on biopsy if the central scar 
and abnormal vessels are not included in the samples and is 
frequently mistaken for hepatic adenoma, cirrhosis, or duc-
topenic syndrome (such as primary biliary cirrhosis). The 
demonstration of map-like immunostaining pattern of gluta-
mine synthetase overexpression is very helpful for histologi-
cal diagnosis. A rare variant of FNH, the telangiectatic type, 
which does not have the central fibrous scar and contains 
dilated blood-filled vascular spaces, is now regarded as the 
inflammatory subtype of hepatic adenoma [14, 15].

Case 16.3
A 38-year-old man was found to have a liver tumor by 
abdominal US during a medical examination. His liver func-
tion test revealed TBIL 1.1  mg/dL, ALT 27  IU/L, AST 
22 IU/L, ALP 227 IU/L, CEA 1.4 ng/mL, and negative AFP. 
Both HBsAg and anti-HCV were negative. CT without con-
trast medium showed low-density area in S3, and CT in the 
arterial phase showed enhanced tumor in S3 with a densely 
stained center (Fig. 16.7). MRI T2-weighted image showed 
high-intensity area in S3 (Fig. 16.8). Angiography revealed 
tumor stain with radiating artery in the center in arterial 
phase, and it remained in the late venous phase (Fig. 16.9). 
Resected liver tumor showed well-demarcated, unencapsu-
lated lesion with nodular appearance (simulating cirrhosis), 
pale color, and central fibrous scar. Microscopy revealed 

a b

Fig. 16.6  Sclerosing cavernous hemangioma. (a) Blood spaces are 
separated by broad fibrotic septa. Vessels are generally small in size, 
and a few of them are dilated. (b) Small irregular vessels are lined by 

flattened endothelium, with small amount of red blood cells in lumen. 
Fibrotic septa area is broad and myxoid

a b

Fig. 16.7  Focal nodular hyperplasia. (a) CT without contrast medium shows small, low-density area (arrow) in S3. (b) CT with contrast medium 
shows enhanced area in the tumor. Its center is more enhanced, mixed with low-density area
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central scar formation with abnormal thick-walled muscular 
vessels and radiating fibrous septa; there were proliferating 
bile ductules, infiltration of inflammatory cells, and dilated 
vessels between septal fibrosis and nodule formation 
(Fig.  16.10). Hepatocytes were arranged in liver plates of 
normal or slightly increased thickness. No cirrhotic change 
was seen in non-nodular area.

16.3	 �Hepatocellular Adenoma

Hepatocellular adenoma (HCA) is a rare tumor seen almost 
exclusively in young women during their reproductive years 
and rarely in men or children. It can be single or multifocal; 

the latter condition is known as multiple hepatocellular ade-
nomatosis. The general clinical presentation is an abdominal 
mass, but some patients also complain of abdominal pain, 
discomfort, or nausea, and a significant number present with 
hemoperitoneum. Serum alkaline phosphatase may be ele-
vated, but serum alpha-fetoprotein levels are generally nor-
mal or minimally elevated. On radiography, the lesions show 
increased vascular pattern.

HCA is strongly associated with oral contraceptive use 
and androgen steroid therapy, and occurs in a liver that is 
histologically normal or nearly normal. It can also occur 
spontaneously or be associated with underlying metabolic 
diseases, including type I glycogen storage disease, galacto-
semia, tyrosinemia, and familial diabetes mellitus. There is a 
significant risk of serious complications, such as hemorrhage 
and rupture. HCC is rarely found to arise from HCA, and this 
risk is higher in males and with large adenomas. Surgical 
resection is recommended if there is no tumor regression 
after the cessation of oral contraceptive use.

It has been observed recently that HCAs are heteroge-
neous with regard to their phenotypes and genotypes [16], 
based on which a new pathomolecular classification was pro-
posed [17]. At least four subtypes are described:

	1.	 HNF1-alpha-mutated adenomas, which account for 40% 
of adenomas, are characterized by prominent steatosis 
and negative expression of liver fatty acid binding protein 
(L-FABP).

	2.	 Beta-catenin-mutated adenomas, which are preferentially 
encountered in male patients, are morphologically char-
acterized by the presence of cellular atypia, association Fig. 16.8  Focal nodular hyperplasia. T2-weighted image on MRI 

shows high-intensity area in S3

a b

Fig. 16.9  Focal nodular hyperplasia. (a) Angiography shows stain with radiating vessels in tumor (arrow). (b) Tumor stain is retained in the late 
stage of venous phase
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with a higher risk of malignant transformation, and 
nuclear expression of β-catenin and overexpression of 
glutamine synthetase.

	3.	 Inflammatory adenomas, which are related to mutations 
in the IL6ST gene, frequently display telangiectasia and 
inflammatory infiltrates and characteristically show posi-
tive immunostaining with markers of the acute-phase 
inflammatory proteins such as serum amyloid A (SAA) 
and C-reactive protein (CRP).

	4.	 Unclassifiable adenomas without any specific clinical, 
morphological, or genetic characteristics.

Diagnostic problems arise most often in the differentia-
tion of HCA from FNH or well-differentiated HCC, espe-
cially when hybrid features are present. Immunohistochemistry 
is now able to distinguish HA from either of these two 
lesions.

Case 16.4
A 36-year-old lady was found to have liver tumor by US dur-
ing investigation for dysphagia. She was on oral contracep-
tives for several years and was also an HBsAg carrier. Her 
AFP level was not elevated, and liver function was normal. 
CT with contrast medium showed an isodense poorly enhanc-
ing 2.5-cm mass in the right lobe of the liver. Angiography 
revealed a hypervascular mass with lipiodol uptake and was 
demonstrated on subsequent CT. With a preoperative diagno-
sis of HCC, the tumor was resected, and a benign diagnosis 
was established from frozen section. The specimen showed a 
subcapsular, ill-defined, and yellowish-brown nodule. It 
comprised a relatively uniform population of larger and paler 
hepatocytes arranged in plates one to three cells thick, with-
out free-floating trabecular formation; no capsule was seen 
between the nodule and non-nodular tissue. Reticulin 

framework of the cell plates was either intact or only focally 
decreased. Thick-walled arterial vessels occurred in clusters, 
and thin-walled venous vessels were scattered throughout 
(Fig. 16.11). No portal tracts were detected.

16.4	 �Bile Duct Adenoma

Usually an incidental finding at surgery or autopsy, bile duct 
adenoma (BDA) presents as a solitary subcapsular nodule in 
90% of patients. Its main clinical significance resides in its 
possible confusion with adenocarcinoma at laparoscopy or 
laparotomy.

BDA consists of a small (≤1 cm) disordered collection of 
ductules in connective tissue stroma showing varying degrees 
of chronic inflammation and collagenization, with occa-
sional portal tracts enclosed in the nodule. Mucinous meta-
plasia, alpha-1 antitrypsin droplets, and neuroendocrine 
differentiation may be seen in the tubular lining cells.

The origin and pathogenesis of BDA are controversial. In 
early literature, it was regarded as a true neoplasm [18], but 
this view has been rejected. Researchers have proposed that 
it is a localized ductular proliferation following a focal injury 
or a form of peribiliary gland hamartoma [19, 20].

Case 16.5
A 43-year-old man was on follow-up for hepatitis B cirrhosis 
when he was found to have a 2.5-cm HCC during cancer 
screening. During surgery, another small 8-mm subcapsular 
nodule was detected and submitted for frozen section. 
Microscopy revealed tubular or curvilinear ductules lined by 
cuboidal epithelium, embedded in a fibrous stroma with 
patchy inflammatory infiltrate and some residual portal tracts 
(Fig. 16.12).

a b

Fig. 16.10  Focal nodular hyperplasia. (a) Masson trichrome stain 
shows central stellate fibrous scar extending to the periphery and sepa-
rating nodules. Arterial vessel (arrow) is seen in center of scar. (b) 

Infiltration of lymphocytes, proliferating bile ductules, and dilated ves-
sels between radiating fibrosis and nodule formation are seen
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a

b c

Fig. 16.11  Hepatic adenoma. (a) Resected tumor shows a subcapsular, 
ill-defined, and yellowish brown nodule. (b) Tumor comprises rela-
tively uniform population of larger and paler hepatocytes arranged in 

cell plates that are one to three cells thick, and no capsular formation is 
seen in boundary between nodule and normal liver tissue. (c) Thick-
walled arterial vessels occur in clusters

a b

Fig. 16.12  Bile duct adenoma. (a) Resected specimen shows a subcapsular 8-mm whitish nodule against background of yellowish brown cir-
rhosis. (b) Nodule comprises many small ductules in fibrous stroma with patchy inflammatory infiltrate and trapped residual portal tracts
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16.5	 �Biliary Adenofibroma

Biliary adenofibroma appears to be an extremely rare type 
of benign bile duct tumors. Only a few cases have been 
reported in the literature [21–23]. It is characterized by 
microcystic and tubuloacinar glandular structures lined by 
biliary epithelium and supported by fibroblastic stromal 
scaffolding.

There is evidence that this tumor might originate from 
preexisting biliary microhamartoma (von Meyenburg com-
plex) based on similar morphological architecture and epi-
thelial expression of D10, but not 1F6 [23]. Due to its size, 
proliferative activity, and p53 positivity, it is a potentially 
premalignant lesion [24]. Indeed, cases of malignant trans-
formation are coming up [25, 26]. Another possibly neoplas-
tic form of BDA, “atypical clear cell bile duct adenoma,” has 
also been described [27].

Case 16.6
A 74-year-old woman presented with right upper abdominal 
pain, and US revealed gallstones and round liver mass with 
homogeneous echogenicity and lobulated border. CT showed 

hypodense lesion with heterogeneous contrast enhancement 
due to vessels in portions of the tumor. Laparotomy revealed 
a 7-cm tumor protruding from the inferior surface of the 
right lobe. Resected tumor showed honeycomb cut surface 
with thin fibrous septa delineating small cysts. 
Microscopically, it comprised acinar, microcystic, and tubu-
loglandular elements separated in most areas by thin fibrous 
bands. The lining epithelium consisted of a single layer of 
non-mucin-secreting flat to cuboidal to columnar cells, with 
occasional mitoses (Fig. 16.13).

16.6	 �Mucinous Cystic Neoplasm

Mucinous cystic tumor (MCN), previously referred to as bili-
ary cystadenoma, is a solitary and multilocular cystic tumor 
that arises principally within the liver but may occur in the 
extrahepatic biliary tree including the gallbladder [28–30]. It 
has striking similarities to mucinous cystic neoplasm of the 
pancreas. Both are tumors predominantly found in middle-
aged women in >90% of cases. The most common presenting 
symptoms are upper abdominal mass, discomfort, and pain.

a

b c

Fig. 16.13  Biliary adenofibroma. (a) Tumor is circumscribed with microcystic cut surface. (b) Tumor comprises tubules, acini, and microcysts in 
fibrotic stroma. (c) Lining epithelium has a single layer of cuboidal to columnar biliary-type cells, with occasional mitoses
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A slow-growing tumor, MCN frequently reaches a 
large size and has a tendency to become malignant, usu-
ally over a period of many years. Foci of epithelial atypia 
indicate “borderline” or potentially malignant change. 
Recurrence is the rule following incomplete excision. 
Complete surgical removal is mandatory and usually 
curative.

The origin of MCN remains speculative. Embryonic 
foregut rests have been suggested as sources of the neo-
plasms [31]. Considering the site of occurrence, histologi-
cal morphology, and frequent appearance of endocrine 
cells, it is likely that MCN originates from peribiliary 
glands with mucin secretion and cyst formation [32]. 
However, the female-specific mesenchymal stroma 
remains enigmatic.

Other pancreatic type tumors are occasionally found in 
the liver. Serous cystadenoma (microcystic adenoma) and 
papillary cystic tumor (solid pseudopapillary tumor) have 
been described [30, 33], and their occurrence has been attrib-
uted to pancreatic exocrine acini in peribiliary glands [34].

Case 16.7
A 48-year-old woman with a long history of intermittent 
abdominal pain had recently developed symptoms of indi-
gestion and epigastric fullness. Upper endoscopy was 
negative for ulcer disease. CT and US of the abdomen 
revealed a 19-cm cyst in the left lobe of the liver com-
pressing the hilum, gallbladder, and stomach. The resected 
specimen was a multilocular cyst. The locules were lined 
by a single layer of mucin-secreting columnar to cuboidal 
biliary type epithelium; the supporting stroma was com-
pact and cellular, resembling ovarian stroma, and was 
immunoreactive with estrogen and progesterone receptors 
and inhibin (Fig. 16.14).

16.7	 �Intraductal Papillary Neoplasm

Intraductal papillary neoplasm (IPN), previously referred 
to as biliary papillomatosis, consists of multicentric papil-
lary adenomas in the biliary tract, similar to intraductal 
papillary mucinous neoplasm of the pancreas, although 
not as commonly mucin secreting [35]. The gallbladder 
and major pancreatic ducts may also be involved. The ade-
nomatous epithelium shows varying degrees of dysplasia 
and may mimic biliary epithelium and exhibit gastric or 
intestinal metaplasia. Based on morphologic characteris-
tics and mucin expression, four subtypes of IPN are 
defined: pancreatobiliary, intestinal, gastric, and onco-
cytic. Patients usually present in middle to old age, with a 
male to female ratio of 2 to 1. The condition is character-
ized by recurrent bouts of cholangitis and obstructive jaun-
dice. Occasional cases have been associated with ulcerative 
colitis, hepatolithiasis, Caroli’s disease, choledochal cyst, 
and polyposis coli [36]. Preoperative diagnosis is difficult, 
but possible, by means of endoscopic retrograde cholangi-
opathy (ERCP) and endoscopic biopsy for extrahepatic 
cases and percutaneous transhepatic cholangioscopy 
(PTC) and fine needle aspiration cytology (FNAC) for 
intrahepatic tumors [37, 38].

Although histologically benign, its clinical behavior is 
regarded as having a borderline or low-grade malignant 
potential [39] due to its tendency to recur, multicentricity, 
susceptibility to malignant transformation, and significant 
morbidity and mortality arising from complications like 
recurrent bouts of cholangitis and obstructive jaundice, as 
well as episodes of sepsis and hemobilia. Management is 
difficult, and a cure is unlikely without liver transplanta-
tion [40]. Even then, the lesion may recur in the extrahe-
patic ducts.

a b

Fig. 16.14  Mucinous cystic neoplasm (biliary cystadenoma). (a) Multicystic locules are lined by a single layer of mucin-secreting epithelium. (b) 
Subepithelial mesenchymal stroma is ovarian-like and expressed estrogen receptor
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Case 16.8
A 70-year-old man was found to have liver lesions by US 
during investigation for epigastric pain. He has undergone 
biliary surgery 35 years ago. CT revealed markedly dilated 
intrahepatic bile ducts in atrophic left lobe. After failure of 
ERCP, left duct PTC was performed and revealed irregular 
left ducts and a long, irregular, and narrow segment in the 
proximal part, suggesting a malignant obstruction. FNAC of 
the left lobe diagnosed biliary papillomatosis, and left hemi-
hepatectomy and right hepaticojejunostomy were performed. 
The resected specimen revealed papillary tumors filling up 
the dilated left intrahepatic bile ducts. The ducts contained 
papillary growth of columnar epithelial cells overlying fibro-
vascular stalks; the epithelial layer was adenomatous with 
moderate degree of dysplasia, and apical mucin secretion 
was present (Fig. 16.15).

16.8	 �Angiomyolipoma and Lipomatous 
Tumors

A benign mesenchymal tumor, angiomyolipoma (AML) is 
rare in the liver [41–43]. It contains the same three compo-
nents as the more commonly encountered renal AML, 

namely, blood vessels, smooth muscle, and fat. This tumor 
occurs principally in adults, with a preponderance in females. 
Only about two-thirds of patients are symptomatic, most 
commonly with epigastric pain. Rupture with hemoperito-
neum rarely occurs in large subcapsular tumors. An associa-
tion with tuberous sclerosis is recognized in 5–10% of cases; 
these patients have coexisting renal AML and often have 
multiple liver tumors. Different ratios of the three compo-
nents give this tumor its characteristic radiological features.

Case 16.9
Routine US in a 67-year-old man showed high-echoic area of 
36 mm by 28 mm in S3 (Fig. 16.16). The liver function test 
was within normal limits, and HBsAg and anti-HCV were 
negative. Abdominal angiography showed tumor staining in 
early stage of the arterial phase, and it persisted in late phase 
(Fig.  16.17). Liver biopsy showed adipose cells admixed 
with epithelioid and spindle muscle cells and vascular com-
ponents; fat droplets were also seen in the spindle cells 
(Fig. 16.18).

An important breakthrough in the understanding of this 
tumor comes from the documentation of HMB-45 and other 
melanoma-specific antibodies as reliable markers of AML 
(Fig.  16.19). Furthermore, recent molecular studies have 

a

b c

Fig. 16.15  Intraductal papillary neoplasm (biliary papillomatosis). (a) 
Left hemihepatectomy specimen shows dilated bile ducts filled with 
papillary tumors. (b) Long and branching papillae are lined by colum-

nar cells and supported by delicate fibrovascular stroma. (c) The lining 
epithelium is mucin secreting and dysplastic
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shown tumor clonality and loss of heterozygosity of tumor 
suppressor complex genes, indicating a neoplastic process. 
Once regarded as a hamartomatous lesion, AML is now 
regarded as a neoplasm belonging to the family of perivascu-
lar epithelioid cell tumors (PECOMA) and capable of dual 
myomatous and lipomatous differentiation and melanogen-
esis [44]. In most instances, it is a benign tumor, but rare 
sarcomatous transformation is well documented in renal and 
liver tumors [45].

AML contains varying proportions of smooth muscle, 
fat, and blood vessels. Extramedullary hemopoiesis is also 
frequently present in hepatic tumors, unlike their renal 
counterpart. According to the line of differentiation and 
predominance of tissue components, the tumors can be 
arbitrarily categorized into conventional mixed, lipomatous 
(>70% fat), myomatous (<10% fat), and angiomatous types 
[43]. Myomatous AMLs frequently exhibit unusual growth 
patterns: trabecular, pelioid, and inflammatory (Fig. 16.20). 

Fig. 16.16  Angiomyolipoma. 
US shows high-echoic area 
mixed with a small, low-
echoic area in S3

a b

Fig. 16.17  Angiomyolipoma. (a) Angiography shows tumor stain (arrow) in early arterial phase. (b) Tumor stain is retained in late stage of 
arteriography
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The epithelioid cells may be clear (sugar cell with spider-
web appearance), oncocytic, or pleomorphic. 
Immunohistochemically, the myoid cells are consistently 
positive for HMB-45 and other melanogenesis markers; 
S-100 protein, actin, desmin, and vimentin expression is 
variable.

Unusual morphologic patterns and cellular features may 
lead to an erroneous diagnosis, especially of malignancy. 
Some of the lipomatous tumors reported under the various 
appellations of lipoma, hibernoma, myelolipoma, and even 
liposarcoma are all basically AMLs with varying proportions 
and/or unusual morphology of the different components. 
Lipomatous AML must be differentiated from focal fatty 
change, pseudolipoma, true lipoma, and liposarcoma. 
Myomatous tumors with epithelioid cells are mistaken most 
frequently for HCC (conventional, clear cell, fibrolamellar 
types), metastatic renal cell carcinoma, and epithelioid leio-
myosarcoma. In AMLs with spindle cells and pleomorphic 

features, the most common misdiagnosis is some form of 
sarcoma. The radiological appearance of angiomatous 
tumors simulates vascular malformation. The diagnosis can 
be confirmed by a simple panel of immunomarkers, and con-
servative treatment can be adopted for small tumors after 
biopsy or FNAC.

16.9	 �Inflammatory Pseudotumor

Inflammatory pseudotumor (IPT) has been described as 
plasma cell granuloma, pseudolymphoma, fibroxanthoma, 
and histiocytoma, which reflects the variability of its appear-
ance. Its occurrence in the lung is well known, and IPT is 
described in almost every other organ and body site. For liver 
lesions [46–48], there is a 3–1 male preponderance, and most 
cases occur in children, adolescents, and young adults. 
However, the age range varies from 10 months to 83 years. 
Most patients present with recurrent fever, weight loss, and 
abdominal pain; jaundice develops in a small number of 
cases. Laboratory investigations reveal neutrophil leukocyto-
sis, a raised erythrocyte sedimentation rate, polyclonal 
hyperglobulinemia, and, less commonly, anemia, thrombo-
cytopenia, and eosinophilia.

The lesion is solitary in 75% of cases and multiple in 
remaining cases; in 10% of cases, portal hepatis is involved. 
The diameter varies from 1 to 25 cm. The cellular composi-
tion of IPT varies, perhaps with the age of the lesion. Plump 
spindle cells with immunohistochemical and ultrastructural 
findings of myofibroblasts, admixed with polyclonal plasma 
cells, are consistent features. Lymphocytes, foamy macro-
phages, neutrophils, and eosinophils are variably present. 
The stroma is often very vascular and may exhibit a stori-
form pattern or show sclerosis. Giant-cell granulomas and 
endophlebitis are rarely observed.

V

a b

V

Fig. 16.18  Angiomyolipoma. (a) Adipose cells are admixed with epithelioid muscle cells and vascular components (V). (b) Besides adipose cells, 
fat droplets in spindle-shaped smooth muscle cells are visible

Fig. 16.19  Angiomyolipoma. Epithelioid cells express intense granu-
lar cytoplasmic staining of HMB-45, while hepatocytes are negative
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The etiology of IPT is unknown, although the myofibro-
blastic nature of spindle cells is well established. Very likely, 
it is a heterogeneous lesion, and various infectious or inflam-
matory causes have been proposed.

Complete recovery after surgery is the norm, except when 
major bile ducts are involved, in which case there may be 
persisting problems with obstructive jaundice, portal hyper-
tension, or malabsorption. Spontaneous resolution, with or 
without treatment (steroids, antibiotics), is seen in 10% of 
cases.

Case 16.10
A 58-year-old man showed low-echoic space-occupying 
lesions mixed with isoechoic area in S5 (Fig.  16.21). CT 
with contrast medium showed low-density area; no staining 
was visible in late phase, and ambiguous low-density area 
remained (Fig. 16.22). T1-intensified image on MRI showed 
tumor with low intensity, and T2-intensified image revealed 
high intensity in tumor (Fig.  16.23). Angiography did not 

a b

a d

Fig. 16.20  Angiomyolipoma. (a) Lipomatous type AML shows dif-
fuse sheets of adipocytes, with myoid cells webbed between fat cells. 
(b) Pure myomatous AML shows epithelioid cells arranged in trabecu-
lae separated by sinusoids. (c) Myomatous AML shows formation of 

peliotic spaces that are not endothelium-lined. (d) AML with an inflam-
matory pseudotumor-like area, dense lymphoplasmacytic infiltrate, 
stromal sclerosis, and entrapped short spindle myoid cells

Fig. 16.21  Inflammatory pseudotumor. US shows low-echoic lesion 
(arrow) in S5; the edge is sharply defined

16  Liver Tumor I: Benign Tumors and Tumor-Like Lesions



226

reveal tumor staining in arterial stage; this was detected in 
venous phase (Fig.  16.24). Surgical resection of tumor 
revealed necrotic area surrounded by fibrous bands with a 
cluster of inflammatory cells; fibrous area showed small ves-
sels, spindle fibroblasts, infiltrating macrophages, lympho-
cytes, and plasma cells (Fig. 16.25).

Lately, IgG4-related disease is found to form an important 
cause of IPT and responds to steroid therapy [49]. The lym-
phoplasmacytic type features perihilar fibroblastic mass with 
marked lymphoplasmacytic infiltration, prominent eosino-
phils, numerous IgG4-positive plasma cells, dense fibrosis of 
hilar and extrahepatic bile ducts (sclerosing cholangitis), and 
obliterative phlebitis (Fig.  16.26a). Fibrohistiocytic type is 
characterized by peripheral location, xanthogranulomatous 
inflammation, neutrophilic infiltration, and obliterated ves-
sels (Fig. 16.26b) [50].

Clinical presentation and gross appearance of hepatic IPT 
may mimic malignant tumors, and these lesions may be mis-
taken for sarcoma if attention is not paid to the lack of nuclear 
atypia exhibited by the spindle cells. More commonly, other 
neoplasms with an inflammatory cell infiltrate are misdiag-
nosed as IPT.  Examples include follicular dendritic tumor 
harboring Epstein-Barr virus [51], inflammatory myofibro-
blastic tumor or low-grade inflammatory fibrosarcoma [52], 
and inflammatory type of AML [41].

16.10	 �Gauzeoma

A retained foreign body is an uncommon, but not unknown, 
occurrence after surgical operation. Most patients are symptom-
atic, and the foreign body is detected by CT and US [53, 54].

a b

Fig. 16.22  Inflammatory pseudotumor. (a) CT with contrast medium shows sharp, low-density area. (b) CT without contrast medium shows 
ambiguous low-density area

a b

Fig. 16.23  Inflammatory pseudotumor. (a) T1-intensified image on MRI shows low-intensity area (arrow) in S5. (b) T2-intensified image on MRI 
shows high intensity in tumor (arrow)
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a b

Fig. 16.24  Inflammatory pseudotumor. (a) Tumor cannot be detected in arterial phase of angiography. (b) Tumor stain (arrow) is seen in late 
phase of arteriography

a b

Fig. 16.25  Inflammatory pseudotumor. (a) Necrotic tissue is sur-
rounded by fibrous tissue with clusters of inflammatory cells. Small 
vessels are seen in the outer fibrotic layer. (b) Infiltration of macro-

phages, lymphocytes, and plasma cells mixed with small vessels are 
observed in inflammatory area

a b

Fig. 16.26  Inflammatory pseudotumor. (a) Lymphoplasmacytic type 
features perihilar fibroblastic mass with marked lymphoplasmacytic 
infiltration, dense fibrosis of hilar bile ducts (asterisk), and obliterative 

phlebitis (arrow). (b) Fibrohistiocytic type is characterized by periph-
eral location, xanthogranulomatous inflammation, neutrophilic infiltra-
tion, and obliterated vessels (arrow)
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Case 16.11
A patient presented with right hypochondralgia 7  years 
after cholecystectomy. US showed low-echoic lesion with 
high-echoic rim (Fig. 16.27). CT without contrast medium 
showed low-density area with high-density rim, and CT 
with contrast medium revealed high-density area on the 
rim and low-density area in the center (Fig. 16.28). The 
cut surface of the tumor revealed sponge-like formation 
with hemangiomatous structure, purple string-like mate-
rial, and small vessels surrounded by fibrous bands. The 

string-like material was found to be a retained gauze 
(Fig. 16.29).

16.11	 �Fibrosing Necrotic Nodule

Fibrosing or solitary necrotic nodule of the liver is an uncom-
mon solid lesion. It comprises a central necrotic core 
enclosed by a hyalinized fibrotic capsule, which contains 
elastic fibers [55]. These are incidental findings at operation 
or autopsy.

The lesions are mainly solitary, subcapsular, small, well-
demarcated, and round to oval. It has a firm, whitish rim and 
a core of yellowish white, cheese-like to solid material.

The entity is believed to be a burnt-out phase of a type of 
benign lesions, and not a lesion having a specific etiology. A 
small number of cases are claimed to be sclerosed hemangi-
oma [56, 57], but a necrotic center would be unusual. A para-
sitic origin is documented in those nodules with shadows of 
degenerated cells, and partially preserved liver reticulin pat-
tern is noted in the necrotic center [58].

Case 16.12
A 70-year-old man presented with acute pulmonary edema 
and a long history of hypertension. Subsequently, he devel-
oped left hemiplegia and died. At necropsy, apart from acute 
myocardial infarction and acute cerebral infarct, a single 
subcapsular nodule was found on the anterior surface of the 
left lobe of the liver; the wall of the nodule consisted of dense 
hyalinized fibrous tissue with elastic fibers and partially 
obliterated vessels on the outer portion and necrotic material 
toward the center (Fig. 16.30). There was no granulomatous 
inflammation or eosinophilic infiltrate.Fig. 16.27  Gauzeoma. US shows space-occupying lesions with high-

echoic rim in S5

a b

Fig. 16.28  Gauzeoma. (a) CT without contrast medium shows low-density area with high-density rim. (b) CT with contrast medium reveals low-
density area, and rim is enhanced in scattered fashion
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16.12	 �Parasitic Granuloma

Various kinds of parasites can cause larva migrans syn-
drome (LMS) [59, 60], and Toxocara and Ascaris are the 
most popular culprits [61, 62]. LMS due to Toxocara 
canis or Toxocara cati is considered to be common in 
children of Europe and North America [63] but is reported 
to be more in number among adults of Japan [62]. After 
ingesting embryonated egg-contaminated vegetables and 
eating raw/undercooked paratenic host meat, such as 
chicken, pig, and beef, humans acquire the infection 
through intestinal mucosa. Larvae migrate to various tis-
sues and organs through blood or lymph vessels, eliciting 
immune responses with eosinophilic inflammation. 
Typical target organs are the liver and lungs, and eyes, 
brain, and spinal cord may also be affected [63, 64]. 
Patients with LMS are sometimes asymptomatic or pres-

ent with fever, abdominal pain, probably due to hepato-
splenomegaly, as well as coughing and asthma caused by 
parasitic pneumonia or bronchitis. Neural or ocular signs 
are sometimes detected. Hepatic lesions can be detected 
with various imaging techniques; US shows low echo of 
space-occupying lesions (about 1 cm in diameter) in the 
liver [65, 66]; CT reveals low-density area, of which the 
edge is enhanced by contrast medium; and MRI intensi-
fied by T1 presents iso- or low intensity and high intensity 
by T2. Histopathological examination reveals tumor 
lesion or granulomas which mainly involve portal tracts. 
There is a central necrotic area or scar surrounded by 
eosinophils, lymphocytes, histiocytes, and plasma cells 
[67, 68]. The most commonly used diagnostic methods 
are serological techniques such as the enzyme-linked 
immunosorbent assay (ELISA) or Western blot [69, 70]. 
Albendazole, mebendazole, or ivermectin is administered 

a b

Fig. 16.29  Gauzeoma. (a) Tumor is encapsulated with sponge-like interior. (b) Outer surface of tumor comprises fibrous bands mixed with purple 
strings and small vessels. The inner part is mixed with small vessels, extravasated blood cells, and fibrous strands with purple strings

a b

Fig. 16.30  Fibrosing necrotic nodule. (a) Postmortem liver shows 
well-circumscribed, subcapsular nodule with amorphous, yellowish 
center. (b) Elastic van Gieson stain shows densely fibrotic wall of nod-

ule with elastic fibers, partially obliterated vessels on the outer aspect, 
and necrotic material toward the center
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for treatment of ascariasis and toxocariasis, and pipera-
zine can be used for intestinal obstruction due to their 
infection [71].

Case 16.13
A 34-year-old female was referred for investigation of anti-
HCV-positive serum, and her laboratory test showed TBIL 
0.4 mg/dL, AST 22 IU/L, ALP 180 IU/L, WBC 11,500/μL, 
eosinophilic leukocyte 28%, IgE 8200 IU/mL, and CA19-9 
44 U/mL. Abdominal US showed multiple low-echoic areas 
(about 1 cm) near the liver surface (Fig. 16.31). CTA showed 
high density in tumor-like lesions detected by US, and CTAP 
showed low-density area. Surgical liver specimen revealed 

multiple white lesions transparently seen from the surface. 
Microscopic examination showed nodular formation with 
central scar surrounded by proliferative bile ducts and infil-
tration of inflammatory cells and granulomatous formation 
in portal tracts with many inflammatory cells and prolifera-
tive bile ducts (Fig. 16.32). There were infiltration of eosino-
philic and neutrophilic leukocytes along with lymphocytes 
and histiocytes and proliferative bile ducts accompanied by 
small arterial vessels. ELISA assay confirmed positive reac-
tion for Ascaris suis.

Acknowledgment  Prof. Alex Y. Chang was a coauthor of the first edi-
tion of this chapter.

a b

c d

Fig. 16.31  Parasitic granuloma. (a and b) Many low-echoic areas (about 1 cm in diameter) are seen near liver surface. (c) CTA shows high density 
area in tumors. (d) CTAP shows low-density area in tumors
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Abbreviations

AFP	 α-Fetoprotein
ARID1	 AT-rich interactive domain-containing 

protein 1A
BCLC	 Barcelona clinic liver cancer

CCC	 Cholangiocellular carcinoma
CEUS	 Contract-enhanced US
CK	 Cytokeratin
CoCC	 Cholangiolocellular carcinoma
CT	 Computed tomography
CTA	 CT arteriography
CTAP	 CT arterial portography
EZH2	 Zeste homolog 2
Gd-EOB-DTPA	 Gadolinium-ethoxybenzyl-diethylenetri-

amine pentaacetic acid
Gd-EOB-MRI	 Gd-EOB-DTPA-enhanced MRI
HAIC	 Hepatic arterial infusion chemotherapy
HBV	 Hepatitis B virus
HCC	 Hepatocellular carcinoma
HCV	 Hepatitis C virus
MRI	 Magnetic resonance imaging
NEC	 Neuroendocrine cancer
NEN	 Neuroendocrine neoplasm
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NET	 Neuroendocrine tumor
OATP	 Organic anion transporting polypeptide
PEI	 Percutaneous ethanol injection
PIVKA-II	 Prothrombin induced by vitamin K 

absence-II
PS	 Performance status
PTC	 Percutaneous transhepatic cholangiography
RFA	 Radiofrequency ablation
SOL	 Space-occupying lesion
TACE	 Transarterial chemoembolization
TET1	 Ten-eleven translocation methylcytosine 

dioxygenase 1
US	 Ultrasonography

17.1	 �Definition and Classification

Primary liver tumors originate from hepatocytes, cholangio-
cytes, and mesenchymal cells (Table  17.1). Among liver 
tumors, hepatocellular carcinoma (HCC) is the most com-
mon; the majority of HCC develops as a result of chronic 
liver diseases that cause severe hepatocyte damage and 
regeneration. Chronic inflammation results in the formation 
of regenerative nodules as well as in the development of 
HCC through induction of many genetic/epigenetic altera-
tions. Practitioners should attempt to differentiate HCC from 
benign and other malignant tumors and to treat it accord-
ingly. Antiviral treatment for chronic hepatitis B (HBV) or C 
viruses (HCV) could reduce the risk of HCC emergence 
related to hepatitis virus [1, 2].

Cholangiocellular carcinoma (CCC) originates from intrahe-
patic or extrahepatic bile ducts and is the next most commonly 
encountered type of tumor after HCC. Recent whole-genome, 
epigenome, and transcriptome analysis revealed that there could 
be a molecular subtype in CCC that might reflect a difference of 
etiology. Cystadenocarcinoma is the malignant counterpart of 
bile duct cystadenoma. Hepatoblastoma is usually detected in 
children <2 years old, but a few cases in adolescents or young 
adults had been reported. Sarcomatous tumors are infrequently 
seen in the liver but angiosarcoma carries a grave prognosis.

17.2	 �Hepatocellular Carcinoma

HCC is a tumor with marked geographical variability in inci-
dence, but both racial and genetic effects are of little impor-
tance in HCC. The relationship between HCC and chemicals, 
hormones, alcohol, nutrition, and the presence or absence of 
cirrhosis is complicated. Nevertheless, hepatitis B and C 
virus infection and aflatoxin exposure are significantly asso-
ciated with the development of HCC [3, 4]. Therefore, it is 
important to follow patients chronically infected by HBV 
and HCV and exposed to aflatoxin by examining liver func-
tion tests, tumor markers, and image analysis. It is known 
that successful antiviral therapy could reduce the risk of 
HCC among patients with HBV and HCV infection [1, 2]. 
On the other hand, based on recent comprehensive genome 
and transcriptome analyses, a molecular classification of 
HCC that could relate to biological behavior of HCC has 
been proposed (Table 17.2).

Table 17.1  Malignant tumor of the liver

Epithelial tumors Hepatocellular •  Hepatocellular carcinoma
•  Hepatocellular carcinoma, fibrolamellar variants
•  Hepatoblastoma, epithelial variants

Biliary •  Intrahepatic cholangiocarcinoma (cholangiocellular carcinoma)
•  Intraductal papillary neoplasm with an associated invasive carcinoma
• � Mucinous cystic neoplasm with an associated invasive carcinoma  

(mucinous cystadenocarcinoma)
Mixed or uncertain origin •  Calcifying nested epithelial stromal tumor

•  Carcinosarcoma
•  Combined hepatocellular and cholangiocarcinoma
•  Hepatoblastoma, mixed epithelial-mesenchymal
•  Malignant rhabdoid tumor

Mesenchymal tumor Vascular tumors •  Epithelioid hemangioendothelioma
•  Angiosarcoma

Hematological tumor •  Malignant lymphoma
Miscellaneous tumors •  Leiomyosarcoma

•  Rhabdomyosarcoma
•  Embryonal sarcoma (undifferentiated sarcoma)
•  Malignant fibrous histiocytoma
•  Malignant schwannoma
•  Hepatic liposarcoma
•  Kaposi sarcoma
•  Synovial sarcoma

Adapted from WHO classification of tumors of the liver and intrahepatic bile ducts (2010)
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17.2.1	 �Etiology

Chronic HBV and HCV infections are the most frequent eti-
ology of HCC. Other risk factors of HCC include alcoholic 
liver disease, nonalcoholic steatohepatitis, aflatoxin-B1 
intake, diabetes, obesity, hereditary conditions, such as 
hemochromatosis, and metabolic disorders. Etiologies and 
risk factors of HCC vary by geographic locations.

17.2.2	 �Early HCC and Progressed HCC

It is well described that small HCC with less than 2 cm in 
diameter could be divided into two categories [5]: early and 
progressed HCCs. Early HCC is a small well-differentiated 
tumor with vaguely nodular appearance. On the other hand, 
progressed HCC is a mostly moderately differentiated tumor 
with distinct nodular appearance and microvascular invasion.

The histologic characteristics of early HCC include increased 
cell density more than two times of the surrounding liver, intra-
tumoral portal tracts, pseudoglandular pattern, diffuse fatty 
change, and varying number of unpaired arteries. However, it is 
sometimes difficult to distinguish early HCC from high-grade 
dysplastic nodule, a premalignant lesion of HCC. The recogni-
tion of stromal invasion is the most important feature in differ-
entiating early HCC from dysplastic nodule [5].

17.2.3	 �Diagnosis

The diagnosis of HCC is generally made by the increase of 
HCC-specific tumor markers, α-fetoprotein (AFP), AFP-L3, 
and prothrombin induced by vitamin K absence-II 
(PIVKA-II), and unique findings of diagnostic imaging [6–
8]. Combination of measurement of serum AFP with 
PIVKA-II could increase the diagnostic accuracy of HCC.

During the development of HCC, several pathological 
changes are observed, such as increase of cellular density, 
decrease of portal vein flow, increase of arterial flow, and 
decrease of Kupffer cell. These pathological changes lead to 
the appearance of unique findings in imaging of HCC. Fibrous 
capsule and necrotic tissue are also detected in advanced 
tumor.

The findings of ultrasonography (US) image of HCC 
are as follows: mosaic pattern that reflects tumor het-
erogeneity, halo and lateral shadow that are associated 
with the presence of capsule, and nodule-in-nodule pat-
tern that is attributed to multistep carcinogenesis of HCC 
[9, 10]. Portal vein and hepatic vein thromboses are also 
characteristic findings of HCC. Contract-enhanced US 
(CEUS) using perflubutane shows tumor stain at the early 
phase and defect in the Kupffer phase, because of the 
increase of arterial blood flow and decrease of Kupffer 
cell. Reperfusion defect in CEUS is one of the character-
istic findings of HCC [11]. Dynamic computed tomogra-
phy (CT) using multi-detector row CT is also used for the 
diagnosis of HCC; early vascular staining and washout 
of contrast agents at delayed phase are observed [12]. In 
advanced HCC, magnetic resonance imaging (MRI) is 
used to show low-intensity area and high-intensity area on 
T1-weighted image and T2-weighted image, respectively 
[13]. Gadolinium-ethoxybenzyl-diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA) is the most commonly 
used contrast medium for MRI diagnosis of HCC [14]. 
Gd-EOB-DTPA is incorporated into hepatocyte through 
the organic anion transporting polypeptide (OATP) 
transporter. Therefore, hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI (Gd-EOB-MRI) shows defect in 
HCC because of the lack of OATP1B3 expression in the 
majority of HCC cells [15]. It is also known that a small 
subset of HCCs overexpressed OATP1B3 and showed 
increased uptake of Gd-EOB into tumor cells on hepato-

Table 17.2  Classification of hepatocellular carcinoma based on transcriptome, genome, epigenome, and chromosomal alterations

Molecular feature G1 G2 G3 G4 G5 G6
Alteration of cellular 
signaling based on the 
transcriptome analysis

Mitotic cell cycle Wnt activation
AKT activation
Developmental and imprinting 
genes, IGF2

Cell cycle, 
nucleus pore

Stress and 
immune 
response

Amino acid 
metabolism, 
E-cadherin↓

Clinical feature Woman. Africa, young, high AFP Hemochromatosis
HBV-low copy number HBV-high copy 

number
Satellite 
nodule

Methylation CDKN2A CHD1
Mutation AXIN1 TP53, AXIN1, 

PI3CA
TP53 HIF1A CTNNB1

Chromosomal status Unstable Stable
Chromosomal alteration 4q, 16p, 16q 4q, 13q, 16p, 17p 4q, 5q, 16p, 

17p, 21q, 22q

Six HCC subgroups were determined through the unsupervised transcriptomic analysis by Boyault et al.; correspondence of the subgroups with 
their clinical characteristics as well as genetic, epigenetic, and chromosomal alterations were shown. (Boyault S et al. Transcriptome classification 
of HCC is related to gene alterations and to new therapeutic targets. Hepatology. 2007 Jan;45(1):42–52)
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biliary phase image (Figs. 17.1 and 17.2). Angiography 
of HCC reveals hypervascular tumor.

Case 17.1 (HCC Nodule with Uptake of Gd-EOB-DTPA)
A 62-year-old male patient, who suffered from liver cirrhosis 
and hepatitis C virus infection, was referred to our hospital 
for further examination of the liver tumor. MRI examination 
revealed a 3 cm tumor in S4 with nodule-in-nodule pattern 
(Fig.  17.1). The region expressing OATP1B3  in the tumor 
corresponded to the portion with Gd-EOB-DTPA uptake in 
the hepatobiliary phase image (Figs. 17.1 and 17.2).

17.2.4	 �BCLC Staging System and Treatment 
of HCC

Barcelona Clinic Liver Cancer (BCLC) staging system is 
commonly applied for staging of HCC, which consists of 
five stages as follows [16]:

•	 Very early stage (0): tumor is less than 2 cm, performance 
status (PS) of the patient = 0, and Child-Pugh A.

•	 Early stage (A): a single tumor less than 5 cm or up to 3 
tumors all less than 3 cm. PS 0 and Child-Pugh A or B.

a b

c

Fig. 17.1  Uptake of Gd-EOB-DTPA in the hepatobiliary phase of 
MRI in the tumor. The MRI image in the hepatobiliary phase of 
Gd-EOB-DTPA contract-enhanced MRI revealed high-intensity por-
tion in the nodule (a). Macroscopic findings showed nodule-in-nodule 
pattern; the whitish nodule in green hepatoma with bile production abil-

ity (b). The loupe image of the tumor with OATP1B3 immunostaining 
(c). The region expressing OATP1B3 in the tumor corresponded to the 
green portion in the loupe image and the high-intensity portion with 
Gd-EOB-DTPA uptake in the hepatobiliary phase MRI image

N. Nishida et al.
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a

c d

e f

b

Fig. 17.2  Macroscopic images of surrounding noncancerous liver (a, 
b), the peripheral portion of HCC with Gd-EOB-DTPA uptake (c, d), 
and the central nodule without Gd-EOB-DTPA uptake (e, f). The 
images with HE staining (a, c, e) and immunohistochemical staining 
for OATP1B3 (b, d, f) are shown. Well- to moderately differentiated 
HCC in the peripheral portion of the tumor showed positive for mem-

branous immunostaining of OATP1B3 on the cancer cells (c, d). Central 
tumor represents moderately differentiated HCC without expression of 
OATP8 (e, f). The surrounding noncancerous liver cells also showed 
expression of OATP1B8 (b), although the staining is weaker than that 
in the HCC cells in the peripheral region of the tumor (d)
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•	 Intermediate stage (B): multinodular tumors in the liver, 
PS 0, and Child-Pugh A or B.

•	 Advanced stage (C): HCC with vascular invasion and 
metastasis to lymph nodes or other body organs. PS 1 or 
2. Child-Pugh A or B.

•	 Terminal stage (D): PS 3 or 4 or Child-Pugh C.

Based on this classification, patients with very-early- to 
early-stage HCC should be treated curatively, such as with 
resection, radiofrequency ablation (RFA), and liver trans-
plantation. Transarterial chemoembolization (TACE) is rec-
ommended for intermediate-stage HCC cases. However, 
based on the recent advancement of molecular targeted ther-
apies, intermediate stage of HCC could also be a target of 
molecular therapy if patients are refractory to TACE. 
Advanced-stage HCC is a candidate for molecular therapy, 
such as sorafenib, regorafenib, and lenvatinib [17–19]. HCC 
patients in terminal stage generally receive supportive care.

Case 17.2 (Early HCC)
An early HCC case in a patient with HCV-positive liver cir-
rhosis is presented herein. The patient underwent resection of 
a tumor emerging in the peripheral region of S6. B-mode US 
image represented a 1.5 cm highly echoic nodule (Fig. 17.3). 
Angio-CT showed a small low-density tumor before injecting 
contrast medium without significant enhancement in early 
and delayed phases, suggestive of a hypovascular tumor with 
fatty component (Fig. 17.4). The high-intensity tumor in in-
phase T1-weighted image was depicted as low-intensity in 
out-of-phase image, indicating steatosis of the tumor. The 

tumor was hypovascular in the early-phase image of contract-
enhanced MRI (Fig.  17.5). Macroscopically, tumor margin 
was unclear without fibrous capsule, and there were no find-
ings of expansive growth. Diffuse fatty change and various 
numbers of portal tracts were observed within the tumor. 
Microscopically, increase of cell density, nuclear atypia, and 
stromal invasion are also observed (Fig. 17.6).

Case 17.3 (Progressed HCC)
A 44-year-old HBsAg-positive male, who underwent sero-
logical examinations a few times each year, was found to 
have an elevated alpha-fetoprotein (AFP) level of 56 ng/mL. 
Ultrasonography (US), computed tomography (CT), and 
angiography showed HCC with 1.5  cm in diameter in S8 
(Fig. 17.7).

Case 17.4 (Hepatocellular Carcinoma)
A 64-year-old male with positive HCV RNA serum was 
referred for interferon therapy. His liver chemistry showed 
T-BIL 0.5 mg/dL, AST 49 IU/L, ALT 40 IU/L, ALP 301 IU/L, 
GGT 207 IU/L, hyarulonic acid 182 ng/mL, HCV genotype 
1b, AFP 6.5 ng/mL, PIVKA-II 443 mAU/mL, PT 86%, PLT 
17 × 104/μL, and ICGR15 12%. Abdominal US showed two 
neighboring space-occupying lesions in the S5 area. CEUS 
revealed large hypervascular and small hypovascular tumors 
in arterial phase. Defect of contrast medium was observed in 
both tumors in Kupffer phase (Fig. 17.8). CECT also showed 
large hypervascular and small hypovascular tumors in the 
early phase and defect on both tumors in the late phase; CT 
with angiography showed a hypervascular pattern in the larger 

Fig. 17.3  US image of early HCC. The small high-echoic nodule (15 mm) is observed in the peripheral region of the right lobe
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tumor and a hypovascular pattern with partially enhanced area 
in the small tumors in the arterial phase; both tumors showed 
defect in the venous phase (Fig. 17.9). MRI showed low-inten-
sity and high-intensity tumor in T1-weighted image and high 
intensity in both tumors in T2-weighted image; Gd-EOB-
DTPA-enhanced MRI revealed enhancement in the former 
and defect in the latter in the vascular phase (Fig. 17.10). The 
resected large tumor was necrotic in the center. Both tumors 

were surrounded by capsules. Neoplastic cells formed trabec-
ular and partially glandular structures with canalicular and 
intracytoplasmic bile (Fig. 17.11). In the small tumor, necrosis 
with viable neoplastic cells was observed within the surround-
ing fibrosis (Fig. 17.12).

The treatment for HCC is either surgical or nonsurgical. 
Surgical interventions include resection or transplantation. 
Nonsurgical procedures include TACE or hepatic arterial 

a b

c

Fig. 17.4  Angio-CT for early HCC. The small low-density nodule is observed in S6 in plain CT image (a). CT arteriography (CTA) revealed the 
hypovascular tumor (b). CT arterial portography (CTAP) showed decrease of portal flow in the tumor (c)
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infusion chemotherapy (HAIC), RFA [14], percutaneous 
ethanol injection (PEI) [20], or systemic therapy [21]. 
Figure  17.13 shows the HCC case treated with TACE. 
Resected tumor shows necrosis after embolization, and the 
internodular nonneoplastic liver parenchyma is hemorrhagic 
(Fig. 17.14).

The use of an anticancer drug doxorubicin or cisplatin 
with Lipiodol in HAIC resulted in specific retention in the 
tumor and induced complete necrosis surrounded by fibrous 
capsule (Fig.  17.15). Figure  17.16 shows the HCC case 
treated with PEI. US reveals the HCC with a halo; the lesion 
turned hyperechoic after PEI; and the resected tumor is 
encapsulated by a fibrous tissue with complete necrosis and 
hemorrhage (Fig. 17.16). Figure 17.17 shows the histology 
of HCC tissue after RFA with massive necrosis surrounded 
by fibrosis. After TACE, TAI, PEI, and RFA therapy, viable 
cells often remain inside or outside the fibrous capsule 
(Fig. 17.18). Sarcomatous change is sometimes observed in 
HCC after TACE or TAI treatment (Fig. 17.19).

Prognosis of HCC is dependent on its size, infiltrative 
growth, and metastatic spread, as well as the functional 
capacity of the non-tumorous part of the liver [14]. HCC 
may be complicated by arterioportal fistula formation, 
esophageal varices, and pulmonary hypertension with liver 
cirrhosis. In most cases, circulatory or renal failure occurs 
after retention of massive ascites, portal thrombosis of the 
tumor, and tumor rupture.

17.3	 �Intrahepatic Cholangiocarcinoma 
(Cholangiocellular Carcinoma)

Carcinoma of the biliary epithelium can arise anywhere in 
the intrahepatic or extrahepatic bile ducts. Tumors originat-
ing from the bile ducts are classified into three types 
according to the site. Depending on whether they arise in 
the liver, near the hilum, or from the extrahepatic ducts, 
they are called intrahepatic or peripheral cholangiocarci-

a

d e f

b c

Fig. 17.5  MRI images of early HCC. In-phase T1-weighted image (a), 
out-of-phase T1-weighted image (b), T2-weighted image (c), arterial-
phase image of Gd-EOB-DTPA contract-enhanced MRI (d), portal 
phase image of Gd-EOB-DTPA contract-enhanced MRI (e), and hepa-
tobiliary phase image of Gd-EOB-DTPA contract-enhanced MRI for 

the tumor in S6. The high-intensity tumor in the in-phase T1-weighted 
image was depicted as low-intensity in out-of-phase image, suggesting 
the fatty change of the tumor. The tumor was revealed hypovascular in 
the contract-enhanced MRI images
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noma, perihilar cholangiocarcinoma (including Klatskin 
tumor), and distal cholangiocarcinoma, respectively [22]. 
In addition, a subtype of CCC, morphologically similar to 
cholangioles, is known as cholangiolocellular carcinoma 
(CoCC), which is thought to arise in the canal of Hering 
(Fig. 17.20) [23]. It is reported that hepatic stem cells reside 
in the canal of Hering [24]. In addition, CoCC sometimes 
contains minor HCC components within the tumor, sugges-
tive of hepatic stem cell origin. On the other hand, primary 

liver carcinomas with both hepatocytic and cholangiocytic 
differentiation have been referred to as “combined (or 
mixed) hepatocellular-cholangiocarcinoma” [25].

17.3.1	 �Etiology

Chronic inflammation of the bile duct could cause cholan-
giocarcinoma (CCC). The common predisposing factors are 

a

c

b

Fig. 17.6  Macroscopic and microscopic images of early HCC. 
Macroscopic view (a). Tumor with unclear margin and no fibrous cap-
sule is observed (white arrow); tumor does not show an expansive 
growth pattern. Microscopic views (b, c). Diffuse fatty change and vari-
ous numbers of portal tracts are observed within tumor. There is no 

fibrous capsule; tumor is distinguishable because of the steatosis (b: 
magnification, 40×). Increase of cell density and nuclear atypia are 
observed at magnification of 200× (c). Stromal invasion is observed 
(arrow)
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infestation with flukes [26], hepatolithiasis [27], primary 
sclerosing cholangitis, and congenital cystic diseases of the 
bile ducts [28]. Organic solvent, such as dichloromethane 
and 1,2-dichloropropane, and radioactive radiological con-
trast medium (Thorotrast) also induce CCC [29].

Interestingly, CCC is also divided into four subgroups 
based on the gene mutation and expression signature [30]. 
CCC caused by flukes infection is characterized by the 
hypermethylation on the promoter CpG, decrease of ten-
eleven translocation methylcytosine dioxygenase 1 (TET1) 
expression, increase of histone methyltransferase enhancer 
of zeste homolog 2 (EZH2)  expression, and frequent 
somatic mutation of AT-rich interactive domain-containing 
protein 1A (ARID1) gene, suggesting that epigenetic 
mechanism should be involved in carcinogenesis for this 
type of CCC. It is also reported the difference of mutation 
profile that should drive carcinogenesis among CCCs orig-

inated from different sites of bile tree [31]. These evi-
dences suggested that difference of genetic and epigenetic 
alterations of CCC should be, at least partially, affected by 
its etiology. On the other hand, morphologically, the 
tumors are classified into mass-forming, periductal-infil-
trating, and intraductal-growth types [32].

17.3.2	 �Diagnosis

Mass-forming CCC is a circumscribed tumor with lobular 
configuration and no capsule, while the periductal-infiltrating 
CCC is highly invasive and sometimes undetectable by US. 
Intraductal-growth CCC causes intraductal mass, obstruc-
tion, and dilatation of the bile duct. CEUS images of CCC 
generally show slightly hypervascular pattern. Ring enhance-
ment of the tumor margin at early phase and delayed 

a

c d

b

Fig. 17.7  Progressed hepatocellular carcinoma. US shows hyper-
echoic lesion of diameter 1.5 cm in S8 (a). CT with contrast medium 
shows the presence of a low-density area in the late phase (b). Common 

hepatic arteriography shows tumor staining (arrow) in S8 (c). The 
resected tumor tissue shows moderately differentiated type of hepato-
cellular carcinoma (d)
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enhancement can be detected in CCC cases, but these find-
ings are also observed in metastatic tumors of the liver. MRI 
regularly shows low-intensity tumor on T1-weighted and 
high-intensity tumor on T2-weighted image [22].

17.3.3	 �Treatment

Surgical resection of tumor is the first line of the treatment; 
systemic chemotherapy using gemcitabine with/without cis-
platin is generally the recommended treatment for unresect-
able cases. Radiation and chemotherapy are used for 
palliative treatment [33].

Case 17.5 (Cholangiocarcinoma, Mass-Forming Type)
A 66-year-old male presented with complaint of jaundice. 
US showed a large isoechoic tumor in S4 (Fig. 17.21). CT 
showed a tumor in S4 with delayed enhancement (Fig. 17.22). 
Percutaneous transhepatic cholangiogram showed dilatation 
of the right hepatic bile duct. US-guided tumor biopsy 
revealed glandular neoplastic structures with fibrosis 
(Fig. 17.23).

Case 17.6 (Cholangiocellular Carcinoma with Infection 
of Clonorchis sinensis)
A 72-year-old female presented with anorexia, general 
malaise, and jaundice. Her laboratory data showed T-BIL 

a b

c

Fig. 17.8  Ultrasonographic findings with or without contrast medium 
in hepatocellular carcinoma. The isoechoic space-occupying lesion 
(SOL) (short arrow) with halo and a high-echoic SOL (long arrow) are 
mosaic in echo pattern (a). US image with contrast medium shows high 

echogenicity in the large SOL and low echogenicity in the small SOL in 
the vascular phase (b). A low-echoic pattern is seen in both SOLs in the 
Kupffer phase (c) (Courtesy of Dr. T. Mori)
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6.91  mg/dL, GOT 208  IU/L, GPT 315  IU/L, ALP 
3952  IU/L, GGT 1194  IU/L, CRP 4.7  mg/dL, WBC 
6400/mm3, eosinophils 9.6%, and CA19-9 
9788 IU/L. Endoscopic nasal bile drainage and percuta-
neous transhepatic cholangiodrainage were performed 
when bilirubin reached 23.36 mg/dL. The bile juice con-
tained Clonorchis sinensis eggs. Endoscopic retrograde 
cholangiopancreatography showed obstruction at the 
junction of the left and right biliary ducts and peripheral 
ductal dilatation. CECT revealed low-density area in the 
portal trunk, swelling of the para-aortic lymph nodes, and 

small multiple low-density areas in the liver. The patient 
died of liver failure. Autopsy showed dysplastic glands in 
the portal tract with fibrosis and infiltration of neutro-
philic leukocytes. Cholangiocarcinoma is commonly 
associated with fibrosis (Fig. 17.24).

Case 17.7 (Cholangiocarcinoma with a Component  
of Cholangiolocellular Carcinoma)
A 75-year-old female presented with liver cirrhosis type C 
and a liver nodule. Laboratory tests revealed HBsAg neg-
ative, positive for HCV Ab, AST = 58 IU/L, ALT = 33 IU/L, 

a

c d

b

Fig. 17.9  CT with or without angiography in hepatocellular carci-
noma. CECT shows high density in a large tumor and low density in a 
small tumor in the early phase (a), and iso- or low density is seen in 
both tumors in the late phase (b). Angio-CT revealed hypervascular in 

the former and in a partial area of the latter in the arterial phase (c). 
Angio-CT shows low density in both tumors in the venous phase (d) 
(Courtesy of Dr. T. Mori)
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ALP = 223 IU/L, AFP = 9.9 ng/mL, PIVKA-II = 25 mAU/
mL, CEA = 3.7 ng/mL, and CA19-9 = 45.1 U/mL.

The B-mode image of US showed a low-echoic nodule 
in S4/8 (Fig. 17.25). The nodule showed slightly low den-
sity on plain CT, enhancement in the arterial phase, and 
partial defect in the central area (Fig.  17.26). The tumor 

revealed as defect in the hepatobiliary phase of the 
Gd-EOB-DTPA-enhanced image (Fig. 17.27). The tumor 
showed irregular margin and no capsule. Microscopic 
examination revealed the tumor consisted of CCC, CoCC, 
and poorly differentiated CCC components (Figs.  17.28 
and 17.29).

a

c d

b

Fig. 17.10  Magnetic resonance image with Gd-EOB-DTPA in hepato-
cellular carcinoma. MRI with T1 intensification shows low density in a 
large tumor and high intensity in a small tumor (a). MRI with T2 inten-
sification shows high intensity in the former and mixed intensity in the 

latter (b). Gd-EOB-DTPA-enhanced MRI image shows high intensity 
in a large tumor and iso-intensity in a small tumor in arterial phase (c); 
MRI with EOB shows low intensity in both tumors in hepatobiliary 
phase (d) (Courtesy of Dr. T. Mori)
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a

c

b

Fig. 17.11  Macro- or microscopic findings of hepatocellular carci-
noma. Macroscopic findings of resected liver show a nodular tumor 
with a daughter nodule, and a necrotic area is seen in a main tumor (a). 

The main tumor shows trabecular type of hepatocellular carcinoma and 
a pseudoglandular structure is seen (b). Bile thrombus or cholestasis is 
seen in bile canaliculi and neoplastic cells (c) (Courtesy of Dr. T. Mori)

a b

Fig. 17.12  Histological findings of hepatocellular carcinoma. A small tumor shows central necrosis with the presence of isolated tumor cells 
(arrow) in surrounding fibrosis (a). Neoplastic cells form trabecular and pseudoglandular structures (b) (Courtesy of Dr. T. Mori)

N. Nishida et al.



249

a b

Fig. 17.13  Transarterial chemoembolization. The right hepatic angiography shows a hypervascular area (arrow) in S8 (anterosuperior subseg-
ment of the right lobe) (a). Arteriography after TAE shows disappearance of arterial blood flow (b)

d

a b

Fig. 17.14  Macro- and microscopic findings of the liver with 
hepatocellular carcinoma after transarterial embolization. Cut surface 
of the resected liver. The necrotic nodule (arrow) is surrounded by 

nonneoplastic regenerative nodules (a). Histology reveals an encapsu-
lated tumor resulting in total necrosis. There is focal hemorrhage in the 
fibrous septa around the tumor (b)
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a b

Fig. 17.15  Hepatic arterial infusion chemotherapy. Lipiodol is stained in the tumor area after infusion (a). The microscopic appearance confirms 
the complete necrosis of the tumor cells after hepatic arterial infusion chemotherapy (b)

a b

Fig. 17.16  Percutaneous ethanol injection. Ultrasonography shows an 
isoechoic space-occupying lesion (SOL) with halo (a). Ultrasonography 
shows hyperechoic SOL after PEI (b). The tumor (upper right) is totally 

necrotic. Nonneoplastic viable hepatocytes (lower left) are separated by 
fibrous connective tissue (c). The figures of this case are courtesy of Dr. 
Maki Iwai, Kyoto Prefectural University of Medicine
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T  

NT  

Fig. 17.17  Radiofrequency ablation. Massive necrosis of the encapsu-
lated tumor (T) due to radiofrequency ablation NT, non-tumor Fig. 17.18  Viable HCC cells after TACE. A small focus of viable neo-

plastic cells is remained in the fibrous capsule after TACE

c

Fig. 17.16  (continued)
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a

c d

b

Fig. 17.19  Sarcomatous change in hepatocellular carcinoma. 
Multinucleated neoplastic cells are distributed with fibrous stroma cells 
(a). Expression of vimentin in neoplastic cells by immunohistochemis-

try (b). Cytokeratin (CK) 19 is stained in neoplastic cells (c). CK20 
immunoreactivity is not detected in neoplastic cells (d)
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Glisson's
capsule
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carcinoma 
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distal bile ducts cancer

Fig. 17.20  Biliary tree and origin of cancer cell. Depending on 
whether they arise in the liver, near the hilum, or from the extrahepatic 
ducts, they are called carcinoma of the intrahepatic or peripheral bile 
duct, hilar cholangiocarcinoma (Klatskin tumor), or distal bile duct 
cancer, respectively. A subtype of CCC, morphologically similar to 

cholangioles, is known as cholangiolocellular carcinoma (CoCC), 
which is thought to be derived from Hering’s canal. It is reported that 
Hering’s canal might be composed of hepatic stem cells; CoCC some-
times contains HCC or CCC components within the tumor, suggesting 
that it could originate from hepatic stem cells
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Fig. 17.21  Cholangiocellular 
carcinoma; US images. US 
shows an isoechoic tumor 
(arrow) in S4 and peripheral 
bile ducts (arrow head) are 
dilated around the tumor. The 
figures of this case are 
courtesy of Dr. Maki Iwai, 
Kyoto Prefectural University 
of Medicine

a b

Fig. 17.22  Cholangiocellular carcinoma; CT images. CT shows a low-density area in S4 (a). A low-density area is partly enhanced by contrast 
medium (delayed enhancement); there is dilatation of the left intrahepatic bile duct and tumor invasion into the inferior vena cava (b)
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a b

Fig. 17.23  Cholangiocellular carcinoma. Percutaneous transhepatic 
cholangiography (PTC) shows dilatation of the right and left intrahe-
patic bile ducts, and interruption of contrast medium is seen between 

the common and intrahepatic bile ducts (a). Needle biopsy of the tumor 
revealing neoplastic glands with focal loss of nuclear polarity and 
fibrous stroma (b)

a b

Fig. 17.24  Cholangiocellular carcinoma in the liver with infestation of 
Clonorchis sinensis. A neoplastic duct (upper left) is seen in the fibrous 
portal area with polymorphonuclear leukocyte infiltration, simulating a 

nonneoplastic interlobular bile duct (a). Poorly formed glands and 
cord-like structures are seen in the fibrous stroma (b)

Fig. 17.25  Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; US images. The US showed a low-echoic 
nodule with heterogeneous isoechoic lesion inside

17.4	 �Mucinous Cystadenocarcinoma

Mucinous cystadenoma is regarded as a precursor or 
benign counterpart of mucinous cystadenocarcinoma [32]; 
the large majority occurs in middle-aged women and 
causes no symptoms or signs until the tumors are large. 
Metastasis is rare, and the tumor is considered as low-
grade malignancy or carcinoma in situ when the neoplastic 
epithelium is contained within the cystic lesion. The oper-
ative results are good [34].

Case 17.8 (Mucinous Cystadenocarcinoma)
A 66-year-old male presented with an epigastric tumor, a 
high-echoic and papillary tumor with arterial flow 
(Fig.  17.30). CECT in the arterial phase revealed a low-
density area with rim enhancement. In the delayed-phase 
image, the tumor is heterogeneous in density with prominent 
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rim enhancement pattern (Fig.  17.31). The T1-intensified 
image of MRI showed a mixture intensity in the tumor, and 
T2 image showed high intensity (Fig. 17.32). Angiography 
showed neovascularization and compression of the left 
hepatic artery. The resected tumor showed cystic structures 
surrounded by fibrous tissue and a cystic cavity lined by 
monolayer columnar epithelium. Much of the epithelium 
was desquamated. The remaining epithelium was basophilic 
and irregular in size, with displaced nuclei in the periphery. 
CA19-9 and carcinoembryonic antigen immunoreaction 
were seen in the cytoplasm, which contained mucinous 
material (Fig. 17.33).

Diagnosis of cystadenocarcinoma is made by both image 
analysis [35] and histological findings [32]. Resection leads 
to a high 5-year survival rate and good prognosis [36].

17.5	 �Hepatoblastoma

Hepatoblastoma is the most common liver tumor in childhood 
and is associated with congenital anomalies. The vast majority 
of cases are seen in children <5 years old, of which two-thirds 
are <2 years old. Boys are affected twice as frequently as girls. 
However, a few cases have been reported in middle-aged or 

a b

c d

Fig. 17.26  Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; CT images of the tumor. Plain CT image 
(a), arterial-phase image (b), portal-venous-phase image (c), and 
equilibrium-phase image (d) are shown. The nodule showed slightly 

low density in the pre-contrast, high density in the arterial, and partially 
low density in the central, accompanied with delayed enhancement in 
the peripheral region, in the portal-venous and equilibrium-phase image
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Fig. 17.27  Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; abdominal MRI images. The tumor revealed 
low intensity in the T1-weighted image (a) and high intensity in the 

T2-weighted and diffusion images (b, c). It was depicted as low-
intensity nodule with irregular shape in the hepatobiliary phase of the 
Gd-EOB-DTPA-enhanced image (d)

a b

Fig. 17.28  Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; macroscopic view and loupe images. 
Macroscopic and loupe images of the tumor with CK7 immunostaining. 
Cross sections of the resected specimen (a). The tumor was whitish 
with an irregular boundary and without a capsule. Macroscopic view of 

the whole tumor with CK7 immunohistochemical staining (b). The 
tumor consisted of cholangiocellular carcinoma (CCC) components 
(arrow), cholangiolocellular carcinoma (CoCC) components (arrow 
head), and poorly differentiated CCC portion (asterisk)
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a

c

e f

d

b

Fig. 17.29  Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; histologies and expression of CK7. 
Microscopic images of the tumor with HE and CK7 immunostaining. 
HE staining images of the CCC component (a), the CoCC component 
(d), and the poorly differentiated CCC component (e). Similarly, CK7 
immunostainings of the CCC component (b), the CoCC component (c), 
and the poorly differentiated CCC component (f) are shown. In the 
CCC components of the tumor, cancer cells showed glandular duct-like 
structures, and lymphocytic infiltration was observed in fibrotic regions 

(a). Immunohistochemistry showed positivity for CK7 (b). In the CoCC 
component, smaller cancer cells resembling bile-ductular cells were 
observed, showing antler-like proliferation pattern (c). 
Immunohistochemistry also showed positivity for CK7 (d). In the 
poorly differentiated CCC component, pleomorphic cells showed 
severe cellular atypia with HCC-like compact proliferation with less 
fibrotic region (e). Immunohistochemical examination showed positive 
for CK7 (f)
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a b

Fig. 17.30  Cystadenocarcinoma; US images. US shows a high-echoic tumor surrounded by a low-echoic area (a). Doppler US shows arterial flow 
in the tumor (b)

a b

Fig. 17.31  Cystadenocarcinoma; CT images. CT in the early phase 
shows a low-density area in S4. There are arterial vessels in the 
tumor, and it is surrounded by arteries (a). CT in the late phase 

reveals low or heterogeneous density in the tumor, and there is a low-
density area on edge (b)
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a b

Fig. 17.32  Cystadenocarcinoma; MRI images. MRI with T1 intensification shows iso-intensity in the tumor with high intensity in its rim (a). 
MRI with T2 intensification shows high intensity in the tumor with low intensity in its rim (b)

a b

c d

Fig. 17.33  Cystadenocarcinoma; microscopic views. Cystic areas 
lined by cuboidal to low columnar epithelium overlying cellular mesen-
chymal stroma (a). The tumor shows cytoplasmic and apical membra-

nous staining for CA19-9 (b). Cystadenocarcinoma with membranous 
and cytoplasmic CEA staining. (d) Mucin in the epithelium of the cyst-
adenocarcinoma is stained red with mucicarmine (c)
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even in old-aged individuals [37]. The usual presentations are 
weight loss, large upper abdominal mass, and high serum AFP. 
Plain CT shows isodensity or low-density tumor with calcifi-
cation on the periphery [38]. Histologically, there are three 
types of hepatoblastoma: epithelial, mixed epithelial-mesen-
chymal, and anaplastic [39]. Fetal hepatocytes contain more 
fat and glycogen than adult hepatocytes, and a pale appearance 
or light-and-dark pattern is seen in the fetal type of hepatoblas-
toma. Anaplastic type is characterized by high nuclear-cyto-
plasmic ratio, proliferative activity, poorly defined cellular 
margins, and squamous differentiation.

Case 17.9
A 5-month-old infant was admitted for an abdominal tumor. 
His serum AFP was as high as 61  ×  104  ng/mL, and CT 
showed a low-density area with calcification in S3 to S4 
(Fig. 17.34). MRI revealed low intensity in S4 on T1-weighted 
image and high intensity on T2-weighted image (Fig. 17.35). 

After diagnosis, the tumor was resected and showed cords of 
small hepatocytes (fetal epithelial type), tubular form in 
other areas (embryonal epithelial type), and focal keratiniza-
tion (squamous differentiation) (Fig. 17.36).

Hepatomegaly and elevation of AFP in serum led to a 
working diagnosis of hepatoblastoma. Image analysis and 
liver biopsy confirm its diagnosis. Early detection may lead 
to curative resection. Preoperative chemotherapy reduces the 
size of the tumor. Surgical resection and liver transplantation 
need to be required [40].

17.6	 �Liver Sarcoma

Compared to carcinomas, sarcomas of the liver are very rare 
and should be differentiated from HCC.

17.7	 �Epithelioid Hemangioendothelioma

Endothelial tumor in the lung may present as primary liver 
tumor, and its prognosis varies widely. Some patients survive 
for decades, while others die within months. Its causes are 
unknown. A relationship to the use of oral contraceptive is 
postulated [41], and women are more often affected than 
men.

Case 17.10
A 44-year-old female with a history of oral contraceptive 
use presented with space-occupying lesions in the liver. 
CECT showed multiple tumors in the peripheral of S2, S4, 
S5, and S6  in the early phase (Fig. 17.37). Resected liver 
showed distribution of tumor cells and stroma in the peri-
portal area, distribution of individual tumor cells in fibrous 
stroma, formation of vasculature from tumor cells, and 

Fig. 17.34  Hepatoblastoma; CT images. A low-density tumor with 
calcification (arrow) is observed in S4 (medial segment) by CT

a b

Fig. 17.35  Hepatoblastoma; MRI images. MRI shows low-intensity lesion with a calcified rim (a). MRI with T2 intensification reveals a high-
intensity area in S4 (b)
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CD34 immunoreactivity in the tumor cells (Fig. 17.38). The 
tumor grows slowly but may metastasize [42]. Liver trans-
plantation pertains to a favorable 5-year survival rate [43].

17.8	 �Angiosarcoma

Although it accounts for only 1–2% of primary hepatic malig-
nancies, angiosarcoma is the most common sarcoma of the 
liver [44]. There are known predisposing factors, such as 
exposure to thorium (Thorotrast), vinyl chloride, and arsenic 
[44]. The incubation period is long from 15 to 25 years. Steroid 
hormones and urethane are also associated with the develop-
ment of angiosarcoma [45, 46]. Symptoms and signs include 
pain, anemia, fever of unknown origin, weight loss, abdominal 
mass, and hemoperitoneum. The median survival is 6 months. 
Although imaging studies are helpful, they are inconclusive. 
Hence, liver biopsy is often required under peritoneoscopy.

a b

c

Fig. 17.36  Hepatoblastoma; histological view. (a) Hepatoblastoma, 
fetal epithelial type. The tumor is composed of sheets and thin trabecu-
lae of small hepatocytes. (b) Hepatoblastoma, embryonal epithelial 

type. The tumor cells have a high nuclear-cytoplasmic ratio and are 
arranged in glandular pattern. (c) Hepatoblastoma. There is keratiniza-
tion formation in hepatoblastoma

Fig. 17.37  Epithelioid hemangioendothelioma; CT images. CECT 
shows multiple low-density areas in the early phase, and these are local-
ized mainly in the periphery of the liver. (Courtesy of Professor H 
Haga)

17  Liver Tumors II: Malignant Tumors of the Liver



262

Case 17.11
A 47-year-old male presented with weight loss and a history 
of diabetes mellitus for 5 years. There were no predisposing 
factors, such as Thorotrast or vinyl chloride. His laboratory 
data showed T-BIL 1.9 mg/dL, AST 83 IU/L, ALT 111 IU/L, 
ALP 777  IU/L, LAP 1340  IU/L, GGT 3490  IU/L, FBS 
191 mg/dL, AFP 2 ng/mL, ICGR15 56%, and PLT 9.6 × 104. 
US revealed many small tumors in the liver (Fig.  17.39). 
Plain CT presented heterogeneous tumor, and CECT did not 
reveal different densities (Fig.  17.40). Peritoneoscopy 
showed red nodules with prominence of the undersurface of 
the liver (Fig. 17.41). Angiography showed multiple staining 
with portal vein obstruction by a tumor thrombus (Fig. 17.42). 
He soon complained of epigastric pain and ascites and died 
of liver rupture.

Autopsy tissue revealed irregularly dilated sinusoids and 
congestion. The sinusoids were lined by atypical and 
multinucleated endothelial cells, which are in multiple lay-
ers, as well as compressed hepatocytes. Immunohistochemistry 
showed factor VIII in atypical endothelial cells (Fig. 17.43).

The tumor progresses quickly and grows multicentrically. 
Metastases occur in the lung, hilar lymph node, spleen, and 
bone. A sudden complication is rupture with hemoperito-
neum; the course is progressive, and the prognosis is poor.

a

c d

b

Fig. 17.38  Epithelioid hemangioendothelioma; microscopic views. 
Glandular structures of tumor cells are distributed in the periportal tract 
(a). Tumor cells are mixed with fibrosis (b). Tumor cells form a capil-

lary structure (signet ringlike tumor cell) (c). CD34 immunoreactivity is 
seen in tumor cells (d). (Courtesy of Professor H Haga)

Fig. 17.39  Angiosarcoma; US images. US shows multiple high and 
small echogenic lesions in the liver. The figures of this case are courtesy 
of Dr. Maki Iwai, Kyoto Prefectural University of Medicine and (Reuse 
of Iwai M, et  al. A case report of primary hepatic angiosarcoma. J 
Kyoto Pref Univ Med 1988; 97: 859–68, with permission of its chief 
editor)
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17.9	 �Primary Hepatic Neuroendocrine 
Tumor

A neuroendocrine neoplasm (NEN) derives from neuroen-
docrine cells which are present throughout the body in 

various organs such as the lungs and gastrointestinal tract. 
NEN is histologically classified based on morphology, 
Ki-67 index, and mitotic count. Neuroendocrine tumor 
(NET) G1 shows Ki-67 index ≤2%, NET G2 represents 
Ki-67 index = 3–20%, and neuroendocrine cancer (NEC) 
shows Ki-67 index >20%. NET is a slow-growing tumor; 
NEC is aggressive [47]. Primary hepatic neuroendocrine 
tumor is extremely rare.

Case 17.12
A 75-year-old female was pointed out approximately 
20 mm hepatic tumor localized in S4 on CT. The results for 
blood routines, liver function, and tumor marker were 
within normal ranges. The tumor showed ring enhance-
ment in the arterial phase (Fig.  17.44) and delayed 
enhancement on the central part of tumor. Similarly, CEUS 
also revealed ring enhancement accompanied by the 
delayed enhancement and defect in the post-vascular phase 
(Fig. 17.44). Resected liver tissues showed the distribution 
of tumor cells accompanied by fibrovascular stroma and 
pseudo-ductal structures (Fig. 17.45). The central part of 
the tumor was associated with hemorrhagic necrosis and 
edematous degeneration. Immunohistochemistry findings 
included chromogranin A (+), synaptophysin (+), CD56 
(+), CDX2 (+), mucicarmine (−), CEA (−), cytokeratin7 
(−), cytokeratin20 (−), and estrogen receptor (−) 
(Fig.  17.45). Ki-67 (MIB-1) index was less than 2%. 
Because no primary organ was found in postoperative 
examination, the tumor was considered as a primary neu-
roendocrine tumor of the liver (G1).

Acknowledgment  We are grateful to Prof. Alex Y. Chang for construc-
tive advice for first edition of this chapter.

a b

Fig. 17.40  Angiosarcoma; CT images. Plain CT shows heterogeneous 
density in the liver (a). CECT shows homogenous density in the liver 
(b). (Reuse of Iwai M, et al. A case report of primary hepatic angiosar-

coma. J Kyoto Pref Univ Med 1988; 97: 859–68, with permission of its 
chief editor)

Fig. 17.41  Angiosarcoma; peritoneoscopy. Peritoneoscopy shows an 
irregular surface of the liver and protrusion of the undersurface in the 
inner area of the gallbladder. There is nodular formation on the surface, 
and the nodular surface is red in color and hypervascular. (Reuse of 
Iwai M, et al. A case report of primary hepatic angiosarcoma. J Kyoto 
Pref Univ Med 1988; 97: 859–68, with permission of its chief editor)
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a b

Fig. 17.42  Angiosarcoma; angiography. Angiography shows multiple 
small tumor staining (arrow) in the right lobe (a). Portography reveals 
tumor thrombus in portal trunk (b). (Reuse of Iwai M, et  al. A case 

report of primary hepatic angiosarcoma. J Kyoto Pref Univ Med 1988; 
97: 859–68, with permission of its chief editor)

a

c

b

Fig. 17.43  Angiosarcoma; microscopic views. Irregularly dilated 
sinusoids and congestion are seen (a). The tumor shows cavernous sinu-
soids lined with pleomorphic and hyperchromatic endothelial cells. 
Hepatocytes are not seen (b). Immunostaining reveals that the tumor 

cells are focally positive for factor VIII (c). (Reuse of Iwai M, et al. A 
case report of primary hepatic angiosarcoma. J Kyoto Pref Univ Med 
1988; 97: 859–68, with permission of its chief editor)
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a

c d

b

Fig. 17.44  Primary hepatic neuroendocrine tumor. CECT showed ring 
enhancement in the arterial phase (a) and delayed enhancement on the 
central part of tumor in the equilibrium phase (b). CEUS showed ring 

enhancement with delayed enhancement on the central part in the vas-
cular phase (c) and complete defect in the post-vascular phase (d)

17  Liver Tumors II: Malignant Tumors of the Liver



266

References

	 1.	Lai CL, Yuen MF.  Prevention of hepatitis B virus-related 
hepatocellular carcinoma with antiviral therapy. Hepatology. 
2013;57:399–408.

	 2.	Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter 
Y. Eradication of hepatitis C virus infection and the development of 
hepatocellular carcinoma: a meta-analysis of observational studies. 
Ann Intern Med. 2013;158:329–37.

	 3.	 Idilman R, De Maria N, Colantoni A, Van Thiel DH. Pathogenesis 
of hepatitis B and C-induced hepatocellular carcinoma. J Viral 
Hepat. 1998;5:285–99.

	 4.	Wogan GN. Aflatoxins as risk factors for hepatocellular carcinoma 
in humans. Cancer Res. 1992;52:2114s–8s.

	 5.	 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.

	 6.	Peng SY, Lai PL, Chu JS, Lee PH, Tsung PT, Chen DS, Hsu 
HC.  Expression and hypomethylation of alpha-fetoprotein gene 
in unicentric and multicentric human hepatocellular carcinomas. 
Hepatology. 1993;17:35–41.

	 7.	Aoyagi Y, Saitoh A, Suzuki Y, Igarashi K, Oguro M, Yokota T, Mori 
S, et al. Fucosylation index of alpha-fetoprotein, a possible aid in 
the early recognition of hepatocellular carcinoma in patients with 
cirrhosis. Hepatology. 1993;17:50–2.

	 8.	Okuda H, Nakanishi T, Takatsu K, Saito A, Hayashi N, Takasaki 
K, Takenami K, et  al. Serum levels of des-gamma-carboxy 
prothrombin measured using the revised enzyme immunoas-
say kit with increased sensitivity in relation to clinicopatho-
logic features of solitary hepatocellular carcinoma. Cancer. 
2000;88:544–9.

	 9.	Bottelli R, Tibballs J, Hochhauser D, Watkinson A, Dick R, 
Burroughs AK. Ultrasound screening for hepatocellular carcinoma 
(HCC) in cirrhosis: the evidence for an established clinical practice. 
Clin Radiol. 1998;53:713–6.

	10.	Kim CK, Lim JH, Lee WJ.  Detection of hepatocellular carcino-
mas and dysplastic nodules in cirrhotic liver: accuracy of ultra-
sonography in transplant patients. J Ultrasound Med. 2001;20: 
99–104.

	11.	Kudo M.  The 2008 Okuda lecture: management of hepatocellu-
lar carcinoma: from surveillance to molecular targeted therapy. J 
Gastroenterol Hepatol. 2010;25:439–52.

	12.	Kuszyk BS, Bluemke DA, Urban BA, Choti MA, Hruban RH, 
Sitzmann JV, Fishman EK. Portal-phase contrast-enhanced helical 

chromograninA(+) synaptophysin(+)

a b

c d

Fig. 17.45  Primary hepatic neuroendocrine tumor; microscopic views. 
Pathological findings showed the distribution of tumor cells accompa-
nied by fibrovascular stroma and pseudo-ductal structures (a) and hem-

orrhagic necrosis and edematous degeneration in the central part of the 
tumor (b). Immunostaining findings of chromogranin A (c) and synap-
tophysin (d) are shown

N. Nishida et al.



267

CT for the detection of malignant hepatic tumors: sensitivity based 
on comparison with intraoperative and pathologic findings. AJR 
Am J Roentgenol. 1996;166:91–5.

	13.	Ward J, Guthrie JA, Scott DJ, Atchley J, Wilson D, Davies 
MH, Wyatt JI, et  al. Hepatocellular carcinoma in the cirrhotic 
liver: double-contrast MR imaging for diagnosis. Radiology. 
2000;216:154–62.

	14.	Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet. 
2012;379:1245–55.

	15.	Vilgrain V, Van Beers BE, Pastor CM. Insights into the diagnosis 
of hepatocellular carcinomas with hepatobiliary MRI.  J Hepatol. 
2016;64:708–16.

	16.	Bruix J, Reig M, Sherman M.  Evidence-based diagnosis, stag-
ing, and treatment of patients with hepatocellular carcinoma. 
Gastroenterology. 2016;150:835–53.

	17.	Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de 
Oliveira AC, et al. Sorafenib in advanced hepatocellular carcinoma. 
N Engl J Med. 2008;359:378–90.

	18.	Bruix J, Qin S, Merle P, Granito A, Huang YH, Bodoky G, Pracht 
M, et  al. Regorafenib for patients with hepatocellular carcinoma 
who progressed on sorafenib treatment (RESORCE): a ran-
domised, double-blind, placebo-controlled, phase 3 trial. Lancet. 
2017;389:56–66.

	19.	Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, Baron A, 
et al. Lenvatinib versus sorafenib in first-line treatment of patients 
with unresectable hepatocellular carcinoma: a randomised phase 3 
non-inferiority trial. Lancet. 2018;391:1163–73.

	20.	 Ishii H, Okada S, Okusaka T, Yoshimori M, Nakasuka H, Shimada 
K, Yamasaki S, et  al. Needle tract implantation of hepatocel-
lular carcinoma after percutaneous ethanol injection. Cancer. 
1998;82:1638–42.

	21.	Kudo M. A new era of systemic therapy for hepatocellular carci-
noma with regorafenib and lenvatinib. Liver Cancer. 2017;6:177–84.

	22.	Razumilava N, Gores GJ.  Cholangiocarcinoma. Lancet. 
2014;383:2168–79.

	23.	Shiota K, Taguchi J, Nakashima O, Nakashima M, Kojiro 
M.  Clinicopathologic study on cholangiolocellular carcinoma. 
Oncol Rep. 2001;8:263–8.

	24.	Theise ND, Yao JL, Harada K, Hytiroglou P, Portmann B, Thung 
SN, Tsui W, et al. Hepatic ‘stem cell’ malignancies in adults: four 
cases. Histopathology. 2003;43:263–71.

	25.	Brunt E, Aishima S, Clavien PA, Fowler K, Goodman Z, Gores G, 
Gouw A, et  al. cHCC-CCA: consensus terminology for primary 
liver carcinomas with both hepatocytic and cholangiocytic differ-
entiation. Hepatology. 2018;68(1):113–26.

	26.	Okuda K, Nakanuma Y, Miyazaki M. Cholangiocarcinoma: recent 
progress. Part 1: epidemiology and etiology. J Gastroenterol 
Hepatol. 2002;17:1049–55.

	27.	Koga A, Ichimiya H, Yamaguchi K, Miyazaki K, Nakayama 
F.  Hepatolithiasis associated with cholangiocarcinoma. Possible 
etiologic significance. Cancer. 1985;55:2826–9.

	28.	Bloustein PA.  Association of carcinoma with congenital cys-
tic conditions of the liver and bile ducts. Am J Gastroenterol. 
1977;67:40–6.

	29.	Shaib Y, El-Serag HB. The epidemiology of cholangiocarcinoma. 
Semin Liver Dis. 2004;24:115–25.

	30.	Jusakul A, Cutcutache I, Yong CH, Lim JQ, Huang MN, 
Padmanabhan N, Nellore V, et al. Whole-genome and epigenomic 
landscapes of etiologically distinct subtypes of cholangiocarci-
noma. Cancer Discov. 2017;7:1116–35.

	31.	Nakamura H, Arai Y, Totoki Y, Shirota T, Elzawahry A, Kato M, 
Hama N, et al. Genomic spectra of biliary tract cancer. Nat Genet. 
2015;47:1003–10.

	32.	Nakanuma Y, Miyata T, Uchida T.  Latest advances in the patho-
logical understanding of cholangiocarcinomas. Expert Rev 
Gastroenterol Hepatol. 2016;10:113–27.

	33.	Bridgewater J, Galle PR, Khan SA, Llovet JM, Park JW, 
Patel T, Pawlik TM, et  al. Guidelines for the diagnosis and 
management of intrahepatic cholangiocarcinoma. J Hepatol. 
2014;60:1268–89.

	34.	Akwari OE, Tucker A, Seigler HF, Itani KM. Hepatobiliary cystad-
enoma with mesenchymal stroma. Ann Surg. 1990;211:18–27.

	35.	Vachha B, Sun MR, Siewert B, Eisenberg RL. Cystic lesions of the 
liver. AJR Am J Roentgenol. 2011;196:W355–66.

	36.	Shrikhande S, Kleeff J, Adyanthaya K, Zimmermann A, Shrikhande 
V.  Management of hepatobiliary cystadenocarcinoma. Dig Surg. 
2003;20:60–3.

	37.	Bortolasi L, Marchiori L, Dal Dosso I, Colombari R, Nicoli 
N.  Hepatoblastoma in adult age: a report of two cases. 
Hepatogastroenterology. 1996;43:1073–8.

	38.	King SJ, Babyn PS, Greenberg ML, Phillips MJ, Filler RM. Value 
of CT in determining the resectability of hepatoblastoma before and 
after chemotherapy. AJR Am J Roentgenol. 1993;160:793–8.

	39.	Gonzalez-Crussi F, Upton MP, Maurer HS.  Hepatoblastoma. 
Attempt at characterization of histologic subtypes. Am J Surg 
Pathol. 1982;6:599–612.

	40.	Kremer N, Walther AE, Tiao GM. Management of hepatoblastoma: 
an update. Curr Opin Pediatr. 2014;26:362–9.

	41.	Malamut G, Perlemuter G, Buffet C, Bedossa P, Joly JP, Colombat 
M, Kuoch V, et al. [Epithelioid hemangioendothelioma associated 
with nodular regenerative hyperplasia]. Gastroenterol Clin Biol. 
2001;25:1105–7.

	42.	Demetris AJ, Minervini M, Raikow RB, Lee RG. Hepatic epitheli-
oid hemangioendothelioma: biological questions based on pattern 
of recurrence in an allograft and tumor immunophenotype. Am J 
Surg Pathol. 1997;21:263–70.

	43.	Kayler LK, Merion RM, Arenas JD, Magee JC, Campbell 
DA, Rudich SM, Punch JD.  Epithelioid hemangioendothe-
lioma of the liver disseminated to the peritoneum treated with 
liver transplantation and interferon alpha-2B.  Transplantation. 
2002;74:128–30.

	44.	Chaudhary P, Bhadana U, Singh RA, Ahuja A.  Primary hepatic 
angiosarcoma. Eur J Surg Oncol. 2015;41:1137–43.

	45.	Falk H, Thomas LB, Popper H, Ishak KG.  Hepatic angiosar-
coma associated with androgenic-anabolic steroids. Lancet. 
1979;2:1120–3.

	46.	Cadranel JF, Legendre C, Desaint B, Delamarre N, Florent C, Levy 
VG. Liver disease from surreptitious administration of urethane. J 
Clin Gastroenterol. 1993;17:52–6.

	47.	Rindi G, Petrone G, Inzani F. The 2010 WHO classification of 
digestive neuroendocrine neoplasms: a critical appraisal four 
years after its introduction. Endocr Pathol. 2014;25:186–92.

17  Liver Tumors II: Malignant Tumors of the Liver



269© Springer Nature Singapore Pte Ltd. 2019
E. Hashimoto et al. (eds.), Diagnosis of Liver Disease, https://doi.org/10.1007/978-981-13-6806-6_18

Abbreviations

AFP	 Alpha-fetoprotein
ALT	 Alanine aminotransferase
AST	 Aspartate aminotransferase
CK	 Cytokeratin
CT	 Computed tomography
GGT	 Gamma-glutamyl transferase
LDH	 Lactate dehydrogenase
TBIL	 Total bilirubin

18.1	 Introduction

Metastatic tumors are the most common type of malignancy 
in the liver, far exceeding primary tumors of the liver. The 
distinction between a primary tumor and a metastatic tumor 
in the liver has both therapeutic and prognostic significance. 
Knowledge of the primary tumor site and its morphology, if 

available, is important in evaluating and comparing it to its 
metastasis. Among tumor types, adenocarcinoma, neuroen-
docrine tumor, and lymphoma are the most common. 
Common primary sites include the colon (adenocarcinoma), 
pancreas (adenocarcinoma and pancreatic neuroendocrine 
tumor), stomach and small intestine (adenocarcinoma, neu-
roendocrine and gastrointestinal stromal tumor), lung (ade-
nocarcinoma, small-cell and large-cell neuroendocrine 
carcinoma, and squamous cell carcinoma), breast, skin (mel-
anoma), and kidney (renal cell carcinoma).

18.2	 Clinical and Pathological Features

Besides the evaluation of morphologic features of the tumor, 
immunohistochemical stains or additional studies—such as 
flow cytometry or molecular studies—are often necessary in 
the diagnosis and treatment of metastatic tumors. For exam-
ple, colonic adenocarcinomas, the most common type of 
metastasis of the liver, often demonstrate fairly well-formed 
glands with tall columnar cells and “dirty” necrotic debris in 
the glandular lumen. Further immunohistochemical stains, 
such as cytokeratin profile (CK7 negative and CK20 posi-
tive) or marker for enteric differentiation (CDX-2), are used 
to confirm or exclude other sites of origin with similar mor-
phology. Molecular studies are often performed for identifi-
cation of specific mutations and predicting response to 
antigrowth factor therapies. For the diagnosis of lymphoma, 
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flow cytometry can be performed in addition to immunohis-
tochemical stains. Table 18.1 provides a list of immunohisto-
chemical stains for various metastatic tumors.

Image analysis of metastatic tumors to the liver almost 
always shows hypovascularity, except for liver metastasis 
from carcinoids/neuroendocrine tumors which are hypervas-
cular [1]. Diffuse metastatic lesions may not be detected by 
ultrasonography, computed tomography, or magnetic reso-

nance imaging [2]. Therefore, laparoscopy with liver biopsy 
or, more commonly, radiology-guided fine needle aspiration 
(FNA) may be required for diagnosis, molecular pathology 
tissue procurement, and clinical trial/research protocol eligi-
bility determination. Peritoneoscopy is helpful to visualize 
multiple metastatic nodules on the liver surface (Fig. 18.1), 
and central depression is often seen in metastatic nodules due 
to central necrosis as the result of insufficient blood supply.

Table 18.1  Common metastatic tumors in the liver and immunohistochemical stain profiles

Tumor type and 
origin Immunohistochemical stain profile
Adenocarcinoma •  Coordinate CK7/CK20 staining is commonly used, and both are usually negative in hepatocellular carcinoma

• � Hepatocytes and hepatocellular carcinoma are positive for CK8, CK18, HepPar1, arginase and polyclonal carcinoembryonic 
antigen (canalicular staining). CK7 and CK19 are positive only in the presence of cholangiocellular differentiation

• � Cholangiocarcinoma is commonly CK7-positive, CK20-negative and HepPar1-negative and a diagnosis per exclusion 
from other metastatic tumors

Colon and rectum •  Mostly negative CK7 and positive CK20. Positive CDX-2 indicates intestinal differentiation
Stomach •  Stomach carcinomas show variable cytokeratin profiles

•  CK7 and CK20 can be positive or negative in any combination
•  Positive CDX-2 in tumors with intestinal differentiation

Pancreas •  CK7, CK19, and CK20 can be positive or negative in any combination
•  Positive CDX-2 in tumors with intestinal differentiation
•  60% of tumors are negative for SMAD4

Lung •  Positive CK7, Napsin A, and nuclear TTF-1
•  Negative CK20 except enteric subtype
•  Rare positive CDX-2 can be seen in mucinous type of bronchioalveolar carcinoma

Breast •  Positive CK7, mammaglobin, GATA3
•  Negative CK20
•  Estrogen and/or progesterone receptor can be positive or negative in any combination

Renal cell 
carcinoma

•  Positive vimentin, CD10, RCC, CAIX, and CK7
•  Negative CK20
•  Renal cell carcinoma may resemble clear-cell variant of hepatocellular carcinoma

Transitional cell 
carcinoma

•  Positive CK7, CK20, p63, p40, GATA3, uroplakin

Squamous cell 
carcinoma

•  Positive broad cytokeratin, CK5, p40 and p63
•  Negative CK7 and CK20

Serous carcinoma •  Positive PAX8, WT1, CK7, p53
•  Negative CK20, Calretinin

Neuroendocrine tumors
Pancreas 
neuroendocrine 
tumor

Positive chromogranin, synaptophysin, variable hormone (such as insulin, glucagon, and somatostatin), CD56, occasional 
PAX8

Carcinoid tumor •  Positive chromogranin, synaptophysin, and CD56
•  Common primary sites are the stomach and small intestine

Large-cell 
neuroendocrine 
carcinoma

•  Positive chromogranin, synaptophysin, and CD56
•  MIB-1 shows high proliferation activity

Small-cell 
neuroendocrine 
carcinoma

•  Positive chromogranin, synaptophysin, and CD56
•  Positive nuclear TTF-1 can be seen in pulmonary and extrapulmonary (~50%) small-cell carcinoma

Mesenchymal tumors
Gastrointestinal 
stromal tumor

•  Positive vimentin, C-kit, DOG1, and CD34
•  Negative desmin
•  Smooth muscle actin can be positive or negative in any combination
•  Treated tumors can be hypocellular and show reduced C-kit positivity

Leiomyosarcoma •  Positive vimentin, desmin, and smooth muscle actin
•  Negative C-kit

Melanoma •  Positive S-100 protein, SOX10, HMB45, Melan-A, and vimentin
•  Negative cytokeratin

L. J. Vaickus et al.
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On occasion, biopsy may miss the target metastatic 
lesion, yielding benign liver parenchyma with histological 
changes due to compression and local obstruction of bile 
duct and blood flow. In this case, histological changes show 
a triad, consisting of focal sinusoidal dilatation and conges-
tion, ductular reaction, and neutrophils in edematous portal 
tracts [3].

18.3	 �Differentiation from Benign Liver 
Lesion

Benign liver lesions are frequently encountered during work-
ups for metastatic lesions and should be in the differential 
diagnoses of these lesions. Simple biliary cyst, cavernous 
hemangioma, and focal fatty change can be distinguished 
from solid metastatic lesions with relative ease in imaging 
studies. Liver abscess can be difficult to differentiate from an 
extensively necrotic metastatic tumor but is usually accom-
panied by other constitutional symptoms such as fever. 
Inflammatory pseudotumor often requires biopsy to confirm 
the absence of malignant cells and the presence of chronic 
inflammation and storiform fibrosis.

Benign hepatocellular tumors, including focal nodular 
hyperplasia and hepatocellular adenoma, are not uncommon 
incidental findings. Focal nodular hyperplasia usually shows 
characteristic imaging features as a result of a prominent 
central scar containing large dystrophic vessels. The absence 
of an obvious central scar or the presence of steatosis in these 

lesions may render an atypical appearance in imaging stud-
ies. Hepatocellular adenoma, usually encountered in young 
and middle-aged females with a history of oral contraceptive 
use or males with anabolic steroid use, requires complete 
resection because of its risk of bleeding and its slight risk of 
recurrence and malignant transformation.

Liver capsule or subcapsular nodules are often sampled 
during unrelated operations (gastric reduction surgery, pan-
creatoduodenectomy (whipple), etc.). Biliary hamartoma 
(von Meyenburg complex) is the most common non-
malignant cause of such nodules. On frozen section biliary 
hamartoma can be mistaken for well-differentiated adeno-
carcinoma but is usually readily apparent as a benign pro-
cess. This lesion typically presents as a subcapsular cluster 
of angulated glands with surrounding fibrous reaction +/− 
neutrophilic inflammatory reaction. The epithelial cells 
themselves are typically bland with a low cuboidal morphol-
ogy and smooth round-to-ovoid nuclei without nucleoli.

18.4	 Case

Case 18.1
A patient presented with enlargement of the right subman-
dibular gland and multiple small space-occupying lesions in 
the liver by ultrasonography. Computed tomography (CT) 
with contrast medium showed multiple low-density areas 
(Fig. 18.2). Peritoneoscopy showed small tumor nodules on 
the liver surface (Fig. 18.3). Echo-guided liver biopsy showed 
clusters of small neoplastic cells with hyperchromic nuclei, 
which were also positive for carcinoembryonic antigen. In 
this case, adenocarcinoma of the submandibular gland was 
diagnosed from metastatic lesions of the liver (Fig. 18.4).

Fig. 18.1  Metastatic liver tumor. Peritoneoscopy shows multiple met-
astatic nodules with central excavation

Fig. 18.2  Metastatic liver tumor. CT with contrast medium shows 
multiple low-density nodules

18  Metastatic Liver Tumors
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Case 18.2
A 55-year-old female complained of epigastric pain and 
diarrhea, and gastrointestinal fiberscope showed duodenal 
ulcers. Liver function tests revealed AST 136  IU/L, ALT 
89 IU/L, LDH 336 IU/L, ALP 628 IU/L, GGT 189 IU/L, 
and AFP 570 ng/mL. The L3 fraction of AFP was 84.2% 
and serum gastrin was 6400  pg/mL. CT with contrast 
medium in the arterial phase showed multiple high-density 
areas in the liver and low density in the center. A low-den-
sity area in the pancreas was observed. High-density areas 
in the liver became low in the venous phase (Fig.  18.5). 
Biopsy of the liver tumor showed neoplastic cells with ani-

sonucleosis in comparison to normal hepatocytes; the neo-
plastic cells did not form a trabecular structure, and 
trabecular formation was preserved in non-tumoral area 
(Fig. 18.6). The tumor cells were positive for synaptophy-
sin, CD56, chromogranin A, and AFP (Fig. 18.7). Serum 
test showed high values of gastrin and AFP. Image analysis 
revealed multiple hypervascular tumors in the liver and a 
hypovascular tumor of the pancreas. Histologically, neuro-
endocrine tumor was diagnosed from biopsy of liver 
metastasis. The pancreas was the suspected primary site. 
The tumor cells presumably produce gastrin and AFP. The 
elevation of serum AFP and human chorionic gonadotro-
phin-beta pertains to worse prognosis in patients with a 
neuroendocrine tumor [4].

Case 18.3
A 68-year-old female had a mastectomy for breast cancer, 
and a localized recurrence was found in the residual mam-
mary gland 1 year later. General malaise and anorexia devel-
oped, and liver function tests showed TBIL 4.97 mg/dL, AST 
219  IU/L, ALT 240  IU/L, ALP 1826  IU/L, and LDH 
810  IU/L.  CT by contrast medium showed heterogeneous 
enhancement in the liver at the arterial phase, but it decreased 
at the venous phase (Fig.  18.8). Peritoneoscopy showed 
enlarged liver with wavy surface and diffused white maculae 
(Fig. 18.9). Liver biopsy showed microthrombus of neoplas-
tic cells in the portal veins and invasion beyond the portal 
tract, and the portal tract was edematous (Fig. 18.10). She 
was treated with systemic chemotherapy but died of acute 
liver failure due to diffuse invasion and proliferation of neo-
plastic cells. Breast cancer often metastasizes to the liver and 
produces multiple hypovascular tumors. In this patient, 
tumor cells invaded and proliferated diffusely in the periph-
eral portal veins. Hence, mass lesions were not detected in 
the liver, and heterogeneous density was seen on CT.  The 

ba

Fig. 18.4  Metastatic liver. (a) Small neoplastic cells at the upper two 
thirds of the picture are arranged in solid sheets with anisonucleosis and 
high nuclear cytoplasmic ratio. The lower third of the picture shows 

compressed non-tumoral hepatocytes in trabecular arrangement with 
low nuclear cytoplasmic ratio. (b) Carcinoembryonic antigen immuno-
reactivity is seen in neoplastic cells

Fig. 18.3  Metastatic liver tumor. Peritoneoscopy shows nodular and 
granular liver surface
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a b

Fig. 18.5  Liver metastasis of neuroendocrine tumor. (a) CT with contrast medium shows multiple high-density areas with low density in the 
center at arterial phase. (b) CT shows low-density tumors at venous phase

a b

c d

Fig. 18.6  Histological features of tumor area and non-tumor area. (a) 
Pleomorphic neoplastic cells in solid sheets. (b) Hepatocytes preserve 
the trabecular architecture in non-tumoral area. (c) Reticulin stain 

shows no trabecular arrangement of neoplastic cells. (d) Hepatocytes 
show trabecular arrangement
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a b

Fig. 18.8  CT of metastatic liver. (a) Heterogeneous density at arterial phase with contrast medium. (b) Heterogeneous density is decreased at 
venous phase

c d

a b

Fig. 18.7  Expression of synaptophysin, CD56, chromogranin A, and 
AFP immunoreactivity of the neoplastic cells. (a) Synaptophysin-
immunoreactivity of the neoplastic cells. (b) CD56-immunoreactivity 

on the membrane of neoplastic cells. (c) Chromogranin 
A-immunoreactivity of some neoplastic cells (arrow). (d) Alpha-
fetoprotein-immunoreactivity of some neoplastic cells (arrow)
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development of diffuse metastasis and portal thrombus 
caused acute liver failure [5].

Acknowledgement  Prof. Alex Y. Chang was a coauthor of the first edi-
tion of this chapter.
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Fig. 18.10  Histological findings of metastatic liver. (a) Neoplastic cells proliferate in the portal tract with thrombi in the vessel (arrow) and inva-
sion of the periportal area. (b) Portal tract is edematous with neoplastic thrombus (arrow) in the portal vein

Fig. 18.9  Peritoneoscopic findings of metastatic liver. Large excava-
tion and many white maculae are seen on liver surface
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Abbreviations

ABMR	 Antibody-mediated rejection
APC	 Antigen-presenting cell
EBV	 Epstein-Barr virus
GVHD	 Graft-versus-host disease
H & E	 Hematoxylin and eosin
HBV	 Hepatitis B virus
HCV	 Hepatitis C virus
HLA	 Human leukocyte antigen
MHC	 Major histocompatibility complex
NASH	 Non-alcoholic steatohepatitis
PTLD	 Posttransplant lymphoproliferative disorder
TCMR	 T-cell-mediated rejection
Treg	 Regulatory T cell

19.1	 �Introduction

Liver transplantation is a treatment for almost all kinds of severe 
liver diseases that are otherwise incurable. More than 27,000 
liver transplants were performed in 2015 worldwide, and about 
20% of the donors were living donors [1]. In Japan, Southeast 
Asia, and Middle East, living donor liver transplantation is more 
common than transplantation from deceased donors due to 
problems with obtaining cadaveric organs. In cadaveric liver 
transplantation, the use of a whole allograft to replace the native 
diseased liver is the most common procedure. In live donor liver 
transplantation, the left lobe or left lateral segment of the live 
donor is usually used for pediatric patients. For neonates or very 
small children, use of a monosegment graft may be selected [2]. 
In some adult-to-adult living donor liver transplantation, the use 
of right lobe graft may be necessary to avoid small-for-size 
graft-associated liver dysfunction, but it might expose the live 
donor to considerable surgical risk. A cadaveric graft is also 
sometimes split into two grafts to save two recipients at a time. 
These partial grafts often need complicated surgical procedures 
and tend to have a greater risk of postoperative vascular and bili-
ary anastomotic stricture or obstruction than livers resected for 
non-transplant settings.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-6806-6_19&domain=pdf
mailto:haga@kuhp.kyoto-u.ac.jp
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Steady improvements in surgical techniques and immu-
nosuppressive regimens to minimize postoperative compli-
cations have allowed lots of recipients (patients) to live 
decades after liver transplantation. Still, most patients expe-
rience various postoperative problems in the liver allograft. 
The main clinical practice of transplant pathology is to find 
the causes of graft dysfunction after transplantation. Major 
complications of liver allografts include (1) preservation/
reperfusion injury, (2) postsurgical anastomotic complica-
tions, (3) allograft rejections, (4) complications related to 
immunosuppression, and (5) recurrence of the original liver 
disease.

Before discussing pathology of these complications, 
it would be useful to know that there is a time course of 
postoperative complications after liver transplantation. 
Most allograft complications were seen during specific 
posttransplant periods. In general, preservation/reperfu-
sion injury manifests within the first week posttransplant 
period. Surgical complications are commonly seen in the 
first several weeks, except that biliary complications may 
also be seen months after transplantation. Typical acute 
allograft rejection is seen between 5 and 30 days posttrans-
plantation [3]. Acute rejection can actually develop at any 
point thereafter especially when it is treatment-resistant 
or associated with nonadherence to immunosuppressive 
drugs. Incidence of recurrence of original liver diseases 
increases with time after transplantation. Recurrence of 
hepatotropic viral hepatitis may become evident within 
a few months after transplantation, while recurrence of 
autoimmune disease is usually noticed more than 6 months 
posttransplantation. In clinical practice, characteristic his-
tological features may be found only focally or the findings 
may be subtle. Clinicopathological correlations are there-
fore imperative. The liver transplantation procedure, the 
timing of biopsy, the laboratory data, the types and dose 
of immunosuppressive drugs, and the findings of previous 
biopsy should all be considered before making a diagnosis 
of liver allograft biopsy.

19.2	 �Preservation/Reperfusion Injury

Preservation/reperfusion injury is associated with liver 
graft damage before implantation of the graft into the 
recipient’s body. The main targets of the injury are hepa-
tocytes and sinusoidal endothelial cells. Two types of 
ischemia are related to graft damage. Hepatocytes are 
sensitive to warm ischemia, which occurs before or dur-
ing organ harvesting/procurement [4]. Cold ischemia, 
which is related to perfusion of hypothermic preservation 
solution and temporal storage of the graft in ice, causes 
sinusoidal endothelial damage [5]. After reperfusion, the 
formation and release of reactive oxygen species fol-

lowed by Kupffer cell activation and other immune cell 
reaction worsen injury of both hepatocytes and endothe-
lial cells.

Histologically, preservation/reperfusion injury is charac-
terized by hepatocyte swelling (Fig. 19.1). Swelling of mito-
chondria and vacuoles in the hepatocytes is observed in 
electron microscopy [6]. Platelet adhesion occurs in the sinu-
soids but difficult to recognize in H&E stain [5]. Steatotic 
hepatocytes are more susceptible to preservation/reperfusion 
injury [7]. Most transplant surgeons will not use donor livers 
with severe fatty change (>60% of macrovesicular steatosis) 
because of poor patient outcome (Fig.  19.2) [8]. Primary 
graft non-function is a clinical term and is considered as the 
most severe form of preservation/reperfusion injury where 
the graft does not function at all after transplantation.

Fig. 19.1  Ischemia/reperfusion injury showing diffuse hepatocyte 
swelling without portal or lobular inflammation

Fig. 19.2  Donor candidate with 60% of macrovesicular steatosis, 
which was not used for liver transplantation
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19.3	 �Postsurgical Anastomotic 
Complications

Early complications of the vascular anastomoses can be 
associated with serious graft damage and can lead to graft 
failure if untreated. In principle, vascular anastomotic com-
plications should be detected radiologically. Biopsy finding 
is relatively nonspecific, and it is often impossible to pin-
point affected vessels. Acute hepatic artery thrombosis, for 
example, can cause centrilobular hepatocyte coagulative 
necrosis (Fig. 19.3), but almost identical finding can be seen 
in grafts with acute portal vein thrombosis or severe venous 
outflow block. Hepatic vein stenosis, or outflow block, is 
usually associated with centrilobular congestion and hemor-
rhage (Fig.  19.4). Unlike hepatic artery thrombosis, the 

hepatocytes are atrophic and show thin cord-like arrange-
ment. However, in partial graft, especially right lobe graft, 
focal congestion is sometimes seen without demonstrable 
large hepatic vein stenosis. Therefore, clinicopathological 
correlation is always necessary for interpretation of conges-
tion of the allograft. Portal vein stenosis or obstruction found 
several months after transplantation tends to show more non-
specific findings, including periportal fibrosis, occlusion of 
small portal vein branches, focal sinusoidal dilatation, ste-
atosis, or regenerative hyperplasia (Fig. 19.5) [9].

Biliary tract complication is more commonly seen than 
vascular complication after liver transplantation. Biliary 
reconstruction is usually performed by duct-to-duct anasto-
mosis or hepaticojejunostomy and sometimes needs compli-
cated procedures due to abnormal anatomy. Anastomotic 
biliary stricture usually occurs within the first several months 
posttransplantation, while non-anastomotic stricture tends to 
become apparent months or years after surgery. The large 
bile duct and surrounding peribiliary glands are supplied by 
a subepithelial layer of fine capillaries (peribiliary plexus) 
originated from the terminal branchings of the hepatic artery. 
Any insults associated with biliary tract ischemia can lead to 
disruption of bile flow. Major causes of biliary tract compli-
cation include preservation/reperfusion injury, hepatic artery 
thrombosis, antibody-mediated rejection, bacterial infection, 
cytomegalovirus infection, and recurrence of primary scle-
rosing cholangitis.

Biopsy is relatively sensitive to biliary complications. 
Portal and periportal edema, neutrophilic portal inflamma-
tion, ductular reaction, and hepatocanalicular cholestasis are 
the typical features of acute biliary complications (Fig. 19.6). 
Although neutrophils are most commonly seen in the peri-
ductal areas, there may be some intraductal inflammation Fig. 19.3  Hepatic artery thrombosis. Centrilobular infarction is seen in 

the lower left corner. Portal inflammation suggests concurrent mild 
acute rejection

Fig. 19.4  Hepatic vein stenosis showing centrilobular congestion, dil-
atation of the sinusoids, and hepatocyte dropout

Fig. 19.5  Long-standing portal vein obstruction showing narrowing of 
the portal tract lumen (arrow) and intimal thickening of the hepatic 
artery (arrowhead)
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and neutrophil margination of the sinusoids. Prolonged bili-
ary tract stricture is associated with mixed polymorphonu-
clear and mononuclear cell infiltration and periductal and 
periportal fibrosis, and these microscopic features appear 
similar to chronic hepatitis. Bile duct damage and cholestatic 
periportal hepatocytes can be the key to differentiate chronic 
biliary complications from chronic hepatitis. Loss of inter-
lobular bile duct and ductules can occur in severe chronic 
biliary stenosis, and histology is sometimes indistinguish-
able from that of chronic ductopenic rejection. Both severe 
chronic biliary stenosis and late phase of chronic rejection 
are refractory to treatment and important causes of graft and 
patient loss.

19.4	 �Allograft Rejections

19.4.1	 �Mechanisms of Allograft Rejection

Allograft means a transplant graft from a genetically non-
identical donor of the same species. Liver transplantation 
using xenograft (graft from other species/animals) has not 
been successful in human liver transplantation. Allograft 
rejection is an immunological reaction against allograft anti-
gens. The main target of this reaction is major histocompat-
ibility complex (MHC), a set of cell surface proteins which 
is related to peptide antigen presentation. The human MHC 
is also called the human leukocyte antigen (HLA). In trans-
plant settings, MHC expressed by donor cells act as target of 
rejection unless the recipient has the same MHC. In the first 
several days or weeks after transplantation, the donor MHC 
antigens can be directly presented by donor antigen-
presenting cells (APCs) (direct pathway). Direct pathway is 
believed to be related to acute rejection in early course of 

transplantation. Subsequently recipient APCs start to engulf 
donor-derived antigens shed from the graft, and donor anti-
gens were presented by the recipient APCs (indirect path-
way). Because most of the donor APCs were killed by 
allograft rejection in early course of transplantation, indirect 
pathway is believed to be associated with late acute rejection 
and chronic rejection. It is also known that whole donor 
MHC-peptide complex can be transferred to recipient APCs 
through exosomes released from the graft cells and is used to 
cause immune reaction (semi-direct pathway) [10]. The role 
of semi-direct pathway in liver transplantation is not well 
understood.

19.4.2	 �Classification of Allograft Rejection

Rejection in liver transplantation can be classified into three 
main types based on the time course: hyperacute rejection, 
which starts from minutes after transplantation; acute rejec-
tion, which usually fully develop several days after trans-
plantation; and chronic rejection, which may become 
apparent months or years after transplantation. However, 
there is no clear chronological definition for these immune 
reactions. Pathophysiologically, rejection is classified into 
two categories: antibody-mediated rejection (ABMR) and 
T-cell-mediated rejection (TCMR). This classification of 
rejection is well-recognized in kidney transplantation and 
other solid organ transplantations. In liver transplantation, 
however, histomorphological evaluation of liver allograft 
ABMR is often difficult, and there remains so much uncer-
tainty about the role of ABMR.  By contrast, histology of 
acute and chronic rejection is well-documented and has been 
widely used for management of liver allograft rejection. The 
terms of acute and chronic rejection are therefore mainly 
used in this chapter.

19.4.2.1	 �Hyperacute Rejection
Hyperacute rejection is a pure form of ABMR, mediated by 
preformed donor-specific anti-donor HLA antibodies 
(DSAs). Although recipients with high titers of DSA are at 
risk for ABMR, this type of rejection is rare in liver trans-
plantation even the donor has DSAs. This relative resistance 
of liver allograft against ABMR, however, does not mean 
that hyperacute rejection does not occur at all. If hyperacute 
rejection develops, preformed DSAs bind donor endothelial 
cells and sinusoidal cells, and activation of complement 
causes thrombosis. Most of the vasculature within the graft is 
rapidly thrombosed, and massive necrosis of the liver paren-
chyma develops within hours after transplantation 
(Fig. 19.7a, b). Re-transplantation is the only way to save the 
recipient. Patients with high titers of DSA are therefore often 
precluded from cadaveric transplantation. In living donor 
liver transplantation, preoperative plasmapheresis and 

Fig. 19.6  Acute biliary obstruction showing portal edema and neutro-
philic portal inflammatory cell infiltration
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administration of anti-CD20 antibody are performed to pre-
vent ABMR for high-risk patients.

19.4.2.2	 �Acute Rejection
Acute cellular rejection (ACR) is often used as synonym for 
acute rejection because acute rejection is believed to be pri-
marily caused by TCMR. This cellular process is supported 
by histological assessment. Acute rejection is characterized 
by (1) T-cell predominant but mixed portal and/or perivenu-
lar inflammation, (2) bile duct inflammation and damage, 
and (3) subendothelial inflammation of portal and/or termi-
nal hepatic venules (Fig. 19.8a–d) [11]. To make the diagno-
sis of acute rejection, at least two of the above findings are 
required. Patients often show fever, abdominal pain, and 
reduced portal vein and bile flow. Blood test shows nonspe-
cific liver injury (e.g., elevation of transaminase), and liver 
biopsy is necessary to confirm the diagnosis. Grading of 
acute rejection is proposed by the Banff Working Group on 
Liver Allograft Pathology, and acute rejection is graded as 
indeterminate, mild, moderate, and severe [11]. A basic con-
cept of Banff grading is that grade is more than mild if more 
than half of the portal triads or perivenular areas are affected 
by inflammatory process. Most acute rejection is classified 
as mild or moderate and easily controlled by bolus of steroid 
and increased immunosuppression. More than mild acute 
rejection is often accompanied by eosinophilic infiltration 
and CD8+ cell-predominant infiltration and can be treatment-
resistant [12, 13]. A diagnosis of severe acute rejection is 
made when parenchymal necroinflammation is observed in a 
majority of periportal and/or perivenular areas. Some 
therapy-resistant rejection may be treated by rabbit antihu-
man thymocyte immunoglobulin.

Involvement of ABMR in acute rejection of liver trans-
plantation is thought to be uncommon. Patients with high-

titer DSAs have a higher risk of developing ABMR. To make 
a definitive diagnosis of acute ABMR, positive serum DSA 
and microvascular deposition of C4d (degradation product of 
complement C4) are required in addition to histopathologi-
cal pattern of injury consistent with acute ABMR such as 
endothelial swelling, capillary dilatation, and microvasculi-
tis (Fig.  19.9a, b) [11]. ABMR can also be observed after 
ABO-incompatible transplantation if preoperative preven-
tive management is inadequate (Fig. 19.10).

Late acute rejection, which is defined as acute rejection 
seen after 6 months posttransplantation, is likely attributable 
to indirect or semi-direct alloantigen presentation. Late 
acute rejection shows more monotonous lymphocytic infil-
tration and less bile duct and endothelial injury. In addition, 
lobular inflammation (periportal or perivenular) is more 
commonly seen even though clinical presentation does not 
suggest severe acute rejection. When there is marked plasma 
cell infiltration, the diagnosis of plasma cell-rich rejection 
(formerly known as “de novo autoimmune hepatitis”) may 
be made (Fig.  19.11). Although patients with late acute 
rejection often initially have little or no symptoms, it is 
important to recognize and treat late acute rejection. Late 
acute rejection is a risk to patient and graft survival. Unlike 
typical (early) acute rejection, late acute rejection often 
recurs or persists and can cause liver cirrhosis or chronic 
rejection [14–16].

19.4.2.3	 �Chronic Rejection
Ductopenic rejection is a synonym of chronic rejection. 
Chronic rejection usually evolves from severe or persistent 
acute rejection. In some cases, it starts with intractable 
cholestasis with minimal inflammatory cell infiltrate. 
Owing to improvements of immunosuppression, this is a 
relatively uncommon problem in liver transplantation, but 

a b

Fig. 19.7  (a) Hyperacute rejection showing massive hepatocyte necrosis. (b) Hyperacute rejection showing capillary C4d deposition, which sug-
gests complement activation after antibody binding
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a b

c d

Fig. 19.8  (a) Low-power view of moderate acute rejection showing 
portal inflammation (left side) and perivenular inflammation (right side). 
Perivenular inflammation is accompanied by hemorrhage. (b) Acute 
rejection demonstrating bile duct inflammation damage (arrow, left side) 

and venous endothelial inflammation (arrow head, right). (c) Acute 
rejection showing degenerated biliary epithelium with inflammatory cell 
infiltration. (d) Acute rejection demonstrating endothelial detachment of 
the hepatic venule by subendothelial lymphocytic infiltration

a b

Fig. 19.9  (a) Acute rejection with ABMR component. Mixed infiltrate is neutrophil predominant although neither biliary complication nor infec-
tion is not evident in this case. (b) Acute rejection with ABMR component showing C4d deposition in the sinusoids
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it still consists of more than 10% of causes of pediatric 
retransplantation [17]. The most characteristic histological 
feature is interlobular bile duct loss and duct degeneration 
(atypia or senescence-like morphology) seen in more than 
half of the portal tracts (Fig. 19.12a, b). In typical cases, 
fibrous expansion of portal tracts is not conspicuous, and 
other portal structures such as arterioles often become 
atrophic and difficult to identify. Keratin 7 (cytokeratin 7) 
immunostaining is very useful to confirm the degeneration 
and loss of bile ducts and ductules (Figs.  19.12b and 
19.13). Ductular reaction is usually absent, and there is 
aberrant expression of keratin 7 in the periportal and peri-
venular hepatocytes.

Unlike other solid organ allografts, the liver allograft 
with chronic rejection may response to rejection therapy 
and recovers its function to some extent. Staging of 
chronic rejection is therefore proposed by the Banff 
Working Group [11]. Early chronic rejection, which does 
not show severe cholestasis or bile duct loss in ≥50% of 
portal tracts, is potentially reversible or likely to response 
to potent immunosuppressive therapy. Late chronic rejec-
tion, in contrast, shows advanced histology with severe 
progressive cholestasis and is potentially irreversible. 
Venous obliteration is a feature of late chronic rejection 
(Fig.  19.14). Obliterative arteriopathy (Fig.  19.15) is 
another feature of late chronic rejection but usually dif-

Fig. 19.10  ABO-incompatible acute ABMR showing portal edema, 
endothelial swelling (center, arrow) of the hepatic artery, and thrombo-
ses of the capillary (right side). There is not a component of TCMR

Fig. 19.11  Plasma cell-rich rejection (variant of late acute rejection) 
showing interface activity by lymphoplasmacytic infiltration

a b

Fig. 19.12  (a) Early chronic rejection showing bile duct degeneration. (b) Early chronic rejection with keratin 7 immunostaining demonstrating 
luminal disruption and vacuolar changes of biliary epithelium
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ficult to find in needle biopsy specimens. These features 
are usually associated with graft failure.

Graft-versus-host disease (GVHD) after hematopoietic 
stem cell transplantation shows similar histology to early 
chronic rejection; bile duct atypia and cholestasis are com-
mon, but portal inflammation tends to be mild, and endo-
thelial inflammation is inconspicuous. Advanced GVHD 
shows similar histology and clinical course to late chronic 
rejection.

Chronic ABMR is an evolving concept. Some type of 
DSAs detected after months or years after transplantation 
is associated with chronic rejection and poor graft sur-
vival [18, 19]. Patients with DSAs often show portal and/
or perivenular fibrosis, with minimal portal inflammation 
that does not fulfill the criteria of acute or chronic rejec-
tion [20, 21]. Such histology was initially reported in 
some pediatric recipients after complete cessation of 
immunosuppressive drugs (Fig.  19.16) [22]. These find-
ings suggest that inadequate immunosuppression causes 
insidious progression of “nonspecific” allograft fibrosis, 
which would be a histological feature of chronic 
ABMR. To detect chronic ABMR, protocol biopsy (biopsy 
obtained in a patient with stable graft function) years after 
transplantation may be necessary. However, there is cur-
rently no defined treatment strategy for possible chronic 
ABMR.

19.4.3	 �Immune Tolerance in Liver 
Transplantation

It is known that some liver allograft recipients keep com-
pletely normal allograft histology and liver function after 
gradual weaning of immunosuppressive drugs and com-
plete cessation of those drugs. This status is called “opera-
tional tolerance.” Clinically this phenomenon is not 
uncommon, especially among pediatric liver transplanta-

Fig. 19.13  Keratin 7 immunostaining confirms loss of bile ducts and 
bile ductules in late chronic rejection. Aberrant/compensatory keratin 7 
expression is seen in some periportal hepatocytes

Fig. 19.14  Late chronic rejection showing fibrous obliteration of the 
terminal hepatic venule

Fig. 19.15  Arterial lesion of late chronic rejection (Masson trichrome 
and Verhoeff elastic staining)

Fig. 19.16  Perivenular bridging fibrosis with minimal inflammation 
seen after complete withdrawal of immunosuppression
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tion. The mechanisms of “operational tolerance” are not 
clearly understood, but regulatory T cells (Tregs) seem to 
have an important role for liver allograft tolerance [23]. It 
is also true that majority of the patients cannot achieve 
operational tolerance due to overt rejection during wean-
ing. Since progressive fibrosis with or without mild inflam-
mation suggests subclinical rejection [22], weaning of 
immunosuppressive drugs should be carefully carried out 
with follow-up biopsy. A major goal in liver (and other 
solid organs) transplantation is to establish the ways to 
evaluate and induce graft tolerance.

19.5	 �Complications Related 
to Immunosuppression

Most serious infections associated with immunosuppres-
sive status occur within the first 2 postoperative months. 
Various types of viral, fungal, and bacterial infection can 
occur. Bacterial infection of the allograft or systemic bac-
terial infection can cause sepsis (systemic inflammatory 
response syndrome in response to an infectious process) 
and sepsis-associated cholestasis. Histology of sepsis 
is characterized by canalicular and ductular cholesta-
sis with bile plugs and periductular neutrophil infiltra-
tion (referred to as cholangitis lenta) (Fig. 19.17). Major 
opportunistic viral infections include cytomegalovirus 
and Epstein-Barr virus. The latter usually does not cause 
hepatitis but is associated with posttransplant lymphopro-
liferative disorder (PTLD) involving the allograft. PTLD 
seen the liver biopsy is mostly overt B-cell or T-cell lym-
phoma. Staining of EBV (EBER in situ hybridization) can 
be helpful to differentiate EBV-positive lymphoma from 
rejection, but EBV-negative T-cell lymphoma can mimic 
acute rejection.

19.6	 �Recurrence of the Original Liver 
Disease

Histology of recurrent disease is basically similar or identi-
cal to that of nontransplant settings. Timing of biopsy is an 
important factor for the diagnosis of recurrent disease. For 
example, recurrent alcoholic liver disease and recurrent 
NASH are usually seen in months or years after transplanta-
tion; graft steatosis in the first month posttransplantation is 
almost always attributed to donor-derived steatosis or paren-
teral nutrition.

Recurrence of hepatotropic virus infection (HBV and 
HCV) was once a common and serious complication after 
liver transplantation. Immunosuppression was often associ-
ated with accelerated course of recurrent hepatitis. After the 
introduction of effective and safe antiviral therapy, most 
cases of recurrent hepatitis can be treated without biopsy. 
Histology of recurrent hepatitis is rather nonspecific and can 
be similar to that of acute rejection. When acute rejection 
and recurrent HCV seem to coexist, antiviral therapy is rec-
ommended. Rejection therapy should be added only when 
acute rejection is graded as moderate or severe [24]. It is of 
note that late acute rejection can develop after treatment of 
recurrent HCV [25].

Autoimmune liver diseases, such as autoimmune hepa-
titis, primary biliary cholangitis, and primary sclerosing 
cholangitis, recur in about 10–50% of patients [26]. 
Histological findings are identical to those of nontrans-
plant diseases. After more than a year after transplantation, 
biopsy from patients free from symptom and normal liver 
tests sometimes shows early stage of the recurrent disease. 
Graft and patient survival are generally good after liver 
transplantation for autoimmune liver disease except pri-
mary sclerosing cholangitis. Like other non-anastomotic 
late biliary complications, effective treatment for recurrent 
primary sclerosing cholangitis is not available. Compared 
to other autoimmune diseases, recurrent primary scleros-
ing cholangitis is associated with decreased graft and 
patient survival [26].
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Abbreviations

BAP1	 Breast cancer-associated protein 1
CA125	 Carcinogenic antigen-125
CA19-9	 Carcinogenic antigen 19-9
FDG-PET	 18F-fluorodeoxyglucose positron emission 

tomography
SEP	 Sclerosing encapsulating peritonitis
TNF	 Tumor necrosis factor
TS-1	 Combination capsule of tegafur, gimeracil, and 

oteracil potassium

The peritoneum is an organ of serosa with combined epithe-
lial and mesenchymal features. It consists mainly of meso-
thelial cells arranged in a monolayer. Peritoneal disorders 
include primary or secondary tumors, benign or malignant 
tumors, and inflammatory disorders. Hence, they are not 
only of tuberculosis and sarcoidosis but also mesothelioma 

and carcinomatosis which can impair physiological func-
tions [1] and produce massive ascites. Sclerosing encapsu-
lating peritonitis leads to peritoneal fibrosis and obstruction 
of small intestine which mimics liver cirrhosis.

20.1	 �Peritoneal Tuberculosis

Ascites always occur in peritoneal tuberculosis, besides con-
stitutional symptoms such as weight loss, abdominal dis-
comfort, anorexia, night sweat [2], fever, and general 
malaise. The ascitic fluid is exudative and rich in albumin 
and lymphocytes [3]. Abdominal US and CT scanning is 
useful for the diagnosis of peritoneal tuberculosis [4, 5]. 
FDG-PET is crucial in the differential diagnosis from perito-
neal carcinomatosis [6]. An accurate diagnosis can be made 
based on the value of adenosine deaminase in the fluid [7] 
and by laparoscopy [8] with selective biopsy of peritoneal 
granulomas [9]. Positive staining for acid-fast bacilli in gran-
ulomatous tissue confirms the diagnosis, while positive cul-
ture of tissue biopsied from the peritoneum is regarded as the 
gold standard test [2]. Furthermore, polymerase chain reac-
tion (PCR) for mycobacterial tuberculosis is used to confirm 
tubercle bacilli [2]. In some cases, examination cannot prove 
the presence of the mycobacteria. Hence, first-line antituber-
culous drugs such as isoniazid, rifampicin, ethambutol, and 
pyrazinamide are administered [3] for definite or probable 
tuberculosis.
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Case 20.1
A 51-year-old patient complained of epigastric pain and 
low-grade fever. Liver function test was normal. Ascites 
were detected by ultrasonography. Examination of ascitic 
fluid showed increased lymphocytes, but PCR was negative 
for Mycobacterium tuberculosis. Peritoneoscopy revealed 
a white-coated capsule and small nodules or maculae on 
liver surface. White nodules or granulomas were also 
seen in the peritoneum. Biopsy from a white nodule on 
the peritoneum showed necrotizing epithelioid granuloma 
(Fig.  20.1). Six months of empirical treatment with first-
line antituberculous drugs resulted in reduced ascites and 
abdominal pain and no fever. Peritoneoscopic findings in 
another patient with tuberculosis showed an adhesive mem-
brane between the peritoneum and liver. Granulomas were 
not visible on the peritoneum or liver surface (Fig. 20.2), a 
finding that is suggestive of cured or old tuberculosis in the 
peritoneum [8, 10].

20.2	 �Peritoneal Sarcoidosis

Sarcoidosis is a multisystemic idiopathic granulomatous dis-
ease with lung and lymphoid system being the most com-
monly involved sites. The abdomen is the most common 
extra-thoracic site, but peritoneum involvement is extremely 
rare and is not always isolated [11]. CT scan is an excellent 
means of detecting ascites and soft tissue infiltration of the 
peritoneal ligaments and mesenteries but hardly distin-
guishes peritoneal sarcoidosis from tuberculosis, mesotheli-
oma, malignant lymphoma, or carcinomatosis. Gallium 
scintigram is a useful tool for diagnosis of sarcoidosis in 
cases involving lacrimal and parotid glands [12]. An accurate 
diagnosis can be made by laparoscopic-guided biopsy of 

peritoneal lesions. Multiple small white granulomas are 
observed on the peritoneum, and the biopsy revealed non-
caseating granulomas [13]. Enlarged lymph nodes are also 
observed in peritoneal sarcoidosis. Lymph nodes are often 
seen in porta hepatis, para-aortic region, and the celiac axis 
[14]. The lymph nodes are generally smaller than 2 cm in 
diameter and are more discrete rather than confluent [11], 
and these features distinguish sarcoidosis from malignant 
lymphoma [15]. Most cases of peritoneal sarcoidosis have a 
benign course, evolving spontaneously. Corticosteroid ther-
apy should be considered for reducing ascites or improving 
functional impairment of gastrointestinal tract. Methotrexate, 
azathioprine, or TNF-alpha antagonists may potentially be a 
second-line treatment in the future [16, 17].

a b

Fig. 20.1  Peritoneal tuberculosis. (a) Laparoscopy showing white maculae on the peritoneum and thick white plaque with small granules on the 
liver capsule. (b) Biopsy from white maculae on the peritoneum showing formation of granuloma

Fig. 20.2  Peritoneal tuberculosis. Laparoscopy showing adhesion 
between the diaphragm or abdominal wall and the thickened liver cap-
sule with prominent vascularization

M. Iwai et al.



289

Case 20.2
An 83-year-old man presented with abdominal fullness. A 
computed tomography demonstrated pleural effusion, asci-
tes, peritoneal thickness, and panniculitis (Fig.  20.3). 
Multiple small white nodules on the peritoneum were 
observed during laparoscopy (Fig. 20.4), and biopsy revealed 
non-caseating granulomas (Fig. 20.5). A gallium scintigram 
demonstrated accumulation in the peritoneum with a charac-
teristic “panda sign” that has been reported to indicate sar-
coidosis [12] (Fig. 20.6). The patient was treated with steroid 
(40 mg/day of prednisolone), resulting in the resolution of 
ascites and negative gallium scintigram. He was then placed 
on low-dose steroid therapy and maintained a complete 
response.

20.3	 �Sclerosing Encapsulating Peritonitis

Sclerosing encapsulating peritonitis (SEP) is a chronic 
inflammatory process in which the small intestines are 
encased by a dense fibro-collagenous membrane [18, 19]. 
SEP is divided into primary (idiopathic) and secondary 
forms according to the underlying etiological cause [19, 
20]. Idiopathic form is also known as abdominal cocoon 
[18]. The secondary form is associated with continuous 
peritoneal dialysis and other rare causes including abdomi-
nal surgery, recurrent peritonitis, beta-blocker treatment, 
peritoneovenous shunting, abdominal tuberculosis, sarcoid-
osis, intraperitoneal chemotherapy, cirrhosis, liver trans-
plantation, gastrointestinal malignancy, and endometriosis 
[19]. The early clinical features of SEP are often unrecog-
nized. Clinical manifestation of SEP includes ascites and 
recurrent acute, subacute, or chronic episodes of intestinal 
obstruction [21] which are sometimes complicated by life-
threatening enterocutaneous fistula, small intestinal necro-
sis, and malnutrition. Preoperative diagnosis of SEP has 
become possible with technological advances in image 
analysis of computed tomography [22], but most cases are 
diagnosed incidentally at laparotomy. Laparotomy reveals 
ascites and characteristic gross thickening of the perito-
neum, which encloses some or all small intestine and other 
organs (e.g., appendix, cecum, ascending colon, liver, ovary, 
etc.). Histologically, the peritoneum shows sheets of dense 
collagenous tissue with the presence of a mononuclear 
inflammatory infiltrate [23]. Surgery is the most effective 
management option for SEP [21], although controversy sur-
rounds the indication, optimal timing, and mode of surgical 

Fig. 20.4  Peritoneal sarcoidosis. Laparoscopy showing multiple white 
small nodules on the peritoneum. Reprinted from Nihon Shokakibyo 
Gakkai Zasshi. 2016;113. Kunishi Y, Yoshie K, Ota M, et al. Peritoneal 
sarcoidosis: an unusual cause of ascites. pp. 143–151. Copyright 2016 
with permission from Nihon Shokakibyo Gakkai

Fig. 20.3  Peritoneal sarcoidosis. (a) CT showing ascites around the 
liver. (b) Heterogeneous hyper-density of the omentum (arrow heads). 
Reprinted from Nihon Shokakibyo Gakkai Zasshi. 2016;113. Kunishi 

Y, Yoshie K, Ota M, et al. Peritoneal sarcoidosis: an unusual cause of 
ascites. pp.  143–151. Copyright 2016 with permission from Nihon 
Shokakibyo Gakkai

a b
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a b

Fig. 20.5  Peritoneal sarcoidosis. (a) Hematoxylin and eosin-stained 
biopsy revealed non-caseating granulomas. (b) Ziehl-Neelsen-stained 
biopsy was negative. Reprinted from Nihon Shokakibyo Gakkai Zasshi. 

2016;113. Kunishi Y, Yoshie K, Ota M, et al. Peritoneal sarcoidosis: an 
unusual cause of ascites. pp. 143–151. Copyright 2016 with permission 
from Nihon Shokakibyo Gakkai

a b

Fig. 20.6  Peritoneal sarcoidosis. (a) Gallium scintigram demonstrated 
an accumulation in the peritoneum (arrow heads). These accumulations 
were also observed in the lacrimal and parotid glands (arrow), the so-
called panda sign. (b) Gallium scintigram demonstrating reduced accumu-

lation (improvement) after 2 weeks of treatment with steroids. Reprinted 
from Nihon Shokakibyo Gakkai Zasshi. 2016;113. Kunishi Y, Yoshie K, 
Ota M, et al. Peritoneal sarcoidosis: an unusual cause of ascites. pp. 143–
151. Copyright 2016 with permission from Nihon Shokakibyo Gakkai
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operation. Steroid, tamoxifen, and immunosuppressants are 
effective in alleviating incomplete obstruction of the small 
intestine [24].

Case 20.3
A 66-year-old male had suffered from ascites due to alcoholic 
liver cirrhosis. CT with contrast showed dilated small intes-
tines, thickening of peritoneum, and massive ascites (Fig. 20.7), 
which was exudative, and neither malignant cell nor bacterium 
was detected, and ADA was negative. Laparoscopic findings 
showed sheets of thick, firm, and white-colored membrane on 
the surface of the liver, stomach, small intestine, and colon 
(Fig. 20.8a, b). Biopsy of the membrane revealed fibro-collag-
enous tissue with many inflammatory cells (Fig. 20.8c, d). IgG- 
and IgG4-positive plasma cells were dominantly present 
(Fig.  20.9). With the diagnosis of SEP, prednisolone was 
administered. Ascites disappeared, and repeat CT found 
reduced thickness of peritoneal wall after treatment. Secondary 
form of SEP in liver cirrhosis is associated with prolong ascites 
and sporadic bacterial infection if a patient has neither perito-
neal dialysis nor peritoneal-venous shunting [25]. Infiltration 
of mononuclear cells is seen in fibro-collagenous tissues [23]. 
The role of IgG- and IgG4-positive plasma cells should further 
be studied in the pathogenesis of SEP.

20.4	 �Peritoneal Mesothelioma

Peritoneal mesothelioma is a very rare but a serious and 
often fatal primary tumor. It has been linked to toxic expo-
sure to industrial pollutants, especially asbestos as well as 
pleural mesothelioma. Massive and exudative ascites is usu-
ally present [26] with an increase in lymphocytes and a high 
level of hyaluronic acid [27]. Features of peritoneal mesothe-
lioma on computed tomography (CT) range from a “dry” 
appearance, comprised of peritoneum-based nodular masses, 
to a “wet” appearance comprised of ascites and peritoneum 
thickening, which may be nodular or diffuse [28, 29]. 
Mesothelial tumors are classified into well-differentiated 
papillary, multicystic, and malignant mesotheliomas. 
Histologically, malignant mesothelioma is further classified 
into epithelial, fibrous (sarcomatoid), and mixed types. The 
prognosis of multicystic mesothelioma is good [30]. 
Mutations in the BAP1 tumor suppressor gene are associated 
with malignancy as well as somatic loss of other tumor sup-
pressor genes [31, 32]. The prognosis of epithelial malignant 
mesothelioma is better than sarcomatoid type. Most patients 
are not a surgical candidate and are often offered palliative 
chemotherapy and supportive medical management. Active 
chemotherapeutic agents include cisplatin, pemetrexed, or a 

a b

Fig. 20.7  Sclerosing encapsulating peritonitis. (a) Abdominal CT with 
contrast shows mass of dilated and thickened small intestine and asci-
tes. (b) Sagittal section of CT shows mass of dilated small intestine and 

massive ascites. The peritoneum and wall of small intestines are thick-
ened. The lumen of dilated small intestine is filled by fluid
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combination of both [33]. Gemcitabine, mitomycin C, inter-
leukin-2, and interferon also have modest therapeutic activ-
ity [34]. Intraperitoneal chemotherapy has been used to 
control and relieve symptoms of ascites [35]. Cytoreduction 
followed by hyperthermal intraperitoneal chemotherapy is 
now the recommended treatment [36, 37].

Case 20.4
A 42-year-old male presented with yellowish ascites on 
paracentesis. Lymphocytes and neutrophils were seen micro-
scopically, but there were no neoplastic cells. The serum 
value of hyaluronic acid was 322  ng/mL, but it was 

442,000  ng/mL in the ascitic fluid. CA125  in serum was 
43 ng/mL. CT with contrast showing ascites and an irregular 
peritoneal surface (Fig. 20.10). Mesothelioma of the perito-
neum was suspected. Peritoneoscopy showed numerous cys-
tic formations in the abdominal wall and omentum, and solid 
nodules were seen in the subdiaphragmatic peritoneum 
(Fig.  20.11). Biopsy of a peritoneal cystic lesion showed 
mesothelial cells (Fig.  20.12). Cisplatin was administered 
intraperitoneally, and ascites subsided. The mesothelioma 
gradually became resistant to cisplatin, while hyaluronic 
acid increased in the serum and ascitic fluid. The patient died 
of renal failure 3.5 years later.

a b

c d

Fig. 20.8  Sclerosing encapsulating peritonitis. (a) Peritoneoscopy 
shows thick-white membrane covering the surface of the liver and peri-
toneum with adhesion of the peritoneum to the liver. (b) Thick-white 
membrane with adhesion between the peritoneum and omentum. (c) 

Biopsy of thick-white membrane shows fibro-collagenous structure. (d) 
Lower portion of fibro-collagenous membrane is infiltrated by many 
inflammatory cells
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Case 20.5
A 73-year-old male with a history of exposure to asbestos 
was referred for persistent and massive ascites. Serum hyal-
uronic acid level was 26,100  ng/mL, and its level was 
extremely high in the ascitic fluid. Lymphocytes were seen 
microscopically, but no neoplastic cells were detected. 
Peritoneoscopy revealed small cystic lesions and nodules on 
the omentum or peritoneum (Fig. 20.13). Biopsy of a small 
cystic lesion in the peritoneum showed a sheet of neoplastic 
cells admixed with fibrosis. Immunohistochemistry showed 
positivity for cytokeratin 5 and 6, calretinin, and epithelial 
membrane antigen (Fig.  20.14), consistent with malignant 
mesothelioma. Cisplatin was administered intravenously, 
and the patient survived for 1 year.

IgG

a b

c d

IgG4

Fig. 20.9  Sclerosing encapsulating peritonitis. (a, b) Immunohistochemistry shows presence of IgG-positive inflammatory cells. (c, d) Serial 
sections show the presence of IgG4-positive cells simultaneously in area of IgG-positive cells

Fig. 20.10  Peritoneal mesothelioma. CT with contrast showing ascites 
and an irregular and enhanced surface of peritoneum (arrows)
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20.5	 �Peritoneal Carcinomatosis

The peritoneum is the site of metastatic lesions from pri-
mary cancer of the gastrointestinal tract [38], pancreas 
[39], and ovary [40]. Massive ascites often follows perito-
neal carcinomatosis. It is important to discriminate carcino-
matosis from tuberculosis involvement and mesothelioma 
and lymphoma involvement. CT or positron emission 
tomography, laparoscopy with biopsy, and endoscopic 
ultrasound-guided fine-needle aspiration are used to deter-
mine the stage of malignancy for surgical treatment of pri-
mary and peritoneal lesions [41–43]. TS-1 with cisplatin 
chemotherapy is currently the most commonly used first-
line chemotherapeutic regimen in patients with advanced 
gastric cancer [44].

Case 20.6
A 53-year-old female complained of epigastralgia for 1 year, 
and her serum chemistry showed CRP 1.41  mg/dL, LDH 
269 IU/L, ChE 163 IU/L, TP 5.7 g/dL, albumin 2.8 g/dL, and 
CA19-9 1514  U/mL.  Upper gastrointestinal fiberscope 
revealed giant folds at the greater curvature of the stomach. 
The stomach extension was poor, but no malignant cells are 
detected in the biopsy. Upper abdominal CT showed thick 
stomach wall and swelling of several lymph nodes around 
the lesser and greater curvature of the stomach. Peritoneoscopy 
showed a white patch and maculae on the subdiaphragmatic 
peritoneum, and biopsy showed neoplastic cells admixed 
with fibrosis, some formed glandular structures (Fig. 20.15). 
Repeat gastrointestinal fiberscope with biopsy showed 
poorly differentiated adenocarcinoma of the stomach 
(Bormann IV and scirrhous type). TS-1 with cisplatin che-
motherapy was administered for 6 months, but she died of 
anasarca within a year.

a b

Fig. 20.11  Peritoneal mesothelioma. (a) Laparoscopic findings include cystic or nodular lesions in the peritoneum, subdiaphragmatic surface, or 
abdominal wall. (b) Cystic lesions are seen diffusely on the omentum

Fig. 20.12  Peritoneal mesothelioma. Biopsy from cyst shows scat-
tered mesothelial cells in coarse mesenchyme

Fig. 20.13  Peritoneal mesothelioma. Diffuse cystic lesions on the 
omentum and peritoneum with adhesion between the omentum and 
liver surface
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a b

c d

Fig. 20.14  Mesothelioma. (a) Neoplastic cells are in sheets and 
admixed with fibrosis. (b) Neoplastic cells are positive for cytokeratin 
5 and 6. (c) Calretinin-immunoreactivity is seen in the nuclei and cyto-

plasm of neoplastic cells. (d) Epithelial membrane antigen-
immunoreactivity is seen in the cytoplasm of some neoplastic 
cells

a b

Fig. 20.15  Peritoneal carcinomatosis. (a) CT with contrast shows 
enhanced and thick wall of the stomach, slight presence of ascites, and 
swelling of small lymph nodes. (b) Laparoscopy shows white patches 

and maculae on the subdiaphragmatic peritoneum. (c) Hematoxylin and 
eosin-stained liver tissue shows mixed neoplastic cells with fibrosis
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