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Preface

This book is the beginning of clinical hepatology. As such, it concerns some of the 
most common conditions seen in the hepatology clinics of two community hospitals 
where I have worked for several years. The book is intended for residents, gastroen-
terology and hepatology fellows, nurse practitioners, and physician assistants who 
want to become familiar with the approach to patients with liver disease.

I have worked on this book for several years with long breaks in between, which 
has resulted in a product that includes dramatic changes in the discipline of hepatol-
ogy and which include the development of drugs that cure chronic hepatitis C, clini-
cal trials on primary biliary cholangitis, and the approval of a new medication to 
treat this disease, the name of which changed from primary biliary cirrhosis during 
the writing of this book, and the expansion in the study of nonalcoholic fatty liver 
disease. I am indebted to Springer for having waited for the completion of this book.

New York, NY Nora V. Bergasa, MD, MACP
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Chapter 1
The Liver

Nora V. Bergasa

The liver is a gland surrounded by Glisson’s capsule. It is located in the right upper 
quadrant of the abdomen, triangular in shape, and comprised of the right and left 
lobes, also known as the right and left livers, divided by the round and falciform 
ligaments. The quadrate lobe is in the liver’s inferior surface, limited by the umbili-
cal fissure, the gallbladder bed, and the hilus. The caudate lobe is in the liver’s 
posterior surface; it is limited to the right by the inferior vena cava and to the left by 
the fissure of the ligamentum venosum [1].

The right, middle, and hepatic veins divide the liver into four sectors, each 
receiving a portal pedicle. Each part of the liver that gets a portal pedicle is called a 
segment, of which there are eight. The right liver is comprised of two sectors, 
divided themselves into two segments. The anterior sector is comprised of segment 
V, inferiorly, and segment VIII, superiorly. The posterior sector is divided into seg-
ment VI inferiorly and segment VII superiorly [1].

The left liver has two sectors; the anterior sector is comprised of segment IV, 
medially, and segment III laterally. The posterior sector of the left liver contains 
segment II [1].

The caudate lobe is segment I, which receives its blood flow from the right and 
left branches of the portal veins and hepatic artery, and its veins drain directly into 
the inferior vena cava [1].

N. V. Bergasa (*) 
Department of Medicine, H+H/Metropolitan, New York, NY, USA 

New York Medical College, Valhalla, NY, USA 

Hepatology, H+H/Woodhull, Brooklyn, NY, USA
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 Hepatic Blood Flow

The portal vein, formed by the splenic and superior mesenteric veins, provides two- 
thirds of the hepatic blood flow, with the hepatic artery providing the rest [2]. Mixed 
arterial and venous blood circulate through the sinusoids [3], which converge into 
the hepatic veins to drain into the superior vena cava, except as noted above for the 
caudate lobe [1].

 Liver Lymphatics

The initial lymphatic vessels arise in the portal tracts. There is a capsular lymph 
network; it is unclear whether these two networks communicate with each other. 
Lymphatics drain lymph from interstitial spaces within the liver, most notably, the 
space of Disse. The liver provides 25–50% of the lymph that enters the thoracic duct 
[4]. The increase in venous pressure results in increased capillary filtration and 
hence, increased lymph flow, as it happens in portal hypertension. There are large 
lymphatic vessels in the hepatic hilum through which lymph circulates toward the 
cisterna chyli [4].

 Liver Histology

The hepatocyte is the parenchymal cell that carries the liver function and comprises 
70% of the liver mass.

The nonparenchymal liver cells include liver sinusoidal endothelial cells that 
comprise 50% of the population; Kupffer cells, 20%; lymphocytes, 25%; biliary 
epithelial cells, 5%; and hepatic stellate cells, 1%.

The hepatic sinusoids are channels throughout the liver through which blood 
flows. Sinusoidal endothelial cells form the walls of the hepatic sinusoids, which 
characteristically lack a basement membrane, i.e., they have fenestrae to allow for 
an intimate contact with the space of Disse [5]. The space of Disse is located 
between the endothelial cells and the sinusoidal surface of the hepatocyte. 
Projections from the hepatocytes lie in the space of Disse, through which sub-
stances circulating in the sinusoidal stream are taken up by the parenchymal cells 
for metabolism.

The Kupffer cells are liver macrophages that clear circulating endotoxin and 
other exogenous substances perceived as foreign or injurious to the body [6]. 
They promote regulatory T cells to inhibit cytotoxic T cells in physiological con-
ditions [7].

The lymphocyte component of the liver is comprised of natural killer and natural 
killer T cells, which are pivotal in the immune response and lymphocyte recruitment [8].

N. V. Bergasa
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Biliary epithelial cells line the intrahepatic and extrahepatic bile ducts and mod-
ify the composition and flow of the bile formed by the hepatocyte [9]. Biliary epi-
thelial cells can also participate in liver regeneration and immune-mediated 
processes [10].

The hepatic stellate cells are perisinusoidal cells that store vitamin A in the nor-
mal liver. In response to liver injury, they are activated and turn into alpha-smooth 
muscle actin-expressing contractile myofibroblasts increasing portal pressure by 
their effect on the vasculature. In addition, when activated, they participate in 
mitogen- mediated proliferation, increased fibrogenesis, and abnormal matrix degra-
dation [11].

Afferent and efferent nerve fibers innervate the liver. The portal tract contains 
parasympathetic and sympathetic fibers; the latter coursing into the liver sinusoids. 
Hepatic afferent fibers are considered to participate in osmosensation and metabolic 
sensing. Hepatic efferents are believed to regulate hepatic vasculature tone, metabo-
lism, and liver regeneration. Neuropeptides and neurotransmitters regulate the func-
tion of the biliary epithelium. A role for the autonomic nervous system in the 
activation of hepatic stellate cells has been suggested [12].

 Liver Organization

The liver is organized in hexagonal, one cell thick plates of 15–25 hepatocytes, 
known as hepatic lobules [13]. The portal triads, comprised of a vein, artery, bile 
duct, and nerve, are located at the apices of the hexagon. Between cell plates, mixed 
arterial and venous blood circulates through the hepatic sinusoids from the portal 
tract to the central vein through which a functional gradient, known as metabolic 
zonation, regulated by Wnt/β-catenin signaling [14] exists. Zone 1 is periportal, fol-
lowed by zone 2 and zone 3, which is pericentral [15]. The acinus is a term used to 
describe the smallest functional liver unit, with acinar zones 1, 2, and 3 being 
located in the same area as those of the lobule.

Oxygenation, beta-oxidation, gluconeogenesis, glycogen synthesis from lac-
tate, and ureagenesis predominantly occur in zone 1. Triglyceride synthesis, 
lipogenesis and ketogenesis, glycolysis, and glycogen synthesis from glucose 
occur in zone 3. However, cells from the three zones have the flexibility to pro-
vide functions that may be impaired by injury or fasting, for example, in other 
zones [15].

 Liver Function

The liver is a generous organ. It processes substances from the splanchnic circula-
tion prior to their availability to the systemic circulation. The function of the liver 
includes the synthesis and secretion of proteins, transport and biotransformation of 
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drugs, production of bile, bile acids and heme, metabolism of carbohydrates, lipids 
and lipoproteins, amino acids, and metals and trace elements, in addition to urea 
production, pH regulation, and excretion of porphyrins [15, 16].
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Chapter 2
Approach to the Patient with Liver Disease

Nora V. Bergasa

The approach to a patient with liver disease should be guided by an inquisitive 
mind, judicious yet bold use of diagnostic blood tests, and a prudent choice of inva-
sive procedures. The identification of a chief complaint, a complete medical history, 
and a thorough physical examination form the basis of the approach to a patient with 
liver disease. The identification of risk factors for liver disease is particularly 
important.

Patients with liver disease may present with subtle symptoms, the recognition of 
which will alert the clinician to hepatic pathology. Other times, the quality of life of 
the patients may be markedly impaired [1]. It is implicit in the title of this chapter 
that the clinician knows that the patient has liver disease, e.g., a referral made to the 
hepatology clinic. However, a suggestion of liver disease is often laboratory data 
derived from health maintenance efforts or obtained for other medical reasons. 
Thus, it is the prepared mind that will recognize a connection between symptom(s) 
or abnormal laboratory tests and liver disease.

The range of liver injury varies from inflammation to fibrosis and cirrhosis, char-
acterized by a disruption of the liver architecture by regenerating nodules. Liver 
failure is characterized by impaired liver function, which can be the presentation of 
advanced liver disease, or it can be acute and fulminant. The majority of liver condi-
tions that lead to long-term complications, however, tend to be chronic and some 
progress slowly; a detailed investigation is necessary to arrive at the correct diagno-
sis and treatment.
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 Symptoms of Liver Disease

The identification of a chief complaint and the exploration of its onset, duration, and 
characteristics are necessary.

 Jaundice

Recognized as a sign of liver disease, jaundice may be identified by the patient and 
hence be part of the chief complaint as “yellow eyes” (Fig. 2.1). In general, it is a 
good indication that some aspect of bilirubin metabolism is altered (e.g., bilirubin 
availability, uptake, conjugation, or excretion).

 Fatigue

Fatigue is a manifestation of liver disease; its cause is unknown. It is a prevalent 
symptom of patients with primary biliary cholangitis (PBC), reported to occur in 
80% [2, 3]. Like pruritus, fatigue can precede the diagnosis of PBC. In an internet- 
based survey of patients with PBC who were members of the PBCers organization, 
fatigue was experienced by 85% of the patients, and it preceded the diagnosis of 
PBC in 83% of patients [4]. Fatigue does not correlate with the degree of liver dis-
ease in PBC.  Hypothyroidism and depression, which manifest themselves with 
decreased energy levels, can coexist in patients with PBC; accordingly, a full 
workup to exclude such comorbidities is necessary for the approach to patients with 
suspected or documented PBC.

 Pruritus

Pruritus or itch can be a manifestation of liver disease, in particular of those charac-
terized by cholestasis (i.e., impaired secretion of bile). It is inferred that pruritus 
results from the accumulation of substances normally excreted in bile and that, as a 
result of cholestasis, accumulate in tissues. The nature of the pruritogen(s) is 

Fig. 2.1 Icteric 
conjunctivae (arrow) and 
pterigum (arrow head) in a 
patient with 
decompensated liver 
disease in association with 
alcohol use disorder

N. V. Bergasa
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unknown. It has been hypothesized that the pruritus of cholestasis is mediated, at 
least in part, by increased opioidergic neurotransmission; the amelioration of this 
type of pruritus by opiate antagonists supports this hypothesis [5, 6]. It is important 
to appreciate that pruritus (and fatigue) can precede the diagnosis of liver disease by 
years [4].

 Poor Appetite and Weight Loss

Poor appetite may accompany the presentation of acute liver disease. Patients with 
advanced liver disease may also present with a chronic history of poor appetite [7] 
and either weight loss or muscle wasting [8]. In advanced liver disease, weight loss 
may not be a reliable indicator of liver disease as fluid retention may compensate for 
the loss of muscle, giving an equivocated weight.

 Abdominal Pain

A questionnaire-based study reported that abdominal pain was experienced more 
frequently by patients with liver disease than by the control group over 1 month [9]. 
The pain was worse after meals. It has been written that stretching of Glisson’s 
capsule from “liver inflammation” results in pain in the liver area; this statement is 
difficult to confirm in a controlled fashion. In contrast, right upper quadrant pain 
secondary to biliary colic and acute cholecystitis must be considered in patients 
with liver disease. The prevalence of gallstones is higher in patients with cirrhosis 
than in non-cirrhotic subjects.

 Alterations in the Senses of Taste and Smell

Taste abnormalities (e.g., hypogeusia and dysgeusia) are recognized complications 
of liver disease [10]. An interesting observation, initially reported in patients with 
acute hepatitis B, is the loss of appetite for cigarettes in smokers; this finding is not 
specific for hepatitis B, and it may be due to a perverted sense of taste from liver 
inflammation [11]. Impaired gustatory function with decreased sensitivity for detec-
tion of salt, sweet, and sour and for recognition of bitter, salt, sweet, and sour, and a 
decrease in the mean value of a gustatory score have been reported in patients with 
cirrhosis [12].

The serum concentrations of certain elements, including magnesium, zinc, and 
vitamin A have been reported to be decreased in patients with liver disease and an 
altered sense of taste [12]. A central mediation of taste abnormalities in patients 
with liver disease has been proposed [13]. A report by a patient with acute 
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drug-induced hepatitis equating the taste of chocolate to that of lard should tell the 
reader how inconvenient this symptom can be, especially to a chocolate lover 
(NVBergasa, 2004, unpublished). Hyposmia can be associated with cirrhosis and 
was reported in association with hepatic encephalopathy [14]. In a study that 
included nine patients, hyposmia resolved after liver transplantation [15].

 Personality Changes and Sleep Disturbances

One of the most dramatic manifestations of decompensated liver disease is hepatic 
encephalopathy, characterized by inhibitory neurotransmission [16, 17]. Its presen-
tation can be subtle or florid [18]. The reversal of the sleep pattern is well recog-
nized, with patients reporting insomnia and inability to stay awake during the day, 
confusion, and cognitive deficiencies [16, 19]. Family members may report person-
ality changes, including combativeness.

 Dyspnea

Decreased exercise tolerance and shortness of breath in patients with liver disease 
may be secondary to hepatopulmonary syndrome, porto-pulmonary hypertension, 
and cardiomyopathy [20, 21], the latter traditionally associated with alcohol abuse 
[22] and recently being inconsistently documented as a complication of chronic 
hepatitis C infection [23, 24]. A recent study that addresses specifically dyspnea in 
patients attending a pretransplant clinic did not find a correlation between the 
Medical Research Council scale of dyspnea (mMRC) and the MELD score, or dura-
tion of disease and MELD score or mMRC [25]. Dyspnea can also result from 
impaired diaphragmatic excursion due to ascites [26] or hepatic hydrothorax [27].

 Bleeding

A history of gastrointestinal bleeding, including hematemesis, melena, or hemato-
chezia, may identify patients with portal hypertension [28].

 Stool Characteristics

Jaundice associated with acholic stools (e.g., pale), resulting from decreased bile 
pigments in feces, suggests biliary obstruction. In liver diseases characterized by 
profound cholestasis, the critical micellar concentration of bile acids is reduced in 
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the small intestine [29]; hence, diarrhea from fat malabsorption and, in some cases, 
from maldigestion may ensue. Diarrhea is a manifestation of inflammatory bowel 
disease, which can be associated with primary sclerosing cholangitis and 
cholestasis.

 Vision Disturbance

Deficiency in vitamin A usually manifests itself as an impaired visual adaptation to 
darkness, of which patients may not be aware. Patients with liver disease may be 
deficient in vitamin A because of malabsorption and decreased availability of 
retinol- binding protein. In addition, there may be impaired release of vitamin A 
from liver stores [30].

 Bone Pain and Fractures

Pain in the long bones (e.g., tibia) and joints, sometimes associated with clubbing, 
is suggestive of hypertrophic osteoarthropathy, a complication of cirrhosis [31]. A 
dramatic presentation of liver disease of the cholestatic type can be bone fractures 
from osteoporosis, the etiology of which is unknown.

 Pain

Peripheral neuropathy manifested by numbness, weakness, and neuropathic pain 
can be a symptom of liver disease due to cholestasis; in adults, this manifestation is 
rare. Xanthomatous neuropathy from lipid deposition on peripheral nerves associ-
ated with hyperlipidemia from profound cholestasis is well described [32, 33].

 Hyperpigmentation

Patients may note skin darkening. Hyperpigmentation is a complication of liver 
disease, mainly of the cholestatic type; its pathogenesis is unknown. Increased 
availability of a melanocyte-stimulating hormone has been proposed as a contribut-
ing factor [34].

2 Approach to the Patient with Liver Disease
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 Vascular Ulcers

Leg ulcers can occur in patients with liver disease and are usually considered sec-
ondary to venous insufficiency. However, the healing of leg ulcers in association 
with a transjugular intrahepatic portosystemic shunt, i.e., a decrease in portal pres-
sure, in patients with decompensated cirrhosis has been reported [35], and in asso-
ciation with treatment of portal hypertension from thrombotic disease [36]; the 
existence of a hepatodermal syndrome was proposed [35].

 Chills and Rigors

Chills and rigors are manifestations of infection, which can complicate the course 
of liver disease as spontaneous bacterial peritonitis in patients with ascites, an 
infected biliary tree in patients with primary sclerosing cholangitis, and meningitis 
[37, 38].

 Dark Urine

Dark brown urine suggests bilirubinuria and it indicates hyperbilirubinemia and 
suggests the presence of liver damage; the finding can precede jaundice.

 Sexual Dysfunction and Disinterest

Decreased libido and impotence in men is a manifestation of cirrhosis. Men with 
cirrhosis secondary to alcohol have been reported to have lower serum concentra-
tions of testosterone and higher serum concentrations of gonadotrophins than 
patients without a history of alcohol abuse. In these patients, hypogonadism may 
result from the toxic effect of alcohol and its metabolites on the gonads and estro-
gens’ systemic effect on the hypothalamic–pituitary–gonadal axis [39]. Cure of 
chronic HCV infection was associated with improved sexual health [40].

In women, important contributors to lack of interest in sexual activities have 
been reported to be depression and fatigue.

N. V. Bergasa
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 Muscle Cramps

Mostly nocturnal, muscle cramps affecting the calves, toes, and fingers can compli-
cate cirrhosis and have a marked negative impact on the quality of life [41, 42]. The 
pathogenesis is unknown.

 Identification of Risks for Liver Disease

Activities that involve contact with blood and body fluids are risks for acquiring 
viral hepatitides [43–46]. Subjects at risk for having contracted viral hepatitides 
(e.g., hepatitis C, B, and delta hepatitis) include those with a history of blood trans-
fusions prior to 1992, intravenous injections of illicit drugs, even in the distant past, 
subjects on chronic hemodialysis, and individuals who received other blood prod-
ucts (e.g., clotting factors) prior to 1987. Body piercing and tattoos may be risk 
factors for viral hepatitis if the tools used, including the ink, are contaminated. 
Multiple sexual partners are a risk factor for viral hepatitis.

Alcohol abuse is an important cause of cirrhosis of the liver [47]. Information on 
the use of medications or dietary supplements, acutely or chronically, by prescrip-
tion, over the counter, or from health food stores is fundamental in cases of drug- 
induced liver injury [48]. The drinking of “bush tea,” a practice carried out in some 
countries, has been associated with Budd–Chiari syndrome, which can present dra-
matically with ascites and hepatic insufficiency [49]. Contraceptive pills can be 
associated with hepatic adenomata and vascular thrombosis [50].

Malignant liver tumors have been associated with exposure to certain compounds 
used in industry (e.g., vinyl chloride [51], inorganic arsenical [52], and to aflatoxin 
B1 [53], which can result from the ingestion of contaminated food products (e.g., 
grains) with the mold Aspergillus flavus.

Inquiring about travel to geographic areas where certain conditions are endemic 
may reveal diagnostic possibilities. Examples of infectious diseases that may 
involve the liver include leptospirosis, malaria, Q fever, amebiasis, and schistoso-
miasis [54].

 Recognizing Hepatic Manifestations of Comorbidities

Chronic conditions can be associated with liver involvement, clinical or subclinical. 
Heart and liver disease can coexist [55]. Jaundice is not uncommon in patients with 
decompensated heart failure [56] and patients with sepsis [57, 58]. Obesity can be 
associated with an abnormal serum liver profile, as can diabetes mellitus [59], usu-
ally associated with fatty liver. A patient with amyloidosis may have the liver infil-
trated by amyloid manifested as hepatomegaly [60], and an immunosuppressed 
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patient may have the liver infiltrated by mycobacteria, for example [61]. Patients 
with renal insufficiency from polycystic kidney disease may have liver cysts as part 
of the syndrome [62]. Stauffer’s syndrome, characterized by hepatomegaly and cho-
lestasis in the absence of liver metastases, can be a manifestation of patients with 
renal cell carcinoma; the syndrome resolves when the tumor is resected [63]. Cystic 
fibrosis can be associated with cholestasis [64]. Subtle changes in the liver profile, 
including increased activity of transaminases, can be seen in hypothyroidism and 
hyperthyroidism. Basedowiana-Haban cirrhosis, characterized by hepatomegaly 
and episodes of jaundice, was originally described in patients with thyrotoxicosis by 
the German physician Karl Basedow [65, 66]. In the context of interpreting thyroid 
function tests, it is important to recognize that an increase in thyroid binding globu-
lin, and not hyperthyroidism, appears to be the most common cause of increased 
serum levels of thyroxine (T4) in patients with liver disease [67]. Free T4 concentra-
tions are necessary to confirm hyperthyroidism [68].

 Past Medical and Surgical History

A history of jaundice or abnormal liver profile may suggest previous hepatitis or the 
passage of a gallstone, sometimes accompanied by pain. History of gallbladder sur-
gery, including laparoscopic cholecystectomy, in a patient with cholestasis, should 
trigger the search for post-surgical biliary strictures, which need to be repaired to 
prevent biliary cirrhosis [69]. Biliary strictures can also be a complication of chronic 
pancreatitis [70].

 Family History

A history of liver disease in family members is relevant as it may be lead to the 
diagnosis of hereditary diseases, including primary hemochromatosis [71], Wilson’s 
disease [71], and alpha-1-antitrypsin deficiency [72]. History of viral hepatitis B in 
the mother may suggest perinatally acquired hepatitis in the patient under evaluation.

 Review of Systems

A florid presentation of hemochromatosis may include arthralgias and glucose 
intolerance, hypogonadism, and cardiomyopathy. Psychiatric and neurological 
alterations may suggest Wilson’s disease. Classically, emphysema and liver disease 
suggest alpha-1-antitrypsin deficiency; liver disease may present without 
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pulmonary complications in this condition. Easy bruising in a patient with infiltra-
tive liver disease suggests amyloidosis, and in a patient with “red eyes,” silvery skin 
nodules, and pulmonary complaints, it suggests sarcoidosis [73]. Dyspnea may sug-
gest hepatopulmonary syndrome. CREST (calcinosis, Raynaud’s phenomenon, 
esophageal dysmotility, sclerodactyly, and telangiectasias) syndrome can be associ-
ated with PBC [74].

 The Physical Examination

Signs of liver disease may be overt or absent. Fever in a patient with liver disease 
should trigger the exclusion of infections. In patients with decompensated liver dis-
ease, the blood pressure tends to be low, secondary to systemic vasodilatation.

 Fetor Hepaticus

A sweet odor emanating from the patient’s breath can be perceived in patients with 
advanced liver disease, including those with extensive portosystemic shunting [75].

 The Skin, Mucous Membranes, and Nails

Jaundice is the yellow discoloration of the skin, conjunctivae, and mucous mem-
branes. It jumps out at the examiner (Fig. 2.1) [76, 77]. It is a manifestation of liver 
disease, secondary to intra- or extrahepatic cholestasis, i.e., from acute hepatitis, 
hepatocellular failure, or biliary tract obstruction. Excess in bilirubin production 
from hemolysis is also a cause of jaundice. Kayser–Fleischer rings, a brown rim on 
the cornea’s periphery, secondary to copper accumulation in Descemet’s membrane, 
is a classic finding of Wilson’s disease [78, 79]; it is necessary to examine the cor-
nea with a slit lamp for adequate visualization most of the times. In cases of pro-
longed cholestasis and not related to Wilson’s disease, Kayser–Fleischer rings may 
also be present.

The skin of patients with liver disease and pruritus does not display pruritic skin 
lesions, but excoriations complicated by prurigo nodularis may abound, especially 
in patients with severe pruritus (Fig. 2.2); they are evidence of how devastating this 
symptom can be. The skin is warm from the hyperdynamic circulation of patients 
with portal hypertension. Spider angiomata are characterized by vascular arboriza-
tions that blanch on pressure (Fig. 2.3); they are found on the face and upper back, 
thorax, and upper arms [80]. The pathogenesis of spider angiomata has been 
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considered to be systemic excess of estrogen and portosystemic shunting from cir-
rhosis. Skin hyperpigmentation is common in patients with cholestasis, in particu-
lar, that secondary to PBC. Patients with PBC may display what has been named the 
“butterfly sign,” an area of relative hypopigmentation between the scapulae in rela-
tionship to the surrounding skin (Fig. 2.4). A gray to brown discoloration of the skin 
and mucous membranes due to the accumulation of hemosiderin and hemofuscin 
(gray hue) and melanin (brown hue) suggests hereditary hemochromatosis [81]. 

Fig. 2.2 Prurigo lesions in 
a patient with chronic 
pruritus from cholestasis

Fig. 2.3 Spider angiomata 
on the right side of the 
neck in a woman with 
decompensated liver 
disease in association with 
alcohol use disorder

Fig. 2.4 Butterfly sign on 
the back of a patient with 
primary biliary cholangitis
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Xanthomatosis, accumulation of lipids in the skin, is a manifestation of hyperlipid-
emia in cholestasis (e.g., PBC); it presents as plane xanthomata on the palms, soles, 
trunk, and flexor surfaces, as tuberous xanthomata over the joints, and as xanthelas-
mas on the eyelids and under the eyes [33, 82]. Lichen planus is also associated with 
PBC. “Paper money” skin, characterized by telangiectasias on the cheeks, can be a 
sign of cirrhosis (Fig. 2.5) [83]. Purpura is a manifestation of vasculitis, which can 
be associated with chronic hepatitis C and B infections [84]. Telangiectasias on lips 
suggest CREST syndrome or hereditary hemorrhagic telangiectasia, in which vas-
cular malformations can occur in the liver [85]. The distribution of body hair of men 
with cirrhosis is feminine. Nails can display white horizontal lines, Muerhcke’s 
lines, indicative of hypoalbuminemia. Azure lunulae (sky blue moon) discoloration 
of the nails [86] and a green hue on the skin from the accumulation of copper are 
described in Wilson’s disease.

 Glands and Lymph Nodes

Parotid gland enlargement can be detected in 20% of patients with cirrhosis second-
ary to alcohol abuse [87] (Fig.  2.6). Testicular atrophy and feminization [88], 
including gynecomastia [89], is a classic finding of men with cirrhosis, which may 
result from increased peripheral conversion of androgens; tender gynecomastia is 
also a side effect of spironolactone, a diuretic used to treat ascites [90].

Fig. 2.5 Paper money 
appearance in a patient 
with decompensated liver 
disease from alcohol abuse 
disorder
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 Cardiovascular System

Findings suggesting pericardial (e.g., constrictive pericarditis) or cardiac disease, 
including cardiomegaly, gallops, and distended neck veins, may explain hepato-
megaly and ascites [91]. Pulmonary hypertension associated with portal hyperten-
sion or liver disease (i.e., portopulmonary hypertension) is suggested by an 
accentuated pulmonary component of the second heart sound at cardiac auscultation 
and the presence of a systolic murmur consistent with tricuspid insufficiency [92]. 
Pounding pulses from systemic vasodilatation and increased cardiac output are 
characteristic of patients with decompensated liver disease [93].

 Respiratory System

Decreased breath sounds at the lung bases, usually at the right base, suggest hydro-
thorax in a patient with decompensated liver disease and ascites. Hepatopulmonary 
syndrome, which is associated with intrapulmonary vascular dilatation, is character-
ized by orthodeoxia (i.e., arterial deoxygenation from the supine to the upright posi-
tion) and platypnea (i.e., dyspnea from the supine to the upright position) [94]. 
These phenomena result from increases in intrapulmonary shunting due to perfu-
sion of the lower lobes [94].

Fig. 2.6 Parotid glad 
enlargement in a patient 
with cirrhosis in 
association with alcohol 
use disorder
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 Abdomen

Dilated veins on the abdominal wall may be a sign of intrahepatic portal hyperten-
sion (Fig. 2.7). This phenomenon results from the recanalization of the paraumbili-
cal or umbilical veins to decompress the portal system. Veins that radiate away from 
the umbilicus become prominent and are described as the “caput Medusa,” after the 
gorgon of Greek mythology with snakes entwined in her hair. Dilated abdominal 
veins can also be seen high up in the abdomen.

In patients with liver disease, abdominal auscultation may reveal a venous hum, 
suggesting portal hypertension; a bruit over the liver area, in synchrony with the 
pulse, suggests a vascular tumor with arterial blood supply (e.g., hepatocellular car-
cinoma) or florid alcoholic hepatitis. A hepatic friction rub has been described in 
tumors eroding the liver capsule, hepatic syphilis, and liver abscesses. Distended 
abdomen and bulging flanks suggest ascites (Fig. 2.8), a defining complication in 
the natural history of liver disease, as it correlates with morbidity and mortality. 
Ascites can be detected by palpation and percussion, seeking a fluid wave and shift-
ing dullness. Abdominal tenderness in a patient with ascites suggests peritonitis 
(e.g., spontaneous bacterial peritonitis), which is an ominous complication of liver 
disease.

The liver is dull to percussion. To feel the liver, the abdomen is examined with 
the patient in the supine position, arms parallel to the sides of the body, and the 
knees bent, to relax the abdominal muscles. It is useful to start palpating from the 
right lower quadrant of the abdomen toward the ribcage, to encounter the liver edge 
on the way up. The liver edge is smooth, and sometimes a little tender when pressed. 
In general, feeling the edge up to 2 cm below the right costal margin is considered 
normal. The liver can be displaced downwards by emphysematous lungs. In thin 

Fig. 2.7 Dilated veins 
(arrows) in the abdominal 
wall in a patient with portal 
hypertension and 
decompensated liver 
disease as evidenced by 
ascites (arrow head: 
epigastrium)
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subjects, the liver can be felt on deep inspiration, not necessarily suggesting hepatic 
pathology. Hepatomegaly may indicate cirrhosis, infiltrative disease, or space- 
occupying lesions (e.g., tumors). A hard consistency of the liver is consistent with 
cirrhosis [95]. In disease, the liver can extend over the midline, and the left lobe can 
be felt in the epigastrium. When hepatomegaly is uncertain, the scratch test may be 
useful. This maneuver is conducted by placing the bell of the stethoscope on the 
right upper quadrant over the ribcage and scratching the abdominal wall’s surface 
from the mid-abdomen toward the liver. When the scratch is done on an area under 
which the liver lays, the sound is amplified. When there is ascites, the liver edge can 
be made to bounce by exerting a quick pressure with the fingertips below the rib-
cage. Splenomegaly suggests portal hypertension.

Fig. 2.8 Abdominal 
distension from ascites in a 
patient with 
decompensated liver 
disease from alcohol abuse 
disorder
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 Extremities

Red palms, especially on the thenar and hypothenar eminences, can be seen in 
patients with cirrhosis (Fig. 2.9). Retraction of the palmar fascia with subsequent 
contracture of palms and fingers is known as Dupuytren’s contracture (Fig. 2.10), 
with increased prevalence in patients with liver disease. Acquired finger clubbing 
can be seen in patients with cirrhosis and patients with hepatopulmonary syndrome 
(Fig. 2.11) [96].

Fig. 2.9 Palmar erythema 
in the thenar and 
hypothenar eminences in a 
patient with cirrhosis from 
chronic hepatitis C

Fig. 2.10 Incipient 
Dupotryen’s contracture 
(arrow) and palmar 
erythema (short arrow) in a 
man with cirrhosis from 
alcohol abuse disorder
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Lower extremity edema complicates fluid retention in liver disease. The edema 
is usually pitting unless it is chronic or complicated by venous insufficiency, in 
which the appearance can be reminiscent of elephantiasis.

 Neuropsychiatric Alterations

Family members can report subtle alterations in personality. Constructional apraxia 
(e.g., inability to draw a five-point star or to write legibly) in fully conscious patients 
is a finding of hepatic encephalopathy. The Reitan number connection test can be 
used to diagnose and follow the response to treatment of hepatic encephalopathy. 
Asterixis, a sign of encephalopathy, can be appreciated by having the patient extend 
the arms, palms down, and dorsiflex the wrists while separating the fingers for at 
least 15 s. It is characterized by a series of extension and flexion movements at the 
level of the wrist. Electromyography of the contracted muscles has revealed lapses 
of electrical input that coincide with asterixis [97]. Tremors can also be noted.

 Investigation of Liver Disease

An impression of liver disease can be confirmed by laboratory exams, radiographic 
tests, or a combination, which should be analyzed in concert. A liver profile sugges-
tive of cholestasis, including that resulting from infiltrative disease, is characterized 
by an increase in alkaline phosphatase serum activity and, in the majority of cases, 
gamma-glutamyl transpeptidase. Transaminases are reportedly released by injury to 
the hepatocytes, such as that occurring in acute or chronic hepatitis. A prolonged 
prothrombin time (or high International Normalized Ratio) suggests synthetic 

Fig. 2.11 Finger clubbing 
in a patient with 
hepatopulmonary 
syndrome associated with 
cirrhosis secondary to 
alcohol use disorder
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hepatic dysfunction, as does a decreased concentration of serum albumin. A com-
plete blood count may reveal pancytopenia secondary to bone marrow suppression 
and hypersplenism due to portal hypertension, which tends to be associated with 
thrombocytopenia.

The review of the urine analysis and renal function tests in patients with liver 
disease is very relevant. Bilirubinuria is a sign of liver damage and usually precedes 
jaundice. In the absence of bilirubinuria, jaundice is from unconjugated hyperbili-
rubinemia (e.g., from hemolysis) [98]. Microscopic hematuria and proteinuria sug-
gest glomerulopathies (e.g., associated with cryoglobulinemia, deposition of 
immune complexes, most commonly IgA). An alkaline urine pH suggests renal 
tubular acidosis, which can complicate Wilson’s disease and PBC. Renal insuffi-
ciency, oliguria, and marked reduction of urine sodium are consistent with hepatore-
nal syndrome, a dreadful complication of liver disease.

A liver sonogram with Doppler studies is an important tool in the investigation 
of liver disease. This test gives information on liver architecture, vascular flow, bili-
ary obstruction or bile duct dilation, gallbladder disease, and echogenicity that may 
suggest liver disease, fat, and space-occupying lesions, including livers cysts, and 
masses [99]. A sonographic study of the liver can also suggest parenchymal liver 
disease (e.g., increased echogenicity, nodularity) and the opportunity to identify 
space-occupying lesions, including tumors and cysts. Other radiological modalities 
include computed tomography, usually with contrast, if the renal function allows it, 
multiphasic, or magnetic resonance imaging, especially for the characterization of 
liver masses, including hepatocellular carcinoma [100, 101].

 Liver Biopsy

To examine the liver histology provides the opportunity to diagnose or confirm a 
particular disease, determine the degree of liver injury (e.g., presence of cirrhosis) 
and assess the response to treatment. The decision to perform a liver biopsy is 
always individualized, and the risks versus benefits are considered.

Noninvasive methods to determine liver fibrosis are available, including 
Fibrosure, Fibrotest-Actitest, and the aspartate transaminase to platelets ratio index 
(APRI). They combine the analysis of certain blood components including serum 
proteins and enzyme activities and for the APRI, platelet count, to generate a score 
that provides information regarding inflammatory activity and fibrosis. Transient 
elastrography assesses the liver’s stiffness by measuring the velocity of a vibration 
wave, i.e., shear wave, generated through an intercostal space over the liver area. 
Shear wave velocity is determined by measuring the time the vibration wave takes 
to travel to a particular depth inside the liver. In contrast to the normal liver, the 
fibrotic liver is hard; thus, the degree of fibrosis can be inferred from liver stiffness. 
The results are expressed in kilopascals (kPa) [102–104]. Concerns about the reli-
ability of these tests exist; however, the wish to develop reliable noninvasive exams 
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to assess the degree of liver disease continues to stimulate the development of novel 
investigational procedures.

The exclusion of hereditary diseases (e.g., primary hemochromatosis, Wilson’s 
disease, alpha-1-antitrypsin deficiency) in a patient with an acquired disease (e.g., 
viral hepatitis) is part of a liver disease workup. By the same reasoning, a patient 
with a hereditary or autoimmune disease in whom risk factors for viral hepatitides 
have been identified should have these excluded.

In evaluating a patient with suspected liver disease, the author excludes treatable 
causes, with a basic liver disease workup, as done in clinical trials of liver disease. 
In addition to a hemogram, serum electrolytes, blood urea nitrogen, and creatinine, 
and hepatic panel, including gamma-glutamyl transpeptidase, the basic workup 
includes hepatitis B serology, i.e., surface antigen, anti-core, and anti-HBs, and IgG 
hepatitis A antibodies, with IgM in cases of acute hepatitis, hepatitis C antibody 
with reflex to HCV RNA quantitation, iron studies, alpha-1 antitrypsin, and cerulo-
plasmin concentrations, autoantibodies (i.e., antinuclear antibodies and anti-smooth 
muscle antibodies), and glycosylated hemoglobin, if appropriate, e.g., in patients at 
risk for nonalcoholic fatty liver disease. If PBC is in the differential diagnosis, anti-
mitochondrial antibodies and IgM are added at the start. If primary sclerosing chol-
angitis is being considered, perinuclear anti-neutrophil cytoplasmic antibodies are 
also requested. Specific tests to exclude specific diseases are discussed in the rele-
vant chapters.

Judicious but liberal use of noninvasive diagnostic tests guided by an inquisitive 
mind will identify the etiology of liver disease in most patients.
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Chapter 3
Primary Biliary Cholangitis

Nora V. Bergasa

A 57-year-old woman was referred to the hepatology clinic because of increased 
serum activity of alkaline phosphatase (AP). She felt well and did not report pruritus 
or fatigue. On physical exam, she did not exhibit any findings suggestive of liver 
disease. Her liver disease workup was significant for + antimitochondrial antibodies 
(AMA), 1:160 titer, and high serum IgM. These findings were consistent with pri-
mary biliary cholangitis (PBC). The patient opted to have a liver biopsy, which 
revealed stage II PBC. She was started on ursodeoxycholic acid (UDCA) at a dose 
of 13–15 mg/kg of body weight in divided doses with meals. In association with 
UDCA, the serum activity of AP normalized itself. She has remained asymptomatic 
for 12 years.

The salient features that suggest a diagnosis of PBC in this patient are female 
gender and a liver profile suggestive of cholestasis. The presence of AMA in serum 
and increased serum IgM concentration are classic findings of PBC and substantiate 
the diagnosis. At the time of her presentation, the patient met the criteria for the 
diagnosis of probable PBC as previously defined [1, 2], i.e., increased serum activ-
ity of AP for at least 6 months and presence of AMA in serum, with typical histo-
logical features, as a definitive diagnosis. As per current guidelines, a diagnosis of 
PBC is based on meeting two of the following criteria: (1) biochemical evidence of 
cholestasis with an elevation of AP activity, (2) the presence of AMA, and (3) histo-
pathologic evidence of nonsuppurative cholangitis and destruction of small or 
medium-sized bile ducts [3].
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The serological hallmark of PBC is the presence of AMA [4–7]. However, a 
condition known as AMA-negative PBC exists; the clinical features and its natural 
history are the same as that of classic PBC [8]. The 2 oxoacid dehydrogenase family 
of enzymes is comprised of pyruvate dehydrogenase complex (PDC), 2 oxo- 
glutarate dehydrogenase complex (OGDC), and the branched-chain 2 oxoacid 
dehydrogenase complex (BCOADC) [9]. These complexes play a key role in the 
oxidative metabolism in the mitochondria. AMA react with the E2 components of 
PDC, OGDC, and BCOADC, and with protein X and with the E1a and E1b subunits 
of PDC. The inner lipoyl domain is the dominant B cell autoepitope, with lipoic 
acid, which plays a crucial role in these complexes’ enzymatic activity, as a cofactor 
[6, 10–14]. A definitive diagnosis is considered when liver histology reveals the 
classic bile duct injury of chronic nonsuppurative destructive cholangitis (CNSDC) 
[2] (Fig. 3.1).

PBC is a liver disease initially described in 1851 [15] and subsequently as a 
series of cases in 1950 [16] when patients tended to present with hyperbilirubinemia 
in advanced stages. The disease is characterized by chronic nonsuppurative destruc-
tive cholangitis that affects septal and interlobular intrahepatic bile ducts [17] 
(Fig. 3.1); it tends to progress and to lead to biliary cirrhosis and liver failure [18, 
19]. A cure for PBC has not been identified; the administration of UDCA is approved 
for the treatment of PBC [3, 20, 21], and it has been associated with a prolonged 
period free of the need for liver transplantation [22], indicated for patients who 
develop liver failure [23]. Obeticholic acid was approved for the treatment of PBC 
in combination with UDCA for the use in patients whose AP activity has not 
decreased to less than 1.67 times the upper limit of normal after 1 year of treatment, 
or alone for patients who do not tolerate UDCA. The drug is contraindicated in 
patients with decompensated liver disease, i.e., Child’s B and C [3], with a history 
of a decompensation event, and with portal hypertension in association with com-
pensated cirrhosis.

Fig. 3.1 The florid bile 
duct lesion, i.e. 
nonsuppurative destructive 
cholangitis, in a patient 
with primary biliary 
cholangitis. 
The inflammatory 
infiltrate is comprised of 
mononuclear cells, some 
plasma cells and, 
characteristically, 
eosinophils
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 Etiology

The trigger of the inflammatory destruction of the intrahepatic bile ducts is unknown. 
PBC is considered an autoimmune disease, an idea supported by the immunological 
alterations reported in association with this condition. Infectious agents, or infection 
related processes, as a cause of the CNSDC of PBC have been proposed; in this 
context, lipopolysaccharide, secreted by Gram negative organisms [24], and lipotei-
choic acid, a component of the cellular wall of Gram positive organisms including 
Staphylococcus aureus [25, 26], have been reported to accumulate in the inflamma-
tory infiltrate of the CNSDC of PBC, and Propionibacterium acnes 16 ribosomal 
RNA was extracted from granulomata from the liver of patients with PBC. These 
proteins and organisms function as pathogen-associated molecular patterns 
(PAMPS) [27]. PAMPS can elicit inflammatory reactions, which, around bile ducts, 
may contribute to the pathogenesis of the CNSDC of PBC. Biliary epithelial cells 
(BECs), like other epithelial cells, exhibit pattern recognition receptors (PRRs) 
[28], including Toll-like receptors (TLRs), the most prevalent type on this type of 
cell. In human beings, responses to LPS, for example, are mediated by TLR4, which 
culminates with the stimulation of nuclear factor kappa-B (NFkB) and production 
of antimicrobial peptides and proinflammatory cytokines [29, 30]. Accordingly, if 
not causally related to the disease, a potential effect of PAMPS in the biliary epithe-
lial cell milieu has been interpreted to suggest a role of defense mechanisms against 
infections, and hence, the innate immune system, in the pathogenesis of the CNSDC 
of PBC [31]. Bacteriuria [32] and urinary tract infections [33] have been reported, 
although inconsistently [34, 35], to be significantly more prevalent in patients with 
PBC than in disease control groups. In this context, AMA were reported in the 
serum of subjects with recurrent urinary tract infections without a diagnosis of PBC 
[36]. As mitochondrial antigens are well conserved among species, an antibody 
response against bacterial mitochondrial antigens may trigger antibody formation 
(i.e., AMA) against endogenous antigens in a susceptible individual, defining the 
hypothetical process of molecular mimicry in the pathogenesis of autoimmune dis-
eases [37], potentially including PBC [36].

Novosphingobium aromaticivorans is an organism that metabolizes organic 
compounds; some of its proteins have homology with the E2 component of the 
pyruvate dehydrogenase complex, the lipoyl domain of which seems critical in the 
production of AMA, the serological hallmark of PBC [4–7]. Novosphingobium aro-
maticivorans has been identified in the feces of human beings, including patients 
with PBC. It was reported that serum samples that contained antibodies against vari-
ous components of the PDC-E2 group of enzymes from patients with PBC, and 
some serum samples from patients with PBC without AMA, reacted against pro-
teins of Novosphingobium aromaticivorans, in contrast to the absence of reactivity 
from the control serum samples. These results have been interpreted to suggest that 
this organism may contribute to the induction of PBC [38].
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The cloning of a human betaretrovirus from isolates from perihepatic lymph 
nodes from patients with PBC has been reported [39]. The viral sequence of the 
isolated provirus is homologous to the mouse mammary tumor virus, and viral 
sequences derived from human breast cancer tissue [40, 41] in 95–99% of its genetic 
makeup. By the use of reversed transcriptase-polymerase chain reaction, viremia 
has been reported in patients with PBC; immunohistochemistry studies indicate that 
the human betaretrovirus can be detected in lymphoid tissue in an important per-
centage of patients with the disease [39]. These findings have advanced further the 
idea that PBC results, in part, from an infectious agent [39].

Estrogen containing medications, e.g., contraceptives, can be associated with 
cholestasis [42, 43]. In this regard, the use of estrogen containing contraceptive 
medications in women with PBC is not rare; this observation may be a reflection of 
the use of oral contraceptives by subjects who might have developed PBC anyway, 
and not indicative of causation by estrogen, which interestingly, as an oral contra-
ceptive, was found to be associated with a decrease in the risk of developing PBC 
[44]. However, the use of hormone replacement therapy was found in association 
with the disease [45]. Other factors that have been identified in association with 
PBC include smoking and certain cosmetic practices (e.g., use of hair dye and nail 
polish) [44–46].

Environmental factors have also been considered as a cause of PBC, perhaps in 
a genetically predisposed individual. In a study comprised of patients from 
New York City, the prevalence ratio of patients with PBC who had been listed for 
liver transplantation was significantly higher in proximity to Superfund toxic waste 
sites than in the control group composed of patients with primary sclerosing chol-
angitis [47]. Studies that used population-based data from northeast England from 
1987 to 2003 have found space-time clustering [48]; space-time clustering is 
observed when an increased number of cases of the disease are located within a 
specific geographic area over a limited period, and it is usually associated with envi-
ronmental factors, especially infections, as potential causes of disease [48]. In addi-
tion, a seasonal pattern of diagnoses for PBC has been reported with the highest 
number of diagnoses made in June, and a sinusoidal pattern in the rate of diagnoses 
also peaking in June [49]. These findings may suggest that a seasonal factor contrib-
utes to the cause of PBC [49].

Regarding environmental exposure, it has been suggested that xenobiotics 
may contribute to the pathogenesis of PBC, as they are metabolized in the liver 
and may form reactive metabolites that can induce changes in cellular proteins to 
create neoantigens. Structures mimicking a lipoyl hapten as modified by xenobi-
otics were used to replace the lipoic acid of the E2 component of synthetic pyru-
vate dehydrogenase; some of these synthetic compounds reacted with AMA 
containing serum from patients with PBC. It was reported that the presence of 
halogenated compounds correlated with antibody binding. As halogenated prod-
ucts can result from the metabolism of chemicals to which human beings are 
exposed, it was proposed that these compounds may function as mimeotopes for 
a self antigen, thus identifying environmental exposure as a potential cause of 
PBC [50].
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Interestingly, a study that explored the metabolomic signature of PBC in com-
parison with that of celiac disease, which has been reported in association with the 
former [51], documented a unique metabolomic fingerprint, different from celiac 
disease, that was interpreted as suggestive of impaired energy metabolism possibly 
associated with altered gut microbiota, the study of which, as suggested by the 
authors, may provide some insight into the pathogenesis of PBC [52].

 Genetics

Susceptibility to the development of PBC is considered to be genetically deter-
mined, in part. This idea is supported by the high risk of developing PBC in first 
degree relatives of patients with the disease, reported to be 1–2% [53, 54] and by the 
concordance, albeit incomplete, of the disease in monozygotic twins, reported at 
63% [55]. The loss of one X chromosome is a process of aging of cells [56]; an 
increase in the number of peripheral lymphocytes with only one X chromosome 
(i.e., monosomy) has been reported to occur in PBC [57], suggesting that epigenetic 
activities associated with gene silencing [58] may contribute to the susceptibility to 
develop PBC.

The human leukocyte antigen genes, located in the major compatibility complex 
(MHC) region in chromosome 6 21p, have been associated with diseases considered 
to be of autoimmune origin [59, 60]. Ethnic and geographic groupings are likely to 
define the results of these types of studies. They have revealed a complex relation-
ship with alleles grouping towards protection from and vulnerability to develop 
PBC. Various alleles within the HLA class II genes have been reported to be associ-
ated with PBC, including the HLA DRB1*08 allele in patients from Europe, North 
America, Japan, and Italy [61–65]. Genome wide associated studies (GWAS) in 
PBC have confirmed previously reported HLA II associations. They have identified 
new gene loci of interest [66–69] including: (i) several single nucleotide polymor-
phisms (SNP) over the HLA region, and other SNP in non-HLA regions identified 
as the IL12A locus and the IL12RB2 locus, which encode IL-12alpha and IL-12 
receptor beta 2, respectively [66, 68], (ii) variants at IRF5-TNPO3, various genes in 
chromosome17q12.21, and MMEL1 [67], and (iii) (a) the STAT4 gene, a down-
stream participant of the IL-12 signaling pathway, a process involved in the regula-
tion of innate resistance and adaptive immunity, (b) the NF-kB gene itself, and 
genes that concern its activation including TAB1, TNFRSF1A, CD80, and 
RPS6KA4, and (c) RPS6KA4, which suppresses the production of cytokines depen-
dent on the activation of TLRs, and genes in the signaling pathway of TNF-alpha 
including TNFRSF1A, DENND1B, and TNFA1P2 [69]. In this regard, NK function 
is related to the IL-12/STAT4 pathway. It was documented that peripheral NK cells 
were constitutively activated, intensively expressing CD49a and the liver-homing 
marker, CXCR6, in patients with PBC versus disease and healthy control subjects. 
NK cells from patients with PBC were activated by minuscule amounts of IL-12, 
which resulted in the upregulation of CXCR6 and significantly increased the 
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production of IFNγ in contrast to the control groups. These results were interpreted 
as evidence for the regulation of the IL12/STAT4 pathway. In addition, resting cells 
from the PBC group exhibited markers of activated transcriptional profile and 
upregulation of genes related to the IL-12/STAT axis, suggesting that they exist in a 
stage of activation gravitating towards the liver by the expression of homing factors, 
thus, contributing to the pathogenesis of PBC [70]. These findings have supported 
an important role of immune mediated processes in the pathogenesis of PBC and 
have suggested that the IL- 12 pathway may be relevant in the predisposition to 
develop this disease.

 Epigenetics

Epigenetic differences have been documented in studies of monozygotic female twins 
and sisters discordant for PBC [71]. Aberrant demethylation on CXCR3 promoter 
in PBC was identified in a study of DNA methylation profile of the X chromosome 
in patients with PBC [72]; specifically, 20, 15, and 19 distinct gene promoters 
reflected differences in DNA methylation in CD4+ T, CD8+ T, and CD14+ cells, 
with hypermethylation of FUNDC2 in CD8+ T cells, demethylation of CXCR3 in 
CD4+ T cells found to correlate inversely with the expression of CXCR3 in CD4+ 
T cells from patients defined as having early-stage PBC patients, findings inter-
preted to suggest that the genes with epigenetic alterations were likely to be indica-
tors of autoimmunity [72]. In this regard, CXCR3 has been documented in the 
development of autoimmune diseases by “creating local amplification loops of 
inflammation in target organs…”, thus, the identification of aberrant demethylation 
of CXCR3 has suggested its involvement in the natural history of PBC [72].

A significant increase in CpG methylation was documented in the AE2/SLC4A2 
gene in patients with PBC; methylation rates of AE2 promoter regions were corre-
lated inversely with the levels of AE2 mRNAs in the liver and  peripheral blood 
mononuclear cells (PBMCs) of patients with PBC [73]. As the AE2 encodes a Cl−/
HCO3

− exchanger involved in biliary secretion and intracellular pH regulation, a 
decrease in the concentration of this transporter increases the vulnerability of the 
biliary epithelium to injury; in addition, hypermethylation in  PBMCs was inter-
preted as a potential disturbance to immunological homeostasis [74].

T cell survival is regulated, in part, by beta arrestins (Barr1). It was documented 
that the expression of Barr1 was significantly increased in T cells from patients with 
PBC, and was associated with T cell proliferation, interferon production, decreased 
nuclear factor κB and AP-1 activity, stimulation of histone H4 acetylation in the 
promoter regions of CD40L, LIGHT, IL-17 and interferon-γ, and decreased acetyla-
tion of histone H4 in the promoter regions of TRAIL, Apo2, and HDAC7A; these 
results were interpreted to suggest that Barr1 regulates the expression of those genes 
and they may contribute to the pathogenesis of PBC [75].
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 Epidemiology

Estimating from a publication from the USA in 2005 [76], which reported the 
prevalence of PBC as being 40.2 per 100,000 inhabitants in 1995, PBC meets the 
definition of a rare disease, according to the Rare Disease Act of 2002 of the US 
Government [77], which defines a rare disease as one that affects less than 200,000 
persons [77]. The incidence and prevalence of PBC differ among geographic areas. 
It has varied over the past 40 years with a trend towards an increase (Table 3.1); 

Table 3.1 Selected studies on the prevalence and incidence of PBC

Study 
period Methodology

Prevalence (per 
inhabitants) Incidence References

Sheffield, 
England

1977–
1979

Diagnosed cases 54/million NR [78]

Northern 
England

1965–
1987

Case finding Increased from 18/
million in 1976 to 
125.5/million in 
1987

NR [79]

Northern 
Sweden

1973–
1982

Case finding 151 per million 13.3 per 
million

[80]

Newcastle 
upon Tyne, 
England

1987–
1994

Case finding 14–32 per million Increased from 
180 per million 
in 1987 to 
240 in 1994

[1]

Northern 
England

Cases 
identification

Increased from 
201.9 per million in 
1987 to 334.6 per 
million in 1994

Increased from 
23 per million 
in 1987 and 
32.2 per 
million in 1994

[81]

Olmstead 
County, 
Minnesota, 
United States

1975–
1995

Retrospective 
chart review from 
database

2.7 (95% CI, 
1.9–3.5)

NR [76]

Alaska, United 
States (native 
population)

1984–
2000

Retrospective 
chart review

16 per 100,000 
(95% 
CI = 12.9–25.4)

NR [82]

Victoria, 
Australia

Case finding 51 per million NR [83]

Calgary, 
Canada

1996 
and 
2002

Population based 
administrative 
database

Increased from 100 
per million in 1996 
to 227 per million 
in 2002

30.3 cases per 
million

[84]

The 
Netherland

2008 Identification of 
patients in 
databases from 44 
hospitals

0.1 per 100,000, 
0.3 in men and 
1.9 in women, with 
a point prevalence 
of 13.2 per 100,000

NR [85]

CI confidence interval; NR not reported
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this change may be due to improved diagnostic abilities. A review of the word 
literature reported an incidence rate ranging from 0.33 to 5.8 per 100,000 inhabit-
ants per year and a prevalence ranging from 1.91 to 40.2 per 100,000 inhabitants 
[86]. PBC is more prevalent in women than in men [76, 84]; from a nationwide 
study from the USA for which data were collected from surveys, it was reported 
that the disease was more common in women than in men at a ratio of eight to 
one [45].

 Clinical Manifestations

PBC must be considered in asymptomatic patients with or without stigmata of liver 
disease and a liver profile suggestive of cholestasis. The classical presentation of 
PBC is in a middle age woman, who may report pruritus and or fatigue, and who has 
a serum liver profile suggestive of cholestasis. Patients can present with jaundice at 
the time of diagnosis. Male patients present similarly.

In symptomatic patients, the earliest and sometimes the only manifestations are 
pruritus and fatigue. The pruritus of PBC is from cholestasis, defined as impaired 
secretion of bile [87]. The reason patients with cholestasis experience pruritus is not 
known; it has been inferred that the pruritus results from substances that accumulate 
in the body and that cannot be excreted normally as a result of cholestasis. Increased 
opioidergic neurotransmission has been hypothesized to mediate, at least in part, the 
pruritus of cholestasis [88]; results of controlled clinical trials that have documented 
a decrease in the perception of pruritus and its behavioral manifestation, scratching 
activity, support this hypothesis [89–92]. Other neurotransmitter systems may be 
involved [93]. Patients with PBC often report having experienced pruritus for sev-
eral years prior to the diagnosis of the disease. In this context, a study that consisted 
of an internet survey via the organization PBCers revealed that in 75% of the 
patients, the pruritus preceded the diagnosis of PBC by 2–5 years [94]; this finding 
underscores the importance of considering internal medicine causes of pruritus, 
e.g., liver disease, when this symptom presents in the absence of rash. Indeed, the 
skin of patients with PBC is devoid of primary pruritic skin lesions; in contrast, 
excoriations and prurigo nodularis secondary to scratching abound. Pruritus is expe-
rienced by most patients with PBC, with a reported frequency of 70% [95] to 73.5% 
[96]. Of interest, in the recent study from the UK that used survey methodology, 
11.7% of subjects reported severe pruritus [96], similar to the 11% of subjects who 
reported that nothing relieved their pruritus in a study conducted almost 20 years 
ago [94]. The reason some patients with PBC do not experience pruritus is unknown. 
It was suggested that genetic predisposition might protect or facilitate the sensation 
of pruritus in patients with PBC because in a series of 101 patients with PBC from 
Italy and from the USA, a novel mutation (t3563a) in codon 1188 in exon 25, the 
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region most frequently associated with mutations, of the MRP2 gene was identified. 
This mutation resulted from the substitution of valine by glutamate (V1188E). 
V1188E was identified in heterozygosity, in 19.5% of the patients who reported 
pruritus, and in 7.8% of the patients who did not (p = 0.02, RR = 2.51, 95% CI: 
1.13–5.69) [97]. MRP2 (ABCC2) is a member of the family of ATP binding cassette 
(ABC) transporters expressed in various organs, including the liver and the blood 
brain barrier [98–100]. In the hepatocyte, MRP2 mediates the transport of several 
organic anions, especially conjugated compounds, including dianionic conjugated 
bile salts into the bile [98] and endogenous opioids [99, 100]. The presence of SNP 
in the MRP2 gene may be associated with a decrease in the in vivo function of the 
transporter [101]; thus, it was hypothesized that the novel V1188E mutation might 
alter the ability of the protein to transport substrates. Alterations in the transport of 
pruritogen(s) or its cofactors from the hepatocyte into bile or the central nervous 
system may be a way by which V1188E has an impact on whether patients with 
PBC perceive pruritus.

Whether the pruritus from PBC specifically relates to immunological abnormali-
ties that may mediate the NSDC lesion of PBC is unknown. However, a recent study 
reported a serum profile in peripheral blood cell populations related to pruritus. 
Specifically, the study documented a significant decrease in the CD4+CD3+ and 
CD3+CD25+ counts, and in NKT-like cells CD3+/CD16+CD56+, and (CD3+) T lym-
phocytes in patients with pruritus than in those without pruritus. At present, this 
finding cannot be explained in the context of pruritus, but it merits further investiga-
tion [102].

Xerostomia and xerophthalmia are manifestations of PBC, suggesting an inflam-
matory process that affects bile flow and affects the secretory functions of the sali-
vary and lacrimal glands. Indeed, the term dry gland syndrome has been used to 
describe PBC [103]. The assessment of patients with PBC includes information 
regarding the function of lacrimal and salivary glands, which can be addressed by 
asking about the ability to cry normally and to be able to eat a cracker, for example, 
without drinking any liquids.

Fatigue was reported by 50% of patients with PBC, with 20% experiencing sub-
stantial changes in the quality of life [104]. The cause of fatigue in PBC is unknown; 
a central component, as in pruritus, has been suggested [104, 105]. Fatigue can be 
subtle, and, in general, patients state that they have to push themselves to do what 
they easily did in the past. Because PBC can be associated with thyroid disease, 
specifically, hypothyroidism, which is often subclinical, exclusion of thyroid abnor-
malities is part of the approach to patients with possible PBC.

Patients with PBC can report dull, right upper quadrant pain. Upper endoscopy 
revealed some diagnoses interpreted to be associated with abdominal pain in a small 
series [106]; the pain tends to resolve itself spontaneously. It does not relate to the 
use of UDCA [106]. Bone pain secondary to osteoporosis is another symptom of 
patients with PBC, and it can be debilitating.
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 Natural History

The natural history of PBC seems to have changed over the years and may differ 
among different countries. A study conducted in North England included 770 
patients followed from 1987 to 1994. The prevalence of pruritus at presentation was 
18.9% and that of fatigue 21%. Over 60% of the patients were asymptomatic at 
diagnosis; however, 62% had pruritus or fatigue within 5 years with only 5% of 
patients remaining asymptomatic after 20 years of follow-up. Over 10 years, 26% 
of patients had developed liver failure. Seventy percent of the patients underwent 
liver transplantation during follow-up; in 77%, 30 patients, the transplant was per-
formed because of complication of liver failure and worsening prognosis, and nine 
were transplanted because of symptoms, which can be devastating in PBC [107]. 
Four hundred and seventeen (54.1%) patients died during the follow-up period, with 
a median calculated survival of 9.3 years. The mortality was calculated as three 
times over that of the general population suggesting that PBC impairs survival even 
in association with what was considered “milder disease” [107]. A study examined 
the development of esophageal varices over a period of 5.6 years in 265 patients 
with PBC [108]. Eighty-three (31%) of the patients developed esophageal varices 
with 48% of those experiencing at least one bleeding episode. Survival decreased 
after the development of esophageal varices, with 83% and 59% surviving at one 
and 3 years, respectively. The survival was strongly impaired by the index bleed 
with estimated calculations of 65% and 46% at 1 and 3 years, respectively. Patients 
with early stages of PBC may also have variceal bleeding from portal hypertension 
associated with hepatic granulomata; thus, this peculiarity must be remembered 
when facing such patients who, although bleeding, may not have advanced liver 
disease [108].

Patients can be diagnosed years prior to manifestations of symptoms as routine 
laboratory testing may be conducted. In a study from the northeast of the USA, 33% 
of a group of 247 patients from whom data were available for follow-up remained 
asymptomatic for a median of 12 years [109]. The median predicted survival for 
patients who did not have symptoms at presentation was 16 years, in contrast to 
seven and a half for those with symptoms. Once patients experienced symptoms, 
their survival was the same as that of those who presented with symptoms; however, 
the survival for asymptomatic patients was shorter than what was predicted for a 
properly matched control group [109]. This observation was consistent with that 
from a prior publication [110], which reported that from a group of 36 asymptom-
atic patients, the majority (89%) developed symptoms after 2–4 years [110]; how-
ever, asymptomatic patients had a decreased survival time, as compared to the 
matched control group. These observations support the idea of treating patients with 
PBC without symptoms attributed to the disease.
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 Associated Conditions

PBC can be associated with other diseases, particularly those considered of autoim-
mune etiology [111]. Non-hepatic disorders in patients with PBC have been reported 
in close to 70% of patients. The inability to produce tears, difficulties in wearing 
contact lenses, inability to eat a cracker without drinking fluids, and recent onset of 
dental caries suggest Sjogren’s syndrome, one of the most common syndromes 
associated with PBC. Joint pains, dysphagia, and pyrosis are among the symptoms 
experienced by patients with PBC as CREST syndrome (calcinosis, rheumatoid 
nodules, scleroderma, esophageal dysmotility, and telangiectasias) can also be asso-
ciated with the disease [111]. There are case reports and/or small series reporting 
the association between PBC and multiple myeloma  [112],  celiac disease [113], 
autoimmune thrombocytopenia [114], lichen planus [115], systemic lupus erythe-
matosus [116], pernicious anemia [117], ulcerative colitis [118], pulmonary disease 
[119], cardiomyopathy [120],  Graves’ disease [121], and retroperitoneal fibrosis 
[122]. Patients sometimes report a generalized, insidious progression of hyperpig-
mentation, which may come to their attention after the suntan obtained during the 
summer seasons persists.

The incidence of cholelithiasis is increased in patients with PBC. The incidence 
of hepatocellular carcinoma is also increased in patients with PBC, calling for 
screening efforts for early diagnosis [21].

The lipid metabolism in PBC is complex, and it is altered in relation to the stages 
of the disease [123]. As a result of cholestasis, the secretion of biliary bile acids and 
biliary lipids decreases; as the disease progresses, the production of bile acids, the 
total and neutral excretion of sterols, and the cholesterol synthesis decrease [124]. 
High-density lipoprotein (HDL) concentration is high, decreasing at the end stages 
of the disease. Characteristically, the serum of patients with PBC has structurally 
abnormal lipoproteins that fall within the density range of low density lipoproteins 
(LDL) and HDL. These lipoproteins are discoidal LP-X lacking the core lipids and 
apoprotein (apo) B, large triglyceride-rich LP-Y, and discoidal, apo E-enriched 
HDL. Oxidized LDL facilitates apoptosis and has antiangiogenic effects; LP-X is 
reported to be antiatherogenic by preventing oxidation of LDL [125]. The relatively 
low risk for cardiovascular complications in PBC, in spite of its characteristic 
hypercholesterolemia, has been interpreted to result from the presence of LP-X in 
the lipid compartment of patients with this disease [125]; however, the antioxidant 
properties of the LDL fraction of patients with PBC decrease after liver transplanta-
tion [125]. Serum adiponectin, reported as high in patients with PBC, correlated 
negatively with body mass index and positively with the disease stage, and it was 
suggested that it might have protective effects against atherosclerosis [126]. 
Apolipoproteins facilitate the absorption and secretion of fat from the intestine, act 
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as activators of enzymes of lipoprotein metabolism, and are ligands for lipoprotein 
receptors on cell surfaces; in this regard, an increase in the mean plasma apolipopro-
tein B and C-II concentrations [127], a decrease in apolipoprotein A-I, low in 
advanced disease, and high in pre-cirrhotic disease have been reported [128]. Mean 
postheparin hepatic lipase activity was documented as decreased in all stages of the 
disease [128, 129], possibly due to the presence of an inhibitor in plasma, impaired 
cholesterol esterification was noted in advanced disease only; these findings were 
interpreted as contributors to the lipoprotein abnormalities exhibited by patients 
with PBC [128]. A study of cholesterol absorption and synthesis related to lipopro-
tein levels and kinetics in PBC indicated that the LDL B receptor activity was low 
in advanced disease, and the transport rate of apo-A-I was reduced [123]. Although 
the absorption of cholesterol is low in advanced stages, the LDL uptake was reported 
to be upregulated, and total very low density lipoprotein and LDL cholesterol and 
LDL triglyceride levels were found to be increased, and HDL concentration 
decreased [123]. The relationship between LDL apo B levels, cholesterol absorp-
tion, and synthesis, and LDL apo B kinetics documented in control subjects was 
absent in PBC, likely secondary to cholestasis and hepatic synthetic dysfunction 
[123], as it is likely to be the case for LP-X [125].

The limited epidemiological data available from retrospective studies have not 
suggested that patients with PBC have a high risk of complications due to athero-
sclerosis [130, 131]. In conjunction with the characteristic lipid profile of PBC, 
these reported observations have not supported the specific treatment of hypercho-
lesterolemia in these patients. Marked hypercholesterolemia was not associated 
with increased risk for cardiovascular complications, whereas moderate hypercho-
lesterolemia was, in a study from Italy [132]; this finding suggested the existence of 
protective factors in the former group [132]. It is possible that patients with PBC 
and who have risk factors for adverse cardiovascular events, in addition to high 
cholesterol, may benefit from treatment with lipid lowering drugs. In fact, myocar-
dial infarction was reported in patients with PBC in one published series [133]. 
Recommendations for specific treatment of hypercholesterolemia in patients with 
PBC are not available at present [3, 21] but, referral of patients who have hypercho-
lesterolemia and who are at risk for cardiovascular events according to current 
guidelines to lipid experts seems reasonable. In support of this position are the study 
results that concerned measurements of intima media thickness in patients with 
PBC. It was reported that control subjects with hypercholesterolemia had greater 
intima-media thickness and prevalence of carotid stenosis than patients with PBC 
and hypercholesterolemia, whose intima-media thickness was similar to that of 
patients with normal serum cholesterol levels; the risk of increased intima-media 
thickness increased and associated with age and hypertension, but not with hyper-
cholesterolemia [134]. In the context of treatment, the use of statins and fibrates, 
standard drugs for hyperlipidemia has been reported to be associated with decreased 
serum activity of liver-derived enzymes in patients who have not responded to ther-
apy with UDCA [135, 136], suggesting salutary effects of these types of drugs on 
the disease process.
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The reported prevalence of osteoporosis in patients with PBC by densitometry, 
which should be performed in patients according to international guidelines [137], 
is approximately 30% [138–140]. The pathogenesis of osteoporosis in patients with 
PBC is unknown [141]. Low bone formation and some components of high bone 
resorption have been reported [142, 143]. Specific genetic polymorphisms have not 
been identified as susceptibility factors for bone disease [144]. Osteoporosis and 
osteopenia in women with PBC were reported in associations with age, and duration 
and stage of the disease [140, 145], and osteopenia, in association with disease stage 
[140]. However, the risk factors identified to predispose patients to fractures were 
age, menopause, height, and falls, for which they were documented to be at risk, but 
not liver disease stage [146].

A study reported that the resting metabolic rate of patients with PBC was signifi-
cantly higher than in patients who had undergone liver transplantation for complica-
tions from this disease and than in control subjects [147]; indeed, high resting 
metabolic rate is increased in PBC [147] and was one of the first metabolic abnor-
malities described in this condition.

 Physical Exam

Physical findings vary and include some typical signs such as xanthoma and xanthe-
lasma, paper-money skin on the malar area [148], labial telangiectasia, usually in 
association with CREST syndrome, spider angiomata, palmar erythema, excoria-
tions secondary to scratching, hepatomegaly, and splenomegaly. Jaundice and asci-
tes are features of advanced and or decompensated liver disease. Hyperpigmentation 
is characteristic of PBC; the sparing of the skin in the interscapular area is a classi-
cal finding, and it has been named the butterfly sign [149] (Fig. 3.2).

Fig. 3.2 Back of a patient 
with primary biliary 
cholangitis displaying the 
butterfly sign. Arrows point 
to the skin color lighter 
than the color of the 
surrounding skin, relatively 
hyperpigmented
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 Laboratory Exams

The characteristic laboratory features in patients with PBC are elevated serum activ-
ity of liver associated enzymes specifically, increased activity of AP (and gamma 
glutamyl transpeptidase (GGTP) and 5′-nucleotidase), reflective of cholestasis, and 
positive AMA. The activity of alanine and aspartate transaminases (ALT and AST, 
respectively) is usually modestly elevated. Characteristically, the serum concentra-
tion of IgM is increased although the disease can occur in patients with IgM defi-
ciency. Thrombocytopenia secondary to hypersplenism or immune complex 
abnormalities may also be present. Anemia and neutropenia may be a finding in 
patients with advanced disease. Urine analysis may reveal an alkaline pH suggestive 
of renal tubular acidosis believed to be secondary to copper deposits in the distal 
renal tubules; also, bacteriuria, asymptomatic in many cases, is reported as common 
in PBC. Serum levels of bile acids may be elevated (fasting and 2 h post-prandially), 
reflecting the degree of cholestasis.

The differential diagnosis of PBC includes conditions associated with cholesta-
sis, including drug induced liver injury, granulomatous diseases, e.g., sarcoidosis, 
and post-cholecystectomy syndrome with secondary biliary strictures. Hepatitis A 
can be complicated by prolonged cholestasis, but its serology is diagnostic. A form 
of cholangitis associated with ductopenia has also been described; the terms immu-
nocholangitis and AMA negative PBC have been used to refer to this condition, the 
natural history of which is similar to that of PBC, and it is considered a variant form 
of the disease [8, 150, 151]. However, a recommendation against the interchange-
able use of autoimmune cholangitis and AMA negative PBC was published in the 
last published guidance from the American Association for the Study of Liver 
Disease (AASLD). It has been documented that AMA negative PBC tends to be 
associated with serum anti-sp100, gp210, anti-kelch-like 12, and anti-hexokinase 1 
antibodies more commonly than in AMA positive PBC [152–154], making a liver 
biopsy a necessary diagnostic test in the absence of this type of serology.

 Radiographic Studies

Evaluation of gross liver architecture (and vascularity) is recommended with a 
sonogram, which will exclude biliary obstruction, and to rule out the presence of 
cysts (often benign) and hepatic hemangiomata, which may represent a problem 
when a blind procedure such as percutaneous liver biopsy is being considered.

Endoscopic retrograde cholangio-pancreatography (ERCP) is not recommended 
to evaluate patients with suspected PBC. A magnetic resonance cholangiopancrea-
tography (MRCP) is the first radiographic test used when the diagnosis of PBC is 
questionable (e.g., negative AMA, non-diagnostic liver biopsy). When the patients 
are male, particularly when AMA is negative, primary sclerosing cholangitis (PSC) 
has to be considered, and in those cases, an MRCP is in order.
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 Serology and Immunological Features

An AMA titer of 1:40 in the right clinical context is a diagnostic criterion for PBC 
and, thus, should be requested when evaluating a patient for possible PBC. The 2 
oxoacid dehydrogenase family of enzymes is comprised of pyruvate dehydrogenase 
complex (PDC), 2 oxo-glutarate dehydrogenase complex (OGDC), and the branched 
chain 2 oxoacid dehydrogenase complex (BCOADC). These complexes play a key 
role in the oxidative metabolism in the mitochondria. AMA react with the E2 com-
ponents of PDC, OGDC, and BCOADC, and with protein X, and with the E1alpha 
and E1beta subunits of PDC. The inner lipoyl domain has been considered to be the 
dominant B cell autoepitope, with lipoic acid, which plays a pivotal role in the enzy-
matic activity of these complexes, as a cofactor [7, 11]; however, some studies have 
suggested that AMA are a group of heterogeneous antibodies that differ in specific-
ity but that, in general, react with a relatively well-defined part of PDC-E2 that 
includes the lipoyl domain [155]. T cell clones developed specifically to recognize 
the PDC-E2 complex identified the main epitope of the mitochondrial antigens to be 
the amino acid sequence 163–176, which corresponds to the inner lipoyl domain 
[156]; T cells also recognized the sequence 36–49, which corresponds to the outer 
lipoyl domain. In addition, the recognition of PDC-E2 from Escherichia coli by 
some T cells has been reported; this finding has been interpreted by some to support 
the theory of molecular mimicry [37] in developing AMA in PBC [156]. This 
hypothesis proposes that a break of tolerance is triggered by the mimic, leading to 
the development of antibodies against PDC-E2 and other antigens of the 2 oxo acid 
dehydrogenase family of enzymes. Loss of tolerance is implicated in the pathogen-
esis of autoimmune diseases [157], including systemic lupus erythematosus, 
through activation of Toll-like receptor 9 on hyperreactive B cells [158].

In vitro experiments have shown that in patients with PBC, the frequency of T 
cells restricted to HLA DRB4 0101 that recognize the sequence 163–176 of the 
PDC-E2 complex was significantly higher from hilar lymph nodes and liver than 
from the peripheral blood pool [159]. It was also reported that there was cross reac-
tivity between the T cells identifying the 163–176 sequence with the 36–49 sequence 
also from PDC-E2, and with the peptide sequence 100–113 from the 2 oxo-glutarate 
dehydrogenase complex [159]. These results have been interpreted as evidence sup-
porting the ExETDK sequence as a common T cell epitope recognized by T cells 
hence contributing to the pathogenesis of PBC [159]. Patients with AMA negative 
PBC have a cholestatic disease that behaves like PBC, in the absence of the charac-
teristic presence of AMA in serum (see above) [151, 160, 161]. In this regard, 
experiments done with peripheral autologous mononuclear cells from patients with 
AMA negative and AMA positive PBC have been reported to reveal similar PDC- 
E2 CD4+ T cell frequency and cytokine production on stimulation, suggesting that 
the absence of AMA in serum does not mean a lack of response of T cells to the 
major epitope PDC-E2 163–176 of PBC [162].

BEC from patients with PBC in culture were reported to express E2 on their 
membrane [163], and monoclonal antibodies designed to react with PDC-E2 were 

3 Primary Biliary Cholangitis



42

reported to have strong localization on the apical surface of BEC from patients with 
PBC [155]. It was proposed that this surface stain was comprised of a modified form 
of PDC-E2 or a molecule that cross reacted with the antibody, acting as a molecular 
mimic [164], and generating a self-perpetuating attraction of inflammatory cells 
that result in the CNSDC of PBC [155]. The epitope specificity of several anti-PDC-
 E2 monoclonal antibodies that recognize a certain protein in BEC of patients with 
PBC and not in control liver tissue has been shown to differ; however, this finding 
has been interpreted to suggest that the recognized epitopes form part of PDC-E2 
and include the lipoyl domain, which, localized at the apical domain of the BEC 
itself, contributes to the pathogenesis of the CNSDC of PBC [155]. In this regard, 
immune complexes were reported to exist within the bile ducts; as the dimeric form 
of immunoglobulin A (IgA) can traverse from the basal to the apical domain of the 
BEC by transcytosis [165], it has been proposed that IgA may bind a relevant anti-
gen in the lumen prior to transcytosis and take it into the cell. In this context, IgA 
from serum in patients with PBC was reported to colocalize with PDC-E2 within 
the cytoplasm and on the apical side of the BEC [166], which may contribute to the 
staining in the luminal domain of BEC, as described above [155]. These findings 
have been interpreted to suggest that the IgG binding of a complex formed by IgA 
bound to its epitope may exert an inflammatory response around the bile duct area, 
in spite of the noninflammatory regulatory role of IgA [167, 168].

Non-protein and protein antigens can generate antibody production; however, 
antibodies to protein antigens require that the antigen be internalized by B cells and 
be presented to T cells of the CD4+ type of helper T cells  [169]. The humoral 
immune response is initiated by the recognition of antigens that bind to IgM (and to 
IgD) on the surface of mature, naïve B cells; this recognition results in activation of 
B cells with the proliferation of antigen-specific cells, which differentiate and gen-
erate memory B cells and plasma cells that secrete antibodies in large quantities to 
keep up with the rapidity with which microbes multiply themselves [169]. The first 
antibody response to a specific protein or non-protein antigen is mostly of the IgM 
class; the second response is induced by the stimulation of memory B cells by a 
formerly encountered protein antigen, mainly of the IgG class. Characteristically, 
patients with PBC have high levels of serum IgM [19]. In the context of the humoral 
response, it has been recognized that the lack of methylation of CpG dinucleotides 
in bacterial DNA, in contrast to the mammalian methylated form, allows its recogni-
tion by toll-like receptor (TLR) 9, which is associated with a robust immunogenic 
response CD27+ memory B cells were reported to produce IgM via the stimulation 
of the TLR9 receptor signaling in studies of peripheral mononuclear cells from 
patients with PBC in vitro, in contrast to the absence of a response from cells from 
control subjects [170]. In addition, the stimulation of peripheral mononuclear cells 
from patients with PBC with CpG-B was reported to be associated with phenotypi-
cal changes that include an increased expression of TLR9, and of CD86, a co- 
stimulator of T cells, on B cells, and also with enhanced production of AMA [171]. 
These findings have been interpreted to suggest that CpG-B [170] may be a poten-
tial endogenous trigger of B cells to produce IgM and AMA and have further sug-
gested an involvement of the innate immune system in the pathogenesis of PBC. In 
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this regard, BEC express IL-17 receptors; in response to IL-17, they secrete chemo-
kines and cytokines, including IL-6, IL-1B, and IL-23p19, which are associated 
with responses to PAMPs (see above) [172].

The genesis of AMA and their potential role in the pathogenesis of the CNSDC 
of PBC may be associated with the characteristic response to apoptosis by bile ducts 
[173–175]. In addition to PDC-E2, which can be recognized by T cells, apoptotic 
bile ducts retain the three 2-oxoacid dehydrogenase enzymes immunologically 
intact [176] within apoptotic bodies, termed apotopes [177, 178]. In a controlled 
in vitro system, macrophages from patients with PBC co-cultured with apoptotic 
bodies from intrahepatic BEC and AMA were reported to produce robust amounts 
of cytokines [178]. Macrophage stimulation was through the classic (M1) pathway, 
as suggested by decreased cytokine production in association with the addition of 
anti-CD16 to the system. Anti-CD16 blocks the fragment crystallizable receptor for 
immunoglobulin (FcgR). FcgR is expressed on macrophages’ surface and is acti-
vated by microbial products and cytokines, especially interferon gamma. FcgR rec-
ognizes antibody coated cells, which are subsequently killed by macrophages [179]. 
Stimulated macrophages in the presence of apoptotic bodies from intrahepatic BEC 
and AMA demonstrated the ability to phagocytize apoptotic bodies, as studied by 
confocal microscopy methodology; however, the calculated index of phagocytosis 
by activated mononuclear cells from patients with PBC was significantly lower than 
that of control stimulated mononuclear cells [178]. Phagocytosis was not blocked 
by anti-CD16 [178], suggesting that, as measured in an in vitro system, phagocyto-
sis and cytokine secretion by activated macrophages are conducted via independent 
pathways. In addition, the expression of the messenger RNA of tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) in macrophages from patients 
with PBC that had been cocultured with apoptotic bodies from intrahepatic BEC 
and AMA was reported as markedly increased, suggesting a role of TRAIL in the 
inflammatory injury of BEC.

These findings add to the developing consensus of an active role of the innate 
immune system and apoptosis of BEC in the pathogenesis of the CNSDC of PBC, 
and it may shed light on the question of the remarkable selection of small intrahe-
patic bile ducts as targets of the inflammatory destruction in this disease [178]. The 
term dry gland syndrome has been used in reference to PBC because of its associa-
tion with the decreased flow of tears, saliva, and pancreatic juice [103, 180–183], in 
addition to impaired bile secretion, as a result of the CNSDC, and ductopenia. 
Histological studies have confirmed inflammatory changes in the ducts of glandular 
structures other than BEC [103, 180–183], as well as the immunoreactivity against 
PDC-E2 monoclonal antibody [184]; however, studies of apoptosis of the epithe-
lium of those glandular ducts in the context of PBC have not been published.

Antinuclear antibodies (ANAs) with various patterns of expression including 
speckled, multiple nuclear dots, rim-like and membranous, centromeric, and homo-
geneous are detected in approximately half of the patients with PBC, their presence 
reported to be more common in patients in whom serum AMA are not detected than 
in patients with AMA [185]. ANAs displaying multiple nuclear dots and rim-like/
membranous are infrequently found (1.3%). When found, they are highly 
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suggestive of the diagnosis of PBC, independent of the AMA status of the patients 
[186]. The elements recognized by the ANAs of patients with PBC are reported in 
Table 3.2 [187–190, 193–197]. The presence of antibodies against the nuclear pore 
protein gp210 was reported in association with severe cholestasis and impaired liver 
function [185, 198] and anticentromere antibody with the development of portal 
hypertension [198].

As described previously in this chapter, other autoantibodies can also be detected 
in the serum of patients with PBC. Still, their presence does not contribute signifi-
cantly to diagnosing and managing a patient with this disease.

 Histology

The Scheuer’s histological classification of PBC is comprised of four stages; the 
characterization of which are I: chronic nonsuppurative destructive cholangitis 
(CNSDC) or florid bile duct lesion, II: bile ductular proliferation, III: biliary fibro-
sis, IV: biliary cirrhosis [17]. The florid bile duct lesion, i.e., nonsuppurative destruc-
tive cholangitis, is considered the primordial lesion of PBC [17] (Fig.  3.1). 
Cholangiolitis, comprised of polymorphonuclear leukocytes in the inflammatory 
infiltrate and pseudoxanthomatous changes, a “bubbly” appearance of periportal 
hepatocytes resulting from cholate stasis (accumulation of bile acids), characterize 

Table 3.2 Features of the most common types of antinuclear antibodies in the serum of patients 
with PBC

ANA patterns on 
immunofluorescence

Recognized 
cellular 
element Nature of antigen References

Multiple nuclear dots SP 100 proteins Transcription activating proteins [187]
Multiple nuclear dots PML Transformation and cell growth 

suppressing protein aberrantly 
expressed in promyelocytic leukemia 
cells

[188]

sp 140 Promyelocytic leukemia protein 
nuclear body

[186]

Rim like/membranous gp 210 Integral glycoprotein of the nuclear 
envelope pore membrane

[189]

Rim like/membranous np62 A functional protein of the nuclear 
pore complex

[190]

Rim like/membranous LBR Integral membrane protein of the 
nuclear envelope

[191]

Granules in cells in 
mitosis (i.e. interphase)

CENP-B Polyprotein that interacts with 
centromeric heterochromatin in 
human chromosomes

[192]

ANA antinuclear antibodies; sp speckled protein; PML promyelocytic leukemia protein; gp glyco-
protein; np nucleoporin; LBR lamin B receptor; CENP-B centromere protein B
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the histological findings of nonsuppurative destructive cholangitis, leading to duc-
topenia, a decrease in the number of intrahepatic bile ducts [17]. Granulomata tend 
to be appreciated in early disease. As a result of cholestasis, there is an accumula-
tion of copper in the liver and other organs.

The cellular infiltrate of the CNSDC of PBC is composed of plasma cells, eosin-
ophils, B and natural killer cells, and T lymphocytes, the latter being the majority 
[199–206]. The Ludwig classification consists of stage 1, characterized by portal 
hepatitis, stage 2 by periportal hepatitis, stage 3 by bridging fibrosis or necrosis, and 
stage 4 by cirrhosis [207].

 Cellular Immunology

Studies to identify cellular immunological phenotypes have characterized the lym-
phocytes of the CNSDC as being of the CD4+ and CD8+ types [177, 208, 209]. It 
may be that the predominance of a particular phenotype may depend on the stage of 
the disease [159]. A marked increase in PDC-E2 specific CD4+ cells in the peripor-
tal lymph nodes, and the liver of patients with PBC compared with peripheral 
mononuclear cells was reported [159]. In addition, compared to the blood compart-
ment, there is an important increase in the frequency of PDC-E2 specific CD8+ in 
the liver of patients with PBC [210], particularly in the inflammatory infiltrate in the 
portal areas [211]. The predominance of interferon gamma mRNA in the inflamma-
tory infiltrate of livers of patients with PBC suggests that the most prominent T cell 
subset in the CNSDC lesion is the Th1 [212].

The presence of autoreactive T cells in the CNSDC of PBC suggests that this 
type of cell is attracted to the biliary epithelium, where they participate in the gen-
esis of the lesion. Most of the T lymphocytes found in the CNSDC of PBC are 
TCRalpha beta, which are MCH restricted, meaning that they can only recognize 
antigens in association with MHC molecules [199, 213, 214]. A small proportion of 
gamma delta T cells has also been reported in the CNSDC lesion of PBC [215].

Loss of self tolerance is considered to be a fundamental pathophysiological pro-
cess in autoimmunity [216]. CD4 + CD25high regulatory T cells (Tregs) are consid-
ered to play an important role in self-tolerance. Studies of this population of cells in 
PBC have revealed Tregs’ normal function; however, alterations in the proportion of 
Tregs in the CD4 + TCR-alpha-beta and FoxP3+ T cell pool in the periphery and 
liver tissue have been reported [217, 218]. These data have been interpreted to sug-
gest that Tregs are involved in the pathogenesis of PBC [217, 218]. In this regard, 
the proportion of CD4 + CD25+ and CD8+ and CD28− T cell subpopulations in the 
circulation is not significantly different between patients with PBC and control sub-
jects; however, the characteristic surface features of CD8 Tregs, including increased 
expression of CD127 and decreased expression of CD39, and the reduced induction 
of CD8 Tregs in response to stimulation of IL10 in vitro, have suggested resistance 
from CD8Treg cells to commit to their regulatory functions [219], which has been 
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interpreted to suggest substantial alterations in this cell compartment in patients 
with PBC, as reported in other autoimmune diseases [219].

Antigen presentation is a fundamental process in recognition of antigens by T 
cell receptors (TCRs). Antigen presenting cells (APCs) present antigenic peptides 
associated with major histocompatibility complex (MHC) class II to T cells; they 
must also express on their surface B 7, a co-stimulatory protein that interacts with 
the CD28 molecule expressed on the TCRs, to generate signals for T cell activation. 
Professional APCs constitutively express MHC class II and include dendritic cells, 
macrophages, and B cells [220]; immunological studies have reported markers for 
dendritic cells in the cellular component of this histological findings, including den-
dritic cell CD11c. A role of double-negative (DN)-T cells as contributors to the 
break of tolerance in PBC was suggested by a study that documented a significantly 
decreased number of cells in the periphery and the liver of patients with PBC, with 
their presence negatively correlating with advanced disease stages and positively 
correlating with response to treatment with UDCA.  DN-T cells demonstrated 
decreased capacity to stimulate proliferation of CD4, effectors, and CD8 cytotoxic 
cells, finding interpreted to suggest that the DN-T cells’ impaired function may 
contribute to the pathogenesis of PBC [221].

B cells and plasma cells expressing IgM were reported to abound in the liver’s 
granulomata of PBC [222]. Langerhans cells (LCs), which mature into dendritic 
cells in the lymph nodes, have been found infiltrating the bile ducts in the lesion of 
CNSDC [223]. BEC in culture produce LC-attracting chemokines in response to 
certain cytokines and pathogen associated molecular patterns; thus, the presence of 
LC in the lesion of CNSDC has been interpreted to suggest that the cytokine milieu 
of the liver in PBC perpetuates the inflammatory process by the production of che-
mokines that attract APC, and also, that innate immunity processes inherent to bile 
ducts contribute to the pathogenesis of the CNSDC of PBC [223, 224]. Innate 
immunity is an endogenous defense mechanism against bacterial and viral infec-
tions that consistently reacts rapidly to microbes upon reexposure. The innate 
immune system is comprised of epithelial barriers, natural killer (NK) cells, phago-
cytic cells (neutrophils and macrophages), cytokines, and the complement system 
[224]. BEC are reported to secrete antimicrobial agents, including immunoglobulin 
A, cytokines, and chemokines that recognize pathogen associated molecular pat-
terns (PAMP), to fight infection. PAMPs induce inflammatory reactions; as they 
have been found in BEC overtaken by CNSDC, they have been proposed to contrib-
ute to this cholangiopathy [31].

A contribution of the biliary epithelial cell itself to the lesion of CNSDC by its 
possible ability to express class II MHC antigen when activated by inflammatory 
processes, consistent with features of antigen presenting cells, has been proposed in 
PBC; however, BEC do not express the co-stimulatory CD28 ligands B7-1 or B7-2 
suggesting that BEC alone cannot activate T cells [225]. In spite of the absence of 
B7 in BEC, aberrant expression of MHC II has been reported, likely mediated by 
the production of interferon gamma stimulated by the inflammatory process, finding 
that has led to the proposition that the incomplete ability to present antigens by BEC 
renders the exposed T cell anergic. T cell anergy is defined as a state of long-lasting, 
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partial, or total unresponsiveness induced by partial activation [226]; anergic T cells 
operate like suppressor cells by interfering with the maturation and function of den-
dritic cells, interfering with the inflammatory process [226]; thus, the ability of the 
biliary epithelial cell to present antigen seems to contribute, at least in part, to the 
prevention of further inflammatory destruction in the complex CNSDC lesion of 
PBC. Vulnerability to a T cell-mediated inflammatory destruction of BEC, however, 
is increased by the expression of functional adhesion molecules by BEC, which 
attract cytotoxic T cells that can adhere to the biliary epithelium, susceptible to its 
inflammatory destruction [225]. Chemokines are cytokines that stimulate leuko-
cytes movement and regulate their migration from blood to tissues [224]. A reason 
for T lymphocytes to be attracted to the biliary epithelium may also relate to the 
chemokine environment of the intrahepatic bile ducts in PBC. In this regard, BEC 
from patients with PBC and control subjects produce similar amounts of chemo-
kines in response to appropriate challenges in vitro; however, chemokines expressed 
by BEC from patients with PBC have been reported to trigger enhanced transmigra-
tion of liver lymphocytes from patients with PBC, as compared to controls, in vitro 
[227]. Furthermore, the addition of autologous liver mononuclear cells to the exper-
imental system has been associated with increased production of chemokines, sug-
gesting that the BEC’s inflammatory destruction in the CNSDC lesion of PBC is 
facilitated by local mononuclear cells [227]. Fractalkine (CX3C) is a chemokine 
that participates in controlling leukocyte trafficking in the endothelium; it has a 
soluble form and a membrane-bound form. Soluble fractalkine is a potent chemoat-
tractant for T cells and monocytes. The membrane anchored form, induced on acti-
vated primary endothelial cells, promotes adhesion of the cells it attracts [228]. The 
receptor for fractalkine is CX3CR1, and it is expressed in mononuclear cells, 
including NK cells [229]. The soluble form of fractalkine (CX3CL1) was increased 
in the serum of patients with PBC and its receptor expressed in liver mononuclear 
cells [230]. Isolated BEC can produce CX3CL1 in response to Toll receptor ligands 
and at contact with autologous liver mononuclear cells, and in the presence of tumor 
necrosis factor (TNF) alpha in greater amounts than BEC from disease control liv-
ers [231]. In addition, the adherence of liver mononuclear cells from PBC livers to 
endothelial cells and BEC is stronger than that of mononuclear cells from disease 
control. Furthermore, activated T cells (CD 154+) and monocytes (CD 68+) have 
been found in the periportal inflammatory infiltrate, and the latter, infiltrating the 
biliary epithelium of bile ducts affected by the CNSDC of PBC, in contrast to their 
random presence in disease control liver samples [231]. Considering the limitations 
of in  vitro studies, as they may not reproduce the disease state in  vivo, and the 
anticipated differences in the hepatic inflammatory milieu in different stages of the 
disease (e.g., pre cirrhosis vs. cirrhosis), these reported findings suggest that there is 
a robust chemotactic milieu in the CNSDC of PBC that probably perpetuates the 
inflammatory destruction of BEC by attracting monocytes that have been stimulated 
by Toll receptor ligands, and that are transported into the liver by the portal blood 
flow, as has been proposed [231].

The presence of plasma cells expressing CD38 [232, 233] and intracellular IgM, 
IgG, or both, has been reported around bile ducts in the lesion of CNSDC of PBC, 
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and not in disease control liver tissue; the presence of CD + 38 cells correlated with 
high serum AMA titers [220]. The existence of B cells in the lesion of CNSDC has 
suggested that immunological mechanisms related to this type of cell and humoral 
immunity [31, 179], including AMA, may be involved in the pathogenesis of the 
CNSDC of PBC [199, 201, 220]. Natural killer (NK) T cells express alpha beta 
TCRs that are restricted to cells expressing CD1. NKT cells recognize lipid antigens 
presented by CD1 molecules, including those associated with endocytosed microbes, 
which may give NK T cells a role in defense against pathogens, especially those rich 
in lipid components, including mycobacteria. The role of these cells in human dis-
ease is not clear; interestingly, however, is the report of an increase in the proportion 
of NK T cells in the blood and the liver of patients with PBC [205].

Natural killer (NK) cells are important components of the innate immune 
response. NK cells respond against intracellular viruses and bacteria. They are char-
acterized by their membrane expression of CD 56 and have also been reported as 
increased in the blood and liver of patients with PBC and to have increased cyto-
toxic activity in vitro [234]. Toll like receptors (TLRs) are members of a family of 
pattern recognition receptors expressed on certain cell types and recognized microbe 
products [224]. In vitro and under specific stimulation paradigms that involved TLR 
3 and 4, NK cells’ cytotoxic activity from patients with PBC was reported to be 
higher than that of control cells [235]. These findings have been interpreted to sup-
port innate immunity mechanisms in the genesis of the CNSDC of PBC.

Processes inherent to cellular longevity have also been reported to contribute to 
the lesion of CNSDC of PBC, including apoptosis and autophagy, and senescence. 
Autophagy is a cellular process by which the cell balances energy and nutrients for 
basic cell functions, including the removal of misfolded proteins resulting from 
mutation or other pathological conditions, and the turnover of intracellular organ-
elles including mitochondria, endoplasmic reticulum, and peroxisomes, under 
physiologic and pathological conditions [236, 237]. Autophagy is activated under 
stress, leading to autophagosomes, where organelles are sequestered and delivered 
to lysosomes by fusion, where they are digested to produce energy. Experiments 
performed in cultured epithelial cells have suggested that autophagy mediates the 
process of senescence of BEC [237]. Senescent BEC express senescent-associated 
secretory phenotypes (SASP) (e.g., chemokines (CCL2 and CX3CL1), which, 
in vitro, were reported to attract macrophages (i.e., RAW264.7 cells), suggesting 
that senescent cells may alter the microenvironment in which they exist [238]. Thus, 
autophagy, by increasing senescence and senescent epithelial cells, by attracting 
inflammatory cells through chemokines, may contribute to the CNSDC of PBC. In 
addition, endoplasmic reticulum stress may contribute to dysregulated biliary 
autophagy and subsequent senescence, as suggested by the enhanced expression of 
glucose-regulated protein 78 (GRP78) and protein disulfide isomerases (PDI), 
markers of ER stress, on BEC from patients with PBC versus control cells [239]. 
The anion exchanger 2 (AE2) protects the biliary epithelium from deleterious 
effects of minuscule concentrations of toxic bile acids by secreting bicarbonate into 
the bile duct lumen; it was reported that the expression of AE2 in the biliary epithe-
lium of patients with PBC was decreased in association with dysregulated 

N. V. Bergasa



49

autophagy, abnormal expression of PDC-E2, and cellular senescence markers 
p16INK4a and p21WAF1/Cip1, which has suggested that lack of protection due to 
an impaired AE2 may result in dysregulated autophagy contributing to the patho-
genesis of PBC [240]. It was recently reported that senescent BECs were signifi-
cantly increased in small bile ducts in PBC, as suggested by the expression of 
senescent markers (p21WAF1/Cip1, p16INK4a) and B-cell lymphoma-extra large (Bcl-xL), 
an important regulator of senescent cell anti-apoptotic pathway, as compared to 
control hepatic tissue. Senescent BECs were notable in ductular reactions and stages 
3 and 4 disease, versus stages 1 and 2 and control liver tissue. In addition, there was 
a correlation between the number of senescent BEDs in bile ductules with the stage 
of the disease and necroinflammatory activity, with the expression of p16 being cor-
related with suboptimal response to UDCA. These results tend to support a patho-
genetic role of senescence of BECs in PBC, and that high degree of senescence 
impairs the response to UDCA [241].

An increased number of apoptotic BEC has been recognized in the lesion of 
CNSDC of PBC. Glutathionylation is a process through which the lysine-lipoic acid 
moiety is changed with glutathione during apoptosis. Glutathionylation prevents the 
accumulation of potentially autoreactive PDC-E2 and it is absent in BECs and in 
salivary gland epithelial cells, which may also be affected in PBC [242]. Lack of 
glutathionylation interferes with the process of apoptosis of BEC [173, 242], allow-
ing PDC-E2 to remain intact; it is hypothesized that intact PDC-E2 is recognized by 
AMA, suggesting that apoptotic BECs can be a source of immunogenic PDC-E2 in 
PBC [173]. In a culture system where apoptosis was induced in BECs, intact PDC-E 
2 within apoptotic blebs without permeabilization of the cell membrane was recog-
nized by AMA from various sources, including sera from patients with PBC, sug-
gesting that intracellular immunogenic PDC-E2 is accessible to immunological 
recognition [177]. Furthermore, it has been reported that BECs can themselves 
phagocytize apoptotic BEC [174] and present them to immunologically primed 
cells that recognize immunogenic intracellular components (e.g., PDC-E2) [174]. 
In this regard, the presence of CD4 and CD8 T cells that specifically react to the 
major antigen of AMA in PBC, PDC E2 163–176 suggests that T cells have been 
primed to react with this particular amino acid sequence, contributing importantly 
to the CNSDC of PBC. Additional phenotypic studies of peripheral CD 8+ cells in 
the blood of patients with PBC were reported to identify an increase in the number 
of CD45ROhighCD57+ CD8high T cells that expressed alpha4beta7, a gut homing 
integrin, supporting a role of adhesion in the inflammatory process of the CNSDC 
of PBC [243]. The expression of CD28 on the CD45ROhighCD57 + CD8high was 
decreased, suggesting a strong effector function [243, 244]. The CD45ROhigh sub-
set of CD57 + CD8high group of cells was less susceptible to apoptosis [243]. The 
cells produced more IL-5 than the control cells; the relevance of IL-5 in PBC may 
relate, in part, to eosinophils, which can be increased in the serum of patients with 
PBC, and which are found in the lesion of CNSDC [202], a finding that provides 
confidence to the histological diagnosis of PBC. The presence of major basic pro-
tein in the lesion of CNSDC of PBC is consistent with eosinophils’ activation and 
degranulation. Major basic protein also contributes to the differentiation of 
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activated B cells into immunoglobulin producing cells [245], a relevant PBC find-
ing. In this regard, serum concentrations of IL-5 have also been found to be increased 
in patients with PBC [246]. Immunohistochemistry studies of CD8+ cells from a 
small number of tissue samples from patients with PBC were reported to express 
CD57+, compared to control tissue; the cells from the diseased livers responded to 
stimulation with PDC-E2 with the secretion of interferon gamma, in contrast to the 
control cells [243]. These studies were interpreted to support a role of 
CD45ROhighCD57+ CD8high T cells, as terminally differentiated cytotoxic T 
effector memory T cells, in the pathogenesis of the CNSDC of PBC [243].

The maintenance of tolerance to self antigens depends on a balance between 
mechanisms that prevent the maturation of lymphocytes that have been sensitized to 
self antigens and those that prevent the destruction of self-reactive lymphocytes that 
have matured [216]. T cells play an important role in autoimmunity because they 
are involved in the regulation of immune responses to proteins, which comprise the 
majority of self antigens implicated in autoimmunity, and because of the integral 
role of the major histocompatibility complex (MHC), human lymphocyte antigen 
(HLA), which presents peptide antigens to T cells [216]. Breakdown of tolerance 
against self-antigens in T lymphocytes may be central in autoimmune mediated 
inflammatory tissular processes. In addition, abnormalities in helper T cells may be 
associated with autoantibody production, as helper T cells are required to produce 
antibodies against protein antigens [216]. Autoimmunity is considered to play a role 
in the pathogenesis of PBC [14].

In summary, PBC was described as a dry gland syndrome [247], as it can be 
associated with a reduction of tear and saliva production, presumably from inflam-
matory involvement of the epithelial structures of salivary and lacrimal glands, lim-
ited pancreatic secretions, and biliary cirrhosis from ductopenia due to specific 
injury of intrahepatic bile ducts. The latter is the fundamental pathogenetic process 
in PBC; thus, two central processes are the focus of research in PBC: the vulnerabil-
ity of intrahepatic bile ducts to destruction and the development and potential role 
of AMA in the pathogenesis of the CNSDC of PBC. In this regard, the manner in 
which PDC-E2 is accessible to T cells may be related to the peculiar defect in glu-
tathionylation of BEC, which, in the process of apoptosis, allows for PDC-E2 to 
remain intact in apoptotic blebs, or apotopes, and presumably, exposed for recogni-
tion by T cells [14, 173, 177]. The combined effect of macrophages from patients 
with PBC, biliary apotopes, and AMA can be associated with an important secretion 
of inflammatory cytokines [178], perpetuating inflammation.

 Treatment

The drugs approved for the treatment of PBC are ursodeoxycholic acid (URSO) and 
obeticholic acid (Ocaliva®). Although there is no cure, several drugs are being 
developed to treat PBC, including agonists at nuclear receptors and ileal bile acid 
transporter inhibitors.
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The first drug approved for the treatment of PBC was ursodeoxycholic acid 
(URSO), the chemical name of which is 3α, 7ß-dihydroxy-5-cholan-24-oic acid. 
UDCA is a hydrophilic bile acid that comprises approximately 2% of the endoge-
nous bile acid pool. The administration of UDCA changes the proportion of the bile 
acid pool from the hydrophobic profile of cholestasis to a hydrophilic one, thus 
decreasing the exposure of the hepatic cells to the toxic bile acid milieu. UDCA 
stimulates the insertion of bile salt export pump (BSEP) and multidrug resistance 
associated protein 2 (MRP2) in the canalicular side of the hepatocyte thus, stimulat-
ing the export of bile acids by the former and organic anions by the latter, giving it 
choleretic properties; also, UDCA has been reported to prevent hepatocyte apopto-
sis induced by bile acids [248]. Perisinusoidal fibrosis and degree of apoptosis were 
lower in liver tissues from patients with PBC in association with UDCA treatment 
for 2 years than in the liver tissue from the group of patients treated with placebo, in 
which the number of apoptotic cells increased [249]. The dose recommended for the 
treatment of PBC is 13–15  mg/kg of body weight, in divided doses, taken with 
meals. It is generally well tolerated. In some patients, the use of UDCA is associated 
with pruritus, which is a major inconvenience to those patients who already have 
pruritus from the disease. Another matter is an average of 3.6 kg weight gain over 
the first year of treatment that remained stable for the 4 years reported in the study 
[250]. UDCA may be injurious in patients with decompensated liver disease, i.e., 
Child’s B and C, in regard to liver injury, a likelihood score of D, i.e., a possible rare 
cause of acute decompensation of preexisting liver disease. The mechanism of liver 
injury is described as possibly related to choleresis and not intrinsic or idiosyncratic 
reaction to the drug itself [251]. The guidelines from the American Association for 
the Study of Liver Disease report that UDCA should be used in all stages of the 
disease; however, its use in decompensation is not addressed [3]. Vigilance is 
required if UDCA is used in patients with advanced disease by providing close 
follow-up.

A combined analysis of three controlled clinical trials of UDCA for the treatment 
of PBC revealed that the use of the drug had been associated with an increase in the 
time free of liver transplantation in patients with stages III and IV disease, as com-
pared to the patients who had been randomized to placebo at the time of initiation of 
the study; it was inferred that a survival advantage was not demonstrated in the 
group of patients with stages I and II because the duration of the studies was limited 
to 4 years, which would not allow for the natural history of the disease to reveal 
itself [20]. Combined analysis of available paired liver biopsies from participants, 
200 randomized to UDCA and 167 to placebo, from four clinical trials, revealed a 
lack of difference in the progression of the histological stage between the two 
groups; however, in the group of patients with disease stages I and II, there was a 
significant decrease in the progression of the disease, as compared to the group of 
patients that had taken the placebo. There was a substantial halt in the progression 
of periportal inflammation and bile ductular proliferation in the UDCA group rela-
tive to the placebo group. These results were interpreted to support the use of UDCA 
for patients with stages I and II of PBC [252]. In contrast, the review of paired liver 
biopsies from patients with PBC who participated in a placebo controlled study of 

3 Primary Biliary Cholangitis



52

UDCA revealed that the prevalence of the florid bile duct lesion that characterizes 
PBC was 36%; on treatment, the prevalence of the florid duct lesion decreased by 
16.6% in the group that had been assigned to placebo, and by 14.5% in the group 
that had been assigned to UDCA, after 2 years of treatment [253]. These results 
were interpreted to suggest that the salutary effect of UDCA in patients with PBC is 
related to the consequences of cholestasis and not on the primary bile duct injury 
that characterizes this disease [253]. Although the serum activity of liver associated 
enzymes is not an accurate reflection of disease activity, UDCA treatment is associ-
ated with a decrease in the activity of AP in two-thirds of the patients but not with 
the prevention of the CNSDC of PBC.  Immunosuppressants (e.g., azathioprine, 
cyclosporine, steroids, methotrexate), anti-inflammatory drugs (e.g., colchicine, 
sulindac), cuprouretic (e.g., D-penicillamine), and fibrates [254, 255] have been 
studied in the treatment of PBC. Most drugs have been associated with a decrease in 
the serum activity of AP but no impact on the natural history of the disease, as mea-
sured by time to referral for liver transplantation. It can be argued that time to liver 
transplantation, or liver death, is a final endpoint that does not address the effect that 
a drug may have on the CNSDC of PBC or the effects of cholestasis resulting from 
ductopenia. This might have been the case of methotrexate, which was found to 
decrease the inflammatory infiltrate of the CNSDC of PBC in patients with early 
disease but no effect on disease progression in a pilot study [256]. However, these 
results contrast to those of another pilot study that tested the combination of metho-
trexate and UDCA and compared its effect with results from a historical placebo 
controlled study of UDCA; in their analysis, there was no evidence of increased 
fibrosis or differences in portal inflammation with combination therapy, as com-
pared with the results from the placebo controlled study of UDCA [257]. The use of 
methotrexate in combination with UDCA versus placebo and UDCA studied in the 
multicenter trial for 7.6 years did not demonstrate a therapeutic advantage, defined 
as time to referral to liver transplantation, and complications from liver disease. The 
effects of the combination therapy on the liver histology have not been published; 
this information would still be helpful, as it would reveal the impact of the drug on 
the CNSDC lesion and other histological features of PBC, especially in a stratified 
analysis of patients with stages I and II versus stages III and IV PBC [258]. In this 
regard, a publication of the long-term follow-up of patients who had been treated 
with the combination of UDCA and methotrexate in a randomized controlled trial 
that had lasted 10 years reported that 9 of the 11 patients who had taken methotrex-
ate and UDCA were well and that the two deaths that had occurred were not related 
to liver disease [259]. Thus, the effect of combination therapy with UDCA and 
methotrexate on the CNSDC, which is what drives the disease, remains unknown.

Analyses of clinical trial data on the effect of various drugs including azathio-
prine [260–262], D-penicillamine [263–265], colchicine [266–268], cyclosporine 
[269–271], chlorambucil [272], prednisolone [273, 274], and methotrexate [256, 
275] have provided limited, encouraging results, or insufficient therapeutic advan-
tage for the disease, as evidenced by the lack of approval for or standard use in the 
treatment of PBC. In a controlled study, prednisolone was associated with a better 
outcome in regards to liver disease than the placebo after three years of treatment, 
with no strong evidence of increased bone loss, which had been a concern at the one 
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year mark; thus, the use of prednisolone, perhaps at small doses, in pre-cirrhotic 
disease, may remain a treatment option [273, 274]. 

Reports of individual studies of variable sample sizes have reported beneficial 
effects of UDCA on PBC, including a lower predicted risk of death, as per the Mayo 
model, as compared to a group treated with placebo for comparable periods [276], 
halting the progression of the disease [277], and exerting delay in the development 
of esophageal varices [278]. Analysis of 262 patients who received UDCA for 
8 years was reported to reveal an overall survival rate of 92% at 10 years and 82% 
and 20 years. The survival rate without liver transplantation was 84% at 10 years 
and 66% at 20 years, both of which were lower than a control group matched for 
gender and age. However, the use of UDCA was associated with improved survival 
over what was predicted by the Mayo score. The probability of death or liver trans-
plantation was increased in patients with advanced disease. However, survival in 
patients with disease stages I and II was similar to that of the control population 
[279]. Patients who responded to treatment of UDCA with a decrease in the serum 
activity of AP by 40%, defined as a response in the analysis, as compared to base-
line, or normal activity after 1 year of treatment, had higher survival than that pre-
dicted by the Mayo score, and similar to the estimated survival of the control 
population; these findings were in contrast to that of the group of patients who had 
not responded to UDCA, which had lower survival than that of the control popula-
tion, but higher than that estimated by the Mayo model. It was suggested that 
patients who do not respond to UDCA, as defined in this analysis, constitute a group 
for which alternate therapies should be developed and studied [280]. A stable or a 
decrease in the portohepatic pressure gradient after 2 years on UDCA and a normal-
ization in AST activity predicted improved survival free of liver transplantation, 
survival being similar to a control population at 15 years [281]. The role of UDCA 
in the prolongation of survival without liver transplantation in patients with PBC 
seems equivocal [22, 280, 282]; the report of the analysis of 16 studies that evalu-
ated the effect of UDCA versus placebo or no intervention did not document a 
therapeutic advantage of the drug on the disease. UDCA did not have an impact on 
mortality or liver transplantation; in addition, the analysis did not report an amelio-
rating effect on pruritus or fatigue, or histology [283]. Combination therapies that 
include UDCA have also been studied in patients with PBC. UDCA and budesonide, 
a glucocorticoid preparation, was reported as favorable, including a decrease in the 
histological score [284, 285]. UDCA with prednisone and azathioprine was reported 
in association with improvement, including disease stage and fibrosis [286]. UDCA 
with colchicine or methotrexate was reported to be associated with sustained clini-
cal remission [259], or significant reduction of disease progression in a study that 
enrolled patients with advanced disease and pruritus [287]. In regard to the latter, 
however, a large randomized placebo controlled study of methotrexate and UDCA 
was stopped for reasons of futility [258]; in addition, an analysis of a large database 
reported increased mortality in patients who took methotrexate alone or in combina-
tion with other drugs [288].

Obeticholic acid (OCA) is a derivative of chenodeoxycholic acid with marked 
agonist activity at the farnesoid X receptor. It is approved for the treatment of 
patients with PBC alone if UDCA is not well tolerated, which is uncommon and 
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related mostly to diarrhea and pruritus in some patients [3] or in combination with 
UDCA for patients who have not achieved an optimal response to the latter. It has 
been associated with liver failure and death in patients with decompensated liver 
disease; thus,  the drug is contraindicated in patients with decompensated decom-
pensated cirrhosis (e.g., Child-Pugh Class B or C) or history of a decompensating 
event, and in patients with esophageal varices and thrombocytopenia, because of 
portal hypertension [289].

In a randomized, placebo controlled study of 1 year duration that included 217 
patients with suboptimal response to UDCA or intolerability to the drug, OCA at 
doses of 10 mg and 5 to be escalated to 10 mg versus placebo was studied in patients 
with PBC.  The majority of the patients received UDCA concomitantly with the 
study drug. OCA was associated with a decrease in serum activity of AP to less than 
1.67 the upper limit of normal, the primary endpoint of the trial, in 46% (5 to 10 mg 
dose) and 47% of patients (10 mg dose) versus the response to placebo, which was 
observed in 10%, a significantly different finding, as well as total serum bilirubin 
concentrations, which decreased significantly more by fractions of deciliters in 
association with the drug versus placebo. Indirect measures of fibrosis, including 
kilopascals by transient elastography and enhanced liver fibrosis score, did not 
change significantly in any of the groups. Consistent with the expected effect of the 
drug, there was a reported dose-dependent increase of FGF-19 and a decrease in 
serum bile acid levels not observed in the placebo treated group. Pruritus, as previ-
ously stated, was reported by 56% and 68% of the patients in association with OCA 
at doses of 5 mg to escalate to 10 mg and at doses of 10 mg per day, respectively, in 
contrast to the 38% in association with placebo [290]. A follow-up randomized, 
double blind, placebo controlled study that included 165 patients with PBC who had 
not responded adequately to UDCA reported that at daily doses of 10 mg, 25 mg, or 
50  mg in combination with UDCA versus placebo, OCA was associated with a 
decrease in serum AP activity that ranged from 21% to 25% in association with the 
drug, versus a reduction of 3% in the placebo group for the duration of the study, 
which was 85 days; the activities of GGTP, AST, and ALT decreased concomitantly 
also in association with the drug. Pruritus was reported by 47%, 87%, and 80% of 
the subjects randomized to each of OCA doses, respectively, and by 50% of the 
subjects randomized to placebo. At the time of the publication, it was reported that 
serum AP continued to decrease over the extension part of the study that went on for 
1 year [291]. A study that explored the effects of OCA as monotherapy reported that 
at daily doses of 10 mg in 20 patients, and 50 mg in 16, versus placebo in 23 for 
3 months documented a significant decreased activity of AP by 53.9%, 37.2%, and 
0.8%, respectively, which was sustained in an open label phase over 6 years. The 
concentration of direct bilirubin, serum IgM, and the serum activities of GGTP, 
AST, and ALT also decreased over time in association with OCA [292]. After 
3 years of treatment, liver histology in the 17 patients who had had a baseline biopsy 
was reported to show a decrease or stabilization of fibrosis, ductular reaction, inter-
face hepatitis, and lobular hepatitis, and a reduction in the fibrosis composite score, 
and collagen features assessed by morphometry [52, 293]. OCA is not recom-
mended in decompensated liver disease. OCA was associated with further 
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decompensation of liver disease and several deaths reported in association with 
inappropriate dosing; a likelihood score of C was given to this occurrence, i.e. “a 
suspected rare cause of clinically apparent liver injury occurring mostly in patients 
with preexisting cirrhosis” [251, 289]. The marked pruritus in association with 
OCA may reveal clues to the pathogenesis of the pruritus of cholestasis.

The treatment of hypercholesterolemia with clofibrate was associated with a 
marked increase in serum cholesterol and the novo formation of cholesterol stones 
several months after discontinuation of therapy [294]; this observation, reported in 
1975, led to the recommendation not to use this drug to treat hypercholesterolemia 
in patients with PBC [295]. Clofibrate was discontinued from the market in 2002 
because of side effects, including deaths from noncardiovascular conditions during 
treatment, in spite of a decrease in coronary heart disease [296, 297]. Drugs that 
decrease triglycerides and increase HDL–cholesterol without decreasing LDL con-
centrations, including the PPAR receptor activators bezafibrate, fenofibrate, and 
gemfibrozil, are associated with a decrease in coronary artery disease [298]. The 
potential effect of stimulation of the PPAR-alpha activator by bezafibrate, a receptor 
pan agonist [299] in PBC, alone in four patients, and in combination with UDCA in 
seven, was explored in an open label study that documented a decrease in symptoms 
(i.e., fatigue and pruritus), a decrease in serum activity of AP activity in all the 
patients, and a reduction in the serum concentration of IgM in some [300]. Several 
clinical trials on the use of fibrates for the treatment of PBC have been conducted 
[301–305], including a double blind randomized placebo controlled study of 2-year 
duration that evaluated the effect of bezafibrate at a dose of 400 mg/day, versus 
placebo in patients who had not responded optimally to UDCA, which continued to 
be administered during the study. Bezafibrate, in combination with UDCA, was 
associated with normalization of liver associated enzymes, bilirubin, albumin, and 
a measure of prothrombin time, which was the primary endpoint, in 31% of patients 
in contrast to those in the placebo arm, none of whom had that response. It was 
reported that serum AP became normal in 67% of patients randomized to the study 
drug, and only in 2% of those randomized to placebo. Pruritus, fatigue, and fibrosis 
markers improved and decreased, respectively, in the study group [306]. Seladelpar, 
a selective PPAR-δ agonist, was studied at two doses in patients with PBC with 
inadequate response to UDCA in a double-blind, randomized, placebo-controlled 
study, qualified as proof of concept [307]; the study was terminated because of 
hepatitis in association with the drug in some patients, however, the five patients 
who completed 5 weeks of treatment exhibited normalization of serum AP activity. 
Pruritus was reported as a side effect more frequently in association with the drug 
than with placebo. It was concluded that seladelpar should be studied at lower doses 
than those tested in the proof of concept trial [307]. Indeed, preliminary results on 
the use of seladelpar at doses lower than those from the prior study [307, 308] and 
elafibranor [309], a PPAR alpha/delta agonist, have suggested that both drugs are 
associated with decreased serum activity of AP and no major side effects in con-
trolled studies. The reader is referred to clinicaltrials.com to view studies on PBC.

Fifteen studies from North America and long-term follow-up studies from 
Europe of patients with PBC were used as the data source for a meta-analysis to 
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identify predictors of survival. Of 4845 participants, 1118 met a study endpoint, i.e., 
death or need for liver transplantation, with a median follow-up of 7.3 years. Seventy 
percent of patients survived for 10 years. The serum activity of AP two times the 
upper limit of normal was the best predictor of survival. Patients with serum activity 
of AP equal or less than two times the upper limit of normal (ULN) was the best 
predictor of survival, with 84% surviving at 10 years, versus 62% for those whose 
AP activity was greater than two times the ULN (p < 0.0001). A serum bilirubin one 
time the ULN was the best predictor of survival free from liver transplantation at 
1 year. 86% of patients with serum bilirubin of less than one time the ULN survived 
10 years from the time of entry into the studies versus 41% of those with serum bili-
rubin greater than one time the ULN, which was significantly different. The combi-
nation of serum AP activity and serum bilirubin was the best predictor of survival. 
It was concluded from this meta-analysis that serum activity of AP and bilirubin can 
predict liver transplantation or death in patients with PBC and suggested that these 
factors be used in clinical trials as surrogate endpoints [310]. Most clinical trials 
published in peer-reviewed journals or in abstract form use serum activity of AP as 
endpoints; little information is available on liver histology in association with 
experimental drugs for the treatment of PBC.

In an international collaboration, a scoring system termed the GLOBE score was 
developed to predict transplant free survival in patients with PBC treated with UDCA 
[311]. The score includes age at which UDCA was started and the following vari-
ables after 1 year of UDCA treatment, AP, total bilirubin, albumin, and platelet count. 
The GLOBE score uses age-specific thresholds beyond which survival significantly 
deviates from an age- and sex matched general population. In subgroups of patients 
aged less than 45 years and from 45–52, 52–58, 58–66, and at least 66 years, age-
specific GLOBE-score thresholds beyond which survival significantly deviates from 
matched individuals are 0.52, 0.01, 0.60, 1.01, and 1.69, respectively. The UK-PBC 
score uses baseline albumin platelet count, bilirubin, transaminases, and AP after 
12 months of UDCA to calculate survival [312]. The reader is referred to. UK- PBC.
com for information on this study group and to calculate the UK-PBC score. A recent 
study documented that the GLOBE and the UK-scores were also good predictors of 
complications from cirrhosis in patients with PBC on UDCA [313].

 Treatment of Complications of PBC

 Pruritus

The approach to a patient with PBC and pruritus requires the exclusion of condi-
tions associated with pruritus (e.g., skin diseases, malignancies), which can contrib-
ute to the pruritus of cholestasis or be the cause of the pruritus. Once it has been 
established that the patient is experiencing the pruritus of cholestasis, several thera-
peutic interventions to treat the pruritus specifically can be implemented.
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The treatment of the pruritus of cholestasis can be divided into two types of 
interventions: (i) those that treat the disease itself, i.e., if cholestasis decreases as a 
result of a salutary effect of a given medication or transplant, in cases of intractable 
pruritus, and (ii) those that treat the sensation of pruritus. The subject of pruritus is 
covered in Chap. 15 of this book.

UDCA has not been studied in controlled clinical trials specifically to assess its 
effect on the pruritus. The choleretic effect of UDCA [248] may have some benefi-
cial impact on the pruritus by the presumed enhanced biliary excretion of 
pruritogen(s); however, evidence from controlled studies of UDCA for the treat-
ment of PBC does not support an antipruritic effect of UDCA in this disease [314]; 
thus, specific antipruritic interventions need to be prescribed. OCA does not amelio-
rate the pruritus; in fact, it is one of its side effects.

 Fatigue

Central [315] and peripheral [316] mechanisms have been considered to contribute 
to the pathophysiology of fatigue in PBC.  Treatment with UDCA has not been 
reported to have an impact on the degree of fatigue in patients with PBC. Specific 
treatments for fatigue have to be developed [283]. The reader is referred to Chap. 
15, where fatigue is addressed.

 Sicca Symptoms

The treatment of sicca symptoms is the humidification of mucous and ocular mem-
branes to halt the damage caused by decreased exocrine secretion of the respective 
glands. Components of artificial tears, the initial treatment of dry eyes, include 
hydroxypropyl methylcellulose and carboxymethylcellulose and can be used as 
needed over the day. Tear hyperosmolarity is a common characteristic among all the 
forms of dry eyes [317]. In this context, the use of hyposmolar (150 mOsm/L) 0.4% 
sodium hyaluronate eye drops was associated with significant improvement in the 
global discomfort index for ocular symptoms, tear production, and epithelial heal-
ing sooner than that associated with isotonic preparation [318]. Evolving evidence 
suggests that the pathophysiology of dry eye concerns local inflammation, in addi-
tion to a decrease in tear production; in this context, anti-inflammatory and immu-
nosuppressant agents have been used to treat dry eyes [319]. Cyclosporine 
ophthalmic emulsion, a prescription product approved for the treatment of dry eyes 
[319], was associated with a significant increase in tear production compared to 
placebo in controlled clinical trials [319]. In cases refractory to drugs, blocking the 
puncta to prevent draining of tears can be performed in combination with artificial 
tears [320]. General measures to improve eye care include frequent blinking, 
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protection of the eyes from air currents, humidification of the household environ-
ment, and avoidance of smoking and smoky rooms [321, 322]. Referral to ophthal-
mology is recommended.

The dramatic presentation of PBC with rampant dental caries has been reported 
in a patient with severe symptoms of Sjogren’s syndrome [323]. General measures 
to improve oral health in patients with sicca symptoms include regular visits to the 
dentist, mouth rinsing with water, the use of fluoride containing toothpaste, daily 
flossing, and avoidance of sugar between meals. Chewing sugar-free gum and hard 
candy can stimulate saliva production, and the use of oil or petroleum based lip 
balm or lipstick can decrease oral dryness [324]. Saliva substitutes are recom-
mended for patients with xerostomia [325]. Irrigation of parotid glands with pred-
nisolone solution of 2 mg/ml over several sessions was associated with a significant 
increase in salivary flow rate compared to saline irrigation in patients with primary 
and secondary Sjogren’s syndrome in an open label study [326]. Cholinergic agents, 
such as pilocarpine and cevimeline, are the cornerstone of current therapy in 
Sjogren’s syndrome [327, 328]. Dysphagia can be associated with xerostomia in 
patients with PBC [329]; interventions to increase saliva production and improve 
the process of mastication can be recommended [329].

Oral candidiasis can be a complication of dry mouth, and it requires specific 
antifungal medications.

Vaginal dryness can contribute to the sicca symptom complex. Vaginal moistur-
izers are helpful, but vaginal lubricants are not recommended for routine use because 
they are not moisturizers; a review on the management of complications of Sjogren’s 
syndrome, including vaginal dryness, is referenced [330]. Estrogen creams have 
specific indications and should only be used under the direction of a gynecologist.

Itching from dry skin may complicate the sicca symptom complex, which can 
worsen the quality of life of patients already suffering from pruritus. Dry skin can 
be treated with heavy moisturizing creams and ointments.

 Osteoporosis

The development of osteoporosis in patients with PBC seems to be related to the 
degree of cholestasis and end-stage liver disease [331, 332]. The National 
Osteoporosis Foundation has provided guidelines for daily vitamin D and calcium 
supplements, as necessary.

Several pharmacological interventions have been studied in clinical trials of 
various designs in patients with PBC, including fluoride [333], calcitonin [334], 
UDCA [257], the bisphosphonates etidronate [335], alendronate [335, 336], and 
clodronate [337], vitamin K2 [338], and estrogens [339, 340]. UDCA was not asso-
ciated with improvement in bone mineral density in a randomized controlled study 
[341], and in two studies of different designs, calcitonin was associated with no 
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effect on bone mass in one [334] and with the stability of bone mass in another one 
[342]. All other interventions have been associated with either improvement or sta-
bility in bone mass density; however, the trials have few patients, and the results do 
not allow for strong recommendations on the use of most of the drugs studied. The 
use of estrogens alone or in combination with progestin, and with or without vita-
min D and calcium, has been reported in a few publications to be associated with 
protection from bone loss in patients with PBC. In one of the studies, which was 
placebo controlled, that included 31 postmenopausal women with PBC and low 
bone mass as measured by T scores at the lumbar and femoral sites, it was reported 
that two new fractures were diagnosed in the placebo group, which comprised of 15 
patients, in contrast to none in the treatment group, which comprised of 16 [343]. 
The studies on estrogen replacement therapy provided temporary encouragement 
on the use of this type of medication to treat osteoporosis in patients with PBC 
albeit the small number of patients studied and the limited duration of the studies 
[340, 343, 344]; however, the results from the Heart and Estrogen/Progestin 
Replacement Study (II) [345] and subsequently from the Women’s Health Initiative 
Randomized Controlled Trial [346] revealed that estrogen replacement was not 
associated with salutary effects [345]. Estrogens, therefore, cannot be recom-
mended to prevent bone loss in patients at risk, including those with PBC [345]. In 
this context, an alternative mechanism in estrogen therapy, estrogen receptor modu-
lation [347] with the drug raloxifene has been explored [348]. Raloxifene was eval-
uated in an open label pilot study of nine patients with PBC, seven of whom 
completed the 1 year study  [348]. In this trial, raloxifene was associated with a 
nonsignificant increase in the median value of lumbosacral spine bone density com-
pared to baseline values, in contrast to stable values for the control group. No side 
effects were reported at short term [348].

Bisphosphonates, including alendronate and risedronate, are derivatives of pyro-
phosphate that bind to the bone surface and inhibit bone resorption by osteoclasts 
[349]. These drugs have a significant antifracture effect at several sites, including 
the spine and hip. Bisphosphonates have also been studied in patients with bone 
disease and PBC. Etidronate was not associated with a significant improvement in 
bone density in patients with PBC and bone disease [350]. Alendronate, in contrast, 
was reported to be associated with an increase in bone mass and to have greater 
antiresorptive activity than etidronate, another bisphosphonate, in patients with 
PBC and osteopenia [335]; however, alendronate was not associated with the pre-
vention of new bone fractures [335]. An increase in bone mass density was also 
associated with alendronate 70 mg per orally per week for 1 year, in a placebo-
controlled study in patients with PBC, all of whom were maintained on 1000 mg of 
calcium and 5000 units of vitamin D supplementation per week, and most of whom 
were also taking estrogen replacement therapy [336]. The use of sodium clodronate, 
a bisphosphonate derivative, at doses of 100 mg every 10 days intramuscularly, in 
combination with 1000 mg calcium carbonate and 880 IU of vitamin D3 daily by 
mouth did not improve bone disease, but it was associated with a decrease in bone 
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loss in patients who were not receiving estrogen replacement therapy [351]. These 
results may suggest that bisphosphonates or their derivatives may have a role in the 
prevention of bone disease in postmenopausal women with PBC [351]; however, a 
publication that reported on what was defined as a comprehensive database search 
from inception to early 2017 reported that none of the studies demonstrated a sig-
nificant improvement in bone health, including reduction of fractures [352]; the 
small number of patients per study was reported as a limiting factor. Thus, the devel-
opment of medications to treat bone disease in PBC has not been met; in this regard, 
from a pilot study that included six post- menopausal patients with PBC, all on 
UDCA therapy (and four with autoimmune hepatitis) with osteoporosis, aged 
between 59 and 79  years who had not been exposed to bisphosphonates, it was 
reported that the use of subcutaneous denosumab at a dose of 60 mg every 6 months 
for at least 36 months for the treatment of osteoporosis was associated with increased 
bone mineral density, in the absence of side effects, in association with a reduction 
of serum concentration of TRACP-5b, a bone resorption marker, and ALP3, sug-
gesting that the drug decreased bone turnover [353]. Denosumab is a human mono-
clonal antibody against the receptor activator of nuclear factor-dB ligand (RANKL), 
which increases bone mineral density (BMD) by inhibiting the development and 
activity of osteoclasts, thus decreasing bone resorption [353]. The investigators con-
cluded that long-term controlled studies were warranted to confirm these results 
[353]. A letter to the editor that referenced this publication stated that denosumab 
could exert effects on PBC beyond bone health. In this context, SNP analyses have 
identified the RANKL gene near a novel locus associated with a genetic predisposi-
tion to PBC; in addition, the RANK- RANKL axis was proposed to contribute to the 
pathogenesis of PBC as BEC express RANK and the inflammatory infiltrate associ-
ated with bile duct injury is rich in cells expressing RANKL, which correlated with 
disease severity. It was suggested that RANK attracts RANKL, exacerbating the 
inflammatory process; thus, the authors hypothesized that the use of denosumab 
might offer a beneficial therapeutic effect in PBC beyond that reported for osteopo-
rosis by preventing the action of RANKL [354]. This interesting hypothesis is likely 
to be tested in clinical studies.

The participation of men with PBC in studies addressing the effect of medica-
tions on bone disease has been very limited [336]; it is necessary, however, to con-
sider that osteoporosis can be a complication of cirrhosis in men, thus encouraging 
their participation would be important.

 Complications Secondary to Chronic Scratching

Excoriations and prurigo nodularis may result from chronic scratching in patients 
with chronic pruritus. Any of the lesions that result from chronic scratching can get 
secondarily infected, in which case specific antibiotic treatment is indicated.
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 Cholelithiasis

The prevalence of cholelithiasis in patients with cirrhosis is higher than that of the 
general population [355]. In a series that included 23 patients with PBC, 39% were 
found to have gallstones [356]. The effect of UDCA, a treatment approved for PBC, 
specifically on the incidence of gallstones in this disease, has not been published.

 Xanthomata and Xanthelasmata

PBC is associated with hyperlipidemia of unique features (see above). Patients with 
PBC can have xanthomata and xanthelasmata, which consist of foam cells laden 
with lipids that appear as circumscribed lesions in the skin’s connective tissue, ten-
dons, or fasciae [357]. They are termed xanthelasmata when their location is in the 
periorbital area. Xanthomata tend to result from relatively extreme and chronic 
hyperlipidemia and were described in the publications related to PBC in the 1940s 
when it was hypothesized that in association with a decrease in “biliary obstruc-
tion,” the xanthomata would disappear. In addition, xanthomatous neuropathy can 
be a complication of PBC. A series comprised of 18 patients reported that 15 had 
xanthomata (83%), and of these, eight had them on the face (i.e., xanthelasmata) 
[358]. Plasmapheresis was associated with decreased xanthomata and neuropathic 
pain (and pruritus) in association with plasmapheresis  [359]. Severe symptoms 
from xanthomata resolved after liver transplantation in a patient with generalized 
painful xanthomata [360].

 Complications from Liver Disease from PBC

The complications of cirrhosis from PBC include those secondary to cirrhosis from 
any etiology, including complications of portal hypertension, and hepatic synthetic 
dysfunction. Two complications, portal hypertension and hepatocellular carcinoma 
(HCC), merit discussion here, as they have certain peculiarities in PBC.

 Portal Hypertension

Patients with PBC may develop portal hypertension as a result of biliary cirrhosis, 
or in the pre-cirrhotic stage of the disease [361–363], in association with focal nod-
ular hyperplasia [361–363], and a postulated obstruction to portal venous flow at a 
presinusoidal level possibly from portal inflammation  [363]. The approach to 
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gastroesophageal varices and variceal hemorrhage in cirrhosis in patients with PBC 
follows the guidelines published by the American Association for the Study of Liver 
Disease (AASLD) [364]. Salient points of those recommendations include a screen-
ing upper endoscopy when the diagnosis of cirrhosis is made [364]. The published 
report from the Single Topic conference of portal hypertension sponsored by the 
AASLD [365] stated that a platelet count of 140,000/mm3 correlated with the pres-
ence of varices hence, an indication of upper endoscopy; this number has been 
changed to 150,000/mm3 in the most recent guidance [364]. However, a published 
retrospective review of data from 236 patients, 79 of whom had PBC suggested that 
a platelet count of less than 200,000/mm3, a serum albumin concentration of less 
than 4.0 g/dl, or serum bilirubin greater than 1.7 mg/dl predicted the presence of 
esophageal varices on upper endoscopy [366] in patients with PBC, suggesting that 
screening upper endoscopies may need to be done earlier in these patients than in 
patients with liver disease from other etiologies. If no varices are documented at the 
index endoscopy, it is recommended in the guidelines that the procedure be repeated 
in 2 years [364]. The management of variceal bleeding in patients with cirrhosis 
secondary to PBC also follows the gastroesophageal varices and variceal hemor-
rhage in cirrhosis guidelines published by the AASLD [364]. Variceal bleeding that 
does not respond to pharmacological and endoscopic therapy in patients with PBC 
in the pre-cirrhotic stage poses a specific challenge, as orthotopic liver transplanta-
tion is not desirable in patients with good synthetic liver function [367]. In this 
context, a transjugular intrahepatic portosystemic shunt (TIPS) or a distal splenore-
nal shunt, which does not deprive the liver of its blood supply, can be therapeutic 
alternative [368]. This type of shunt was not associated with accelerated liver failure 
in patients with PBC who underwent surgery to treat variceal bleeding [368].

Bleeding from esophageal varices in patients with PBC whose bilirubin was less 
than 2  mg/dl had better survival than patients with advanced disease, especially 
those of a certain age, who had ascites and hepatic encephalopathy, as expected 
[369]. The general approach to patients with portal hypertension is described in 
Chap. 15 of this book.

 Hepatocellular Carcinoma

The incidence of hepatocellular carcinoma (HHC) was reported to range from 0.7 to 
3.8% in patients with PBC, and more commonly in patients who did not respond to 
treatment with UDCA, from a total of 375 after a median follow-up of 9.7 years  [370]; 
advanced stage was associated with an increase in the risk for HCC, with an odds 
ratio of 5.8, with a confidence interval of 2.34–14.38 in an analysis from patients 
from Italy and Spain [371]. Portal hypertension and history of blood transfusions 
were identified as risk factors for the development of hepatocellular carcinoma in 
patients with PBC, in a retrospective study, identifying these features as potentially 
useful in developing some scoring system to develop screening guidelines 
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specifically for PBC [372]. For now, all cirrhotic patients should be surveyed for 
HCC every 6 months with a liver sonogram and alpha fetoprotein.

 Hepatic Synthetic Dysfunction

Liver failure from PBC is an indication for liver transplantation. As reported in 
2007, analysis from the United Network for Organ Sharing database throughout 
1995 to 2006 indicated that there is a decrease in the number of liver transplants 
done in the USA because of PBC, with a reported decrease by five per year [373]; 
also, the indication for liver transplantation for PBC in 2008 according to the United 
Network for Organ Sharing database was 5%. According to the European Liver 
Transplant Registry report from 2008, liver transplantation for PBC comprised 10% 
of those operations, in contrast to over 50% in the initial years of implementing this 
practice. The experience from Europe is similar with a reported decrease in liver 
transplantation for PBC over the years of 1988 to 2006; this is likely a reflection of 
the reported change in the natural history of the disease in association with UDCA 
or the fact that patients are being diagnosed earlier than in the past, and, as years go 
by before patients meet transplantation criteria, there will be a lag between the need 
for transplant to the procedure itself. In regards to the timing for transplantation, 
bilirubin is the most important prognostic factor in PBC. In a landmark publication, 
it was reported that serum bilirubin over 2 mg/dl 6 months apart defined the late 
phase of the disease, which was characterized by a period of a rapid increase in this 
marker [374]. If the serum bilirubin reached 6 mg/dl, the survival time was calcu-
lated to be 25 months, and if it was 10 g/dl in two successive 6 month periods, the 
survival time was 17 months. The rapidity with which the bilirubin increases was 
identified as prognostic, with a rise of 2.5 mg/dl/year in the patients who died [374]. 
The importance of serum bilirubin was confirmed in the era of UCDA [375], and it 
should continue to be interpreted as an invaluable prognostic factor. In an analysis 
from a group of over 500 patients who had participated in clinical trials, survival 
without liver transplantation was estimated to be increased in association with nor-
malization of serum bilirubin in the group of patients that took UDCA for at least 
6 months, as compared to the group that took the placebo. Survival without liver 
transplantation was estimated to be not significantly different in the group that took 
UDCA, and that normalized the serum bilirubin versus the group that took the pla-
cebo and that had had normal serum bilirubin at baseline. The relative risk of death 
or liver transplantation was 6 for the group of patients that had taken UDCA and 5.7 
for the group that had taken the placebo [375]. Various models have been developed 
to predict survival and the need for liver transplantation, including that of patients 
with PBC [376–378]. The Mayo Model predicts survival [379–381]. The variables 
are the patient’s age, total serum bilirubin and serum albumin concentrations, pro-
thrombin time, and severity of edema. The prognostic index R is calculated by the 
following equation: R = 0.871 × log e (bilirubin[mg/dl] − 2.53 × log e (albumin[g/
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dl])  +  0.039  ×  age (years)  +  2.38  ×  log e (prothrombin time[s])  +  0.859 edema 
(0 = no edema, no diuretic therapy, 0.5 = edema, no diuretic therapy or no edema, 
diuretic therapy; 1  =  edema and diuretic therapy); the application of this model 
predicted survival intra and extramurally from the developing institution [379–381]. 
The initial experience with the Mayo Model suggested that the risk of death after 
liver transplantation was high when the score reached 7.8 and suggested this num-
ber to be the optimal time for the operation. In association with the development of 
the Mayo score, patients were transplanted at an earlier stage than prior to the avail-
ability of the model; post transplantation, the probability of survival was 93, 90, and 
88 percentages at 1, 2, and 5  years. At present, the Model for End Stage Liver 
Disease (MELD) score is used to determine priority for liver transplantation, includ-
ing patients with PBC [382, 383]. A MELD score of 15 is an indication for referral 
to liver transplantation; however, the referral can be made when the score is greater 
than 10 to allow for relationships to develop with the transplant team. For PBC, in 
general, recommendations to refer to liver transplantation are [383]:

 1. plasma bilirubin concentration is greater than 5 mg/dL and is increasing
 2. the serum albumin concentration is below 2.8 g/dL (28 g/L) and is decreasing
 3. signs of decompensation or portal hypertension develop, such as ascites, variceal 

bleeding, coagulopathy malnutrition, or encephalopathy
 4. the patient has intractable pruritus
 5. the patient has recurrent, debilitating, nontraumatic bone fractures

Survival after liver transplantation for PBC has been reported to be 88% at 5 years 
in a large center from the USA [384] and 80% from a comparable large experience 
in England [385]. Death after liver transplantation was reported to be 25.5%; 60% 
of patients died within 6 months from sepsis and multisystem organ failure [385]. 
The number of liver transplantations for PBC has declined over the past 30 years, 
with the proportion of liver transplantations significantly decreasing from 20% in 
1986 to 4% in 2015 from a study conducted in Europe [383].

Acute rejection occurs in 46% to 50% of patients with PBC post liver transplan-
tation; it usually responds to immunosuppression. Chronic rejection has been 
reported to occur in 2–9% of patients, being more common when cyclosporine was 
used instead of tacrolimus [386].

Liver transplantation is associated with significant improvement in the quality of 
life in patients with PBC, although aspects of physical activity remain impaired as 
compared to control subjects [387].

PBC recurs in the graft at a reported rate from 9% to 35% [388, 389]. The diag-
nosis is made by histology, as AMA persist in the serum after transplantation, and 
liver profile may not be normal after liver transplantation, making it difficult to use 
the criteria for probable disease [2]. HLA mismatches do not seem to be associated 
with recurrence [390]. The use of cyclosporine and azathioprine has been reported 
to be associated with protection from recurrence of disease in the graft  [391]. 
Disease recurrence has been reported to increase in association with a graft with 
fibrosis and fat [392]. The natural history of recurrent PBC seems to be character-
ized by slow progression and infrequent loss of graft [391].
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In summary, PBC is a rare disease; however, clinicians evaluating patients with 
a liver profile suggestive of cholestasis must generate a liver disease workup to 
exclude this disease, to identify it early. The treatment of PBC is UDCA, and 
obeticholic acid as an added treatment, in patients who have not responded opti-
mally to the former, if the patient has compensated disease; however, other options 
must be explored as there is no cure for the disease. The frequency of follow- up 
depends on the severity of the disease. Referral for liver transplantation when the 
bilirubin is 2 mg/dl on two occasions, 6 months apart, is a good practice. A MELD 
score of 15 is an indication for referral to liver transplantation.
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Chapter 4
Autoimmune Hepatitis

Nora V. Bergasa

A 39-year-old woman presented to the emergency room because of jaundice. She 
did not have any symptoms. Her serum activity of AST and ALT was ten times the 
upper limit of normal, and bilirubin was 6 mg/dl. She was admitted to the hospital 
where a liver disease workup was notable for positive antinuclear antibodies, and 
high serum concentrations of immunoglobulin G (IgG). A liver biopsy revealed 
moderate to severe interface hepatitis with marked lymphoplasmacytic infiltrate, 
focal lobular necrosis, ballooning degeneration, and giant cell transformation of 
hepatocytes with Mallory bodies and focal regenerative rosette formation consistent 
with autoimmune hepatitis (AIH); trichrome stain showed mild periportal fibrosis. 
The patient was started on prednisone 60 mg/day and referred to the hepatology 
clinic. On follow up, she was feeling well. The liver profile was notable for a 
decrease in the serum activity of AST and ALT and bilirubin concentration as com-
pared to the pre treatment values. Prednisone was tapered to 30  mg/day over 
2 weeks, at which time azathioprine at 50 mg/day was added, after confirming nor-
mal TMPT phenotype. Prednisone was gradually tapered, and the patient was main-
tained on azathioprine 50 mg/day in association with normalization of liver profile 
and serum IgG. After 3 years of treatment, including 2 years of normal liver tests, 
azathioprine was discontinued. She remained well and with a normal liver profile 
for 2 years, at which time her AST and ALT increased beyond the normal range. 
Over a short period of observation, a liver biopsy was performed to rule out 
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recurrence of disease versus fatty liver for which she was at risk. Liver histology 
revealed a relapse of AIH. The patient was restarted on treatment as initially. At 
present, prednisone has been discontinued; her liver profile is normal. She is on 
azathioprine 50 mg/day, doing well.

 Autoimmune Hepatitis

The patient described in this chapter presented with acute hepatitis. The liver dis-
ease workup at presentation excluded viral causes of acute hepatitis, and drug- 
induced hepatitis, including that caused by over the counter medications and 
supplements. The autoantibodies panel suggested an autoimmune etiology of liver 
disease, as did the high serum concentration of immunoglobulin G. A liver biopsy 
(Fig. 4.1) supported the diagnosis. She responded to immunosuppressant medica-
tions also in support of a diagnosis of autoimmune hepatitis but subsequently 
relapsed off treatment, as it happens in this disease.

 Etiology

Autoimmune hepatitis (AIH) is defined as hepatitis associated with markers of auto-
immunity and typical histological findings. The etiology of autoimmune hepatitis is 
unknown.

Fig. 4.1 Liver histology of 
autoimmune hepatitis. The 
interface (arrows) between 
inflamed portal tract and 
parenchyma is irregular 
and blurred by 
inflammatory infiltration 
and hepatocyte loss. 
Hematoxylin and Eosin, 
original magnification, 20×
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 Pathogenetics

Regulatory T cells, Tregs, mediate immune tolerance by suppressing lymphocytes 
that react to self-antigens [1]. Studies of this type of cells in autoimmune hepatitis 
have suggested alterations in their number and function, although not consistently. 
Serum CD4+ CD 25+ Tregs cells were reported as decreased in patients with AIH 
compared to those in the control group at the time of diagnosis and in remission. In 
vitro, their ability to expand was decreased; however, their capacity to suppress 
effector function, tested in vitro by assessing interferon gamma production by the 
CD4(+)CD25(−) T-cells, was preserved. The decrease in number and ability to 
expand CD4(+)CD25(+) T cells was interpreted as possible causes for the develop-
ment of cellular responses that contribute to AIH [2]. Although the ability of Tregs 
in AIH to suppress interferon gamma production by CD4+CD25- T-cells has been 
reported to be intact, CD4+CD25+ (Tregs) were also reported not to be able to regu-
late the proliferation of CD8 T-cells and cytokine production in patients at the time 
of diagnosis of AIH, however, they were able to suppress CD8 T-cell proliferation 
and trigger an increase in the CD8 T cells that produce IL-4 in remission after phar-
macological therapy, which was interpreted as indicating that treatment of AIH with 
immunosuppressant medications restore proper function of CD4+CD25+ (Tregs) 
[3]. In an ex vivo study, regulatory CD4+CD25+ T cells (Tregs) from patients with 
AIH and control subjects required direct contact with CD4+CD25− and CD8+ T 
cells to suppress proliferation and production of interferon gamma, a proinflamma-
tory cytokine. Direct contact with Tregs was also required for an increase in the 
production of IL-10, TGF-β, and IL-4, all regulatory cytokines. It has been docu-
mented that serum levels of IL-33, sST2, IL-17A, IFN gamma and alpha, and IL-4 
were significantly elevated in patients with AIH and that IL-33 correlated positively 
with hypergammaglobulinemia, and serum activity of alkaline phosphatase (AP) 
and gamma glutamyl transpeptidase (GGTP), interpreted as markers of liver injury, 
findings that have suggested a role of the IL-33/sST2 axis in the progression of AIH 
[4]. IL-17 has been reported to correlate with histology [5].

Serum levels of M2BPGi were increased in patients with untreated AIH and 
were decreased following steroid treatment that resulted in clinical improvement. 
This marker might reflect liver fibrosis and autoimmune-mediated hepatic inflam-
mation in parallel to the induction of hepatitis-related inflammatory cytokines [6].

Co-culture of Tregs with CD4+CD25− T cells was associated with increased 
interferon gamma and interleukin (IL)-10 production by cells from patients with 
AIH and by those from control subjects; however, the production of TGF-beta, 
involved in innate immunity, was significantly lower from cells from the AIH group 
than from the control group. The expression of FOXP3, a key transcription factor in 
Tregs' regulation, was documented as decreased in the cells from the patients com-
pared to those from control subjects. In addition, it was reported that spontaneous 
apoptosis of CD4(+)CD25(−) T cells was reduced in the patients. These results 
have suggested that in AIH, Tregs do interact with their target cells to produce spe-
cific cytokines; however, they do not make interferon beta, a cytokine relevant in 
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innate immunity, and that they have a decrease in their apoptotic process, which 
may contribute to the development of autoimmunity [7]. In these experiments, 
patients had been treated with immunosuppressant drugs; thus, the results of these 
ex vivo experiments might have been influenced by pharmacotherapy [7].

From a study that used peripheral mononuclear cells from control and subjects 
with AIH with active disease and in remission, it was reported that the regulatory T 
cells (Tregs) compartment had fewer CD4(+)CD25(hi) T cells, particularly during 
active disease, expressed lower levels of FOXP3 and inhibited cellular proliferation 
in an in vitro assay to a lesser degree than cells from control subjects. The number 
of natural killer (NK) cells was reduced, and the production of IL-4 was less in 
patients with autoimmune hepatitis than in control subjects. In regard to gamma 
delta T cells, they were documented as being more numerous in patients than in the 
control subjects; the Vdelta1/V delta2 ratio changed to a predominance of Vdelta 1 
cells, which have an increased ability to produce proinflammatory cytokines, and 
their production of interferon gamma and granzyme B was raised, which was 
reported to correlate with serum markers of liver inflammation. The portal tracts of 
patients with AIH had few FOXP3(+), which was interpreted to suggest that, in this 
disease, the effector cells are gamma delta T cells [8].

The idea of the role of CD4+CD25+FOXP3+ regulatory T cells (Treg) in the 
pathogenesis of AIH has been further explored by the use of more specific identifi-
ers of this compartment of T cells, i.e. CD4+CD25(high)CD127(low)FOXP3+. The 
frequency of CD4+CD25(high)CD127(low)FOXP3+ was not different in patients 
with AIH as compared with those of control subjects, and the function, tested by an 
in vitro suppression assay, was normal. The frequency of Treg in patients with active 
disease was, however, higher than in patients in remission; these results were inter-
preted to suggest that the number of Treg T cells may parallel the degree of inflam-
mation. In this regard, it was documented that the population of FOXP3+ Treg in the 
liver of patients with AIH correlated with the liver's inflammatory activity. These 
results have not confirmed an impaired compartment of Treg cells in AIH [9]. T cell 
immunoglobulin mucin-3 (TIM-3) is a T helper type 1 specific cell surface mole-
cule that is reported to regulate T helper cell responses and the induction of periph-
eral tolerance whose ligand is galectin-9 [10]; in AIH, the levels of Tim-3 on 
CD4posCD25neg effector cells and Gal 9 + cells are decreased in Tregs, which is 
associated with impaired Tregs control and with a reduced ability of Tregs to sup-
press proliferative activity. These results have suggested that the characteristics of 
Tregs in AIH contribute to the pathogenesis of this disease [11].

Molecular mimicry may contribute to the pathogenesis of AIH, as suggested for 
other autoimmune diseases [12]. In this regard, anti-LKM1 antibodies, prevalent in 
the AHI type 2, which affects mostly children, bind to liver and kidney endoplasmic 
reticulum and recognize cytochrome P450 2D6 (CYP2D6) [13]. Of interest, a study 
documented similarity and cross-reactivity between CYP2D6, sequence 193–212, 
and a sequence from the cytomegalovirus and the hepatitis C virus with similarities 
to self, which may constitute a triggering factor to autoimmune disease, e.g. AIH 
[14]; indeed, a case of autoimmune hepatitis type 2 induced by HCV has been 
reported [15].
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The serum of patients with AIH was reported to recognize the IL-4 receptor 
fibronectin type III domain of the IL-4 receptor (CD124), which has an expression 
on hepatocyte and lymphocyte surfaces, with documented inhibition of STAT6 
phosphorylation induced by the binding of IL-4 to CD124; these results have sug-
gested that neutralization of IL-4 contributes to the pathogenesis of AIH [16].

Certain environmental factors are considered contributory to the development of 
an autoimmune disease, including AIH. Exposure to antibiotics within 1 year prior 
to the diagnosis of AIH was an independent significant risk factor in developing the 
disease. In contrast, alcohol consumption and history of a childhood home with 
wood heating were independently associated with reduced risks for its development 
in a study from New Zealand [17]. Intestinal dysbiosis, which can result from anti-
biotic use [18], has been reported in patients with AIH; specifically, it was docu-
mented in a group of 24 patients with AIH who had increased intestinal permeability, 
a deranged microbiome, and bacterial translocation [19].

There is a developing interest in the role of chemokines in the pathogenesis of 
AIH. Chemokines are small heparin-binding molecules secreted by hepatocytes and 
other liver resident cells and cells that infiltrate the liver, including neutrophils and 
platelets [20].

An expert summary of the potential role of chemokines in AIH suggested that 
T helper type 17 lymphocytes that express CXCR3 and CCR6 are attracted to the 
liver by the chemokines CXCL9, CXCL10, and CXCL11, and they themselves 
recruit proinflammatory T helper type 1 lymphocytes that express CXCR3 and 
CCR5 by secreting CXCL10. The local secretion of CXCL16 stimulates the move-
ment of NK cells, which contribute to the inflammatory process. A decrease in the 
inflammatory process is mediated by chemokines CCL17 and CCL22, which attract 
the T helper type 2 lymphocytes that express CCR4; in addition, Tregs that express 
CXCR3 are attracted by the secretion of CXCL9, which also decreases the inflam-
matory response. Fibrosis is promoted by CCL2, CCL3, CCL5, CXCL4, CXCL10, 
and CXCL16 by the activation or attraction of hepatic stellate cells, whereas 
CX3CL1 may prevent fibrosis by altering apoptosis of monocytes [20]. It is sug-
gested that the development of drugs that interfere with the proinflammatory action 
of some chemokines will improve the management of AIH [20].

Additional studies have reported that the C-C receptor 7 programmed cell death 1 
(CCR7 PD-1) chemokine, a subset of follicular helper T cells (Tfh), was significantly 
increased in the blood of patients with AIH versus that from patients from viral hepa-
titis and normal controls, with correlation with serum IgG concentrations and markers 
of liver function, and associated with a decrease after treatment with steroids; in addi-
tion, the number of activated Tfh cells was significantly increased in the liver of 
patients with AIH, correlated with their number in blood, and produced more IL-21 
and Il-17 than those from control subjects, findings interpreted to suggest an involve-
ment of this type of cells and their cytokines in the pathogenesis of AIH [21]. In this 
regard, the frequency of CCR7 PD-1 Tfh was reported as significantly higher in 
patients with AIH versus those with viral hepatitis and from control subjects and was 
found to correlate with the International Autoimmune Hepatitis Group scoring sys-
tem, suggesting an involvement in the inflammatory activity associated with AIH [21].
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 Genetics

Genetic susceptibility is presumed to contribute to the pathogenesis of AIH in asso-
ciation with genes on the human leukocyte antigen (HLA) class I. In children, HLA- 
DRB1*1301 was reported as a susceptibility allele and HLA-DRB1*1302 as 
protective; in contrast, in adult subjects from the same country, Argentina, HLA- 
DRB1*0405 was identified in association with a risk for AIH, but not with markers 
found in children. These findings suggested that the triggering factors of AIH in 
children and adults differ, at least in that part of the world [22]. In Brazil, in close 
geographic proximity to Argentina, but with a different ethnic and racial population, 
HLA DR13 and DRB1*1301 were found more frequently in the patients than in the 
control group [23]. DRB1*0301 was identified as a risk for autoimmune hepatitis in 
patients from North America, in which a secondary association with DRB1*0401 
was also identified. This association was not detected in Italy, where the prevalent 
phenotype was B8-DR3-DQ2, and HLA DR11 appeared to be protective against the 
disease [24]; in a study from North America, the DRB5*0101-DRB1*1501 haplo-
type was identified as protective from the disease [25]. A relatively large genome-
wide association study (GWAS) from the Netherlands documented a significant 
association between AIH and a variant in the MHC region at rs2187668; in the 
discovery cohort, HLA-DRB1*0301 was identified as a primary susceptibility gen-
otype and HLA-DRB1*0401 as a secondary, with HLA-DRB1*03:01 having been 
reported as the strongest modifier of disease severity  [26].  Variants of SH2B3, 
rs3184504, 12q24, and of CARD10, rs6000782, 22q13.1 were also associated with 
the disease, in addition to some single nucleotide polymorphisms (SPN)s already 
identified in other autoimmune liver diseases, which suggested a genetic over-
lap [26].

In association with AIH, genetic polymorphisms in genes outside the major his-
tocompatibility complex (MHC) that code for proteins that participate in the regula-
tion of the immune response have been identified including: (i) Fas [27, 28], coding 
for a member of the tumor necrosis factor (TNF) receptor superfamily that contains 
a death domain, which plays a fundamental role in the regulation of programmed 
cell death [29], (ii) TNF-alpha [30], coding for TNF [31], a cytokine that is an acute 
phase reactant, and that is produced by cells of the immune system mostly, activated 
macrophages, but also natural killer cells (NK), and T lymphocytes [32], (iii) TGF- 
beta1 [33], coding for TGF-beta1, a polypeptide that mediates immune suppression 
in innate and adaptive immunity [34], (iv) TBX21 [35], coding TBX21, a Th1- 
specific T box transcription factor that controls the expression of IFN gamma, a Th1 
cytokine [36], (v) VDR [37], coding for the nuclear vitamin D receptor, which mod-
ulates adaptive immunity by direct activation of T cells, and which has effects on the 
phenotype and function of antigen-presenting cells, including dendritic cells. 
Vitamin D modulates the adaptive immune system by direct effects on T cell activa-
tion and the phenotype and function of antigen-presenting cells (APCs), particularly 
of dendritic cells [38], and also, acts as a receptor for the secondary bile acid 
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lithocholic acid; 1,25(OH)2D3-induced changes in their phenotype and function 
ultimately affect T lymphocytes, and inconsistently, CTLA-4 [39–41], coding for 
CTLA-4 (Cytotoxic T-Lymphocyte Antigen 4) [42], a receptor localized on the sur-
face of T cells that downregulates the immune response [42], (vi) the SH2B3 T and 
the PTPN22 A allele, with protection being given by the presence of the CC and GG 
genotypes; no significant associations were documented in polymorphisms detected 
in TGFβ1 and STAT4 [43], and (vii) IL-4 gene [44].

In addition, activated effector NK cells and exhausted memory Tregs were 
reported to be increased in the blood of patients with AIH and decreased in associa-
tion with steroid therapy, suggesting a role of inadequate regulation of NK cells in 
the pathogenesis of AIH [45]. In this regard, it has been suggested that the recruit-
ment of cytotoxic NK cells into the liver and not liver resident NK cells expansion 
may contribute to the progression of AIH [46].

Dysfunction of Kupffer cells and a reduction in the capacity to phagocytize 
E. coli were documented in patients with AIH; how this finding relates to the dis-
ease's pathogenesis is unknown [47].

 Epigenetics

"An epigenetic trait is a stably heritable phenotype resulting from changes in a chro-
mosome without alterations in the DNA sequence" [48]. MicroRNAs (miRNAs) are 
short RNA molecules that can be regulated by genetics and epigenetic mechanisms 
[49] and that bind to specific mRNAs leading to translational repression and gene 
silencing; deficiencies or excess in certain microRNAs have been reported in asso-
ciation with disease [50].

Circulating serum levels of miR-21 were reported as significantly higher in 
patients with AIH than in disease and normal control subjects. Serum levels of 
miR-21 and miR-122 correlated with serum activity of alanine aminotransferase 
(ALT) and were significantly reduced in patients with cirrhosis from AIH, in whom 
they correlated inversely with the degree of fibrosis, with miR-21 correlating with 
the degree of inflammation. These results have suggested that the circulation of 
these two microRNAs may reflect an important role of these two microRNAs in the 
pathogenesis of the disease [51].

 Clinical Manifestations

The key to an expeditious diagnosis of AIH is to recognize that this disease can have 
variable presentations. More women than men have AIH. Two peaks in the presen-
tation of this disease, in early adolescence and in the fourth to six decades, have 
been recognized. However, it has been suggested that referral patterns may 
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contribute to this impression [52]. Patients can be asymptomatic, referred to a phy-
sician because of incidental identification of an abnormal liver profile or they can 
present with fatigue, joint pains, and some signs of liver disease in association 
with an abnormal liver profile suggestive of hepatocellular injury. A history of inter-
mittently abnormal liver profile can be identified sometimes. Hypergammaglobulinemia 
is a characteristic laboratory finding in AIH. In approximately a third of patients, 
AIH can present as fulminant hepatitis and laboratory findings not suggestive of that 
disease, including normal IgG and total serum gammaglobulin concentrations and 
negative or low titers of ANA. In these patients, liver histology is useful; however, 
expertise in obtaining a liver biopsy, usually transjugularly, is necessary to get liver 
tissue in this type of patient. Liver histology tends to show centrilobular massive 
and submassive necrosis [53].

As hepatitis, including AIH, can be triggered by some medications, information 
on drug intake or herbal preparations must be sought, and the suspected triggering 
agent stopped. Drug-induced hepatitis can have features of AIH; a diagnosis of AIH 
has to be considered in all cases, and also, the suspected agent has to be stopped 
immediately. In general, drug-induced hepatitis tends to resolve in association with 
the discontinuation of the medication; however, treatment with corticosteroids is 
indicated in patients who present with florid features of both diseases as, indeed, 
AIH may be part of the pathogenetic process in some patients. Histologically, AIH 
and drug-induced hepatitis have similar features. At presentation, cirrhosis was not 
found in any of the patients with drug-induced AIH in a retrospective study that 
included 261 patients, with a prevalence of nine percent [54]. However, it was pres-
ent in twenty percent of the patients with AIH proper [54]. Minocycline and nitro-
furantoin were identified as the most common causes of drug-induced AIH in this 
study [54]. Only two patients were not treated with corticosteroids, and of those 
treated, only one patient with drug-induced AIH did not have a complete response 
to treatment. In patients in whom corticosteroids were discontinued, hepatitis had 
not recurred during a median follow up of 36  months; however, it did recur in 
patients with AIH proper [54]. This natural history was interpreted to suggest that 
the drug-induced AIH was indeed induced by the drug and not by an underlying 
process of immune-mediated inflammation [54].

 Physical Examination

On physical examination, patients may or may not exhibit signs suggestive of liver 
disease, including spider angiomata, jaundice, and ascites. Patients with AIH pre-
senting with fulminant liver failure display signs of hepatic encephalopathy.

The common laboratory findings are increased serum activity of transaminases 
(alanine and aspartate), normal or increased serum concentration of bilirubin, and 
modestly increased activity of AP and GGTP. The presence of autoantibodies, as 
discussed below, is characteristic of autoimmune hepatitis. ANA and ASMA are the 
most prevalent antibodies identified in the serum of patients with this disease. 
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Hypergammaglobulinemia is also typical of AIH; serum protein electrophoresis dis-
plays a peak in the gamma globulin region, consistent with a high serum concentra-
tion of immunoglobulin gamma.

 Autoantibodies

AIH is associated with autoantibodies in most cases, although their absence does 
not exclude the diagnosis in patients with other features characteristics of the dis-
ease. AIH type 1 refers to the disease in adults, associated, in general, with antinu-
clear antibodies (ANA) directed to centromere, ribonucleoproteins, and 
ribonucleoprotein complexes [55–57] and anti-smooth muscle antibodies (ASMA), 
directed to actin and other nonactin cellular components [58]. AIH type 2 is charac-
terized by the presence of anti-LKM antibodies, predominantly in children  [56]. 
The occurrence of anti-LKM, together with ANA and anti-SMA, is reported as less 
than 4% of patients with AIH. Other autoantibodies can be found in the serum of 
patients with AIH and, when present, help to confirm the diagnosis in atypical cases, 
including antibodies to soluble liver antigen (anti-SLA) [59] and antibodies to liver 
cytosol type 1 (anti-LC1) (Table 4.1).

Table 4.1 Autoantibodies in autoimmune hepatitis

Type of 
antibody Antigen

Indirect 
immunofluorescence 
characteristics

Reported clinical 
relevance References

Antinuclear Centromere, 
ribonucleoproteins, 
and ribonucleoprotein 
complexes

Homogenous or 
speckled nuclear 
staining of hepatocytes

Characterizes AIH 
1, long-term 
prognosis is better 
than in 
seronegative, 
associated with 
HLA-DR4

[55]

Anti-double 
stranded 
DNA

Double 
stranded-DNA

Stain of kinetoplast 
Crithidia luciliae, used 
as substrate

Common in ANA 
positive AIH 1, 
associated with 
HLA DR4, may 
portend inferior 
immediate 
response to 
steroids

[57]

Anti- 
smooth 
muscle

Actin and nonactin 
cellular components 
including vimentin, 
skeletin, tubulin, 
desmin

Smooth muscle fibers 
within blood vessels and 
muscularis usually 
sought on mucosa of 
murine stomach and 
kidney

AIH 1 [58]

(continued)
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 Histology

The histological hallmark of AIH is interface hepatitis (Fig. 4.1) associated with 
confluent hepatic necrosis and bridging fibrosis [65]. The inflammatory infiltrate of 
autoimmune hepatitis is comprised of lymphocytes (Fig.  4.2) and plasma cells 

Table 4.1 (continued)

Type of 
antibody Antigen

Indirect 
immunofluorescence 
characteristics

Reported clinical 
relevance References

Anti- 
LKM 1
Anti- 
LKM 2
Anti- 
LKM 3
Anti-LKM

CYP2D6
CYP2C9
UGT
CYP1A2

Cytoplasm of 
hepatocytes and 
proximal renal tubules

AIH 2, genetic 
predisposition to 
HLA-B14, DR3, 
and C4A-QO, and 
AIH in 
association with 
APECED

[56]

SLA Sec synthase N/A Specific for AIH 
1, portends 
relapse and severe 
disease, and 
associated with 
HLA-DR3 and 
DR4

[59]

LCI 1 FTCD Cytoplasm of 
hepatocytes sparing 
those surrounding the 
central vein

AIH type 2 [60]

ASGPR Type 2 
transmembrane 
glycoprotein 
expressed on the 
hepatocyte membrane

N/A Correlates with 
histological 
severity

[61]

ANA antinuclear antibodies; Anti-LKM anti-liver kidney microsomes antibodies; SLA soluble liver 
antigen; Anti-LC1 anti-liver cytosol antibody; ASGPR anti-asialoglycoprotein receptor antibodies; 
CYP cytochrome P 450; UGT Uridine diphosphate glucuronosyltransferase, family of enzymes 
that catalyze the covalent addition of glucuronic acid to several lipophilic chemicals; their function 
concerns the detoxification of numerous exogenous and endogenous substances by increasing their 
polarity, improving their suitability to be excreted in bile or urine [62]; FTCD formiminotransfer-
ase cyclodeaminase enzyme that catalyzes the conversion of histidine to glutamic acid [63]; Anti- 
SLA anti-soluble liver antigen antibodies, identified as being the same as anti-liver pancreas 
antibodies; Sec synthase a pyridoxal phosphate (PLP)-dependent protein that converts the serine 
attached to tRNA [Ser] Sec to Sec to an aminoacrylyl intermediate that serves as the acceptor for 
activated selenium; when selenium is donated, selenocysteyl-tRNA[Ser]Sec is formed  [64].
Selenocysteyl-tRNA[Ser]Sec is a carrier molecule upon which selenocysteine is biosynthesized 
and also, donates selenocysteine, the 21st naturally occurring amino acid of protein, to the forming 
polypeptide chain in response to specific UGA codons [64]; AIH 1 and 2 Autoimmune hepatitis 
type 1 and type 2; APECED autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy
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(Fig. 4.3) of the CD8 population [65]. Lobular inflammatory infiltrates may be iden-
tified, as well as rosette formation, and even in acute presentation, nodular forma-
tion can be present [52, 65]. The predictive value of periportal plasma cells for 
relapse in patients with autoimmune hepatitis is important. Liver histology from 
patients who had achieved remission and had been taken off steroids, and subse-
quently had relapsed had, characteristically, plasma cell infiltration in the portal 
tracts, in contrast to patients who had not relapsed. These results tend to suggest that 
liver histology should be reviewed prior to drug discontinuation in patients with 
AIH. In addition, a pathogenetic mechanism mediated by plasma cells in patients 
who relapsed is suggested [66]. One of the possible mechanisms of disease perpetu-
ation by plasma cells may be their relationship with activated stellate cells, which 

Fig. 4.2 Lymphocytes 
(arrow) infiltrating between 
surviving hepatocytes 
within the inflammatory 
infiltrate in a case of 
autoimmune hepatitis. 
Hematoxylin and Eosin, 
original magnification 40X

Fig. 4.3 Plasma cells 
(arrows) within 
inflammatory infiltrate in a 
case of autoimmune 
hepatitis. Hematoxylin and 
Eosin, original 
magnification 40X
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are pivotal in the generation of fibrosis, and with which they colocalized in an 
immunohistochemical study [67]; the number of plasma cells was reported to cor-
relate with stellate cells and fibrosis scores. After treatment, patients in remission 
had a decreased number of plasma cells, hepatic stellate cells, and degree of fibro-
sis [66]. Indeed, an immunohistological study of paired biopsies before and after 
clinical remission from children with AIH was reported to reveal a decrease in 
hepatic stellate cells activation, as evidenced by attenuation of anti-alpha smooth 
muscle immunoreactivity, in association with a reduction in inflammation score, 
although no changes in fibrosis were documented [68]; these results suggest that a 
decrease in hepatic stellate deactivation, in association with treatment, may be asso-
ciated with the halting of fibrogenic mechanisms.

Emperipolesis is the penetration of a cell by another of a different lineage that 
remains intact [65]. It was reported in 65.3% of patients with AIH, from a group of 
101, a finding significantly higher than in disease control liver biopsies, and associ-
ated with higher serum activity of aminotransferases, inflammatory activity, and 
degree of fibrosis than in disease control biopsies. CD8 T cells were the majority of 
lymphocytes identified in emperipolesis, which was associated with induction of 
cleaved caspase-3 expression, and notable in areas of apoptosis, which has sug-
gested that emperipolesis may induce apoptosis, which then may contribute to the 
liver injury in AIH [69].

Drug-induced hepatitis and AIH have similar histological features, hence the 
importance of a detailed history of medications and over the counter preparations 
taken in relationship with the onset of hepatitis. Prominent intra-acinar lymphocyte 
infiltrate or canalicular cholestasis without portal inflammation, rosette formation, 
rich portal plasma infiltrates, and intra-acinar eosinophils has been identified as 
common features in AIH, whereas a combination of prominent intra-acinar lympho-
cyte infiltrates, canalicular cholestasis, and fewer than two of the features that were 
highly exhibited by the livers affected by AIH support a diagnosis of drug-induced 
hepatitis. Interestingly, eosinophils were more prevalent in AIH than in drug- 
induced hepatitis [70].

 Diagnostic Scores for AIH

Diagnostic criteria for autoimmune hepatitis have been published and presented as 
scoring systems to diagnose this disease [52, 71, 72]. The revised scoring system 
most frequently used during the decade that followed its publication [52] is adapted 
in Tables 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, and 4.8 and presented from the perspective of 
approaching a patient in whom AIH is suspected. A simplified score system, the 
variables of which are titers of autoantibodies, the serum concentration of IgG, liver 
histological features, and exclusion of viral hepatitis, has been published [71] and 
summarized in Tables 4.9, 4.10, and 4.11.

Comparative analyses of the two scoring systems have been reported. In a study 
that comprised 153 patients in whom a diagnosis of definitive AIH had been made 
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Table 4.2 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor [52]—History

Yes (score) No (score)

Use of potential hepatotoxins (e.g., medications, herbal substances) 
temporally related to the hepatitis

−4 +1

History of autoimmune diseases in patient or first-degree relatives +2 No score
Alcohol intake
<25 g/day +2 No score
>60 g/day −2 No score

Table 4.3 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor—Physical exam

Score

Female gender +2

Table 4.4 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor—Laboratory findings

Ratio Score
aALP:AST (or ALT) ratio <1.5 +2

1.5–3.0 0
>3.0 −2
>2.0 +3
1.5–2.0 +2
1.0–1.5 +1
<1.0 0
Titer

ANA, SMA, or LKM-1 >1:80 +3
1:80 +2
1:40 +1
<1:40 0

AMA Positive −4

Hepatitis serology Positive Negative
−3 +3

AP alkaline phosphatase; AST aspartate aminotransferase; ALT alanine aminotransferase
Hepatitis serology: IgM anti-HAV, HBsAg, IgM anti-HBc, anti-HCV, and HCV-RNA. If a viral 
etiology is considered in spite of negative viral hepatitis serology as listed here, serology for cyto-
megalovirus, Epstein Barr virus and hepatitis E must be obtained as these viral infections may be 
the cause of the hepatitis
aRatio calculated as units above the upper limit of normal (ULN) (i.e., (AP IU/L ÷ (ULN) AP ÷ 
(IU/L AST÷ ULN AST)
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Table 4.5 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor—Histology

Score

Interface hepatitis +3
Predominance of lymphocytes and plasma cells in inflammatory infiltrate +1
Rosettes formation of hepatocytes +1
Absence of the three findings cited above –5
Biliary epithelial cell changes suggestive of PBC (e.g., ductopenia, granulomata, bile 
ductular proliferation, concentric fibrosis of bile ducts) or PSC (e.g., concentric fibrosis 
of bile ducts)

–3

Findings suggestive of other etiologies –3

Table 4.6 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor—Items characterized as optional

Score

Presence of autoantibodies identified in AIH including pANCA, anti-LC1, anti-SLA, and 
anti-ASGPR in the absence of typical autoantibodies (see above)

+2

HLA DR3 or DR4 in Caucasian and Japanese subjects
Any other HLA class II antigen

+1
+1

Table 4.7 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor—Follow-up period under therapy with immunosuppressants

Definition 1 and score Definition 2 and score

Complete 
response as 
described 
under 
definitions 1 
or 2

Notable improvement of symptoms and 
normalization of serum liver associated 
enzyme activity, serum bilirubin and IgG 
concentrations within 1 year and sustained 
followed by a 6 month period on 
maintenance therapy or liver histology at any 
point during the period described above 
displaying not more than minimal 
inflammatory activity, or definition 2

Substantial improvement of 
symptoms in association with a 
decrease by 50% of the serum 
abnormalities of the liver tests 
from baseline, during the first 
month of treatment, followed by 
a continuous decrease in the 
activity of AST and ALT to less 
than twice the ULN within 
6 months during any reduction 
toward maintenance therapy, or 
liver histology within 1 year 
displaying minimal inflammatory 
activity

+2 +2
Relapse as 
described 
under 
definitions 1 
or 2

Increased activity of AST and ALT activities 
to higher than twice the ULN, or findings on 
liver histology consistent with active disease, 
either in association or not with symptoms, 
after a complete remission, as defined above, 
or definition 2

Return of symptoms requiring 
administration of therapy, or 
increase of dose, if the patient is 
on medications for AIH, after a 
complete response as defined 
above

+3 +3
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based on the revised original scoring system [52], 11 (7.1%) were classified as 
probable AIH by the use of the simplified scoring system [71], and two (1.3%) were 
identified as not having AIH. With the use of the simplified scoring system [71], 
five patients were classified as having definitive and five as not having AIH, of the 
13 who had been classified as probable AIH. Discordance in the diagnosis between 
the two scoring systems was 15%, comprising 23 patients, whereas concordance 
was exhibited in 127 patients (97.7%) for definite and for probable diagnosis in 3 

Table 4.9 Simplified autoimmune hepatitis scoring system [71]—Laboratory variables

Titer Score

Autoantibodies
ANA or ASMA
or

≥1:40 1

ANA or ASMA ≥1:80
Anti-LKM or ≥1:40 2
Anti-SLA Positive

Change
Serum concentration of IgG >ULN limit 1

>1.10 times upper 2
Within normal limits

Absence of viral hepatitis 2

Table 4.10 Simplified autoimmune hepatitis scoring system—Histology

Features Score

Typical of AIH: interface hepatitis, lymphocytic or lymphoplasmacytic infiltration of 
portal tracts and lobules, emperipolesis, and hepatic rosette formation

2

Compatible with AIH: lymphocytic infiltration of portal tracts and lobular activity 
without all the features considered typical

1

Atypical: findings of other diseases

Table 4.11 Simplified autoimmune hepatitis scoring system—Interpretation of the summation 
of scores

Total score

≥6 Probable AIH
≥7 Definite AIH

Table 4.8 Systematic application of the revised scoring system for the diagnosis of autoimmune 
hepatitis in the evaluation of a patient with suspected disease and scores associated with presence 
or absence of the factor—Interpretation of scores

Definite AIH Probable AIH

Pre treatment >15 10–15
Post treatment >17 12–17
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(2.4%) [72]. Remission with treatment in patients diagnosed as having definite or 
probable AIH by the use of the revised original scoring criteria was 68% and 75%, 
respectively, and the failure of therapy was 16 and 0%, respectively. Seventy and 50 
percent of patients classified by the simplified scoring criteria as having definite 
and probable AIH, respectively, achieved remission in association with therapy, and 
15 and 25% of patients, respectively, failed treatment. These responses were not 
different in relation to the score used. In this study, five patients had non diagnostic 
scores as per the simplified scoring criteria, four of whom responded to treatment 
with remission, and one was still on therapy at the time of the study completion 
[72]. Neither of the two scoring systems compared classified patients with chronic 
liver disease from alcohol, viral hepatitis, or primary biliary cholangitis (PBC) with 
those who had definite AIH; two patients with primary sclerosing cholangitis (PSC) 
were classified as AIH by both systems [72]. The comparison of sensitivity, speci-
ficity, and positive predictability and negative predictability of the original scoring 
system with the simplified scoring system was 100 and 95%, 73 and 90%, 82 and 
92%, 67 and 83%, and 100 and 97%, respectively [72], in this study from a center 
in the United States. The simplified scoring system has been considered to be sim-
pler in its application than the revised system, of being able to exclude more fre-
quently other liver diseases, and of carrying a higher specificity than that of the 
latter, with the revised scoring system being reported as 95% specific and 90% 
sensitive, but a sensitivity of 65% and a specificity of 100% for the simplified scor-
ing system [73]. A study that included patients with overlap syndrome, AIH, and 
other liver diseases in association with AIH, documented that the simplified and the 
revised scoring systems were specific at 97.9 and 97%, respectively [74]. However, 
it was noted that the ability to identify AIH in patients with other liver diseases was 
significantly lower with the use of the simplified scoring system than with the use 
of the revised scoring system, liver histology being the only factor able to reveal 
that information [74]. In this regard, from in a series that included 25 patients from 
Asia, Europe, and the United States, 20 of whom had chronic hepatitis C and five 
chronic hepatitis B, it was reported that, according to the revised scoring system, 
72% met the criteria for the diagnosis of probable AIH, and 48% met these criteria 
as per the simplified scoring system [75]; however, none of the patients were diag-
nosed with definite AIH by either score [73]. These findings underscore the impor-
tance of the differential diagnosis in evaluating patients with liver disease. 
Specifically, the existence of a viral disease, i.e., hepatitis, does not exclude the 
presence of another liver disease, including metabolic and autoimmune disease. 
Accordingly, a full liver disease workup is required in the approach to a patient 
with suspected liver disease. This study [75] tends to support those of the prior 
report that documented that liver biopsy was necessary to confirm the coexistence 
of additional liver pathology [73]. It is also emphasized that the use of the scoring 
systems is complementary to clinical judgment. Autoimmune markers by ELISA 
methodology have not been used to validate the scoring system [72]; this is neces-
sary as clinical laboratories have moved to this type of assay as the methodology 
for these tests.
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 Overlap Syndromes

There are clinical, histological, and biochemical features of AIH, PBC, and PSC 
[76] that coexist in a minority of patients with any of these diseases. These entities 
have been named overlap syndromes, mostly comprising AIH and PBC cases, and 
have been the subject of some controversy regarding their existence as separate enti-
ties, as part of the same disease, as one disease changing to another, or some char-
acteristics of each. The diagnostic criteria for the overlap syndrome of AIH with 
PBC have been named the Paris criteria [77] and include at least two of the three 
accepted criteria for the diagnosis of each of those individual diseases, and has a 
sensitivity and specificity of 92% and 97%, respectively. For PBC, the diagnostic 
criteria are: (1) serum AP activity at least two times the upper limit of normal or 
serum GGTP five times the upper limit of normal, (2) positive antimitochondrial 
antibody (AMA), and (3) liver biopsy exhibiting the lesion of chronic nonsuppura-
tive destructive cholangitis (i.e., florid bile duct lesion). For AIH, the diagnostic 
criteria are: (1) serum activity of ALT at least five times the upper limit of normal, 
(2) serum IgG concentrations at least twice the upper limit of normal or positive 
ASMA, and (3) interface hepatitis on liver histology [77]. The diagnosis of AIH 
overlapping PSC is the absence of AMA and typical cholangiogram (e.g., strictures) 
by MRI or ERCP [78, 79].

AIH with overlap to PBC has been reported to occur in approximately 7–10% of 
patients and AIH with PSC 8–17%. AMA negative PBC, small duct PSC, autoim-
mune PSC, and immunoglobulin G4-associated cholangitis are considered variants 
of the overlap syndromes [76]. The difficulty in diagnosing overlap syndromes with 
a high level of certainty seems to have encouraged scoring systems to classify 
patients with an overlap of AIH on PBC and PSC. Features of AIH overlap were 
identified in 137 cases of histologically diagnosed PBC by the use of the revised 
scoring system, with 2% being found to meet criteria for definite AIH and 62% for 
probable AIH; no cases of definite AIH overlap were identified, with 19% meeting 
criteria for probable AIH overlap [80]. The main contribution to identifying overlap 
AIH in PBC was the presence of ANA, associated autoimmune disorders, and his-
tological findings [80]. In this regard, the serological profile of patients with PBC 
with an overlap to AIH has been documented to consist of a predominance of anti- 
dsDNA antibodies, found in 60% of patients with overlap syndrome of AIH and 
PBC, in contrast to a 4% prevalence in patients with PBC, and 26% of patients with 
AIH. The dual presence of anti-dsDNA antibodies and AMA was only reported in 
2% of patients with PBC or AIH, in contrast to 47% of samples from patients with 
overlap syndrome, a finding that could help identify this not so distinct entity [81]. 
Analyses of data from patients with PSC have documented a prevalence of AIH 
overlap of 6 and 11%, in contrast to what ranged from 30 to 50% by the use of the 
original scoring system [82]. However, others have documented a prevalence of 
19% of overlap of AIH in PSC with the use of the revised system [83]. With the 
advent of the simplified scoring system, several published retrospective studies have 
reported the ability of the revised and the simplified scoring system for the 
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diagnosis of AIH to detect an overlap of such on PBC [84] and PSC [83]. By the use 
of the revised [52] and the simplified [71] scoring systems, 368 patients who had a 
diagnosis of PBC were examined; 12% were classified as probable overlap PBC-
AIH with the revised scoring system, and 6% with the simplified system. Patients 
with characteristics of overlap syndrome had more complications of portal hyper-
tension, significantly more liver related deaths and liver transplantation surgeries 
than those with PBC [84], suggesting that the AIH component worsened or acceler-
ated the disease [84]. These selected reports must be interpreted with caution, as has 
been the recommendation of the International Autoimmune Hepatitis Group, which 
was responsible for the derivation of the revised scoring system, and which under-
scores the lack of evidence for the use of the scoring systems for the diagnosis of 
overlap syndromes. Exhortation to identify patients with overlap syndrome and its 
variants is documented in the literature [76].

AIH can be associated with other autoimmune diseases, including thyroiditis, the 
most common co-occurrence, reported in 10% of a study group that included 278 
patients, and vitiligo, rheumatoid arthritis, Sjogren's syndrome, inflammatory bowel 
disease, systemic lupus erythematosus, and celiac disease reported in a few 
patients [85].

 Treatment of Autoimmune Hepatitis

The goal of treatment of patients with AIH  is to control the liver inflammatory 
response, which is associated with symptoms, can result in liver failure, and is 
expressed biochemically by increased serum activity of liver associated enzymes 
and concentration of bilirubin. The practice guidelines supported by the American 
Association for the Study of Liver Disease (AASLD) divide the indications for 
treatment of AIH into absolute, relative, and none [86]. The absolute indications are 
a serum activity of aspartate aminotransferase (AST) ten times the upper limit of 
normal, AST five times the upper limit of normal and serum concentration of gamma 
globulin at least twice the upper limit of normal, liver histology revealing bridging 
necrosis or multiacinar necrosis, and incapacitating symptoms, including fatigue 
and arthralgias. The relative indications are fatigue, arthralgias, jaundice, a sign 
included under symptoms in the practice guidelines, and a liver histology exhibiting 
interface hepatitis. Inactive cirrhosis or mild portal inflammation, absence of symp-
toms, and normal or close to normal serum activity of AST and serum concentration 
of gamma globulin are not considered indications for treatment. In this regard, how-
ever, almost half of asymptomatic patients with AIH have as much inflammation 
and fibrosis as patients with symptoms, and, although some patients with mild dis-
ease can improve spontaneously, they cannot be distinguished from those who, in 
the category of mild disease, do progress to liver failure and who may benefit from 
therapy [87]; thus, it is difficult to withhold treatment in patients with mild disease, 
in the absence of prognostic factors that correlate with clinical outcomes. Transient 
elastography was reported to provide improved diagnostic information regarding 
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fibrosis with a documented sensitivity and specificity of 93.6 and 44.4%, respec-
tively, for significant fibrosis, as compared to APRI and FIB-4 scores [88]; the 
increasing availability of this technology may allow for its incorporation in the 
investigational approach of patients with AIH and perhaps, to support treatment of 
patients with fibrosis when there is uncertainty regarding this decision. All patients 
with AIH attended by the author have been treated.

A study that included 128 patients with AIH reported that 29% had cirrhosis at 
entry, and 40% of those who did not have cirrhosis developed it during 39 ± 32 months 
[89]. The response to therapy, relapse after discontinuation of treatment, and failure 
to respond to treatment were similar between patients with and without cirrhosis at 
entry [89]. In this study, the overall 10 year survival was 93%, comparable to the 
94% of an age-and sex-matched group from the general population [89]. Treatment 
with corticosteroids over 5 years was reported to be associated with decreased fibro-
sis scores, in association with decreased inflammatory activity, from a study in 
which 325 liver samples from 87 patients were reviewed [90]. The frequency of 
cirrhosis, which was 16% at baseline, decreased to 11% [90]. Accordingly, timely 
diagnosis and treatment of patients with AIH are necessary, a statement that high-
lights the importance of expeditious workup of an abnormal liver profile.

The treatment goal is to stop the inflammatory process; this outcome is associ-
ated with normalization of serum liver profile and markers of autoimmune activity, 
i.e., serum IgG concentrations, which can be used as indirect indices of disease 
activity. In this regard, the normalization of AST and ALT activities and normaliza-
tion of serum concentration of bilirubin predict remission; in one study, this out-
come was reported to correlate with a decrease in the proportion of patients who 
relapsed post treatment from 86% to 60% [91]. Reports from a study that com-
prised 132 patients with definite type 1 AIH and who met clinical, laboratory, and 
histological criteria for remission, indicate that the degree of change in laboratory 
exams at the time of completion of treatment correlates with the probability of 
relapse. Patients who did not relapse had a mean serum activity of AST of 7 U/L, a 
mean serum IgG of 337 g/dl, and a mean serum gamma globulin of 0.2 g/dl lower 
than those who relapsed after treatment discontinuation; the proportion of patients 
who relapsed after treatment discontinuation, 40, 36, and 25%, had not normalized 
the AST activity or had a decrease in the serum concentrations of IgG at the time 
the treatment was stopped, in contrast to 13, 3, and 4 percent, respectively, that did 
not relapse [91]. These results support the idea of treating patients with AIH until 
there is complete normalization of these indices of disease. The histological find-
ings were reported to be similar in the groups that relapsed and the group that did 
not relapse.

Galectins are carbohydrate binding proteins that play a role in inflammation and 
immune-mediated responses, among other activities [92]. Serum galectin-9 was 
reported to correlate with disease activity in AIH and was suggested as a potential 
marker of disease activity [93], which could be used in tandem with serum AST to 
assess disease activity. In the context of serum markers of liver disease, the angio-
tensin converting enzyme (ACE) system has been reported to contribute to the 
mediation of fibrogenesis [94]. In this regard, serum levels of angiotensin 
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converting enzyme (ACE) were reported to correlate with the degree of fibrosis in 
patients with AIH with a median serum level of 45 U/l identifying patients with 
fibrosis stage I, and 68 U/L as cut off level in cirrhosis, with 100% sensitivity and 
84.4% specificity, with the area under the curve of 0.95 [95]. The use of these serum 
markers has not been incorporated in clinical use.

The standard treatment of autoimmune hepatitis is comprised of corticosteroids 
alone or in combination with azathioprine, which is associated with normalization 
of serum liver profile and degree of fibrosis in most patients [96]. In patients with 
cytopenias, thiopurine methyltransferase deficiency, pregnancy, malignancy, and 
anticipated short course (difficult to define), treatment with prednisone alone is 
favored. In addition, azathioprine can be associated with liver toxicity and with 
pancreatitis; thus, the use of prednisone or prednisolone alone at the beginning of 
therapy eliminates the confounding factor of azathioprine side effects and allows for 
the follow up of a pure response to corticosteroid therapy. Guidelines recommend 
the initial dose for prednisone to be 60 mg/day [86], or 0.5–1 mg/kg of body weight 
[97, 86], or, by body weight, azathioprine 1–2  mg/kg [86, 98]. Prednisone is 
decreased from 60 to 40 mg at the end of week one, and to 30 mg at the end of week 
2, and kept at this dose for 2 weeks; after 4 weeks of therapy, the dose of prednisone 
is decreased to 20 mg/day and gradually decreased by 5–10 mg/week, and subse-
quently, by 2.5  mg/week to reach the lowest possible dose of prednisone (e.g., 
2.5 mg/day) that will maintain normal AST and ALT activities (Table 4.12) [86]. 
Initiation of combination therapy is done with azathioprine 50 mg (or 1–2 mg/kg) 
in association with prednisone 30 mg during the first week of treatment; while keep-
ing azathioprine at the same dose, the dose of prednisone is decreased to 20 mg/day 
for the second week of treatment, to 15 mg/day for the third and fourth weeks of 
treatment, and 10 mg/day starting at the fifth week of treatment until the goal is 
achieved (Table 4.13) [86, 98]. Histological resolution of inflammation lags behind 
the normalization of serum liver profile by 3–8 months; accordingly, therapy is con-
tinued beyond the time point of disappearance of peripheral indices of disease, e.g., 
12 to 24 months, the latter being more realistic than the former. Liver histology is 
recommended for assessing response to therapy prior to discontinuation of such 
[86], although the latest guidelines tend to be liberal regarding this prerequisite. The 
advantage of having liver histology prior to discontinuation of treatment is that the 
finding of interface hepatitis in patients on treatment whose AST activity has nor-
malized itself supports the continuation of therapy as its discontinuation is associ-
ated with the disease's relapse. If peripheral indices of disease and liver histology 

Table 4.12 Regimen for treatment of autoimmune hepatitis with prednisone

Days 
1–7

Days 
8–14

Days 
15–21st

Days 
22th–28th

Taper initiation on Day 29th until treatment 
goal is reached

60 mg 40 mg 30 mg 20 mg 10 mg per day (a)
aThe rate of taper of prednisone from 10 to 2.5 mg is guided by maintenance of a normal serum liver 
profile. The author tapers at a rate of 5 mg every 4 weeks, until the lowest dose (i.e. 2.5 mg/day) of 
prednisone associated with persistently normal activity of transaminases is reached. The use of 
prednisone alone is rare in our practice
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suggest remission, treatment can be gradually tapered to discontinuation over 
6 weeks, checking laboratory tests reflective of liver inflammation every 3 weeks 
during drug withdrawal and for the 3 months that follow. Adrenal suppression must 
be considered in patients on long-term steroid therapy; thus, prednisone must be 
tapered and adrenal function tested as recommended by guidelines [99]. After treat-
ment has been stopped, clinical and laboratory evaluation are recommended every 
3 weeks for the first 3 months, then 3 months later, every 6 months for a year, and 
annually after [86] to confirm ongoing remission. The relapse of AIH is defined as 
the recurrence of disease after normal histology has been attained during a prior 
treatment course. In case of relapse, which can occur in 20–28% of patients, therapy 
is reinstituted [91, 100]. The approach of patients who relapse consists of exclusion 
of other causes of acute hepatitis and reinstitution of treatment with prednisone, 
which can be at a dose of 10 mg/day in combination with azathioprine 2 mg/kg/day 
[101], which may be indefinitely; the long duration of therapy in patients who have 
a relapse of their hepatitis underscores the relevance of the liver biopsy prior to 
discontinuation of treatment to document histological remission [102].

Treatment of AIH should be individualized within the published guidelines as a 
reference. The most recent guidelines from the European Association for the Study 
of Liver Disease propose a treatment regime that starts with prednisolone 60 (or 
1 mg/kg), decreased to 50 mg at the end of week one, and a decrease to 40 mg at the 
end of week two with the addition of azathioprine at a dose of 50 mg/day and subse-
quent taper of prednisone by 10 mg at the end of weeks three and four, and reduction 
by 5 mg (i.e., 25 mg) at the end of week four with a concomitant increase of azathio-
prine to 100 mg/day (the author prescribes it in two divided doses of 50 mg each), or 
1–2 mg/kg of body weight. The dose of azathioprine is maintained as prednisone is 
decreased by 5 mg over weeks six to eight and by 2.5 mg over weeks eight and nine. 
From week ten, the dose of prednisone should be 10 mg/day in conjunction with 
azathioprine 100 mg, which remains unchanged after week five [97].

Table 4.13 Regimen for the treatment of autoimmune hepatitis with prednisone (P) and 
azathioprine (A)

Days 
1–7

Days 
8–14

Days 
15–21st

Days 
22th–28th

Taper initiation of 
P on Day 29th until 
treatment goal is 
reached

After P has been tapered and 
discontinued

P 
60 mg

P 
40 mg

P 30 mg 
plus A 
50 mg

P 20 mg 
plus A 
50 mg

10 mg per day (a) 
plus continuation 
of A at 50 mg

A 50 mg per day, which can be 
increased to twice a day or as per 
body weight 1–2 mg, in two 
doses depending on the activity 
of AST and ALT

aThe rate of taper of prednisone from 10 to 2.5 mg is guided by maintenance of normal activity of 
liver profile. The author tapers slowly at a rate of 5 mg every 4 weeks, until the lowest dose (i.e., 
2.5 mg/day) of prednisone associated with persistently normal activity of transaminases is reached. 
At present, we treat patients for a total of 3 years, two of those consecutively, after normalization 
of the serum liver panel. We customarily do a liver biopsy prior to discontinuation of therapy; liver 
biopsy is not done in patients who decline the procedure (n = 1 in our practice) and who are fol-
lowed vigilantly to identify any suggestion of relapse and need to retreat
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Response to corticosteroids therapy within 2 weeks of initiation correlates with 
improved survival [103]. From a retrospective review that comprised 149 patients 
with AIH, it was documented that patients at least 60 years of age responded to 
therapy faster, i.e., within 6  months of initiation of treatment, than those aged 
younger than 40, with a proportion of 18% versus 2%, respectively, and with 94% 
having responded within 24 months versus 64%, respectively, with all comparisons 
being statistically significant. The development of cirrhosis was more common in 
the slow than in the rapid responders, 54% versus 18%, and liver transplantation 
was also more common in the slow than in the rapid responders, 15% versus 2%, 
respectively, both comparisons significantly different; however, the proportion of 
patients who sustained response, and who relapsed was similar between both 
groups, 10% versus 19% (p = 0.6) [104]. These results may guide the clinician when 
treating patients from different age groups in discussions about prognosis, and rela-
tive end of treatment, and also, emphasize that, although the faster response to ther-
apy may limit the amount of immunosuppression required for remission, in the end, 
relapse was important in both types of responders; however, the advantage of a 
decrease in the proportion of patients who develop cirrhosis or that need liver trans-
plantation, was noted in the rapid responders, who are of increased age.

The goal of therapy is the normalization of serum transaminase activity, concen-
trations of serum bilirubin and gamma globulin, and liver histology; however, this is 
reached in approximately 40% of patients only [91]; patients who achieve this goal 
on therapy have a decreased probability of relapse, as compared to those who do not 
when treatment is stopped [91]. In a study where patients who did not respond to 
corticosteroids were compared to those who did, it was found that acute presenta-
tion, age (33 ± 3 years), and serum bilirubin of 4.1 ± 0.9 mg/dL at onset were fea-
tures associated with failure of therapy. The Model of End-Stage Liver Disease 
(MELD) score of greater than 12 at presentation tended to correlate with failure to 
respond to corticosteroid therapy [105].

Maintenance therapy with azathioprine alone beyond the first few weeks of treat-
ment has been proposed to spare steroids’ side effects [106]; this regimen is effective 
and associated with the disappearance of steroid-induced side effects, e.g., 
Cushingnoid facies and increase in body weight [106]. Data from a study that was 
comprised of 72 patients with AIH have supported the use of this drug for long-term 
maintenance therapy [106]. The patients had been in remission, which was defined 
as the absence of symptoms, normal activity of AST, and normal serum concentra-
tion of immunoglobulin, and with or without liver histology showing minimal or no 
disease activity, for at least 1 year on prednisolone 5–15 mg and azathioprine 1 mg/
kg of body weight, and had the dose of azathioprine increased to 2 mg/kg/day as the 
dose of steroids was decreased gradually. On azathioprine alone, 83% of patients 
remained in remission for over 5 years (67 months, range 12–128); liver histology 
examined in 42 patients (n = 48 biopsies) showed no or minimal inflammation, and 
three showed moderate disease, at 2 and 8 years of therapy [106]. The shortest time 
to spontaneous relapse after the initiation of azathioprine alone in the 12 patients 
who did relapse was 7 months, and the longest was 59; three patients relapsed in 
association with precipitating factors of infection, pregnancy, and discontinuation of 
therapy, in this patient at 2 years. In this study, the discontinuation of prednisolone 
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was associated with arthralgias of various duration managed with analgesic or anti-
inflammatory drugs and self-limited fatigue, nausea, rash, tendonitis, and pruritus. 
On the 2 mg/kg dose of azathioprine, four patients developed cytopenias, which was 
managed with dose reduction to 1 mg/kg; this change was associated with relapse of 
hepatitis in two patients, who were managed with reinstitution of prednisone therapy. 
The remission rate of 83% reported in this study has supported the use of azathio-
prine at a dose of 2 mg/kg of body weight per day for maintenance therapy in AIH 
after remission had been obtained with combination therapy for at least 1 year [106]. 

Azathioprine is the pro-drug of 6 mercaptopurine (6-MP); it can be associated 
with bone marrow suppression and aplastic anemia. The metabolism of these drugs 
depends on the activity of thiopurine methyltransferase (TPMT), hypoxanthine 
phosphoribosyl transferase, and xanthine oxidase [107]. Deficiency of TPMT is 
associated with azathioprine and 6-MP toxicity [108, 109]; thus, phenotype testing 
for TPMT prior to initiating treatment with these drugs is a prevalent practice to 
decide whether or not to prescribe these drugs to patients with AIH [110]. Bone 
marrow suppression can occur independently from the phenotype of TPMT; accord-
ingly, monitoring of the complete blood count is part of the follow up of patients 
treated with these drugs. In patients with AIH treated with prednisone alone, or in 
combination with azathioprine, 50  mg/day, the probability of developing malig-
nancy was 1.4 higher (95% CI, 0.6–2.9) than that of a gender and age matched 
cohort of subjects [111]. The complications of immunosuppression therapy with 
steroids alone or in combination with azathioprine, or with azathioprine alone, and 
the relatively long-term treatment required in AIH highlight the importance of indi-
vidualizing the choice of therapeutic regimens, consistent with the preferences of an 
informed patient, to improve treatment adherence and to minimize side effects.

Patients who fail treatment, defined as having worsening of histological findings 
and peripheral indices of disease activity, in spite of adherence to therapy, are man-
aged with prednisone at doses of 60  mg/day, in combination with azathioprine, 
150 mg/day for at least 4 weeks, gradually decreasing the doses in response to a 
decrease in the serum AST activity, as done at the initiation of therapy.

Patients who do not achieve complete remission but exhibit improvement of 
clinical, histological, and laboratory features of AIH are considered to have had an 
incomplete response to therapy and are reported to represent thirteen percent of the 
population treated for 3 years [86]. These patients continue to be managed with 
prednisone, at the lowest dose associated with a stable and lowest possible serum 
AST activity, or with azathioprine, 2 mg/kg of body weight, to spare them from 
steroids’ side effects [86].

After 2 years of remission, it was reported from a study of 311 patients from the 
Netherlands that 47% of patients relapsed, defined as increased activity of ALT to 
three times the upper limits of normal, and that 42% had lost remission, defined as 
upward trend of serum ALT activity while in withdrawal phase of therapy. After 
3 years of treatment discontinuation, 81% of the patients required treatment, 73% 
after 2 years, and 59% after 1 year. After one relapse, attempts to discontinue ther-
apy were not successful in half of the patients [112], which has suggested that AIH 
is a chronic disease for which long-term treatment is required [113]. By applying 
defined criteria, 28 of 288 patients with AIH who had been in remission for at least 
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2 years on one immunosuppressant had their immunosuppression stopped. Fifteen 
(54%) patients remained in remission for a median of 28 months of follow up, with 
a range of 17–57, but 13 (46%) had to be restarted on treatment; a serum concentra-
tion of IgG up to 12 g/L and serum activity of ALT half the upper limit of normal on 
therapy, and prior to its discontinuation characterized the patients who remain in 
remission [114]. This report seems useful in the selection of patients considered for 
discontinuation of therapy. However, disease relapse has been documented to occur 
as late as 22 years after discontinuation of treatment; accordingly, the recommenda-
tion is for long-term follow up in patients who have exhibited a prolonged remission 
is warranted [115].

There is discordance between biochemical and histological remission in AIH. In 
patients who had normalized their hepatic panel in association with treatment, a 
liver biopsy done 6 months a posteriori from the normalization of serum ALT activ-
ity and gamma globulin exhibited inflammatory activity in 46% of the subjects who 
had serum activity of AST and ALT within normal limits (i.e., 27 IU/L and ALT 
24 IU/L, respectively) but, still higher than those from whom histology was consis-
tent with remission, i.e., AST 23 IU/L, and ALT 18 IU/L; the degree of regression 
of fibrosis was also less in the group with higher AST and ALT activities than in the 
comparison group (32% vs. 60%), and significant excess mortality, i.e., standard-
ized mortality ratio of 1.4 vs. 0.7, due to liver disease. It was documented that con-
tinued histological activity was independently associated with all-cause mortality or 
liver transplantation. On multivariate analysis, persisting histological activity was 
independently associated with all-cause death and transplantation with a reported 
hazard ratio of 3.1, 95% confidence interval (CI), 1.2–8.1, p = 0.02. These results 
confirm the importance of histological remission in the natural history of AIH and 
serve as guidance to consider liver biopsy prior to discontinuation of therapy [116].

The proportion of patients that worsens on therapy for AIH has been reported as 
seven percent [105, 117]. In these cases, it is the practice to reinitiate treatment with 
doses recommended as initial therapy for at least 4 weeks, followed by a taper of 
prednisone (Tables 4.12 and 4.13). This approach has been reported in association 
with clinical remission and normalization of serum indices of liver disease in 70% 
of the cases and with histological remission in 20–41% of patients after 2 years of 
treatment [118].

Budesonide, a steroid drug with 90% first pass through the liver, has been used 
to treat AIH and studied in a controlled clinical trial of 6 months duration. In this 
study, first-line therapy with budesonide, at a dose of 3 mg three times a day, in 
combination with azathioprine, 1–2 mg/kg/day, was associated with normalization 
of serum activity of transaminases in 47% of the patients, as compared to 18% of 
the patients treated with prednisone, 40 mg tapered to 10 mg/day, and azathioprine, 
1–2 mg/kg/day [119]. Documentation of histological resolution was not reported in 
this trial, however. Also, the response to standard therapy in the patients included in 
this study, 18%, is lower than what has been documented by other clinical experi-
ences. The sparing of steroid-induced side effects makes budesonide an acceptable 
alternative, especially in patients with comorbidities that increase their vulnerability 
to these types of complications, including hypertension and diabetes. In this regard, 
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from a retrospective study that included two groups of 25 patients each who had 
been treated with prednisolone and AZA versus budesonide and AZA for a period 
of 3 years (2015–2018), it was reported that a lower number of side effects was 
associated with the latter than with the former, with the need to discontinue treat-
ment in 2 (8%) of patients in the prednisolone group versus none in the budesonide 
group; however, no differences in the biochemical response between the two groups 
was documented; thus, it was concluded that patients with comorbidities that may 
worsen in association with prednisolone might be treated with the alternative steroid 
option with the expectation of a similar beneficial effect [120].

Budesonide does not prevent steroid-induced side effects in patients with cirrho-
sis because of decreased first pass liver clearance hence increased systemic avail-
ability; thus, it is not recommended for this type of patient [121].

Therapy with the standard drug regime of prednisone and azathioprine for over 
3  years without evidence of remission is associated with disease progression in 
approximately half of the patients [104]. In this type of patient, the introduction of 
alternative immunosuppressants is an option. The calcineurin inhibitors, cyclospo-
rin [122] and tacrolimus [123, 124], and the reversible inhibitor of inosine mono-
phosphate dehydrogenase in purine synthesis, mycophenolate mofetil [125–129], 
have been used as an alternative therapy for autoimmune hepatitis, usually in 
patients who have not tolerated conventional treatment with prednisone (or pred-
nisolone) and azathioprine, as first line, and in recalcitrant disease.

Calcineurin inhibitors have not been adopted as an alternative treatment for 
patients with AIH because of side effects, including nephrotoxicity [130]; however, 
the use of tacrolimus in patients with AIH refractory to steroids or intolerant to this 
type of drug was reported from a review of published experiences on the subject, 
and documented that tacrolimus, dosed between 1 and 8  mg/day, with targeted 
trough levels between 0.5 and 10.7  ng/mL, and a treatment duration of 1 to 
136 months was associated with biochemical response in 121 patients (74.7%), with 
documented histological remission in 25 of the 83 patients who had had a baseline 
liver biopsy, with 17.3% of patients from the whole group having had the drug dis-
continued because of side effects, but with reported stability of renal function. The 
nature of this publication, i.e., a combined review, and the anticipated heterogeneity 
of the subjects do not provide strong evidence to use this drug without concerns; 
however, in cases of recalcitrant disease, the results suggested that the use of tacro-
limus may be an option [131], especially when administered by clinicians with 
expertise in the use of the drug.

From a retrospective review that comprised 128 patients, 29 were identified as 
having been treated with mycophenolate mofetil [126]. It was reported that myco-
phenolate mofetil was not well tolerated by almost a third of patients with intoler-
ance to standard therapy or used as first line in combination with prednisone; 
however, in those who tolerated the drug well, mycophenolate mofetil was associ-
ated with response in 84% of patients [126]. As first line, mycophenolate mofetil at 
doses of 1.5–2 g/day in combination with prednisolone at doses of 0.5–1 mg/kg 
daily was prescribed to 59 patients with AIH in an open-label study. The treatment 
was associated with response in 88% of the patients within the first 3 months of 
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therapy; the rest had a partial response, as defined by the Revised Autoimmune 
Hepatitis Score [129]. Fifty-nine percent of patients exhibited a complete response 
in association with treatment; 37% of the group reached this goal off prednisolone, 
which had been discontinued in 58% of the patients by 8 months of treatment. Of 
the group that experienced a complete response, 29% relapsed. Two patients expe-
rienced side effects leading to discontinuation of therapy. Three of the six patients 
in whom mycophenolate mofetil was discontinued relapsed [129]. A retrospective 
study reported the experience of a group of 22 patients with AIH who were treated 
with mycophenolic mofetil; 14 had experienced side effects on therapy with pred-
nisolone and azathioprine (i.e., standard treatment), five had not experienced remis-
sion, and three had both reasons not to continue on standard therapy. The group was 
treated with mycophenolic mofetil, at a dose of 20 mg/kg/day to a maximum of 3 g/
day, with variable follow up for 2 years in ten patients; three normalized the serum 
activity of AST and ALT, and seven exhibited stabilization after three to 30 weeks, 
with 12 patients having the drug discontinued because of side effects, three changed 
to cyclosporine, and one had a liver transplant. Ten patients continued mycopheno-
lic mofetil for a period of 20 to 124 months, with one being able to have predniso-
lone discontinued, five had the dose decreased to less than 5 mg, and four continued 
on 5–10 mg/day. Based on these results, it was concluded that mycophenolic mofetil 
might be safely prescribed, and that is associated with control of the disease [132]. 
However, mycophenolate mofetil has not been studied in controlled clinical trials; 
thus, recommendations on its use as first-line therapy, including duration of treat-
ment, have not been formulated.

Azathioprine use in pregnancy is not recommended because of its teratogenic 
potential, falling in the D classification; thus, pregnant women with autoimmune 
hepatitis are managed with prednisone alone. Flares of autoimmune hepatitis can 
occur after delivery [126]; thus, follow up over the post-partum period is necessary, 
and the provision of standard therapy is recommended.

Standard therapy with corticosteroids alone or with azathioprine in combination 
with UDCA 13–15  mg/kg of body weight is the treatment that has been imple-
mented for patients who exhibit features of AIH overlapping with PBC [133, 134] 
or PSC [135, 136] with salutary effects [137].

Forty (26%) of 154 patients who presented with fulminant liver failure to several 
transplant centers were identified as having AIH as the cause in a retrospective 
review. It was documented that the period from jaundice to encephalopathy was 
significantly longer in AIH than in the rest, i.e., 26 versus 16 days, and that the 
Model of End-Stage Liver Disease (MELD) score was significantly lower than in 
those with other causes of liver failure, i.e., 29 versus 33, with 25 (62%) undergoing 
liver transplantation, eight (20%) surviving the insult without liver transplantation, 
and seven (18%) dying. A high MELD score and grade 3 encephalopathy were 
associated with steroid failure, which was used in 17 patients, seven (41%) of whom 
survived. Given the high number of patients who required liver transplantation, 
these data emphasize the importance of suspecting AIH in cases of liver failure, not 
infrequently with absent autoantibodies, in whom referral to a liver transplant cen-
ter, as encephalopathy ensues (i.e., grade 2 at the most) is fundamental for 
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appropriate management that may include liver transplantation; in addition, cortico-
steroids may benefit a group of patients, which, as per this publication, concerned 
patients with a MELD lower than 27 [138].

The use of anti-tumor necrosis factor-alpha rituximab and the mammalian target 
of rapamycin (mTOR) inhibitor sirolimus [139] and the anti-CD20 rituximab [140] 
as alternative therapies has been published in preliminary studies with encouraging 
results with regard to short-term response assessed by serum activity of transami-
nases. Clinicaltrials.gov provides information regarding clinical trials that are 
planned or being conducted.

The practice guidelines supported by the AASLD [86] and the British Society of 
Gastroenterology [98] for the management of autoimmune hepatitis have been char-
acterized by a recognized author in the field as being “fraught with uncertainties” 
[110]. The guidelines offer standards to follow in the management of patients with 
this complex disease; however, considering their limitations, the need to stay abreast 
of the progress in the subject of AIH is emphasized, and the recommendation for 
referral to experienced hepatologists strongly supported.

 Hepatocellular Carcinoma

The percentage of cirrhosis in AIH patients varied from 18.7% to 83.3% in studies 
from Japan, and from 12% to 50.2% in the other regions, with a mean follow up of 
the patients with AIH of 10 years [141]. Cirrhosis from AIH is a risk factor for hepa-
tocellular carcinoma (HCC). One to nine percent of patients with AIH and cirrhosis 
develop HCC, with a reported annual incidence of 1.1–1.9%. From Sweden, the 
reported incidence of HCC was 0.3%, with long-term follow up of 634 well charac-
terized patients, who developed this complication only when cirrhosis had been 
established [142]. An analysis of the published world data from 1989 to 2016 that 
included 8460 patients with AIH documented a diagnosis of HCC in 0–12.3% of the 
patients. In patients with AIH and cirrhosis, the proportion of patients with HCC 
varied between 0.2% and 12.3%, and the estimated proportion of patients without 
cirrhosis with HCC was 1.03% [143].

Surveillance of hepatocellular carcinoma every 6 months with a liver sonogram, 
and alpha fetoprotein is recommended [86, 98].

 Autoimmune Hepatitis in Children

Autoimmune hepatitis is particularly aggressive in children, predominantly affect-
ing girls. Type 1 AIH can occur in children, whereas type 2 tends to occur mostly 
in children. In this regard, PSC with characteristics of AIH, including interface 
hepatitis in association with ANA and ASMA, usually seen in type 1, tends to 
affect boys and girls. Diagnostic characteristics of PSC are revealed by imaging 
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studies, i.e. magnetic resonance cholangiography. The treatment is comprised of 
immunosuppression, which is associated with a good response in the hepatocellu-
lar injury component of the disease. In contrast, the injurious process of the bile 
duct is not halted by this type of therapy in approximately half of the affected 
patients. The need for liver transplantation in this type of liver disease is increased 
in the PSE AIH variant, as is the disease's recurrence in the liver graft post trans-
plantation [144].

The treatment for AIH in children is prednisone (or prednisolone) in combina-
tion with azathioprine; as in adults, treatment should be individualized. A proposed 
treatment for AIH consists of prednisolone per body weight, orally, daily of 2 to a 
maximum dose of 60  mg during the first week of treatment, with subsequent 
decreases by 0.25 mg/kg/day until completion of the seventh week of treatment, to 
0.25 during the eighth and ninth weeks, and to 0.1–0.2 during the tenth and elev-
enth weeks. Evaluation with hepatic panel is recommended weekly prior to decreas-
ing the dose of steroids; if the decrease in AST and ATL activity stops, it is 
recommended to add AZA at a dose of 0.5 mg/day with increases to 2–2.5 mg/kg/
day, until the goal is achieved. The dose of steroids should be decreased to 2–2.5 mg/
kg/day over 2 weeks and then discontinued if serious side effects arise during their 
use [145]. The use of AZA as first-line treatment is not recommended because of 
potential toxicity, especially in patients with hyperbilirubinemia; however, most 
patients have been reported to require the addition of this drug to achieve remis-
sion. Testing for TPMT is also applied in children, as is the monitoring of AZA 
metabolites, 6-thioguanine, and 6-methylmercaptopurine, to identify the optimal 
therapeutic level of AZA, as reported in a prospective study that included 20 chil-
dren with AIH [146], and as done in the treatment of inflammatory bowel disease. 
The optimal levels of these metabolites in relation to AZA's salutary effect have not 
been clearly established [147]. A recent report documented that a majority of chil-
dren on AZA therapy maintained biochemical remissions at 6-TGN levels ranging 
from 50 to 250 pmol/8 × 108 RBC, in association with the lowest doses of the drug, 
suggesting that AZA can be used as a steroid sparing agent in children with AIH 
[148], as it is done in adult subjects. This information can be used as doses are 
adjusted [106].

The goal of treatment is remission, defined as: (i) no symptoms, (ii) normal 
serum activity of AST and ALT, and (iii) normal serum concentrations of IgG. In 
addition, low or absent titers for ANA and ASMA, and anti-LKM are included in the 
criteria for remission [149].

In general, the duration of standard therapy is 24 months in patients aged 60 or 
beyond and 36 months in patients up to 40 years of age. Remission of AIH has been 
defined as normal AST activity in two consecutive months and absence of symp-
toms. Discontinuation of immunosuppression therapy can be considered after docu-
mented normal AST and ALT serum activity every 3 months for at least 1 year and 
the absence of necroinflammatory activity on liver histology. Serum AST activity 
was reported to correlate with serum concentrations of IgG in types 1 and 2 AIH and 
with titers of ASMA in type 1, suggesting that these markers can be included as 
measures of response to treatment [150].
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From a retrospective study that included 20 years of experience in the treatment 
of children with AIH, it was reported that discontinuation of therapy was possible in 
19% of ANA and ASMA positive patients after treatment for a median of 3 years; 
however, in this series, none of the patients who had anti-LKM antibodies were able 
to have therapy discontinued [151]. Close monitoring of patients and their labora-
tory exams are required to identify and treat relapse of disease, defined as an increase 
in AST activity by two fold from baseline. Relapses of AIH are treated with pred-
nisolone (or prednisone) at 1–2 mg/kg/day, a dose that can be increased to 2–2.5 mg/
kg/day until the therapeutic goal is achieved (see above).

Penicillamine, cyclosporin A, and mycophenolic mofetil have been used in chil-
dren who do not respond to standard therapy [152]; however, alternate treatments 
have not been tested in randomized clinical trials. The reader is referred to clinical-
trials.gov for information on available clinical studies.

 Liver Transplantation

Liver transplantation is the alternative to the treatment of AIH not responsive to 
immunosuppressant therapy. Prospectively studied, it was documented that from a 
group of 1429 patients, 55 (3.8%) were transplanted for AIH, the majority of whom 
were women, and tended to exhibit episodes of rejection within the first 3, 6, and 
12  months; however, the patient and graft survivals were similar to those trans-
planted for other indications [153]. The survival rate of patients with AIH who 
undergo liver transplantation is reported as 87% at 1 year and from 80% to 90% at 
five, and the survival rates of liver grafts are 84% at 1 year and 74–76% at five 
[154, 155].

AIH recurs in the liver graft. A large prospective study reported that 20% of 
patients sustained a recurrence of disease, most within the first year after transplan-
tation. However, none of these patients required retransplantation because of dis-
ease recurrence [153]. The literature reports the clinical presentation of AIH 
recurrence from 1 month to 5 years post transplant [155]; recurrences after 15 years 
have been documented [156] and also, with histological findings in the graft at least 
5 years before a clinical presentation suggestive of recurrence in 24% of patients in 
a published series [156]. A retrospective review did not report any recurrence, 
though, in the six out of 32 patients who were transplanted for acute liver failure at 
presentation [157]. The criteria that define recurrent AIH can be summarized as fol-
lows: (1) indication of AIH for transplant, (2) autoantibodies at high titers, (3) per-
sistently increase in the activity of ALT over twice the upper limit of normal, (4) 
high serum immunoglobulin concentration, (5) liver histology compatible for AIH, 
(6) dependency on corticosteroid to maintain normal liver profile or need to increase 
steroid dose, and (7) exclusion of other causes of post transplant hepatitis or graft- 
dysfunction [155, 158].

Post transplant de novo AIH occurs in patients who have received a liver trans-
plant for diseases other than AIH [159]. It was initially reported in children, with 

4 Autoimmune Hepatitis

http://clinicaltrials.gov
http://clinicaltrials.gov


114

4% of patients from 180 developing the disease over 5 years [160]. Histologically 
this condition is characterized by interface hepatitis, and an inflammatory infiltrate 
highly comprised of plasma cells. The factors that have been identified as predispos-
ing to de novo AIH are HLA-DR3 or HLA-DR4 recipient or donor, previous epi-
sodes of acute cellular rejection, steroid dependence, female donor, aged donor, and 
tacrolimus-based immunosuppression [159]. The treatment of post transplant de 
novo AIH is the standard therapy for AIH, emphasizing the importance of making 
the diagnosis of de novo post transplant AIH promptly not to deviate treatment 
efforts to a presumed diagnosis of rejection, to preserve the life of the graft [161]. 
The importance of treatment with steroids was documented in a case series in which 
five non-treated patients lost the graft a few months after diagnosis of de novo AIH 
in contrast to the seven who were treated, none of whom lost their graft after a fol-
low- up period of a mean of 4 years; also, the tapering of steroids was associated 
with relapse [162]. A long-term study has found that de novo AIH does respond to 
treatment, but relapse and progression to cirrhosis were documented [163].
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Chapter 5
Primary Sclerosing Cholangitis

Nora V. Bergasa

A 51-year-old woman presented to the hospital because of abdominal pain and 
fever. Her vital signs were notable for a high temperature; she had scleral icterus, 
abdominal tenderness on the right upper quadrant without rebound, and legs with 
prominent varicose veins. The relevant laboratory tests were leukocytosis, with a 
predominance of neutrophils but no bandemia, normal electrolytes, normal coagula-
tion profile, and a serum alkaline phosphatase (AP) of 440 IU/L, serum bilirubin of 
3 mg/dL, and a mild increase of AST and ALT activities to less than 100 IU/L. A 
right upper quadrant sonogram was normal, but a magnetic resonance cholangio-
pancreatography (MRCP) revealed changes suggestive of primary sclerosing chol-
angitis (PSC) with intrahepatic biliary strictures and sacculations; she did not have 
gallstones. Urine and blood cultures were negative for bacterial growth. She was 
started on empirical antibiotic therapy for cholangitis in the face of suspected 
PSC. She subsequently provided a colonoscopy report from a few years prior to this 
presentation, documenting inactive colitis on biopsy. The hepatology service was 
consulted and subsequently followed the patient in the clinic with relatively good 
liver function but intermittent increases in serum bilirubin. She did not have pruri-
tus. The patient developed episodes of fever and leukocytosis associated with right 
upper quadrant discomfort. On one occasion, her blood cultures grew Klebsiella 
pneumoniae. She was referred for liver transplant evaluation because of recurrent 
cholangitis. After 9 years of follow up, she underwent liver transplantation from a 
hepatitis B anticore + donor, for which she is on an antiviral. At present, she is doing 
relatively well; however, she has an anastomotic stricture. She has had normal sur-
veillance colonoscopies over the years. She regularly goes on vacation, has a good 
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appetite and energy level, and continues to follow up at our hepatology clinic with 
scheduled visits to the transplant center where MRCPs and adjustments of her 
immunosuppression are made and where she was started on ursodeoxycholic acid 
(UDCA). Her AP activity post-transplantation has been normal, her bilirubin has 
been around 3 mg/dL, her albumin has been low, without proteinuria, suggestive of 
synthetic dysfunction. There are no features of PSC on liver histology and no 
inflammatory activity, but she has cirrhosis, classified as cryptogenic.

 Sclerosing Cholangitis

The patient described in this chapter presented with a picture of cholangitis, associ-
ated with cholestasis, and a magnetic resonance cholangiopancreatography that 
revealed intrahepatic biliary strictures [1]. In the absence of prior biliary tract sur-
gery, the findings are consistent with primary sclerosing cholangitis (PSC). A colo-
noscopy performed 4 years prior to her initial presentation had revealed inactive 
colitis. The patient had not had symptoms of inflammatory bowel disease, which is 
associated with PSC in approximately 70% of the time.

Sclerosing cholangitis is a condition associated with the disappearance of intra-
hepatic and extrahepatic bile ducts secondary to a fibrosing process that leads to 
biliary cirrhosis and liver failure. PSC is the term used when no precipitating factor 
is identified; it may or may not be associated with inflammatory bowel disease. 
Secondary sclerosing cholangitis is the term used when the precipitating factor(s) of 
the condition is (are) identified or inferred.

The etiology of PSC is unknown [2, 3]. It has been suggested that this liver dis-
ease may have an autoimmune basis. PSC has been diagnosed in association with 
retroperitoneal fibrosis and mediastinal fibrosis. The syndrome of sclerosing chol-
angitis has been described in patients with histiocytosis X. In contrast to PSC, some 
processes lead to secondary sclerosing cholangitis, including hepatic artery infu-
sions of chemotherapeutic agents (e.g., fluorodeoxyuridine (FUDR) [4] for treat-
ment of malignancies, the associated coagulative phenomena due to lupus 
anticoagulant, infusions of scolicidal solution (formaldehyde, 20% sodium chlo-
ride) directly into hydatid cysts, neoplasms of the biliary tract, bacterial or parasitic 
infections of the biliary tree, opportunistic infections in immunocompromised 
patients, complications of cholecystectomy, and abdominal trauma [5]. The mecha-
nisms by which these events lead to sclerosing cholangitis are unknown; it has been 
speculated that invasion of the biliary tract by pathogens and the effects of inflam-
mation lead to cholangitis in the last two conditions. In patients with AIDS, polymi-
crobial cholangitis (e.g., from cryptosporidium, Candida albicans, Klebsiella 
pneumoniae, and cytomegalovirus) have been reported. Ischemia has been proposed 
in the pathogenesis of sclerosing cholangitis secondary to intraarterial infusions of 
FUDR [6]. The instillation of scolicidal solution into intrahepatic Ecchinococcal 
cysts communicating with the biliary tree is associated with the rapid development 
of sclerosing cholangitis from caustic injury [7]. As PSC is associated with 
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inflammatory bowel disease (IBD) in 70 to 80 percent of patients, cholestasis in this 
patient population suggests the diagnosis of this liver disease [3]; in this regard, 
colon neoplasia in patients with IBD in association with PSC tended to be more 
frequent than in patients without PSC in one report [8]; in addition, it was docu-
mented that patients with PSC and IBD had more rectal sparing and more involve-
ment of the terminal ileum than patients with PSC. The combination of diseases was 
associated with a decreased survival at 5 years from the time of presentation [9]. 
Indeed, PSC associated with IBD has been proposed to differ from that not associ-
ated with IBD, although reports do not seem consistent. In a study from Sweden, 
patients with PSC associated with IBD had active inflammation documented histo-
logically but not apparent on inspection. The inflammation was reported to be prom-
inent or exclusively on the right side of the colon, with rectal sparing and backwash 
ileitis. From this study, it has been suggested that the apparent quiescent state of the 
colon in patients with IBD may mask active inflammatory activity, hence promoting 
the development of malignancy [10]. In contrast, in a study from the Netherlands of 
patients with PSC in association with IBD, the majority had pancolitis, the rectum 
was infrequently spared, and there were few patients with backwash ileitis, in asso-
ciation with ulcerative colitis; in patients with Crohn’s disease, the predominant 
finding was colitis [11]. PSC presents alone in a substantial number of patients; 
accordingly, it has to be considered in the differential diagnosis of patients who 
present with cholestasis regardless of any gastrointestinal comorbidities. It is sig-
nificantly more common in men than in women. It is most commonly diagnosed 
around the age of 30 years.

 Etiology

An autoimmune component in the etiology of PSC has been proposed because of its 
association with autoantibodies. Antinuclear antibodies of the homogenous type, 
with an approximate prevalence of 35% [12], were reported in PSC. In addition, 
anticardiolipin, antithyroperoxidase antibodies, and rheumatoid factor have been 
reported in PSC [13]. Antineutrophil nuclear antibody (ANNA), initially reported as 
antibodies against a component of the portal tract and subsequently characterized as 
ANNA, was reported in the serum of 84% of patients with PSC at a relatively high 
titer, and in 86% of patients with IBD [14]. It was demonstrated by an enzyme- 
linked immunosorbent assay for immunoglobulin G (IgG) neutrophil antibodies 
that neutrophil binding in sera from patients with PSC was significantly greater than 
of patients with other liver diseases, including primary biliary cholangitis  (PBC) 
[15]. Perinuclear immunofluorescence was shown by most serum samples from 
patients with ulcerative colitis, PSC, and PSC without ulcerative colitis [15]; in one 
study, circulating antineutrophil antibodies (ANCA) of the perinuclear type 
(p-ANCA) were reported to occur in 87% of patients with PSC with or without 
ulcerative colitis, and in 68% of those with ulcerative colitis only [13]. Antineutrophil 
cytoplasmic antibodies (ANCA) of the IgA class were found in 20% of sera from 35 
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patients with PSC and in 50% of 40 patients with autoimmune hepatitis in a small 
study. The staining pattern in patients with PSC showed both an atypical perinuclear 
staining in PSC and the classical pattern in neutrophils from patients with autoim-
mune hepatitis. The staining pattern for the IgA class of antibody against ANCA 
was “classical” and “atypical” in PSC compared to the findings in autoimmune 
hepatitis in which the staining was the classic perinuclear expression. These find-
ings were interpreted to suggest that there are different target antigens of IgA class 
ANCA with distinct subcellular localization [16]. Atypical p-ANCA observed in 
patients with PSC, ulcerative colitis, and autoimmune hepatitis was reported to react 
with an antigen present in the nuclear lamina of granulocytes [17] that was identi-
fied subsequently as a 50-kilodalton myeloid-specific nuclear envelope protein [18]. 
The 50-kDa ANCA autoantigen has been reported to be β-tubulin isotype 5 (TBB-5). 
In experiments that included sera from patients with autoimmune hepatitis, and with 
PSC alone or in association with IBD, p-ANCA recognized human β-tubulin iso-
type 5 (TBB5) and cross-reacted with filamenting temperature-sensitive mutant Z 
(FtsZ), its evolutionary bacterial precursor protein. FtsZ is a tubulin homolog and 
the major cytoskeletal protein in bacterial cell division, during which it is the first 
protein to move to the division site from where it recruits other proteins that produce 
a new cell wall between the dividing cells [19]. These results have suggested that the 
reaction of p-ANCAs against human TBB-5 and their cross reactivity with FtsZ 
reflects an abnormal immune response to intestinal microorganisms in individuals 
vulnerable to develop these types of diseases, including PSC [20]. The association 
of some autoimmune diseases with PSC has been interpreted to suggest an autoim-
mune component in the pathogenesis of the latter [21].

The high frequency of autoantibodies that bind biliary epithelial cells (BEC) was 
documented in patients with PSC compared to control and disease control sera. Anti 
biliary epithelial cell antibodies were reported to induce IL-6 production by BEC 
from patients with PSC (and PBC); however, IgM and IgG immunoglobulin frac-
tions only from PSC sera significantly induced the expression of CD44, an adhesion 
molecule [22], which suggested a potential function of biliary epithelial cell anti-
bodies in BEC injury in PSC (and PBC).

 Genetics

Associations with the human leukocyte antigen (HLA) complex located in chromo-
some 6p21 have been consistently documented in patients with PSC from distinct 
geographical areas [23–25]. The occurrence of PSC in members of the same family 
also has suggested its genetic predisposition. The frequency of HLA-DR2 and the 
haplotype A1 B8 DR3 was increased in patients with the disease, whereas a decrease 
was documented in the B44 and DR4 haplotype in a study of 81 patients [26]. 
Another study documented that HLA DR3, DR52a, DR2, and Dw2 were signifi-
cantly more frequent in the disease group than in the control group [27]. It was also 
documented that HLA DR4 was associated with rapid disease progression [27], in 
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contrast with a prior study in which no associations with disease progression and 
HLA alleles were found [26]. In Northern Italy, the frequency of HLA-C2 killer- 
immunoglobulin receptor (KIR) ligand was significantly decreased in patients with 
PSC compared to the control group; homozygosity of HLA-C1 was documented in 
association with an increased risk for PSC. In contrast to the population of Northern 
Europe in which DRB1*03, *04, or *1301 alleles have been identified as prevalent, 
no such finding was confirmed in a study from Northern Italy; the association with 
DRB1*15 and DRB1*07, however, was also detected [25]. By the use of genome- 
wide association studies (GWAS) in a study of patients from Norway, strong asso-
ciations were identified in chromosome 6p21 near HLA-B and in chromosomes 
13q31 and 2q35 and 3p21, both of which have been identified as susceptibility loci 
for ulcerative colitis [24]. Other associations outside the HLA complex have been 
found by the use of GWAS in PSC for a total of 16 risk loci for PSC specifically. 
Although the association with IBD was found in 72% of the patients studied, 6 of 
the 12 loci had a stronger association with PSC alone than with IBD, which sug-
gested that although there is overlap in the risk for both, there are genetic distinc-
tions between the two conditions. Association statistics from seven diseases that 
occur in patients with PSC, i.e., Crohn’s disease, celiac disease, psoriasis, rheuma-
toid arthritis, sarcoidosis, type 1 diabetes, and ulcerative colitis, documented 33 
additional pleiotropic risk loci [28].

Most killer immunoglobulin-like receptors (KIRs) are inhibitory [29]. The 
decrease in natural killer (NK) cells inhibition by a combination of killer 
immunoglobulin- like receptors (KIRs) and HLA class I ligands have been reported 
as a risk for the development of autoimmune disease [30]. In a study from 
Scandinavia, the gene frequency of KIR was not different in patients with PSC than 
from the control group; however, it was reported that the frequency of HLA-Bw4 
and –C2, ligands at the inhibitory KIRs3DL1 and 2DL1, respectively, was signifi-
cantly reduced in PSC patients as compared with controls. The 5.1 variant of the 
major HLA class I chain-related A (MICA), which has been documented to influ-
ence the predisposition to develop PSC, was prevalent in the patients. In contrast, 
the DRB1*0301 or DRB1*1501 alleles were absent. These findings have suggested 
that variants of ligands for NK cell receptors encoded by different genes in the HLA 
complex may contribute to the genetic predisposition to develop PSC [31].

In a study from Norway, strong associations were identified in chromosome 
6p21 near HLA-B and in chromosomes 12q31 and 2q35 and 3p21 by the use of 
GWAS in patients with PSC. These chromosomes have been identified as suscepti-
bility loci for ulcerative colitis [24]. A relatively large study from Sweden reported 
that the risk of PSC was significantly higher in first-degree relatives of patients with 
PSC than in the first-degree relatives of a control group subjects. The hazard ratio 
and 95% confidence interval (CI) for offsprings were reported as 11.5 (1.6–84.4), 
for siblings 11.1 (CI = 3.3–37.8), and for parents 2.3 (CI = 0.9–6.1) [32]. Through 
GWAS, several susceptibility loci carrying SNP in genes, the product of which may 
reveal their relevance in the pathogenesis of PSC. In a study from Norway, strong 
associations were identified in chromosome 6p21 near HLA-B and in chromosomes 
12q31, and 2q35 and 3p21, identified as susceptibility loci for ulcerative colitis [24]. 
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HLA-B8 was reported in association with PSC in patients identified as European 
Americans, African Americans, and Hispanic from the United States Organ Sharing 
database listed for liver transplantation. In contrast, HLA-DR3, which is in linkage 
disequilibrium with HLA-B8, was found only in European Americans and Hispanic 
subjects; however, this association was absent from the African American patients, 
which has suggested an area of further study as a difference among the groups was 
revealed [33].

SNP rs 9524260 in chromosome 13q31, where glypican 6 is encoded, was also 
significantly more prevalent in samples from patients with PSC than in those in the 
control group. Downregulation and upregulation of hundreds of genes were docu-
mented in association with silencing of glypican 6 in in vitro studies in a cell line of 
BEC; among the genes that were upregulated were: (i) LIPOCALIN-2, which 
encodes lipocalin-2, a protein involved in iron delivery to the cell [34] and relevant 
in the immune response to bacterial infections [35] and in cell growth [36], (ii) 
NR1H4, which encodes the farsenoid receptor X, a nuclear receptor that induces the 
expression of the small heterodimer partner (SHP), which inhibits the transcription 
of the CYP7A1 gene encoding CYP7A1, the rate-limiting enzyme in the synthesis 
of bile acids from cholesterol, (iii) the CXCL3 and CXCL5, encoding chemokine 
ligand 3 (CXCL3), and CXCL5, respectively, involved in cell adhesion processes 
[37, 38], (iv) MCPT8, which encodes mast cell protease 8 which, as other products 
of mast cells, participates in inflammatory processes and regulation of immunity 
[39, 40], and (v) TIMP3, encoding tissue inhibitor of matrix metalloproteinase 3, 
which inhibits, as other members of this group of proteins, matrix metalloprotein-
ases, a group of peptidases that participate in the degradation of extracellular matrix 
[41]. These findings have suggested that genes that participate in the regulation of 
bile acid production and the inflammatory response contribute to the genetic sus-
ceptibility to develop PSC [24]. Additional GWAS have identified other loci in asso-
ciation with PSC, including: (i) IL-2RA located in chromosome 10p15 encoding 
interleukin-2 receptor A [42], an inducible growth factor that mediates immune 
function through its effects on the development and activity of T and B lympho-
cytes, natural killer cells, and lymphokine-activated killer cells, and that is located 
on the surface of activated T lymphocytes [43], (ii) MST1 located in chromosome 
3p21, encoding macrophage stimulating 1 (MST1) [42, 44]. The deduced amino 
acid sequence of MST1 is homologous to hepatocyte growth factor [45, 46]; it is 
proteolytically activated by caspases during apoptosis, and its biological processes 
include positive regulation of apoptosis and negative regulation of cell proliferation 
[47], (iii) IL-2/IL-21 loci in chromosome 4q27 [42]; Il-21 has a role in proliferation 
and maturation of natural killer cells and proliferation of some stimulated B and T 
cells [48]; IL-2 is pivotal in the pathway that leads T cells to become effector cells 
[49], (iv) MMEL1 and TNFRSF14  in chromosome 1p36 [50]; membrane 
metalloendopeptidase- like 1 (MMEL1) is a metalloprotease that participates in 
early embryonic development and sperm function, and that degrades a broad variety 
of small peptides [51], and tumor necrosis factor receptor superfamily member 14 
(TNFRSF14), the receptor for B- and T-lymphocyte attenuator and for tumor necro-
sis factor ligand superfamily member 14. TNFRSF14 is involved in lymphocyte 
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activation [52], (v) BCL2L11 in 2q13, encoding Bcl2-interacting protein [44], which 
enhances the antiapoptotic effects of BCL-2. Bcl-2 (B-cell lymphoma 2) is the first 
member of the Bcl- 2 family of apoptosis regulator proteins [53], (vi) 2q37.3 GPR35 
[54] encoding G protein-coupled receptor 35, the expression of which is detected in 
immune cells, in the gastrointestinal tract [55], and gastric cancer [56], in the crypts 
of Lieberkühn in rats [57], and expressed in gastric cancer cells and normal intesti-
nal mucosa [56], and (vii) 18q21.2 TCF4 encoding transcription factor 4 or immu-
noglobulin transcription factor 2, which binds to the immunoglobulin enhancer 
Mu-E5/KE5-motif, and is involved in neuronal differentiation [58]. It recognizes an 
Ephrussi-box (“E-box”) binding site (“CANNTG”) that was first identified in 
immunoglobulin enhancers [59] and is considered important in the development of 
the nervous system [60], and (viii) CARD9 [50], in chromosome 9q35, encoding 
caspase recruitment domain-containing protein 9 (CARD9), a member of the cas-
pase recruitment domain-containing family, which participates in the regulation of 
apoptosis [61].

One of the GWAS reported above [50], which included 715 patients with PSC, 
332 from Scandinavia, and 382 from Germany, and a large group of control subjects 
from both countries also documented a SNP in the fucosyltransferase 2 gene (FUT2) 
in chromosome 19q13, which has suggested some relevance to the susceptibility to 
PSC because, although their presence was not sufficiently strong for analysis there 
is a reported association between FUT2 genotypes and infectious diseases [50]. In 
this regard, nonsense SNP rs601338 (W(TGC) to * (TAG) encodes a nonfunctional 
FUT2 protein, defining a nonsecretor phenotype [62]. The expression of FTU2 in 
the bile duct epithelium of patients with PSC was sought by the immunostaining of 
alpha (1,2) fucose-specific lectin Ulex europaeus agglutinin-1; it was documented 
that samples from the subjects with the secretor phenotype expressed alpha (1,2) 
fucosylated glycans in bile duct epithelia, in contrast to those with the nonsecretor 
phenotype, which did not express the immunostain. Bile samples from several 
patients with PSC and that from other species were used for sequencing human 
FTU2; from these experiments, differences were documented in the composition of 
bile samples from patients with the nonsecretor phenotype, which contained a sig-
nificant increase in the Firmicutes and a decrease in Proteobacteria versus the secre-
tor phenotype [50]. A nonfunctional FUT2 prevents the synthesis of ABH antigens 
in intestinal mucosa and their presence in secretions [63]; the phenotype of FTU2 
contributes to the susceptibility of infections [64]. The phenotype of FUT2 was also 
associated with the community composition of intestinal microbiota [63]. These 
findings suggest a role of FTU2 genotype on how microbiota may contribute to the 
pathogenesis of PSC.  Interestingly, rs601338 was significantly more prevalent in 
patients with ulcerative colitis than in control subjects, in two minority groups of 
China. However, this finding was not reported in a study from the United States, 
which documented an association between the nonsecretor phenotype and Crohn’s 
disease, but not with ulcerative colitis [65].

SNPs in the matrix metalloproteinase 3 (MMP3) characterized by homozygosity 
were identified in patients with PSC and correlated with the risk of progression [66]. 
The 5A allele in the promoter region of MMT3 is associated with increased 
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transcription of the gene product, and it has been found to correlate with disease risk 
and possibly disease progression [67]. In this context, patients with PSC and ulcer-
ative colitis also had an increase in the frequency of MMP-3 allele 5A as opposed 
to patients with PSC without ulcerative colitis. In addition, all patients with cholan-
giocarcinoma, to which patients with PSC are predisposed, had the allele 1 G in 
MMP-1 compared to patients without cholangiocarcinoma in whom 72% carried 
that allele [68].

 Clinical Manifestations

The most common clinical manifestations are fatigue, jaundice, pruritus, weight 
loss, and right upper quadrant pain; jaundice may manifest itself alone or in combi-
nation with episodic cholangitis, which can be associated with fever and shaking 
chills. The symptoms of secondary sclerosing cholangitis are similar to those of 
PSC. PSC has been found in association with other diseases, including celiac dis-
ease, Hodgkin’s lymphoma, retroperitoneal, and mediastinal fibrosis. Accordingly, 
the primary clinical manifestations may be those of the associated disease.

As in other diseases characterized by cholestasis, the pruritus of sclerosing chol-
angitis can be mild or severe, with sleep deprivation. Pruritus in patients with PSC 
may be secondary to cholangitis, which requires antibiotic therapy, and which can 
be associated with relief of the pruritus.

Fatigue is a complex symptom experienced by patients with liver disease and 
particularly notable in PBC. PSC can also present with fatigue [69]. Depression and 
decrease in general health, as measured by a quality of life tool, predicted the pres-
ence of this symptom, which did not correlate with the severity of disease [70]. This 
finding is not supported by another study, in which depression was not a prevalent 
symptom in patients with PSC [71]. Health-related quality of life was reported to be 
impaired in a group of 182 unselected patients with PSC that resided in England or 
Sweden. Pruritus was associated with decreased quality of life; however, fatigue 
was not found to be more common in patients with PSC than in the control 
group [72].

 Differential Diagnosis

The differential diagnosis of sclerosing cholangitis includes all cholestatic syn-
dromes. PSC can present alone or, in a substantial number of patients in association 
with IBD, primarily ulcerative colitis, and less commonly, Crohn’s disease. PSC has 
been associated with other diseases, including thyroid dysfunction [73, 74], celiac 
disease [75, 76], Hodgkin’s [77] and non-Hodgkin’s lymphoma, pulmonary fibrosis 
[78], and systemic sclerosis [79]; accordingly, the dominating clinical presentation 
may be those of the associated disease. PSC can also be asymptomatic [5].
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 Physical Examination

Physical examination may be normal or suggestive of cirrhosis. Dermatological 
manifestations include those suggestive of cirrhosis and portal hypertension, includ-
ing palmar erythema, spider angiomata, and hyperpigmentation. In patients with 
ulcerative colitis, erythema gangrenosum and erythema nodosum may be found. 
Patients who suffer from pruritus may have cutaneous excoriations and prurigo 
nodularis. Also, in patients who have undergone proctocolectomy for ulcerative 
colitis, stomal varices secondary to portal hypertension may be appreciated. New 
strictures and episodic cholangitis can be associated with jaundice. Hepatomegaly, 
not infrequently at the expense of the left lobe of the liver, splenomegaly, and ascites 
may be found, as in other liver diseases.

 Laboratory Findings

Cholestasis is the dominating serum biochemical feature; thus, increased activity of 
AP and gamma-glutamyl transpeptidase (GGTP) are the characteristic laboratory 
abnormalities; the serum activity of 5’nucleotidase, an index of cholestasis, can also 
be high. Modest elevations of the serum activity of transaminases (alanine amino-
transferase and aspartate aminotransferase) are common. Hyperbilirubinemia may 
be present from advanced disease, episodic cholangitis, a benign dominant stric-
ture, or cholangiocarcinoma. Hypoalbuminemia and prolonged prothrombin time 
suggestive of impaired liver function can be found; because PSC is often associated 
with IBD and has been reported in association with celiac disease, these two abnor-
malities can be observed in the context of good liver function but secondary to 
severe colitis, and malabsorption. Thrombocytopenia secondary to hypersplenism 
from portal hypertension may be found in the hemogram. Normocytic normochro-
mic anemia secondary to cirrhosis may be observed; however, hypochromic micro-
cytic anemia is not uncommon in patients with PSC and IBD because of chronic 
fecal blood loss. Eosinophilia has been reported.

 Diagnosis

Magnetic resonance cholangiography (MRC) has supplanted the use of endoscopic 
retrograde cholangiography (ERC) as the diagnostic test for sclerosing cholangitis, 
as the former can reveal the classical radiographic picture suggestive of the disease 
(Fig. 5.1), and it avoids the manipulation of the biliary tract necessary in endoscopic 
procedures. Four histological stages have been described in PSC; stage I is charac-
terized by an inflammatory infiltrate composed of polymorphonuclear leukocytes 
and lymphocytes around the ducts, with vacuolation of the epithelium; however, the 
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inflammatory infiltrate is less intense than that found in the lesion of nonsuppurative 
destructive cholangitis of PBC. Concentric layers of fibrotic tissue surrounding the 
bile duct characterize the onionskin lesion classic of PSC; bile ductular proliferation 
is also included in this stage. Stage II is characterized by an inflammatory infiltrate 
and fibrotic changes outside the portal tracts; biliary piecemeal is a feature of this 
stage, and ductopenia can also be identified (Fig. 5.2). Stage III is characterized by 
portal-to-portal fibrosis. Stage IV is characterized by biliary cirrhosis. 
Pseudoxanthomatous changes suggestive of cholestasis are usually found in the last 
three stages. PSC can be limited to the smallest branches of the intrahepatic bile 
ducts not appreciated in cholangiograms. In these cases, the appearance of the bili-
ary tree on cholangiogram may be normal; thus, only liver histology may be 

Fig. 5.1 Magnetic 
resonance cholangiogram 
in a 59-year-old woman 
with primary sclerosing 
cholangitis revealing 
intrahepatic biliary 
strictures (straight arrow) 
and dilatations (curved 
arrow)

Fig. 5.2 Liver histology in 
a patient with primary 
sclerosing cholangitis 
exhibiting periportal 
fibrosis and absence of bile 
duct, replaced by fibrous 
tissue (arrow head). 
Another portal tract 
exhibits fibrotic changes 
around a bile duct the 
lumen of which has been 
compromised (arrow)
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consistent with the diagnosis. The lesion that affects the smallest branches of the 
intrahepatic bile ducts has been termed small duct PSC; this lesion may represent 
the pericholangitis characteristically found in patients with ulcerative colitis and 
abnormalities in the serum activity of liver associated enzymes. Abnormalities of 
the pancreatic duct consistent with chronic pancreatitis can also be observed in the 
pancreatogram.

 Immunology

The mechanisms that mediate the biliary inflammation and fibrosis in PSC are 
unknown. In this context, cells of the immune system circulate in the blood to tis-
sues and back into the bloodstream [80]. This characteristic movement allows acti-
vated neutrophils and monocytes to migrate to sites of infection where there is 
inflammation, naïve T and B lymphocytes into secondary lymphoid tissues, and 
effector and memory T cells to sites of infection and tissue injury where they medi-
ate cell-mediated immunity. Recruitment is the process that attracts leukocytes to 
tissues from the circulation. It requires the adhesion of leukocytes to the endothe-
lium of postcapillary venules and traversal of the endothelium and basement mem-
brane into extravascular tissue. Adhesion molecules and chemokines are fundamental 
components of recruitment [80]. Intercellular adhesion molecule 1, a ligand for the 
leukocyte adhesion receptor lymphocyte function-associated antigen 1, was reported 
to be expressed by interlobular and proliferating bile ducts in PSC and PBC affected 
livers, suggesting a mechanism for the attraction of lymphocytes to the target tis-
sue [81].

A significant decrease in the number of circulating T cells was reported in 
patients with PSC.  B cells, in contrast with another study, were significantly 
increased, and a correlation between this change and histologic stage of the disease, 
serum gamma globulin, and IgG concentrations, and bilirubin was reported, find-
ings interpreted to suggest immunological alterations as relevant in the pathogene-
sis of PSC [82]. An immune-mediated pathogenetic component has been indicated 
by immunohistochemical studies on explanted livers from patients with PSC that 
revealed CD44 positive BEC, which were more preponderant in biliary as opposed 
to hepatocellular diseases. The proportion of CD44+ ducts was much higher in bili-
ary disease than in chronic hepatitis. By contrast, the expression of HLA-DR was 
detected in a relatively small percentage of bile ducts. CD4+ activated T lympho-
cytes were also reported to be increased in the liver parenchyma; CD8+ T cells were 
found in the inflammatory infiltrate of the biliary epithelium [83]. A small histologi-
cal study from patients with PSC documented CD3+CD45RO+ cells in liver sam-
ples; few cells expressed activation or proliferation markers in the samples that also 
included tissues from PBC, another liver disease characterized by inflammatory 
destruction of BEC. In the PSC material, significantly more of the infiltrative lym-
phocytes were positive for the gut-homing integrin alpha4beta7. There was a vari-
able HLA-DR expression of the biliary epithelium in PSC liver tissues compared to 
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the control and disease control livers (i.e., PBC); however, the adhesion molecule 
ICAM1 or B7.2 were not detected, suggesting that BEC do not act as antigen- 
presenting cells [84].

A cDNA library from normal human common bile duct cells was constructed 
and was screened with sera from patients with PSC. From these experiments, the 
immunoreactivity against PDZ domain containing 1 (PDZK1), identified as a can-
didate antigen in patients’ sera but not in control sera, was detected in cytoplasmatic 
granules and apical cell membranes of BEC in a small group of patients with PSC 
(9% of 35 patients). However, it was not unique to PSC, as it was found in 18% of 
patients with Grave’s disease and a small percentage of patients with IBD and auto-
immune hepatitis [85]. The integrin alpha4beta7 and mucosal addressin cell adhe-
sion molecule-1 (MAdCAM-1) participate in the trafficking of lymphocytes 
between blood and tissues. MAdCAM-1 is expressed in the liver of patients with 
portal inflammation; its expression correlated with the degree of inflammation in 
chronic hepatitis C; however, it was not detected in fetal or normal adult liver. These 
findings have suggested that MAdCAM-1 may contribute to the recruitment of 
inflammatory cells to the liver [86], an idea that is further supported by the strong 
expression of MAdCAM-1 in the endothelium of the inflamed portal vein and sinu-
soids from patients with autoimmune-mediated liver diseases, shown to support the 
adhesion of gut-derived alpha4beta7+ T lymphocytes from patients with IBD and 
PSC in an experimental assay [87]. The mechanism by which PSC develops in asso-
ciation with IBD in the absence of active colon inflammation was proposed to relate 
to the presence of memory T cells stimulated in the gut. These memory T cells reach 
the liver by the enterohepatic circulation, where, in a permissive environment, lym-
phocyte recruitment mediates the inflammatory process of PSC [88]. C-C chemo-
kine receptor type 9 (CCR9) or cluster of differentiation w199 (CDw199) is the 
receptor for CCl25 [89]. CCR9 is expressed by a subset of circulatory memory 
α4β7high CD4+ and CD8+ lymphocytes [90]; the α4β7 integrin is expressed on gut 
trafficking T lymphocytes, which has suggested that this subset of cells is relevant 
in immune-mediated processes in the intestines [90, 91]. Mucosal vascular addressin 
cell adhesion molecule 1 (MAdCAM-1), found in the endothelium of venules, inter-
acts preferentially with α4β7. Chemokine (C-C motif) ligand 25 (CCL25) is a cyto-
kine that is chemotactic for thymocytes, macrophages, and dendritic cells; CCl25 is 
also found in the small intestine where it is produced by intestinal epithelium and 
where it mediates homing of effector CD8+ T cells [92]. The expression of the che-
mokine CCL25 was reported in the liver sinusoids of patients with PSC, in associa-
tion with interface hepatitis, and macrophages and dendritic cells in portal tracts; 
this finding is in contrast to the absence of CCL25 expression in the liver of patients 
with other liver diseases including PBC.  Quantification of mRNA confirmed a 
marked increase in CCL25 in the liver tissues from patients with PSC compared to 
livers from disease controls and control tissue. Liver infiltrating lymphocytes had a 
substantial increase in adhesion of MAdCAM-1  in association with CCL25, as 
compared to control lymphocytes, an effect that was blocked by anti-α4β7 antibod-
ies. These results have suggested that the aberrant expression of CCL25 provides 
the environment necessary for effective recruitment of gut-stimulated lymphocytes, 
which contribute to PSC development in dormant IBD, or after colectomy [93]. 
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Indeed, it has been suggested that the inflammatory process that triggers or perpetu-
ates IBD or both are also involved in the pathogenesis of the associated liver dis-
ease. In this regard, the expression of MAdCAM-1 in the mucosal endothelium of 
the gut may be a factor in the pathogenesis of IBD. MAdCAM-1 is also detected on 
the liver vessels of patients with IBD and liver disease, which is suggested to recruit 
effector cells from the gut, where they were initially activated, to the liver.

In this regards to the etiology of IBD and PSC, it was reported that the deamina-
tion of methylamine (MA) by vascular adhesion protein-1 (VAP-1) in the presence 
of tumor necrosis factor (TNF)-alpha results in the expression of MAdCAM-1 in 
hepatic endothelial cells, which is associated with increased adhesion of lympho-
cytes from patients with PSC to hepatic vessels. In laboratory animals, feeding 
methylamine, which is found in food and cigarette smoke, and in the portal blood, 
was associated with VAP-1/SSAO-dependent MAdCAM-1 expression in mucosal 
vessels in vivo. These findings have identified a potential mechanism in the patho-
genesis of liver diseases, including PSC, in patients with IBD, and perhaps, poten-
tial environmental factors that may be involved in the triggering of this type of liver 
disease [94].

Altered regulation of toll-like receptors (TLR), which are present in BEC, in 
response to the stimulation of intracellular signaling by cytokines and pathogen- 
associated molecular patterns (PAMPs) may be relevant in the pathogenesis of bili-
ary diseases [95]. BEC isolated from PSC liver explants revealed a reversible 
increase in TLR and  nucleotide binding oligomerization domain (NOD) protein 
expression and activation of the myeloid differentiation primary response gene 
(MYD88)/interleukin (IL)-1 receptor-associated kinase 1 (IRAK1) pathway [96]. 
This pathway is associated with a stimulated interleukin-1 receptor and induction of 
nuclear factor-kappaB (NF kappa B), a rapid-acting transcription factor that partici-
pates in cellular responses to numerous stimuli, including regulating genes that play 
a role in innate and adaptive immune response [97]. In an in vitro study, the immune 
response to endotoxin was altered, and tolerance was not developed after repeated 
exposure to it [96]. This finding was interpreted to result from the stimulatory effect 
of interferon-gamma and TNF-alpha, which were strongly expressed in the liver of 
patients with PSC, and which might have led to an increase in the incorporation of 
endotoxin from the stimulation of TLR-4-mediated signaling in BEC, and to an 
impaired inactivation of the TLR-4 signaling cascade [96]. This hyper- responsiveness 
and lack of tolerance to intestinal endotoxin were interpreted as potential perpetua-
tors of the cholangitis of PSC [96].

 Cellular Pathogenesis

Cellular senescence is a cell state implicated in various physiological processes and 
a broad spectrum of age-related diseases [98]. It is characterized by a cycle arrest of 
formerly replicating competent cells induced by stress, which usually is triggered 
by persistent DNA damage response (DDR) or stress signaling, and executed by 
constitutive activation of the p16INK4a-RB or p53 pathways, or both [99]. Senescent 
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cells exhibit increased expression of the products of the CDKN2a locus, p16INK4a, 
and ARF, tend to express an increased lysosomal β-galactosidase activity, and to 
secrete cytokines, composite that has been labeled as senescence-associated secre-
tory phenotype (SASP) [100]. Although senescent cells are in a low hyporeplicative 
state, they are metabolically active and often can perform functions typical of the 
cells from which they originate [101]. A pathogenic effect of senescent cells is the 
formation of lesions that can lead to impaired physiology, e.g., atherosclerotic 
plaque in blood flow, the grouping of these cells that obstruct tissue homeostasis, 
and the production of paracrine and endocrine proinflammatory products that pro-
mote tissue dysfunction at all levels of the economy.

Transepithelial/transendothelial electrical resistance (TEER) is a quantitative 
technique to measure the integrity of tight junction dynamics in cell culture models 
of endothelial and epithelial monolayers [102]. Characterization of cultured biliary 
BEC isolated from livers of patients with PSC documented a significantly lower 
proliferation rate and TEER versus those of control BEC; in addition, the amount 
and expression of IL-6 and IL-8 mRNAs and their translated proteins, and 
senescence- associated β-galactosidase were significantly higher in PSC-BEC than 
in the control cells [103]. PSE-BEC in vivo and experimentally induced senescence 
of BEC was associated with activation of N-Ras, a known inducer of senescence, 
which was inhibited by the inactivation of Ras, suggesting a mechanistic involve-
ment of the gene in the senescence process. Studies documented an increase in the 
expression of the senescence-related p16(INK4a) and γH2A.x compared to normal 
and disease control cells and exhibited the proinflammatory senescence-associated 
secretory phenotype (SASP) that includes the expression of IL-6, IL-8, CCL2, and 
PAI-1. The investigators suggested that the use of drugs that inhibit N-RAS activa-
tion may provide a pathway to the treatment of PSC [104]. Further involvement of 
N-Ras was suggested in an in vitro experiment that documented an increase of BEC 
proliferation by LPS, which was inhibited by the inactivation of the gene; in addi-
tion, the blocking of IL-6 by a specific antibody prevented the proliferation of BEC 
induced by stimulation of TLRs. These findings were interpreted to suggest that 
LPS, which is produced by commensal intestinal bacteria, may contribute to the 
inflammatory response caused by microbes on the BECs [105].

 Dysbiosis

Dysbiosis is defined as an imbalance in the composition and function of intestinal 
microbes [106]. Characterization of gut microbiota from stool samples from patients 
with PSC revealed markedly decreased bacterial diversity as compared to that from 
the healthy control group, and a different composition from that of patients with 
ulcerative colitis, and from the healthy control pool. The microbiota from patients 
with PSC with or without associated IBD were similar. Eleven genera were reduced 
from the twelve that separated PSC samples from healthy controls, with the 
Veillonella genus being significantly increased in the PSC samples versus those 
from the healthy control and ulcerative colitis groups, a finding that allowed for the 
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separation of PSC from the healthy control group, with an area under the curve of 
0.64, and 0.78 when all the genera from the PSC samples were combined [107]. 
Anaerobic species, including Veillonella, were isolated from sputum samples from 
patients with cystic fibrosis [108], which indeed has a fibrosis component including 
biliary strictures [109, 110]; however, the connection between this finding and the 
gut microbiota is unknown [111]. Altered biodiversity was confirmed in another 
study that explored the characteristics of the microbiota in PSC and which expanded 
the findings to include documentation of fungal dysbiosis that had an increase in the 
representation of Exophiala and a decrease in Saccharomyces cerevisiae as com-
pared to samples from healthy controls and patients with IBD [112]; the idea of 
altered interkingdom cross talk in patients with PSC was proposed based on the 
disruption in bacteria–fungi correlation network [112]. A case of systemic infection 
in an immunocompetent subject with Exophiala dermatitidis has been reported in 
association with hepatobiliary findings that mimicked PSC [113], and a fatal case of 
a child with systemic disease complicated by cholestasis and intrahepatic biliary 
dilatation has also been reported [114]. The pathogenesis of PSC in the context of 
perturbation of intestinal dysbiosis is a subject of research interest.

 Histology

The lesion of intrahepatic bile ducts of PSC is characterized by concentric fibrosis; 
finger-like projections or fine undulations of the basal free surfaces with duplicated 
basal lamina have been documented. The lamina is surrounded by elongated fibro-
blasts and thickened bundles of collagen fibers outwards. Severe periductal fibrosis 
was associated with the disappearance of bile ducts, interpreted to suggest that the 
communication between bile ducts and peribliary plexus through which the ducts 
are nourished was interrupted. Lymphocytes infiltrating BEC were observed [115]. 
Inflammatory lymphoplasmacytic infiltration and fibrosis were reported in peribili-
ary glands, suggesting that these structures are also affected by the PSC’s disease 
process [116]. In vitro, the activation of hepatic stellate cells, which express stem 
cell factor, attracted mast cells, an effect that was inhibited, in part, by antibodies to 
that cytokine [117]. Mast cells that expressed c-kit, fibroblast growth factor, tumor 
necrosis factor-alpha, or both were identified in the periductal and ductal fibrotic 
changes around the intrahepatic large bile ducts and around proliferative peribiliary 
glands. Stem cell factor, which binds to c-kit, was also expressed on the BEC epi-
thelium of dilated and stenotic bile ducts that showed periductal fibrosis and inflam-
mation, and by proliferating bile ducts and peribiliary glands in PSC and 
hepatolithiasis but not in spared bile ducts. These findings were interpreted to sug-
gest that stem cell factor may contribute to the pathogenesis of PSC by stimulating 
mast cells by the c-kit receptor and inducing the expression of fibrogenic fac-
tors [118].

A study examined the status of canalicular transporters in PSC. ATP-binding cas-
sette (ABC) transporters are located in the hepatocyte’s canalicular side and trans-
port compounds from the hepatocyte into the bile, including organic anions, bile 
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acids, and phospholipids; they play a pivotal role in bile formation and detoxifica-
tion. Malfunction of the transporters can lead to cholestasis [119]. A study explored 
the expression of ABCB11, the bile salt efflux pump of hepatocytes that coordinates 
cellular excretion of conjugated bile acids into the bile canaliculi, and of ABCB4, 
and ATP-dependent flippase that translocates phosphatidylcholine from the inner to 
the outer leaflet of the bile canalicular membrane. In the liver of patients with PSC, 
the expression of ABCB11 and ABCB4 mRNAs and proteins were significantly 
increased, exhibiting a correlation with disease stage. These findings tend to suggest 
that the upregulation of these canalicular transporters is a cellular effort to protect 
the liver from the toxic effects of substances, including bile acids, that accumulate 
in the organ as a result of cholestasis [120].

Three conditions that affect the biliary tree have been described in the last decade, 
IgG-4-related sclerosing cholangitis, follicular cholangitis, and sclerosing cholangi-
tis with granulocytic epithelial lesion. The diagnosis of these conditions requires 
histology, in contrast to PSC, for which MRCP is the preferred diagnostic test [1], 
as this modality does not require manipulation of the biliary tree. IgG4+ related 
cholangitis is characterized by a transmural inflammatory infiltrate composed of 
lymphocytes and plasma cells. In general, IgG4 cholangiopathy is associated with 
autoimmune pancreatitis type I, whereas the others present as isolated cholangitis 
[121]. An aggressive phenotype, however, has been reported in association with 
IgG4 and classic cholangitis; in a study from the United States that examined stored 
materials from 98 patients with PSC [122], 23% of liver samples had periductal 
infiltration with IgG4+ plasma cells, and 22% had elevated serum IgG4 levels, 
including eight without tissue IgG4 positivity. Dense periductal fibrosis was reported 
in all cases. There was a strong correlation between IgG4 positivity in the liver and 
moderate-to-marked periductal lymphoplasmacytic inflammation. The expression 
of IgG in the liver correlated with shorter disease duration prior to liver transplant 
and recurrence of disease in the graft compared to serum IgG4. A substantial num-
ber of liver samples from patients with PSC had increased IgG4+ periductal plasma 
cell infiltrates and high IgG4 serum concentration [122]. These findings seem to 
suggest some relevance of IgG4 in the pathogenesis of classic PSC. In a study from 
the United Kingdom, however, 95% of 41 explants from patients with PSC had 
minimal infiltration of IgG4+ plasma cells, and only two cases had a high number 
of this type of cells, which were present in areas of xanthogranulomatous tissue 
within large bile ducts; there were no significant findings in common with IgG4+ 
sclerosing cholangitis identified [123].

 Epidemiology

A literature review on PSC reported an incidence rate of 1.3 per 100,000 subjects 
per year and a prevalence rate of 0–16.2 per 100,000 [124], and both are likely to 
vary among different geographical areas. From a pooled analysis of eight studies, 
the incidence rate ratio for men compared to women was 1.70 (1.34–2.07) [125].

N. V. Bergasa



139

An increase in the incidence of PSC in Scandinavia has been reported. From 
1986 to 1995, from a hospital in Oslo, Norway, 70 patients with PSC were regis-
tered, with a calculated point prevalence of 8.5 [126]. In a study from southern 
Sweden, 199 patients with PSC were identified in a retrospective review from 1992 
to 2005; the point prevalence of PSC on the last day of 2005 was 16.2 per 100,000 
inhabitants, with that for men being 23.7 per 100,000 persons, and for women, 8.9. 
The annual incidence was calculated as 1.22 per 100,000 inhabitants; for men, it 
was 1.78 per 100,000 and for women 0.69. The overall incidence rate of PSC 
increased significantly over the years that comprised the study, with an average 
annual percent change of 3.06 (95% CI 0.01–6.20). The incidence of inflammatory 
bowel disease associated with PSC increased at an average annual rate of 7.01 (95% 
CI 0.24–14.24). The average annual percent change for classic PSC in women was 
6.32 (95% CI 0.03–13.02), and for PSC without IBD, the average annual rate was 
9.69 (95% CI 0.82–19.33), and for small duct PSC, it was 17.88 (95% CI 0.95–40.25) 
in men [127].

From a large database of ethnically diverse subjects from Northern California in 
the United States, 169 patients, 59.7% of whom were male, were identified as hav-
ing PSC from 2000 to 2006. The age-adjusted point prevalence was 4.15 per 
100,000  in 2005. The age-adjusted incidence per 100,000 person-years was 0.45 
(95% CI 0.33–0.61) in men and 0.37 (95% CI 0.26–0.51) in women. PSC was asso-
ciated with IBD in 64.5% of the subjects; 73.3% of men had both conditions, in 
contrast to women, in whom both conditions existed in 51.5%. The cumulative aver-
age mortality rate per year was 1.9% [128].

In a study from Switzerland composed of 950 patients with inflammatory dis-
ease, PSC was found in 1% of those with Crohn’s disease and 4% of those with 
ulcerative colitis [129].

 Natural History

The natural history of PSC is variable. It seems to differ depending on the country 
where the patients reside [130]. However, it is a rare disease, and robust information 
on its natural history is lacking. The reported period to death or liver transplantation 
has ranged between 4 and 18  years [124, 131, 132]. In patients from Europe, a 
median survival rate of approximately 12  years from the time of diagnosis was 
reported in a group of 305 patients from Sweden [131]; in a group of 28 patients 
from Italy, the estimated survival rate was 65% at 10 years [133]; in The Netherlands, 
the estimated median survival in a group of 174 patients diagnosed and followed for 
almost three decades starting in 1970 was 18 years from the time of diagnosis to 
death from liver disease or to liver transplantation [132]; from France, survival 
without liver transplantation was reported to be 4 years in 79% of 150 patients over 
a period that ranged from 0.1 to 7.2 years [134]; from the United States, the survival 
rate from a group of 174 was reported to be 11.9 years [135]. Patients without symp-
toms from PSC were reported to have significantly higher survival than those with 
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symptoms [131]. The Kaplan-Meier curve in adults shows a 65% rate of survival at 
10 years. A serum bilirubin concentration four times the upper limit of normal was 
reflective of advanced disease in one study [130]. Hepatomegaly and a serum bili-
rubin concentration greater than 1.5 mg/dL at the time of diagnosis were associated 
with poor prognosis [136]. The importance of bilirubin has been confirmed by a 
report indicating that a persistent increase in serum bilirubin concentration for lon-
ger than 3 months from the time of diagnosis correlated with poor prognosis [137]. 
The outcome for secondary sclerosing cholangitis has been reported to be worse 
than that of PSC [138].

 Liver Transplantation

PSC recurs after liver transplantation in 20% to 25% of subjects [139]. Referral for 
liver transplant evaluation is recommended when the Model for End-Stage Liver 
Disease (MELD) score is 15 or when complications specific to PSC such as recur-
rent cholangitis arise. A study that included 150 patients transplanted at one institu-
tion with the provision of 174 liver grafts and who were followed for a mean of 
55 months reported the actuarial patient survival at 1, 2, 5, and 10 years of 93.7%, 
92.2%, 86.4%, and 69.8%, respectively, and graft survival as 83.4%, 83.4%, 79.0%, 
and 60.5%, respectively. The main indication for retransplantation was hepatic 
artery thrombosis and the most common cause of death severe infection. The pro-
portion of patients developing acute cellular and chronic ductopenic rejection was 
higher in patients with PSC than in those with other liver diseases. Frequent compli-
cations of biliary strictures, anastomotic, and nonanastomotic were reported in 16.2 
and 27.2% of patients, respectively, with disease recurring in 20%; however, these 
complications were not reported to decrease survival. Four percent of the patients 
transplanted had cholangiocarcinoma, which was associated with mortality in a 
patient in whom cancer recurred. Seventy-eight percent of patients had associated 
IBD, with ulcerative colitis being the most common type, and which did not influ-
ence the outcome of transplantation. Colectomy post-transplant was required in 
some patients because of IBD-related complications [140].

A study explored the outcomes of 5080 adult patients who had had liver trans-
plantation, had been relisted, and had been retransplanted for PSC from 1987 and 
2015 with the United Network for Organ Sharing/Organ Procurement and 
Transplantation Network database as source [141]. It was reported that 1803 expe-
rienced graft failure; 762 were relisted, and 636 were retransplanted. The most com-
mon types of patients relisted were the young and those with graft failure from 
vascular thrombosis and biliary complications, with a significant decrease in graft 
and patient survival at 5 years after retransplantation compared to patients trans-
planted once. However, the 5-year survival for graft and patients after retransplanta-
tion for disease recurrence was similar to that of the primary transplantation and 
superior to other indications for retransplantation. Features reflective of a postop-
erative stormy course, including mechanical ventilation  and impaired renal 

N. V. Bergasa



141

function, were associated with inferior outcomes after retransplantation. It was con-
cluded that although retransplantation was associated with a reduced survival versus 
one transplantation, retransplantation was a good option for patients with recurrent 
disease, as outcomes post retransplantation at 5 years were similar to those from the 
primary transplantation [141]. These results are encouraging considering the grav-
ity of PSC and the risk for recurrence after a life-changing procedure.

 Cholangiocarcinoma

Cholangiocarcinoma usually presents with a relatively sudden increase in serum 
bilirubin concentration, which may be associated with a new biliary stricture or 
subtle changes in the appearance of the biliary tree on imaging studies, e.g., 
MRCP. It must be suspected in patients with PSC whose liver function deteriorates 
itself. The predicted time to develop cholangiocarcinoma was estimated to be 9% at 
year 10 after the diagnosis of PSC in a group of 211 patients from The Netherlands 
[142]. The annual incidence of cholangiocarcinoma was reported as 1.2% in a study 
composed of 230 patients, 23 of whom developed cholangiocarcinoma [143]. Men 
and patients with large duct PSC and ulcerative colitis seem to be at a higher risk of 
developing cholangiocarcinoma than women and children, and in patients with 
small duct PSC or those with associated Crohn’s disease [144]. Antibodies to gly-
coprotein 2, a specific target of pancreatic autoantibodies [PAbs] detected in Crohn’s 
disease and involved in gut innate immunity processes, were reported in association 
with PSC, correlating with a decrease in transplant-free survival [145]. Antibodies 
to glycoprotein 2 (GP2) were documented to exhibit a strong association with bili-
ary tract cancer in a group of patients from Norway, found in over 50% of the 
patients in the study [146]; thus, it has been suggested that they may be a useful 
marker to detect malignancy in association with PSC.

Cholangiocarcinoma is difficult to differentiate from benign strictures; diagnos-
tic means include cytological analysis of biliary material obtained by brushing sus-
picious areas during endoscopic examination of the biliary tree by ERC, and by 
cholangioscopy, and by the measurements of serum markers of biliary tract malig-
nancy. In this regard, the serum concentration of carbohydrate 19-9 (CA 19-9) can 
be normal or increased in patients with cholangiocarcinoma. The results of some of 
the studies examining CA 19-9 in patients with cholangiocarcinoma have included 
the following findings: (i) a serum concentration of CA19-9 > 180 U/mL had a sen-
sitivity of 66.7% (95% CI [34.9, 87.7]) and specificity of 97.7% (95% CI [88.2, 
99.9]) in a group of 55 patients [147], (ii) serum concentration of CA 19-9 > 100 U/
mL had 75% sensitivity and 80% specificity in identifying patients with PSC and 
cholangiocarcinoma [148], (iii) in fourteen patients, a serum concentration greater 
than 129 U/mL was associated with a sensitivity of 78.6% and a specificity of 98.5% 
for the diagnosis, and an adjusted positive predictive value of 56.6% and a negative 
predictive value of 99.4%; in addition, it was reported that in the patients with chol-
angiocarcinoma there was a significant median change over time of 664 U/mL in 
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cholangiocarcinoma as compared to 6.7 U/mL in patients with PSC not complicated 
by this malignancy. A change of 63.2 U/mL in the median concentration of CA 19-9 
gave a sensitivity of 90%, a specificity of 98%, and a positive predictive value of 
42% for the presence of cholangiocarcinoma; however, in this study, only patients 
with advanced disease were identified by CA 19-9 [149], and (iv) in a prospective 
study that followed 230 patients, 23 of whom developed cholangiocarcinoma, a 
concentration of serum CA 19-9 of 20 U/mL, was associated with a sensitivity of 
78%, a specificity of 67%, a positive predictive value of 23%, and a negative predic-
tive value of 96% [143]. For a diagnosis of cholangiocarcinoma in patients with 
PSC, the combination of serum CA 19-9 with ultrasonography findings provided a 
sensitivity of 91%, and a specificity of 62%, a positive predictive value of 23%, and 
a negative predictive value of 98%, with computed tomography the values 
were 100% for sensitivity, 38% for specificity, and 22 and 100% for positive and 
negative predictive values, respectively, and  with  magnetic resonance imaging 
(MRI), the sensitivity was 96%, the specificity of 37%, and the positive and negative 
predictive values were 24 and 98%, respectively.

The use of molecular cytogenetics in clinical testing has increased the diagnostic 
options for cholangiocarcinoma [150]. Karyotypic characteristics were identified in 
four cholangiocarcinoma cell lines [151]. In this regard, the application of fluores-
cence in situ hybridization (FISH) [152] in the diagnostic process of cholangiocar-
cinoma has revealed cellular features in association with this tumor [153]. Material 
obtained by brushing and from biliary aspirates from bile ducts of patients with bili-
ary strictures was analyzed by the use of FISH through which chromosomal abnor-
malities were identified and considered positive for malignancy if five or more cells 
displayed polysomy; in this study, the sensitivity for malignancy by cytology was 
15%, and that of FISH 34%, the sensitivity of FISH for malignancy in bile aspirates 
and biliary aspirates combined was 35%, and for aspirates alone, it was 23% [154]. 
From a retrospective study, it was reported that 69% of patients from a total of 13 
with PSC and who developed cholangiocarcinoma had had more than one finding of 
serial polysomy fluorescence in situ hybridization documented 1–2.7 years prior, in 
contrast to patients who did not have serial FISH polysomy [155].

Cytokeratins are a subfamily of intermediate filament proteins that participate in 
the cells' cytoskeletal organization and influence the cytoplasm's structural appear-
ance [156]. Cytokeratins are markers of epithelial differentiation; epithelial cells do 
not lose the characteristic expression of cytokeratins during malignant transforma-
tion [156, 157]; thus, characterization of the intermediate filaments can identify 
tumorous cells, which is particularly helpful in tumors difficult to diagnose. 
Carcinomas express cytokeratins. Cytokeratin 19 belongs to the acidic cytokeratins; 
it is the smallest of the cytokeratins and is found in several simple and usually in 
some non-keratinizing stratified squamous epithelia [157]. Serum fragment of cyto-
keratin subunit 19 (CYFRA 21-1) can be measured in the serum, its concentration 
being high in various cancers, including lung [158] and breast [159]. High serum 
concentrations of CYFRA 21-1 were specific for the diagnosis of cholangiocarci-
noma [160]; however, it was less sensitive than CA 19-9 and associated with poor 
prognosis [160]. From a prospective study that included patients with PSC with and 
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without cholangiocarcinoma, sporadic biliary tract carcinoma, and non-malignant 
biliary tract disease, it was reported that a serum concentration of CYFRA 21-1 ≥ 
1.5 ng/mL had a sensitivity of 56% and a specificity of 88% for cholangiocarci-
noma, in contrast to serum levels of CA 19-9 (≥37 U/mL), which had a sensitivity 
and a specificity of 79% and 78%, respectively. A serum concentration of 3 ng/mL 
of CYFRA 21-1 had a sensitivity of 30% and specificity of 97% and predicted 
median survival of 2 months. Combining CYFRA 21-1 (≥1.5 ng/mL) and CA 19-9 
(≥37  U/mL) increased the sensitivity and the specificity to 45% and 96%, 
respectively.

Intraductal confocal microscopy is an evolving technique that allows for examin-
ing the common bile duct; characteristic findings in cholangiocarcinoma included 
irregular vessels with a lack of contrast in the common bile duct wall [161].

Determination of bile proteomics by the use of capillary electrophoresis mass 
spectrometry revealed specific peptide patterns that differentiated cholangiocarci-
noma from PSC and choledocholithiasis [162]. In a study of urine proteomics, a 
cholangiocarcinoma-specific peptide model was designed based on the distribution 
of several peptides in patients with cholangiocarcinoma, PSC, and benign biliary 
tract disorders; the model accurately classified the majority of samples from patients 
with cholangiocarcinoma, as well as patients with PSC, not complicated by this 
malignancy, and patients with biliary tract disorders. The noninvasive nature of this 
approach is appealing, considering the preliminary findings reported [163].

Transpapillary cholangioscopy is being advanced as an advantageous technique 
for diagnosing cholangiocarcinoma that allows for tissue sampling from common 
bile duct strictures. Cholangioscopy was found to be significantly better at diagnos-
ing malignancy in common bile ducts, documented by histology or cytology, with a 
sensitivity of 92% and a specificity of 93%, compared to 66 and 51% for ERC in a 
study composed of 53 patients with dominant common bile duct strictures 12 of 
whom had malignancy [164].

 Treatment

The treatment of PSC encompasses vigilant follow-up to identify and treat compli-
cations, including cholangitis, cholangiocarcinoma, and complications of liver dis-
ease. There are no treatments specifically approved for this disease.

The use of UDCA for the treatment of PSC at high, 25–30 mg/kg/day, or low 
dose, 13 to 15  mg/kg/day, has not been consistently associated with beneficial 
effects. A meta-analysis that included eight clinical trials of high and low doses of 
UDCA for PSC and that included 567 patients documented lack of effect on mortal-
ity with a calculated odds ratio of 0.6 (95% CI, 0.4–1.4) and on the incidence of 
cholangiocarcinoma with calculated odds of 1.7 (95% CI, 0.6–5.1); UDCA had no 
effect on pruritus or fatigue [165]. At doses between 28 and 30 mg/kg/day, studied 
in a randomized, placebo-controlled trial, UDCA was reported to be harmful, asso-
ciated with death or liver transplantation, and adverse events in individuals with 
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advanced disease [166] as evidenced by worsening in liver function, in contrast to 
the effect of placebo in the control group. Subsequently, however, a review of data 
from a randomized placebo-controlled study of UDCA at doses of 17–23 mg/kg/
day for 6 years, and then monitored for another four was published [167]. In that 
study, a response was defined as normalization or as a decrease in the activity of AP 
by 40%. More patients met the definition of response in the UDCA group than in the 
placebo group. In the patients given active drug, those who met response criteria 
survived for 10 years, in contrast to those who did not meet the criteria. However, 
patients in whom the activity of AP decreased, and who comprised 27.7% of the 
participants, survived longer than those without a decrease in the activity of this 
enzyme, regardless of whether they had been randomized to UDCA or placebo 
[167]. These results have sparked renewed interest in UDCA for the treatment of 
PSC.  These findings may also highlight two phenomena: (i) the spontaneous 
changes in enzyme activity, interpreted as a reflection of changes in liver inflamma-
tion, and which may be related to the predisposition of some patients to do better 
than others with the same disease, and (ii) the placebo effect on liver disease. The 
use of UDCA on PSC remains controversial [2].

Antibiotics are being studied for the treatment of PSC. A case report documented 
reproducible improvement of serum activity of liver associated enzymes and symp-
toms of cholestasis in association with azithromycin, used for treatment for severe 
asthma in a patient with PSC and Crohn’s disease, the beneficial effect interpreted 
to be secondary to the anti-inflammatory effect of the macrolide [168]. The combi-
nation of UDCA and metronidazole was reported to be associated with a decrease 
in serum activity of liver associated enzymes, in comparison to UDCA and placebo 
in a 3-year study of patients with PSC; there was a decrease in disease stage, and no 
changes in cholangiography features, as evaluated by endoscopic retrograde cholan-
giopancreatography (ERCP) [169].

Vancomycin was reported to improve serum markers of liver disease in children 
with PSC, especially those without cirrhosis [170]; an immunomodulating effect of 
the drug was postulated [171]. In a comparative study that included 35 patients, 
metronidazole and vancomycin were tested at two doses, each associated with side 
effects, which led to discontinuation of the drugs in 17% of the subjects. Both drugs 
were associated with some efficacy at week 12, the study duration; vancomycin was 
associated with a significant decrease in the serum activity of AP, metronidazole 
with a decrease in serum bilirubin concentration, and both drugs with a reduction in 
the Mayo score, a model to estimate patient survival in PSC. Pruritus was reported 
to be decreased in association with metronidazole only [172]. At present, there is no 
consensus on the use of vancomycin for the treatment of PSC [173].

Several clinical studies for the treatment of PSC have been conducted by using a 
decrease in serum activity of AP as a surrogate marker of disease activity, as it is 
now being suggested [174]. The reader is referred to clinicaltrials.gov to check the 
status of follow up studies being conducted in PSC.

24-norursodeoxycholic acid (norUDCA), a side chain-shortened C23 homologue 
of UDCA, was studied in a randomized multicenter controlled trial of 12 weeks 
duration in 166 patients with PSC, with a reported relative decrease in the serum 
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activity of AP by minus 12.3%, 17.3%, and 26%, with respect to 500, 1000, and 
1500 mg/day doses of the medication versus placebo, which was associated with a 
small increase. As AP is considered a surrogate marker for the disease, these results 
suggested that norUDCA could be an effective treatment for PSC [175].

Cilofexor, a nonsteroidal farnesoid X receptor agonist (FXR), is a side chain- 
shortened C23 homologue of UDCA studied in a randomized placebo-controlled trial 
of 12-week duration in 52 patients with PSC, 46% of whom were on UDCA, with 60% 
of the total having IBD. The drug was reported to be associated with a relative decrease 
in the serum activity of AP by minus 12.3, 17.3, and 26%, as well as other markers of 
liver disease, with respect to the medication at daily doses of 500, 1000, and 1500 mg 
versus placebo, regardless of the coadministration of UDCA; pruritus was a notable 
symptom in association with the drug and with the placebo [176].

Obeticholic acid (OCA), another FXR agonist, was studied in a randomized dose 
finding, multicenter controlled trial of 24 weeks duration in 76 patients with PSC, 
47% of whom were on UDCA, with 58% of the total having IBD. OCA at doses 
from 1.5 to 10 mg/day, titrated by protocol, was reported to be associated with sig-
nificant decreases in serum activity of AP  relative to baseline from −105% to 
−110% versus placebo, which was associated with a decrease of minus 37%; the 
effect of OCA was irrespective of the use of UDCA [177]. Pruritus was a significant 
side effect of OCA, as already documented in PBC studies [178, 179]. These results 
suggested that OCA should be studied in properly controlled studies, as AP is con-
sidered a surrogate marker of disease [177].

NGM282 is a nontumorigenic FGF19 analogue that regulates CYP7A1-mediated 
bile acid homeostasis. This drug was studied in a double blind, placebo-controlled 
phase II trial of 12 weeks duration in 62 patients with PSC with a reported associ-
ated significant decrease in liver stiffness at doses of 1 and 3 mg of the drug, bile 
acid levels, and fibrosis biomarkers, considered predictors of transplant-free sur-
vival, in contrast to the placebo associated effects, however, no changes in serum 
activity of AP [180]; thus, not meeting the endpoint by design, i.e., not effective, or 
negative study. However, the authors discuss potential reasons for serum AP being 
unaffected in spite of the potential benefits of the drug. The publication of this study 
was accompanied by an editorial that raised the matter of AP as a surrogate marker 
of disease [181]. This is an obvious question that requires discussion as opportuni-
ties to study drugs in clinical trials in cholestatic diseases arise.

All-trans retinoic acid (ATRA) reduces the bile acid pool via activation of the 
FXR/nuclear receptor subfamily 1, group H, member 4 (NR1H4) pathway. In a pilot 
study, the drug was tested in combination with UDCA in patients with PSC who had 
not responded optimally to the former. Fifteen patients completed 15 weeks of ther-
apy at which time serum activity of AP had not significantly decreased, as compared 
to baseline, thus, failing to meet the primary endpoint by design; however, median 
serum activity of ALT and the bile acid intermediate 7α-hydroxy-4-cholesten-3-one 
(C4) as a marker of bile acid synthesis, had significantly decreased, returning to 
baseline after the drug was discontinued [182]. An Efficacy Trial of Low Dose All- 
trans Retinoic Acid (ATRA) in Patients With Primary Sclerosing Cholangitis is 
being conducted (clinicaltrials.gov).
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The combination of UDCA with fibrates (i.e., bezafibrate and benafibrate) was 
examined in a retrospective review that included six patients from Barcelona, Spain, 
and 14 from Paris, France. It was reported that that the combination treatment was 
associated with a mean reduction of serum activity of AP of 46% and a reduction in 
pruritus, assessed subjectively; however, liver stiffness increased [183]. The authors 
suggested that prospective studies with an increase in the number of participants 
should be conducted to establish the efficacy and safety of fibrates in PSC [183].

Cenicriviroc is an antagonist of the C–C motif chemokine receptor (CCR) types 
2 and 5 [184]; based on studies in an animal model of cholestasis, a study in patients 
with PSC was completed; however, final results have not been published 
(ClinicalTrials.gov Identifier: NCT02653625).

Vidofludimus is a compound that blocks the replication of activated T and B cells 
[185]; it was reported to improve findings in a model of colitis in mice [186]. A 
study that aims at the inflammatory aspect of PSC is being conducted 
(Clinicaltrials.gov).

BTT1023 (Timolumab) is an antibody against vascular adhesion protein-1 
(VAP-1), which propagates inflammation, and which was reported to halt fibrosis in 
an animal model of IBD. The liver enzymatic activity of VAP-1 was significantly 
higher in PSC than in disease control tissues. The serum concentration of soluble 
VAP-1 was reported to be increased and to predict a worse transplant-free survival 
and the presence of cirrhosis in patients with PSC [187]. A clinical trial with an 
open-label design to explore this drug’s effect on PSC is being conducted 
(Clinicaltrials.gov) [188].

Modulation of the gut microbiome is an approach that may develop as informa-
tion regarding intestinal dysbiosis in PSC continues to emerge. In an open-label 
pilot study that included ten patients with PSC and ulcerative colitis and one with 
Crohn’s disease, fecal microbiota transplantation was associated with a 50% 
decrease in AP activity in three of the ten patients. An increase in the diversity in the 
gut microbiota, with an “abundance of engrafter operational taxonomic units ….” in 
patients post fecal transplantation, correlated with the decrease in the AP activity 
[189]. Additional data regarding this intervention will likely follow 
(Clinicaltrials.com).

 Therapy of Complications Unique to PSC

Bacterial cholangitis is one of the most common complications of sclerosing chol-
angitis. Indeed, recurrent cholangitis grants patients exemption points toward liver 
transplantation; however, the need for such has been recently challenged based on a 
retrospective study that documented that a history of bacterial cholangitis was not 
associated with an increased risk of waitlist removal for death or clinical deteriora-
tion in multivariate competing-risk models [190]. The use of prophylactic antibiot-
ics to prevent cholangitis can be considered in some cases. Bacterial cholangitis 
likely results from stagnant bile in association with strictures and sacculations that 
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characterize the biliary tree in this syndrome. It presents with jaundice, pruritus, 
fever, and chills, and levels of associated liver enzymes and serum bilirubin higher 
than baseline. Antibiotic treatment should be initiated promptly after appropriate 
blood cultures are taken.

Cholelithiasis and choledocholithiasis occur in approximately a third of patients 
with PSC because of cholestasis and cirrhosis.

Dominant biliary strictures are defined as stenosis of the common bile duct with 
a diameter of ≤1.5 mm, stenosis of the hepatic duct with a diameter of ≤1.0 mm, or 
both [191]. The treatment of dominant biliary strictures is challenging because of 
the risk of harboring malignancy; once this is excluded, endoscopic, preferably, and 
percutaneous dilatations may be associated with patency of the bile duct in 80% of 
patients at 1 year, and 60% of patients at three [191]. A follow-up study composed 
of 96 patients with PSC documented an estimated survival time free of liver trans-
plantation after the first dilatation of a dominant stricture of 81% after 5 years and 
52% after ten [192]. From a group of 106 patients with PSC, only five required 
temporary stents and repeat balloon dilatations over 5  years [193]. The limited 
available literature tends to support the use of balloon dilatation with or without 
stenting for the treatment of benign strictures for this type of patient [194, 195]. The 
presence of dominant strictures, all of which were treated endoscopically, in patients 
with PSC on treatment with UDCA without IBD was not associated with the devel-
opment of cholangiocarcinoma in a relatively large group of patients followed pro-
spectively for 20 years. Patients with dominant strictures in the absence of IBD did 
not develop cancer; however, for those with IBD, bile duct cancers were found in six 
patients, gallbladder cancers in two, and six of the seven patients in whom colorec-
tal cancers were diagnosed also had inflammatory bowel disease. The estimated 
survival time free of liver transplantation in patients with dominant strictures with-
out IBD at the 18-year point was 77.8%, and that of patients with dominant stric-
tures and IBD was 23% [196].

Experience in the use of covered stents for the management of benign strictures 
in patients with PSC is not sufficient to generate recommendations [197]. However, 
it is emphasized that the expertise of the operator and the center where the proce-
dures are performed weigh heavily in the management of this complication of PSC.

PSC is associated with an increased incidence of gallbladder cancer; the pres-
ence of a gallbladder mass sized at least 0.8 cm was highly sensitive 100% (95%, CI 
77–100%) and specific 70% (95% CI, 35–93%) for a malignant nature in a retro-
spective study [198]. This study documented substantial complications after chole-
cystectomy to treat gallbladder masses in patients with PSC; thus, observation 
rather than surgery was recommended for gallbladder masses smaller than 
0.8 cm [198].

Published guidelines have recommended surgical resection of cholangiocarci-
noma in the absence of cirrhosis and referral for liver transplantation after neoadju-
vant therapy [199]. Liver transplantation is considered an option for patients with 
cholangiocarcinoma after adequate selection [200]. In this context, it was reported 
from a series of patients with PSC complicated by cholangiocarcinoma that hepa-
tectomy with Whipple en block, to ensure complete removal of biliary epithelium, 
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followed by liver transplantation  was associated with disease-free survival at 
10 years in 5 patients; one death was not related to liver disease [201]. It was docu-
mented from a series of patients from Scandinavia who had a liver transplant 
between 1984 and 2005 that subjects with PSC and cholangiocarcinoma classified 
as TNM less or equal to 2, a CA 19–9 serum concentration lower or equal than 
100 ng/mL, and who were transplanted after 1995, had a five-year survival of 58% 
[202]. The survival rate of patients with a high disease stage was low [202]. These 
findings have further suggested that the election of patients for transplant is crucial 
in anticipation of improved survival [202]. Adjuvant therapies, including chemora-
diation, chemosensitization, and intraluminal brachytherapy, are options proposed 
for the treatment of cholangiocarcinoma prior to liver transplantation; the literature 
on the use of these modalities in cases of cholangiocarcinoma associated with PSC 
is limited [203].

In patients with advanced cholangiocarcinoma and anticipated life expectancy 
greater than 4 months, the insertion of metal stents to open the strictures is the rec-
ommended approach [204]. Chemotherapy for cholangiocarcinoma is limited and 
includes the use of gemcitabine or platinum analogues [205]; interest in exploring 
the potential for molecular therapy is growing [206].

 Liver Transplantation

Liver transplantation is a therapeutic alternative for patients with decompensated 
liver disease from PSC with an approximate five-year graft survival rate between 80 
and 85% [207, 208]. PSC was reported to be associated with acute cellular rejection 
in 11% of patients and chronic cellular rejection in 32.6% [209]. Early rejection and 
vascular thrombosis were identified as predictors for retransplantation [207]. The 
incidence of late acute rejection occurring between 90 and 2922 days from trans-
plant was reported to be 11% from a retrospective study that included almost one 
thousand. Patients transplantated for PSC had a higher rate of retransplantation than 
those transplated for other diseases [190]. The disease has been reported to recur in 
20% to 25% of patients from 5 to 10 years after transplant [210, 211]. Acute cellular 
rejection and cytomegalovirus mismatch [212] and live donor liver transplantation 
[213] were reported to be associated with disease recurrence; however, it was not 
reported to recur in patients who did not have IBD before or after transplantation 
[212]. The management of patients with disease recurrence is expectantly and may 
include retransplantation [214]; the successful use of vancomycin in recurrence of 
PSC has been reported [215].

As PSC is associated with IBD in a substantial proportion of patients, there is 
much interest in the impact of liver transplantation on the course of the intestinal dis-
ease. Optimization of IBD prior to liver transplantation has been recommended as 
active IBD in patients with PSC was associated with graft failure [216]; in addition, 
active smoking at the time of transplantation and cessation of such after the operation 
was associated with reactivation of IBD [216]. A substantial but not statistically 
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significant number of patients who had IBD prior to liver transplantation experienced 
an exacerbation of IBD, as documented from a study composed of 59 patients, 79% 
of whom had IBD diagnosed prior to transplant [212]; however, it was reported from 
a study composed of 439 patients 80% of whom had IBD at the time of liver trans-
plantation, that 25% developed colon cancer after liver transplantation, and 3% devel-
oped de novo IBD [217]; these findings suggested an increase in the risk of colorectal 
cancer in patients with PSC post transplant. In addition, there was an association 
between the use of aminosalicylates and ursodeoxycholic acid with the development 
of colorectal neoplasia [217]. These results highlight the importance of surveillance to 
detect colon malignancy in patients with PSC post transplant.

A meta-analysis that included studies related to recurrence of PSC after liver 
transplantation and that included 2159 patients, 17.7% of whom developed recur-
rent disease identified recurrence with the presence of cholangiocarcinoma prior to 
transplantation, IBD, and acute cellular rejection among the factors associated with 
recurrence, and colectomy prior to transplantation, as protective from recur-
rence [218].

 PSC in Children

In children, PSC is more common in girls than in boys, it tends to respond to immu-
nosuppressant therapy, and it is reported to have a better prognosis than that of adult 
subjects [219]. A study that included nine children and 28 adult subjects with PSC 
documented that children had significantly higher serum AST activity, higher serum 
concentrations of IgG than in adults; also, half of the study group had interface 
hepatitis. During a follow-up period of 5 years, none of the children died; however, 
four adult patients underwent liver transplantation (i.e., liver death) [133]. A retro-
spective study documented that PSC in children was associated with IBD in the 
majority of cases, 32 of 36 patients (89%); most patients had ulcerative colitis with 
Crohn’s disease being diagnosed in 11% of the subjects [220]. Eleven percent of the 
children with IBD did not have any symptoms of such. The colitis was documented 
as universal in the majority of subjects; however, 27% of the reports documented 
rectal sparing. The patients with Crohn’s disease did not develop fistulae, perianal 
involvement, or strictures. Dysplasia was the indication for colectomy in half of the 
six patients who had the operation. Four of the five patients in whom an ileal pouch 
anal anastomosis was performed developed pouchitis. These data have suggested 
that surveillance for colon malignancy in children with PSC is indicated [220]. The 
1 and 5 year survival rates after liver transplant in children with PSC have been 
reported to be 98.7 and 86.6%, respectively, similar to that of children who had 
undergone liver transplantation for other indications [221]. PSC was documented to 
recur in 9.8% of the patients between 1 and 2 years after the transplant. Both the risk 
of recurrent PSC and the risk of death were increased by the presence of IBD [221]. 
Treatment with vancomycin has been reported to halt the progression of PSC in 
children [170].
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From a retrospective review that included 781 children, with a median age of 
12 years with comorbidities of autoimmune hepatitis in a third, small duct PSC in a 
small group, and with inflammatory bowel disease in the majority, it was docu-
mented that complications from portal hypertension and biliary disease developed 
in 38 and 25%, respectively, after 10 years of having been diagnosed with PSC, 
which portended a poor survival, i.e., 3 to 4 years, without liver transplantation, 
with cholangiocarcinoma developing in 1%; UDCA, which had been prescribed to 
the majority of patients, did not prevent these complications. Event-free survival 
was 70% at 5  years and 53% at 10  years. High bilirubin, GGTP, and aspartate 
aminotransferase- to-platelet ratio index at diagnosis was associated with the worst 
outcomes. Small duct PSC and PSC associated with IBD were identified as the most 
favorable phenotype; age, gender, and autoimmune hepatitis overlap did not have an 
impact on long-term outcome [222].
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Chapter 6
Chronic Hepatitis C

Nora V. Bergasa

A 50-year-old man was referred to the Hepatology clinic for evaluation of chronic hepa-
titis C diagnosed 10 year prior to the referral. His risk factors included intravenous drug 
use and multiple tattoos done in prison. He felt well. His exam was notable for absent 
cutaneous stigmata of chronic liver disease, and several tattoos (Fig. 6.1). His hemo-
gram and liver function were normal, the serum alanine (ALT ) and aspartate (AST) 
transaminase activities were twice the upper limit of normal consistently, with normal 
bilirubin and coagulation profile. He was infected with genotype 1a, and his viral load 
was 1 million IU/L. He was immune to hepatitis A and B. His liver ultrasound was 
normal. Liver disease workup done at the time of the first clinic visit excluded other 
causes of liver disease. This patient’s risk for viral hepatitis included tattoos done in 
prison; of interest, he placed tattoos on both antecubital fossae to cover needle tracts 
from his intravenous injection of drugs. He continued to use heroin intranasally. He 
reported that the environment in which he lived was not supportive of his wish to stop 
using illicit drugs and, thus, had decided to move to another state where he would seek 
treatment for chronic HCV.
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 Etiology

The hepatitis C virus (HCV) belongs to the genus Hepacivirus of the Flaviviridae 
family [1]. It is an RNA virus of 60 nm in dimension, surrounded by a protein shell 
that is further encased by a lipid envelope, in which two glycoproteins are anchored 
[2]. The virus has a positive sense single-stranded RNA genome that consists of a 
single open reading frame 9600 nucleotide bases long that produces one protein [1], 
which is processed by proteases to generate ten polypeptides [3]. The structural 
region is comprised of the core, E (envelope) 1, and E2, and the nonstructural region 
of p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B. NS2 and NS4A function as 
proteases, NS3 as a helicase protease, and NS5B as an RNA polymerase [4]. An 
HCV antigen is considered to be encoded, at least in part, by an alternate reading 
frame (ARF) overlapping the core-encoding region [5, 6]. The variabilities in the 
NS5B region of the virus has led to the identification of several genotypes, 1 through 
7, comprised of subtypes [7]. The HCV circulates in the form of quasispecies [8], 
which are closely related genomes that result from mutations in the nucleotide 
sequence [9, 10]; this characteristic allows the virus to survive different replication 
environments including the appearance of neutralizing antibodies and cytotoxic T 

Fig. 6.1 Tattoo on needle 
tracts on the left 
antecubital fossa of a 
patient who had used 
intravenous drugs. The 
dragon alludes to the 
phrase “chasing the 
dragon”, which refers to 
inhaling the vapor from a 
heated solution of drugs 
including heroin
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cells, contributing to the chronic state of the infection [11], and resistance to antivi-
ral drugs [12]. The virus replicates within the hepatocyte; the entry sites include the 
CD81, highly sulfated heparan sulfate, the low-density lipoprotein receptor, and 
scavenger receptor class B type I and claudin-1 [13, 14]. Hepatocyte specific factors 
that facilitate the entrance of the virus and that have not been identified seem neces-
sary to explain the predilection for the hepatocyte as a site for replication [14]; 
however, there are experimental findings to suggest that this virus also replicates in 
cells outside the liver, including the peripheral mononuclear cells compartment 
[15], central nervous system [16], and epithelial cells [17], including the small 
intestine [18].

 Genetics

Eighty to eighty-five percent of subjects who acquire HCV infection develop 
chronic disease. Factors associated with spontaneous HCV clearance included acute 
clinical hepatitis and female gender [19], as concluded from an analysis of the 
course of viral hepatitis from a group of studies that comprised 675 subjects, with a 
rate of spontaneous resolution calculated to be 26% [19]. The genetic characteristics 
of the host are relevant in the evolution of an HCV infection as distinct MHC class 
I and II alleles have been reported in association with clearance of the virus in 
human beings [20]. From a study of a group of patients infected from a single 
source, the majority of subjects that cleared the infection exhibited A*03, B*27, and 
Cw*01 more frequently than those who did not. The haplotypes associated with the 
resolution of the infection were A*03-B*07-DRB1*15-DQB1*0602 and A*02- 
B*27-Cw*01-DRB1*0101-DQB1*0501. The alleles A*03, DRB1*0101, *0401, 
*15, and B*27 were reported to be associated with viral clearance, with the latter 
exhibiting the strongest association. The haplotype A*01-B*08-Cw*07- 
DRB1*03011-DQB1*0201 was reported in association with chronicity [20]. 
HLA-B 57 and HLA DRB1* have been associated with resolution in contrast to 
HLA-B 08, which was reported in association with chronicity [21]. A group of 
patients typed as HLA-B57 that had not been protected from developing chronic 
hepatitis C was stated to have sequence variations in HLA-B 57-restricted T-cell 
epitopes, which seem to have prevented HLA-B 57-mediated immune pressure 
[21]. Along the same line, another study from this well-characterized group of 
patients also revealed HLA-B27 in association with chronicity and HCV clearance. 
An HLA-B27 restricted hepatitis C virus (HCV)-specific CD8+ T cell epitope was 
recognized in the majority of HLA-B27 positive women who had resolved the acute 
HCV infection. In patients who had developed chronic hepatitis C, the viral sequence 
was strongly associated with sequence variations within this epitope and expression 
of HLA-B27, which was interpreted to suggest an allele-specific selection pressure 
at the population level. It was further documented that the new viral epitopes are 
escape mutations. These results identified HLA-B27 as having a fundamental role 
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in HCV infection resolution, and evolution of the HCV in relationship to a dominant 
CD8+ T cell epitope [22].

The genetic characteristics of the host also influence the progression of chronic 
hepatitis C to cirrhosis. In this regard, the polymorphism rs738409 GG genotype of 
the patatin-like phospholipase domain-containing 3 (PNPLA3) encoding for the 
I148M protein variant has been reported in significant association with the stage of 
fibrosis and presence of cirrhosis [23, 24].

Viral behavior is fundamental in determining the course of infection, including 
the slow evolution of the heterogeneous viral population, defined as quasispecies, 
correlating with the resolution, and viral escape mutations in epitopes targeted by 
cytotoxic T lymphocytes associated with chronicity [24].

Changes in the sequence have been demonstrated to occur mainly within the 
hypervariable region 1 of the E2 gene, confirmed to be temporarily related to anti-
body seroconversion, which has suggested that it is a behavior to escape immuno-
logical pressure from the immune system [11]. Acute infection associated with the 
size of the inoculum, low and high, has both been associated with spontaneous reso-
lution. A single nucleotide polymorphism (rs12979860) in chromosome 19q13, 3 
kilobases upstream of the IL28B gene, which encodes the type III interferon IFN-3, 
and a high viral load in the acute infection (i.e., 7 log(10) IU/ml) were associated 
with spontaneous viral clearance, as compared to subjects with the IL28B-T allele 
in whom chronic infection prevailed [25]; this allele is also associated with sus-
tained virological response in association with treatment with interferon [26]. Other 
genetic polymorphisms have been identified in association with clearance of the 
hepatitis C virus infection, including genotype −509C in the gene that codes for 
transforming growth factor (TGF)-β1 [27], and which suppresses the proliferation 
and cytotoxicity of cells [28]. Genes encoding KIR2DL3, a receptor on the NK cell, 
and its human leukocyte antigen C group 1 (HLA-C1) ligand also contribute to the 
resolution of acute hepatitis C [29]. Over 50% of patients with genotype CC in the 
gene that codes for IL 28B cleared an acute hepatitis C viral infection, in contrast to 
those with genotypes CT, and TT, the least favorable genotype in association with 
clearance [30].

What determines the outcome of the infection also relates to the manner in which 
the host immune system handles the virus. Natural killer (NK) cells are fundamental 
in response to viral infections. In hepatitis C, there is an activation of natural killer 
cells during acute infection regardless of its outcome [31]. In the realm of NK cells, 
the population of peripheral CD56(neg) NK cells was expanded in acute, resolved, 
and chronic HCV infection. Increased frequency of HLA-C-binding KIR(+) NK 
cells was documented in patients who had resolved the acute infection. There was a 
reported increase in NKG2A(+) and CD94(+) NK cells in acute and chronic HCV 
infection, but this was not documented in patients who had resolved the infection. 
In addition, a decrease in the frequency of NKp30(+), NKp46(+), CD161(+), and 
NKG2D(+) cells was reported in patients who in follow up, resolved the infection 
[32]. Patients who did not develop hepatitis after documented exposure to the hepa-
titis C virus exhibited signs of natural killer (NK) T cell activation, increased serum 
concentrations of chemokines, and NK cell responses with increased expression of 
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CD122, NKp44, NKp46, and NKG2A, TRAIL and CD107a, and production of 
gamma interferon. The NK response manifested itself earlier in the subjects who 
did not develop hepatitis than in the one individual who did. The production of 
interferon gamma by NK cells differed from what is documented to happen in 
patients with chronic hepatitis C, whose NK cells fail to produce interferon gamma 
appropriately. The degree of NKT cell activation and cytotoxicity was reported to 
correlate with the specific HCV-T cell response expressed subsequently. There was 
evidence of active replication in the absence of systemic viremia, as indicated by the 
response of T cells targeting nonstructural proteins of the hepatitis C genome, which 
require translation of viral RNA and hence, suggested replication. These findings 
tend to support the idea that a vigorous response by NKT cells is associated with a 
subsequent effective T cell response and potential immunity against the hepatitis C 
virus [33]. Also, in chronic infection, continued expansion in the NK population of 
cells has been documented, with an increased presence of this type of cell in the 
liver versus peripheral blood. The NK cells in the chronic stage of the infection were 
reported to express tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL), NKp44, NKG2C, and CD122  in contrast to a control group of non- 
infected subjects. There was an increased frequency of CD107a expression indica-
tive of degranulation (i.e., cytotoxicity); however, no increase in interferon gamma 
production of CD56(dim) NK cells was noted. The use of interferon alpha to stimu-
late in vitro NK cells from infected and non-infected individuals was documented 
to be associated with the NK phenotype of patients. These results were interpreted 
to suggest that the exposure of NK cells to alpha interferon may contribute to the 
liver injury associated with HCV infection via TRAIL and cytotoxicity, with the low 
expression of gamma interferon contributing to chronicity [34]. In patients with 
chronic hepatitis C, NKp46(High) NK cells displayed a greater cytolytic activity 
and production of interferon gamma than NKp46(Dim) NK cells, and in  vitro, 
NKp46(High) NK cells blocked the production of HCV in the replicon system. An 
increase in the density of NKp46(High) NK cells correlated inversely with hepatitis 
C RNA load, suggesting an in situ and in vivo antiviral effect and with hepatic fibro-
sis, suggesting an antifibrotic function of this type of NK cells [35]. The chemokine 
CXCR3 receptor and its ligands have been reported as increased in chronic hepatitis 
C. In further support of a role of NK cells in liver fibrosis in chronic hepatitis C is 
the increase in the density of CXCR3(+)CD56Bright NK cells, which were docu-
mented to display impaired degranulation and impaired production of interferon 
gamma in association with exposure to hepatic stellate cells [36]. Thus, emerging 
data support the activation of innate immune responses after acute infection with the 
hepatitis C virus and NK’s role in the evolution of hepatitis C virus infection and 
potential mediation of liver fibrosis.

Spontaneous resolution of acute HCV infection is associated with the production 
of neutralizing antibodies and the development of CD4+ and CD8+ T cells specific 
to the virus [37]. In vitro studies by the use of an infectious retroviral HCV pseu-
doparticle model system with sera from subjects who had experienced acute HCV 
after the receipt of contaminated immunoglobulin D [38] revealed that resolution of 
infection was associated with high titers of neutralizing antibodies in the early 

6 Chronic Hepatitis C



168

phase, defined as the first 6 months after it, in contrast to what was reported from 
patients who had developed chronic infection in whom low titers or absence of this 
type of antibodies was documented [39]. Neutralizing antibodies, which were 
recorded to cross-react with genotypes different from the one that caused the index 
infection, decreased or disappeared after the resolution of the acute infection, con-
sistent with prior reports [40]; this peculiarity may be related to the absence of 
protection from new HCV infections [41].

CD4+ T cells are considered essential in the clearance of the HCV in acute infec-
tion and prolonged protection against recurrent infections, as supported from stud-
ies of reinfection with HCV in chimpanzees in which CD4+ T cells had been 
antibody-depleted. Persistence and immune evasion on a repeat exposure to the 
HCV were reported in this model of the human disease in spite of functional CD8+ 
T cells [42]. In the initial stages of the infection, HCV-specific CD8+ T cells exhibit 
a deficiency in the production of interferon gamma [43]. In the subsequent stage, 
interferon gamma is produced by HCV-specific CD8+ T cells [44]; this event coin-
cides with the appearance of HCV-specific CD4+ T cells, a decrease in viral load, 
and an increase in serum activity of transaminases [44]. Ex vivo studies with cells 
from patients with chronic hepatitis C and from those who recovered from the infec-
tion have been reported to reveal a significantly greater response of HCV-specific 
type-1 T-cell in patients who had recovered from the infection than in those who had 
not. Chronicity of the infection was associated with a reversible CD4-mediated sup-
pression of HCV-specific CD8 T cells and with an increase in the number of CD4(+)
CD25(+) regulatory T cells in the material from patients with chronic infection able 
to suppress HCV-specific type-1 CD8 T cells [45].

In contrast to the disappearance of antibodies, helper and cytotoxic T cell 
responses characterized by interferon gamma production have been documented to 
remain for years after the infection [40]. However, the characteristic features of T 
cells have also been reported in patients who clear or fail to clear the virus on the 
index infection. Clearance of the virus was stated to be associated with a production 
of Th1 cytokines upon stimulation of CD4+ T cells by NS3 and NS4, nonstructural 
proteins of the virus in vitro, as compared to cells from patients who developed 
chronic disease, which did not produce any Th1 cytokines [46]. In the liver, CD4+ 
FOXP3+ cells were abundant in the inflammatory infiltrate of samples from patients 
with chronic hepatitis C virus infection [47].

T cell-mediated cytotoxic mechanisms also contribute to the response to an HCV 
infection. Peripheral blood mononuclear cells from patients with resolved hepatitis 
C viral infection were reported to exhibit a specific response to recombinant non-
structural viral protein 3 characterized by the production of interferon gamma. A 
response was observed by peripheral mononuclear cells from some patients with 
progression to chronic hepatitis C infection found from only a minority of samples 
from patients with chronic infection [48]. A strong proliferative response to the 
recombinant viral proteins core, E1, E2, NS3, NS4, and NS5 by peripheral T cells 
was characteristic of cells derived from subjects who exhibited normalization of 
serum activity of transaminases, a reflection of hepatic inflammation, in response to 
an acute HCV infection, and viral clearance, than from cells derived from subjects 
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who developed the chronic disease. T cells’ response to the viral proteins was 
detected early in the course of the infection, suggesting that its magnitude deter-
mines the natural history of the infection, i.e., resolution or chronicity [49]. The loss 
of specific CD4+ T cell proliferation in response to the virus has been associated 
with recurrence of the disease, suggesting that for the infection to be permanently 
controlled, the CD4+ cells must remain responsive to the viral proteins [49].

An important role of CD8+ T cells in the mediation of chronic hepatitis C has 
also been identified and considered fundamental in the evolution of the acute HCV 
infection. In this regard, it was demonstrated that in early HCV infection, a robust T 
helper and cytotoxic response was characteristic; however, the cytotoxic activated 
lymphocytes were deficient in the production of interferon gamma, which gradually 
increased as the viral load decreased. Hepatitis C responses from cytotoxic lympho-
cytes were more common in patients who cleared the virus than in those with 
chronic disease [43].

The events that characterized the course of acute hepatitis C were: (i) the 
appearance of hepatitis C virus specific T cells 1  month after infection, (ii) a 
CD38+ IFN- gamma—CD8+ T cell response, in association with a decrease in 
viral load, (iii) a robust CD4+ T cell response, and (iv) the appearance of CD 
38-CD8+ T cells that produced interferon gamma, which coincided with a marked 
decrease in viral load, not associated with an apparent increase in disease activity. 
In patients in whom the viral infection became chronic, there was no substantial 
T cell response or a response that was, although strong, transient [44]. A central 
role of CD8+ T cells has been further suggested by the reported association 
between protective HLA alleles, including HLA-B27, HLA-B57, and HLA-A3 
and resolution of HCV infection in relationship with dominant CD8+ T cell epit-
opes [37, 50, 51].

The mechanism by which CD8+ T cells eliminate virus infected hepatocytes is 
mostly non-cytolytic and mainly mediated by interferon gamma [52]. A fundamen-
tal role of CD8+ T cells has also been supported by an in vitro study in which deple-
tion of CD4(+)CD25(+) T regulatory (T(reg)) cells from patients with chronic 
hepatitis C was associated with increased HCV (and EBV) peptide driven expan-
sion and in the number of CD8(+) T cells expressing IFN-gamma; also, the suppres-
sive effect of CD4(+)CD25(+) regulatory T cells on CD8(+) T-cell proliferation was 
not prevented by the addition of antibodies to IL-10 and to transforming growth 
factor beta to block the expressed receptors by the CD8+T cells. These experiments 
have supported the idea of a marked CD4(+)CD25(+) regulatory T-cell activity in 
patients with chronic hepatitis C, associated with a suboptimal response to the HCV 
by CD8+ T cells [53], consistent with the proper function of memory CD8+ T as a 
prerequisite for protection from chronic hepatitis C [54].

It was also demonstrated that in early HCV infection a robust T helper and cyto-
toxic response was characteristic; however, the cytotoxic activated lymphocytes 
were deficient in the production of interferon gamma, which gradually increased as 
the viral load decreased. Hepatitis C responses from cytotoxic lymphocytes were 
more common in patients who cleared the virus, as compared to those with chronic 
disease [43].
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Also, in patients who develop chronic hepatitis C, an abnormal function of CD8+ 
T cells, including their inability to produce IL-2, interferon gamma and other cyto-
kines, and to proliferate, has been documented [55, 56]. In this respect, studies on 
the role of the immunoinhibitory receptor programmed death-1 (PD-1), which is 
upregulated in dysfunctional virus specific CD8+ T cells, revealed that in the liver 
of patients with chronic hepatitis C, HCV-specific CD8 T cells from chronically 
HCV-infected patients expressed PD-1 intensely, exhibited dysfunctional behavior, 
and were not responsive to the reparatory effect of PD-1/PD-L blockade. However, 
in the periphery, CD8+ T cells expression was lower than that of the intrahepatic 
cells and did exhibit a response to PD-1/PD-L blockade [57]. The expression of 
PD-1 in CD8+ T cells during the acute phase of the HCV infection was high, regard-
less of the course of the disease, i.e., resolution vs. chronicity, and subsequently 
decreased, in association with differentiation of CD8+ T cells to a memory CD127+ 
phenotype and resolution of infection [58]. The degree of PD-1 expression in the 
acute phase of the infection has also been reported to be significantly higher on T 
cells specifically responsive to the HCV in patients who develop chronic hepatitis 
than in those who resolve the infection [59].

IL-10, a cytokine that prevents inflammation but that also has been reported to 
facilitate viral prevalence, has been reported to contribute to the development of 
chronic hepatitis C.  In this context, intrahepatic CD8+ T cells responsive to the 
hepatitis C virus produce IL-10 and not gamma interferon, and, although their pres-
ence was reported to prevent liver injury, these cells are not effective in eliminating 
the virus [60]. In addition, CD8+ T cells that produce IL-10 were documented to be 
present in the early stages of the acute infection and to prevail in chronic disease; 
these findings were reported to correlate with poor CD4+ effector function, and 
with high viral load in acute infection. Although interleukin secretion in response to 
the hepatitis C virus was high in patients without cirrhosis, the blockade of IL-10 
was associated with an increased antiviral effect mediated by IFN-gamma, suggest-
ing that a proviral environment is facilitated by IL-10 [60].

An important role of CD8+ T cells has also been supported by an in vitro study 
in which depletion of CD4(+)CD25(+) T regulatory cells in samples from patients 
with chronic viral hepatitis C was associated with increased HCV (and EBV) pep-
tide driven expansion and in the number of CD8(+) T cells expressing IFN-gamma; 
also, the suppressive effect of CD4(+)CD25(+) regulatory T cells on CD8(+) T-cell 
proliferation was not prevented by the addition of antibodies to IL-10 and to trans-
forming growth factor beta to block the expressed receptors by the CD8+ T cells. 
These experiments have supported the idea of a marked CD4(+)CD25(+) regulatory 
T-cell activity in patients with chronic hepatitis C, associated with a suboptimal 
response to the HCV by CD8+ T cells [53], consistent with the proper function of 
memory CD8+ T as a prerequisite for protection from chronic HCV infection [54]. 
Escaping CD8+ T cells by rapid mutations is another mechanism by which the HCV 
survives in the body of the host. The lack of T cell receptor diversity does not allow 
recognition of the mutant variant against which cellular activation and effector func-
tions would have been expected to occur, thus providing a way for the virus to 
escape the immune system.
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 Epidemiology

The World Health Organization (WHO) reports that every year 3–4 million people 
contract hepatitis C virus infection [61]. Numbers as high as one hundred and fifty 
(150) million chronically infected individuals worldwide are quoted [61]. However, 
there is uncertainty about the prevalence and incidence of this infection because 
epidemiological studies come from certain parts of the globe only. Most impor-
tantly, statistics from vulnerable populations, including homeless and incarcerated 
people, are not available. Yearly, the WHO reports that 350,000 people die from 
chronic hepatitis C related complications [61]. In the United States, between 1999 
and 2007, deaths from HCV increased significantly to 15,106 in a study that used 
death certificates as sources of information [62]. In this regard, the generation of 
baby boomers, comprised of individuals born from 1945 to 1965, is considered as 
having been at risk for exposure, which, according to a Canadian group of investiga-
tors, concerns health care practices [63], and not the societal events that included 
drug use and that affected that generation [64, 65]; this concern has led to the rec-
ommendation of the Centers for Disease Control and the United States Preventive 
Task Force to screen persons from that generation and which now has been extended 
to include subjects aged at least 18 years [66].

The hepatitis C virus is transmitted by contaminated blood products, body fluids, 
and supplies used in procedures including injections; thus, the factors for hepatitis 
C virus infection include: (i) blood transfusions given before 1992, and blood prod-
ucts, including factors, before 1987, (ii) organ transplantation before 1992, (iii) 
injections with contaminated needles including those used for illicit drugs, or those 
used by lay injectors, e.g., unsafe therapeutic injections, (iv) use of contaminated 
needles such as injection of illicit drugs, (v) drug snorting, e.g., cocaine and heroin, 
(vi) body piercing and tattoos done with contaminated needles or contaminated ink, 
(vii) sex between men, multiple sexual partners, or sexual intercourse with an 
infected partner 6 months prior to clinical expression of the infection [67], (viii) 
children born to HCV-positive mothers [68].

The prevention of hepatitis C virus infection concerns avoidance of high risk 
behavior and practices, including unsafe injection practices, sharing sharp objects 
of personal use, e.g., razors, sharing of drug paraphernalia, unprotected sex with 
people with chronic hepatitis C, body piercing, acupuncture and tattoos with poten-
tially contaminated equipment.

 Natural History

The clinical manifestation of acute hepatitis C is preceded by an incubation period 
between 2 weeks and 6 months after inoculation with the virus.

Studies of populations at risk or analysis of stored samples from patients subse-
quently identified as having chronic hepatitis C have provided information on the 
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natural history of acute HCV infection [69, 70]. In one such study, it was docu-
mented that 85% of patients presented with clinical findings of acute hepatitis, and 
of those, 52% exhibited spontaneous clearance of the virus, measured by reverse 
transcriptase (RT) polymerase chain reaction (PCR) [71], the concentration of 
which fluctuates during the acute phase of the infection, varying from hundreds to 
millions of international units per ml [72], within 12 weeks of the determined time 
of infection, in contrast to the patients who developed chronic hepatitis C, who had 
stable serum RNA concentrations [72], and who did not have any clinical manifes-
tations [70], further supporting the idea of a host-specific response in the determina-
tion of the course of the infection [20]. The development of anti-HCV antibodies 
measured by documented antibody seroconversion by enzyme immunoassay (EIA) 
and recombinant immunoblot assay occurs in the majority of patients after acute 
HCV [69]. In transfusion associated acute hepatitis C, it was documented that anti-
bodies appeared 22 weeks after infection, or 15 weeks after the onset of clinical 
hepatitis [69], and persist over many years. In patients in whom the infection 
resolves itself, the antibody has been documented to disappear after 4 years [69].

Most patients who resolve the acute hepatitis C infection clear the virus within 
6 months [72, 73]. Thus, chronic hepatitis C has been defined as the presence of the 
hepatitis C RNA in serum 6 months after infection. However, the spontaneous clear-
ance of the virus has been documented up to 2 years after the time of infection [74]. 
The resolution of acute hepatitis C virus infection has been reported in association 
with race, being less common in individuals of the black race, versus non-black 
subjects [74]. Approximately 75–85% of patients develop chronic infection, 60 to 
70% chronic liver disease, and 5–20% cirrhosis over 20–30 years [68, 72, 75], with 
up to 4% per year proceeding to decompensated disease and hepatocellular carci-
noma (HCC) [76].

The natural history of chronic hepatitis C (and chronic hepatitis B) was studied 
over 8.4 years in a representative sample from individuals from Northern Italy. It 
was documented that progression to cirrhosis was 4.5 per 1000 person-year, and the 
development of hepatocellular carcinoma 2.0 per 1000 person-year; the intake of 
alcohol was reported as an independent predictor of cirrhosis with a rate ratio of 4.5, 
with a 95% confidence interval (CI) ranging from 1.02 to 41.2 and a death rate of 
8.53 (95% CI 1.40–24.61) for increments by 30 g/day of alcohol intake at base-
line [77].

By the use of the METAVIR score system, a study that included 2235 patients 
with chronic hepatitis C documented that patients with chronic hepatitis C could be 
categorized as slow fibrosers, defined as patients infected for more than 20 years, 
and liver histology not exhibiting septa fibrosis (F0 or F1), rapid fibrosers, defined 
as patients who had developed cirrhosis (F4) before the age of 50 years, and inter-
mediate fibrosers (F2 or F3, by inference); this finding suggested that progression 
was not “universal” or “inevitable” [75]. Age older than 40 years at the time of 
infection, male gender, and alcohol intake of more than 50 g/day were identified in 
association with disease progression, the latter being associated with an increase in 
the progression of fibrosis of 34% [75]. The median expected time to cirrhosis was 
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30 years, with 33% of patients having an expected time to cirrhosis of fewer than 
20 years, and with 31% not progressing to cirrhosis at all, or not progressing for at 
least 50 years [75].

A study that included 33 patients who were infected from a common source 
revealed chronic hepatitis in the majority of the liver samples obtained 17 and 
19 years after the infection with little progression over the 2 year period; only one 
patient had developed cirrhosis [78]. From the same group of patients, a non- 
aggressive course was documented 22 years of after infection [79].

Steatosis is documented to accelerate disease progression in association with 
chronic hepatitis C genotype 3 [80] and to impede response to antiviral therapy [80]. 
Steatosis was reported in significant association with fibrosis, infection with geno-
type 3 hepatitis C virus, high body mass index (BMI), alcohol use, and age [80]. In 
patients with chronic hepatitis C coinfected with the human immunodeficiency 
virus and who had a high BMI, diabetes and hepatic steatosis were associated with 
fibrosis; in addition, persistently increased serum activity of transaminases related 
to fibrosis progression, which occurred over 2.5 years [81].

In a study published in 1997 that included 2235 patients with chronic hepatitis C, 
factors identified with disease progression were age older than 40 at the time of 
infection, alcohol intake of at least 50 g/day, and male gender. The median time to 
progression to cirrhosis was 30 years from infection, with a range from 28 to 32. In 
men infected after age 40, cirrhosis could be established after 13 years of the infec-
tion. In women, cirrhosis could be established 42 years after the infection in the 
absence of alcohol use. Thirty-three percent of patients who were not treated had an 
expected median time to cirrhosis of 20 years, with 31% not expected to progress to 
cirrhosis for at least 50 years [75]. In regard to cirrhosis, the polymorphism rs738409 
GG genotype of the patatin-like phospholipase domain-containing 3 (PNPLA3) 
encoding for the I148M protein variant was reported in significant association with 
the stage of fibrosis and presence of cirrhosis [23, 24], supporting a role of genetic 
predisposition to the progression of the disease.

 Clinical Manifestations

20 to 30% of patients with acute hepatitis C have symptoms, fatigue being the 
most common. A subgroup of women who acquired hepatitis C virus from a 
common source [68, 74, 82] was studied at the time of the infection and 22 years 
afterward [79]. Jaundice was reported at the time of the infection by 20.6% of 
those who did not have hepatitis C viral RNA by polymerase chain reaction 
(PCR) at the time of the follow-up study [74], versus 3.4% of those in whom 
hepatitis C RNA was detected. These findings suggested that jaundice may pre-
dict the resolution of acute hepatitis C. Other signs include choluria and acholic 
stools. Other symptoms include arthralgia, anorexia, abdominal pain, nausea, 
and vomiting.
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 Physical Exam

In general, the physical exam in patients with acute hepatitis C would be notable for 
jaundice, in cases of hyperbilirubinemia. In patients with chronic hepatitis C, the 
findings depend on the degree of liver disease; patients may or may not exhibit 
cutaneous stigmata of liver disease and signs of decompensation, including ascites 
and edema.

Acute hepatitis C is associated with increased activity of ALT, usually higher 
than 400 IU/ml, and rarely in the thousands. Hyperbilirubinemia may be present. 
Patients with chronic hepatitis C can have a normal liver profile, e.g., ALT activity; 
66% of patients with chronic hepatitis C 20 years after the infection were reported 
to have increased serum activity of ALT (>40 IU/l) [79]. The serum activity of ALT 
can fluctuate throughout the disease; in a prospective study, this pattern was docu-
mented in 21% of patients with chronic hepatitis C over several years [79]. A fluc-
tuating pattern has also been reported, emphasizing the importance of screening for 
hepatitis C virus infection regardless of a normal liver profile [66]. As the disease 
progresses and cirrhosis ensues, serum AST activity increases over that of the ALT 
as it happens in most chronic liver diseases [83, 84]. Increased activity of alkaline 
phosphatase, and gamma glutamyl transpeptidase, in association with increased 
activity of transaminases, is the profile typical of advanced disease. 
Hyperbilirubinemia, hypoalbuminemia, and coagulopathy are features of hepatic 
dysfunction, as in that from other etiologies. Thrombocytopenia is a sign of hyper-
splenism, from portal hypertension; however, it can be seen in patients with chronic 
hepatitis C without portal hypertension, considered to be an effect of the virus per 
se, with normalization of platelet count after successful antiviral therapy. In chronic 
hepatitis C, there is also suppression of all hematological cell lines, characteristic of 
liver disease in general.

Several methods have been developed to test antibodies in blood and in saliva. 
The methodology includes enzyme immunoassay (EIA), enhanced chemilumines-
cence immunoassay (CIA), microparticle enzyme immunoassay (MEIA), recombi-
nant immunoblot assay (RIBA), and chemiluminescent microparticle immunoassay 
(CMIA) [85–87]; the presence of hepatitis C RNA can be qualitatively and quanti-
tatively detected by polymerase chain reaction (PCR) methodology [87].

Anti-hepatitis C antibodies (anti-HCV) can be detected in serum 4–10 weeks 
after infection with the hepatitis C virus, with a 96% detectability 6 months after the 
infection [69, 88]. Anti-HCV tends to persist. However, a rate of antibody loss has 
been reported as 0.6 per 100 person-years [88].

Testing for genotype in patients with chronic hepatitis C has been necessary as 
the duration of treatment has varied according to the genotype [89]. The presence of 
anti-HCV antibodies should be followed by testing for serum HCV RNA, and when 
appropriate, e.g., in the face of acute hepatitis, the latter should be repeated over 
several weeks. The absence of anti-HCV antibodies in the presence of infection, i.e., 
a false negative result, can occur when the viral titer is low, as in very early stages 
of infection, or in persons who are immunocompromised. Thus, the presence of risk 
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factors in a subject with absent anti-HCV antibody requires repeat testing, including 
HCV-RNA [90].

Antinuclear antibodies, anti-smooth muscle antibodies, and anti-liver/kidney 
microsomal type 1 antibodies can be detected in the serum of patients with chronic 
hepatitis C with a reported wide prevalence of approximately 20 to 40% in some 
series [91, 92]. The presence of non-organ specific autoantibodies has not been 
consistently associated with the stage of liver disease. In some studies, serum auto-
antibodies have been associated with a high degree of inflammation and fibrosis, 
and elevated serum concentrations of gamma globulins [93, 94]. However, in other 
studies, including an observational study that included 24,306 patients [95], the 
presence of autoantibodies in chronic hepatitis C has been documented to correlate 
with histology, decision to start standard antiviral therapy, or response to it [92, 95]. 
The interpretation of the clinical relevance of autoantibodies has to be individual-
ized [95], especially, if a diagnostic procedure, e.g., liver biopsy, or treatment for 
another liver disease, e.g. autoimmune hepatitis, is considered based on serum auto-
antibody profile.

 Differential Diagnosis

Causes of hepatitis, including viral, autoimmune, metabolic, and toxic (e.g., drug- 
induced), must be excluded in patients who present with increase serum activity of 
transaminases, with or without hyperbilirubinemia. Identifying risk factors is fun-
damental for prompt diagnosis, which is confirmed by laboratory findings, i.e., 
serum hepatitis C RNA.

 Histology

Some of the features documented from liver histology in acute hepatitis C include 
confluent liver necrosis, sinusoidal inflammatory infiltrates, steatosis, dense portal 
lymphoid aggregates, and bile duct injury, i.e., the Poulsen–Christoffersen lesions 
[96, 97], the latter having been documented to portend evolution to chronic liver 
disease in one study [96].

The principal histological findings that have been reported in chronic hepatitis C 
include portal and lobular inflammation, and interface hepatitis, steatosis, lymphoid 
aggregates, and bile duct injury, apoptotic and Mallory bodies, steatosis, bile duct 
lesions, and lymphoid cell follicles within portal tracts (Fig. 6.2) [79, 98–100].

The bile duct lesion of hepatitis, most commonly seen in chronic hepatitis C, is 
characterized by swelling, vacuolization, and irregular nuclei, with a basement 
membrane that appears ruptured, lymphocytes, some plasma cells, and neutrophils, 
invading the bile ducts; the lesion is reminiscent of the florid bile duct lesion of 
primary biliary cholangitis (PBC); however, it is not considered to lead to bile duct 
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destruction and ductopenia in most cases, as happens in PBC. This bile duct lesion 
of hepatitis, and mostly of chronic hepatitis C, i.e., the Poulsen–Christoffersen 
lesion [101], has been documented to represent diverticular bile duct lesions that 
may represent Hering ducts and groups of periportal liver cells that have escaped the 
piecemeal necrosis [102].

Early immunohistochemical studies documented the constitution of the lym-
phoid aggregates or follicles, characteristic of chronic hepatitis C, as functional 
lymphoid follicles that contain activated B cells in the midst of a follicular dendritic 
cell network, and a mantle zone of B cells, surrounded by a T cell zone, consisting 
of CD4-positive helper T cells and CD8-positive suppressor/cytotoxic T cells [103, 
104] some of which expressed CD25 and IL-2 receptor, as well as human leukocyte 
antigen DR, suggesting an activated state [104]. The necrotic inflammatory infiltrate 
that comprised the necrosis, piecemeal type (currently known as interface) in the 
samples studied was composed of CD4 helper T cells, and those identified in the 
lobule were predominantly CD8 suppressor/cytotoxic T cells [103]. The character-
istics of the hepatic lymphoid follicles were reported as similar to those found in 
autoimmune diseases. They suggested that a component of the liver injury in chronic 
hepatitis C may be immune mediated [103, 104]. One immunohistochemical study 
of liver tissue from patients with chronic hepatitis C (and B) documented the cel-
lular inflammatory infiltrate to be comprised of T lymphocytes, 50% of which was 
CD4CD45RO(+), consistent with activated cells, and 25% CD8CD45RO(+), and of 
B lymphocytes, 15% of which was CD20(+)CD45RA (+), and 10% of which was a 
combination of CD20(−)CD45RA(+) and NK cells. Most cells in the portal area 
expressed HLA class II molecules suggesting a response to antigen presentation, 
i.e., the HCV [104].

Foxp3 is a member of the forkhead transcription factors group, which regulates 
the development and function of regulatory T cells, CD4(+)CD25(+)Treg (Tregs) 
[105]; these cells are a key suppressive component of the immune system [106]. The 
presence of activated CD4+FoxP3+ Treg, as evidenced by the expression of 

Fig. 6.2 Liver histology in 
a patients with chronic 
hepatitis C displaying 
interface hepatitis (arrow) 
(Hematoxylin and Eosin 
stain)
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CD45RO, CCR7, CTLA-4, and HLA-DR, has been documented in the livers of 
patients with chronic hepatitis C and limited fibrosis, suggesting that this type of 
cell may decrease fibrogenesis by suppression of an immunological response to the 
virus [107]. In this context, intrahepatic FoxP3+CD4+ regulatory T cells were docu-
mented to produce IL-8 in patients with chronic hepatitis C [107]. An increase in the 
number of activated GARP-positive IL-8(+) Tregs was identified close to areas of 
fibrosis in liver tissue from patients with chronic hepatitis C.  In addition, it was 
reported that Tregs increased the expression of markers of fibrosis including TIMP1, 
MMP2, TGF-beta1, alpha-SMA, collagen, and CCL2  in primary human hepatic 
stellate cells (HSC) studied ex vivo, an effect that was blocked by anti-IL-8 antibod-
ies; these findings were interpreted to support the idea that, in addition to mediating 
immune response to the HCV infection, Foxp3(+)CD4(+) Tregs contribute to the 
development of fibrosis [108]. Further characterization of intrahepatic mononuclear 
cells documented the presence of intrahepatic CD4(+)FoxP3(+)T cells within the 
inflammatory infiltrate in close association with a few CD8(+)FoxP3(+)T cells; this 
finding has suggested that the inhibition of CD8+ T cell is mediated by cell to cell 
contact. Advanced fibrosis was associated with a reduction in the FoxP3(+)/CD8(+) 
cell ratio because of a low number of FoxP3 cells [109]. Activated CD4+FoxP3+ 
Treg lymphocytes, as evidenced by the expression of CD45RO, CCR7, CTLA-4, 
and HLA-DR, have been documented in the livers of patients with chronic hepatitis 
C and limited fibrosis, suggesting that this type of cell may decrease the fibrosis 
process in association with this viral infection [107].

Fibrosis in chronic hepatitis is exhibited as portal to portal bridges of collagen, 
and also as central to central and as central to portal, known as passive septa, which 
is considered to result from bouts of necrosis in zone 3, and repair of episodes of 
intra-acinar necrosis [110]. The contraction of fibrous septa is associated with nod-
ule formation, changing the liver’s architecture, which defines cirrhosis; the asso-
ciation with nodules, incomplete or complete, with necroinflammatory activity, is 
termed active cirrhosis [110].

Several non-invasive tests and indices have been developed or derived to predict 
the presence of fibrosis in the liver of patients with chronic hepatitis C, including the 
platelet count, age-platelet index, aspartate aminotransferase-platelet ratio index 
(APRI), FibroIndex, FibroTest, Forns index, and for identification of cirrhosis, the 
platelet count, age-platelet index, and Hepascore [111]. Examination of liver histol-
ogy by liver biopsy is the gold standard to assess the presence and degree of liver 
disease, including fibrosis and cirrhosis [112].

 Extrahepatic Manifestations

Extrahepatic manifestations of chronic hepatitis C have been reported in 38–76% of 
patients, and they include cryoglobulinemia complicated by systemic vasculitis, 
sicca syndrome, lymphoproliferative diseases, and lichen planus [113]. The associa-
tion with sarcoidosis has been documented in case reports [114, 115]. An 
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association between cardiomyopathy and chronic hepatitis C was supported by the 
recovery of cardiac function in a patient with chronic hepatitis C treated with anti-
viral therapy that was associated with sustained virological response [116]. This 
association was initially reported in Japan [117–119]. However, it was not con-
firmed in studies from Italy [120], Brazil [121], nor Brooklyn, New York [122], 
which has suggested a racial, ethnic, and/or genetic predisposition to this potential 
complication of chronic hepatitis C.

Cryoglobulinemia is the presence of serum immunoglobulin that precipitates 
in vitro at temperatures lower than 37 °C, and dissolves itself after rewarming [123]. 
The cryoglobulins are classified into three types, based on their composition. Type 
I tends to be composed of monoclonal immunoglobulin IgM or IgG, type II is a 
mixture of monoclonal IgM with rheumatoid factor activity, which binds to the Fc 
portion of IgG, and type III, a combination of polyclonal IgM and IgG [123, 124]. 
The prevalence of HCV in cryoglobulinemia has been reported to be between 30% 
to nearly 100% [123, 125], with the development of cryoglobulinemic vasculitis in 
10–15% of patients [125]. Non-enveloped HCV core protein has been documented 
in the cryoprecipitate of type II mixed cryoglobulinemia [126]. In patients with 
chronic hepatitis C, serum cryoglobulins have been documented with an annual 
incidence of 3%, and most commonly, in patients with advanced disease [113, 123, 
127, 128]. The pathogenesis of cryoglobulinemia in chronic hepatitis C seems to 
concern the tropism of the hepatitis C virus for lymphoid tissue. The E2 protein of 
the hepatitis C envelope interacts with an extracellular loop of tetraspanin CD81, a 
protein expressed by hepatocytes and B and T cells [129], which has been proposed 
to mediate the proliferation and clonal expansion of B lymphocytes.

The manifestations of cryoglobulinemia-associated vasculitis include rash, pal-
pable purpura, and chronic ulcers, fatigue, arthralgia, motor-sensory axonopathy, 
arterial hypertension, glomerulonephritis, and nephrotic syndrome [129]. As the 
hepatitis C virus is considered the stimulus of B cells [130], the treatment aims to 
eradicate the virus.

The association of lymphoma with chronic hepatitis C was also documented 
from a retrospective cohort study of subjects who attended US Veterans Affairs 
health care facilities from 1997 to 2004 and that included 146,394 individuals. The 
hazard risk for non-Hodgkin’s lymphoma was 1.21, with a 95% confidence interval 
(CI) between 1.07 and 1.37, and a hazard ratio of 2.72 (95% CI 2.00–3.72) both 
significantly higher than in the group of patients without chronic hepatitis C [131]. 
This report followed a published meta-analysis from which the pooled relative risk 
(RR) for all NHL among all patients with chronic hepatitis C was 2.5, (95% CI 
2.1–3, and a pooled RR of 2.5 (95% CI, 2.1–3.1) and a pooled RR of 2.0 (95% CI, 
1.8–2.2) from case control and cohort studies, respectively [132].

There is literature suggesting an association between chronic hepatitis C and 
diabetes mellitus type 2; however, analysis of population-based data from the 
U.S. National Health and Nutrition Examination Survey from 1999 to 2010, which 
included 15,128 subjects, documented a lack of association between hepatitis C 
antibody in serum and pre-diabetes or diabetes [133].
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There is literature reporting an association between chronic hepatitis C infection 
and porphyria cutanea tarda (PCT) [134–138]. PCT is characterized by skin fragil-
ity, erythema, bullae, erosions, hypertrichosis, and milia in sun-exposed areas and 
by increased concentration of porphyrins in the urine [139]. PCT is classified as 
type I, comprising 75–80% of the cases, defined as an acquired deficiency limited to 
the hepatocyte of uroporphyrinogen decarboxylase (UROD), a key enzyme in the 
synthesis of heme, type II, hereditary, comprising 20–25% of the cases, and charac-
terized by a decreased activity of UROD in all tissues by approximately 50%, and 
type III, also hereditary, for which the genetic defect has not been described, com-
prising less than 1% of the cases, and characterized by a decrease in UROD hepato-
cyte activity [134, 139]. A reduction of activity of UROD in the liver in the absence 
of decreased protein levels of UROD has suggested that an inhibitor of UROD is 
made in the hepatocytes; in support of this idea seems to be the finding of normal 
protein concentration of UROD in association with reduction of enzyme activity. 
Studies in a mouse model of PCT have lent support to this line of thinking by reveal-
ing the inhibitor of recombinant human URO-D (rhURO-D) to be uroporphometh-
ene; however, the identity of the inhibitor has not been consistently confirmed [140]. 
An inhibitor of rhURO-D was also isolated from the cytosol of hepatocytes obtained 
from liver samples from patients with PCT. These results have suggested that the 
clinical expression of PCT is due to the iron dependent oxidation of uroporphyrino-
gen to uroporphomethene, a competitive inhibitor of URO-D [134, 141], suggesting 
that iron itself may contribute to the pathophysiology of PCT [134].

A meta-analysis that included 2167 patients from 50 studies documented the 
prevalence of hepatitis C RNA in serum of 50% [137]. The prevalence of chronic 
hepatitis C in PCT varied according to the type of porphyria, 57% for the sporadic 
form (Type I), and 26% for the familial form (Type II) [137]. From another meta- 
analysis, the prevalence of chronic hepatitis C in PCT was reported as 17% in 
Northern Europe, 20% in Australia and New Zealand, and 65% in Southern Europe, 
and 94% (16 of 17 PCT) in a study from one hospital in Indianapolis, Indiana in the 
United States [142]. These results have suggested that the HCV contributes to the 
pathogenesis of PCT [137, 142]. Infection with the HCV alone does not seem suf-
ficient to trigger PCT [143]; however, the HCV may alter porphyrin metabolism 
facilitating the clinical expression of PCT in patients predisposed to it and with this 
type of viral hepatitis. How the hepatitis C virus mediates the events that result in 
PCT has been a matter of speculation; in this regard, it has been proposed that iron 
may be the factor that predisposes PCT in patients with chronic hepatitis C, in which 
iron has been reported as a factor contributing to liver injury [144] as also reported 
for PCT. In this context, it has been suggested that high iron content in PCT is sec-
ondary to abnormal regulation of hepcidin, a protein made in the hepatocyte, which 
regulates iron absorption in human beings. Infection with the HCV was reported to 
be associated with decreased hepcidin expression [145], which has suggested a 
mechanism by which there may be a relationship between hepatocellular iron and 
chronic hepatitis C-mediated liver disease. In this proposed model, the HCV may 
also contribute to the pathogenesis of PCT as iron mediates the reaction that 
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produces an inhibitor of URO-D, reported to contribute to the pathogenesis of 
PCT [141].

The prevalence of chronic hepatitis C antibodies in patients with renal disease 
was 7.9% in contrast to blood donors and pregnant women in whom the prevalence 
was 1.03% and 0.98%, respectively. Chronic hepatitis C infection has been reported 
in association with membranoproliferative glomerulonephritis, membranous 
nephropathy, focal segmental sclerosis, fibrillary glomerulonephritis, immunotac-
toid nephropathy, IgA nephropathy, tubulointerstitial nephritis, and thrombotic 
microangiopathy, usually associated with cryoglobulinemia [146]. The most com-
mon renal disease in patients with chronic hepatitis C associated with mixed cryo-
globulinemia is type I membranoproliferative glomerulonephritis exhibiting 
proteinuria and microscopic hematuria, which may be complicated by impaired 
renal function [131, 147, 148]. Population-based studies have reported an associa-
tion between proteinuria and hepatitis C virus infection, interpreted to suggest that 
the association may be more common than what has been recognized [146].

Histologically, the renal lesion of hepatitis C associated nephropathy includes a 
cellular infiltrate comprised of monocytes, eosinophils, and intraluminal thrombi. 
Subendothelial deposits of IgG, IgM, and complement components are prevalent, 
and vasculitis of small renal arteries has been reported [146, 149]. It has been sug-
gested that high binding of immunoglobulin M kappa rheumatoid factor from type 
II cryoglobulins to cellular fibronectin in the glomerular mesangium contributes to 
the pathogenesis of glomerulopathies associated with type II cryoglobulinemia and 
chronic hepatitis C [150].

Xerostomia and xerophthalmia, symptoms typically comprising the sicca syn-
drome, have been reported as extrahepatic manifestations of chronic hepatitis C 
[151–155]. The prevalence of chronic hepatitis C was stated as 19% in patients with 
sicca syndrome in one study [152], and sicca syndrome was present in 62% of 
patients with chronic hepatitis C studied prospectively [155]. Antibodies identified 
with primary Sjogren’s syndrome, anti-SS-A/SS-B, were documented as signifi-
cantly more prevalent in patients with sicca syndrome without chronic hepatitis C 
than those with the syndrome without chronic hepatitis C [152, 153, 155] differen-
tiating primary from secondary Sjogren’s syndrome. Evidence of glandular dys-
function in chronic hepatitis C has been documented [153]. An inflammatory 
infiltrate characterized by activated lymphocytes similar to that found in patients 
with primary Sjorgren’s syndrome has been described in patients with chronic hepa-
titis C [156]. The pathogenesis of sicca syndrome with regard to hepatitis C viral 
infection is not known. In this context, HCV RNA has been detected in saliva and in 
salivary gland extracts in patients with Sjogren’s syndrome and chronic hepatitis C, 
which has suggested that the virus may localize itself in the salivary glands and trig-
ger an inflammatory response resulting in sialoadenitis and sicca symptoms [157]; 
however, viral particles have not been consistently detected in the affected 
glands [153].

Lichen planus is histologically characterized by interface dermatitis that mani-
fests itself as purple polygonal pruritic papulosquamous lesions that can affect the 
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skin, scalp, nails, and mucous membranes, of unknown etiology, for which an 
immune-mediated pathogenesis is hypothesized [158]. Lichen planus has been doc-
umented in association with chronic hepatitis C [159]. In a cross-sectional study, the 
prevalence was 5 percent [160]. Two meta-analyses have reported a significantly 
higher risk for patients with lichen planus to have chronic hepatitis C and patients 
with chronic hepatitis C to develop lichen planus than those of control groups 
[161, 162].

The association between adrenal tumors and chronic hepatitis C has been 
reported [163, 164]. In a series of three patients, two of the tumors were functional, 
as evidenced by hypokalemia and hypertension. The likely mode of acquiring hepa-
titis C in the patients preceded the manifestation of hyperaldosteronism by many 
years; thus, it was inferred that the hepatitis C infection was the first event. The 
association was confirmed in a retrospective review of patients with adrenal tumors 
over 10 years, 2001 to 2010 [164]. Of 23 patients with adrenal tumors, 15 (65.2%) 
had hepatitis C antibody, and 11 (47.8%) had hepatitis C RNA in serum, consistent 
with chronic hepatitis C, significantly different from the findings in the control 
group in which only one of 23 (4.3%) patients had hepatitis C antibody in the serum 
[164]. The mechanism by which chronic hepatitis C may lead to the formation of 
adrenal tumors may include replication of the hepatitis C virus in the adrenal gland 
[165], by the systemic effects of IGF, reported as high in patients with chronic viral 
hepatitis including hepatitis C [166], and by insulin, increased in patients with met-
abolic syndrome, which has been reported in association with chronic hepatitis 
C. Both insulin and IGF increased the growth of bovine adrenal fasciculate cells in 
culture [167]. As chronic hepatitis C and hypertension are prevalent conditions, 
HCV infection should be excluded in patients with hypertension, even if not neces-
sarily difficult to control, as hyperaldosteronism is more prevalent than previously 
considered [168], and thus, the exclusion of chronic hepatitis C in patients with 
adrenal tumors seems warranted.

 Diagnosis

The laboratory findings of hepatitis C virus infection have been described above. 
The diagnosis of acute HCV infection is made in the presence of hepatitis accompa-
nied by hepatitis C viral RNA in serum, which disappears over the 16 weeks that 
follow the infection in the patients who clear it, or that remains consistently detected 
when the infection becomes chronic [88, 169]. Hepatitis C antibody, which can be 
found from 4 to 15 weeks from infection, remains detected in patients who have 
been infected, regardless of RNA clearance. The presence of hepatitis C antibody is 
suggestive of chronic hepatitis C in 80% of the patients. The serum liver profile is 
usually abnormal with increase serum activity of liver associated transaminases, but 
periods of normal activity occur.
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 Treatment

The treatment of chronic hepatitis C has changed from regimes associated with 
limited sustained virological response (SVR), defined as no viral RNA detected in 
serum 24  months after completion of therapy, and considered a cure [170], to 
regimes associated with SVRs from 90% to 100% in most of the hepatitis C virus 
genotypes 12 weeks after completion of treatment [170–172]. A negative RNA at 
12 weeks post treatment completion was defined as sustained virological response 
(SVR), i.e., cure in pivotal trials, however, to confirm SVR at 24 and 48 weeks post 
treatment provides confirmatory evidence of cure [172, 173].

Interferon is a cytokine that participates in the innate immune response to viral 
infections [174]. Recombinant alpha interferon was approved for the treatment of 
chronic hepatitis C in 1992 [175]. Alpha interferon therapy was associated with 
normalization of serum activity of transaminases in patients with chronic hepatitis 
C but not with (SVR), which was defined as the absence of hepatitis C virus RNA 
in serum 24 weeks after completion of antiviral therapy [176]. Ribavirin, a nucleo-
side analogue with antiviral activity against flavivirus, decreased serum activity of 
aminotransferases and some improvement in liver histology in patients with chronic 
hepatitis C [177] but, not with a decrease in the serum HCV RNA [177]. In combi-
nation with interferon, ribavirin was associated with SVR s of 34% and 38%, when 
administered for 24 and 48 weeks, respectively [178]. Ribavirin was approved for 
the treatment of chronic hepatitis C in combination with interferon in 1999. 
Pegylation of interferon led to its prolonged bioavailability, which allowed for 
weekly subcutaneous administration. Pegylated interferon and ribavirin for 
48 weeks (depending on viral load) was associated with an SVR in 41% to 56% of 
patients with genotype 1, 74–81% in those with genotypes 2 and 3, and 77% in 
those with genotype 4 [89]. The proportion of African American patients who 
achieved SVR with this type of regimen was 28% [179]; this result suggested that 
racial and genetic factors had a substantial impact on the response to this therapeutic 
regimen. Subsequently, it was discovered that subjects with a favorable genetic 
polymorphism in IL28B had an increased probability of reaching SVR in associa-
tion with treatment with pegylated interferon alpha and ribavirin in contrast to those 
patients with an unfavorable IL28B genotype. In this regard, a gene coding for IFN-
lambda 4 (IFNL4) was documented to be associated with hepatitis C virus clearance 
in African American patients [180].

Breakthrough findings of the HCV life cycle [181–183], and identification of 
proteins fundamental in the replication of the HCV [184] have facilitated the devel-
opment of drugs that act directly on the virus, known as direct-acting antiviral 
agents (DAA) (Fig. 6.3). The hepatitis C virus undergoes a series of steps to per-
petuate infection: (1) entry into the hepatocyte via receptor binding and endocyto-
sis, (2) fusion and uncoating of the virion, (3) translation and polyprotein processing, 
(4) replication, (5) virion assembly, and (6) transport and release. Telaprevir and 
boceprevir are inhibitors of the protease NS3-4A, DAAs that were approved in 2011 
for the treatment of chronic hepatitis C. The NS3-4A protease breaks the junctions 
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Hepatitis C virus

Preventing the entry of the virus into the hepatocyte by blocking the 
sites to which it binds including the tetraspanin CD81, low density  
lipoprotein-R (LDL-R), scavenger receptor class B type 1 (SCAR-
B1), the ight junction elements claudin (CLDN-1), and occluding 
(OCLN)

Inhibitors of NS3 and NS4A to prevent production of viral proteins

Inhibitors of NS5B polymerase, NS5A, and cyclophilin A to prevent viral 
replication

IInhibitors of NS5A to prevent virion assembly and release inclucing amantadine 
and imino sugars

Fig. 6.3 The diagram depicts the hepatitis C virus cycle from entrance into the hepatocyte to the 
exit of a new virion and therapeutic targets
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between NS3/NS4A, NS4A/NS4B, NS4B/NS5A, and NS5A/NS5B [185]. In addi-
tion to its role in polyprotein processing, NS3 is necessary for HCV replication and 
viral assembly and production [186]. Triple therapy with either telaprevir or 
boceprevir, in combination with pegylated interferon and ribavirin was associated 
with SVR rates of 75 and 66%, respectively [187, 188], in patients with chronic 
hepatitis C genotype 1; for boceprevir, the response rate could vary depending on 
whether patients responded to pegylated interferon and ribavirin with the absence of 
HCV RNA at week four of treatment, milestone defined as interferon responsivity, 
which, when achieved, was associated with SVRs of 90%. In patients who had not 
experienced an SVR in association with standard therapy, the response to triple 
therapy was lower than in patients who had not been treated [187, 188]. These thera-
peutic regimes were associated with complications inherent to those of what had 
been considered standard therapy, i.e., pegylated interferon and ribavirin, such as 
anemia [187, 188]. The complications added to the regimen from telaprevir included 
rash, which could be severe, requiring medication discontinuation, in 55% of 
patients, and anal discomfort in approximately 26%; from boceprevir, dysgeusia 
was reported by 37% of patients [188]. As both drugs inhibit drug-metabolizing 
enzymes from the cytochrome P-450 complex, e.g., CYP2C, CYP3A4, and CYP1A, 
drug interactions were a substantial problem, requiring a change in medication regi-
men or dose reductions in the medications used to treat comorbidities. Treatment 
with telaprevir or boceprevir paradigms were also associated with the risk of resis-
tant associated amino acid variants, the prevention of which required absolute 
adherence to the treatment regimen, and the additional risk of persistence in patients 
who did not respond to the protease inhibitors paradigm; follow-up studies, how-
ever, documented that the prevalence of the resistant mutants decreased over time, 
with a reversal to a wild-type predominance [189]. The use of telaprevir and 
boceprevir is not the standard of therapy as new medications with improved efficacy 
and tolerability have been approved [190].

In 2013, two new medications were approved for the treatment of chronic hepa-
titis C, including genotypes 1 through 6. Simeprevir is an NS3-4A protease inhibitor 
that has activity against genotypes 1, 2, and 4, although it is inactive against the 
resistant associated amino acid variant that carries the Q80K substitution in the NS3 
sequence. In combination with standard therapy, simeprevir treatment in patients 
with chronic hepatitis C genotype 1 for 24 or 48 weeks was associated with an SVR 
of 74.7–86.1% [191]; in patients who had been treated and who had not responded 
to therapy, i.e., treatment-experienced patients, simeprevir therapy for 12, 24, and 
48  weeks, in combination with pegylated interferon alpha 2 a and ribavirin for 
48 weeks, was associated with an SVR of 38% to 89%, depending on the type of 
failure to prior treatment, e.g., null or partial response, or relapse after response 
[192]. Sofosbuvir is a uridine nucleotide analogue that inhibits HCV RdRp, which 
is phosphorylated to its triphosphate form and incorporated into forming RNA 
chains, resulting in chain termination; it has activity against genotypes 1 through 6, 
referred to as having pangenotypic activity. In vitro, sofosbuvir does not act against 
variants that have an S282T in the RdRp sequence; however, these variants did not 
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appear to replicate successfully in vitro or in vivo and had not been associated with 
a virological breakthrough in patients on treatment, and were only found in those 
patients who relapsed after treatment had been stopped [193]. The drugs could be 
administered in combination with standard therapy, i.e., pegylated interferon and 
ribavirin, or in combination with ribavirin, depending on the infecting genotype, on 
prior response to standard therapy, and eligibility to receive interferon.

The availability of DDA in interferon-free regimens revolutionized the treatment 
of chronic hepatitis C, as predicted during the conduct of fundamental clinical trials 
[170, 171, 194].

Medications including ledipasvir, ombitasvir, daclatasvir, elbasvir, velpatasvir, 
and pibrentasvir are NS5A inhibitors with coverage against several genotypes, and 
an intermediate barrier to resistance. NS5A inhibitors inhibit hyperphosphorylation 
of NS5A phosphoprotein, which is required for HCV RNA replication, and also, 
cause the transfer of NS5A from the endoplasmic reticulum to lipid droplets in 
HCV replicon-containing cells leading to a significant reduction of HCV RNA in 
cell culture [195].

Harvoni® is a combination tablet that contains 90 mg of ledipasvir, an NS5A 
inhibitor, and 400 mg of sofosbuvir, an NS5B inhibitor that was approved by the 
FDA in 2014. The NS5B inhibitors act on the catalytic site of NS5B polymerase; 
after they incorporate themselves into the RNA chain, they cause mRNA termina-
tion. Sofosbuvir a nucleotide NS5B polymerase inhibitor and [196]. Results from a 
meta-analysis showed that the addition of ribavirin did not add benefit to sofosbu-
vir/ledipasvir for the treatment genotype 1 infection. In a controlled clinical trial, 
the overall SVR associated with sofosbuvir/ledipasvir in chronic HCV infection 
genotype 1 was 96%, 98% in the treatment-naïve group versus 95% in the treatment- 
experienced group, 95% in the 12-week therapy group versus 98% in the 24-week 
therapy group, 95% without ribavirin vs. 97% with ribavirin [197].

Velpatasvir is a pangenotypic second generation NS5A inhibitor with a higher 
barrier to resistance than ledipasvir and daclatasvir and which acts as a defective 
substrate for NS5A to prevent HCV replication. It is used as a fixed dose co- 
formulation with sofosbuvir under the name of Epclusa®. In a double blind placebo 
controlled study of 12  weeks, the use of sofosbuvir-velpatasvir in patients with 
chronic HCV genotypes 1 to 6 was associated with a 99% SVR regardless of prior 
exposure to treatment, including patients with compensated cirrhosis [198].

Pibrentasvir is a second generation NS5A inhibitor provided in a tablet in com-
bination with glecaprevir under the name of Mavyret®, with a pangenotypic effect, 
and approved for use in patients with renal failure including patients on 
hemodialysis.

Sofosbuvir a nucleotide NS5B polymerase inhibitor and [196] ledipasvir, an 
NS5A inhibitor for the treatment of hepatitis C genotypes 1, 4, 5, and 6 infections is 
effective. A meta-analysis showed no additional benefit when ribavirin was added to 
sofosbuvir/ledipasvir for the treatment genotype 1 infection [199].

Dasabuvir is a non-nucleoside NS5B polymerase inhibitor, which binds to the 
palm domain of NS5B preventing the elongation of HCV RNA, used in 
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combination with paritaprevir/ritonavir-ombitasvir with or without ribavirin for the 
treatment of hepatitis C genotype 1 infection with or without cirrhosis but, in the 
compensated state (Child–Pugh A).

The guidelines to treat chronic hepatitis C are updated regularly by the collabora-
tion of the American Association for the Study of Liver Disease (AASLD) and the 
Infectious Diseases Society of America (IDSA), and they will not be reviewed in 
this chapter. The reader is referred to the AASLD-IDSA HCV guidance website 
(www.HCVGuidelines.org), where indication to test for resistance and treatment 
duration is provided [200]. In general, in preparation for treatment, factors to con-
sider are viral load, genotype, degree of fibrosis, presence or absence of cirrhosis in 
compensated versus decompensated state, prior treatment, and drug interactions. At 
present, current illicit drug use is not a contraindication for the treatment of chronic 
HCV [172]. The SVR rates between patients who use drugs during treatment versus 
those who do not use tend to be similar. Furthermore, the probability of transmitting 
HCV from patients being treated for HCV to other individuals, especially if drug 
paraphernalia is shared, decreases, although patients must be informed of the risk of 
reinfection by usual transmission modes after successful treatment of chronic HCV.

Hepatitis B reactivation can occur in patients treated with DAA for chronic HCV. A 
retrospective study that included 62,920 subjects who had been treated for HCV with 
this type of medications documented that nine had evidence of HBV reactivation dur-
ing treatment; of these, eight were HBsAg positive, and one was hepatitis B anti-core 
positive. Seventeen other patients had some increases in serum HBV DNA concentra-
tions not sufficiently high to meet the definition of reactivation as per the study (i.e., 
HBV >1000 IU/mL or HBsAg detection in a person who was previously negative), 
and only three of the nine had an increase in ALT twice the upper limit of normal 
[201]. These results suggested that the probability of major flares is low; however, it 
is recommended that patients coinfected with HBV be treated to suppression prior to 
HCV treatment with DAA and that all patients be screened for hepatitis B virus infec-
tion prior to initiation of therapy; it is recommended in patients who have hepatitis B 
anti-core in serum, to check concentrations of HBV DNA. Post treatment follow up is 
also recommended to determine if flares occur overtime.

Improvement of quality of life measures has been documented in patients who 
have exhibited an SVR in association with antiviral therapy [202]. Specifically, at 
baseline (i.e., before antiviral therapy), patients with chronic hepatitis C showed 
impairment in several functions of the short form (SF)-36 questionnaire including 
physical function, general health, vitality, and social function, in contrast to a con-
trol group of subjects; in association with SVR post treatment, there was docu-
mented improvement in health stress, vitality, and social functioning [90], findings 
generally supported in combined analyses of clinical studies [203]. In addition, anti-
viral therapy in association with SVR has been reported to decrease cirrhosis pro-
gression, deter the development of liver disease complications, and improve survival 
[204]. Generalized pain and manifestations of sicca syndrome associated with 
chronic hepatitis C virus infection, measured by the Health-Related Quality of Life 
(HRQOL), have also been documented to decrease in association with SVR [90].
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 Treatment of Conditions Associated with Chronic Hepatitis C

 Cryoglobulinemia

There is some reported experience on the effect of direct-acting antiviral (DAA) 
drugs on cryoglobulinemic vasculitis with encouraging results, i.e., eradication of 
the virus is associated with a reduction of cryoglobulins and increase in C4 levels, 
and a substantial decrease in the vasculitis complications [205]. In patients with 
serious complications of vasculitis, including glomerulonephritis, peripheral neu-
ropathy, and chronic skin ulcers, rituximab may be considered. Rituximab is a 
chimeric monoclonal antibody against the CD20 antigen expressed on pre-B cells 
and mature lymphocytes. It is also expressed by the cells expanded and activated 
in patients with cryoglobulinemic vasculitis. High-dose pulsed glucocorticoid 
therapy may be useful in severe conditions and can be considered in combination 
with rituximab; the chronic use of low or medium doses of glucocorticoids has not 
been supported [206]. Apheresis was recommended for the treatment of complica-
tions from severe hyperviscosity syndrome [206]. The addition of cyclophospha-
mide to apheresis has been proposed, although the experience is minimal [206]. 
Colchicine was reported as a therapeutic option, but the reported experience is 
also limited [206].

A prospective 15-year study has offered the opportunity to document the natu-
ral history of patients with chronic hepatitis C and cryoglobulinemia. Nine hun-
dred fifty patients with chronic hepatitis C, 246 (25.8%) of whom had mixed 
cryoglobulinemia, and 184 of these (74%) cryoglobulinemia syndrome were 
included; 141 patients with cryoglobulinemia syndrome and 601 without mixed 
cryoglobulinemia completed the study, which was from 1990 to 2010. None of the 
patients had a spontaneous clearance of cryoglobulins. A switch from type II to 
type III cryoglobulinemia was documented in 1.6% at a rate of 0.08% per year. 
The 15-year probability of developing cirrhosis was significantly higher in patients 
without mixed cryoglobulinemia, 24.9%, than in patients with cryoglobulinemia 
syndrome, 14.2%, and the risk of developing hepatocellular carcinoma was also 
significantly different, 20.3% in patients without mixed cryoglobulinemia and 
7.5% with cryoglobulinemia syndrome. Renal insufficiency, neuropathies, and B 
cell non-Hodgkin lymphoma were developed significantly more frequently in 
patients with cryoglobulinemia syndrome, 32.6, 31.2, and 15%, respectively; in 
those without mixed cryoglobulinemia, the rate of developing the complications 
reported was less than 10%. Antiviral therapy with interferon and ribavirin was 
associated with a sustained virological response, defined as the absence of serum 
hepatitis C RNA 6 months after treatment and associated with improved progno-
sis [176], was 44% in patients with cryoglobulinemia syndrome, and 53% in 
patients without mixed cryoglobulinemia. The 15-year survival rate was 70% for 
both groups, despite the complications reported to be more common in patients 
with cryoglobulinemia syndrome [131].
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 Porphyria Cutanea Tarda

The treatment of porphyria cutanea tarda (PCT) includes avoiding the sun and other 
known triggers of expression, including alcohol, cigarette smoking, and estrogen 
exposure, and removal of iron, and anti-malarial medications that remove tissue 
porphyrins. The published experience of the treatment of patients with PCT in asso-
ciation with chronic hepatitis C is minimal and inconsistent, with reports document-
ing response [141, 207, 208] or lack of it [209] to antiviral therapy with interferon 
and ribavirin. In addition, reports document the development of PCT after this type 
of antiviral therapy [210, 211]. The literature on treatment with DAA in patients 
with HCV and PCT is limited; in a series of 12 patients, two patients had PCT and, 
on therapy with DAA, one experienced a reduction of plasma porphyrins, and the 
other its disappearance, at the end of treatment [212].

 Nephropathy

The treatment goal of hepatitis C associated glomerulopathies is to eradicate the 
virus by antiviral therapy; however, there are limited data on the success of this 
approach. In patients with rapidly progressing renal disease, steroids, immunosup-
pressors, plasmapheresis, and monoclonal antibody rituximab are recom-
mended [150].

 Xerostomia and Xerophthalmia

Therapy of primary Sjogren’s syndrome with interferon has been reported to be 
associated with improvement in glandular function [213]. A study published in 
French reported improvement of sicca symptoms in patients with chronic hepatitis 
C treated and cured with interferon and ribavirin. Specific reports on the effect of 
DAAs on this complication of chronic hepatitis C were not found.

 Lichen Planus

The therapy of lichen planus has been corticosteroids and other various immuno-
suppressants orally or topically, depending on the location, and phototherapy [162]. 
Antiviral therapy with interferon alone or with ribavirin in patients with chronic 
hepatitis C has been associated with worsening of lichen planus [214, 215]. 
Improvement of symptoms secondary to oral lichen planus has been associated with 
treatment with DAAs [216, 217].
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 Liver Transplantation

Liver disease from chronic hepatitis C is a common indication for liver transplanta-
tion in Europe and the United States (www.unos.org); however, infection of the 
graft happens in all the patients [218, 219] and which has been calculated to prog-
ress to cirrhosis within 5–10  years post transplantation [220]. Graft infection is 
associated with graft loss and the need for retransplant [219, 220]. Ballooning 
degeneration and hyperbilirubinemia are histological and clinical features that pre-
dict the development of cirrhosis in the transplanted liver in patients with recurrent 
hepatitis C [221]. Fibrosing cholestatic hepatitis is a particularly aggressive type of 
liver injury associated with recurrent hepatitis C that leads to graft loss in months 
after its presentation, which is characterized by marked hyperbilirubinemia [222, 
223]. Post transplant immunosuppression is one of the factors contributing to the 
recurrence of HCV infection in the graft and the rapid progression to fibrosis and 
cirrhosis [222]. It has been reported that the administration of corticosteroid boluses 
and anti-lymphocyte antibodies to treat rejection are associated with increased 
severity of liver disease upon viral recurrence and that relatively low doses of ste-
roids and their slow tapering, and the absence of steroids in pharmacological main-
tenance regimens are associated with a decrease in disease progression [219, 224]; 
however, hard conclusions have not been derived.

A retrospective study that included 39 patients who had undergone liver trans-
plantation between 1991 to 1999 and who had cirrhosis post liver transplantation 
documented that 18 had one episode of decompensation within a median of 
7.8 months after the operation with 93% of patients developing ascites [220]. The 
variables associated with decompensation, retransplantation, or death have been 
reported to be a Child–Pugh class B or C, serum albumin lower than 3.5 g, presence 
of cirrhosis within 15.3 (range 3.7–46.1) months from the operation, high serum 
cyclosporine levels at the time of the diagnosis of cirrhosis, and hepatic venous 
pressure gradient (HVPG) ≥10 mmHg [220, 225]. The cumulative probability for 
decompensation, and graft and patient survival at 1 year was 42%, 71%, and 74%, 
respectively [220], and significantly lower than that of patients who have not under-
gone liver transplantation [220, 224]. In association with sustained virological 
response, antiviral therapy has been reported to deter the progression of liver dis-
ease in graft viral hepatitis C [226]. SVR rates in the post transplant setting had been 
relatively low, but, have improved in association with treatment with DAA [227].

A systematic review and meta-analysis from studies published on the subject of 
treatment of chronic HCV post recurrence in liver transplant patients with genotype 
1 and that included 885 patients documented an overall pooled estimate proportion 
of SVR12 as 93% (95% CI: 0.89, 0.96) with moderate heterogeneity identified 
(τ2 = 0.01, P < 0.01, I2 = 75%). The highest pooled estimate SVR12 proportion was 
for sofosbuvir/ledipasvir, followed by paritaprevir/ritonavir/ombitasvir/dasabuvir, 
daclatasvir/simeprevir ± ribavirin, sofosbuvir/simeprevir ± RBV, and asunaprevir/
daclatasvir. The METAVIR is an algorithm for the grading of activity in chronic 
hepatitis C [75]. The pools of patients with METAVIR stages F0 to F2 tended to 
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show a higher proportion of SVR12, 97% (95% CI: 0.93, 0.99) versus 85% (95% 
CI: 0.79, 0.90) for stages F3-F4 (P < 0.01); the use of ribavirin was not associated 
with any significant differences in outcome. These data suggested that DAAs are 
well tolerated and efficacious in treating recurrent HCV post liver transplantation 
[228]. The use of DAA in the post transplant setting continues to evolve.

Patients with chronic hepatitis C should be evaluated for treatment, and moni-
tored for disease progression, including the development of hepatocellular carci-
noma; in cases of fibrosis stages 3 to 4, or documented cirrhosis, surveillance for 
HCV should continue regardless of HCV cure, as patients remain at risk for 
HCC. Vaccination against viral hepatitis A and B is recommended.
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Chapter 7
Chronic Hepatitis B

Nora V. Bergasa

A 43-year-old woman had been diagnosed with chronic hepatitis B virus infection, 
e antigen negative, e antibody positive associated with serum hepatitis B viral DNA 
greater than 20,000 IU/ml, and abnormal serum activity of alanine aminotransferase 
(ALT) at diagnosis. Serology for delta hepatitis was negative. The patient was born 
in the Dominican Republic. She did not have any risk factors for viral hepatitis or 
comorbidities. Her physical examination was notable for the absence of stigmata of 
chronic liver disease. Her ALT was normal, and HBV DNA was undetected, and her 
liver sonogram was normal. She had been started on lamivudine, changed to adefo-
vir, and subsequently to tenofovir when approved for the treatment of chronic hepa-
titis B, all of which had been associated with viral suppression and normal liver 
panel but not with seroconversion to anti-HBs or loss of surface antigen. After 
8 years of treatment, her antiviral medication (i.e., tenofovir) was discontinued, and 
the patient followed for any signs of hepatitis flares, which she did not exhibit. Four 
years after discontinuation of therapy, the patient lost surface antigen and developed 
anti-HBs 6 months later, which she has had for 3 years.

 Etiology of Chronic Hepatitis B: Hepatitis B Virus

The hepatitis B virus is a DNA virus that belongs to the Hepadnaviridae family. The 
identification of the virus was reported as A “New” Antigen in Leukemia Sera in 
1965 [1]. The circulating viral particles of the hepatitis B virus have a common 
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protein in their surface, the hepatitis B surface antigen (HBsAg), against which 
neutralizing antibodies are generated. The viral particles circulate in different forms; 
the largest is the Dane particle, a double shelled structure of 42–47 nm, which is the 
infectious virion, a 20 nm sphere, the most abundant of the particles by thousands 
of units, and a 20 nm filament of variable length. Inside the envelope of the Dane 
particle is the core, mostly comprised of C protein, also known as core antigen; 
within the core is the viral DNA and a polymerase activity. The other particles are 
composed of HBsAg only and are not infectious because they lack nucleic acid; 
however, they stimulate a robust immunological response associated with the devel-
opment of hepatitis B surface antibody, anti-HBs. This response is not sufficient, 
nevertheless, to prevent the progression of chronic infection, as it is believed that it 
allows the virion to escape from the host’s antibody, which seems to be adsorbed by 
the most abundant particles.

The HBV has in its inner icosahedral core its DNA as a relaxed circular (RC) 
partially double stranded structure of approximately 3200 base pairs and is charac-
terized by asymmetric DNA strands, the negative strand being of unit length, cova-
lently bound to P protein at its 5′ end, and the positive strand being of less than unit 
length, capped at its 5′ end; each 5′ end maps to an 11 nucleotide long region of 
direct repeats (DRs) in viral DNA, which is involved in the priming of the synthesis 
of their RNA, DR1 for the negative and DR2 for the positive strands. The gap left 
by the less than one unit of the positive strand is filled by a polymerase activity 
primed by the 3′ end of the positive strand to synthesize over the negative strand; the 
product produced, thus, is entirely of positive polarity [2].

The genome of the hepatitis B virus is comprised of four open reading frames 
(ORFs): (1) ORF P encodes the viral polymerase and the terminal protein of the 
negative strand, (2) ORF C (core) encodes the structural protein of the nucleocapsid 
and another pre-core sequence that contains a signal peptide that allows for translo-
cation into the endoplasmic reticulum; the initiator codon of the pre C region is in 
the 5′ terminally extended precore RNA and produces a precore precursor protein, 
the HBeAg, which does not participate in replication, and that is independently 
secreted, (3) ORF S/preS encodes three cocarboxyterminal HBV (HBs) proteins, 
large (L), or pre-S1, middle (M) or pre-S2 (M) and small (S), and (4) ORF X, which 
encodes for the X protein [2–5]. The surface proteins are surrounded by a lipid 
membrane rich in cholesterol, derived from the endoplasmic reticulum. The capac-
ity of replication is extended in this virus by the overlaps of its ORF, which are the 
partial overlap of the polymerase with the precore/core and X-ORF and the com-
plete overlap with the surface proteins.

The HBV enters the hepatocyte after making contact with the sodium taurocho-
late cotransporting polypeptide (NTCP) receptor [6] for which it has high affinity 
and with the heparan-sulfate proteoglycans for which it has a low affinity. It was 
recently reported that epidermal growth factor receptor (EGFR) is a host-entry 
cofactor to NTCP in the internalization of the HBV [7]. It enters the cytoplasm via 
endocytosis [8], and it is actively transported via microtubules to the nucleus, which 
the virus enters via the nuclear pore, where the capsid disintegrates to enter the 
nucleus as polymers and dimers [8]. The partially double stranded DNA is released 
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into the karyoplasm, where it is converted to covalently closed circular DNA 
(cccDNA) that accumulates in the hepatocyte in association with histone and non-
histone viral and cellular proteins, considered to be a stable minichromosome [8–
11]. Several factors, although not all have been identified, have been reported to be 
involved in the process of cccDNA formation, which is maintained in the nucleus 
and functions as a template for viral replication [12]. The Pol-linked terminal redun-
dant sequence in the 5′-end of the minus strand DNA and the RNA oligonucleotide 
attached at the 5′ end of the plus strand DNA are removed from the relaxed circular 
(rc)DNA, and the gaps in both strands are filled and ligated to generate cccDNA. By 
the use of cccDNA as a template four RNAs of different lengths are transcribed, 
process regulated by preS1, preS2, core, and X, as promoters, and Enhancer I and 
Enhancer II, as enhancers, a function mediated by the host RNA polymerase II 
machinery-dependent transcription [13].

Epigenetic factors, and idiosyncrasies of the virus itself, and not only the host, 
seem to contribute to the formation of cccDNA, which have been proposed as 
potentially useful in the development of effective anti-hepatitis B virus medications 
[11]. The host RNA pol II, a nuclear enzyme, binds to the encapsidation signal epsi-
lon, an RNA structure located near the 5′ end of the pregenomic RNA. The binding 
takes place with the assistance of chaperone proteins and transcribes the cccDNA to 
all the viral RNAs that are subsequently translated in the endoplasmic reticulum to 
P, C, pre S/S, and X gene products. Viral pregenomic RNAs and the P product, the 
viral reverse transcriptase, are encapsidated within core particles in the cytoplasm 
where viral DNA synthesis is initiated [14]. First, the negative strand is synthesized 
from the template that is the pregenomic RNA, i.e., a participant in genomic replica-
tion [14], and that supports transcription by the co-packaged P protein [14, 15] in 
parallel with degradation by viral RNase H of the RNAs templates. Subsequently, 
the positive strand, which keeps the HBV polymerase active center attached to the 
variable 3′ end of the DNA product, is synthesized. The process of HBV replication 
occurs in the cytoplasm; however, newly formed core particles enter the nucleus 
from the cytoplasm, allowing for the availability of cccDNA for further replication 
within the infected cells [14, 15].

After the synthesis of genomic DNA is completed, the newly formed cores bud 
onto the membranes of the endoplasmic reticulum or Golgi apparatus to acquire the 
glycoprotein envelope, and in this form, they are secreted by the hepatocyte via cel-
lular transport mechanisms [16, 17]. The budding process of the HBV virion, cru-
cial in the manner in which the virus exits the hepatocyte, has not been completely 
elucidated; however, it is reported to be mediated by the L-like domain (PPAY) 
expressed on the HBV core, which may bind to the recruitment of the endosomal- 
sorting- complex-required-for-transport (ESCRT) system or by the use of cellular 
proteins including Nedd4 and gamma-adaptin [18].

HBV is a noncytopathic virus that causes liver disease in acute infections as 
acute hepatitis and fulminant liver failure, and that can proceed to chronic viral 
hepatitis, cirrhosis, and its complications, including liver failure and hepatocellular 
carcinoma [19, 20]. Acute hepatitis B is associated with an immune-mediated reso-
lution with the development of antibodies, including hepatitis e antibody 

7 Chronic Hepatitis B



206

(anti- HBe), anti-core antibody, IgM in the acute phase, and IgG reflective of prior 
infection (anti-HB core). The mode in which the HBV infects the hepatocyte seems 
to evade the immune system by its cryptic navigation through the cytoplasm and 
installation in the nucleus, where it remains as cccDNA, a perpetuator of viral rep-
lication and chronicity.

 Genetics

The response of the host’s immune system and characteristics of the virus contribute 
to the natural history of this infection, i.e., acute followed by resolution, or acute 
followed by chronicity. Studies conducted in chimpanzees revealed that early infec-
tion with HBV was not associated with the induction of genes and their products 
from the innate immune system associated with antiviral effects. This tepid response 
has also been reported in human beings. In contrast to a control group of patients 
with acute hepatitis A, patients with acute hepatitis B exhibited minimal measurable 
concentrations of  interferon (IFN)-α during the incubation phase [21], peak and 
decline of viral replication, and activity of ALT, as a marker of liver inflammation, 
and significantly higher serum concentrations of interleukin-15 (IL-15), an inducer 
of natural killer (NK) cells effector function [22]. In addition, the concentration of 
interferon gamma-1 was substantially higher in the group of patients with acute 
hepatitis A [21]. IFN-λ1 was reported as induced by HVB infection, not higher than 
in samples from healthy controls, and in fact, suppressed at the peak of viremia; this 
finding was in contrast to the results found in a group of patients with acute hepatitis 
A in which the concentration of both types of interferon was significantly increased 
[21]. Several potential pathways through which the HBV may interfere with inter-
feron production have been suggested from in vitro studies including: (i) the inhibi-
tion of virus-triggered interferon-regulatory factor 3 and the induction of IFN-B by 
HBV protein X [23], (ii) the degradation of mitochondrial antiviral signaling 
(MAVS) protein through Lys136 ubiquitin and also by HBV protein X [24]; MAVS 
protein is part of the signal pathway stimulated by virus to induce the activation of 
NF-kappa B and of IFN regulatory factor-3 to induce the production of type I IFN, 
(iii) the inhibition of TANK-binding kinase 1 (TBK1)/IκB kinase-ε (IKKε) activity, 
by the HBV polymerase, which was reported to disturb the interaction between 
IKKε and DDX3 DEAD box RNA helicase, and which increases the activity of the 
kinases, effector kinases of interferon regulatory factor signaling [25], suggesting a 
possible pathway for the lack of interferon production in acute HBV infection [21], 
and (iv) the inhibition of activation of IFN B by the binding of HBV protein X to 
adaptor protein IPS-1. It was also documented that markers of natural killer (NK) 
cell activation, CD69 on the CD3 − CD56+ subset, examined ex vivo, revealed that 
in acute hepatitis B, the highest degree of NK activation was at the peak of ALT 
activity, as HBV DNA serum concentration was decreasing, and it was significantly 
lower at all stages of the acute infection, as compared to the healthy control group. 
Furthermore, stimulation of NK cells from patients with acute HBV infection 
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exhibited a decrease in the production of IFN gamma and alpha, cytokines with 
antiviral properties, which tended to increase as viremia declined. As it relates to 
NK cells, their state of activation seems to vary according to the phase of the chronic 
viral infection, i.e., immune active vs. immune tolerant as it has been reported that 
activated NK exhibiting a cytolytic profile have been identified in patients with 
immunologically active disease, although not in association with IFN-gamma pro-
duction, and higher liver expression of interleukin (IL)-12, IL-15, and IL-18, and 
lower expression of IL-10, a cytokine that can activate and induce degranulation of 
NK cells in normal control subjects; also, liver NK cells were documented to exhibit 
increased cytolytic activity as compared to peripheral NK cells, finding that corre-
lated with liver inflammation and activity of serum ALT. These findings, consistent 
with cell activation, were not documented in the liver of patients who were in the 
immune tolerant phase or in healthy control subjects [26], suggesting that NK cells 
contribute to the inflammatory response of the liver to infection with the HBV in 
active immunological phase [26]. Furthermore, a correlation between chronic hepa-
titis B flares with fluctuations of IL-8, IFN-alpha, and NK cell expression of tumor 
necrosis factor-related apoptosis-inducing ligand (TRAIL) in an ex vivo experiment 
was documented; in addition, abundant activated TRAIL-expressing NK cells and 
hepatocytes expressing TRAIL death-inducing receptor in situ were reported, as 
well as NK activation in response to interferon alpha in vitro. These findings were 
interpreted to suggest that NK cells activated by cytokines produced during the 
acute exposure contribute to the liver inflammation in response to HBV infection 
[27]. Divergent from the cytokines that stimulate innate immunity was the docu-
mented behavior of IL-10, a cytokine that suppresses the innate immune response, 
the concentration of which was reported as highest at the time of maximal viral 
replication, as defined in this study [21]; in addition, HBV-specific CD4 and CD8 
T-cell responses were also ameliorated at the time of high serum HBV DNA and 
recovered after the resolution of the infection [21]. These findings were supported 
by a study that examined the serum cytokine profile in the acute phase of HBV 
infection, which, in contrast to HIV, was not associated with an increase in serum 
concentrations of cytokines, including IFN alpha and IL-15 [28]. These data were 
interpreted to suggest that the vigorous response to HIV may result in loss of T 
cells, state that would contribute to chronicity, in contrast to the acute HBV infec-
tion, which, in the majority of adult subjects, is associated with antibody response 
and resolution. In the context of a limited response of the innate immune system, it 
was reported that acute HBV infection was associated with a transient and strong 
production of IL-6 by liver macrophages. IL-6 inhibits the expression of hepatocyte 
nuclear factor 1 alpha and HNF 4 alpha, which stimulate HBV replication, thus 
helping to control the infection, in the absence of a strong inflammatory response by 
the innate immune system that would result in cell death [29].

Constituents of the HBV contribute to its evasion of the immune response, with 
HBx having been reported to interfere with the activation of type I interferons by 
HBV ds DNA [30], by inhibiting HBV mediated activation of IFN-regulatory fac-
tor- 3 (IRF3) [23]. The RNA helicase enzyme retinoic acid-inducible gene I (RIG-I) 
functions as a pattern recognition receptor for short viri; the interaction of RIG-I 
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with unanchored lysine-63 (K63) polyubiquitin chains activates the mitochondrial 
protein MAVS [31]. Virus infection is associated with conformational changes in 
MAVS, which lead to what has been defined as prion-like aggregates that trigger the 
production of interferon regulatory factor (IRF) 3 and NF-κB to induce type I inter-
ferons as an antiviral defense mechanism [31]. It was reported from in-vitro studies 
that HBV protein X promoted the degradation of MAVS, preventing the induction 
of IFN-β, a mechanism by which the virus could contribute to a reduced antiviral 
response in association with HBV infection [24]. HBV polymerase has also been 
implicated in the evasion of the immune system by the virus. DDX3 DEAD box 
RNA helicase increases the activity of the IRF effector kinases, TANK-binding 
kinase 1 (TBK1)/IkappaB kinase-epsilon (IKKepsilon). It was reported that the 
HVB polymerase inhibited these kinases by interfering with the interaction between 
IKKepsilon and DDX3 DEAD box RNA helicase [25].

Interference with toll-like receptor-mediated immunity by HBV was also 
reported from in vitro studies, suggesting another mechanism by which the virus 
itself may curtail the immune response to this viral infection [32]. In samples from 
patients with chronic hepatitis B e antigen positive, the expression of TLR2 on 
hepatocytes, Kupffer cells, and peripheral monocytes was significantly decreased 
compared to that from control subjects and patients with e antigen negative disease. 
Also, the production of TNF-alpha and the expression of the phospho-p-38 kinase 
in the samples from e antigen positive patients were reduced, in contrast to the e 
antigen negative group, which expressed upregulation of the TLR-2 pathway and 
increased TNF- alpha production [33].

Studies in the early phases after inoculation with HBV virus have provided infor-
mation from which how the immune system handles the virus at the first encounter 
can be inferred [34, 35]. Adaptive immune responses to acute HBV infection and 
significant decreases in viral replication, as assessed by serum HBV DNA, have 
been documented to occur during the incubation period before the demonstration of 
liver injury [34]. Specific responses mediated by CD-4+ and CD-8+ cells have been 
reported in acute HBV infection [35]. Time ex-vivo studies in acute HBV infection 
have documented that the maximal activity of NK and NT, a subgroup of T cells that 
co-express an αβ T cell receptor (TCR) as well as NK cell markers [36], is exhibited 
at the peak of HBV DNA, and that of CD4 and CD8 when the viral load has 
decreased, and innate immune responses are down [35]. High proportions of NK 
cells in peripheral blood have also been documented early in the incubation period, 
decreasing in number in association with a decrease in serum HBV DNA in a study 
that included patients whose infection source and date were known [34]. Serum 
analysis at different time points of the immunological response in two patients with 
acute HBV infections exhibited evidence of activation, including expression of 
CD69 and NKG2D, on the surface of CD56+CD3− NK and CD56+CD3+ NT cells, 
within the first 2  weeks of surface antigen detection. NK cytotoxic activity was 
documented to peak at the zenith of HBV replication, measured as serum HBV 
DNA; serum IFN gamma production displayed a picture similar to cytotoxicity.

In contrast to the behavior of markers of the innate response, the production of 
IFN-gamma by HBV-specific T cells peaked when HBV DNA was not detectable, 

N. V. Bergasa

http://en.wikipedia.org/wiki/T_cell
http://en.wikipedia.org/wiki/T_cell_receptor


209

and it was mostly contributed by CD8+ T cells. HBV specific CD8+ cells have also 
been documented in peripheral blood several weeks prior to clinical hepatitis [34]. 
By intracellular cytokine staining, the maximum expression of IL-2, documented in 
CD4+ and CD8+ cells, was reported prior to that of IFN-gamma; this was inter-
preted to suggest that early IL2 production may be fundamental for resolution of 
HBV infection. The expression of IL-4 and IL-10 by CD4+ was detected from the 
initial phase to a peak documented at the decline of IL-2, and as anti-HBs was found 
in serum. It was also reported that the earliest production of IFN gamma was stimu-
lated by HBeAg, and the strongest was by the core protein, at the time of viral load; 
this observation has suggested an association between specific T cell responses to 
the core protein and resolution of the viral infection [35, 37].

Activated professional antigen presenting cells that result from the priming of 
CD4+ T cells induces an appropriate antiviral CD8+ cytotoxic T lymphocyte 
response that leads to resolution of the acute viral infection. In this regard, it was 
reported that peripheral mononuclear cells (PMNC) from patients who had self- 
limited HBV hepatitis infection exhibited a response to the hepatitis B core Ag and 
HBeAg that was stronger than that from patients who developed chronic infection. 
In addition, a detectable lymphocyte response to antigen nucleocapsid that was 
associated with clearance of hepatitis e antigen was stronger in patients who cleared 
the infection than in those who developed chronic disease, in which it was undetect-
able or limited. These results have suggested that a robust immunological response 
is fundamental for the resolution of the acute HBV infection [37].

T regulatory cells, CD4+CD25+ Treg, have also been proposed to contribute to 
the fate of HBV infection in a host to resolution or chronicity [38]. This type of cell 
was found in high proportion in peripheral blood, correlating with serum concentra-
tion of HBV DNA, and as components of the lymphocytic inflammatory infiltrate, 
as were FoxP3(+)-cells in patients with chronic hepatitis B as compared to control 
samples. In addition, peripheral and hepatic CD4+CD25+ regulatory T cells also 
influence the antiviral immune response and disease progression in patients with 
hepatitis B. A significant increase in CD4+CD25+ Treg, which correlated with viral 
load, in both cell pools was documented in what was characterized as severe chronic 
hepatitis B, with a marked increase in FoxP3(+)-cell and inflammatory infiltrate. 
Acute hepatitis B infection was characterized by an increase in the proportion of 
CD4+CD25+ Treg frequency. In addition, depletion of CD4+CD25+ Treg was asso-
ciated with an increase in IFN-gamma by  peripheral blood mononuclear cells 
(PBMN) cells that had been stimulated by HBV Ag. Also, the CD4+CD25+ Treg 
suppressed proliferation of autologous PBMC, expected from stimulation by HBs 
Ag. These findings suggested the generation of HBV-Ag-specific Treg in the periph-
ery and liver tissue of patients with HBV infection [38].

A strong CD4+ response in acute HVB infection and the size of the viral inocu-
lum contribute to the outcome of HBV infection [39]. Clearance was heralded by 
early CD4+ T-cell priming either before or at the onset of detectable viral spread. It 
coincided with a sharply synchronized influx of HBV-specific CD8+ T cells into the 
liver and a corresponding increase in intrahepatic CD8 mRNA, serum ALT activity, 
and histological evidence of acute viral hepatitis. In a primate model of HBV 
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infection in which the percentage of infected hepatocytes was examined, it was 
demonstrated that inoculation with different concentrations of HBV DNA was asso-
ciated with extreme differences in the percentage of cells infected, duration and 
clearance of infection, and different degrees of liver inflammation. Clearance of the 
virus was associated with priming of CD4+ and detection of HBV specific CD8+ T 
cells with histological evidence of hepatitis. The depletion of CD4+ cells prior to 
inoculation was associated with infection of 100% of hepatocytes, persistent inflam-
mation, and persistent infection [39]. In support of the role of CD8+ in the clearance 
of HBV infection are the findings from studies in human beings with HBV infection 
where a high number of intrahepatic HBV-specific CD8 cells were documented in 
the absence of inflammation; however, virus specific cells, although in a similar 
number, were dispersed in a rich inflammatory infiltrate. Suppression of viral repli-
cation was associated with a circulating pool of CD8(+), not detected in patients 
with high viremia and inflammation, with the ability to expand upon recognition of 
the virus. These findings were interpreted to suggest that an effective HBV-specific 
response can be independent from liver injury. In the absence of a specific CD8 
response able to control virus replication, a CD8 mediated recruitment of non-virus 
specific cells can contribute to the liver pathology [40].

As a robust response of CD4+ T cells is important in the resolution of HBV 
infection, a role of MHCII, which presents antigens to this type of cells, has been 
considered important in the course of the hepatitis. In this context, in a group of 
children and adult black subjects from Gambia, the class II allele HLA-DRB1*1302 
was reported significantly more frequently in individuals who resolved the infection 
than in those who did not [41]. In Caucasian subjects from Europe, the class II allele 
HLA-DRB1*1301-02 was found in 5.7% of those with chronic hepatitis B, signifi-
cantly lower than in the control group, and in 33.3% of subjects who cleared the 
virus, significantly higher than in subjects with chronic infection, suggesting that 
this allele offers protection against chronicity [42]. In patients from Korea, 
HLA-DR6 was reported in 28.4% of patients who had resolved an acute HBV infec-
tion, which was significantly higher than the 9.6% in subjects with chronic disease. 
Also, HLA-DR9 was significantly higher in patients with chronic infection than in 
those who cleared it. In addition, HLA-DR13 was associated with an increase in the 
HBV resolution of infection [43]. In a group of patients from Qatar, it was reported 
that HLA-DR7 was relatively common in patients with chronic infection, whereas 
HLA-DR2 was relatively uncommon [44]. From a study conducted in military per-
sonnel in China, it was reported that the frequency of the HLA-DRB1*0301, HLA- 
DQA1*0501, and HLA-DQB1*0301 alleles was significantly higher in patients 
with chronic hepatitis B, 35.58%, 25.96%, and 35.58%, respectively, compared to 
that in a control group of subjects in which it was 18.87%, 13.68%, and 18.87%, 
which has suggested that those alleles predisposed to chronicity. In contrast, the 
frequency HLA-DRB1*1101/1104 and HLA-DQA1*0301 was 0.96% and 14.42%, 
both significantly lower in patients with chronic hepatitis B than that of the control 
group in which it was 13.33% and 30%, respectively, suggesting that these alleles 
may offer some protection from chronicity of the viral infection [45]. These series 
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of studies covering different racial and possibly ethnic groups have suggested that 
the host’s MHC II composition has an impact on how it responds to the acute viral 
infection and identifies a genetic vulnerability for its chronicity.

Genetic polymorphisms in cytokines that contribute to endogenous antiviral 
mechanisms, including TNF-alpha, have also been identified as contributors to 
chronicity [46–50]; these reports, however, have been inconsistent in the identifica-
tion of common characteristics in different ethnic groups, which is not unexpected 
because of genetic heterogeneity. A meta-analysis that included 12 studies that 
added up to 2754 patients with chronic HBV infection and 1630 subjects who had 
cleared the virus documented polymorphisms −863 A and − 308 G in the promoter 
region of TNF-alpha, which is important for the optimal expression of this cytokine, 
in individuals with chronic viral infection [51]. In contrast to chronicity, IFN I, 
IFN-AR2 receptor genes, and IL-10RB gene, localized to chromosome 21q22, were 
reported in association with HBV infection clearance in patients from Gambia 
where this infection is prevalent [52].

The use of  genome-wide association studies (GWAS) has also identified 
variants in the HLA-DP locus in patients with chronic HBV infection in Asia. 
HLA-DPA1(*)0202-DPB1(*)0501, HLA- DPA1(*)0202-DPB1(*)0301, and HLA-
DPB1*09:01 were reported as haplotypes in association with chronicity, and HLA-
DPA1(*)0103-DPB1(*)0402, HLA- DPA1(*)0103-DPB1(*)0401, DPB1*02∶01 as 
haplotypes protective of chronic infection [52, 53].

Characteristics of the virus itself, including genotype and genomic mutations, 
have also been identified as determinants of the natural history of the HBV infection 
[54]. Infection with HBV genotypes A and D has been reported in association with 
chronicity, in contrast to that with B and C, findings that may relate to the virus’s 
geographic distribution. In Japan, where genotypes A, B, and C are prevalent, acute 
infection with hepatitis B genotype A, was reported to be associated with chronic 
infection [55–57], reported as 23% in one study [56] and 1%, for subtype Ae in 
another study [55]. Spontaneous e antigen seroconversion, i.e., e antigen loss and 
development of anti e antibodies, has been reported more frequently in patients 
infected with genotypes A and B, being delayed, when it happens, with C and D 
genotype infections [58]. Mutations in the B hepatitis genome have also been 
reported to influence the natural history of the infection. Infections with viri with 
the mutation G1896A at the precore and A1762T/G1764A at the core-promoter 
regions were six and three times, respectively, more frequent in patients with fulmi-
nant hepatitis than in those with than acute self-limited hepatitis [55]. It was docu-
mented among subjects from Eastern India that HBV genotype D2 was the most 
common subgenotype in acute hepatitis B and genotype C most common in patients 
with chronic HBV. Mutations in the S, BCP/PC, and X gene were relatively low in 
acute hepatitis B compared with the case of chronic HBV infection, with A1762T 
and G1764A being the most common mutation in the BCP and most notable indica-
tors of chronicity [59]. Although these findings may be related or modified by the 
mode of transmission and temporal period of acquisition, it may reflect the virus’s 
ability to lead to persistence.
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It has been reported that men who have sex with men and drug users have a 
greater risk of developing chronic HBV virus infection than the general population. 
Possible explanations for this observation include degree of immunological func-
tion and genetic vulnerability [60]. In this regard, the HLA-DPA1 and HLA-DPB1 
genes have been associated with protection against chronic hepatitis B in an Asian 
population [52, 53, 61], and in an African population. Coding changes in two genes 
located in chromosome 21q22, the type I IFN receptor gene, IFN-AR2, and the 
IL-10RB gene, which encodes a receptor chain for IL-10-related cytokines includ-
ing the IFN-lambdas, are associated with viral clearance were identified [52]. In 
contrast, genes associated with chronicity include rs652888 on euchromatic histone- 
lysine- methyltransferase 2 (EHMT2) and rs1419881 on transcription factor 19 
(TCF19) in the HLA of chromosome 6 [62], rs3130542 at 6p21.33 (near HLA-C), 
and rs4821116 at 22q11.21  in UBE2L3 [63]. In addition, single nucleotide poly-
morphisms (SNPs) that affect the production of Mannose binding lectin, an impor-
tant component of the innate immune response, have also been found in association 
with chronic hepatitis B [64].

 Epidemiology

The Centers for Disease Control (CDC) documented that the reported cases of acute 
HBV infections ranged from 4713 in 2006 to 3218 in 2016; however, it is estimated 
that the cases of acute HBV infections are 6.5 times higher than what has been 
reported with estimated numbers of 18,800 (range 10,800–46,100) in 2011 and 
20,900 (range 11,900–51,200) in 2016 with the number of cases of chronic hepatitis 
B being 850,000–2.2 million. The deaths certified from chronic hepatitis B from 
1700 to 1800 from 2006 to 2016, with HBV infection listed as an underlying or 
contributing factor in 1715 in 2016 [65].

The World Health Organization has reported hepatitis B as the most common 
cause of death worldwide, with a shocking 4000 deaths per day [66]. However, the 
number of estimated new infections has decreased from over 18 million/year in 
1990 to 4.7 million in 2015 in association with the introduction with vaccination 
against HBV infection [67]; this is a fundamental preventive intervention that the 
health care system worldwide must provide to eradicate this viral infection. The 
global effort to eliminate hepatitis B (and C) viral infection has been divided into 
four categories: (I) policy and data: (1) plans and strategy, (2) reliable national 
epidemiological data, (3) estimates of economic burden, and (4) mandatory 
screening of donated blood, (II) prevention of transmission: (1) harm-reduction 
programs and (2) free at birth and third dose of vaccination coverage, and (III) 
screening and treatment: (1) publicly funded screening programs, and (2) hepati-
tis B treatment and availability in national essential medication lists or govern-
ment subsidized. In the USA, I (3) and III (1) and (2) are in development; the rest 
is available [66].
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 Clinical Manifestations

Signs of HBV virus infection are exhibited by an incubation period from 45 to 
120 days (more extended periods have been described), with an average of 90 days 
in human beings. Symptoms and signs, when present, include fatigue, decreased 
appetite, and jaundice and tend to appear 12 weeks after exposure, when evidence 
for infection and viral replication is fully exhibited by serology and laboratory find-
ings of acute liver injury, e.g., high serum activity of ALT and aspartate aminotrans-
ferase (AST), which may persist for 12 weeks [68].

 Extrahepatic Manifestations

Polyarteritis nodosa (PAN) is a type of necrotizing vasculitis that affects middle size 
arteries. It is reported to be associated with HBV infection in a third of the patients. 
The pathogenesis of polyarteritis nodosa is considered to be from the deposition of 
immune-complexes in association with HBsAg in the renal lesions. From a large 
retrospective study in France that comprised 150 patients, it was documented that 
seroconversion to e antibody was higher when antiviral therapy, which included 
interferon and ribavirin, was added to cyclophosphamide and plasmapheresis. It 
was also associated with complete remission, after which relapses were uncommon 
after seroconversion. Antineutrophil cytoplasmic antibodies (ANCA) were not 
detected in any of the patients. Renal disease was always associated with renal vas-
culitis, and glomerulonephritis was not [69].

Renal disease associated with HBV infection includes membranous nephropa-
thy, membranoproliferative glomerulonephritis (MPGN), and PAN (see above). The 
pathogenesis of HBV-related kidney disease concerns the deposition of HBsAg- 
antibody complexes in renal lesions and that of HBeAg in membranous nephropa-
thy. In addition, mesangial proliferative glomerulonephritis, immunoglobulin A 
(IgA) nephropathy, crescentic glomerulonephritis, focal segmental glomeruloscle-
rosis (FSGS), and minimal change disease have been reported in association with 
HBV infection [70].

Membranous nephropathy is characterized by the deposition of immune com-
plexes in the subepithelial region of the glomerular basement membrane. Proteinuria 
and nephrotic syndrome are clinical manifestations, and in adults, microscopic 
hematuria was common. In children, the condition tends to be self-limited and 
resolves in association with seroconversion from e antigen to anti e antibody; in 
adults, spontaneous resolution is not common, and the disease can progress to end 
stage renal disease [71].

MPGN associated with HBV infection manifests itself with proteinuria, hematu-
ria, renal insufficiency, and hypertension. In this condition, antigen-antibody com-
plexes are deposited in the mesangium and subendothelial space [70]. MPGN can 
be associated with hepatitis B related mixed cryoglobulinemia [72]. In addition to 
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the clinical presentation of MPGN, patients with cryoglobulinemia present with a 
purpuric rash and low serum complement and rheumatoid factor in serum. The con-
dition can progress to end stage renal disease in spite of antiviral and immunosup-
pressive therapy [72].

Extrahepatic manifestations that include Guillain Barre syndrome [73], myopa-
thies [74], and hearing loss [75] have also been reported.

 Characteristics of Chronic Hepatitis B Virus Infection

Certain serological, biochemical, and histological features that characterize chronic 
hepatitis B have been labeled as phases, immune tolerant (or low inflammatory 
phase based on the findings of specific T cell response to HVB [76]), immune 
active, and inactive (Table 7.1) [77, 78].

One of the features of chronic hepatitis B is the episodic increases in serum AST 
and ALT activities sometimes accompanied by hyperbilirubinemia, known as flares, 
which are described in Table 7.2. The flares have been generally defined as an abrupt 
increase in serum ALT activity to greater than five times the upper limit of normal 
[90] and associated with: (i) an increase in immune mediated inflammatory activity 
that includes an increase in HBcAg/HBeAg-specific precursor T cell frequencies 
[96], (ii) increased production in interferon gamma [97], increased hepatic expres-
sion of IL-2 and IFN-gamma mRNA, mostly in the increased ALT activity phase, 
with IL-4 mRNA in the decreased activity phase, findings suggestive of augmented 
liver inflammatory response by Th-1 related cytokines, and decreased inflammatory 
response by Th-2 related cytokines [98], (iii) a decline in HBcAg-specific T(reg) in 
association with an increase in HBcAg peptide-specific cytotoxic T lymphocyte 
frequencies, features interpreted to suggest that the former cells mediate the immune 
tolerant phase of the infection, and that their decline favors spontaneous flares [99], 
(iv) an increase in IL-10-producing B cells [99], (v) an increase in TRAIL mediated 
hepatocyte death by NK cells [27], high serum levels of CXCL-9 and CXCL-10 
[100], and circulating and intra-hepatic programmed cell death (PD1) levels and 
expression of its ligand PD-L1, finding interpreted to suggest that the local hepatic 
PD-L1 may contribute to the persistence of the viral infection by creating an immu-
nosuppressive environment, thus inhibiting anti-HBV T cell expansion [101] that 
could result in seroconversion from e antigen to anti e antibody status. The appear-
ance of increasing T cell responses to HBcAg/HBeAg usually occurs in the early 
phase of acute exacerbations. These findings imply that HBcAg/HBeAg-specific T 
cells play an important role in exacerbating chronic hepatitis B and HBeAg sero-
conversion. HBcAg/HBeAg-specific precursor T cell frequencies were serially 
studied in selected cases by limiting dilution assay. Elevation (two- to fourfold) of 
HBcAg/HBeAg-specific precursor T cell frequencies contributed to increased 
HBcAg/HBeAg-specific T cell proliferation during acute exacerbations (Table 7.2).
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Table 7.1 Phases of hepatitis B virus infection [77, 78]

HBV DNA 
(IU/ml)

ALT (IU/
ml)

E 
antigen 
in serum

Anti e 
antibody 
in serum Histology

Mode of 
transmission/natural 
history [79]

Immune 
tolerant 
phase

200,000 IU/
mL or 
beyond

WNL Positive Negative Minimal or no 
inflammation or 
fibrosis

• Usually 
perinatally acquired
• Long duration 
(years)
• May be associated 
with HCC at long 
term
• May change to 
immune active 
phase (usually in 
genotype C) [80, 
81]

Immune 
active 
phase

>20,000 Increased Positive Negative Inflammation 
with or without 
fibrosis

• HBV DNA may 
decrease
• Spontaneous 
seroconversion, i.e. 
loss of e Ag and 
development of anti 
e antibody
• Seroconversion 
may be associated 
with hepatitis flare, 
decreased rate of 
decompensation 
and increased 
survival [79, 82, 83]

Immune 
active

>2000 Increased Negative Positive Inflammation 
with or without 
fibrosis

• Remains in 
association with 
activity
• Changes to 
inactive phase and 
exhibits episodes of 
reactivation [79, 83, 
84]

Inactive 
phase

<2000 IU/
ml

WNL Positive Minimal or 
absent 
inflammation, 
presence of 
fibrosis that can 
decrease over 
years

• Histological 
improvement 
overtime
• HBV DNA 
remains low or not 
detectable [85–88]

HBV DNA hepatitis B deoxyribonucleic acid; ALT alanine aminotransferase; WNL within nor-
mal limits
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 Laboratory Findings and Serology

Following the incubation and prodrome, frank hepatitis with serum ALT activity 
from several hundred to low thousands, mild to modest hyperbilirubinemia, hypoal-
buminemia, and sometimes short lasting coagulopathy; there can be leukopenia 
with a predominance of lymphocytes. The hepatic panel, which most strikingly 
exhibits high serum activity of ALT, normalizes itself over approximately 12 weeks 
from the initial documented abnormality. The liver profile of patients with chronic 
hepatitis B varies in reference to the stage of the disease and it can be normal, or 
with serum activity of transaminases several times the upper limit of normal.

In the context of viral hepatitis B markers, HBsAg can be detected in the serum 
of acutely infected persons for a period of 1–9 weeks, with an average of four, and 
it is the only marker of hepatitis B detected after the initial infection; patients who 
clear the infection do not have any measurable surface antigen by 15 weeks, in gen-
eral, after the start of symptoms. HBV DNA at high concentrations, indicative of 
viral replication, is detected in serum soon after the time of infection until 15 weeks 
after such, its absence coinciding with the disappearance of HBsAg. In fifty percent 
of patients who clear the acute infection, HBV DNA and HBsAg cannot be detected 
in serum by week seven after initial clinical manifestations. HBe antigen, which 
correlates with high HBV DNA levels and is a reflection of high infectivity, is 
detected in the serum from the time of infection until approximately 14 weeks after, 
followed by the rise of anti HBe antibody, which remains present as immunological 
evidence of infection. Total and IgM anti-core antibodies rise to detectable levels 
6 weeks after infection; IgM anti-core antibody peaks at week 16 and decreases 
gradually to undetectability by week 30 post infection, whereas IgG anti-core peaks 
at week 20 and remains, usually for life, as evidence of prior infection. The window 
period is characterized by the absence of HBsAg and anti HBs; at this time, the 
presence of HBV infection can only be confirmed if anti-core antibodies are mea-
sured, highlighting the importance of the development of this assay [102] in medi-
cine and epidemiology [103, 104]. The case definition of chronic hepatitis B by the 
CDC is the absence of IgM anticore antibodies and positive HBsAg, or HBeAg, or 
hepatitis B virus DNA, including qualitative, quantitative, and genotype testing, or 
HBsAg positive or HBV DNA positive, also including qualitative, quantitative, and 
genotype testing or HBeAg positive in two occasions at least 6 months apart [105]. 
High HBV DNA in serum and the presence of HBe antigen is characteristic of 
patients who have entered the chronic phase of viral hepatitis B; the rate of serocon-
version, i.e., loss of e antigen and development of anti e antibody is 8–12% per year 
in patients who develop chronic infection. Patients with chronic hepatitis B with and 
without cirrhosis can develop hepatocellular carcinoma (HCC), as well as compli-
cations of chronic liver disease, including portal hypertension and its consequences, 
and liver failure.
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 Differential Diagnosis

Causes of acute or chronic hepatitis, including viral, autoimmune, metabolic, and 
toxic (e.g., drug-induced), must be excluded in patients who present with increased 
serum activity of transaminases, with or without hyperbilirubinemia.

 Liver Histology

The histology of acute HBV infection is similar to that of other forms of acute hepa-
titis. It is noted that in acute hepatitis B, lymphocytes and macrophages are identi-
fied in contact with infected hepatocytes, consistent with the immune mediated 
mechanism recognized to mediate HBV hepatitis. The mechanisms by which hepa-
tocellular death is mediated include rupture of ballooned hepatocytes and apoptosis, 
the latter having been defined as the most relevant [106]. The feature that character-
izes HBV infected hepatocytes is the ground-glass hepatocyte, which can be identi-
fied by its expression of HBsAg by immunohistochemistry, or by the orcein or 
Victoria blue stains. It is a feature of chronic infection as the identification of 
HBsAg, as expressed by ground-glass hepatocytes, in acute and fulminant cases is 
uncommon (Fig. 7.1) [106]. Hepatitis B core antigen is found in the cytoplasm in 
association with active inflammatory activity [106]; it is also found in the nucleus, 
where it is believed to represent empty nucleocapsids [107].

The histological diagnostic features of chronic HBV infection include marked 
hepatocellular polymorphism and what has been described as dysplastic 

Fig. 7.1 Liver histology 
from a patient with chronic 
hepatitis B and diffuse 
surface antigen hepatocyte 
expression as evidenced by 
orcein stain (arrow) (40X)
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hepatocytes [108], characterized by enlargement of hyperbasophilic nuclei and 
eosinophilic swelling of the cytoplasm of perivenular hepatocytes [107]. 
Inflammatory changes in bile ducts and lymphoid follicles are not common; when 
present, coinfection with HCV or HDV is suggested. Satellitosis, defined as single 
hepatocytes surrounded by lymphocytes, can also be found. Flares tend to affect 
zone III, i.e., pericentrally, and characterized by ballooning of hepatocytes.

 Natural History of Chronic Hepatitis B

In patients with chronic hepatitis B, spontaneous losses of hepatitis B surface anti-
gen (HBsAg) occur in 0.2–0.8% per year [109]. This event, which has been termed 
recovery phase, is associated with a decrease in fibrosis; however, HBV DNA can 
be detected in serum at a reported frequency of 21% 5 years after antigen loss. A 
study on the HBsAg seroclearance in 92 Chinese patients with chronic hepatitis B 
documented HBsAg loss at a mean age of 48.8 years [110]. Seroconversion was 
reported to be associated with a significant decrease in serum ALT activity. Clearance 
of HBsAg was documented more frequently in patients infected with genotype B 
than in those infected with genotype C. Ninety-eight percent of the patients did not 
have HBV DNA in serum, and 37% had HBV DNA in the liver, mostly in the form 
of cccDNA. Liver histology was reported as almost normal in association with sero-
clearance of HBsAg; however, there was no difference in the risk of development of 
HCC between patients with and without HBsAg seroclearance, although the age at 
which seroclearance occurred was greater in patients with HCC [110]. These results 
underscore the importance of screening for HCC in patients who have had chronic 
hepatitis B. It also highlights the fact that the recovery phase is not always associ-
ated with the absence of complications from chronic HBV infection.

In regard to patients with chronic hepatitis B, e antigen negative, anti-e positive 
serology there is a consensus that supports that a serum concentration of HBV DNA 
greater than 2000  IU/ml (greater than 104 genomic copies/ml) can be associated 
with liver injury; thus, it is the level at which a liver biopsy may be considered if 
information on liver histology is required, e.g., prior to starting therapy in patients 
with normal ALT and HBV DNA consistently documented as described above [77, 
78]. It was documented that liver inflammation and fibrosis were present in 90% of 
subjects with HBV DNA greater than 20,000 IU/ml and high serum ALT activity, in 
10% of those with HBV DNA between 2000 and 20,000 IU/ml, and in 1% of those 
with serum HBV DNA less than 2000 IU/ml [110]. A series of studies have docu-
mented a relationship between gender, age, HBV DNA, and the presence of cirrho-
sis with the development of HCC in patients with chronic HBV infection [111]. In 
28,870 subjects from Taiwan with chronic hepatitis B with a median age of 46 years 
at study entry, 4155 of whom were HBsAg-positive and 3653 had a baseline HBV 
DNA available, were followed for 11.4 years. It was documented that subjects who 
had an HBV DNA greater than 2000 IU/ml at entry and at the end of the follow-up 
period were at risk for the development of HCC. This information has contributed 

N. V. Bergasa



223

to the recommendation to screen for HCC in person at least 40 years of age with 
chronic hepatitis B [111].

Mutations in the BCP region of the HBV to A1762T and G1764A have been 
reported as independent factors that predict the development of HCC in patients 
with chronic HBV genotypes A2, B, C, and D [112]; mutations in the pre-core 
region have been inconsistently reported in association with risk for HCC, although 
they have been reported in association with active inflammation in patients who are 
in the HBe-antigen + immune active chronic hepatitis B phase (Table 7.1).

Chronic HBV infection is associated with cirrhosis and its complications and 
with HCC. From a study that comprised 1536 natives of Alaska with chronic HBV, 
41.7% of whom were HBeAg-positive and who were enrolled in a surveillance 
program for detection of HCC over a follow-up period of 12.3 years, the reported 
observed probability to clear HBeAg within 10 years of diagnosis was 72.5%, with 
7% of subjects losing HBsAg, events associated with increased age and presence of 
anti-HBe antibodies. The incidence of complications from liver disease was reported 
as 2.3 per 1000 carrier-years, and that of HCC, which was related to reversion from 
anti-HBe antibodies to e Ag positivity, as 1.9 per 1000 carrier-years, being docu-
mented as more common in men, 2.3, than in women, 1.2 [109].

Seroconversion from e antigen to its loss is an important step in the natural his-
tory of chronic HBV virus infection, as it is associated with histological improve-
ment. Seroconversion from e Ag positive to anti-HBe was reported not to be 
influenced by HBV genotype; however, sustained seroconversion was more com-
mon in patients infected with genotype A than in those infected with genotype D. In 
addition, death from complications of liver disease was significantly higher in 
patients infected with genotype F than in those infected with genotype D [113]. 
Infection with HBV genotype C was reported in association with high viral load and 
with a greater risk for development of HCC in a study comprised of 154 patients 
from Taiwan who had developed this type of cancer over 14  years of follow-up 
compared to a control group of subjects [114]. A less aggressive disease was 
reported in patients with HBV genotype B infection in a study from Japan; however, 
the long-term complications were not documented to be significantly different 
between infections from genotypes B and C [114]. However, from another study 
conducted in Taiwan, HBV infection with genotype B or C was significantly associ-
ated with the development of HCC [115]. In the presence of the G1896A variant, 
HCC was significantly more common than when the infection was associated with 
G1896 (wild type); for patients infected with a virus that had the BCP A1762T/
G1764A double mutation, the risk for HCC was also higher than that in patients 
infected with a virus that had the BCP A1762/G1764 (wild type). The highest risk 
to develop HCC was for patients infected with HBV genotype C, wild type precore 
variant and mutant for the BCP 1762/1764 variant (adjusted hazard ratio = 2.99, 
95% CI = 1.57 to 5.70, p < 0.001) [115]. In Alaska, genotype F was found in the 
majority of patients with HCC from a cohort of 47 patients with chronic HBV and 
HCC, but no association with mutations in the core promoter and precore regions 
was demonstrated [116].
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A retrospective study from the hepatology clinic in a community hospital in 
Northern Brooklyn attended by the author documented that patients with chronic 
hepatitis B came from all continents  [117]. The most common genotypes in this 
study were A, D, and E, which are the most prevalent in North America, Southern 
Europe, the Middle East, and sub-Saharan Africa [54], a reflection of the geographi-
cal areas of origin of the population that the hospital serves. The patients with high 
levels of serum HBV DNA in association with a pre-core mutation and negative 
anti-HBe antibody were infected with genotype D mostly, consistent with other 
reports [118].

The impact of HBV treatment on the natural history of the disease was examined 
in a prospective study in which 103 patients with chronic hepatitis B, with e antigen 
+ disease who had been treated with interferon alpha, were followed for a mean 
period of 50.0 (±SD) ±19.8 months. Treatment with interferon alpha was associated 
with the disappearance of HBeAg and HBV DNA in 53 of 103 (51%) patients. Of 
these, ten lost HBsAg, with estimates of a cumulative clearance at 5 years of 56% 
for HBeAg loss, and 11.6% for HBsAg, by the Kaplan-Meier analysis. These results 
were significantly different from those of the control group, which was comprised 
of 53 patients who had not been treated, and from whom seven lost HBeAg sponta-
neously at 5 years, and none of whom lost HBsAg. Of the treated patients, six died 
of liver failure, and two had a liver transplant, all of whom had remained HBeAg+. 
Eight other patients who had also maintained e Ag+ status developed complications 
of cirrhosis. Survival and survival without complications were reported to be sig-
nificantly longer in patients who had lost e Ag in association with therapy than those 
who had remained e Ag+. HBeAg loss was reported as the strongest predictor of 
survival in association with treatment. In the control group, 13 of the 53 patients 
who had remained HBeAg+ developed complications of liver disease, including 
death and liver transplantation [119].

The probability of survival at 1, 3, and 5 years was reported as 92%, 79%, and 
71%, respectively, in a group of 98 patients with cirrhosis in association with 
chronic HBV infection that was followed for a mean period of 4.3 years, with age, 
serum bilirubin concentration, and ascites independently related to survival. 
Decompensated liver disease was associated with a survival of 14% at 5 years, in 
contrast to that of patients with compensated cirrhosis of 84%. In this study, the 
presence of hepatitis B e antigen was associated with the probability of survival at 
5 years of 72% compared to 97% for patients who were e antigen negative. The 
importance of e antigen seroconversion was also confirmed, as it was associated 
with a decrease in the risk of death [120].

Indeed, studies from different geographical areas have documented the morbid-
ity and mortality risk in patients with chronic hepatitis B. From a study conducted 
in Italy, it was reported that regardless of a specific serology at the time of diagnosis, 
chronic hepatitis B, with cirrhosis and inflammatory activity as contributing factors, 
was associated with increased mortality, 5.2 times that of the general population 
[121]. From Taiwan, it was documented from a study that included 1506 patients 
with chronic HBV infection that cirrhosis, inferred by clinical and sonographic 
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changes, was a risk factor for HCC, which was identified in a group of patients after 
7 years of follow-up, with a multivariate-adjusted relative risk (RR) of 11.8 (95% 
confidence interval (CI) 3.9–35.8); the presence of e antigen and consistent increase 
in the serum activity of ALT for 6 months were identified by multivariate analysis 
as risk factors for cirrhosis [82]. In Japan, 3769 women diagnosed as carrying hepa-
titis B surface antigen during blood donation were followed from 1977 to 1985; the 
population attributable risk was estimated to be 6.5% for HCC, significantly higher 
than that found in the general population of women of the same age [122].

Most of the complications associated with chronic hepatitis B were reported in 
association with cirrhosis [123], with an estimated 5-year survival of 80% reported 
from a study that enrolled 76 patients at the time the diagnosis of cirrhosis was made 
and that were followed for 34.4 months. The annual incidence of acute exacerba-
tions, which tended to occur 2 years after enrollment, which were usually in asso-
ciation with the presence of e antigen, was reported to be 11.9%. Reactivation of 
HBV infection was the cause of the acute exacerbation in the majority of patients. 
In 30% of subjects, it was associated with seroconversion from e antigen + to anti- 
HBe, with the loss of surface antigen being uncommon. The incidence of hepatic 
decompensation, esophageal variceal bleeding, and HCC was reported as 2.3%, 
2.3%, and 2.8%, respectively. Liver failure and variceal bleeding were the cause of 
death in 9.2% of the patients [123]. Important information was provided by a mul-
ticenter European study that examined survival and prognostic factors in 366 
patients with compensated cirrhosis in association with chronic hepatitis B.  The 
study followed patients with compensated cirrhosis for a mean period of 72 months 
(6–202 months). At enrollment, 35% of the patients were HBeAg positive, serum 
HBV DNA was present in 48% of the patients in whom it was measured, and 20% 
had antibodies against the delta hepatitis virus. Eighty-four (23%) of the patients 
died, 45 of complications of liver failure, and 23 of HCC. The cumulative probabil-
ity of survival was reported as 84 and 68% at 5 and 10 years, respectively. Hepatitis 
B virus replication, evidenced by the presence of HBV DNA in serum, increased 
age, portal hypertension, as suggested by splenomegaly and hypersplenism, and 
synthetic hepatic dysfunction correlated with a decrease in survival. Absence of 
serum HBV DNA and normal activity of transaminases highly correlated with sur-
vival [124].

The incidence of cirrhosis was studied in a histological follow-up study of 105 
patients with HBsAg in serum, 59 of whom were reported to have chronic active 
hepatitis (i.e., presence of interface hepatitis, Fig. 7.2) without cirrhosis, and 46 
were reported to have no interface hepatitis at enrollment. Liver histology, reex-
amined after a mean follow-up of 3.7 years, was reported to show cirrhosis in 21 
patients (20%) 1 to 13 years after entry into the study, with a calculated annual 
incidence of 5.9%. The presence of interface hepatitis (Fig.  7.2) and bridging 
fibrosis increased the probability of cirrhosis development significantly over find-
ings of limited inflammation. Advanced age, the presence of bridging necrosis on 
histology, and active replication, as suggested by the detection of HBV DNA in 
serum, were reported as independent variables that portended poor progno-
sis [125].
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 Impact of Coinfection with HIV, HCV, and Delta Hepatitis 
Viri on the Natural History of Chronic Hepatitis B

Coinfection with the hepatitis C virus also contributes to the development of HCC 
in patients with chronic hepatitis B. In a study comprised of 231 black patients with 
HCC from South Africa, the risk for HCC was increased by 23.3 fold in those 
patients positive for HBsAg, and 6.6  in those positive for HCV, as compared to 
those without markers of viral hepatitis infection. The relative risk to develop HCC 
in patients with markers of hepatitis B and C viral infections was 82.5 [126]. A 
dominating presence of HBV infection and the contribution of coinfection with 
HCV was confirmed by a study from Gambia, West Africa, in which 216 incident 
cases of HCC and 408 control were enrolled and from which it was reported a 61% 
infection state for HBV in patients with HCC versus 16% of the control subjects, 
and 19% HCV positive serology in the HCC group versus 3% in the control group. 
The increased risk for HCC in patients with chronic hepatitis B was calculated as an 
odds ratio (OR) of 16.7, 95% CI, 9.7–28.7, and for patients with HCV infection, an 
OR of 16.7; 95% CI, 6.9–40.1, with marked increase by coinfection, with an OR of 
35.3; 95% CI, 3.9–323 [127]. Studies from Europe have confirmed the findings of 
those from Africa. Patients with chronic hepatitis B co-infected with HCV, which 
tends to be the predominant virus with associated suppression HBV DNA [128], 
and be associated with loss of HBsAg on long-term follow-up [129], tend to develop 
advanced disease and are at risk for HCC. A synergism between HBV and HCV 
infection has been reported towards the risk of development of HCC, with the odds 
ratio for this type of cancer being reported as 165 (95% CI: 81.2–374), in a meta- 
analysis of epidemiological studies that examined the combined effect of hepatitis 
B and C virus infections in causing hepatocellular carcinoma [130]. Also, fulminant 
liver failure from acute HCV has been documented in patients who are carriers for 

Fig. 7.2 Liver histology 
exhibiting interface 
hepatitis (arrows) in a 
patients with chronic 
hepatitis B (40X)
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HBsAg with a reported incidence of 23.1% (95% CI = 9.9–36.3%), compared to 
that in patients who did not have HCV infection, in whom the incidence of fulmi-
nant liver failure was 2.9% (95% CI = −1.0–6.8%) in a study from Taiwan [131].

 Delta Hepatitis

The delta hepatitis virus is 36 nm in diameter. It is comprised of a single-stranded, 
circular RNA genome of negative polarity; eight genotypes have been identified, 
genotype1 being the most prevalent in North America [132] and also the most viru-
lent [133]. HBsAg proteins are embedded in the lipid envelope that surrounds the 
HDV genome, which encodes a small delta antigen and the large delta antigen, and 
which uses the HBV envelope proteins for its assembly and propagation of infec-
tion; thus, the presence of the HBV is required for HDV replication, which occurs 
in the nucleus of the hepatocyte, and perpetuation of the infection.

Infection with HDV occurs simultaneously with that of HBV, or as superinfec-
tion, in a subject already infected with HBV. In contrast to HBV, HDV does have 
cytopathic effects on hepatocytes, mostly related to the small deltal antigen SHDAg, 
via innate and adaptive immunity, which tends to be weak and thus facilitates dis-
ease progression. The clinical presentation of coinfection is similar to that of mono 
infection with HBV, but the inflammatory response is severe, and it can be associ-
ated with acute liver failure [134]. Because replication of HDV requires HBV, char-
acteristically, there are two peaks in serum activity of ALT separated by several 
weeks because the establishment of HBV infection is required [134, 135]. Infection 
with HDV in patients with chronic hepatitis B, i.e., superinfection, is more severe 
than coinfection, associated with an increased risk for acute liver failure. In patients 
with chronic HVB infection, superinfection with delta can be misinterpreted as 
flares; thus, it is important to rule out HBV superinfection in those cases. HDV 
RNA can be detected in serum only in the first 2 weeks of infection and transiently 
after that; IgM antibodies tend to appear within 2 to 3 weeks of infection, usually 
lasting from 2 to 9 months, occasionally followed by IgG. It is recommended to test 
HDV RNA when HDV IgG is detected to confirm infection.

The definition of chronic delta hepatitis is anti-HDV antibody positivity. In 
adults, HDV coinfection becomes chronic in less than 5% of cases. The probability 
of chronicity is greater than 90% when the infection is acquired in the neonatal 
period [77, 78]. Progression to cirrhosis can occur in 10–15% of patients within 
2  years of infection, and in 80% after 5–10  years of infection [136]. There is a 
reported two-fold increase in the risk of hepatic decompensation and HCC in HDV 
than in chronic HBV infection. A report from the European Concerted Action on 
Viral Hepatitis from a retrospective cohort study of 200 patients from Western 
Europe with compensated cirrhosis, 20% of whom were infected with the delta 
hepatitis virus with 6.6  years of follow-up, documented that, as determined by 
Kaplan-Meier analysis, the 5-year probability of developing HCC was 6, 10, and 
9% in patients who had anti-HDV antibodies, e antigen negative, negative for both 
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anti-HDV antibodies and e Ag, and negative for anti-HDV antibody and e Ag posi-
tive, respectively; the probability of developing decompensated liver disease was 
22, 16, and 19%, respectively, and that for survival was 92, 89, and 83%, respec-
tively. The calculated risk for development of HCC was three times higher for 
patients with HBV associated cirrhosis co-infected with the delta hepatitis infec-
tion, and the probability of death two times greater than those not coinfected [137].

The liver in chronic delta hepatitis exhibits panacinar involvement where there is 
extensive interface hepatitis; progression to cirrhosis is accelerated. Lymphoid fol-
licles and bile duct lesions can be found in cases of chronic delta hepatitis. The 
presence of fat was reported in a study that examined autopsy material from 
Indigenous Venezuelan Indians who exhibited liver failure or rapid progression to 
cirrhosis in association with HDV infection [107, 138].

Chronic hepatitis B in patients infected with the human immunodeficiency virus 
(HIV) is associated with a decrease in all the events that lead to seroconversion and 
resolution of the HBV infection. Patients coinfected with these two viri have 
increased mortality from liver related complications. From a study comprised of 
5293 men who had sex with men, 326 (6%) of whom were HBsAg positive with 213 
(65%) of this group being HIV-1 positive and in whom the documented mortality 
rate was 14.2/1000 as compared to that of subjects who were not coinfected with 
HBV, in whom it was 1.7/1000, or that of those with chronic HBV, in whom it was 
0.8/1000, both significantly different from the coinfected patients [139].

 Treatment of Chronic Hepatitis B

The cure of chronic hepatitis B would be the eradication of cccDNA, the template 
used for viral replication, from the nucleus of the hepatocyte; however, at present, 
this has not been accomplished with interferon alpha or nucleos(t)ide reverse tran-
scriptase inhibitors (NRTIs), the therapies available. Loss of surface antigen and the 
development of anti-HBs are considered a successful response to treatment, but this 
outcome is infrequent in association with the available medications.

The indications for treatment of chronic hepatitis B include inflammatory activ-
ity, indirectly assessed by serum activity of ALT, or documented on liver histology, 
viral replication, i.e., HBV DNA greater than 2000  IU/ml, and in all cirrhotic 
patients regardless of serum HBV DNA [140, 141]. In pregnant women, treatment 
in the third trimester when serum HBV DNA is greater than 200,000 IU//ml with 
nucleoside analogues, e.g., tenofovir, telbivudine, is indicated to decrease the 
mother to baby transmission [140, 141].

As it can be appreciated from the natural history of HBV reactivation and flares, 
inflammatory activity is relevant in the timing to treat patients with chronic hepatitis 
B. In regard to flares, it is necessary to follow patients with chronic hepatitis B for 
some time to determine the optimal time to treat because there is a greater than 50% 
probability of e antigen positive to anti e antibody seroconversion post flares at 
18 months of follow-up, and close to 50% at 1 year post flares, a fact that changes 
the indication for treatment, as reported in a study [90]. In this context, there are 
notable differences between patients with chronic hepatitis B from the USA and 
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those from Asia; the proportion of subjects that experience seroconversion in asso-
ciation with flares, and which changes the indication for treatment, is higher in the 
former than in the latter, where not only they tend to recur but do not tend to be 
associated with seroconversion [89, 90].

 Robust flares increase the probabilities of seroconversion; however, flares are 
also associated with hepatocellular necrosis, fibrosis, and progression to cirrhosis; 
thus, treatment at the time of flares can be beneficial in terms of HBV DNA suppres-
sion, which eventually may lead to seroconversion to anti e and over time, to loss of 
s Ag and development of anti-HBs. Patients who experience flares associated with 
serum ALT activity greater than five times the upper limit of normal and hyperbili-
rubinemia must be closely followed as decompensation may follow [90]. Patients 
who undergo modest HBV flares with serum activity less than five times the upper 
limit of normal are unlikely to experience seroconversion, thus, they are the patients 
in whom treatment is indicated, as documented in the guidelines [90, 141].

Current guidelines recommend that patients with + serum HBV DNA and those 
with + anti core with or without detected HBV DNA in serum who are going to 
receive immunosuppressive therapy be treated with antiviral medications, tenofovir 
being the preferred medication (there are limited data with the use of tenofovir alaf-
enamide for this indication) [90, 142, 143].

Treatment with interferon, which stimulates T and NK cells activity, in all its 
preparations and doses, can be associated with flares that tend to occur around the 
eighth week of treatment and after its completion (Table 7.2). Flares can be associ-
ated with seroconversion, and thus, it is a good prognostic sign; however, in patients 
with cirrhosis, flares can lead to liver failure; accordingly, interferon should not be 
used in this group of patients or used with extreme caution in patients with Child’s 
A classification only. Interferon is contraindicated in patients with decompensated 
liver disease, i.e., Child’s B and C.

Oral antiviral therapy with nucleoside and nucleotide analogues is associated 
with a marked decrease in HBV DNA and low probability of seroconversion, and 
with halted disease progression. During treatment with lamivudine, there is an 
increase in serum ALT activity during the first 4–6 weeks of treatment; however, the 
proportion of patients who exhibited a flare was not different from those treated 
with the placebo. Lamivudine therapy, which is not the drug of choice at present, 
can be associated with flares in association with the development of mutations in the 
polymerase gene, which are resistant to the drug, leading to the reappearance of 
HBV DNA [144]. Flares have also been reported in patients co-infected with HIV 
on treatment with lamivudine for the latter now considered to be from the develop-
ment of HBV mutants [145].

 Indications for Treatment of Hepatitis B

The goal of treatment of chronic hepatitis B is the prevention of cirrhosis and its com-
plications, including hepatocellular carcinoma. It is recommended that patients with 
chronic hepatitis B and chronic liver injury, as suggested by the high serum activity of 
ALT, be treated. Patients with high HBV serum levels and normal ALT activity do not 
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tend to lose e antigen or seroconvert in association with antiviral treatment; thus, it is 
not recommended that this type of patients be treated; however, follow-up to detect any 
immune activity resulting in an inflammatory response as indicated by high serum 
ALT activity is necessary to identify a point in time where treatment may be indicated.

In patients with e antigen + chronic hepatitis B, serum ALT activity twice the 
upper limit of normal, serum HBV DNA lower than 2.0 × 10(8) IU/mL, and no prior 
treatment with interferon was associated with sustained virologic response (SVR), 
defined as serum HBV DNA less than 2000  IU/mL at 6 months after treatment. 
Patients with genotype A, high serum activity of ALT, and relatively low HBV DNA 
had a predicted probability of SVR greater than 30% [146]; surface antigen loss in 
association with IFN treatment has also been associated with this genotype. The 
strongest predictor of response in patients with genotype B was high serum activity 
of ALT, and in those with genotype C, it was low HBV DNA; the probability of 
response to interferon in patients with genotype D was low, regardless of the serum 
activity of ALT or HBV DNA concentration [146]. There are no predictors of SVR 
in association with treatment with IFN or nucleoside or nucleotide analogues  in 
patients with e antigen negative chronic HBV infection. A decrease in serum con-
centration of HBsAg has been identified as a predictor of response in patients with 
e antigen + chronic hepatitis B, and a predictor of sustained suppression of HBV 
DNA in serum in patients with e antigen negative chronic hepatitis B. These factors 
have been used as the basis to discontinue therapy with interferon at 12 or 24 weeks 
because of predicted futility [147].

Treatment is recommended for patients with cirrhosis, or suggestion of cirrhosis 
by clinical, laboratory, radiological, and by the technique of Fibroscan to prevent 
decompensation of liver disease, which will happen in time, or in association of 
hepatitis flares, which can lead to liver failure, and development of HCC regardless 
of the degree of viral replication, as measured by serum HBV DNA. Patients who 
experience worsening of their hepatitis as evidenced by increased serum ALT activ-
ity and hyperbilirubinemia and patients with acute liver failure in association with 
HBV infection should also get treated.

As the risk of developing cirrhosis increases over time in patients who have 
remained in the immune tolerant phase, patients should be treated at age 30–40 years 
[140, 141, 148, 149]; this recommendation also applies to patients with a family 
history of HCC [141, 148].

In pregnant women, a serum HBV DNA > 200,000 IU/ml is an indication for 
treatment with oral antiviral drugs, e.g., tenofovir, in the third trimester, regardless 
of the serum activity of ALT for over 8–12 weeks after delivery [141, 150, 151]. In 
addition, the infant receives hepatitis B immunoglobulin (HBIG) and vaccination 
against HBV is initiated at birth to prevent HBV transmission to the infant [141, 
150, 151].

Patients who are HBsAg + or HBsAg – and anti-core + are at risk for HBV reac-
tivation in association with treatment with immunosuppressants, including antican-
cer drugs; thus, prophylaxis therapy with oral antiviral medications, e.g., tenofovir, 
is indicated [141].

Treatment with oral antivirals is recommended in acute infections associated 
with impaired liver function, i.e., coagulopathy (INR  >  1.5) [152, 153] and 
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persistent hyperbilirubinemia, i.e., bilirubin >3 mg/dl for more than 4 weeks after 
presentation [141]. It is also recommended that patients with extrahepatic manifes-
tations of chronic HBV infections be treated [153].

 Drugs for the Treatment of Chronic Hepatitis B

Interferon alpha is endogenously produced as a host defense against viral infection. 
Its effects include the induction of interferon-stimulated genes, which have antiviral 
properties, a decrease in the amount of intracellular HBV nucleocapsids, and the 
acceleration of the decline of HBV replication-competent nucleocapsids [154]. 
Interferon is also an immunomodulator. Treatment with interferon alpha was docu-
mented to deplete CD8-T cells and to stimulate the production of IL-15, a proprolif-
eration cytokine, and an expansion in the number of CD56(bright) NK cells that 
exhibited increased activation markers and also, the activation receptor NKp46, in 
association with an enhanced expression of TRAIL and interferon gamma [155]. 
This observation coincided with the peak in the decrease in viral replication, sup-
porting the idea that NK cells contribute to interferon’s antiviral effect. Another pro-
posed mechanism of action of interferon alpha against HBV replication is the 
decrease in the transcription of pregenomic RNA (pgRNA) and subgenomic RNA 
from the HBV covalently closed circular DNA (cccDNA) minichromosome, as doc-
umented in cultured cells and mouse livers populated with human hepatocytes 
infected with this virus [156]. In addition, specific degradation of nuclear viral DNA 
by the upregulation of APOBEC3A, a DNA cytidine deaminase with antiviral effects, 
by interferon alpha was reported as another mechanism of action of the drug [157].

The pegylation of interferon facilitated this medication’s use by allowing its admin-
istration to be once a week for the duration of treatment, determined to be 48 weeks. 
Peginterferon alfa-2a has a 40 kilodalton branched polyethylene glycol, which signifi-
cantly increased its serum half-life and plasma concentration [158]; this form of inter-
feron was documented to be more efficacious in the treatment of chronic hepatitis C 
prior to its approval for use in chronic hepatitis B [159]. The results of one of the 
pivotal studies on which the approval of pegylated interferon was based are shown in 
Table  7.3 [160, 161]. A systematic review identified four studies for analysis that 
documented that pegylated interferon for at least 6 months was superior to lamivudine 
on viral and biochemical suppression in patients with e antigen + chronic hepatitis B, 
supporting the use of the former as the first line of therapy [163].

The DNA polymerase of the HBV virus synthesizes DNA via its reverse tran-
scriptase activity [164]. HBV polymerase’s priming activity is inhibited by purine 
analogues, which exert this effect by direct inhibition, through competitive binding 
with endogenous substrates or through incorporation into the viral DNA to act as 
chain terminators. The approved oral medications for the treatment of chronic HBV 
are lamivudine, entecavir, and telbivudine, which are  nucleoside analogues, and 
adefovir dipivoxil and tenofovir disoproxil fumarate (TDF) and its prodrug tenofo-
vir alafenamide (TAF), which are  nucleotide analogues [20, 165] (Tables 7.4 
and 7.5).
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A randomized controlled phase 3 noninferiority trial, with a margin of 10%, was 
conducted to compare the effects of TDF 300 mg/day to TAF 25 mg/day, in chronic 
hepatitis B, e antigen positive and e antigen negative. The randomization was 2:1 for 
TAF:TDF.  Response was defined as serum HBV DNA less than 29  IU/ml at 
48 weeks of treatment. In patients with e antigen negative chronic hepatitis B, with 
serum HBV DNA less than 7 log 10 IU/ml the risk difference for TAF-TDF was 96% 
versus 92% (p = 0.13 CI = +3.8 (−1–11%)), and in patients with HBV DNA greater 
than 7 log 10 IU/ml, it was 85% for TAF versus 96% for TDF (p = 0.23, CI = −10% 
(23–9%)) [167]. In patients with e antigen positive chronic hepatitis B and serum 
HBV DNA less than 7–8 log 10 IU/ml, risk difference for TAF-TDF was 77% versus 
86% (p = 0.009, CI 10% (−20% to +2%), and in patients with HBV DNA greater 
than or equal to 8 log 10 IU/ml, the risk difference between TAF and TDF was 43% 
versus 51% (p = 0.14, CI = −8% (−18% to +2%)) [168]. In the context of TAF, an 
analysis of genotypic resistance was conducted in patients in whom a virological 
breakthrough had been documented over the 48 weeks of treatment. The results did 
not reveal any specific resistance pathway, suggesting that breakthrough was due to 
intermittent changes in HBV replication and lack of adherence to medication. The 
tolerability of TAF was similar to that of TDF. Bone mineral density was docu-
mented to decrease by 5% in a smaller number of patients on TAF than in TDF, with 
a reported decrease of 6% and 3.2% for TAF in the lumbar spine and femoral neck, 
respectively, and 20% and 5.7%, respectively for TDF. There were no renal labora-
tory abnormalities in association with either one of these two drugs; however, renal 
function should be monitored in patients on long- term treatment with this type of 
drug (Tables 7.4 and 7.5).

Table 7.5 Effect of TAF on chronic hepatitis B [167]

Study design

Dose 
(orally 
and 
daily)

Responsea

HBeAg-, N 
responders/total 
(%)
Baseline HBV 
DNA
<7 log 10 IU/
mL
Risk difference 
TAF-TDF (95% 
CI)

Responsea

HBeAg-, N 
responders/total 
(%)
Baseline HBV 
DNA
>7 log HBV 
DNA IU/mL
Risk difference 
TAF-TDF (95% 
CI)

Responsea

HBeAg+, N 
responders/total 
(%)
Baseline HBV 
DNA
7 to <8 log 
10 IU/mL
Risk difference 
TAF-TDF (95% 
CI)

Responsea

HBeAg+, N 
responders/
total (%)
Baseline HBV 
DNA
≥ 8 log 10 IU/
mL
Risk difference 
TAF-TDF 
(95% CI)

Randomized- 
controlled 
phase III 
noninferiorityb

TAF to TDF 
(2:1 
randomization)

TAF 
25 mg
or
TEN
300 mg

TAF: 221/230 
(96%)
vs
TDF: 106/116 
(92%)
+3.8% (−1% to 
11%)
p = 0.13

TAF: 47/55 
(85%)
vs
TDF: 23/24 
(96%)
−10% (23% to 
+9%)
p = 0.23

TAF: 122/159 
(77%)
vs
TDF: 66/73 
(86%)
−10% (−20% 
to +2%), 
p = 0.009

TAF: 117/272 
(43%)
vs
TDF: 72/142 
(51%)
−8% (−18% to 
+2%),
p = 0.14

aResponse was defined as HBV DNA < 29 IU/mL at 48 weeks of treatment
bNon-inferiority margin = 10%
TAF tenofovir alafenamide; DF tenofovir disoproxil fumarate
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The development of resistant variants to antiviral therapy manifest itself clini-
cally by an increase in HBV DNA by more than 1 log from the lowest point during 
treatment and may be accompanied by hepatitis, evidenced by abnormal liver pro-
file and even decompensation. Two patterns of mutations have been identified: (i) 
those that include codon rtM204, which is part of the catalytic domain of the poly-
merase enzyme, i.e., the methionine residue of the conserved tyrosine (Y), methio-
nine (M), aspartate (D), aspartate (D) motif of RNA-dependent DNA polymerase 
(YMDD) and (ii) those that do not include this codon. rtM204I/V is selected by 
lamivudine, entecavir, and the combination of TDF and lamivudine, whereas 
rtN236T ± rtA181V is selected by adefovir.

The cumulative percentage of mutants was reported as 24–70% from year 1–5 
for lamivudine, 3–29% for adefovir, and for telbivudine, 4 and 7% at years 1 and 2. 
These findings contrast to that of entecavir and TDF for which it was 1.2 to 0 per-
cent over 5 years, respectively. These two drugs, and TAF, which also is not associ-
ated with the development of resistance [165, 170], are now the preferred drugs to 
treat chronic HBV infection. 

Combination therapy with oral antiviral drugs has been considered for patients 
who have developed resistance; however, it is now standard to use TDF alone in 
patients who have developed resistance to lamivudine. Alone, TDF is as efficacious 
as its combination with emtricitabine, as reported from a 5-year study in patients 
with lamivudine resistance in which normalization of ALT activity and rates of 
HBV DNA suppression and e antigen seroconversion were similar [171].

Although treatment with lamivudine was associated with a decrease in HBV 
DNA below assay detection limits, the suppression was temporary. HBV DNA 
became detected in a third of the patients on treatment. In addition, up to 27% of 
patients exhibited an increase in serum ALT activity after discontinuation of lami-
vudine greater than that observed in patients treated with the placebo. Lamivudine 
is no longer the drug of choice to treat patients with chronic HBV because of its 
temporary effect and propensity to trigger mutant HBV variants; however, it is still 
used in some countries. YMDD-mutant variants emerged in 81 of 335 (24%) sub-
jects treated with lamivudine 100 mg once daily for 52 weeks. The emergence of 
YMDD mutants increased over time on treatment to 69% at 5 years. Combination 
therapy with another nucleoside analogue, adefovir, decreased the proportion of 
patients in whom mutants were detected; however, combination therapy is not being 
proposed anymore, as it has not been associated with therapeutic advantages and 
has been associated with increased nephrotoxicity [172].

Combination therapy, especially on the basis of different mechanisms of actions 
between interferon and nucleosid(t)ides analogues has been studied. A meta- 
analysis of 14 studies that included 2829 subjects treated with pegylated interferon 
alpha in e antigen positive and e antigen negative patients documented that the com-
bination of pegylated interferon and lamivudine was associated with improved viro-
logical and biochemical response compared to monotherapy with pegylated 
interferon alpha; in addition, the combination of pegylated interferon alpha with 
adefovir dipivoxil was associated with enhanced seroconversion compared to 
pegylated interferon alpha alone in HBe antigen positive patients [169]. Furthermore, 
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the combination of TDF with pegylated interferon for 48 weeks was associated with 
a significant increase in s Ag loss (9%) at week 72 compared to the effect of other 
combinations that included TDF alone, TDF followed by pegylated interferon, and 
interferon alone. The use of combination therapy with interferon and nucleosid(t)
ide analogues, however, has not been universally documented to improve suppres-
sion and seroconversion rates in the treatment of chronic hepatitis B [173–175]. At 
the time of this writing, therapy guidelines do not include combination therapy 
[141, 148].

In patients with e Ag + chronic hepatitis B, seroconversion to anti-HBs followed 
by 1 year of treatment consolidation with the same agent is considered acceptable 
to stop treatment. In e Ag negative patients, treatment can be for long periods, and 
discontinuation only recommended after the loss of sAg and development of anti- 
HBs, a definitive seroconversion, without recommendations regarding consolida-
tion therapy.

The question of the duration of treatment with oral nucleosides/nucleotides ana-
logues remains unanswered. Published studies have documented that after pro-
longed suppression of HBV replication, as measured by serum HBV DNA for at 
least 5 years, medications can be discontinued, and patients followed vigilantly to 
detect flares in association with viral replication and increased activity of ALT 
[176]. In this regard, it has been reported that loss of HBsAg is greater after discon-
tinuation of therapy in patients who have exhibited a response on it than in patients 
who remain on treatment [177, 178]. In the reference cited [178], 1075 patients with 
e antigen negative chronic hepatitis B were treated with oral nucleosides/nucleo-
tides for a median of three (1–8) years in Taiwan according to the guidelines of the 
Asian Pacific Association for the Study of Liver Disease; loss of surface antigen was 
rare on treatment (0.15%). Consistent with the stopping rules of the Association, 
691, 44.6% of whom had been identified as having cirrhosis by histology, or inferred 
by indirect studies, had the medications stopped and were followed off therapy for 
a median period of 155 (2-614) weeks, during which time 42 patients lost HBsAg, 
with an estimated 6-year cumulative incidence of 13% and an estimated annual 
incidence of 1.78%. A time of fewer than 12 weeks to undetected HBV DNA while 
on treatment, the magnitude of reduction of HBsAg during therapy, i.e., greater than 
1 log10, serum HBsAg less than 100 IU/ml, sustained response, and patients who 
relapsed and who were not restarted on therapy were factors associated with HBsAg 
clearance off treatment. These interesting results provide support for consideration 
to discontinue the treatment of oral therapy in patients with e antigen negative 
chronic hepatitis B under certain circumstances [178]. The author has observed loss 
of surface antigen and development of anti-HBs after discontinuation of treatment 
with nucleosides/nucleotides analogues that had gone on for 7 years in association 
with the absence of serum HBV DNA on treatment, as described in the case reported 
in this chapter.

Regardless of e antigen status, the use of hepatitis B surface antigen quantitation 
may be helpful in the care of patients with chronic hepatitis B. For example, in 
patients with chronic hepatitis B from genotypes B and C, low HBsAg (i.e., <1000 
IU/ml) in serum 1 year after seroconversion from e to anti e was reported to portend 
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sAg loss [179]. Conversely, lack of sAg decrease in association with suboptimal 
reduction of HBV DNA (<2 log) after 3 months of treatment in e antigen negative 
patients was reported as an indication to discontinue therapy, i.e., stopping rule, in 
patients infected with genotype D [147]. From results of a systematic review that 
included 1716 patients, it was reported that patients who had serum HBsAg <100 
IU/ml at a time considered end of treatment had virological and clinical relapse 
rates that ranged from 9.1 to 19.6% and 15.4 to 29.4%, respectively, whereas those 
in patients with HBsAg > 100 IU/mL at the same treatment time point ranged from 
31.4 to 86.8% and 48.1 to 63.6%, respectively, regardless of the e antigen status, at 
least 12 months after completion of treatment. In the e Ag negative patients, HBsAg 
loss rates ranged from 21.1 to 58.8% in the patients who at the end of the treatment 
point had HBsAg serum concentrations <100 IU/ml, and in those with >100 IU/ml, 
it ranged from 3.3 to 7.4% at more than 39 months off therapy. Although the mea-
sure of HBsAg during treatment is not used routinely in clinical practice because of 
lack of availability, it can be used in the decision to discontinue treatment, espe-
cially in e Ag negative patients in whom the duration of therapy remains uncertain.

The cure of chronic hepatitis B virus infection, which requires, based on current 
knowledge, the disappearance of HBsAg, and complete eradication of intrahepatic 
cccDNA and its integration in the host’s DNA, has not been obtained with available 
pharmacological interventions. The development of drugs that block different path-
ways that perpetuate hepatitis B virus infection is an area of active investigation and 
includes: (i) blockage of viral entry into the hepatocyte, (ii) disruption of epigenetic 
regulation of transcription that would target cccDNA, (iii) RNA interference to 
eliminate viral transcripts, and (iv) capsid inhibitors that would prevent the assem-
bly or the disassembly of the nucleocapsid particle and thus could prevent the entry 
of rcDNA into the nucleus and potential prevention of rcDNA conversion to 
cccDNA [180].

 Treatment of Chronic Delta Hepatitis

The treatment of chronic HDV infection is the off-label use of interferons, mostly 
pegylated interferons alpha 2a and 2b since the pegylation of the drug, for 1 year, at 
the standard doses used for chronic HVB infection [181–183]. It is recommended 
that treatment be given to patients with chronic HDV infection who have compen-
sated cirrhosis with inflammatory activity, as suggested by high serum ALT activity 
and serum HDV RNA, which should be confirmed with more than one value, with-
out a liver biopsy as a prerequisite; close follow-up to detect hepatic decompensa-
tion is required. Interferon is contraindicated in patients with decompensated liver 
disease. Co-treatment with oral antivirals is recommended [183].

From a retrospective review at Ankara University School of Medicine in Turkey, 
of 99 patients with chronic delta hepatitis who had been treated with interferon, 
standard or pegylated, it was reported that 35% of patients from the 99 who were 
treated exhibited virological response, defined as negative serum HDV RNA for 
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2  years after completion of treatment. The cumulative probability of maintained 
virological response increased in association with increased treatment duration, and 
it was reported as 50% in relationship with a treatment duration of 5  years. 
Maintained virological response was associated with a decrease in the probability of 
development of complications from liver disease and death from liver failure. 
Advanced liver disease and no response to therapy were predictors of adverse out-
comes. Loss of HBsAg was reported in 37% of patients who experienced a main-
tained virological response [184]. It is important to identify patients in whom 
prolonged therapy may be beneficial. In this regard, patients who did not exhibit a 
decrease of more than 1 log10 IU/ml in serum HDV RNA by the sixth month of 
treatment were unlikely to respond to therapy; thus, extending treatment in those 
patients beyond what is recommended is not substantiated by the variable results 
available [183]. In contrast, in patients who exhibited at least a decrease in serum 
HDV RNA of 2 log10 IU/ml or undetected virus at the end of treatment, extending 
therapy may be considered, especially if the treatment has been tolerated, or if there 
has been relapse after its completion; thus, follow-up of patients over the following 
several years to restart therapy, as indicated, is necessary [183, 184].

Medications tested in early phase studies to treat delta hepatitis include the hepa-
tocyte entry inhibitor myrcludex [185], the farnesyl transferase inhibitor lonafarnib, 
[186], nucleic acid polymers [187], and PegIFN lambda [188].

 Liver Transplantation in Patients with Chronic Hepatitis B 
and Chronic Delta Hepatitis

Liver transplantation is an option for treatment in patients with decompensated liver 
disease when pharmacological therapy fails or in acute liver failure [189, 190].

Recurrence of HBV infection in the transplanted graft was the limiting factor in 
the post transplant management of patients with chronic HBV infection. The use of 
hepatitis B immunoglobulin (HBIG) and antiviral therapy in the post transplant 
period has decreased the graft infection by HBV significantly and improved the 
survival of patients undergoing this procedure for this indication [191]. From the 
European Liver Transplant Registry the post transplant survival of patients with 
chronic HBV infection was reported as 83%, 78%, 75%, and 68%, and of their 
grafts, 80%, 74%, 71%, 64% at 1, 3, 5, and 10 years from 2006 to 2010 [191]. The 
standard management for patients with chronic HBV infection post liver transplan-
tation consists of hepatitis B immunoglobulin (HBIG) and a high genetic barrier 
oral antiviral drug, associated with graft infection of less than 1% [192].

Patients with decompensated chronic liver disease or acute liver failure from 
HBV and HDV hepatitis can also be managed with liver transplantation and experi-
enced good survival, which tends to depend on the survival of the graft free from 
HBV infection. A retrospective study from South America from May 2002 to 
December 2011 included patients with delta hepatitis and with hepatitis B virus 
infection alone. Patients with delta hepatitis, a group comprised of 29 subjects, men 
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and women, and exclusively from the Brazilian Amazon region, had a survival of 
95% at 4 years, compared to the 75% of the group of patients monoinfected with 
hepatitis B virus alone, comprised of 40 subjects, mostly men, and older than the 
coinfected group [193]. In a study from Europe that included 79 patients who under-
went liver transplantation for end stage liver disease from chronic HDV infection 
from 1984 to 1990, the actuarial 5-year survival rate was 88%, with a recurrence of 
HBsAg in 10% of patients. The finding associated with a lack of HDV hepatitis 
recurrence was the inclusion of immunoprophylaxis against hepatitis B and the 
absence of HBsAg [194]. According to recent reviews, the reported recurrence of 
delta hepatitis post liver transplantation is less than 5% in association with immuno-
prophylaxis with HBIG and oral antiviral therapy. The latter is also given in the 
pre-transplant period for complete suppression of HBV viral replication [195].

In the post transplant care, antiviral therapy alone may be sufficient [196, 197] in 
some patients but not in those in whom serum HBV DNA is detected prior to trans-
plant, delta hepatitis coinfection, and HCC with a high risk of recurrence [196].

 Hepatocellular Carcinoma in Chronic Hepatitis B

Chronic HBV virus infection can lead to hepatocellular carcinoma by causing 
inflammation with progression to fibrosis and cirrhosis, and by insertional muta-
tions in the host DNA at sites that activate endogenous genes like retinoic acid 
β-receptor [198], cyclin A [199], and mevalonate kinase [200], the human telomer-
ase reverse transcriptase (hTERT), and the inositol 1,4,5-triphosphate receptor (IPR) 
genes, the last two having been found to have site-specific HBV integrations in 
independent tumors [201–203], and by virus oncoproteins including HBx, which 
inactivates p53 dependent activities, including apoptosis [204]. Marked genetic 
changes and heterogeneity found in HCC tissues by sophisticated molecular studies 
have revealed deregulation of signaling pathways that include Wnt/β-catenin signal-
ing [205], p14ARF/p53 pathway [206], transforming growth factor beta (TGF-β) 
signaling [207], Ras/MAPK signaling [208] and the PTEN/Akt [209], and mTOR 
pathways [6]. In addition, altered expression of growth factors, including hepato-
cyte growth factor [210], and insulin growth factor [211], and angiogenesis related 
genes may also participate in the development of HBV related HCC [212].

From a study in France with patients with HCC it was reported that chromosome 
instability in association with TP53 and AXIN1 mutations and loss of chromosomes 
were related to HBV infection, the latter also documented in HCC in association 
with chronic HCV [213]. In addition, a decrease in losses in chromosome arms in 
4q, 16q, and 17p was documented in non-HVB (or HCV related HCC) interpreted 
to suggest that certain specificity in chromosome gains or losses is related to HBV 
associated HCC [214].

Genetics may also play a role in the development of HCC in patients with chronic 
hepatitis B. By the use of genome-wide association study rs17401966, the intronic 
SNP in KIF1B on chromosome 1p36.22 was reported in association with HCC in 
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patients with chronic HBV infection [215] as well as hepatitis B genotype C [216]. 
It is documented that the risk for HCC in patients with HBV genotype C is higher 
than that of those infected with genotype B. In concert, viral load, HBV genotypes, 
BCP A1762T/G1764A mutation, and pre S deletion are associated with HBV 
related liver disease progression and development of HCC [58]. Nomograms to pre-
dict the development of HCC in patients chronically infected with HBV have been 
developed with HBe antigen status, serum HBV DNA, and genotype C being the 
variables that scored the highest numbers consistent with the prediction of HCC 
development [217].

The diagnosis of HCC at an early stage for curative purposes is the goal of sur-
veillance. In the context of chronic HVB infection, surveillance for HCC with liver 
ultrasound with or without alpha fetoprotein (AFP)  should be conducted in all 
patients with cirrhosis, and in the absence of cirrhosis, in Asian men and women 
older than 40 and 50 years of age, respectively, in Black American and African sub-
jects, even at ages younger than 40 [218], although specific guidance on age has not 
been provided for this group [219, 220], family history of HCC, and active disease 
as suggested by high serum ALT activity and or serum HBV DNA [219, 220]. 
Surveillance studies for HCC should be done every 6 months. If a mass smaller than 
1 cm is identified, repeat studies (i.e., ultrasound with or without AFP) are recom-
mended within 3 to 6 months. If a mass equal or greater than 1 cm is found, and the 
serum AFP is increased, a contrast enhanced computed tomography or magnetic 
resonance imaging studies should be done to confirm the diagnosis. The reader is 
referred to the current guidelines from the American Association for the Study of 
Liver Diseases for guidance regarding the approach to identified liver masses in the 
surveillance program [219].

There may never be a properly conducted study on the incidence of HCC in 
Hispanic patients with chronic HBV; in this regard, from a study that used the 
Surveillance, Epidemiology, and End Results (SEER) database as a source and that 
covered the period of 2004–2013, it was documented that Chinese patients pre-
sented with localized stage and absent vascular invation, and had the best survival 
compared to other Asian, non-Hispanic whites, Hispanic, and African American 
patients who had an increased mortality risk to 16.8, 35.1, 28.3, and 33.3%, respec-
tively [221]. Although the underlying cause of liver disease in Hispanic patients was 
not chronic HBV, the findings of this and other studies tend to suggest that the diag-
nosis of HCC was made early and, thus, treatable. Although genetic factors cannot 
be excluded, screening subjects of Hispanic ethnicity with chronic HBV, especially 
after suspected prolonged infection or age 40, seems reasonable. 

The incidence of HCC in veterans subjects with chronic hepatitis B without cir-
rhosis from the USA was documented as 9.5%, most commonly observed in African 
American and Asian subjects, reported from a group of 8539 patients, from whom 
317 developed HCC in association with chronic HVB, with hypertension and fam-
ily history being more common in that group [222].

From a retrospective study that included 1666 adult Caucasian patients with 
chronic HBV on entecavir or tenofovir for 3 and ¼ years, the cumulative probability 
of developing HCC was 1.3, 3.4, and 8.7%, at years 1, 3, and 5 post initiation of 
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treatment. Age older than 50 at the start of treatment and low platelet count sugges-
tive of hypersplenism were predictors of development of HCC. Patients with decom-
pensated liver disease had the estimated highest risk [223].

Treatments of HCC, which depend on the size of the tumor, comorbidities, and 
degree of portal hypertension, include liver transplantation [224], hepatic resection 
[225], various forms of locoregional therapy (LRT) such as radioembolization with 
or without tyrosine-kinase inhibitors, e.g., transarterial chemoembolization (TACE) 
in combination with radiofrequency ablation [226], TACE and chemotherapy with 
sorafenib [227], TACE plus external beam radiotherapy [228], and LRT and immu-
notherapy, e.g., immune checkpoint inhibitors [229, 230]. In the context of chronic 
hepatitis B, treatment with antiviral drugs in patients with cirrhosis, compensated, 
or decompensated liver disease in patients with chronic HBV, is the standard.
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Chapter 8
Alcohol Induced Liver Disease

Nora V. Bergasa

A 48-year-old man was evaluated in the hepatology clinic because of an abnormal 
liver profile. He had alcohol use disorder and had drunk excessively for many years, 
with four, 24 ounce beer cans per day for the last 20. He did not have a history of 
alcohol withdrawal. He was pleasant and a good historian. He had attempted to stop 
to drink alcohol by himself, with psychotherapy, by participation in peer chaired 
meetings, but nothing had worked for him. He had diabetes mellitus type 2, asthma, 
hypertension, and hyperlipidemia on treatment. Physical exam was notable for a 
flushed appearance and marked hepatomegaly. The liver panel revealed transami-
nases (AST and ALT) and gamma glutamyl transpeptidase (GGTP) serum activities 
of 267, 168, 1407  IU/ml, respectively, and normal bilirubin and serum albumin 
concentrations. Liver disease workup was notable for serum ferritin of 2729 ng/ml 
and transferrin saturation of 82%, and heterozygote for the C282Y mutation. A liver 
biopsy revealed steatosis, cirrhosis, and iron deposition on hepatocytes. After a rap-
port was established with the hepatologist, treatment of alcohol use disorder was 
initiated with naltrexone, 9 days after his last drink. On naltrexone, which he took 
for several months, he stopped drinking alcohol. In consultation with hematology, 
the patient underwent phlebotomy to a transferrin saturation of 28%. He has 
remained abstinent from alcohol for 9 years; no additional phlebotomies have been 
necessary.
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 Etiology

Alcohol can cause liver disease [1]. The National Institute of Alcohol Abuse and 
Alcoholism (NIAAA) defines binge drinking as a drinking pattern that brings blood 
alcohol concentration (BAC) levels to 0.08 g/dL, which typically occurs after four 
drinks for women and five drinks for men in about 2 h, with one drink having 14 g 
of alcohol [2]. The Substance Abuse and Mental Health Services Administration 
(SAMHSA) defines binge drinking as five or more alcoholic drinks for males or 
four or more alcoholic drinks for females on the same occasion (i.e., at the same 
time or within a couple of hours of each other) on at least 1 day in the past month 
(the month prior to when the question is being asked) [3]. SAMHSA defines heavy 
alcohol use as binge drinking on five or more days in the past month. NIAAA 
defines low risk drinking for women as no more than three drinks on any single day 
and no more than seven drinks per week and for men as no more than four drinks on 
any single day and no more than 14 drinks per week. NIAAA research has docu-
mented that only about two in 100 people who drink within these limits have alco-
hol use disorder (AUD) [3].

 Genetics

Fifteen percent of subjects who drink alcohol excessively develop cirrhosis, which 
suggests that unique features, including genetics, determine the susceptibility to this 
complication. Evidence in support of this idea has been provided from twin studies 
that have shown twin concordances for alcoholism and its complications by zygos-
ity among male veterans from data from 15,924 male twin pairs registered in the 
National Academy of Sciences-National Research Council Twin Registry from 
which a prevalence for liver cirrhosis was reported as 14.2%, with case-wise twin 
concordance rates for cirrhosis of 14.6 and 5.4% in monozygotic and dizygotic 
twins, respectively [4].

It is reported that at low doses, most of the ingested alcohol is oxidized in the 
stomach, as first pass, by the activity of alcohol dehydrogenase (ADH) found in the 
mucosa, which has been suggested to provide a barrier against systemic toxicity of 
ethanol [5, 6]. In women, the ingestion of equivalent amounts of alcohol resulted in 
higher serum alcohol levels than in men. Also, women were reported to have reduced 
activity of gastric ADH compared to men and it was almost absent in women who 
drank alcohol excessively, which may have an impact on the higher vulnerability to 
develop liver disease in women versus men [7].

In the liver, alcohol is metabolized mostly by the action of ADH to form acetal-
dehyde, which is highly toxic, and by aldehyde dehydrogenase (ALDH) to acetate, 
subsequently broken down to water and carbon dioxide for elimination [8]. Single 
nucleotide polymorphisms in the genes that code for alcohol metabolizing enzymes 
change their function, affecting the production and elimination of ALDH.  The 
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single nucleotide polymorphism (SNP) rs1229984 or Arg48His in ADH1B was 
reported in a wide range of East Asian subjects, 19% to 91% [9] but was uncommon 
in other races [10]. The SNP rs671 in ALDH is associated with loss of function and 
decreased enzyme activity and accumulation of acetaldehyde; this SNP was docu-
mented in 30–50% of East Asians [8]. The ADH2-2 allele is reported in association 
with a decrease in the risk of alcohol dependence but with an increase in the risk of 
developing alcoholic liver disease (ALD) [11, 12].

In addition, alcohol is metabolized in the liver by the enzyme cytochrome 
P450IIE1 (CYP2E1), which may increase in chronic alcohol intake [13]. The rapid-
ity with which alcohol is metabolized in the liver depends on catalytic enzymes’ 
availability, which appears to be determined genetically.

PNPLA3 has been consistently reported in association with non alcoholic fatty 
liver disease (NAFLD) and fibrosis in that condition [14–16]. NAFLD and ALD 
have common histological features, and, likely some of the mechanisms of fat-
induced liver injury and susceptibility to the conditions are the same. In this regard, 
from a meta-analysis that included ten studies exploring a role of PNPLA3 in ALD, 
it was documented that the odds ratio (OR) for ALD was 2.09, 95% confidence 
interval (CI) of 1.79–2.44 for SNP rs738409 CG in heterozygotes and 3.37 (95% CI 
2.49–4.58) for GG homozygotes [17], with an OR of 2.62 (95% CI 1.73–3.97) in 
association with alcohol associated cirrhosis versus OR of 8.45 (95% CI 2.52–28.37) 
for steatosis. PNPLA3 codes adiponutrin, related to adipose triglyceride lipase 
(ATGL/PNPLA2), a triglyceride hydrolase in adipose tissue [18, 19]. Also, through 
genome-wide association studies (GWAS), the SNP rs626283 was identified in 
MBOAT7 (P = 1.03 × 10(−9)) and rs58542926 (P = 7.89 × 10−10) in TM6SF2 both 
as genetic risks for the development of alcohol-related cirrhosis in subjects of 
European descent [20]. In addition to what has been stated above in reference to 
PNPLA3, the SNP identified in association with ALD (and NAFLD) contributes to 
the concentration of retinyl palmitate in the liver, suggesting a role in the steatosis 
aspect of fatty liver disease alcohol and non- alcohol related [21]. TM6SF2 regulates 
liver fat metabolism with opposing effects on triglyceride secretion and droplet lipid 
content in hepatocytes [22]. MBOAT7 specifically transfers polyunsaturated fatty 
acids, including arachidonoyl-CoA to lysophosphatidylinositol, other lysophospho-
lipids, and associated metabolites of arachidonic acid that are involved in inflamma-
tion [23–25]. The mechanisms through which these SNPs mediate vulnerability to 
NAFLD or ALD are unknown; however, a role in the processing of fat and inflam-
mation is plausible.

From a GWAS in patients with alcoholic hepatitis, a florid manifestation of ALD, 
it was reported in abstract form, the identification of an SNP in the Solute Carrier 
Family 38, Member A4 (SLC38A4) gene with OR 1.32 at a notable significance for 
this type of study; SLC38A4 is expressed mostly in the liver and is involved in 
amino acid transport [26].

In human beings, the expression of class mu glutathione-S-transferase in the 
liver is associated with liver disease [27]. The null phenotype GSTM1(0) was more 
common in alcoholic patients than in the controls and was associated with cirrho-
sis [27].
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The role of genes including those associated with oxidative stress, endotoxin 
response, cytokine activity, activation of fibrosis mechanisms such as CD14, 
glutathione- S-transferase, interleukin 10, interleukin 1B, manganese superoxide 
dismutase, nuclear factor of kappa light polypeptide gene enhancer in B cells 1, 
Toll-like receptor 4, transforming growth factor β1, and tumor necrosis factor α 
have been reported to play a role in alcohol induced liver disease, but, robust and 
consistent information in support of their role has not been published [28].

Certain animal strains exhibit preference for or disinterest in alcohol. It was 
reported from a study of microarray analysis of brain gene expression from different 
mice strains that 3800 unique genes significantly and consistently changed between 
the models that differ in alcohol preference. Several functional groups that included 
mitogen-activated protein kinase signaling and transcription regulation pathways 
were documented as significantly overrepresented. Those pathways may play an 
important role in establishing a high voluntary alcohol drinking level in some mouse 
models. Further analysis was reported to identify an alcohol preference quantitative 
trait locus the candidate genes for an alcohol preference quantitative locus Arhgef12, 
Carm1, Cryab, Cox5a, Dlat, Fxyd6, Limd1, Nicn1, Nmnat3, Pknox2, Rbp1, Sc5d, 
Scn4b, Tcf12, Vps11, and Zfp291and four ESTs were identified in chromosome 9 
[29]. This type of analysis may provide some clues to understand the genetic predis-
position to liver disease from alcohol in human beings.

Increased GABAergic neurotransmission may contribute to the desirable mood 
effects of alcohol [30]. There have been inconsistent reports on the association 
between SNPs in the gene that codes gamma aminobutyric acid (GABA) and alco-
hol use disorders [31, 32] but not regarding risks for liver disease from alcohol yet.

Whether genetically modified or not, obesity and cigarette smoking have been 
identified in association with a risk to develop cirrhosis in patients who excessively 
drink alcohol. A large study from Scotland documented that obesity and excessive 
alcohol intake increase the relative rate of death from liver disease [33]. There was 
a significant interaction between obesity and excessive alcohol intake that increased 
the risk of death from liver disease. This study provided data from two prospective 
cohort studies from Scotland that included 9559 men over the years of 1965 and 
1968 and 1970 to 1973 before the deluge of literature on NAFLD. The study docu-
mented that high mass body index (BMI) and alcohol intake were significantly asso-
ciated with mortality due to liver disease. Individuals who drank 15 or more drinks 
per week regardless of the BMI and those who were obese and drank had a greater 
relative risk for liver disease versus those who were not obese or underweight who 
did not drink. The adjusted relative rate for mortality from liver disease in under-
weight and normal weight with 95% confidence interval (CI) for men was 3.16 
(1.28 to 7.8), 7.01 (3.02 to 16.3) for overweight, and 18.9 (6.84 to 52.4) for obese 
men. The relative rate for obese men who consumed fewer than 15 drinks per week 
was reported as 5.3 (1.36 to 20.7) with a relative excess risk from interactions 
between BMI and alcohol consumption of 5.58 (1.09 to 10.1) [33]. A study from 
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California in the United States that included data from 128,934 subjects who had 
undergone health examinations between 1978 and 1985 documented that cigarette 
smoking was independently related to alcoholic cirrhosis. In addition, and consis-
tent with recent writings [34], coffee was associated with a decrease in the risk of 
alcoholic cirrhosis, with drinking at least four cups of coffee per day being associ-
ated with one fifth of the risk for cirrhosis from alcohol of that of persons who did 
not drink coffee [35], an idea confirmed from another study that concluded that 
coffee but not other caffeine containing beverages might “inhibit” the development 
of alcoholic (and nonalcoholic) liver cirrhosis [36]. The role of coffee in society is 
important [37]. One wonders what the coffee drinking habits in women who drink 
alcohol excessively are. The author did not find a publication that specifically 
reported the relationship between coffee and ALD; however, from a relatively large 
European study, it was documented that “regular coffee but not espresso” was an 
independent factor protecting from liver fibrosis in severely obese women. The lack 
of protection is devastating for espresso drinkers; thus, no alcohol remains one’s 
only option.

Women are more susceptible to ALD than men. From a study in Denmark that 
included 6152 people who drank alcohol, women and men had a 35 and 27 fold 
increase in mortality from cirrhosis, respectively, compared to the general popula-
tion with five drinks per day, i.e., threshold, but not more, being associated with 
death from cirrhosis. This study added information supporting the idea of the alco-
hol threshold, at which there is liver injury, and beyond which there may not be 
significant differences in liver disease [38]. From a community hospital in New York 
City, New York, in the United States, a retrospective study that included 2002 to 
2011 data revealed that patients of Hispanic ethnicity exhibited increased morbid-
ity, as evidenced by admissions to the intensive care unit and mechanical ventilation 
requirements. There was a significant association between mortality and the 
Hispanic women group versus non-Hispanic patients (p = 0.0007); however, the 
90 day mortality for Hispanic (n = 6) vs. non-Hispanic women (n = 1) was not sig-
nificantly different (p = 0.20). This study, limited by its retrospective nature and the 
relatively small number of patients (n = 165), highlights the vulnerability of women, 
and of women of certain Hispanic ethnicity not only to develop ALD but to be 
gravely ill from it [39]. The perennial question of the susceptibility of women to 
develop ALD remains; in this regard, differences in the pharmacokinetics of alcohol 
between men and women, a role of estrogen and progesterone and their different 
availability in pre- and post- menopausal states, and the relationship between hor-
monal concentrations and intestinal permeability, which would increase the expo-
sure of the liver and the whole system to bacterial products, including endotoxins, 
metabolism, and the physical volume where alcohol is distributed, smaller in 
women than in men that increases the concentration of alcohol to which the tissues 
are exposed have been proposed, and some investigated without the provision of 
unequivocal results [40–42].
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 Epidemiology

In the United States, the prevalence of chronic liver disease from alcohol was 
reported from data extracted from Medicare claims between 1999 and 2012 among 
the fee-for-service participants, comprised of 106,458 subjects as the second most 
common cause, 21% in the whole group, and also, the most common cause of liver 
disease in Caucasians, 38.2% [43].

A study that reported data from the National Survey on Drug Data recorded 
information on drinking patterns in relation to socioeconomic and demographic 
characteristics and alcohol dependence, characterized by craving, increase toler-
ance to alcohol, withdrawal symptoms, and failed attempts to quit that can result in 
drinking even increased amounts [of alcohol] [3]. In this study, excessive drinking 
was defined as binge drinking according to the Substance Abuse and Mental Health 
Services Administration [3], heavy drinking, i.e., one drink per day on average for a 
woman, and more than two drinks per day on average for a man, any alcohol con-
sumption by youth aged <21 years, and by pregnant women over the 30 days prior 
to the questions being asked [44]. The study documented that excessive drinking 
and alcohol dependence were most common among men from 18 to 24 years old, 
with binge drinking being the most usual pattern in individuals from families with 
an annual income of at least $75,000.00. Dependence was prevalent in individuals 
from families with an annual income of less than $25,000, with a prevalence of 
10.5% in binge drinkers, 10.2% in excessive drinkers, and 1.3% in non-binge drink-
ers. The study results documented that most individuals who drink excessively do 
not meet the criteria for alcohol dependence; however, complications that result 
from intoxication happen independently from that diagnosis. Furthermore, although 
ALD develops only in 15% of persons who drink alcohol excessively, the global 
mortality attributed to cirrhosis from alcohol was reported as 156,900 deaths in 
women, and 336,400 in men in 2010, reported to represent 0.7% for women and 
1.2% for men of all global deaths, respectively [45]. Indeed, studies have docu-
mented that one of the predicting variables of cirrhosis development from alcohol is 
drinking patterns [46, 47]. Decompensated liver disease from alcohol is relatively 
common in patients seen in the hospitals where the author works, and, notably, the 
number of patients considered for liver transplantation from this type of liver dis-
ease has increased; thus, it is useful for the clinician to be aware of the relevance of 
drinking patterns and their associations to refer patients for early treatment and 
preventive interventions [48, 49].

A vulnerability threshold beyond which there is a substantial risk of developing 
liver disease from alcohol has also been documented [50]. From the Dyonisos 
Study, a reputable source on the prevalence of chronic liver disease in Northern 
Italy, it was documented from 6534 participants that the threshold for the develop-
ment of cirrhosis or non-cirrhotic liver damage was the intake of more than 30 g of 
alcohol per day in men and women. This group consisted of 1349 persons at risk 
from whom 5.5% had evidence of liver injury, with a prevalence of what the inves-
tigators defined as “pure” alcoholic cirrhosis of 0.43%, 30 from the whole cohort, 
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which was 2.3% of the individuals at risk, with a ratio of nine men to one woman, 
versus 44 (3.3%) of the individuals at risk, who showed persistent signs of non- 
cirrhotic liver damage. After the age of 50 years, the cumulative risk for developing 
cirrhosis and non-cirrhotic liver damage was significantly higher in subjects who 
drank at separate times from eating food versus in those who reported drinking at 
mealtimes only, consistent with a recent study [51]. Thus, 30 g of alcohol per day, 
especially in various forms, and daily consumption over the years, increase the risk 
of developing alcohol induced liver damage as concluded from these data [50]. 
Along the idea of a threshold required for developing liver disease from alcohol was 
the publication with data from 1976 to 1978. Subjects aged 30–79 years were fol-
lowed for 12 years from a group of 13,285 from whom complete clinical informa-
tion was available. Two hundred sixty-one subjects had alcohol induced liver 
disease, and 124 had alcohol induced cirrhosis, which yielded an overall incidence 
of 0.2% per year in men and 0.03% per year in women with a sharp and significant 
increase in the relative risk to develop liver disease from alcohol at the intake of 
7–13 drinks per week in women, and 14–27 in men. Notably, women were more 
vulnerable than men to develop liver disease at any given amount of alcohol con-
sumed [52].

In summary, alcohol drinking patterns and a dose threshold beyond which liver 
disease develops itself contribute to the pathogenesis of liver disease, which appears 
to be modified by environmental factors and genetic backgrounds combined with 
the local toxic effects of alcohol in the liver, at least in part.

 Natural History of Alcoholic Liver Disease

A model that addressed the rate of decompensation of liver disease from a study that 
used data on clinical signs from general practices from 1987 to 2002 in the United 
Kingdom and that included 4537 patients with cirrhosis, 50.9% of whom had cir-
rhosis from alcohol, documented that the rate of decompensation overall was 11% 
per year but, higher, 31% (95% CI: 28.8%, 33.4%), in the first year post diagnosis 
of cirrhosis, and in patients with cirrhosis from alcohol, 37.6% (95% CI: 34.1%, 
41.5%) compared with 25.2% (95% CI: 22.6%, 28.2%) for those with non-alcohol- 
related cirrhosis also in the first year; the rate of decompensation after the first year 
did not vary as per etiology of liver disease, being 7.3% per year (95% CI: 6.5%, 
8.2%), adjusted for age and gender for patients with liver disease from alcohol, and 
5.5% per year (95% CI: 4.8%, 6.2%) for those with non-alcohol-related cirrhosis 
[53]. Although the information on abstinence was not provided in the publication, 
abstinence likely was one of the most important factors that improved the survival 
after the first year, as reported from studies that had access to histological data and 
that assessed the progression of liver injury versus its degree [54–56]. A study of 
100 consecutive patients with cirrhosis from alcohol followed from 1995 to 2000 
documented that abstinence 1 month post diagnosis was associated with a 7-year 
survival of 72% versus 44% for the patients who did not abstain [55]. Another study 
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was a retrospective review of 192 consecutive patients, 60 with compensated dis-
ease, in whom liver related mortality was documented as 13% at 5 years, and 43% 
in the 132 who were decompensated. Patients with severe fibrosis had a 10 year 
mortality of 45% versus no mortality in those with F0 to F2; mortality was reported 
as significantly lower in patients who abstained from alcohol than in those who did 
not by the use of the log-rank test, p = 0.017 [56].

An important study on the natural history of ALD from 88 patients with steatosis 
from alcohol followed for a median of 10.5 years from 1978 to 1985 revealed that 
nine (10%), eight of whom had continued to drink at least 40 units (one unit equals 
8 g of pure alcohol) of alcohol per week, had developed cirrhosis. An additional 
seven had developed fibrosis, but there was no information regarding alcohol use in 
these seven patients. Mixed macro and microvesicular fat (Fig. 8.1), and the pres-
ence of giant mitochondria on liver histology at baseline independently predicted 
disease progression; these features identified patients at high risk for disease pro-
gression. Although alcohol abstinence is the pillar of the limited therapeutic inter-
ventions to treat alcoholism and prevent ALD or its progression, the findings provide 
a rationale for proposing a liver biopsy, which should always be individualized and 
strong collaboration with alcohol rehabilitation programs to facilitate abstinence. 
Pharmacological therapy, including naltrexone, an opioid antagonist, and baclofen, 
a gamma-aminobutyric acid (GABA)-B receptor agonist, is indicated [57]. A study 
from Denmark also identified alcoholic fatty liver disease as having a higher prob-
ability of progression to cirrhosis than NAFLD. Patients who had had liver biopsies 
from 1976 to 1987 were identified. Over 9 years (range 0.6 to 23), 22 of 106 (20%) 
patients with alcoholic fatty liver disease developed cirrhosis versus one of 109 
(0.9%) over 16.7 years (range 0.2–21.9) in the NAFLD group. The death rate was 

Fig. 8.1 Microvesicular 
(top arrow) and 
macrovesicular steatosis 
(bottom arrow) in a patient 
with alcohol induced liver 
disease (Hematoxylin and 
Eosin stain, 40X)
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also higher in patients with ALD than in those with NAFLD [58]. Thus, ALD from 
the steatosis stage to the cirrhotic stage progresses faster than steatosis from nonal-
coholic disease; however, there is no mention of the report of abstinence versus 
continuous alcohol intake over the follow-up period in that study. Another publica-
tion, from a retrospective review conducted in Iceland and that included patients 
who had had a liver biopsy from 1984 to 2009, identified 94 patients with steatosis 
from alcohol with a median of 20 year survival similar to the median survival of 
24 years for patients with NAFLD. Seven percent of the group with NAFLD devel-
oped cirrhosis, significantly different from the 20% of patients with steatosis from 
alcohol; in addition, in 36% of patients in the latter group, the cause of death was 
liver related, versus cardiovascular disease in the NAFLD group. As previously 
reported, the degree of fibrosis, i.e., more, not less, was associated with risk of pro-
gression [59]. These data suggest that fat from alcohol induced liver injury is associ-
ated with a worse prognosis than fat from NAFLD.

Portal pressure has been proposed as the most important prognostic variable in 
cirrhosis; however, there was a lack of prognostic usefulness in the hepatic venous 
pressures. Hemodynamic measures were documented in a group of 87 patients with 
cirrhosis from alcohol prospectively studied from 1991 to 1993 at an index hospital 
admission and followed for a mean of 35 months (range of 1–76 months), during 
which 56 (64%) patients died at 5 years. Only age and bilirubin were significantly 
different from those who lived. Again, on Cox regression analysis, age and mea-
sures of liver function, e.g., Child–Pugh score, were the only prognostic factors for 
mortality [60]. Of much interest, and along the same line of interpretation from the 
data provided and as previously stated, the most significant predictive measure of 
survival at 5 years reported from a group of 122 hospitalized patients with cirrhosis 
and excessive intake of alcohol was the Child–Pugh class, with a 66%, 50%, and 
25% for class A, B, and C, respectively [61]. In addition, the absence of alcoholic 
hepatitis, documented by histology, and continuous alcohol intake were signifi-
cantly associated with increased risk ratios of death, the former results interpreted 
to suggest that the absence of a reversible condition, i.e., alcoholic hepatitis, was a 
poor prognostic factor, or, conversely, that the presence of alcoholic hepatitis, by 
virtue of its reversibility, was associated with a better prognosis than its absence [61].

The importance of relatively increased age and continuous alcohol use as 
independent predictors of a fatal outcome was supported by a study that followed 
100 consecutively admitted patients with cirrhosis from alcohol for 15  years 
until death or year 2000. The group’s mean age was 58 years, 35% of patients 
were women, 67 of whom had ascites, and 34% variceal bleeding on admission. 
Seventy-one percent and 90% died at 5 and 15 years, respectively, with bleeding 
and liver failure being the two most common causes of death [62]; however, 
Child–Pugh class was not identified as a prognostic factor for a bad outcome 
[62]. Furthermore, from an analysis that pooled 118 studies of the natural history 
of cirrhosis and that included 109 (46%) of patients with cirrhosis from alcohol, 
it was reported that alcohol as the etiology of cirrhosis was found independently 
predictive of survival in only one of the 48 studies (2%) in which it was included 
as a variable. Child–Pugh score, which was studied in 67 studies, was a predictor 
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of survival in 42 (63%) [63]. Abstinence from alcohol significantly affected the 
natural history of the disease in 2 of the 12 (17%) studies in which it was included. 
Forty-six percent of the patients included in the analysis had cirrhosis from alco-
hol, and only 29% were classified as Child–Pugh class A [63]; thus, the majority 
had decompensated disease. Indeed, Child–Pugh and its components were the 
most common predictive variables identified across the studies. This result sug-
gests that once cirrhosis is established, it is liver function that matters in survival. 
Thus, it can be inferred that, although with some variability according to the 
population studied, age, continuous alcohol use, and liver function are the most 
important prognostic factors of death in patients with cirrhosis from alcohol. In 
this regard, a study from Denmark that included 466 patients with a complication 
from cirrhosis due to alcohol examined the 1 year mortality, which was 64% for 
hepatic encephalopathy, 49% for ascites and variceal bleeding, 29% for ascites 
alone, and 17% for those who did not present with complications, the risk for 
which was 25% at 1 year, ascites being the complication in 12% of the patients, 
and 50% at five, with a risk of mortality at this point from 58% to 85% [64]. This 
publication, which reported the natural history of cirrhosis from alcohol more 
contemporaneously than previously cited studies, suggests that overall, the vari-
ables included in the Child–Pugh class calculation drive the prognosis of cirrho-
sis from alcohol. Thus, it can be inferred that, although with some variability 
according to the population studied, age, continuous alcohol use, and liver func-
tion are the most important prognostic factors of death in patients with cirrhosis 
from alcohol. Regarding liver function, the use of galactose elimination capacity 
(GEC) test is reported as a measure of hepatic metabolic capacity [65]. It is docu-
mented that in patients with cirrhosis of the liver, a decrease in the GEC is a 
predictor of short- and long-term mortality, suggesting the most important factor 
that determines the survival of patients with cirrhosis is liver function [65]. In 
this regard, investigators followed the patients from the cited study [64] to iden-
tify factors, labeled as patho- etiological, involved in developing complications, 
i.e., first-time hepatic encephalopathy, ascites, variceal bleeding, and mortality, 
in patients with cirrhosis from alcohol by the use of the GEC test. In addition, 
alcohol intake and plasma sodium, used as a measure of circulatory dysfunction, 
were assessed. It was reported that a low GEC increased the risk to develop 
hepatic encephalopathy; alcohol intake was associated with an increase in the 
risk to develop ascites, variceal bleeding, and mortality, with hyponatremia asso-
ciated with an increased risk for all complications, as well as mortality. Although 
a reduction in GEC increased the risk of hepatic encephalopathy, the reduction of 
GED alone did not increase the risk of death in the absence of hepatic encepha-
lopathy [66].

Bacterial infection affects the natural history of cirrhosis. Survival was examined 
in 501 patients, 48% of whom had ALD and a median Model of End-Stage Liver 
Disease (MELD) score of 17, e.g., meeting criteria for referral to liver transplant 
evaluation, who were admitted to the hospital because of complications of liver 
disease. The most common complication was bleeding from portal hypertension 
and ascites. The probability of survival was 50%, 46%, 41%, and 34% at 3, 6, 12, 

N. V. Bergasa



265

and 30 months in association with infections, 40% of which were nosocomial, com-
pared to the 83%, 77%, 71%, and 62% without infection. The overall survival was 
independently associated with bacterial infections, with a hazard ratio of 2.226, 
with that of MELD and admissions to the intensive care unit of 1.099, and 1.967, 
respectively [67]. These data suggested that infection, irrespective of disease sever-
ity, affects long-term survival of patients with cirrhosis, including cirrhosis from 
alcohol [67].

 Clinical Manifestations

The most important part of the approach to a patient with liver disease is the history, 
and in the case of ALD, it is pivotal: drinking habits must be obtained; sometimes, 
this requires several visits, and the reader is encouraged to establish a relationship 
conducive to open communication regarding substance use, e.g., alcohol, in general 
towards a proper diagnosis, and treatment. In its statement of 2004, The 
U.S.  Preventive Services Task Force (USPSTF) recommends that adult subjects, 
including pregnant women, be screened for alcohol misuse in the primary care set-
ting [2, 68]. The use of the single question, “How many times in the past year have 
you had X or more drinks in a day?” X being five for men and four for women, and 
the response of at least one being considered positive, is a tool that the National 
Institute of Alcohol Abuse and Alcoholism has recommended for the use in primary 
care settings, where clinicians work under tremendous pressure to keep up with the 
limited time allotted in their templates to see their patients [69]. In addition, there 
are tools designed to screen for alcohol use disorder, including the Alcohol Disorder 
Use Identification Test (AUDIT) and its variations [2], and the CAGE questionnaire 
[70], an acronym derived from the keywords in the four questions that encompass 
the tool: have you ever felt you should Cut down on your drinking?, have people 
Annoyed you by criticizing your drinking?, have you ever felt bad or Guilty about 
your drinking?, have you ever had a drink first thing in the morning to steady your 
nerves or to get rid of a hangover (Eye opener), score as 0 for no, and 1 for yes, with 
a score of at least 2 highly suggestive of alcoholism, and a score of 4 diagnostic of 
such. The CAGE questionnaire has 93% sensitivity and 76% specificity for the 
identification of excessive drinking, and 91% sensitivity and 77% specificity for the 
identification of alcoholism [70, 71].

Patients with AUD with or without ALD can develop an alcohol withdrawal syn-
drome characterized by autonomic hyperactivity. The mechanism of alcohol with-
drawal is considered to be mediated, at least in part, by decreased GABAergic type 
A and increased glutamatergic (N-methyl-D-aspartate) neurotransmission, respec-
tively [72].

The manifestations of alcohol withdrawal tend to worsen with the length of time 
from decrease in alcohol intake or last alcoholic drink [73]. The timing of the alco-
hol withdrawal can be divided as follows: (i) from 6–12 h, mild alcohol withdrawal, 
characterized by tremors, diaphoresis, nausea and vomiting, hypertension, 
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tachycardia, hyperthermia, and tachypnea, (ii) from 12 to 24 h, alcoholic hallucino-
sis, characterized by visual, e.g., animals in the surroundings, auditory, i.e., voices, 
and tactile, i.e., paresthesias often described as insects crawling on the skin, both 
associated with normal mental status, (iii) from 24 to 48 h, withdrawal seizures, 
typically generalized, tonic clonic, usually associated with a post ictal state, and (iv) 
from 48 to 72 h, delirium tremens (DT), the most severe manifestation of alcohol 
withdrawal, which can be fatal, and is characterized by delirium, psychosis, hallu-
cinations, hyperthermia, hypertension, tachycardia, seizures, and coma [73]. 
Disorientation is typical of DT and absent in alcoholic hallucinosis.

Patients with ALD may be asymptomatic or report symptoms typical of liver 
disease, including fatigue and pruritus, the latter usually in patients with cholestasis 
from alcoholic hepatitis, or cirrhosis, and some right upper quadrant pain. The phys-
ical findings are a manifestation of the degree of liver disease and the state of com-
pensation versus decompensation; thus, the physical exam may be normal or notable 
for cutaneous stigmata of chronic liver disease, including spider angiomata and pal-
mar erythema, jaundice, parotid gland enlargement, Dupuytren’s contractures, 
proximal muscle wasting, ascites, in cases of decompensation, and, in association 
with portal hypertension, a venous hum may be heard on the chest or superior abdo-
men. Patients with advanced liver disease tend to have pounding pulses, consistent 
with their hyperdynamic circulation, fetor hepaticus, jaundice, and any of the signs 
of hepatic encephalopathy, including somnolence and asterixis.

The presentation of alcoholic hepatitis is florid. Alcoholic hepatitis is a clinico-
pathological syndrome that can only be unequivocally diagnosed by liver histology. 
As described in the original series of seven cases, alcoholic hepatitis is usually 
associated with intensified drinking in chronic alcoholics. It is characterized by 
fever, anorexia, sometimes nausea and vomiting, jaundice, right upper quadrant 
abdominal pain, and hepatomegaly [74]. It is usually associated with tachycardia, 
warm skin, independent from body temperature because of the hyperdynamic state 
that characterizes this condition, and, depending on the severity, ascites, and hepatic 
encephalopathy.

 Associated Conditions

Alcohol can be toxic to organs other than the liver; however, there are conditions 
associated with ALD itself that include the heart and the nervous system. The treat-
ment of primary liver disease or associated conditions starts with abstinence from 
alcohol.

The risk of extrahepatic malignancies was documented to be increased in patients 
with cirrhosis from alcohol for esophageal, colorectal, and pulmonary malignan-
cies. This information is valuable because it should enhance vigilance in regard to 
symptoms that may alert the clinician to an investigation, and also because it empha-
sizes the importance of screening in the context of colorectal cancer [75].
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From a prospective autopsy study from Mexico that explored cardiovascular com-
plications from alcohol and that included 60 patients who had a history of alcohol 
abuse, there were no documented differences in age, nutritional status, gross and 
microscopic features, and frequency and degree of atherosclerosis versus a group of 
patients without a history of alcohol abuse [76]. Several years later, from a prospective 
study of 30 patients with a diagnosis of alcoholic cardiomyopathy (ACM), 13 (43%) 
had cirrhosis versus two from 30 “alcoholics” without a diagnosis of cardiomyopathy; 
in addition, 10 of 20 (50%) “active alcoholic” patients had dilated cardiomyopathy, 
with active alcohol use being associated with worse cardiac function compared with 
patients with cirrhosis who had been abstinent. These findings were in contrast to 
those of patients with cirrhosis not from alcohol who had a normal cardiac function. 
These data suggested an association between cirrhosis and cardiomyopathy in patients 
admitted to the hospital with the latter diagnosis, versus unselected patients with ALD 
without heart disease, with abstinence being related to normal function in patients 
with cirrhosis in contrast to those who were admitted with cirrhosis and who were 
actively drinking [77]. This study, which was from Barcelona, Spain, also contrasts 
with data from patients hospitalized because of cardiomyopathy in a community hos-
pital in New  York City, United States [78]. This retrospective study included 333 
patients with heart failure, defined as ejection fraction lower than 40%, and identified 
over 5 years during which 817 with ALD had been admitted to the hospital. One 
hundred-seventeen of the 333 (35%) had ischemic cardiomyopathy, and 216 (64.8%) 
had nonischemic cardiomyopathy (NICM); of these, 53 (25%) had ACM, which is 
6.4% of the 817 patients, i.e., a minority, admitted with ALD over the same period, 
with the only significant differences being a lower mean age, more men, and more 
black patients in the ACM group than in the NICM group [78]. It was concluded from 
these results that ACM was not common in the population studied, in contrast to the 
study from patients in Barcelona [77], in which most patients with ACM were reported 
to have cirrhosis, findings that have suggested that genetic predisposition [77, 78], 
race, and ethnicity may contribute to this complication of excessive alcohol use [78]. 
Indeed, susceptibility to developing ACM in patients with alcohol abuse disorder was 
reported in association with the angiotensin converting enzyme (ACE), DD genotype; 
however, this feature is not specific for ACM [79]. Also, miRNAs, including miR-138 
[80], and other genes associated with alcohol metabolism, including ALDH2 (A/G or 
A/A), ADH1B (A/A), and CYP2E1(T/C or T/T) [81] have been implicated in this 
condition. Indeed, developing technologies to explore genetic risks will be useful in 
studying the ACM in ALD.

Wernicke’s encephalopathy is a complication from thiamine deficiency. It is a 
complication from malnutrition in patients with hyperemesis gravidarum, bariatric 
surgery, hemodialysis, and most carefully studied, AUD, including those with liver 
disease. A retrospective study that included neuropsychological and neuropatho-
logical data from 28 patients concluded that two of four elements were required for 
the diagnosis of Wernicke’s encephalopathy: (1) nutritional (B1) deficiency, (2) 
oculomotor abnormalities, (3) cerebellar dysfunction, and (4) altered mental status 
or mild memory impairment [82]. These findings were compared with autopsy 
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reports from 106 “alcoholics.” It was documented that neuropathological findings 
typical of Wernicke’s (i.e., periventricular and brainstem hemorrhage) coexisted in 
patients with hepatic encephalopathy [82]. These findings further highlight the 
importance of considering Wernicke’s encephalopathy in patients with ALD and 
hepatic encephalopathy as there is specific and necessary treatment for the former, 
i.e., thiamine replacement, which can prevent permanent short-term memory loss 
(Korsakoff syndrome) and death. The serum concentration of thiamine can be mea-
sured at baseline and in follow up but treatment should not be delayed while waiting 
for the results. It is recommended that thiamine be given intravenously before any 
carbohydrates, 200 mg three times a day. The practice of thiamine administration in 
the emergency rooms and intensive care units is recommended for all patients at risk 
of its deficiency [83].

Alcoholic neuropathy is considered to be secondary to the toxic effects of alcohol. 
From a series of 207 patients with cirrhosis, the prevalence of peripheral neuropathy was 
53.6%; the odds ratio of having peripheral neuropathy in patients with cirrhosis from 
alcohol, who comprised 70% of the study group, was 2.27 (95% CI, 1.15–4.67, 
p = 0.037) [84]. A clinical study of patients with alcoholic neuropathy documented the 
sensory nature of this complication, characterized by burning pain, symmetrically 
affecting mostly the feet and distal part of the legs; small fiber axonal loss was docu-
mented in sural nerve specimen, typical of alcoholic neuropathy of short duration versus 
the presence of regeneration of small fibers in chronic cases, with segmental de/remye-
lination [85–87]. A meta-analysis of studies on the treatment of neuropathic pain 
reported the use of tricyclic antidepressants (TCAs), serotonin and norepinephrine reup-
take inhibitors (SNRIs), pregabalin, and gabapentin as the first line of therapy [88]. 
Abstinence is needed to stop the neuropathic pain but may not help residual numbness.

Hepatic osteodystrophy is an entity characterized by osteoporosis or osteomala-
cia in patients with liver disease, the former being more prevalent than the latter 
[89–91]. The prevalence of bone disease in cirrhosis from alcohol was reported as 5 
and 40% [92, 93]; however, in a study of 52 patients, it was reported that osteopo-
rosis, the presence of which did not correlate with liver tests, was present in 78% of 
the subjects compared to the control group, in contrast to the absence of osteomala-
cia [94]. However, in a study that included 215 cirrhotic patients, a third of whom 
had osteoporosis, high liver stiffness, by transient elastography, was associated with 
bone disease [95]. There are some recommendations in regard to screening patients 
with cirrhosis for bone disease [96, 97]; however, guidelines for screening for osteo-
porosis in ALD, specifically, are not available, consistent with findings that suggest 
that the etiology of liver disease does not have a major impact on hepatic osteodys-
trophy [95], except in cases of primary biliary cholangitis, on which much litera-
ture, albeit controversial, has indicated an increased risk for bone disease [98].

The causes for bone disease in patients with ALD include the effects of alcohol 
on bone metabolism in association with low GLA protein, an index of bone forma-
tion [99], and high sclerostin, an endogenous inhibitor of the Wnt/β-catenin path-
way, a central regulator of skeletal modeling and remodeling secreted by osteocytes 
[100, 101], malnutrition in association with vitamin D deficiency, hypogonadism, 
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and alterations in the receptor activator of nuclear factor kappa B ligand (RANKL) 
and osteoprotegerin (OPG) mediated pathway of bone metabolism [102, 103].

A meta-analysis that included 15 studies of osteoporosis and bone fractures doc-
umented that in patients with ALD, the relative risk for bone fractures was 1.944, 
95% CI = 1.354 to 2.791; however, it was 0.849 (95% CI = 0.523–1.380) for osteo-
porosis. In addition, bone mineral density (BMD) was similar between patients with 
ALD and the control group, although the BMD was lower in the former than in the 
latter. These results suggested that significant associations between bone fractures 
and ALD were independent of BMD and osteoporosis, suggesting the existence of 
extra osseous factors that affect the bone [104].

In the context of ALD and cirrhosis from alcohol, specifically, patients were 
reported to have had a decrease in bone mineral density and to have high serum 
concentrations of tumor necrosis factor (TNF)—R55, being significantly higher in 
patients with both cirrhosis and osteoporosis than in those with cirrhosis and no 
osteoporosis; in addition, there was a correlation between urinary excretion of 
deoxypyridinoline, a measure of bone resorption. Also, serum levels of IL-2 recep-
tor, interpreted as a sign of immunological activation, were significantly higher in 
patients with cirrhosis and osteoporosis than in patients with cirrhosis alone, data 
interpreted to suggest that osteoporosis in patients with cirrhosis from alcohol was 
associated with activation of cellular immunity, and due to increased bone resorp-
tion [105].

Treatment of osteopenia and osteoporosis in patients with cirrhosis from alcohol 
is as recommended by guidelines to treat bone disease in the general population; 
however, specific considerations regarding risk versus benefits of treatment in 
regard to the risk of esophageal ulceration in patients with portal hypertension and 
esophageal varices must be considered [106]; collaboration with specialists in bone 
disease is advised regarding alternatives.

Intestinal dysbiosis is defined as an imbalance in the composition of the intes-
tine’s microbial entities with a disruption of symbiosis [107], and it has been 
reported in association with ALD [108]. In addition, endotoxemia, derived from 
intestinal bacteria, has been documented to be a factor as an initiator or perpetuator 
of ALD [109].

The reason for intestinal dysbiosis has been proposed as a combination of factors 
that include genetics, environment, bile flow (i.e., decreased in cirrhosis), dysmotil-
ity of the gastrointestinal tract, altered immune response to an increased population 
of different antigens, increased gastric pH, and metabolomic changes. The metabo-
lome is the complete set of all low-molecular-weight metabolites (i.e., metabolic 
intermediates, hormones and other signaling molecules, and secondary metabolites) 
found in a biological sample, such as a single organism, which are the end products 
of gene expression [110, 111].

In support of a role of intestinal bacteria in ALD are the data from a study that 
documented, by the use of a breath analyzer in a controlled setting, intestinal bacte-
rial overgrowth in 27 (30.3%) in a study that included 89 patients with alcoholic 
cirrhosis, significantly higher in patients with advanced or decompensated ALD 
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than in those with compensated liver disease, in contrast to the findings in the con-
trol group, in which bacterial overgrowth was not documented. Twelve (17.1%) of 
the 70 patients with ascites had a documented episode of spontaneous bacterial 
peritonitis (SBP), the prevalence of which was higher in patients with bacterial 
overgrowth, data interpreted to support a role of bacterial overgrowth in the patho-
genesis of SBP [108].

Exposure to intestinal bacteria and propensity to develop infections by patients 
with ALD may be related to the leaky gut, in part. In this regard, mucosal associated 
invariant T cells (MAIT) in blood from patients with cirrhosis from alcohol and 
those with severe alcoholic hepatitis were reported as depleted and to exhibit inad-
equate responses to bacterial exposure. These findings correlated with the increased 
expression of intrahepatic homing receptors and the preservation of mucosal associ-
ated invariant T cells (MAIT) within the liver in ALD. In vitro stimulation by fecal 
bacterial components was reported to result in impaired function of MAIT, compa-
rable to that documented in these cells derived from patients with ALD, and deple-
tion, selective towards MAIT. These results were interpreted in support of the idea 
of increased permeability in ALD, which may lead to MAIT dysfunction and 
increased infection in patients with ALD [112].

It was reported from a study that included alcoholic subjects with and without 
liver disease, that 8 of the 22 (36.7%) patients in the former group exhibited dysbio-
sis; however, there was no difference between this group and those characterized as 
alcoholics without liver disease, in which 5 of the 19 (26.3%) were dysbiotic [113]. 
Importantly, serum endotoxin concentrations were higher in the group of patients 
defined as alcoholics with or without liver disease than in the control group, but 
there was no difference between the first two groups. Patients from the group of 
alcoholics with dysbiosis had a decrease and an increase in the median abundance 
of Bacteroidetes and Proteobacteria, respectively; the group that included the 
patients defined as alcoholics had decreases in Bacteroidaceae. The lack of differ-
ence in taxa between the group with ALD and those without suggested that alcohol 
has an impact on the taxa of the gut microbiota but not the cirrhosis itself [113]. It 
was noted that the study was limited because of the sample size and inconsistent 
availability of histological data [113]. However, the results seem to support differ-
ences in the gut microbiome and interaction with endotoxemia in patients who drink 
alcohol excessively. In this regard, from a study that included 88 patients with cir-
rhosis from alcohol, endotoxemia was reported to be significantly more frequent, 
i.e., in 67.3% of patients, in patients with cirrhosis versus 45.5% in patients with 
cirrhosis from other etiologies [114]; however, the prevalence of endotoxemia was 
similar in patients with ascites and esophageal varices and patients without those 
features; in addition, in a group of 24 patients who were drinking alcohol actively, 
endotoxemia was documented in 11 (45.7%) on admission to the hospital but not in 
seven of the 11 subjects (64%) 5–8 days after hospitalization, a finding interpreted 
to suggest that heavy alcohol abuse is associated with transient endotoxemia even in 
the absence of liver disease [114]. The presence of endotoxemia was studied in 74 

N. V. Bergasa



271

patients with ALD, 52 of whom had had a liver biopsy, and the rest had esophageal 
varices suggesting portal hypertension and who had been abstinent from alcohol for 
more than 6 months. It was reported that plasma levels of endotoxin were signifi-
cantly higher in the group of patients with cirrhosis than in the group of healthy 
control subjects and that there was a correlation between the levels of endotoxin and 
degree of liver disease, being significantly higher in advanced disease. In addition, 
endotoxemia correlated with plasma concentrations of TNF-alpha and its soluble 
receptor form, strong promoters of inflammation [115]. Furthermore, it was docu-
mented that in patients with cirrhosis from alcohol, and with alcoholic hepatitis 
superimposed to cirrhosis, neutrophil activation and reduced phagocytic activity 
were associated with increased risk of infection, organ failure, and mortality; plasma 
from patients altered the function of normal neutrophils, also corrected by the addi-
tion of normal plasma. The removal of endotoxin, done ex vivo, from the patients’ 
plasma was associated with a decrease in the resting burst and increased ability to 
phagocytose, i.e. improved neutrophil function [116]. These data provide support 
for a pathogenetic effect of endotoxin in the liver of patients with ALD.

A study of stool microbiome in 244 patients with liver disease documented that 
patients with cirrhosis from alcohol had a significantly higher amount of 
Enterobacteriaceae and Halomonadaceae, a lower amount of Lachnospiraceae, 
Ruminococcaceae, and Clostridialies XIV, high endotoxin levels, and lower cirrho-
sis dysbiosis ratio, i.e., the ratio of autochthonous to nonautochthonous taxa, a low 
number consistent with dysbiosis, despite a statistically similar degree of liver dis-
ease as compared to those with a liver disease not from alcohol [117]. As patients 
with cirrhosis from alcohol are reported to have an increase in infection rate and 
bacterial translocation [118], these findings were interpreted as an explanation for 
the increased infection rate and bacterial translocation in patients with cirrhosis 
from alcohol [117], as suggested from other studies [119, 120]. Furthermore, it was 
reported that patients with alcohol dependence had reduced intestinal fungal diver-
sity and overgrowth of Candida. However, patients with cirrhosis from alcohol also 
had increased systemic exposure and immune response to mycobiota, measured by 
serum anti-Saccharomyces cerevisiae IgG antibodies, suggestive of translocation of 
fungal products, an additional factor beyond bacterial translocation in the pathogen-
esis of ALD, and a feature that correlated with mortality [121].

The fantastic, but plausible proposition of how metabolomic changes may lead 
to ALD states that a decrease in the synthesis of long-chain fatty acids by bacteria 
may result in a population decrease of organisms favorable to health, e.g., 
Lactobacillus spp., activation of inflammatory cells in the intestinal lamina propria, 
leading to TNF-alpha secretion, which binds to enterocytes disrupting tight junc-
tions and increasing intestinal permeability, also in association with alcohol itself 
and its metabolite acetaldehyde. These factors may allow microbial products to 
translocate from the intestinal lumen to the portal system to activate hepatic stellate 
and Kupffer cells to cause hepatocellular injury, which adds to the injurious effects 
of alcohol, leading to progression of ALD [122].
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 Laboratory and Radiological Exams

The hepatic panel in ALD is characterized by increased serum activities of transami-
nases in the low to mid hundreds IU/ml, and GGTP, which also increases from 
excessive alcohol intake [123]. The aspartate amino transferase (AST) activity is 
higher than that of alanine aminotransferase (ALT), usually at a ratio of 1.5 to less 
than 2 in alcohol abuse, and a 2:1 ratio in acute alcoholic hepatitis, i.e., the De Ritis 
ratio [124–127]; the reasons for this characteristic feature are reported to be: (1) 
from pyridoxal phosphate (vitamin B6) deficiency, which is required for AST and 
ALT to be active [128]; in this regard, the addition of pyridoxal to the assay increases 
transaminase activities but the ratio remains the same, and (2) because there is more 
AST than ALT as the former is located in the mitochondria and the cytoplasm, as 
co-enzymes, and the ALT is located only in the cytosol. The activity ratio of AST to 
ALT in the liver is 2.5, and in serum is 1 because the clearance of AST from the liver 
is twice as fast as that of ALT. In liver injury, there is more AST to be released (dual 
source) than ALT; thus, the 2:1 ratio. AST and ALT exist in the heart, muscle, and 
kidneys, where the predominant enzyme is the former [124]. Hyperbilirubinemia is 
typical of alcoholic hepatitis, usually equal to or greater than 5 mg/dl, but serum bili-
rubin may be normal or minimally raised. Regardless of the etiology, patients with 
cirrhosis can have low grade hemolysis. In this context, Zieve’s syndrome, charac-
terized by hemolysis, jaundice, and hyperlipidemia, in association with alcoholic 
fatty liver disease and cirrhosis, can present acutely, with an average hemoglobin 
decrease of 2 g, with recovery in association with supportive care and abstinence 
from alcohol [129]. In general, though, total serum bilirubin depends on the degree 
of decompensation, and it tends to be normal in steatosis (except as described above) 
and in compensated cirrhosis. Prothrombin time may be prolonged (high International 
Normalized Ratio) (INR), and albumin may be low, an expression of hepatic syn-
thetic dysfunction. The hemogram may be normal or show macrocytosis, reported as 
secondary to an increase in unesterified serum cholesterol due to lecithin cholesterol 
acyl transferase deficiency, which results in the expansion of the lipid bilayer of the 
erythrocytes [130] and nutritional deficiencies, anemia, leukopenia, and thrombocy-
topenia, the last three from bone marrow suppression from alcohol in actively drink-
ing patients, from liver disease itself, or in association with hypersplenism from 
portal hypertension. Serum immunoglobulins tend to be high in patients with cir-
rhosis, in part, because of the systemic exposure to bacterial products via portosys-
temic shunts; IgA, in particular, can be high in the serum of patients with ALD.

Ferritin and transferrin saturation tend to be high in patients with ALD. From a 
study that included 58 patients with ALD, it was reported that serum ferritin and 
necroinflammatory activity were significantly higher in active alcohol drinkers ver-
sus non-drinkers; the serum ferritin correlated with liver iron content, indirectly 
assessed by magnetic resonance imaging (MRI), the histological grade of iron 
stores, and necroinflammatory activity, with an odds ratio of 7.32, in association 
with active drinking of alcohol [131]. There are high iron content and indices of iron 
overload in association with ALD; decreased hepcidin from oxidative stress from 
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alcohol itself may also cause iron overload [132, 133]. The reason for this finding 
has not been unequivocally explained, but the reduction of hepcidin in association 
with oxidative stress from alcohol itself may be a cause of iron overload in patients 
with ALD [132, 133]. In regard to the patient presented in this chapter, he was het-
erozygote for the hemochromatosis gene mutation C282Y, surely contributing to his 
iron overload state (Fig. 8.2).

The use of non-invasive tests for the diagnosis of liver disease is desirable. The 
Fibrotest, Fibrometer A, and Hepascore are blood tests derived from laboratory val-
ues. They were reported to be accurate in diagnosing fibrosis and cirrhosis from 
alcohol [134]. As the definition of cirrhosis requires histology, in its absence, terms 
such as suggestive of, or consistent with cirrhosis, should be used for accuracy in 
medical documentation and patient care.

Imaging studies cannot discern the cause of fat; however, liver ultrasound can 
help to identify fat, which appears bright, in the liver, including that from 
ALD. Moderate to marked infiltration increases echogenicity. In addition, attenua-
tion, the ultrasound beam’s ability to traverse the liver, increases as the fat infiltra-
tion increases. A feature of angulation and geometric boundaries separating the 
normal and fatty liver parenchyma has been described as typical [135]. Liver ultra-
sound has been reported as the best test to identify liver nodularity, characteristic of 
cirrhosis [136]. In addition, the assessment of blood flow, hepatopedal versus hepa-
tofugal, aids in the identification of portal hypertension, as does the appearance of 
collateral circulation [137].

Computed tomography is a valuable radiological test to identify fat; the greater 
the attenuation values, the lower the degree of fat. Attenuation values were reported 
to correlate with the degree of fat documented histologically [137, 138].

Fig. 8.2 Iron deposition in 
hepatocytes (arrow) in a 
patient with alcohol 
induced liver disease and 
heterozygous mutation in 
C282Y (Prussian Blue, 
high power)
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Several breath tests have been proposed to diagnose and determine disease sever-
ity of liver disease from alcohol, including the 13 C labeled breath tests, aminopyrine 
breath test, galactose breath test, methacetin breath test, and keto-isocaproic acid 
breath test, studies based on the quantification of volatile organic compounds. If 
confirmed, these tests can help the clinician identify patients in whom therapeutic 
and preventive measures may be started to prevent disease progression [139].

 Histology

Steatosis is the earliest finding in alcohol mediated liver injury [140]. Fat appears 
within hepatocytes giving the appearance of droplets that coalesce in the cytoplasm 
pusing the nucleus to the periphery. Fat tends to predominate in the pericentral, zone 
3, of the liver lobule, continuing towards zones 2 and 1. In association with absti-
nence, fat can disappear from hepatocytes over several weeks, with some remnants 
in periportal macrophages. Fat filled hepatocytes can rupture stimulating an inflam-
matory response comprised of lymphocytes, macrophages, and eosinophils in the 
form of lipogranuloma, which disappear without fibrosis [140]. Alcoholic foamy 
degeneration is a complication of ALD characterized by microvesicular steatosis 
where fat appears in the cytoplasm as small droplets, and where the nucleus remains 
in the center of the hepatocyte; megamitochondria and bile pigment can be present, 
the latter in the perivenular hepatocytes and canaliculi. This type of liver injury, in 
which inflammation tends to be absent, is considered to be a degenerative process 
that can be complicated by jaundice and hepatomegaly, with a mixed liver profile 
and a prolonged picture of cholestasis. Hepatic decompensation was reported in less 
than 10% of the 20 patients in the original series, and resolved in association with 
abstinence from alcohol [141, 142]. Regarding cholestasis, loss of type 3 inositol 
1,4,5-trisphosphate receptor (ITPR3) from biliary epithelial cells has been described 
in liver diseases characterized by bile duct injury, including primary biliary cholan-
gitis and primary sclerosing cholangitis [143]. As the absence of ITPR3 in biliary 
epithelial cells is associated with decreased bicarbonate secretion, it has been sug-
gested that loss of ITPR3 in this type of cell may be a common factor to conditions 
associated with cholestasis [144]. Biliary epithelial cells express Toll-like receptor 
4 (TLR4), the LPS (i.e., endotoxin) receptor, the stimulation of which activates 
nuclear factor-κB (NF-κB), which subsequently downregulates ITPR3. Liver sam-
ples from seven patients out of 28 with alcoholic hepatitis and cholestasis, assessed 
by serum activity of alkaline phosphatase, had decreased expression of ITPR3, 
documented by immunohistochemistry [145]; thus, as endotoxemia is characteristic 
of excessive alcohol use, and is considered to contribute to ALD [109, 114], these 
findings provide a mechanism underlying cholestasis in alcoholic hepatitis, and 
lend support to the idea that endotoxin contributes to the pathogenesis of ALD.

Perivenular fibrosis consists of a rim of fibrous tissue covering at least two thirds 
of the perimeter of the terminal venule; in association with alcohol induced steato-
sis, it prognosticates the progression of liver disease in the absence of abstinence 
[140, 146].

N. V. Bergasa



275

Alcoholic hepatitis is a clinicopathological syndrome that can only be unequivo-
cally diagnosed by liver histology. Histologically it is characterized by steatosis, 
acidophilic necrosis of hepatocytes, i.e., apoptotic bodies, and an inflammatory 
infiltrate characterized by neutrophils. Mallory bodies, eosinophilic, irregularly 
shaped structures that have the appearance of a twisted rope (Cesar del Rosario, 
M.D., personal communication) and are located in the cytoplasm of the hepatocyte 
can be identified. Megamitochondria, appearing like needle-like cytoplasmic pro-
jections, can also be appreciated. The severity of the disease is associated with the 
degree of hepatocellular necrosis, with ballooned hepatocytes (Fig. 8.3) and Mallory 
bodies, around which the inflammatory infiltrate tends to be localized. Other fea-
tures include bile stasis, bile ductular proliferation, and various degrees of fibrosis 
around hepatocytes and venules [140].

A role of interleukin 8 in the pathogenesis of alcoholic hepatitis was suggested 
from a study that reported marked expression of the cytokine in correlation with the 
neutrophil inflammatory infiltrate, a marker of severity, and in serum, significantly 
higher levels in patients who died from complications of the disease [147]. These 
findings were extended in a morphometric study in which neutrophils and T lym-
phocytes CD3+ infiltration, degree of apoptosis, expression of CXC and CC chemo-
kines, protein levels of IL-8 and Gro-alpha, and serum concentrations of IL-8 and 
Gro-alpha were evaluated. The expression of CCL2 and CXCL10, IL-8, Gro-alpha, 
CXCL5, CXCL6 was enhanced in samples from patients with alcoholic hepatitis 
compared to that of samples in the control group, the latter four correlating with 
neutrophil infiltration, and with worse prognosis, with IL-8 protein levels identified 
as an independent predictor of 90 day mortality after the clinical presentation [148]. 
Some of the findings from a study that included 36 consecutive patients admitted to 
a hospital in Spain with a diagnosis of alcoholic hepatitis, supported by the clinical 
presentation and liver histology, concluded that transforming growth factor-beta1 
(TGF-β1), a cytokine that plays a fundamental role in the development of hepatic 
fibrosis, was enhanced in the liver of patients with alcoholic hepatitis as well as 
other factors that mediate degradation of collagen in the liver, tissue inhibitor metal-
loproteinases (TIMP-1), matrix metalloproteinase-2 (MMP-2), and urokinase-type 

Fig. 8.3 Ballooned 
hepatocytes in a patient 
with alcohol induced liver 
disease (arrow) 
(Hematoxylin and eosin 
stain, 40X)
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plasminogen activator (ut-PA), chemokine (C-X-C motif) ligand 1 (i.e., GrO-a), 
dual oxidase 1(DUOX-1), and monocyte chemoattractant protein 1(MCP-1), medi-
ators of inflammation. In addition, important components of the phagocytic NADPH 
oxidase, which mediates neutrophil derived oxidant stress, was increased. The 
increase in TNF-alpha was mild, although, together with IL-6 correlated with infec-
tion. The results of this study identified potential treatment pathways and seemed to 
support documented histological findings of patients with alcoholic hepatitis, i.e. 
mediators of collagen deposition, collagen degradation, and the inflammatory con-
sequences of the neutrophil invasion of the liver in alcoholic hepatitis [149].

Plasma levels of CCL2 were significantly higher in patients with alcoholic hepa-
titis than those without and correlated with disease severity, IL-8 expression, and 
degree of neutrophil infiltrate, with a predominance of the −2518 A  >  G CCL2 
polymorphism in patients with severe disease [150].

Patients with alcoholic hepatitis have been documented to have a dysregulated 
immune state as suggested by increased plasma concentrations of proinflammatory 
cytokines, including IL-8, a potent neutrophil chemotactic factor [148], but lower 
levels of the anti-inflammatory macrophage-derived chemokine (MDC), compared 
to the control groups, including a group of heavy alcohol drinkers without liver 
disease, the latter findings being consistent with a prior report [149]. In addition, 
CD4 T cells reacted poorly upon stimulation based on the low production of IFN-γ. 
Monocytes had a low expression of cluster of differentiation 38 (CD 38), a reflec-
tion of reduced leukocyte activation, in patients with alcoholic hepatitis, a finding 
that correlated with increased mortality, and which seems a paradox, as it is the 
migration of neutrophils to the liver that is believed to contribute to the pathogenesis 
of alcoholic hepatitis. Abstinence from alcohol was associated with the resolution 
of immunological dysregulation, emphasizing the importance of abstinence at any 
stage of ALD. CD38 and IL-8 were highlighted in this study as potentially relevant 
in the pathogenesis of alcoholic hepatitis thus identifying potential pathways 
towards drug development [151].

The lesion of sclerosing hyaline necrosis can be appreciated in cases of severe 
liver injury in alcoholic hepatitis, with hepatocellular necrosis around the terminal 
venules, occluded by fibrous tissue, which can be associated with portal hyperten-
sion, in the absence of cirrhosis, as it has been clinically described [152] (Fig. 8.4), 
and in patients with cirrhosis and superimposed alcoholic hepatitis with marked 
liver cell necrosis and neutrophilic infiltrate [153]. The lesion of sclerosing hyaline 
necrosis can progress, and fibrosis extends pericellularly; the bad prognostic fea-
tures include fibrous septa, and general hepatocellular necrosis, occlusion of hepatic 
venules, which results from perivenular fibrosis, leading to luminal obstruction of 
venules [140]. In addition, lymphocytic phlebitis, characterized by an inflammatory 
infiltrate of the central and sublobular veins, and in as much as 52% of cases of 
alcoholic hepatitis in one series [154], veno-occlusive lesions, the degree of which 
correlate with the magnitude of portal hypertension [140, 154].

Alcoholic cirrhosis is the transformation of the liver architecture by regenerating 
nodules surrounded by fibrous septa (Fig. 8.5). The nodules tend to be small, i.e., 
micronodular, measuring 3 mm in diameter, although macronodules can also form, 
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Fig. 8.4 Liver histology of 
a patient with sclerosing 
hyaline necrosis in a 
patient with alcoholic 
hepatitis. Strands of 
collagen (blue) extend 
from the central vein 
surrounding swollen 
hepatocytes, and sinusoids 
filled with collagen. 
(Masson stain, 500X) 
(published with permission 
[152])

Fig. 8.5 Cirrhosis in a 
patient with liver disease 
from alcohol use disorder; 
there is a nodule 
surrounded by collagen 
(Trichrome stain, high 
power)
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reportedly in association with alcohol abstinence. Features of inflammation charac-
terized by neutrophils and plasma cells can be appreciated in the fibrous septa, usu-
ally when alcohol consumption has continued. Ductal metaplasia is noted in the 
periportal area. Alpha1 1-antitrypsin globules can be observed in the periphery of 
the nodules, suggesting impaired protein secretion by the hepatocytes [155], as well 
as Periodic Acid-Schiff (PAS)-positive granules identifying protein bound copper in 
the hepatocytes [140]. Hepatic oncocytes, characterized by a granular cytoplasm, 
can also be appreciated in the nodules' periphery [140, 156]. Portal fibrosis is not 
common in pure ALD; however, activated macrophages found in these areas have 
suggested that they may be the source of substances that mediate alcohol induced 
liver injury [140].

Iron metabolism in the context of excessive alcohol use and ALD has been dis-
cussed above. Siderosis is a feature in the liver histology of ALD, with iron detected 
in hepatocytes and Kupffer cells, modestly [140]. Intense iron staining in the liver 
of patients with ALD prompts the investigation of genetic forms of iron overload.

Characteristically, there is IgA deposition along the sinusoids in the liver of 
patients with ALD, a findings that has suggested a pathological role for the immu-
noglobulin [157]. In this regard, however, it was documented that B cells, isolated 
from human liver tissue, included IgA producing cells that reacted with commensal 
bacterial products, findings interpreted to suggest that the IgA originating from the 
liver could be involved in the clearance of intestinal antigens that get to the liver 
through the portal vein, and thus, protect the liver from injury due to gut-derived 
antigens in ALD [158].

 Treatment

The management of patients with AUD with or without liver disease is founded on 
abstinence; when AUD is associated with liver disease, in addition to abstinence, the 
treatment is aimed to stop the progression of the liver disease, and in cases of alco-
holic hepatitis, to stop the acute inflammatory cascade that can result in liver failure 
and death.

Patients with AUD require collaborative management between substance abuse 
experts, internists, gastroenterologists, and hepatologists if they have liver disease, 
and support groups, including faith based organizations.

The Food and Drug Administration has approved several medications to manage 
AUD, including disulfiram, acamprosate, and naltrexone.

Disulfiram inhibits the enzyme mitochondrial aldehyde dehydrogenase; in the 
presence of alcohol, even small amounts of disulfiram produces unpleasant effects 
that include flushing, throbbing headache, nausea, vomiting, sweating, and thirst as 
well as respiratory and cardiovascular complications [159]. A meta-analysis of the 
results of clinical studies on disulfiram documented that in open label trials, the 
drug was more effective than the controls in maintaining abstinence; however, no 
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efficacy was demonstrated in “blind trials.” More side effects were reported in the 
disulfiram trials than in the control groups, with no difference in the number of 
deaths between them [160].

Naltrexone is an opioid antagonist that decreases the pleasant sensations associ-
ated with alcohol intake, and it has been reported to decrease craving [161, 162].

Acamprosate is a drug most effective in combination with psychosocial support 
in the treatment of AUD. The mechanisms of action of this drug in the treatment of 
AUD may include functional antagonism of the ionotropic glutamate N-methyl-d- 
aspartate (NMDA) receptor, but, as the binding between the drug and the receptor is 
weak, it is suggested that instead, the drug may modulate NMDA receptors via 
regulatory polyamine sites, or that it may act on metabotropic glutamate recep-
tors [163].

Other drugs approved by the FDA for other indications have also been used to 
treat AUD, including fluoxetine, duloxetine, tiagabine, levitiracetam, gabapentin, 
pregabalin, sertraline, citalopram, ritanserin, aripiprazole, ondansetron, quetiapine, 
and topiramate [164].

Baclofen is a selective GABA-B receptor agonist used to treat AUD; the mecha-
nism by which this drug helps in the management of alcoholism is unknown. 
Baclofen was documented to reduce the craving for alcohol and promote abstinence 
and prevent relapses after a period of sobriety in patients with and without liver 
disease [165], including cirrhosis [166]. However, the Cochrane Collaboration, 
which analyzed the clinical trials of baclofen for AUD, interpreted that the results of 
the studies, in general, were encouraging but that the evidence remained “uncertain” 
in support of the use of baclofen for the treatment of AUD [167].

In a randomized clinical trial, baclofen, at a dose of 10 mg orally three times a 
day, was associated with abstinence in 30 of 42 patients (71%) with a cumulative 
mean duration of 62.8 days versus placebo, associated with abstinence in 12 of 42 
(29%) with a mean duration of 30.8 days in the absence of liver related side effects. 
The dropout rate was 14% for the drug, versus 31% for the placebo, reported as 
insignificant [165]. A study examined the effect of baclofen in 100 patients recruited 
over 3 years, 65 of whom had cirrhosis; after 1 year, 44 of the 86 patients being fol-
lowed were abstinent, and the rest still drank up to 30 g per day on baclofen. The 
drug was associated with improved liver function and reduction of serum GGTP 
activity, a marker of excessive alcohol use [168]. In the author’s experience, baclofen 
has been associated with abstinence of alcohol in patients with and without liver 
disease and not associated with complications.

A meta-analysis of results from 24 randomized controlled trials that included 
2861 patients with AUD compared the effect of naltrexone to that of the placebo on 
the frequency of relapse, as a primary outcome, and time to first drink, drinking 
days, the number of standard drinks for a defined period, and craving over time. 
Naltrexone was associated with a significant decrease in the frequency of relapses 
but not on return to drinking, suggesting that it was an option for the treatment of 
AUD at short term. Of note, it was also reported that patients on naltrexone reported 
nausea, dizziness, and fatigue more frequently than those of placebo, effects that 

8 Alcohol Induced Liver Disease



280

may be related to the opioid antagonism effect of the drug. The reader is referred to 
the FDA website for information regarding hepatotoxicity. A recent online update 
reported naltrexone to be associated with increased activity of ALT and AST in 13% 
and 10%, respectively, and of GGTP in 1%–10% [169, 170]; however, naltrexone 
had not been associated with hepatotoxicity [161, 171]. Based on these reports [161, 
171] and the author’s experience with the use of naltrexone in patients with pruritus 
from cholestasis [172], naltrexone was successfully used to treat the patient whose 
history is presented in this chapter without any complications.

 Alcohol Withdrawal

Patients with alcohol abuse disorder with or with liver disease can develop alcohol 
withdrawal and delirium tremens (DT), a dangerous condition associated with high 
mortality, in association with the discontinuation of alcohol use, and not infre-
quently during hospitalization. The clinician must be able to identify signs of alco-
hol withdrawal or DT to treat and prevent complications.

Risk factors for severe withdrawal syndrome include chronic heavy drinking and 
a history of generalized seizures and delirium tremens (DT) [173]. A history of DTs 
and baseline systolic blood pressure of at least 140 mmHg were associated with an 
increase in the risk of a severe alcohol withdrawal syndrome in an analysis of 530 
studies. One thousand fifty-one of 1355 patients had documented DT, 53 had sei-
zures and 251 DT. The Alcohol Withdrawal Severity Scale (PAWSS) [174] was 
most useful in the prediction of a severe alcohol withdrawal syndrome when patients 
were documented to have at least four individual findings with a likelihood ratio of 
174 although, with a wide confidence interval (95%, 43–696, and specificity of 
0.93), and a LR of 0.07 (95% CI, 0.02–0.26; sensitivity, 0.99) when there were only 
up to three findings [175].

Patients at risk for alcohol withdrawal must be treated to prevent it. The treat-
ment of alcohol withdrawal concerns the provision of a quiet, controlled environ-
ment where the patient is attended by obtaining vital signs frequently, and providing 
hydration, and sedation, as needed to avoid symptoms (i.e., not a standard dose 
given without examining the patient). Patients with AUD can be malnourished and 
have multivitamin deficiencies, including pyridoxine and thiamine. Thiamine 
administration should always precede the administration of glucose to prevent 
Wernicke’s encephalopathy [176]. The foundation of the treatment is benzodiaze-
pines, including chlordiazepoxide, diazepam, lorazepam, and including oxazepam, 
which does not require further breakdown by the liver and hence, a decreased risk 
in metabolite accumulation. The treatment must be individualized; in this regard, 
anticonvulsants have been reported in association with a decrease in the symptoms 
of withdrawal. In addition, combination therapy with beta blockers, to reduce hype-
rautonomic states and craving, and alpha agonists, i.e., clonidine, to decrease the 
severity of withdrawal have been recommended [177].
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 Delirium Tremens

The management of patients with DT includes supportive care, in the medical inten-
sive care unit, when possible, in a quiet well lit room, with documented vital signs 
every 15–30 min with attention to keeping the patient oriented to self, time, and 
place. The use of thiamine is emphasized; a dose of 500 mg intravenously, once or 
twice a day, has been recommended. Pharmacotherapy with benzodiazepines intra-
venously is recommended to achieve some sedation but maintaining an arousable 
state until delirium resolves, which tends to occur in approximately 3 days after 
initiation of therapy. In patients with uncontrolled agitation and hallucination, anti-
psychotics, e.g., haloperidol, at low doses intravenously not to exceed 20 mg over 
30–60  min, are useful. For patients who do not respond to sedation, ventilation 
support, management with propofol is recommended. The patient must be moni-
tored in a controlled environment as the mortality associated with DT is high, and 
there are side effects of medications, such as respiratory depression and hypoten-
sion, which must be identified in a timely fashion. The reader is referred to a review 
and its commentaries published in 2015 [178].

 Treatment of Alcoholic Hepatitis

Malnutrition is common in patients with liver disease, and it is particularly problem-
atic in patients with alcoholic hepatitis, in whom it can be associated with bad out-
comes [179]. It is recommended that patients ingest a caloric intake of 35 kcal/kg 
and a daily protein intake of 1.2–1.5 g/kg. In patients unable to eat, feeding through 
a feeding tube is an option; it is recommended that it be placed by an experienced 
operator under direct endoscopic visualization. A study that examined the effect of 
tube feeding on patients who had bled from varices did not document complications 
related to prior variceal bleeding and its treatment with band ligation or sclerother-
apy [180].

The beneficial effect of steroids on the treatment of severe AH has been docu-
mented at least in regard to short-term survival [181–186], although not without 
controversy [187]. Pentoxifylline, which inhibits tumor necrosis factor-α activity, 
considered to be involved in AH’s pathogenesis, has been studied in its treatment; 
however, the level of evidence does not support its use in patients with severe AH 
[187]. Other medications that have been studied for AH treatment, including inflix-
imab, propylthiouracil, N-acetylcysteine, silymarin, colchicine, insulin, glucagon, 
oxandrolone, testosterone, and polyunsaturated lecithin are not recommended and 
will not be discussed here [188].

A landmark placebo controlled study of 4 weeks duration examined the use of 
prednisolone, 40 mg/day, in 37 patients with alcoholic hepatitis, documented by 
liver histology. Patients exhibited a broad clinical spectrum from asymptomatic to 
hepatic encephalopathy, including coma and hepatic synthetic dysfunction. 
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Prednisolone was associated with an increase in caloric intake. Only one of the nine 
patients with hepatic encephalopathy randomized to prednisolone died versus six 
patients randomized to placebo. A rapid progression to cirrhosis was documented 
on liver histology during the follow-up period of 4 months, with five of the nine 
patients without cirrhosis at baseline exhibiting it on follow up, and with no docu-
mented benefit of prednisolone to deter progression to cirrhosis, i.e., four of the nine 
patients who had been randomized to placebo did not progress to cirrhosis [189]. 
The beneficial effect of prednisolone on short-term survival was strong and set the 
stage for clinical trials on the treatment of AH.  In this regard, several controlled 
clinical trials have documented a beneficial effect of corticosteroids in alcoholic 
hepatitis, mostly in severe cases [184–186]; however, other studies have not docu-
mented a therapeutic effect of this type of drug [190]. The Maddrey discriminant 
function (DF) is a tool developed from a one month study that included 55 patients 
with AH treated in a randomized, double blind placebo controlled study of 40 mg 
per day of prednisolone for a period of 28 to 32 days, from which six of the 31 
patients randomized to placebo died, versus one of the 24 randomized to the drug. 
From the 18 patients with hepatic encephalopathy, six (33%) from the placebo 
group died, versus one of the 13 from the prednisolone group; nevertheless, the dif-
ference was not significant. However, from a stepwise discriminant analysis, it was 
determined that hepatic encephalopathy, progressive renal insufficiency, prolonged 
prothrombin time, and serum bilirubin greater than 10 mg/dl predicted a bad out-
come. The DF, calculated as 4.6 × (prothrombin time in seconds) + serum bilirubin, 
when greater than 32, predicted mortality, and treatment with prednisolone improved 
survival during the duration of the study [183]. A follow-up study in which 66 
patients with AH were enrolled within 7 days of admission to the hospital docu-
mented that two of the 35 patients (6%) treated with steroids (i.e., methylpredniso-
lone) died versus 11 of the 31 (35%) patients treated with placebo, a significantly 
different advantage favoring the steroid. Hepatic encephalopathy was again identi-
fied as a factor that changed the natural history of AH in relationship with the use of 
steroids, i.e., nine of the 19 (47%) patients with hepatic encephalopathy randomized 
to placebo died, as compared to one of the 14 (7%) patients randomized to methyl-
prednisolone, a significant difference. It was concluded from this study that methyl-
prednisolone therapy decreases mortality in patients with AH complicated by 
hepatic encephalopathy or with a DF greater than 32 [184].

Many years after the important studies on steroids and alcoholic hepatitis, the 
early change in serum bilirubin level was reported as an important prognostic factor 
in severe alcoholic hepatitis treated with prednisolone. By the use of 6 month sur-
vival data in patients with AH, it was documented that an early change in serum bili-
rubin at 7 days, which happened in 73% of patients, was associated with continuous 
improvement in liver function and survival of 82.8%  ±  3.3% as compared with 
23% ± 5.8%, p < 0.0001, an analysis that opened a new pathway in the management 
of patients with AH: the use of the Lille score [191].

The Lille model was developed from a group of 320 patients with AH treated 
with steroids, prospectively, and validated from 118 patients. This study determined 
that a score of 0.45 at 7 days post initiation of treatment with steroids in patients 
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with AH identified those who would not benefit from the treatment, i.e., non- 
responders, which comprised 40% of the patients. Statistical analysis was docu-
mented to show that the Lille score had a significantly higher area under the receiver 
operating curve (AUROC), 0.89 ± 0.02, higher than other predicting models, i.e., 
Child–Pugh and Maddrey scores, i.e. DF; in the validation study, the AUROC also 
significantly higher for the Lille score, 0.85 ± 0.04, higher than other scores, includ-
ing the MELD and the Glasgow scores. A Lille score greater than 0.45 was associ-
ated with a significant decrease in the 6 months survival and predicted 75% of the 
deaths [192].

In combination with methylprednisolone, 40 mg per day, pentoxifylline, 400 mg, 
was not associated with a therapeutic advantage over prednisolone alone in a study 
that included 270 patients, with age that ranged from 18 to 70 years, and severe AH 
documented by liver histology, jaundice, exhibited 6 months prior to entry into the 
study, and a Maddrey DF of at least 32 followed for 6  months. Mortality was 
reported as not significantly different between the two groups, 69.9% (95% CI, 
62.1%–77.7%) as compared to 69.2% (95% CI; 61.4%–76.9%), corresponding to 
40 vs. 42 deaths, respectively, and no significant difference in the incidence of hepa-
torenal syndrome [193].

Conversion of prednisone to prednisolone is required for the effect of the latter; 
thus, because liver function may be impaired in patients with AH, it is preferable to 
use prednisolone for the treatment of AH. In addition, in a controlled study, predni-
sone’s use to treat patients with AH was not associated with improved survival 
[194]. Patients are considered candidates for prednisolone therapy when the 
Maddrey DF is equal or greater than 32; it is prescribed at a dose of 40 mg per day 
for 28 days, at which time it can be tapered off and discontinued. Intravenous meth-
ylprednisolone at a dose of 32 mg per day is given to patients who cannot take medi-
cations orally. The decision to continue treatment with steroids is based on the 
response according to the Lille score, which supports their discontinuation if greater 
than 0.45 on day seven. A Lille score of 0.45 on day four of steroid therapy is now 
proposed as sufficient to discontinue treatment. Vigilance regarding the develop-
ment of infections to which patients with alcoholic hepatitis are highly susceptible, 
prior, during, and in the immediate follow-up period post treatment is necessary. 
Liver transplantation is an option for patients with severe AH in whom steroid treat-
ment is not associated with improvement [195]. A study that included 26 patients 
with a first episode of severe AH not responsive to steroid therapy reported that 
cumulative survival at 6 months in association with early liver transplantation was 
77% versus the 23% for a historical control group. The benefit was notable during 
the first month post transplantation, and it was sustained over 2 years of follow up. 
Three patients went back to drinking alcohol post transplant, one at 720 days, one 
at 740 days, and one at 1140 days [195]. Thus, early referral to a liver transplant 
center is necessary.

Continuous follow up of patients with AH and any condition in the spectrum of 
ALD is fundamental to facilitate referral to addiction experts and to attend compli-
cations of liver disease that may develop over time. Patients with cirrhosis must be 
screened for the presence of esophageal varices to decide on prevention of index 
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bleed either by band ligation or beta blockers, and to establish a screening schedule 
over time [196]. Of note, esophageal varices can regress in association with alcohol 
abstinence. In a population study from Denmark, hepatocellular carcinoma was 
reported to be of low incidence [197]; however, it is a complication of cirrhosis. 
Thus, patients with cirrhosis must be screened for this complication every 6 months 
with a liver sonogram and serum alpha fetoprotein [198]. Patients with decompen-
sated liver disease from alcohol are candidates for liver transplantation.
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Chapter 9
Nonalcoholic Fatty Liver Disease

Nora V. Bergasa

A 35-year-old woman was referred to the hepatology clinic for evaluation of an 
abnormal liver profile. She did not have any symptoms. She did not have any comor-
bidities nor take any medications. She was of Hispanic ethnicity. Her physical 
examination was notable for obesity, with a BMI of 33. Her serum aspartate (AST) 
and alanine aminotransferase (ALT) activities were 125  IU/ml and 112  IU/ml, 
respectively. The liver disease workup was unrevealing, and the sonogram was nor-
mal. Liver histology revealed nonalcoholic steatohepatitis (NASH). She was treated 
with vitamin E for 96 weeks, associated with decreased transaminase serum activity 
but not normalization. She has been doing well, with no evidence of liver disease 
progression. She tries to exercise and eat as advised by the nutritionist.

Nonalcoholic fatty liver disease (NAFLD) is defined as the accumulation of fat, 
as lipid droplets, in the hepatocytes beyond 5% of the gland [1]. The spectrum of 
NAFLD is comprised of hepatic steatosis, steatohepatitis, fibrosis, and cirrhosis; the 
causes of fatty liver must be excluded in the purest sense of the definition. NAFLD 
receives much attention because of its reported high prevalence and presence in 
liver transplant centers as an important cause of end-stage liver disease and liver 
transplantation [2].

NAFLD is associated with central obesity, hypertension, diabetes mellitus, and 
hyperlipidemia, alone or in combination meeting the definition of metabolic syn-
drome [3–5]. The cause of fat accumulation in the liver is unknown; however, 
genetic predisposition is recognized as a permissive factor for NAFLD [6–10].
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 Epidemiology

Worldwide, NAFLD was recently reported to affect 25% of the population [2].
A study that used the National Health and Nutrition Examination Surveys 

(NHANES) as the source reported the prevalence rate for chronic liver disease as 
11.78% from 1988 to 1994, 15.66% from 1999 to 2004, and 14.78% from 2005 to 
2008. In contrast to the steady prevalence of hepatitis B and C and liver disease from 
alcohol, there was a progressive increase in NAFLD from 46.8% to 62.84%, to 
75.1% over the periods examined. This increase coincided with an increase in obe-
sity, type II diabetes, insulin resistance, and hypertension, the conditions associated 
with NAFLD, with obesity being an independent factor in the prediction of 
NAFLD [11].

From a meta-analysis that included a large number of subjects with NAFLD 
from 22 countries, the proportion of comorbidities that affected the subjects included 
in the various studies was reported as 51.34% (95% confidence interval (CI): 
41.38–61.20) for obesity, 22.51% (95% CI: 17.92–27.89) for type 2 diabetes, 
69.16% (95% CI: 49.91–83.46%) for hyperlipidemia, 39.34% (95% CI: 33.15–45.88) 
for hypertension, and 42.54% (95% CI: 30.06–56.05) for metabolic syndrome [3].

Data derived from the 6000 participants in the NHANES in the United States 
showed that 30% had NAFLD, of which 10.3% had advanced fibrosis, as per the 
NAFLD Fibrosis Score (NFS). In this group, the 5 and 8 year overall mortality was 
18% and 35%, respectively, and significantly higher than the 2.6% and 5.5% from 
the subjects without NAFLD, in contrast with the percentage from subjects with 
NAFLD without fibrosis, which was 1.1% and 2.8% at 5 and 8  years as well. 
Advanced fibrosis was an independent predictor for mortality. In regard to ethnicity, 
Mexican Americans were reported to be at risk for NAFLD but not for advanced 
fibrosis or mortality [5].

By the use of proton magnetic resonance spectroscopy to determine the distribu-
tion of hepatic triglyceride content (HTGC), hepatic steatosis was documented in 
close to one third of the 2287 subjects included, with 45% being Hispanic, 33% 
white, and 24% black, with 42% being white men and 24% white women, suggest-
ing an ethnic and racial predisposition to this condition [12]. In a study that exam-
ined liver histology of 105 patients who underwent bariatric surgery, a high risk 
group for fatty liver, 42% had advanced fibrosis, and 25% NASH for which insulin 
resistance, hypertension, and increased serum activity of ALT were independent 
predictors. Two or three of these factors, in combination, predicted the presence of 
NASH with high sensitivity and specificity [13].

These cumulative results from a large number of subjects support the prediction 
of 2011 [11] regarding the projected increase in the number of subjects with 
NAFLD, as it appears to be the case from subsequent studies [2, 3, 5].
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 Etiology

Lipotoxicity concerns cellular damage that results from the accumulation of fat 
[14]. The metabolic syndrome or one or more of its components is associated with 
NAFLD.  In obesity, the adipocyte is insulin resistant. In this milieu, this cell 
increases lipolysis and releases fatty acids (FA), adipokines, and inflammatory cyto-
kines, which, combined with hepatocyte insulin resistance, is associated with 
NAFLD. The increased accumulation of triglycerides, mostly triacylglycerol, over-
comes the liver’s capacity to export triglycerides in the form of very low density 
lipoproteins (VLDL), and the beta-oxidation of free FA (FAA). The progression of 
liver disease to inflammation, i.e., steatohepatitis, fibrosis, and cirrhosis, concerns 
oxidation of fatty acid and oxidative stress, changes in the FA and phospholipid 
composition of cellular membranes, alterations in cellular cholesterol concentra-
tion, altered ceramide signaling pathway, and toxicity from FAA per se. The origin 
of liver fat was documented as nonesterified fatty acids, de novo lipogenesis, and 
diet [15].

Analysis of the hepatic lipid composition in NAFLD revealed a decrease in the 
concentration of hepatic phosphatidylcholine in both fatty liver and steatohepatitis, 
no changes in FFA, and a progressive increase in diacylglycerol (DAG), triacylglyc-
erol (TAG), and free cholesterol (FC) in livers with steatosis and steatohepatitis as 
compared to normal livers. Arachidonic acid was decreased in FFA, TAG, and PC, 
and eicosapentanoic and docosahexanoic acids were reduced in TAG in steatohepa-
titis livers, where there was an increase in the n-6:n-3FFA ratio [16]. The mechanis-
tic role of these findings in the pathogenesis of steatosis and nonalcoholic 
steatohepatitis is speculative; however, one conclusion derived from the study was 
support for n-3 fatty acid supplementation for the treatment of NASH [16]. A con-
sensus  supports that there is an increase in triacylglycerol in livers of patients 
with NAFLD and NASH and that circulating FFAs contribute to the hepatic deposi-
tion triacylglycerol [17].

In association with steatosis, apoptosis has been documented in NAFLD [18, 
19]. In liver samples from patients with NAFLD, apoptosis, measured by the termi-
nal deoxynucleotidyl transferase (Tdt) dUTp Nick-End Labeling (TUNEL) assay, 
was more prevalent in NASH than in steatosis; the Fas receptor was strongly 
expressed by hepatocytes in NASH, in reference to control liver samples and a posi-
tive correlation between hepatocyte apoptosis and hepatic inflammatory activity and 
fibrosis was documented [18]. To identify a peripheral marker of disease activity, 
fragments of cytokeratin 18, which are generated in apoptosis, were measured 
in  vivo by an enzyme-linked immunosorbent assay, which documented marked 
increases in cytokeratin 18 fragments in blood, which independently predicted 
NASH [20].
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The lipid profile in patients with NASH, in the absence of different diet composi-
tion compared to other NAFLD groups, was documented to have a reduction of 
polyunsaturated FA, n-3, and n-6; in addition, there was a reported decrease in the 
ratio of metabolites to essential FA precursors for both n-6 and n-3 FA, and an 
increase in liver lipid peroxides with decreased antioxidant ability versus patients 
with NAFLD and minimal histological activity, which suggested that the liver of 
patients with NASH is exposed to enhanced oxidative stress and decreased n-3 and 
n-6 polyunsaturated fatty acids (PUFA) [21]; however, PUFA have not been associ-
ated with apoptosis in NAFLD. In fact, it was reported from an in vitro model that 
unsaturated fatty acids protect from lipotoxicity by the enhanced accumulation of 
triglycerides [22]; it is the saturated FFA via the induction of c-jun N-terminal 
kinase (JNK) and activation of Bcl-2 proteins Bim and Bax that are considered 
instrumental in NAFLD apoptosis, i.e., via the mitochondrial pathway [23]. In this 
regard, in  vitro studies have documented that the addition of FFA to hepatocyte 
preparations was associated with the translocation of the Bax protein to lysosomes, 
with their permeabilization and subsequent expression of TNF-alpha, by an NF-kB 
dependent manner via the activation of its canonical pathway, and release of cathep-
sin B, a lysosomal protease, into the cytoplasm, the importance of which was docu-
mented in hepatocytes from patients with NAFLD by the release of this protease 
into the cytoplasm and its correlation with disease severity [24].

The saturated fatty acids, palmitic acid, and stearic acid lead to JNK dependent 
activation of the proapoptotic protein Bax, leading to mitochondrial permeabiliza-
tion with the release of cytochrome c, activation of effector caspases, and apoptosis. 
Palmitic acid can also activate the lysosomal pathway of apoptosis, via Bax activa-
tion and Bax-dependent lysosomal permeabilization; in addition, palmitic and stea-
ric acids also activate protein phosphatase 2A (PP2A), followed by forkhead box3a 
(FoxO3a), and transcription of Bim, a proapoptosis protein. Monounsaturated FA, 
oleic acid, activates the extrinsic pathway by enhancing the sensitivity to the death 
receptor mediated extrinsic pathway of apoptosis, which sensitizes the steatotic 
hepatocyte to the binding of the Fas and TRAIL ligands to their receptors [17]. 
Other mechanisms have been proposed to participate in apoptosis in NAFLD, 
including endoplasmic reticulum stress, and failure to generate sXBP-1 [25].

It has been proposed that free cholesterol also contributes to steatohepatitis by 
the depletion of mitochondrial glutathione, which sensitizes the hepatocyte to TNF 
and Fas [26, 27].

Oxidative stress results from multiple processes that include oxidation of FFA, 
cytochrome P4502E1, iron overload, and inflammatory cytokines; there is consen-
sus that oxidative stress contributes to the pathogenesis of NAFLD. Hepatic lipid 
peroxidation, assessed by immunohistochemical staining for 3-nitrotyrosine (3-NT), 
was documented in fatty liver, but the strongest expression was in NASH samples, 
which also showed loss of cristae in the mitochondria [28]; high systemic levels of 
products and in situ markers of lipid peroxidation have been documented in patients 
with NASH [29, 30].

An increase in circulating FFA that contributes to the accumulation of triacylg-
lycerol (TAG) in livers of patients with NAFLD and NASH is an important etiologic 
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factor of fatty liver [16, 31]. Sources of increased liver TAG include diet, hepatic 
synthesis from FA, increased intake of FA into the liver from lipolysis of adipose 
tissue and conversion to TAG, decreased export of triglycerides via VLDL, and 
decreased oxidation of FA.

Dietary intake of fat is considered important in NAFLD development [32]; how-
ever, hepatic steatosis extends beyond diet [33–35]. Peripheral FA and de novo lipo-
genesis (DNL) contribute to the accumulation of fat in NAFLD, as reported from a 
study that examined the source of hepatic and plasma lipoproteins in patients with 
NAFLD, all of whom were obese and had fasting hypertriglyceridemia and hyper-
insulinemia [13]. The study documented that approximately 60% of TAG originated 
from nonesterified fatty acids, 26% from DNL, and 15% from the diet, that the liver 
used FA from adipose tissue and dietary sources equally, and that de novo lipogen-
esis was increased in fasting [15].

Most published studies that concern the genetic mechanisms of DNL have been 
derived from laboratory animals and in vitro molecular experiments. In this regard, 
the transcription factors reported to be involved in DNL in the liver include carbo-
hydrate response element binding protein (ChREBP), and sterol responsive element 
binding protein-1c (SREBP-1c), the latter being mainly involved in insulin- mediated 
lipogenesis so that in a hyperinsulinemic state, there is increased hepatic lipogenesis 
by the activation of acetyl CoA carboxylase (ACC), fatty acid synthase (FASN), and 
stearoyl-CoA desaturase 1 (SCD1) genes, which are activated by SREBP-1c [36].

PPARs are nuclear receptors that participate in the transcriptional regulation of 
glucose and lipid metabolism; there are three PPAR isoforms: alpha (α), beta/delta 
(β/δ), and gamma (γ). PPARα is expressed ubiquitously but is mostly present in the 
liver. PPARβ/δ is expressed mainly in skeletal muscle and, to some degree, in adi-
pose tissue and skin. PPARγ is highly expressed in adipose tissue [33].

PPARα’s gene expression was reported to correlate negatively with histological 
severity in patients with NASH and improvement associated with an increase in the 
expression of peroxisome proliferator-activated receptor alpha (PPARα) [37]. PPAR 
δ is expressed by adipose tissue and skin but mostly in skeletal muscle; in laboratory 
animals, the activation of PPAR δ is associated with the induction of fatty acid beta- 
oxidation in skeletal muscle and attenuation of the metabolic syndrome [38]. In 
addition, these receptors have been implicated in fibrosis by activation of stellate 
cells suggesting a role in the mediation of the progression of liver disease in 
NAFLD [39].

PPARγ is highly expressed in adipose tissue; however, its expression is abundant 
in the liver of obese patients with NAFLD, thus facilitating fat accumulation by 
stimulating SREBP-1c [40]. In human beings, PPAR-γ, also involved in DNL, was 
documented most abundantly in adipose tissue. PPAR γ 2 mRNA was reported to 
correlate with BMI, being downregulated by a low calorie diet in obese persons, and 
induced by insulin and corticosteroids in a background of human adipocytes, which 
has suggested that PPAR γ2 mRNA levels may contribute to the regulation of adi-
pocyte development and function, including obesity [41]; thus, in an environment of 
hyperinsulinemia such as NAFLD, PPAR γ 2 may contribute to DNL. In addition, 
weight loss was associated with reduced serum insulin and plasma TGA, and 
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reduced adipose tissue PPARγ2, although only in the subcutaneous adipose tissue 
[42]. Furthermore, evaluation of fatty acid metabolism-related gene expression in 
NAFLD documented an increase in PPAR γ, further suggesting that increased de 
novo synthesis and decreased beta-oxidation in the mitochondria may lead to the 
accumulation of fatty acids in hepatic cells [43].

More than adipocytes, macrophages, which are proportionally increased with 
obesity in white adipose tissue in human beings, were documented to express high 
levels of the chemokines monocyte chemotactic protein 1, macrophage inflamma-
tory protein 1alpha, IL-8, as well as resistin and visfatin, both adipokines, sub-
stances that participate in inflammatory mediation and energy control. Resistin was 
reported to induce lipolysis and re-esterification of triacylglycerol stores, and to 
increase cholesteryl ester deposition in human macrophages [44], to induce expres-
sion of FASN in adipocytes followed by an increase in cellular TAG and FFAs, and 
to stimulate adipocyte triglyceride lipolysis in in vitro cellular studies; thus, it has 
been proposed that this adipokine may increase the availability of FAAs that are 
taken up by the liver, which would lead to accumulation of TAG.

Impaired fatty acid oxidation may contribute to steatosis in NAFLD; the mecha-
nisms postulated may be hypothetical at present or based on extrapolations from 
animal studies and await confirmation in the human condition [45].

Lipotoxicity occurs from the accumulation of fat in nonadipose tissue, a feature 
of metabolic syndrome and NAFLD; it leads to the activation of metabolic path-
ways via FA that result in apoptosis of lipid laden cells [46, 47]. Evidence from 
in vitro studies suggests that unsaturated fatty acids may protect against lipotoxicity 
by directing long-chain fatty acids, e.g., palmitic acid, towards triglyceride pools 
and away from apoptosis pathways [22]. Lipotoxicity may occur by dysfunction of 
mitochondria, leading to increased production of reactive oxygen species (ROS), 
lipid peroxidation, and oxidative stress [28, 48], associated with increased expres-
sion of CYP2E1 and subsequent increased activity of nicotinamide adenine dinucle-
otide phosphate-oxidase (NADPH). Also, a further increase in ROS production 
leads to increased hepatic CYP2E1 activity, which, interestingly, was predicted by 
the presence of nocturnal hypoxemia, a feature of some patients with NAFLD 
sometimes in association with metabolic syndrome [49]. Lysosomal dysfunction 
can be caused by chronic oxidative stress and the production of inflammatory cyto-
kines and adipocytokine in adipose tissue. These products may act as proinflamma-
tory and profibrogenic agents and alter the immune response in the setting of insulin 
resistance, which characterizes metabolic syndrome and its associated 
NAFLD. These many alterations are associated with increased peripheral lipolysis 
and FFA release, which can also be proinflammatory; this lipotoxic environment 
contributes to steatohepatitis [46, 47].

MicroRNAs (miRNAs) are endogenous RNAs, single stranded, of approximately 
23 nucleotides that regulate protein coding genes by pairing to their mRNAs to 
direct their posttranscriptional repression [50]. It was reported that serum concen-
trations of miR-122, miR-34a, and miR-16 were significantly higher in patients 
with NAFLD than in control subjects. The first two correlated with steatosis and 

N. V. Bergasa



301

steatohepatitis; furthermore, miR-122 levels also correlated with serum lipids in 
NAFLD patients [51]. Whether these findings reflect a pathophysiological mecha-
nism for NAFLD or whether serum microRNAs can be used to measure the disease 
stage remains to be confirmed [52–54].

Sarcopenia is prevalent in patients with cirrhosis, and it is being proposed as a 
risk factor for NAFLD. Results from a retrospective study that covered 5 years and 
included patients with histologically documented NAFLD versus a control group 
documented a significant decrease in muscle mass in the psoas and paraspinal mus-
cles, consistent with sarcopenia. The mechanisms that mediate this potential asso-
ciation are proposed to be related to a cross talk between muscle and adipose tissue 
that involve adiponectin and myostatin [55].

 Genetics

The inference that genetic susceptibility contributes to NAFLD development derives 
itself from its associations, including type 2 diabetes, and cardiovascular disease, 
also considered to have a genetic influence. A genetic predisposition to NAFLD is 
supported by high prevalence in members of the same family [56–58], twin studies 
[59], and interethnic differences in susceptibility [12, 60].

Potential genetic modifiers to specific physiological and pathophysiological pro-
cesses are glucose metabolism and insulin sensitivity, control of fatty acids and 
accumulation of TAG in the liver, and progression to NASH and fibrosis. By the 
use of large genome-wide association studies (GWAS), several genes have been 
identified in conglomerates of patients with suspected fat by imaging studies and by 
histologically documented NAFLD, including patatin-like phospholipase domain-
containing 3 (PNPLA3) rs738409-G, glucokinase regulator (GCKR) rs780094-T, 
neurocan (NCAN) rs2228603-T and lysophospholipase-like 1 (LYPLAL1) [61], 
MBOAT7-TMC4 rs12137855-C [62].

Two genes, PNPLA3 and TM6SF2, have been consistently found in association 
with NAFLD in the largest GWAS [63].

PNPLA3, which has lipolytic and lipogenic activities, is expressed in human 
adipose and liver tissue, where it is found on the surface of the lipid droplets in the 
hepatocytes [64, 65]. PNPLA3 encodes a 481 amino acid protein similar to the adi-
pose triglyceride hydrolase of adipose tissue. The I148M variant of this gene, 
reported in association with NAFLD, disrupts triglyceride hydrolysis [66].

PNPLA3-rs738409, TM6SF2-rs58542916, and glucokinase regulator gene 
[GCKR]-rs780094 or GCKR-rs1260326 regulate metabolic traits. Genetic variants 
have been identified in association with hepatic steatosis in individuals from 
European ancestries at variants in or near the PNPLA3, NCAN, LYPLAL1, GCKR, 
and PPP1R3B. Testing in a cohort of African American and of Hispanic individuals 
documented that hepatic steatosis was 0.20–0.34 heritable in African- and Hispanic- 
American families, a statistically significant finding per cohort. Variants in or near 
PNPLA3, NCAN, GCKR, PPP1R3B in African Americans, and PNPLA3 and 
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PPP1R3B in Hispanic Americans were significantly associated with hepatic steato-
sis. Fine-mapping in African Americans identified missense variants at PNPLA3 
and GCKR and confirmed the association region at LYPLAL1 [67].

From a study that included over 9000 Hispanic, African American, and European 
American patients, the allele PNPLA3 (rs738409[G], encoding I148M) was 
reported as strongly associated with increased fat hepatic content and inflammation; 
the allele was most commonly present in Hispanics, with a greater fat liver content 
in PNPLA3 rs738409[G] homozygotes than in those who did not carry the allele. In 
contrast, the allele PNPLA3 (rs6006460[T], encoding S453I) was associated with a 
decrease in fat content in African Americans, which is the group in which NAFLD 
is the least common [68]. In addition, an also protective from NAFLD was the splice 
variant (rs72613567:TA) in HSD17B13, which was associated with a decreased risk 
for NASH, but not in steatosis [69].

TM6SF2 encodes a protein of 351 amino acids with 7–10 predicted transmem-
brane domains, reported in the endoplasmic reticulum (ER) and the ER-Golgi inter-
mediate compartment of human liver cells. One variant in TM6SF2, coding 
p.Glu167Lys, was identified in an exome-wide association study in association with 
high-fat content, as well as in decreased concentrations of low-density lipoprotein 
cholesterol (LDL-C) and triglycerides in a large group of patients in support of a 
role of TM6SF2 activity in the secretion of VLDL and thus in NAFLD [70]. Studies 
performed in human hepatoma Huh7 and HepG2 cells confirmed that inhibition of 
TM6SF2 is associated with increased triglycerides in hepatocytes and increased 
lipid droplet content, and a decrease in the secretion of TG-rich lipoproteins. In 
contrast, overexpression of TM6SF2 was related to a reduction of fat [71], data 
interpreted to confirm a role of this gene in regulating the metabolism of hepatic 
fat [71].

MBOAT7, also known as lysophosphatidylinositol acyltransferase 1 (LPIAT1), 
catalyzes acyl-chain remodeling of phosphatidylinositols [72]. The rs641738 C > T 
variant of the membrane bound O-acyltransferase domain-containing 7 (MBOAT7) 
was reported to increase the risk of fatty liver disease in individuals of European 
descent, interpreted to result from changes in the hepatic phosphatidylinositol acyl- 
chain remodeling [73], and development of fibrosis [62].

Although animal models to explore the association between this gene and 
NAFLD have been developed [66, 74], inconsistencies between laboratory animals 
and human studies exist [74]; thus, expert consensus supports the need for addi-
tional research to clarify the role of PNPLA3 and any of the other proposed genes 
in the pathogenesis of NAFLD.

The genetic component of NAFLD and NASH concerns variants in genes that 
control glucose and fat metabolism with overlap with those related to the metabolic 
syndrome, with the activation of adiponectin and STAT3, retinol O-fatty- 
acyltransferase, and beta adrenergic activity [75].
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 Clinical Manifestations

Patients may present with or without symptoms and signs of chronic liver disease, 
e.g., fatigue, spider angiomata, or frank decompensation, e.g., ascites. Physical find-
ings in patients with NAFLD can be very telling, and include, in addition to those of 
chronic liver disease, acanthosis nigricans (Fig. 9.1) and central obesity. Waist cir-
cumference was reported to predict the metabolic risk profile, and dorsocervical 
lipohypertrophy in association with the severity of the inflammatory component of 
NAFLD, i.e. steatohepatitis [76]; thus, documenting these findings from the clinical 
evaluation would help categorize patients regarding the anticipated course from the 
initial clinical encounter.

The laboratory findings are a hepatic panel suggestive of hepatocellular injury, 
usually modest, although the activities of alkaline phosphatase and gamma glutamyl 
transpeptidase may also be increased, also modestly. When NAFLD is suspected, 
glycosylated hemoglobin (HA1C) and lipid panel should be included in the labora-
tory investigation. Serum autoantibodies can be present in patients with NAFLD, 
and were  reported in 21% of 182 patients  studied  [77]; histologically, however, 
there was no documented difference in disease severity between patients with and 
without autoantibodies [77].

Radiological investigations, which usually start with a liver sonogram, tend to 
reveal heterogeneous liver parenchyma consistent with fat; imaging studies such as 
computed tomography and magnetic resonance imaging can be incorporated in the 
workup depending on the clinical suspicion.

The diagnosis of NAFLD is made by histology. In the writer’s opinion, the indi-
cation for a liver biopsy depends mostly on how the results would change the 
patient’s management. Information regarding fibrosis is relevant to the patient, to 
determine follow up, e.g., screening for hepatocellular carcinoma when a diagnosis 
of cirrhosis is suspected; thus, the use of non-invasive measures to predict the degree 

Fig. 9.1 Neck of a patient 
displaying finding 
consistent with acanthosis 
nigricans in association 
withnonalcoholic fatty 
liver disease
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of fibrosis is useful. In this regard, transient elastography allows the indirect deter-
mination of steatosis and fibrosis, and its use has been incorporated in the evaluation 
of patients with NAFLD.

 Natural History

The progression from steatosis to cirrhosis has been documented in NAFLD; it 
tends to be slow, determined by fibrosis, and probably influenced by environmental 
factors and genetic predisposition [78–83]; in some patients, there is a regression of 
disease [80].

A study performed by an experienced group of investigators suggested that 
NAFLD be recognized as a cause of cryptogenic cirrhosis [84]. The study reported 
a slow disease progression in 42 patients, mostly women with metabolic syndrome 
features, followed over 21 years, with a median of 4.5 and a range of 1.5 to 21.5 [84]. 
Eighteen patients had fibrosis, one cirrhosis, and two severe fibrosis with altered 
architecture; on follow up, one patient exhibited progression from fibrosis to cir-
rhosis over five years, and those patients with marked fibrosis evolved to inactive 
cirrhosis devoid of fat and inflammation [84], finding reported in subsequent publi-
cations [85, 86].

A meta-analysis incorporated studies from 1985 to 2013 to assess the change 
from one stage to another on paired liver samples from biopsies performed at least 
1 year apart  [86]. Four hundred eleven patients, 150 with NAFLD and 261 with 
NASH, were identified. At baseline, the fibrosis stages were 0 for 35.8%, 1 for 
32.5%, 2 for 16.7%, 3 in 9.3%, and 4 in 5.7%. Over 2145.5 person-years, the degree 
of fibrosis progressed in 33.6%, remained stable in 43.1%, and decreased in 22.3%. 
These findings were translated as progression by one stage over 14.3  years for 
patients with NAFLD, with a relatively wide CI of 9.1 to 50, and 7.1  years for 
patients with NASH, with a CI of 4.8 to 14.3 [86]. Collectively, the data tend to sup-
port that one third of patients with NAFLD progresses and that fibrosis is the predic-
tor of such progression [86].

 Liver Histology

The histological components of NAFLD include: (i) steatosis (Fig.  9.2), usually 
starting in zone 3, (ii) inflammation, typically mild and comprised of lymphocytes, 
neutrophils, eosinophils, and Kupffer cells, (iii) ballooned hepatocytes (Fig. 9.2b), 
cells that have undergone disruption of their cytoskeleton, and exhibit aggregates of 
cytokeratins 8 and 18 dispersed to the periphery instead of their usual cytoplasmic 
presence [87, 88], and fibrosis that characteristically is perisinusoidal and, like ste-
atosis, starts in zone 3 [87]. Mallory Denck bodies are irregular eosinophilic hyaline 
inclusions most commonly found in ballooned hepatocytes, usually in zone 3 [87, 
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89]. Megamitochondria appear in all zones and hepatocytes with microvesicular fat 
[6]. Acidophilic bodies are hepatocytes that have undergone apoptosis and are typi-
cally found in NAFLD, usually in the sinusoids [90]. Glycogenated bodies are 
found in the liver in type 2 diabetes and are often found in NAFLD, which can dif-
ferentiate NAFLD from alcoholic liver disease [91].

The NAFLD activity score (NAS), based on a revision from a prior score [92], 
was developed by the NAFLD research network and is comprised of the sum of 
semiquantitative scores, from 0 to 8. It consist of the following variables: 1) steato-
sis where 0 is <5% of fat in the sample, 1, 5–33%, 2, 34 to 66%, and 3 > 66%, 2) 
ballooning of hepatocytes where 0 is none, 1, mild and few, and 2 many, moderate, 
and marked, and 3) lobular inflammation, where 0 is none, 1 < 2 foci per 20× field, 
2 is 2–4/20× field, 3 > 4/20× field [93, 94]. The stage of fibrosis is graded as: 0 for 
no significant fibrosis; 1a for delicate, perisinusoidal fibrosis in zone 3 where col-
lagen stain is required for identification, 1b for dense perisinusoidal fibrosis in zone 
3, and 1c for portal fibrosis only; 2 for zone 3 perisinusoidal fibrosis with periportal 
fibrosis; 3 for bridging fibrosis; and 4 for cirrhosis [93, 94]. A score of less than 3 
and greater than 5 separates not NASH from NASH; however, when the score is 
greater than 5, the sensitivity and specificity of the NAS for the diagnosis of NASH 
is 57% and 95%, respectively, [95].

Histological information is of prognostic value; bad outcomes in patients with 
NAFLD occur more frequently in association with ballooning degeneration, Mallory 
bodies, and fibrosis than when these findings are absent [96]. Characteristically, 
NAFLD is devoid or associated with mild portal chronic inflammation, which, when 
more than mild, is related to increased age, female gender, high body mass index, 
high homeostasis model assessment of insulin resistance score (HOMA-IR), high 
insulin levels, diabetes, hypertension, and the use of medications to treat 

a b

Fig. 9.2 (a) Liver histology in a patient with nonalcoholic fatty liver disease exhibiting marked 
steatosis. Fat droplet (arrow) in a hepatocyte pushes the nucleus to the periphery of the cell. (b) 
Liver histology in a patient with nonalcoholic steatohepatitis and ballooning degeneration (arrow)
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NAFLD. Thus, it was concluded that more than mild portal chronic inflammation in 
NAFLD might be a marker of advanced disease [97]. The progression from NAFLD 
to NASH and fibrosis is variable; it was reported from a study that included 22 
patients with NAFLD who had more than one liver biopsy over 5 years that a third 
increased in fibrosis score, the minority had a decrease, and the percentage of 
patients with fibrosis stages 3 and 4 doubled in follow up. In the minority, the dis-
ease progressed from fibrosis scores from 1 to 3 in less than 2 years, and from 2 to 
4 in less than 3. The only test that correlated with histological progression was a 
high AST [78]; however, from a group of 106 patients with NASH, 22 underwent a 
repeat liver biopsy at least 3 years after the first one, in which fibrosis progression 
was documented in 32% of the patients, an outcome that correlated only with obe-
sity and body mass index [79]. These series of observations helped to identify fibro-
sis as a prognostic factor for progression, for which evidence has been provided 
from a study that included 229 well-characterized patients with NAFLD who under-
went follow up for an average of 26 years, and who exhibited increased mortality as 
compared to the reference population, with a hazard ratio (HR) of 1.29, CI: 
1.04–1.59, p = 0.020, and increased risk for cardiovascular disease, hepatocellular 
carcinoma, and cirrhosis, all statistically significant. There was also an increase in 
mortality in patients with fibrosis stage 3 and 4, with HR 3.3, CI 2.27–4.76, 
p < 0.001, regardless of the NAS [98].

As reported above, liver histology is the gold standard to determine the state of 
disease, i.e., inflammation and fibrosis; however, the invasive nature of liver biopsy 
deters clinicians from the procedure in many cases; accordingly, efforts continue to 
establish the use of non-invasive tests for the diagnosis of NAFLD. In this regard, 
tests that include the NAFLD fibrosis score, the FIB-4, and FibroTest/Fibrosure 
have been adopted for clinical use and are available commercially. For example, the 
NAFLD fibrosis score is a measure that includes age, hyperglycemia, body mass 
index, platelet count, albumin, and AST/ALT ratio; a score of −1.455 excluded 
advanced fibrosis, and a score of 0.676 identified advanced fibrosis accurately [99]. 
These findings were confirmed in excluding advanced fibrosis in a study of patients 
from China [100]. The procedure of transient elastography concerns the measure-
ment of a low frequency shear wave velocity transmitted via an ultrasound 
probe through the intercostal spaces over the liver area as an estimate of liver stiff-
ness, measured in kilopaskals, which has been documented to correlate with fibrosis 
and cirrhosis [101–103]. Magnetic resonance elastography (MRE) in nonalcoholic 
fatty liver disease to assess liver fibrosis was reported to identify accurately the 
degree of fibrosis in patients with histologically proven NAFLD, independent from 
inflammation and obesity [103, 104]. In a study that included 58 patients with 
NAFLD, documented by liver histology, magnetic resonance elastography (MRE) 
was performed to assess liver stiffness, relative fat fraction, inflammatory activity, 
and fibrosis stage. Steatosis and inflammation without fibrosis had the significantly 
different scores of 2.5 and 3.24  kPa, respectively. Inflammation without fibrosis 
yielded a score lower than that of fibrosis, the latter being 4.16 kPa. A threshold of 

N. V. Bergasa



307

2.74 kPa as a liver stiffness measures accurately differentiated patients with NASH 
from those with steatosis. These data supported the value of MRE to identify 
patients’ inflammation before progression to fibrosis in NAFLD. This methodology 
is being explored widely as an alternative tool to assess liver disease from 
NAFLD [105].

 Inflammation: Its Potential Role in the Pathogenesis 
of NAFLD

Macrophage activation has been proposed as an initiator and perpetuator of NAFLD 
[106]. In the context of hepatic steatosis, from animal models, it is reported that 
hepatocytes release damage-associated molecular patterns (DAMPs) [107] and 
extracellular vesicles (EVs); in addition, diet components have an impact on the gut 
microbial environment [108, 109] and intestinal permeability, which, when 
increased [110], facilitates the vascular delivery of pathogen-associated molecular 
patterns (PAMPs) to the liver. This supportive hepatic microenvironment is associ-
ated with the release of inflammatory cytokines and chemokines, which can induce 
lipogenesis and recruit monocytes originating in the bone marrow, all of which can 
stimulate stellate cells and, thus, liver fibrosis [106]. Cluster of Differentiaion163 
(CD163) is a macrophage specific protein with a soluble form, which, when acti-
vated, changes profile towards a participant in the inflammatory response [111]. The 
concentration of CD163 was reported to be significantly and independently associ-
ated with the degree of fibrosis in patients with NAFLD, findings that suggested a 
role of macrophages in fibrosis in association with this condition [112].

CD44 proteins are adhesion molecules [111] that may contribute to the patho-
genesis of NAFLD. In obese patients, the soluble form of CD44 was increased in 
steatosis and NASH. CD44 liver expression was increased and correlated with fea-
tures of NASH in obese patients. After bariatric surgery, “correction” of NASH was 
documented in association with decrease in the liver expression of CD-44. These 
findings suggested a role of CD44 in NASH and a therapeutic pathway [113].

 NAFLD Associated Diseases

Robust data to prove cause and effect between NAFLD and systemic complications 
appear to be lacking [114]; however, there is literature to support associations with 
several chronic conditions that render the individuals vulnerable to experience 
extrahepatic complications from the liver disease.

Cardiovascular disease is the most common association of NAFLD, which is an 
independent predictor of the former and informs the comorbidities that patients may 
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experience. Data from a meta-analysis to quantify the association between NAFLD 
and events associated with cardiovascular disease documented from the 34,043 sub-
jects included in the analysis, and of whom 36.3% had NAFLD that 2600 experi-
enced a cardiovascular event, and over 70% of the group, death from cardiovascular 
disease over a period close to 7 years, with random effect odds ratio [OR] calculated 
as 1.64 (95% CI: 1.26–2.13). NAFLD was associated with a greater risk of experi-
encing a cardiovascular event, of a more severe impact if advanced liver disease was 
present (OR 2.58; 1.78–3.75) [115].

There is an association between type II DM and NAFLD; however, a genetic 
predisposition to support this association has not been unequivocally documented 
and, robust prospective studies in its support are lacking. In this context, the use of 
non-invasive indices to predict fatty liver, the fatty liver index, and the NAFLD fatty 
liver score (NAFLD-FLS) predicted the incidence of DM after 9 years of follow up, 
independently from glucose, family history, insulin, life style, smoking, and alcohol 
consumption, suggesting a screening measure to identify the development of DM in 
patients with NAFLD [116]. Also, in a prospective study from Europe that followed 
patients with histologically documented NAFLD for a mean of 13 years, 78% had 
diabetes or impaired glucose tolerance at follow up [81]. These studies support the 
idea that NAFLD is a predictor of insulin resistance and DM.

It was reported that NAFLD increases the risk of incident chronic kidney disease 
(CKD). The combination of nine observational studies that included 96,595 sub-
jects, mostly Asian, 34% of whom had NAFLD, none histologically proven, docu-
mented that 4653 had incident CKD stage ≥3 over 5.2 years. In association with 
NAFLD, a significantly higher risk of incident CKD, especially in subjects with 
advanced liver disease, than in those without NAFLD was reported, with a random- 
effects HR of 1.37 (95% CI 1.20–1.53; I2 = 33.5%). This analysis suggested that 
there is an approximately 40% increase in long-term incident CKD, although cause 
and effect could not be proven by the nature of the study [117].

The outcomes of eighteen cross-sectional studies that included 2183 subjects 
documented that the pooled OR for the presence of obstructive sleep apnea (OSA) 
and NAFLD diagnosed by histology was 2.01(95% CI: 1.36–2.97), with similar 
results for other indirect diagnostic means including radiographical and biochemi-
cal findings; in addition, the pooled ORs of OSA for NASH, fibrosis of any stage, 
or histologically documented advanced fibrosis were 2.37(1.59–3.51), 
2.16(1.45–3.20), and 2.30(1.21–4.38), respectively, data that suggested that evalua-
tion for the presence of NAFLD in patients with OSA is prudent [118]; in this 
regard, the importance of insulin resistance in association with OSA may be related 
to the reported occurrence [119].

Associations between polycystic ovarian syndrome (PCOS) and NAFLD have 
also been reported. A recent analysis of the world literature documented that the risk 
of NAFLD in patients with PCOS was significantly higher than that of controls 
when associated with hyperandrogenism [120].

Other associations with NAFLD have included cholelithiasis, psoriasis, and 
hypopituitarism [121].
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 Lean Nonalcoholic Fatty Liver Disease

Some patients who are not obese and have insulin resistance are at risk for develop-
ing type 2 diabetes, hypertriglyceridemia, and early coronary artery disease [122]. 
This important and not small group of individuals also develop NAFLD in a lean 
body, i.e., lean NAFLD, as it is now termed, with a body mass index (BMI) within 
the ethnic-specific cutoff of 25 kg/m2 in Caucasian and 23 kg/m2 in Asian subjects.

The proportion of nonobese patients with NAFLD in epidemiological studies 
from Taiwan, Korea, and the United States comprised of Asian and Caucasian indi-
viduals ranged from 3.8 to 17% [12, 123–125].

Genetic polymorphisms have been identified in the genes PNPLA3, CETP, 
TMSF2, interferon lambda, and PENT as a predisposition for lean NAFLD. The 
pathophysiology of lean NAFLD includes an increase in the circulation of FFA, a 
decrease in adiponectin, insulin resistance, reduced mitochondrial function, 
increased de novo lipogenesis, decreased capacity to store fat in subcutaneous adi-
pose tissue, decrease in muscle mass, and decreased Faecalibacterium and 
Ruminococcus and deficiency of lactobacillus. In this context,  in mice, it was 
reported that the infusion of intestinal microbiota from lean donors to male recipi-
ents with metabolic syndrome was associated with an increase in insulin sensitivity 
in the latter and increased levels of intestinal microbiota that produce butyrate, 
which improves insulin sensitivity and increases energy expenditure [126].

From a study that used the NHANES III from 1988 to 1994 that included radio-
graphic and laboratory data, and 11,613 subjects, of which 18.77% had NAFLD, 
and 11.78 of these, NASH, independent predictors of lean NAFLD were identified 
as relatively young age (i.e., median of 40 years), female gender, low probability of 
insulin resistance, and hypercholesterolemia, whereas Hispanic ethnicity, relatively 
young age, and components of the metabolic syndrome were independently associ-
ated with NASH, defined as suggestive imaging studies in association with type 2 
DM, and with increased serum activity of transaminases [125]. From a European 
study, the relevance of lean NAFLD as a cause of cryptogenic liver disease was 
documented as 2.8% of a group of 1777 subjects all of whom had liver histology 
data, a contribution of 38% as a cause of cryptogenic liver disease [127]. Similar to 
the findings from the United States study [125], the patients were relatively young 
but, in contrast, most were men; fibrosis and steatohepatitis were present in more 
than 50% of the samples from patients with lean NAFLD [127].

There is limited information on the natural history of lean NAFLD. Published in 
abstract form, a study documented a follow up of 3 to 332 months of 1090 subjects, 
11.5% of whom were reported as lean. The lean group was mostly comprised of 
men, non-Caucasian, and had a lower prevalence of diabetes, hypertension, hyper-
triglyceridemia, low-HDL cholesterol, central obesity, metabolic syndrome, less 
steatosis, lower levels of ALT, less advanced fibrosis, and less insulin resistance 
(HOMA) than the non-lean NAFLD group [128]. There was a significant difference 
in survival not in favor of lean subjects, even after statistical adjustment with only 
lean NAFLD and age, remaining significant, with HRs of 11.8 (95% CI: 2.8 to 50.1, 
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p = 0.001), and 1.05 (CI: 1.008 to 1.1, p = 0.02) [128]. In contrast, a study from 
Hong Kong that recruited 307 patients with NAFLD of whom 72 were nonobese, 
and who had less severe disease as suggested by lower NAS, and lower CAP score 
than their overweight counterparts were followed for a median of 49 months over 
which time, six from the group of obese patients died, two developed hepatocellular 
carcinoma, and one died of liver failure [129] suggesting that nonobese patients 
with NAFLD have a better prognosis than obese patients with NAFLD; however, in 
lean patients with NAFLD hypertriglyceridemia and a higher serum creatinine than 
the obese patients were factors associated with advanced disease [129]. Thus, the 
identification of these characteristics in lean patients with fatty liver may help in 
their follow up.

 Treatment

The treatment of NAFLD concerns the treatment of comorbidities and the search for 
specific treatment for its hepatic components, e.g., steatohepatitis and fibrosis.

Behavior modification is fundamental as an intervention, and has been associ-
ated with some improvement [130]; pharmacological interventions are expected to 
be identified for use in patients with advanced disease [131].

Lifestyle modification that included diet and exercise on NAFLD was associated 
with decreased inflammation and fibrosis. There was an improvement in glucose 
control and insulin sensitivity reported from most of the studies. These reports have 
supported the idea that behavior modification, i.e., diet and exercise associated with 
weight loss, could affect the histological lesions of fatty liver leading to improve-
ment, in general [130]. The effects of an intensive lifestyle intervention program on 
portal hypertension in patients with compensated cirrhosis and obesity were recently 
reported from a prospective uncontrolled study. The study enrolled 60 patients, 
most of whom were men. The intervention was a behavior modification 16 week 
program that included low calorie and normal protein diet in association with super-
vised physical activity of 60 min/week. Fifty patients with a mean age of 56 ± 8 years 
old completed the study. Nonalcoholic steatohepatitis was reported in 24%, associ-
ated with hepatic venous pressure gradient (HVPG) ≥10  mm Hg in 72% of the 
participants. The intervention was associated with a decrease in body weight by at 
least 5% and 10% in 52% and 16% of the subjects, a significant decrease in HVPG 
from 13.9 ± 5.6 to 12.3 ± 5.2 mm Hg; p < 0.0001) with a decrease of ≥10% and 
≥20% in 42% and 24% of the participants, respectively. The decrease in HVPG was 
most substantial and significant in association with a weight loss of ≥10%, i.e. 
−23.7 ± 19.9% vs. −8.2 ± 16.6%. The intervention was safe, and the weight loss 
documented at the end of the 16 week study period was sustained for six months 
[132]. This sophisticated study conducted by experts in the field of cirrhosis and 
portal hypertension remarkably revealed the importance of life style modification 
with a well delineated structure, and supports behavior modification as a 
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fundamental aspect in the management of cirrhosis in association with obesity. This 
type of intervention should be considered in patients with NAFLD [84, 86].

Different medications according to the disease state and the mechanisms that can 
potentially influence the pathogenesis of NAFLD are being studied, including 
obeticholic acid, a farnesoid receptor agonist, the stimulation of which regulates 
lipogenesis and the conversion of cholesterol to bile acids in the steatosis phase, 
elafibranor, a PPAR alpha and beta agonist in steatosis and steatohepatitis phases, 
vitamin E, an antioxidant, liraglutide, a GLP 1 agonist, pioglitazone, a PPAR gamma 
agonist in steatohepatitis, selonsertib, an Ask-1 inhibitor, and ceniciviroc, a CCR2/
CCR2 in the fibrosis stage [133].

In a prospective, randomized, placebo controlled, 96  week duration study of 
patients with NASH not associated with DM, vitamin E, an antioxidant [134], was 
associated with histological improvement related to inflammation but not in fibrosis 
as compared to placebo [135]. The effect of placebo was no different from that of 
pioglitazone, which was included in the study [135]. Pioglitazone is a nuclear recep-
tor PPARγ agonist that increases insulin sensitivity [136]. Vitamin E is  recom-
mended for patients without DM with NASH at a dose of 800 IU per day.

In regard to vitamin E, and further to the study cited above [135], it was reported 
from a systematic review that vitamin E significantly decreased the degree of steato-
sis, hepatocyte ballooning, lobular inflammation, and fibrosis in patients with 
NASH, supporting its use in the treatment of this condition [137]. The guidelines 
from the American Association for the Study of Liver Disease (AASLD) state that 
vitamin E may be used in patients with NASH without DM and who do not exhibit 
cirrhosis on histology [138]. However, a retrospective study revealed that patients 
with advanced fibrosis and cirrhosis who took vitamin E at the dose stated above 
had a significantly higher adjusted transplant-free survival and a decrease in the rate 
of hepatic decompensation than those who did not take vitamin E, at a median fol-
low- up up 5.62 (interquartile range [IQR], 4.3–7.5) and 5.6 (IQR, 4–6.9) years for 
those who took vitamin E versus those who did not. These findings applied to 
patients with and with DM [139]. Thus, considering the lack of adverse events in 
association with vitamin E, the use of this drug in patients with fibrosis and cirrho-
sis, irrespective of the presence of DM, may be a therapeutic option although data 
from robustly designed prospective studies are desired.

In a randomized, double blind, placebo controlled trial that included 101 patients 
with NASH and pre-diabetes, pioglitazone, at a dose of 45 mg/day in conjunction 
with a hypocaloric diet for a period of 18 months, was associated with a reduction 
of at least 2 points in the NAS in 58% of subjects, and resolution of NASH in 51%, 
and individual reductions in the fibrosis score, in contrast to placebo. In addition, 
hepatic triglyceride content decreased and adipose tissue, muscle, and hepatic insu-
lin sensitivity were reported to have improved. The effects in association with pio-
glitazone persisted over 36 months of therapy, which was open label for an additional 
18 months, and side effects were no different between the drug and placebo [140]. 
Consistent with the beneficial effects of pioglitazone, the AASLD indicates that this 
drug may be used to treat patients with NASH with or without type 2 DM; it is 
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implicit in this recommendation that a liver histology is required prior to ther-
apy [138].

Glucagon-like peptide 1 (GLP-1) is a peptide hormone produced in the intestinal 
epithelial endocrine cells and its function is to stimulate insulin secretion and to 
inhibit glucagon secretion thus contributing to modulated glucose excursions, to 
decrease gastrointestinal motility and secretion, and to regulate, in part, appetite 
[141]. In animal studies, GLP-1 analogues are associated with a reduction in liver 
steatosis, thus, the GLP-1 analogue liraglutide at doses of 1 and 8 mg subcutane-
ously once a week, was studied in a randomized, double blind, placebo controlled 
trial of 1 year duration in patients with steatohepatitis, from which it was reported 
that in patients who had a post treatment liver biopsy, 39% had resolution of NASH, 
versus those who were randomized to placebo. Fibrosis progressed in 9% of the 
patients on liraglutide versus 36% of those on placebo; diarrhea, constipation, and 
appetite loss were more common in the treatment group [142].

Obeticholic acid is a semi- synthetic bile acid analogue structured as 6α-ethyl- 
chenodeoxycholic that activates the farnesoid X nuclear receptor (FXR), a receptor 
that regulates genes involved in cholesterol catabolism and bile acids biosynthesis 
[143]. The activation of FRX is associated with the induction of Small Heterodimer 
Partner (SHP), a nuclear receptor that inhibits the production of bile acids, decreases 
the expression of Na+ taurocholate cotransport peptide (NTCP), a transporter of 
bile acids into the hepatocyte located in its sinusoidal side, and enhances the expres-
sion of the bile salt export pump (BSEP), the principal transporter of bile acids from 
the hepatocyte to the canalicular space, thus, protecting the liver from cholestasis 
induced liver injury. In animal models, obeticholic acid was reported to decrease 
steatosis and fibrosis. In a multicenter, double blind, placebo controlled, parallel 
group, randomized clinical trial of patients with NASH the administration of 
obeticholic acid at a dose of 25 mg per day was associated with improved liver his-
tology, i.e., a decrease of two or more points in the total NAFLD activity score and 
no worsening in the fibrosis score, documented in 45% of the 110 subjects who had 
liver histology at baseline and 72 weeks, as planned, versus the improvement docu-
mented in the placebo group, which was in 21% of the 109 patients in whom liver 
biopsy was planned from that group. The findings on steatohepatitis, which were 
encouraging, were accompanied by an increase in total serum concentrations of 
cholesterol and LDL cholesterol, and a decrease in HDL cholesterol, posing con-
cerns regarding cardiovascular health, a matter that remains under investigation. 
From A phase 3, double blind, randomized, placebo controlled multicenter study of 
obeticholic acid in patients with NASH and fibrosis stages 2 or 3 it was reported that 
the drug was associated with either improvement of fibrosis by equal or greater than 
one stage without worsening of NASH, or with its resolution without an increase in 
fibrosis, in 23.1% of 308 patients, randomized to a daily dose of 25 mg, versus, 
17.6% of 312 randomized to 10 mg, both findings significantly different from pla-
cebo [144, 145]. Pruritus was a side effect documented in 23% of the patients [146], 
as reported in other studies with this medication [147].

PPARα receptor is at the center of all pathways related to fat metabolism; it has 
been characterized as the master regulator of hepatic lipid metabolism whereas its 
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loss is associated with increased hepatic steatosis, and its activation with reduction 
of steatosis [148]. The activation of PPAR-δ is associated with a reduction of glu-
cose use by skeletal muscle by switching the mitochondrial substrate preference 
from carbohydrates to lipids, increasing their combustion and exerting an antidia-
betic effect in animals [149]. Elafibranor is an agonist of the PPAR-α and PPAR-δ. 
It was studied in doses of 80 and 120 mg/day in a randomized, double blind, placebo 
controlled study of 52 weeks duration in patients with NASH, which resolved with-
out worsening of fibrosis in association with the highest dose of the drug in 19% of 
the patients versus 12% in the placebo group, with an OR of 2.31, and 95% CI: 
1.02–5.24, and a p = 0.045 analysis provided as post hoc; however, the primary 
outcome, which was resolution of NASH without fibrosis worsening in an intention 
to treat analysis was not met as there was no significant difference between the treat-
ment groups. Other improvements reported in association with elafibranor were lip-
ids and glucose profiles. Of note, there was a significant, although reversible increase 
in serum creatinine in association with the drug [150]. A phase 3 study on the effect 
of elafibranor on steatohepatitis is being conducted [151].

Apoptosis contributes to the pathogenesis of NAFLD. In animal studies, inhibi-
tion of apoptosis through signal-regulating kinase 1, a serine/threonine kinase, has 
been reported to be associated with a decrease in inflammation and fibrosis [152]. 
In a human study, the safety and efficacy of selonsertib, a selective inhibitor of 
apoptosis signal-regulating kinase 1, alone or in combination with simtuzumab, a 
humanized monoclonal antibody that binds to LOX2, a molecule that interacts with 
collagen fibers, being studied for the treatment of fibrosis [153], was evaluated in a 
multicenter, phase 2 study of patients with NASH and stage 2 or 3 fibrosis. The 
results of this study were reported to document a decrease in the fibrosis by at least 
one stage in 43% and 30% of the 30 and 27 patients assigned to selonsertib 18 and 
6  mg, respectively, findings confirmed by  MRE, which was reported to show a 
decrease in liver stiffness, consistent with decreased fibrosis; in addition, liver col-
lagen content and lobular inflammation decreased [154]. The lack of effect on fibro-
sis of simtuzumab in this study [154] was also reported in a subsequent publication 
[155]. A phase 3 trial on the effect of selonsertib for NASH has been com-
pleted [156].

Cenicriviroc is a dual antagonist of the chemokine receptors CCR5 and CCR2, 
the latter being a coreceptor involved in metabolic and cardiovascular diseases 
[157]. From a randomized, placebo controlled trial of cenicriviroc for treatment of 
NASH in patients with fibrosis it was reported that 150 mg of the drug was associ-
ated with a decrease in fibrosis by more than one stage in 20% of the 145 patients 
randomized to the drug in contrast to the 10% of the 144 randomized to placebo 
[158]. In follow up to this study, phase 3 studies are being conducted with cenicrivi-
roc for the treatment of NAFLD and fibrosis [159, 160].

n-3 long-chain polyunsaturated fatty acids (LC-PUFAs) can prevent obesity, 
dyslipidemia, and insulin resistance in association with high-fat diet in animal mod-
els [161]. According to a meta-analysis, the use of n-3 LC-PUFAs, predominantly 
EPA and/or DHA supplementation, in patients with NAFLD was associated with a 
significant decrease in liver fat content, assessed by magnetic resonance imaging/
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spectroscopy, and liver sonogram; however, no histological changes were reported 
in patients with NASH. These are encouraging findings and support the early iden-
tification of patients with steatosis for treatment with n-3 LC-PUFAs supplementa-
tion, however, the identification of factors that lead to progression from steatosis to 
steatohepatitis and to fibrosis remains a challenge in choosing patients who may 
benefit from that intervention. The investigators conclude that additional trials are 
necessary to understand the effects of LC-PUFAs on NAFLD [162].

Recently, from a prospective study over 2006 to 2015 that included 361 patients 
with NAFLD, daily use of aspirin was reported in association with a significant 
decrease in the risk for developing incident fibrosis versus nonaspirin users, effect 
that appeared to be related to the duration of aspirin use, with the highest benefit 
reported to be intake of aspirin for at least 4 years [163]. Surely, editorials and addi-
tional studies on this important observation will follow.

 Bariatric Surgery

The AASLD guidelines for the management of patients with NAFLD state that bar-
iatric surgery can be considered in patients with obesity who meet criteria for the 
procedure [138].

From a prospective study that examined the effects of bariatric surgery on 
NAFLD in 381 patients without advanced disease, 56% of whom underwent gastric 
banding, 23%, biliointestinal bypass, and 21%, gastric bypass, it was reported that 
5 years after the operation, the percentage of patients who had NASH decreased 
from 27.4% to 14.2%. The majority of patients exhibited significant increase in 
fibrosis, although assessed as equal or less than F1 [164], a finding that differs from 
that from a prospective study from which, at 1 year post surgery, the degree of fibro-
sis had decreased in 33.8% of the 109 patients [165]. The proportion of patients 
with steatosis decreased from 37.4% at baseline to 16 percent post surgery, with 
ballooning degeneration decreasing from 0.2 to 0.1, as per the NAFLD score [164]. 
The best predictor of persistence of steatosis and ballooning at 5 years post surgery 
was the presence of insulin resistance, which was suggested to be a good target for 
specific improvement post surgery in regard to liver disease [164]. From a system-
atic review and meta-analysis, it was reported that bariatric surgery was associated 
with a decrease in short-term mortality, and might be associated with long-term 
decrease in all-cause mortality, including cardiovascular disease and cancer [166]. 
However, from a review of the data in the Nationwide Inpatient Sample from 
patients who underwent bariatric surgery in the United States from 1998 to 2007 it 
was documented that patient without cirrhosis had a significantly lower mortality 
rate in association with the surgery, i.e. 0.3% than those with cirrhosis, compen-
sated, 0.9% versus decompensated, 16.3%. Analysis after adjustment for covariates, 
the adjusted OR of mortality among patients with compensated cirrhosis was 2.17 
(95% CI: 1.03–4.55) versus that of patients with decompensated cirrhosis, which 
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was reported as 21.2% (95% CI: 5.39–82.9). As expected, the volume of surgery per 
center was associated with improved outcomes [167]. Accordingly, the decision to 
recommend bariatric surgery for the treatment of NAFLD requires a comprehensive 
assessment and collaboration with institutions with expertise in the procedures.
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Chapter 10
Alpha-1-Antitrypsin Deficiency

Nora V. Bergasa

A 58-year-old man was evaluated because of dyspnea on exertion, with exercise 
tolerance of one and a half blocks. He was diagnosed with asthma at age 30 and had 
been an ex-smoker for 12  years. The physical examination was notable for the 
absence of stigmata of chronic liver disease and some wheezing on pulmonary aus-
cultation. A chest X-ray exhibited hyperinflation of the lung fields associated with 
flattening of the diaphragm and prominence of pulmonary arteries suggestive of 
chronic obstructive pulmonary disease. Alpha-1-antitrypsin (A1AT) level was 
34 mg/dl (normal 90–200 mg/dl), consistent with deficiency; the phenotype was 
ZZ. The liver profile revealed serum activities of aspartate (AST) and alanine (ALT) 
aminotransferases of 53 IU/ml for the former, and 144 IU/ml for the latter (normal 
10–40 IU/ml, and 10–45 IU/ml, respectively). The sonogram revealed an echogenic 
liver. Pulmonary function tests documented severe obstructive lung defect consis-
tent with marked air trapping and severe decrease in diffusing capacity of the lungs 
for carbon monoxide, associated with insignificant response to bronchodilators. The 
patient was referred for augmentation therapy with A1AT and to a geneticist for 
counseling.

In the seminal publication by Sharp et al. in 1969, the association between cir-
rhosis and alpha-1-antitrypsin (A1AT) deficiency was reported [1]. Three years 
before that publication, Laurell and Eriksonn had described the absence of alpha- 1- 
globulin in a group of patients who had severe emphysema [2]. It is now established 
that A1AT deficiency is associated with lung and liver disease [3, 4].
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A1AT deficiency is an under-recognized condition for which there are no screen-
ing programs established; thus, the diagnosis depends on a clinician’s inquisitive 
mind, after which measures to prevent early complications or disease progression, 
e.g., cigarette smoking cessation, screening for viral hepatitis, and vaccination, as 
appropriate, should be implemented.

In homeostasis, there is a balance between proteases, which participate in pro-
teolytic processes, and their inhibitors, which inhibit the activity of the proteolytic 
enzymes. The predominant family of inhibitors is the serine proteinase inhibitors 
(serpins) to which A1AT belongs [5]. The serpins’ mechanism of action concerns a 
conformational change, i.e., a change in the structure inhibits the protease and leads 
to its destruction. The protein enters the lung by diffusion, where it inhibits neutro-
phil elastase; the protease/inhibitor complex is internalized and degraded by lyso-
somes [6]; A1AT is also reported to exert anti-inflammatory effects, independent 
from elastase inhibition [7].

A1AT is molecularly characterized by three beta sheets, A, B, and C, and nine 
alpha helixes. Beyond the scaffold of the A1AT molecule protrudes the reactive 
center loop (RCL) in a highly stressed configuration with methionine 358-serine 
359 at the active center, which ducks the target enzyme, i.e., neutrophil elastase, to 
form a substrate enzyme complex, i.e., Michaelis complex. After ducking at the 
receptive sequence of the RCL, the protease is inactivated and sprung to the bottom 
of the molecule where it hangs, after which the RCL inserts itself into the beta A 
sheet, as another strand. The process of inactivation has been described as a "mouse-
trap" with a spring-like shift from a metastable to a hyperstable state [8, 9]. The 
formation of the substrate–enzyme complex can lead to: (1) inactivation of the pro-
tease and (2) the formation of a fourth beta sheet by the RCL within the A1AT 
molecule, allowing the protease to escape, leaving it in the active state, with the 
serpin cleaved and inactive. Thus, in homeostasis, A1AT exists in: (1) a native inhib-
itory conformation, with the exposed reactive center loop, and (2) in a latent state 
with a partially inserted RCL and a non-inhibitory conformation. The non- inhibitory 
conformation occurs: (1) in the substrate–enzyme complex, i.e., A1AT and neutro-
phil elastase, which is removed from the circulation by the hepatocyte, (2) when the 
RCL is cleaved by non-target enzymes, (3) after oxidation by reactive oxygen spe-
cies, and (4) polymerized as it happens with the A1AT variants, including Pi*ZZ, 
associated with lung and liver disease, which are also reported to exert a chemotac-
tic action on neutrophils, thus triggering an inflammatory cascade, now considered 
part of the pathogenesis of emphysema in association with A1AT deficiency [10].

Mutations in a strand of the beta sheet allow the RCL to insert itself into the A 
beta sheet as a new strand, forming polymers, which can involve several molecules 
of A1AT (Fig. 10.1) [11] that are trapped in the hepatocyte’s endoplasmic reticulum 
(ER) from where they cannot exit, leading to a deficiency of circulating levels of 
A1AT. In the ER, A1AT molecules interact with chaperones including Grp78/BiP, 
Grp94, Grp170, and calnexin [12], the role of which is to facilitate the folding of 
proteins required for translocation from the ER and to control the quality of the 
proteins being secreted, by ensuring that inappropriately folded proteins remain in 
the ER or are degraded by proteasomes, via a mechanism known as ER-associated 
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degradation (ERAD) [13]. In the ER, the interaction between the protein and the 
chaperones takes the form of soluble and conglomerate compounds, the latter iden-
tified by their characteristic stain features, i.e., peroxidase acid Schiff (PAS)-positive 
and diastase-resistant bodies that appear as magenta granules (Fig.  10.2). In the 
context of degradation, autophagy is a process identified as important in the elimi-
nation of A1AT polymers by the formation of autophagosomes. It is a mechanism 
being explored to develop treatments for A1AT deficiency-related liver disease. In 
this regard, drugs that increase autophagy, rapamycin, and carbamazepine, were 

a b c d

Fig. 10.1 (a) Through (d) depict the polymerization of A1AT molecules. The amino acid substitu-
tion in the Z allele interferes with the folding and structure of the protein, changing the relationship 
between the reactive center loop (RCL (red ribbon)) and the beta sheet A (yellow ribbons), and 
allows for the opening of the latter to accept the partial insertion of RCL (a and b). Subsequently, 
the patent beta sheet A accepts the RCL of another A1AT molecule to form a dimer that extends by 
the insertion of another A1AT molecules forming chains of loop-sheet polymers (c and d). A1AT 
polymers accumulate in the cisterna of the rough endoplasmic reticulum, with a significant reduc-
tion of secretion, leading to the accumulation of the polymers in the hepatocytes that appear as 
periodic acid-Schiff-positive, diastase-resistant globules as shown in Fig. 10.2

Fig. 10.2 Histological study of a liver biopsy specimen from a patient with PI*ZZ alpha-1- 
antitrypsin deficiency. The eosinophilic inclusion bodies are periodic acid-Schiff-positive, diastase- 
resistant globules that contain polymerized, unsecreted Z-type alpha-1-antitrypsin (A1AT) 
(Courtesy of Dr. Maria Isabel Fiel, MD, FAASLD, Professor of Pathology, Icahn School of 
Medicine at Mount Sinai, New York, New York)
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reported to decrease A1AT ZZ polymers and liver fibrosis in a mouse model of the 
disease [14, 15].

Although A1AT deficiency has been traditionally viewed as a condition arising 
from a protease-antiprotease imbalance in the lungs, neutrophils’ role as facilita-
tors of inflammation in the pathogenesis of lung disease and other specific comor-
bidities is being recognized, adding an inflammatory component to the pathogenesis 
of the disease [16].

The plasma concentration of A1AT ranges from 0.9 to 2.0 g/L. A1AT is an acute 
phase reactant; thus, during inflammation, the concentrations increase by several 
folds [17]. In addition to neutrophil elastase (NE), A1AT inhibits other proinflam-
matory proteases, including proteinase 3 and cathepsin G [18].

 Genetics

The A1AT protein is encoded by the SERPINA1 gene (also known as PI), located in 
chromosome 14q32.1,3–7. The disease is inherited in an autosomal recessive man-
ner with codominant expression [19]. The two most common alleles found in A1AT 
deficiency-associated diseases are S and Z.

The Z variant contains a substitution of the amino acid glutamine for lysine in the 
342 position. This mutation concerns an amino acid at the base of the center loop of 
the molecule [20], which can move in and out of the A-sheet that comprises the 
major feature of the molecule [21]. It was shown that by increasing the environ-
ment’s temperature or under mild denaturing conditions, the center loop could 
move, and polymerization occur between A1AT molecules of the M, normal pheno-
type. The polymerization could be stopped by adding a synthetic-free peptide, 
which inserts itself into the A-sheet, forming a binary complex. The synthetic-free 
peptide was a 13-residue peptide derived from the reactive center loop of another 
serpin, antithrombin, and homologous to the amino acid sequence 345 to 357 of the 
center loop. The formation of the binary complex with A1AT was documented by 
the loss of the inhibitory activity, by features exhibited in electrophoresis, and by 
changes in physical properties [21]. It was further noted that the Z mutation at the 
hinge of the center loop enhanced polymerization, which spontaneously happened 
at 37 degrees, and that was accelerated at temperatures of 41 degrees; the synthetic- 
free peptide blocked polymerization regardless of the temperature used in the exper-
iment. The polymerization rate also depended on the Z antitrypsin concentration, 
with an increased proportion of polymerization in association with increased con-
centrations of antitrypsin. The M antitrypsin did not polymerize itself under these 
conditions. The results of these experiments explained the accumulation of A1AT 
conglomerates in the hepatocytes of patients who were homozygotes for the Z 
mutation. Gel electrophoresis revealed findings to confirm that the inclusion bodies 
are bound together by non-covalent bonds and dissociate into monomers in the right 
experimental conditions; furthermore, electron microscopy revealed that the poly-
mers were comprised of filaments identical to those observed in incubated isolated 
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Z antitrypsin. Loop-sheet polymerization is reported as equilibrium, and it occurs at 
a critical concentration of Z antitrypsin before it goes into the ER; 85% of the Z 
antitrypsin polymerizes itself, and the rest is secreted into the circulation as mono-
mers, the concentration of which, however, is not adequate to protect the lungs from 
the proteolytic destruction by neutrophil elastase [22]. In addition to a low periph-
eral concentration, the Z allele is dysfunctional, as it has a decrease in the inhibitory 
activity of A1AT because of a diminished binding affinity to neutrophil elastase [23].

The S allele contains a substitution of glutamine for valine at the 264 position 
(Glu264Val). In homozygotes, this mutation results in a decrease in the plasma 
concentration by 40%, which does not result in major health problems; however, if 
inherited with the Z mutation, i.e., the substitution of glutamine for lysine at the 
342 position (Glu342Lys), which results in 85% reduction in the plasma concen-
tration of A1AT, it does. In summary, the low plasma concentration found with the 
ZZ homozygotes and with the SZ compound heterozygotes is associated with 
disease.

The M allele is encoded by the A1AT 2 gene and is associated with sufficient 
serum concentrations of A1AT to prevent disease. Other variants that include the 
M1, M2, G, X, C, and D alleles are not associated with health complications. Rare 
alleles have been reported in association with disease in case reports [24]. The 
alleles associated with intracellular accumulation of the protein related to liver and 
lung injury, as a result, are M Malton, Siiyama, and Z, with the latter being associ-
ated with impaired inhibition of NE as well. The alleles associated with lung disease 
related to intracellular degradation are M Heerlen, M procida, S, and M mineral 
springs, which are also related to impaired NE inhibition. The null alleles, which 
make very little amounts of A1AT, are QOgranite falls, characterized by a stop codon 
and absence of A1AT, and associated with emphysema, and QOLudwigshafen, character-
ized by abnormal mRNA, leading to inadequate protein, and associated with liver 
and lung disease, the QOhongkong, associated with a stop codon from a frameshift, 
which results in a short protein and is associated with its intracellular accumulation, 
and development of emphysema at an early age, QOisola di procida, characterized by 
complete deletion without mRNA or protein, and associated with lung disease, 
QOBolton, characterized by a stop codon and no mRNA or protein, and associated 
with lung disease [25]. The dysfunctional Pittsburgh allele is characterized by a 
substitution (358 met-to-arg) that results in the acquisition of antithrombin proper-
ties and is associated with bleeding diathesis [26] and F, which has defective bind-
ing to NE and that results in normal A1AT concentrations but abnormal anti-elastase 
functional activity [27, 28].

The mutant A1AT Z is synthesized appropriately and translocated to the ER of 
the hepatocyte where it binds to chaperone proteins, the role of which is to help in 
the folding of the molecule and to survey for abnormalities; as the mutant folds inef-
ficiently, 85% of the molecules do not reach the conformation required for secretion 
and thus, they are retained in the hepatocyte, as stated above, where they appear as 
magenta granules (Fig. 10.2) [22]. The accumulation of these structures from the 
mutant Z molecule triggers liver injury in the individuals susceptible to disease, but 
not in all individuals with the mutation.
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 Epidemiology

A1AT deficiency is under diagnosed, as screening guidelines are not strictly fol-
lowed and the disease, in its full manifestation of early emphysema, tends to be 
diagnosed when preventive measures, e.g., smoking cessation, avoidance of envi-
ronmental and occupational exposure, cannot be instituted; thus the prevalence has 
been calculated mostly by estimates. “AAT deficiency is probably one of the most 
common hereditary under-recognized disorders in the world, with only a small 
minority of subjects currently detected,” as documented from a study that estimated 
the prevalence of A1AT in the world [29].

In the United States, the prevalence of A1AT deficiency in individuals of 
European extraction is 1 case per 3000 to 5000 persons [35]. It was concluded from 
a study that surveyed 4.4 billion people from 58 countries that there were at least 
116 million carriers of A1AT Pi phenotypes PiMS and PiMZ and 3.4 million with 
deficiency allele combinations, phenotypes PiSS, PiSZ, and PiZZ, the latter two 
being the most prevalent. These results reiterate that A1AT deficiency may be one 
of the most common single-locus genetic diseases that have serious clinical conse-
quences [30].

Reported per 1000 individuals in North and Central America, PI*S’s prevalence 
ranged from 23 in the United States to 33–45 in Central America. The prevalence of 
PI*Z from 6 to 8 in Mexico and Central America to 10 and 13 in the United States 
and Canada; in the United States, the study documented an estimate of 14 million 
MS, 6 million MZ, 160,000 SS, 150,000 SZ, and 34,000 ZZ, which one can inter-
pret as a result of its rich genetic pool [29].

Nineteen centers in the United States participated in a study that included 3152 
subjects with fixed airflow obstruction who underwent pulmonary function tests; of 
these, 0.63% were characterized as Pi*ZZ and Pi*SZ, and 10.88% were carriers of 
mutations MS and MZ. However, pulmonary function test results did not allow the 
prediction of the phenotypic expression of the A1AT mutations [31]. These data 
support the measure of screening high-risk individuals prior to the establishment of 
irreversible airway disease.

The factors that have been associated with liver disease in adults are age greater 
than 50 years, male gender, abnormal liver profile, viral hepatitis, and components 
of the metabolic syndrome [25]. A consensus supports the idea that polymerization 
of the altered phenotype that results in the accumulation of AA1T globules is not 
sufficient to cause disease. Thus, environmental and other genetic and epigenetic 
influences are likely to be involved in the pathogenesis of A1AT deficiency- related 
liver disease [32–36]. In this regard, molecular epigenetic signatures have already 
been documented in a group of patients with the A1AT deficiency ZZ pheno-
type [37].

A study that included 262 patient cohorts from 71 countries, and 1,490,816 indi-
viduals with PiSZ phenotype of A1ATD, documented the prevalence of the disease 
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as 708,792  in Europe, 582,984  in America and the Caribbean, 85,925  in Africa, 
77,940 in Asia, and 35,176 in Australia and New Zealand [38].

 Natural History

A1AT deficiency can present in infancy with prolonged cholestatic hepatitis [39]. In 
a prospective study that screened 200,000 infants, 120 PiZ, 48 Pi SZ, two PI Z, and 
one Pi S were identified and followed under 6 months. Prolonged cholestasis was 
documented in 14 of the 120 (11.6%) infants, nine of whom had evidence of liver 
disease, with five exhibiting abnormal liver tests only. Twenty-two of the 120 
(18.3%) infants with abnormal liver profile “seemed healthy” at 6 months of age; 
the other 98 did not have liver disease on clinical grounds, but liver tests were abnor-
mal in some at 3 and 6 months of age. The number of small for gestational age 
infants increased in patients with clinical liver disease. The infants with PiSZ did 
not have liver disease; however, some had abnormal liver tests at 3 and 6 months of 
age. These data suggested that liver disease in children with the PiZ and PiSZ phe-
notypes presents itself by 3 months of life [40].

By the use of DEFI-ALPHA as a source, a French study, retrospective up to 2010 
and prospective from 2017 that included 153 children who were born since 1989 
with A1AT concentrations below 0.8 g/L and followed for 4.7 ± 2.1 years, docu-
mented a majority, 81.9%, with the PiZZ phenotype, with 8.1% being PiZZ, and 
10% qualified as other, and a development of portal hypertension in 18.3%, at a 
mean age of 2.5 years (up to 11.6), with 15 children having a liver transplant, and 
one death in a 3-year-old child, with neonatal cholestasis being significantly associ-
ated with severe disease, defined as portal hypertension, liver failure, liver trans-
plantation, or death; the diagnosis of A1AT deficiency was made before 2 months in 
65.4% of patients, with PiZZ being the most common, 89.3%, and the rest being 
PiSZ, PiSZ, PiSZ, and PiMlike Z, data interpreted to suggest that non PiZZ variants 
can be associated with liver disease, possibly related to other factors, which remain 
to be identified [41].

In the adult population, life expectancy is compromised in patients with A1AT 
deficiency. From a study conducted in Sweden that included 246 patients with 
severe PiZ A1ATD, diagnosed from 1963 to 1977, lung disease was present in 40% 
of the patients, with the majority of deaths being from this group [42]. Forty-seven 
patients (19%) had a diagnosis of liver cirrhosis by age 50 years; 13% of the deaths 
being from liver disease.

In regards to hepatic comorbidities, from 1184 subjects with nonalcoholic fatty 
liver disease (NAFLD) documented histologically, and from 2462 with alcohol 
use disorder, with appropriate control groups with and without cirrhosis, the cal-
culated odds ratio (OR) to develop cirrhosis in association with the Pi*Z variant 
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of A1AT in patients with NAFLD was reported as 7.3, with a 95% confidence 
interval (CI) between 2.2 and 24.8, with 13. 8% of the subjects with the abnormal 
phenotype having cirrhosis, versus the 2.4% of subjects without that variant. The 
PiZ* was present in 6.2% of subjects who had alcohol use disorder and cirrhosis, 
which was significantly higher than the 2.2% of patients with the same condition 
but without “significant liver injury,” with a calculated adjusted OR of 5.8 (CI: 2.9 
to 11.7) indicating that patients who drink excessively, and carry this A1AT phe-
notype were at risk to develop cirrhosis. The adjusted OR for the patients who had 
the Pi*S variant was 1.47 (95% CI: 0.99 to 2.19), a risk that, although small when 
compared to the Pi*Z variant, should be discussed in regards to preventive mea-
sures, e.g., stopping cigarette smoking, when evaluating carriers of Pi*S [43].

In this regard, a retrospective review also from Sweden identified 17 cases (one 
child and 16 adults) that had undergone an autopsy from 20 who had been diag-
nosed with A1AT deficiency between 1963 and 1982. From an analysis that matched 
the A1ATD cases with the non A1AT deficiency controls, a strong relationship 
between A1AT deficiency and cirrhosis and hepatocellular carcinoma was identi-
fied, with a Mantel-Haenszel odds ratio (ORmh) of 7.8, with a 95% confidence 
limits from 2.4 to 24.7, and 20, with a 95% confidence limits from 3.5 to 114.3, 
respectively, with significant association with male patients only, after data stratified 
for gender. These data suggested that in addition to A1AT deficiency, environmen-
tal, and possibly hormonal factors contribute to the development of HCC in patients 
with this genetic condition [44].

From a prospective study that included 94 adult patients with A1AT deficiency, 
Pi*ZZ, the prevalence of liver fibrosis, measured by transient elastography, was 
35.1%, which was significantly associated with the presence of metabolic syndrome 
(OR 14.2; 95% CI 3.7–55; p  <  0.001). Histologically, the typical hepatocellular 
A1AT globules and periportal inflammation were reported in association with sig-
nificant fibrosis [25]. In addition to fibrosis, steatosis was documented in 39% out of 
554 patients with A1AT deficiency PiZZ variant by the use of transient elastography, 
with controlled attenuation parameter ≥280 dB/m, suggestive of severe steatosis, 
versus in 31% of the control subjects; in addition, patients with A1AT deficiency had 
lower concentrations of triglyceride and low- and very-low-density lipoprotein cho-
lesterol as compared to those in the control group, data interpreted to suggest that 
impaired hepatic secretion of lipids is a feature of A1AT deficient PiZZ variant [45]. 
These results tend to support the findings of a prior study that documented some 
association between the A1AT deficiency PiMZ variant and NASH [46]; in this 
report, patients with both conditions had an increased risk for decompensation [46].

 Clinical Manifestations

In the absence of screening campaigns, patients tend to be diagnosed when they 
present with symptoms of pulmonary involvement, including COPD and asthma. 
Regarding subjects with liver disease, adult patients tend to be asymptomatic 
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unless they have progressed to decompensation with all its complications or are 
referred for evaluation of an abnormal liver panel. In patients with compensated 
liver disease, the first clue to the diagnosis is increased serum activity of trans-
aminases, which leads to a liver disease investigation that includes A1AT serum 
concentrations. If these are low, which can happen in the presence of rare alleles 
in addition to A1AT deficiency, it is recommended to check the genotype. In case 
of a discrepancy between A1AT concentration and genotype, phenotype analysis 
is advised [47]. Of note, in patients with PI*Null alleles, this method does not 
yield a result as the patients do not make circulating proteins. Also, rare genetic 
variants that result in low levels of A1AT, including PI*M heerlen, or in normal 
levels of a dysfunctional protein (e.g., PI*F) may not be detected; thus, genotype 
testing can be added to the investigation [48]. Testing is recommended in sib-
lings [27].

Environmental modifiers increase lung disease risk in patients with the Z protein 
phenotype, including cigarette smoking, male gender, and asthma [49, 50]. In a 
cross-sectional study, the heterozygous PiZ was not significantly more prevalent in 
patients with liver disease, 754, versus patients without, 651. From patients listed 
for liver transplantation, 10 of the 173 (5.7%) had PiMZ versus 10 of the 478 (2.1%) 
with liver disease considered to have “less severe” liver disease, which was reported 
as significantly different. In addition, there was an increased number of patients 
with the PiZ variant among patients with decompensated liver disease from chronic 
hepatitis C and nonalcoholic liver disease, 5.6%, and 5%, respectively, compared to 
those with “less severe” liver disease from chronic hepatitis C, 1.2%, and from 
NAFLD, 1.9%, reported as significantly different between the compensated and the 
“less severe” liver disease group. Cryptogenic cirrhosis was not associated with an 
increase in the percentage of PiMZ, as compared to liver disease in which the cause 
was known; thus, the presence of PiZ may accelerate the progression of liver disease 
in patients with chronic hepatitis C and NAFLD [46]. Although A1AT mutations 
have been reported in association with NAFLD, high serum ferritin concentrations, 
and an increase in the presence of sinusoidal siderosis, non-MM phenotypes were 
not associated with increased liver injury in NAFLD [51].

In regards to liver disease, in a retrospective study that explored liver disease in 
association with A1AT deficiency in children, and that included 6 girls and 14 boys, 
it was noted that the PiZZ phenotype was present in 8 (40%) of the children, and 
PiMZ in 12 (60%). The most common finding was an abnormal liver profile, with 
three patients having neonatal cholestasis and one compensated cirrhosis. Seven of 
the eight patients who underwent liver biopsy had typical histology of A1AT defi-
ciency with PAS positive, diastase resistant conglomerates in the hepatocytes. PiZZ 
was associated with chronic hepatitis in all patients except one who had cirrhosis, 
over 12–101 months of follow-up versus only two of the patients who were PiMZ 
who had chronic hepatitis [52].

Transient elastograpy is a noninvasive technique that measures liver stiffness, 
which increases and correlates with fibrosis, expressed in kilopascals (kPa). In a 
study that included 29 patients with A1AT deficiency, ZZ phenotype, the median 
liver stiffness was 4.5 kPa (2.8–32.8), with an increase in patients with abnormal 
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liver profile and ultrasound, but also, in patients with normal liver profile and ultra-
sound, albeit only 10% [53].

Patients with lung disease from A1AT deficiency should be referred to pulmo-
nary medicine for evaluation and treatment that include bronchodilators, oxygen 
supplementation, and augmentation therapy.

Patients diagnosed with A1AT as part of the evaluation of abnormal liver tests 
should also be referred to pulmonary medicine to evaluate for lung disease.

 Laboratory Tests

The PI locus has approximately 123 single nucleotide polymorphisms; the differ-
ence in the migration rate that characterizes different protein variants is used to 
identify the phenotype. The M migrates at a medium rate, and the Z allele at the 
slowest rate. Null alleles can be inherited and are associated with no measurable 
concentration of A1AT in plasma. The phenotype PI Z defines subjects who have 
the Z pattern and include PIZZ and PIZ null variants. Although the phenotype refers 
to the pattern of movement in protein electrophoresis, in general, it concerns the 
clinical manifestations of the disease. PI Z phenotype is associated with plasma 
levels of A1AT less than 15% of PI MM and the development of COPD at a rela-
tively early age. It was reported that the PI type is responsible for 72–92% of the 
variation in serum A1AT levels within families of known PI Z individuals, thus 
making the PI locus determinant of serum levels of AAT.

 Histology

The mechanism by which A1AT deficiency causes liver disease seems to be 
unknown; however, it is reported that liver injury correlates with the amount of 
A1AT protein, i.e., polymers, in the hepatocytes [54, 55]. Accumulated A1AT, the 
hallmark of A1AT deficiency, Z type, is exhibited by the PAS-positive, diastase 
resistant globules in the hepatocytes around the portal tracts. These globules are the 
polymerized A1AT molecules trapped in the ER, unable to exit and secreted into the 
circulation (Figs.  10.1 and 10.2). Other findings include bile stasis, steatosis, in 
zone 1, and hemosiderosis. Inflammation is not a dominant finding in 
A1ATD. Cirrhosis in this disease can be macro and micronodular; bile ductular 
proliferation may be present in cirrhosis [56].

 Hepatocellular Carcinoma

The mechanism through which A1AT deficiency causes HCC is unknown. It was 
hypothesized that hepatocytes laden with A1AT globules are growth suppressed, 
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and elaborate “trans-acting regenerative signals” transduced by globules-devoid 
hepatocytes, which proliferate. Chronic regeneration in association with tissue 
injury, which results from the accumulation of A1AT, as interpreted from animal 
models [54, 55], leads to adenomata, which can degenerate into carcinoma [34].

In a study that included 675 patients with cirrhosis and end stage liver disease 
(ESLD) from a tertiary center where patients had been referred for liver transplanta-
tion from 2003 to 2014, A1AT deficiency was diagnosed in 47 (7%) patients, 14 of 
whom had the PI*ZZ phenotype, 8 PI*MZ, 10 had PI*MZ phenotype, and 14 did 
not have phenotype documented but were diagnosed by histology, with an incidence 
of HCC of 8.5% versus 31%, significantly different, in patients with cirrhosis from 
other causes (e.g., chronic hepatitis C, nonalcoholic steatohepatitis, and liver dis-
ease from alcohol), and a cumulative rate of 0.88% per year as compared to 2.7% in 
those with cirrhosis from chronic hepatitis C, 1.5% in those with NASH, and 0.9% 
in those with cirrhosis from alcohol abuse, from which it was concluded that HCC 
was relatively uncommon in patients from cirrhosis from AAT deficiency [57].

 Associated Conditions

Panniculitis is a rare condition associated with A1AT deficiency, usually with Pi*ZZ 
genotype, with an estimated prevalence of 1 in 1000 persons. It presents itself with 
painful ulcerating subcutaneous nodules that recur and leave a scar. Histologically, 
it is characterized by infiltrates of neutrophils deep in the dermis and connective 
tissue with secondary lobular panniculitis. This rare condition can be the only mani-
festation of A1AT deficiency, and thus, it is an indication to exclude the disease 
[58]. A1AT polymers were documented in the skin of a patient with panniculitis in 
association with A1AT deficiency PiZZ, which has suggested that these conglomer-
ates of proteins exert proinflammatory effects [59]. The treatment of panniculitis is 
dapsone, and, if ineffective, augmentation therapy with human A1AT is indicated 
[60]. In cases of rapidly progressive disease, plasma exchange has been reported as 
an option [61].

Granulomatosis with polyangiitis (GPA) was also reported in association with 
A1AT deficiency Pi*Z, Pi*S, in addition to its association with PiZZ [62].

A retrospective study from Germany that included 4 million people identified 
673  patients with  A1AT deficiency yielding a prevalence of 23.73 per 100,000 
subjects from all age groups and 29.36 per 100 000  in individuals older than 
30 years with an estimated 19,162 patients with A1AT deficiency over the study 
period. Hypertension, renal disease, and diabetes were more common in patients 
with A1AT deficiency than in the control group not affected by A1AT deficiency 
but who had asthma or emphysema. The patients with A1AT deficiency had higher 
utilization of health care services, findings that can be interpreted to suggest that 
comorbidities beyond lung disease complicate the natural history of A1AT defi-
ciency [63].

A1AT deficiency has been considered a factor associated with arterial aneu-
rysms. However, an increased number of A1AT deficiency alleles was not found 
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among 173 patients with aortic aneurysms from the United States and England, nor 
among 72 patients with intracranial aneurysms [64].

A1AT deficiency has been reported in association with renal diseases, including 
glomerulonephritis [65] and antineutrophil cytoplasmic antibody-associated vascu-
litis, which may also be associated with renal disease [65]. In some publications, 
patients had liver and renal diseases, which may not have been related to their A1AT 
status [64].

 Treatment

The treatments of lung disease from A1AT deficiency in development are augmen-
tation therapy, lung volume reduction surgery, and lung transplantation [27].

At present, there is no specific treatment for liver disease from A1AT deficiency. 
Patients with liver disease should be vaccinated to prevent viral hepatitis and 
should be encouraged to avoid alcohol. Patients with cirrhosis, or suggestion of 
cirrhosis by imaging studies, should be screened for hepatocellular carcinoma with 
a liver sonogram and serum alpha fetoprotein every 6 months, as per current guide-
lines [66]. Patients with end stage liver disease are candidates for liver 
transplantation.

A clinical trial, NCT01379469, to study the effects of carbamazepine in patients 
with severe liver disease secondary to A1AT deficiency is being conducted. Based 
on the mechanisms inferred to contribute to the pathogenesis of liver disease sec-
ondary to A1AT deficiency, areas that are being explored as potential treatments 
include gene correction, the use of chaperone proteins to enhance secretion of the 
mutated protein, acceleration of ERAD degradation, inhibition of polymerization, 
increased degradation by stimulating autophagy, inhibition of intracellular injury 
pathways, and drugs to decrease liver fibrosis [67].

 Liver Transplantation

The analysis from three liver transplantation databases from 1991 to 2012 revealed 
that 77% of 1677 transplants performed for liver disease from A1AT deficiency 
were in adult subjects aged 50–64 years, mostly men. Regarding phenotypes, it was 
documented that many patients who underwent liver transplantation for A1AT- 
related liver disease were heterozygotes and had comorbidities associated with liver 
disease, including obesity and excessive use of alcohol. In children, liver transplan-
tation was performed in patients younger than 5 years. This analysis was interpreted 
to suggest that A1AT deficiency causes liver disease by mechanisms characterized 
as age-dependent degenerative diseases and more rarely in children by modifiers 
that include proteasomal and autophagic degradative pathways [32].
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A pooled analysis of 35 published studies documented that cirrhosis had been 
reported in 7% of children, with 16.5% of patients diagnosed in childhood requiring 
liver transplantation. Ten percent of the subjects who made it to adulthood had cir-
rhosis, and 15% required liver transplantation. The 5-year survival post liver trans-
plantation was over 90% in children and over 80% in adults [68].

Post liver transplantation survival in relation to A1AT variants at 1, 3, 5, and 
10 years was reported as 86%, 83%, 80%, and 72%, respectively, for patients with 
the ZZ phenotype, and 91%, 86%, 79%, and 79%, respectively for those with 
SZ [69].
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Chapter 11
Hemochromatosis

Nora V. Bergasa

A 26-year-old man was admitted to Behavioral Health for detoxification from heroin, 
which he had been using for 5 years. He had a history of polysubstance abuse since 
age fifteen. His physical exam was normal. His hepatic panel was notable for high 
serum activity of aspartate (AST) and alanine (ALT) amino transaminases, 128 IU/L 
(normal range: 10–40) and 437 IU/L (normal range: 10–45) IU/L, respectively, and 
alkaline phosphatase (AP) of 180 IU/L (normal range: 40–120), and normal serum 
concentration of bilirubin and albumin, and normal prothrombin time. The liver 
sonogram revealed hepatomegaly. Liver disease workup was notable for the presence 
of hepatitis C RNA, consistently documented, suggestive of chronic hepatitis C virus 
infection, a serum ferritin concentration of 4545 ng/ml (normal range 15–150) with 
a transferrin saturation of 96%. Hemochromatosis gene testing revealed two copies 
of C282Y consistent with primary hemochromatosis. The patient was referred to 
genetics and to the hepatology clinic to treat chronic hepatitis C and iron overload.

Hemochromatosis is a disease characterized by iron overload [1]. It results from 
mutations in the hemochromatosis gene (HFE), which codes HFE. There are non- 
HFE mutations that result in iron overload [1]. Hemochromatosis has been classi-
fied according to the gene where the mutation has been identified [1] (Table 11.1).

Hepcidin, a hormone made in the liver, controls iron absorption, which requires 
a normal functioning HFE [2]. The interaction between hepcidin and  ferroportin 
(FPN) regulates the amount of iron in the bloodstream [3–5]. The development of 
progressive iron overload is more common in men than in women. It appears to be 
influenced by other genetic factors, the environment, blood loss, and alcohol 
consumption.
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Table 11.1 Classification of hemochromatosis

Type 1 HFE- 
hemochromatosis 
(HFE-related)

Type 2 
Hemochromatosis 
(non-HFE-related)

Type 3
Mutated 
transferrin 
receptor

Type 4
Mutated 
ferroportin 1 
gene, SLC11A3

Type 1 a Cys282Tyr 
homozygosity

Type 2 a Juvenile 
hemochromatosis 
(hemojuvelin 
mutations)

Type 1 b Compound 
Cys282Tyr/
His63Asp 
heterozygosity

Type 2 b Juvenile 
hemochromatosis 
(hepcidin 
mutations)

Type 1 c Ser65Cys, *
Increased serum 
and ferritin 
concentration; 
iron overload 
has not been 
documented

*and other HFE genotypes

 Iron Homeostasis

Iron is an essential element in human beings. Iron participates in energy generation 
reactions within the cytochrome p450 enzymatic group; when iron is complexed 
with protoporphyrins it forms heme, the major oxygen-binding molecule. Iron is 
transported in the circulation by transferrin, by haptoglobin in association with 
hemoglobin, and is stored in ferritin. Ferritin is a spherical protein comprised of 24 
subunits of heavy or light types. The ferritin concentration reflects iron stores, 
although it is also an acute phase reactant. Ferrous iron is delivered to ferritin by 
Poly (rC)-binding protein 1 (PCBP1), a cytosolic iron chaperone, to be stored [6]; 
iron is released from ferritin, as documented in vitro, by lysosomal proteolysis [7].

Iron’s only source to human beings is the diet. Dietary non-heme iron is absorbed 
through the apical membrane of the enterocyte in the ferrous form (Fe ++), which 
originates from the reduction of ferric iron (Fe+++) by duodenal cytochrome b reduc-
tase 1 [8]; other ferric reductases may also be involved. Ferrous iron enters from the 
intestinal lumen through the brush border into the cytoplasm of the enterocyte 
through the divalent metal ion transporter-1 (DMT1) [9], whereas heme iron (i.e., 
from meat), which is more easily absorbed than ferrous iron, enters the enterocyte 
via the heme carrier protein-1 (HCP-1), which was subsequently identified as the 
folate transporter [10], formally named solute carrier family 46 (SLC46A1). Ferrous 
iron is transported across the basolateral membrane of the enterocyte by FPN [5]; it 
is oxidized to ferric iron by hephaestin, a multi-copper oxidase located in the baso-
lateral membrane, and binds to transferrin in the blood [11]. Alternatively, in the 
enterocyte, iron is incorporated into ferritin at the conversion of ferrous into ferric 
iron by the ferroxidase activity of the H chain of ferritin. Regardless of the iron’s 
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source entering the enterocyte, the exit to the blood is via the same route, i.e., 
FPN [3–5].

FPN is the only known exporter of iron [3–5]. It is expressed on the basolateral 
surface of the duodenal enterocytes [5, 12], membranes of macrophages [12], the 
sinusoidal surface of hepatocytes [13], and the placental surface facing the fetal 
circulation [4]. FPN is encoded by two tissue-specific differentially spliced tran-
scripts, FPN1A and FPN1B, the latter being strongly expressed in the duodenum 
and erythroid cell precursors, and which differ between each other in the presence 
of 5’IRE (iron response element) in the former, and its absence in the latter, not 
being repressed in iron deficiency states [14].

The export of iron depends on copper-containing ferroxidases, including cerulo-
plasmin, hephaestin, and possibly zyklopen, which oxidize ferrous iron by the use 
of molecular oxygen [11, 15, 16]. Ceruloplasmin deficiency impairs iron absorption 
and its release from macrophages and is associated with liver and brain iron accu-
mulation [15, 17]. The role of ferroxidases in the export of iron is proposed to be the 
facilitation of efflux of reduced iron by oxidizing it to its ferric form, thus allowing 
its uptake by apotransferrin and decreasing the concentration of ferrous iron on the 
cell surface, and maintaining a ferrous iron gradient to the extracellular face of FPN, 
which drives iron transport [18].

Iron travels bound to transferrin and is taken up by almost all cells by the trans-
ferrin receptor 1 (TFR1), to which diferric transferrin binds, being internalized by 
endosomes, where iron is released by endosomal acidification. Iron regulatory pro-
teins 1 and 2 (IRP1 and IRP2) are cytoplasmic proteins that play a role in iron 
homeostasis by regulating ferritin translation and TfR1 mRNA stability, thus regu-
lating the receptor expression central for iron uptake into the cell [19]. Ferric iron is 
reduced by STEASP3 and transported through the endosomal membrane by DMT1 
[20]. In this form, iron is utilized by the cells or stored in ferritin. Apotransferrin 
(i.e., transferrin without iron) bound to TFR1 is recycled from the endosome to the 
surface of the cells where it is released from the bond at a neutral pH, making the 
receptor available to bind additional holotransferrin (i.e., diferric transferrin) [21]. 
The hepatocytes also express transferrin receptor 2 (TFR2); however, its affinity for 
holotransferrin is lower than that for TfR1, and is reported not to play a major role 
in the uptake of iron bound to transferrin, according to animal experiments [22].

Iron also circulates in relatively small amounts bound to proteins other than 
transferrin, i.e., nontransferrin bound iron (NTBI); however, when transferrin satu-
ration increases, this type of iron also increases, being of pathological importance in 
iron overload conditions like hemochromatosis. NTBI is toxic and cleared by the 
hepatocytes by the transporters DMT1 [23] and Zrt-, Irt-like protein 14 (Zip14) [24].

Macrophages phagocytize senescent erythrocytes, digesting them and their 
hemoglobin, and releasing heme, which is subsequently degraded by the inducible 
oxygenase-1 (HO-1), making iron available for cytoplasmic storage, or export to 
plasma, also by the same route that iron leaves the enterocyte, i.e., via FPN. During 
hemolysis, heme may be exported in intact form by heme transporters bound to 
hemopexin, a plasma heme carrier, as an alternative pathway [18].
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Hepcidin, a protein made in the liver, controls iron homeostasis in human beings 
[2]. The iron not transferred to plasma is stored in macrophages, hepatocytes, and 
possibly placenta. The iron not transferred from enterocytes to the plasma is lost by 
the sloughing intestinal epithelial cells every few days. In addition, iron is lost dur-
ing menstruation.

 Hepcidin

The concentration of iron in human beings tends to be constant. It was reported 
from a study from the United States that in men, the distribution of iron stores is 
9.82 ± 2.82 mg/kg and 5.5 ± 3.35 mg/kg in 93% of women, with the remaining 7% 
being deficient by 3.87  ±  3.23  mg/kg [25]. In iron deficiency, iron absorption 
increases, and in association with parenteral iron administration, it decreases [26]. 
It is the hormone hepcidin that controls iron homeostasis [2]. Hepcidin, encoded by 
HAMP in chromosome 19, is a peptide hormone produced by the hepatocytes. It is 
a negative regulator of iron absorption that exerts its function by binding to FPN, 
encoded by FPN1 (SLC40A1). The binding of hepcidin to FPN leads to the internal-
ization of the latter, with its final degradation, limiting the absorption of iron by the 
enterocyte, and its recycling by the macrophages to maintain a homeostatic transfer-
rin saturation [27]. Low concentrations of hepcidin are associated with increased 
iron absorption versus high hepcidin concentrations, which are associated with low 
iron absorption [2].

Hepcidin is generated from an 84-amino acid prepropeptide that contains an 
NH2-terminal 24-amino acid signal sequence cleaved to yield prohepcidin, which is 
cleaved by furin-like prohormone convertases at the COOH-terminal peptide bond 
after a polybasic sequence [28]. It circulates in plasma mostly free, with minimal 
binding to albumin and alpha 2-macroglobulin [29, 30]. Up to the residue nine of 
the terminal amino acids of hepcidin, including a single thiol cysteine, is required 
for its function [28, 31, 32], i.e., control of the expression of FPN, the iron exporter, 
by mediating its endocytosis and proteolysis by lysosomes, for which ubiquitination 
of lysines in the cytoplasmic loop of FPN may be required [33], and thus regulating 
the amount of iron that is delivered to plasma and all iron consuming tissues [27]. 
In regard to FPN, the extracellular FPN residue, C326, is essential for hepcidin 
binding [31]; in addition, some aromatic side chains, including phenylalanine and 
tyrosine, in the interacting segments of hepcidin and FPN, have been identified 
experimentally as important elements for their interaction [32].

The regulation of hepcidin is transcriptional and the major regulators of hepcidin 
synthesis are iron bound to transferrin (iron-transferrin), iron stores, inflammation, 
and erythroid activity [34]. It is reported that bone morphogenic proteins (BMP) 
receptors [35], likely Alk2 or Alk3 [36], as type I subunits, and ActRIIA, as type II 
subunits [37], and the SMAD pathway are pivotal in the regulation of hepcidin, the 
promoter of which has several BMP response elements. Hemojuvelin (HJV), a 
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protein linked to glycophosphatidylinositol, is a coreceptor of BMP required for its 
activation in the context of iron homeostasis [38].

Extracellular iron sensors seem to be involved in iron homeostasis; however, the 
mechanisms have not been completely elucidated and may include transferrin 
receptor types 1 and 2 (TfR1 and TfR2), holotransferrin, and membrane serine pro-
tease mariptase-2 (TMPRSS6): (i) the disruption of transferrin receptor type 2 
(TfR2) is associated with a loss of extracellular iron sensing [39, 40], (ii) holotrans-
ferrin and the protein involved in hemochromatosis, HFE, compete for binding with 
the TfR1, which has been interpreted to suggest that the HFE-TfR1 complex may be 
another sensor for holotransferrin, independent from TfR2, or via its interaction 
with TfR2 and with HJV [41], and (iii): TMPRSS6 cleaves BMP, an HJV agonist, 
thus inactivating the hepcidin-BMP signaling.

In regard to the effect of iron stores on hepcidin expression, it was documented 
that TfR2, HJV, BMP6, and HFE are involved in the response of hepcidin to acute 
iron overload but not in chronic iron overloading or BMP-6 expression [42]. 
Conditions that also regulate hepcidin include erythropoiesis [26], inflammation 
[43], and liver injury [44–46].

In high iron concentrations, the highly saturated transferrin stabilizes TfR2, dis-
rupting the interaction between the HFE protein and TfR1 leading to increased 
BMP-6 secretion from nonparenchymal liver cells, which facilitates the formation 
of a complex comprised of BMP receptor/BMP6/HJV /neogenin/TfR2/HFE that 
induces the expression of hepcidin [47–49]. An increase in iron increases HAMP 
expression, and hence an increase in hepcidin, which prevents the transport of iron 
from the enterocyte and macrophage via FPN. Excess iron and inflammation both 
induce HAMP expression, which, in turn, results in decreased iron absorption and 
diminished iron release from macrophages.

Low iron hepatic concentrations decrease BMP6 secretion, which hampers the 
BMP signaling pathway, reducing the expression of hepcidin. In the presence of 
inflammation, interleukin 6 and activin B are induced in the liver, which activates 
hepcidin’s transcription via the STAT3/JAK2 pathway and BMP signaling pathway, 
respectively.

A decrease in hepcidin may result from mutations in the HFE or TfR2 genes, 
leading to hemochromatosis in the adult. Mutations in the HJV or HAMP genes 
lead to juvenile hemochromatosis. Juvenile hemochromatosis is an autosomal 
recessive disorder resulting in iron overload at an early age, and high transferrin 
saturation, and ferritin concentrations [50].

A deficiency in hepcidin results in increased expression of ferroportin (FPN) at 
the cellular surface, mostly of enterocytes, and macrophages, which leads to an 
increase in the export of iron. Serum iron concentrations and transferrin saturation 
then increase, leading to increased iron uptake by the liver, pancreas, and heart 
resulting in iron overload, which characterizes hemochromatosis [1].

Mutations in FPN are also associated with iron overload due to resistance to 
hepcidin. A77D, V162del, and G490D mutations inhibit FPN activity, i.e., loss of 
function, associated with increased iron deposition in Kupffer cells, and normal 
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transferrin saturation. The Y64N and C326Y variants are resistant to the inhibition 
by hepcidin. The N144D and N144H are partially resistant, i.e., gain of function, 
associated with high transferrin saturation, and increased deposition of iron in the 
liver parenchyma [51, 52].

 Iron Mediated Injury

It has been considered that iron, in its ferrous state, interacts with H2O2 to generate 
the highly injurious hydroxyl radical [53, 54]; it has been stated, however, that these 
experiments were not conducted in proper models of iron overload, nor experimen-
tal conditions analogous to the pathophysiology of iron overload in human beings 
[55]. Iron alone appears to be associated with limited hepatic inflammation and 
fibrosis but, in association with other toxic elements or hepatic comorbidities, and 
by stimulating hepatic stellate cells combined with cofactors to be identified, may 
drive liver injury and consequent cirrhosis [55].

 Genetics

The hemochromatosis gene (HFE (H for high and FE for iron)) is located on the 
short arm of chromosome 6 (6p22.1), within the extended HLA class I region [56]. 
HFE has six exons, with histone genes on each side; at least nine alternatively 
spliced forms have been documented. The product of HFE is HFE, a membrane 
associated beta 2-microglobulin protein, comprised of an alpha chain encoded by 
HFE and a beta 2-microglobulin, as the beta chain.

The most common mutations in HFE are substitutions of: (i) cysteine for tyro-
sine at position 282 (p.C282Y), (ii) histidine for aspartate at position 63 (p.H63D), 
and (iii) serine for cysteine at position 65 (p.S65C). C282Y is the most common 
mutation, considered to have originated in Northern Europe, with a frequency of 
one in 200 individuals [57]; most patients with hemochromatosis are homozygous 
for C282Y.  H63D is geographically distributed more widely than C282Y [58]. 
Approximately 4% of patients with hemochromatosis are compound heterozygous 
for the mutations, i.e., C282Y/H63D. The evidence of iron overload in subjects with 
the S65C mutation is not strong; however, in combination with C282Y, there can be 
a phenotypic expression of the disease [59].

Experiments conducted in COS-7 cells revealed that HFE protein is expressed on 
the cell surface and that it binds beta 2-microglobulin; however, these characteris-
tics disappear in the mutated C282Y, which was documented to remain in the endo-
plasmic reticulum and in the middle compartment of the Golgi apparatus, which 
does not process the protein normally, subsequently undergoing accelerated degra-
dation [60]. The H63D and S65C mutations alter the α1 binding groove but do not 
prevent HFE presentation on cell surfaces.
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Mutations can increase the phenotypic expression of C282Y in homozygosity in 
genes that concern iron homeostasis. The mutations pR59G, pG71D, or pR56X in 
the HAMP gene [61] and by the mutations S105L, E302K, N372D, R335Q L101P, 
and G320V in the HJV gene [62], both in the heterozygote state, in patients with 
homozygosity for C282Y result in marked iron overload, manifested relatively early 
[61]. Single nucleotide polymorphisms (SNP) may also influence the expression of 
C282Y homozygosity, including SNP in the haptoglobin (Hp) [63] and BMP2 
genes [64]; however, the findings could not be reproduced [65].

Large genome-wide association studies (GWAS) identified three variants in 
serum transferrin, rs3811647, rs1799852, and rs2280673, in addition to the HFE 
C282Y mutation, which explained approximately 40% of the genetic variation in 
serum transferrin [66]. A subsequent GWAS confirmed rs3811647 in the TF gene as 
the only SNP associated with iron homeostasis through serum transferrin and iron 
concentrations [67]. Eleven genome-wide-significant loci that included HFE, 
SLC40A1, TF, TFR2, TFRC, TMPRSS6, and the newly identified ABO, ARNTL, 
FADS2, NAT2, TEX14 were documented, with SNPs at ARNTL, TF, and TFR2 that 
affect iron indices in patients homozygous for C282Y [68]. By the same methodol-
ogy, the proprotein convertase subtilisin/kexin type 7 (PCSK7) rs236918 C allele 
was identified as a risk factor in patients homozygous for C282Y. These studies 
have helped to explain the variability of the C282Y homozygous phenotypic expres-
sion [69].

 Epidemiology

In 1990, important studies from Australia documented the prevalence of iron over-
load in patients with hemochromatosis. In homozygous, it was reported as 0.36% in 
a group of 1968 subjects, mostly Caucasian, translated as 1 in 300 subjects; a trans-
ferrin saturation greater than 45% along with high serum ferritin had a predictive 
value for accurate diagnosis of 64%, finding that suggested the use of this finding in 
screening programs [70].

Subsequent studies reported the frequency of the C282Y mutation in the general 
population to be 6.2% from a group of 127,613 participants included in an individ-
ual patient meta-analysis from 36 studies [71], four of which were from the United 
States, which documented from: (i) 100 randomly selected individuals, a prevalence 
of the C282Y homozygosity of 1% in Caucasians, and that of C282Y heterozygos-
ity 8% in Caucasians, 3% in Hispanics, and 2% in African Americans, and of H63D 
homozygosity 4% in Caucasians and 1% in Hispanics, and heterozygosity in 24% 
in Caucasians, 15% in Hispanics, and 3.5% in African Americans [72], (ii) 10,198 
adult subjects a frequency of the C282Y mutation of 0.063, of H63D 0.152 and of 
0.016 for S65C mutation in whites [73], (iii) 5171 participants in the Third National 
Health and Nutrition Examination Survey conducted from 1992 to 1994 an esti-
mated prevalence of the C282Y gene mutation of 0.26% (95% confidence interval 
(CI), 0.12%–0.49%), and 1.89% (95% CI, 1.48%–2.43%) for H63D homozygosity, 
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with compound heterozygosity being 1.97% (95% CI, 1.54%–2.49%); an estimated 
prevalence of C282Y heterozygosity of 9.54% in non-Hispanic whites, 2.33% in 
non-Hispanic blacks, and 2.75% in Mexican-Americans [74], and (iv) 4865 subjects 
a frequency of C282Y of 0.0507 in whites, and 0.0067 in African Americans, and 
for H63D, 0.1512  in whites, and 0.0263  in African Americans [75]. It was con-
cluded from the meta-analysis that a genotype frequency for C282Y could be calcu-
lated to be 0.38%, i.e., 1 in 260 subjects, with a wide geographic variation. However, 
it was documented from 41,038 subjects, from whom 152 were homozygous for the 
mutation, that only one patient had signs and symptoms suggestive of hemochroma-
tosis, although a history of hepatitis and abnormal serum activity of serum aspartate 
aminotransferase, not correlated with iron burden or age, was more common in the 
subjects with the mutation than in those without it, suggesting that the penetrance of 
the mutation was low, with less than 1% of homozygous developing the clinical 
disease [76]. The biochemical expression of C282Y, i.e., high serum ferritin con-
centration and high transferrin saturation, is reported as 75% for men and 50% for 
women, as reported from studies that evaluated subjects of European descent 
[77, 78].

A meta-analysis that included 2802 European heritage subjects with hemochro-
matosis documented the proportion of homozygosity for C282Y as 80.6% and com-
pound heterozygosity for C282Y and H63D as 5.3%. In the control subjects, the 
reported proportion of C282Y homozygosity was 0.6%, and compound heterozy-
gosity was 1.3% [71].

In contrast to C282Y, H63D has less geographic variation, with a reported aver-
age allelic frequency of 14%. S65C, which can be associated with iron overload in 
association with C282Y, was documented to have a frequency of approximately 
0.5%, most commonly found in Brittany, France [71].

From a study that included what was reported as a racially diverse group com-
prised of 99,711 subjects, 299 were documented as homozygous for the C282Y 
mutation, with an estimated prevalence of 0.44% in non-Hispanic whites, 0.11% in 
Native Americans, 0.027% in Hispanics, 0.014% in blacks, 0.012  in Pacific 
Islanders, and very uncommon in Asians, with a proportion of 0.000039% [77].

 Natural History

The natural history of hemochromatosis was documented from a group of patients 
with variable HFE genotypes known as the HealthIron cohort from a total of 
31,192 of Northern European extraction subjects recruited from 1990 to 1994  in 
Australia. The study of serum iron indices in the 203 patients identified as homozy-
gous for HFE C282Y and followed for a mean of 12 years documented that the 
predicted probability of having serum ferritin greater than 1000 mcg/ml was 
between 13% and 35% for men, and 16% to 22% for women. In patients with nor-
mal serum ferritin at baseline, the prediction to go over 1000 mcg/ml at follow up 
was less than 15% without any therapeutic interventions. These data were inter-
preted to indicate that sufficient iron to place patients at risk for complications 
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would be accumulated by age 55. In addition, it was concluded that in men and not 
in women, a transferrin saturation greater than 95% at a mean age of 55  years 
increased the probability of having high serum ferritin by age 65 [79]. It was also 
concluded from the same group of subjects that 28.4% of men homozygous for 
C282Y had documented iron overload, versus 1.2% for women. There was an 
increase in reported symptoms, including fatigue and “use of arthritis medicine,” 
and of liver disease in men versus women [78]; this difference was interpreted to 
result from blood loss from menstruation [78, 79]. One hundred and eighty patients, 
84 of whom were men, were identified as compound heterozygotes, i.e., C282Y/
H63D, compared with 330 control subjects, 149 of whom were men in regard to 
iron studies, which revealed significantly increased serum concentration of serum 
ferritin and transferrin saturation in compound heterozygotes regardless of the gen-
der, as compared to the normal genotype. Men and women, compound heterozy-
gotes, had similar comorbidities related to iron overload as those with the wild type, 
with only one of 82 men and zero of 95 women with documented iron overload 
disease. These data were interpreted to indicate that although they may have abnor-
mal iron indices in patients with compound heterozygosity, disease from iron over-
load is rare [80].

SNP have been identified in genes associated with iron metabolism, including 
TF, the gene that codes transferrin [78], and DCYTB, which codes cytochrome b 
reductase 1 [81] that likely modify the variable expression of iron overload disease 
[81]. In addition, an SNP in the gene TGF-beta1, which codes tumor growth factor- 
beta 1, was identified as associated with cirrhosis in patients with hemochromatosis 
[82]. Genetic factors also seem to protect from progressive disease, as reported by 
an increase in the survival of patients homozygous for C282Y identified as carrying 
HLA-A*03, B*14 [83].

Exogenous factors that include excessive alcohol use [84, 85], and hepatic 
comorbidities that include fatty liver [86], and chronic hepatitis C viral infection 
[87], have also been reported in association with an increase in the clinical expres-
sion of genetic hemochromatosis by accelerating liver injury from iron overload. 
Conversely, the C282Y mutation was reported in 44% of 27 patients with porphyria 
cutanea tarda (PCT) versus 12% in a control group of 12 patients; this finding has 
suggested that the mutation may be a triggering factor for the manifestations of the 
PTC [88].

 Clinical Manifestations

The classic clinical manifestations of hemochromatosis are cirrhosis, hyperpigmen-
tation, and diabetes. They tend to become apparent in the fourth decade of life by 
which 15 to 40 g of iron have accumulated in the body.

Four states have been described in the disease: (I) genetic mutation and increased 
serum transferrin saturation, in some cases, (II) iron overload not associated with 
symptoms, (III) iron overload associated with symptoms of early disease, e.g., 
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fatigue, and (IV) iron overload in association with end-organ damage including 
cirrhosis.

From a study conducted in Australia that included 251 patients with hemochro-
matosis enrolled from 1947 to 1991, most patients reported symptoms independent 
from the presence of cirrhosis [89]. Fatigue has been reported as the most common 
symptom in hemochromatosis [78, 90, 91]; however, most patients are asymptom-
atic at the time of diagnosis. Symptoms have been reported in association with 
serum ferritin greater than 1000 microg/L [1].

From a group of 251 patients [79], hepatomegaly was the most common finding 
in physical examination (81%), followed by hyperpigmentation (72%), body hair 
loss (16%), splenomegaly (10%), with less than 10% of patients having peripheral 
edema, jaundice, and ascites. Seven percent of men had gynecomastia. Except for 
hyperpigmentation and gynecomastia, all signs were significantly more common in 
patients with than in those without cirrhosis [79].

Serum activity of AST and ALT was abnormal in 60 to greater than 65% of 
patients [89, 92], especially in the presence of cirrhosis [92].

Cardiac complications from hemochromatosis were documented in 10% of 
patients with the disease in a study that investigated the relationship between iron 
overload, age, and clinical symptoms [90], with electrocardiogram changes being 
reported in 35% of patients in another study, found significantly more common in 
patients with cirrhosis (46%) than in those without (21%) [89].

Bronze diabetes was the name for hemochromatosis, diabetes being one of the 
most recognized complications of this disease. A quantitative immunohistochemi-
cal and ultrastructural study of human pancreas in hemochromatosis documented 
that in patients with the disease iron overload was prominent in the exocrine tissue, 
there was a reduced number of immunoreactive B cells, to which iron deposit was 
restricted, in association with a loss of their endocrine granules; the findings were 
reported to be different from those reported in type I and II diabetes and suggested 
a role of iron in the pathogenesis of diabetes in hemochromatosis [93]. The preva-
lence of diabetes in a study that included 410 patients with hemochromatosis from 
Canada and France was 14%, with a documented statistical association with iron 
overload [90]. It has been subsequently reported that the frequency of diabetes in 
patients with hemochromatosis was not higher in patients homozygous for C282Y 
versus those without HFE mutations [76, 77]; the screening nature of these studies 
might have decreased the prevalence of diabetes by not including patients with 
known hemochromatosis who might have had this complication of the disease [76, 
77]. Also, the increased diabetes prevalence in the general population was proposed 
as a reason for the absence of diabetes as a more prevalent condition in patients with 
hemochromatosis than in those without the disease [78]. The interpretation of the 
risk of diabetes in hemochromatosis seems to be evolving as factors including 
increased iron entry into beta cells by mechanisms that include transferrin receptors, 
and DMT1, decreased insulin secretion due to pancreatic atrophy, islet cells inflam-
mation, injury of beta cells, and genetic predisposition are identified [94].

Hypogonadotropic hypogonadism is a complication of hemochromatosis, which 
seems to be decreasing in incidence because of screening measures for 
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hemochromatosis. The prevalence of hypogonadism in men was 14.6% from 1983 
and 1995 [95, 96]. Hypogonadism significantly decreased to 3% from 1996 to 2003, 
[95], and to 6.4%, in a study that included subjects diagnosed from 1983 to the first 
half of the 2000 decade, with a reported prevalence of 5.2% in women [96]; how-
ever, the prevalence of hypogonadism in the latter referenced study was 89% in 
patients with cirrhosis and 33% in those with diabetes [96]. A study that assessed 
pituitary function in idiopathic hemochromatosis in 36 men documented that the 
pituitary deficiency associated with the disease is gonadotrophic [97]; however, 
another study reported abnormalities in both pituitary and end-organ function [98]. 
Impotence was documented in 40% of men [90]. A study that used mailed question-
naires and that had the Dutch Hemochromatosis Association as a source docu-
mented that some aspect of sexual function was impaired in 7% to 39% of the 69 
participants, findings not different from that reported from studies from the general 
population [99]. The pathogenesis of hypopituitarism as a cause of hypogonadism 
in regard to iron overload has not been elucidated. In regard to testicular function, 
iron is required for spermatogenesis; it is considered that iron transport through the 
seminiferous tubules’ basal membrane is independent and protects against iron 
overload associated with hemochromatosis [100]. Thus, a pituitary dysfunction that 
affects the hypophyseal–gonadal axis seems to be favored, although direct iron 
damage has not been unequivocally excluded [101].

The arthropathy associated with hemochromatosis is more common in men than 
in women and prevalent between 40 and 55  years of age; the most commonly 
involved joints are hips, knees, first carpometacarpal (CMC), proximal interphalan-
geal (PIP), distal PIP, second and third metacarpophalangeal (MCP), and ankles 
[102]. With a specialty clinic in rheumatology from where 62 patients were included 
and the UK Haemochromatosis Society, with 470 patient survey respondents, as 
sources, a study reported that a diagnosis of hemochromatosis was made in the fifth 
decade of life, with 77% and 76% of subjects, respectively, having reported symp-
toms related to joints for 8 years prior to the diagnosis, with the involvement of the 
MCP in 38.5% of patients, and ankles in 29.5%, followed by knees, hips, and PIP 
joints; at the time of clinical assessment or submission of the questionnaire for the 
study, the most commonly affected joints were PIP in 64.5% of subjects, knees in 
64%, ankles in 61%, and MCP in 60%, in the group seen at the specialty clinic, 
versus CMC in 59%, wrists in 52%, PEP in 47%, MCP in 46%, knee in 42%, and 
ankle in 35% in the self-reporting group. It was concluded from this study that 
symptoms from arthropathy predate the diagnosis of hemochromatosis by almost 
10 years and that arthropathy of MCP joints and ankles at a relatively early age in 
the absence of trauma, rare in osteoarthritis, is an indication to exclude hemochro-
matosis [103].

A web-based cross-sectional study conducted in Australia in patients with hemo-
chromatosis that included the assessment of the quality of life [104] revealed that 
patients who reported arthritis in association with the disease had lower mean utility 
(0.52: F(1,198) = 10.854, p = 0.001), 0.66 as the reference value, utility being “...a 
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measure of the strength of preference for a particular health state ‘that, when com-
bined with life years gained (LYG),’…the outcome reflects both morbidity and mor-
tality: quality adjusted life years (QALYs)”[105]. This finding is consistent with the 
prior study that revealed that, although cirrhosis was the most important complica-
tion affecting survival, arthritis was the most important complication affecting the 
quality of life [106].

The pathogenesis of hemochromatosis related arthropathy has not been eluci-
dated, although iron has been considered a relevant etiologic factor [107]. A study 
that examined the synovium and arthropathy radiographic changes in 27 patients 
with hemochromatosis documented the most prevalent findings as villus formation 
and iron deposition within synovial intimal cells [116]. Arthropathy did not corre-
late with histology but was present in 26% of cases with the above reported histo-
logical findings but did correlate with total body iron as per the differential 
ferrioxamine test [108]. Other histological studies of the synovium from patients 
with hemochromatosis have documented infiltration with mononuclear cells and 
lymphocytes, neovascularization, and hyperplasia, findings reported as prominent 
in association with hemosiderin deposition; although the type of cellular invasion in 
hemochromatosis was reported as similar to osteoarthritis, the neutrophil invasion 
was more pronounced in the former than in the latter, and it may contribute to the 
rapid progressive arthropathy of hemochromatosis [109]. Arthropathy is not 
reversed or its progression halted by iron removal [107, 108].

The prevalence of osteoporosis in patients with cirrhosis and hemochromatosis 
was 25% to 78% [110, 111], and osteopenia was 41% [112]. In a study that included 
38 men with hemochromatosis, hypogonadism was documented in the minority of 
patients, and femoral neck bone mineral density was decreased in association with 
an increased degree of hepatic iron concentrations similar in patients with and with-
out cirrhosis. These data were interpreted to suggest that factors, including iron 
itself, other than cirrhosis and hypogonadism, are involved in the pathogenesis of 
bone disease in hemochromatosis [111]. From a study that included 87 patients it 
was reported that osteoporosis and hypogonadism were associated with bone dis-
ease, findings related to the degree of iron overload [112]. An association between 
iron overload and osteoporosis was reported in a study of 304 patients with hemo-
chromatosis, 23% of whom had been diagnosed with the bone complication. Also, 
wrist and vertebral fractures were prevalent in the latter group [113]. One mecha-
nism in the development of bone disease in hemochromatosis involved the facilita-
tion of osteoclasts’ differentiation by iron [114], and the deterrence of the osteogenic 
differentiation of multipotent mesenchymal stem cells, from which osteoblasts 
derive themselves, and which are inhibited by iron, the latter by the inhibition of the 
osteogenic transcription factor runt-related transcription factor 2 (Runx2) [115]. 
Iron removal via phlebotomy was reported in association with improvement in bone 
density [116].

The most recognized dermatological manifestation of hemochromatosis is 
hyperpigmentation, characterized by a brown or gray slate color, most prominent on 
sun exposed areas. A retrospective study that included 22 patients documented 
hyperpigmentation in seventeen (77%) [117]; however, this study’s retrospective 
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nature may have overestimated the prevalence. Skin biopsies documented siderosis 
in eccrine sweat glands reported as specific for the disease, and melanin accumula-
tion, in the epidermis’ basal layers [118], the former associated with a decrease after 
phlebotomy but not the latter. In addition, ichthyosis and koilonychias are reported 
in patients with the disease [119].

 Laboratory Tests

The hallmark of hemochromatosis is high serum ferritin concentrations and trans-
ferrin saturation. Serum ferritin can be normal in the early stages of the disease. The 
increase in serum ferritin can result from a reaction to an acute event, i.e., ferritin 
being an acute phase reactant, and from hepatic comorbidities including alcoholic 
liver disease and chronic hepatitis C; thus, alone, it is not diagnostic of hemochro-
matosis. Transferrin saturation is the earliest laboratory evidence of hemochromato-
sis [120, 121]. It was documented that an unsaturated iron binding capacity equal or 
less than 25 micromoles/L confirmed C282Y homozygosity with 83% sensitivity 
and 99% specificity, indicating similar performance to transferrin saturation in the 
identification of patients with hemochromatosis [122]. The guidelines from the 
American College of Gastroenterology (ACG) recommend diagnostic workup that 
includes serum ferritin, iron, transferrin saturation, and unsaturated iron binding 
capacity [123]. The guidelines indicate that patients with hepatitis, suggested by 
serum activity of transaminases greater than 35 IU/ml with normal transferrin satu-
ration and serum ferritin concentrations do not have hemochromatosis. Patients 
with hepatitis in association with either transferrin saturation of at least 45% or high 
serum ferritin, or both, should have hemochromatosis genetic testing. The guide-
lines recommend that: (i) patients who are homozygous for C282Y should have 
phlebotomy, (ii) for homozygous for C282Y with serum ferritin greater 1000 mg/dl 
or hepatitis, a liver biopsy can be considered to rule out cirrhosis. Serum ferritin 
concentration equal or greater than 1000 microg/L, a platelet count equal or lower 
than 200 × 10(9)/L, and serum activity of AST greater than the upper limit of nor-
mal were associated with the diagnosis of cirrhosis in 77% of patients in a study 
from Canada, and in 90% of patients in a study from France, findings that have been 
used to avoid a liver biopsy [124]. Serum hyaluronidase was reported to identify 
cirrhosis in patients with hemochromatosis and serum ferritin concentrations greater 
than 1000 micrograms/L [125]; however, in another study, the concentration of 
hyaluronic acid did not accurately predict severe fibrosis. The use of this marker in 
cirrhosis has not been incorporated into standard practice. For patients who are 
compound heterozygotes (i.e., C282Y/H63D), and who have non-C282Y hemo-
chromatosis, evaluation of hepatic iron concentration should be done by liver biopsy 
or by magnetic resonance imaging (MRI); if increased tissue iron is documented, 
phlebotomy should be started if ferritin is greater than 1000 mg/dl [123].

Elevated serum ferritin concentration in association with high serum transferrin 
saturation can also result from mutations in hemojuvelin, hepcidin, and TfR2 genes, 
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in contrast to patients with ferroportin disease with gain of function [126] or aceru-
loplasminemia [15, 17] who have high serum ferritin concentrations but normal 
transferrin saturation. In this context, hepatic iron concentration assessment by liver 
biopsy or MRI is recommended; hepatic iron measure greater than 150 micromoles/g 
is consistent with ferroportin disease or aceruloplasminemia, between 50 and 150 
micromoles/g with conditions of dysmetabolic iron overload syndrome [127], and 
less or equal to 50, is consistent with L ferritin disease [128]. The ACG guidelines 
suggest not to proceed with genetic testing in patients with iron indices suggestive 
of iron overload who are negative for the C282Y and H63D mutations [123].

In a study comprised of 182 patients with hemochromatosis from the United 
States, liver cirrhosis was absent in patients who are homozygous for C282Y and in 
compound heterozygous for C282Y/H63D whose serum ferritin was less than 1000 
microgram/L; in combination with hepatitis, the probability of cirrhosis was 72%, 
and in patients with serum ferritin concentrations less than 1000 micrograms/L, it 
was 7.4%. These findings have suggested that a liver biopsy is not paramount in 
evaluating patients with hemochromatosis, as inferences regarding indications for 
phlebotomy and screening for hepatocellular carcinoma (HCC) can be made from 
non-invasive laboratory findings [124, 129].

The ACG practice guidelines suggest a non-invasive test, i.e., a non-contrast 
enhanced MRI in conjunction with the software used for the estimation of hepatic 
iron concentration (i.e., MRI T2*) in patients being investigated for iron overload in 
the absence of C282Y homozygosity. The use of transient elastography has not been 
sufficiently explored in patients with iron overload. One hundred and three consecu-
tive subjects, 57 with hemochromatosis and 46 as control subjects, were prospec-
tively evaluated and documented as having similar fibrosis measures, 5.20 kPa in 
the disease group and 4.9 kPa in the control group; however, 22.8% of patients had 
values greater than 7.1 kPa, suggesting significant fibrosis, in contrast to no subjects 
from the control group. There was no correlation reported between these measures 
and serum ferritin concentration. These findings were considered preliminary, iden-
tifying the need for additional studies [130]. A follow-up study from 2005 to 2013 
included 77 patients homozygous for C282Y, with either serum ferritin greater than 
1000 micrograms/L, who had hepatitis, or both who had a liver biopsy and transient 
elastography done. The transient elastography measure was 17.2  kPa in patients 
with severe fibrosis (F3-F4), comprised of 19.5% of the group, versus 4.9 kPa in 
patients without advanced fibrosis, with the ability to predict fibrosis stage in 77% 
of the patients accurately when the lower and upper thresholds of 6.4 kPa, no fibro-
sis, and 13.9 kPa, severe fibrosis, were used; however, intermediate kPa values were 
not useful in fibrosis determination. Validation studies have been recommended 
prior to inclusion in general practice [131]. A liver biopsy is the reliable method to 
determine the stage of fibrosis and to diagnose cirrhosis, and it is suggested as an 
option if this information is sought [123].

Early diagnosis allows for treatment in a timely fashion to prevent complications 
from the disease; in this regard, counseling and screening of family members must 
be followed. Population screening is not recommended; thus, the task of family 
screening falls on the clinician making the diagnosis. A study included 672 

N. V. Bergasa



355

asymptomatic patients homozygous for C282Y identified as part of liver disease 
workup or screening after the diagnosis of a relative. In addition, a group of untreated 
patients  who were homozygous for the mutation were followed for 24  years. 
Histologically, the amount of liver iron and fibrosis degree was similar in both 
groups, with diseases known to be associated with hemochromatosis more com-
monly documented in individuals identified during a liver disease workup, who 
were also older than those without symptoms. Fifty-six percent of liver samples 
from men had iron overload graded from 2 to 4, fibrosis staged from 2 to 4 in 18.4%, 
and cirrhosis in 5.6%; in women, the proportions were 34.5%, 18.8%, and 1.9% for 
the findings listed above. Hepatic iron concentration correlated with fibrosis and 
cirrhosis, with a 7.5 fold decrease in mean fibrosis score associated with phlebot-
omy. Of note, patients with cirrhosis did not report any symptoms. Thus, homozy-
gous patients with C282Y identified by family screening or indicated liver disease 
workup had the same degree of iron and fibrosis. Importantly, both decreased sub-
stantially in association with phlebotomy [132]. In the absence of screening guide-
lines, it is reiterated that workup for iron overload conditions in patients with an 
abnormal liver profile is important. Genetic testing in children is not recommended 
before age 18. However, if there is a mutation in a parent, checking for mutations in 
the other parent allows inferring the children’s genetic characteristics. If one parent 
is negative, the children are obligate heterozygotes, not at risk for developing clini-
cal complications from the disease [133]. The exception in children concerns those 
with serum ferritin concentrations of 1000 micrograms/L seen in juvenile hemo-
chromatosis and other uncommon forms of iron overload, which do require investi-
gation when the condition is identified [134].

 Histology

Perls’ Prussian blue stain is used to assess hemosiderin deposition in the liver. Early 
stages of iron overload in homozygous hemochromatosis are characterized by 
hemosiderin as small granules in hepatocytes in the periportal area in a “cruciate 
pattern”. The iron stores tend to remain in zone one, with decreased expression in 
the perivenular zones. Fibrosis also develops from the portal tracts and subsequently 
evolves into irregular fibrosis and cirrhosis. Cirrhosis from hemochromatosis is 
described as exhibiting high amounts of iron stores in hepatocytes that outline the 
nodules with partial acini preservation. Cirrhosis in hemochromatosis is micronod-
ular. In the late stages of the disease, after iron has accumulated itself in non-treated 
patients, iron can appear in Kupffer cells lining the sinusoids [135]. In addition, 
areas devoid or with minimal parenchymal iron accumulation appear surrounded by 
heavily hemosiderin laden hepatocytes in an appearance reminiscent of glades in 
the forest; the significance of these structures is not known [136]; however, it was 
reported that iron free foci are preneoplastic lesions and that, in a patient with hemo-
chromatosis, may herald the development of HCC, and hence are an indication for 
screening for HCC [137].
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In heterozygotes, iron overload can be modest; when notable, the hemosiderin 
appears in the hepatocytes in the portal areas and zone 1 of the liver acini. Fibrosis 
tends to be absent, and Kupffer cells are devoid of iron [135].

In association with iron depletion, iron stores disappear from the liver. It is docu-
mented that the changes in the iron expression in association with phlebotomy 
exhibit a pattern that is the reverse of the pattern of accumulation, i.e., the last cells 
noted to have large iron granules are in the portal areas, and zone 1 [135]. Decreased 
fibrosis has been reported in association with iron depletion over time, but regres-
sion from F4 was documented in a minority of patients [89].

 Treatment

The treatment of iron overload is the removal of iron by phlebotomy [123]. Survival 
of patients with hemochromatosis is decreased in comparison to that of individuals 
without the disease. Over 8.1 +/− 6.8 years (range, 0–31 years), seventeen patients 
from the group of 85 with hemochromatosis had died, with cirrhosis increasing the 
risk of death by 5.5 times over that of patients without cirrhosis. Patients who were 
not cirrhotic at the time of diagnosis had similar estimated survival to those from 
age- and sex-matched members of the normal population. These results were inter-
preted to indicate that the diagnosis and treatment of hemochromatosis prior to the 
development of cirrhosis could result in an improved long-term survival, similar to 
that of the general population; thus, it identified cirrhosis as the complication that 
marked the natural history of this disease associated with decreased survival in 
patients with hemochromatosis [138].

From a study that included 251 patients with hemochromatosis followed up for 
14.1 +/− 6.8 years, the survival was reported as expected in patients without cir-
rhosis or diabetes or in patients diagnosed between 1982 and 1991, a period during 
which the identification of patients with hemochromatosis increased, as compared 
to prior decades. Survival was reduced in relation to iron overload. The number of 
deaths from HCC, cirrhosis, and diabetes was higher than expected, and an associa-
tion between HCC and cirrhosis versus iron removed was reported. This important 
follow-up study documented that the prognosis of patients with hemochromatosis 
and the development of its complications depend on the amount and duration of 
exposure to excess iron and, thus, emphasized that early diagnosis and treatment 
prevent complications from iron overload [89]. The reader is referred to the excel-
lent editorial [139] related to the publication cited above [89].

A study that included 672 asymptomatic homozygous for C282Y subjects 
screened because of family history or during general health assessments revealed a 
similar degree of hepatic iron and fibrosis, which was prevalent, and reversed in 
association with phlebotomy, except in cases of cirrhosis. This study further 
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highlighted the importance of early diagnosis and treatment prior to cirrhosis devel-
opment [132].

Clinical guidelines recommend starting treatment in C282Y homozygous sub-
jects who have serum ferritin greater than 300 ng/ml for men, and more than 200 ng/
mL in women and a transferrin saturation equal or greater than 45%. Five hundred 
(500) ml are removed once or twice a week, to decrease serum ferritin to 50 to 100 
micrograms/L, with periodic phlebotomies to maintain the serum ferritin at that 
level, and hemoglobin between 11 and 12 g/dl. Compound heterozygotes, C282Y/
H63D, or homozygous for H63D [140] tend not to develop iron overload in the 
absence of comorbidities including excessive alcohol drinking and chronic hepatitis 
C; in cases of uncertainty, a liver biopsy to determine hepatic iron index can be done 
to determine if phlebotomy is indicated [141]. A liver biopsy also allows for the 
calculation of hepatic iron index (HII) to differentiate C282Y from compound het-
erozygotes and as a prognostic factor for cirrhosis development. HII is calculated by 
dividing the hepatic iron content in micromoles per gram of dry liver weight by the 
patient age in years, with an index equal or greater than 1.9 and/or 71 micromoles/g 
dry liver weight distinguishing homozygous from compound heterozygotes and 
secondary iron overload [142].

In regard to fibrosis in association with phlebotomy, in a study that defined 
regression of fibrosis as a decrease in at least two METAVIR units, comprised of 36 
patients homozygous for C282Y, regression was documented in nine of thirteen 
patients (69%) with baseline F3, and in eight of 23 (35%) with baseline F4 [143]. 
Although removal of iron may decrease the degree of fibrosis, patients with cirrho-
sis should continue to undergo screening tests for HCC, as the risk of this complica-
tion remains. Also in association with phlebotomy, a consensus report documented 
that “weakness,” which may be similar to fatigue, was unchanged in 40% of patients, 
and arthralgias, unchanged in 50%, and even worsened in 20% [144].

In a study of survival and causes of death in cirrhotic and in non-cirrhotic patients 
with primary hemochromatosis that included 163 patients diagnosed between 1959 
and 1983 and followed for an average of 10 years, the cumulative survival was cal-
culated as 92% at 5 years, 76% at ten, 59% at 15, and 49% at 20; inadequate deple-
tion of iron during the first eighteen months of therapy was associated with a 
significant decreased survival [89], supporting the recommendation of iron deple-
tion in patients who meet criteria for such, as described [123]. In a hereditary hemo-
chromatosis database 95 cirrhotic were identified. Sixty had undergone genetic 
testing, 87% of whom were homozygous for C282Y. The documented cumulative 
survival at one year was 88%, at five, 69%, and at 20, 56%. Advanced disease, 
determined by the Child-Pugh score, and HCC, which tended to be diagnosed 
between the ages of 48 and 79 years, were associated with death, on multivariate 
analysis. It was concluded that early diagnosis and treatment to prevent the develop-
ment of cirrhosis may reduce the incidence of HCC in patients with hemochroma-
tosis [145]. A study from France that included 1085 patients documented the overall 
mortality of patients with hemochromatosis similar to the general population; 
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however, deaths from liver disease were increased in the disease group, with death 
occurring in all the subjects between the ages of 53 and 81 years, and no difference 
between life span and diagnosis of hemochromatosis. Serum ferritin, however, was 
higher in patients who died from liver disease than in patients who died from other 
causes, 3816 ± 1932 μg/L and 2417 ± 3723 μg/L (p = 0.11), respectively. Iron deple-
tion of at least 10 grams was not associated with a mortality rate different from the 
general population; however, removing 2 to 20 g of iron was associated with a stan-
dardized mortality rate (SMR) lower than that of the general population. Diabetes 
and arthropathy were not associated with increased mortality in patients with hemo-
chromatosis. However, patients with cardiomyopathy of any kind had increased 
mortality with deaths from the cardiovascular disease being reported as fewer in 
patients with serum ferritin less than 1000 micrograms/L, and in those who had iron 
depletion characterized as low, i.e., 2 to 10 g total. The group of patients who died 
from liver disease was comprised of men, in the majority, who had mean serum fer-
ritin of 3816 ± 1932 μg/L; however, excessive alcohol intake was documented in ten 
of 27 (37%); in this group, 20 of 27 (74%) died from complications of liver cancer, 
which represented an SMR of 15.96 (CI: 9.75–24.65). Cox proportional hazards 
models estimated that age of at least 56 years, diabetes, alcohol use, and liver fibro-
sis, at least F3, were independently associated with a risk of death, all of which 
carried a hazard ratio of at least 3. Of note, nine patients in the study group died 
from extrahepatic cancers compared to the 21.81 expected in the general popula-
tion. Patients with serum ferritin levels less than 1000 microgram/L had lower mor-
tality from extrahepatic malignancies than the general population [146].

Normalization of serum ferritin due to iron depletion was associated with fatigue 
improvement in patients with hereditary hemochromatosis and elevated serum fer-
ritin levels [147]. A randomized, participant—blinded, placebo controlled trial con-
ducted in Australia between 2012 and 2016 included patients aged 18 to 70 with 
hemochromatosis, homozygous for C282Y, to study the effect of iron depletion by 
erythrocytapheresis versus a sham intervention (i.e., plasmapheresis) performed 
every three weeks. Fatigue was the primary outcome, in association with a decrease 
in ferritin, which was aimed to decrease to less than 300 micrograms/L. At baseline, 
the serum ferritin was from 300–1000 μg/L, and the transferrin saturation was high. 
There was a significant improvement in the Modified Fatigue Impact Scale scores in 
association with erythrocytapheresis in the 50 patients who completed the study 
from the original 54 versus that of the 44 from the original 50 who had been ran-
domized to the sham procedure; in addition, there was a significant improvement in 
the cognitive subcomponent of the tool in association with the therapeutic interven-
tion versus the sham intervention, but not in the physical or psychosocial subcom-
ponents [147]. This study indicated that iron depletion in patients with serum ferritin 
between 300 and 1000 micrograms/L should be considered.

Chelators are alternative therapies if phlebotomy is not tolerated or feasible. 
Deferasirox is a chelating agent approved for the treatment of iron overload. In a 
dose escalation trial in a group of patients homozygous for HFE-related 
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hemochromatosis the daily administration of this drug for 48 weeks was associated 
with a decrease in the median serum ferritin concentrations by 63.5%, 74.8%, and 
74.1% at doses of 5, 10, and 15 mg/kg, respectively, and to less than 250 ng/mL in 
all the doses studied. Significant side effects were increased ALT greater than three 
times the upper limit of normal in a few patients, and increased serum creatinine, 
both more common in the high than in the low dose. A second study, prospective 
and open label in ten patients with hemochromatosis in whom phlebotomy had been 
inadequate, or not tolerated, deferasirox at doses from 5 to 15 mg/kg per day was 
associated with a significant decrease in median serum ferritin, mean transferrin 
saturation, median iron concentration, and mean serum activity of ALT; in this 
study, the drug was not associated with increased serum creatinine [148]. 
Deferoxamine and deferiprone are chelators approved to treat secondary iron 
overload.

Erythrocytapheresis is a procedure through which red cells are exchanged [149]. 
A study that included 38 patients homozygous for C282Y newly diagnosed ran-
domized to receive erythrocytapheresis versus phlebotomy documented that signifi-
cantly fewer treatment sessions of erythrocytapheresis were required to reach target 
of serum ferritin concentration of 50 micrograms/L, nine versus 27 for phlebotomy 
[150]. A subsequent randomized crossover trial compared the number of sessions 
needed to reach a serum ferritin of 50 micrograms/L after one year of treatment with 
erythrocytapheresis versus phlebotomies, with subsequent crossover to the alternate 
treatment documented that significantly more sessions were necessary for phlebot-
omy versus erythrocytapheresis, 3.3 vs. 1.9 (mean difference, 1.4; 95% confidence 
interval, 1.1–1.7), with the time between treatment sessions 2.3 times longer for 
erythrocytapheresis than for phlebotomy. Although quality of life by the SF-36 was 
not significantly different in association with the two treatment modalities, joint 
swelling, an important complication of hemochromatosis, was substantially more 
common during the period of phlebotomy treatment versus that of erythrocytapher-
esis, which was the preferred treatment of the majority of patients. Erythrocytapheresis 
was more expensive than phlebotomy [151].

Proton pump inhibitors (PPI) decrease iron absorption; it has been reported that 
the use of PPI in patients with hemochromatosis required a reduced number of 
phlebotomy sessions to reach treatment targets. From a randomized controlled trial 
that included 30 homozygous for C282Y who underwent phlebotomies when 
serum ferritin was greater than 100 micrograms/L, it was documented that patients 
on PPIs required significantly fewer sessions than those not on PPIs, which sug-
gested that PPIs can be used in combination with iron depletion therapy [152]; PPIs 
alone are not recommended as a treatment for iron overload in hemochromato-
sis [123].

It is recommended that patients being investigated for iron overload get a hor-
monal evaluation that includes testosterone, follicle stimulating hormone, lutein-
izing hormone, GnRH testing, and pituitary MRI, regardless of clinical 
manifestations. In patients younger than 40  years, weekly phlebotomy is 
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proposed as treatment of hypogonadism combined with testosterone or gonado-
tropin treatment in subjects older than 40 years; sperm cryopreservation is sug-
gested [101].

 Liver Transplantation

Liver transplantation in patients with hemochromatosis is associated with normal-
ization of hepcidin, thus preventing iron overload in the graft [153]. The indication 
for liver transplantation in patients with hemochromatosis is decompensated liver 
disease or hepatocellular carcinoma [123].

The survival post liver transplant in a study that included 260 patients with 
decompensated liver disease from iron overload and recruited from several centers 
in the United States was documented as 64%, 48%, and 34% at one, three, and 5 
years, respectively, in homozygous for C282Y, which was lower than that for hetero-
zygotes that included H63D. Iron overload not from hemochromatosis was associ-
ated with a significant decreased survival versus that of the patients transplanted for 
other causes with an odds ratio of 1.4 (95% CI:1.15–1.61, p  <  0.001) [154]. 
Subsequently, by the use of the United Network for Organ Sharing as a source, the 
survival of patients transplanted for hemochromatosis between 1990 and 1996 was 
documented as 79.1%, 71.8%, and 64.6%, at one, three, and 5 years, respectively. 
The survival improved for patients transplanted for hemochromatosis between 1997 
and 2006, being 86.1%, 80.8%, and 77.3% as one, three, and 5 years, which was 
similar to that of patients transplanted for other conditions, with a hazard ratio for 
death of 0.89 (95% CI: 0.65–1.22) [155]. However, a retrospective review that 
included 22 patients with hemochromatosis transplanted for end-stage liver disease, 
for HCC, or for subacute liver failure documented a patient and graft survival of 
80.7%, and 74%, at one and 5 years, respectively, with several deaths occurring over 
a median period of 46 months post transplantation from multiorgan failure or recur-
rence of HCC; bacterial infections were the most common causes of complications, 
and iron removal prior to transplantation was reported to be associated with a 
decrease in cardiac complications and bacterial infections [156]. Thus, although 
there is a documented improvement in post transplant survival in patients with 
hemochromatosis, a complication that depends on the pathogenesis of the disease, 
i.e., iron overload, does have an impact on post surgical comorbidities. The finding 
that iron removal was associated with a decrease in infection rate support that early 
intervention is associated with improved general and post liver transplantation 
outcomes.

Diet changes include avoidance of iron supplements in any of their forms, vita-
min C supplements because it increases iron absorption, alcohol, and raw fish and 
shellfish [157], the latter because of transmission of pathogens that thrive in iron 
laden conditions (e.g., Listeria monocytogenes, Yersinia enterocolitica, Escherichia 
coli, and Vibrio vulnificus) and because of impaired immune function in association 
with iron overload [158–161].
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 Treatment of Other Genetic Iron Overload Conditions

In ferroportin disease, loss of function, serum ferritin is substantially increased. Iron 
depletion is the treatment to keep the serum ferritin between 50 and 100 
micrograms/L; however, it is not well tolerated in general. Low transferrin satura-
tion and anemia tend to develop quickly despite high serum ferritin. Chelation and 
erythropoietin have been reported to be a therapeutic option.

In aceruloplasminemia, phlebotomy is poorly tolerated; thus, chelation is the 
therapeutic alternative.

In juvenile hemochromatosis, the cardiac function from iron load may be seri-
ously impaired for which aggressive and urgent iron removal may be necessary.

Hepcidin deficiency or resistance to the effects of hepcidin on FPN is associated 
with iron overload, the focus of this chapter. Mutations in TfR2 [162, 163], HJV 
[38], transferrin, and hepcidin [164] are associated with iron overload,

Ferroportin disease has high penetrance and results from a mutation with the 
autosomal dominant transmission in the SLC40A1 gene, which encodes ferropor-
tin1/IREG1/MTP1 a product expressed in macrophages, enterocytes, and hepato-
cytes. This mutation results in decreased expression or decreased ability to transport 
iron. Phenotypically, it is characterized by high serum ferritin concentrations in 
association with low or normal transferrin saturation, accumulation of iron mostly 
in macrophages, anemia, and poor tolerability to phlebotomy [126]. Another form 
of ferroportin disease is characterized by loss of function, associated with hyperfer-
ritinemia, high transferrin saturation, and iron accumulation in the hepatocyte but 
low incidence of liver fibrosis and cirrhosis [165].

 Potential Pharmacological Treatment 
of Hepcidin-Ferroportin Disease

A decrease in hepcidin is associated with iron overload. A phase II clinical trial of 
LJPC-401, a synthetic human hepcidin, (ClinicalTrials.gov Identifier: 
NCT03395704), for the treatment of iron overload in adult patients with hereditary 
hemochromatosis was associated with a statistically significant reduction in change 
in transferrin saturation, the primary efficacy endpoint of the study, and frequency 
of phlebotomies, a key secondary efficacy endpoint of the study [166].

A decrease in iron absorption or export from duodenal cells into the circulation 
would decrease iron accumulation. Polyphenols have iron chelating properties and 
are present in the human diet. It was reported from an animal study that quercetin, a 
polyphenol, was associated with iron chelation in the intestinal lumen of rats. In the 
long term, it was associated with the regulation of FPN expression that resulted in a 
decrease of iron export [167]. A clinical trial on the Effects of Polyphenols on Iron 
Absorption in Iron Overload Disorders (POLYFER) is listed in ClinicalTrials.gov 
Identifier: NCT03453918; no published results were identified.
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Chapter 12
Wilson’s Disease

Nora V. Bergasa

A 29-year-old man presented to the hepatology clinic to establish care after moving 
to the area. The patient felt well. He had been diagnosed with Wilson’s disease 
(WD) at age nine and was being managed with trientene, 500 mg orally twice a day, 
supplemented with pyridoxine. He had a history of rash in association with 
D-penicillamine (DPA). His comorbidities included type I diabetes since age four, 
managed via an insulin pump. His physical exam did not reveal any stigmata of 
chronic liver disease. Hepatic panel and hemogram were normal. Twenty-four hours 
urine for copper was ordered but not collected. The patient has continued his care at 
another institution.

In 1911, the British physician Samuel Alexander Kinnier Wilson presented his 
seminal monograph followed by a publication entitled “Progressive lenticular 
degeneration: a familial nervous disease associated with cirrhosis of the liver” [1–3].

The liver disease workup that we generate in the hepatology clinic includes the 
exclusion of Wilson’s disease or hepatolenticular degeneration because the disease 
is treatable, as emphasized in the publication in the July 2019 issue of the Journal of 
Hepatology, “Wilson’s disease: Fatal when overlooked, curable when diag-
nosed” [4].
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 Etiology

Wilson’s disease (WD) is a genetic condition caused by mutations in the ATP7B 
gene, which codes for the transmembrane copper-transporting ATPase. Mutations 
associated with Wilson’s disease lead to a dysfunctional ATP7B protein, which 
results in impaired biliary excretion of copper and its accumulation in organs, 
including the brain, liver, and heart [4].

 Copper Homeostasis

There are approximately 5 mg of copper in a regular diet, about which 40% is 
absorbed in the stomach and duodenum, and transported by the portal vein into the 
liver, which regulates copper homeostasis [5]. Foodstuffs are rich in copper; thus, a 
deficiency is rare. The liver is very efficient in extracting copper from the portal 
circulation. Within 24 h of its absorption, as documented by radioisotope studies, 
6–8% of the copper appears in the circulation bound to the ferroxidase ceruloplas-
min, which binds 95% of plasma copper [6, 7]. Although copper navigates in the 
blood bound to ceruloplasmin, the latter does not play a role in its transport through 
cell membranes; it is proposed that histidine and other amino acids bind copper and 
distribute it to various tissues.

Prior to absorption, dietary copper, i.e., Cu2+, is reduced, likely by several reduc-
tases including DCYTB [8] and STEAP2 metalloreductase [9], to cuprous, Cu1+ in 
which form is taken up by the copper transporter 1 (CTR1) [10], which is localized 
in the apical membrane and endosomes in the intestinal epithelial cells [11]. The 
copper concentration regulates the expression of CTR1, i.e., excess copper is asso-
ciated with clathrin-mediated endocytosis of CTR1, and deficiency is associated 
with the recycling of CTR1 to the apical membrane of the intestinal epithelial cells 
[12, 13], where the copper chaperone antioxidant-1 (ATOX1) shuttles copper to the 
copper-transporting ATPase ATP7A, which exports copper into the portal circula-
tion [14, 15]. ATP7A is essential for the transport of copper, for the biosynthesis of 
several secreted cuproenzymes and the efflux of copper from the basolateral mem-
brane of the intestinal epithelial cells [14, 16].

ATP7A is not found in the liver. Mutations in the ATP7A gene, which codes for 
ATP7A, are associated with Menke’s disease, an X-linked recessive disorder char-
acterized by copper deficiency [17]. ATP7A is localized in the trans-Golgi network 
(TGN); when the concentration of intracellular copper increases, ATP7A relocates 
itself to the cytosolic vesicular compartment and is trafficked to the basolateral 
membrane [18–20], but it is unclear whether ATP7ase transports copper across the 
membrane [18–20]. It is proposed that ATP7A may mobilize copper into vesicles 
that fuse themselves with the basolateral membrane to release the metal for export; 
it may also be that ATP7A itself transports copper through the membrane [21]; 
however, how copper gets into the portal system is unknown [21].
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Copper exported from intestinal epithelial cells binds to albumin or alpha 2 mac-
roglobulin and is transported to the liver where it binds to ceruloplasmin [22, 23]. 
Ceruloplasmin binds over 95% of serum copper [7], a process mediated by ATP7B; 
as already stated, mutations in the ATP7B are associated with WD, a copper excess 
disease [1–4].

Intracellularly, chaperones transport copper to specific compartments. 
Cytochrome c oxidase (CcO) donates copper to superoxide dismutase, ATOX1 
delivers copper to the secretory pathway by binding to the two ATPases, and COX17 
takes copper to the mitochondria for the synthesis of cytochrome c oxidase [24]; 
COX17 is 1 of 30 assembly factors considered essential for the synthesis of 
CcO [25].

ATP7B is expressed in the liver; it is an efflux transporter also required in the 
TGN to deliver copper for the metallation of apoceruloplasmin, the major plasma 
cuproprotein, and the biliary excretion of the metal. Apoceruloplasmin refers to 
ceruloplasmin without copper. As the intracellular concentration of copper increases, 
ATP7B moves to a cytoplasmic compartment by the canalicular membrane, where 
copper accumulates itself into vesicles for biliary excretion. In WD, the dysfunc-
tional ATPB7 cannot incorporate copper into ceruloplasmin; thus, what is secreted 
is apoceruloplasmin, which is rapidly degraded, leading to the typical finding of low 
ceruloplasmin in the diagnosis of WD [6, 26].

There are other intracellular hepatic binding proteins, including COMMD1 (cop-
per metabolism MURR1 domain), XIAP (X-linked inhibitor of apoptosis protein), 
metallothionein, and amyloid precursor protein, which may also be involved in cop-
per metabolism [24]. In this regard, it was reported that excess copper in the cytosol 
binds to the metallothionein, thus decreasing copper toxicity [27].

 Genetics of Wilson’s Disease

WD is a monogenetic, autosomal recessive disease that results in mutations in the 
ATP7B gene, which codes the ATP7B protein, a P-type ATPase that transports cop-
per out of the hepatocyte by biliary excretion [28–30]. Hundreds of mutations that 
include missense mutations, small deletions, insertions in the coding region, and 
promoter region mutations have been described [31]. Mutations in the ATP M645R 
in exon 6 are mutations identified in patients from Spain, versus the point mutation 
H1069Q, in exon 14, which is the most common in the rest of Europe, carried by 
over 50% of patients. In the south of Asia, the R778L in exon 8 mutation was 
reported in less than 50% of patients [32]. Truncating mutations in the WD gene 
ATP7B were reported in association with very low serum ceruloplasmin oxidase 
activity and an early onset of WD. Patients with two copies of what was labeled as 
severe protein-truncating ATP7B, i.e., mutations frameshift/nonsense/splice site 
mutations, had manifestations of disease at ages between 9 and 13 years. Also, a 
ceruloplasmin oxidase concentration of less or equal to 5 U/L was identified as a 
predictor of the presence of severe protein-truncating ATP7B mutations with high 
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sensitivity and specificity [33]. A spectrum of mutations that completely disrupt the 
gene can result in liver disease in early childhood, alerting the clinician to consider 
WD in the differential diagnosis [34]. Although copper transporter activity can vary 
in association with variants of AT7PB, studies to define specific correlations between 
genotype and phenotype have not revealed consistent information [35]. For exam-
ple, the case of a monozygote twin who presented with fulminant liver failure 
requiring liver transplantation was compared with the other twin who, despite 
 having an identical genetic mutation to that of the twin with liver failure, was 
reported as having mild liver disease [36].

In regards to genetic variability, the methylenetetrahydrofolate reductase gene 
(MTHFR) was reported to affect the clinical expression of WD [37]. In addition, the 
presence of ApoE epsilon3/3 genotype was documented in association with a delay 
in the onset of neurological and hepatic manifestations of WD, although no modifi-
cation of the disease phenotype was noted [38]. It was suggested that the mecha-
nism that would support the extended asymptomatic period might be related to the 
antioxidant and membrane-stabilizing properties of the ApoE 3 protein [38]. In 
association with WD, a defect in oxidative-phosphorylation has been documented 
in studies of mitochondrial enzyme activity, which have suggested that free-radical 
formation and oxidative damage contribute to the pathogenesis of liver disease; a 
role of copper accumulation was suggested [39].

The dysfunction of the ATPase variant alters the intracellular handling of cop-
per. Increased intracellular copper is associated with oxidative stress and free 
radical formation in addition to severe mitochondrial dysfunction. It was docu-
mented that the liver of patients with WD showed decreased enzymatic activity of 
complex I by 62%, complex II + III by 52%, complex IV by 33%, and aconitase 
by 71%, not reported to be associated with D-penicillamine use or to liver disease. 
These findings were interpreted to suggest that free radical formation and oxida-
tive injury were possibly mediated by the accumulation of copper in the mito-
chondria, and provided a rationale for the study of antioxidants as treatment of 
WD [39].

 Epigenetics

Epigenetics in WD may explain, in part, its phenotypic expression. By the use of 
whole-genome bisulfite sequencing (WGBS) in a study that included liver tissue 
from patients with WD, normal and disease control samples, 969 hypermethylated 
and 871 hypomethylated differentially methylated regions (DMRs) specifically 
identified patients with WD, including 18 regions with genome-wide significance. 
The DMRs identified in WD were associated with genes related to folate and lipid 
metabolism and the acute inflammatory response. The WD-hypermethylated liver 
DMRs were enriched in liver specific enhancers, flanking active liver promoters, 
and binding sites of liver developmental transcription factors. DMRs found in the 
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blood identified patients with WD versus control subjects. The DMRs differentiated 
patients with hepatic from those with neurological manifestations and were related 
to genes enriched for roles in mental dysfunction, abnormal B cell physiology, and 
as members of the polycomb repressive complex 1 (PRC1), which participate in the 
transcriptional regulation during development [40]. These findings were interpreted 
to suggest that the methylation changes identified in liver-specific enhancers and 
transcription factor binding sites indicate that WD is a condition affected by epigen-
etic changes, which may explain the disease’s phenotypic expression including its 
progression and its pathogenesis.

 Epidemiology

The frequency of WD was estimated as 1:30,000 for WD with a heterozygous 
ATP7B mutation carrier frequency of 1:90 [41]. Subsequently, the estimated fre-
quency of individuals predicted to carry two ATP7B pathogenic mutants was 
reported as 1 in 7026 [42], higher than the 1: 30,000 previously documented [41]. 
In Japan, screening studies from dry blood samples from 2789 children aged 
between 1 and 6 years identified two patients [43]. In Korea, screening tests on dried 
blood samples from 3667 identified one patient [44]. However, four recent clinical 
studies, which were considered high quality, noted that the prevalence estimates 
remain in the realm of 1:30,000, as previously reported [41], with a range of 
1:29,000 to 1:40,000 [45]. Data from France and Sardinia suggested an estimated 
genetic prevalence three to four times higher than that of the disease’s clinical mani-
festations, suggesting that penetrance may not be 100% [45].

 Natural History

The natural history of WD was deduced from a group of 55 patients with WD and 
neurological presentation, a group of 51 patients with only hepatic presentation, and 
a group of 11 patients considered asymptomatic with a median follow-up of 12 
years, with a range of 1–41. The H1069Q ATP7B gene mutation was present in 
54.3% of subjects, a finding not associated with neurological or hepatic manifesta-
tions. D-penicillamine was used for treatment in 81% of the patients, and zinc in 
17%; three patients underwent liver transplantation. Most symptomatic patients 
improved or became asymptomatic during follow-up, i.e., 82% of the patients with 
hepatic manifestation versus 69% of patients with neurological manifestations. The 
documented long-term survival of the patients with WD did not differ from that of 
the general population from the Czech group, which comprised the study group 
[46]. In a study by the physician who introduced the use of D-penicillamine in the 
treatment of WD [47] and that included 67 patients, 34 of whom were women, from 
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a total of 300 subjects seen from 1948 to 2000, Dr. John Walshe stated that the prin-
cipal cause of death in WD was a diagnostic failure [48]. The importance of diagno-
sis and prompt treatment institution in patients with WD is clear; thus, its exclusion 
in evaluating patients with liver disease is warranted, regardless of hepatic 
comorbidities.

 Clinical Manifestations

Patients with WD may present without any signs or symptoms of liver disease. Most 
patients present after the age of three, considered to be due to the large capacity of 
the liver to accumulate copper. The most common presentation in children is liver 
disease, usually between ages from 10 to 13 years, much earlier than the age at 
which neurological manifestations become clinically apparent [49]. Ten percent of 
the patients present with psychiatric manifestations, 35% with neurological disease, 
and 45% with liver disease. Hemolytic anemia, cardiomyopathy, and altered thyroid 
function are some of the other manifestations of the disease. The hepatic abnormali-
ties accompanying them should lead to the diagnosis [50].

Patients may exhibit physical findings of liver disease; azure lunulae, i.e., blue 
lunula due to copper deposition, in nails is described [51].

The Kayser–Fleischer (KF) ring is described as a dark band of pigment in the 
Descemet membrane of greenish yellow to golden brown color, which is comprised 
of copper [52]. In a study that included 55 patients with WD prior to treatment, KF 
rings were documented in 55%, with a proportion of 90% with neurological mani-
festations exhibiting this finding [53]. Sunflower cataracts is another ophthalmo-
logical manifestation of WD [54]; they were documented in 1.2% of 81 newly 
diagnosed patients with WD with a mean age of 32.3 ± 11.8 years 42% of whom 
had neurological manifestations [55]. This type of cataract is described as a thin, 
centralized opacification under the anterior capsule and occupying one-third to one- 
half of the anterior lens pole surface area, with opacifications emanating from the 
center that give the impression of sunflower [55].

A study that examined retrospectively the documented neurological examina-
tions of a group of 119 patients reported that symptoms tended to start at a mean age 
of 19 years, with a range from 7 to 37, with dysarthria being the first one in 91% of 
patients, gait abnormalities in 75%, risus sardonicus in 72%, dystonia in 69%, rigid-
ity in 66%, tremor in 60%, dysphagia in 50%, chorea in 16%, and athetosis in 14%; 
seizures and pyramidal signs were present in less than 5% of patients [56]. The cli-
nician must be cognizant of WD’s signs, labeled “A Great Masquerader” by the 
authors of a publication from a retrospective study of 50 patients referred to a uni-
versity hospital and private clinic in Tehran from 1984 to 2004 [57]. The median age 
of onset of neurological symptoms or both hepatic and neurological manifestations 
ranged from 10 to 38 years, with a mean of 16, in contrast to patients with initial 
findings of liver disease, who exhibited neurological symptoms at a mean age of 18 
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years, with a range from 11 to 34, with dysarthria being the most common, i.e., in 
80% of patients, as described in the prior study [56]. Drooling was present in 48% 
of patients, 44% had limb tremors, abnormal gait, alone or in combination with 
psychiatric and sleep alterations, and 42% had dystonia. Of note, a review of WD 
that included studies conducted over 66 years reported that 30–40% of patients have 
psychiatric manifestations at the time of diagnosis, and 20% had seen a psychiatrist 
prior to the diagnosis of WD [58]. As documented in these two studies, manifesta-
tions of WD tend to become apparent before age 40; however, late clinical presenta-
tions are well documented [59].

The clinical and genetic characterization of 46 of 1223 (3.8%) patients, 1053 of 
whom were index cases, and 170 siblings, who manifested clinically after the age of 
40 was described [59]. Thirty-one (67.4%) patients presented with neurologic 
symptoms at a mean age of 44.5 years, with a range from 40 to 52; 15 (32.6%), 9 of 
whom were women, presented with liver disease at a mean age of 47 years, with a 
range from 40 to 58, and 2 (4.3%) were asymptomatic siblings. One patient’s 
hepatic presentation was fulminant, with the rest having abnormal liver tests, hepa-
tomegaly, or both. Of note, from the 13 patients from whom liver histology was 
available and who presented with liver test abnormalities, 10 had cirrhosis, 2 chronic 
hepatitis, 1 steatosis, and 1 did not have any histological abnormalities. Twenty- 
seven of the 46 index cases had mutations on both chromosomes and included 
H1069Q/H1069Q in 13, and in one chromosome in another 13. The authors con-
cluded that WD could be “overlooked.” The clinical characteristics of patients who 
presented after age 40 in this study were similar to those of the patients who present 
early in life, which suggested that other factors influence WD’s clinical expression. 
Conversely, the case of a 9-month-old baby who exhibited abnormal liver panel was 
diagnosed with WD by genetic testing [60] and that of a 10-year-old boy who pre-
sented with a 3-month history of leg muscle cramps has been described. Again, as 
previously stated, “the principal cause of death in Wilson (‘s) disease was diagnostic 
failure” [48].

 Acute Liver Failure

By definition, acute liver failure is the loss of liver function in patients without prior 
liver disease [61–64]; as inferred, it is characterized by hepatitis, associated with 
hepatic synthetic dysfunction, and hepatic encephalopathy developing over less 
than 8–12 weeks [64]. In WD, however, acute liver failure can be a presentation in 
patients with chronic liver disease, i.e., fibrosis and sometimes, cirrhosis. Acute 
liver failure from WD is fatal in the majority of patients without liver transplanta-
tion; accordingly, early recognition and transfer to a liver transplantation center are 
fundamental in the management of patients who present with this complication. 
Prognostic indeces to predict survival in patients with acute liver failure from WD 
have been developed [65, 66].
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Five percent of the patients referred for liver transplantation because of acute 
liver failure have WD. The female-to-male ratio of patients with acute liver failure 
due to WD is 2:1 to 4:1. A study that included 140 patients with acute liver failure, 
16 of whom had WD, 17 had treated chronic WD, and 29 other chronic liver dis-
eases documented that a ceruloplasmin level of less than 20 mg/dl by the oxidase 
method had a diagnostic sensitivity of 21%, and specificity of 84%; when measured 
by nephelometry, the sensitivity was 56% and specificity 63%. Serum copper levels 
were higher than 200 micrograms/dl in all patients with acute liver failure from 
WD. A serum alkaline phosphatase to total bilirubin ratio less than 4, had a sensitiv-
ity of 94% and a specificity of 96%, while an AST-to-ALT ratio greater than 2.2 had 
a sensitivity of 94% and a specificity of 86% with the combination of all tests giving 
a diagnostic accuracy of 100% [67].

 Liver Histology

The liver histology in patients who present with acute hepatitis exhibits ballooned 
hepatocytes, acidophilic bodies, cholestasis, and scant lymphocytic infiltration. The 
pre-cirrhotic liver in WD shows anisonucleosis, focal necrosis, few sinusoidal aci-
dophilic bodies, and moderate to marked steatosis. Glycogenated bodies, steatosis, 
moderate to marked copper accumulation, and Mallory bodies are seen in periportal 
hepatocytes [68]. In young, asymptomatic patients, copper accumulates itself in the 
cytoplasm of the hepatocytes. In contrast, in patients who present symptoms and 
signs of the disease, copper is widely distributed including inside the lysosomes. In 
the cirrhotic stage, copper is limited to the lysosomes. The p- dimethylaminobenzylidene 
rhodanine gives reproducible staining findings.

Cirrhosis in WD tends to be macronodular, but it can be mixed, with minimal 
bile ductular proliferation noted in the nodules’ fibrous bands. Mallory bodies can 
be found in the periphery of the cirrhotic nodules.

Mitochondrial abnormalities were reported as distinctive in WD and included 
heterogeneity of size and shape, increased matrix density, separation of inner from 
outer membranes, and enlarged intercisternal spaces [68]. In association with che-
lating therapy with DPA for three to five years, mitochondrial abnormalities were 
documented to be less notable than at baseline or absent [69].

 Laboratory Findings

Patients can exhibit increased serum activity of transaminases or findings sugges-
tive of portal hypertension from cirrhosis with or without hepatic synthetic dysfunc-
tion; typically, serum activity of alkaline phosphatase is low or in the low limits 
of normal.
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 Diagnostic Investigations

The specific laboratory findings in WD are ceruloplasmin concentration less than 
20 mg/dl, serum free or non-ceruloplasmin-bound copper less than 100 micrograms/
dl, hepatic copper content greater than 250 micrograms/gram of dry weight, and 
urinary copper content greater than 100 micrograms per 24 h. Genetic testing is 
done to identify mutations in the ATP7B gene. Guidance on the diagnosis and treat-
ment of WD is available from the American and the European Associations for the 
Study of Liver Diseases [70, 71].

 Imaging Studies

Magnetic resonance imaging (MRI) of the brain has provided the feature now rec-
ognized as typical of WD, the “face of the giant panda” sign. It has been recognized 
to distinguish WD from other early onset extrapyramidal disorders. A retrospective 
review that included images from 100 patients identified, specifically in patients 
with WD, the following findings: (1) “Face of giant panda” sign in 14.3%, (2) tectal 
plate hyperintensity in 75%, (3) central pontine myelinolysis-like abnormalities in 
62.5%, and concurrent signal changes in basal ganglia, thalamus, and brainstem in 
55.3%. The authors concluded that in addition to “Face of giant panda” sign, hyper-
intensities in the tectal-plate and central pons, and simultaneous involvement of 
basal ganglia, thalamus, and brainstem are “virtually pathognomonic” of WD [72]. 
Resolution of MRI findings in the globus and caudate regressed in association with 
liver transplantation over 2 years of follow-up in a 28-year-old patient [73].

 Transient Elastography

The experience in transient elastography with FibroScan® is still limited; however, 
a value of 6.6 kPa is considered suggestive of mild and moderate fibrosis, whereas 
a value higher than 8.4 is indicative of severe fibrosis. More studies are now neces-
sary to confirm the usefulness of FibroScan® in managing chronic therapy for WD 
patients [74].

 Screening in Wilson’s Disease

Siblings and first-degree relatives of patients with diagnosed WD must be screened 
for the disease.
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Clinical manifestations of liver and neurological disease, alone or in combina-
tion should trigger suspicion for WD; in children, sudden poor school performance 
and behavioral problems should be considered indications for excluding the disease.

The clinical investigations include hepatic panel, hemogram, serum ceruloplas-
min, 24-h urine for copper, serum copper, and referral to ophthalmology for slit 
lamp examination to exclude KF rings. Liver biopsy for copper quantitation and 
genetic testing can be included, according to published guidelines [70, 71]. In 
regards to liver histology, a biopsy is recommended when the combination of clini-
cal signs and laboratory tests are not conclusive, or to exclude hepatic comorbidities 
[75]. The Leipzig score (Table 12.1) was developed to facilitate the diagnosis of 
WD; diagnostic algorithms have been derived from that score [70, 76, 77]. In 
patients with symptoms suggestive of WD, including extrapyramidal symptoms, KF 
rings, and low serum ceruloplasmin, a score between 0 and 3, should be followed by 
a 24-h urine collection of copper. If the urine copper concentration is greater than 
1.6 micromols/24 hr. (100 microg/24 hr) (0.64 micromoles per day in children), a 

Table 12.1 Leipzig Score for the diagnosis of Wilson’s Disease (WD) [76]

Clinical findings suggestive of WD
Additional
Investigations

Points Points
KF rings Liver copper concentration (in the 

absence of cholestasis)*
Present 2 > 4 micromol/g 2
Absent 0 0.8–4 micromol/g 1

Normal (0.8 micromoles/g) − 1
*Rhodadine-positive granules 1

Neurologic symptoms or typical brain 
magnetic resonance imaging findings

24-hour urine for copper ▫

Severe 2 Normal 0
Mild 1 1–2 x ULN 1
Absent 0 > 2 x ULN 2

Normal at baseline with an increase 
5 X ULN after DPA

2

Serum ceruloplasmin Genetic analysis
Normal (>0.2 g/L) 0 Mutations in 2 both chromosomes 4
0.1–0.2 g/L 1 Mutations in 1 chromosome 1
< 0.1 g/ml 2 No mutations 0
Hemolytic anemia, Coomb’s negative
Present 1
Absent 0

▫: in the absence of acute hepatitis in regards to the urine collecdtion
DPA: D-penicillamine
*If the concentration of liver copper is not available
Summation of Scores
4 or more: diagnosis established
3: possible diagnosis; additional tests required (e.g., genetic testing, hepatic copper concentration)
2 or less: diagnosis is unlikely
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liver biopsy for copper quantitation with a value of fewer than 4 micromoles per 
gram excluding WD in patients with a score of 0–1 but, in patients with a score 
equal or less than 3, mutation analysis is recommended for diagnosis. One of two 
mutations confirms the diagnosis, with an increase in the score to at least 4. In 
patients with a hepatic copper concentration greater than 4 micromols/g, a score 
increases to at least 4, which confirms the diagnosis.

Treatment for WD should be started immediately after diagnosis.

 Treatment

The American and European Associations for the Study of Liver Diseases have cre-
ated guidelines for the treatment of WD [70, 71].

The starting dose of DPA is 250–500 mg/day, increased by 250 mg weekly, to a 
maximum of 1000 to 1500 mg per day in divided doses, taken 1 h before or 2 h after 
meals. The dose for children is 250 mg daily, with a maximum of 20 mg per kg, in 
divided doses. After the initial decoppering, which tends to occur between four to 6 
months after initiation of treatment, a maintenance dose of 750–1000 mg per day in 
two divided doses is sufficient during the maintenance phase, usually after 4–6 
months. The therapeutic response to changes in the maintenance dose usually will 
not become evident for 4–6 weeks [70, 71]. DPA can be administered during preg-
nancy. DPA can be associated with pyridoxine deficiency because of pyridoxine 
kinase inhibition; thus, pyridoxine is supplemented at doses of 25 to 50 mg orally 
per day during treatment [70, 71].

DPA can be associated with sensitivity reactions characterized by fever, rash, 
lymphadenopathy, bone marrow suppression, and proteinuria; follow-up is impor-
tant to identify any side effects that can present after years of therapy. If these com-
plications occur, the drug should be discontinued and the patient treated with an 
alternative medication.

Trientine (trimethylene tetramine dihydrochloride) is a chelating agent promot-
ing urinary copper excretion; it also prevents intestinal absorption of copper by 
inducing metallothionein. Trientine is used at a starting dose of 20 mg/kg per day in 
children and adults, in divided doses, not to exceed 1500 mg per day, with a main-
tenance dose of 15 mg/kg also in divided doses, to be taken 1 h before or 2 h after 
meals. Side effects include hemorrhagic gastritis, dysgeusia, sideroblastic anemia, 
and rarely, hypersensitivity reactions and bone marrow suppression [70, 71].

Zinc acetate in children weighing less than 50 kg is given at a dose of 25 mg 
three times a day. In others, including adults, the recommended dose is 50 mg of 
elemental zinc three times a day. Zinc should be taken on an empty stomach, at least 
1 h before or 2–3 h after meals, and separated from beverages, other than water, by 
at least 1 h [70, 71].

The use of DPA in pregnancy is accepted based on clinical experience [78]; how-
ever, zinc and trientine are also documented as safe [79, 80].

Maintenance doses are determined by measuring the excretion of copper in a 
24-h urine collection, with a target of fewer than 0.6 micrograms per day [81].
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In patients who present with liver disease, not in acute liver failure, the initial 
treatment is the pharmacological removal of copper from the blood and tissues and 
to increase its excretion [70, 71]. Maintenance therapy aims to prevent copper accu-
mulation, which can be accomplished by the continuous use of DPA, and by the 
administration of zinc salts. In this regard, zinc interferes with the absorption of 
copper by inducing the synthesis of metallothionein in intestinal epithelial cells 
leading to increased preferential binding of dietary copper to the latter in these 
intestinal cells, which are shed subsequently as part of the rejuvenation process of 
the intestine. Although zinc prevents further copper accumulation, its capability to 
decopper is less than that of DPA, and thus, it does not mobilize copper from laden 
tissues [82].

The course of disease in patients on treatment with oral chelators for WD was 
examined retrospectively in a cohort study that included 405 patients, of whom 238 
were women. Changes in medication were common, leading to the analysis of 471 
chelator monotherapies, 326 on DPA, and 141 on trientine. Liver transplantation 
was performed in 9 of the 326 (2.8%) patients treated with DPA, and in 3 of the 141 
(2.2%) treated with trientine. Adverse events were significantly more common in 
the patients receiving DPA than in those receiving trientine. After 4 years of therapy, 
4 patients from the 333 (1.2%) who had been treated with oral chelators experienced 
worsening of liver function. Improvement of liver function was experienced by over 
90% of patients. Eighty-eight of 143 patients (62%) exhibited neurological improve-
ment after 4 years of treatment, with 38% not demonstrating any benefits, findings 
that may suggest that the neurological impairment was permanent. Of note, neuro-
logical deterioration was observed significantly less frequently in patients given 
DPA first (6 of 295) than in those given trientine first (4 of 38); P = 0.018. These 
findings suggest that chelating agents are effective therapies for most patients with 
WD [83].

Transient impairment of neurological function can be associated with the initial 
treatment with DPA in 20% of the patients at the beginning of the chelation period, 
which appears to be related to the copper bound to ceruloplasmin versus free cop-
per, which is what causes toxicity, and which, as a result of oral chelators, changes 
in proportion, resulting in a relative increase of free copper. This idea is supported 
by studies documenting an association between high free copper pool and neuro-
logical deterioration; specifically, a study that included five patients with WD and 
who exhibited neurological worsening on trientine therapy over 8 weeks showed 
significant spikes in the concentration of free serum copper, in contrast to patients 
who did not worsen, in whom no free copper spikes were documented [84].

Long-term zinc monotherapy in symptomatic patients with WD was studied in 
17 subjects with a mean age of 18 years, ranging from 13 to 26, whose clinical pre-
sentation was hepatic in 7, neurological in 5, and combined in another 5, followed 
up on treatment for a median of 14 years, with a range from 2 to 30. Zinc mono-
therapy was reported as good in patients with neurological complications; however, 
in patients with cirrhosis, it did not prevent decompensation of liver disease [85]. 
These findings contrast to those from a retrospective study in which 288 patients 
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were followed for 17 years; it was documented that hepatic symptoms developed in 
196 patients (68.1%) and neuropsychiatric in 99 (34.4%), with increased failure to 
improve liver disease in zinc monotherapy, i.e., in 14 of 88 (16%) versus 4 of 313 
(1.3%). The actuarial survival, without transplantation, was calculated to favor che-
lating agents as compared to zinc. These data suggested that chelating agents are 
better than zinc in the prevention of deterioration of liver disease. Thus, monitoring 
the clinical course to determine if changes in therapy should be made is recom-
mended for zinc managed patients with WD [86].

Patients diagnosed with WD should be started on chelating therapy. No studies 
comparing DPA versus zinc are available; thus, the choice of therapy depends on the 
clinician’s experience and the patient’s choice; however, monitoring the effect of 
decoppering is required. Adequate decoppering may take 1–3 years to change to 
maintenance therapy. On maintenance with DPA, the excretion of less than 0.6 mg 
per 24 h off medication is a practice followed by some investigators [81]. Of note, 
it is documented that 36% of children who have achieved acceptable decoppering 
with DPA or zinc have increased serum activity of transaminases [87].

Thirty-one percent of patients have been reported to discontinue DPA because of 
side effects, including nephrotoxicity, hematological abnormalities, and elastosis 
perforans serpiginosa [83]. In this regard, tetrathiomolybdate, which acts by form-
ing a tripartite complex with copper and protein, preventing the absorption of 
endogenously secreted and dietary copper, is being studied for the management of 
WD and reported to be well tolerated versus trientine [88, 89].

Adherence to therapy is fundamental in managing patients with WD [90]; 
patients can regress to a copper-laden state and go into liver failure if the cessation 
of treatment occurs [91]. Unaffected relatives without findings of WD must also be 
treated lifelong [70].

The follow-up of stable patients consists of physical examination, hemogram, 
serum electrolytes, renal function, serum copper, and 24-h urine collection for cop-
per every 6 months. Bone marrow suppression tends to suggest overtreatment, 
which required dose adjustment.

A considerable proportion of patients, i.e., 50.5% from a sample of 210 con-
tacted by mail or identified retrospectively, still reported neurological symptoms; 
31.3% were treated with anticholinergics and botulinum toxin to treat dystonia, and 
anticonvulsants to treat tremor [92].

Under maintenance therapy, the development of hepatic and neurological decom-
pensation, or recurrence of clinical findings, including KF rings, suggest suboptimal 
control of copper accumulation for which reassessment is required.

It is recommended that patients avoid foodstuff rich in copper, for which referral 
to a nutritionist is encouraged.

The exclusion of WD in patients with liver disease is fundamental as the disease 
is treatable and dreadful complications can be prevented with treatment.

The reader is referred to ClinicalTrials.gov to identify clinical trials in WD.
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 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is uncommon in WD. From a median follow-up of 
15 years (range 0.1–51.2), a study that included 130 patients with WD documented 
that two patients from the sample developed HCC, one in spite of appropriate 
decoppering after 50 years of diagnosis, and another with newly diagnosed WD. Of 
the 74 patients with cirrhosis (57%), 64% compensated, and 36% decompensated, 
20% improved, 46% remained stable, and 24% deteriorated, with no data presented 
in 10%. The estimated annual risk for HCC was reported as 0.09% (95% confidence 
interval [CI]: 0.01–0.28), with analysis of cirrhotic patients documenting an annual 
risk for HCC of 0.14% (95% CI: 0.02–0.46). The results of the meta-analysis were 
reported to show an annual risk for HCC of 0.04% (95% CI: 0.01–0.10) and a mor-
tality rate of 2.6 per 10,000 person-years (95% CI: 0.7–7.0) [93]. These results 
coincide with those of a retrospective review that included 1186 patients, 14 of 
whom developed hepatobiliary malignancies including HCC in 8 and intrahepatic 
cholangiocarcinoma in 6, with a calculated prevalence of 1.2% and an incidence of 
0.28 per 1000 person-years. Of note, the analysis of the tumor did not show abnor-
mal copper concentration [94]. However, a retrospective study explored the inci-
dence of intraabdominal malignancies in patients with WD, in two specialty clinics 
in the United Kingdom and Sweden. The study included 303 patients followed from 
1955 to 2002. The frequency of HCC was 4.2% in patients followed between 10 and 
19 years, 5.3% in patients followed between 20 and 29 years, and 15% in patients 
followed between 30 and 39 years, with no tumors identified after 40 years of fol-
low- up. The types of malignancies included HCC, cholangiocarcinoma, and poorly 
differentiated adenocarcinomas of undetermined primary site. These authors did 
support the idea of screening patients with WD for malignancies, i.e., intraabdomi-
nal malignancies. In regards to HCC, screening in patients with cirrhosis is an estab-
lished practice.

 Liver Transplantation

The indication for liver transplantation in WD is decompensated liver disease and 
acute liver failure, the latter mostly in children; however, liver transplantation in 
patients with neuropsychiatric involvement is controversial.

A retrospective multicenter study from liver transplant centers in Italy that cov-
ered the period of 2006–2016 documented a proportion of 0.4% of transplants done 
because of WD, comprised of 29 adult patients, 18 of whom were women, average 
aged 29 years, with a range from 19 to 60, with a median MELD score of 27, with 
a range of 6–49 at the time of transplantation. Seventeen patients (63%) had decom-
pensated liver disease at the time of transplantation versus two (7%) who underwent 
transplantation for neurological complications. The documented survival post pro-
cedure was 88% at 1 year, and 83% at five, with the uncommon resolution of 
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neuropsychiatric symptoms early post-transplant. These data were interpreted to 
indicate a low number of liver transplantation for patients with WD in Italy; uncer-
tainty regarding the improvement of neuropsychiatric complications remains [95].

Long-term results from liver transplantation conducted in France from 1985 to 
2009 for WD were documented in a retrospective review of 121 procedures, indicat-
ing that acute liver failure was a rare indication. Actuarial survival rates were 87% 
at 5, 10, and 15 years. The study group was comprised of 75 adult patients, with a 
median age of 29 years, a range from 18 to 66, and 46 children, with a median age 
of 14 years, and a range from 7 to 17. The indications for liver transplantation were 
fulminant liver failure in 64 (53%), with a median age of 16 years, range from 7 to 
53, end-stage liver disease in 50 (41%), with a median age of 31.5 years and a range 
from 12 to 66, and severe neurological complications in seven (6%), with a median 
age of 21.5 years, and a range from 14 to 42, with a post transplantation follow-up 
ranging from 0 to 23.5 months, with a median of 72. The prognosis was worse in 
patients transplanted for fulminant and subfulminant liver failure, nonelective, pre-
liver transplantation renal insufficiency, and liver transplantation prior to 2000 than 
liver transplantation for other indications. It was reported that there was improved 
renal function with no patient having stage III kidney disease. The results were 
interpreted to reflect good outcomes post liver transplantation in patients with WD, 
including those with renal insufficiency [96].

The large European experience with liver transplantation in children with WD 
was documented from a retrospective cohort study that included data from all 
patients transplanted for WD and enrolled in the European Liver Transplant Registry 
from January 1968 until December 2013. Three hundred and thirty-eight children, 
57% of whom were girls, underwent LT at 80 different centers in Europe. The 
median age at liver transplantation was 14 years (interquartile range [IQR], 
11.2–16.1 years) with a median post-liver transplantation follow-up of 5.4 years 
(IQR, 1.0–10.9 years). As documented in other studies, the survival rates were high, 
reported as 87%, 84%, and 81% at 1, 5, and 10 years post liver transplantation, 
respectively, with overall survival reported to have improved over the last decades 
[46]. Similar good post-liver transplantation outcomes were reported in the pediat-
ric population [97]. A literature review from 1971 that concerned 290 patients docu-
mented that decompensated liver disease and acute liver failure were the main 
indications for LT, with a 1-year survival of 91.9% and 88.2% at 5 years, with a 
reported excellent quality of life. Retransplantation was done in 16 patients due to 
graft rejection [97].
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Chapter 13
Tumors of the Liver

Nora V. Bergasa

A 46-year-old man was referred to the hepatology clinic because of a liver mass 
found on a liver sonogram to investigate right upper quadrant pain. The patient did 
not have comorbidities. At the visit, the patient reported that the pain had resolved 
itself spontaneously. The physical exam and the hepatic panel were normal. 
Magnetic resonance imaging (MRI) to evaluate the mass further revealed find-
ings consistent with a hemangioma (Fig. 13.1). The patient is doing well.

Patients may be referred to hepatology for the evaluation of liver tumors often 
found incidentally through liver imaging studies for indications not related to sus-
pected liver disease [1]. This chapter introduces the general approach to patients 
with liver tumors, which may not include therapeutic intervention or may require 
aggressive diagnostic evaluation and treatment.

In the absence of liver disease, a liver lesion found in a patient incidentally has a 
high probability of being benign. The most common are liver cysts, hemangiomata, 
and focal nodular hyperplasia [2]. In contrast, in a patient with cancer, a liver mass 
may be a metastasis from extrahepatic malignancy, in a patient with cirrhosis, hepa-
tocellular carcinoma (HCC) has to be excluded [3], in patients with primary scleros-
ing cholangitis, a mass may be from cholangiocarcinoma (CCA) [4]. Thus, knowing 
the context in which a mass develops in the liver is fundamental to creating an 
investigational plan.

The radiographic characteristics of liver lesions can help in developing an inves-
tigational plan. The fluid inside a liver lesion may be revealing of a cyst or abscess; 
the features of blood flow into the mass can be diagnostic for HCC [3].
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 Simple Hepatic Cysts

The prevalence of simple liver cysts in the general population has been reported in 
the range of 2.5–18% [5–8], and they are more common in women than in men. 
Although many hepatic cysts are not associated with symptoms, if they are large, 
abdominal pain, a palpable mass, and hepatomegaly are documented [9, 10]. 
Gamma-glutamyl transpeptidase (GGTP) has been reported as high in some series 
[11], but, in general, the serum liver profile tends to normal in association with liver 
cysts. On liver sonogram, simple cysts are seen as anechoic spaces, filled with fluid 
[5–8]. MRI reveals hepatic cysts as water-filled, well-defined lesions that do not 
enhance in association with intravenous gadolinium-based contrast agents. 
Congenital hepatic cysts tend to occur in the right hepatic lobe most commonly and 
arise from biliary ducts not communicating with the biliary system [11]. 
Histologically, the epithelium of hepatic cysts is most frequently cuboidal [9]. Most 
liver cysts are not associated with complications; however, serious complications 
have been documented from large cysts. They include hemorrhage, rupture into the 
abdominal cavity or bile duct, infection, and cholestasis from compression of bile 
ducts [11]. Treatment consists of aspiration, which is associated with recurrence of 
the cyst in most cases, or surgical resection, including cyst fenestration and excision.

 Polycystic Liver Disease

Patients with polycystic kidney disease may have liver cysts; however, isolated 
polycystic liver disease (PCLD) is a condition separate from polycystic kidney dis-
ease and is not associated with renal cysts or cerebral aneurysms [12].

PCLD is dominantly inherited. It is defined as the presence of more than 20 cysts 
in the liver [12].

Fig. 13.1 An axial T2 
weighted magnetic 
resonance image from a 46 
year old man showing a 
lobular mass of increased 
signal intensity in the right 
hepatic lobe (arrow) 
indicative of stagnant 
blood flow consistent with 
a hemangioma.
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PCLD is associated with germline mutations in the PRKCSH gene, which codes 
for hepatocystin. In association with the mutation, hepatocystin does not assemble 
with the glucosidase II alpha subunit, thus, it was suggested that altered endoplas-
mic reticulum processing in the regulation of cell proliferation may contribute to the 
pathogenesis of this disease [13].

Mutations in the SEC63 gene, which codes for a component of the protein trans-
location machinery in the  endoplasmic reticulum (ER) are also associated with 
PLD. These findings were interpreted to suggest that the cotranslational protein- 
processing pathways are fundamental in maintaining the epithelial luminal structure 
and implicate noncilial ER proteins in human polycystic disease [14].

Heterozygous loss-of-function mutations were identified in ALG8, GANAB, and 
SEC61B, which encode fundamental proteins in the biogenesis pathway of the 
endoplasmic reticulum. The inactivation of these genes in vitro was associated with 
defective maturation and trafficking of polycystin-1, considered a fundamental fac-
tor in cyst pathogenesis [15].

Liver cysts can grow leading to symptoms including pain, and early satiety, or 
may be complicated by infection or intraluminal bleeding, which are indications for 
treatment [12].

Somatostatin analogs decrease cAMP, suppressing bile duct proliferation, and 
inhibit the production of certain growth factors [12]. In this group, lanreotide was 
reported to reduce the volume of polycystic liver in a placebo-controlled study; 
however, the reduction was small and it is recommended for patients in whom risk 
factors impede surgical intervention [12]. Surgical treatment includes fenestration, 
usually done laparoscopically, and liver resection, which may be required in cases 
of multiple small cysts difficult to fenestrate [12]. The combination of cyst fenestra-
tion and hepatic resection was associated with improvement in the quality of life in 
a prospective study from the United States between 2014 and 2018 that included 
eighteen patients [16]. In extreme cases, liver transplantation is an alternative, if 
liver function is predicted to be poor from resection [12]. The reported estimated 
survival at 1 and 5 years was calculated as 93% and 92%, respectively, for patients 
undergoing liver transplantation [12].

 Hydadtic Cysts

Echinococcal infection is a cause of hepatic cysts. Echinococcosis is a zoonotic 
infection caused by the ingestion of the larvae of the cestode species of the genus 
Echinococcus [17, 18]. The liver is one of the most commonly affected organs, in 
which it manifests as cystic lesions.

The incidence of human disease has been reported to exceed 50 per 100,000 
person-years in areas where it is endemic, with a prevalence of 5–10% reported in 
Peru, Argentina, east Africa, and China [19]. The prevalence of echinococcosis 
increases with age, and the disease is more prevalent in women than in men.
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Cystic echinococcosis tends to occur in rural areas where sheep and other herbi-
vores live in proximity with dogs, which, like other carnivores, are definitive hosts. 
Close contact between dogs and human beings is the reason for transmission, which 
is fecal-oral by the accidental ingestion of eggs from dogs’ feces, e.g., contaminated 
foodstuff [20]. Human beings are considered accidental or aberrant hosts, and they 
are highly unlikely to be involved in disease transmission [18].

Carnivores, including dogs, are the definitive hosts, and herbivores, including 
sheep, goats, and cattle, are intermediate hosts. They maintain the parasite by har-
boring the larval stage of the parasite named metacestode. The egg-producing stage 
of the cestode happens in the small intestine of the definitive host, which carries 
hundreds of egg-producing worms. The eggs are excreted in the stool of the defini-
tive host and are infective upon release. In the target organ, a hydatid cyst or meta-
cestode develops and from it, protoscolices bud from the germinal layer and grow 
within the cyst. When the definitive host ingests these, they evaginate, attach them-
selves to the intestinal mucosae, and evolve to adults over weeks. Thousands of 
protoscolices can bud from a single cyst, and each protoscolex can turn into an adult 
worm when ingested by a definitive host. Secondary echinococcosis can occur when 
fluid from a cyst is spilled into a cavity, e.g., the abdominal cavity, leading to new 
cyst formation. All mammals in which metacestodes develop act as intermediate 
hosts; however, not all intermediate hosts can sustain the life cycle (Fig.  13.2). 
Human beings are considered accidental hosts and are not considered to be able to 
transmit the infection [18].

Most echinococcal cysts are single and tend to be located in the right lobe. Most 
patients  are  asymptomatic and are  often diagnosed incidentally by radiographic 
studies (Fig. 13.3). Rupture of this type of cyst can be associated with anaphylaxis, 
stressing the importance of not aspirating liver cysts’ contents, in the absence of 
absolute exclusion of an echinococcal etiology. Documented complications from 
echinococcal cysts include communication of the hydatid cyst with luminal struc-
tures including the biliary tract [21], intestine, and bronchial tree, or compression of 
their compression in cases of large cysts [18].

Diagnostic serology, the most common being ELISA, is reported as positive in 
70% of the patients, with subsequent testing used for confirmation [22, 23].

Surgical excision is the standard treatment for hydatid cysts; medical therapy 
with mebendazole or albendazole is an alternative. Small cysts and those not associ-
ated with complications can be watched over time. It is recommended to consult 
local experts or liver centers prior to any intervention.

 Liver Abscess

Liver abscesses tend to occur in the right lobe of the liver, from streaming via the 
portal vein from intra-abdominal infections including appendicitis and diverticuli-
tis; however, a recent retrospective review reported that nearly half of the patients 
identified did not have any comorbidities in association with their liver abscesses 
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[24]. Bacteremia and direct extension from the biliary tree in cholangitis can also 
result in liver abscesses. A history of travel to areas where amebiasis is common is 
fundamental in the diagnosis, as radiological features do not offer specific findings 
to differentiate bacterial versus amebic abscesses, for which specific antibiotic treat-
ment is required.
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Fig. 13.2 The adult Echinococcus granulosus (a) lives in the small intestine of the definitive host 
(dog). Gravid proglottids release eggs (b), which are infectious, and are fecally excreted. Eggs 
hatch in the intestine of the intermediate host (i.e. human beings, cattle, sheep) and release six- 
hooked oncospheres (c) that pierce the intestinal wall traveling through the vascular system to vari-
ous organs including liver and lungs, where the oncospheres develop into a thick-walled hydatid 
cyst (d), which enlarges itself producing protoscolices and daughter cysts that occupy the cavity of 
the the cyst (e and f). The definitive host is infected by ingesting the cyst-containing organs of an 
infected intermediate host. After ingestion, the protoscolices with invaginated heads (g) evaginate 
(h) and attach to the intestinal mucosa and mature to adulthood (a) in 32 to 80 days. Human beings 
are aberrant intermediate hosts who get infected by ingesting eggs. Oncospheres are released in the 
intestine and hydatid cysts develop in several organs, including the liver (Fig. 13.3). Protoscolices 
create secondary cysts in other parts of the body if the main cyst ruptures (Illustration by Martha 
M. Dao, Graphic (+WEB) Design MMD).
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The “crude annual incidence” of liver abscesses was reported from a retrospec-
tive study from the United Kingdom to be 2.3 per 100,000 per year [25].

Fever and abdominal pain, usually localized to the right upper quadrant, are the 
most common clinical manifestations in liver abscesses [26, 27]. An abnormal liver 
profile is common, with increased serum alkaline phosphatase activity being the 
most notable abnormality due to a space-occupying lesion.

Abdominal ultrasound and computed tomography  (CT) are diagnostic in the 
majority of the cases [25, 28].

Aspiration of abscess content yields the pathogen(s), which tend to be enteric 
Gram-negative bacilli, Streptococci, and Staphylococcus aureus. Liver abscesses 

Fig. 13.3 Coronal images from gadolinium enhanced magnetic resonance images (top row) and 
unenhanced computed tomography (bottom row) show two large complex cystic non enhancing 
masses in the right hepatic lobe compatible with echinococcal cysts (arrows).
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from which Klebsiella pneumoniae is isolated tend to be associated with a syn-
drome described in Asia; in this context, a publication from New York City reported 
that Klebsiella pneumoniae was identified in 41% of cases, which included 50% of 
the patients of Asian ethnicity [29]; this type of abscess has been reported in asso-
ciation with colorectal cancer in Asia.

Treatment consists of percutaneous drainage with needle aspiration or catheter 
insertion, especially for large abscesses (i.e., >5 cm). Large abscesses may require 
surgical drainage, a decision that should be made when the size does not decrease in 
association with nonsurgical treatment or when there is no clinical improvement. 
The aspirate should be sent for Gram stain and culture. Drainage is used concomi-
tantly with intravenous antibiotics, beta-lactams being preferred, based on a study 
that documented an increase in the proportion of patients that was readmitted within 
30 days post discharge when patients were transitioned to oral antibiotics for move-
ment from inpatient to outpatient care [30]; metronidazole should be included to 
cover empirically for ameba until serology confirms its absence. The duration of 
antibiotics is 4–6 weeks; the radiographical resolution was reported within 18 weeks 
of diagnosis and treatment [31].

 Hepatic Hemangiomata

Hepatic hemangiomata are the most common benign tumors of the liver, reported to 
have a prevalence that ranges from 0.4% to 24% [32, 33]. They are more common 
in women than in men [34, 35], tend to be asymptomatic, and are diagnosed inci-
dentally by the use of abdominal imaging. They are usually found in the right lobe 
of the liver and are generally solitary, although more than one hemangioma can be 
found. The liver profile is normal.

Giant hemangioma is a term reserved for tumors greater than 10 cm, which can 
be associated with symptoms, which tend to be right upper quadrant pain and early 
satiety. Pain secondary to thrombosis [36] and hemobilia due to the rupture of the 
tumor into the bile ducts has been documented [37] in cases of large 
hemangiomata.

Vascular malformations are considered to be the etiology of these lesions, which, 
histologically, have been described as tumors having an irregular interface with the 
liver parenchyma. Collagen, elastic fibers, and smooth muscle comprised the ves-
sels’ walls, with low proliferation rate and absence of estrogen or progesterone 
receptors [38]. However, an increase in size in association with exposure to female 
hormones has been reported [39].

Radiographically, liver hemangiomata appear like well-defined hyperechoic 
lesions on ultrasound [40]. In contrast-enhanced computed tomography and 
MRI  studies contrast material fills the lesion irregularly from the periphery 
(Fig. 13.1).

Tumors with the typical appearance of hemangiomata by radiographic studies 
that are not associated with symptoms do not require intervention [32]. A giant 
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hemangioma may require surgical treatment. Enucleation was reported to be associ-
ated with fewer complications than surgical resection [41, 42]. Institutional exper-
tise is fundamental in the management of patients who required surgery [36].

 Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is a benign tumor of the liver, reported as having 
a prevalence that ranges between 0.4% and 3% in the general population [32, 43].

FNH is mostly diagnosed in individuals aged between 20 and 50 years, with a 
higher prevalence in women than men. The lesions are single in 80% of the cases 
and range between 0.5 and 8 cm in diameter [32, 43, 44].

The etiology of FNH is considered to be a proliferative cell response to an aber-
rant dystrophic artery [44]. Conditions of vascular etiology that can be associated 
with FNH are hereditary hemorrhagic telangiectasia or previously treated solid 
tumors in children, suggesting that a disturbance in blood flow may be relevant in 
the pathogenesis of FNH [32]. The nodule is not encapsulated. Macroscopically, it 
is characterized by a central, stellate fibrovascular zone comprised of dystrophic 
arterial vessels, making the diagnosis by radiographic means possible [45]. However, 
a histological study documented scars in 49% of cases [46], which has suggested 
that mechanisms different from vascular processes may play a role in the formation 
of FNH; in this regard, the idea of clonality as an etiological factor was supported 
by a study that showed a uniform pattern of X chromosome inactivation [45]. It has 
also been documented that signaling pathways mediated by transforming growth 
factor β and Wnt/β-catenin are overexpressed [47]. The overexpression of Wnt/β- -
catenin results in the activation of the genes it targets, including GLUL, coding for 
glutamine synthase, which results in a typical glutamine synthetase expression by 
immunostaining described as a “map-like” pattern in the hepatocytes that comprise 
the lesion, usually located around hepatic veins [48].

Patients with FNH tend not to have symptoms from the tumor. Physical examina-
tion does not provide any diagnostic clues.

On liver ultrasound, FNHs have been described as inhomogeneous nodules with 
poorly delineated borders, as isoechoic lesions, in reference to the surrounding 
parenchyma, and as having a rim surrounding the mass and displaying a central 
fibrous scar. The use of conventional, color, and power Doppler may highlight the 
presence of arteries that radiate toward the periphery in a spoke-wheel pattern, and 
that of a hypertrophic hepatic artery consistent with the feeding vessel [49]. MRI 
offers the best diagnostic option [50].

On computed tomography, the typical FNH tends to have a lobulated contour, 
hypoattenuated or isoattenuated with respect to the surrounding liver tissue. In asso-
ciation with intravenous contrast, the lesion becomes hyperattenuated in the arterial 
phase, except for the central scar. In the portal and following phases, there is isoat-
tenuation, compared to the parenchymal contour, and central scar enhancement may 
be appreciated [51].
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On MRI, FNH is isointense or hypointense on T1-weighted images, with hyper-
intensity in T-2 with a hyperintense central scar in 80% of the cases [52]. In associa-
tion with gadolinium, FNH exhibits intense homogeneous enhancement in the 
arterial phase, enhancing the central scar in subsequent phases [51].

Patients in whom a diagnosis of FNH is confirmed, as described above, do not 
require diagnostic interventions [53]. If imaging studies cannot ascertain the diag-
nosis of FNH, referral to a center with expertise in biopsy and resection is recom-
mended [32].

 Hepatocellular Adenomata

Hepatocellular adenomata (HCA) are rare tumors with a reported prevalence of 
0.001 and 0.004%, more common in women than in men, usually diagnosed between 
35 and 40 years [32, 54]. There is an association between oral contraceptive pill use 
(OCP) and anabolic steroids use and a reported increase in their incidence in rela-
tionship with obesity [54]. Other rare associations include familial HCA associated 
with maturity-onset diabetes type 3 (MODY3), iron overload disorders, McCune–
Albright syndrome, and glycogen storage disease [32].

Mutations characterize specific subtypes of HCA: (i) HNF1α mutated (HA-H), 
with somatic mutations of TCF1 (HNF1A) gene and heterozygous germline muta-
tions of CYP1B1 gene, which lead to increase in lipogenesis by enhancement of 
fatty acid synthesis and by downregulation of liver type fatty acid-binding protein 
[55]; (ii) β catenin mutated hepatocellular adenoma (HA-B), with mutations in the 
β catenin gene and increased or transient activation of the Wnt /β catenin signaling 
pathway, reported to have an increased risk of malignant transformation [56]; (iii) 
inflammatory hepatocellular adenoma (HA-I), with gain of function mutations of 
the IL6ST gene, activation of STAT3 signaling pathway, and acute-phase inflam-
matory response [57]; and (iv) sonic hedgehog (SHH) hepatocellular adenoma 
(HA- sh), associated with activation of the sonic hedgehog pathway via fusion of 
promoter of INHBE with GLI1 [58], and by upregulation of argininosuccinate 
synthase 1, which were reported in association with increased risk of bleeding 
[59, 60].

Histologically, HCAs are characterized by thickened plates of hepatocytes with 
preserved reticulin network and arteries not accompanied by bile ducts. Other fea-
tures include steatosis, inflammatory cells, and dilated sinusoids. Fat can be appre-
ciated [61].

HCAs can be complicated by hemorrhage, especially from lesions greater than 
5 cm, and those protruding from the liver surface, and by malignant transformation. 
In men, regardless of the adenoma size, resection is recommended because of the 
risk for malignant transformation [32]. In women, lesions less than 5 cm tend not to 
rupture or convert into malignant tumors; however, it is recommended to discon-
tinue OCP and implement behavior modification in obese subjects [62].
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In contrast-enhanced ultrasound (CEUS), HCA demonstrates homogeneous con-
trast enhancement in the arterial phase, associated with rapid centripetal filling. 
HCAs become isoechoic in reference to the surrounding liver parenchyma in the 
early portal phase, although in some cases, there may be hyperechogenicity [63]. 
On CT scan, tumors are well demarcated and isoattenuating with respect to the sur-
rounding liver parenchyma, and after contrast administration, they exhibit transient 
homogenous enhancement with a return to baseline isodensity in the portal and 
delayed phases [64]. HCAs appear hyperattenuating in association with recent hem-
orrhage, and hypoattenuating if they contain fat. On magnetic resonance imaging, 
HCAs are bright on T1-weighted images and hyperintense, versus the surrounding 
liver tissue, on T2-weighted images [64]; MRI is the preferred diagnostic modality.

Follow-up of patients with HCAs is recommended with a contrast-enhanced 
MRI at 6 months after the diagnosis. A lesion greater than 5 cm and those that grow 
20% of its diameter should be considered for resection because of the risks of hem-
orrhage and malignant transformation. A biopsy is recommended only for lesions 
that cannot be characterized radiologically or for those in which malignancy cannot 
be excluded [32].

Follow up with annual liver ultrasound up to 10 years from diagnosis, and twice 
a year beyond 10 years is recommended to assess growth and decide on definitive 
treatment [32].

Special attention is required for pregnant women with HCAs, with liver sono-
grams recommended every 6–12  weeks to assess growth. Lesions smaller  than 
5 cm in size, not protruding, nor growing do not require that a cesarean section at 
the time of delivery be performed [32]. In women with large tumors, surgical resec-
tion may be recommended [32, 65]. Management, in collaboration with the obstetri-
cal team, is required [32, 65].

 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is a malignant tumor of the liver. Cirrhosis is a 
risk factor for HCC secondary to several types of liver diseases, including chronic 
hepatitis C and B, and those with genetic diseases including porphyria [66], iron 
overload in association with hemochromatosis [67], and alpha-1 antitrypsin defi-
ciency [68]. Patients with chronic hepatitis B, in the absence of cirrhosis, are also at 
risk of developing this type of cancer. Exposure to aflatoxin B1 through contami-
nated foodstuff via mutations in tumor-suppressor gene p53 is a risk factor for HCC 
[69–71]. The mortality from liver cancer was reported to have decreased in women 
and to be stable in men [72]. Most cases of HCC are in Africa and East Asia; how-
ever, the incidence of HCC in the United States and Europe has increased. In gen-
eral, viral hepatitis has been the driving cause of liver disease; however, it is reported 
that cirrhosis from nonalcoholic fatty liver disease has become an important risk 
factor for this type of cancer [73].
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The tumor is more prevalent in men than in women [74], with estrogens being 
proposed as protective in the latter [75].

HCC is a vascular tumor. The physical examination may reveal a bruit on an 
enlarged liver or one in which a mass can be palpated. The rest of the physical exam 
may be notable for stigmata of chronic liver disease. Many times, the exam is non-
contributory; hence, the importance of imaging studies as part of a surveillance 
program or as part of the liver disease workup initiated in a patient referred for 
evaluation of possible liver disease.

The liver profile can be predominantly cholestatic or mixed. Serum concentra-
tion of alfa-fetoprotein (AFP) can be in hundreds or thousands.

Imaging studies reveal a mass, which, in a cirrhotic liver, HCC has to be consid-
ered. On liver sonogram, the mass is hypo or hyperechoic. The characteristic fea-
tures of HCC on CT scan or MRI are arterial enhancement versus the surrounding 
liver tissue, and hypodensity also compared to the surrounding liver tissue, known 
as wash out in the venous phase [76].

The treatment of HCC includes resection, local ablation, liver transplantation, or 
a combination of the three, depending on the characteristics of the tumor and the 
patient’s comorbidities. Systemic therapy is an alternative for patients who are not 
eligible for invasive and surgical interventions or who progressed after local therapy 
and includes sorafenib, regorafenib, nivolumab, and lenvatinib [77].

Screening measures are pivotal in managing patients at risk for HCC with a liver 
sonogram and AFP every 6 months, as suggested by the guidelines [78].

 Fibrolamellar Carcinoma

Fibrolamellar carcinoma (FLC) is an uncommon malignant tumor most prevalent in 
teenagers and patients in their 30s, with no gender preference [79].

FLC is associated with activation of protein kinase A, reported to occur from a 
DNAJB1-PRKACA fusion transcript, secondary to somatic intrachromosomal 
deletion on chromosome 19 [79].

Patients may present with weight loss, abdominal pain, and a palpable liver mass 
[80], confirmed by imaging studies (see HCC above). The liver profile may be sug-
gestive of cholestasis or mixed, and an AFP is usually normal and rarely over 
200 ng/ml [81]. Histologically, the neoplastic hepatocytes are deeply eosinophilic, 
associated with fibrosis arranged in a lamellar fashion, which gives it its name, 
around the neoplastic hepatocytes [80].

In regards to enhancement features on CT scans, a retrospective study of 37 
patients indicated arterial enhancement in 81%, with 96% exhibiting heterogeneity. 
On MRI, 62% of the tumors were hypointense on T1-weighted imaging and hyper-
intense on T2-weighted imaging [82].

Treatment of FLC is resection or liver transplantation [83]. Chemotherapy with 
a combination of cisplatin, epirubicin, and fluorouracil has not been associated with 
substantial benefits [84]. Sorafenib similarly has not been associated with favorable 

13 Tumors of the Liver

https://www.uptodate.com/contents/cisplatin-drug-information?search=fibrolamellar+hepatocellular+carcinoma&topicRef=16571&source=see_link
https://www.uptodate.com/contents/epirubicin-drug-information?search=fibrolamellar+hepatocellular+carcinoma&topicRef=16571&source=see_link
https://www.uptodate.com/contents/fluorouracil-drug-information?search=fibrolamellar+hepatocellular+carcinoma&topicRef=16571&source=see_link


402

response [84, 85]. A clinical trial that included mTOR inhibitors was not associated 
with a therapeutic advantage [86]. The reader is referred to clinicaltrials.org for 
information regarding study availability.

A retrospective review that identified 95 patients from three institutions identi-
fied female gender, macroinvasion, lymph node involvement, advanced stage, and 
unresectability as poor prognostic features [84].

 Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) originates from the intrahepatic biliary epi-
thelial cells, comprising 20% of the cholangiocarcinomas, which most commonly 
emerge from extrahepatic bile ducts [87]. The risk factors that have been identified 
in association with ICC include primary sclerosing cholangitis, hepatobiliary flukes, 
hepatolithiasis, and biliary malformations, or patients may not have risk factors 
for ICC.

Patients may be asymptomatic or present with right upper quadrant pain and an 
associated mass. The liver profile is suggestive of cholestasis [88]. Cancer antigen 
19–9 (CA 19–9), with a value greater than 1000  U/ml, suggests metastatic dis-
ease [89].

Radiographically, peripheral tumors tend to be associated with bile duct dilata-
tion, with retraction of the liver capsule noted in 36% of cases in a series of 24 
patients, which included 25 tumors. In the portal phase, the tumors were hypodense, 
with hyperattenuation in delayed phases. It was noted that rim-like contrast enhance-
ment was the most common feature in the arterial or portal phases, with portal 
encasement in 40% of the cases [90, 91]. However, the definitive diagnosis is made 
histologically.

The treatment of choice is the resection of the tumor [92]. Liver transplantation 
has not been associated with a favorable prognosis because of the high recurrence 
rate [93]. For patients with unresectable tumors, locoregional therapies are pro-
posed and include transarterial chemoembolization, radioembolization, and high- 
dose, conformal external-beam radiation [94].

 Hepatic Angiosarcoma

Hepatic angiosarcoma is uncommon. It originates from the sinusoidal lining. It 
tends to be more common in men than in women at least 50 years old [95]. The risk 
factors identified in this type of tumor are thorium dioxide, vinyl chloride, arsenic, 
and radiation exposure [96]. In addition, hemochromatosis and von Recklinghausen 
disease have been reported in association with hepatic angiosarcoma [96].

Patients tend to present with fatigue, abdominal pain, hepatomegaly, ascites, and 
hemoperitoneum from tumor hemorrhage [97].
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Histologically, the tumor is comprised of dilated cavernous vascular spaces lined 
by pleomorphic neoplastic cells and spindle cells [98]. It is a highly aggressive 
tumor at risk for spontaneous bleeding and in association with biopsy.

Imaging studies with CT and MRI are reported to exhibit tumor enhancement in 
different phases of the dynamic post-contrast study, with heterogeneous hyperen-
hancement on the first post-contrast phase that progressively expands on the subse-
quent phases, and typically follow blood pool with regards to CT attenuation and 
magnetic resonance signal intensity [99].

The prognosis of hepatic angiosarcoma is dismal, with a reported survival period 
of 5  months [100]. Surgical resection is the optimal treatment for patients with 
localized disease [101]. Several chemotherapeutic regimens have been used, but a 
therapeutic benefit has not been demonstrated [101]. Hepatic angiosarcoma is an 
aggressive liver tumor for which treatment is suboptimal in the absence of curative 
resection [102].

 Hepatic Epithelioid Hemangioendothelioma

Hepatic epithelioid hemangioendothelioma (HEHE) is a hepatic tumor of endothe-
lial origin characterized by an unpredictable behavior [103], more common in 
women, and reported to occur in 1 per one million persons [104].

Patients present with abdominal pain associated with a mass, or masses, and 
weight loss [105]. The liver profile tends to be mixed, with a predominance of cho-
lestasis, reflecting the space-occupying effect of the liver masses.

Histologically, the tumors have dendritic and epithelioid cells with vacuoles that 
represent intracellular lumina. The stroma is fibrous. The tumorous cells are posi-
tive for endothelial markers, including factor VIII-related antigen, CD34, and/or 
CD31 [106].

Radiographic findings from contrast-enhanced CT and MRI include multiple 
hypoattenuating lesions in both hepatic lobes that merge into large hypoattenuating 
regions in a peripheral or subcapsular distribution, with a halo or target pattern of 
enhancement in large lesions. There may be capsular retraction associated with 
peripheral lesions. A typical finding known as lollipop sign is the tapering of hepatic 
or portal veins to terminate at the end or within the masses’ edge. MRI reveals 
hypointense lesions versus the surrounding parenchyma on unenhanced T1 with 
heterogeneously increased signal intensity on T2-weighted images. Contrast 
enhancement with gadolinium shows a peripheral halo or what has been described 
as a target-type enhancement pattern with a peripheral hypointense rim [107].

The treatment of HEHE depends on the clinical status of the patient and includes 
liver transplantation, resection, and chemotherapy with agents that include doxoru-
bicin, vincristine, interferon-α, 5-fluorouracil, thalidomide, and monoclonal anti-
bodies against vascular endothelial growth factor, with the first two being associated 
with the best prognosis. After liver transplantation, the 5-year survival rate is 55% 
to 75%, and with resection, 75% [108].
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 Hepatic Mucinous Cystic Neoplasm

Hepatic mucinous cystic neoplasms comprise less than 5% of hepatobiliary 
tumors [109].

The tumors have been reported mostly in middle-aged women, in the case of 
cystadenomata, and in men, cystadenocarcinoma, with associated right upper quad-
rant pain, usually in association with large masses [110, 111].

In a study that characterized this type of tumor, the lesions were identified radio-
logically as measuring 25–250 mm in diameter, the majority intrahepatic in loca-
tion, unilocular, multicystic, and multilocular, the latter being the most common, 
with the absence of papillary mural nodule in 25 of 26 tumors [112].

Cystadenocarcinomas are characterized by cellular pleomorphism, anaplasia, 
and infiltration of fibrous stroma. It has been suggested that cystadenocarcinomas 
evolve from cystadenomata [110]. The tumors are now defined as cyst-forming epi-
thelial neoplasms that usually do not communicate with the bile ducts, character-
ized by cuboidal to columnar epithelial cells, with various degrees of mucin 
production, and associated with ovarian-type subepithelial stroma [112].

It is difficult to determine the nature of these tumors [113]; thus, malignancy 
must be considered when the tumors appear as described above. In those cases, 
surgical resection is a definitive treatment, associated with good outcomes [113]. 
We recommend referral to centers with expertise in hepatobiliary surgery for an 
optimal approach.
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Chapter 14
Drug Induced Liver Injury

Nora V. Bergasa

A 60 year old man was seen in the hepatology clinic for follow up prior to initiating 
treatment of chronic hepatitis C. The patient reported pruritus, which had started over 
several days prior to the second visit. On exam, he had scleral icterus, excoriations 
from chronic scratching, and hepatomegaly at the expense of the left lobe of the liver.

On the index visit, which had taken place eight weeks prior to the second visit, 
no risk factors for viral hepatitis had been identified. The patient’s comorbidities 
included hypertension, type 2 diabetes, and a remote cerebrovascular accident that 
had left him emotionally labile without gross sensory or motor neurological deficits. 
He had been born outside the United States and was unemployed.

His medications included amlodipine and insulin. Three weeks prior to the index 
visit, the patient had been treated for Helicobacter pylori infection with pantopra-
zole, clarithromycin, and metronidazole for fourteen days. The patient had not taken 
any over the counter medications or herbal remedies.

A liver disease workup had not revealed any causes of liver disease other than 
chronic hepatitis C.  The liver sonogram was normal. The APRI score was 0.96, 
consistent with advanced fibrosis.

Drug-induced liver injury (DILI) from clarithromycin was suspected. A sum-
mary of the liver profile over the course of his acute illness is shown in Table 14.1.

The patient suffered from pruritus, which was treated with cholestyramine and 
naloxone infusions in the hospital and subsequently managed with naltrexone and 
pregabalin. Antipruritic medications were tapered and discontinued as pruritus 
decreased. The serum activity (SA)s of AST, ALT, and AP and the serum bilirubin 
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concentration decreased gradually over eight weeks. He was started on  sofosbuvir/
velpatasvir for the treatment of his HCV eight weeks after the first documentation 
of DILI.

The treatment of HCV was associated with a cure. He is enrolled in a surveil-
lance program for hepatocellular carcinoma. He has developed diabetic nephropa-
thy, which explains the increase in AP SA, which likely has a component of 
bone origin.

 Etiology

Hepatotoxicity is defined as toxic damage to the liver. The spectrum of hepatotoxic-
ity includes the nature of the hepatotoxic agent, the type and mechanism of liver 
injury, the circumstances of the exposure, and the medical and social importance [1]

Hepatotoxic agents can be inorganic and organic. The inorganic agents include 
metals, hydrazine derivatives, and iodides. The organic agents include plant toxins 
such as pyrrolizidines and tannic acid, mycotoxins such as aflatoxin, bacterial endo-
toxins and exotoxins, and synthetic compounds including nonmedicinal agents such 
as organic amines and azo compounds, and medicinal agents used for diagnostic 
and treatment purposes [1].

Table 14.1 Laboratory exams of the patient described over the course of illness

Liver Profile
Hepatitis C 
Viral Load 
and genotype T minus 21 T0 T12 T16

T20 
(HCV 
Rx 
started) T32 T48 T144

Treatment of HP 
with pantoprazole, 
clarithromycin, and 
metronidazole 
started

AST (IU/ml) 70 101 86 78 45 24 25
ALT(IU/ml) 64 60 42 38 26 25 36
AP (IU/ml) 159 449 560 556 410 168 235
TB (mg/dl) 0.7 5.5 10.7 2.5 0.3 0.4 0.4
Albumin 9 g/
dl)

3.9 3.0 2.7 2.5 2.7 4.0 3.8

PT (seconds)/
INR

10.9/
1.05

10.9 10.6 10.7 11.5 
/1.12

11.5

HCV RNA 
IU/ml/
Genotype

100,921/
1a

101 86 78 Not 
detected

Not 
detected

Not
Detected

T minus 21: 21 days prior to the index visit to the clinic
T0: index visit
T12-T144: twelve to 144 weeks post index visit
AST aspartate aminotransferase, ALT alanine aminotransferase, AP alkaline phosphatase, HCV 
hepatitis C, INR international normalized ratio
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Hepatotoxicity can be associated with necrosis, steatosis, cirrhosis, and carci-
noma. Other forms of hepatotoxicity concern impaired bile flow and bilirubin excre-
tion. Vascular and degenerative lesions can also result from hepatotoxicity [1].

The mechanisms of liver injury can be true hepatotoxicity or secondary to the 
host susceptibility to an agent. True hepatotoxicity refers to an agent’s ability to 
cause liver injury in most recipients of different species. An idiosyncratic reaction is 
mediated by the host’s immune or metabolic response to an agent. There is a mix of 
host susceptibility and idiosyncrasy supporting liver injury [1].

The circumstances under which liver injury occurs have been divided into (1) 
toxicologic, including: (i) occupational: routine exposure or accidental, (ii) domes-
tic: accidental or suicidal exposure, ingestion of contaminated food, recreational 
drug use, e.g., euphorogenic substances, (iii) environmental: pollution, natural hep-
atotoxins, and (2) pharmaceutical: (i) iatrogenic, and (ii) self-medication [1].

The focus of this chapter is drug-induced liver injury (DILI). The most important 
intervention in DILI cases is to identify the agent and to discontinue its use. 
Rechallenge should not be done because of the risk of inducing a worse reaction 
than the first one, including liver failure. Livertox.NIH.gov is a search database with 
extremely valuable information, which should be accessed to evaluate a patient in 
whom DILI is being considered [2].

DILI is the injurious effect to the liver by an agent, natural or produced [3], 
exhibited by an increase in the SA of the liver associated enzymes, alanine and 
aspartate aminotransferases (ALT and AST), and alkaline phosphatase (AP) activi-
ties, which can be accompanied by hyperbilirubinemia and hepatic synthetic dys-
function, including acute liver failure (ALF) [4].

 Risk Factors for Dili

 Genetics

Individualization of treatment based on comprehensive new generation sequencing 
(NGS) genotyping data provides the opportunity to prescribe effective and safe 
medications to individuals according to their genetic predisposition to efficacy and 
side effects, i.e. the prescribed drug should be chosen according to the patient’s 
probability of benefit and their susceptibility to developing side effects [5]. 
Accordingly, the inclusion of pharmacogenetics is of great importance in drug 
development. Pharmacogenetics is a field in evolution that will lead to a decrease in 
adverse reactions to drugs, as a genetic predisposition is proposed in cases of idio-
syncratic DILI, and support for this idea has been provided.

A study of cultured T cells provided the immunological basis for flucloxacillin- 
induced liver injury. Flucloxacillin-responsive CD4+ and CD8+ T cells in patients 
with DILI from this medication were identified. Naive CD45RA + CD8+ T cells 
expressing HLA-B*57:01 from normal volunteers were activated with 
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flucloxacillin when dendritic cells presented the agent antigen. The production of 
interferon gamma, T helper (Th) 2 cytokines, perforin, granzyme B, and FasL was 
reported in association with T-cell clones’ exposure expressing CCR4 and CCR9 
that migrated towards CCL17 and CCL 25 in response to stimulation by the drug. 
The activation of CD8+ clones with flucloxacillin was restricted by HLA-B*57:01 
and related to HLA-B*58:01 and dependent on antigen processing. Additional reac-
tivity to β-lactam antibiotics, including oxacillin, cloxacillin, and dicloxacillin, was 
documented by the clones [6].

A genetic predisposition to flucloxacillin-induced DILI was confirmed by a 
genome-wide association study (GWAS) in 51 cases with this condition versus 282 
control samples. The study documented an association peak in the major histocom-
patibility complex (MHC) region with the strongest association noted for 
rs2395029[G], a marker in complete linkage disequilibrium with HLA-B*5701 [7].

Amoxicillin-clavulanate induced DILI has been significantly associated with the 
DRB1*1501-DRB5*0101-DQB1*0602 haplotype [8]. A genetic predisposition for 
amoxicillin-clavulanate induced DILI was confirmed and expanded by a GWAS 
study that included 822,927 single nucleotide polymorphism (SNP) markers from 
201 white subjects in Europe and the United States versus 532 well-matched control 
subjects. The main finding was with an HLA class II SNP (rs9274407, 
P  =  4.8  ×  10(−14)), which correlated with rs3135388, a tag SNP of HLA- 
DRB1*1501-DQB1*0602 [9].

The absence of HLA-DQA1*0102 and the presence of HLA-DQB1*0201 were 
independent risk factors for DILI in a group of 56 patients from 346 who developed 
DILI in association with antituberculous therapy with isoniazid, rifampicin, and 
pyrazinamide and ethambutol and streptomycin from North India [10, 11].

Genetic susceptibility to DILI from diclofenac has been reported in association 
with rs17036170 upstream of the gene peroxisome proliferator-activated receptor 
gamma (PPARG), which participates in lipid metabolism [12] and with rs7574865, 
near the signal transducer and activator of transcription 4 gene (STAT4). The latter 
has been implicated in autoimmune diseases [13, 14].

Idiosyncratic drug reactions also concern metabolic pathways of detoxification 
and hence the genetics behind drug metabolism. In this regard, studies have explored 
associations with the cytochrome p450 family because of its role in phase I drug 
metabolism [15], UDP-glucuronosyltransferases, the role of which is glucuronida-
tion to end the biological actions of drugs and to facilitate the renal excretion of 
lipophilic medications [16].

N-acetyltransferases, which are drug-metabolizing enzymes that acetylate drugs 
and carcinogens [17], and glutathione S-transferases, the function of which includes 
to catalyzing the conjugation of electrophilic substrates to glutathione and protec-
tion of cells from peroxidation [18].

Susceptibility genes identified in association with DILI in the context of drug 
metabolism include: (i) in the cytochrome p450 group, CYP2E1 for isoniazid [19] 
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and CYP2C9 for bosentan, (ii) the UDP-glucuronosyltransferases UGT2B7 for 
diclofenac [20], (iii) the N-acetyltransferases NAT2 for isoniazid [21], and in the 
glutathione S-transferases, GSTM1 for troglitazone [22] and GSTT1 for amoxicillin- 
clavulanate [23].

A GWAS included 55 subjects from India and 70 European with DILI and 1199 
Indian and 10,397 European controls. The study found a significance for the HLA- 
B*52:01 and the rs117491755  in ASTN2, which was found in Europeans. The 
NAT2*5 frequency was lower in DILI cases than in controls. NAT2*6 and NAT2*7 
were the most common genes, homozygotes for NAT2*6 or NAT2*7 or both, the 
more common in cases than in the control group. These results were interpreted to 
suggest that the HLA genotype makes a small contribution to DILI from anti-tuber-
culosis medications. An impact from NAT2 was documented when the metabolic 
effect of NAT2*5 and NAT2*6 and NAT2*7 was taken into consideration [24].

Transport proteins may be involved in DILI because of their function in uptake 
of drugs into the hepatocyte and biliary excretion of metabolites [25]. In this con-
text, the C-24 T variant of ABCC2, which codes for the multidrug resistance pro-
tein 2 (MRP2) [26], was identified in association with DILI from diclofenac [20], 
and the ABCB1, which codes for P-glycoprotein [27], with DILI from nevirap-
ine [28].

A genetic predisposition to DILI from certain drugs has been confirmed; there-
fore, it is important to determine if an individual is at risk for DILI before initiating 
treatment with a given drug. The use of drugs at high risk for DILI should be 
avoided if other options are available, in the author’s opinion. In clinical practice, it 
may not be feasible to check genetic predisposition to DILI from certain drugs; 
however, there is precedent for the inclusion of HLA typing prior to prescribing 
abacavir to treat HIV. In this regard, “100% of those who develop it [hypersensitiv-
ity reaction] are positive for HLA-B*57:01,” which has resulted in the recommen-
dation by drug regulators worldwide for genotyping for HLA-B*57:01 prior to 
prescribing this drug [29]. Amoxicillin/clavulanate induced DILI has been signifi-
cantly associated with the HLA class II antigen DRB1*1501-DRB5*0101-
DQB1*0602 haplotype [8]. Accordingly, an alternative medication can be used to 
avoid a devastating DILI, which can result in ductopenia and tremendous suffering 
from pruritus, and other complications from hepatobiliary disease. HLA-B*1502 
has been reported more frequently in patients who develop Stevens–Johnson’s syn-
drome in association with carbamazepine; thus, alternative anticonvulsants can be 
prescribed. Clearly, significant efforts to facilitate testing for genetic predisposi-
tion, including clinical availability from commercial laboratories and pricing, must 
be made.

A search for studies on the subject of epigenetics, a phenomenon that may pre-
dispose to hepatotoxicity, and DILI did not yield any results; however, this is an area 
of research that will provide valuable information and will improve patient care 
when used in the clinical arena [5].
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 Age

The capacity to metabolize medications may be impaired with age, and hence, 
may predispose individuals to DILI. However, in an observational study of 899 
patients considered to have DILI, the age of at least 65 years was not associated 
with increased mortality or liver transplantation [30]. A similar distribution in 
gender and age was documented in a study from Spain that included 603 cases of 
DILI, with a peak distribution in the 40 to 49 and 60 to 69 age groups, with no 
reported cases in the 20 to 29  years aged group. Patients at least 60  years old 
accounted for 46% of cases, with a significant majority being men; however, ful-
minant liver failure and liver transplantation were more common in women than 
in men. The proportion of cholestatic liver injury increased with age [31], a find-
ing similar to the study from the United States [30]. In contrast, a prospective 
study from Iceland that included 96 patients with DILI, excluding acetaminophen 
induced toxicity, documented the highest incidence in the group 80 to 106 years of 
age, i.e. 41 per 100,000 inhabitants. The mean prescription rate increased with 
age, and it was the highest for this group [32]. These findings have suggested that 
an increase in the number of medications in the elderly may be implicated in DILI 
risk [32, 33].

Isoniazid hepatotoxicity from a sample of 3377 patients was studied from a data-
base of patients treated from 1996 to 2003 in a public health department clinic in the 
United States. Classified per 1000 individuals and according to age group, 4.40 
events were reported in the 25 to 34 years group, 8.54 in the 35 to 49 years, and 
20.83 for those at least 50 years old [34]. In contrast, the use of valproic acid as part 
of antiseizure therapy was associated with a marked increase, 1:600, in fatal hepa-
totoxicity in patients younger than 2 years of age [35]. Other risk factors included 
developmental delay and metabolic disorders [35].

In regards to isoniazid, a predominance of cholestatic liver injury occurs in the 
elderly, which differs from the typical hepatocellular injury associated with this 
drug, which happens more frequently in people over the age of 35, and that dramati-
cally increases after age 50 [34].

 Gender

The studies from Spain, Iceland, and the United States did not support an increase 
in the incidence of DILI in women versus men [30–32]; however, it is noted that 
women tend to be more susceptible than men to DILI of the autoimmune type, 
which may be a reflection of the increased risk of some autoimmune liver diseases 
in this gender, including autoimmune hepatitis and primary biliary cholangitis 
[36, 37].
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 Race and Ethnicity

The daily use of four grams of acetaminophen in a controlled study documented that 
Hispanic American subjects had a 1.9 relative risk (RR) (95% confidence interval 
(CI), 1.1–3.33) versus non-Hispanic subjects of exhibiting an increase in serum 
activity of ALT. There was no difference in the peak and trough or area under the 
drug curve levels between the subjects who exhibited versus those who did not 
exhibit an increase in serum ALT activity. The findings suggested that drug metabo-
lism alone may not have been related to ALT activity increases, and perhaps, the 
ethnicity determined the increase in ALT activity. Racial characteristics of the 
Hispanic subjects were not reported; thus, it is unclear whether the ALT phenome-
non was related to ethnicity, race, or both [38].

Idiosyncratic DILI was reported in association with increased morbidity and 
mortality in a study that included 144 African American versus 841 non-Hispanic 
white patients. Trimethoprim/sulfamethoxazole, methyldopa, and phenytoin were 
more injurious in African American than in non-Hispanic white subjects. The sever-
ity of DILI was worse in African American patients, who had more skin reactions, 
were hospitalized more often, underwent more liver transplantations, and had more 
liver related deaths 6 months post DILI than the non-Hispanic white subjects [39].

A meta-analysis of pharmacogenetic studies of drug-metabolizing enzyme poly-
morphisms that included 2225 patients and 4906 control subjects revealed an asso-
ciation between drug-induced liver injury from anti-tuberculosis drugs and 
CYP2E1*1A in East Asians when the data were stratified by ethnicity [40].

 Alcohol

The effect of alcohol on toxicity has been documented for substances that include 
acetaminophen, cocaine, halothane, and isoniazid, on which it has a marked 
enhancement, with a moderate enhancement for others, including vitamin A and 
methotrexate [41].

 Pregnancy

Pregnancy is included as a variable in causality assessment scales; however, there is 
no evidence that pregnancy per se increases the risk of DILI; however, some drugs 
used in pregnancy, including methyldopa, hydralazine, and propylthiouracil used to 
treat specific comorbidities can cause DILI; thus the clinician must be aware of their 
association with liver injury.
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 Comorbidities

Risk factors for nonalcoholic fatty liver disease may be associated with steatosis 
and steatohepatitis from medications. In this regard, tamoxifen was associated with 
an increased risk for nonalcoholic steatohepatitis in patients with high serum tri-
glyceride and fasting blood sugar concentrations, and low high density lipoprotein. 
Tamoxifen related injury was not associated with hypertension, obesity, and over-
weight state in a study from Iran [42]. These results contrast with those from a 
prospective randomized, double blind, placebo controlled trial from Italy in which 
tamoxifen was associated with an increased risk to develop nonalcoholic steato-
hepatitis only in overweight and obese women with characteristics of the metabolic 
syndrome [43].

Methotrexate is another drug that has received much attention regarding its ther-
apeutic benefits and its risk for hepatotoxicity. In this regard, a record review from 
patients listed from 1987 to 2011 for liver transplantation with the Organ Procurement 
and Transplantation Network because of liver disease from methotrexate was con-
ducted [44]. The study reported a low (0.07%) proportion of adult patients listed or 
transplanted for methotrexate induced liver disease, with Caucasian, middle-aged 
women with diabetes being significantly present in the group. These characteristics 
did not differ from the group listed for nonalcoholic steatohepatitis except for the 
race [44]. The results also indicated that a common pathway might underlie the 
pathogenesis of nonalcoholic steatohepatitis and methotrexate induced liver injury 
when it happens. However, the results cannot be interpreted to suggest that metho-
trexate increases the risk of toxicity in patients at risk for nonalcoholic steatohepa-
titis [44]. Although a slight deviation from the discussion of comorbidities as risk 
factors for DILI, it is worth noting that the authors cite a request for additional data 
regarding methotrexate induced hepatotoxicity [44], which might have been exag-
gerated for a drug that has important beneficial effects [45]. The authors add that 
their work fulfills that request and conclude that methotrexate induced hepatotoxic-
ity is rare [44]. However, the EASLD (European Association for the Study of Liver 
Diseases) Clinical Practice Guidelines: Drug-induced liver injury state “compo-
nents of the metabolic syndrome should be considered risk factors for the occur-
rence and the degree of DAFL [drug-induced fatty liver disease] in patients treated 
with tamoxifen and methotrexate” [33].

 Chronic Liver Disease

Baseline increased activity of aminotransferases and coinfection with the hepatitis 
C virus were identified as risk factors for DILI in association with antiretroviral 
drugs, from a retrospective review of data from 8851 patients enrolled in 16 Adult 
AIDS Clinical Trial Group studies from 1989 to 1999 [46].
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In a study that included 371 patients with HIV infection, 24.5% of the patients 
diagnosed with tuberculosis had underlying liver disease, comprised of acute and 
chronic viral hepatitis, alcoholic hepatitis, “other hepatitis,” and chronic liver dis-
ease, which was diagnosed at baseline or during anti-tuberculosis treatment. 
Increased serum AST and ALT activities occurred in 31.2% of the episodes of posi-
tive tuberculosis diagnosis during the first month of treatment, with the most com-
mon increases being twice the upper limits of normal (ULN) in half of the patients. 
However, five and ten times the ULN values were also documented. This study’s 
relevance is that patients with HIV and tuberculosis may also have chronic liver 
disease, suggesting that liver profile monitoring during treatment is important [47].

Hepatitis C was also identified as a risk factor for DILI in association with anti- 
tuberculosis drugs, as documented from a retrospective study of 128 patients. 
Coinfection with hepatitis B and C was also identified as a risk factor for DILI as 
were increased age and baseline abnormality of the liver panel [48].

From a prospective study that examined the outcomes of 899 patients with DILI, 
it was reported that the severity of the liver injury was greater in patients with liver 
disease and that DILI was associated with a significant increase in mortality of 
10.8% over those without preexisting liver disease. The most common drug associ-
ated with DILI in patients with preexisting liver disease was azithromycin [30].

 Drug Dependent Risk Factors

Medication dose contributes to liver injury, with greater than 50 mg per dose associ-
ated with an increased risk for DILI. For example, acetaminophen at a single dose 
greater than 7.5 g is related to acute liver toxicity. However, idiosyncratic DILI is 
characterized by a lack of clear dose dependency [49]; nevertheless, it is now con-
sidered that idiosyncratic DILI may also be related to dosage.

Among prescription medicines from pharmacy databases in the United States, a 
statistically significant relationship was observed between daily doses of oral medi-
cations and liver failure reports, liver transplantation, and death from DILI [50]. 
Recorded by the Swedish Adverse Drug Reactions Advisory Committee, 9% of all 
DILI cases were in the category of less than 10 mg per day, 14.2% in the 11–49 mg 
per day, and 77% in the at least 50 mg per day group, with an associated death or 
liver transplantation in 2%, 9.4%, and 13.2%, respective to the categories [50].

 Drug Metabolism

Drug metabolism can generate metabolites that react with intracellular substances 
that alter cellular function and provoke injury [51]. Some of the drugs documented 
to cause reactive metabolites include acetaminophen, tamoxifen, isoniazid, and car-
bamazepine [52].
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Hepatic metabolism greater than 50% was defined as high for a study that 
explored the relationship between metabolism and DILI [53]. It was reported that 
drugs with high hepatic metabolism were associated with a significant increased 
frequency of high ALT activity, liver failure, and DILI associated with death [53].

 Lipophilicity

Lipophilicity is a chemical compound’s ability to dissolve in fats, oils, lipids, and 
non-polar solvents. Highly lipophilic drugs have an increased ability to cause toxic-
ity. The combination of lipophilicity and daily dose, known as the rule-of-two, is 
considered an indication of a drug’s hepatotoxic potential [54]. In this regard, high 
lipophilicity may facilitate an increase in the drug uptake by the hepatocyte [54]. 
The Ro2 analysis is a model that may identify the hepatotoxicity potential of drugs 
in the development process [55, 56].

 Drug Interactions

It is not infrequent for patients with DILI to be taking multiple medications. The 
exercise of reviewing each medication’s start date and the first day of documented 
abnormalities, clinical or laboratory, is fundamental, and it may take more than the 
20 to 30 minutes allowed to see patients in many clinics. The identification of DILI 
culprits has been greatly facilitated by the creation of the LiverToxNIH.gov website 
[2]. The readers of this book must learn that unless a vigorous medication reconcili-
ation, which may involve reviewing the medication bottles, calls to the pharmacy, 
and communication with other members of the health care team is done, the drug 
involved will not be identified, and the opportunity to discontinue it will be missed.

The mechanism of hepatotoxicity in drug interactions may be related to the abil-
ity of some agents to induce the cytochrome p450 family of enzymes, such as rifam-
picin, which, when coadministered with isoniazid, increases the odds of DILI [57], 
and carbamazepine and phenytoin, with valproic acid [58].

 Mitochondrial Toxicity

Drugs that decrease mitochondrial number and function are associated with fatty 
liver, including liver failure. The mechanism of this type of liver injury may result 
from increased production of reactive oxygen species, impaired mitochondrial per-
meability transition, altered mitochondrial respiration, mitochondrial DNA dam-
age, or inhibition of beta-oxidation of fatty acids [59].
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This category of hepatotoxic drugs includes fialuridine, a nucleoside analogue 
[60], thiazolidinediones, fibrates, cholesterol lowering drugs, antidepressants of the 
serotonin reuptake inhibitors type, serotonin antagonists used for nausea treatment, 
pain medications (NSAIDs), some antibiotics including fluoroquinolones and mac-
rolides, kinase inhibitors and anthracyclins, anticancer drugs [61], and most of the 
reverse transcriptase inhibitors used in the treatment of HIV, which act by the inhi-
bition of human DNA polymerase gamma [62].

 Inhibition of Hepatobiliary Transporters

Hepatobiliary transporters regulate the uptake of substances into the hepatocyte and 
the export of endobiotic and xenobiotics to prevent their intracellular accumulation, 
which can be toxic. The bile salt export protein (BSEP) is located on the hepato-
cyte’s canalicular domain and removes monovalent, conjugated bile salts from those 
cells. An association between the pharmacological interference with BSEP function 
and DILI has been hypothesized [63].

The role of BSEP in DILI has been described for several drugs, including gli-
tazones [64], some antiretrovirals agents [65], and endothelin antagonists [66]. In 
vitro models that test the function of BSEP have been suggested for inclusion in the 
development of drugs to identify potential toxic agents prior to the human testing 
phase [63].

 Epidemiology

Four hundred and sixty-one DILI cases were confirmed from 1994 to 2004  in 
Spain’s cooperative network [67]. Antimicrobials were the most common type of 
drugs, with amoxicillin-clavulanate comprising 12.8% of the cases [67].

A prospective study conducted in Iceland from 2010 to 2011 included 96 sub-
jects with DILI. The crude annual incidence was reported as 19.1 (95% confidence 
interval [CI], 15.4–23.3) cases per 100,000 inhabitants, 56% being women, with a 
median age of 55 years. Seventy-five percent was caused by prescription medica-
tions and 16% by dietary supplements. Again, the most common drug involved in 
DILI was amoxicillin-clavulanate, in 22% of the cases, with diclofenac in 6%, and 
azathioprine, infliximab, and nitrofurantoin in 4% [32].

The Drug-Induced Liver Injury Network from the United States provided a sub-
group analysis of its prospectively collected data on DILI beginning in 2004 with 
patients followed for 6 months. From 1257, causality was assessed in 1091, with 
899 being confirmed as definite, highly likely, or probable DILI. Azithromycin was 
significantly more common in patients with liver disease, 6.7%, versus those with-
out liver disease, 1.5% [30].
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It is essential to identify vitamins, minerals, dietary elements, food components, 
natural herbs, herbal preparations, and synthetic compounds taken to supplement 
the diet as possible culprits in the approach to a patient with liver injury. A report 
including these substances documented the DILI cases proportion from 7% in 2004 
to 2005 to 20% in 2013–2014, with bodybuilding supplements as a cause of liver 
injury from 2% to 6% over the same period [68].

 Approach to a Patient with Suspected Drug-Induced 
Liver Injury

DILI is part of the differential diagnosis of a patient with an abnormal liver profile. 
It is a diagnosis of exclusion; thus, other causes of liver disease must be excluded 
before attributing liver disease to a drug, without the workup being an impediment 
to a rapid diagnosis [2].

A detailed medication history including those prescribed, over the counter and 
herbal supplements, and illicit drugs and alcohol is very important. In addition, 
serology for acute or chronic viral hepatitis A, B, C, and E [69], autoimmune mark-
ers, and serum concentration of immunoglobulins, ceruloplasmin, and alpha 1 anti-
trypsin, and iron studies comprise the laboratory investigation in a patient with liver 
disease, including DILI [70]. Ischemic hepatitis is a complication not infrequently 
identified in hospitalized patients [71]. In addition, hepatic manifestation of extra-
hepatic diseases has to be considered in the differential diagnosis [72, 73].

The information required from the history in the approach to a patient with liver 
disease from DILI is: (1) time to onset or latency, i.e., challenge, which is the time 
from the first dose of the agent to the onset of liver injury, (2) time to recovery, i.e., 
dechallenge, (3) injury pattern and clinical phenotype, (4) exclusion of other causes 
of liver disease, (5) known information about a drug being the cause of liver injury, 
i.e., likelihood, and (6) response to reexposure, accidental or intentional, i.e., rechal-
lenge, which is not done intentionally.

The time to onset can be established from the time the drug was prescribed to the 
time the first symptom or sign of liver injury is experienced or exhibited, e.g., 
fatigue, jaundice, or choluria, because the time to the first abnormal liver test cannot 
be identified unless the patient is being monitored with blood work [2, 74, 75].

The time to recovery is when the medication is stopped to the time the liver 
injury is resolved. In general, the resolution starts on discontinuation of the drug 
with notable decreases in liver associated enzyme activity within a week of discon-
tinuing the agent; however, prolonged DILI can occur, which requires continuity of 
care to document resolution [2, 74, 75].

The pattern of liver injury, i.e., the pattern of the liver profile, or the clinical phe-
notype, may be typical and consistent with what has been reported in the literature, 
hence the importance of search databases, e.g., LiverToxNIH.gov and communica-
tion with pharmacists [2, 74, 75].
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The exercise through which efforts are made to identify the DILI agent is called 
causality assessment. The instruments used in the causality assessment process for 
hepatotoxicity are the Roussel Uclaf Causality Assessment Method (RUCAM) [76] 
and its modification, Maria and Victorino (M & V) system [77]. Expert opinion is 
the best method to arrive at a diagnosis of DILI [78]; however, as it requires the 
participation of several clinicians, it may not be practical in some settings if an 
immediate opinion is necessary, but it is undoubtedly worthwhile to seek it as soon 
as possible.

In the context of clinical trials, and clinical work, possible hepatotoxicity by 
laboratory criteria is defined as [79]:

 1. minimally abnormal serum test results, which signify a warning:

 (a) AST or ALT above the ULN and up to three times the ULN, or.
 (b) alkaline phosphatase up to 1.5 the ULN, or,
 (c) bilirubin up to two times the ULN, which “signify a warning” and,

 2. markedly abnormal serum test results, which are an indication for immediate 
action, i.e., discontinuation of the drug and clinical follow up:

 (a) AST or ALT more than three times the ULN, or.
 (b) alkaline phosphatase more than 1.5 the ULN, or,
 (c) bilirubin more than two times the ULN.

Causes of liver disease must be excluded as the drug is discontinued, as 
already stated.

Mortality can be high when DILI is associated with hepatocellular injury and 
jaundice [1]. The early identification of the high potential for a bad outcome with 
this type of DILI phenotype is fundamental in clinical trials and clinical medicine. 
This observation is known as Hy’s rule, after the master of hepatotoxicity, Dr. 
Hyman J.  Zimmerman, who recorded it [1, 80]. Severe hepatocellular injury, 
reflected by increased activity of serum transaminases, can overwhelm the liver’s 
capacity to function, e.g., to handle bilirubin, which is reflected by hyperbilirubine-
mia and is associated with a ten to 50 percent mortality from ALF from DILI [1]. 
The Food and Drug Administration has incorporated Hy’s rule in their drug approval 
process, and it modified the term Hy’s rule to Hy’s Law [80, 81].

Hy’s Law has been reexamined. The R value is a number that predicts the devel-
opment of ALF from DILI [80, 81]. The development of the new R value, i.e., nR, 
has been published. Data recorded between 1994 and 2012 from 777 subjects with 
805 episodes of DILI were examined regarding the peak in serum ALT activity and 
bilirubin concentration. Thirty-two of the 771 patients developed ALF. The inde-
pendent high risk factors to develop ALF were female gender, high serum bilirubin 
concentration, and serum AST to ALT activities ratio (AST: ALT). Comparative 
analyses with total bilirubin greater than two times the ULN, and either serum ALT 
activity greater than three times the ULN, an R value of ALT times the ULN divided 
by SA of alkaline phosphatase times the ULN of at least five were included as vari-
ables versus an nR, which was calculated by the inclusion of whichever transami-
nase activity was the highest, ALT or AST, divided by SA of alkaline phosphatase 
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times the ULN of at least five. At diagnosis, the R and the nR identified patients who 
developed ALF, with 67% and 63% specificity. The serum ALT activity and the nR 
model provided a 90% specificity for the development of ALF versus the R model, 
the sensitivity of which was 83%. The height of the serum alkaline phosphatase 
activity was similar between the group of patients who developed and those who did 
not develop ALF. An algorithm comprised of SA of AST greater than 17.3 times the 
upper limit of normal, a serum total bilirubin concentration of 6.6 times the ULN, 
and an AST: ALT activity ratio greater than 1.5 identified patients who developed 
ALF with a specificity and sensitivity of 82% and 80%, respectively. The use of this 
relatively new paradigm further facilitates the identification of patients who are at 
risk for ALF. It alerts the clinician to provide support measures to patients and vigi-
lant follow up for timely evaluation for liver transplantation [82].

A study that included 250 patients with suspected DILI evaluated the causality 
assessment by the use of a structured expert opinion process versus the Roussel 
Uclaf causality assessment method. Detailed clinical and laboratory data from 
patients with suspected DILI were distributed to expert committee members who 
reviewed, adjudicated, and completed a RUCAM scale. For 187 cases associated 
with a single agent, there was an initial complete agreement for 50 cases (27%) 
within the expert opinion process, and for 34 (19%) with a five-category RUCAM 
scale, which was not significantly different. The two methods exhibited a modest 
correlation with each other. It was noted that the RUCAM method decreased the 
causality towards less probable than the expert opinion. Importantly, the RUCAM 
approach substantially shifted the causality likelihood towards lower probabilities 
than the DILI expert opinion process. The results were interpreted to suggest that 
the expert opinion process produced higher agreement rates and likelihood scores 
than the RUCAM scale. However, the authors noted a substantial interobserver vari-
ability in both methods [78].

The availability of the LiverTox.NIH.gov website has revolutionized and 
improved the approach to a patient with suspected DILI [2]. We access it in our 
clinic sessions to identify the likely agent in possible DILI cases and generate a 
discussion between at least two clinicians to develop an expert opinion.

 Clinical Manifestations

Patients with DILI may be asymptomatic or have fatigue, pruritus, or both, depend-
ing on the pattern of liver injury [2, 74, 75].

Physical examination may be normal and may reveal scleral icterus and spider 
angiomata, especially in chronic DILI cases. If chronic, patients may have hepato-
megaly, splenomegaly, and ascites, as a sign of decompensation. In sinusoidal 
obstruction syndrome (SOS), tender hepatomegaly and ascites are typical, and jaun-
dice can be present. Liver masses are usually identified by radiographic studies, 
especially adenomata, which tend not to be palpable. Malignant tumors can present 
with palpable liver masses and their complications (Table 14.2).
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 Laboratory Exams

The pattern of liver injury has been classified as hepatocellular, cholestatic, or mixed 
hepatocellular and cholestatic. The R ratio is used to examine the probability of the 
type of liver injury, but it is not an exact determinant; it is clinical judgment and a 
good history that form the basis for a diagnosis of DILI. The R ratio is calculated as 
multiples of the upper limit of normal (ULN) for the given enzyme. The clinical 
phenotypes of DILI are shown in Table 14.2.

Hepatocellular injury is defined as an SA of ALT and AST, respectively more 
than ten times the ULN, with modest increases in SA of AP and gamma glutamyl 
transpeptidase (GGTP). An R ratio of ALT to AP of at least five defines the hepato-
cellular type of injury (Table 14.2).

Cholestatic liver injury is characterized by increased SA of AP and GGTP with 
minimal or modest increases of ALT and AST SAs. An R ratio of ALT to AP up to 
2 defines cholestatic liver injury. The bilirubin may be high (Table 14.2).

Two types of DILI require particular attention because of their distinct features: 
granulomatous hepatitis and DILI secondary to immunotherapy, including check-
point inhibitors.

Granulomatous hepatitis was reported as the least common type of histological 
injury pattern of DILI, 2.6%, in a retrospective study comprised of thirty-eight cases 
[83]. Granulomatous hepatitis has been reported in 5 to 10% of liver biopsy sam-
ples, with tuberculosis and sarcoidosis being considered the most common causes. 
A retrospective review documented 6% of cases of granulomatous hepatitis from 
1500 cases obtained over ten years, with 29% of the cases being attributed to medi-
cations as a cause, including antihypertensive, antirheumatic, anticonvulsant, and 
antimicrobial agents [84] (Table 14.2).

DILI secondary to immunotherapy has emerged as a unique complication in the 
treatment of patients with cancer with this relatively new therapy of checkpoint 
inhibitors [86] and with other immunomodulators [85], including nivolumab [85, 
86] (Table 14.2).

The most common pattern of DILI is a mixed liver profile, with hepatocellular 
and cholestatic features. The R ratio is between 2 and 5 (Table 14.2).

 Imaging Studies

A liver sonogram provides information on the liver architecture, including fat depo-
sition, blood flow, space occupying lesions, and aspects of biliary obstruction, 
including intra and extrahepatic. The addition of Doppler studies increases the 
information regarding blood flow [2].
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Computed tomography and magnetic resonance imaging (MRI) add information 
regarding the hepatic parenchyma and liver masses’ characterization. The MRI is an 
excellent test to examine the intra and extrahepatic bile ducts, including strictures 
and dilatations [2].

 Liver Histology

A liver biopsy is not fundamental in the diagnosis of DILI, but it can help in the 
presence of comorbidities, confounding factors, and uncertain diagnosis. The deci-
sion to do a liver biopsy should always be individualized according to the risks 
versus benefits of the information from the procedure. The findings of liver histol-
ogy versus the type of liver injury are reported in Table 14.2.

The histological findings associated with mild or moderate liver injury are granu-
lomata and eosinophils, in contrast to neutrophil infiltration, marked necrosis and 
fibrosis, marked cholestasis in association with bile ductular proliferation, portal 
venopathy, and microvesicular steatosis, which are associated with severe liver 
injury, liver transplantation, or death [33].

 Natural History

DILI can present with acute liver failure (ALF) [2, 87]; accordingly, extreme efforts 
must be made to identify the drug and discontinue it. ALF is the rapid onset of 
hepatic synthetic dysfunction and hepatic encephalopathy in the absence of prior 
liver disease [88]. ALF is associated with high morbidity and mortality [88].

A sixteen-year prospective study of ALF from the United States from 1998 to 
2013 enrolled 2070 patients, 69% of whom were women. DILI was the cause of 
ALF in 57.1%, 46.3% of which was due to acetaminophen hepatotoxicity, mostly 
due to accidental overdose, and 10.8% to other agents. Three notable observations 
were made from that study: admission to the intensive care unit increased, the use 
of N-acetylcysteine was not limited to acetaminophen induced ALF, and there was 
an increase in transplant-free survival and a decrease in liver transplantation listings 
for all causes of ALF, being statistically significant for ALF from acetaminophen 
induced DILI and other DILI cases [87].

Twenty-eight patients with a mean age of 55 years, 18 (62%) of whom were 
women comprised 5.7 of the 493 cases of idiosyncratic DILI reported to the Spanish 
registry. This group exhibited chronic changes on follow up of up to 20 months. 
Their liver panel was still abnormal at 3 months after discontinuing the drug associ-
ated with DILI for the hepatocellular phenotype of DILI, or more than 6 months 
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after a cholestatic and mixed pattern of injury [89]. The most common drug classes 
implicated in the DILI event associated with chronicity were cardiovascular, 28.5%, 
and central nervous system agents, 25%, compared to their proportions in the whole 
DILI database, 9.8%, and 13%, respectively [89]. The most common drugs associ-
ated with DILI were amoxicillin-clavulanate, bentazepam, atorvastatin, and capto-
pril. Nine percent of the patients with cholestatic and mixed DILI progressed to 
chronicity versus the 4% of hepatocellular cases, which significantly differed. Three 
of the patients with hepatocellular injury progressed to cirrhosis and two to chronic 
hepatitis. One with cholestatic and mixed injury progressed to cirrhosis, and three 
had documented bile duct lesions on liver histology. These data suggested that 
although cholestatic and mixed DILI are associated with chronicity more com-
monly than the hepatocellular type, the progression of the latter is of increased 
severity, i.e. cirrhosis [89].

A group of 59 patients, with a median age of 62 years (range 42–71) and a mean 
follow up of 48 weeks (range 26–96) post the DILI event, were evaluated in a clinic 
in Sweden. Prior to the DILI episode, nine patients had chronic liver disease from 
which progression was not documented on follow up. Three of the 50 (6%) without 
chronic liver disease had persistently abnormal liver panel not explained by another 
liver disease; they had been exposed to nitrofurantoin, clindamycin, and flucloxacil-
lin, with the last two drugs having been associated with hyperbilirubinemia during 
the DILI occurrence. The diagnoses made de novo in patients who continued to have 
abnormal liver tests were nonalcoholic fatty liver disease in three and alcoholic liver 
disease in one. These results were interpreted to suggest that chronic liver abnor-
malities are uncommon long term in patients who recover from DILI [90]. However, 
another follow-up study from the same group reported outcomes in patients who had 
experienced DILI in association with hyperbilirubinemia to the Swedish Adverse 
Drug Reaction Advisory Committee from 1970 to 2004. This group of patients had 
survived the DILI event and could be linked to the Swedish Hospital Discharge and 
Cause of Death Registries. From the accessed group comprised of 685 patients, 23 
(3.4%) had been hospitalized for liver disease, and 5 had liver related mortality, in 
whom the duration of treatment with the DILI implicated agent had been prolonged, 
135 days, compared to those in whom liver related morbidity and mortality were not 
documented, 53 days, both significantly different. Autoimmune hepatitis was diag-
nosed in five of the 23 patients (22%) after a mean of 5.8 years of the DILI episode. 
Thus, although not common, liver disease with important detrimental consequences 
can develop after DILI in association with jaundice. A role of DILI in the triggering 
of subsequent hepatic complications was considered [91].

Most DILI cases from checkpoint inhibitors are reported to resolve after the trig-
gering agent’s discontinuation and treatment with steroids. Deaths have been 
reported in patients who have DILI in association with systemic complications and 
in whom there was a delay in treatment with steroids [85]. The guidelines from the 
EASLD provide recommendations on the management of immune-mediated liver 
injury from this type of drug [33].

The reintroduction of an agent after documented DILI, i.e., rechallenge, is con-
troversial [33]. In cases of nonessential medications, this practice should be avoided. 
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In the context of cancer therapy, when the drug’s benefits outweigh its risk for caus-
ing DILI, the expertise from internists, hepatogastroenterologists, and oncologists 
in concert with the will of the patient and information from the pharmaceutical 
companies is required. In the context of clinical trials, the advisory board should be 
involved. As pharmaco-oncology is fortunately an area of continuous growth, 
updated guidelines and the LiverToxNIH.gov website should be a frequently 
accessed recourse [2].

 Associated Conditions

The most common organs involved in the drug rash with eosinophilia and systemic 
symptoms (DRESS syndrome) is the liver and the skin, thus being part of the DILI 
spectrum and associated with substantial morbidity [92]. Removal of the implicated 
agent and steroids is the standard treatment [93]

 Treatment

The treatment of DILI is the immediate discontinuation of the suspected agent, 
providing supportive care, managing symptoms of pruritus, and evaluating for liver 
transplantation in liver failure cases, thus requiring close communication with a 
liver transplant center and early referral.

Acetaminophen overdose is treated with oral charcoal to prevent its absorption 
when the ingestion is documented three to four hours before the presentation. 
N-acetylcysteine is a modified amino acid [88], which has been extended as a treat-
ment for ALF from causes other than acetaminophen toxicity [87]. Cysteine has 
antioxidant activity and is required to synthesize glutathione, an essential intracel-
lular antioxidant, protecting against free radicals and other intracellular toxins such 
as intermediates of drug metabolism. Glutathione is depleted in patients with acet-
aminophen overdose leading to the formation of toxic adducts of acetaminophen 
metabolites with essential intracellular molecules [94].

In the context of ALF, the use of steroids is not the standard, including ALF from 
DILI; however, EASLD guidelines on DILI state: “in idiosyncratic DILI, routine 
use of corticosteroids treatment may not be substantiated” [33], which may leave 
room for their use. In a retrospective study that included 361 patients with ALF, 131 
of whom had ALF from DILI, steroids were associated with what was considered a 
marginal beneficial effect on spontaneous survival, 35% versus 23%, but the effect 
was not sustained after multivariable analysis of the data [95]. The use of steroids 
and ursodeoxycholic acid in a group of ten patients with severe DILI was reported 
to decrease the SA of transaminases and bilirubin concentration by half within two 
weeks of treatment. Steroid therapy was tapered, and ursodeoxycholic acid was 
continued for several weeks [96].
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Cholestyramine binds anions in the small bowel. It decreases the enterohepatic 
circulation of compounds, including bile acids, increasing their fecal excretion [97]. 
It is reported on the LiverToxNIH website that leflunomide induced DILI should be 
treated with cholestyramine to enhance drug clearance [98], in addition to the dis-
continuation of the drug.

Valproic acid treatment can be associated with hepatotoxicity [99]. Carnitine is 
essential in the beta-oxidation of fatty acids. Carnitine depletion is associated with 
impaired transport of long-chain fatty acids into the mitochondrial matrix, leading 
to decreased β-oxidation, acetyl-CoA, and ATP production. A decrease in β-oxidation 
can change the metabolism of valproic acid towards predominantly peroxisomal 
ω-oxidation, which is associated with an increase in the production of ω-oxidation 
products, including 4-en-valproic acid, a metabolite that is incriminated in valproic 
acid induced hepatotoxicity. The intravenous administration of carnitine is recom-
mended for patients with valproic acid induced DILI [99, 100]

The use of N-acetylcysteine has been extended to all forms of DILI [94].
The treatment of DILI of the autoimmune phenotype is steroids, either at presen-

tation or if a resolution is not noted within one to two weeks of diagnosis after dis-
continuation of the drug or if there is any evidence of hepatic synthetic dysfunction 
[101]. The treatment duration has not been confirmed in controlled studies; how-
ever, treatment has been suggested in doses of 20 to 60 mg orally per day to be 
decreased in association with improvement for three to 6 months and vigilant follow 
up. DILI of the autoimmune hepatitis phenotype tends not to relapse at least in a 
follow up of a few years after discontinuation of steroids, which supports the diag-
nosis of this phenotype [102].

 Prevention of Drug-Induced Liver Injury

Prevention of DILI requires vigilant monitoring to identify early liver injury and to 
discontinue the agent involved. Idiosyncratic DILI cannot be prevented [103]. 
Information about the likelihood of a drug or classes of drugs to cause DILI is very 
useful and can help build a DILI surveillance schedule during treatment. Knowledge 
regarding the documented latency to DILI in association with a newly prescribed 
drug reported to cause liver injury is an excellent practice to incorporate for the 
clinician to establish a monitoring schedule. In patients with liver disease, the author 
monitors liver tests two weeks after initiation of any therapy, and subsequently, in 
an individualized manner, depending on the drug and the patient.

The American Thoracic Society has provided guidelines to detect hepatotoxicity. 
However, the frequency of monitoring has not been established. Every two to four 
weeks at the start with spaced out testing subsequently was suggested. Its recom-
mendation is that “Treatment should be interrupted and …. a modified or alternative 
regimen used for those with ALT elevation more than three times the upper limit of 
normal (ULN) in the presence of hepatitis symptoms and/or jaundice, or five times 
the ULN in the absence of symptoms” [104].

N. V. Bergasa



437

The importance of accessing the NIHLiverTox.gov website [2] and the recently 
upgraded Drug-induced liver injury severity and toxicity list cannot be overempha-
sized [105]. A genetic, cellular, organoid, and human-scale evidence testing plat-
form to identify drugs associated with DILI has been developed [106]. Its use in 
drug development and clinical trials may facilitate the production of safe 
medications.
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Chapter 15
Complications of Liver Disease

Nora V. Bergasa

 Pruritus

The pruritus or itch of liver disease is considered to be secondary to cholestasis. 
Cholestasis is defined as impaired secretion of bile [1]. Cholestasis is a complica-
tion of all types of liver diseases; however, pruritus is more prevalent in conditions 
primarily due to cholangiopathies, where cholestasis can be profound.

The etiology of the pruritus of cholestasis is unknown. The ideas that have pre-
vailed concern the accumulation of bile acids and increased opioidergic tone [2]. A 
role of autotaxin and lysophosphatidic acid in the pruritus of cholestasis has been 
proposed [2].

Pruritus is always annoying. The pruritus of cholestasis can be mild, without major 
interference with regular activities, moderate, prompting patients to seek therapeutic 
intervention, and severe and intractable, leading to sleep deprivation. The pruritus of 
cholestasis is not readily relieved by scratching; this characteristic stimulates the 
patients to scratch with abrasive objects such as forks, knives, and hairbrushes. It can 
be generalized or localized to particular parts of the body, particularly the palms of the 
hands and the soles of the feet where the symptom is often first perceived. The percep-
tion of pruritus of cholestasis varies considerably among patients, and it does not 
appear to correlate with serum biochemical parameters of liver disease. This form of 
pruritus can be persistent or intermittent. The perception of pruritus may be influ-
enced by various factors, such as changes in mood and distractions. It can be exacer-
bated by normal physiologic changes such as the premenstrual state in women; 
therefore, it is essential to obtain this information during the clinical interview.
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The treatment of pruritus secondary to cholestasis can be classified according to 
the presumed antipruritic mechanism of the intervention.

Specific treatment of liver disease associated with cure should resolve the pruri-
tus because cholestasis would decrease or disappear. For example, in cases of pruri-
tus from biliary obstruction, e.g., common duct stone, the removal of the obstruction 
is associated with the relief of pruritus. However, cholestasis from liver inflamma-
tion and ductopenia from cholangiopathies including primary biliary cholangitis 
(PBC), primary sclerosing cholangitis (PSC), and cholestasis from congenital con-
ditions are chronic and can be associated with intermittent or chronic pruritus in a 
substantial proportion of patients; thus, specific treatments for pruritus are neces-
sary, in the absence of a cure of the primary liver disease. Treatments of pruritus 
have evolved based on what is believed to be its cause. Often, however, there is no 
clear rationale supporting the use of certain interventions. In addition, the exclusive 
use of subjective methodology to assess the effect of therapeutic interventions on 
pruritus makes it difficult to interpret data from clinical studies, including those that 
are placebo-controlled, as the placebo effect is strong.

Pruritus is a perception, and, as a perception, it cannot be directly measured; in 
contrast, scratching activity, the behavioral manifestation of pruritus, can be 
recorded independently from gross body movements. Thus, the inclusion of behav-
ioral methodology in clinical trials of pruritus offers the opportunity to obtain objec-
tive, analyzable data, and it should be part of the design of clinical studies.

The development of effective treatments for pruritus is desperately needed. In 
this chapter, some of the interventions used to treat the pruritus of cholestasis are 
described according to their presumed aim.

 Therapies that Aim at the Removal of the Pruritogenic 
Substances(s) from the Body

Cholestyramine is a nonabsorbable resin used to treat hypercholesterolemia [3]. It 
is believed that the pruritogenic substances or cofactors to the pruritogens are made 
in the liver and excreted in bile, and as a result of cholestasis, accumulate in tissues. 
The presumed aim of resins, which also include colestipol and colesevelam, is to 
increase the excretion of pruritogen(s) in feces, that may include bile acids; how-
ever, many patients with pruritus from cholestasis who report relief on cholestyr-
amine at the start of treatment report recurrence of pruritus after some time on the 
medication. This observation tends to suggest some tolerance to the drug, which 
may be a form of receptor-mediated tachyphylaxis.

In a single-blind, open-label, placebo-controlled crossover trial of 6–32 months 
duration cholestyramine at doses between 3.3 and 12 g orally per day was associ-
ated with relief of pruritus in 23 of 27 patients as compared to an observational 
control group that did not receive cholestyramine, but that received norethandrolone 
or no treatment [4]. There is a clinical consensus supporting that the administration 
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of cholestyramine is associated with the amelioration of pruritus in many patients 
with cholestasis, including patients with PBC [4, 5]. The maximum recommended 
dose of cholestyramine is 16 g per day, 4 g per dose. In patients with the gallbladder 
in situ, there is a rationale to administer the resins immediately before and after 
breakfast because it is inferred that the pruritogen(s) is excreted in bile and that it 
accumulates in the gallbladder during the overnight fast; extra doses with lunch and 
dinner may be added if there is no satisfactory effect with the first two doses. In 
general, cholestyramine is well tolerated, although some patients report bloating, 
constipation, and diarrhea. It is recommended that other prescribed medications be 
taken at least 2 hours apart from the resins, as they can interfere with the absorption 
of other drugs. The administration of cholestyramine interferes with the absorption 
of fat-soluble vitamins, which are malabsorbed in cholestasis; thus, assessing for 
deficiencies of these vitamins and coagulation profile, a reflection of vitamin K 
deficiency (i.e., prothrombin time) is prudent during long-term treatment with 
cholestyramine.

In a meta-analysis that addressed the efficacy and safety of bile acid-binding 
agents [6], the inclusion criteria of the identified studies were described as hetero-
geneous, not allowing for combination and proper analysis of the data [6].

GSK2330672 is a selective inhibitor of human ileal bile acid transporter (IBAT), 
preventing the enterohepatic circulation of bile acids. GSK2330672 was studied in 
22 patients with pruritus from PBC in a phase 2a, double-blind, randomized, 
placebo- controlled, crossover study. The drug was reported to be associated with a 
significant decrease in baseline “itch scores” of −57% (95% Confidence Interval 
(CI), −73 to −42, p < 0·0001), a − 31% (−42 to −20, p < 0·0001) decreased in the 
itch domain of the PBC 40 questionnaire, suggestive of improvement, and a − 35% 
(−45 to −25, p < 0·0001) decrease in the 5-D itch scale, which includes findings in 
physical examination pertinent to excoriations from scratching. There was a signifi-
cant reduction in the serum total bile acid concentrations in association with the 
drug. Diarrhea was reported as a limiting factor in the long-term use of this medica-
tion [7]. Odevixibat is a drug reported to be associated with a decrease in pruritus in 
children with progressive familial intrahepatic cholestasis, recently approved for 
this clinical indication [8].

Invasive procedures have been used to treat patients with intractable pruritus. A 
transient relief from pruritus has been reported in association with anion adsorption 
and plasma separation [9], and the extracorporeal liver support systems Prometheus 
™ and MARS ™ [10–14]. These interventions may never be submitted to con-
trolled clinical trials because of their nature; however, the tremendous need to pro-
vide relief to patients with severe pruritus supports the use of this type of intervention 
by experienced operators in a controlled environment. The placebo effect of these 
interventions may be substantial and the relief provided temporary [11].

Reports of relief of the pruritus have also been published in association with 
nasobiliary drainage [15], partial internal diversion of bile in patients with progres-
sive familial intrahepatic cholestasis [16] (see above), and partial external diversion 
of bile [17, 18] and ileal diversion in children with cholestasis [19], in whom an 
improvement in quality of life was also reported.
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 Antibiotics

Rifampicin is an antibiotic, and an enzyme inducer reported to increase 2 hr. post 
prandial serum levels of bile acids in patients with cirrhosis of the liver [20]. A study 
that assessed the enzyme-inducing effect of rifampicin in patients with liver disease 
reported an improvement in their pruritus [21]. Rifampicin has been studied to treat 
pruritus in patients with PBC in several clinical studies, none of which had compa-
rable designs [22–24]. One double-blind, randomized placebo-controlled crossover 
study of 4 weeks duration studied the effect of rifampicin at doses of 150 mg by 
mouth twice a day for patients with serum bilirubin greater than 3  mg/dl, and 
150 mg three times a day for patients with serum bilirubin lower than 3 mg /dl in 
nine patients with PBC. Rifampicin was reported to be associated with a significant 
decrease in the 7-day aggregated visual analog score for pruritus [22]. In one study, 
rifampicin was reported to be more effective than phenobarbital in inducing amelio-
ration of pruritus [23]. Two published meta-analyses have reported that rifampicin 
administration is associated with relief of pruritus in cholestasis [6, 25] and that in 
short term, the side effects were not major and disappeared after discontinuation of 
the drug. Side effects of rifampicin, however, remain a serious concern [23, 26] as 
cases of hepatitis and hepatic failure have been associated with rifampicin adminis-
tration over periods longer than reported in some publications [22–24]; therefore, if 
rifampicin is prescribed, close and regular follow-up of blood tests, including liver 
panel, is necessary.

The mechanism of the reported antipruritic effect of rifampicin is unknown. 
Rifampicin is an agonist ligand of the pregnane X receptor, the stimulation of which 
induces drug-metabolizing enzymes and transporters [27]; thus, rifampicin admin-
istration may result in the relief of pruritus by stimulating the intrahepatic metabo-
lizing pathways, leading to the metabolism and excretion of substances, including 
the pruritogen(s). In addition, it may have opiate antagonist activity [28].

 Changes in Neurotransmission

 Opiate Antagonists

The pharmacological increase in opioidergic tone, e.g., after the intrathecal admin-
istration of morphine in clinical medicine, is associated with pruritus [29, 30]. This 
type of pruritus is prevented and ameliorated by opiate antagonists, suggesting an 
opioid-receptor mediated effect [31, 32]. There is also evidence to suggest that in 
cholestasis, there is an increased opioidergic tone [33]; thus, this altered neurotrans-
mission may mediate the pruritus. If increased opioidergic tone mediates the pruri-
tus of cholestasis, opiate antagonist drugs such as naloxone should decrease the 
pruritus and its behavioral manifestation, scratching activity. The effect of 
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intravenous naloxone infusions on hourly scratching activity was studied in a dou-
ble-blind, randomized placebo-controlled, crossover study of four consecutive days 
duration in 29 patients with cholestasis and pruritus, 19 of whom had PBC [34]. 
Naloxone infusions at a dose of 0.2 micrograms per kg per min preceded by 0.4 mg 
intravenous bolus were associated with a significant 34% decrease in the geometric 
mean of hourly scratching activity compared to placebo infusions [34]. The results 
of other controlled clinical trials [35–42], some of which included behavioral meth-
odology (i.e., recording of scratching activity) [34, 36, 39, 40] have also revealed 
that the administration of naloxone [36], and the opiate antagonists nalmefene [35, 
39, 40], and naltrexone [37, 38, 41, 42], is associated with an amelioration of the 
pruritus in patients with cholestasis. These results support the hypothesis that 
endogenous opioids mediate, at least in part, the pruritus of cholestasis. A publica-
tion of a meta-analysis reported that opiate antagonists significantly reduced the 
pruritus of cholestasis [6]. Although there are concerns on the use of meta-analyses 
to derive strong conclusions on therapeutic interventions because of the heterogene-
ity of clinical studies, the rationale to use this type of drug and the results from 
several clinical studies from different parts of the world support the use of this type 
of medication to treat pruritus in patients with PBC [38, 39, 40–42].

The limiting factor on the use of opiate antagonists for the treatment of the pru-
ritus of cholestasis is the opioid withdrawal-like reaction that can be experienced by 
patients with cholestasis after the intake of opiate antagonists [35, 36, 34, 40]. 
Naltrexone at a dose of 50 mg orally per day [38] was associated with an improve-
ment in the visual analog score for pruritus; however, 50 mg may be a high dose to 
start treatment because of the potential risk of an opioid withdrawal-like reaction; 
thus, a lower dose can be given by cutting the tablet in four and taking a quarter 
(12.5 mg) every day to be increased by a quarter every 3–7 days, until the pruritus 
is ameliorated. Doses of 250 mg of naltrexone per day have been required to control 
pruritus in some patients [43]. Alternatively, the protocol implemented in a random-
ized double-blind placebo-controlled study that included 29 patients with cholesta-
sis and pruritus can be followed [34]. Patients can be admitted to the hospital for 
intravenous infusions of naloxone, at a dose of 0.2 micrograms/kg/min, a dose asso-
ciated with opiate antagonist effect, in 250 or 500 cc of a suitable intravenous solu-
tion, preceded by an intravenous bolus administration of 0.4 mg [34] for 48 hours 
followed by the introduction of oral naltrexone and discontinuation of the infusion. 
The opiate withdrawal-like reaction can be characterized by abdominal pain, high 
blood pressure, tachycardia, goose bumps, nightmares, depersonalization, or by a 
feeling of not being right. It is not possible to predict who will develop an opiate- 
withdrawal like reaction. Clinical experience has suggested that patients who have 
severe pruritus may have a higher opioidergic tone and may be at risk for a more 
severe reaction; these patients may benefit from the initiation of ultralow naloxone 
infusions in the hospital, even at lower doses than those stated above (e.g., 0.002 
micrograms/kg/min) [44] to be gradually increased as described above. The dose 
should not be increased if signs of an opiate-withdrawal like syndrome develop; in 
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general, the drug can be held or maintained at the same dose, as the reaction tends 
to subside spontaneously [39, 40]. Hepatotoxicity is not common [45], but it has 
been reported [46]; thus, follow-up of the comprehensive metabolic panel is recom-
mended. In patients with decompensated liver disease, naltrexone metabolites can 
accumulate in the body [47]; therefore, reducing the dose is necessary. As liver 
disease progresses, pruritus tends to cease; thus, the need to use naltrexone in 
decompensated liver disease is not common [48].

Naloxone nasal spray is now available as an emergency treatment of opiate over-
dose in the community [49]. NARCAN Nasal Spray is supplied as a single-dose 
intranasal spray containing 2 or 4 mg of naloxone hydrochloride in 0.1 mL [49]. 
This preparation could be used as an alternative to treat the pruritus of cholestasis in 
a properly designed protocol (Sunny Patel, MD, 2019, unpublished personal com-
munication, with permission).

The use of nalfurafine, a kappa-agonist drug, was reported to ameliorate the pru-
ritus of cholestasis [50]; this result provides support for the role of the endogenous 
opioid system in the pruritus of cholestasis, as follows: (i) the stimulation of the mu 
receptor is associated with scratching behavior in laboratory animals [51, 52] and 
pruritus in human beings [29, 30], (ii) the stimulation of the kappa receptor prevents 
the pruritogenic and the scratching producing effect from the stimulation of the mu 
receptor [51, 52]. In this context, butorphanol is an antagonist at the mu opioid 
receptor and an agonist at the kappa receptor [53]. In a patient with intractable pru-
ritus from liver disease secondary to chronic hepatitis C, butorphanol in nasal spray 
form (1 mg per application) was associated with prolonged relief of pruritus [54]. It 
was subsequently reported that butorphanol was associated with pruritus relief in a 
series of patients with PBC [55]. The potential addiction to butorphanol, initially 
considered low [56], is important [57]; thus, the use of this drug to treat the pruritus 
of cholestasis has to be considered carefully, e.g., short courses. Anecdotal reports 
on the use of codeine, an agonist at the mu opioid receptor [58], and buprenorphine, 
an agonist at the mu receptor, and an antagonist at the kappa receptor [59] in asso-
ciation with amelioration of the pruritus of cholestasis have been published. These 
reports have to be reconciled with the effects of butorphanol in regards to its recep-
tor preference.

 Serotonin Antagonists

The serotonin system participates in the neurotransmission of nociceptive stimuli 
[60], the rationale provided to study ondansetron, a serotonin antagonist at the type 
3 receptor, to treat pruritus in cholestasis. In addition, ondansetron has been reported 
to ameliorate pruritus associated with the administration of opiates [61]. Ondansetron 
was reported to decrease the pruritus associated with cholestasis in studies that used 
subjective methodology only [62–65]; however, studies that incorporated behav-
ioral methodology have not confirmed an antipruritic effect of ondansetron in cho-
lestasis [66, 67].
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 Antidepressants

Antidepressants, including selective serotonin reuptake inhibitors [68–70] and mir-
tazapine, a noradrenergic and serotonergic related antidepressant, have been 
reported to have antipruritic effects [71–73].

Sertraline, a selective serotonin reuptake inhibitor, was reported to be associated 
with pruritus relief in patients with PBC [74, 75]. Sertraline was evaluated in a con-
trolled study which consisted of a dose-finding open-label first phase of 21 patients, 
followed by the second phase, in which 12 patients with liver disease, including 
PBC, participated in a randomized placebo-controlled cross over design. At doses 
associated with relief of pruritus (75–100 mg) in the first phase of the study, this 
drug was reported to decrease the pruritus and its cutaneous consequences, i.e., 
scratch marks as measured by a visual analog scale and by a physical examination 
in the second phase [75]. Eight of twenty-one subjects associated the use of sertra-
line with mood stability, and those who met the criteria for depression at baseline 
improved on sertraline; however, it was reported that the decrease in the visual 
analog score for pruritus was independent of the improvement in depression [75].

 Potential Regulation of a 24-Hour Rhythm 
of Scratching Behavior

The expression of a 24-hour rhythm in scratching behavior displayed by some 
patients with cholestasis and pruritus suggested that this behavior may be under 
circadian control. It provided the rationale to study the effect of bright-light photo-
therapy indirectly reflected toward eyes in patients with chronic liver disease and 
pruritus in a pilot study [76]. Bright-light phototherapy was associated with marked 
suppression of outbursts of scratching over the day. However, after 8 weeks of treat-
ment, the hourly scratching activity was not significantly different from the baseline 
value [76]. It was suggested that this type of light therapy could be used in combina-
tion with other antipruritic interventions, but controlled studies to test this idea have 
not been conducted.

 Drugs to Treat the Liver Disease

Ursodeoxycholic acid, a treatment approved for PBC, has not been consistently 
found to decrease the pruritus of cholestasis [2].

Fibrates are being studied to treat cholestatic liver disease including PBC and 
PSC.  Bezafibrate is a peroxisome proliferator-activated receptor (PPAR) agonist 
reported in association with relief of pruritus. The effect may be from the salutary 
effects of this type of drug on the disease itself, as interpreted by the investiga-
tors [77].
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Bezafibrate at doses of 400 mg per day in combination with ursodeoxycholic 
acid in patients with PBC was reported to be associated with decrease or disappear-
ance of pruritus as measured by the visual analog and the 5-D scale after a period of 
treatment of 38 months [78]. Alone, also at a dose of 400 mg per day, bezafibrate 
was associated with relief of pruritus measured by a visual analog and the 5-D 
scales, in patients with cholestasis, in a double-blind randomized, placebo- controlled 
trial of 21 days duration. The improvement was interpreted to have resulted from a 
decrease in liver injury [77].

Other interventions have been reported to decrease the sensation of pruritus as 
assessed by various subjective methods in controlled studies, uncontrolled observa-
tions, and case series and reports in patients with liver disease, including hepatic 
enzyme inducers flumecinol [79] and phenobarbital [23], the antibiotic metronida-
zole [80], antioxidants [81], androgens [82], phototherapy to the skin [83], the anes-
thetic propofol [84, 85], dronabinol, an agonist at the cannabinoid receptor B1 [86], 
lidocaine [87], S-adenosylmethionine [88], methotrexate [89], and tacrolimus [90].

In the context of the exclusive use of the subjective methodology in studies of 
pruritus, in a randomized, double-blind placebo-controlled trial of the drug gaba-
pentin, the placebo intervention was associated with almost complete suppression 
of scratching behavior and a decrease in the visual analog score for pruritus, in 
contrast to the active drug, which seemed to worsen pruritus and its behavioral con-
sequence, scratching [91]. These results emphasize the uncertainty in interpreting 
the outcomes of any intervention to treat pruritus in studies that use subjective meth-
odology only and the importance of including behavioral methodology to record 
scratching in clinical trials of pruritus [91].

Erythema and edema, the classic findings of histamine-mediated pruritus, are 
absent from the skin of patients with liver disease and pruritus. Antihistamine drugs 
do not appear to have any specific antipruritic effect in patients with cholestasis. 
Still, some patients report relief on this type of medication [92], which may result 
from its sedative properties. Sedation mediated by antihistamines may help patients 
sleep, which is often interrupted in patients with pruritus; however, the dryness of 
mucous membranes associated with this type of drug may limit its use in patients 
with PBC and sicca symptoms.

Patients with severe pruritus are at risk for depression and suicidal ideations and 
actions. The patients may require hospital admission for parenteral administration 
of medications, including opiate antagonists. Intractable pruritus can be an indica-
tion for liver transplantation. As pruritus can be intermittent, the decision to perform 
a liver transplant has to be weighed against the complications of that procedure. 
However, patients with pruritus of cholestasis suffer tremendously; accordingly, 
liver transplantation should be considered as an alternative.

The management of patients with pruritus includes skincare to identify any pri-
mary pruritic skin lesions; the use of soaps for sensitive skin may help.

A guidance to treat patients with pruritus from cholestasis is provided in 
Table 15.1.
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 Fatigue

In a study of patients with cholestasis, most of whom had PBC, a decrease in fatigue, 
as assessed by a visual analog scale, was reported after administering the opiate 
antagonist nalmefene [35]. This result may suggest that increased opioidergic tone 
may contribute to the fatigue of PBC [33]; however, the effect of opiate antagonists 
on fatigue has not been studied in controlled clinical trials.

The use of antioxidants was not confirmed to be associated with an improvement 
in fatigue as assessed by the Fisk Fatigue Severity Score in a double-blind, random-
ized placebo-controlled study [81].

The mechanism that supports the stimulant effect of modafinil used to treat nar-
colepsy is unknown; however, it was reported to decrease fatigue in a case series of 
patients with PBC [93]. Patients with PBC were reported to sleep during the day 
significantly more than a control group, as assessed with sleep monitors [94]. These 
findings were provided as a rationale to the study of modafinil at doses from 100 to 
200  mg in an open-label trial of 8  weeks duration in 21 patients with PBC and 
excessive daytime sleepiness [95]. The degree of daytime sleep correlated with 
fatigue severity, assessed by the PBC-40, a disease-specific health-related quality of 
life measure [95]. Modafinil was associated with a significant improvement in the 

Skin care

Cholestyramine 4 g before and after breakfast;
add 4 g at lunch and dinner, if necessary, not to exceed 16 g per day

Relief

Yes
No relief

Continue therapy;
Check coagulation profile periodically

*Opiate antagonists

*Rifampicin
*Sertraline

• Naloxone,  0.4 mg by intravenous bolus immediately followed by intravenous
infusions of naloxone (0.2 micrograms per kg/minute) (33).Dose can be increased
gradually (e.g. every 4 hours) to 0.8 micrograms per kg/minute   

• After 12 to 24 hours of infusion therapy start oral naltrexone, 12.5 mg (a
quarter of a tablet), once a day for 3 days.

• Increase dose of naltrexone by 12.5 mg per day , if the patient has not
experienced relief of the pruritus,  to 50 mg per day 

• Higher doses than 50 mg in divided doses have been used (42). 

• 150 mg orally, twice a day, if
serumbilirubin >3 mg/dl or
150 mg orally three time a day
if serum bilirubin <3 mg/dl
(21).  

• Check liver profile two and
four weeks after starting the
medication, and at least
monthly thereafter.  If changes
in liver profile suggest
hepatotoxicity, stop rifampicin 

• Naltrexone can be started without a leading phase of naloxone infusions, 12.5 mg
(a quarter of a tablet), once a day for 3 days 

• Increase dose of naltrexone by 12.5 mg per day , if the patient has not
experienced relief of the pruritus,  to 50 mg per day 

• If the patient experiences any signs of opiate withdrawal like reaction, the dose can
be maintained at the prior dose for a day or two with subsequentincrease, until
relief of pruritus is attained  

• Check blood work after the initiation of naltrexone

• 75 mg
orally daily,
to be
increased
to 100 mg
daily (74).   

* The combination of these
drugs in the treatment of
pruritus has not been
studied.
Medication reconciliation is
required prior to the
initiation of any form of
therapy      

Patients not responsive to treatments above

• Refer to other options to treat pruritus in text.

• Refer patient for liver transplant evaluation 

• Consider MARSTM therapy 

Explore clinical trial options

Table 15.1 Treatment of patients with the pruritus of cholestasis
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fatigue domain score compared to baseline, as assessed by the PBC-40; in addition, 
modafinil was associated with a significant decrease in daytime somnolence [95].

Aerobic training increases maximal work capacity, which leads to a reduction in 
the percentage of total capacity required for activities of daily living. This reduction 
is associated with decreased fatigue. During an 8-week structured exercise program, 
aerobic training was associated with decreased fatigue as assessed with validated 
fatigue questionnaires in three patients with chronic hepatitis C [96]. These prelimi-
nary results support the conduct of studies of aerobic training for the treatment of 
fatigue secondary to PBC.

There are no specific therapies for the treatment of fatigue in liver disease.

 Portal Hypertension

Cirrhosis is defined as a change in liver architecture to a nodular structure [97]. It is 
a diagnosis of histology [97]. Efforts to obtain information on the status of the liver 
by noninvasive techniques are vigorous, including scores such as FIB-4, fibrosure, 
APRI, magnetic resonance imaging (MRI) elastography, the interpretation of the 
liver shape via computed tomography (CT) scan and sonogram, and transient elas-
tography because liver biopsy is an invasive procedure not devoid of complications 
[98, 99].

Portal hypertension is defined as an increase in portal venous pressure. It is a 
complication of cirrhosis from any etiology and relatively severe liver injury in the 
absence of cirrhosis, e.g., alcoholic hepatitis. Portal hypertension is classified as 
prehepatic, intrahepatic, and post hepatic [100]. The liver diseases included in this 
book are associated with intrahepatic portal hypertension. Noncirrhotic portal 
hypertension is an entity characterized by portal hypertension in the absence of liver 
disease; however, cirrhosis is the most common cause of portal hypertension 
[100, 101].

The normal pressure gradient between the portal vein and the vena cava is 
1–5 mmHg; complications from portal hypertension tend to arise when the gradient 
increases to at least 10. The portal pressure gradient results from the relationship 
between portal blood flow and the vascular resistance against which the blood must 
flow; accordingly, portal pressure increases due to an increase in the blood flow, an 
increase in resistance, or a combination of both [101]. The causes of the increased 
resistance include the existence of obstacles to blood flow, e.g., fibrosis and nodule 
formation, and a functional resistance resulting from the contraction of resident 
cells, including hepatic stellate cells and vascular smooth muscle. In portal hyper-
tension, there is an intrahepatic deficiency of nitric oxide, mostly due to a decrease 
in the release of eNOs and increased oxidative stress, which leads to enhanced scav-
enging due to increased oxidative stress [102, 103]. The marked arteriolar vasodila-
tation that characterizes the vasculature of the organs that drain into the portal vein, 
i.e., the splanchnic circulation, results from excess in nitric oxide, as well as altered 
production of prostacyclin, carbon monoxide, endocannabinoids, glucagon, and by 
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angiogenesis, mediated by vascular endothelial growth factor (VEGF) and platelet- 
derived growth factor (PDGF) [101, 104, 105]. The paradox of decreased nitric 
oxide inside the liver and increased nitric oxide in the splanchnic vasculature medi-
ates the pathogenesis of portal hypertension [106].

Diversion of blood flow from the liver to the systemic circulation is sustained via 
collaterals that form from the vascular connections that close after embryological 
development, and include gastroesophageal varices; in addition, angiogenesis medi-
ated by VEGF and PDGF contribute to a collateral circulation through which a 
substantial proportion of the blood volume circulates in cirrhosis and advanced por-
tal hypertension [101, 104, 105].

Guidelines for the screening and management of portal hypertension and its 
complications are available from several medical societies and are updated regu-
larly, consistent with the evolution of information and changes in practice; the 
reader is referred to them for guidance [107].

Upper gastrointestinal endoscopy (EGD) has been recommended to screen for 
gastroesophageal varices at the time a diagnosis of cirrhosis is made [108]; how-
ever, with the advent of transient elastography, it is considered that patients with 
liver stiffness less than 20 kilopascals and a platelet count greater than 150,000/mm3 
do not require a screening EGD at diagnosis because the probability of having high- 
risk varices is less than 5% [107]. For all other patients, EGD is recommended at the 
time of diagnosis of cirrhosis [107].

If varices are not found, a repeat endoscopy is recommended in 2  years. In 
patients in whom the driving cause of the liver disease has been removed, i.e., cure 
of hepatitis C virus infection, abstinence from alcohol in liver disease from alcohol, 
the procedure can be repeated in 3 years [107].

Nonselective beta-blockers, carvedilol, or variceal ligation are recommended to 
prevent the index bleed in patients with large varices defined as an estimated diam-
eter greater than 5 mm; the experience of the endoscopist and patient’s preference 
should be considered in deciding how to proceed [107]. Pharmacological therapy 
may be preferred over endoscopic variceal ligation in patients with large varices not 
associated with high bleeding [109]. The dose of nonselective beta-blocker, e.g., 
propranolol, nadolol, with the dose adjusted to what is maximally tolerated, is rec-
ommended, with a target of a heart rate of 60 [109]; carvedilol can be prescribed to 
patients who cannot tolerate nonselective beta-blockers. Patients intolerable to 
pharmacological therapy should be managed with variceal ligation to eradica-
tion [107].

Patients identified as having high-risk (for bleeding) varices, e.g., red wale sign 
[110], should be started on beta-blockers in tandem with banding, as the eradication 
of varices does not decrease portal pressure, and thus, the risk remains. The use of 
endoscopic variceal ligation is also recommended to prevent the index bleed in 
patients with cirrhosis, Child’s class B and C; however, the guidelines suggest that 
the decision regarding what intervention to use be considered in the context of local 
expertise [109, 107]. If this option is taken, variceal ligation should be repeated 
every 2 weeks, depending on the tolerance of the endoscopist and stability of the 
patients, e.g., post banding ulcers, until eradication is documented, followed by 
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surveillance upper endoscopy 1–3 months after eradication, and every 6–12 months 
subsequently.

Gastroesophageal varices develop from connections between short gastric and 
coronary veins and the esophageal, azygos, and intercostal veins (Fig. 15.1); rectal 
and ectopic varices may also develop. Bleeding from gastroesophageal varices is 
one of the complications from cirrhosis and portal hypertension that changes the 
course of a patient’s life, i.e., it is one of the events that define decompensation of 
liver disease and is associated with a mortality that ranges between 15–20%. Patients 
who survive an index bleed have a high probability of rebleeding and death. At 
1–2 years, the probability of rebleeding is 63%, and that of dying in association with 
such is 33% [111]. Thus, prevention of subsequent bleeding is pivotal in the man-
agement of patients with gastroesophageal varices and should be implemented [112].

The recommendations on the management of suspected variceal bleeding include 
fluid resuscitation and blood transfusions, as necessary, a 7-day course of antibiotic 
therapy with ceftriaxone, the drug recommended at present, 1 g intravenously every 
24 hours, and pharmacological therapy to decrease portal pressure with intravenous 
infusions of octreotide, an analog of somatostatin [107, 112, 113]. Upper endoscopy 
within 12 hours of presentation to determine the source of bleeding is recommended 
in cases where there is room for resuscitation. If not, endoscopy should be per-
formed as soon as possible [107, 112, 113] after appropriate protection of the air-
way via endotracheal intubation. If the bleed is considered variceal in origin, 
endoscopic therapy with variceal ligation or sclerotherapy should be provided [109]. 
The use of proton pump inhibitors during acute variceal bleeding seems controver-
sial. Persistent or recurrent variceal bleeding in spite of combined pharmacological 
and endoscopic therapy should be managed with the placement of a transjugular 
intrahepatic portosystemic shunt (TIPS). Balloon tamponade is recommended as a 

Fig. 15.1 Contrast enhanced 
computed tomography on a 
45 year old man with 
cirrhosis and portal hyperten-
sion showing a nodular liver 
(thin black arrow), ascites 
(white large arrow), 
gastroesophageal varices 
(small white arrow), and 
splenomegaly (small 
black arrow)

N. V. Bergasa



455

temporary measure prior to endoscopic management or TIPS placement [109]. The 
recommendations to manage bleeding from gastric varices include sealing the vari-
ces with adhesive substances, where available, variceal ligation, and balloon- 
occluded retrograde transvenous obliteration (BRTO) [114]. TIPS placement is 
recommended for patients in whom the bleeding does not cease despite pharmaco-
logical and endoscopic therapy [109].

 Ascites

Ascites is the accumulation of fluid in the abdominal cavity. The pathophysiology 
of ascites concerns the splanchnic vasodilatation that characterizes portal hyperten-
sion, i.e., hyperdynamic circulation, and that leads to a decrease in effective arterial 
blood volume [115], which leads to activation of vasoconstrictor systems, the renin–
aldosterone system, and of antidiuretic hormone, which results in sodium and fluid 
retention [115]. Splanchnic vasodilatation is due to an excess of nitric oxide (NO) 
[106]. As disease progresses, impaired excretion of free water ensues, and cardiac 
output, which initially increases, decreases likely secondary to a form of cirrhotic 
cardiomyopathy, further decreasing organ perfusion, all of which results in further 
fluid and sodium retention.

Ascites results from portal hypertension in 80% of the cases. In patients with 
liver disease, portal hypertension is a sine qua non for the formation of ascites. 
Ascites tends to develop at a rate of 5–10% per year, with 60% of patients with cir-
rhosis having ascites after 10 years of diagnosis [116]. The survival of patients after 
the development of ascites was reported to be from 45% to 82% at 1 year, and 22% 
to 52% at 5 years [117]; thus, ascites is recognized as a defining complication in the 
natural history of cirrhosis, i.e., from compensated to decompensated state [117, 
118], and an indication for referral to liver transplantation when clinically 
detected [119].

In portal hypertension secondary to cirrhosis, there is an increase in blood vol-
ume and lymph formation, which overwhelms the intrahepatic lymphatic ducts, 
resulting in the pouring of lymph from the liver’s surface into the abdominal cavity, 
i.e., ascites [120]. Ascites is a complication of conditions that lead to sinusoidal 
portal hypertension, including thrombosis of hepatic veins, sinusoidal obstruction 
syndrome or venoocclusive disease, severe alcoholic hepatitis, and cirrhosis; it is 
unusual to have ascites formation in cases in which the obstruction to blood flow is 
presinusoidal, e.g., schistosomiasis, congenital hepatic fibrosis, idiopathic portal 
hypertension (i.e., noncirrhotic). In cases in which the block to blood flow is outside 
the liver, ascites occurs when there is repercussion on the sinusoids to cause 
increased pressure, such as in right-sided congestive heart failure, constrictive peri-
carditis, and obstruction of the inferior vena cava, e.g., by congenital webs but, it 
does not occur when the obstruction is in the splenic or portal veins.

The hepatic sinusoids flow from their origin in their portal tract to the central 
veins; they are lined by endothelial cells, Kupffer cells, and hepatic stellate cells, 
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the latter found in the space of Disse, between the sinusoids and the hepatocytes. 
Hepatic sinusoids are histologically unique because of the absence of a basement 
membrane and the presence of fenestrae, i.e., pores of approximately 100–500 nm 
in diameter through which microvilli of hepatocytes can be appreciated by elec-
tron microscopy, and which make them permeable to proteins that circulate in the 
blood through the sinusoids. It is suggested that the fluid within the space of 
Disse in communication with the liver interstitial space enters the lymphatics 
channels present in the portal tracts and the central veins as hepatic lymph. As 
there is permeability via the sinusoids, the protein concentration in plasma and 
fluid within the space of Disse is almost identical, e.g., 95% homogeneity [121]. 
The hepatic lymph drains out of the liver via vessels from the hepatic hilum to the 
thoracic duct.

The direct consequence of increased sinusoidal pressure and ascites can be 
appreciated by the marked increase in lymph production from portal hypertension, 
i.e., lymph production increases by 60% for every millimeter increase in portal pres-
sure [122]. It has been demonstrated in experimental models of sinusoidal hyperten-
sion from venous obstruction that there is a marked increase in lymph flow via the 
hepatic and thoracic ducts (e.g., 8–9 liters per day), regardless of the presence or 
absence of ascites [123]. As the lymph cannot be contained within the channels, 
there is pouring of it from the liver’s surface into the abdominal cavity; thus, ascites 
from sinusoidal portal hypertension is lymph [122, 124–126]. Intestinal permeabil-
ity increases in advanced liver disease, thus providing a second source of fluid 
toward ascites accumulation [127, 128]. It is considered that hepatic and splanchnic 
lymph contributes to ascites.

In portal hypertension from cirrhosis, the permeability of the sinusoids dramati-
cally decreases because of capillarization [129], with the marginal areas of regener-
ating nodules being irrigated by capillaries, although sinusoids remain in the center 
of the nodules; as a result of capillarization, the protein concentration of the drain-
ing lymph decreases to about 65% of that of plasma [130]. The hepatic sinusoids are 
completely impermeable to albumin in some patients [131].

Cirrhosis is a sodium avid state, which plays a fundamental role in the pathogen-
esis of ascites. Prior to ascites formation, sodium retention happens in the collecting 
tubules, and, in the late stages, in the proximal tubules [132]. Sodium is reabsorbed, 
followed by water, leading to the expansion of extracellular fluid volume and inter-
stitial fluid. Patients with compensated cirrhosis do not retain sodium, but they 
exhibit abnormal sodium handling as evidenced by the inability to excrete an acute 
sodium loading [133, 134]. However, patients with cirrhosis and substantially high 
portal pressure retain sodium when exposed to mineralocorticoids, in contrast to 
noncirrhotic normal controls who develop transient sodium and water retention that 
subsides within a few days [135, 136].

Contributing to fluid overload and hyponatremia in cirrhotic patients with ascites 
is the impaired excretion of free water, which varies in degree among patients with 
cirrhosis, portal hypertension, and ascites [137, 138].

Characterization of ascites, which can be made with a few milliliters of fluid, 
e.g., 20  ml, is fundamental in managing patients with this complication. Serum 
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protein concentration and portal pressure determine the ascitic fluid protein concen-
tration in patients with chronic liver disease.

A seminal study in patients with chronic liver disease provided information now 
established as the gold standard to confirm ascites as a complication of portal hyper-
tension [139]. In 56 patients with chronic liver disease, the ascites and serum con-
centrations of albumin and globulin and transhepatic portal pressure were 
simultaneously measured to reveal that the mean concentration of albumin in ascites 
was 1.04 ± 0.73 gm/dl and that of globulin 1.31 ± 0.80 gm/dl, with a total ascites 
protein concentration of 2.35 ± 1.49 gm/dl. In serum, the mean albumin concentra-
tion was 2.58 ± 0.57 gm/dl, and that of globulin 3.91 ± 0.86 gm/dl, with the total 
serum protein concentration of 6.49 ± 1.30 gm/dl. The serum to ascites albumin 
concentration gradient was 1.54 ± 0.45 gm/dl. The mean transhepatic portal pres-
sure above the inferior vena cava was 14.5  ±  4.3  mm Hg. The serum to ascites 
albumin concentration gradient correlated strongly with the mean transhepatic por-
tal pressure above the inferior vena cava (r = 0.73, p < 0.0001). The protein concen-
tration in ascites correlated significantly with the serum albumin, serum globulin, 
and the mean transhepatic portal pressure above the inferior vena cava, although 
these variables did not correlate with each other. The additional analysis docu-
mented a high correlation of the protein in ascites with the serum albumin concen-
tration after correction for serum globulin and serum to ascites albumin concentration 
gradient (r = 0.97, p < 00001), or transhepatic portal pressure above the inferior 
vena cava (r = 0.90; p < 0.0001). These data indicated that most of the variation in 
protein concentration in ascites in the study group was associated with serum pro-
tein and transhepatic portal pressure above the inferior vena cava, or serum ascites 
albumin concentration gradient. It was further documented that the difference 
between the groups of patients in whom the concentration of protein in ascites was 
≤2.5 vs. ≥ 2.5 gm/dl was due to differences in serum albumin and serum globulin 
in combination with the serum to ascites albumin concentration gradient (r = 0.808), 
or transhepatic portal pressure above inferior vena cava (r = 0.806). The variables 
described could identify the low and high ascitic fluid protein groups in 96% and 
93% of patients, respectively. These data were interpreted to indicate that the serum 
to ascites albumin concentration gradient is associated with the degree of portal 
hypertension and that the difference in the concentration of protein in ascites among 
patients with chronic liver disease is related to variations in portal pressure and 
serum protein concentration [139].

The use of the serum albumin ascites gradient (SAAG), i.e., the subtraction of 
the albumin concentration in the fluid from that of the serum, has been established 
as the method to identify ascites from portal hypertension when the difference is 
≥1.1 g/dl, as documented in a study that included 901 paired samples of ascites and 
serum in which portal hypertension was accurately identified in 96.7% of cases [140].

The difference between the serum albumin and the ascites albumin originates 
from the fact that, as a result of the capillarization of the hepatic sinusoids in cir-
rhosis, the intimate connection between the blood that circulates through the sinu-
soids and that of the space of Disse is lost; thus, there is a difference in concentration 
of albumin (vide supra).
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To perform a paracenthesis, the author prefers the linea alba, approximately 2 cm 
below the umbilicus, as the site to enter the peritoneal cavity to obtain ascites fluid. 
The bladder should be empty. We avoid the left quadrant of the abdomen because of 
splenomegaly; the spleen can be punctured inadvertently. With the advent of point 
of care sonogram and the collaboration with interventional radiology, the best areas 
to puncture can be identified. The techniques for the procedure are established [141].

Ascites from portal hypertension tends to be clear and straw colored. The neces-
sary tests in the characterization of ascites from portal hypertension include ascites 
concentration of protein and albumin obtained simultaneously from ascites and 
serum, and protein to calculate the SAAG; it is possible to use serum data from the 
immediate periprocedure days. Total white blood cell count and differential, and 
ascites culture is included as the exclusion of infection is fundamental in the man-
agement of patients with ascites. In this regard, in patients with cirrhosis and ascites, 
if the fluid protein concentration is <1.5 g/dL in association with a serum creatinine 
≥1.2  mg/dL, a blood urea nitrogen level  ≥  25  mg/dL, or a serum sodium 
≤130 mEq/L, or liver failure, as per a Child–Pugh score ≥ 9 and a bilirubin ≥3 mg/
dL prophylaxis with antibiotics to prevent SBP (e.g., quinolones) is indicated 
whether patients are hospitalized or not.

Ascites has been graded as grade 1 when it is only detectable by sonogram, grade 
2, characterized by abdominal distension, and grade 3, associated with marked 
abdominal distension [142].

The management of ascites concerns treating the cause of liver disease, e.g., 
alcohol abstinence in liver disease from alcohol use, viral hepatitis, and sodium 
restriction in combination with diuretics. Sodium consumption is limited to 
80–120 mmol/day. In our clinic, we recommend no salt added and no food con-
sumed from a bag or can, i.e., freshly prepared food ideally. This recommendation 
is a challenge faced by patients with difficult social circumstances, e.g., homeless-
ness, and shelter dwellers; thus, an effort to provide education in consultation with 
a dietitian is fundamental. The treatment of grade 1 ascites has not been studied in 
clinical trials; however, it seems reasonable to limit sodium intake and avoid drugs 
that can enhance sodium retention, e.g., nonsteroidal anti- inflammatory drugs 
(NSAIDs). Although salt restriction and spironolactone, an aldosterone antagonist, 
can be used in the initial management of ascites, limited response to this single 
diuretic therapy and hyperkalemia limit this therapy. Thus, the addition of a loop 
diuretic, e.g., furosemide, is favored [143–145]. Spironolactone is a once-a-day 
drug that can be started at a dose of 50 mg, in combination with furosemide, at 
20 mg per day. The aim is to induce a weight loss not to exceed 1 lb. per day in 
patients without peripheral edema and two pounds per day in patients with edema 
[146]. The dose can be increased not sooner than 72 hours after the initiation of 
therapy. We favor a slow increase in the dose of diuretics not sooner than every 
seven days, during weekly evaluations in the clinic with results of serum electro-
lytes, blood urea nitrogen, and creatinine. The published guidelines recommend 
doses of spironolactone and furosemide to be 100 mg and 40 mg, respectively, to be 
increased to 200 mg and 80 mg, respectively, and 400 mg and 160 mg, respectively, 
the maximum doses recommended [144]. The clinician should be able to titrate the 
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doses according to tolerability and response to therapy. It is pivotal that sodium 
intake is limited; thus, the measurement of urine excretion of sodium helps to con-
firm adherence to sodium restriction and response to diuretics, which should help to 
adjust doses. In this regard, a 24-hour urine collection is useful but cumbersome to 
complete; thus, a random spot urine sodium concentration greater than the potas-
sium concentration is reported to correlate with the 24-hour sodium excretion. 
When the ratio is greater than one, there should be a fluid loss, with an increase in 
the ratio indicating an increase in urine sodium excretion and thus water, which fol-
lows sodium [147]. Diuretics’ side effects include intravascular volume depletion 
and electrolyte imbalance, leading to renal insufficiency and hepatic encephalopa-
thy [146]. In cases of hyponatremia within a range of 120–125 mmol/L, it is recom-
mended that diuretics be discontinued [145]. After ascites is satisfactorily mobilized, 
i.e., conversion to grade 1 [148], diuretic doses should be decreased to the lowest 
possible to keep maximum diuresis.

The initial treatment of grade 3 ascites is large volume paracentesis, defined as 
the removal of at least 5 liters of ascites per session [144], in association with intra-
venous infusions of albumin, 8 g/L removed, to prevent post paracentesis circula-
tory dysfunction [149–151]; diuretic therapy is prescribed according to tolerability 
and renal function [152].

Refractory ascites is defined as that which cannot be mobilized in association 
with sodium restriction and maximal doses of diuretics or that recur within 4 weeks 
of removal [142, 148]. Two categories have been further defined: (1) diuretic resis-
tant ascites: “… that cannot be mobilized or the early recurrence of which cannot be 
prevented because of lack of response to dietary sodium restriction and intensive 
diuretic therapy,” and (2) “… that cannot be mobilized or the early recurrence of 
which cannot be prevented because of the development of diuretic-induced compli-
cations that preclude the use of effective diuretic dosage” [148]. Diagnostic criteria 
for refractory ascites include lack of response to sodium restriction and diuretic 
therapy alone after at least 1 week of therapy with maximum doses (see above), i.e., 
weight loss of fewer than 2 lbs. per day, recurrence of ascites to grades 2 or 3 within 
4 weeks of mobilization, and complications from diuretics, i.e., hepatic encepha-
lopathy in the absence of a precipitating factor, renal insufficiency with doubling of 
serum creatinine to more than 2 mg/dl in patients who are responding to diuretics, 
hyponatremia to serum sodium to <125, and hypokalemia of <3 meq/L or hyperka-
lemia to >6  meq/L.  Patients with refractory ascites can be managed with large- 
volume paracentesis. Diuretic treatment should be discontinued in patients with 
refractory ascites unless natriuresis exceeds 30 mmol per day [144, 145].

A transjugular intrahepatic peritoneal shunt (TIPS) shunts blood from an intra-
hepatic portal branch to a hepatic vein; it decreases portal pressure, and improves 
effective arterial volume after the first 4–6  weeks of insertion, with subsequent 
diuresis [153]. Recurrence of ascites is lower in association with TIPS than with 
diuretic therapy [153]. Complications from TIPS include hepatic encephalopathy, 
occlusion of the graft itself, hemolysis, and liver failure; thus, their use must be 
individualized [145] and in collaboration with a liver transplant center, in our view.
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The absolute contraindications for TIPS are elevated right or left heart pressures, 
heart failure or severe cardiac valvular insufficiency, rapidly progressive liver fail-
ure, severe or uncontrolled hepatic encephalopathy, uncontrolled systemic infection 
or sepsis, unrelieved biliary obstruction, polycystic liver disease, extensive primary 
or metastatic hepatic malignancy, and severe, uncorrectable coagulopathy [154].

Patients who cannot have TIPS can be managed with midodrine, an alpha 1 
adrenergic agonist associated with improved systemic perfusion and renal function. 
At a dose of 7.5 mg orally three times a day in combination with diuretics, mido-
drine was associated with a significant increase in natriuresis, urine volume, mean 
arterial pressure, and decrease in plasma renin activity after one month of treatment, 
and a significant increase in cardiac output and peripheral vascular resistance at 
3 months of therapy, with reported mortality significantly higher in the group that 
received diuretics alone, in a randomized controlled trial that included 20 patients in 
each arm [155].

Nonsteroidal anti-inflammatory drugs (NSAIDs) block prostaglandins, which 
are endogenous vasodilators; thus, NSAIDs in patients with cirrhosis should not be 
used as they induce sodium retention and ascites formation. The use of angiotensin- 
converting enzyme (ACE) inhibitors should be avoided in patients with ascites as 
they will block the endogenous vasoconstriction that develops to maintain renal 
blood flow. Nephrotoxic drugs should be avoided.

The Alfapump® transfers ascites to the urinary bladder for elimination. It has 
been documented to remove ascites effectively and be associated with improved 
quality of life; bacterial infections and electrolyte imbalance were documented as 
the most serious side effects. The use of this device may become an alternative to 
the management of patients who require large volume paracentesis (LVP) [156].

 Hepatic Hydrothorax

Hepatic hydrothorax is fluid in the thoracic cavity in patients with decompensated 
liver disease from the escape of ascites into the chest, most commonly in the right 
side, via rents in the diaphragm and facilitated by the negative pressure in associa-
tion with inspiration in patients without pulmonary or cardiac disease [157]. The 
fluid is transudate with a serum to pleural fluid albumin gradient >1.1 g/dl. Peritoneal 
scintigraphy can be performed to confirm the fluid trajectory. It can be complicated 
by empyema [157]. The prognosis of patients who develop hepatic hydrothorax is 
poor, with survival reduced to 8–12 months; thus, patients should be evaluated for 
liver transplantation [157].

Treatment of hepatic hydrothorax is diuretics and sodium restriction. The use of 
chest tubes is contraindicated. TIPS can be used as temporalizing therapy. In patients 
who cannot have liver transplantation, pleurodesis is an option; however, the com-
plication rate is high. Repair of well-defined diaphragmatic defects via thoracos-
copy has been reported [158].
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 Hyponatremia

Patients who develop hypovolemic hyponatremia, usually secondary to diuretics, 
require volume repletion with normal saline. Patients with hypervolemic hyponatre-
mia require the restriction of fluids to 1–2 liters, as tolerated. The threshold at which 
treatment is necessary varies, usually being between 120 and 125  meq/L [144], 
although 130 meq/L has also been cited [145].

 Bacterial Infections

Patients with cirrhosis are vulnerable to infections from an impaired immune sys-
tem, dysbiosis, and bacterial translocation [159–161]. Subtle signs of infection must 
be sought in the evaluation of patients with liver disease.

 Spontaneous Bacterial Peritonitis

Spontaneous bacterial peritonitis (SBP) is infected ascites without an identified 
intraabdominal focus of infection [162]. The pathogenesis of this condition includes 
bacterial translocation, a phenomenon that concerns the migration of bacteria from 
the intestinal lumen to the mesenteric lymph nodes from where they infect ascites 
hematogenously [160, 163], increased intestinal permeability, and bacterial over-
growth. It is usually monomicrobial, with Escherichia coli being the most common 
bacteria; the presence of more than one organism or fungi or anaerobes tends to 
suggest a secondary source.

The clinical presentation of SBP includes fever and abdominal pain, but a subtle 
deterioration of hepatic, renal, and mental status is a clue to the diagnosis. Patients 
who undergo paracentesis, whether diagnostic or therapeutic, should have SBP 
excluded (see above).

A total neutrophil count in ascites of at least 250 cells is diagnostic of SBP. Ascites 
fluid should be inoculated directly into culture bottles at the bedside. Complete 
blood count and blood cultures should also be done simultaneously, prior to antibi-
otic administration, which should be started liberally based on clinical suspicion; 
cefotaxime, 2 g every 8 hours intravenously, is the treatment of choice for 5–7 days, 
in association with albumin 1.5 mg/kg by infusion on day one and 1 mg/kg on day 
three of treatment. A repeat ascites analysis 48 hours post initiation of therapy is 
recommended to confirm the efficacy of therapy; if the results do not suggest a suc-
cessful response to treatment, i.e., a decrease in the total polymorphonuclear cell 
count, secondary bacterial peritonitis should be suspected, and studies to exclude it 
should be done [145]. Prompt administration of antibiotics has been documented as 
the most important predictor of survival [164]. The probability of SBP in 
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hospitalized patients with liver disease is 20% [165]; thus, careful follow up of 
patients with liver disease and ascites who did not have SBP at hospitalization is 
critical, i.e., paracentesis should be repeated, and antibiotics administered, accord-
ing to the clinical situation. Patients who are on beta-blockers should have these 
discontinued if they develop SBP [166].

After the first episode of SBP, prophylaxis with ciprofloxacin, 500 mg orally per 
day is recommended; an alternative to this medication is daily, double strength 
trimethoprim-  sulfamethoxazole [144].

 Renal Insufficiency

The impairment of renal function is detrimental to the survival of patients with cir-
rhosis. Decompensated liver disease complicated by renal insufficiency portends 
poor survival, characterizing the last stages of liver dysfunction.

Patients with cirrhosis may have chronic kidney disease in association with 
comorbidities including diabetes and hypertension, or from intrinsic disease includ-
ing IgA nephropathy and glomerulonephritis secondary to chronic viral hepatitis. 
Chronic kidney disease is defined as a glomerular filtration rate (GFR) of <60 ml/
min per 1.73  m2 for more than 3  months. Acute kidney disease is defined as a 
decrease in GFR of <60 ml/min per 1.73 m2, or a reduction in GFR by at least 35%, 
or an increase in serum creatinine by at least 50%, all three for less than 3 months. 
Acute kidney injury (AKI) is defined by renal impairment of short duration; specifi-
cally, the increase in serum creatinine by more than 0.3 mg/dl within 48 hours, or an 
increase in serum creatinine by 50%, documented or presumed to have occurred in 
the 7 days prior to the measure [167]. The stages of AKI are: (1) an increase in 
serum creatinine to ≥0.3  mg/dl, or by ≥1.5- to two-fold from baseline, with 1a 
including patients in whom serum creatinine did not exceed 1.5 mg/dL, and whose 
mortality is similar to that of patients without AKI, and 1b, including patients whose 
serum creatinine increased beyond 1.5 mg /dl, whose short term mortality may be 
comparable that of patients who have not developed AKI [168], (2) an increase in 
serum creatinine to two- to threefold from baseline, and (3) an increase in serum 
creatinine by more than threefold from baseline, or a serum creatinine ≥4 mg/dl 
with an acute rise of ≥0.3 mg/dl or dialysis initiation [167].

Precipitating factors of AKI must be identified rapidly to address them quickly. 
In this regard, dehydration from the use of diuretics, infection, gastrointestinal 
bleeding, and NSAIDs use are common precipitating factors of AKI in patients with 
cirrhosis. AKI in patients with cirrhosis is associated with poor prognosis with a 
reported survival of 2–30% in hospitalized patients with this complication [169].

The management of AKI includes discontinuation of diuretics and any drugs 
contributing to renal impairment. Beta-blockers should be discontinued, although 
there are differences of opinion regarding this matter [144, 145]. Volume repletion 
with crystalloids, as appropriate, and, in cases of gastrointestinal bleeding, blood 
transfusions to keep the hemoglobin between 7 and 9 g/dl [170]. In patients with 
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tense ascites, paracentesis should be performed in association with albumin infu-
sions at doses of 8 g/liter removed [149–151, 171], which has been reported to be 
associated with improvement in renal function. Patients with ascites should receive 
albumin infusions in the same manner done during LVP in the absence of AKI. Based 
on the consensus published in 2007 [172] and on the recommendations from the 
European Association for the Study of Liver Disease [145], when AKI does not 
have an identifiable cause(s), its stage is greater than 1a, or it is associated with 
infection, patients should receive 20% albumin infusions at a dose of 1 g/kg of body 
weight for two consecutive days up to 100 g total.

Traditionally the terminology of acute renal insufficiency, now acute kidney 
injury, has been pre renal, associated with decreased renal perfusion due to dehydra-
tion, renal, due to intrinsic renal disease including acute tubular necrosis, glomeru-
lonephritis, and interstitial nephritis, and post-renal, secondary to obstruction, 
which may be of sufficient magnitude to lead to hydronephrosis. All types of AKI 
can develop in patients with cirrhosis; the use of biomarkers to identify the type of 
AKI is being proposed, with urinary neutrophil gelatinase-associated lipocalin 
(NGAL) and interleukin 18 being reported to differentiate patients with acute 
 tubular necrosis from other types of renal impairment [173].

 Hepatorenal Syndrome

Hepatorenal syndrome (HRS) is a complication unique to patients with decompen-
sated liver disease and is associated with a poor prognosis. HRS happens in the 
context of altered hemodynamics secondary to portal hypertension characterized by 
profound systemic vasodilatation accentuated in the splanchnic circulation medi-
ated, at least in part, by excessive production of nitric oxide (NO), and which results 
in ineffective arterial volume, i.e., relative hypovolemia, and the activation of the 
neurohumoral systems of rescue including the renin–angiotensin–aldosterone sys-
tem, the sympathetic nervous system, and non-osmotic release of antidiuretic hor-
mone. In cirrhosis, at first, there is an increase in sodium and water retention in 
response to the relative hypovolemia, which results in increased intravascular vol-
ume and increased cardiac output. However, as cirrhosis progresses, there is 
increased vasodilatation, with further activation of vasoconstrictive systems, lead-
ing to vasoconstriction and decreases in renal blood flow [174, 175] and deteriora-
tion of cardiac function, i.e., high output heart failure, as the heart cannot keep up 
with perfusion demands, further contributing to renal hypoperfusion and dysfunc-
tion [148, 176, 177]. HRS has traditionally been considered to be caused by extra-
renal factors that cause functional renal failure. This interpretation has been 
supported by the improved or normalized renal function in patients with HRS after 
liver transplantation, suggesting that it was the liver and the hemodynamic compli-
cations of portal hypertension that perpetuated the renal dysfunction [178], and by 
the suggested normality of renal histology in patients with HRS. However, there is 
a paucity of data in this regard; thus, the idea of HRS as being only functional is 
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being reconsidered [145]. In this context, it is being suggested that the pathogenesis 
of HRS be considered under the light of recent data documenting the role of inflam-
mation and microvascular dysfunction on mitochondrial function and the effect of 
profound cholestasis on renal function [179, 180].

 Muscle Cramps

Sixty-seven percent of subjects in a study comprised of 101 patients with cirrhosis 
experienced muscle cramps [181]. An electromyogram of a muscle during a cramp 
was reported to reveal involuntary repetitive firing of motor unit action potentials at 
high rates up to 150 per second, producing a sustained muscle contraction [181]. 
Patients with cramps were reported to have had significantly lower serum albumin 
concentrations than those without cramps. Cramps were associated with impaired 
quality of life. The etiology of muscle cramps, including those in patients with cir-
rhosis, is unknown.

Treatments used to treat muscle cramps in patients with cirrhosis include albu-
min infusions [182], based on the hypothesis that decreased effective arterial vol-
ume is increased by albumin, thus improving perfusion, and baclofen, which, in a 
randomized, placebo-controlled study was associated with the disappearance of 
muscle cramps at 3 months of treatment, at a dose of 30 mg per day (e.g., 10 mg 
three times a day) [183].

 Hepatic Encephalopathy

Hepatic encephalopathy (HE) is a reversible neuropsychiatric behavioral complica-
tion of cirrhosis, acute liver failure, and chronic portosystemic shunting, character-
ized by inhibitory neurotransmission. Pathological brain findings similar to those 
found in patients with congenital hyperammonemia resulting from inherited defects 
of urea cycle enzymes, i.e., Alzheimer’s type II astrocytosis, have been described in 
HE [184–187].

HE is detrimental to patients with survival significantly decreased in those con-
tinuing to have this complication at one year after its first episode [188, 189].

The pathogenesis of HE is unknown. Hyperammonemia in association with 
increased GABAergic neurotransmission, which is inhibitory, in relationship to 
neurosteroids is considered to contribute to the pathogenesis of this complication of 
liver disease [190–196].

Nitrogen, which is ingested in food, is converted to ammonia. NH4+ is the form 
in which ammonia exists in human beings in physiological conditions and is pro-
duced by transamination followed by deamination of biogenic amines and amino 
groups of nitrogenous bases such as purine and pyrimidine, and from the effect of 
intestinal bacterial through the action of urease on urea [197–199]. The 
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concentration of ammonia in the portal system is significantly higher than that of the 
systemic circulation. Through the urea cycle, the liver converts ammonia to urea by 
combining it with ornithine, bicarbonate, and aspartate, and is excreted as urea 
through the kidneys, which are instrumental in ammonia metabolism [199].

In liver disease or portosystemic shunting, the uptake of ammonia by the liver is 
decreased; thus, it circulates at high concentrations systemically. The brain lacks the 
urea cycle. In the brain, ammonia’s clearance concerns its combination with gluta-
mate to form glutamine in the cortical Alzheimer’s type II astrocyte. The excess of 
glutamine results in astrocytes’ swelling, associated with impaired intercellular 
communication and neurotransmission [184, 196].

There is a proposed relationship between ammonia and GABA-ergic neurotrans-
mission in the pathogenesis of HE. Ammonia in the brain is associated with the 
upregulation of the peripheral type of benzodiazepine receptors on the astrocyte 
mitochondrial membrane, which results in the formation of neurosteroids, which 
increase GABAergic neurotransmission via GABA A receptors [193–196]. 
Improvement of patients with HE, albeit of short duration, in association with flu-
mazenil, a GABA A receptor antagonist, supports the hypothesis of increased 
GABA ergic tone contributing to HE [200].

Other theories proposed to explain HE include altered serotonin neurotransmis-
sion, false neurotransmitters, inflammation, manganese neurotoxicity, and gut dys-
biosis [201, 202]. In addition, genetic susceptibility has been reported in patients 
with cirrhosis and HE; specifically, glutaminase TACC and CACC haplotypes were 
reported as risks for the development of overt HE [203].

HE has been classified as type A in acute liver failure cases, type B when associ-
ated with portosystemic shunts in the absence of liver disease, and C when associ-
ated with cirrhosis, portal hypertension, and portosystemic shunting. Type C HE has 
been further classified as episodic, persistent, and minimal [186, 204]. HE can be 
episodic, usually triggered by commonly identified precipitating factors (see below), 
recurrent, when bouts occur in intervals of at least 6 months, and persistent when 
behavioral manifestations are always present, with superimposed relapses of overt 
HE. HE has also been classified according to the existence of precipitating factors, 
i.e., nonprecipitated and precipitated.

Clinically, patients may have covert HE or may be in a coma. The exclusion of 
causes of encephalopathy and altered mental status beyond liver disease is part of 
the assessment of patients with liver disease and includes acute head injury, remote 
subdural hematoma, and space-occupying lesions, which require radiological tests 
[186]. The West Haven classification of HE grades it from 0 to 4 with 0 exhibiting 
no clinical findings; (1) including decreased attention span, sleep alterations, and 
the presence or absence of asterixis; (2) including lethargy, disorientation to time, 
amnesia related to recent events, and asterixis; (3) including somnolence, confu-
sion, disorientation to place with asterixis tending to be absent; and (4) character-
ized by coma. Family members can help to identify findings of HE in patients with 
covert HE, which include subtle personality changes. Changes in sleep patterns are 
typical of HE, with patients being awake at night and sleepy during the day [186].
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In evaluating patients with HE, it is essential to review medications and eliminate 
sedatives, especially benzodiazepines, which lead to increased gabaergic neuro-
transmission. The physical examination of a patient with HE is characterized by 
minimal attention span and constructional apraxia. Completion of the number con-
nection test is delayed [205]; this test can be given in the clinic and provides an 
objective evaluation against which to assess the effect of treatment. Asterixis is a 
typical finding of HE (see above). Electroencephalogram shows the typical triphasic 
sharp and slow waves of HE [206], with a predominance of theta activity (slowing) 
as the degree of HE progresses [207]. The interpretation of EEG requires expertise, 
and it is a desirable tool to incorporate as a measure in clinical trials of HE.

The treatment of HE includes the identification of precipitating factors and their 
reversal. The precipitating factors tend to be dehydration, gastrointestinal bleeding, 
infections, sedative use, and electrolyte imbalance. In this context, hypokalemia is 
notorious for causing HE because it is associated with an increase in ammonia gen-
esis and decreased urinary ammonia excretion; hypokalemia (an acidosis) stimu-
lates glutamine uptake and the expression of ammoniagenic enzymes in the proximal 
tubule, thus increasing ammonia concentration in blood [208], changes that appear 
to contribute to HE in patients with impaired liver function.

The pharmacological therapy of HE includes lactulose, a nonabsorbable disac-
charide, considered the first line of treatment, although debate remains regarding 
the robustness of the data derived from clinical studies [186, 209]. The rationale for 
the use of lactulose [210] includes: (i) absence of specific disaccharidase on the 
microvillus membrane of enterocytes in the human small bowel, allowing lactulose 
to enter the colon. In the colon, lactulose (and lactitol, also used in HE’s manage-
ment outside the United States) is catabolized by the colonic bacteria to short-chain 
fatty acids, including lactic and acetic acids, which results in a decrease in pH of the 
stool to approximately 5. The acidic milieu propitiates the formation of NH4+, 
which is nonabsorbable, from NH3+, which gets trapped in the colon, thus decreas-
ing the concentration of ammonia in the blood; the importance of an acidic colonic 
environment in the management of HE has been documented in clinical studies 
[211], (ii) increased incorporation of ammonia by bacteria for synthesis of nitrogen 
compounds, (iii) change in colonic flora from urease producing bacteria, which con-
tribute to ammonia production, to non-urease producing Lactobacillus species 
[212], and (iv) cathartic properties that result in a decrease in time available for 
ammonia to be absorbed from the colon [213]; the value of catharsis in the manage-
ment of HE has been reported in clinical studies that included other agents [214].

In acute HE, in patients who can swallow, a dose of 30 ml of lactulose is admin-
istered every hour until diarrhea occurs and then tapered to 2–3 times a day to cause 
2–3 soft bowel movements, targeted to the improvement of symptoms, i.e., avoid-
ance of an excessive number of bowel movements stands to reason. Lactulose can 
be administered by enemas if necessary [210].

The rationale to use antibiotics to treat patients with HE is to decrease the num-
ber of bacteria that contribute to ammonia production; neomycin, metronidazole, 
and vancomycin have been studied [210]. Rifaximin is a nonabsorbable antibiotic 
that changes the gut microbiota toward a less encephalopathogenic mix than the 
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endogenous flora; it is approved for the treatment of HE at a dose of 550 mg orally 
twice a day, at which dose the drug was documented to decrease the risk of overt HE 
recurrence in adult subjects. It is used in combination with lactulose, the dose of 
which can be changed to suit the patient’s convenience while still offering clinical 
improvement [215, 216].

Other treatments that have been used in HE include sodium benzoate, zinc, 
branched chain amino acids, and probiotics [186].

HE has a profound negative impact on the lives of patients with liver disease. 
Liver transplantation (LT) is a therapeutic alternative for patients with decompen-
sated liver disease as per established criteria [186]. In cases of HE from portosys-
temic shunts, their closure is indicated prior to referral for LT or at the time of 
surgery [186].

 Cardiomyopathy

Cardiac dysfunction may be present in as many as 50% of patients who undergo 
liver transplantation for end-stage liver disease [217].

Cirrhotic cardiomyopathy was defined as: (i) systolic dysfunction with a resting 
ejection fraction of less than 55% associated with a blunted increase in cardiac out-
put in response to exercise or pharmacological stimulation; (ii) diastolic dysfunc-
tion with an early diastolic atrial filling ratio less than 1.0 (corrected to age), 
deceleration time greater than 200 milliseconds, and prolonged isovolumetric relax-
ation time greater than 80 milliseconds; (iii) with supporting criteria that include 
electrophysiological abnormalities, e.g., prolonged QT, abnormal chronotropic 
response, electromechanical uncoupling, enlarged left atrium, increased myocardial 
mass, increased brain natriuretic peptide, and pro-peptide, and increased troponin I 
[218]. Right ventricular dysfunction is also involved [219].

The heart function is best evaluated by echocardiogram in patients with cirrhosis.
The treatment of cirrhotic cardiomyopathy concerns the improvement of left 

ventricular function done with sodium restriction, diuretics, and afterload reduction, 
except in advanced disease because of profound peripheral vasodilation intrinsic to 
the hemodynamic milieu of portal hypertension [220].

Cardiac alterations in cirrhosis are reported to be reversed after liver transplanta-
tion [220].

 Hepatopulmonary Syndrome

The hepatopulmonary syndrome (HPS) is a complication of cirrhosis and portal 
hypertension characterized by abnormal arterial oxygenation through ventilation- 
perfusion mismatch that results from intrapulmonary vascular dilatation [221]. The 
clinical manifestations of HPS include dyspnea, and platypnea, defined as shortness 
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of breath on sitting up and improved on lying down. The characteristic physical 
findings are orthodeoxia, defined as hypoxemia exacerbated in the upright position, 
digital clubbing, and cyanosis.

The mechanism that leads to pulmonary vasodilation is considered to be multi-
factorial from data derived mostly from animal studies, and include: (i) endothelin-
 1, which is increased in cirrhosis and portal hypertension stimulates pulmonary 
endothelial nitric oxide synthase (eNOS), which results in increased production of 
nitric oxide (NO), the most potent endogenous vasodilator [222–224]; (ii) bacterial 
translocation, which is a feature of portal hypertension and which is associated with 
accumulation of macrophages, triggers production of inflammatory cytokines, 
including tumor necrosis factor (TNF) alpha, which leads to an increase in the pro-
duction of inducible nitric oxide synthase (iNOS) [225, 226]; (iii) an increase in 
macrophage-induced heme oxygenase-1 (HO-1) increases the production of carbon 
monoxide, a pulmonary vasodilator [227]; and (iv) pulmonary angiogenesis medi-
ated by macrophages and increased in TNF-alpha stimulates production of vascular 
endothelial growth factor (VEGF) [104, 228]. As portal hypertension is character-
ized by a hyperdynamic circulation, the rapidity with which mixed venous blood 
circulates through the capillaries, which normally measure 8–15 μm and can be as 
dilated as 100 μm in diameter, does not allow for appropriate gas exchange because 
oxygen has to travel a longer distance from the alveolus to the center of the dilated 
vessels, as interpreted from animal studies [224], thus causing a ventilation- 
perfusion mismatch, resulting in arterial hypooxygenation and high alveolar-arterial 
gradient [229], worsened by the right to left shunts (venous to arterial) from arterio-
venous shunts [230]. The diagnosis of HPS is made by excluding primary cardio-
pulmonary disease and by identifying gas exchange alterations. Oxygen saturation 
of less than 96% by pulse oximeter should trigger the exclusion of HPS. This test is 
reported to have a sensitivity of 100% and a specificity of 88% in patients with a 
partial pressure of oxygen (PaO2) of less than 70% [231, 232]. A contrast bubble 
echocardiogram is the initial recommended diagnostic test; it is done by administer-
ing agitated normal saline while doing a transthoracic echocardiogram. The bubbles 
opacify the right ventricle from where they are transported to the lungs via the pul-
monary circulation where they are absorbed; in the presence of a right to left shunt, 
bubbles immediately appear in the left ventricle, i.e., early shunting; however, in the 
presence of intrapulmonary shunt, as in hepatopulmonary syndrome, bubbles appear 
in the left atrium three cardiac cycles after the administration of agitated saline, i.e., 
delayed shunting thus supporting the diagnosis of HPS.

Another diagnostic modality is the use of radionuclide lung perfusion scanning. 
Intravenously injected technetium-labeled macroaggregated 20-micron albumin 
(Tc-99 m MAA) normally gets trapped almost completely within the pulmonary 
capillary bed. In HPS, the Tc-99 m MAA particles pass through the dilated pulmo-
nary capillaries and enter the systemic circulation, being trapped in the capillaries 
of the brain, kidneys, and other organs. Normally less than 6% of Tc-99 m MAA 
particles bypass the lung to lodge themselves into the capillaries of other organs 
[233, 234].
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Two findings have been reported from pulmonary angiography in HPS, type 1, 
characterized by the diffuse spongiform appearance of pulmonary vessels in the 
arterial phase, and type 2, small arteriovenous communications; however, it is not 
recommended as a screening test as it is invasive and not sensitive for the diagno-
sis of HPS.

The treatment of HPS depends on its severity. For patients with mild or moderate 
HPS, defined as A-a gradient ≥ to 15 mmHg, with a PaO2 ± 80 mmHg, or A-a gra-
dient ≥ to 15 mmHg, PaO2 ≥ 60 mmHg and < 80 mmHg, respectively, clinical 
follow up, including pulse oximetry every six months, is recommended. Oxygen 
supplementation is not recommended unless hypoxemia occurs during exercise 
(e.g., 6-minute walk test) or sleep. Patients with severe HPS, defined as A-a gradient 
≥ to 15 mmHg with a PaO2 ≥ 50 mmHg and < 60 mmHg, and for patients with very 
severe HPS, defined as <50 mmHg or patients with a PaO2 < 300 mmHg while 
breathing 100% oxygen [221] should be evaluated for liver transplantation, which 
is reported to be associated with improvement in symptoms of HPS and oxygen-
ation over the first year post surgery [235, 236].

Investigational therapies have included TIPS [237] and embolization in 
patients with large shunts [238, 239]. A study that explored the use of garlic, 
which contains allium sativum, which decreases the production of nitric oxide, 
documented an increase in baseline arterial oxygen concentration by 25%, as 
compared to an increase by 7% as compared to placebo, prescribed in a random-
ized fashion [240].

 Portopulmonary Hypertension

Portopulmonary hypertension (PoPH) is defined as the coexistence of portal hyper-
tension and pulmonary arterial hypertension regardless of cirrhosis [241], in the 
absence of volume overload or intrinsic cardiopulmonary disease. It was reported to 
be present in 6% of liver transplant candidates [242]. From a registry that included 
637 patients with PoPH, 57% had compensated cirrhosis [243]. A genetic predispo-
sition to develop PoPH has been explored with reported multiple single nucleotide 
polymorphisms in the genes that code for estrogen receptor 1, aromatase, phospho-
diesterase 5, angiopoietin 1, and calcium-binding protein A4 [242].

The clinical manifestations of PoPH include dyspnea, fatigue, syncope, orthop-
nea, and peripheral edema [244]. Many patients are asymptomatic. On physical 
exam, jugular vein distension, a loud P2, or a murmur suggestive of tricuspid insuf-
ficiency may be appreciated, with leg edema out of proportion to ascites in advanced 
cases. Hypoxemia is not common.

Histologically, the pulmonary vasculature displays proliferation of the intima, 
with media hypertrophy, fibrosis, and thrombosis leading to thickened arterial walls 
and impaired blood flow, which result in increased pulmonary vascular resistance 
[245, 246]. The mediators of such changes are unknown. It is considered that a 

15 Complications of Liver Disease



470

disequilibrium between vasoconstrictor and vasodilator substances contributes to 
the pathogenesis of PoPH, and they include thromboxane A2, interleukin-1, inter-
leukin- 6, angiotensin-1, glucagon, serotonin, and ET-1A [247–250].

A Doppler transthoracic echocardiogram can be used to screen for PoPH; if a 
systolic pulmonary arterial pressure greater than 40 mmHg is identified [244], direct 
measurement of pulmonary pressures is done by right heart catheterization [251]. A 
mean pulmonary artery pressure greater than 25 mmHg in association with a pul-
monary capillary wedge pressure less than 15  mmHg is diagnostic of PoPH.  In 
addition, a transpulmonary gradient greater than 10 mmHg and a high pulmonary 
vascular resistance are used to differentiate pulmonary arterial hypertension from 
pulmonary venous hypertension from the hyperdynamic circulation and hypervol-
emia of portal hypertension [244].

Patients with PoPH should be referred to centers with expertise in this condition. 
Drugs that have been used to treat PoPH have been taken from the experience with 
primary pulmonary hypertension [252]; however, calcium channel blockers and 
anticoagulation are not recommended for PoPH. The therapies that have been tried 
in PoPH include endothelin receptor antagonists, e.g., bosentan, which can be asso-
ciated with hepatitis, thus, follow-up for possible liver injury is necessary, and maci-
tentan, which, in a multicenter, randomized, double-blind, placebo-controlled, 
phase 4 trial was documented to decrease pulmonary vascular resistance, signifi-
cantly, without hepatotoxicity [253], phosphodiesterase inhibitors, e.g., sildenafil, 
prostacyclin analogs, e.g., epoprostenol, vasopressin analogs, e.g., terlipressin, and 
tyrosine kinase inhibitors, e.g., imatinib have been considered.

The use of beta-blockers to prevent variceal bleed in patients with PoPH is not 
recommended because of the effect on cardiovascular hemodynamics [254].

Liver transplantation is not an option in patients with severe pulmonary hyper-
tension because of high operative and perioperative mortality from cardiovascular 
complications [253]. Patients with pulmonary arterial pressure are less than 
35 mmHg are considered for liver transplantation.

 Fat Malabsorption

Fat malabsorption may be a complication of cholestasis, but the degree of steator-
rhea is modest, with over 70% of the ingested fat being absorbed [255]; important 
fat malabsorption in patients with cholestasis, including that from PBC, can be 
treated with the administration of medium-chain triglycerides [255]. There is litera-
ture on an association between PBC and celiac disease [256, 257]; thus, in patients 
with PBC and findings suggestive of malabsorption of fat or deficiencies in ele-
ments such as magnesium and iron, celiac disease should be excluded and specific 
treatment, i.e., gluten-free diet, recommended.
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 Vitamin Deficiencies

Retinol provides vitamin A from animal sources and beta carotene from plant 
sources. Retinol-binding protein regulates the uptake of retinol by intestinal cells. 
The absorption of beta-carotene depends on the availability of bile acids in the small 
intestine. In addition to poor absorption secondary to bile acid deficiency, decreased 
availability of retinol-binding protein, which results from chronic hepatobiliary dis-
ease, contributes to vitamin A deficiency because of the impaired release of the 
vitamin from liver stores [258]. Enhanced urinary clearance of retinol due to defi-
ciency in transthyretin, a thyroxine-binding globulin to which retinol-binding glob-
ulin is bound in the circulation, may also occur. Zinc is necessary for the activation 
of retinol to a photochemical compound; in addition, the hepatic secretion of reti-
nol-binding protein depends on zinc; thus, it is necessary to check zinc levels and 
correct a deficiency if present [259]. Oral doses of 25,000 international units (IU) 
per day [260] to 30,000 IU three times a week [261] have been recommended for 
vitamin A supplementation. Vitamin A can be toxic to the liver and other organs; 
accordingly, it must be supplemented not to exceed what is considered normal lev-
els, administered under supervision, and intermittently [259].

Endogenous production is the most important source of vitamin D. The metabo-
lism of vitamin D has been reported to be normal, at least in patients with PBC 
[262]. These facts have suggested that poor exposure to sunlight in a debilitated 
chronically ill patient may be the main cause of vitamin D deficiency in cholestasis. 
Vitamin D, parathyroid hormone, and calcitonin regulate plasma calcium and phos-
phorus homeostasis; thus, these elements may be abnormal in cases of vitamin D 
deficiency. Doses that have been recommended for vitamin D supplementation 
include 400–4000 IU orally per day [263], or 50,000 IU orally three times a week 
[261]. Prolonged supplementation of vitamin D can lead to hypercalcemia and soft 
tissue calcifications, although these are not common complications [264, 265].

The main vitamin E sources are the naturally occurring tocopherols, which 
require micellar solubilization for absorption; thus, deficiency is a complication of 
conditions associated with cholestasis. Vitamin E inhibits the oxidation of unsatu-
rated fatty acids, prevents lipid peroxidation, and is a scavenger of free radicals. 
Vitamin E deficiency manifests itself with a neurological syndrome characterized 
by peripheral neuropathy, cerebellar degeneration, and abnormal eye movements, 
i.e., reverse internuclear ophthalmoplegia. Retinal degeneration has been ascribed 
to vitamin E and A deficiencies alone or combined. In children, the complications 
of vitamin E deficiency are more severe than in adults with cholestasis [266]. 
Recommendations to treat deficiency of vitamin E include 100 mg twice a day [261] 
or 10 to 25 IU/kg/day [267].

Vitamins K1 and K2 require micellar solubilization for absorption in the small 
intestine. The forms that contribute to vitamin K activity are K1 or phytonadione, 
found in most vegetables, and K2, a series of menaquinones, formed by 
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Gram- positive bacteria in the intestine. Other compounds that have vitamin K activ-
ity are structurally related to menadione (K3) [268]. Vitamin K deficiency may pres-
ent with coagulopathy, as measured by prolonged prothrombin time secondary to 
deficiency of vitamin K-dependent clotting factors, or it may be subclinical [269]. 
Coagulopathy from vitamin K deficiency resolves upon administration of the vita-
min, which can be given subcutaneously at doses of 1–10 mg of vitamin K1 daily 
for three consecutive days. In patients with chronic cholestasis, vitamin K defi-
ciency may be prevented by monthly administration of 10 mg of vitamin K subcu-
taneously [268]. The intramuscular administration of vitamin K, or any other 
medication, is contraindicated in patients with coagulopathy because of the risk of 
intramuscular hemorrhage. If the coagulopathy results from hepatocellular failure, 
it will not resolve in association with vitamin K administration.

It is important to supplement vitamin deficiencies as documented by blood levels 
and replace them, as required [270]. Periodic checkups of serum vitamin levels to 
provide sufficient but not excessive amounts can guide vitamin supplementation, in 
general. Selected recommended regimes to supplement vitamins when there is defi-
ciency are listed in Table 15.2.

 Gynecomastia

Gynecomastia is a physical finding in men with cirrhosis. In control subjects, gyne-
comastia was reported in 55% of the group versus 44% of men with cirrhosis. The 
total estrogen-free testosterone ratio and the estradiol-free testosterone ratio was 
similar between the patients with cirrhosis and those without, results interpreted to 
suggest factors other than estrogen contribute to the pathogenesis of gynecomastia 
in cirrhosis, or that there may be an increase in the sensitivity to estrogens in breast 
tissue in cirrhosis [271].

Table 15.2 Selected regimens for vitamin supplementation in patients with cholestasis and 
vitamin deficiencies

Deficient vitamin Preparation Dose/mode of administration/frequency

A Vitamin A 30,000 IU/orally / three times per week [261].
D Cholecalciferol 50,000 IU/ orally/ three times a week [261].
E tocopherol 100 mg twice a day [261] 
K K1 1–10 mg/ SC/ daily for three consecutive days or monthlya

[268].
afor patients who have chronic cholestasis
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 Cholelithiasis

The prevalence of cholelithiasis in patients with cirrhosis is higher than that of the 
general population [272] and reported as 25–30% [273]. There are specific recom-
mendations for the management of gallstones associated with symptoms, which 
will not be reviewed in this section; however, it is important to know that in patients 
with cirrhosis from any cause, gallbladder surgery carries important risks for com-
plications that must be considered in collaboration with hepatobiliary surgeons, if 
surgery is being considered [274–276].

Malnutrition

The prevalence of malnutrition and sarcopenia was reported as 23 to 60% from a 
recent review [277]. Malnutrition can be profound in patients with end stage liver 
disease and is associated with a negative impact on the quality of life, and decreased 
survival including over the post liver transplant period [278]. It is recommended that 
patients with cirrhosis ingest 35 to 40 kcal/kg of body weight, with 1 to 1.5 g/kg of 
protein, preferably plant and dairy based. Six to eight meal “events” have been rec-
ommended, with snacks between breakfast, and lunch, and lunch and dinner [279, 
280]. We emphasize on a night snack, e.g., hard-boiled egg, especially in hospital-
ized patients to avoid a prolonged overnight fasting. In patients with decompensated 
liver disease, branched chained amino acid and leucine enriched amino acid supple-
ments are suggested. Patients who cannot have adequate oral intake, episodic enteral 
nutrition is recommended [280]. Early referral to the nutritionist is part of the care 
of patients with liver disease.
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Aceruloplasminemia, 361
Acetaminophen, 435
Acute liver failure, 377, 378
Adjuvant therapy, 148
Afferent and efferent nerve fibers, 3
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Alcohol induced liver disease, 255

alcohol withdrawal, 280
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clinical manifestations of, 265, 266
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etiology of, 256
genetics of, 256–259
histology, 274–276, 278
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natural history of, 261–265
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Alcoholic cirrhosis, 276
Alcoholic hepatitis, 275, 276

treatment for, 281–284
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Alfapump® transfers ascites, 460
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Alpha 1 antitrypsin (A1AT) deficiency, 325, 
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liver transplantation in, 337
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Alpha interferon therapy, 182
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Angiotensin converting enzyme (ACE) 

system, 103
Anion exchanger 2 (AE2), 48, 49
Antigen presenting cells (APCs), 46
Antinuclear antibodies (ANA), 43, 44
Antituberculous therapy, 414
Anti-tumor necrosis factor-alpha 
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Apoptosis, 314
Apotransferrin, 343
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pathophysiology, 455
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Ascites (cont.)
sinusoidal hypertension, 456
splanchnic vasodilatation, 455
survival of, 455
TIPS shunts, 459, 460

Aspartate transaminase to platelets ratio index 
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ATP-binding cassette (ABC) transporters, 137
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Autoimmune hepatitis (AIH)

absolute indications, 102
autoantibodies, 93–94
characterization, 98
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clinical cases, 85, 86
clinical manifestations, 91, 92
definition, 86
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epigenetics, 91
follow up period, 98
genetics, 90, 91
hepatocellular carcinoma, 111
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history, 97
interpretation of scores, 99
laboratory findings, 97
liver transplantation, 113, 114
lymphocytes infiltrates, 95
overlap syndromes, 101, 102
pathogenetics, 87

CD4+CD25+FOXP3+ regulatory T 
cells (Treg), 88

chemokines, 89
environmental factors, 89
FOXP3, expression of, 87
hypergammaglobulinemia, 87
mediate immune tolerance, 87
molecular mimicry, 88, 89
M2BPGi, serum levels of, 87
natural killer (NK) cells, 88
regulatory T cells (Tregs), 87, 88
serum CD4+ CD 25+ Tregs cells, 87
T cell immunoglobulin mucin-3, 88

physical examination, 92, 97
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scoring system, 99
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anti-tumor necrosis factor-alpha 
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calcineurin inhibitors, 109
combination therapy, 104, 105
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with corticosteroids, 103
corticosteroids therapy, 104, 106
cyclosporin, 109
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transferase, 107
immunosuppression therapy, 107
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MELD score, 111
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tacrolimus, 109
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with and without cirrhosis, 103
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Autonomic nervous system, 3
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B cells and plasma cells, 46
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Bacterial cholangitis, 146
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Balloon-occluded retrograde transvenous 
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apoptotic, 49
glutathionylation, 50
senescence, 48, 49
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Chronic hepatitis B virus (C-HBV) (cont.)
lamivudine therapy, 229
oral antiviral therapy, 229
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oral nucleosides/nucleotides 
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alpha interferon therapy, 182
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direct-acting antiviral agents, 182
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Direct-acting antiviral agents (DAA), 182
Direct repeats (RC), 204
Disulfiram, 278
Dominant biliary strictures, 147
Double-negative (DN)-T cells, 46
D-penicillamine (DPA), 371, 381, 383
Drug-induced hepatitis, 96
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E
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Gamma glutamyl transpeptidase (GGTP), 392
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Gastrointestinal bleeding, 8
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Interleukin 8, 275
Intestinal dysbiosis, 89, 269
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