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FOREWORD 
WILLIS C. MAOOREY, MO 

Executive Vice President for Clinical Affairs, 
University of Texas Southwestern Medical Center, Dallas, TX 

The practicing physician needs to know (and wants to know) more than ever about 
diseases of the liver and the biliary tract. There is surely enough emerging important 
information to fully warrant a well-constructed practice manual. Fortunately there is 
much to present, as the courses of a variety of liver diseases can now be favorably 
influenced. The opportunities for therapeutic intervention are exciting advancements for 
clinicians interested in hepatology, who heretofore were often observers with little ability 
to alter the natural course of acute and chronic liver diseases. 

Hepatology has amply shared in the remarkable ongoing expansion of the scientific 
and clinical basis of medical practice. Within a quarter century, we have been given 
increasingly precise diagnostic tools with which to assess the liver. Developments in 
clinical chemistry, serology, imaging, endoscopy, and the widespread use ofliver biopsy 
have all contributed the required tools. The ability to make secure diagnoses has been 
augmented. The development ofliver transplantation as a successful approach to therapy 
has increased interest in more precise diagnosis and assessment of where the patient is 
in the natural history of a specific disease. The precision is of great importance in that 
timing for the transplantation is critical to the likelihood of success. 

In this practice manual, efforts are made to provide the clinician with an understanding 
of the utility and limitations of the ways in which the liver is evaluated. The descriptions 
of tests and techniques are interwoven with outlines of the principal manifestations and 
the natural history of the most frequently encountered diseases of the liver. In many 
situations an algorithmic approach accurately presents the state of knowledge in graphic 
form. An algorithm based on sound observations supported by science and created by an 
experienced clinician is of great benefit in guiding clinical practice. 

The hepatologist of today must consider a vast array of diseases. The most frequent 
major issues include the detection and treatment of chronic viral hepatitis Band C, 
assessment of drug-induced injury to the liver, diagnosis and management of the 
cholestatic disorders, including primary biliary cirrhosis and primary sclerosing cholan
gitis, evaluation of an asymptomatic or minimally symptomatic patient who is found to 
have an abnormality in a biochemical test or on an imaging study, and for those who have 
advanced disease, determining candidacy and timing for liver transplantation. The uni
verse of recognized liver diseases continues to expand. Recent additions include nonal
coholic steatohepatitis, which is established to be a definite and quite common entity, and 
appreciation of the many liver diseases found in patients who are immunodeficient. 

As is the case in all of medicine, our targets are ever moving. The astounding expansion 
of what one might know increases the focus on providing a solid base of information that 
one must know. Advances in virology allow precise identification of the agents that cause 
hepatitis A through E. Of interest has been the discovery of hepatitis G, although the 
importance of this virus as a cause of hepatitis remains uncertain. There has been a 
cascade of new information and opportunities following the discovery of the hepatitis 
viruses. Chronic hepatitis C and chronic hepatitis B are established major worldwide 
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vi Foreword 

diseases affecting astounding numbers of individuals. The search for effective ways to 
assess the presence and extent of hepatic injury from these viruses, coupled with efforts 
to prevent the spread of disease, and treat those already affected, is the major activity of 
hepatologists. Surely the development of effective vaccines to prevent hepatitis A and B 
ranks among the major accomplishments of 20th century medicine. All physicians need 
to know when to recommend these vaccines, which thus far have been considerably 
underused. It may well be possible to someday add hepatitis B to the list of diseases that 
have been eradicated. The prevention of chronic hepatitis B is of even more importance. 
Patients who are long-term hepatitis B carriers have a high risk of developing chronic 
ongoing liver disease, cirrhosis, and hepatocellular carcinoma. The whole chain of events 
can be prevented through appropriate vaccination strategies. Likewise, many individuals 
needlessly develop hepatitis A when the use ofthe effective vaccine could have prevented the 
illness. 

There is a base of knowledge about the liver and its diseases which every clinician 
needs to know. A few ofthe important issues include: 

• The natural history of chronic hepatitis B and chronic hepatitis C and the potential favor
able therapeutic roles of interferon and other emerging therapies. 

• How to suspect, recognize, and establish the diagnosis of autoimmune disease in order to 
successfully intervene with immunosuppressive therapy. 

• The approach to detect and treat hemochromatosis in its early stages and a plan that will 
achieve the most benefit from venesection for the patient and affected family members. 

• When to consider Wilson's disease, recognizing that this disorder often presents with 
hepatic manifestations in the absence of neurological manifestations. Efforts expended in 
the diagnosis of Wilson's disease are amply rewarded by the often spectacular results 
from D-penicillamine therapy. 

• When to use beta-blockers and other pharmacologic agents in patients who have bled 
from esophagogastric varices in order to prevent recurrent bleeding. 

• The frequency with which spontaneous septicemia and bacterial peritonitis is a complica
tion of cirrhosis and appreciation of the importance of prophylactic antibiotics in prevent
ing recurrence of infection in a patient who has survived an initial episode. 

• Appreciation of the many guises under which hepatic encephalopathy may present and 
how appropriate changes in diet and the use of lactulose may serve to enhance perfor
mance in these patients. 

• Recognition of the opportunities afforded by the clinical development ofliver transplanta
tion and the important decisions that determine candidacy and timing. 

The above list includes just a few of the important areas a clinician needs to know in 
caring for patients with liver diseases. This practice manual provides the clinician major 
blocks of sound advice in an easy-to-assimilate format. An important section of each 
chapter relates to interactions between the primary care physician and the specialist. 
Specialists often serve as educators, guides, and coaches. The primary care clinician has 
a vital role and needs to be fully conversant with diagnostic tests for identifying the cause 
of acute and chronic viral hepatitis as well as the need to promote the use of vaccines for 
hepatitis A and hepatitis B. When the findings are confusing, the diagnosis uncertain, and 
when emergency treatment or liver transplantation may be needed, the team approach is 
imperative. These days in hepatology there is much to do and, in fact, much more than 
can be done. 



PREFACE 

Diseases of the liver and biliary tract comprise a vast array of conditions that are often 
complex and bewildering. Furthermore, many recent fundamental discoveries and rapid 
advances in technology have led to new knowledge in the field. In this volume, we have 
prepared a practice manual that explains the advantages and limitations of new tests and 
provides algorithms for evaluation of patients and treatment of liver problems commonly 
encountered by the primary care physician. The first section introduces the evaluation of 
the patient with liver disease, aspects of the history and physical examination that can be 
invaluable in considering the patient with hepatobiliary disease. Nuances of serological 
tests for detection of viral infections of the liver are described, and radiological tests both 
invasive and non-invasive are presented with their application for specific circumstances. 
Another section covers commonly encountered specific diseases of the liver and biliary 
system. Treatable genetic disorders are emphasized even though many are rare because 
the impact of timely diagnosis and treatment is potentially great. Finally, common com
plications are presented with practical information on how to recognize the problems and 
deal with them effectively. Many experts in their fields have collaborated to produce a 
text that is concise, easy to understand, and definitive. 
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1. INTRODUCTION 

Liver disease is an important cause of mortality and morbidity worldwide. In third world 
countries, especially in Asia and Africa, viral infections are the major liver problem, whereas 
in the Western world, alcoholic damage is the most important cause ofliver disease, accounting 
for up to 80% of patients with cirrhosis in some countries (1). In the United States, chronic liver 
disease, including cirrhosis, is the fourth most frequent cause of death among individuals 30-
60 yr old (2). Fortunately, mortality from chronic liver disease has steadily declined in the past 
10 yr in both the white and black populations (3). However, it remains costly, both in terms of 
human morbidity and financial resources, as the course of chronic liver disease is typically 
characterized by recurrent complications requiring repeated hospitalizations, and often results 
in loss of life. 

The increased use of aminotransferase assays in health surveys and screening tests has led 
to the incidental discovery of a large number of persons with abnormal serum liver tests. The 
vast majority of these people are asymptomatic. In fact, one third of patients referred to 
hepatologists have no complaints attributable to the hepatobiliary system (4). 

When symptoms are present, clinical features of the more common acute and chronic liver 
diseases are frequently nonspecific. As a result, use of the history and physical examination in 
the diagnosis and management of diseases ofthe liver can be challenging. Attempts to circum
vent this problem with objective tests have led to a proliferation of biochemical and serologic 
assays, new imaging modalities, and invasive tests, such as endoscopic retrograde 
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4 Part I / General Clinical Features of Liver Disease 

cholangiopancreatography and percutaneous liver biopsy. Despite these technological 
advances, an accurate, organized, directed medical history is still the most important and 
fundamental set of data in the practice ofhepatology. Accurate documentation of the precise 
duration of symptoms, and serum liver enzyme abnormalities, is crucial and may require 
scrutiny of prior medical records. Such information is essential in differentiating acute from 
chronic liver disease and evaluating disease progression. 

2. HISTORY 

As in other areas of clinical medicine, a full clinical history in patients with possible liver 
disease should include: chief complaint; history of present illness; past medical history; system 
review; family history; personal history including alcohol, substance abuse, occupational 
history, and foreign travel; and medications and allergies. 

2.1. Chief Complaint and History of Present Illness 
Patients with liver disease frequently have nonspecific symptoms such as anorexia, nau

sea, fatigue, malaise, and asthenia. Jaundice, generalized pruritis, right upper quadrant pain 
and dark urine are more suggestive of liver dysfunction. Prior symptoms such as upper 
abdominal pain, recent surgery, treatment with hepatotoxic drugs and history of blood or 
blood product administration are usually more significant. History should begin from the 
time the patient last felt perfectly fit and well, which may be many months or years prior to 
the current visit. Not infrequently, physicians have to contact the primary care provider 
when the patient is not able to furnish specific information about his medical history, par
ticularly the medications, or type and details of previous surgery. 

2.2. Symptoms of Liver Disease 
2.2.1. FATIGUE 

Nonspecific symptoms, including fatigue, malaise, listlessness, and inability to concentrate, 
are commonly associated with liver disease. Fatigue and malaise are the presenting features in 
about one third to two thirds of patients with liver disease (5). Fatigue can be the dominant, and 
sometimes the only, symptom in patients with chronic liver disease. A major demographic study 
of primary biliary cirrhosis in Canada showed that fatigue was present in 80.6% of patients and 
was the single most disabling symptom (6). Fatigue may be present for months or years before 
a diagnosis ofliver disease is made. It tends to be worse during the latter part of the day. Fatigue 
tends to worsen as the disease progresses, and improves with improvement in liver disease, which 
may occur either spontaneously or in response to a specific therapy. For instance, fatigue often 
improves with seroconversion of hepatitis B, and treatment of autoimmune hepatitis with ste
roids, or after successful liver transplantation for end-stage liver disease from any cause. 

The pathogenesis offatigue is unknown. A recent study suggests that defective corticotro
phin-releasing hormone-mediated neuroendocrine behavioral responses may be responsible 
for fatigue in this situation (7). Reports of a causal relationship between altered function of the 
hypothalamic-pituitary adrenal axis and abnormal behavioral state have been documented in 
similar animal models (8). These experimental findings may not be specific for, or applicable 
to, human liver disease, and further studies are necessary before their relevance in liver disease 
patients can be determined. 

2.2.2. ANOREXIA 

Anorexia is a prominent symptom in a wide variety ofliver diseases and is oflittle specific 
diagnostic value. It may precede the appearance of jaundice in acute hepatitis and it may be a 
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prominent symptom in cirrhosis and hepatobiliary malignancy. Anorexia was found to be 
present in almost 90% of patients with acute viral hepatitis (9), and 50% with alcoholic 
hepatitis (JO). It tends to worsen with increasing severity ofliver disease, and may lead 
to profound malnutrition with loss of muscle mass and fatty tissue. However, the total 
body weight may remain unchanged because of increasing edema and ascites. Worsening 
ascites leads to further anorexia and early satiety due to pressure on the stomach. The 
etiology of anorexia in liver disease is not well elucidated, but changes in the palatability 
of food or changes in the level of circulating hormones such as glucagon, somatostatin, 
cholecystokinin, gastrin, and bombesin or various nutrients such as glucose, free fatty 
acids, or amino acids may all be involved (J 1). 

2.2.3. DISORDERED TASTE AND SMELL 

Disturbances of taste and smell are common in patients with liver disease. A recent 
study evaluated chemosensory function, food preferences and appetite in patients with 
liver disease, including hepatitis, cirrhosis, primary biliary cirrhosis, and sclerosing cho
langitis. Recent changes in taste and smell were reported by 40 and 27%, respectively in 
patients with liver disease, compared to only 6% of healthy age- and gender-matched 
controls. Compared to controls, a greater proportion of patients with liver disease reported 
food cravings (47-17%) and food aversions (33-l3%). Foods with a predominantly bitter 
taste were less preferred in patients with liver disease. Patients were also more likely to 
report poor to fair appetite than controls (37 vs 5%) (J 2). Altered taste probably explains 
aversion to smoking in acute viral hepatitis and other liver diseases. In another study, 
decreased subjective taste acuity and increased use of salt and sugar was noted in 84% of 
patients with liver disease, whereas 74% of patients with acute viral hepatitis complained of 
obnoxious taste and smell for fried foods and 90% to meat (9). In another study, the taste 
threshold was elevated for salt, sugar, hydrochloric acid, and urea (J 3). Although the mecha
nisms are not clear, zinc and vitamin E supplementation have been shown to improve taste 
sensation in patients with alcoholic cirrhosis (J 4). 

2.2.4. NAUSEA AND VOMITING 

Nausea and vomiting are common complaints in patients with liver disease. They may occur 
independently of each other, but are more often seen concurrently, and are presumed to be 
mediated by related neuropathways. Nausea and vomiting are often striking features of acute 
biliary obstruction due to gallstones and hepatic tumors in patients with viral and drug-induced 
hepatitis, as well as other parenchymal liver diseases. Metoclopramide has been shown to 
suppress nausea and vomiting in patients with advanced cirrhosis, but can cause worsening of 
edema and ascites due to enhanced secretion of aldosterone (15). 

2.2.5. ALTERATION IN BODY WEIGHT 

Unintentional weight loss is commonly seen in patients with chronic liver diseases. Mecha
nisms include anorexia, early satiety due to pressure of ascites on the stomach, and accelerated 
metabolism. Precipitous weight loss in patients with chronic liver disease may suggest devel
opment of complications such as malignancy or infection. Gradual weight loss accompanies 
end-stage liver disease secondary to loss of muscle mass and adipose tissue from a 
hypercatabolic state due to an infectious or other metabolic disorder. 

Weight gain or stability in patients with late, chronic liver disease is usually due to 
noncompliance with low salt diet or, secondarily, to deterioration in liver disease reSUlting 
in worsening ascites. In these patients, significant malnutrition may occur without changes 
in body weight. Conversely, in patients with early liver disease, weight gain may be due 
to simple obesity. 
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2.2.6. ABDOMINAL PAIN 

Abdominal pain is common in hepatobiliary disease. Pain may be pleuritic in nature, especially in 
patients with inflammatory diseases of the gallbladder. It may be located in the right upper quadrant 
or may be felt in the right shoulder, especially if the diaphragm is involved. Pain or discomfort along 
with tenderness on palpation may occur due to rapid or gross enlargement of the liver or spleen. Acute 
biliary colic may be localized in the right upper quadrant, epigastrium or retrosternal area. Massive 
accumulation of ascites may be associated with generalized abdominal pain. 

2.2.7. JAUNDICE 

Jaundice, or icterus, refers to the yellow pigmentation of the skin or sclera caused by deposition 
of bilirubin. It may be noted by the patient himself or pointed out by friends or family members. 
It is important to determine whether it is predominantly due to unconjugated or conjugated 
hyperbilirubinemia. A simple clue in this regard is whether bilirubin is present in the urine. Its 
absence in the urine suggests unconjugated hyperbilirubinemia, because conjugated bilirubin is 
filtered by the glomerulus and unconjugated bilirubin is not. Patients should be asked about 
pruritus, clay colored stools, and abdominal pain as clues to the presence of biliary obstruction. 

2.2.8. ALTERATION IN BOWEL FUNCTION 

Patients should be queried about the frequency, color, and consistency of stools. Stools may 
be pale or clay colored in patients with bile duct obstruction or intrahepatic cholestasis. Pan
creatic steatorrhea may also result in pale gray stools. Black stools may be due to melena, or 
excessive oral iron intake. Greenish-black stools can be caused by bismuth therapy. 

A moderate increase in stool frequency is common in many liver diseases, but particularly 
in alcoholics and acute viral hepatitis (16). Biliary obstruction is associated with steatorrhea 
due to fat malabsorption, and is particularly common if the pancreatic duct is blocked. For 
unclear reasons, diarrhea may occur in patients with hepatocellular carcinoma. Diarrhea may 
be caused by a disease which is secondarily associated with liver involvement. For instance, 
sclerosing cholangitis is often associated with ulcerative colitis, and hepatic metastases can 
occur in patients with carcinoid syndrome. 

2.2.9. EDEMA AND ASCITES 

Ascites and edema may be caused by liver, heart, renal diseases, malnutrition, and protein
losing states. It is important to remember that abdominal distention may be due to causes other 
than ascites, such as enlargement of abdominal viscera, gaseous distention or, more com
monly, obesity. Mild ascites may be difficult to diagnose clinically, but moderate to severe 
ascites is easily detectable. Severe ascites may be associated with abdominal discomfort, 
presumably due to increased intra-abdominal pressure and stretching of visceral peritoneum. 
Massive ascites is also associated with the appearance and enlargement of hernias, early 
satiety, dyspnea, and occasional numbness on the lateral aspect of the thigh due to pressure on 
the lateral cutaneous nerve. 

2.2.10. PRURITUS 

Pruritus is associated with intra- or extrahepatic cholestasis from causes such as primary 
biliary cirrhosis, sclerosing cholangitis, cholestasis of pregnancy, and common bile duct 
obstruction due to strictures, stones, or malignancy. It can also be a feature of acute hepatitis 
A and, more rarely, alcoholic hepatitis when cholestasis is present in those conditions. 
Pruritus is usually more severe on the extremities, and milder or absent on the trunk. It rarely 
affects the neck, face, or genitals and is frequently worse after a hot shower, at night, and in 
warm weather. The mechanism of pruritis has been postulated to be related to interaction 
between the nerve endings and one or more substances (bile acids) that are retained in the body 
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as a result of cholestasis (17). Antihistamines, cholestyramine, ursodeoxycholic acid, and 
naloxone have shown a variable degree of efficacy in treating pruritus. Occasionally, patients 
with primary biliary cirrhosis develop severe pruritus unresponsive to traditional management 
and require liver transplantation for relief. 

2.2.11. BLEEDING 

Patients with acute or chronic liver disease may complain of spontaneous bleeding from the 
gums or nose or of easy cutaneous bruising. The severity of the complaint is related to the 
degree of hepatic compensation. 

Thrombocytopenia related to portal hypertension and splenomegaly, as well as prolonged 
prothrombin time from diminished clotting factors, are likely contributing factors. 

2.2.12. FEVER 

Fever is common in liver disease and is associated with its infective complications, such as 
acute cholangitis or spontaneous bacterial peritonitis. It may be associated with chills. Elevated 
body temperatures are also seen in acute viral, alcoholic, and drug-induced hepatitis. Fever 
may also be a presenting feature of hepatocellular carcinoma. 

2.2.13. MENTAL CONFUSION AND SLEEP DISTURBANCE 

Patients with advanced liver disease often have somnolence during the day, and insomnia 
at night. This occurs in early hepatic encephalopathy. Mental confusion, slow response to 
various stimuli, stupor, and eventually coma occurs with increasing severity of encephalopa
thy. With early hepatic encephalopathy, there is intellectual deterioration, short attention span, 
inability to solve mental problems, memory loss and, finally, inability to communicate effec
tively. Patients may develop personality disorders with euphoria, depression, irritability, anxi
ety, or apathetic state. Hepatic encephalopathy and its implications are discussed in greater 
detail in Chapter 28. 

2.2.14. SEXUAL DYSFUNCTION 

Impotence is common in patients with cirrhosis from any cause, especially alcoholism. In 
alcoholics, impotence is present for a longer period of time, is more severe, and appears earlier 
in the course of disease as compared to nonalcoholic cirrhotics (18). Sexual behavior is also 
altered in women with a variety ofliver diseases. In one study, reduced sexual desire occurred 
in 33% of patients, difficulty with arousal in 18%, lack of orgasm in 25%, and dyspareunia in 
21% (19). 

2.2.15. MUSCLE CRAMPS 

Cramps affecting the calf muscles are more frequent in cirrhotic patients than controls (72 
vs 40%). Twenty-three percent of cirrhotics vs 9% of controls reported more than three cramp 
crises a week. Cirrhotics with cramps had more severe disease than those without cramps (20). 
Three variables independently predicted cramping in cirrhotics: the presence of ascites, low 
value of mean arterial pressure, and increased plasma renin activity. These factors suggest that 
a decreased plasma volume may cause cramping in cirrhotics. Consistent with this theory, 
albumin infusion significantly improved plasma renin activity, and decreased the frequency of 
cramping in a subgroup of cirrhotic patients with frequent severe muscle cramping (10). 
Quinidine sulfate has proven effective in some patients with this problem (21). 

3. PAST MEDICAL HISTORY 

A history of transfusion of blood or blood products raises the possibility of cirrhosis from 
hepatitis B, D, or C. Previous surgery for cancer is important, because liver abnormalities may 
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represent metastatic disease. Jaundice in a patient with a previous cholecystectomy may be due 
to either retained gallstones or a postoperative stricture. 

4. FAMILY HISTORY 

Investigation of family history in patients with liver disease is important in uncovering 
genetic liver diseases. Because penetrance of affected genes can be variable, the proband may 
be many generations apart from the index case. A family history is not only important in cases 
of genetically determined diseases, such as Wilson's disease, hemochromatosis, and alpha-l
antitrypsin deficiency, but also infectious liver diseases such as hepatitis B, in which the most 
cornmon route of spread is transmission from mother to child. 

5. MEDICATION HISTORY 

Medications are an important cause ofliver disease. One of the initial steps in the investi
gation of abnormal serum liver enzymes is to review all prescribed, and illicit drugs used by 
the patient. Specific inquiry should also be made regarding over-the-counter, herbal medica
tions, and megadose vitamins. Drug-induced hepatotoxicity is discussed in greater depth in 
Chapter 13. 

6. PERSONAL HISTORY 

Inquiry into the patient's occupational history and exposures, alcohol use, intravenous drug 
abuse, and sexual preference must be made. Patients notoriously underestimate their alcohol 
consumption, and more accurate estimation can often be obtained from the patient's spouse or 
other close family members. Prior travel history and ethnic background may also give clues 
to liver disease. For example, acute viral hepatitis is more likely after travel to an endemic area. 
Cirrhosis may occur in patients who have emigrated even 20 yr earlier from these same areas. 
Similarly, patients who have lived in endemic areas can develop portal hypertension from 
schistosomiasis years later. Certain organic solvents have been associated with liver dysfunc
tion. Possible exposures should be investigated with respect to previous reported cases ofliver 
disease associated with that substance. 

7. PHYSICAL EXAMINATION 

Physical examination is the cornerstone of clinical evaluation of patients with liver disease. 
Some signs are relatively specific, such as the Kayser-Fleisherrings of Wilson' s disease or a large 
gallbladder in patients with carcinoma of the pancreas (Courvoisier's gallbladder). Others, such 
as asterixis and hepatic encephalopathy or abdominal collaterals in portal hypertension, although 
not specific for the type ofliver disease, strongly suggests its presence. Physical examination in 
patients with liver disease should include a general physical examination and a detailed exami
nation of the abdomen. Examination of other systems is pursued as appropriate. 

7.1. General Physical Examination 
The physical examination begins with a general examination to assess the overall condi

tion. The body build is important, as loss of muscle bulk is a sign of relatively advanced liver 
disease or cancer, and is particularly common in cirrhosis. Obesity may cause abnormal liver 
function tests because of fatty liver. Xanthalasma suggests chronic cholestasis, which is 
commonly seen in primary biliary cirrhosis. Parotid enlargement is sometimes seen in 
patients with alcohol abuse, primary biliary cirrhosis with sicca syndrome, as well as mal
nutrition, and is usually painless. 
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Vital signs, including pulse, blood pressure, and temperature, should be noted. Patients with 
advanced liver disease and ascites are predisposed to spontaneous bacterial peritonitis. Fever 
may also be due to a variety of infectious diseases in which the liver is secondarily involved, 
such as leptospirosis, Epstein-Barr virus, and cytomegalovirus. It is also frequently seen in 
patients with AIDS. Patients with established liver disease may present with fever for which 
no cause is found despite extensive work up. Fever is common in patients with alcoholic 
cirrhosis who drink heavily, have a poor diet, and have advanced clinical and biochemical signs 
of liver disease and alcoholic hepatitis (22). Fever is also an important sign of primary or 
metastatic liver disease. 

Conjunctival examination may show pallor of anemia due to blood loss from portal 
gastropathy, varices, or anemia due to hypersplenism. Kayser-Fleischer rings are highly sug
gestive of Wilson's disease, and, if prominent, can be seen by the naked eye. A slit lamp 
examination is required in questionable cases. 

Patients may have tachypnea that is multifactorial. Massive ascites with restriction of dia
phragmatic excursion, pleural effusion, or massive abdominal organomegaly all may contrib
ute to this sign. 

Icterus, with few exceptions, is a hallmark of liver disease. Jaundice is usually noticeable 
when serum bilirubin level exceeds 2 mg/dL. Patients with obstructive jaundice have dark 
urine due to bilirubinuria. However, patients with hemolytic anemia and jaundice do not 
usually develop dark urine. 

Diffuse hyperpigmentation, due to increased melanin pigmentation in the skin, is common 
in patients with various forms ofliver disease. These disorders include primary biliary cirrho
sis, various forms of biliary obstruction, hemochromatosis, and porphyria cutanea tarda. A 
cutaneous examination should include a search for tattoos, skin popping scars, sclerotic veins, 
excoriations, and xanthalasma. In addition, the skin should be examined very carefully for 
stigmata of chronic liver disease. Spider nevi, palmar erythema, petechial hemorrhages, and 
easy bruisability are important clues to the presence of chronic liver disease. Palmar erythema 
can be hereditary and be unrelated to liver disease. Therefore, recent onset, or lack of palmar 
erythema in the past, is suggestive of the development of chronic liver disease. Gynecomastia 
is present in some patients with chronic liver disease, but is also seen in patients who use 
spironolactone as well as in patients with certain other medical disorders. It is diagnosed when 
there is a palpable enlargement of glandular tissue under the areola. The glandular tissue may 
be exquisitely tender and necessitate discontinuation of medications causing it. 

Patients with advanced hepatic failure may have a fishy odor (fetor hepaticus) on their breath. 
Patients with alcoholic liver disease may have Dupuytren's contractures. This phenomenon 

has been attributed to liver damage, but in one study the prevalence was similar in alcoholic 
cirrhotics, nonalcoholics, and in alcoholics without liver disease (23). Various abnormalities 
affecting the nails have been described in liver disease. These include shiny nails due to 
scratching, and transverse white lines when serum albumin falls below 2.2 gmlL (24). These 
changes may be found in other conditions associated with low serum albumin, such as neph
rotic syndrome or protein-losing enteropathy. Mild clubbing is common with end-stage liver 
disease, especially in patients with primary biliary cirrhosis. 

7.2. Examination of the Abdomen 
Inspection of the abdomen may reveal distention, which could be diffuse, due to ascites, 

obesity, or massive organomegaly from the liver, spleen, gallbladder, or hernias. Specifically, 
bulging flanks and eversion of umbilicus suggest free intraperitoneal fluid. Prominent umbili
cal veins (Caput Medusae) may be seen in patients with severe portal hypertension. The sudden 
development of abdominal wall collaterals in patients with cirrhosis may indicate acute hepatic 
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vein thrombosis (Budd-Chiari syndrome). Dilated veins on the abdominal wall should be 
evaluated for direction of filling (centrifugal vs centripetal). 

Palpation should be performed to look for tenderness or to detect organomegaly from the 
spleen or liver. Signs of peritonitis with rebound tenderness and guarding raises concern about 
a perforated viscus or bacterial peritonitis, although it has been documented that the latter, in 
the majority of cases, have no abdominal tenderness. 

Percussion should be performed to look for shifting dullness or fluid wave to diagnose 
ascites and to define spleen and liver size. Small amounts of ascites can be detected by a 
"puddle sign." Auscultation may reveal arterial bruits which are common with atherosclerotic 
involvement of various abdominal vessels. A splenic artery bruit may be heard in the epigas
trium in patients with pancreatic tumors. Vascular tumors such as hepatocellular carcinoma 
and cholangiocarcinoma, or arteriovenous malformation, may be associated with bruit on the 
surface ofthe liver. A transient bruit lasting a day or so may be heard after liver biopsy due to 
temporary arteriovenous fistula. Similarly, a bruit in the left upper quadrant may be heard in 
patients with an aneurysm of the splenic artery, splenic arteriovenous fistula, or splenomegaly 
due to any cause. A friction rub is a scratchy sound which is heard over the liver if there is 
hepatic infarction, abscess, or a tumor invading the visceral pleura. It can also be heard in the 
Fitz-Hugh Curtis syndrome (gonococcal or chlamydial perihepatitis). Splenic infarction or 
inflammation causes a similar rub over the splenic area. 

7.3. Physical Signs and Other Symptoms 
A flapping tremor (asterixis) is a brief flexion of all the fingers when both arms are stretched 

in front of the patient and suggests hepatic encephalopathy. Percussion of the patient's back may 
reveal a pleural effusion, usually right-sided, and may be seen in patients with cirrhosis and 
ascites. Hemorrhoids are often evident in patients with portal hypertension from liver disease. 

8. PRESENTATIONS OF LNER DISEASE 

Clinical presentations ofliver disease may range from asymptomatic liver serum test abnor
malities to fulminant hepatic failure with encephalopathy and coma. As mentioned earlier, an 
apparently healthy adult with an unexpected elevation on routine liver function tests poses a 
common problem. In fact, one third ofthe patients referred to hepatologists have no complaints 
attributable to the hepatobiliary system (4). The original complaints or reasons for performing 
the blood tests may identify subtle clues relevant to underlying hepatobiliary disease. How
ever, the majority of patients are discovered on routine blood tests for annual physical exami
nation or Red Cross screening at the time of blood donation. Tests commonly called liver 
function tests do not actually determine liver function. These should instead be referred to as 
serum liver tests. These liver tests can be classified according to the pathophysiological pro
cesses they reflect. 

The first step in the evaluation of abnormal liver tests is to determine if they are hepatitic 
(necroinflammatory) or cholestatic (see Fig. 1). Hepatitic markers include the amino
transferases AST (SGOT) andAL T (SGPT). Cholestatic markers include alkaline phosphatase, 
gamma glutamyl transpeptidase, 5' nucleotidase, and bilirubin. Twofold or greater elevations 
in aminotransferases with normal or less than twofold increases in alkaline phosphatase or 
gamma glutamyl transpeptidase would suggest a hepatitic process. Conversely, twofold 
increases in alkaline phosphatase or gamma glutamyl transpeptidase with normal or less than 
twofold increases in aminotransferases suggest a cholestatic process. Whereas hepatitic and 
cholestatic serum markers generally reflect their respective type ofliver injury when enzyme 
levels are high, they are less specific when their levels are low, and crossover can be seen when 
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I ABNORMAL LIVER TESTS I 

Pred ominant abnormality: Predominant abnormality: 
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2X normal (hepatitic) ~ 2X normal (cholestatic) 
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ULTRASOUND 
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SEROLOGIES 
2.AMA 

Fig. 1. A schematic plan for the evaluation of abnormal serum liver tests. 

mixed effects are present. The evaluation of elevated liver serum tests proceeds as outlined in 
algorithm (1). 

8.1. AST and ALT Elevations 
The serum aminotransferases include aspartate amino-transferase CAST), and alanine amino 

transferase CAL T), and are primarily used as markers for hepatic inflammation and necrosis. 
AST elevation is not specific for liver disease. It may be elevated in other conditions affecting 
heart, skeletal muscle, or kidneys. However, ALT is specific for hepatocellular injury. The 
magnitude of elevation of aminotransferases does not relate to prognosis. A patient with 
hepatitis A and an AST of2000 lUlL does not necessarily have a worse prognosis than another 
patient with hepatitis A and an AST level of 1000 lUlL. However, absolute and relative values 
of AST and ALT are helpful in the differential diagnosis. Very high levels, exceeding 1000 lUI 
L, are seen in viral hepatitis, shock liver, toxic liver damage, a flare-up of autoimmune hepa
titis, and early acute common bile duct obstruction. In contrast, alcoholic liver disease and 
chronic active hepatitis cause only modest elevations. The diseases that cause massive eleva
tion of aminotransferases such as acute viral hepatitis, shock liver, and toxic hepatic injury are 
usually symptomatic, but diseases causing less than 10-fold elevation are usually asymptom
atic. Evaluation of patients with chronically elevated hepatitic liver enzymes should include 
detailed history for possible drug or toxin ingestion, alcohol and substance abuse, exposure to 
patients with hepatitis, and previous history of serum liver test abnormality. In these patients, 
viral serology and tests for metabolic liver disease (iron and copper studies, autoimmune 
markers) should be performed (see Table 1). 

8.2. Cholestatic Abnormalities 
Alkaline phosphatase, gamma glutamyl transpeptidase (GGT), 5'-nucleotidase, and biliru

bin are used as indicators of cholestasis. However, these do not differentiate intrahepatic from 
extrahepatic cholestasis. GGT and alkaline phosphatase are found in several tissues including 
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Table 1 

Some Diseases that more Commonly Present with a Hepatitic (Necroinflammatory) Pattern 

Viral hepatitis 
Autoimmune hepatitis 
Metabolic liver disease 
Alcoholic liver disease 
Hemochromatosis 
Wilson's disease 
Alpha-I-antitrypsin disease 
Congestive heart failure 
Drug/toxin exposure 

bone, intestine, and placenta. Fortunately, combined elevation of alkaline phosphatase, 5'
nucleotidase, and GGT is highly suggestive ofliver disease. GGT is inducible, and is elevated 
in individuals consuming drugs such as phenobarbital, phenytoin, and alcohol. Increase in 
serum alkaline phosphatase is due to stimulation of hepatic synthesis of this enzyme. Imaging 
studies such as ultrasound or CAT scan should be employed to distinguish between intra- and 
extrahepatic cholestasis. Table 2 lists common causes of cholestatic liver enzymes. 

8.3. Isolated Hyperbilirubinemia 
Unconjugated bilirubin originates mainly from the breakdown ofRBC hemoglobin, which 

is transported to liver cells bound to plasma albumin. In the liver, it is conjugated mainly with 
glucuronic acid and excreted through the biliary system. The bilirubin level is a reflection of 
the balance between bilirubin production and clearance. The bilirubin production rate is directly 
related to red blood cell survival time. In hemolytic disorders, the bilirubin level rises in direct 
proportion to decreasing red cell survival time. Hemolytic anemia causes elevation of 
unconjugated serum bilirubin (indirect bilirubinemia). Gilbert's syndrome, resolving 
hematoma and some medications are other common causes of unconjugated hyperbilirubinemia. 

9. INDICATIONS FOR CONSULTING A SPECIALIST 

A specialist should be sought when specialized diagnostic or therapeutic measures are 
required. Patients who require a liver biopsy, endoscopic cholangiography, or endoscopic 
hemostasis should be referred to a specialist. In addition, patients developing fulminant hepatic 
failure will also require special care. Tertiary care facilities are essential in the proper manage
ment of these patients. As chronic liver disease progresses, transfer to a facility that has liver 
transplantation capability is important if the patient is an appropriate candidate. As a general 
rule, even for relatively stable chronic liver disease patients, referral to a transplant center for 
evaluation early is always preferable. Specific treatments and appropriate points for referral 
are discussed in subsequent chapters on specific diseases. 

10. CONCLUSIONS 

Liver disease is an important cause of morbidity and mortality worldwide and in the United 
States. In the United States, the majority of patients with liver disease are asymptomatic and 
come to the medical attention of the primary care physician when serum liver test abnormalities 
are noted. A complete and thorough history and physical is the essential first step in the 
evaluation. Categorization of the abnormalities into cholestatic or hepatitic disease is the next 
step. Complications of chronic liver disease resulting in decompensation, or poor response to 
medical management, will generally require a specialist (25). 
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Table 2 

Some Diseases that Commonly Present with a Cholestatic Pattern of Serum Liver Enzymes 

Primary biliary cirrhosis 
Primary sclerosing cholangitis 
Malignancies (pancreatic, gall bladder, bile duct) 
Granulatous diseases (tuberculosis, sarcoid) 
Bile duct stricture 
Bile duct stones 

SUMMARY 

Patients with liver disease are frequently asymptomatic. 

13 

Most cases ofliver disease in the United States are discovered by finding abnormalities 
in screening blood tests. 

Early symptoms ofliver disease are nonspecific and include anorexia and easy fatigability. 
Imaging studies are required to distinguish between intra- and extrahepatic cholestasis. 
Abnormal liver blood tests can be divided into predominantly hepatitic (necro-

inflammatory) or cholestatic, each requiring different diagnostic evaluation. 
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1. INTRODUCTION 

This chapter describes biochemical or enzymatic tests commonly used to screen for the 
presence ofhepatobiliary diseases. In general, these tests provide substantial sensitivity, but 
do not provide great specificity. 

2. SERUM AMINOTRANSFERASES (TRANSAMINASES) 

2.1. Principles 
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are enzymes 

involved in gluconeogenesis by converting amino acids to the corresponding alpha keto acids. 
AS T is present in mitochondria and cytoplasm of cells in a wide variety of tissues such as heart, 
skeletal muscle, kidneys, and brain in addition to the liver. AL T is limited to the cytoplasm, 
and appears to be localized primarily in the liver. It is, therefore, more specific for hepatic 
disease (J). 

2.2. The Assays 
The enzymatic assay for AL T and AST involves coupled enzymatic reactions. In the AL T 

assay, alanine and alpha ketoglutarate react in the presence of the enzyme ALT to form pyru
vate and glutamate. Subsequently, pyruvate is reduced to form lactic acid in the presence of 
enzyme lactate dehydrogenase, and NADH is oxidized to NAD. This reaction leads to a change 
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in absorbance at a specific wavelength. The change in the absorbance is directly proportional 
to ALT activity in the tested sample (2). 

In the AST assay, aspartate and alpha ketoglutarate react in the presence of the enzyme AST 
to form oxaloacetate and glutamate. Subsequently, oxaloacetate is reduced to form malic acid 
in the presence of enzyme malate dehydrogenase, and NADH is oxidized to NAD. This reac
tion leads to a change absorbance at a specific wavelength that is directly proportional to the 
enzymatic activity in the tested sample (2). 

2.3. Clinical Significance 
Both ALT and AST are normally present in low concentrations in the serum, ranging from 

30---40 lUlL. Although these hepatitic serum liver tests are frequently called "liver function 
tests," they do not provide measures of functional or metabolic capacity of the liver (1). 

These enzymes generally indicate the presence of hepatocellular damage (3). 

1. Mild elevations (50-400 lUlL) in aminotransferases are seen in certain conditions such as 
drug- or ethanol-induced liver injury, parenteral nutrition, fatty liver of pregnancy, chronic 
viral or autoimmune liver disease, intrahepatic malignant tumor, passive hepatic congestion, 
or extrahepatic biliary obstruction (3). 

2. Moderate elevation (400-2000 lUlL) in aminotransferases are associated with conditions such 
as acute biliary obstruction, acute viral hepatitis, autoimmune hepatitis, toxin exposure, and 
ischemia associated with left ventricular failure or shock (3). 

3. Very high elevations in aminotransferases (2000-30,000 lUlL) are associated with severe 
hepatocellular necrosis such as in acute acetaminophen toxicity, mushroom poisoning, fulmi
nant hepatitis, or shock liver (3). Generally, high levels of aminotransferases indicate a high 
likelihood of severe hepatic injury. However, severe hepatic damage can occur with minimal 
or even normal aminotransferase elevations. Therefore, the absence of aminotransferase eleva
tions does not exclude the possibility of hepatic injury. 

4. After acute hepatocellular injury, a decline in AST and ALT in the serum may be a sign of 
recovery. However, with severe damage such a decline can be indicative of a poor prognosis (1). 

5. During the resolution phase of viral hepatitis, serum ALT levels are often higher than AST 
levels, because ALT has a longer half-life than AST (3). 

6. It is uncommon for aminotransferases to rise above 300 lUlL in simple alcoholic liver disease. 
7. A ratio of AST to ALT levels of greater than 2: 1 is considered highly suggestive of alcoholic 

liver disease, although the majority of patients with alcoholic liver disease do not have this 
ratio. The cause of this reversed ratio in alcoholics is due to a deficiency of pyridoxal 5-
phosphate, which causes a decrease in the level of ALTwithout affecting the level of AST (3). 
It should be noted that a ratio of AST to AL T of greater than two, when AL T levels are high 
(>200 lUlL), is not characteristic of alcoholic liver disease. 

8. AST and ALT will often be elevated in biliary obstruction with levels of AST and ALT >300 
lUlL in the majority of the patients. The rise in the aminotransferases can be up to 1000 
lUlL with AST rising more than ALT. 

2.4 .. Advantages 
1. These tests are easy to perform, are reproducible, and are widely available as part of automated 

serum screening tests. 
2. The tests are helpful in determining whether there is ongoing hepatocellular damage (1). 
3. Relative cost: $. 

2.5. Limitations 
1. Aminotransferase elevations, and especially AST, are not specific for liver diseases. 
2. Normal enzyme levels do not exclude the presence of hepatocellular damage (1). 
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3. Aminotransferase levels may be falsely diminished in patients with uremia or those patients 
who are on long-term hemodialysis. This effect has been attributed either to the loss of the 
enzymes through dialysis or deficiency of pyridoxine (1). 

3. ALKALINE PHOSPHATASE 

3.1. Principles 
Alkaline phosphatase (ALP) has been identified in the liver, bone, intestine, placenta, kidney, and 

leukocytes (1). In the liver, alkaline phosphatase is a membrane-bound enzyme localized at the bile 
canalicular pole ofhepatocytes (3). Measurement of this enzyme in serum is useful in suspected biliary 
obstruction because, in that condition, synthesis of alkaline phosphatase is induced in hepatocytes (1). 
When this occurs, some of the enzyme is released into the circulation from the sinusoidal surface of 
the hepatocytes due to a combination of misguided intracellular routing of newly synthesized proteins, 
and paracellular escape of the enzymes from bile canaliculi directly into the bloodstream (3,4). 

3.2. The Assay 
The serum ALP activity can be determined by a variety of methodologies. Most are two

point techniques. However, a continuous monitoring technique, based on a method devised by 
Bowers and McComb, allows calculation of ALP activity based on molar absorptivity of 
p-nitrophenol. In this assay, p-nitrophenyl phosphate (a colorless compound) is hydrolyzed to 
p-nitrophenol (a yellow-colored compound) leading to an increase in absorbance at a specific 
wavelength. That increase is directly proportional to ALP activity in the sample (2). 

Alkaline phosphatase arising from bone is unstable at 56°C ("bone burns"), whereas alka
line phosphatase of hepatic origin is stable at this temperature ("liver lives") (3). However, 
most automated clinical laboratory assays do not distinguish between the two. 

3.3. Clinical Significance 
1. A rise in serum alkaline phosphatase of hepatic origin is associated with cholestasis (extrahe

patic or intrahepatic). Because the enzyme is present in other tissues, the hepatic origin of an 
elevation in alkaline phosphatase levels should be confirmed by measuring GGT or 5'-nucle
otidase levels (3) (see Sections 4 and 5). 

2. Although the degree of elevation of alkaline phosphatase cannot be used to distinguish between various 
etiologies, it sometimes can be helpful in suggesting the presence of certain clinical conditions (3). 
a. High elevations (>750 lUlL) in alkaline phosphatase are commonly present in primary 

biliary cirrhosis, primary sclerosing cholangitis, hepatic lymphoma, sarcoidosis, candidi
asis, and HlV cho1angiopathy (3). 

b. Moderate elevations (250-750 lUlL) in alkaline phosphatase are seen in hepatitis (viral, 
autoimmune, and alcoholic), intrahepatic malignant tumors, extrahepatic obstruction 
(tumor, stone, stricture), and primary biliary cirrhosis (3,4). 

3. Complete obstruction of the bile duct (e.g., stone or stricture) results in a rise in alkaline 
phosphatase after a rise in aminotransferases (5). 

4. A rise in alkaline phosphatase activity, unaccompanied by a corresponding serum bilirubin 
elevation, suggests space-occupying lesions, or partial bile ductal obstruction (5). 

5. A low level of serum alkaline phosphatase can be seen in Wilson's disease, hypothyroidism, 
pernicious anemia, congenital hypophosphatasia, and zinc deficiency (1). 

3.4. Advantages 
1. The assay for alkaline phosphatase is easy to perform and widely available. 
2. The assay has reasonably good sensitivity for the detection of cholestasis, especially ifhepatic 

origin of the alkaline phosphatase is confirmed with an elevation of GGT or 5'-nucleotidase 
(see Sections 4 and 5). 



20 Part II / Approach to Screening for Liver Disease 

3. Elevations in alkaline phosphatase may be seen before the appearance of clinical manifesta
tions of cholestasis. It also rises in cases offocal cholestasis (5). 

4. Relative cost: $. 

3.5. Limitations 
1. Alkaline phosphatase is not specific for hepatobiliary diseases, as it can be elevated in bone 

diseases such as Paget's disease, bone fractures, and bony tumors (primary and secondary). 
2. Alkaline phosphatase rises physiologically during pregnancy, but peak levels are no more than 

two times the normal level in the third trimester. 
3. There are age, sex, and genetic variations in serum alkaline phosphatase levels. The level is 

high in young children, and in children near puberty, plateauing in middle age, and increasing 
again in old age (1). 

4. The level of alkaline phosphatase activity may not reflect the degree of cholestasis, and can 
vary 10-fold or more in individuals having the same condition (5). 

5. After resolution of cholestasis, the activity of alkaline phosphatase drops slowly because of its 
long half-life, and may remain abnormal for months. In this way, the enzyme activity does not 
truly correlate with recovery from the disease process (4,5). 

4. GAMMA GLUTAMYL TRANSPEPTIDASE 

4.1. Principles 
Gamma glutamyl transpeptidase (GGT) is another screening test for hepatobiliary disease. 

The enzyme is responsible for the transfer of a gamma glutamyl group from peptides like 
glutathione to other amino acids. This property ofGGT is used in measuring its enzyme activity 
in the serum (1). GGT is present in biliary epithelial cells, and its synthesis is increased in the 
acute phase of cholestasis (1). 

4.2. The Assay 

The GGT assay involves use of gamma-glutamyl-p-nitroanilide as a substrate. The reaction 
involves transfer of a gamma-glutamyl group to glycylglycine and release of p-nitroaniline, 
resulting in a change in the absorbance of the tested sample. This change varies directly with 
enzymatic activity (2). 

4.3. Clinical Significance 

1. GGT assay is helpful in confirming that an elevation of alkaline phosphatase is of hepatic 
origin. Because GGT is not found in bone, it should be elevated if the source of alkaline 
phosphatase is liver, but not if it is from bone (1). Elevation of GGT along with alkaline 
phosphatase is the most sensitive indicator of biliary tract disease (1). 

2. GGT activity in the serum rises in parallel to alkaline phosphatase. However, it can be 
elevated alone by certain drugs that cause induction of this enzyme such as alcohol, 
acetaminophen, and phenytoin (5). Some investigators have used GGT for detection of 
surreptitious alcohol intake in patients with a history of alcoholism because GGT is 
strongly induced by alcohol (1). 

3. The degree of GGT elevation is also helpful in certain clinical situations (3): 
a. High elevations (> 1 000 lUlL) may be seen in patients with primary biliary cirrhosis, hepatic 

lymphoma, sarcoidosis, and candidiasis (3). 
b. Moderate elevations (50{}-1000 lUlL) can be seen in patients with alcoholic hepatitis, intra

hepatic malignant tumors, extrahepatic biliary obstruction, and primary biliary cirrhosis (3). 
c. Mild elevations (25{}-500 lUlL) may be seen in patients with acute and chronic alcohol 

ingestion, drugs, and very early primary biliary cirrhosis (3). 
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4.4. Advantages 
1. Serum GGT is among the most sensitive tests for detecting hepatobiliary disease. 
2. GGT carries an excellent negative predictive value. A normal test result strongly favors a lack 

ofhepatobiliary disease (1). 
3. GGT is elevated very early in primary biliary cirrhosis, even with a normal level of alkaline 

phosphatase (3). 
4. Relative cost: $. 

4.5. Limitations 
1. The serum GGT is not a specific test for hepatobiliary diseases, as it can be found elevated in 

nonhepatobiliary diseases such as myocardial infarction, renal failure, chronic obstructive 
pulmonary diseases, diabetes mellitus, pancreatic diseases, and chronic alcoholism. 

2. Because GGT is induced by drugs such as alcohol, barbiturates, and phenytoin, the test may 
not be helpful in assessing the hepatobiliary status in patients who are taking these drugs. 

3. Because of the lack of specificity ofGGT assay, it is less useful than 5 '-nucleotidase. 
4. There is an age and sex variability in the enzyme levels. Reference values are greater for men 

than for women and they increase with age in adults. Neonates may have values five to eight 
times greater than those for adults. 

5.5'-NUCLEOTIDASE 

5.1. Principles 
5' -Nucleotidase is an enzyme that causes hydrolysis ofnucleotides by releasing inorganic 

phosphates from the 5' -position of the pentose ring. Besides liver, it is present in other tissues 
such as the intestine, blood vessels, endocrine pancreas, brain, and heart. The enzyme is 
associated with canalicular and sinusoidal plasma membranes of the hepatocytes (1). 

5.2. The Assay 
The enzyme activity in serum can be assayed by either measuring the released phosphate or by 

assaying adenosine released from adenosine 5' -monophosphate by adenosine deaminase (1). 

5.3. Clinical Significance 
1. In spite of its widespread tissue distribution, elevation of serum 5' -nucleotidase is always 

considered to be ofhepatobiliary origin (1). 
2. Because serum 5' -nucleotidase is very specific for the liver, it can be used to confirm the 

hepatic origin of alkaline phosphatase. 
3. 5'-Nucleotidase is also helpful in diagnosing liver disease in children and in pregnant women, 

because alkaline phosphatase, as mentioned earlier, can be elevated physiologically in children 
and in pregnant women. 5' -Nucleotidase is not elevated physiologically in either ofthese two 
disease-free populations (1). 

4. Measuring serial levels of5' -nucleotidase in the serum can be helpful in following the progres
sion or regression of hepatic metastases. 

5.4. Advantages 
1. Assays for 5 ' -nucleotidase are much more specific than GGT and alkaline phosphatase assays. 
2. It has a higher predictive value and has a lower false positivity than GGT and alkaline phos-

phatase in diagnosing hepatobiliary diseases (1). 
3. It is a useful screening test for metastatic liver diseases (1). 
4. It has reasonably good sensitivity and it is widely available in most laboratories. 
5. Relative cost: $. 
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5.5. Limitations 
It is not usually included in automated serum screening tests. 

6. BILIRUBIN 

6.1. Principles 
Serum bilirubin represents the breakdown product of heme and heme-containing com

pounds (cytochromes) in the body. In a normal person, 70-80% of the serum bilirubin is 
derived from the degradation of hemoglobin, and the rest comes from the degradation of 
other nonhemoglobin heme protein (cytochromes and catalase). An average person pro
duces about 4 mg/kg of bilirubin per day. The process of erythrocyte destruction takes 
place in reticuloendothelial cells of spleen, liver, and bone marrow. Heme, a degradation 
product of hemoglobin, is converted to biliverdin by heme oxygenase. Biliverdin is rap
idly converted to bilirubin by biliverdin reductase and does not appear in plasma. Bilirubin 
circulates in plasma, binds to albumin and is taken up to hepatocytes by a carrier-mediated 
process. Bilirubin in the hepatocytes is conjugated to bilirubin monoglucuronide and 
bilirubin diglucuronide (BMG, BDG). Conjugated bilirubin is excreted via the bile canali
culi into the bile. There is about 5% reflux oftotal conjugated bilirubin into the plasma to 
account for the normal concentration of conjugated bilirubin in the plasma. Conjugated 
bilirubin is water soluble and can be excreted via the kidneys, whereas unconjugated biliru
bin cannot. Bilirubin, which is excreted via bile into the intestine, is deconjugated by intes
tinal bacteria to be excreted in stool in the form of a brown colored compound stercobilin. 
Approximately 20% of the intestinal deconjugated bilirubin is absorbed back into the 
plasma as urobilinogen, a colorless compound. Much of the reabsorbed urobilinogen is 
re-excreted in bile and the remainder appears in urine (6). 

6.2. The Assay 
Bilirubin is routinely detected by a test called the Van den Bergh reaction. This reaction 

involves a diazo color reaction. In this reaction, bilirubin reacts with a reagent, diazotized 
sulfanilic acid, to form a colored compound that is read spectrophotometric ally. 

Bilirubin that is detected by this reaction in the absence of agents that dissociate bilirubin 
from serum proteins, urea, or ethanol, is called direct or conjugated bilirubin, whereas the 
detection of bilirubin in the presence of ethanol or urea is called indirect or unconjugated 
bilirubin (7). Indirect or unconjugated bilirubin is assessed by the difference of total bilirubin 
and direct bilirubin. The elevation of serum bilirubin is observed in the form of jaundice when 
the total bilirubin level is >3 mg/dL (7). Sometimes the combination of conjugated and 
unconjugated bilirubin does not equal the total bilirubin, and that difference is due to the 
presence of delta bilirubin. Delta bilirubin is irreversibly bound to albumin and has a longer 
halflife than the conjugated bilirubin. Delta bilirubin can be present for a longer time after an 
acute icteric illness (3). 

Serum bilirubin is found to be elevated, either because of the increased production or 
decreased clearance from the liver (7). 

6.3. Clinical Significance 
1. Total levels of serum bilirubin in disease-free individuals range from 0.3-1.0 mg/dL 

or 5.1-17 mmole/L. Levels of direct reacting bilirubin range from 0.1-0.3 mg/dL, and 
indirect reacting levels from 0.2-0.7 mg/dL. A ratio of conjugated to total bilirubin 
level of>30% suggests conjugated hyperbilirubinemia. Because bilirubin is a compo
nent of bile, cessation of bile flow or cholestasis can be accompanied by hyperbi-
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lirubinemia. However, the presence of hyperbilirubinemia does not always indicate 
cholestasis. 

2. Because conjugation is required for water solubility, bilirubin in the urine indicates the pres
ence of conjugated bilirubin. 

3. Isolated unconjugated hyperbilirubinemia in the absence ofliver dysfunction often arises from 
an increased degradation of red blood cells such as in patients with hemolysis, ineffective 
erythropoiesis, blood transfusions or resorption of hematomas. 

4. Isolated unconjugated hyperbilirubinemia can also be found in patients with decreased 
hepatic uptake or conjugation of bilirubin in conditions such as Gilbert's, Criggler
Najjar Type I and II. These are covered in more detail in Chapter 23. Rifampin, novo
biocin, flavaspidic acid, and some radiographic dyes can also cause this type of 
unconjugated hyperbilirubinemia. The level of bilirubin elevation in these patients is 
usually low, 1.3-4 mg/dL (3). 

5. Isolated conjugated hyperbilirubinemia in the presence of normal liver function tests can be 
found in patients with Dubin-Johnson syndrome and Rotor syndrome. These patients are found 
to have decreased bilirubin secretion into the bile canaliculus (7). 

6. Elevations of both conjugated and unconjugated hyperbilirubinemia in the presence of 
abnormal aminotransferases are usually due to hepatocellular injury (7), especially if the 
values are high. This can occur in acute hepatocellular injury as with viral hepatitis, 
ethanol, hepatotoxins, ischemia, and drugs. Chronic hepatocellular injury can be due to 
viral hepatitis, autoimmune diseases, alpha-l antitrypsin deficiency, Wilson's disease, or 
Vitamin A toxicity. 

7. Elevation of serum bilirubin and alkaline phosphatase with relatively normal aminotransferases 
can be seen in various infiltrative diseases of the liver. Examples include granulomatous 
diseases of the liver (tuberculosis, leprosy, fungal infections, mycobacterium avium infection, 
and Weggener's granulomatosis), lymphomas, and metastatic malignancies (7). In these con
ditions there is impairment of regional bile flow with preservation ofliver function and patency 
of the extrahepatic bile ducts. 

8. Hyperbilirubinemia (levels of conjugated higher than unconjugated) with relatively higher 
alkaline phosphatase, compared to aminotransferases, are seen in biliary duct obstruction. 
Biliary duct obstruction can be intrahepatic or extrahepatic and be due to inflammation, neo
plasm, or mechanical obstruction (7). 

9. Hyperbilirubinemia due to hepatic disease alone generally does not exceed 30 mg/dL. Levels 
above this suggest additional disorders such as renal disease impairing excretion of conjugated 
bilirubin, or hemolysis. 

6.4. Advantages 

1. Bilirubin assays are inexpensive, easy to perform, and widely available in automated clinical 
screening kits. 

2. The discrimination between direct and indirect bilirubin is sometimes useful in deter
mining the cause of hyperbilirubinemia in terms of its hepatic vs nonhepatic origin. 
Unconjugated hyperbilirubinemia is more commonly associated with nonhepatic 
causes (7). 

3. Severity of injury and prognosis can be correlated to the degree of rise in the serum bilirubin 
in the phase of acute hepatocellular damage. Progressive rise in the bilirubin is generally due 
to ongoing liver cell injury. 

4. In the absence of increased bilirubin production, bilirubin level can be used as a liver 
function test, as it reflects the hepatic capacity to take up, process, and secrete bilirubin 
into the bile. 

5. Relative cost: $ (if direct and total bilirubin are ordered together). 
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6.5. Limitations 
1. Bilirubin assay is not very sensitive or specific for the reasons mentioned above. 
2. In chronic liver diseases, the level of bilirubin cannot be correlated to the prognosis and severity 

of liver disease. 
3. Bilirubin level can be normal in early primary biliary cirrhosis, primary sclerosing cholangitis, 

and patients with less than 24 h of biliary obstruction (3). 
4. Many substances interfere with the diazo assay: ascorbic acid, heme, high serum lipids, and 

drugs such as propranolol (8). 
5. When bilirubin levels are low, the differentiation between direct and indirect reacting fractions 

is unreliable. A small, but constant proportion of un conjugated bilirubin reacts directly, result
ing in overestimates of this form (8). 

7. AMMONIA 

7.1. Principles 
Hyperammonemia is frequently associated with liver disease. A major source of ammonia is 

bacterial production in the large intestine. Bacteria in the large intestine produces a free ammonium 
ion from proteins, amino acids, and urea. Ammonia is absorbed by the splanchnic circulation and 
carried to the liver where it is converted into urea by the urea cycle. A defect in the detoxification 
process of ammonia can occur in patients with liver disease. Patients with advanced liver disease 
and portal systemic shunting are frequently found to have elevated serum ammonia levels. Ammo
nia is also removed peripherally by skeletal muscle. In skeletal muscle, ammonia is converted to 
glutamine by its condensation with glutamate. Patients with advanced liver disease are found to 
have low muscle mass, which further impairs ammonia detoxification (9). 

7.2. The Assay 
Ammonia in the sample is measured by a one-stage automated assay. In this assay, ammonium 

ion reacts with oxoglutarate in the presence ofNADPH and glutamate dehydrogenase to form 
glutamate and NADP. The change results in an increase in absorbance at a specific wavelength 
which can be measured, and is directly proportional to the amount of ammonia present (10). 

7.3. Clinical Significance 
1. Hyperammonemia is associated with advanced liver disease and hepatic encephalopathy. 

However, it does not seem to be the agent solely responsible in causing neurotoxicity in patients 
with hepatic encephalopathy (9). 

2. Hyperammonemia is also seen in patients with Reye's syndrome and urea cycle enzyme 
deficiency. These patients can also have neurological manifestations of encephalopathy (9). 

7.4. Advantages 

1. The test is automated, and available in most laboratories. 
2. Relative cost: $. 

7.5. Limitations 

1. The test is not specific for liver disease and there is poor correlation between blood ammonia 
level and the presence or stage of hepatic encephalopathy (9). 

2. Hyperammonemia has been described as a complication of valproic acid therapy, asparaginase 
therapy, ureterosigmoidostomy, hemodialysis, and neurogenic bladder infections (9). 

3. Transient elevation in the serum ammonia level is also seen in patients receiving treatment for 
leukemia (9). 
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SUMMARY 

Aminotransferases are only markers of cellular injury, not measures of functional or 
metabolic capacity of the liver. 

Alkaline phosphatase is a marker of cholestasis. Hepatic origin should be confirmed by 
measuring gamma glutamyl transpeptidase or 5' -nucleotidase levels. 

Gamma glutamyl transpeptidase is the most sensitive indicator of biliary tract disease; how
ever, it lacks the specificity as it can be induced by alcohol, acetaminophen, and phenytoin. 

5' -Nucleotidase is very specific for hepatobiliary disease. 
Bilirubin assay is not very sensitive or specific for liver disease, although it is considered 

to be one of the true liver function tests. 
Ammonia elevation in serum is considered neither sensitive nor specific for the diagnosis 

or severity ofliver disease or hepatic encephalopathy. 
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1. INTRODUCTION 

This chapter describes blood tests for the serological and molecular diagnosis of hepatitis. 

2. SEROLOGICAL TESTS FOR VIRAL HEPATITIS 

This section discusses the serological diagnostic techniques for hepatitis viruses A, B, C, D, 
E, G, Epstein-Barr virus, and cytomegalovirus. 

2.1. Hepatitis A Virus 
2.1.1. PRINCIPLES 

2.1.1.1. Antibodies. The host immune response to hepatitis A viral infection results in devel
opment ofIgM and IgG antibodies against the HAV capsid (1). These antibodies are easily 
detected and form the basis of the most commonly used tests for detection of exposure to the virus. 

2.1.1.2. Time Course of Host Serological Response. Diagnosis of acute HA V infection is 
confirmed by detection ofIgM anti-HA V. IgM anti-HA V begins to appear 2-6 wk after exposure 
to HA V. The incubation period for HAVis 21-42 d (2). As IgM antibody levels increase, viremia 
decreases. Then IgG anti-HAY levels begin to rise, reaching a peak in 3-12 mo after the onset 
of illness (3). IgM antibodies against HAV can be detected in the serum at the time of the onset 
of symptoms, and low levels ofIgM antibodies can continue to be detected for more than 200 d 
after the acute phase of illness in about 13% of patients (3). The duration ofIgM HA V positivity 
is shorter in asymptomatic patients than the symptomatic patient (see Fig. 1). 

2.1.2. THE ASSAYS 

These are competitive binding assays in which anti-HA V from a patient competes with radio
labeled-labeled (RIA) or horseradish peroxidase conjugated (ELISA) human anti-HA V for bind
ing to HAV-antigen attached to polystyrene beads. The presence of anti-HAV is detected by 
gamma counter or by a change in the color of the media in RIA and ELISA, respectively (3). 

27 
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Fig. 1. Time course of events in hepatitis A infection. (Adapted from ref. I.) 

2.1.3. CLINICAL SIGNIFICANCE 

1. Elevation of IgM anti-HA V helps to confirm the diagnosis of HA V in patients with clinical 
evidence of acute hepatitis and elevations of aminotransferases. 

2. IgG anti-HAY appears a little later than IgM antibodies, persists indefinitely, and is indicative of 
past exposure to the virus. In addition, the antibody is protective, and indicates an immune state (3). 

3. Negative HA V serological tests indicate a patient has not been exposed, or is in an early phase 
of infection. 

4. Chronic disease does not occur with Hepatitis A infection, so that the presence ofIgM indicates 
a recent exposure to the virus. 

2.1.4. ADVANTAGES 

1. HA V serological assays are simple and widely available. 
2. IgM HA V assays are positive in 97% ofthepatients who have symptoms. There is no window period 

in most cases, and the diagnosis can be made immediately as soon as symptoms start appearing. 
3. Relative cost: $. 

2.1.5. LIMITATIONS 

1. IgM HA V assays can be negative in up to 3% of patients tested within 3 or 4 d after the onset 
of symptoms. However, they can become positive in the first two weeks of the illness. 

2. HAV serological assays are less often positive during the incubation period of the illness (1). 

2.2. Hepatitis B Virus 
2.2.1. PRINCIPLES 

The diagnosis of HBV infection can be made using serologic and molecular diagnostic 
techniques. Serological diagnosis involves assays to detect viral antigens and immunological 
responses of the host against viral proteins. 

2.2.1.1. Viral Antigens. 
1. Hepatitis B surface antigen (HBsAg) is the major antigen on the viral envelope. 
2. Hepatitis B core antigen (HBcAg) is associated with inner nucleocapsid or the core ofHBV (3). 

Even though it is present in liver and serum, routine clinical laboratory tests cannot detect it. 
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3. Hepatitis Be antigen (HBeAg) is a soluble antigen that is immunologically distinct fromHBcAg and 
HBsAg. It is a form of core ofHBV, and is synthesized from the same precursor polypeptide (3). 

2.2.1.2. Host Antibodies. 

1. Anti-hepatitis B surface antibody (HBsAb) is directed against the surface determinants of 
HBV, and small spherical and tubular forms that are not viral particles (3). 

2. Anti-hepatitis B core antibody (HBcAb) is directed against the core antigen ofHBV (3). 
3. Anti-hepatitis Be antibody (HBeAb) is directed against the hepatitis Be antigen (3). 

2.2.1.3. Time Course of Serological Events. Acute hepatitis B infection has an incuba
tion period (40-150 d), a preicteric phase (3-7 d), an icteric phase (when present, lasting a 
few days to several months), and convalescence phase (weeks to months; see Fig. 2). During 
the incubation period, the patient may be positive only for HBsAg, whereas all other sero
logical markers for HBV are usually negative (2). In an acute HBV infection, HBsAg is the 
first viral marker to rise, usually beginning in the first month, and reaches a peak between 
3 and 4 mo after exposure. HBeAg is detectable usually 1-2 wk after HBsAg. Both HBsAg 
and HBeAg appear before aminotransferase levels rise, beginning 2-3 mo after exposure. 
Host immune response to acute HBV infection begins with the appearance ofHBcAb in the 
serum followed by HBeAb and HBsAb. The first HBcAb antibody is an IgM that appears 
shortly before the onset of symptoms, or at the time of elevation of aminotransferases, and 
prior to the development ofIgG HBcAb. HBeAb can appear as early as the fourth week after 
the onset of HBV infection and after HBcAb. Unlike HBcAb and HBeAb, HBsAb, is a 
neutralizing and protective antibody. It starts appearing during the late convalescent phase, 
typically weeks to months after the disappearance ofHBsAg, and four or more months after 
the onset of acute illness. This antibody is synthesized early in acute HBV infection. How
ever, it is frequently not detectable in the serum when levels are low because it forms 
complexes with HBsAg. Three forms of HBsAb are synthesized: IgM, IgG, and IgA. IgM 
disappears quickly whereas IgG persists for a long period (4). 

In chronic HBV infection, HBsAg and HBeAg usually persist, although levels can be 
quite variable. The HBcAb can be frequently detected when HBsAb is not detectable 
(see Fig. 3). 

2.2.2. HEPATITIS B SURFACE ANTIGEN (HBsAG) 

2.2.2.1. The Assays. HBsAg is measured by radioimmunoassay (RIA) or ELISA. The RIA is a 
sandwich assay in which test sample is added to beads coated with anti-HBs. After incubation, beads 
are washed and allowed to incubate a second time with radiolabeled anti-HBs IgG. After incubation 
and washing, beads are counted in a gamma counter for captured HBsAg from the test sample (5). 

The principles ofthe ELISA are identical to those of RIA, except that the second antibody 
is conjugated to horseradish peroxidase or alkaline phosphatase. These enzymes are reacted 
in an additional step with a specific substrate resulting in change in the color of the sample, 
which can be measured (5). 

2.2.2.2. Clinical Significance. 

1. The level ofHBsAg does not correlate with the severity of clinical disease (6). 
2. In resolving acute infection, antigen levels may become undetectable as antibody levels rise 

in the "window period." 
3. Persistence ofHBsAg for more than 6 mo, in most cases, is considered a marker of chronicity, 

because antigenemia disappears in 80-90% of cases within 6 mo of onset of disease (3,7). 
4. The hepatitis B vaccines induce host production of only HBsAb. The presence ofHBcAb or 

HBeAb indicates an exposure to virus, not vaccine. 
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2.2.2.3. Advantages. HBsAg is good for the screening ofHBV in patients with clinical and 
biochemical evidence of acute hepatitis. This test has a very high sensitivity with an antigen 
detection limit between 0.02 and 1 ng/mL (3). 

2.2.2.4. Limitations. 

1. The presence ofHBsAg alone can not be used to differentiate between the acute and chronic HBV 
infection. 

2. The test may be falsely negative during the incubation phase of infection or, in chronic infec
tion, when levels of secreted HBsAg are below the limits of detection (2). In such instances, 
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HBcAb is usually positive. The presence ofHBV infection can be determined by detection of 
viral DNA (see Section 3.1 discussed below). 

3. Relative cost: $$. 

2.2.3. HEPATITIS BE ANTIGEN (HBEAG) 

2.2.3.1. The Assays. The assays used for detecting HBeAg are RIA and ELISA, and utilize 
the same principles as described earlier with HBsAg and HBcAb. 

2.2.3.2. Clinical Significance. 
1. The presence of HBeAg indicates the presence of viral particles in the serum, and generally 

correlates with the infectivity the serum and replication of the HBV. The presence ofHBeAg 
suggests high viremia (>105 genomes/mL of serum) (2). 

2. In immunocompetent individuals, the level of viremia generally correlates with the degree 
of liver disease (2). 

2.2.3.3. Advantages. 
1. The assay is useful in following the course of the HBV infection. Persistence of HBeAg for 

more than 6 mo after the onset of the disease suggests chronic liver disease (2,8). 
2. HBeAg and HBeAb are surrogate markers for HBV DNA. These' assays can be useful in 

monitoring the outcome ofHBV infection when assays for HBV DNA are not available (2). 
3. Relative cost: $. 

2.2.3.4. Limitations. 
1. Detection of HBeAg is not absolutely reliable as a screening test for HBV infection. HBeAg 

can be negative in rare cases of mutations in the precore region ofHBV. 
2. False positive HBeAg in the absence ofHBsAg can rarely occur (2). 

2.2.4. HEPATITIS B CORE ANTIBODY (HBcAB) 

2.2.4.1. The Assays. The assays for HBcAb are RIA and ELISA. Antibodies in the test 
sample and adsorbed HBcAb compete for a standardized amount ofHBcAg added to the reaction 
before the addition of labeled HBcAb. As with other competitive assays, the proportion of 
radioactive antibodies or enzyme-labeled antibodies bound to the HBcAg are inversely propor
tional to the concentration of unlabeled antibodies in test sample (5). 

2.2.4.2. Clinical Significance. 

1. HBcAb assay is positive in active and resolved HBV infection. It is an indicator ofHBV exposure. 
2. HBcAb IgM is present in recent or chronic hepatitis B infection. It cannot be used alone to distinguish 

between the two (2). The presence ofHBcAb IgM and lack ofIgG suggests an early infection, because the 
former becomes positive 2-8 wk prior to the onset of symptoms or biochemical evidence ofliver disease 
and usually disappears 6 mo after exposure in individuals who recover from the infection (see Fig. 2). 

3. A lack ofIgM HBcAb suggests that an episode of acute hepatitis is caused by an agent other 
than HBV (2). 

4. HBcAb is not protective against HBV re-exposure. 

2.2.4.3. Advantages. 

1. HBcAb assay is useful in screening for HBV infection, especially during suspected acute 
infection in the "window period" when both HBsAg and HBsAb are negative (2). 

2. In an acute hepatitis, HBcAb IgM is the most reliable and specific serological marker for 
diagnosis ofHBV infection. All symptomatic patients with clinical evidence of acute HBV will 
have an IgM HBcAb in the serum, except in immunocompromised patients. 

3. As a marker of previous HBV infection, determination of HBcAb is superior to HBsAb, 
because HBcAb lasts longer in convalescent sera (2). 
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4. Because HBcAb is not induced by vaccination with standard surface antigen vaccines, it can 
be used to distinguish HBsAb from infection versus immunization. 

2.2.4.2. LIMIT A TIONS 

1. This assay is not useful in immunocompromised patients because the test can be negative in 
spite of active viral replication (2). 

2. HBcAb can become negative, in some cases, after several decades of infection (2). 
3. Because IgM HBcAb persists for a long time after the acute phase ofHBV infection, qualitative 

assays can not differentiate between chronic and acute HBV infection (2). 
4. Relative cost: $. 

2.2.5. HEPATITIS BE ANTIBODY (HBEAB) 

2.2.5.1. The Assays. The assays used for HBeAb are RIA and ELISA, with basic principles 
similar to those for HBcAb. Antibodies in the test sample and adsorbed HBeAb compete for 
a standardized amount of HBeAg added to the reaction well before the addition of labeled 
HBeAb. As with other competitive assays, the proportion of radioactive antibodies or enzyme
labeled antibodies bound to the HBeAg are inversely proportional to the concentration of 
unlabeled antibodies in test sample (5). 

2.2.5.2. Clinical Significance. 

1. In a manner similar to HBcAb, HBeAb can be useful in the "window period" of acute infection 
when HBsAg and HBsAb are both negative. 

2. The presence of HBeAb signifies developing immunity against HBeAg and HBV. Positive 
assays often, but not always, indicate declining viremia. 

3. HBeAb is not protective against re-exposure to HBV. 

2.2.5.3. Advantages. 

1. The assays are widely available 
2. Relative cost: $. 

2.2.5.4. Limitations. 

1. In approx 30% of the patients with negative HBeAb, viremia may be high (> 105 genomes/mL 
of serum). These patients may have HBcAg (precore) mutations that prevent secretion ofHBeAg 
into the serum. 

2. HBeAb does not persist for long after resolution ofHBV infection (2). 

2.2.6. HEPATITIS B SURFACE ANTIBODY (HBsAB) 

2.2.6.1. The Assays. The assays used for HBsAb are RIA and ELISA, in which the sample 
is incubated with fixed HBsAg. Antibody, if present, combines with fixed HBsAg and the 
captured antibodies are detected by adding labeled antibodies (5). 

2.2.6.2. Clinical Significance. 

1. The HBsAb assay is useful for assessing the convalescence in patients with HB V infection, and 
for monitoring the success of the HBV vaccination. 

2. A positive HBsAb assay suggests a previous HBV infection, HBV active vaccination, or 
passive immunization with the HB immunoglobulin. 

3. HBsAb and HBsAg can be positive simultaneously in cases of hepatitis B infection when 
antigen and antibody levels are similar, and usually low (6). 

2.2.6.3. Advantages. 

1. The assays are widely available. 
2. Relative cost: $. 
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2.2.6.4. Limitations. 

1. HBsAb is not a very sensitive assay; it can be negative in 1-5% of acute infections (6) and in 
about 20% of patients who recover from HBV infection (2). 

2. This assay can also become negative because of loss of antibodies in about 20% of people 
within a few years after HBV convalescence, and hepatitis B vaccination (2). 

3. In spite of good specificity, this assay can still be falsely positive in about 1 % of normal subjects 
who have no other markers for HBV infection and have never had a hepatitis B vaccination (2). 

4. Conversion to detectable HBsAb takes several weeks to months after the loss of the HBsAg. 
5. The presence of HBsAb does not imply the complete eradication of the HBV DNA. 

Extremely low levels of HBsAb can sometimes be detected in serum and liver by 
molecular amplification techniques (2). The clinical significance of low levels of DNA 
has not been determined. 

2.3. Hepatitis C Virus 
2.3.1. ENZYME IMMUNOASSAY 

2.3.1.1. Principles. Serological assays for the hepatitis C virus (HCV) include enzyme 
immunoassays (EIA) and recombinant immunoblot assays (RIBA). Many HCV polypeptides 
are used as antigens to identify corresponding circulating antibodies in serum (8-11). 

2.3.1.2. The Assays. In enzyme-linked immunosorbent assays (ELISA), the serum is tested 
for the presence ofIgG antibodies against C200 (C100-3 + C33c) or C22 antigens (only the 
C100-3 antigen in EIA-I). The serum of the patient is added to the ELISA plate coated with 
recombinant C200 and C22 antigens and then washed with monoclonal antihuman IgG anti
bodies coupled to horseradish peroxidase. If the serum contains antibodies against these 
antigens, then the assays lead to the development of color, the intensity of which is measured (11). 

2.3.1.3. Clinical Significance. 

1. EIA II is a useful screening test for HCV in low prevalence groups such as United States blood 
donors. Ifthe Hev antibody test is positive in these groups, it should be confirmed by RIBA II (J 1). 

2. The presence of ReV antibody in high prevalence groups, such as patients in hospital and liver 
clinics, almost always confirms the diagnosis of He V infection. RIBA is not required in high 
prevalence groups with clinical evidence of hepatitis along with elevation in ALT (see Fig. 4). 

3. A positive Hev antibody assay may suggest either acute HeV infection, resolved Hev infec
tion or, in rare circumstances, a false-positive result. When in doubt, a false-positive EIA 
should be confirmed by RIBA II. 

2.3.1.4. Advantages. 

1. The assays are widely available. 
2. Later generation assays are more sensitive and specific, compared to the first generation EIA. 
3. There is an earlier seroconversion for e22 and C33c antigens. Therefore, the period for 

seroconversion to anti-HeV tends to be shorter (i.e., time from exposure to development of 
detectable antibody is shorter). 

4. Elimination offalse positives in first generation assays due to superoxide dismutase (SOD) has 
resulted in lower false positivity with second generation assays. 

2.3.1.5. Limitations. 

1. Because of delayed seroconversion, the assay can be falsely negative in early-acute HCV 
infection. After acute HCV infection, the mean seroconversion period is 15 wk. However, it 
can require as long as 1 yr (J 1). 

2. The tests can be falsely positive in patients with rheumatoid arthritis, hypergamma
globulinemia, autoimmune disease, and paraproteinemia. 
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3. A positive test does not correlate with the viral activity in acute, chronic, orresolvedHCV infection. 
4. The test is neither useful in making treatment decisions nor in assessing recovery after antiviral 

treatment (10). 
5. The assay is not useful in assessing a HCV infection in immunocompromised patients, hemo

dialysis patients, and HIV-positive patients. 
6. Relative cost: $. 

2.3.2. RECOMBINANT IMMUNOBLOT ASSAY (RIBA) 
2.3.2.1. Principles. In the recombinant immunoblot assay (RIBA), a membrane is coated 

with stripes of antigens (C 1 00-3, 5-1-1, C-22, C33c, SOD). The battery is larger than EIA. 
These stripes of antigens are bathed in the serum to be tested, and afterwards a second 
antibody is added. The antigen-antibody bands are compared with that of positive controls. 
F or the test to be positive, there should be at least two antigen-antibody reaction bands. SOD 
is added along with other antigens to eliminate false positivity seen in the EIA (11). 

2.3.2.2. Clinical Significance. 
1. The RIBA II is used to resolve possible false positivity or indeterminate results associated 

with the EIA. 
2. The RIBA II is also performed to confirm the results of EIA in low prevalence groups. 
3. The RIBA II is also useful in making a diagnosis ofHCV infection in patients with a history 

of autoimmune hepatitis where false positivity is possible due to hypergammaglobulinemia. 
4. The antibody detected is not protective against re-exposure to HCV. 

2.3.2.3. Advantages. 
1. This test is the most sensitive and specific of the serological tests for HCV infection. 
2. RIBA II has an advantage over EIA, because of early seroconversion to some added antigens 

used in the assay. 

2.3.2.4. Limitations. 
1. Although superior to EIA, compared to the molecular diagnostic techniques for HCV, this 

assay is less sensitive and specific (3). 
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2. This assay has little proven diagnostic value in high prevalence populations, if they are already 
tested positive by ELISA (3). 

3. This test also cannot be used to differentiate between acute, chronic, or resolved HCV 
infection. 

4. The assay can be falsely negative in immunocompromised patients and HIV -positive patients. 
5. Relative cost: $$. 

2.4. Hepatitis D Virus (HDV, DELTA) 
2.4.1. HEPATITIS D VIRUS ANTIBODY 

2.4.1.1. Principles. HDV infection always occurs in the presence ofHBV infection. There
fore, HDV assays should only be performed in patients who have some evidence of HBV 
infection. Coinfection is the simultaneous infection by HBV and HDV, whereas superinfection 
is infection by HDV in patients with pre-existing HBV (3). HDV antigen assays are limited to 
the research laboratory. The HDV antibody assay is commonly used in clinical practice to 
diagnose HDV infection (3,12). 

2.4.1.2. The HDV Antibody Assays. Two classes of host antibodies, IgM and IgG, can be 
detected in HDV infection. The presence of the IgM HDV antibody suggests acute HDV 
infection, whereas the IgG HDV antibody suggests chronic infection. RIA and ELISA are used 
to detect anti-HDV antibody. In these assays, anti-HDV in sample sera competes for binding 
to labeled anti-HDV for HDV-antigen (5). 

2.4.1.3. Clinical Significance. 

1. HBV and HOV coinfection is present if anti-HOV IgM, HBsAg, and HBcAb IgM are present (2). 
2. In some patients who are HBsAg negative, but IgM HBcAb positive, markers of acute HOV 

coinfection may be found. It has been postulated that acute HOV infection decreases the 
synthesis ofHBsAg or masks the detection ofHBsAg (2,3). 

3. The HOV antibody assay can be used to diagnose acute superinfection if IgM anti-HOY, 
HBsAg and IgG HBcAb are found positive (2,3). 

2.4.1.4. Advantages. 

1. The assay is commercially available. 
2. Anti-HOV antibody assays are good for screening for HOV infection. The assay is 

more sensitive and specific, compared to the early indirect immunofluorescent tech
niques (2,3). 

2.4.1.5. Limitations. 

1. Seroconversion of anti-HOY IgM may occur weeks after the onset of acute HOV infection. 
Thus, the test may be falsely negative early in the infection. 

2. Seroconversion of anti-HOY IgG usually occurs during convalescence and disappears within 
6 mo to 2 yr after the infection (3). 

3. Anti-HOV IgM can be absent despite active HOV multiplication. Such cases are diagnosed by 
HOV molecular diagnostic techniques (3). 

2.5. Hepatitis E Virus (HEV) 
2.5.1. PRINCIPLES 

Enzyme immunoassays (EIA) and Western blot assays have been developed by using syn
thetic peptides and recombinant viral proteins to determine the presence of antibodies against 
HEV (lgG, IgM, IgA) in human sera. Current EIA and Western blot assays are more sensitive 
and specific compared to previous immune electron microscopy and fluorescent antibody 
assays. Current ELISA techniques are more efficient and can be used for large scale testing of 
sera from patients in endemic and nonendemic regions of the world (13). 
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2.5.2. THE ASSAYS 

F or ELISA, HEV recombinant antigens are coated on polystyrene beads. Serum samples are 
added in serial dilutions to the beads. Captured antibodies are detected by using goat anti
human antibodies (14). 

In Western blot assays, antigens are fixed to membranes. Serum samples are incubated with 
membrane-bound HEV antigens. Bound anti-HEY in serum samples are detected by adding 
labeled anti-human antibodies (14) that produce a color reaction. 

2.5.3. CLINICAL SIGNIFICANCE 

1. The appearance of anti-HEY antibodies generally coincides with elevated ALT. 
2. During the acute phase of REV infection, anti-REV IgM predominates, whereas anti-REV IgG 

appears during the convalescent phase of the disease. 
3. These antibodies are neutralizing antibodies that correlate with the disappearance of the hepa

titis E antigen from serum. 

2.5.4. ADVANTAGES 

1. The tests are simple to perform. 
2. Relative cost: $. 

2.5.5. LIMITATIONS 

Unfortunately, they are not widely available. 

2.6. Cytomegalovirus (CMV) 

2.6.1. PRINCIPLES 

In patients with normal immunity, the presence of cytomegalovirus (CMV) in serum is 
strong evidence of disseminated infection, and can be used to diagnose CMV hepatitis. 
Noninvasive tests used to diagnose CMV infection include rapid culture methods, CMV 
antigenemia assay, and PCR techniques. 

2.6.2. RAPID CULTURE METHOD 

2.6.2.1. The Assay. Shell vial centrifugation is used with monoclonal antibodies directed 
against nuclear protein of CMV. The assay permits early detection (within 48 h) of cytopathic 
effects of CMV in cell cultures before they become visible to the naked eye (15). 

2.6.2.2. Clinical Significance. 
This test is used extensively for rapid diagnosis ofCMV infection and for making decisions 

for early treatment (16). 

2.6.2.3. Advantages. 

1. The test is reasonably specific, and the results frequently can be obtained within 24-48 h. 
2. The test has a high positive predictive value (68%) for subsequent disease in immuno

compromised patients. 
3. Relative cost: $. 

2.6.2.4. Limitations. 

1. There is a high false-negative rate in 30-40% of patients with CMV infection whose viremia 
can not be detected by this test. 

2. This test is of limited value in monitoring antiviral treatment, because it becomes negative 
within 2-3 wk after initiation of treatment, regardless of clinical outcome (16). 
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3. In immunocompromised patients, CMV viremia is found frequently. Therefore, the 
presence of viremia under these circumstances cannot be used alone to diagnose CMV 
hepatitis (2). 

4. Liver biopsies should be obtained as part of the routine protocol for investigating patients 
with allografts and other patients with suspected CMV hepatitis. CMV can be detected by 
immunocytochemical studies in liver biopsy specimens. 

2.6.3. CMV ANTIGENEMIA ASSAY 

2.6.3.1. The Assay. In this assay, CMV antigens are detected in peripheral leukocytes. This 
assay consists of direct staining of granulocytes with monoclonal antibodies. 

2.6.3.2. Clinical Significance. 
Antigenemia assays detect viral antigen and, therefore, indicate the presence of active 

infection (16). 

2.6.3.3. Advantages. 

1. The test is widely available. 
2. The antigenemia assay is more sensitive and specific compared to culture techniques. 
3. The test allows detection of CMV infection earlier than by rapid immunofluorescence culture 

techniques. 
4. The most important feature of this assay is that it can be quantified to correlate with viremia. 

2.6.3.4. Limitations. 

1. False negatives occur when viral titers are low (16). 
2. Although this assay is increasingly used to monitor antiviral therapy, it is considered less 

sensitive compared to molecular diagnostic techniques (16). 
3. Relative cost: $. 

2.7. Hepatitis G Virus (HGV) 
Hepatitis G is a recently described virus that is related to Hepatitis C. Currently, there are 

no commercially available serological tests for HGV infection. However, assays are still under 
development, but can be obtained for investigational use only (AbbottiBoehringer-Ingelheim, 
Ridgefield, CT). 

2.8. Epstein-Barr Virus (EBV) 
2.8.1. PRINCIPLES 

Several distinct EBV -associated antigens and their corresponding antibodies have been identi
fied. The EBV antigens are classified by the phase of the viral replicative cycle during which they 
are expressed. The latent phase is characterized by production of Epstein-Barr nuclear antigens 
(EBNA). Early antigens (EA) are produced during initial stages of viral replication, but prior to viral 
DNA synthesis. Late antigens are produced after viral DNA synthesis and consist of the structural 
proteins of viral capsid (viral capsid antigen, VCA) (17). 

Heterophile agglutinin is frequently measured in confirming a clinical diagnosis of infectious 
mononucleosis in otherwise healthy patients. However, this test is not very useful in diagnosing 
complex cases with immune deficiency and hepatitis as this test is not very sensitive or specific (18). 

2.8.2. THE ASSAY 

Specific EBV antibodies, anti-EBNP, anti-EA, and anti-VCA (17) are detected using 
immunofluorescence techniques. Fixed cell smears of Raji cells or P3-HRI cells provide 
antigens for this assay. The smears are incubated with serum samples, and the presence of 
bound antibody detected with fluorescein conjugated anti-human antibodies can be observed 
by fluorescence microscopy (17). 
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2.S.3. CLINICAL SIGNIFICANCE 

1. Acute EBV hepatitis can be diagnosed by the presence ofVCA IgM antibodies, which appear 
within days to weeks after the onset of infection. 

2. Patients become positive for anti-EBNA (Epstein-Barr virus nuclear antigen) 2-3 mo after 
exposure. Appearance ofanti-EBNA confirms the diagnosis of primary infection by EBV. 

3. VCA IgG antibodies start appearing along with VCA IgM and remain detectable for years after the 
resolution of infection. VCA-IgG is not useful in making the diagnosis of acute EBV infection. 

4. Reactivation or recurrent EBV infection can be diagnosed by viral cultures or by detection of 
antibodies against early antigens ofEBV (19). 

2.S.4. Anv ANT AGES 

1. The assays are widely available. 
2. EBV specific antigen/antibody testing is useful in determining susceptibility or immunity to 

primary EBV infection (17). 

2.S.S. LIMITATIONS 

1. Antibody response may be low or absent in immunocompromised or immunosuppressed 
patients. In these cases, a liver biopsy is required to diagnose EBV hepatitis. EBV hepatitis is 
diagnosed by demonstrating specific nuclear antigens in the liver tissues by immunocytochemi
cal studies. 

2. Relative cost: $. 

3. MOLECULAR DIAGNOSTIC TECHNIQUES FOR DETECTION 
OF VIRAL HEPATITIS 

Molecular diagnostic techniques are among the most specific and sensitive tests to detect 
viral infections. 

Various molecular diagnostic techniques are available for HBV, HCV, HDV, and CMV. 
Molecular diagnostic techniques for hepatitis A are not required, because viral titers tend to be 
low or declining when the diagnosis is likely to be considered (3). 

3.1. Hepatitis B Virus 
Techniques currently used for the diagnosis ofhepatitis include polymerase chain reaction, 

branched DNA amplification, and ligase chain reaction. 

3.1.1. POLYMERASE CHAIN REACTION 

3.1.1.1. Principles. Viral DNA is specifically amplified through the use of primers 
that hybridize to viral DNA. A thermostable enzyme, which is a special DNA poly
merase, builds many copies of a specified region of the viral nucleic acid. Through the 
use of standards, also carried through the same amplification process, quantitation can 
be achieved (10,12). 

3.1.1.2. Clinical Significance. peR for the diagnosis of HBV is not routinely used in 
clinical practice. Its use is limited to special clinical circumstances: 

1. This test can be useful for the detection ofHBV in HBsAg-negative patients with evidence 
of hepatitis. Previous studies have shown that a small proportion of such patients have 
HBV DNA sequences in blood, liver, and mononuclear cells (20). 

2. PCR is useful for the detection ofHBV in patients with chronic hepatitis who have HBsAg, but 
no HBeAg (pre core mutations) (20). 

3. The test can be used to follow low level HBV infection in liver transplants. 
4. Quantitative PCR can be used to follow the response to antiviral treatment (20). 
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3.1.1.3. Advantages. 

1. PCR is the most sensitive technique for detection of the HBV DNA. PCR can detect trace 
amounts of viral DNA to a limit of 10--50 HBV partic1es/mL (20). 

2. Because PCR is extremely sensitive, it is useful in detecting early transmission of the virus, 
e.g., from mother to child (20). 

3.1.1.4. Limitations. 

1. Samples can be easily contaminated, and care is required for quantitation to be accurate. 
2. This technique is not available as a routine procedure in clinical laboratories. 
3. Relative cost: $$. 
4. It is not widely available. 

3.1.2. BRANCHED DNA AMPLIFICATION 

3.1.2.1. Principles. This technique to detect HBV DNA is also based on hybridization to 
viral nucleic acid sequences. However, the sensitivity of the assay is based on amplification 
of the assay rather than of viral nucleic acid. 

3.1.2.2. The Assay. Synthetic oligonucleotides are fixed onto wells in the plates used. 
The serum containing suspected HBV DNA is then allowed to hybridize with the syn
thetic oligonucleotides to form an immobilized complex. Then, copies of a DNA mol
ecule already labeled with multiple branches containing alkaline phosphatase are added 
to the well and allowed to hybridize with additional exposed DNA sequences of the 
immobilized complex present in the well. Finally, the amplified reaction complex is 
detected with enzyme-mediated chemiluminescence (12), and the light produced is pro
portional to the amount of DNA present. 

3.1.2.3. Clinical Significance. 

1. The test is useful for accurate quantitation of the viral DNA. It can be helpful in detecting 
extremely low levels of virus in patients on antiviral treatment (12). 

2. Very low levels ofHBV DNA in patients with HBsAb may not be clinically significant. 

3.1.2.4. Advantages. 
1. This technique is more likely to be quantitatively accurate than PCR. 
2. Like PCR, bONA technique is more sensitive and specific compared to serological assays used 

to diagnose HBV infection. This technique can detect up to 1.6 pg/mL of DNA (1 pg = 286,000 
genome equivalents) (12). 

3. It is particularly useful in detecting HBV DNA in patients without the HBe antigen. 
4. Relative cost: $$. 

3.2. Hepatitis C Virus 
Molecular diagnostic techniques that are available for HCV include bDNA and reverse 

transcriptase PCR (RT-PCR). 

3.2.1. BRANCHED DNA AMPLIFICATION 

3.2.1.1. Principles. A signal amplification method or branched DNA chain amplifica
tion assay was developed for direct detection of serum HCV RNA. The technique used for 
this assay is similar to the technique used for HBV bDNA assay (see Section 3.1.). It is a 
solution-phase sandwich hybridization assay coupled with signal amplification employ
ing bDNA based upon specific hybridization of synthetic oligonucleotides (capture 
extenders and labeling extenders) to the highly conserved 5' untranslated region ofHCV 
RNA, after which the RNA is captured onto the surface of a microwell plate. Synthetic 
bDNA amplifier molecules and multiple copies of an alkaline phosphatase-linked probe 
are hybridized to the immobilized complex. Detection is achieved by incubating the com-
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plex with a chemiluminescent substrate and measuring the light emission. Since the target 
is not amplified, the signal is proportional to the level of target nucleic acid. The quantity 
of HCV RNA in the sample is then determined from a standard curve. This approach 
should be very reliable for the quantitation ofHCV RNA. As a new approach, this assay 
has not yet reached the sensitivity ofRT-PCR. 

3.2.1.2. Clinical Significance. 

1. This technique is used for quantitative detection, especially for low levels of nucleic acid (4). 
2. The technique is useful in pregnant women, who are anti-HCV positive, to assess the risk of 

transmission to the newborn (8). 
3. It is also useful in liver transplantation patients to monitor HCV recurrence. 

3.2.1.3. Advantages. 

1. The technique is quantitative, simple, and more widely available. 
2. It is more sensitive and specific than the serological tests. 

3.2.1.4. Limitations. 

1. The detection limit of the first generation assay is 350,000 viral genome equivalents/mL of serum 
and, for the second generation assay, the detection limit is 200,000 genome equivalents/mL. 

2. Relative cost: $$$$. 

3.2.2. REVERSE TRANSCRIPTION POLYMERASE CHAIN REACTION 

3.2.2.1. Principles. Reverse transcription polymerase chain reaction (RT-PCR) involves 
reverse transcription of viral RNA followed by amplification of the complementary DNA by 
the polymerase chain reaction. 

3.2.2.2. Clinical Significance. 

1. The detection ofHCV RNA confirms the diagnosis of active HCV infection (8-10). 
2. RT-PCR can also be useful in diagnosing seronegative acute hepatitis in the very early phase, 

as early as 3--4 d after exposure. HCV infections with low levels of viremia, such as infection 
from mother to newborn, can also be detected. 

3. The technique is useful in detecting HCV infection in immunocompromised patients who 
cannot mount a detectable antibody response, such as patients with HIV, on hemodialysis, or 
organ transplant recipients. 

3.2.2.3. Advantages. 

1. The technique is useful for detection of trace amounts of viral nucleic acids, especially when 
results of serological assays are negative or indeterminate (RIB A II) (8,12). RT-PCR is the 
most sensitive technique for HCV detection. It can detect down to about 2000 genomes (8,12). 

2. The results of this assay correlate with the active infection and ongoing viral multiplication. 

3.2.2.4. Limitations. 

1. The test is not widely available. 
2. Because of its sensitivity, false positivity is more common due to contamination (12). 
3. It is not reliable for detecting < 500-2000 genomes (8). 
4. Relative cost: $$$. 

3.3. Cytomegalovirus 
3.3.1. PRINCIPLES 

After primary CMV infection, the virus is not eradicated from the host. Its DNA persists in 
a latent form. Serological tests in immunocompromised assay patients are not useful in making 
the diagnosis ofCMV reactivation. On the other hand, detection ofCMV viremia in a patient 
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with normal immunity is strong evidence of disseminated infection and can be used to diagnose 
CMV hepatitis when there is clinical evidence of hepatitis. 

3.3.2. THE ASSAYS 

The polymerase chain reaction is performed with the basic principle similar to that described 
earlier for the HBV assay. 

3.3.3. CLINICAL SIGNIFICANCE 

1. Because of its sensitivity, PCR has been used for early diagnosis of CMV. 
2. It is also useful for monitoring antiviral treatment, and detection of gene mutations associated 

with ganciclovir resistance. 
3. PCR ofCMV DNA in the plasma may be more predictive ofCMV disease than the PCR of 

CMV DNA on peripheral blood leukocytes (16). 

3.3.4. Anv ANT AGES 

1. The test is widely available. 
2. The technique has a higher sensitivity than the CMV culture and antigenemia assay (16). 
3. The assay helps in early detection ofCMV DNA in patients with subsequent disease (16). 

3.3.5. LIMITATIONS 

1. The technique has a low specificity as compared to CMV culture, and, therefore, has a low 
positive and a high negative predictive value for CMV disease (16). CMV viremia, in 
immunocompromised patients, can not be used to diagnose CMV hepatitis. In such patients, 
a liver biopsy should be done to diagnose CMV related hepatitis (19). 

2. Relative cost: $$$. 

SUMMARY 
Anti-HA V elevations in patients with clinical evidence of acute hepatitis and elevation 

in aminotransferases confirm the diagnosis of acute hepatitis A infection. 
HBsAg assay is a very sensitive screening test for HBV infection. However, it alone 

cannot be used to differentiate between various stages of the disease. 
HBeAg in the serum correlates with infectivity and the presence ofHBV particles in serum. 
HBcAb in the serum indicates HBV exposure. However, it alone can not be used to 

differentiate between acute, resolved, or chronic HBV infection. 
HBeAb in the serum indicates declining viremia in most patients with HBV infection. 
HBsAb in the serum indicates the presence of immunity in most cases, either due to 

infection or immunization against HBV infection. 
Enzyme Immunoassays-II is a useful screening test for HCV infection in a low preva

lence group. However, it cannot be used to distinguish between the various stages ofHCV 
infection and false positive tests. 

Recombinant Immunoblot Assay for HCV is superior to EIA, and it is used to resolve 
false positive or indeterminate results associated with EIA. 

Hepatitis D virus antibody assay should only be performed in patients who have some 
evidence of HBV infection. 

Anti-HEV antibodies are neutralizing antibodies. Their rise in serum coincides with 
elevation in AL T and disappearance of the Hepatitis E antigen from serum. 

Cytomegalovirus hepatitis can be diagnosed by PCR, antigenemia assay or rapid culture meth
ods. The latter two tests are more inexpensive and widely available, but less sensitive than the PCR. 

PCR for HBV diagnosis is not routinely used in clinical practice. However, it can provide 
useful information in patients suspected of having HBV infection with negative serum markers. 

Branched DNA amplification for HBV is used for quantitative purposes. 
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RT -peR for the diagnosis of He v infection is not routinely used. The test is reserved for 
research laboratories, but it can be used to diagnose HeV infection in limited circumstances, 
such as patients with immunocompromised status, equivocal serological test results, and 
very early infection prior to developing HeV antibodies. 

Branched DNA amplification assay for HeV infection is used to quantitate viral load 
prior to and during treatment. 
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1. INTRODUCTION 

In Chapter 2, markers ofhepatobiliary disease were discussed. Although frequently called 
liver function tests, they are more properly considered markers of liver damage than function. 
True liver function tests correlate with hepatic functional capacity and include the galactose 
elimination, caffeine clearance, prothrombin time (PT), albumin, and cholesterol levels. 

2. LIVER FUNCTION TESTS 

2.1. Routine Tests That May Reflect Liver Function 
2.1.1. SERUM ALBUMIN 

2.1.1.1. Principles. Albumin is one of the most important plasma proteins synthesized by 
the liver. Quantitative assessment of plasma albumin is helpful in assessing the synthetic 
function of the liver (1). In healthy individuals, plasma albumin concentration is normally 35-
50 gmlL (2). The average size of the albumin pool in adults is approx 500 g. Normal persons 
synthesize 12-15 g of albumin a day. Albumin synthesis can double in the face of excessive 
catabolism or loss of albumin from the body. The normal half-life for albumin is about 20 d 
(1), but can be decreased to 7 d in nonhepatic febrile illness or trauma (2). 

2.1.1.2. The Assay. Serum albumin is determined in most laboratories by automated assays. 
The assay is based on binding of albumin to a dye (bromocresol green, methyl orange, bromo
cresol purple) that results in a change in color of the dye. The change in color is read by 
spectrophotometer and the intensity is proportional to the quantity of albumin in test sample (3). 

2.1.1.3. Clinical Significance. Because albumin is the major protein synthesized by the 
liver, its plasma level is helpful is assessing the severity and chronicity of liver diseases. 

2.1.1.4. Advantages. 

1. Serum albumin levels can be correlated with the severity of cirrhosis (1). 
2. In the absence of inadequate protein intake, loss, or increased degradation, or increased volume of 

distribution, plasma albumin level is very well correlated with the synthetic function of the liver. 
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3. The test is widely available in automated analyses. 
4. Relative cost: $. 

2.1.1.5. Limitations. 

1. Factors other than hepatic synthesis, which affect the serum albumin level, include malnutri
tion, intestinal or renal loss, increased catabolism, increased vascular permeability, and 
overhydration (2). 

2. In acute liver disease, even when the synthetic function is markedly depressed, plasma albumin 
levels may be normal because of albumin's long half-life (2). 

3. In patients with ascites, low plasma albumin levels may be a reflection of abnormal distribution 
rather than of impaired synthesis (1). 

4. The synthesis of albumin may be decreased in certain nonhepatic conditions such as malnu
trition, malabsorption, and malignant diseases (2). 

2.1.2. PROTHROMBIN TIME 

2.1.2.1. Principles. Prothrombin Time (PT) is a test used to assess blood clotting. Blood 
clotting is dependent upon the clotting factors, which are proteins synthesized by the liver. 
Liver synthesizes factors I (fibrinogen), II (prothrombin), V, VII, IX, and X. Factor VII has the 
shortest half-life, and it is affected first in liver disease. Abnormalities in the hepatocellular 
protein synthesis are reflected by elevations in the PT. 

2.1.2.2. The Assay. The combined activity offactors I, II, V, VII, and X, which participate 
in the extrinsic pathway of coagulation are measured. In the assay, the time required for citrated 
plasma to form a clot in the presence of tissue extract (thromboplastin) and calcium is mea
sured. If any of the factors I, II, V, VII, and X are deficient, singly or in combination, the PT 
will be prolonged and suggest decreased hepatic synthetic capacity (1). 

2.1.2.3. Clinical Significance. 

1. Prothrombin time is routinely performed in patients with evidence of any acute or chronic 
hepatocellular injury to assess the degree of hepatic dysfunction. Conditions in which this test 
is most useful are acetaminophen toxicity, acute hepatitis, or shock liver (1). 

2. This test is useful in assessing the course and outcome of hepatocellular diseases. Prolonged 
PT indicates poor long-term prognosis in patients with chronic liver disease (1). 

3. Prolonged PT in patients with cirrhosis and portal hypertension reflects an increased surgical 
risk and mortality with a poor outcome from portocaval shunting. 

4. Extreme prolongation ofPT, particularly in patients with fulminant hepatic failure, is one of 
the major factors in the decision to proceed with liver transplantation (see Chapter 30). 

2.1.2.4. Advantages. 

1. The test is simple to perform and widely available in clinical chemistry labs (1). 
2. This test correlates well with the synthetic function of the liver, and it is useful in assessing the 

severity of liver disease (1). 
3. Relative cost: $. 

2.1.2.5. Limitations. 

1. Prolongation ofPT is not specific for liver disease, as it can be found elevated in patients with 
hereditary deficiency of clotting factors, and in acquired conditions such as vitamin K defi
ciency, and consumption coagulopathies. It can also be elevated by vitamin K antagonists such 
as coumadin. The measurement of factor V can be helpful in differentiating between prolonged 
PT from vitamin K deficiency vs liver diseases. Factor V will be normal in patients with vitamin 
K deficiency. Administration of vitamin K can normalize PT by 30% within 24 h in patients 
with vitamin K deficiency (1). 
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2. This test can be normal in mild and early hepatocellular injury process. Only significant 
hepatocellular injury affects its synthetic function and leads to prolongation ofPT (1). 

3. In patients with significant hepatocellular injury, prolongation of PT can also result from 
incomplete clearing of activated clotting factors, primary fibrinolysis, impaired plasminogen 
synthesis, and disseminated intravascular coagulation (1). 

2.1.3. SERUM CHOLESTEROL AND LIPOPROTEINS 

2.1.3.1. Principles. The liver plays an important role in the synthesis and metabolism oflipids. 
Abnormal cholesterol and lipoprotein levels can be found in patients with liver disease. However, 
lipid abnormalities are not specific for liver disease, but provide supportive evidence (1). 

2.1.3.2. The Assays. Most patients with acute hepatitis develop elevations of serum triglyc
erides and free cholesterol. However, there is a decline in cholesterol ester levels. An increase 
in free cholesterol along with phospholipids is recognized on electrophoresis as an abnormally 
wide beta band, which represents the presence of an abnormal lipoprotein called lipoprotein 
X (LPX). The elevation offree cholesterol in the form ofLPX is considered to be secondary 
to a deficiency oflecithin-cholesterol acyltransferase (LCA T), poor handling ofLPX by LCA T, 
and reflux of cholesterol along with bile in patients with cholestasis (4). Free cholesterol in the 
form of LPX is elevated in 99% of patients with evidence of cholestasis. However, it cannot 
be used to differentiate between intrahepatic and extrahepatic cholestasis (4). The mechanism 
for elevation oftriglycerides in parenchymal liver disease is poorly understood, but appears to 
be related to a decrease in hepatic lipase. 

2.1.3.3. Clinical Significance. 

1. An elevation of free cholesterol is related to a deficiency of LCAT. 
2. Lipoprotein electrophoresis is normal in patients with normal LCAT, but as the level ofLCA T 

declines with parenchymal disease, it leads to a loss of the pre-beta band initially and later loss 
of the alpha band. Alpha and beta bands disappear in acute hepatitis and reappear with the 
resolution of hepatitis. These parameters can be useful in assessing the prognosis. However, 
they are not as sensitive or specific as the prothrombin time and bilirubin. The changes in 
lipoprotein in patients with chronic parenchymal liver disease are similar to those seen in acute 
liver disease, though less severe (4). 

3. Cholesterol levels tend to fall in patients with severe parenchymal liver disease, either acute 
or chronic. Rebound hypercholesterolemia is seen during the recovery process (2). 

2.1.3.4. Advantages. 

1. This test is widely available on automated clinical analyzers. 
2. Relative cost: $. 

2.1.3.5. Limitations. The test is not specific for liver disease. 

2.2. Special Liver Function Tests 

2.2.1. GALACTOSE ELIMINATION TESTS 

2.2.1.1. Principles. The liver plays an important role in the metabolism of galactose. 
Galactokinase is the major hepatic enzyme responsible for phosphorylation of galactose. 
Therefore, disappearance of galactose from the blood can be measured as an indication of the 
functional capacity of the hepatocytes. Galactose elimination is measured by various tech
niques such as constant infusion, iv bolus injection, and oral loading with simultaneous mea
surement of plasma galactose or excretion of radioactive CO2 as a breath test (1). Hepatic 
clearance of galactose depends on hepatic perfusion and extraction, both of which may be 
altered by liver disease. Major determinants of hepatic extraction are functional mass ofhepa-
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tocytes and blood flow to hepatocytes, both of which may be decreased in patients with 
cirrhosis (5). 

2.2.1.2. The Assays. 

1. Galactose elimination capacity (GEC): The basis of galactose elimination tests is to saturate 
the hepatic enzyme gal acto kinase by various modes of galactose administration and allow 
elimination of galactose by zero-order kinetics. Galactose elimination capacity (GEC) is pro
portional to the functional mass of the hepatocytes. Below the enzyme saturation limit, galac
tose elimination follows first-order kinetics, which are dependent upon hepatic blood flow and 
can be used to measure hepatic perfusion (5). In a standard galactose elimination test, 0.5 gm/ 
kg of galactose is injected iv and removal of galactose is calculated from four or five blood 
samples taken at different time intervals during the first hour after injection. Elimination of 
galactose is plotted on a curve, which can be helpful to calculate the galactose half-life and 
hepatic functional capacity (1). 

2. Galactose single point (GSP): Recently, a galactose single point (GSP) measurement in the 
assessment of liver function has been described. In this test, the galactose level in plasma is 
measured I h after quick iv infusion and the results correlate very well with GEe. The GSP 
method is simple, clinically useful, and quantitative for the assessment of liver function (6). 

2.2.1.3. Clinical Significance. 
1. The GEe is considered to be helpful in differentiating healthy subjects and cirrhotic patients 

(1). Ee is usually not affected by biliary obstruction. 
2. The galactose single-point method is useful for quantitative measurement of residual liver 

function in terms of planning for liver transplantation. The test is also useful for assessing the 
prognosis ofliver disease patients, and for following the patients after liver transplantation (6). 

2.2.1.4. Advantages. 
1. The GEe and GSP methods are very sensitive in determining functional hepatic mass. 
2. These tests are also useful in following the course of the disease along with treatment respon

siveness and prognosis. 
3. The GSP is simpler to perform than the GEe. 

2.2.1.5. Limitations. 

1. These tests are not as sensitive as dye tests in detecting subclinical cirrhosis. 
2. The galactose extraction by the liver is not 100% (usually approx 94%) (1). The elimination 

of galactose is not cleared by the liver, but also to some extent by the kidneys (5). 
3. Galactose elimination decreases with advancing age in the absence ofliver dysfunction (1). 

2.2.2. CAFFEINE CLEARANCE TEST 

2.2.2.1. Principles. The caffeine clearance test is a quantitative liver function test. Caffeine, 
(1,6) trimethylaxanthine, is metabolized by microsomal enzymes in the liver and excreted in 
the urine as methylxanthine (7). Since plasma caffeine is extracted (97%) primarily by the 
liver, it seems to be an ideal compound for the assessment of hepatic metabolic function (8). 

2.2.2.2. The Assay. After approx 17 h of caffeine exclusion, about 300 mg of caffeine citrate 
is given to patients orally. Blood samples are drawn at various time intervals, and plasma 
caffeine concentrations are measured (9). Because caffeine levels in plasma and saliva are 
similar, caffeine can be measured in saliva with similar results. 

2.2.2.3. Clinical Significance. 

1. This test is useful in assessing the functional and metabolic capacity of the liver, and is a 
particularly sensitive indicator to assess liver function (8). 
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2. It can also be used to differentiate between hepatocellular disease and simple biliary obstruc
tion as patients with biliary obstruction generally will have a normal caffeine clearance test (8). 

2.2.2.4. Advantages. 
1. The test is not only quantitative, but also innocuous. 
2. Relative cost: $. 
3. It can be performed easily, as caffeine is taken orally and its level can be measured either in 

saliva or blood (8). 
4. The sensitivity ofthis test is approx 89% for all liver diseases and up to 100% for alcoholic liver 

disease (8). 
5. Bcause caffeine is absorbed completely and metabolized primarily by the liver, the test is very 

useful in assessing hepatic metabolic capacity (8). 
6. There is no need for radioisotopes or breath collection (9). 

2.2.2.5. Limitations. 
1. The specificity of this test is poor, only 62%. 
2. Caffeine elimination declines with advancing age and is increased by smoking because of the 

induction of caffeine metabolizing enzymes. These factors affect the validity of results (8). 
3. Validity of caffeine elimination is also affected by drugs such as cimetidine (8). 
4. Caffeine clearance is variable between individuals, making the establishment of a clear thresh

old value for persons without liver disease difficult (8). 
5. It is not widely available. 

SUMMARY 

Serum albumin levels are very well correlated with the synthetic function of the liver, in 
the absence of processes that cause increased loss of albumin. 

Prothrombin time is a routine test for screening the synthetic function of the liver. 
Serum cholesterol and lipoprotein levels are commonly found to be abnormal in patients 

with liver disease; they are not as sensitive or specific as prothrombin time and bilirubin. 
The galactose elimination test provides a quantitative measurement of the residual liver function. 
The caffeine clearance test is useful for measuring residual functional mass of the liver, and 

can be helpful in differentiating hepatocellular process from biliary obstruction. 
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1. INTRODUCTION 

Several techniques are available for noninvasive imaging of the liver. The modality of 
choice is dictated by the clinical scenario with the objectives of detection, characterization, and 
staging or quantification of the disease process. The main techniques used in evaluation of the 
liver include computed tomography (CT), magnetic resonance imaging (MRI), ultrasound, 
and scintigraphy (nuclear medicine). This chapter will describe these techniques, discuss their 
indications, limitations, and accuracy in the evaluation of liver disease. 

2. MODALITIES 

2.1. Computed Tomography 
2.1.1. TECHNIQUE 

Computed tomography acquires images of the body using a rotating source of ionizing 
radiation and, by computer assistance, recreates the images based on attenuation differences. 
Images are acquired by moving the table sequentially through the linear rotating source of 
radiation at predetermined intervals. This technique is referred to as incremental scanning. 
Improvements in the mechanical arrays of the detectors, gantry, or ring that orbits the patient, 
and computer reconstruction techniques have significantly reduced scan times and increased 
resolution. Slip-ring technology or helical scanning allows scanning of the entire abdomen in 
a single, screw-like acquisition (spiral CT) with the patient table and radiation source moving 
continuously. 

Because the properties of X-ray attenuation as demonstrated by CT it is often unable to 
differentiate abnormal from normal tissue, except when there is morphologic distortion. Phar
maceutical-based imaging approaches have been extensively researched to improve lesion 
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conspicuity. CT scanning of the liver can be performed without any contrast agent. However, 
in nearly all cases, enteral or parenteral contrast agents, or both, are used. 

Parenchymal tissue contrast is improved by the vascular administration of iodinated agents. 
These agents administered intravenously are designed for rapid excretion, and do not signifi
cantly affect body physiology. Binding to blood proteins or cells is negligible, and excretion 
is by passive glomerular filtration. Thus, these agents will penetrate capillaries and have an 
extracellular distribution. 

Various imaging protocols have been performed to utilize the dual (portal and hepatic 
arterial) vascular supply of normal liver and improve lesion conspicuity (1,2). Because of the 
less than optimal results with this dynamic iv bolus technique, other techniques to administer 
contrast at angiography with selective cannulation of the hepatic artery (CT arteriography, 
CTA) or by the superior mesenteric artery and splenic artery (CT arterial portography, CTAP) 
are commonly performed (3, 4). These techniques, which examine the arterial and portal venous 
flow, respectively, generally have greater contrast and improved sensitivity for detecting liver 
lesions. However, due to variations in the portal venous perfusion of the liver, nonneoplastic perfusion 
inhomogeneities create numerous false positives, limiting the value of this technique (~7). 

2.1.2. INDICATIONS 

CT is indicated for the detection of masses, including metastases and primary liver tumors, 
characterization oflesions such as hemangioma, and staging of tumors. CT is also indicated 
in the evaluation of the liver for diffuse disease such as cirrhosis, fatty infiltration and other 
infiltrative processes in the liver. CT can evaluate the hepatic vascular anatomy and patency. 
However, Doppler ultrasound is more accurate and cost-effective. 

2.1.3. ADVANTAGES 

Advantages of computed tomography include the rapidity and visualization of the entire 
abdomen unimpaired by bowel, gas, or bone. Computed tomography is not operator-dependent 
and, therefore, the risk of an inexperienced practitioner failing to recognize pathology is 
minimized. CT can obtain high resolution images as thin as 1 mm, and because of the rapidity, 
can be acquired during a breath hold with significant improvement in respiratory artifacts. 
Because spiral CT acquires data in a volume set, three-dimensional reconstructed images can 
be generated. 

2.1.4. LIMITATIONS 

The principal limitation of CT is its restriction to acquisition in the transverse plane in the 
abdomen. When organs or structures have complex shapes oblique to the transverse plane on 
the CT image, the adjacent structures overlap and their attenuation values are averaged into a 
single pixel on the image. This can lead to "volume averaging," which can obscure tissue 
boundaries and mimic pathology. However, the development of spiral CT has largely over
come this limitation. The ability to reconstruct data at narrower intervals, and reconstruct 
images in various planes helps reduce these volume averaging pitfalls. Solid lesions slightly 
less than 1.0 cm in size can be detected by using good dynamic technique. Other limitations 
include those associated with the iv injection of contrast, which can be contraindicated in 
certain individuals, lead to the development of contrast reactions and, with underlying hemo
dynamic alterations, may lead to suboptimal enhancement patterns of the visceral organs, 
including the liver. 

2.1.5. RISK 

There is no significant risk from computed tomography. The patient will receive a small 
amount of radiation exposure during the examination, which is approx 15X the effective dose 
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equivalent of a chest X-ray. However, if iv contrast is used, then the associated risks related 
to iodinated contrast administration, such as anaphylaxis, renal failure, and acute tubular 
necrosis, are potential complications. Some of these allergic reactions can be reduced or 
minimized by premedication with steroids. However, patients with a history of contrast allergy 
or reaction to iodinated agents should avoid them. When required, nonionic contrast media 
should be used. 

2.2. Magnetic Resonance Imaging 
2.2.1. TECHNIQUE 

Magnetic resonance imaging is performed by placing the patient in a uniform magnetic 
field, and then applying and sampling repetitive radio frequency waves. When the patient is 
placed inside the magnetic field, the hydrogen nuclei inside the body align themselves with 
the magnetic field. To create an image, a radio frequency (RF) pulse must be applied. This 
RF pulse is generated from a coil and causes the nuclei to be rotated out of alignment. When 
the RF pulse is terminated, the nuclei attempt to realign with the magnetic field. During this 
process of "relaxation," a signal is produced in the coil. This signal is then processed and 
created into an image. Different tissues and pathology have unique times of relaxation. By 
varying the duration of pulse application and time to listen to the signal (T I and T2 weighting) 
these tissues and disorders can be differentiated. 

MR technology has rapidly improved over the past several years. Improvements in RF coil 
technology have led to the development of surface and endoluminal coils, that allow high 
resolution images with smaller fields of view. Improvements in pulse sequence design have led 
to faster imaging acquisitions, improved resolution, and increased signal to noise. Improvements 
in hardware have led to stronger and faster magnets allowing a marked decrease in scan time. 

As with CT, various pharmaceutical agents have been evaluated to help improve lesion 
identification and characterization. The most widely used are the gadolinium chelates, which 
are extracellular agents. Other agents, such as iron oxide, that are taken up by the reticuloen
dothelial system and hepatoselective agents, such as mangafodipir trisodium (Mn-DPDP) and 
certain gadolinium-based agents, are undergoing extensive research. 

2.2.2. INDICATIONS 

The indications for MRI include lesion identification, characterization and staging; evalu
ation of the liver in the setting of, or for confirmation offatty infiltration; evaluation for diffuse 
infiltrative processes including hemochromatosis; and evaluation of vascular anatomy and 
patency. Recently, MRI has been shown to be useful in the evaluation of the biliary tract (MR 
cholangiography) for the detection of choledocholithiasis and bile duct strictures. Images of 
the biliary system can be obtained using heavily T2-weighted parameters without the injection 
of contrast. Workstation software allows 3D images of the bile ducts to be reconstructed. Thus, 
MRI may be a reasonable alternative to direct cholangiography in certain clinical settings. 
However, the exact clinical role is yet to be defined. 

2.2.3. ADVANTAGES 

MRI is similar to CT in providing a full view of the entire abdomen and similar anatomic 
detail (spatial resolution). MR has the further advantage of allowing selection of sagittal, 
coronal, or oblique planes of acquisition. Three-dimensional volume acquisitions can be per
formed allowing high resolution images, that can be reconstructed in various planes of view. 
MRI also has the inherent advantage of improved tissue contrast without the use of iv contrast, 
which is based on differences in T1 and T2 relaxation processes of the different tissues and 
pathologic processes within the body. Gadolinium-enhanced MRI has the advantage of being 
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able to be performed in individuals with an iodine allergy or in individuals with impaired renal 
function. MRI appears more robust than CT, and its technical evolution has outlasted that of 
CT. Noninvasive angiography by MRI (MRA) has become widely used in the evaluation of 
abdominal disease. The ability to identify normal blood or CSF flow and measure flow veloci
ties is already affecting the evaluation of neurological, cardiothoracic, and abdominal vascular 
conditions. There is no exposure to ionizing radiation. 

2.2.4. LIMITATIONS 

Limitations ofMRI include motion artifacts, which are most notable in the upper abdomen 
and can degrade image quality. This has reduced the utility of MR for many applications. 
However, with technologic advances to reduce motion artifact and faster imaging (e.g., echo 
planar technique), which may be obtained in a single breath-hold, this limitation is becoming 
less significant. By utilizing these improved techniques, resolution can be improved with 
detection of lesions slightly less than I cm in size. 

Other MRI limitations include the bore size of the magnet, which decreases the size of 
patients who can be imaged. Many vendors are currently developing magnets with a wide or 
open bore that allows scanning oflargerpatients, reduces claustrophobia, and allows improved 
access to the patient, allowing the performance of surgical procedures. The magnetic field also 
limits a select patient population who have contraindications to being placed in a magnetic field. 

2.2.5. RISK 

There are no known inherent risks to an MRI examination provided the patient does not have one 
of the contraindications to being placed in a magnetic field, such as an aneurysm clip, recent 
placement of a vascular clip, certain implants and metallic devices that can be moved by the field, 
as well as cardiac pacemakers in which a current can be induced. The gadolinium-based contrast 
agents in clinical use have no measurable toxicity, and have such a low incidence of allergic 
reactions that they may be administered under some circumstances with no physician present. 

2.3. Ultrasound 
2.3.1. TECHNIQUE 

Sonographic images are obtained by applying and sampling reflected sound waves from the 
body. These sound waves are generated from a transducer that is placed on the skin surface and 
transmitted into the body. Sound waves travel at different velocities through different tissues, 
and are reflected differently by different types of tissue (acoustic impedance). This property 
allows specific localization and characterization of these different tissues. Because of the 
speed of transmission, sampling, and reconstruction of the images, imaging can be performed 
in a real-time setting. Doppler techniques allow determination of flow direction and velocity. 
This information may be displayed, either as numerical values with statistical analysis or as 
color representing flow, superimposed on the black and white anatomic background. Various 
transducers are available, operating at a range of frequencies, including 3.5,5.0, and 7.0 MHz. 
Higher frequency transducers offer improved spatial resolution. These, however, suffer from 
decreased penetration, reducing anatomic coverage. Transducers are available for endoscopic 
and intraoperative use, allowing proximity to the region of interest and extremely high reso
lution images. For example, intraoperative ultrasound allows detection oflesions not visible 
or palpable even during laparotomy. 

2.3.2. INDICATIONS 

Because of the cost, availability, and versatility of ultrasound, this technique is indicated as 
an initial screening for most hepatobiliary disorders. Specifically, ultrasound is indicated in the 
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evaluation ofliver size, evaluation of the parenchyma for infiltrative processes that can change 
the echogenicity of the liver, cirrhosis, and lesion detection. Ultrasound is less sensitive than 
CT or MRI for specific lesion detection. However, it may be useful as some lesions may be 
more conspicuous on ultrasound when there is underlying parenchymal disease or when ascites 
or altered portal venous hemodynamics limit CT and MRI examination. Ultrasound is also 
indicated for vascular evaluation of the liver, including patency, velocity, and directional 
information of the hepatic artery, portal veins, and hepatic veins. Evaluation for biliary abnor
malities should generally begin with ultrasound, which is indicated for the detection of gall
stones, evaluation of ductal caliber, and in the evaluation of the gallbladder. 

2.3.3. AOVANT AGES 

As previously mentioned, ultrasound is more cost effective and more widely available than 
the other noninvasive techniques. Real-time imaging and the multiplanar capabilities give 
unique advantages to ultrasound over these other techniques. There is no exposure to ionizing 
radiation. 

2.3.4. LIMITATIONS 

Imaging characteristics of sound waves are quite complex. Bowel gas and bone restrict 
sound wave penetration, obscuring visualization of structures beneath them. Many artifacts 
can be produced that can mimic pathology. Therefore, expertise of a dedicated sonographer is 
a necessity to perform high quality sonography. Lesions slightly less than I cm in size can be 
detected, provided there is good contrast in echogenicity between the lesion and normal liver. 

2.3.5. RISKS 

There are no known risks associated with sonography. 

2.4. Scintigraphy 
2.4.1. TECHNIQUE 

Scintigraphic images of the liver can be obtained by injecting specific radioactive pharma
ceuticals that are taken up in the liver. These radiopharmaceuticals are unstable and emit 
electromagnetic radiation (radioactive decay) that is detected by special scintillation cameras. 
The scintillation camera contains NaI (Tl), which produces light when exposed to the high
energy radiation. This light is then magnified and created into an image by computer recon
struction. Images are usually acquired in a frontal projection. However, special cameras allow 
individual slices to be constructed in either coronal, axial, or sagittal planes (single photon 
emission tomography or SPECT). Various radio pharmaceuticals are available, and the choice 
depends on the abnormality that is being evaluated. For example, pharmaceuticals that are 
taken up by the reticuloendothelial system (technetium sulfur colloid) produces a liver/spleen 
scan that can be used to evaluate focal mass lesions or size and configuration of the liver. 
Agents, that are taken up by the hepatocytes and excreted into the biliary system, can evaluate 
the function and excretion of the liver. Blood pool agents (tagged red blood cells) can be used 
to evaluate for perfusion to specific lesions within the liver. 

2.4.2. INDICATIONS 

With the advances in CT, MRI, and ultrasound, scintigraphy has a decreasing role in the 
evaluation of the liver. There are a few indications for lesion characterization, which include 
the confirmation of hemangioma by using tagged red blood cell scans, and to help confirm 
the diagnosis of focal nodular hyperplasia (FNH) as an adjunctive imaging technique to CT or 
MRI. Indications also include the evaluation of hepatic parenchymal perfusion, function and 
excretion. For example, liver spleen scan is useful for detecting portal hypertension from 
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cirrhosis by demonstrating a shift of colloidto spleen and bone marrow. A bright caudate lobe 
on liver spleen scan suggests the presence of Budd-Chiari syndrome. 

2.4.3. ADVANTAGES 

The fundamental advantage of scintigraphy is the selectivity of physiologically targeted 
radiopharmaceuticals. This method has inherently high sensitivity and can detect nanomolar 
(10-9) local concentrations of pharmaceuticals, allowing selective targeting of receptors and 
metabolic processes. 

2.4.4. LIMITATIONS 

The primary limitation of scintigraphy is the lack of spatial resolution. The use of 
radiopharmaceuticals as the energy source for imaging, combined with diffuse vascular 
distribution of the agent, leads to a diffuse signal source, reducing image quality. The 
sparse and disperse gamma emissions, combined with scatter of the emitted energy by 
intervening tissues and the use of low-resolution imaging devices, result in grossly infe
rior spatial resolution. There have been efforts to improve spatial resolution by using 
SPECT and positron emission tomography (PET). However, these techniques have not 
significantly changed the approach to imaging of the liver. Lesions that demonstrate 
increased uptake, such as hemangiomas, can usually be detected at a smaller size than 
photopenic lesions. Using SPECT techniques, lesions 1.0-1.5 cm in size can be detected. 

2.4.5. RISK 

The risks associated with scintigraphic examinations include a small radiation exposure to 
the patient, with a total effective dose slightly less than CT. 

3. SELECTED EXAMPLES OF IMAGING OF LIVER DISEASES 

3.1. Diffuse Disease 
3.1.1. FATTY INFILTRATION (HEPATIC STEATOSIS) 

Hepatic steatosis has multiple etiologies. Diagnosis can be confirmed by liver biopsy. 
However, noninvasive imaging is fairly reliable at diagnosing fatty infiltration of the liver. 
Comparison ofliver-to-spleen attenuation ratios on nonintravenous CT -enhanced images show 
low attenuation of the liver relative to the spleen with fatty infiltration (Fig. 1). Ultrasound 
shows diffusely increased echogenicity within the liver in fatty infiltration. However, this 
finding is nonspecific and can also be seen in hepatic fibrosis. 

Occasionally, fatty infiltration ofthe liver may be focal, and can mimic a liver mass. In these 
instances, MRI is useful in the confirmation of the etiology offat. By utilizing chemical-shift 
imaging, focal fat can be differentiated from certain liver masses. 

3.1.2. CiRRHOSIS 

Early changes of cirrhosis may consist only of fatty infiltration of the liver. However, in 
the more advanced cases in which the liver is small and nodular (Fig. 2), both CT and 
ultrasound are comparable in the diagnosis. Several morphologic parameters have been 
described in evaluating lobe size by using the principle that in cirrhosis the right lobe and 
medial segment of the left lobe atrophy with enlargement of the caudate and left lobe. By 
using these ratios, ultrasound shows a sensitivity and specificity in the 95% range, and CT 
shows a sensitivity of 84% and specificity of 100% (8). However, in certain types of 
cirrhosis, the morphologic appearance of the liver may not significantly change, reducing 
the sensitivity of these examinations. 
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Fig. I. Fatty infiltration: Un enhanced CT demonstrates diffuse low attenuation of the liver in comparison 
to the spleen. 

Fig. 2. Cirrhosis: Characteristic findings in cirrhosis include a small liver with a nodular contour. Notice 
the two hyperenhancing regenerating nodules (arrowhead). 

3.1.3. IRON DEPOSITION DISEASE 

Hemochromatosis and hemosiderosis lead to increased iron deposition within the liver. CT 
and MRI are both capable of diagnosing increased concentrations of hepatic iron. On 
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nonintravenous-enhanced CT images, the liver will have increased attenuation, relative to the 
density of the spleen. MRI is more sensitive and shows low signal on spin echo and gradient 
echo images because of a reduction in the T2 and T2* relaxation times secondary to the iron 
deposition (9-11). MR has been shown to have a sensitivity and specificity of94% and 90%, 
respectively. Other organs with increased iron will show similar low signal, which helps 
evaluate the overall distribution and can help distinguish hemochromatosis from other 
causes of iron deposition, such as multiple blood transfusions. In hemosiderosis, iron 
accumulates within the reticuloendothelial system, leading to involvement ofthe spleen which 
is usually spared in hemochromatosis. 

3.2. Masses 
3.2.1. METASTASES 

3.2.1.1. Lesion Detection. The accuracy of computed tomography in the detection of meta
static disease is widely debated in the literature. The major problem is the lack of a gold 
standard in comparing these modalities. It is now generally accepted that CT AP is the most 
sensitive test, followed closely by MRI. Because most patients with metastatic disease have 
multiple lesions, the accuracy ofCT for distinguishing patients with metastases is greater than 
80%. However, for individual lesion detection, the sensitivity is much less. This is because of 
the enormous biologic variation between tumors and their enhancement patterns. Currently, 
much research is ongoing evaluating varying scan delays and injection rates on CT to improve 
lesion conspicuity (Fig. 3). 

Because of the availability, cost, and accepted sensitivity in identifying patients with 
metastases, CT should be the initial study performed. MR should be utilized when there are 
confusing findings on CT, when there is a contraindication to undergoing a contrasted CT scan, 
or in the background of fatty infiltration which can limit lesion detection. 

In patients who are considered to be surgical candidates, either CTAP, or MR, or a combi
nation of the two studies should be performed because oftheir improved lesion detection. MR 
is adjunctive to CTAP allowing possible differentiation of perfusion anomalies from possible 
neoplastic lesions. 

3.2.1.2. Lesion Characterization. Imaging findings may show certain abnormalities sug
gesting metastases (12,13). These include the demonstration of calcifications seen most often 
with mucinous carcinomas, such as metastatic colon cancer (Fig. 4). Low density areas may 
correlate with areas of necrosis. The morphologic pattern of contrast enhancement demonstrat
ing heterogeneity or rings is a useful finding that distinguishes solid neoplasms from cysts from 
hemangiomas. 

3.2.2. PRIMARY LIVER TUMORS 

3.2.2.1. Hepatocellular Carcinoma (HCC). Hepatocellular carcinoma is more difficult to 
detect than metastases or other primary tumors ofthe liver. The principal reason for this difficulty 
is that hepatomas most often occur against a background of chronic hepatitis, fatty liver, and 
cirrhosis (Fig. 5). A wide range of accuracy has been reported in the literature. Biphasic injection 
techniques (described earlier) may allow improved detection with increased lesion conspiquity 
on the hepatic arterial phase representative of increased tumor vascularity (14-16). 

3.2.2.2. Cavernous Hemangioma. Cavernous hemangioma is a vascular malformation character
ized by a cavernous collection of blood spaces. Blood flow is very slow and virtually undetected, 
except for occasional peripheral site of venous entry. Hemangiomas are exceedingly common, being 
present in approx 15-20% of the adult population. These lesions are commonly found on imaging 
techniques. Unfortunately, when these lesions are found in an individual with a malignancy, they can 
mimic metastases. Although most hemangiomas are confirmed by MRI or tagged red blood cell 
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Fig. 3. Hyperenhancing metastases: Noncontrasted CT images of the liver (A) show multiple low 
attenuation lesions consistent with metastases (arrow). On the postcontrast images, the lesions have 
enhanced to the same degree as the normal liver parenchyma, obscuring their identification (B). 

studies, CT can also be used. The classic enhancement pattern of a hemangioma shows peripheral 
nodular enhancement, centripetal filling, and uniform enhancement with retention of the blood 
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Fig. 4. CT scan of the liver shows a large lesion with central calcification in the right lobe of the liver 
(arrowhead), a metastasis from mucinous adenocarcinoma of the colon. 

Fig. 5. Hepatocellular carcinoma: Unenhanced CT demonstrates an infiltrative hepatoma in the right 
lobe of the liver with associated thrombus of the right portal vein (arrow). Vascular invasion is fairly 
specific for hepatomas. 

pool product (17) (Fig. 6). By using these criteria, CT has a sensitivity and specificity in the 
detection of cavernous hemangiomas of approx 80% and nearly 100%, respectively. 
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The appearance on MR is that of a well-defined lesion with very high signal (equivalent to 
fluid) on heavily T2-weighted images (Fig. 7). Enhancement with gadolinium is similar to that 
seen on CT scan (18-20). Using these criteria, the specificity is similar to tagged RBC scans, 
greater than 95%. 

MRI, while more expensive than tagged RBC scans in the confirmation of hemangioma, 
offers improved evaluation of smaller lesions, lesions near larger vessels, and allows identi
fication of unsuspected lesions. 

3.2.2.3. Miscellaneous Tumors. Whereas the sensitivity of CT at detecting other primary 
tumors of the liver is quite high, many of the imaging features are nonspecific and do not allow 
definitive characterization. Certain features may be present that can suggest a diagnosis. For 
example, hepatic adenomas may contain areas offat, necrosis, and hemorrhage. The presence 
of a central scar suggests the diagnosis offocal nodular hyperplasia. However, this can also be 
seen in fibrolamellar carcinoma and adenomas (21). 

3.3. Vascular Abnormalities 
Ultrasound is the best initial imaging study in the evaluation of the vascular supply to the 

liver, because of cost, sensitivity, and specificity in the evaluation of the vessels. Several 
vascular abnormalities can be diagnosed with ultrasound. Ultrasound has a sensitivity of 
approx 87% in the diagnosis of Budd-Chiari syndrome (22). Certain characteristic abnormal 
Doppler wave forms combined with hepatic vein distention suggest the diagnosis of passive 
congestion of the liver. Ultrasound is 100% sensitive, and 93% specific in diagnosing main 
portal vein thrombus (23). Ultrasound has been shown to be 97% sensitive in diagnosing 
significant arterial vascular disease (hepatic artery thrombus or stenosis) in post-liver trans
plant patients (24). 

MR!, because of its ability to image flowing blood and determine the direction and velocity 
of flow, is generally complementary to ultrasound in the evaluation of the hepatic vessels. 
However, it should be used in selected cases in which ultrasound is nondiagnostic or confusing. 
Because of its expanded field-of-view, MR shows associated collateral vessels. 

With the rapid high resolution images obtained with helical CT, iv-enhanced helical CT 
scans can exquisitely demonstrate vascular anatomy and patency, especially of the arterial 
system. Delayed images during the portal venous phase can evaluate the venous structures. 
However, occasionally flow defects within these vessels can mimic thrombus. 

3.4. Biliary Abnormalities 
3.4.1. GALLSTONES 

The primary modality that should be used to confirm the presence of cholelithiasis is ultra
sound. Sonography has a sensitivity of greater than 95% in the diagnosis of cholelithiasis, and 
can detect approx 7{}-80% of cases of choledocholithiasis. Gallstones within the distal part of 
the common bile duct are somewhat more problematic, and difficult to detect secondary to 
overlying bowel gas. On ultrasound, gallstones appear as echogenic structures with posterior 
acoustic shadowing. Because ofthe many possible pitfalls, meticulous technique and knowl
edge of these pitfalls are a necessity. To allow distention of the gallbladder and improve 
gallstone detection, patients should be kept fasting for at least 4-6 h prior to the examination. 

When using high-resolution technique, CT can detect a significant number of calcified or 
dense gallstones, because of the contrast between the calcium and bile. However, many stones 
demonstrate similar attenuation as bile, decreasing their detection rate. Intravenous contrast 
agents that are excreted in the bile have been evaluated to increase contrast between the 
stone and surrounding bile and improve detection. However, because of numerous side 
effects, these agents are not widely used in clinical practice. 
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Fig. 6. Cavernous hemangioma: (A) Serial-contrasted CT images demonstrate the characteristic en
hancement pattern of a cavernous hemangioma. (B) Early peripheral nodular enhancement ( arrow) with 
progressive centripetal enhancement and equilibration (C) on delayed images. 

Recently, MRI (MR cholangiography) has been shown to be useful in the diagnosis of 
gallstones with a sensitivity for detecting choledocholithiasis of 70-1 00%. 
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Fig. 6. (continued) 

Fig. 7. Cavernous hemangioma: Characteristic MR appearance ofa cavernous hemangioma (arrow). 
The lesion is well defined, with very high signal on T2-weighted images. 
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3.4.2. ACUTE CHOLECYSTITIS 

In patients with suspected acute cholecystitis, sonography or hepatobiliary scintigraphy 
should be the initial imaging study. An advantage of ultrasound over scintigraphy is that 
ultrasound allows a generalized screen of the right upper quadrant that may detect other 
abnormalities mimicking acute cholecystitis. Findings of acute cholecystitis on ultrasound 
include the presence of gallstones with focal tenderness over the gallbladder ("sonographic 
Murphy's sign"), gallbladder distention, gallbladder wall thickening, or air within the wall or 
lumen of the gallbladder, internal membranes, and pericholecystic fluid. The most reliable 
signs are the presence of gallstones, and a positive sonographic Murphy's sign with a positive 
predictive value of92% and a negative predictive value of95%, respectively (25). 

On hepatobiliary scintigraphy (technetium-labeled iminodiacetic acid scans), lack ofvisu
alization ofthe gallbladder is diagnostic of acute cholecystitis. Hepatobiliary scintigraphy also 
has a high sensitivity and specificity with averages of greater than 95%. 

Occasionally, patients may have nonspecific clinical findings and are referred for CT 
examination. CT findings are similar to ultrasound, including gallbladder wall thickening, 
pericholecystic stranding, gallbladder distention, pericholecystic fluid, subserosal edema, high 
attenuation bile, and sloughed membranes. In one study, CT allowed detection of approx 50% 
of cases of acute cholecystitis. However, the absence of findings does not exclude the diagno
sis, and further imaging with ultrasound or scintigraphy should be performed (26). 

3.4.3. BILIARY OBSTRUCTION 

Biliary obstruction can be due to extrinsic or intrinsic masses, inflammation, and strictures. 
The evaluation of individuals with suspected biliary obstruction should begin with right upper 
quadrant sonography. Ultrasound allows detection of bile duct dilatation and can usually 
determine the site in greater than 90% of the cases, and the cause in greater than 70% of the 
cases. CT may provide useful information when the ultrasound is inconclusive or incompletely 
evaluates or stages the abnormality detected. As with choledocholithiasis, MR cholangiogra
phy can provide a noninvasive technique to obtain cholangiographic images and the detection 
of bile duct strictures. 

SUMMARY 
Because of the cost and wide spread availability, ultrasound generally should be the 

initial imaging study performed for individuals with suspected hepatobiliary disorders. The 
average costs of ultrasound, computed tomography (CT), and magnetic resonance imaging 
(MRI) are $300, $700, and $900, respectively. 

Ultrasound should be performed initially to evaluate diffuse diseases such as cirrhosis 
and in the evaluation of the hepatic vasculature. 

CT generally should be the study of choice when evaluating the liver for the detection and 
staging of masses, with the exception of hepatocellular carcinoma which may be more 
conspicuous on ultrasound than CT. 

MRI is the most sensitive, noninvasive modality to detect focal liver lesions and is 
complementary to CT arterial portography (CTAP) in the preoperative evaluation. 

MR cholangiography is a new, noninvasive technique that may obviate direct cholang
iography in certain instances. 
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1. INTRODUCTION 

Interventional radiology in patients with liver diseases involves the use of invasive proce
dures. These patients often have overt and urgent clinical presentations. For example,jaundice 
due to biliary obstruction is readily visible in the patient who has been referred for transhepatic 
cholangiography (THC). The clinical and laboratory evaluation are completed prior to the 
intervention. For the jaundiced patient, an ultrasound or a computed tomography (CT) scan is 
used to diagnose biliary ductal dilatation. The precise cause of the obstruction, ifnot explained 
by the noninvasive modalities, leads to an invasive procedure. The endoscopic retrograde 
cholangiopancreatogram (ERCP) is the initial invasive procedure of choice, but failure to 
catheterize the biliary duct would require a THe. 

As always, the objective in the application of an invasive procedure is to provide the patient 
with a greater benefit than the potential risks of the procedure. Therefore, invasive procedures 
should be undertaken only after deciding on possible treatment plans once a diagnosis is 
determined. Invasive procedures should not be employed if the results will not alter patient 
management. 

In contrast to the increased risk of an invasive diagnostic procedure, an invasive therapeutic 
radiological procedure often represents a less invasive alternative to surgery. For example, 
transjugular intrahepatic portal systemic shunts (TIPS) is less invasive and results in less 
morbidity than an operative portal caval shunt. 

All radiologically guided interventional procedures ofthe liver have certain common aspects. 
Visual guidance is often dependent on the experience of the interventionist. Whereas ultra
sound (US) will permit real-time visualization of a percutaneously placed needle in a liver 
lesion, limitations include isoechoic lesions, patient breathing obscuring needle visualization, 
and rib shadowing. CT guidance permits visualization of the liver, surrounding structures, and 
a needle with good resolution; again, patient breathing can become a significant limitation. 

67 
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With ultrafast scans using helical CT, patient breathing motion artifact is less of a problem. 
Magnetic resonance image (MRI) guidance is rarely used because of the small bore of most 
diagnostic MRI units. However, there is a subset ofliver lesions that are not visualized other
wise. Commonly, fluoroscopy is used with a computerized imaging modality. Initial access is 
obtained with a computerized image guided technique and additional manipulation is often 
guided fluoroscopically with the use of iodinated contrast agents. 

2. DIAGNOSTIC PROCEDURES 

2.1. Hepatic Parenchymal Interventions 

2.1.1. PERCUTANEOUS BIOPSY 

2.1.1.1. Patient Preparation. For procedures in which sedation is used, the standard patient 
preparation includes fasting for 4--8 h. Patients should maintain hydration during the period of 
fasting. Coagulation parameters must be normalized (PT < 15 s, PTT < 1.2 x control) and 
platelet count> 1 OO,OOO/mL. A cytopathologist must be available for preliminary reading of 
the cytology. 

2.1.1.2. Technique. Penetrating a liver lesion target with a needle requires excellent guid
ance. Most often, spring-loaded core biopsy needles of at least 18-G size are used. To minimize 
the risk of bleeding, a 22-G needle can be used for an aspirate rather than to obtain a core biopsy. 

2.1.1.3. Indications. The indication for guided liver biopsy is usually to differentiate whether 
a lesion is benign, malignant, or infectious. Sometimes guided liver biopsies are required even 
when a lesion has not been visualized, as in cases of diffuse liver disease. In these situations, 
blind biopsies would be difficult or contraindicated because of anatomical reasons, such as 
intervening bowel or obesity. 

2.1.1.4. Contraindications. The presence of ascites, uncorrected bleeding diathesis, inter
vening bone or bowel, an uncooperative patient, and previous anaphylactoid reaction to iodi
nated contrast media are relative contraindications. Ascites usually can be drained immediately 
prior to biopsy to assure hemostasis postbiopsy. In patients with uncorrectable bleeding diathe
ses, transjugular biopsy is used to assess diffuse liver processes. Increased sedation will gen
erally control the uncooperative patient. 

2.1.1.5. Complications. Complications are uncommon, butthe most important are bleeding 
<2%, infection <2%, and pneumothorax <1 % (1). The overall risk of complication is <2%. 
Needle tract seeding of tumor has been reported (2). 

2.1.1.6. Clinical Results. Positive identification of tissue type is made in 80-95% of cases. 
Reasons for failure are inadequate tissue secondary to size, site, and type of lesion (3,4). 

2.1.1.7. Alternative Procedures. When percutaneous hepatic biopsy is unsuccessful, 
transjugular, laparoscopic, or finally intraoperative biopsies are alternatives. 

2.1.2. TRANSVENOUS (TRANSJUGULARITRANSFEMORAL) BIOPSY 

2.1.2.1. Patient Preparation. Fasting for 4--8 h as required for sedation. 
2.1.2.2. Technique. For transjugular biopsy, the right internal jugular vein is accessed. The 

catheter is advanced through the superior vena cava, and the right atrium to a hepatic vein. The 
catheter is exchanged over a guidewire for a long needle. In a wedged position, the needle is 
advanced 3 em into the liver parenchyma during aspiration to obtain a core oftissue (5). Newer 
devices have spring-loaded flexible needles that fit coaxially through the guiding cannula for 
the biopsy. For transfemoral biopsy, a curved sheath is placed into the hepatic vein from a 
femoral access. Through the sheath, a small biopsy forcep is advanced to the wall of the hepatic 
vein and several samples along the vein can be obtained. 
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2.1.2.3. Indications. This procedure is indicated in patients with diffuse liver pathology 
who have contraindications for percutaneous biopsy: at high risk for bleeding, advanced cir
rhosis and portal hypertension, ascites, or marked hepatic insufficiency (6). 

2.1.2.4. Contraindications. Transvenous biopsy is contraindicated in cases in which venous 
access is occluded. The procedure is technically more difficult in the presence of ascites 
because of the displacement of the liver, but the ascites may be drained prior to biopsy. 

2.1.2.5. Complications. Complications are infrequent, but the most important are: hepatic 
capsular perforation with peritoneal hemorrhage (3 %), aneurysm of the hepatic hepatic artery 
(1-2%), and infection (1-2%) (6). 

2.1.2.6. Clinical Results. The technical success rate is 84%. Failures occur due to problems 
with jugular access, hepatic venous access or needle placement through the catheter (6). 

2.1.2.7. Alternative Procedures. Alternative procedures include percutaneous, laparo
scopic, or surgical biopsy. 

2.2. Biliary Ductal Interventions 
2.2.1. TRANSHEPATIC CHOLANGIOGRAPHY (THC) 

2.2.1.1. Patient Preparation. Fasting for 4-8 h is required for sedation. Coagulation profile 
is obtained and any abnormalities are corrected. Broad spectrum antibiotics are given 6-12 h 
before the procedure to cover gram-negative (Escherichia coli and Enterobacter aerogenes) and 
gram-positive species (Streptococcus lecalis). A combination of ampicillin and gentamicin or a 
third generation cephalosporin, that can penetrate effectively into the bile, is administered. 

2.2.1.2. Technique. A thin needle is advanced into the liver from a right 11 th intercostal 
midaxillary approach with fluoroscopic guidance. Once there is bile return, the bile is collected 
for gram stain and culture. Iodinated contrast is injected to visualize the bile ducts (Fig. 1). 
Alternatively, access into the left lobe of the liver may be via a left anterior approach using 
ultrasound guidance. 

2.2.1.3. Indications. The major indications for THC are to diagnose the etiology of jaun
dice, to detect intrahepatic calculi, choledocholithiasis, biliary atresia, choledochal cyst, and 
to study the biliary system prior to biliary drainage (7,8). 

2.2.1.4. Contraindications. Relative contraindications include uncorrectable bleeding 
diathesis, known hepatic vascular tumor or malformation, previous anaphylactoid reaction to 
iodinated contrast, or ascites (relative). Anaphylactoid reactions to iodinated contrast can be 
minimized by pretreatment with Prednisone 50 mg p.o. 13, 7, and 1 h before the procedure, 
Benadryl 50 mg p.o. 1 h before the procedure, and the use of low osmolar contrast agents. 

2.2.1.5. Complications. Complications include bile leak, hemorrhage (0.29%), sepsis, pneu
mothorax, contrast reaction, hepatic arteriovenous fistulae, and vasovagal reaction. The mor
tality rate is 0.14%, and overall complication rate is 4.8% (9). 

2.2.1.6. Clinical Results. The technical success rate in demonstrating the bile ducts is 90-99% 
with better results in dilated ducts (9). 

2.2.1.7. Alternative Procedures. Alternative procedures include ERCP, cholecysto
cholangiography, and magnetic resonance cholangiography. 

2.3. Hepatic Arterial Interventions 
2.3.1. HEPATIC ANGIOGRAPHY 

2.3.1.1. Patient Preparation. Fasting for 4-8 h is required for sedation, and iv hydration 
during fasting with normal saline is recommended to minimize contrast nephrotoxicity. 
Coagulation profile is obtained and abnormalities are corrected. Creatinine level is obtained 
to assess the risk for nephropathy. 
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Fig. 1. Transhepatic cholangiogram in a 94-yr-old male who had jaundice for 2 wk. The ERCP failed to 
cannulate the common bile duct (CBD) and an urgent THC was requested. A 22-G needle was placed into 
the left lobe hepatic duct by ultrasound guidance. The cholangiogram revealed dilated intrahepatic ducts 
that were separately occluded at the confluence of the hepatic ducts, a typical picture for a Klatskin tumor. 
Note the normal-sized common bile duct. There was reflux into the pancreatic duct that was felt to be 
secondary to post-ERCP sphincter ofOddi edema. Note also the faint density of the large lamellated and 
rounded gallstone in the gallbladder on the bottom of the image. 

2.3.1.2. Technique. Using percutaneous access of the femoral artery, the hepatic artery is 
catheterized and iodinated contrast is injected during radiographic filming (Fig. 2). 

2.3.1.3. Indications. The major indications are to determine the cause of hematobilia, to 
determine the nature of a liver lesion by its vascular pattern, and to preoperatively map the 
hepatic arterial tree. 

2.3.1.4. Contraindications. The main contraindications are previous anaphylactoid reac
tion to iodinated contrast, renal insufficiency (10), and coagulopathy (relative) (11). 

2.3.1.5. Complications. Complications include hepatic arterial dissection and occlusion, 
contrast reaction, and contrast nephrotoxicity. The risk of the latter is reduced with adequate 
patient hydration (10). 

2.3.1.6. Clinical Results. The technical success rate is >90% for celiac angiography. In 
previously embolized hepatic arteries, a more exhaustive search for other feeders is required. 

2.3.1.7. Alternative Procedures. Alternative procedures are magnetic resonance angiog
raphy, and helical computed tomographic angiography. 

2.4. Hepatic Venous Interventions 
2.4.1. HEPATIC VENOGRAPHY AND MANOMETRY 

2.4.1.1. Patient Preparation. In addition to the standard preparation as described previ
ously, a serum creatinine level is obtained to assess the risk for nephropathy. 

2.4.1.2. Technique. The hepatic vein is catheterized via a femoral or ajugular venous approach. 
2.4.1.3. Indications. The main indications for this procedure are to measure hepatic venous 

pressure with and without a wedged catheterization, to visualize the hepatic venogram, and to 
visualize portal vein by the use of a wedged hepatic venogram. 
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Fig. 2. This is a nonnal hepatic arteriogram in a patient who was evaluated for vasculitis. There was some 
spasm ofthe common hepatic artery from the catheterization and injection. The two branches ofthe common 
hepatic artery were the gastroduodenal and proper hepatic arteries. The gastroduodenal artery filled the right 
gastroepiploic with smaller branches filling the pancreatoduodenal arcade which further fills the inferior 
pancreaticoduodenal artery. Note thatthe inferior pancreaticoduodenal artery is the first branch of the superior 
mesenteric artery (SMA); thus, the major collateral between the SMA and the celiac axis is shown. The 
branches of the proper hepatic artery are the right and left hepatic artery. The cystic artery is a branch of the 
gastroduodenal artery (seen in 3%). Refluxed contrast fills the splenic artery. 

2.4.1.4. Contraindications. Relative contraindications include renal insufficiency, and 
previous anaphylactoid reaction to iodinated contrast. 

2.4.1.5. Complications. Major complications of this procedure are cardiac arrhythmia due to 
catheter stimulation ofthe endocardium, anaphylactoid contrast reaction, and contrast nephrotoxicity. 

2.4.1.6. Clinical Results. The technical success rate is 84-100% (12). 
2.4.1.7. Alternative Procedures. Magnetic resonance venography, and duplex ultrasound 

are alternative modalities used to visualize the hepatic and portal veins. COTwedged hepatic 
venoportogram may be used to visualize the portal veins in a patient with renal insufficiency 
(13) or with a history of previous anaphylactoid reaction to iodinated contrast. 

2.5. Portal Venous Interventions 
2.5.1. PORTAL VENOGRAPHY 

2.5.1.1. Patient Preparation. The standard patient preparation is used as in hepatic angiography. 
2.5.1.2. Technique. After superior mesenteric artery (SMA) catheterization, portal venog

raphy is obtained as the venous phase of the angiogram. 
2.5.1.3. Indications. The major indications for this procedure are to determine portal venous 

patency prior to hepatic chemoembolization, prior to portal systemic shunt, or prior to hepatic 
lobectomy, to evaluate for mesenteric varices in a patient with GI bleed and to perform CT 
portography (14,15). 

2.5.1.4. Contraindications. Contraindications are renal insufficiency, and previous ana
phylactoid reaction to contrast. 

2.5.1.5. Complications. The complication rate is low, but major complications include 
SMA injury «1%) (16) and nephrotoxicity. 
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2.5.1.6. Clinical Results. Technical limitations of the procedure are due to portal hyperten
sion with hepatofugal flow. This results in spotty opacification of the portal venous tree. Other 
anatomical variants, such as a replaced hepatic artery to the SMA, can make superselective 
SMA catheterization for portal venography more difficult. 

2.5.1.7. Alternative Procedures. Doppler ultrasound may be useful in assessing main 
portal vein patency. Magnetic resonance venography, venous phase of the splenic arteriogram, 
and transjugular portal venogram are other alternative procedures. 

3. THERAPEUTIC PROCEDURES 

3.1. Hepatic Parenchymal Interventions 
3.1.1. PERCUTANEOUS ALCOHOL ABLATION OF TUMOR NODULES 

3.1.1.1. Patient Preparation. Fasting and iv hydration for 4--8 h is required for sedation. 
Evaluation of coagulation parameters and correction of any abnormalities. 

3.1.1.2. Technique. The access with a fine needle (22-G) is the same as that used for 
ultrasound or CT-guided biopsy. With ultrasound, there is real-time guidance, and the lesion 
becomes hyperechoic as it is filled with absolute alcohol (17). Under CT guidance, the volume 
injected is estimated by the lesion size (18). The patient will experience pain during injection, 
which may last for a few days. To minimize reflux along the track, the needle is left in place 
for a few minutes. Alcohol enters the hepatocytes by diffusion, producing coagulative necro
sis, followed by formation of granulation tissue, fibrosis and partial or complete small vessel 
thrombosis (17,19). 

3.1.1.3. Indications. The indication for this procedure is the presence of hepatocellular 
carcinomas less than 4--5 cm diameter that are easily detected by ultrasound. Combined therapy 
with transcatheter embolization (20,21) and the presence ofliver metastases without localiza
tion in other organs or systems are other indications. 

3.1.1.4. Contraindications. Lesions that are poorly detected by the guidance system or very 
close to the dome of liver are poor candidates. The presence of a highly necrotic tumor is also a 
contraindication because necrotic tumor can provide preferential paths for drainage of the alcohol. 

3.1.1.5. Complications. Localized pain and fever are the most common complications. 
They are self-limited and proportional to the volume injected. A case of tumor seeding along 
the needle tract has been reported (22). 

3.1.1.6. Clinical Results. The procedure has a reasonable success rate for palliation of the 
carcinoma (17-19). In one report, 18 of23 hepatocellular carcinomas decreased in size after 
treatment (17). Some success has been reported for metastases as well (23). For example, 9 out 
of 11 cases with small metastases (1-2 cm in diameter) had a complete response, in one report, 
and 4 out of 4 endocrine metastases had a complete response (23). 

3.1.1. 7. Alternative Procedures. Hepatic chemoembolization, intraoperative cryoablation, 
and surgical hepatic resection are all alternative procedures. 

3.1.2. ABSCESS DRAINAGE 

3.1.2.1. Patient Preparation. In addition to the standard preparation antibiotics are added. 
3.1.2.2. Technique. After a needle is introduced, a wire is placed, followed by dilatation of 

the track for abscess catheter placement. The cavity is irrigated with sterile saline and the 
catheter is connected to a gravity drainage collection bag for daily irrigation until the cavity 
is collapsed over days to weeks (24,25). 

3.1.2.3. Indications. The main indication is the presence of a fluid collection in a patient 
with fever, leukocytosis, and often localized pain (Fig. 3) (24). Postoperative abscesses with 
enteric communications (26), and perforated amebic abscess (27) are additional indications. 
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Fig. 3. Bacterial necrotizing hepatitis in a 40-yr-old woman who presented with fever and right upper 
quadrant pain. After the first drainage catheter was placed, contrast injection showed a complex sinu
soidal filling pattern (A), which was unlike a simple rounded abscess. CT scan showed the catheter in 
one of two collections, (B) a second catheter was placed on the second day after CT scan showed an 
undrained collection. 

3.1.2.4. Contraindications. Contraindications include absence of a safe access route (that 
avoids pleural space, bowel, major blood vessels, and solid organs), uncorrectable 
coagulopathy. 

3.1.2.5. Complications. Complications include septicemia (4.2%) (28), infection of ini
tially sterile collection, malposition of the tube, hematobilia, bile leakage, hemoperitoneum, 
and pneumothorax. 
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3.1.2.6. Clinical Results. Success rates range from 64--77% (28,29). Failure occurs due to 
multi loculation, phlegmon, improper catheter position, premature catheter removal, or inad
equate antibiotic therapy. Drainage of nine echinococcal cysts followed by sclerosis was 
associated with mild pruritis in two cases; there was no recurrence of cysts at 6 and 12 mo of 
follow-up (30). 

3.1.2.7. Alternative Procedures. Surgical drainage, resection, or debridement are alterna
tive procedures. 

3.2. Biliary Ductal Interventions 
3.2.1. BILIARY DRAINAGE 

3.2.1.1. Patient Preparation. Preparation with fasting and antibiotics is the same as for 
transhepatic cholangiography (THC). 

3.2.1.2. Technique. After THC, the type of biliary obstruction (i.e., malignant, benign vs 
calculus) is determined. The type of lesion will determine whether temporary or permanent 
biliary drainage is appropriate (i.e., malignant occlusions not amenable to cure will require 
permanent drainage). A thin guidewire is advanced through the needle into the duct. Once the 
wire has been securely positioned, the tract is dilated (31,32), and a catheter is introduced (Fig. 
4). A biliary drainage catheter is advanced beyond the stenosis (33) or a metal stent is placed 
across the stenosis, depending on the type of lesion. 

3.2.1.3. Indications. The main indications for this procedure are palliation for malignant 
ductal obstruction (permanent metallic stents); benign strictures or anastomotic strictures 
(cholangioplasty and temporary plastic stents), ascending cholangitis, bile duct stone (34), and 
access for brachytherapy (35). 

3.2.1.4. Contraindications. Relative contraindications include uncorrectable bleeding 
diathesis and ascites. 

3.2.1.5. Complications (36-38). Major complications are biliary sepsis, hematobilia, bile 
peritonitis, dislodgment of drainage catheter by accidental traction, pancreatitis, duodenal 
perforation (39), malignant pleural effusion (40), reobstruction, metal stent migration, tumor 
overgrowth, and ingrowth through the metal stent. 

3.2.1.6. Clinical Results. Patency of metallic stents ranged from 20-78% at 25 wk (38). The 
25- and 50-wk patient survival for the Wallstent are 42% and 16%, respectively (38). Patency 
for cholangioplasty of benign strictures such as anastamotic strictures, iatrogenic strictures, 
and strictures associated with sclerosing cholangioplasty ranged from 42-76% (32). 

3.2.1.7. Alternative Procedures. Alternative procedures include ERCP placement of an 
internal stent, surgical choledochojejunostomy, and cholecystostomy. 

3.3. Hepatic Arterial Interventions 

3.3.1. ANGIOPLASTY 

3.3.1.1. Patient Preparation. In addition to standard preparation, adequate renal function 
should be demonstrated. 

3.3.1.2. Technique. After determining the size of the artery by diagnostic angiography, the 
stenosis is traversed by a size-matched balloon. The balloon is then inflated eliminating the stenosis. 

3.3.1.3. Indications. The most common condition in which hepatic angioplasty is necessary 
is posttransplant hepatic arterial anastomotic stenosis (41). 

3.3.1.4. Contraindications. In cases of posttransplant arterial stenosis, marked allograft 
dysfunction at presentation is a poor prognostic sign (41). 

3.3.1.5. Complications. In one report, pseudo aneurysm, and hemoperitoneum were 
encountered in 21 hepatic angioplasties (41). 
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Fig. 4. Biliary drainage (A) in the same patient as Fig.I. One multi-sideholed catheter was placed across the stenosis 
into the right hepatic duct. A second drainage catheter was placed parallel to the first through the common bile duct 
ending in the duodenum. Both catheters were connected externally through the same access site into individual 
drainage bags. Subsequently, metallic internal stents were placed (B) which are shown to function well. 

3.3.1.6. Clinical Results. A technical success rate of 81 % has been reported in allograft 
hepatic transplants (41) . 

3.3.1.7. Alternative Procedures. Surgical revision of anastomotic stenoses is an alternative procedure. 

3.3.2. EMBOLIZATION 

3.3.2.1. Patient Preparation. In addition to standard preparation, adequate renal function 
should be demonstrated and antibiotics administered. 
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3.3.2.2. Technique. After selective catheterization of the site of bleeding, polyvinyl alcohol 
particles (PVA) or Gelfoam pledgets are injected in combination with microcoils or stainless
steel fiber coils (42). 

3.3.2.3. Indications. Hematobilia, hematoperitoneum (43), and hepatic hemorrhagic 
pseudoaneurysm (44) are major indications. 

3.3.2.4. Contraindications. Anaphylactoid reaction to iodinated contrast, renal insuffi
ciency, and coagulopathy are relative contraindications. 

3.3.2.5. Complications. Because of the dual blood supply, hepatic infarction is uncommon 
with hepatic embolization. However, because the efficacy of embolization is increased with 
superselective catheterization, arterial injury may occasionally occur, resulting from overly 
aggressive catheter manipulation. 

3.3.2.6. Clinical Results. Technical success is achieved in 88% in cases of bleeding from 
hepatic vascular injury (42). 

3.3.2.7. Alternative Procedures. Surgical ligation is an alternative procedure. 

3.3.3. CHEMOEMBOLIZATION (45) 

3.3.3.1. Patient Preparation. Prior to the procedure, a tissue diagnosis, CT/MRI of the 
liver, and exclusion of extrahepatic disease are required. In addition to standard preparation, 
adequate renal function should be demonstrated and antibiotics, Decadron, Benadryl, and 
Zofran are all administered prior to the procedure. Furthermore, tumor markers may be 
obtained. Finally, a preembolization angiogram ofthe liver and surrounding organs is required 
to plan the optimal catheterization for hepatic chemoembolization (HCE), and to confirm 
patency of the portal vein. 

3.3.3.2. Technique. The hepatic artery branch supplying the segment of the lesion is cath
eterized. A combination of chemotherapeutic agent (mitomycinladriamycin and cisplatin), 
lipiodol, iopamidol, and polyvinyl alcohol particles are mixed and injected with fluoroscopic 
guidance. The volume injected is determined by a slowing of the flow into the lesion (Fig. 5). 

3.3.3.3. Indications. The indication for this procedure is the presence of biopsy-proven 
hepatoma, metastatic neuroendocrine tumor, cholangiocarcinoma, metastatic colon carcinoma, 
or metastatic ocular melanoma in patients who are not operative candidates. Other than those 
patients with hepatoma, most have failed iv chemotherapy. 

3.3.3.4. Contraindications. Contraindications include severe previous anaphylactoid reaction to 
iodinated contrast, uncorrectable coagulopathy, severe renal insufficiency, and severe peripheral 
vascular disease precluding arterial access. In addition, severe thrombocytopenia, leukopenia, cardiac 
or renal insufficiency are contraindications. Portal venous thrombosis is another contraindication, but 
in this case, the procedure may be performed ifhepatopedal flow is maintained. There is a high risk 
of hepatic failure following hepatic artery embolization when >50% ofliver volume is replaced by 
tumor, LDH >425 lUlL, AST > 1 00 lUlL, bilirubin ~2 mg/dL. Hepatic encephalopathy or jaundice 
are absolute contraindications to embolization as is biliary obstruction, even with normal bilirubin. 

3.3.3.5. Complications. Major complications (3-4%) include hepatic insufficiency, infarc
tion, hepatic abscess, tumor rupture, surgical cholecystitis, and nontarget embolization to gut, 
renal insufficiency <1 %, anemia requiring transfusion <1 % (45). 

3.3.3.6. Clinical Results. For hepatoma (46-48), survival at 1 yrpost-HCE was reported to 
be 54-80%, at 2 yr 33--64%, and at 3 yr 18-51 %. For colorectal metastases, survival at 1 yr 
post-HCE was 67%, at 1 yr postdiagnosis is 100% (45). For ocular melanoma, survival for 
responders is 14 mo. However, fornonresponsers, itwas only 6 mo. Forneuroendocrine tumors 
(49), survival was 24 mo after embolization, 81 mo postdiagnosis. 

3.3.3.7. Alternative Procedures. Alternative procedures include liver transplant, 
cryoablation, and percutaneous ethanol injection. 
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Fig. 5. A 61-yr-old man with cirrhosis. Immediately after selective chemoembolization of a hepatoma 
in the right hepatic lobe, there was intense opacification of the chemotherapeutic agent casted into the 
vascular channels and lakes of the tumor (A). A CT scan I wk later showed a persistent homogeneous 
chemotherapeutic caste, which may remain for months (B). 

3.4. Hepatic Venous Interventions 
3.4.1. ANGIOPLASTy/STENTING/THROMBoL YSIS 

3.4.1.1. Patient Preparation. Preparation is the same as for arterial angioplasty. 
3.4.1.2. Technique. The technique is the same as for arterial angioplasty except access is 

by jugular or femoral vein. 
3.4.1.3. Indications. Indications include treatment of hepatic venous webs, stenosis asso

ciated with Budd Chiari syndrome (50-52), and combined treatment with thrombolysis, 
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Fig. 6. A 45-yr-old man with Child class C cirrhosis from hepatitis B. He has uncontrollable ascites, and an 
endstage, shrunken liver. The preshunt portal systemic gradient measured 20 mmHg. After access from the 
middle hepatic vein to the right vein, the hepatic parenchymal tract was balloon dilated(A) . A Wallstent was 
placed to create the permanent portal system shunt (B). The angiogram shows a patent shunt with absence 
of varices (C). The postportal systemic shunt gradient measured II mmHg. 

angioplasty, and intravascular stent (52). Transplant venous anastomotic stenosis (53) is another 
major indication for angioplasty or stenting. 

3.4.1.4. Contraindications. Relative contraindications are anaphylactoid reaction to iodi
nated contrast, renal insufficiency, and coagulopathy. 
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Fig. 6. (continued). 

3.4.1.5. Complications. No technical complications have been reported in two reported 
cases. However, transplant anastamotic restenosis has been reported (53). 

3.4.1.6. Clinical Results. In hepatic transplants, technical success was reported to be 92%, 
and the clinical success rate was 75% with 7-33 mo follow up. In Budd-Chiari cases, the 
duration of clinical efficacy ranged from 2-33 mo (50,51) . However, an intravascular stent 
may be required if there is recurrent restenosis (8). 

3.4.1.7. Alternative Procedures. Hepatic transplant, and surgical revision are alternative 
procedures. 

3.5. Portal Venous Interventions 
3.5.1. TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC SHUNT (TIPS) 

3.5.1.1. Patient Preparation. Standard patient preparation including antibiotics is admin
istered prior to procedure. 

3.5.1.2. Technique (54-56). Access is achieved via the jugular vein. The right hepatic 
vein is catheterized, and, with the catheter in a wedged position, iodinated contrast (or 
carbon dioxide) is injected during digital subtraction angiography to visualize the portal 
vein. A needle is advanced from the right hepatic vein into the right portal vein. After 
catheterization of the portal vein, the pressure gradient between the portal vein and the 
hepatic vein is measured. The portal/hepatic venous track is dilated with a balloon, and a 
stainless steel stent (i.e., Wallstent) is placed to maintain patency of the track. If the portal 
vein/hepatic vein pressure gradient is greater than 12 mmHg, the Wallstent is dilated with 
a larger diameter balloon up to the nominal size of the Wallstent (Fig. 6). 

3.5.1.3. Indications. Variceal bleeding is the most common indication for TIPS. Uncontrol
lable ascites is another condition that can be treated successfully (57). In addition, Budd-Chiari 
syndrome (58) and hepatorenal syndrome are also indications for this procedure. 

3.5.1.4. Contraindications. Relative contraindications include significant pressure gradi
ent between the hepatic vein and the right atrium that cannot be resolved with balloon 
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angioplasty. Portal vein thrombosis is another relative contraindication. However, efficacy of 
TIPS despite portal vein thrombosis has been shown (59). 

3.5.1.5. Complications (60). New or worsening encephalopathy occurs in 10-15%, but can 
be treated successfully with lactulose. Other complications are hepatic capsular perforation in 
< 1 % of cases, hepatic vein stenosis with shunt thrombosis in 6-75% (depending on the criteria 
used), hematobilia 1 %, and bacteremia 3%. 

3.5.1.6. Clinical Results (54-57). The technical success rate to achieve a gradient <12 mm-Hgwas 
reported to be 96-100%. A second parallel shunt was required in about 10% of cases (61). The 30-d 
mortality, not necessarily related to procedure, was 13%. Primary shunt patency has been reported to 
be 75% at 6 mo, 50% at 1 yr, and 32% at 2 yr. Assisted patency has been reported to be 85% at 1 yr 
(62). Refactory ascetes was controlled in 58% at 8.2 mo (avg) in 50 patients (62a). Elevated creatinine 
(> 1.9 mg/dl) and bilirubin (>3 mg/dl) were associated with treatment failure and early death. 

3.5.1.7. Alternative Procedures. Surgical portal systemic shunt, and liver transplant are 
alternative procedures. 

3.6. Percutaneous Cholecystostomy 
3.6.1. PATIENT PREPARATION 

Preparation is the same as for abscess drainage. 

3.6.2. TECHNIQUES 

With ultrasound guidance, a needle or sheath needle is advanced into the gallbladder lumen by way 
of the liver. Once access is achieved,thetrackis dilated to accommodate a loop-locking drainage catheter . 

3.6.3. INDICATION 

The presence of an inflamed, obstructed gallbladder in a patient who is a poor surgical risk (63) is the 
primary indication forthis procedure. In addition, drainage of the gallbladder inapatientwithunexpla ined 
infection in whom all other sites of infection except the gallbladder have been eliminated, and obtaining 
access for gallstone dissolution orpercutaneousmechanicallithotripsy (64,65) are additional indications. 
3.6.4. CONTRAINDICA TIONS 

The procedure is contraindicated when the gallbladder is inaccessible because of in terv en
ing vital structures, and in uncooperative patients. 
3.6.5. COMPLICATIONS 

Bile leakage resulting in bile peritonitis, and vasovagal effects of the catheter placement are the main 
complications. Bile leakagehasbeenreportedtobeassociatedwithearlyremova1 (8-1 0 d)ofthecatheterbefore 
the percutaneous track had adequately matured (63). Complications occurred in 5-10% of patients (64). 

3.6.6. CLINICAL RESULTS 

Improved clinical condition is seen in 60% of patients drained (63). 

3.6.7. ALTERNATIVE PROCEDURES 

Operative or laparoscopic cholecystectomy are alternative procedures. 

SUMMARY 

Radiologic procedures in the liver that have excellent technical and immediate clinical success include: 
percutaneous abscess drainage, percutaneous biliary drainage, hepatic arterial embolization, hepatic 
chemoembolization, transjugular intrahepatic portosystemic shunt, and percutaneous cholecystostomy. 

The long-term benefits for patients receiving hepatic chemoembolization and transjugular 
intrahepatic porto systemic shunt are still being evaluated. 

All radiologic interventional procedures in the liver begin with the use of a needle, either 
directly into the liver or into a vessel connected to the liver. 
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1. INTRODUCTION 

The liver nonnally contains lipid equal to approx 5% of its weight. These lipids are com
posed oftriglycerides, phospholipids, cholesterol, and cholesterol esters. Hepatic steatosis, or 
fatty liver, results from excess accumulation oflipid, primarily triglycerides, but also phospho
lipids. It may be clinically insignificant or lead to development of cirrhosis. 

2. NORMAL LIPID METABOLISM 

2.1. Fatty Acids 
Fatty acids may be obtained from exogenous sources (i.e., dietary intake and adipose tissue), 

or to a lesser extent, synthesized de novo from glucose. Following a meal, triglyceride-rich 
lipoproteins (chylomicrons) are fonned at the intestinal epithelial surface and gain access 
directly to the systemic circulation via lymphatic channels. Chylomicrons are then metabo
lized to fatty acids throughout the body on vascular endothelial surfaces containing lipoprotein 
lipase (LPL) (1). Fatty acids can then undergo three possible fates: They may be used directly 
as a source of fuel by tissue such as muscle, esterified to triglycerides in adipose cells and 
stored, or transported to the liver where they enter various biochemical pathways. Uptake of 
free fatty acids by the liver is proportional to the concentration of fatty acids in the portal vein. 
This is directly influenced by the amount of triglyceride in the diet (2). 

Storage and lipolysis of triglyceride in adipose tissue are under both neural and honnonal 
controls. Glucose and insulin are critical to the process of triglyceride synthesis in adipose 
tissue. Triglyceride cannot be fonned without intracellular glucose. Insulin regulates glucose 
entry into adipose cells, and also inhibits lipolysis by blocking fonnation of cyclic AMP 
(cAMP) that controls a honnone-sensitive lipase. Insulin response to blood glucose levels is 
an important detenninant of whether fatty acid storage or triglyceride lipolysis predominates. 
For example, insulin deficiency in diabetes results in significant lipolysis of stored triglyceride 

87 
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and delivery of large amounts of free fatty acid to the liver. Excess triglyceride synthesized 
from these fatty acids is stored, resulting in increased lipid accumulation in the liver. 

In the fasting state, fatty acids are mobilized from adipose tissue. Epinephrine, norepineph
rine, ACTH, thyroxin, corticosteroids, and glucagon regulate this process by increasing cAMP 
activity and, as a result, lipolysis. Low glucose levels also contribute primarily to lipolysis, as 
they are also associated with low insulin levels in the fasting state. 

Fatty acids taken up by the liver are esterified in hepatocytes to triglycerides. As in adipose 
tissue, glucose and insulin also regulate triglyceride synthesis in the liver. Insulin affects both 
glucose removal by the liver and inhibition of glucose release by the liver. Fatty acids entering 
the liver may also be oxidized for use as fuel. Oxidation is an important means of controlling 
excess fat accumulation in the liver. Finally, fatty acids may be incorporated into phospholipids 
that are used in cell membrane formation. 

Triglyceride can be stored or released into the circulation as very low density lipoproteins 
(VLDL). This provides another source of fatty acids for use as fuel by tissues, storage in 
adipose cells, or they may recirculate back to the liver. The influx of fatty acid into the liver, 
storage and transport of triglycerides, and fatty acid oxidation are all in dynamic equilibrium. 
Factors that upset this balance may result in hepatic steatosis (3). 

2.2. Lipoproteins (1) 
Lipoproteins function to transport lipids in the plasma. Except for chylomicrons, the liver 

is the main source oflipoproteins. Lipoproteins themselves are composed of apoproteins that 
surround a core of lipid. Apoproteins are important constituents of lipoproteins, in that they 
help regulate the metabolism ofthe lipid core and also control transport. There are three major 
classes of hepatic lipoproteins: very low density lipoproteins (VLDL), low density lipoproteins 
(LDL), and high density lipoproteins (HDL). 

Chylomicrons are synthesized in enterocytes and consist of a core of triglyceride and a small 
amount of cholesterol encased in an apoprotein coat. The apoprotein coat is important for 
trafficking and also hydrolysis of chylomicrons by activating endothelial LPL. Following 
hydrolysis, chylomicron remnants are removed by the liver via a receptor-mediated mecha
nism. Cholesterol in the remnants regulates the intracellular synthesis of cholesterol by its 
action on HMG-CoA reductase. Other portions of the degraded chylomicron are then used in 
the formation of other lipoproteins, particularly HDL. 

VLDLs are triglyceride-rich lipoproteins secreted by the liver. They are important in main
taining lipid equilibrium in the liver. When VLDLs enter the plasma compartment, they are 
hydrolyzed much like chylomicrons by the action ofLPL. VLDL remnants, depleted of trig
lyceride, and high in cholesterol concentration, enter two possible pathways. Most are taken 
up by the liver via a receptor-mediated pathway, and the components used in HDL synthesis. 
The remainder are further degraded to LDL particles. 

LDL are formed from the degradation ofVLDL. They function to transport cholesterol to 
peripheral tissues. About a quarter of the LDL released into the plasma are taken up by a 
receptor-mediated process in the peripheral tissues. Most of the LDL, however, returns to the 
liver again via the LDL receptor on hepatocytes. The cholesterol contained in the LDL is then 
hydrolyzed, and can either be re-esterified and stored, utilized in membranes, or secreted again. 
The intracellular stores of cholesterol are critical for regulation of new cholesterol synthesis 
and for synthesis of new LDL receptors. 

HDL functions primarily to transport cholesterol from peripheral sites back to the liver where it is 
metabolized. They are synthesized in the liver de novo or formed from the catabolic products ofVLDL 
and chylomicron particles. HDL is critical for the process of reverse transport of cholesterol back to 
the liver from peripheral tissues, because the liver is the only organ capable of excreting cholesterol. 
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2.3. Mechanisms of Fatty Liver 
Theories regarding development of hepatic steatosis center around increases in fatty acid 

supply to the liver or alterations in the synthesis and secretion oflipoproteins. It is likely that 
different mechanisms, or a combination of the above, playa role in the development of hepatic 
steatosis, depending on the cause. 

2.3.1. INCREASED FATTY ACID SUPPLY 

Increases in fatty acid supply can originate from exogenous sources such as dietary intake 
or adipose tissue or, alternatively, from decreased oxidation offatty acids by hepatic mitochon
dria. Experimental data on fatty livers indicate that much of the lipid that accumulates in the 
liver originates from adipose tissue (4). Manipulations that interfere with mobilization of fatty 
acids prevent development offatty liver. Hepatic steatosis that develops as a consequence of 
increased supply of fatty acids probably reflects the inability of the normal compensatory 
mechanisms, such as oxidation offatty acids and secretion oftriglycerides, to keep up with the 
increased synthesis of triglyceride by the liver. 

2.3.2. ABNORMAL SYNTHESIS OR SECRETION OF LIPOPROTEINS 

Secretion of triglyceride from the liver occurs via VLDL particles. Factors or agents inter
fering with protein synthesis may result in production offatty liver secondary to deficiency in 
apoproteins needed for packaging and secretion oftriglycerides in VLDL. An example of this 
is orotic acid (5). This agent blocks secretion ofVLDL, resulting in massive fatty liver. The 
actual mechanism, however, is unclear and other agents that interfere with secretion produce 
only minimal accumulations in hepatic triglyceride. Nutritional deficiencies have also been 
implicated in animal models of hepatic steatosis. This is, again, presumably related to alter
ations in VLDL packaging and secretion of triglyceride. The best studied model is choline 
deficiency that results in fatty liver and cirrhosis, as well as affecting other organ systems. The 
importance of some of these mechanisms in humans is not clear, however (6). 

2.4. Pathology 
Except for acute fatty liver of pregnancy, hepatic steatosis often results in an enlarged liver, 

and triglyceride may comprise 25% of the weight (3, 7). Histologically, a variety of abnormal i
ties may be found in addition to lipid. Mallory bodies may be seen both in alcoholic and 
nonalcoholic steatohepatitis. Inflammatory infiltrates, both polynuclear and lymphocytic, may 
be present. The entire spectrum of liver injury up to and including cirrhosis may be seen. 
Triglyceride may be present in either large droplets (macrovesicular steatosis) or small drop
lets (microvesicular steatosis) (3). Macrovesicular steatosis is easy to identify by the presence 
oflarge ballooned cells. Microvesicular steatosis may be more difficult to recognize, and may 
require the use of special stains, such as oil red 0, to confirm the diagnosis. Both patterns of 
triglyceride deposition can be seen together. However, one form generally predominates, and 
can suggest a diagnosis. Some conditions associated with the two different patterns are listed 
in Table 1. 

3. CONDITIONS AND AGENTS CAUSING HEPATIC STEATOSIS 

3.1. Alcohol 

Alcohol and its metabolites are common causes of hepatic steatosis. This may occur over 
a period of days to weeks. Alcohol does not appear to affect intestinal absorption of lipids or 
lipoprotein synthesis. It does increase lipolysis in peripheral adipose tissue, resulting in 
increased delivery to the liver. This primarily occurs at high blood concentrations of alcohol. 
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Table 1 

Some Causes of Microvesicular and Macrovesicular Steatosis 

Macrovesicular 

Starvation 
Obesity 
Diabetes mellitus 
Jejunoileal bypass 
Parenteral alimentation 
Alcohol 
AIDS 

Microvesicular 

Reye's syndrome 
Acute fatty liver of pregnancy 
Hepatitis C 
Wilson's disease 

Alcohol also increases fatty acid synthesis by decreasing the nicotinamide adenine dinucle
otide (NAD) to NADH ratio and damaging mitochondria. Ethanol inhibits the tricarboxylic 
acid cycle resulting in increased production of acetate that can be used as substrate for fatty acid 
synthesis. Mitochondrial injury also decreases oxidation of fatty acids in the liver. Fatty acid 
oxidation is inhibited by acetaldehyde, the major metabolic product of ethanol. Ethanol also 
replaces fatty acids as the primary source of reducing hydrogen ion for NAD. As a result, less 
is hydrolyzed. Finally, alcohol also induces the microsomal enzyme system that is responsible 
for esterification of fatty acids to triglycerides. Ethanol-induced hepatic steatosis is likely a 
multifactorial process with no single particular mechanism consistently predominating. Dif
ferent effects occur with acute high serum levels of alcohol and with long-term chronic use (6). 

3.2. Nonalcoholic Hepatic Steatosis 
Nonalcoholic hepatic steatosis can be divided into four major etiologic categories: meta

bolic causes, nutritional causes, drugs, and infections. The differentiation from alcohol-induced 
hepatic steatosis is primarily based on an absence of a significant alcohol history. In some 
cases, though, histologic features characteristic of certain drugs or disease processes can also 
help to define the cause (8). 

3.2.1. METABOLIC CAUSES 

3.2.1.1. Obesity. Steatosis and, to a lesser degree, steatohepatitis are common in obese patients 
and tend to be more so in women than men. As the mass of peripheral adipose tissue increases, 
so does the release of fatty acids. Also, dietary intake of fat may be higher in obese individuals. 
Fatty acid substrates in the serum tend to diminish the need for glucose and result in higher serum 
concentrations. This, in tum, results in increased insulin release. In general, insulin decreases 
free fatty acid levels. However, in the obese patient, the mass of adipose tissue overwhelms the 
regulatory effect of insulin (insulin resistance). Even with normal serum glucose, many obese 
patients can be demonstrated to have abnormal glucose tolerance tests (8). 

3.2.1.2. Diabetes Mellitus. Hepatic steatosis is relatively common in diabetes, affecting 
about half of patients with the disease. The relationship of the diabetes itself to fatty liver is not 
clear, as it is uncommon in Type I diabetes. Most cases offatty liver occur in obese women with 
Type II diabetes. Close regulation of blood sugars seems to have little effect. It appears that 
obesity, rather than the diabetes, may be more important in the development of steatosis or 
steatohepatitis in this group (9). 

3.2.1.3. Acute Fatty Liver of Pregnancy. Acute fatty liver of pregnancy is a condition of 
unknown cause occurring in the third trimester of pregnancy (see Chapter 26). This condition 
results in acute liver failure, and has a high mortality if the fetus is not delivered. The condition 
must be distinguished from pre-eclampsia/eclampsia and viral hepatitis. This can generally be 
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accomplished by the time course, laboratory features, and, at times, histology. Generally the 
patient recovers completely. Unlike most instances of steatosis in which the liver is normal or 
enlarged, the liver in acute fatty liver pregnancy is small and shrunken due to hepatocyte drop 
out (7). 

3.2.1.4. Wilson's Disease. Wilson's disease is an inherited condition in which there is 
an overload of copper in the body (see Chapter 21). Microvesicular steatosis can be seen 
in Wilson's disease before the development of cirrhosis or other features. In a young 
person without other causes for fatty liver, this diagnosis should be considered and serum 
ceruloplasmin levels and urinary copper determined (10). 

3.2.2. NUTRITIONAL CAUSES 

3.2.2.1. Protein-Calorie Malnutrition. Protein calorie malnutrition is a broad term applied 
to two conditions: kwashiorkor and marasmus. Classically, kwashiorkor results from a defi
ciency of dietary protein, and marasmus from deficiency in both protein and calories. K wash
iorkor is defined by the presence of edema, skin depigmentation, and hepatomegaly. Marasmus 
is defined as body weight less than 50% of expected without edema or skin changes. Approxi
mately 10% of cases can be described purely as kwashiorkor, and approx 20% of cases purely 
as marasmus. The majority are an overlap between the two conditions. In classic marasmus, 
significant hepatic steatosis is not seen. Massive hepatic steatosis in protein-calorie malnutri
tion can be reversed with the addition of adequate protein to the diet. In these individuals, there 
are high circulating levels offatty acids, but low VLDL and triglyceride levels. This suggests 
that hepatic steatosis may result from both increased influx offatty acids, and the inability to 
secrete triglyceride. This is reversed by protein administration. It should be noted that cirrhosis 
does not develop in this condition, suggesting that factors other than fat alone are responsible 
for development of steatohepatitis (J 1). 

3.2.2.2. Starvation. Starvation may result in hepatic steatosis, but depends on the magni
tude offasting. Fatty acid mobilization occurs during fasting. However, in severe fasting states, 
increased utilization oflipids for fuel prevents the development offat accumulation in the liver. 
If some carbohydrates are consumed, however, the oxidation of fatty acids is markedly reduced 
and triglyceride will accumulate due to the increased influx of fatty acids (3). 

3.2.2.3. Surgery for Obesity. Jejunoileal bypass is a technique for control of morbid 
obesity in which most of the small bowel surface is bypassed by anastomosing the proxi
mal 30-40 cm of jejunum to the distal 15-20 cm of ileum. Postoperatively, changes in the 
liver, ranging from asymptomatic steatosis to steatohepatitis with liver failure, may be seen. 
These changes generally occur within 6 mo of surgery. In the ensuing years, the degree of 
fat accumulation in the liver may return to presurgical levels. The only way to reliably 
follow these individuals postoperatively is with serial liver biopsies. The explanation for 
the fat accumulation and liver disease is not clear. However, it is not simply a result of 
increased fatty acid mobilization from adipose tissue. Dieting and other forms of obesity 
surgery, such as gastric partitioning, do not cause these changes. Also, changes can be 
improved or prevented with the use of antibiotics, suggesting that factors resulting from 
bacterial overgrowth in the excluded loop are likely responsible. Reversal of the bypass 
procedure will reverse the changes in the liver. Because of these complications,jejunoileal 
bypass has all but been abandoned over the past 15 yr (12). 

3.2.2.4. Parenteral Alimentation. Patients receiving parenteral alimentation may 
develop elevations in their aminotransferases, alkaline phosphatase, and bilirubin. Liver 
biopsy may reveal macrovesicular steatosis. This appears to be a result of administration 
of excessive calories. However, it may also result from increased fatty acid synthesis by 
the liver (13). 



92 Part IV / Hepatocellular Diseases 

3.2.3. DRUGS 

Numerous drugs and toxins have been implicated in the development of hepatic steatosis. 
The more common of these are listed along with other causes in Table 1 (see Chapter 13). 

3.2.3.1. Corticosteroids. Fatty liver is a common finding in patients with Cushing's syn
drome. In patients on steroids, fatty liver only appears to occur at high doses. Experimentally, 
this seems to occur due to increased influx of free fatty acids into the liver serving as substrate 
for increased triglyceride synthesis (14). 

3.2.3.2. Methotrexate. Methotrexate is a folic acid antagonist used in the management of 
oncologic, dermatologic, and rheumatologic diseases. It has been implicated in the develop
ment of hepatic fibrosis in a dose-dependent manner. In those individuals that develop liver 
toxicity, biopsy will often show the presence of macrovesicular fat in the specimen. Liver 
biopsy is the only reliable way to confirm liver toxicity (15). 

3.2.3.3. Valproic Acid. Valproic acid is an antiseizure medication that may rarely cause 
acute hepatocellular injury and liver failure. This is most commonly seen in children. Liver 
biopsy shows central necrosis and the presence of microvesicular steatosis (16). 

3.2.3.4. Tetracycline. Historically, large iv doses of tetracycline have resulted in a syn
drome of acute fatty liver, hepatocellular necrosis, and death. Histologically, microvesicular 
steatosis is seen, and is indistinguishable from that in acute fatty liver of pregnancy. The 
mechanism is likely a combination of increased hepatic synthesis of triglyceride, and impaired 
secretion due to interference with formation oflipoproteins. This condition is not seen with the 
usual oral doses of the antibiotic used today (17). 

3.2.3.5. Amiodarone. Amiodarone is an iodinated benzofuran derivative used primarily in 
the treatment of refractory cardiac arrhythmias. The drug may produce hepatotoxicity, as well 
as affecting other organ systems such as the lungs and thyroid. The most common lesion 
affecting the liver is a chronic hepatitis that on biopsy resembles alcoholic hepatitis with 
macrovesicular steatosis and Mallory bodies. This may progress to cirrhosis. Discontinuation of 
the drug then needs to be balanced against the need for treatment of the cardiac arrhythmia (18). 

3.2.4. INFECTIONS 

3.2.4.1. Hepatitis C. Unlike other forms of viral hepatitis, hepatitis C infection may result 
in a moderate microvesicular steatosis. This is not the main feature of the disease, however, and 
other evidence of infection is usually present on examination of liver biopsy specimens (19). 

3.2.4.2. Reye's Syndrome. Reye's syndrome is a condition in which a viral prodrome is 
followed by progressive liver failure. It generally occurs in children, and is rare in adults. The 
trademark feature of the syndrome is that most affected individuals have taken aspirin during 
their viral syndrome. Liver failure can develop rapidly following the viral prodrome. Hepatome
galy is common and, histologically, microvesicular steatosis is present (20). 

3.2.4.3. HIV. Liver biopsy specimens will commonly demonstrate the presence of a 
macrovesicular steatosis along with numerous other abnormalities. This hepatic steatosis is 
likely multifactorial, resulting from factors such as malnutrition, alcohol use, and parenteral 
hyperalimentation (21). 

3.2.5. NATURAL HISTORY OF NONALCOHOLIC FATTY LIVER 

Excluding patients with steatohepatitis from conditions known to result in hepatocellular 
failure such as acute fatty liver of pregnancy, Reye's syndrome, hepatitis C, and toxin-induced 
injury, the most common presentation of hepatic steatosis is in an obese, middle-aged woman 
with glucose intolerance and/or hyperlipidemia. These individuals almost always have a benign 
course. Studies involving serial biopsies have demonstrated that, in the absence of pre-existing 
fibrosis on a biopsy, it is extremely rare to progress to clinically important liver disease. This 
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type of individual fortunately makes up the large predominance of patients seen with nonalco
holic steatohepatitis. There is some data, though, suggesting there may be a subset of patients 
with nonalcoholic steatohepatitis that have or go on to develop cirrhosis. These individuals are 
characterized by fibrosis on their initial liver biopsy, and may not fit the typical profile. They 
are more often male, and may not have hyperlipidemia or hyperglycemia. It is not known 
whether the steatohepatitis is a cause or is a result of some other unknown condition affecting 
the liver (8,22). 

3.2.6. DIAGNOSIS 

Most patients with hepatic steatosis are asymptomatic and come to clinical attention based 
on an enlarged liver, abnormal "liver function tests" found on a laboratory profile, or findings 
on an imaging study performed for other reasons. Elevations in the aminotransferases, alkaline 
phosphatase, gamma glutamyl transferase, and bilirubin may all be seen and are nonspecific. 
The magnitude of the laboratory abnormalities does not correlate with the severity of the 
underlying liver disease. There are no specific symptoms. 

Fatty infiltration of hepatocytes alters the normal density of the liver and, thus, imaging 
studies can suggest the presence of excess fat in the liver. Generally, hepatic steatosis is a 
diffuse process, but it may also produce focal lesions. Ultrasound can reveal increased 
echogenicity of the liver parenchyma and CT scanning can detect lower attenuation due 
to the lower density of the lipid. MRI is more expensive than the other two modalities, but 
can provide an even more accurate assessment of the presence of hepatic steatosis as MRI 
takes advantage of the difference in water content between fat and water-filled cells (23) 
(see Chapter 5 for more detail and examples). For most cases, ultrasound is the imaging 
study of choice, because of its relatively lower cost. 

The question of when to do liver biopsy in a patient with suspected hepatic steatosis is a difficult 
one. In those patients with normal liver chemistries, in whom the diagnosis offatty liver is suggested, 
for example, by an ultrasound performed for other reasons, biopsy is not required. For all others, 
the decision to perform liver biopsy should be made based on the need to confirm the diagnosis or 
potential findings that would alter the management of a patient; for example, continuing or stopping 
a drug such as methotrexate. If, in the opinion of the clinician, biopsy findings will not alter the 
current management of the patient, it is not necessary to obtain the biopsy. 

3.2.7. TREATMENT 

Treatment of hepatic steatosis is directed at the underlying cause. For the most common 
scenario, i.e., the obese individual with hyperglycemiallipidemia, treatment involves weight 
loss and control of hyperlipidemia. Individuals with biopsy-proven nonalcoholic steatohepatitis 
may benefit from treatment with ursodeoxycholic acid (24). 

4. ALCOHOLIC HEPATITIS 

Alcoholic hepatitis is a form of toxin-induced liver disease that runs a wide clinical spectrum 
from subclinical disease diagnosed only on liver biopsy, to cirrhosis, and fulminant hepatic 
failure. The term "alcoholic hepatitis" was first used to describe the clinical presentation of 
alcoholic patients with jaundice (25). Excessive alcohol intake over a long period of time is 
necessary for development of alcoholic hepatitis with cirrhosis. Whereas there is considerable 
variation, at least 40-60 g of ethanol per day for more than 15 yr is required for the development 
of alcoholic hepatitis with cirrhosis. This is equal to about six, 12-oz beers per day, 4 glasses 
of wine, or three, 2-oz shots of whiskey. Women may develop disease with smaller amounts 
due to their smaller body size, hormonal differences, and less prehepatic metabolism of ethanol 
by gastric alcohol dehydrogenase (AD H) (26-28). 
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4.1. Metabolism of Alcohol 
There are two predominant pathways for alcohol metabolism in the hepatocyte: the ADH 

pathway in the cytosol of the cell, and the microsomal ethanol oxidizing system (MEOS) 
located in the endoplasmic reticulum. Both pathways result in production of acetaldehyde that 
is the toxic intermediate in alcohol metabolism. The ADH system is the predominant mode of 
metabolism, and occurs mainly in the liver. ADH is also located in the stomach, to varying 
degrees, and metabolism that occurs here may affect liver toxicity by decreasing the amount 
of alcohol reaching the liver. Differences in gastric ADH may explain, in part, the observation 
that some individuals develop toxicity from smaller amounts of alcohol than others. For 
example, women tend to have lower rates of gastric alcohol metabolism than men, and may 
develop liver injury from alcohol at lower doses than men (28). 

When ethanol is oxidized by ADH, acetaldehyde is produced, and reducing equivalents are 
transferred to nicotinamide adenine dinucleotide (NAD) , converting it to a reduced form, 
NADH. Acetaldehyde is then metabolized to acetate by the enzyme aldehyde dehydrogenase 
(ALD), releasing additional reducing equivalents. The release of a large number of reducing 
equivalents tends to overwhelm the hepatocyte's ability to maintain a normal redox state. This 
results in several disorders. Metabolic acidosis develops due to increased levels oflactic acid. 
Hyperuricemia results from the acidosis inhibiting renal excretion, as well as from increased 
formation of uric acid from purines generated by increased A TP breakdown. This may help 
explain the observation that excessive alcohol intake may aggravate or precipitate attacks of 
gout. The decreased NADINADH ratio also contributes to triglyceride accumulation in the 
hepatocytes. 

The MEOS is part of an inducible P450 enzyme system that oxidizes ethanol to acetalde
hyde. This is a secondary system to the ADH system. However, the effect of alcohol on this 
inducible system has potentially important clinical ramifications. For example, with acute 
alcohol intake, there is competition between alcohol and other drugs such a phenobarbital, 
dilantin, and coumadin for enzyme-binding sites. This results in a decreased rate of metabolism 
of the medications and, thus, higher blood levels. This explains the increased toxicity of drugs 
taken together with alcohol during suicide attempts. During the chronic phase of alcohol 
intake, however, induction of this enzyme system results in increased metabolism of the drugs 
and, as a result, more drug is needed to maintain normal levels. This can be deleterious, in that 
drugs such as acetaminophen in alcoholics may be more rapidly metabolized to toxic interme
diates, resulting in hepatotoxicity at lower doses (29). 

4.2. Pathology 
Histologic diagnosis of alcoholic hepatitis requires three features: ballooning degeneration 

of hepatocytes with areas of necrosis, inflammatory cell infiltration that is predominately 
composed of neutrophils, and fibrosis. The injury tends to be seen first, and is most severe in 
the centrilobular region of the liver. Fatty infiltration is extremely common, and the term 
alcoholic steatohepatitis is a more accurate description of the process. Steatohepatitis is not 
unique, however, to alcoholic liver injury. Mallory bodies or alcoholic hyalin are also often 
present and tend to be in greatest number near the areas of most intense inflammation. Mallory 
bodies are histologically identified as a collection of purple-red material near the nucleus of 
the hepatocyte when viewed with hematoxylin and eosin stain. Mallory bodies are felt to be 
formed from collections of intermediate filaments. The original, and most popular, postulate 
is that alcohol metabolites inhibit the normal microtubular transport mechanism in the hepa
tocyte, causing accumulation of the filaments and production of Mallory bodies. Another 
theory proposes that Mallory bodies are the product of a gene that normally is suppressed, but 
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somehow becomes activated during the course of toxic injury to the hepatocyte. Mallory 
bodies were once considered diagnostic of alcoholic liver injury, but they have since been 
demonstrated in nonalcoholic steatohepatitis. 

Cholestatic changes are also commonly seen with bile stasis, plugging, and, at times, 
destruction of bile ductules in the portal triads. This is most commonly due to an intrahepatic 
process and reflects direct toxin injury and also possibly mechanical compression of small 
ducts from hepatocyte swelling and fatty infiltration (25). 

4.3. Pathogenesis of Alcoholic Hepatitis 
Most of the toxic effects of alcohol on the liver are felt to be mediated through production 

of acetaldehyde. Acetaldehyde is produced mainly through the action of ADH. However, with 
chronic alcohol intake, induction of the MEOS also contributes. Acetaldehyde levels are 
controlled by ALD located in the mitochondria. Chronic alcohol intake inhibits ALD, resulting 
in further elevation of acetaldehyde. 

The balloon-like hepatocytes seen in alcohol-induced liver injury are believed to result from 
impairment by the acetaldehyde of the microtubular transport system of the hepatocyte. This 
results in accumulation of lipoproteins and other proteins made by the cell. The result of this 
process is swelling of the cells and eventual destruction. Free radicals are also generated by 
parts of the MEOS. These free radicals react with unsaturated fatty acids present in cellular 
organelles and membranes. Unstable intermediates are produced in this way that then undergo 
peroxidative degeneration. This results in changes in membrane fluidity, and loss of enzyme 
function that ultimately leads to cell death. Acetaldehyde also probably promotes lipid 
peroxidation through inactivation of free radical scavengers. With chronic alcohol use, 
lipocytes in the liver transform into myofibroblast-like cells that produce collagen and, ulti
mately, cirrhosis. Acetaldehyde may further enhance this situation by up-regulating the pro
duction of collagen. 

Immune mechanisms may also playa role in alcohol-related hepatotoxicity. Mallory bodies 
can bind to immunoglobulins and, when released from dying hepatocytes, are complexed with 
these immunoglobulins and with tissue and serum carbohydrates. In this form they possess 
chemotactic properties and may help explain the neutrophilic inflammatory infiltrate seen in 
alcoholic hepatitis. Circulating cytotoxic T -cells sensitized to hepatocytes have been found in 
chronic alcohol abusers, particularly those with cirrhosis. This would help explain the portal 
inflammatory changes (mainly T-cells) noted histologically, and also the fact that liver injury 
may progress over time even if the alcohol is stopped (6,30). 

Finally, alcohol and its metabolites, particularly acetaldehyde, are responsible for the signifi
cant lipid accumulation characteristic of alcoholic hepatitis. This occurs by several mechanisms. 
Lipolysis is increased in peripheral adipose tissue, resulting in increased delivery to the liver. This 
primarily occurs at high blood concentrations of alcohol. Acetaldehyde also increases fatty acid 
synthesis by increasing the NADHINAD ratio and damaging mitochondria. The tricarboxylic 
acid cycle is inhibited, resulting in increased production of acetate that can be used as substrate 
for fatty acid synthesis. Mitochondrial injury also decreases oxidation offatty acids in the liver. 
In addition, ethanol replaces fatty acids as the primary source of reducing hydrogen ion for NAD. 
As a result, less is hydrolyzed. Finally, alcohol also induces the microsomal enzyme system that 
is responsible for esterification of fatty acids to triglycerides (6). 

4.4. Incidence of Alcoholic Hepatitis 
Due to the large number of individuals who have only mild symptoms, the true incidence 

of alcoholic hepatitis can only be estimated, as most of these cases will not be brought to 
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medical attention and liver biopsy would be necessary to establish the diagnosis. There also 
appears to be a variation in incidence in different nationalities. In Denmark, a study of patients 
who were admitted for alcohol detoxification and treatment showed changes on liver biopsy 
consistent with alcoholic hepatitis in about 20% (25). In a United States study involving 
veterans with liver disease, who underwent liver biopsy, approx 35% had changes consistent 
with alcoholic hepatitis. These were skewed populations, however, in that these were patients 
seen in the hospital. Persons with mild asymptomatic disease would not be detected, and, thus, 
the figure of35% likely underestimates the true incidence in the population (31). 

4.5. Factors Influencing Alcohol-Induced Liver Injury 
4.5.1. NUTRITIONAL FACTORS 

Alcoholic hepatitis was originally felt to be a nutritional problem based on the observation 
that most patients presenting with moderate to severe disease were malnourished. It has sub
sequently been shown that alcoholic hepatitis and cirrhosis could develop despite adequate 
nutritional support. The mechanism of malnutrition in alcoholic liver disease is multifactorial. 
The heavy drinker may consume nearly half of his daily caloric intake in the form of ethanol. 
Whereas the total number of calories may be nearly adequate, the ethanol provides mainly 
"empty" calories. Patients with this condition are often in a net catabolic state. Protein intake 
may be inadequate to meet the needs of cellular repair. In addition, alcohol intake produces 
anorexia, further complicating the situation. Lastly, the effects of alcohol on other organ 
systems, such as the pancreas, may result in malabsorption. It is not known, though, whether 
malnutrition plays a role in the liver injury or if it is simply a condition associated with 
alcoholism (6). 

4.5.2. GENETICS 

There is evidence for a genetic predisposition for alcohol-induced liver injury. Ethanol is 
metabolized predominantly in the liver. After ingestion, ethanol is rapidly absorbed from the 
stomach and small intestine. Serum levels are then determined by the rate of oxidative metabo
lism of ethanol by the liver. Acetaldehyde and the production of reducing agents, mainly 
NADH, are felt to be the primary contributors to liver injury. The two enzymes primarily 
involved in ethanol metabolism are ADH and ALD. Multiple isoenzymes of ADH and ALD 
have been discovered. These isoenzymes have a different predominance in different popula
tions and function differently. For example, the flushing phenomenon is commonly seen in 
people with a particular subtype of ALD that results in slow metabolism of acetaldehyde. This 
is common in Asians. Variation in the metabolism of ethanol as Ii function of these genetic 
differences may explain the higher prevalence of alcoholic liver injury in some populations (32). 

4.5.3. CYTOKINES 

Cytokines are a group of soluble polypeptides that act as modifiers of biologic responses by 
regulating gene expression, differentiation and proliferation of cells. They are secreted by cells 
into the microenvironment where they interact with various receptors, and the end result is 
often a function of a cascade of cytokines. Various cytokines have been examined for their 
possible role in alcoholic hepatitis. These include the interleukins, tumor necrosis factor, 
colony-stimulating factors, and transforming growth factor (32). These cytokines have been 
implicated in induction and continuation of the inflammatory response and stimulation of cells 
that lead to increased production of extracellular matrix and, ultimately, fibrosis and cirrhosis. 
It is not known, however, whether these agents are directly regulated by ethanol and its 
metabolites or whether the increased expression of these agents is a function of the underlying 
inflammatory response (32). 
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4.5.4. HEPATITIS C VIRUS 

The interaction of alcohol and hepatitis C is not clear. It is known, however, that alcoholics 
with more severe liver disease are more likely to have concurrent infection with hepatitis C. 
Histologically, the liver damage contains both alcoholic and viral features, suggesting one 
superimposed on the other (30). 

4.6. Diagnosis of Alcoholic Hepatitis 
Clinical signs and symptoms of alcoholic hepatitis vary from asymptomatic to acute liver 

failure. In asymptomatic individuals, one of the most common findings is an enlarged liver 
(greater than 12 cm in the mid-clavicular line). Cirrhosis is commonly seen in biopsies from 
patients with alcoholic hepatitis. However, unlike other processes that produce cirrhosis, the 
liver in alcoholic hepatitis often remains enlarged, as opposed to becoming small and shrunken. 
Evidence of liver failure may be present as portal hypertension with ascites and varices, and 
encephalopathy. It is important to recognize that alcoholic hepatitis by itself, without cirrhosis, 
may produce these findings, and that this is a potentially reversible condition. Liver biopsy is 
the only reliable way to establish whether the patient has underlying cirrhosis. 

Laboratory findings are varied and reflect underlying liver damage as well as nutritional 
deficits, and a direct toxic effect of alcohol on the bone marrow. A macrocytic anemia is 
commonly seen. This may result from both the changes induced in red cell membranes, and 
also from folate deficiency that is common in alcoholics. Vitamin B12 levels are usually 
increased, reflecting release from the damaged liver. Liver enzyme tests generally show a 
pattern in which the aspartate aminotransferase (AST) and alanine aminotransferase (AL T) are 
both elevated with the AST greater than ALT. The greater elevation in AST probably reflects 
its greater concentration in the centrilobular region of the liver where alcohol-induced liver 
injury is more severe. Despite a significant amount of inflammation seen histologically, it is 
very unusual for the AST to exceed levels greater than 200 lUlL or 5 times the upper limit of 
normal. Elevations greater than 300 lUlL should raise suspicion of another or concurrent 
process affecting the liver. Classically, it has been taught that an AST I AL T ratio of greater than 
2 is diagnostic of alcoholic hepatitis. However, this ratio is seen in only about half the patients, 
generally those with the most severe disease. Alcoholic hepatitis is a cholestatic form ofliver 
disease, and the alkaline phosphatase and bilirubin may be elevated out of proportion to the 
aminotransferases. This feature, along with the leukocytosis and fever that can be present, may 
present diagnostic problems trying to distinguish this entity from gallbladder and biliary tract 
disease. This is an important distinction, as operating on a patient with severe alcoholic hepa
titis carries a significant risk of morbidity and mortality. The GGT is generally high. This is 
not very useful as a test, because it reflects microsomal enzyme induction as well as liver injury. 
Alterations in the prothrombin time and albumin may be seen reflecting both hepatic synthetic 
dysfunction as well as nutritional deficiency (33,34). 

Imaging studies are generally not helpful in diagnosing alcoholic hepatitis. They invariably 
show an enlarged, fatty-appearing liver. They are more helpful in eliminating other or concur
rent problems, such as biliary tract disease and pancreatitis. Even in this capacity, care must 
be taken in their interpretation or they may suggest an incorrect diagnosis. For example, the 
HIDA scan used to help confirm a diagnosis of cholecystitis may also show nonvisualization 
ofthe gallbladder (a positive scan) in alcoholic hepatitis despite the absence of a blocked cystic 
duct (35,36). 

There are no specific recommendations regarding the use ofliver biopsy in alcoholic hepa
titis. In severe alcoholic hepatitis, the biopsy may be relatively contraindicated because of a 
coagulopathy or thrombocytopenia. The diagnosis is often not difficult in these cases, and can 
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generally be established by a history of long-term, heavy alcohol use, serologic tests, and 
noninvasive imaging studies to help rule out biliary tract obstruction. Biopsy is useful in the 
patient who has recovered from a bout of severe alcoholic hepatitis or in the patient with mild 
disease to determine if the patient has cirrhosis. It should be kept in mind that this will not 
significantly alter management of the patient. From the standpoint of management, liver biopsy 
is probably most useful in the patient who may have multiple potential causes ofliver disease, 
such as drugs other than alcohol. Approximately 20% of alcoholic patients who have clinical 
and laboratory features suggesting alcoholic hepatitis will have another cause found on liver 
biopsy (37). Biopsy may also occasionally be useful in the patient who does not admit to 
significant drinking. Findings on the biopsy showing alcoholic hepatitis may be helpful in 
forcing the patient to confront a potential problem before it becomes more serious. 

4.7. Prognostic Features in Alcoholic Hepatitis 
Typical patients who present with severe alcoholic hepatitis have generally stopped drink

ing several days to a week prior to presentation. Their illness will commonly worsen over the 
next 10--14 d despite cessation of drinking. Most ofthe early mortality from alcoholic hepatitis 
occurs during this time period. The prognosis regarding acute 30-d mortality depends on the 
severity of the hepatitis at the time of admission. Various methods have been employed for 
evaluation. However, currently the most widely used and best predictor of severity is the so
called Maddrey discriminate function. This is an objective measure of severity of alcoholic 
hepatitis based on two laboratory criteria, the prothrombin time and bilirubin. Prothrombin 
time and bilirubin were found to be the two best predictors of survival. The discriminate 
function is equal to 4.6 X (prothrombin time - control) + bilirubin (mg/dL). Values greater than 
32 indicate severe disease with a significant 30-d mortality (38). 

Beyond the initial acute phase of alcoholic hepatitis, there is little long-term data regarding 
mortality. One study followed patients with serial liver biopsies. No patients that continued to 
drink recovered, and about a third of these progressed to cirrhosis. Of those that stopped 
drinking, after a year, half still had alcoholic hepatitis, a quarter had progressed to cirrhosis, 
and the remainder had healed (39). 

4.8. TREATMENT 

Abstinence is the mainstay of treatment of alcoholic liver disease. However, in practice this may 
be difficult to achieve. In one study only approx 10% of chronic alcohol users were able to maintain 
complete abstinence over a 2 yr period (40). An approach to treatment is outlined in Fig. 1. 

4.8.1. NUTRITION (41) 

The role of nutrition in patients with alcoholic hepatitis has been extensively studied, with 
the rationale being that almost all these patients are malnourished. This is particularly true in 
patients requiring hospitalization. In most, voluntary food intake is not adequate to meet their 
nutritional needs. These patients must then catabolize protein stores in order meet their basal 
energy requirements. This is not a desirable situation, and most of these patients will require 
additional nutritional support, either enterally or parenterally. Both modes have been studied 
with each showing the ability to establish a positive nitrogen balance. The enteral route is 
preferred. However, if this is not possible, parenteral alimentation should be used. The goal of 
nutritional therapy should be to establish a positive nitrogen balance. The approximate daily 
needs ofthe patient can be estimated at about 30 cal, and 1 g/kg body wt of protein. A common 
mistake is to restrict protein to avoid inducing or worsening hepatic encephalopathy. Adequate 
protein is necessary to establish a positive balance, and no studies have shown this to worsen 
encephalopathy to any significant degree. Whereas dietary supplementation will improve 
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Fig. 1. A scheme for the treatment of alcoholic hepatitis. 

various clinical parameters in patients with alcoholic hepatitis, it has, however, been difficult 
to demonstrate any significant effect on acute mortality. Two specific nutrients that are of 
interest are polyunsaturated lecithin and diets high in saturated fats. Polyunsaturated lecithin 
can inhibit the formation of cirrhosis in animal models. This may occur by stimulation of 
collagenase activity that offsets the acetaldehyde-induced increase in collagen production. Of 
interest is one study suggesting a diet high in saturated fats may be advantageous in alcoholic 
hepatitis (42). Application of this to humans still awaits study. 

4.8.2. MEDICATIONS (SEE TABLE 2) 

4.8.2.1. Corticosteroids (38,43). There have been many trials examining the role of corticos
teroids in the treatment of alcoholic hepatitis. The rationale for their use is the acute inflammatory 
reaction observed histologically in the liver. Corticosteroids at a dose equal to 40 mg/d 
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Table 2 

Commonly Used Medications that Cause Steatosis 

Macrovesicular 

Corticosteroids 
Methotrexate 
Amiodarone 
Acetaminophen 
Cisplatin 
Tamoxifen 

Microvesicular 

Tetracycline 
Valproic acid 
Salicylates 
Ketoprofen 
Zidovudine (AZT) 

Adapted from: McNally, PRo Drug-induced liver disease. 
In: Hanley and Belfus, ed. GIlLiver Secrets. Mosby, St. Louis, 
1995; p. 162. 

prednisolone have been used in most trials. In general, corticosteroids did not affect mortality 
in alcoholic hepatitis. There may, however, be a subset with severe disease, defined as a 
discriminate function score of greater than 32, that will have an improved 30-d mortality if 
treated with corticosteroids. This subset is further restricted to those without sepsis, concurrent 
viral hepatitis, gastrointestinal bleeding, or significant renal failure. Improvement in long-term 
mortality has also recently been reported. For those patients with severe alcoholic hepatitis that 
meet the above criteria, it is reasonable to treat them with prednisolone or an equivalent at a 
dose of 40 mg/d for 4 wk and then taper the dose off over the next 2 wk. Most studies had the 
patients cut their dose to 20 mg in the fifth week, 10 mg in the sixth week, and then stop. Reports 
have not indicated any significant complications related to the therapy, other than hyperglycemia. 

4.8.2.2. Anabolic Steroids (37,41). Anabolic steroids have been used with the rationale that 
they would increase anabolism and repair of the damaged liver. Oxandrolone in a dose of 
80 mg/d is the drug that has been most used in the different studies. As with corticosteroids, in 
general, no effect was observed on mortality in patients with alcoholic hepatitis. One subgroup 
that did appear to benefit, however, was that with moderate alcoholic hepatitis and moderate 
malnutrition who were maintained with adequate nutritional support during therapy. These 
patients were treated for 1-3 mo periods with Oxandrolone, and long-term survival at 6 mo was 
demonstrated. No significant side effects were reported with the drug, even in women who were 
administered the drug for a few weeks. For those patients with alcoholic hepatitis who fit the 
above profile, it could be justified to treat them with 80 mg/d of Oxandrolone for 1 mo. 

4.8.2.3. Other Medical Therapies. Several other agents have been studied for their role in 
effecting survival in patients with alcoholic hepatitis. These include propylthiouracil, colchi
cine, and insulin! glucagon. Although some studies have demonstrated potential promise, these 
therapies cannot be recommended at this time, outside of clinical trials. 

4.8.3. LIVER TRANSPLANTATION 

This is the ultimate treatment for any form of severe liver disease. Its use in alcoholic liver disease 
has been mainly limited to patients with end-stage cirrhosis who have been abstinent from alcohol 
for at least 6 mo. At one point, this was the most common reason for liver transplantation. Patients 
transplanted with alcoholic liver disease generally do well with 2-yr survival of approx 70% (44). 
Most transplant centers, however, will not accept for transplantation a patient who has been actively 
drinking. This effectively excludes patients with severe alcoholic hepatitis, as they have been 
recently abusing alcohol. The initial concern regarding this group of patients was that they would 
resume drinking after their transplantation. Overall, risk ofretumingto active ethanol abuse remains 
the single most important factor in the decision of whether to transplant these patients (44). 
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SUMMARY 

Hepatic steatosis is generally a benign condition; but in some cases, may progress to acute 
liver failure or cirrhosis. 

Alcohol is the most common agent producing hepatic steatosis. 
Alcoholic hepatitis may have a broad clinical presentation from asymptomatic disease to 

fulminant liver failure. 
Alcoholic hepatitis does not always imply concurrent cirrhosis. 
Alcoholic hepatitis may progress despite cessation of drinking. 
Treatment of alcoholic hepatitis is mainly supportive, but a subgroup may benefit from 

specific treatment. 
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1. INTRODUCTION 

The term self-limited viral hepatitis refers to diseases caused by a special group of viruses 
that have a tendency to attack liver. Although they have the potential to cause significant 
morbidity and mortality in the acute phase of their illness, they never cause chronic hepatitis. 
Infections tend to be more severe in immunocompromised individuals. 

2. HEPATITIS A 

Hepatitis A is an RNA virus that accounts for 26-28% of all acute hepatitis cases reported 
each year to the Centers for Disease Control (1-3,4). It is the most common cause of viral 
hepatitis in the United States (5) and is endemic to Central and South America, North Africa, 
and Asia (6). 

2.1. Epidemiology 
Poor sanitation plays a major role in the spread of hepatitis A infections, as it is primarily 

spread via a fecal-oral route. Fecal-oral spread can occur via contaminated sources, such as 
water, and ingestion of raw or undercooked bivalve mollusks from contaminated waters. The 
virus is inactivated by boiling water, but can survive 12 wk to 10 mo in water at room tempera
ture (7). 

Epidemics related to mollusks can be devastating (8). Salads, cold meats, hamburgers, 
orange juice, pastries, and raw milk have all been reported as sources. Most cases ofHA V, in 
the United States, are diagnosed in patients within 8 wk of travel to an endemic area. In 
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developed countries with temperate climates, epidemic waves can be seen every 7 yr, as this 
is the time required to develop a sufficient number of susceptible hosts. Day care center 
outbreaks among children and adult parents or caretakers of the children account for 15% of 
the hepatitis A cases in the United States, with the parents or adults being more likely to 
manifest symptoms of disease (9,10). Among infants and adolescents, 80% are asymptomatic 
and anicteric, whereas over 80% of adult cases are icteric. Humans who have had close contact 
with infected primates also have been infected (J 1). Percutaneous spread is possible, but infre
quent. Maternal-neonatal spread is not generally noted, but there has been a case report of a 
woman with acute hepatitis A who experienced a placental abruption and delivered an asymp
tomatic infant. However, several other infants and staff in the hospital became secondarily 
infected (J 1). Saliva, semen, and urine infectivity is uncertain. The overall attack rate for 
hepatitis A in the United States is 9 cases per 100,000 (5,12), but the rates vary with ethnicity. 
In the United States, hepatitis A occurs in decreasing frequency as follows: Native Americans, 
Hispanics, Blacks, Whites, and Asian Americans. Secondary attack rates in households of 
clinical disease is 20% (J 3), but subclincal attack rates may be even higher. The most common 
identifiable risk factor (24-47%) is household or sexual contact with someone with hepatitis 
A (14). Other significant factors and their risks are: day care center contact, 15%; foreign 
travel, 6-15%; association with food or waterborne sources, 5-19%; intravenous drug abuse, 
2%. In 40% of cases, no risk factor can be identified. 

2.2. Characteristics of Hepatitis A Infections 
HA V occurs more commonly in late autumn and early winter, particularly in children. 

Following entry into the body, the liver serves as the replication source of the virus. Symptoms 
develop with an incubation time ranging from 15-50 d, with a mean of 30 d. The onset of 
disease is usually abrupt. Fecal shedding occurs for 2-3 wk prior to development of symptoms 
and persists until the transaminases peak. Shedding diminishes as HA V IgM appears. No 
human intestinal carrier state has been identified. Hepatitis A does not appear to be more severe 
in HIV infected individuals, but this depends on their overall state of health and immune 
function (J 5). The majority of hepatitis A cases recover in 4--6 wk, but some prolonged cases 
of up to 1 yr may be seen. 

2.3. Cardinal Symptoms and Signs 

2.3.1. SYMPTOMS 

A prodrome often precedes the full onset of symptoms. This period is characterized by 
malaise and weakness, with associated abdominal discomfort, anorexia, fever, nausea, and 
vomiting. Fever to> 38°C is common. Less commonly, chills (27%), headaches (22%), and 
myalgias (32%) have also been reported. Within a few days to a week, the majority of the 
patients will develop dark urine (81 %), jaundice (71 %), and pruritus (29%). Anorexia may 
persist as the remainder of the prodromal symptoms diminish. Extrahepatic symptoms are 
uncommon, but include arthralgias, 11-40%; diarrhea: 24%; transient rash, 1-14%; sore throat, 
7%; hyposmia (e.g.m cigarette smoke aversion), uncommon; arthritis, rare (16,17). 

2.3.2. ATYPICAL CLINICAL MANIFESTATIONS 

Atypical clinical manifestations of hepatitis A have been reported and fall into five major 
categories (18-20): 

2.3.2.1. Cholestatic. Acute cholestatic hepatitis A is present when the serum bilirubin 
remains> 171 umollL (10 mg/dL) for over 12 wk in the absence of hemolysis or renal failure. 
Most patients have aminotransferases <500 lUlL. 
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2.3.2.2. Relapsing. A biphasic or relapsing form of hepatitis A is seen in &-10% of patients, 
and typically occurs 4-15 wk after the initial episode. In this condition, normal amino
transferases can be noted during remission. The relapse can be more or less severe than the 
initial episode, with aminotransferases usually> 1 000 lUlL. The full duration of illness ranges 
from 16-40 wk. Hepatitis A IgM persists throughout this course. Patient feces and serum 
remains infectious during the relapse. Fecal virus levels disappear within 30 d, but HA V RNA 
levels in stools can be detected for months. The mechanism responsible for relapses is probably 
immunologically mediated, but the exact mechanisms remain unclear. Nevertheless, HAV 
never progresses to chronic hepatitis. 

2.3.2.3. Extrahepatic. Extrahepatic manifestations caused by immune complex disease are 
rare with HAV. Typically, they are seen when the illness becomes protracted, either with 
cholestasis or relapse. Cutaneous vasculitis can manifest as an erythematous maculopapular 
eruption involving the lower extremities and can be associated with purpuric lesions. On skin 
biopsy, IgM anti-HAY and complement may be noted in the blood vessel walls. Cryoglobu
linemia due to IgM anti-HAY has also been reported. Arthritis when noted, generally also 
involves the lower extremities. 

2.3.2.4. Autoimmune. HA V -induced autoimmune hepatitis type 1 has been reported. 
Antibodies to asialoglycoprotein and defects in the T-cell suppressor-inducer cells have been 
implicated (21,22). 

2.3.2.5. Renal Failure. Renal failure in the absence of fulminant HAV has been noted in a 
few cases. The exact mechanism of the renal failure is unclear, but tends to parallel the course 
of the liver disease. 

2.3.3. PHYSICAL EXAMINATION 

On physical exam, findings are typical for a liver-related process (see Chapter 1). A mildly 
enlarged liver with mild to moderate tenderness to palpation is typical. However, the liver span 
is less than 12 cm in 78-85% of cases (17). Splenomegaly can be seen in 7-15% (16,17), and 
posterior cervical adenopathy in 4-15%. 

2.4. Laboratory 
Typically, viremia precedes clinical disease. Serum alanine and aspartate aminotrans

ferase activities tend to increase during the prodromal period to levels frequently well 
above 500 lUlL (16). Bilirubin levels peak at <170 umollL (10 mg/dL) shortly after the 
aminotransferases peak. Mean presenting levels of laboratory parameters include total 
bilirubin, 85.5 umol/L (5 mg/dL); alkaline phosphatase, 269 U/mL; AST, 1442 mlU/mL; 
and ALT, 1952 IU/mL (23). 

Levels of AST and ALT decrease by 75% per week for the first few weeks. In two 
thirds of patients, this is followed by a slower descent to normal within 2 mo. Eighty five 
percent will be normal by 3 mo, and nearly all will be normal by 6 mo (16). Delayed 
normalization of aminotransferase levels beyond 12 mo is rare. Bilirubin levels decline 
more slowly than aminotransferase levels. Eighty-five percent of cases remain jaun
diced for> 2 wk (16). Two thirds of patients have normal bilirubin levels by 2 mo. 
Atypical lymphocytes are seen in 7% of cases. 

2.5. Diagnosis 
Whereas a variety of detection techniques exists for identifying hepatitis A in serum, stool, 

and liver tissue, the diagnosis is confirmed primarily by serological testing, see Fig. 1 (diag
nostic algorithm). Levels ofIgM against HAV peak during the acute and early convalescent 
stages, and usually become undetectable in 4 mo. In 25% of cases, the HA V -IgM persists for 
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Fig. 1. A schematic plan for the diagnostic evaluation of hepatitis A. 

more than 6 mo (24). Persistence beyond 12 mo is rare. Levels ofIgG against hepatitis A peak 
during the convalescent phase and usually remain detectable in declining levels for decades. 

Noninvasive imaging studies that are normal make invasive tests unnecessary. A liver 
biopsy is usually not required to make the diagnosis. Histology often demonstrates marked 
centrilobular cholestasis and portal inflammation. 

2.6. Treatment 
For most patients with HA V, treatment is supportive, (see Fig. 2; treatment). Patients should 

be advised to abstain from alcohol, as this may be associated with relapse of jaundice (25-27). 
Participation in contact sports should be avoided during the symptomatic period. Prolonged 
cholestasis may require fat-soluble vitamin supplementation. Persistently rising serum biliru
bin levels, prolonged prothrombin time, evidence of hepatic encephalopathy, or other evidence 
of liver decompensation suggest the need for hospitalization. HAV-infected patients who 
develop fulminant hepatitis can be considered for liver transplantation. Clinical HA V hepatitis 
in transplanted patients is rare, and when seen, is usually mild. 

2. 7. Prognosis 
For the vast majority of patients, prognosis is good. Disease morbidity and mortality 

correlate with age (4). Case fatality rates in infants and children up to age 14 yr is 0.1 % 
(28-30). For adolescents and young adults age 15-39 yr, the rate is 0.4%, whereas for 
adults above age 40 yr it is 1.1-2.7%. Superimposition of hepatitis A on chronic hepatitis 
B disease leads to higher peak aminotranferase levels, more severe disease, and may also 
increase the mortality rate (31,32). In the United States there is up to a 58-fold increase in 
mortality with superimposed disease. 
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Fig. 2. A schematic plan for the treatment of hepatitis A. 

2.B. Prevention 
2.8.1. PASSIVE IMMUNIZATION (HUMAN SERUM IMMUNE GLOBULIN) 
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Human serum immune globulin is of greatest value when used before or within 2 wk of 
exposure to hepatitis A. It is not indicated for people who already have clinical manifestations 
of hepatitis A. The recommended dose for adults with travel plans to an endemic area is as 
follows: for a travel period ofless than 3 mo: 0.02 mLlkg given intramuscularly; for a period 
of3 mo or more: 0.06 mL/kg given intramuscularly. Doses should be repeated every ~ mo 
of stay, and doses over 10 mL should be divided over several sites. Human immune globulin 
decreases both the number and severity of infections when given according to this protocol. 

2.8.2. ACTIVE IMMUNIZATION (HEPATITIS A VACCINE) 

The recent development of an HA V vaccine makes prevention of this infection possible. Two formu
lations ofhepatitus A vaccines are now available: a)Havrix by SmithKline Beecham Biologicals (philadel
phia, PA); b) Vaqta by Merck and Company: pediatric dose 0.5 mL (25 U) followed by a booster of 0.5 mL 
dose 6-18 mo later. Adults age 18 yr and older should receive a single 0.1 mL (50 U) dose followed by a 
booster 6 mo later. Immunity against HA V with the current vaccine is estimated to last 15-20 yr. 

The vaccine is currently recommended for travelers going to an endemic area, especially military 
personnel. Other potential susceptible targets include day care center staff, health care workers, homo
sexual men who are sexually active, iv drug users, and family members of children in day care facilities. 

2.9. Indications for Consulting the Subspecialist: 
A gastroenterologistlhepatologist should be consulted when a patient with HA V infection 

develops encephalopathy or other signs ofliver failure, has a chronic infection with hepatitis 
B, develops autoimmune hepatitis, or deteriorates for unclear reasons. 

3. HEPATITIS E 

3.1. Epidemiology 
Hepatitis E is an RNA virus closely related to the calcivirus family. It is endemic to Asia, 

India, Mexico, Middle East, Pakistan, and the former Soviet Union, but is rare in the United 
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States, except for cases in travelers returning from endemic areas. Poor socioeconomic and 
hygienic conditions lead to recurrent epidemics most likely from contamination of water 
supplies (33). Most epidemics occur in the rainy season or after floods. Clinical attack rates for 
children are 0.2-1.5%, and 3-13% for adults (34-36). Secondary attack rates in household of 
clinical disease vary from 2.4-29% (34-38,39). Subclinical attack rates may be higher. 
Maternal mortality ranges from 10-20% for hepatitis E infections (37). It is unclear if this is 
completely related to disease or to poor nutritional status. Hepatitis E can cause fulminant 
hepatitis in nonpregnant females and males. Little data concerning hepatitis E infections in 
HIV -infected individuals exists, but HIV status and overall health at time of exposure may be 
crucial as to final outcome. A human intestinal carrier state has not been identified. 

The vast majority of cases are due to waterborne exposures from contaminated water, 
particularly after rains and flooding. A small proportion of cases, 7.2% in one study, were felt 
to be secondary to intrafamilial transmission. The incubation period varies from 2-9 wk, with 
a mean of 45 d (34). Hospital outbreaks of hepatitis E in endemic areas have also be~n noted, 
which reinforces the need for universal precautions in all patients with suspected hepatitis (40). 
Prolonged viremia and fecal shedding of hepatitis E virus of up to 52 d after jaundice devel
opment have been reported, demonstrating potential human reservoir hosts for continued 
contamination of water sources (41). Subclinical disease can occur in up to 27% of 
nonhospitalized contacts of infected patients. IgM anti-HEV can be detected for up to 2 wk 
before admission and 6 wk after admission. IgG anti-HEV can be detected for up 2 wk before 
admission and peaks 2 wk after admission, with low titers persisting thereafter for at least 20 
mo after the acute infection (42). 

3.2. Cardinal Symptoms and Signs 
3.2.1. SYMPTOMS 

Hepatitis E is usually a self-limited illness with signs and symptoms similar to those of 
hepatitis A. The diagnosis should be considered in travelers returning from endemic areas who 
develop signs of hepatitis. Common symptoms include arthralgias (33%), fever (50%, nausea, 
and vomiting. Jaundice is common, but anicteric cases have been noted. There is no chronic 
form of hepatitis E. 

3.2.2. PHYSICAL EXAMINATION 

On physical examination, findings are typical for a liver-related process (see Chapter 1). 
Patients may demonstrate abdominal tenderness to palpation ofthe liver, as well as hepatosple
nomegaly. Joint-related complaints on examination may be present as well. 

3.3. Diagnosis 
Making the diagnosis of hepatitis E is hampered by the lack of commercially available testing 

in the United States. In endemic areas, a variety oftests exist for detection of infection, ranging from 
viral particle identification on electron microscopy of stool, to serum antibody testing (34), (see Fig. 
3). Fluorescent antibody blocking assays detect antibody that react with HEV antigen in liver cells. 
Western blot assays use recombinant antigens to detect antibodies of both IgM and IgG against 
HEY. ELISA assays detect antibodies by using recombinant HEV antigen. These are available both 
in IgM and IgG format through reference laboratories, see Chapter 3 for more details. 

3.4. Treatment 
In the vast majority of cases, treatment is supportive. During pregnancy, given the high 

fetal wastage, careful observation in a hospital environment should be considered. Hospi
talization may be required if there are persistently rising serum bilirubin levels, prolonged 
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Fig. 3. A schematic plan for the diagnostic evaluation of hepatitis E. 
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prothrombin times, evidence of hepatic encephalopathy, or other evidence ofliver decom
pensation, see Fig. 4 (treatment). 

3.5. Potential Complications 
Recent studies from India revealed vertical transmission in 5 of 8 infants in third trimester 

patients, with an overall rate of 12.4% for intrauterine death or spontaneous abortion (43). Only 
one of the five infants was icteric at birth, with the remainder having anicteric hepatitis. The 
transmission of infection from mother to fetus is speculated to be the cause of the high fetal 
wastage (44). In endemic areas, hepatitis E has been found through PCR techniques to be 
present alone in 40% of patients with non A-non B fulminant hepatitis (45). In volunteer 
studies, abnormal aminotransferases can last up to 3 mo (42). A severe fulminant course is not 
uncommon in patients with hepatitis E, and the frequency ranges as high as 12% in the general 
population. Mortality rates as high as 20% may be seen during third-trimester pregnancies (34). 

3.6. Prognosis 
Hepatitis E carries a higher rate of fulminant hepatitis than does hepatitis A. 
In pregnant patients, especially third-trimester pregnancies, the suspicion of hepatitis E 

should prompt very close observation and aggressive nutrition and supportive measures, given 
the high rates of mate mal mortality and fetal wastage. Of those patients who do recover, there 
have been no cases of chronic hepatitis E detected. 

3. 7. Prevention 

Hepatitis E is not preventable by the use of immune globulin, even when using immune 
globulin from an endemic area, as has been demonstrated in India (3 7). However, it does appear 
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Fig. 4. A schematic plan for the treatment of hepatitis E. 

that hepatitis E antibodies in affected individuals are protective against repeat exposure (46). 
Travelers to endemic areas should be cautioned regarding consumption of water and salads 
from affected areas. Vaccine development efforts are underway, but not currently available. 

3.8. Indications for Consulting the Subspecialist 
Because of the high mortality, pregnant women suspected of having hepatitis E should be 

cared for in an institution capable of handling a high risk pregnancy with potential for liver 
failure. Any patient who exhibits signs of progressive liver decompensation should be referred 
to a subspecialist (see Chapter 30). 

4. CYTOMEGALOVIRUS 

4.1. Epidemiology 
Cytomegalovirus (CMV) is a DNA virus that belongs to the herpes virus family. It requires 

close contact for transmission, so that crowded conditions are associated with increased rates 
of transmission of CMV. CMV can be acquired in utero, perinatally, intrafamilial, during 
transfusion or transplantation, or sexually (47-49). In neonates, 1% of infections are acquired 
in utero, with 3-30% infected at birth (47,48). Perinatal transmission may be acquired by inges
tion of genital secretions during birth or by breast feeding from a CMV -excreting mother (49,50). 
This perpetuates infection, since asymptomatic children can then transmit CMV via secretions 
to other susceptible hosts. Transmission via saliva on toys is possible (9). In day care centers, 
shedding of CMV has been noted in up to 57% of children vs 8% in children cared for at home 
(9). Once infected, the CMV DNA incorporates itself into the host cells and remains latent. 
Intermittent asymptomatic reactivations with viral shedding in urine and saliva are common. 
Host defenses control these reactivations in most cases. In pregnant patients, this can lead to fetal 
infection, but is felt to be less likely than with a primary infection. CMV can cause mild hepatitis 
in immunocompetent individuals, but tends to be more severe in immunocompromised patients. 
Prevalence of antibody to CMV is seen in over 80% of adults over age 40 yr. Reinfection of 
individuals with prior exposure is possible, particularly with a different strain ofCMV. 
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4.2. Cardinal Signs and Symptoms 
4.2.1. SYMPTOMS 

Most cases are asymptomatic. Neonates with congenital exposure can present with 
hepatosplenomegaly and elevated aminotransferases. Hemolytic anemia may precipitate jaun
dice in patients with CMV hepatitis (46). Some adult cases can be similar to infectious mono
nucleosis (1M). Fatigue, fever, and malaise are common (51). In these cases, other somatic 
symptoms overshadow the CMV hepatitis. After primary infection, viral DNA persists and can 
reactivate at different times through out the patient's life, particularly when host immune 
systems are not able to keep the virus in check. Different CMV strains can cause disease flares 
in patients who are immune to other strains. Most infected infants will have no symptoms at 
birth, with only 5-10% exhibiting classic signs of infection. Classic CMV features include 
hepatosplenomegaly (75-90%), jaundice (60%), and thrombocytopenic purpura. Associated 
features include (52), chorioretinitis, deafness, hemolytic anemia, low birth weights, micro
cephaly, periventricular calcifications, psychomotor retardation. CMV neonatal liver disease 
is seen 1 in 5000 births (52,53). 

4.2.2. PHYSICAL EXAMINATION 

On physical examination, the liver tends to be smooth in contour. Pharyngitis and lymphad
enopathyare less common than with mononucleosis. Portal hypertension without cirrhosis has 
been reported (54). In neonates, congenital infections may manifest with hepatosplenomegaly 
(75-90%), jaundice (60%), and thrombocytopenic purpura lesions (see Section 4.2.1.). 

4.3. Diagnosis 

Diagnosis rests on changes in antibody status, virus isolation from tissue culture, or virus 
detection in blood, urine, saliva, or tissue samples in the presence of elevated liver serum 
enzymes (Fig. 5, diagnosis). The preferred method of detection in neonates is isolation ofCMV 
from urine. Urine often contains the highest titers of the virus, and offers a simple source. 
Tissue biopsies and cultures of infected organs are particularly useful for the diagnosis in 
immunocompromised hosts. CMV cultures are done primarily on fibroblast monolayers. 
Evidence of CMV is provided by detection of its typical cytopathologic effect, but can take 
several weeks to be present. Liver serum enzyme tests can be mild to moderately elevated (55). 
Elevated serum levels of both conjugated and unconjugated bilirubin are seen. Infected chil
dren are six times more likely to demonstrate abnormal serum liver tests (56,57). Atypical
appearing lymphocytes can be seen on peripheral smears. 

A liver biopsy can be helpful if classic "owl's eye" nuclear inclusions (46) are seen. 
Noncaseating granulomas and multinucleated giant cells have also been noted. Overall, the 
liver biopsy may demonstrate a nonspecific giant cell neonatal hepatitis-like picture (47). 
Paucity of bile ducts has been associated with some cases ofCMV infection (56,58). 

Patients who are infected congenitally are best diagnosed by detection ofCMV in urine, thus 
avoiding the confounding issue of mate mal antibodies. CMV IgM antibodies may also be used 
to detect acute infection or titers of CMV IgG may be followed. With recurrent infections in 
immunocompetent patients, IgM antibodies are not detected. However, in recurrent infections 
in renal transplant recipients, up to one third develop IgM antibodies. 

4.4. Treatment 

Congenital CMV and acquired CMV infections are both best treated with supportive mea
sures (Fig. 6, treatment). Hospitalization may be required ifthere are persistently rising serum 
bilirubin levels, prolonged protime levels, evidence of hepatic encephalopathy, or other evi-
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Fig. 5. A schematic plan for the diagnostic evaluation of CMV hepatitis. 

dence of liver disease decompensation. Whether immunocompetent individuals with CMV 
hepatitis should be treated with specific anti-CMV medications is unclear (59). In 
immunocompromised patients, treatment with such agents may be worthwhile. In transplant 
recipients, response rates of70% have been reported (59,60). 

4.5. Potential Complications 
The majority of neonatal cases recover without untoward effects, although a case of 

noncirrhotic portal hypertension has been described and a role in bile duct paucity has been 
suggested. Fatal cases ofCMV hepatitis have been reported (61,62). In addition, CMV -related 
biliary tract disease is not an uncommon presentation in HIV patients (15). CMV hepatitis is 
uncommon in HIV-infected patients, but if present, is generally mild. 

4.6. Prognosis 
For the vast majority of immunocompetent patients, prognosis is good. Immunodeficient 

patients may have a more severe course due to lack of host immune factors. Pregnancy is a special 
situation because there is a 33% chance ofCMV crossing the placenta, and a subsequent 10-15% 
chance of adversely affecting the fetus. In neonates, the disease usually resolves by the first year 
of life. CMV does not appear to be associated with progression to chronic liver disease. 

4. 7. Prevention 
Because most infected patients are asymptomatic and may shed intermittently even after 

recovery, it is difficult to prevent exposures. Caregivers of identified infants should practice 
precautions if they are pregnant or immunocompromised. 
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Fig. 6. A schematic plan for the treatment of CMV hepatitis. 

4.8. Indications for Consulting the Subspecialist 
Because of the extensive differential diagnosis of neonates with jaundice, these patients 

should be sent to a specialist. In older patients, only those who follow an atypical or fulminant 
course should be referred to a specialist. 

5. EPSTEIN-BARR VIRUS 

5.1. Epidemiology 
Epstein-Barr virus (EBV), the causative agent of infectious mononucleosis, is a DNA virus 

and belongs to the herpes virus family. Saliva appears to be the primary vehicle for spread of 
EBV. Oral secretions contain the virus in 80% of patients with acute infectious mononucleosis 
(63-65). Up to 20% of healthy adults have the virus detected in their saliva. Viral infection 
probably involves infection of oropharyngeal epithelial cells with secondary spread to 
B-Iymphocytes. Free viral particles or B-Iymphocytes then carry the infection to other organs. 
Typically, the viremia precedes clinical disease. There have been rare reports of transfusion
related disease acquisition (66,67). EBV has been isolated from genital tract cultures, suggest
ing a possible sexual route for exposure as well (68). Natural infection with EBV occurs during 
childhood. Severe disease is unusual but can be noted, especially with older patients. The 
incubation period is 4-7 wk in older children, but is shorter in infants. In the rare cases of 
hematological spread, incubation periods of 2-5 wk have been reported. 

Infection occurs in younger age groups in underdeveloped countries and later in more 
developed countries. This explains the higher incidence in the latter areas of infections in 
patients who are in their late teens. Although the disease is endemic in some areas, no epidemics 
have been reported. Little data exists concerning the incidence of EBV hepatitis in HI V
infected individuals, but disease may be more severe in immunodeficient individuals. 
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Jaundice from EBV infection is infrequent and occurs in only 5% of patients, which is 
similar to the frequency with which it occurs in hepatitis A and hepatitis E (69). In patients with 
depressed cell-mediated immunity, EBV hepatitis may cause life-threatening illness. EBV 
DNA persists for life in the host and can be detected during reactivations. Unlike the other self
limited viruses, EBV is linked to Burkitt's B-celllymphoma and nasopharyngeal carcinoma 
as a causative agent. 

5.2. Cardinal Signs and Symptoms 
5.2.1. SYMPTOMS 

Most commonly, clinical EBV infection begins with the syndrome of infectious mono
nucleosis. Onset of symptoms typically involves a 3-5 d prodrome of anorexia, headache, 
malaise, and myalgias, followed by more pronounced signs of disease (69,70). Fevers of38-
40°C are nearly always present. Chills may be reported. Sore throat, with exudative pharyngitis 
is seen in up to half of the patients. In adults over age 40 yr, atypical presentation of EBV 
infection with abdominal pain, and biliary tract like disease can be seen (71-73). Liver involve
ment occurs in 90% of adolescents, but is overshadowed by complaints off ever, fatigue, sore 
throat, and lymphadenopathy (70). Jaundice is not common. A rare case of severe cholestatic 
hepatitis from 1M with a bilirubin of 658 1Jll101lL (38.5 mg/dL) has been noted due to a 
combination of hepatitis and hemolytic anemia (67). 

5.2.2. PHYSICAL EXAMINATION 

Lymphadenopathy is primarily present in the posterior cervical area. Splenomegaly is 
detectable in up to 50% of patients by the second week. Other physical findings include 
periorbital edema in 20%,jaundice in 5-10%, hepatomegaly in 10-15%, and palatal petechiae 
in up to one third of the patients. Variable, transient generalized morbilliform rash, lasting 
1-2 d is seen in 3-10%. Ampicillin use causes rash in 90%. Patients above age 30, may present 
with more atypical features, particularly, withjaundice, and may prompt work-up for extrahe
patic biliary obstruction (71). 

5.3. Diagnosis 
The diagnosis rests on the demonstration of active or recent EBV infection and abnormal 

liver serum enzymes (Fig. 7, diagnosis). Laboratory parameters follow a typical hepatitis 
course with modest elevations in 80% of patients with AST and ALT of generally less than 
500 lUlL. Total bilirubin levels range from 17-137 umollL (1-8 mg/dL) (74-76), and peak 
from the second to fourth week of disease. Alkaline phosphatase is generally mildly elevated. 
IgM-EBV viral capsid antigen (VCA) develops quickly and persists for weeks to months. The 
IgM-EBV VCA titer may be missed in up to 85%. IgG-EBV VCA may be detectable for life. 
The detection of IgM and IgG-EBV VCA antibodies in the absence of IgG-EBV nuclear 
antigen is diagnostic of primary infection. 

Heterophile antibody tests rely on the detection ofIgM to EBV. Seventy-five percent 
of patients have detectable levels of this antibody by the end of the first week of illness. 
By the third week, 85-90% will become positive (70,77). The heterophile antibody test 
will remain positive for weeks to months after acute EBV infection. Monospot (hetero
phile agglutinin) testing can be negative in up to one sixth of patients in EBV hepatitis. 
Monospot testing can take up to 2-3 wk after symptoms to be positive and then persist 
positive up to 9 mo. Sensitivity of testing is only 80%, but specificity is 99%. Unlike CMV, 
EBV cannot be routinely cultured. 

Leukocytosis can be seen in the range of 1 0,000-20,000/mm3• Atypical lymphocytes, also 
known as Downey cells, can compose 10-40% ofthe leukocyte count. Mild thromobocytopenia 
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of50,000--200,000/mm3 is seen in less than one halfofthe cases (69,70). Serologic diagnostic 
techniques are widely available and generally detectable within the second week of disease. 

A liver biopsy is usually not necessary. However, if liver histology is obtained, the main 
feature is a pleomorphic cellular infiltrate that can be found to be expanding the portal tract and 
may extend into the sinusoid. Small areas of focal necrosis may be seen. Occasionally, large 
atypical lymphocytes may be present. Multinucleated giant cells are not seen. A distinguishing 
feature vs other hepatitis is the focal distribution ofthe necrosis. Cirrhosis has not been reported (78) . 

5.4. Treatment 

There is no specific therapy for mononucleosis. Treatment is generally supportive (Fig. 8, 
treatment). Acetaminophen should be used for symptom relief and aspirin should be avoided 
due to reports ofReye's syndrome being noted in patients with EBV (79). Acyclovir does not 
appear to affect the course of illness (80-84). In the rare case of impending airway obstruc
tion, severe hemolytic anemia, or thrombocytopenia, prednisone at 40--60 mg/d for 5-7 d, 
then tapered over 2 wk may improve symptoms (79). It is not clear if transplantation ofa 
patient in the rare event of fulminant EBV infection would lead to predisposition to 
posttransplant immunoproliferative disorders. 

5.5. Potential Complications 

Fifty deaths from infectious mononucleosis have been reported, but hepatitis has been 
associated with only nine of these cases (69,70). Congenital EBV is a potential result of 
development of primary EB V infection during a first trimester pregnancy, although only one 
case has been reported (85-87). Fulminant EBV hepatitis has been reported, but is exceed
ingly rare. Abdominal complication, especially rupture of enlarged organs has been docu
mented (88). 
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Fig. 8. A schematic plan for the treatment of EBV hepatitis. 

5.6. Prognosis 
Most children and adolescents will recover from the acute symptoms in 2-4 wk 

although fatigue and malaise may persist for several months. Persistence of symptoms 
up to 100 d can be seen in 11 %, with 6% having symptoms after I yr (77,89). Hospital
ization may be required if there are persistently rising serum bilirubin levels, prolonged 
prothrombin times, evidence of hepatic encephalopathy, or other evidence ofliver dec
ompensation. Contact sports should be avoided for 2 mo or until splenomegaly has 
regressed (79,90). Development of hepatic dysfunction takes longer to resolve, with this 
being proportional to disease severity. 

5. 7. Prevention 

Limiting intimate contact with an infected patient can reduce the spread of infectious 
mononucleosis, but may delay virus acquisition to a later age when more serious out
comes are likely. Patients also tend to have prolonged viral shedding intermittently after 
the acute symptomatic period making isolation of these patients more difficult. Limited 
contact should be emphasized for patients who may not tolerate consequences of disease 
acquisition. Universal precautions should protect health care workers. Use of irradiated 
blood products in immunocompromised patients should be considered. Avoidance of 
participation in contact sports is prudent (90). 

Vaccination with subunit vaccines offer the best chance of protection from disease and the 
least chance of adverse effect and are on the horizon. 
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5.8. Indications for Consulting the Subspecialist 
Consultation is indicated for patients who are immunocompromised or show signs of 

hepatic failure. 

6. CONCLUSIONS 

Several viruses are associated with self-limited hepatitis. Whereas these viruses can be 
associated with fulminant hepatitis, they never cause chronic liver disease. The best hope for 
control of these viruses is the development of vaccines. 

SUMMARY 

The most common causes of self-limited hepatitis are hepatitis A virus (HAV), hepatitis 
E virus (HEV), Epstein-Barr virus (EBV), and cytomegalovirus (CMV). 

HA V is the most common cause of viral hepatitis in the United States. 
Usually self limited, HAV can cause fulminant hepatitis. 
HEV is more likely to cause fulminant hepatitis, especially in pregnant women. 
EBV and CMV rarely cause clinically significant disease in immunocompetent individuals. 
A vaccine is available for HA V. 
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1. INTRODUCTION 

Viral hepatitis represents a diverse spectrum of clinical syndromes caused by a group of 
distinct viruses. All ofthe five well-characterized hepatitis viruses (A through E) are associated 
with acute hepatitis, whereas only hepatitis B virus (HBV), hepatitis C virus (HCV), and 
hepatitis D virus (HDV, delta agent) can cause chronic hepatitis (Table 1). 

2. EPIDEMIOLOGY 

HBV and HDV are percutaneously transmitted viruses. Transmission ofHBV occurs through 
exposure to infectious blood, blood products, and contaminated instruments. Sexual contact 
in both heterosexual and homosexual populations is the most commonly recognized mode of 
transmission. Specific populations at high risk of exposure to HBV include iv drug users, 
homosexual men, individuals engaged in promiscuous heterosexual contact, health care work
ers, and children born to chronically infected mothers. However, the prevalence of infection 
with HBV among the general population is quite high; it is estimated that in volunteer blood 
donors the prevalence of exposure to HBV (i.e., prevalence ofanti-HBs) ranges from 5-10% 
in the United States (1). The probability of progression from acute hepatitis B to chronic 
infection varies widely depending upon the age and the immune status of the infected indi
vidual. Whereas an immunocompetent adolescent or middle-aged individual has approx a 
5-10% chance of developing chronic infection, a baby born to a mother with chronic hepatitis 
B (HBeAg+) has about a 90% chance of developing chronic infection (2). Additionally, 
immunosuppressed patients or individuals with comorbid illnesses are at greater risk of devel
oping chronic hepatitis B infection. 

Transmission of HDV is similar to HBV, although is far less prevalent than HBV world
wide. Approximately 5% ofHBV carriers worldwide are infected with HDV (3). Although 
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Nucleic acid 
Viral structural proteins 
Transmission 
Chronic infection 
Fulminant hepatitis 

Table 1 

Characteristics of Hepatitis B and D 

Hepatitis B 

DNA (Partially double stranded) 
Surface (HBsAg), Core (HBcAg) 
Percutaneous 
Yes (5-90%) 
<1% 

Hepatitis D 

RNA (Circular) 
HDAg 
Percutaneous 
Yes 
Up to 15% 

percutaneous transmission is the primary mode of transmission, in Mediterranean countries, 
HDV infection is endemic among those infected with HBV, and transmission is frequently by 
nonparenteral routes, particularly close contact. In the United States, outbreaks of coinfection 
with HBV and HDV in urban areas have been reported in iv drug users and their sexual partners 
(4). Interestingly, the course of disease in these outbreaks was very severe with a high incidence 
of fulminant hepatitis (5). 

3. CLINICAL SYNDROMES 

3.1. Acute HBV Infection 
3.1.1. CARDINAL SIGNS AND SYMPTOMS 

3.1.1.1. Symptoms. The clinical presentation of uncomplicated acute viral hepatitis is 
similar, regardless of viral etiology. However, in the vast majority of cases, acute HBV infec
tion is clinically silent, particularly when acquired early in life. When symptoms do occur, they 
are usually self-limited, lasting less than 4-6 mo in most immunocompetent adults. After an 
incubation period of approx 2-3 mo, prodromal symptoms occur including general malaise, 
anorexia, nausea, vomiting, low-grade fever, alteration in taste and smell, and right upper 
quadrant or epigastric discomfort. After approximately 2 wk, these symptoms abate andjaun
dice may develop. Typically, jaundice is mild and lasts no longer than 1 mo. 

3.1.1.2. Physical Examination. Physical examination is often unrevealing. Lymphaden
opathy, hepatomegaly, and splenomegaly are occasionally present, but marked organomegaly 
is unusual. Patients tend to have right upper quadrant tenderness. Icterus is only seen in patients 
with moderate to severe hepatitis (total bilirubin >3 mg/dL). Low grade fever is common in 
acute phase. Nonspecific rash is occasionally present and spider angioma is rarely found in 
self-limited acute hepatitis. In patients presenting with fulminant hepatitis, abnormal neuro
logical examinations including asterixis, and fetor hepaticus are often present. Skin rashes 
typical of immune complex diseases can be the only physical findings of acute HBV infection. 

3.1.2. CLINICAL VARIANTS 

Unusual clinical variants of acute hepatitis B have been described. A prolonged period of 
jaundice during acute, self-limited hepatitis (cholestatic hepatitis) has been reported. Addi
tionally, immune complex phenomenon has been associated with acute hepatitis B (6). A 
serum sickness-like syndrome has been recognized occurring before jaundice (7). Polyarteritis 
nodosa characterized by generalized vasculitis can appear in the course ofinfection. Glomeru
lonephritis has been associated with both chronic and acute infection, particularly in children. 

3.1.3. COMPLICATIONS 

Fulminant hepatitis with acute liver failure occurs in less than I % of all cases of acute 
hepatitis B (8). It is characterized by sudden and progressive liver dysfunction and massive 
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necrosis ofliver tissue with a mortality of approx 85%. Occurrence of encephalopathy within 
8 wk of the onset of symptoms defines fulminant hepatitis. 

3.2. Chronic HBV Infection 
3.2.1. CARDINAL SIGNS AND SYMPTOMS 

3.2.1.1. Symptoms. Chronic infection with HBV has been defined serologically by persis
tence of HBsAg for 6 mo after the onset of acute infection. In the majority of cases, chronic 
hepatitis B infection is asymptomatic, often coming to medical attention when serum liver 
enzymes tests are obtained during a routine examination or during a screening evaluation for 
insurance eligibility. When symptoms accompany chronic infection, they are often nonspe
cific with fatigue, general malaise, and anorexia being the most common presenting com
plaints. Occasionally, the patient might experience persistent or intermittent jaundice after a 
recognized attack of acute hepatitis. 

3.2.1.2. Physical Examination. Physical findings in patients chronically infected with 
HBV are rather variable, mostly depending on severity ofliver diseases and other associated 
conditions. Chronic stigmata of liver diseases including spider angiomas, palmar erythema, 
peripheral edema, ascites, splenomegaly (hepatomegaly is often absent in patients with cirrho
sis), and gynecomastia are commonly present in patients with decompensated liver disease. 
Skin rashes consistent with immune complex disease can be seen in patients with associated 
hematological conditions, such as mixed cryoglobulinemia. 

3.2.2. COMPLICATIONS 

A serious complication of chronic infection is the development of cirrhosis with decompen
sated liver disease, which may occur in up to 25% of those chronically infected with HBV. The 
clinical signs of cirrhosis usually develop 10-30 yr after the onset of hepatitis B infection. 
When superinfection with HDV occurs, a more rapid progression to cirrhosis generally occurs. 
A more serious complication of chronic hepatitis B infection is hepatocellular carcinoma 
(HCC). Risk factors associated with the development ofHCC include acquisition of hepatitis 
B infection early in life, pre-existing immunocompromised condition, and male gender (9). In 
the United States, HCC occurs almost exclusively in patients who have already progressed to 
cirrhosis. In endemic areas, HCC can occur in the absence of cirrhosis, whereas it is often 
associated with other risk factors for HCC, such as aflatoxin and HCV coinfection. 

3.3. Hepatitis D Virus Infection 
3.3.1. CARDINAL SIGNS AND SYMPTOMS 

3.3.1.1. Symptoms. HDV requires the helper function of the hepatitis B virus and, therefore, 
does not by itself cause infection. The presence of hepatitis D virus can alter the clinical 
expression of disease in an individual infected with HBV (4). Acute infection from HDV can 
either occur concurrently with acute hepatitis B infection (coinfection) or superimposed upon 
chronic HBV infection (superinfection). Coinfection is often clinically and biochemically 
identical to acute HBV infection, although coinfection has been associated with a higher 
incidence of severe and fulminant hepatitis (10). Overall, mortality rates of coinfected patients 
are higher than in acute hepatitis B infection alone. Interestingly, coinfection is not associated 
with a higher frequency of progression to chronic infection. However, coinfected individuals 
who progress to chronic hepatitis are more likely to develop cirrhosis than individuals chroni
cally infected with HBV alone (11). 

Acquisition of HDV in an individual chronically infected with HBV (superinfection) is 
often clinically apparent by a sudden, unexplained clinical and biochemical deterioration in a 
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previously stable patient. As with coinfection, the likelihood of severe hepatitis and fulminant 
hepatitis are increased in superinfection. 

3.3.1.2. Physical Examination. Physical findings are similar to those of acute and chronic 
HBV infection. There are no distinguishing features. 

3.3.2. COMPLICATIONS 

Superinfection has been associated with more severe hepatitis and a higher frequency of 
fulminant hepatitis than infection with HBV alone and coinfection. The role of HDV in the 
development ofHCC is unclear. Theoretically, it can act as a promoting factor by potentiating 
the progression to cirrhosis. 

4. DIAGNOSIS 

4.1. Laboratory Features 
In acute hepatitis B infection, there are both virus-specific and nonspecific laboratory features. 

The aminotransferases are usually elevated as in other forms of hepatic inflammation and injury, 
but the degrees can be quite variable. The earliest abnormality tends to be elevation of the serum 
aminotransferase levels (AL T, AST), which reflect hepatic inflammation in the prodromal phase 
of infection. During acute viral hepatitis, the AL T levels are usually greater than the AST levels, 
and peak ALT values can be greater than 1000 lUlL. Following these elevations is a gradual rise 
in the serum bilirubin level withjaundice becoming apparent when the level exceeds 2.5 mgldL. 
In severe hepatitis, hepatic synthetic function may be impaired resulting in reduced serum albu
min level and prolongation of the prothrombin time can be observed. 

Serologic markers are diagnostic for HBV infection (Table 2). The earliest marker of acute 
infection, preceding most biochemical abnormalities and clinical signs of infection, is the 
surface antigen of the virus, HBsAg (see Chapter 3). The serologic detection of this antigen 
usually precedes all other biochemical features by several weeks. In a typical case of acute 
hepatitis B, resolution of infection is heralded by the disappearance ofHBsAg, and the appear
ance of antibody to HBsAg (anti-HBs). Anti-HBs is a neutralizing antibody to HBV, and is the 
sole antibody produced during vaccination. Approximately 2 wk after the appearance ofHBsAg 
in the serum, the next viral-specific marker is the antibody to the viral core protein (anti-HBc). 
During acute hepatitis B, the anti-HBc is of the IgM class; as the infection resolves, the IgG 
class predominates and remains detectable for years. Detecting anti-HBc can be clinically 
useful in two clinical situations. First, IgM anti-HBc may help differentiate acute HBV from 
chronic HBV infection presenting with another cause of acute hepatitis----drugs, other hepatitis 
viruses, and so on. Detecting IgM anti-HBc will be diagnostic for acute HBV infection, whereas 
in chronic HBV infection, only IgG anti-HBc will be present. Second, unusual cases of acute 
hepatitis have been reported in which the HBsAg level is undetectable or there is a prolonged delay 
between the disappearance ofHBsAgand the detection ofanti-HBs in the ''window period." In these 
situations, acute hepatitis B infection can be diagnosed by detecting IgM class of anti-HBc. 

Another useful serologic marker in acute and chronic HBV is hepatitis e antigen (HBeAg). 
Its detection in serum implies active viral replication and high infectivity to individuals who 
do not possess immunity to HBV (i.e., who are anti-HBs negative). During typical acute 
infection, HBeAg is present early, about the same time as HBsAg, and disappears within 
several weeks as the illness resolves with seroconversion to anti-HBe. This serologic marker 
is particularly valuable in patients with chronic infection, because it indicates active viral 
replication, ongoing liver injury, and a highly infective state. As patients respond to treatment 
or spontaneous improvement, HBeAg disappears from serum and antibody to it (anti-HBe) 
becomes detectable suggesting a quiescent state of the infection. 
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Table 2 

Common Serologic Patterns of HBV and HOV Infection 

HBsAg Anti-HBs Anti-HBc HBeAg Anti-HBe Anti-HDV 

Acute hepatitis B + + (IgM) + 
Resolved Hepatitis B + + (IgG) + 
HBV vaccine response + 
Chronic HBV infection + + (IgG) + 

(high infectivity) 
Chronic HBV infection + + (IgG) + 

(low infectivity) 
Acute coinfection with + + (IgM) + + 

HBVandHOV 
Superinfection with + + (lgG) +/- + 

HBV and HOV 

Complementing the traditional serologic and biochemical tests ofHBV infection are com
mercially available molecular assays used to detect HBV DNA in the serum. Direct determi
nation of the titer ofHBV DNA in the serum gives a quantitative measurement of the level of 
HBV replication and can be used to monitor a patient's response to treatment. The powerful 
technique of polymerase chain reaction (PCR) which can amplify trace quantities of viral DNA 
has been adapted to HBV diagnosis. In some cases, low levels of persistent HBV infection can 
only be diagnosed through the use of this sensitive technique. 

Specific viral markers ofHDV infection are limited to the detection of antibodies to HDV 
antigen (anti-HDV) (Table 2). Generally, no distinction is made between classes of antibodies, 
and total anti-HDV levels are routinely reported by most commercial laboratories. During 
coinfection with HBV, level of anti-HDV might only be detected transiently, and at low titer 
making diagnosis difficult. In superinfection, anti-HDV is easily detectable early in infection 
and remains in the serum for a prolonged period of time. 

4.2. Virologic Variants 
It had previously been assumed that the clinical course of hepatitis B virus infection is solely 

dependent upon the host's immune response to the virus and not to specific characteristics of 
the virus itself. An exception to this has been the demonstration of the impact of a mutant form 
of hepatitis B virus on disease expression. A HBV mutant, particularly prevalent in the Medi
terranean regions, leads to an altered serologic pattern during infection and is possibly asso
ciated with a more severe form of chronic infection (12). This mutant results from a single 
nucleotide alteration in the viral genome that leads to a premature termination signal of the 
precore region, thus preventing HBeAg synthesis. The rather atypical serologic features of 
infection with this precore mutation are high levels ofHBV DNA, the absence ofHBeAg, and 
the presence of anti-HBe in the serum. For unclear reasons, infection with this HBV mutant 
has been postulated to be associated with severe chronic hepatitis B, an accelerated course to 
cirrhosis, and a poor response to antiviral therapy. 

S. PREVENTION 

Currently there are two forms of immunization against HBV infection: active vaccination 
with recombinant HBsAg (13) and passive immunization is available with high-titer anti-HBs 
immune globulin (HBIG) (Table 3). Standard vaccination involves three intramuscular injec-
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Table 3 

Recommendation for Immunoprophylaxis after Percutaneous Exposure 

Status of exposed individual Status of exposure source 

Unvaccinated HBsAg (+) 
HBsAg (-) 
Unknown HBV status 

Previously vaccinated HBsAg (+) 

HBsAg (-) 
Unknown HBV status 

Treatment 

HBIG and HBV vaccine 
HBV vaccine 
HBV vaccine 
Check serum anti-HBs titer. If<10, 

treated as if unvaccinated 
No treatment 
No treatment 

tions (deltoid, not gluteal) of HBV vaccine at 0, 1, and 6 mo. It should be given to high risk 
individuals, including health care workers, dialysis patients, hemophiliacs, iv drug users, 
individuals with a history of sexual promiscuity, and close contacts of chronic HBV carriers. 
Because vaccination strategies targeting high risk individuals have been largely successful, it 
is now recommended that HBV vaccination be incorporated into the standard immunization 
program for all infants in the United States. 

The HBV vaccine currently available is a recombinant vaccine, and the recommended dose 
for each injection is 10-20 mg for adults and 40 mg for immunosuppressed individuals (J 4). 
Anti-HBs titers should be determined in all immunized individuals approx 1 mo after the third 
injection to confirm seroconversion. Side-effects from the vaccine are infrequent and include 
soreness at the injection site, malaise, and rarely low-grade fevers. It is generally recommended 
that anti-HBs titer should be checked 5-10 yr after adequate immunization and, if the titer falls 
below 10 lUlL, a booster dose should be given. For those who do not respond to standard HBV 
vaccine (5%), a new vaccine including additional viral antigens will soon be available. 

Active HBV immunoglobulins (HBIG) are recommended for nonimmune individuals who 
are exposed to HBV contaminated fluids or material. HBIG in a dose for adults of 0.06 mL/kg 
given intramuscularly is given along with a complete course of HBV vaccine as soon as 
possible after exposure. Concurrent administration of the first dose of the vaccine and HBIG 
is advisable as long as different sites of immunization are used. These guidelines are also 
applicable to individuals exposed by sexual contact to a chronic HBV carrier as well as infants 
born to HBsAg-positive mothers. If an individual sustains an exposure to a source for which 
the HBV status is unknown, a complete course ofHBV vaccine is recommended. Previously 
vaccinated individuals should have the serum anti-HBs titer determined after exposure. Iftheir 
antibody levels are below 10 lUlL, a complete course ofHBV vaccine is indicated. For HBsAg
positive patients undergoing liver transplantation, administration of high dose HBIg has been 
recommended to prevent re-infection of the transplanted liver and to reduce mortality (J 5,16). 
The recommended dose is 10,000 IU iv HBIG perioperatively during the anhepatic phase, and 
10,000 IU iv during each ofthe first 6 d postop. 10,000 IU anti-HBs Ig were given iv whenever 
the circulating anti-HBs antibody concentration fell below 100 lUlL during follow-up. 

6. TREATMENT 

6.1. Acute Infection 

Acute infection with HBV is usually a self-limited illness and can be managed as an outpa
tient. The cornerstone of treatment of acute hepatitis B infection is supportive, as no specific 
therapy exists in this setting. Management consists of maintaining adequate nutrition, palliat-
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ing symptoms, avoiding and limiting spread of infection to contacts. Hospitalization is gener
ally limited to severe cases characterized by marked prolongation of the prothrombin time (>5 s 
above control), encephalopathy, ascites, edema, inability to maintain adequate hydration, 
hypoglycemia, or hypoalbuminemia. Additionally, individuals with debilitating comorbid 
illness, and immunocompromised or elderly patients might be easier to manage as inpatients. 
No specific diet appears to alter the course of acute infection, although a high-calorie diet is 
recommended. Exercise can be continued as tolerated, although most patients prefer bed rest. 
Corticosteroid therapy is not indicated in acute hepatitis B and, in some cases, might exacerbate 
the course of disease. Any potentially hepatotoxic medication should be avoided, including 
alcohol and acetaminophen. Oral contraceptives can be continued. 

Certain medications can be safely administered in acute hepatitis B infection, particularly 
to alleviate the symptoms of nausea, vomiting and, occasionally, pruritus. Antiemetics can be 
used judiciously. Agents such as trimethobenzamide (Tigan) or metoclopramide (Reglan) 
should be used instead ofphenothiazines which have been associated with cholestatic hepatitis 
in up to 1 % of patients. In those patients with cholestasis and pruritus, cholestyramine 
(Questran) at doses of up to one packet mixed in water four times a day is often effective. 

Although every effort should be made to limit the spread of infection to contacts, it is not 
necessary to isolate patients with acute hepatitis B infection. Caregivers should avoid direct 
contact with blood or body fluids and sexual activity should be avoided until the illness 
completely resolves. 

For outpatients, regular assessment of severity of symptoms and identification of compli
cations should be performed on each office visit. Laboratory data useful to follow in acute 
infection include the serum aminotransferase levels that correlate with ongoing inflammation, 
and the prothrombin time and serum albumin that reflect hepatic synthetic function. HBsAg 
should be repeated after clinical resolution of acute infection, and followed until seroconversion 
to anti-HBs. In patients with persisting HBsAg for longer than 6 mo after onset of acute infection 
and with sustained elevation of liver function tests, a liver biopsy should be considered. 

6.2. Chronic Hepatitis 
Currently interferon-a is the only approved medication for the treatment of chronic viral 

hepatitis. Interferons are a family of cytokines that produce a variety of immunomodulatory 
and antiviral effects. By binding to specific receptors on the cell surface, interferons increase 
the activity of macrophages and cytotoxic T -cells, which mediate the destruction of virus
infected cells. Additionally, interferons directly inhibit viral replication in infected cells. 

Interferon-a given intramuscularly at either 5 million units (MU) five times a week or 10 
MU three times a week for 4 mo induces a remission in approx 30% of treated patients with 
chronic hepatitis B infection (1 7) (Table 4). Side effects are common in patients on this dosage. 
For patients with intolerable side effects, dosage can be reduced to five million units three 
times a week for 6-12 mo with similar efficacy. Remission has traditionally been defined as 
the loss of HBeAg, and HBV DNA, and is associated with biochemical, histological, and 
clinical improvement. A true cure of the HBV infection is the elimination ofHBsAg from the 
serum and the appearance ofanti-HBs, which eventually occurs in approx 65% of the respond
ers at 5 yr after treatment (9). Typical of a response to interferon is an elevation of the serum 
aminotransferase levels approx 8-10 wk after treatment (18). This response likely reflects 
immune clearance of infected hepatocytes and often predicts a long-term remission. 

Several factors have been identified that predict a high likelihood of response to interferon. 
These include a serum alanine aminotransferase level greater than 100 lUlL, a serum HBV 
DNA level less than 200 pglmL, female gender, onset of disease in adulthood, liver histology 
without cirrhosis, and absence of antibody to HIV and anti-HOY. 
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Table 4 

Recommended Dosing of Interferon-Alpha for Chronic Hepatitis B 

Dose: 5 million units five times a week or 10 million units three times a week. 

Duration: 4--6 mo. 
However, intolerable side effects are common with these regimens. Side effects are common in 
patients on this dosage. For patients with intolerable side effects, dosage can be reduced to 5 
million units three times a week for 6-12 mo with similar efficacy. 

Monitoring: complete blood counts weekly for 4 wk, then monthly serum aminotransferases; HBeAg, 
HBV DNA, HBsAg, and anti-HBs at completion of course. Thyroid function tests should be obtained 
at the pretreatment stage as well as half-way during the treatment. 

Side effects from interferon treatment are quite common, but minor, and only in less 
than 1 % of the cases requires discontil!uation of therapy. The most common side effects 
include flu-like symptoms which are dose-dependent and often respond to acetami
nophen treatment given before each dose of interferon. Other side effects include diar
rhea, alopecia, lethargy, nausea, and a variety of neuropsychiatric effects such as 
irritability, insomnia, difficulty concentrating, and depression (17). Additionally, inter
feron treatment can induce autoimmune thyroiditis. Thyroid function tests should be 
obtained at the pretreatment stage as well as half-way during the treatment. Because 
granulocytopenia and thrombocytopenia can occur during treatment, blood counts need 
to be monitored during interferon therapy. The interferon dose should be decreased by 
50% if the granulocyte count drops below 750/mm3 or the platelet count drops below 
50,000/mm3. Interferon should be stopped if these counts fall below 500/mm3 and 
30,000/mm3, respectively. Retinal hemorrhage and hearing impairment are major, but 
uncommon complications. 

Attempts to augment the effectiveness of interferon have included adding other agents 
to the standard interferon regimen. One popular approach has been to add a tapering 
course of prednisone for 6 wk prior to the institution of interferon treatment (19). Par
ticularly in patients with serum aminotransferase levels less than 100 IU/L, prednisone 
priming may enhance viral replication and immune responsiveness to interferon therapy. 
Such an approach must be undertaken only with extreme caution as steroid use in the 
setting of chronic hepatitis B may precipitate deterioration ofliver function, leading to 
increased fatality. Higher doses of interferon have also been used in patients who fail to 
respond to standard doses. This approach, however, is associated with greater toxicity 
and only marginally increases the response rate. 

Other agents being investigated include interferon-p, thymosin, and nucleoside analogs. 
The nucleoside analog, lamivudine, administered as an oral agent, has shown considerable 
promise in clinical trials (20). 

Liver transplantation is recommended for end-stage liver disease. One-year survival 
in patients transplanted for chronic HBV is worse than in patients transplanted for other 
liver diseases, mainly because of increased morbidity and mortality associated with 
reinfection of the graft. However, re-infection appears to be less common in patients 
with fulminant hepatitis B. Immunoprophylaxis is recommended to prevent ofreinfec
tion (see Section 5.). 

Treatment for HDV infection is generally targeted at the HBV coinfection. Therefore, 
treatment options are similar to those outlined for HBV; however, only interferon-alpha 
has been shown to have some benefits. In general, HDV infection appears to be more 
resistant to treatment. 
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SUMMARY 
Acute infection with hepatitis B virus is usually self-limited or asymptomatic. However, 

it can lead to chronic illness with progressive liver injury. 
Hepatitis D virus requires HBV co infection and it can cause chronic hepatitis. 
Simultaneous acquisition ofHBV and HDV (coinfection) is associated with severe or 

fulminant hepatitis and a higher fatality rate than infection with HBV alone. 
Clinical deterioration in a patient with chronic HBV infection should raise the possibility 

of HDV superinfection. 
Acute and chronic HBV infection can be diagnosed by the use of specific, widely avail

able serologic tests. 
A vaccine against HBV is available and is safe and highly effective in preventing HBV 

and HDV infection. 
Treatment for acute HBV infection is supportive; treatment of chronic HBV infection 

with IFN-a is successful in approx 30% of individuals. 
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1. INTRODUCTION TO THE HEPATITIS C VIRUS 

After the discovery of hepatitis B and A viruses in the 1960s and early 1970s, it became 
obvious there still were many cases of clinical viral hepatitis, particularly posttransfusion 
hepatitis, that could not be accounted for by either ofthese viruses. Hence, the term non-A, non
B hepatitis (NANBH) was coined to represent those as yet unidentified hepatitis viruses. In the 
late 1970s and early 1980s, a series of elegant experiments, done mainly by Bradley et al. at 
the Centers for Disease Control and Prevention (1,2), established the transmissibility and the 
physicochemical properties ofthis infectious parenteral NANB hepatitis agent. In 1986, inter
feron-alpha was reported to be useful in patients with chronic NANB hepatitis, even before the 
etiologic agent was identified. In 1989, the major parenteral NANB hepatitis agent, now 
designated as hepatitis C virus (HCV) was identified (3). The disease non-A, non-B hepatitis 
is now called hepatitis C. 

2. VIROLOGY 

HCV is an RNA virus and a member of the flaviviridae family that includes members such 
as yellow fever, dengue, and Japanese encephalitis viruses (Fig. 1). Because of its diversity, 
HCV has been classified into six different genotypes and a series of subtypes (4). The nomen-

131 



132 

5' 

IRES 

HCV Replication 

proteasel 
helicase 

tRORP 

• Characteristics 

Pan IV / Hepatocellular Diseases 

NS5 

_11 3' 

RNA-dep
RNA-polymerase 
(RORP) 

• High nucleotide substitution rate 
• A heterogeneous virus 

Fig. 1. The replication strategy ofHCV. HCV virus produces a negative strand template (with the 5' end 
of RNA corresponding to the 3' end of the virus and vice versa). This template serves as the backbone 
for the production of more positive-strand RNA, the viral genome itself. The copying between RNA
positive and RNA-negative stranded RNAs occurs through the viral RNA-dependent RNA polymerase 
(RDRP). This type of enzyme, in general, lacks proofreading activity and, hence, HCV is genetically 

clature of HCV -genotypes has been very confusing. At present, the system proposed by 
Simmonds et al. (5), is the most accepted system. Different geographic regions have different 
patterns of genotype prevalence (see Fig. 2). In the United States, HCV genotype 1 is the most 
common, accounting for 70-80% of the infection, followed by type 2 (approx 10-15%) and 
type 3 (5-10%). Even within an infected patient, HCV exists as a spectrum of closely related 
genomes, known as quasispecies. The clinical impact of quasispecies heterogeneity is not yet 
well defined. 

3. PATHOGENESIS 

HCV is the major etiologic agent of blood-borne and sporadic community-acquired NANB 
hepatitis. The most striking feature of HCV-induced liver disease is its tendency towards chro
nicity and slowly progressive liver injury. The mechanism by which HCV persists in the host is 
unknown. The virus replicates at a very low level and may not trigger an adequate immune 
response for its elimination. The high nucleotide substitution rate may also allow HCV to escape 
immune surveillance. The pathogenetic mechanisms responsible for liver injury in acute and 
chronic HCV infection are not well understood. Both cellular immune effector arms mediated by 
CD4+ and CD8+ cells have been suggested to playa role in the host defense against HCV 
infection (6-9). As a result of this defense process, liver is damaged. Repeated insults lead to 
chronic hepatitis and eventually cirrhosis. Antibodies to HCV have not been found to be protec
tive against HCV infection. In chimpanzees who have recovered from experimental infection, 
rechallenge with the same or a new HCV strain resulted in HCV infection with the subsequent 
challenge virus (10). More recent evidence suggests that neutralizing antibodies are present for 
at least a period oftime after infection (11). It was noticed that serum obtained 2 yr after the onset 
of primary infection was able to neutralize the inoculum, whereas serum obtained 11 yr after the 
infection was not protective. Currently, it is believed that the high nucleotide substitution rate 
within the envelope proteins, which translates into different amino acid sequences, provides a 
mechanism for HCV to escape antibody related immune-surveillance. 
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Fig. 2. The distribution of Hev genotypes worldwide. Bold types represent the major type in that 
geographic area. 

4. EPIDEMIOLOGY 

H CV infection is a common disease. Based on antibody to H CV as a marker, it was estimated 
that there are approx 100 million HCV carriers worldwide (see Fig. 3). In the United States, 
the Centers for Disease Control estimated that 1.8% of the entire population are chronic HCV 
carriers and every year there are approx 150,000 or more acute HCV infections. Hepatitis C 
is the most common cause of the nonalcoholic liver disease. Currently, only 6% of patients with 
acute hepatitis C have a history of transfusion in the 6 wk to 6 mo prior to the onset of their 
illness, whereas 46% report injection drug use, 1 % are dialysis patients, 2% are health care 
workers with occupational exposure to blood, and 10% have a history of exposure to a sexual 
or household contact with someone who has had hepatitis, or exposure to multiple sexual 
partners (12). Approximately 40% of infected individuals deny a known risk factor for hepa
titis C. A low socioeconomic level is associated with a large portion ofthese patients. More than 
half have histories of some type of high-risk behavior or contact, including imprisonment, use 
of noninjection illegal drugs, and one or more sexually transmitted diseases. Saliva has been 
implicated as a vector of transmission. However, the existence of infectious virus in saliva is 
controversial. Sharing of hygiene items such as combs, razors, toothbrushes, and nail scissors 
has also been proposed as a possible means of transmission. 

With the mandatory testing of blood donors for antibody to HCV in the United States since 
1990, the risk of acquiring posttransfusion HCV infection has declined dramatically and is now 
less than 1 %. Transfused recipients of blood and blood products are at particularly high risk 
of acquiring HCV infection, as are hemophiliacs who require factor concentrates prepared 
from pooled plasma from hundreds of individuals who, in many cases are paid donors. The 
seroprevalence of antibody to HCV ranges from 1 ~16% in paid donors compared to rates 10-
fold less in volunteer donors (13). The risk of sexual transmission is quite low compared to 
hepatitis B virus, human immunodeficiency virus and other sexually transmitted diseases (14). 
HCV has not been identified in semen. However, epidemiological evidence has suggested that 
sexual transmission may account for up to 20% of cases who have no other identifiable risk 
factors (15). Coinfection with HIV does not substantially enhance the transmission ofHCV. 

Perinatal transmission is known to occur with an average of 6% of the infants becoming 
infected, and ranges from ~ 13%. Some studies have suggested that risk of perinatal transmis
sion is related to the titer ofHCV RNA in serum of mothers. 
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Fig. 3. The prevalence of HCV infection worldwide. Note the very high incidence in the Middle East 
and Central Africa. 

HCV -related cirrhosis is a common indication for liver transplantation, an extremely expen
sive therapy. Adding together, health care costs for HCV related illness sums up to approx 1 
billion dollars per year in the United States. 

5. CLINICAL FEATURES 

Many of the features of acute H CV hepatitis were demonstrated best in patients with trans
fusion-associated HCV infection. The mean incubation period is intermediate between those 
for acute hepatitis A and hepatitis B, with a peak onset at around 7-8 wk after infection. Eighty 
percent of cases occur between 5 and 12 wk, although the range is 1-26 wk (16). The majority 
of cases of acute hepatitis C are asymptomatic. Fatigue is the most common symptom, but its 
onset is insidious and is usually mild. Compared to hepatitis B, the acute infection tends to be 
clinically mild. Jaundice is present in less than 25% cases. However, infection may be severe 
and clinically indistinguishable from severe cases of hepatitis A or B. Fulminant hepatitis is 
an unusual outcome of acute HCV infection. A common feature of HCV hepatitis is the 
episodic, fluctuating pattern of serum aminotransferase activity. Other patients may have 
persistently elevated serum aminotransferase activity or acute elevation that resolves com
pletely. Because of fluctuating aminotransferase levels in these patients, it is difficult to evalu
ate convalescence accurately on the basis offew serum aminotransferase determinations, and 
prolonged follow-up is necessary. In fact, normalization of liver biochemistry after acute 
infection does not always represent resolution of infection (17). 

Despite its usual clinical silence, HCV is an insidiously progressive disease. Chronic hepa
titis C evolves in 65--80% of patients who acquire acute infection. The natural history of 
chronic hepatitis C is known to be variable. The more common course is one of an insidiously 
progressive liver disease that often remains clinically silent for many years or even decades 
(18-20). Spontaneous remission is extremely rare. The mean time from infection to recogni
tion of chronic liver is usually 1-2 decades. Development of cirrhosis usually takes 1-3 
decades (20). Hepatic failure and other complications of cirrhosis, such as variceal hemor
rhage, encephalopathy and ascites, eventually occur in 20% of cirrhotic patients, but usually 
take years to decades to develop. Chronic HCV now accounts for approx one quarter of adult 
patients referred for liver transplantation. 
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Table 1 

HCY-Associated Extrahepatic Manifestations 

Membranoproliferative glomerulonephritis 
Mixed essential cryoglobulinemia 
Porphyria cutanea tarda 
Thyroiditis 
Idiopathic thrombocytopenic purpura 
Lichen planus 
Mooren's corneal ulcers 
Sjogren's syndrome 
Autoimmune hepatitis, Type I and II 
Polyarteritis nodosa 
Aplastic anemia 
Erythema multi forme 
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Various factors have been implicated in determining the progression from chronic hepatitis 
to cirrhosis. Among them, age at exposure, duration of infection and level ofliver damage in 
initial liver biopsy have been found to correlate with progression ofliver disease in a number 
of studies. Host immunity, alcohol intake, and concomitant infection with hepatitis B virus or 
hepatitis D virus and human immunodeficiency virus may also influence the course of his to
logic progression of chronic HCY infection. 

A number of extrahepatic manifestations of this disease have been reported (see Table 1) 
(21). Essential mixed cryoglobulinemia was reported to be associated with approx 50% of 
patients positive for HCV. Membranoproliferative glomerulonephritis was reported to be 
associated with patients with HCY infection and cryoglobulinemia. 

6. DIAGNOSTIC TESTS 

Most subjects seropositive for antibody to Hey are also positive for HeV RNA in their 
serum. Hence, one can establish the diagnosis ofHCY infection by either detecting the anti
body to HCV in the host, or detecting the viral genome in the serum. 

6.1. Testing for Antibody to HCV: Enzyme Immunoassays (EIAs) 
The molecular cloning of Hey has provided an efficient way to produce large quantities of 

HCV polypeptides using recombinant technologies. These purified polypeptides were used to 
produce a capture assay for the detection of reactive antibody in sera from patients with HeV 
infection. The first generation EIA incorporated the c1 00-3 polypeptide. This assay detected 
nearly all cases of posttransfusion NANBH, and most of those with sporadic or community
acquired NANBH. However, the first generation EIA were plagued by the occasional false 
negatives and the frequent occurrence offalse-positives, especially in patients with high serum 
globulin levels. This assay is no longer available. 

The second generation EIA, which employed multiple HCY polypeptides to capture the 
reactive antibodies, was developed to overcome the problems of both low specificity and 
sensitivity that were observed with the first generation test. It contained two HCV polypeptides 
c200 (derived from NS3 and NS4) and c22 (derived from core) to enhance sensitivity and, at 
the same time, offer better specificity. The third generation EIA had another polypeptide 
derived from NS5 added to the existing two polypeptides in the second generation EIA to 
further improve sensitivity. In 1996, this version ofEIA (referred to as EIA 3.0) was licensed 
by the Food and Drug Administration. 
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6.2. Recombinant Immunoblot Assay (RIBA) 
The RIBA test is used to confirm the presence ofanti-HCV as detected by the EIAs. This 

assay was developed in response to the problem of specificity seen in the first generation EIA. 
The test, briefly, consists ofHCV polypeptide and a control coated as two bands in a strip. If 
the sample contains anti-HCV, it will bind to the HCV band which can then be detected with 
another antibody tracer. If the band coated with the control antigen is found to be positive, and 
the band coated with HCV polypeptide negative, the EIA positive result is considered to be 
false positive. 

With the production of second and third generation EIAs, the RIBA test was also refined to 
its second and third generation versions. The second RIBA contains four bands coated with 
four different HCV polypeptides (c-22, c-l 00,5-1-1, c33) together with a control polypeptide. 
If two or more bands are positive, the test is interpreted as positive. If only one band is positive, the 
test is considered as indeterminate. The third generation RIBA again contains four bands, formed 
by c22, c33, a combined band with cIOO peptide and 5-1-1 peptide, and a NS5 polypeptide. 

The immunoblot assay is, in general, slightly less sensitive, but more specific than the 
corresponding version of EIA tests. Hence, it should be used as a confirmatory test for the 
presence of anti-HCV. In 1996, the second generation RIBA was licensed by the Food and 
Drug Administration. 

6.3. Hepatitis C Viral RNA Tests 

The detection ofHCV RNA confirms the diagnosis of active HCV infection. Advanced 
molecular biologic techniques, including reverse transcription and polymerase chain 
reaction (RT-PCR), provide a sensitive tool for the detection of viral RNA in serum and 
liver tissue. A positive HCV RNA test in serum indicates ongoing viremia. The blood 
specimens require special handling, including separating the serum from the clot and 
freezing within 2 h after the blood sample is drawn (22). There are two common types 
of HCV RNA tests available, RT-PCR and the branched DNA signal amplification 
(bDNA) assay (see Chapter 3). 

The RT-PCR method requires primers constructed from a highly conserved region to 
exclude the possibility of missing viremia because of sequence heterogeneity. Most R T
PCR assays in use utilize primers derived from the conserved 5'-terminal noncoding region 
of the HCV genome (see Chapter 3). After RNA is extracted from serum, cDNA is pro
duced by reverse transcription. The cDNA is then amplified by PCR. There are now 
commercial assays available for the detection of HCV RNA. Viremia can be detected 
using PCR assays within a few days of exposure to the virus, and weeks before the eleva
tion of serum aminotransferases or appearance of viral antibody. The lower limit of 
detection for R T -PCR is dependent on efficiency of reverse transcription and usually no 
less than 500-2000 genomes equivalents/mL of serum can be detected. PCR is becoming 
an important tool for determining the response to antiviral therapy (23). PCR based assay 
has also been modified into a quantitative assay and is already available commercially for 
research purposes. The dynamic range of quantitation of this assay is between 4000-
1,000,000 genome equivalents/mL. Samples with viremia level higher than the upper limit 
require dilution. The bDNA assay is a novel approach to the detection and quantitation of 
viral nucleic acids (see Chapter 3). The detection limit of the first generation assay is 
350,000 viral genome equivalents/mL of serum and, for the second generation assay, the 
detection limit is 200,000 genome equivalents/mL. This assay has been modified to detect 
down to 500 genomes/mL for human immunodeficiency virus and it is expected that this 
assay can be further modified to increase its sensitivity. 
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One important issue of molecular detection of He v RNA is the effect of genetic variation 
of He v in relation to its detection using molecular tools. This issue has been addressed by the 
bDNA assay. The first generation was found to underestimate HeV RNA levels in patients 
with HeV types 2 and 3 infection by an average factor on and 2, respectively. Quantitation 
of He v RNA in types 1,4,5, and 6 was found to be accurate. This issue has been properly 
addressed with the bDNA version 2.0 assay. There is already evidence that similar problems 
in underestimation of He v RNA genotypes other than type 1 are also present with PeR-based 
assays. It is expected that PeR-based assays also need to be adapted or modified to quantitate 
HeV RNA irrespective of Hev genotypes. 

6.4. Clinical Utility 
Because of its sensitivity, specificity, and low cost compared to molecular assays, testing 

anti-HeV by a late version EIA is sufficient to screen patients for possible Hev infection. 

6.4.1. PATIENTS WITH LIVER DISEASES 

Anti-HeV, as detected by the second and third generation EIAs, is positive in a majority of 
patients with chronic hepatitis e. This group of patients seldom have false positive results for 
anti-Hev. Hence, RIBA confirmation is usually not necessary. A RIBA test, however, should 
be obtained in patients positive for anti-HeV, suspected of having high globulin levels, fea
tures of autoimmune hepatitis or hypergammaglobulinemia. Most patients positive for anti
Hev and with elevated serum aminotransferases are also viremic. Hence, one should consider 
positivity of anti-HeV in a patient with elevated aminotransferase or with liver disease as 
evidence for chronic HeV infection until proven otherwise by molecular tools (e.g., reverse 
transcription polymerase chain reaction). 

However, before considering interferon-alpha therapy, most clinicians prefer to have docu
mentation of active viremia, and RT -peR or bDNA assay can be used. The documentation of 
viremia level may have some value in providing prognostic information to the patients. 

6.4.2. BLOOD DONORS 

In healthy blood donors who are found to be positive for anti-HeV, the positivity should be 
confirmed by a recombinant immunoblot assay. For those patients with confirmed anti-HeV 
positivity, a large proportion are viremic. 

For those blood donors with negative RIBA, most blood centers retest them for anti-HCV 
by EIA in 6 mo and, if this is negative, they are allowed to re-enter into the donor pool. For those 
blood donors with indeterminate results, they are retested in 6 mo with both EIA/RIBA tests 
before considering their eligibility as blood donors. 

6.4.3. PATIENTS WITH SYSTEMIC ILLNESS/ON IMMUNOSUPPRESSION 

False negative tests for anti-HCV are commonly seen in patients with major systemic 
illness or immunosuppressed patients with Hev infection. This is due to the poor production 
of antibody secondary to long-term illness or immunosuppression. In patients undergoing 
hemodialysis, up to 40% ofthe patients with HeV viremia may be negative for anti-HeV (24). 
Similarly, organ transplant recipients on long-term immunosuppressive therapy and with Hev 
infection may test negative for anti-HeV. In these patients, molecular assays should be used 
for the direct testing of He V RNA in serum. 

6.4.4. ACUTE HEPATITIS C 

In acute hepatitis e, anti-HCV may be detected by the first generation enzyme immunoassay 
10-12 wk after the exposure. With the improved sensitivity with the second and third EIAs, 
anti-HCV may be detected ~ wk after the exposure. However, it is important to remember 
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that in patients with acute hepatitis, the possibility ofHCV infection cannot be eliminated with 
a negative anti-HCV test within 6 wk of exposure. Patients should be retested for anti-HCV 6 
wk after the initial exposure. 

7. TREATMENT 

Interferon is the only therapy proven to be effective in a proportion of patients with chronic 
HCV infection. The drug was approved for the treatment of chronic hepatitis C by the Food 
and Drug Administration in 1991. Neither corticosteroids, gamma interferon, nor acyclovir 
have been found to have any beneficial effects on HCV infection. Ribavirin has been shown 
to reduce serum aminotransferase levels in 40-50% of patients with chronic HCV infection, but 
it has no effect on HCV viremia. Long-term immunosuppressive therapy may be detrimental. 

As of June 1996, all patients with positive anti-HCV with evidence ofliver disease should 
be considered for interferon-alpha therapy. 

7.1. Interferon-Alpha Therapy 
Interferons are natural glycoproteins produced by cells in response to infection by viruses, 

including HCV. Interferons have many biological effects, including direct anti-viral and 
immunomodulatory activities. Currently, recombinant interferon alpha-2b is the only inter
feron approved for the treatment of chronic HCV infection in the United States. As this inter
feron preparation is produced by recombinant technology, there is no risk of transmitting 
infections. Other types of interferons such as alpha-2a or beta have not been studied as exten
sively in the United States for the treatment of chronic hepatitis B orC (although they have been 
approved in other parts of the world). 

The usual recommended dose of interferon alpha-2b is 3 million units subcutaneously or 
intramuscularly 3 times per week for 6 mo. Presently, interferon therapy for chronic hepatitis 
C is approved for 6 mo, although a second 6-mo course is recommended for patients who 
respond initially and then relapse. The optimal dosage and duration are currently under inves
tigation. Recent studies have suggested that longer treatment duration reduces relapse and, 
thereby, increases the longevity of response (25). 

A biochemical response, in terms of normalization of serum aminotransferase levels, can be 
anticipated in approx 40% of treated patients. Nearly all patients who responded to interferon 
showed response within 12 wk. HCV RNA levels fall and become undetectable within 4-8 wk 
in most patients who subsequently normalized serum ALT levels (24,2{r-29). These biochemi
cal and virologic changes are accompanied by histologic improvement (19,30). 

Despite the prompt antiviral and biochemical responses to interferon treatment, biochemi
cal relapse shortly after cessation of interferon therapy occurs in at least 50% of patients who 
showed a complete biochemical response to interferon. Even in those patients with sustained 
biochemical response, a proportion of them were still viremic, adding further confusion as to 
the best definition of response to interferon therapy. For those patients who responded initially, 
and relapsed after cessation of therapy, reinstitution of interferon treatment appeared to be 
almost universally effective in reinducing remission of disease (27,31). Whether these patients 
should be treated with long-term interferon is still being studied. 

Approximately 50-60% of patients treated with interferon fail to respond to interferon. 
They usually have persistent elevation of serum aminotransferase levels even after 12 wk of 
interferon therapy. For these interferon nonresponders, increasing the dose of interferon does 
not appear to enhance the response significantly, but is associated with more side effects. 
Hence, from a clinical perspective, it is recommended that interferon may be terminated if the 
patient still has elevated serum aminotransferase levels at the end of 12 wk of interferon therapy. 
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Some patients who initially appear to respond to interferon by normalizing serum AL T 
levels will demonstrate a progressive rise in the serum AL T levels, despite continuation of 
interferon. Although the cause ofthis phenomenon is not clear, it is believed that some of these 
patients may have had the emergence of interferon resistant strains. Alternatively, these patients 
may have developed interferon toxicity or interferon-induced autoimmune hepatitis. 

7.2. Patient Selection 
Several factors have been reported to be associated with a greater likelihood of response to 

interferon therapy. They include absence of cirrhosis, female gender, younger age, shorter 
duration of disease, lower body weight, lower pretreatment viremia level, and HCV 
nongenotype 1 infection (in particular HCV genotypes 2 and 3). When multivariate analysis 
was performed, most studies showed that mild histology (or absence of fibrosis), low pretreat
ment viremia level, and HCV nongenotype 1 infection appeared to be independent favorable 
factors (32-34). It seems logical to select patients who are likely to respond to interferon to 
receive treatment. However, the predictive value of each of these parameters ranges from 60-
80%. When this model was applied to an actual pool of patients, half of the patients who 
responded to interferon would be missed by the above criteria. Analysis of cost-effectiveness 
has shown that it is beneficial to treat patients with early disease as well as late disease, because 
the cost of management ofliver cirrhosis is extremely expensive and carries significant mor
bidity (35). 

In the author's view, any therapeutic guideline should only be applied to all patients if the 
predictive value is on the order of95% or higher. Because ofthe desire not to miss patients who 
may benefit from interferon therapy, some institutions treat all patients with interferon. Clearly, 
parameters that are associated with better treatment response should be discussed with the 
patient to identify optimal therapeutic regimes. 

7.3. Special Treatment Groups 

Certain subgroups of patients have been excluded from both the clinical trials reported to 
date and current indications for the use of interferon. These groups include decompensated 
cirrhotic patients, solid organ transplant recipients, children, and patients with extrahepatic 
manifestations of infection. Recent reports suggest that interferon can be used safely and 
effectively in HIV-infected patients, and solid-organ transplant recipients. However, the 
response rate may be lower in these patients. In addition, in solid-organ transplant recipients, 
the immunomodulatory properties of interferon may make rejection a potential risk. Long
term studies with careful surveillance of the graft for evidence ofrejection are necessary before 
interferon can be recommended in these patients. Interferon therapy appears to be effective in 
eliminating extrahepatic manifestations ofHCV infection, such as essential mixed cryoglobu
linemia. 

7.4. Side-Effects of Interferon 

Interferon therapy is generally well-tolerated. Most patients have flu-like side effects con
sisting of fever, myalgia, arthralgia, and headache during the first few days of treatment. 
Typically, these symptoms are ameliorated by pretreatment with acetaminophen and tachy
phylaxis after the first few doses. Persistent fatigue, irritability, nausea, and depression may 
occasionally require dose reductions. Mild reversible alopecia (24 %) and intermittent diarrhea 
(34%) occur late in the course of therapy. Mild leukopenia and thrombocytopenia are not 
uncommon, but do not usually become clinically significant in noncirrhotic patients without 
baseline cytopenia. In a United States multicenter study, 14% of treated patients required 
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temporary dose reduction, usually for depression, thrombocytopenia, leukopenia, fatigue, or 
hives. However, discontinuation of treatment was uncommon (2%). 

A unique consequence of interferon's immunomodulatory properties is the development of 
autoantibodies and autoimmune disease. Hypothyroidism can occur due to autoimmune thy
roiditis. Although the effect is irreversible, it is usually not necessary to discontinue therapy 
because of this complication. Autoantibodies develop commonly, but it must be emphasized 
that association of these antibodies with autoimmune disease is exceedingly rare. 

8. PROGNOSIS 

Although rapid progression to cirrhosis and hepatic failure over 1-2 yr can occur, the more common 
course is one of progressive liver disease that often remains clinically inconsequential for years or even 
decades (see Fig. 4). Longitudinal observations of patients with known chronic hepatitis suggest that 
cirrhosis develops in 20-30% of patients over a 10-30 yr period. The rate of progression of cirrhosis 
appears to be generally linear, based on histological parameters. This information may allow the phy
sician to predict the prognosis in an individual patient in order to provide a more rational treatment plan. 

9. PREVENTION 

Hepatitis C is in some respects a preventable disease. Screening of blood, tissue, and organ 
donors prevents the transmission ofHCV through these type of exposures. Transmission ofHCV 
through identifiable risk behavior, such as iv drug abuse and exposure to multiple sex partners 
(hetero- or homosexual), is at least potentially controllable through education and other public 
health measures. As for sexual transmission, the risk is low. The United States Public Health 
Service states that for persons with a steady sexual partner, there is insufficient data to recom
mend changes in current sexual practices. For persons with multiple sexual partners or for 
traumatic or anal intercourse, safe sex should be advised. Consideration should be given to testing 
exposed sexual partners for anti-HCV. The data do not support advising against pregnancy based 
on anti-HCV status alone. However, individual couples should be informed about the small, but 
finite risk of transmission to the baby. There are no recommendations against breast feeding. 

Pre- and postexposure prophylaxis are not currently available. There are great obstacles to 
HCV vaccine development. First, as pointed out earlier, HCV demonstrates marked genetic 
diversity. Second, HCV does not grow efficiently in cell culture. 

For now, individuals should be counseled on prevention of transmission. Given the high propor
tion ofHCV RNA positivity among anti-HCV positive individuals, even those with normal AL T 
levels, it should be assumed that all anti-HCV positive persons are potentially infectious, and should 
not donate blood or share personal household articles such as toothbrushes and razors. 

10. LIVER TRANSPLANTATION 

HCV infection following liver transplantation has been recognized as an increasingly 
important problem. Patients with HCV-related end-stage liver disease constitute one of the 
leading indications for liver transplantation. The recurrence rate ofHCV infection after liver 
transplantation is extremely high, practically 100%. However, recurrent HCV infection, in 
contrast with recurrent hepatitis B infection, tends to be mild in the majority of transplant 
patients. Patient and graft survivals of approx 60% for 5 yr among patients transplanted with 
HCV -related liver cirrhosis still justify liver transplantation in these patients. 

HCV viremia usually increases by 10-fold after liver transplantation (36,37). Interferon has 
not been shown to be very useful in small studies. The biochemical response rate is low and 
the beneficial effect is usually transient. 
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Fig. 4. The natural history ofHCV infection. Note that this is a spectrum, and at any phase, a proportion 
of patients will progress to the next phase. 

11. INTRODUCTION TO THE HEPATITIS G VIRUS 
Although most ofthe posttransfusion and sporadic or community acquired NANB hepatitis was 

found to be HCV positive, there is still a small proportion of patients found to have clinical hepatitis 
without a detectable etiologic agent. Recently, several new flaviviruses were characterized by 
molecular cloning and sequencing. These viruses have been designated GB virus-A (GBV -A) and 
GBV-B (38). A third virus has been designated GBV-C (39). At the same time, another research 
team also identified a similar virus, which they named as hepatitis G virus (HGV) (40). Comparison 
of nucleotide and amino sequences indicates that GBV -C and HGV are isolates of the same virus, 
which is related to HCV, and are members of the Flaviviridae. This newly discovered virus is 
approximately the same size as HCV and has a similar genetic structure and genomic organization. 

Based on RT-PCR for the detection ofHGV RNA, up to 1.5% of the blood donors in the 
United States were found to be positive for this virus. However, a recent study by the Centers 
for Disease Control showed that only 0.3% of acute viral hepatitis were related to GBV-C/ 
HGV. Because infection with this virus is uncommon, and rarely if ever causes hepatitis, the 
clinical impact of this new virus on liver disease remains to be established. 

SUMMARY 
Hepatitis C virus (HCV) is the major etiologic agent ofblood-bome and sporadic non

A, non-B hepatitis. 
In the United States, approx 1.8% of the population are chronic carriers, and there are an 

estimated 100 million HCV carriers worldwide. 
HCV virus is genetically very heterogeneous, and it can be classified into at least six 

major genotypes. 
Most infected patients are clinically asymptomatic until late stages. 
Sixty-five to eighty percent of patients with HCV infection develop chronic hepatitis. 
Approximately 20-30% of patients will develop liver cirrhosis over 1-3 decades. 
Interferon-alpha is the only therapy of some use, but only 40% of the patients respond to 

this therapy, and less than 20% have sustained response when IFN is discontinued. 
A vaccine has not been developed. 
Recurrence of HCV in liver transplant recipients is universal. 
HGV is a newly discovered RNA virus associated with other hepatitis viruses. 
Although associated with hepatitis, it appears that it rarely, if ever, causes hepatitis. 
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1. INTRODUCTION 

Autoimmune hepatitis (AIH) is a progressive inflammatory liver disease which affects 
females four times as commonly as males. The disease predominantly affects women in their 
third through fifth decades. Presenting symptoms usually include fatigue, malaise, oligomen
orrhea, and sometimes jaundice. AIH is characterized by persistent elevations in serum tran
saminases, increased serum IgG, and histologic evidence of piecemeal necrosis, often with 
predominant plasma cell infiltration of the portal tracts. Classically, patients with AIH display 
high titers of antinuclear antibody (ANA) and anti-smooth muscle antibody (ASMA). 

The pathogenesis of AIH is incompletely understood. It is classified as an autoimmune 
disorder based on the presence of serum autoantibodies, the association with other autoimmune 
conditions, and the potential responsiveness to immunosuppressive therapy. Although rela
tively uncommon, it is important to recognize AIH because early treatment may prevent the 
development of cirrhosis and its attendant complications. 

2. HISTORICAL PERSPECTIVE 

Any current understanding of AIH begins with a historical perspective. Over the years, such 
terms as lupoid hepatitis, plasma cell hepatitis, idiopathic autoimmune chronic active hepatitis, 
and chronic active hepatitis have been devised for this clinical entity in an attempt to incorpo
rate histologic findings and presumptive etiology into the nomenclature. 

Waldenstrom provided an early description of what is now considered AIH (1). He charac
terized a syndrome of jaundice, amenorrhea, and hypergammaglobulinemia afflicting young 
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women. Mackey later coined the term lupoid hepatitis when he noted the presence of lupus 
erythematosus cells in the serum of patients with this syndrome (2). This term has been dis
carded as it has been since observed that systemic lupus erythematosus is only rarely associated 
with substantial liver disease (3). AIH is a distinct clinical entity from SLE. 

For many years, the term chronic active autoimmune hepatitis was applied for this entity in an 
effort to differentiate it from other, primarily viral, causes of chronic hepatitis. Whereas hepatitis 
B viral infection is distinguishable based on serologic studies and unique histologic features, until 
more specific testing for hepatitis C virus (HCV) became available, "non A, non B" hepatitis was 
frequently confused with AIR. In fact, first generation ELISA testing for RCV -antibody was often 
falsely positive in patients with autoimmune disorders (including AIH) with elevated immunoglo
bulin levels (4). Over the past few years, the ability to diagnose RCV specifically has improved 
dramatically. Since then, it has been argued that a small subset of patients with RCV also has an 
autoimmune hepatitis caused by cross reactivity between RCV and host antigens. 

Recently, an international panel concluded that the name "autoimmune chronic active hepa
titis" should be changed to "autoimmune hepatitis" because the designation "autoimmune" 
implies chronicity. The same panel also devised a scoring system to assess the likelihood of AIH 
based on clinical, serologic, and biochemical findings (5). These more standardized criteria 
should facilitate future studies concerning the pathogenesis, natural history, and therapy of AIR. 

3. PATHOGENESIS 

There are several lines of evidence pointing to an immunologic origin for AIR. These 
include its frequent association with certain RLA haplotypes (6-8), the typically elevated IgG 
levels, and the clinical response of AIR to immunosuppressive medications. Additionally, 
patients with AIR have a high prevalence of other autoimmune disorders, including thyroid 
disease, rheumatoid arthritis and Sjogren's syndrome (7). 

Both the cellular and humoral immune systems are abnormal in patients with AIR. Immu
nohistochemical studies have shown that the hepatic inflammation in this disease is mediated 
predominantly by CD8 cells. This may indicate a deficiency in T-cell suppressor function. The 
hypergammaglobulinemia seen in many patients with AIR also suggests a deranged humoral 
immune system. Whether this is of etiologic importance or secondary to an environmental or 
infectious stimulus is unknown. 

Additional support for an immune origin for AIR is reflected in the high titers of serum 
autoantibodies found in affected patients. Whereas these antibodies are neither organ specific 
nor pathogenic, they can be used to classify patients with AIR into three main subgroups. 
Patients with "classical" or Type I AIR usually have high titers of ANA, ASMA, and peri
nuclear anti-nuclear cytoplasmic antibody (pANCA) (9-11). The vast majority of American 
patients have Type I disease. The usual age of onset for Type I AIR is between the second and 
fourth decades, but there is a second, smaller peak of incidence in late middle age. In contrast, 
Type 2 is largely confined to children. Patients with Type 2 and Type 3 AIR do not display high 
titers of ANA or ASMA. Rowever, they do mount antibodies against a liver-kidney microsome 
(LKM) antigen or a soluble liver antigen (SLA), respectively (12-15), (see Table 1). 

4.1.1. SYMPTOMS 

4. CLINICAL PRESENTATIONS 

4.1. Cardinal Signs and Symptoms 

For all types, AIR usually has an insidious onset characterized by nonspecific symptoms 
such as anorexia, fatigue, and malaise. In women, amenorrhea or oligomenorrhea are addi-
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Table 1 

Autoimmune Hepatitis Subtypes 

Type 1 Type 2 Type 3 

Autoantibody (% positive) ANA (50-80) Anti-LKM (100) Anti-SLA (100) 
HLA association AI, B8, DR3, DR4 DR-3, DR-7 
Median age of onset (yrs) 0--40 2-14 20--40 
Gender (% female) 70 90 90 
Hypergammaglobulinemia +++ ++ +++ 
Response to glucocorticoids +++ ++ +++ 

tional common symptoms (11). Though generally considered a chronic disease, up to 20% of 
patients with AIR may present with signs and symptoms mimicking acute viral hepatitis. A 
small percentage of patients with AIR (especially in Type 2) may present with fulminant 
hepatic failure with encephalopathy developing within weeks ofthe onset of illness (16). Thus, 
AIR is important to consider in young patients with acute liver disease and negative viral 
serologies. Patients with AIR in whom treatment is delayed or ineffective usually develop cir
rhosis and its complications, including variceal bleeding, ascites, and hepatic encephalopathy. 

4.1.2. PHYSICAL EXAMINATION 

At presentation, 20-50% of patients with AIR are jaundiced. Tender hepatomegaly, spider 
nevi, and splenomegaly are also relatively common signs. Extrahepatic manifestations of AIR 
may include fever, arthropathy, acne, maculopapularrash, and, less commonly, cutaneous striae. 

4.1.3. LABORATORY FINDINGS 

Laboratory data in patients with AIR characteristically indicate hepatocellular inflamma
tion. The serum aminotransferases are usually increased 2-10 times the normal range (17). 
Marked elevations of the serum aminotransferases beyond 1000 lUlL usually reflect substantial 
hepatic necrosis. Normal or near-normal aminotransferases levels, however, do not necessarily 
indicate normal liver histology. This is especially true in patients on immunosuppressive therapy 
or those with established cirrhosis. Serum immunoglobulins are also typically elevated in patients 
with AIR (18). Whereas IgM and IgA may be increased, polyclonal elevations ofIgG are more 
commonly observed. Serum bilirubin and alkaline phosphatase levels are typically mildly 
increased in patients with AIR (7). Substantial elevations of these markers of cholestasis should 
prompt consideration of alternative diagnoses. Abnormalities in markers of hepatic synthetic 
function such as prothrombin time and serum albumin are adverse prognostic signs. Other 
laboratory abnormalities frequently noted in patients with AIR include a mild normochromic, 
normocytic anemia and, in patients with splenomegaly or cirrhosis, thrombocytopenia. 

5. DIAGNOSIS 

As there are no pathognomonic clinical findings, the final diagnosis of AIR is based on a 
composite of the patient's presentation, laboratory data, and histology. In an effort to 
create uniform agreement, a scoring system has been proposed to help confirm the like
lihood of the diagnosis of AIR (11). Parameters such as gender, serum laboratory results, 
autoimmune markers, and response to treatment are used to estimate the probability of the 
diagnosis. Routine laboratory data and serologic studies help considerably to refine the differ
ential diagnosis in patients with chronic hepatitis (see Fig. I). 

A liver biopsy should be performed in all patients suspected of having AIR in order to 
exclude other diseases and to assess the extent of inflammation and/or presence of cirrhosis. 
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Fig. 1. A scheme for the evaluation of autoimmune hepatitis. 

Liver biopsy specimens from patients with AIR are often difficult to distinguish from those of 
patients with other causes of chronic liver disease, especially chronic ReV infection. In these 
conditions, inflammation may extend beyond the limiting plate of the portal tracts ("piecemeal 
necrosis") and even to the central veins ("bridging necrosis"). Pathologic findings strongly 
suggestive of AIR include prominent plasma cell infiltration of portal tracts and grouping of 
hepatocytes into rosettes (J 9). In patients with AIR, as with other chronic liver diseases, 
hepatic inflammation and necrosis frequently eventuate in macronodular cirrhosis. In fact, 
nearly one third of patients with AIR will already have cirrhosis when their liver disease is 
clinically recognized. The liver biopsy specimens from patients with cirrhosis secondary to 
AIR may be indistinguishable from those from other patients with other chronic liver diseases, 
especially if there is no ongoing active hepatic inflammation. 
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6. TREATMENT 

As with many other autoimmune diseases, corticosteroids are the mainstay of therapy for AIH 
(20). Improvement in symptoms, normalization or near normalization of serum aminotrans
ferases, and decreases in serum immunoglobulins can be achieved in 7~80% of patients treated 
with daily prednisone (which requires hepatic metabolism for efficacy) or prednisolone (21-24). 
The initial response to corticosteroids may be more limited in patients with established cirrhosis, 
although this issue is controversial. Patients without cirrhosis at the outset of treatment may still 
develop cirrhosis during therapy despite an apparent clinical response. This is especially true for 
individuals with severe acute disease and confluent necrosis on pretreatment biopsy. 

The optimal initial corticosteroid dose for AIH is controversial. Depending on the extent of 
inflammation, most hepatologists recommend an initial daily prednisone dose of 40-60 mg. 
Older patients or those with milder disease are often started on a lower dose. The daily dose 
of corticosteroids is gradually tapered several months after achieving a biochemical response 
with the goal of using the minimal dose necessary to maintain remission. If corticosteroids 
are withdrawn completely, however, relapse occurs in a majority of patients (21,24). 

Although effective, corticosteroid therapy is limited by numerous adverse effects such as accelerated 
osteoporosis, cataracts, diabetes mellitus, infection, weight gain, and neuropsychiatric symptoms. 
Concurrent treatment with alternative immunosuppressive medications such as azathioprine (1-
1.5 mg/kgld) often permits substantial reduction of corticosteroid doses needed to maintain remission 
(22-24,25). This "steroid sparing" effect, however, is delayed for 2-3 mo. After remission has been 
achieved, some patients may even be maintained on azathioprine monotherapy (26). The incidence of 
important adverse effects, such as myelosuppression, opportunistic infection, neoplasm, and pancreatitis 
are relatively low with azathioprine. The goal for treating patients with AIH is administering the lowest 
dose of immunosupressive medication that safely maintains biochemical and histologic remission. 

Alternative treatment regimens have been evaluated for their efficacy against AIH (27,28). 
Alternate-day dosing of glucocorticoids has been found less effective than daily dosing. The 
role of high dose induction and lower dose maintenance azathioprine monotherapy (without 
induction corticosteroids), as well as treatment with cyclosporin, cyclophosphamide, and 
tacrolimus, are being investigated. Currently, these treatments are not considered the standard 
of care and their use should be restricted to investigational protocols. 

Pregnancy does not appear to affect the course of AIH. Pregnant patients with AIH who are 
in remission should be maintained on their corticosteroid therapy. Whereas azathioprine has 
been used safely in some pregnant patients (29), consultation with an experienced obstetrician 
is advised, given the questions regarding teratogenicity of this medication. 

For patients who develop complications of cirrhosis despite therapy, liver transplantation 
remains an effective treatment option (30). Graft and patient survival for patients with AIH is 
similar to that of patients transplanted for other indications. To date, there have been only 
scattered reports of recurrent AIH after transplantation (31). 

7. PROGNOSIS 

The natural history for patients diagnosed with AIH is highly variable and somewhat unpre
dictable. Asymptomatic patients with normal serum liver tests and minimal inflammation on 
biopsy may never develop the complications of cirrhosis. Specific treatment is, therefore, not 
indicated for these patients. However, in patients with moderate to severe disease, spontaneous 
remission is rare. The majority of patients will inevitably develop cirrhosis unless they are 
treated with immunosupressive medications. Timely medical intervention has been shown not 
only to prolong survival (11), but also to improve quality oflife. Therapy may even obviate the 
need for more drastic interventions, such as liver transplantation. Prompt diagnosis and initia-
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tion of treatment is, therefore, a critical issue (32). Spontaneous remission of moderate-severe 
AIR is rare (33). Biochemical and histologic remission can be achieved in a majority of patients 
who are treated with corticosteroids alone or in combination with azathioprine. If immuno
supressive therapy is withdrawn completely, however, approximately 80% will relapse (34). 
AIR is one of the few causes of fulminant hepatic failure that has a specific and effective 
therapy and, consequently, carries a favorable prognosis. 

8. COMPLICATIONS 

Untreated, patients with moderate-severe AIR have expected 3- and I O-yr survivals of 50 and 
10%, respectively. The mortality is greatest within the first 6 mo after diagnosis (24,33). Patients 
with marked elevations of serum aminotransferases and liver biopsy findings of confluent necro
sis have the worst prognosis. Asymptomatic patients with AIR have a relatively low rate of 
progression to cirrhosis and, consequently, an improved expected survival (33). 

9. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

The evaluation and management of patients with suspected AIR often presents a formidable 
challenge. The clinical and laboratory investigation of patients with chronic hepatitis (includ
ing AIR) is usually conducted by a primary care provider. An experienced hepatologist should 
be consulted to perform a liver biopsy, to interpret the histologic findings in the specific clinical 
context, and to initiate immunosupressive therapy when appropriate. For patients who do not 
respond to treatment or who have cirrhosis at the time of diagnosis, the specialist's input is 
helpful for managing the complications associated with portal hypertension, especially variceal 
bleeding, ascites and hydrothorax, and encephalopathy. For patients with advanced chronic 
disease, evaluating candidacy for liver transplantation requires specific expertise as well. 

Patients with severe acute hepatitis or fulminant hepatic failure are at great risk for morbidity 
and mortality. Expeditious referral to an experienced hepatologist, preferentially at a trans
plantation center, is critical for optimizing a patient's clinical outcome. 

SUMMARY 

Autoimmune hepatitis (AIH) is a disease that primarily affects young to middle-aged women. 
Laboratory studies reflect hepatocellular injury as indicated by elevation of serum 

aminotransferases. Rypergammaglobulinemia and serum autoantibodies are usually present. 
Liver biopsy findings are not pathognomonic of AIR although plasma cell infiltration of 

the portal tracts is strongly suggestive. A substantial proportion of patients with AIR already 
have cirrhosis at presentation. 

Recommended therapy usually consists of glucocorticoids and azathioprine. Treatment 
may prevent the development of cirrhosis. Liver transplantation is an option for patients 
with refractory or progressive disease. 
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1. INTRODUCTION 

Hepatocellular carcinoma (HCC) is one ofthe most common malignancies on a global scale, 
with an incidence of20-150 cases per 100,000 population per year in some areas of Asia and 
Africa. It occurs much less frequently in Western Europe and the United States (1-5 cases per 
100,000 population per year) (1). In a prospective study from Japan, liver cirrhosis, and viral 
hepatitis were implicated as risk factors for HCC, each carrying a 3-yr cumulative risk of 12.5 
and 3.8%, respectively. The risk of HCC was increased almost sevenfold in patients with 
hepatitis B surface antigen (2) and fourfold in patients with hepatitis C antibody (3). Studies 
from Western Europe have confirmed a yearly incidence of 3-5% for HCC in patients with 
cirrhosis (4). HCC is the seventh most common form of cancer in men and the ninth most 
common in women worldwide (5). Each year there are 1 million new cases globally. The male 
prevalence is 3 times greater than female. 

There are marked variations in the development ofHCC in cirrhotic livers. The worldwide 
rate of cirrhosis associated with HCC is 60% (6). However, 30% of patients in Africa and the 
United Kingdom do not have cirrhosis. Ninety percent of patients with HCC in the United 
States are between the ages of 60 and 80, and 90% have cirrhosis. These variations can be 
explained by the presence of cofactors that alter the risk ofHCC in different populations. These 
cofactors include hepatitis viruses Band C, histologic type of cirrhosis, etiology of cirrhosis, 
and environmental exposure to aflatoxin. They may be present alone or in combination and 
make huge differences in risk ofHCC. Understanding these variations is crucial to the devel
opment of a rational approach to the diagnosis and treatment of HCC. 
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Fibrolamellar HCC has a much better prognosis with a surgical resection or liver transplant 
yielding 5-yr survivals of60%. This variant HCC is rare and occurs in young (5-35 yr) patients 
of both sexes, and is not associated with cirrhosis (7). 

2. PATHOGENESIS 

2.1. Cirrhosis 
As mentioned above, cirrhosis is closely associated with the development ofHCC. In some 

circumstances, HCC may be the inevitable consequence of cirrhosis, time, and cofactors. For 
instance, patients with iron overload (hemochromatosis) who are positive for hepatitis C or B 
or alcoholics are 150 times more likely to develop HCC than cirrhotics without either factor. 
Hemochromatosis in Australia is complicated by HCC in 30% of all cases. Excessive alcohol 
ingestion is a frequent cofactor in the development ofHCC in patients with hemochromatosis. 
In genetic hemochromatosis without cirrhosis there is a very low risk ofHCC (see Chapter 18). 
The presence of the hepatitis B virus increases the risk ofHCC in hemochromatosis by 4.9-fold. 
Age above 55 yr increases the risk of HCC in hemochromatosis by 13.3-fold. If cirrhosis is 
present in hemochromatosis, removal of iron by phlebotomy does not reduce the risk ofHCC. 
However, starting phlebotomy in the precirrhotic stage leads to a normal life expectancy (8). 

2.2. Hepatitis Viruses 
The rate of hepatitis C in patients with HCC is very high worldwide, averaging 53% in Miami, 

58% in Paris, 73% in Japan, 75% in Spain, 76% in Sicily, and 65% in northern Italy (6). In a 
prospective study of795 patients with viral and alcoholic cirrhosis in Japan, 221 developed HCC. 
The rates were 19.4%, 44.3%, and 58.2% at the end of the fifth, tenth, and fifteenth years, 
respectively. The risk ofHCC in this study was much greater for hepatitis C than hepatitis 
B-induced cirrhosis. 0f349 patients with hepatitis C, 75.2% developed HCC over 15 yr. Of 180 
patients with hepatitis B, only 27.2% developed HCC over the same time period (9). Most HCC
associated with hepatitis B developed in patients infected through perinatal transmission and 
occurred at an average age that was 10 yr younger than hepatitis C (62 vs 52 yr). Also, the hepatitis 
B virus was strongly associated with HCC in younger patients who were noncirrhotic, accounting 
for 100% of children under 17 yr in one study. In contrast, HCC associated with hepatitis C was 
almost always in cirrhotics and in an older age group. Hepatitis C virus has never been reported 
to cause HCC in infants (10). Integrated hepatitis B DNA is found in most HCC associated with 
hepatitis B (6). Both viruses may be present simultaneously in HCC. 

2.3. Alcohol 
Figure 1 illustrates the large increase in risk of the combination of hepatitis C and alcoholism 

in the development ofHCC in cirrhotics (11). 

2.4. Miscellaneous Diseases Associated with HCC 
HCC is a rare complication of autoimmune hepatitis, and is most often associated with con

comitant hepatitis C infection (12). Evidence of hepatitis C was found in 6 of8 such cases reported 
from King's College Hospital. HCC is rare in Wilson's disease and primary biliary cirrhosis. It 
is common in type 1 glycogen storage disease and porphyria cutanea tarda. The Budd-Chiari 
syndrome may be chronic and in South Africa HCC developed in 48 of 101 of such cases. 

2.5. Medications 
Oral contraceptives are associated with hepatic adenomas, but there is no clear evidence of 

progression to HCC in such patients. Most cases ofHCC in women under age 40 are, in fact, 
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Fig. 1. Hepatocellular carcinoma in cirrhosis. 
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fibrolamellar carcinoma, and are not due to oral contraceptives (6). Anabolic steroids have 
been associated with HCC in males. 

2.6. Environmental Contaminants 
Aflatoxin is produced from Aspergillus flavus, which is a contaminant of food stored in 

tropical conditions. It is highly carcinogenic to animal species, including monkeys. In Africa, 
there is a linear correlation between aflatoxin ingestion, and development ofHCC, especially in 
Mozambique. In Taiwan, the highest incidence of HCC is in the Penghu Islets where a recent 
study revealed that more than one third of the peanuts in Penghu were heavily contaminated with 
aflatoxin. Sixty-five percent of20 HCC patients had evidence of aflatoxin in serum samples (13). 

3. CARDINAL SIGNS AND SYMPTOMS 

3.1. Symptoms 
Most patients are asymptomatic until the tumors are large. The most common presenting 

symptoms ofHCC are abdominal pain and weight loss (see Table 1). The pain is usually a dull 
ache in the right upper quadrant of the abdomen, sometimes radiating to the right shoulder. A 
sudden increase in pain can be seen with intratumor hemorrhage. That is a not an uncommon 
complication. Weight loss is frequently accompanied by early satiety. The diagnosis ofHCC 
should be considered when a patient with stable cirrhosis undergoes an unexplained deteriora
tion, especially if hemoperitoneum is noted on diagnostic paracentesis. The development of 
obstructive jaundice, obstruction ofthe hepatic or portal veins, and tumor emboli to the lungs are 
more unusual manifestations. Paraneoplastic phenomena such as hypercalcemia, polycythemia, 
hypoglycemia, or hypercholesterolemia should increase the index of suspicion for HCC. The 
frequency of such paraneoplastic features depends on the patient population. For example, up to 
38% of sub-Saharan African patients with HCC demonstrated hypercholesterolemia (14,15). 

3.2. Physical Examination 
Hepatomegaly is the most common physical finding (see Table 2). Ascites, sometimes 

bloody, may be present. An arterial bruit over the tumor is helpful when present, but is often 
absent. Jaundice and splenomegaly are common findings. Other stigmata of chronic liver 
disease may be present as a consequence of accompanying cirrhosis. 
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Table 1 

Symptoms of Primary Hepatocellular Carcinoma 

Symptom 

Abdominal pain 
Weight loss 
Weakness 
Anorexia 
Abdominal distension 
Jaundice 
Vomiting 

Frequency (%) 

91 
35 
31 
27 
43 
7 
8 

Adapted from: Kew MC, Geddes EW. Hepato
cellular carcinoma in rural southern African blacks. 
Medicine 1982;61 :98. 

Table 2 

Physical Findings in Patients with Hepatocellular 
Carcinoma 

Physical sign 

Hepatomegaly 
Hepatic arterial bruit 
Ascites 
Splenomegaly 
Jaundice 
Cahexia 
Fever 

Frequency (%) 

89 
28 
52 
54 
41 
15 
38 

Adapted from: Kew MC, Geddes EW. Hepatocellular 
carcinoma in rural southern African blacks. Medicine 
1982;61:98. 

4. SCREENING 

A prospective study of 447 patients from Italy found the incidence of HCC to be 3%/yr. 
These patients were followed from 1985 through 1990 with alpha-fetoprotein and real time 
ultrasound every 3 mo. Fifty-nine cases of HCC were discovered, but only 17 patients were 
surgical candidates. The percentage of operable tumors found by the screening was less than 
at enrollment (4 of29 vs l3 of30). The l-yr surgical survival was 67%, and there was a 60% 
tumor recurrence rate. The five patients who refused surgery had an equivalent outcome (3). 

In contrast, a prospective study from China done in 432 patients with chronic hepatitis B 
found eight cases ofHCC using ultrasound and serum alpha fetoprotein screening. Six under
went surgery and, of these, 50% did not have cirrhosis (16). 

The two commonly employed screening tools for detection ofHCC are alpha-fetoprotein 
(AFP) and ultrasound. AFP is a normal protein of fetal serum that disappears in the perinatal 
period. Elevations may also be found in embryonal cell carcinoma and teratocarcinoma ofthe 
testis. Slight increases may be present in acute hepatitis, chronic hepatitis, and cirrhosis, 
especially in hepatitis B. Levels above 400 ng/mL are strongly suggestive ofHCC, and above 
1000 ng/mL are diagnostic. Forty percent ofHCC found by screening have normal AFP 
«20 ng/mL). In HCC less than 3 cm in diameter reported from Japan, 21 of22 cases had 
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AFP <400 ng/mL. Twenty-eight percent of cases screened can be expected to have tumors of 
this size. Rapidly increasing AFP level indicates a rapidly growing tumor. Unfortunately, AFP 
is of little value in the detection of the most potentially curable tumors (17). 

Ultrasound is the next accepted screening method for H CC. In the study of 44 7 patients from 
Italy, ultrasound alone detected 59% of the tumors. Seventy-one percent (40/56) had unifocal 
tumors and 16/56 (28%) had multifocal disease. When CT scan was added to ultrasound, the 
yield rose to 93%. The addition of hepatic angiography increased the yield another 7% (9). The 
ultrasound image typically shows a hypoechoic lesion, but small HCC with fatty change may 
appear hyper-echoic, and are frequently mistaken for hemangiomas. 

If the above study is used as a guide, the cost of ultrasound screening would be $15, OOO/yr 
per case detected. 

5. DIAGNOSIS 

Serum markers of HCC include AFP and des-gamma-carboxy prothrombin, an abnormal 
prothrombin which may be present in 90% of cases ofHCC. Sixty-seven percent ofHCC have 
elevations in the range of 300 ng/mL. Lower levels are seen in metastatic liver disease and 
chronic hepatitis. The value as a screening tool is unknown (18). 

Serum ferritin is often elevated in HCC, but is also elevated in active hepatocellular disease 
and, therefore, is not useful in screening. Circulating messenger RNA for the human albumin 
gene can be used to detect circulating HCC cells. It may be useful as a preoperative test for 
transplant or surgical resection candidates. 

Due to its sensitivity (50-90%) for detecting tumors as small as 2 cm in diameter, its low 
cost relative to other imaging modalities, and the lack of exposure to ionizing radiation, ultra
sonography (US) is the standard imaging modality for the screening oflarge populations at risk 
for HCC (19,20). In one study, for tumors <3 cm in size, US had a sensitivity of 91.3%, 
compared with 63.2% for computerized tomography (CT) scan, and 81.8% for angiography. 
For tumors 3-5 cm in size, US was 92.9% sensitive vs 81.8% and 89.3% for CT scan and 
angiography, respectively (21). In another study, CT scan and US were equivalent (56 vs 50% 
sensitivities, respectively), whereas angiography, including infusion hepatic angiography, 
was superior to both (94% sensitivity), and was deemed to be essential for diagnosis oflesions 
<2 cm in diameter (22). 

When the superior mesenteric arterial catheter is left in place following conventional angiography, 
CT with arterial portography (CT AP) may be performed, which has been shown to be superior to 
conventional contrast-enhanced CT, US, and angiography in detection oflivermetastases in patients 
with colon cancer (84 vs 63, 58, and 50% sensitivities, respectively) (23). In a small prospective 
study that included patients with both primary and secondary liver tumors, CT AP was superior to 
magnetic resonance imaging (MRI), delayed CT, and contrast-enhanced CT (81 vs 57, 52, and 38% 
sensitivities, respectively), and was far superior in detecting lesions <1 cm in diameter (61 vs 17, 
0, and 0% sensitivities, respectively) (24). Another adjunct to CT is Lipiodol (iodized oil) enhance
ment. Lipiodol injected into the main hepatic artery is cleared from normal hepatic tissue, but 
accumulates in HCC (25). This method may pick up HCC as small as 3 mm.1t is also positive in 
focal nodular hyperplasia, a benign condition, but the Lipiodol is cleared within 3 wk. A CT scan 
performed 10-14 d later will show a dense lesion. This is useful in disease staging, as it may confirm 
that a small lesion is solitary and can localize the segmental site ofthe tumor (26). The more invasive 
modalities, angiography, CTAP, and Lipiodol-enhanced CT, are not considered as screening pro
cedures, but are utilized as part of the preoperative evaluation. 

For detection of hepatic tumors, conventional MRI of the liver may offer an advantage, 
compared to US and contrast-enhanced CT scan, particularly for discriminating hepatic angio-
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mas and metastases (27), and some success has been reported using MRI to identify H CC (28). 
Another diagnostic imaging modality, which has gained widespread acceptance as an adjunct 
to hepatic resection ofHCC, is intraoperative ultrasonography (lOUS), which has beenreported 
to detect 25-35% of additional lesions, compared to preoperative US and CT (29). In a recent 
study ofIOUS, 14 nodular lesions were found incidentally in 10 of 33 patients (30.3%), 11 
(78.6%) of which were HCC (30). In addition to its identification of previously undetected 
lesions, IOUS can be used to localize the proximity of lesions to critical vascular structures, 
and may alter the operative plan in a significant number of cases. Laparoscopic ultrasound may 
prove useful in this regard in the future, but rather as a preoperative procedure. 

Histologic confirmation is the gold standard for the diagnosis ofHCC. The best results are 
with ultrasound or CT guidance using a fine needle aspiration cytology technique. This will 
detect poorly or moderately differentiated HCC. Well-differentiated HCC tends to occur in 
nodules smaller than 2 cm and may appear to be normal hepatocytes on biopsy. Progression 
likely involves hyperplastic nodules in cirrhosis becoming dysplastic and eventually malig
nant. Multiple nodules undergoing this sequence of events can explain the high rate of multi
centricity in HCC (6). 

6. TREATMENT 

6.1. Curative Procedures 
There are multiple treatment options available for HCC patients. Some of these are poten

tially curative, such as transplantation or hepatic lobectomy. Palliative options abound and can 
be divided into invasive and noninvasive methods. The natural history of untreated HCC must 
be examined in order to put these options in proper perspective. 

Thirty-nine asymptomatic cases of HCC in cirrhosis were followed with an observation 
period of 90-962 d. Three different growth patterns were observed: slow (doubling time> 200 d) 
10 cases (37%); tumors with declining growth overtime, nine cases (33.4%); and tumors with 
a constant growth rate, eight cases (29.6%). All tumors were <5 cm initially. The survival 
statistics were 81 % at 1 yr, 55.7% at 2 yr, and 21 % at 3 yr. A discriminant analysis using 
albumin, alcohol intake, number of nodules, echo pattern, and histologic type was used to 
identify a group with a long tumor doubling time. Child's class A cases had a 2-yr survival of 
82%. In Child's Band C cases, survival was 35.6% at 2 yr, and zero at 3 yr (31). The severity 
of the liver disease is the major factor in the survival of patients with HCC. The effectiveness 
of any current therapy has to be established in studies over 3 yr in length. 

Surgery for HCC is either hepatic resection or transplantation. The hepatic resection expe
rience from Memorial Sloan-Kettering in New York involved 106 cases. Thirty-three percent 
had cirrhosis and 95% were Child's class A. Survivals were 41 %at 5 yrand32% at 10yr. Early 
cirrhosis (Child's A) did not adversely affect survival (32). 

In general, the 5-yr survival rarely exceeds 30% in the West, although better results have 
been reported from Japan. The major problems with. surgery are tumor recurrence and hepatic 
failure. Prior to surgery, measurement of the hepatic venous pressure gradient should be done. 
High pressures (13.9 vs 7.4) predict postoperative hepatic failure (33). Polyprenoic acid, an 
antioxidant retinoid, has been shown to reduce tumor recurrence and second primary HCC 
following surgery or percutaneous alcohol injection. In a prospective study of 89 patients, 
polyprenoic acid (600 mg/d) effectively prevented recurrent or second primary tumors (27% 
treatment group vs 49% placebo group) (19). The factors that influence tumor recurrence are 
listed in Table 3 (20,34,35). 

Hepatic transplantation is another surgical option. The Pittsburgh Transplant Institute 
described experience with 105 patients. The 5-yr survival was 36%, but this was closely 
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Table 3 

Factors that Predict Tumor Recurrence 

1. Tumor size >5 cm. 
2. Absence of a capsule. 
3. Satellite nodules. 
4. Vascular invasion. 
5. Positive lymph nodes. 
6. Hepatitis B. 
7. AFP > 1000 ng/mL. 
8. DNA flow cytometry indicating aneuploid tumor with more than one GO/G 1 peak. 
9. Circulating mRNA for human albumin gene. 

correlated with the pathologic stage: 1- 75%, 11- 68%, 111- 52.l%, and IVA-ll% (36). The 
failure rate was due to tumor recurrence. Any improvement in these figures will likely require 
improved ability to detect micrometastasis at the time of surgery. 

Patients with hepatitis C should abstain from drinking alcohol. 

6.2. Palliative Therapy 
This type of therapy can be divided into invasive and noninvasive. The first principle of 

palliative therapy is that there is no benefit in the asymptomatic patient. 

6.2.1. INVASIVE METHODS 

1. Percutaneous ethanol injection (37). 
2. Chemoembolization. 
3. Laparoscopic cryoablation. 
4. Laparoscopic microwave coagulation. 

These methods are available at most regional medical centers. There are no controlled trials 
to demonstrate their role in the general population ofHCC patients, but those methods may be 
useful in individual cases. 

6.2.2. NONINVASIVE PALLIATION 

Sex hormones have been tested in the therapy ofHCC. A controlled trial in 85 patients with 
unresectable HCC has demonstrated that Tamoxifen 10 mg three times daily plus 3.75 mg of 
Triptolin had a significantly longer survival than placebo (282 vs 127 d). The tumor doubling 
time was also longer in the treatment group (38). 

Pravastatin, an HMG-CoA reductase inhibitor, has been demonstrated in a controlled trial to 
prolong survival in HCC. Fifty patients with nonresectable HCC received 40 mg ofPravastatin per 
day or placebo. The Pravastatin group survived 26 mo in contrastto 10 mo in the placebo group (39). 

7. COMPLICATIONS 

Rupture of HCC resulting in hemoperitoneum is an acute catastrophic complication with 
high mortality. Severe pain or infection are recognized complications of chemoembolization 
and injection techniques. 

8. PREVENTION 

The following have been mentioned as having a potential to decrease the incidence ofHCC 
in the future. However, studies have yet to confirm their value for this purpose. 
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1. Interferon therapy of hepatitis C (40). 
2. Hepatitis B vaccine. 
3. Phlebotomy treatment in pre cirrhotic hemochromatosis. 
4. Alcohol abstinence in patients with hepatitis C. 
5. Reduction of aflatoxin contamination of food. 

9. INDICATIONS FOR CONSULTING THE SUBSPEClALIST 

The major reason for seeking consultation by a subspecialist is for help in deciding among 
the wide variety of treatment options available to patients with HCC. On a worldwide basis, 
the diagnosis of HCC should and will be made by the primary care physician, either by 
screening or by serendipity. The next steps are crucial to the patient diagnosed with HCC: 

1. Is a biopsy necessary or will it change the possible surgical outcome? 
2. Is the patient a surgical candidate, either transplantation or resection? 
3. What preoperative tests help determine surgical options and the possibility of long-term sur

vival? 
4. If surgery is not a possibility, what methods of palliation are best? 
5. If surgery is a possibility, who should do it and where should it be done? (HMOs should not 

be the major determinant here.) 

These questions and others which may arise are best answered in consultation with a quali
fied specialist. The major goal should be optimization of diagnostic protocols for early detec
tion of HCC, and utilizing the surgical options to enhance long-term survival. 

SUMMARY 

Cirrhosis is the basic risk factor for hepatocellular carcinoma (HCC). 
Hepatitis Band C are the most important cofactors in developing HCC. 
Hepatitis B vaccine will reduce the incidence of HCC worldwide. 
Treating some forms of liver reduces the risk of developing HCC. 
Ultrasound is the most practical screening imaging test for HCC. 
Surgical resection or transplantation is the only chance for cure, but only a few are 

surgical candidates and few of those survive. 
Invasive methods of palliation in asymptomatic patients is not indicated. Tamoxifen or 

Pravastatin may prolong survival. 
Prevention is best achieved by early treatment of underlying liver disease. 
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1. INTRODUCTION 

Drugs can cause a variety of reactions in the liver, presenting as hepatitis, cholestasis, 
granulomatous disease, and tumors. Drug-induced hepatotoxicity may cause acute liver failure 
and death. Hepatotoxic agents can be divided into two categories: intrinsic hepatotoxins that 
cause direct injury in a dose dependent manner and, more commonly, idiosyncratic reactions. 
Idiosyncratic reactions can further be divided into those causing an immunoallergic response 
and those produced probably through generation of a toxic metabolite. Idiosyncratic reactions 
are by definition unpredictable and may not occur for months after starting a drug. Genetic 
traits and external factors likely playa role in idiosyncratic reactions. 

2. DIAGNOSTIC APPROACHES 

2.1. Evaluation of Patients with Suspected Drug-Induced Hepatotoxicity 
2.1.1. HISTORY 

Drug-induced liver disease can mimic any acute or chronic liver disorder and should always 
be considered in evaluating a patient with liver disease. Patients may present with fulminant 
hepatic failure from an intrinsic hepatotoxin, such as acetaminophen, or simply be found 
to have abnormal liver function tests on a laboratory screening panel. Classic drug-induced 
hypersensitivity is an idiosyncratic, probably immunoallergic reaction which presents with 
fevers, dermatitis, arthralgias, and eosinophilia. This presentation is rarely seen in its entirety. 
Dermatitis and eosinophilia are most specific, but least commonly seen. The time interval 
between starting the medication and onset of symptoms is also important in assessing a tem
poral relationship. Hypersensitivity hepatotoxicity usually occurs within 5-90 d of starting a 
medication or within 15 d of rechallenge. After withdrawal of the drug, it may take a month 
or more before significant resolution ofliver serum enzymes is seen. Idiosyncratic metabolic 
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reactions generally do not have a predictable time course to presentation, withdrawal or 
rechallenge. 

Incriminating a drug may be straight forward in the example of an overdose, but more often 
involves a process of elimination. The most important part of the evaluation is a careful history 
of what medications the patient is taking, the dose, how long they have been taken, the rela
tionship of individual drugs to the onset of hepatotoxicity, and possible external factors, such 
as alcohol use or the presence of underlying liver disease, that could increase the potential 
toxicity of an agent. For example, chronic alcohol use increases the potential for acetami
nophen hepatotoxicity due to upregulation of specific liver enzymes. A history of nonprescrip
tion drug use should also be sought. 

2.1.2. PHYSICAL EXAMINATION 

The examination of the patient should include a search for jaundice and features of chronic 
liver disease. The skin should be examined for excoriations suggesting pruritis associated with 
a cholestatic process or rashes suggesting an allergic phenomenon. The liver size should be 
measured and recorded so that future changes can be followed. The patient should be examined 
for signs and symptoms of encephalopathy. 

2.1.3. LABORATORY 

Laboratory tests are used to help determine whether the patient has primarily a hepatocel
lular, cholestatic, or mixed type of pattern. The aminotransferases (ALT and AST), and alka
line phosphatase are most useful in this regard and have been discussed in more detail in 
Chapter 2. It should be emphasized that the finding of abnormal serum liver enzymes does not 
necessarily imply liver damage. If available, an effort should be made to obtain previous 
records of liver enzyme levels. This will help determine if the process is acute or chronic. 

2.1.4. EXCLUSION OF OTHER CAUSES OF LIVER DAMAGE 

In cases in which the process is hepatitic, viral hepatitis should be excluded. If the patient's 
aminotransferases have been elevated for more than 6 mo, they have chronic hepatitis by 
definition and autoimmune and metabolic disorders should also be excluded. In patients with 
a cholestatic or mixed picture, obstruction of the biliary tree must be excluded. The presence 
of pain, fluctuating liver enzymes, and fever is more common with mechanical obstruction of 
the biliary tree. An imaging study, generally an ultrasound, should be the initial study of choice 
to look for the presence of gallstones and or dilatation of the biliary tree. If the ultrasound is 
unrevealing and evaluation still suggests biliary obstruction, an ERCP should be performed to 
definitively exclude this possibility. Concurrent with the above, serum levels of medications 
with intrinsic hepatotoxic potential, for example salicylates, should be measured. 

After excluding nondrug causes, if the process appears to be resolving, and the patient 
asymptomatic, they may simply be monitored. This is particularly true of patients with only 
mild elevations in liver enzymes. Initially, obtaining weekly values would be a reasonable 
interval. If the patient is symptomatic or the abnormalities persist or worsen over a period of 
a few weeks, nonessential medications and those drugs recognized as commonly producing the 
particular hepatotoxicity pattern (hepatocellular or cholestatic) should be stopped. This may 
necessitate changing essential medications to alternative agents. If the enzyme values return 
to normal, no further evaluation is necessary. If not, a liver biopsy should be performed. It 
should be remembered that it may take several months for the abnormalities to completely 
resolve. However, improvement should be seen with in a few weeks. To definitely incriminate 
a particular medication in producing liver disease, rechallenge with the drug is confirmatory. 
This, however, is not usually performed in clinical practice due to the potential hazard of repeat 
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hepatotoxicity. Instead, alternative chemically unrelated agents are substituted. It should be 
noted that aminotransferase levels often do not correlate with toxicity. For example, methotr
exate toxicity is related to the total cumulative dose of the medication. Aminotransferase levels 
fluctuate and may be only mildly elevated in the presence of substantial liver damage. A liver 
biopsy is required to fully evaluate the extent of disease. Information regarding the toxicity of 
individual drugs is discussed in the remainder of this chapter and presented in Tables 1-7. 

3. SPECIFIC COMMONLY USED DRUGS THAT HAVE HEPATOTOXICITY 

3.1. Antiarrhythmics 

3.1.1. AMIODARONE 

Hepatocellular necrosis and liver failure has been associated with iv amiodarone infused 
at rates higher than those currently recommended. Liver enzymes are commonly elevated and 
often subside with continuation or reduction in dosage. The incidence of symptomatic liver 
disease is related to duration of exposure. Monitoring of serum liver enzymes is recommended. 
However, liver biopsy is needed to confirm hepatic injury. The most common lesion affecting 
the liver is a chronic hepatitis that histologically resembles alcoholic hepatitis with 
macrovesicular steatosis and Mallory bodies. This may progress to cirrhosis. Discontinuation 
of the drug then needs to be balanced against the need for treatment of the cardiac arrhythmia. 

3.1.2. PROCAINAMIDE 

Despite a high incidence of hypersensitivity reactions, hepatotoxicity is rarely seen with this drug. 

3.1.3. QUINIDINE 

Acute hepatocellular injury may be seen with this agent. The mechanism appears to be a 
hypersensitivity reaction. 

3.2. Antihypertensive Agents 

3.2.1. ALPHA-METHYLDOPA 

Hepatic injury is variable and is probably not increased in patients with Coombs-positive 
hemolytic anemia. Liver enzyme abnormalities are common, and drug-induced acute hepatitis 
does occur. Onset of injury can be delayed. Chronic liver disease and fulminant hepatic necrosis 
can occur, generally in patients continued on the medication after evidence of clinical hepatotox
icity develops. Hepatotoxicity may be part of a multiorgan hypersensitivity syndrome. 

3.3. Beta Blockers 

Hepatocellular toxicity has been reported with acebutolol, labetalol, metoprolol, and pro
pranolol. Cholestasis has been reported with atenolol. Fatalities have occurred. Hepatotoxicity 
is considered rare for propranolol. 

3.4. ACE Inhibitors 

Hepatotoxicity is unusual and suggests idiosyncratic hypersensitivity. Injury will typically 
occur 2-8 wk after starting the drug. However, it has been reported as late as 20 mo. Cross 
reactivity has been noted between Captopril and Enalapril. Fatalities have been noted with 
these drugs. 

3.5. Calcium Channel Blockers 

All types of hepatotoxicity have been reported, but are considered rare. 
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Table 1 

Medications Associated with Predominandy Cholestatic Injury 

Nameo/Drug Reaction Type Data Mortality 

17 alpha-Alkylated Androgenic Steroids See anabolic steroids 
A/T/S [Erythromycin base] 
Acebutolol CH +++ 
Aceprometazine C + 
Acetohexamide CH ++ 
ADALAT (nifedipine) C + 
ADVIL (ibuprofen) CICH +++ 
AFLAXEN (naproxen) CICH +++ 
Ajmaline C/BD ++ 
ALDOCLOR See chlorothiazide and methyldopa 
ALDOMET (methyldopa) CH ++ 
ALDORIL See methyldopa 

(and hydrochlorothiazide) 
ALEVE (naproxen) CICH +++ 
AIIopurinol CICH +++ 
Alpha-methyldopa (methyldopa) CH ++ 
Alprazolam C ++1+ 
Amineptime CICH +++ 
Aminoglutethamide CH +++ 
Amiodarone CH + 
Amitriptyline CH +++ 
AmoxaciIIiniclavulanic acid CICH +++ + 
AmpiciIIin CH + 
Anabolic steroids CICH +++ + 
ANAPROX (naproxen) CICH +++ 
ANDROID (methyltestosterone) CICH +++ + 
AREPSAZIDE See hydralazine 

(and hydrochlorothiazide) 
APRESOLINE (hydralazine) C +++ 
Aprindine CH +++ 
Arsenical derivatives C ++ 
Atenolol C ++ 
A TRETOL (carbamazepine) CH +++ 
ATROMID-S (clofibrate) C + 
AUGMENTIN (arnoxacillinlclavulanic acid) CICH +++ + 
Azapropazone CH ++ 
Azathioprine CICH/rare +++ 
AZO-GANTANOL (sulfamethoxazole) See sulfonamides 

(and phenazopyridine) 
AZULFIDINE (sulfasalazine) C ++ + 
BACTRIM See sulfonamides (and trimethoprim) 
Barbiturates CICH/rare +++ 
BCNU C + 
Saramycin HB + 
BENEMID (probenecid) C/HB ++ 
BENZAMYCIN See erythromycin 

(and benzoyl peroxide) 
Benzodiazepines CH/rare ++ + 
Bisantrene C +++ 
BREVICON See estrogens and progestins 
Busulfan C + 
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Nameo/Drug Reaction Type Data Mortality 

CALAN (verapamil) C + 
Calcium carbimide C/CH ++ 
CAPOTEN (captopril) C/CH ++ 
CAPOZIDE See captopril 

(and hydrochlorothiazide) 
Captopril C/CH ++ 
Carbamazepine CH +++ 
Carbimazole CH +++ 
Carbutamide C + + 
CARDIZEM (diltiazem) CH +++ 
Ceftriaxone Biliary sludge + 
Cephalosporins C/CHIrare + 
Chloramphenicol C/rare + 
Chlordiazepoxide CH + 
Chloromycetin (chloramphenicol) C/rare + 
Chlorothiazide C/CH + 
Chlorozotocin C + 
Chlorpromazine CH +++ + 
Chlorpropamide CH +++ 
Chlorthalidone CH + 
Chlorzoxazone CH +++ 
Chromoglycate (cromolyn) CH ++ 
Cimetidine C/CHIrare +++ 
Cisplatin C +++ 
Clavulanate See augmentin and timentin 
Clavulanic acid (clavulanate) See augmentin and timentin 
CLIMARA See estrogens 
CLINORIL (sulindac) C/CH +++ 
Clofibrate C + 
Clorazepate CH + 
Cloxacillin CH/rare ++ 
Clozapine CH +++ 
Clozaril (clozapine) CH +++ 
Co-trimoxazole See sulfonamides (and trimethoprim) 
COLBENEMID See probenecid (and colchicine) 
COMBIPRES See chlorthalidone (and clonidine) 
COMP AZINE (prochlorperazine) CH ++ 
Conjugated estrogens See estrogens 
CORDARONE (amiodarone) CH + 
COUMADIN (warfarin) C ++ 
Cromolyn CH ++ 
CUPRIMINE (penicillamine) CH ++ 
Cyclosporin A C/CHIHB ++ 
PALA (N-phosphonoacetyl-L-aspartate) HB/C + 
N-phosphonoacetyl-L-aspartate HB/C + 
Cyproheptadine C ++ 
Cyproterone C ++ 
CYT ADREN (aminoglutethamide) CH +++ 
Cytarabine C +++ 
CYTOSAR-U (cytarabine) C +++ 
Cytosine arabinoside (cytarabine) C +++ 
DALMANE (flurazepam) C + 
Danazol See anabolic steroids 
DANOCRINE (danazol) See anabolic steroids 

(continued) 
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Table 1 (continued) 

Name a/Drug Reaction Type Data Mortality 

DANTRIUM (dantrolene) C +++ 
Dantrolene C +++ 
Dapsone ch +++ 
DEMI-HYGROTON See chlorthalidone (and reserpine) 
DEMI-REGROTON See chlorthalidone (and reserpine) 
DEMULEN See estrogens and progestins 
DEPEN (penicillamine) CH ++ 
Desipramine See tricyclic antidepressants 
DESOGEN See estrogens and progestins 
DESYREL (trazodone) C ++ 
Dextropropoxyphene CH +++ 
DIABENESE (chlorpropamide) CH +++ 
DIABET A (glyburide) C ++ 
Diazepam CH + 
Dicloxacillin CHirare ++ 
Diethylstilbestrol C + 
DIFLUCAN (fluconazole) C +++ 
Diflunisal CH/rare ++ 
DILACOR XR (diltiazem) CH +++ 
DILANTIN (phenytoin) CH +++ 
Diltiazem CH +++ 
Disopyramide CH ++ 
DIUPRES See chlorothiazide (and reserpine) 
DIURIL (chlorothiazide) CICH + 
DIZAC (diazepam) ch + 
DOLOBID (diflunisal) CH/rare ++ 
E-MYCIN [erythromycin base] 
E.E.S. (erythromycin ethylsuccinate) CH +++ 
EC-NAPROSYN (naproxen) CICH +++ 
ELA VIL (amitriptyline) CH +++ 
EMGEL (Erythromycin) 
Enalapril CH ++ 
ERY-TAB [Erythromycin base] 
ERYC [Erythromycin base] 
ERYCETTE [Erythromycin base] 
ERYGEL [Erythromycin] 
ERYMAX [Erythromycin] 
ER YPED (erythromycin ethylsuccinate) CH +++ 
ERYTHRA-DERM [Erythromycin base] 
Erthrocin stearate CH + 

(erythromycin stearate) 
Erythromycin estolate CH +++ 
Erythromycin ethylsuccinate CH +++ 
Erythromycin propionate CH +++ 
Erythromycin See specific agent 
Erythromycin stearate CH + 
ERYZOLE (erythromycin ethylsuccinate) CH +++ 
ESTRACE See estrogens 
ESTRADERM See estrogens 
ESTRATAB (estrogens) See estrogens 
ESTRATEST See estrogens and methyltestosterone 
Estrogens CICH +++ 
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Name of Drug Reaction Type Data Mortality 

Estropipate See estrogens 
Ethambutol CHirare +++ 
ETRAFON See amitriptyline and perphenazine 
Etretinate CH ++ 
EULEXIN (flutamide) C +++ 
Exifone CH ++ 
FELDENE (piroxicam) C/CH ++ 
Fenoprofen CH +++ 
Floxacillin CH ++ 
Floxuridine (FUDR) C ++ 
Flucloxacillin C/CHIrare +++ 
Fluconazole C +++ 
Fluorodeoxyuridine C ++ 
Fluphenazine C +? 
Flurazepam C + 
Flutamide C +++ 
FUDR C ++ 
FUL VICIN PIG (griseofulvin) C + 
Furazolidone CH +++ 
FUROXONE (furazolidone) CH +++ 
Fusidic acid C ++ 
GANT ANOL (sulfamethoxazole) See sulfonamides 
GASTROCROM (cromolyn) CH ++ 
GEN-XENE (clorazepate) CH + 
GLIBENCLAMIDE (glyburide) C ++ 
Glyburide C ++ 
GL YNASE (glyburide) C ++ 
Gold salts CH +++ 
GRIFUL VIN V (griseofulvin) C + 
GRIS-PEG (griseofulvin) C + 
GRISACTIN (griseofulvin) C + 
Griseofulvin C + 
H2-blockers CH/rare +++ 
HALCION (triazolam) C ++ 
HALDOL (haloperidol) CH ++ 
Haloperidol CH ++ 
HCTZ [hydrochlorothiazide] (No documented cholestasis) 
HYDRA-ZIDE See hydralazine (and HCTZ) 
Hydralazine C +++ 
Hydrochlorothiazide (No documented cholestasis) 
HYGROTON (chlorthalidone) CH + 
IBU TABLETS (ibuprofen) C/H +++ 
IBU-TAB (ibuprofen) C/CH +++ 
Ibuprofen C/CH +++ 
11-2 (interleukin-2) C +++ 
ILOSONE (erythromycin estolate) CH +++ 
ILOTYCIN gluceptate [Erythromycin gluceptate] 
ILOTYCIN ophthalmic [Erythromycin base] 
Imipenem/ cilastatin C ++ 
Imipramine CH +++ 
IMURAN (azathioprine) C/CH/rare +++ 
INDOCIN (indomethacin) CH + 
Indomethacin CH + 
INTAL ~cromol~n) CH ++ 

(continued) 
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Table 1 (continued) 

Name of Drug Reaction Type Data Mortality 

Interleukin-2 C +++ 
Iprindole C +++ 
ISOPTIN (verapamil) C + 
Isoxicam CH + 
Itraconazole C ++ 
Ketoconazole C +++ 
Labetolol CH ++ +? 
LEVIEN See estrogens and progestins 
LIBRAX See chlordiazepoxide (and clidinium) 
LIBRIT ABS (chlordiazepoxide) CH + 
LIBRIUM (chlordiazepoxide) CH + 
LIMBITROL See amitriptyline and chlordiazepoxide 
LO/OVRAL See estrogens and progestins 
LUDIOMIL (maprotiline) CH + 
MACRODANTIN (nitrofurantoin) C/CH +++ 
Macrolide antibiotics See erythromycins and troleandomycin 
Maprotiline CH + 
MELLARIL (thioridazine) CH ++ 
Menest See estrogens 
MENRIUM See chlordiazepoxide and estrogen 
Mercaptopurine-6 CH +++ 
Metahexamide CH +++ 
Metandienone See anabolic steroids 
Metaprine C + 
Metenolone See anabolic steroids 
Methimazole C +++ 
Methyldopa CH ++ 
Methy lenedianiline CH ++ 
Methyltestosterone C/CH +++ + 
MICRONASE (glyburide) C ++ 
MICRONOR See progestins 
MINTEZOL (thiabendazole) C/CH +++ + 
MODICON See estrogens and progestins 
MOTRIN (ibuprofen) C/CH +++ 
Moxisylyte CH +++ 
MP-6 (6-mercaptopurine) CH +++ 
MUCOMYST (n-acetylcysteine) C +++ 
MYAMBUTOL (ethambutol) CWrare +++ 
MYLERAN (busulfan) C + 
MYOCHRYSINE (gold salts) CH +++ 
N -Acety lcysteine CHA +++ 
N-Phosphonoacetyl-L-aspartate C ++ 
NALFON (fenoprofen) CH +++ 
NAPRELAN (naproxen) C/CH +++ 
NAPROSYN (naproxen) C/CH +++ 
Naproxen C/CH +++ 
NASALCROM (cromolyn) CH ++ 
NECON See estrogens and progestins 
NELOVA See estrogens and progestins 
NEORAL (cyclosporin A) C/CHlHB ++ 
Niacin (nicotinic acid) C +++ 
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Name of Drug Reaction Type Data Mortality 

NIACIN-TIME (nicotinic acid) C +++ 
Niclofan CH ++ 
NICOBID (nicotinic acid) C +++ 
NICOLAR (nicotinic acid) C +++ 
Nicotinamide See nicotinic acid 
Nicorinic acid C +++ 
Nifedipine C + 
Nitrazepam CH + 
Nitrofurantoin C/CH +++ 
Nitropropane-2 C ++ 
NIZORIL (ketoconazole) C +++ 
NOLV ADEX (tamoxifen) C +++ 
NOR-QD See progestins 
Norandrostenolone C ++ 

cyclohexylpropionate 
Nordette See estrogens and progestins 
Norethandrolone 17-alpha-ethinyl- C ++ 

19-nortestosterone 
NORETHIN See estrogens and progestins 
N orethisterone See progestins 
Norethynodrel See progestins 
NORINYL See estrogens and progestins 
NORMODYNE (labetolol) CH ++ + 
NORPACE (disopyramide) CH ++ 
NORPRAMIN (desipramine) See tricyclic antidepressants 
Novobiocin C + 
NSAIDS See specific agent 
OGEN See estrogens 
OMNIPEN (ampicillin) CH + 
OPTIC ROM (cromolyn) CH ++ 
Oral contraceptive See estrogen and progestins 
ORETON (methyltestosterone) C/CH +++ + 
ORTHO-CEPT See estrogens and progestins 
ORTHO-CYCLEN See estrogens and progestins 
ORTHO-EST See estrogens 
ORTHO-NOVUM See estrogens and progestins 
ORTHO-TRI-CYCLEN See estrogens and progestins 
OVRON See estrogens and progestins 
OVRAL See estrogens and progestins 
Oxacillin CH/rare ++ 
Oxandrolone See anabolic steroids 
Oxazepam CH + 
Oxymetholone See anabolic steroids 
Para-aminobenzoic acid C ++ 
Paracetamol CH +++ 
P ARAFLEX (chlorzoxazone) CH +++ 
PARAFON FORTE (chlorzoxazone) CH +++ 
Paraquat C/CH +++ 
PARNATE (tranylcypromine) CH + 
PCE (Erythromycin base) 
Pecazine C + 
PEDIAZOLE (erythromycin ethylsuccinate) CH See erythromycin ethylsuccinate +++ 

and sulfonamides 

(continued) 
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Table 1 (continued) 

Name of Drug Reaction Type Data Mortality 

Penicillamine CH ++ 
Penicillins C/rare + 
Pentazocine C + 
PERIACTIN (cyproheptadine) C ++ 
Perphenazine CH + 
Phenindione C ++ + 
Phenobarbitone See barbiturates 
Phenothiazines C/CH ++ 
Phenylbutazone CH +++ 
Phenytoin CH +++ 
Piperazine CH +++ 
Piroxicam C/CH ++ 
Pizotifen C ++ 
PLATINOL (cisplatin) C +++ 
PMB 200/400 See estrogens (and meprobamate) 
POLYCILLIN (ampicillin) CH + 
Prajmalium H +++ 
PREMARIN See estrogens 
PREMPHASE See estrogens and medroxyprogesterone 
PREMPRO See estrogens and medroxyprogesterone 
PRIMAXIN (imipenem/cilastatin) C ++ 
Probenecid CIHB ++ 
Procainamide C +++ 
PROCAN SR (procainamide) C +++ 
PROCARDIA (nifedipine) C + 
Prochlorperazine CH ++ 
Progestins C + 
PROLIXIN (fluphenazine) C +? 
Promazine C + 
Propafenone C + 
Propylthiouracil CH +++ 
PROVERA See progestins 
PTU (propylthiouracil) CH +++ 
PURINETHOL (mercaptopurine) CH +++ 
Pyritinol CH +++ 
Ranitidine CWrare +++ 
REGROTON (chlorthalidone) CH + 
REMULAR (chlorzoxazone) CH +++ 
RESTORIL (temazepam) CH + 
RETROVIR (zidovudine) CH +++ 
RHYMOLE (propafenone) C + 
Rifampicin CH + 
ROCEPHIN (ceftriaxone) biliary sludge + 
SANDIMMUNE (cyclosporin A) C/CHlHB ++ 
Saramycin C + 
SECTRAL (acebutolol) CH +++ 
SEPTRA See sulfonamides (and trimethoprim) 
SER-AP-ES See hydralazine 

(and HCTZ and reserpine) 
SERAX (oxazepam) CH + 
SINE-AIDIB See ibuprofen (and pseudoephedrine) 
SLO-NIACIN (nicotinic acid) C +++ 
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Name of Drug Reaction Type Data Mortality 

Spiramycin CH ++ 
SPORANOX (itraconazole) C ++ 
STANOZOLOL See anabolic steroids 
STELAZINE (trifluoperazine) C + 
STILPHOSTROL (diethylstilbestrol) C + 
Sulfamethoxazole See sulfonamides 
Sulfasalazine C ++ + 
Sulindac CICH +++ 
SULFATRIM See sulfonamides (and trimethoprim) 
Sulfonamides CICH +++ 
T-STAT [Erythromycin base] 
TAGAMET (cimetidine) CICH/rare +++ 
TALACEN See pentazocine (and acetaminophen) 
TAL WIN (pentazocine) C + 
Tamoxifen C +++ 
TAO CAPSULES (troleandomycin) CH +++ 
TAPAZOLE (methimazole) C +++ 
TEGISON (etretinate) CH ++ 
TEGRETOL (carbamazepine) CH +++ 
Temazepam CH + 
TENORETIC See atenolol and chlorthalidone 
TENORMIN (atenolol) C ++ 
TESTRED (methyltestosterone) CICH +++ + 
THALITONE (chlorthalidone) CH + 
THERAMYCIN Z (Erythromycin base) 
Thiabendazole CICH +++ + 
Thiazide diuretics See specific agent 
Thioguanine-6 C + 
Thiola (tiopronin) C + 
Thioridazine CH ++ 
Thioxanthenes C + 
THORAZINE (chlorpromazine) CH +++ 
Tiaprofenic CH +++ 
TIAZAC (diltiazem) CH +++ 
Ticarcillin/clavulanate CH ++ 
TICLID (ticlopidine) C ++ 
Ticlopidine C ++ 
TIMENTIN (ticarcillinlclavulanate) CH ++ 
Tiopronin C + 
TMP-SMX See sulfonamides (and trimethoprim) 
TOFRANIL (imipramine) CH +++ 
TOFRANIL-PM (imipramine) CH +++ 
Tolazemide CICH ++ 
Tolbutamide CH +++ + 
Total parental nutrition (TPN) C ++ 
TRANSDATE (labetolol) CH ++ 
TRANXENE (clorazepate) CH + 
Tranylcypromine CH + 
Trazodone C ++ 
TRI-LEVLEN See estrogens and progestins 
TRI-NORUNYL See estrogens and progestins 
Triacetyloleandomycin CH +++ 

(troleandomycin) 

(continued) 
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Name of Drug 

TRIAVIL 
Triazolam 
Tricyclic antidepressants 
Trifluoperazine 
TRILAFON (perphenazine) 
Trimethoprimlsulfamethoxazole 
TRIPHASIL 
Troleandomycin 
UNASYN (ampicillin) 
VALIUM (diazepam) 
VALRELEASE (diazepam) 
VASERETIC 
Vasotec (enalapril) 
Verapamil 
VERELAN (verapamil) 
VIRILON (methyltestosterone) 
Warfarin 
WINSTROL (stanozolol) 
XANAX (alprazolam) 
Xenalamine 
ZANTAC (ranitidine) 
Zidovudine 

Table 1 (continued) 

Reaction Type 

See amitriptyline and perphenazine 
C 
C/CH 
C 
CH 
See sulfonamides (and trimethoprim) 
See estrogens and progestins 
CH 
CH 
CH 
CH 
See enalapril (and hydrochlorothiazide) 
CH 
C 
C 
C/CH 
C 
See anabolic steroids 
C 
C/CH 
CHirare 
C 

Data 

++ 
++ 
+ 
+ 

+++ 
+ 
+ 
+ 

++ 
+ 
+ 

+++ 
++ 

++/+ 
++ 

+++ 

United States Trade Names as listed in the 1997 Physicians' Desk Reference are listed in capitals. 

Mortality 

+ 

(Generic) The generic name of the suspected component has been included immediately after the trade name 
in parentheses. A '+' sign indicates other ingredients in formulation present, but not known to cause drug reaction. 

[Generic] are drugs not known to cause cholestasis, but are included because reactions noted in similar drugs. 
Note: All drugs known to cause cholestasis or cholestatic hepatitis as of the publication date are listed in this 

table. The drug families included in this table summarize what has been seen with the entire class, but may not be 
true for a particular drug. Drugs known to be withdrawn from the world market were excluded from this table. This 
table only contains drugs associated with cholestasis and cholestatic hepatitis. Drug combinations only list 
component known to cause cholestasis. 

Types of reaction: BD = bile duct injury, inflammation or destruction documented; C = cholestatic; CH = 
cholestatic hepatitis; RARE = cholestasis rarely seen but documented in commonly used drug; HB = 
hyperbilirubinemia. 

Data: + = anecdotal or not well described; ++ = good temporal relationship; +++ = confirmed by rechallenge. 
Note: Confirmation does not imply greater frequency and most clinicians regard ++ and +++ to suggest 

reasonable proof. Frequency of cholestasis is difficult to estimate except with the most commonly used drugs and 
usually cannot be accurately obtained from the medical literature. 

Mortality = "+" indicates mortality associated with medication. 
? = causality unclear or only single case documented. 
See reference to drug group implies characteristic believed to be generalizable to drug class. Reference to 

specific drug indicates cholestasis only documented in drug indicated. 

Table 2 

Hepatotoxicity of Some Nonprescription Drugs 

Agent 

Chaparral leaf/creosote bush 
Jin Bu Huanlgermander 
Pyrrolizidine alkaloidslbush tea 
Vitamin A (> 10,000 IV/d) 
Saccharin 

Injury 

Hepatocellular 
Hepatocellular 
Veno-occlusive disease 
Hepatocellular/cirrhosis 
Hepatocellular 
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Table 3 

Medications Associated with Predominantly Hepatocellular Injury 

Nameo/drug Reaction type Data Mortality 

Acebutolol H +++ 
Acitretin H ++ 
Albendazole H +++ 
Allopurinol H +++ FH 
Acetaminophen TOX +++ M 
Amieptine H +++ 
Amiodarone H ++ 
Amiodiaquine H/TOX ++1+++ FH 
Amitriptyline H +++ FH 
AmoxicilliniClavulanic Acid H ++ 
Amoxicillin H + 
Ampicillin H + 
Aprindine H +++ 
Aspirin H +++ 
Azapropazone H ++ 
Azathioprine H +++ 
BCG H ++ 
Benzarone H +++ 
Captopril H +++ FH 
Carbamazepine H +++ 
Carbimazole H +++ 
Carbutamide H + 
Cephalexin H + 
Cephalosporins See specific agent 
Chlordiazepoxide H + 
Chlormezonone H ++ FH 
Chlorothiazide H + 
Chlorpromazine H + FH 
Chlorpropamide H + 
Chlorzoxazone H +++ 
Cimetidine H +++ FH 
Clindamycin H ++ 
Clofibrate H + 
Clometacin H +++ 
Clomipramine H ++ 
Clonazepam H +++ 
Clotrizepam H ++ FH 
Cocaine H ++ 
Copper Salts TOX +++ 
Co-trimoxazole See sulfonamides 

(and trimethoprim) 
Dantrolene H +++ FH 
Dapsone H ++ 
Desipramine H + 
Diazepam H + FH 
Diclofenac H +++ FH 
Difenamizole H + 

(continued) 
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Table 3 (continued) 

Name of drug Reaction type Data Mortality 

Diflunisal H ++ 
Diltiazem H + 
Disulfiram H +++ 
Dothiepim H ++ 
Doxorubicin CAH + 
Enalapril H ++ 
Enflurane H +++ FH 
Ethionamide TOX +++ 
Acetaminophen TOX +++ FH 
Aspirin H/TOX ++ 
Etretinate H +++ 
Exifone H ++ FH 
Fenbufen H +++ 
Fenfibrate H + 
Fenfluramine H + 
Fipexidine H ++ FH 
Flucloxacillin H + 
Flucytosine H ++ 
5-Fluorouracil LFT + 
Flutamide H +++ 
Glafenine H +++ 
Glyburide H ++ 
Gold Salts H +++ FH 
Halothane H +++ FH 
Heparin LFT ++ 
Hycanthone TOX +++ 
Hydralazine H +++ 
Ibuprofen H +++ 
Idarubicin H ++ FH 
Indocine N-oxide H ++ FH 
Indomethacin H + FH 
Iodipamide meglumine H ++ 
Iron TOX +++ 
Isocarboxazide H ++ 
Isoniazid H +++ 
Kanamycin H + 
Ketoconazole H +++ FH 
Labetalol H +++ FH 
Lergotrile H ++ 
Lisinopril H ++ FH 
Mebendazole H +++ 
Meclofenamate H + 
Mercaptopurine-6 H/TOX +++ 
Mesalazine H ++ 
Metahexamide H +++ FH 
Methimazole H +++ 
Methotrexate TOX +++ 
Methoxyflurane H +++ FH 
N-Methylcarbamate H + 
Methyldopa H +++ FH 
Metoprolol H ++ 
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Name of drug Reaction type Data Mortality 

MINOCYCLINE H +++ M 
Mistletoe H +++ 
Monochlorobenzene TOX +++ 
Moxisylyte H +++ 
Naproxen H +++ 
Nicotinic Acid TOX +++ 
Niacin (Nicotinic Acid) TOX +++ 
Nifedipine H ++ 
Niflumic Acid H ++ 
Nitrofurantoin H +++ FH 
Norfloxacin H ++ 
Omeprazole H + M 
Oxacillin H ++ 
Oxyphenbutazone H + 
Para-aminosalicylic Acid TOX +++ 
Paracetamol H +++ 
Paraquat TOX +++ 
Pemoline H ++ FH 
Penicillin H + 
Pennyroyal oil H ++ 
Perhexiline H ++ 
Phencyclidine H + 
Pheniprazine H + 
Phenoxyproperazine H + 
Phenozopyridine H + 
Phenylbutazone H +++ 
Phenytoin H +++ FH 
Phosphorus TOX +++ 
Piperazine H +++ 
Pirprofen H +++ FH 
Piroxicam H ++ FH 
Probenecid H ++ 
Procainamide H +++ 
Procarbazine H ++ 
Prochlorperazine H ++ 
Progabide H ++ 
Propylthiouracil H +++ 
Pyrazinamide H +++ FH 
Pyricarbate H +++ 
Quinidine H +++ 
Quinine H +++ 
Ranitidine H +++ 
SEATONE H ++ 
Simvastatin H ++ 
Spironolactone H +++ 
Sulfadioxine-pyrimethamine H ++ FH 
Sulfasalazine H +++ 
Sulfonamides H +++ FH 
Tetrachloroethane TOX +++ 
Tetrahydroaminoacridine H +++ 
Tocainide H + 

(continued) 
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Name of drug 

Tolbutamide 
Toloxatone 
Tolrestat 
Tranylcypromine 
Trazodone 
Trichlormethiazide 
Trimethobenzamide 
Trimethoprim 
Trinitrotoluene (TNT) 
Valproic Acid 
Verapamil 
Vinyl Chloride 
Zidovudine (AZT) 
Zimelidine 

Table 3 (continued) 

Reaction type 

H 
H 
H 
H 
H 
H 
H 

HlRare 
H 
H 
H 
H 
H 
H 

Part N / Hepatocellular Diseases 

Data Mortality 

+ 
++ FH 
++ 
+ 

++ 
+ 

++ 
+++ 
++ 
++ 

+++ 
++ 
+ 

+++ 

Generic: are in uppercase. US tadenames are in lowercase (as indicated in 1996 Physician's Desk Reference). 
(Generic): The generic name of the suspected component has been included immediately after the tradename 

in parenthesis. A '+' sign indicates other ingredients in formulation present but not known to cause drug reaction. 
[Generic]: are drugs not known to case hepatits, but are included because of reactions noted in similar drugs. 
Note: All drugs known to cause hepatitis as of 1997 are listed in this table. The drug families included in this 

table summarize what has been seen with the entire class, but may not be true for a particular drug. Drugs known 
to be withdrawn from the world market were excluded from this table. This table contains only drugs associated 
with hepatitis. Drug combinations only list component known to cause hepatitis. 

Types of reaction: H = hepatitis (aminotransferase elevations or biopsy); TOX = hepatotoxic (unspecified); H/ 
Tox = mixed hepatitis/toxic; LFT = serum liver test abnormality (unspecified); RARE = hepatocellular reaction 
rarely seen. 

Data: + = anecdotal or not well described; ++ = good temporal relationship; +++ = confirmed by rechallenge. 
Note: Confirmation does not imply greater frequency and most clinicians regard ++ and +++ to suggest 

reasonable proof. Frequency of hepatitis is difficult to estimate except with the most commonly used drugs and 
usually cannot be accurately obtained from the medical literature. 

Mortality: M = mortality associated with medication; ? = causality unclear or only single case documented; 
FH = fulminant hepatitis. 

See reference to drug group implies characteristic believed to be generalizable to drug class. 
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Table 4 

Medications Associated with Tumors and other Liver Pathology 

Name of drug 

Aflatoxin 
Allopurinol 
Amiodarone 
Amoxacillin 
Ampicillin 
Androgens 
Arsenic 
Aspirin 
Azapropazone 
Azathioprine 
BCG 
Beryillium 
Calcium carbamide 
Carbamazepine 
Carbon tetrachloride 
Carbutamide 
Cephalexin 
Chlorothiazide 
Chlorpromazine 
Chlorpropamide 
Clofibrate 
Clometacin 
Co-trimoxazole 
Copper salts 
Danazol 
Dapsone 
Diazepam 
Diethylnitrosamine 
Diethylstilbestrol 
Diltiazem 
Estrogens 
Fenfluramine 
Flucloxacillin 
Glyburide 
Gold salts 
Halothane 
Hydralazine 
Hydroxyurea 
Isoniazid 
Labetalol 
Medroxyprogesterone 
Methotrexate 
Methyldopa 
Metolazone 
Nitrofurantoin 
Oxacillin 
Oxyphenbutazone 

Reaction type 

C,HCC 
GH 
GH 
GH 
GH 

P,A,HCC,AS 
AS,HCC, C, P 

GH 
GH 
P 

GH 
GH 
C 

GH 
C,HCC 

GH 
GH 
GH 
GH 
GH 
GH 

C,GH 
GH 

Gh,AS 
P,A,HCC 

GH 
GH 

C,HCC 
P,HCC 

GH 
GH, A, AS, CHA, Others 

GH 
GH 
GH 
GH 
GH 
GH 
P 

C,GH 
C 
P 

C,HCC 
GH,C,CHA 

GH 
GH 
GH 
GH 

(continued) 

179 



180 Part IV / Hepatocellular Diseases 

Table 4 (continued) 

Name of drug 

Oxyphenisatin 
Papaverine 
Penicillin 
Perhexiline 
Phenelzine 
Phenylbutazone 
Phenytoin 
Polychlorinated biphenyls (PCB) 
Procainamide 
Procarbazine 
Pyrrolizidine alkaloids 
Quinidine 
Quinine 
Ranitidine 
SEATONE (herbal extract) 
Silica 
Stilbestrol 
Sulfadioxine-pyrimethamine 
Sulfasalazine 
Sulfonamides 
Talc 
Tamoxifen 
Testosterone 
Tetrachloroethane 
Tetrahydroaminoacridine 
Thioguanine-6 
Thorium dioxide 
Thorotrast 

(Thorium dioxide) 
Tocainide 
Tolbutamide 
Trichlormethiazide 
Trinitrotoluene (TNT) 
Vinyl chloride 
Vitamin A 
Zimelidine 

Reaction type 

C 
GH,C 

GH 
GH 

HCC,C 
GH 
GH 
C 

GH 
GH 

C,HCC 
GH 
GH 
GH 
GH 
GH 
AS 
GH 
GH 
GH 
GH 
P 

P,A 
F 

GH 
P 

AS, P, CHA, HCC 
AS,P, CHA, HCC 

GH 
GH,HCC 

GH 
C 

F, AS, P, C, Others 
C,P 
GH 

A = Adenoma; AS = Angiosarcoma; C = Cirrhosis; CHA = 
Cholangiocarcinoma; GH = Granulomatous Hepatitis; HCC = 
Hepatocellular Carcinoma; P = Peliosis. 



Chapter 13 / Drug-Induced Hepatotoxicity 

TABLE 5 

Medication Associated with Vascular Disease 

Name of drug 

Actinomycin-D 
Adriamycin (doxorubicin) 
Aflatoxin 
Arsenic 
Azathioprine 
BCNU 
Busulfan 
Carboplatin 
Copper salts 
Cyclophosphamide 
Cysteamine 
Cytosine arabinoside 
Dacarbazine 
Dactinomycin (actinomycin-D) 
Dimethylnitrosamine 
Doxorubicin 
Estrogens 
Indocine N-oxide 
Medroxyprogesterone 
Methotrexate 
Mitomycin C 
Nitrogen mustard 
Progestin (medroxyprogesterone) 
Pyrrolizidine alkaloids 
Thioguanine- 6 
Vincristine 
Vitamin E (iv form only) 

Reaction type 

VOD,PH 
VOD 
VOD 
PH, VOD 
PH, VOD 
VOD 
VOD 
VOD 
PH 
VOD 
VOD 
VOD 
VOD,BC 
VOD,PH 
VOD 
VOD 
BC 
VOD 
BC 
PH 
VOD 
VOD 
BC 
VOD 
VOD, PH 
VOD 
VOD 

BC = Budd-Chari Syndrome; PH = Portal Hypertension (Non
cirrhotic); VOD = Veno-occlusive disease. 
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TABLE 6 

Chemical Classes ofNSAIDS 

Salicylic acid derivatives 
• Diflunisal 
Pyrazolon derivatives 
• Phenylbutazone 
• Oxyphenbutazone 
• Ketobutazone 
• Azopropazone 
• Feprazone 
• Phenazone 
Para-aminophenol derivatives 
• Phenacetin 
• Acetaminophen 
Acetic acid derivatives 
• Indomethacin 
• Sulindac 
• Tolmentin 
• Floctafenine 
• Etodolec 
Anthranilic acid derivatives 
• Mefenamic acid 
• Meclofenamic acid 
• Diclofenac 
Proprionic acid derivatives 
• Ibuprofen 
• Naproxen 
• Flubiprofen 
• F enoprofen 
• Ketoprofen 
Oxicam derivatives 
• Piroxicam 

With permission: Rabinovitz M. 
Hepatotoxicity of nonsteroidal anti
inflammatory drugs. Am J Gastro 
1992;87:1696-1704. 

TABLE 7 

Part IV I Hepatocellular Diseases 

Hepatotoxic Drugs Requiring Chronic Monitoring 

Amiodarone (Cordarone): Periodic serum liver enzyme levels should be obtained in patients on 
chronic therapy, especially with high daily dosage, although effectiveness in preventing liver 
disease is unclear. 

Anabolic steroids, androgens: Periodic serum liver enzyme levels should be obtained. If suspicion 
of peliosis hepatis or other tumor is suspected, the patient should be carefully evaluated. 

Dantrolene (Dantrium): Hepatocellular toxicity is increased in females and patients over 35 y, 
serum liver enzyme levels should be obtained at intervals. The medication should be discon
tinued if not clear. 

Doxorubicin (Adriamycin, Rubex): Dosage reduction in patients is necessary with impaired hepatic 
function. 
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Table 7 (continued) 

Erythromycin estolate (Ilosone): Hepatic dysfunction has occurred, primarily in adults and is 
contraindicated in patients with pre-existing liver disease. 

Etretinate (Tegison): Monitor AST, ALT andLDH at baseline, at 1-2 wkintervals for 1-2 mo, and 
then every 1-3 mo thereafter. Serum liver enzyme level abnormalities are common, but if 
fibrosis, necrosis, or cirrhosis is suspected, the medication should be discontinued and the 
patient should be evaluated. 

Felbamate (Felbato!): Hepatic failure is definitely associated with use, but details of risk factors 
is limited because drug use is limited to refractory epilepsy. Serum liver enzyme levels are 
recommended at baseline and every 1-2 wk thereafter, with immediate withdrawal if abnor
malities develop. 

HMG-CoA enzyme reductase inhibitors, jluvastatin, lovastatin, simvastatin (Lescol, Mevacor, 
Zocor): Aminotransferase elevations >3X normal should prompt discontinuation of therapy. 
Serum liver enzyme levels should be taken at baseline, 6 wk, 12 wk, and periodically from the 
initiation of therapy and with any increase in dose. 

Interferon alfa (Roferon-A, Intron A): Periodic serum liver enzyme levels are recommended may 
be more useful to determine effectiveness of therapy rather than monitor for hepatic failure. 
"Flares" with aminotransferase elevations <3X normal are common early in therapy and usu
ally only requires monitoring. 

Isoniazid (Nydrazid, Rifamate, Rifater): Risk of fatal hepatitis, (generally increased age increases 
risk) and is increased with daily alcohol consumption. Late reactions (after several months) can 
be seen. Asymptomatic, mild transient serum liver enzyme level abnormalities are common 
and can be followed. Clinical symptoms of hepatitis should prompt immediate withdrawal of 
drug with consideration of an alternative medication for TB. 

Metformin (Glucophage): Lactic acidosis occurs primarily in patients with renal impairment, but 
patients with evidence of hepatic impairment should avoid this medication because of potential 
impairment in clearing lactic acid. 

Methotrexate (Rheumatrex): Hepatotoxicity with fibrosis and cirrhosis can occur with prolonged 
therapy and are often not preceded by symptoms or abnormal serum liver enzyme levels. 
Hepatotoxicity can only be monitored with liver biopsies. Although the frequency of liver 
biopsies is controversial, a reasonable approach is a baseline liver biopsy followed by biopsies 
every additional 1.0-1.5 g, although the exact interval, or need for every patient is controver
sial. Alcohol use, renal impairment, pre-existing liver disease, daily therapy, and higher total 
weekly dose, diabetes, obesity, and age may increase the risk of hepatic injury. Transient, 
asymptomatic serum liver enzyme level abnormalities do not predict or indicate methotrexate
induced liver disease. Periodic serum liver enzyme levels and serum albumin is recommended, 
but there is no consensus in terms of frequency. 
Recommendations for high dose therapy for malignancies are not reviewed here. 

Methyldopa, methyldopate (Aldoclor, Aldomet, methyldopate): Fatal hepatic necrosis has been 
reported and mimics many hepatocellular and biliary processes. Periodic serum liver enzyme 
levels should be drawn especially during the first 6-12 wk of therapy. If a hypersensitivity 
pattern is seen, patients should not be rechallenged. 

Minocycline (Minocine, Dynacin, Vectrin): Serum sickness, a systemic lupus erythematosus-like 
syndrome, and autoimmune hepatitis, the latter sometimes severe with mortality has been 
reported with oral administration for the treatment of acne. ANA and aminotransferases should 
be drawn as a baseline and followed periodically during treatment. 

Tacrine (Cognex): AL T should be monitored every other week for 16 wk, then monthly for another 
8 wk, and every 3 mo thereafter. Refer to package insert for adjustment of dose and monitoring 
if AL T is elevated. 
Jaundiced patients with total bili >3 mg/dL should be discontinued and not rechallenged. 

Valproic acid, divalproex (Depakene, Depakote): Risk of hepatic failure. Monitor serum liver 
enzyme levels at baseline, and frequently thereafter, especially first 6 mo. Extreme caution in 
patients under 2 yr of age. 
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3.6. Diuretics 
Hepatotoxicity is rarely seen with diuretics. Jaundice and an increased incidence of acute 

cholecystitis has been associated with thiazide diuretics. 

3. 7. Antiepileptics 
3.7.1. CARBAMAZEPINE 

Asymptomatic aminotransferase elevations are common. Carbamazepine may induce a 
granulomatous hepatitis that has a classic presentation 1-16 wk after starting the medication. 
Fever, chills, night sweats, anorexia, and malaise are seen. Symptoms may mimic cholangitis. 

3.7.2. BARBITURATES 

Although hepatotoxicity is rare, barbiturate-induced hepatitis is often severe and can be fatal. 

3.7.3. PHENYTOIN 

Phenytoin induces elevations in GGT, which alone is not considered evidence ofhepatotox
icity. Toxicity is not dose dependent. Systemic symptoms, particularly fever and rash, are 
common. Typically a hepatitis picture occurs, but a pseudo-mononucleosis or pseudo-lym
phoma syndrome has been documented. Recovery is rapid upon withdrawal. Severe hypersen
sitivity reactions have been reported with rechallenges. 

3.8. Antituberculosis Agents 
Streptomycin, ethambutol, rifampin, and isoniazid (INH) are agents generally used in com

bination for treatment of tuberculosis. Streptomycin and ethambutol appear to have relatively 
little hepatotoxicity (1). Hepatotoxicity associated with rifampin has been seen mainly in 
patients taking it in combination with INH, but has also been documented to cause toxicity 
alone (2). INH is the most widely used and important of the antituberculous drugs. The mecha
nism ofINH hepatotoxicity is not entirely clear. Oxidation of acetylated isoniazid derivatives 
probably plays a role. These products have been reported to bind covalently to intracellular 
macromolecules producing injury (3). Mild elevations in aminotransferases (less than 2 times 
normal) are common, occurring in 10-20% of cases. Generally, these elevations are not of 
clinical significance, and will resolve spontaneously (4,5). In approx 1 % of all individuals 
exposed, clinical hepatitis may develop. This percentage is higher in older persons, and is rare 
in individuals under the age of 35 (3). Alcohol appears to increase the risk of hepatitis, and 
certain other subgroups such as black females, postpartum women, and possibly Asian men 
may also be at higher risk to develop INH-induced hepatitis (3,6,7). It was also initially 
considered that rapid acetylators of isoniazid were at increased risk for developing INH hepa
titis. However, this has not been supported by more recent studies (8). There is significant 
potential for fulminant hepatic failure. Patients with acute INH hepatitis have up to a 10% 
mortality. This is much higher than that associated with viral hepatitis. INH hepatitis is rare in 
those who have been treated with the drug for more than 6 mo without becoming ill (3). Because 
there is also no close correlation between aminotransferase elevations and the development of 
clinical hepatitis, the issue of monitoring these levels is controversial. Monitoring of ami
notransferase levels is not recommended for individuals under the age of 35. This younger 
group of patients should be instructed, however, to report immediately any symptoms out of 
the ordinary, such as fatigue, flu-like symptoms, or gastrointestinal complaints. It should be 
noted that serious hepatoxicity may occur in the absence of complaints. In patients over the age 
of 35, monitoring of aminotransferases levels is recommended. It has been suggested that 
minor elevations <100 lUlL can be followed closely, particularly if they return to normal. If 
levels exceed 100 lUlL, discontinuation has been suggested (9). If there are any clinical 
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symptoms or signs of hepatitis, the drug should be discontinued unless it is needed for life
threatening tuberculosis. Guidelines for the use of isoniazid should be strictly followed (3,10). 
The treatment of isoniazid toxicity is supportive care. 

3.9. Nonsteroidal Anti-Inflammatory Drugs (NSAIDS) 
Whereas all these agents function similarly, they are chemically different and can be grouped 

based on their chemical structure as shown in Table 1. The mechanism of hepatic injury for 
most of the NSAIDS is felt to be an idiosyncratic reaction, that is generally reversible with 
discontinuation of the drug. The two notable exceptions are aspirin and acetaminophen. These 
drugs have intrinsic hepatotoxicity and cause injury in a dose-dependent manner. Salicylate 
toxicity is usually associated with blood levels exceeding 15-25 mg/dL. NSAIDS generally 
cause hepatocellular injury, but cholestatic hepatitis has been reported with diflunisal, 
naproxen, and sulindac (11). 

3.9.1. SALICYLATES 

Salicylates also deserve separate mention in relation to Reye' s syndrome. Reye' s syndrome 
is seen mainly in children who have taken salicylates for fever, and results in acute fatty 
degeneration of the liver. The mechanism is not understood. Reye's syndrome has been rarely 
reported in adults. A low serum salicylate level and high serum ammonia are characteristic, but 
not pathognomic of Reye's syndrome. 

For patients taking NSAIDS for a short period of time, monitoring is not needed. However, 
for patients with chronic inflammatory diseases, who will potentially be on the medication for 
a long period of time, monitoring may be considered, but this is controversial because hepa
totoxicity is not a common problem. Most hepatotoxic reactions will occur in the first few 
months and only very rarely after 6 months of no ill effects. A reasonable approach would be 
to check a baseline AL T and then monthly for 6 mo. If the patient develops AL T abnormalities, 
changing to an alternative agent in a different chemical class (see Table 1) would be prudent 
because cross reactivity between classes has not been demonstrated. If the drug is working well 
for the patient and he does not want to discontinue it, the patient could be followed clinically 
and with serial AL Ts on a weekly basis. Ifthe levels do not increase more than 2-3 times normal 
or decrease, it is probably safe to continue the drug. If the AL T continues to increase, or the 
patient develops any clinical symptoms of hepatotoxicity, the drug must be stopped (11-13). 

3.9.2. ACETAMINOPHEN 

Acetaminophen, or paracetamol, deserves special mention, because it is a very commonly 
used analgesic that may cause acute hepatitis and hepatic failure when taken in large doses. 
Most cases with severe liver injury involve doses greater than 15 g, but single doses of 6 g have 
been reported to produce severe liver injury (14). The best predictor of the potential severity 
of an ingested dose of acetaminophen is the blood level of the drug when measured 4-12 h after 
ingestion. Persons with acetaminophen levels less than about 150 /J.g/dL at 4 h are unlikely to 
develop any significant toxicity. Levels greater than 300 /J.g/dL at 4 h predict a high likelihood 
of severe hepatitis. 

3.9.2.1. Mechanism ofInjury. Acetaminophen is primarily metabolized by conjugation to 
glucuronate and sulfate. A small amount is oxidized to other metabolites, one of which is N
acetyl-p-benzoquinone (NAPQI). NAPQI is considered to be the hepatotoxic intermediate. 
Small amounts of NAPQI are detoxified by binding to glutathione. Hepatotoxicity results 
when the amount ofNAPQI exceeds the amount of glutathione present in the liver. This occurs 
when large doses of acetaminophen are ingested or when increased levels of NAPQI are 
produced secondary to increased activity of specific cytochrome P450 enzymes. Alcohol and 
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other drugs such as anticonvulsants and omeprazole are known to induce these enzymes and 
may result in hepatotoxicity at lower doses. Alcohol abusers with chronic liver injury may 
additionally be at risk from lower levels of glutathione (15). 

3.9.2.2. Treatment. Acetaminophen overdoses are treated with the glutathione precursor 
N-acetylcysteine. When taken within 16 h of a large dose of acetaminophen, it will prevent 
most of the significant liver toxicity. The preparation is given orally in the United States. 
Treatment starts with a loading dose of 140 mg/kg and then 70 mg/kg every 4 h for a total of 
17 doses. If the patient cannot drink, a nasogastric tube should be placed. In Europe an iv 
preparation is available. In the patient that presents with a suspected acetaminophen overdose, 
the timing of the ingestion should be determined, blood levels should be drawn prior to treat
ment (4-12 h after ingestion), and treatment started immediately with acetylcysteine. Ifblood 
levels show acetaminophen in the low toxic range, the acetylcysteine can be discontinued. If 
borderline or higher levels, are found, the treatment should be continued and the patient's 
aminotransferases, bilirubin and protime monitored. The patient should be carefully followed 
for any signs of encephalopathy. Hepatic failure will generally occur 3-5 d following ingestion 
of the drug. Treatment with acetylcysteine is most effective when begun early in the course of 
an acetaminophen overdose. There is good data to support treatment up to 16 h following 
ingestion. Beyond 16 h, there is controversy regarding its efficacy, but it may be beneficial up 
to 24 h postoverdose. Beyond 24 h, there is little data to support its use (12,15-17). Recom
mended treatment for hepatotoxicity due to a single dose of acetaminophen does not apply to 
individuals who have ingested multiple doses of the drug or those chronically consuming 
alcohol or other drugs that induce the cytochrome P450 system. 

Liver transplantation has been used successfully in patients with severe hepatotoxicity due 
to acetaminophen. As a general rule, if the patient shows no signs of encephalopathy, and 
the prothrombin time is not increasing significantly, transplantation will not be necessary. 
Because most acetaminophen toxicity is the result 'Of a suicide attempt, psychiatric consulta
tion should be obtained immediately. A patient considered to be at high risk for a repeat attempt 
at suicide may be refused consideration for liver transplantation. 

3.10. Psychiatric Agents 

3.10.1. CHLORPROMAZINE/PHENOTHIAZINES 

A cholestatic or mixed picture is commonly seen with chlorpromazine and is not dose
related. Jaundice is seen in nearly 1% of patients and is commonly preceded by a prodromal 
influenza-like or gastrointestinal syndrome. Response to withdrawal is rapid, but prolonged 
courses are not uncommon. Cholestatic hepatitis is not rare (1 %) and not dose related. Cross
reactivity with otherphenothiazines is documented but rare. Cholestasis occurs less commonly 
with other phenothiazines. It is unclear if chlorpromazine-induced cholestasis is immuno
allergic or metabolic. 

3.10.2. ANTIDEPRESSANTS 

3.10.2.1. MAO Inhibitors. Iproniazid is associated with greater hepatotoxicity than other MAO 
inhibitors, but is not available in the United States. Hepatotoxicity is variable among MAO inhibi
tors. The relative incidence is difficult to ascertain since these drugs are less commonly used. 

3.10.2.2. Tricyclic Antidepressants. Liver toxicity with tricyclics is rare, but is most 
commonly cholestatic when it does occur. Amineptine may be more hepatotoxic than other 
tricyclics. The mechanism in this class may be a combination of individual metabolic suscep
tibility with a hypersensitivity reaction. 
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3.10.2.3. Serotonin Reuptake Inhibitors. Liver enzyme abnormalities have been reported 
with SRIs, but this is a relatively new medication, and incidence of hepatotoxicity is still 
difficult to assess. 

3.10.2.4. Benzodiazepines. Hepatotoxicity is considered rare, with the exception of 
clotiazepam (not available in the United States). Hepatocellular injury usually responds to with
drawal and injury from rechallenge has not yet been reported. Cholestasis may be prolonged. 

3.11. Lipid-Lowering Agents 
3.11.1. HMG-CoA REDUCTASE INHIBITORS 

HM G-CoA reductase inhibitors may commonly produce mild aminotransferase elevations, 
but the incidence of true hepatotoxicity is unclear. Monitoring serum liver enzymes is recom
mended to detect early signs offulminant rhabdomyolysis that may be seen with the drug alone, 
but more commonly when used in combination with gemfibrozil. If serum liver enzymes are 
more than mildly abnormal, discontinuation of the drug is recommended. 

3.11.2. NICOTINIC ACID 

Aminotransferase elevations are common with high-dose (3 g/d) nicotinic acid, but 
severe hepatotoxicity is rare. Jaundice is seen in up to 5% of patients. Hepatotoxicity can 
be delayed and has been reported up to I yr after starting high-dose nicotinic acid. 
Sustained release forms have been associated with an increased incidence ofhepatotox
icity even at doses as low as 500 mg/d. Some patients who developed hepatotoxicity on 
sustained release nicotinic acid were subsequently able to tolerate the standard 
(nonsustained release) form. 

3.12. Antibiotics 

3.12.1. NITROFURANTOIN 

Nitrofurantoin is associated with chronic active hepatitis and is most commonly seen in 
older patients and females. This may be biased by its common use in treating chronic or 
recurrent urinary tract infections. Symptoms within 6 mo of initial exposure are uncommon. 
Hypoalbuminemia, hypergammaglobulinemia, and a positive antinuclear antibody (ANA) 
may often develop. A hypersensitivity reaction is suspected. Reaction to rechallenge is rapid, 
and intentional rechallenges are not recommended. Fulminant hepatitis and cirrhosis can occur 
if the medication is continued or readministered. 

3.12.2. TETRACYCLINE 

Tetracycline is a renally excreted hepatotoxin causing steatosis, especially when given in 
high doses and intravenously. The maximum daily doses should generally not exceed 1 g 
intravenously or 2 g orally. Pancreatitis and renal failure are common complications. Jaundice 
was a poor prognostic sign with up to 50% mortality. 

3.12.3. BETA-LACTAM ANTIBIOTICS (PENICILLINS/CEPHALOSPORINS) 

Although hypersensitivity is common with the penicillins, hepatotoxicity is rare. Oxacillin has 
a greater, but still rare, propensity to cause hepatocellular injury. Other oxypenicillins may have 
an increased likelihood of cholestatic hepatitis such as cloxacillin, dicloxacillin, and flucloxacillin. 
Amoxacillin-clavulanic acid is associated with a cholestatic hepatitis. Cephalosporins are a rare 
cause of hepatotoxicity . Ceftriaxone has been associated with ceftriaxone-calcium microcalculi 
or gall stone formation that can sometimes become symptomatic, but will usually resolve when 
the medication is discontinued. This has mainly been reported in children. 
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3.12.4. MACROLIDES 

Erythromycin and other macrolide antibiotics can cause a cholestatic hepatitis. Typically there are 
hyperbilirubinemia and elevations in alkaline phosphatase or GGT. Recovery is rapid upon with
drawal, and recurrence can be dramatic with rechallenge. The estolate form is mostly associated with 
hepatotoxicity and is age dependent. Rechallenges with other erythromycin forms are generally safe. 

3.13. Synthetic Hormones 
Synthetic estrogens can cause a bland cholestasis or cholestatic hepatitis. The cholestasis has 

both genetic and dose-dependent components. Estrogens predictably decrease bile flow, although 
the predominant mechanism is not clear. The onset of jaundice may be delayed and may present with 
an initial elevation in aminotransferases that subsequently resolves. Hyperbilirubinemia is charac
teristic with mildly elevated alkaline phosphatase and GGT that may remain normal throughout. 
Prolonged cholestasis has been documented. Sinusoidal dilatation is a common histological find
ing, but frank peliosis hepatis is uncommon (18). Development of hepatocellular adenoma can 
occur, and is related to the duration of use. It may regress on discontinuation ofthe medication (19). 

Androgens are also associated with bland cholestasis and cholestatic hepatitis. These syn
dromes are dose-dependent and seen more frequently than with estrogens. Hepatotoxicity 
responds to withdrawal of the drug. Hepatocellular carcinoma occurs more commonly in 
patients using androgens than in age-matched controls (20). 

3.14. Agentsfor Suppression of Gastric Acid Production 
3.14.1. H2-BLOCKERS 

Idiosyncratic hepatitis and cholestasis have been reported with H2-receptor blockers, but 
are considered very rare. Liver enzyme abnormalities may be seen. 

3.14.2. PROTON PUMP INHIBITORS 

No significant hepatoxicity has been reported with proton pump inhibitors such as 
omeprazole or lansoprazole. 

3.15. Antihyperuricemic Agents 
3.15.1. ALLOPURINOL 

Side effects with this medication are common, but severe drug reactions are rare. Acute 
hepatitis can be seen and may often accompany the acute systemic hypersensitivity syn
drome seen with this agent. Mortality is high in these patients (15%). The patient may 
continue to deteriorate after discontinuing the medication, and recovery can be delayed. 
Granulomas and eosinophilia are commonly seen on liver biopsies. Steroids may be benefi
cial in severely ill patients. 

3.16. Antiproliferative Agents 
3.16.1. METHOTREXATE 

In addition to its use as an antineoplastic agent, methotrexate is commonly used in the 
treatment of rheumatoid arthritis and psoriasis at low doses. This drug has been impli
cated in the development of hepatic fibrosis and cirrhosis. Toxicity is related to the total 
dose of the drug and also probably to the dosing interval (daily vs weekly). Toxicity 
appears to be more common in patients with psoriasis than rheumatoid arthritis. Liver 
enzymes are of little value in monitoring for toxicity. Whereas there is controversy 
regarding monitoring, baseline liver biopsy in patients who will be receiving long-term 
methotrexate is probably warranted. A cumulative dose of 1.5 g is associated with an 
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increased risk of developing cirrhosis. It is prudent to obtain a liver biopsy when this 
total dose is reached. If the postmethotrexate biopsy shows increased fibrosis, (above 
grade 2), it is recommended that the medication be discontinued. If there is no increase 
in fibrosis, a repeat biopsy after each additional gram of drug is prudent (21,22). 

3.17. Sulfur Containing Agents 
Although sulfonamide-induced hypersensitivity is common, hepatotoxicity is rare. Mor

tality is typically associated with extrahepatic hypersensitivity, but fulminant hepatitis has 
been reported. 

3.18. Oral Hypoglycemic Agents 
Hepatotoxicity with oral hypoglycemic agents is not related to the sulfa group and is uncom

mon. Glyburide can cause a pure cholestasis. 

3.19. Anticoagulants 
3.19.1. WARFARIN 

Cholestasis has been reported with this agent, but is extremely rare. 

3.20. Vitamins 
3.20.1. VITAMIN A 

Massive intake of vitamin A can cause acute hepatotoxicity. Chronic use of vitamin A has 
been associated with aminotransferase abnormalities, cirrhosis, and death. Liver toxicity has 
been seen typically in patients taking >40,000 IU/d (12). However, it has been reported with 
doses as low as 25,000 IU/d over several years (23). 

3.20.2. NICOTINAMIDE (SEE SECTION 3.11., LIPID-LoWERING DRUGS) 

3.21. Nontraditional Therapies 
Nontraditional therapies using alternative drugs is increasing in popularity today. Whereas 

most of these agents taken in small doses are safe, it is important to realize that some of these 
medications have been associated with significant hepatotoxicity and patients should be ques
tioned about these during the medical history. Table 2 contains a list of some herbal and over
the-counter medications to be considered in the patient with hepatotoxicity. 

SUMMARY 

Drug-induced hepatotoxicity can mimic any form of acute or chronic liver disease and 
should always be considered in evaluating patients with liver disease. 

Drug-induced liver disease is a clinical diagnosis generally made by excluding other causes. 
Idiosyncratic hypersensitivity reactions are the most common type of drug-induced hepa

totoxicity. 
Treatment generally involves withdrawal of the medication, monitoring for improve

ment, and supportive care. 
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1. INTRODUCTION 

As a physical sign and a biochemical marker, jaundice and hyperbilirubinemia are among 
the most frequently used "liver function tests." The clinical significance of jaundice varies 
according to the underlying disease. Knowledge of the pathophysiology of bilirubin metabo
lism is required for its interpretation. Acquired causes of hyperbilirubinemia, which usually 
indicate liver disease or biliary obstruction, need to be differentiated from inborn errors of 
bilirubin metabolism. In acute hepatitis,jaundice is common and usually transient, whereas in 
alcoholic hepatitis and alcoholic or nonalcoholic liver cirrhosis, jaundice has a dismal prog
nosis (1). In the intensive care unit, in septic or multitrauma patients, it is associated with a 
higher mortality rate. In primary biliary cirrhosis, it is a major prognostic indicator predicting 
survival (1). Impairment of bile flow due to obstruction of the intrahepatic or extrahepatic 
biliary tract leads to accumulation of conjugated bilirubin in the blood and jaundice, and is an 
indication for surgical or endoscopic relief of the obstruction. 

1.1. Formation of Bilirubin 
In normal human adults, 250-400 mg of bilirubin is produced daily from the breakdown of 

heme. Eighty percent is derived from hemoglobin; the remaining 20% comes from other 
hemoproteins, such as tissue cytochromes, myoglobin, catalase, and peroxidase, and from a 
small pool offree heme (2). Breakdown and disposition of heme released by senescent eryth
rocytes are required for the synthesis of new heme. 

Heme consists of a ring of four pyrroles joined by carbon bridges and a central iron atom 
(ferroprotoporphyrin IX) (see Fig. 1). Two groups of enzymes are required in the formation of 
bilirubin: microsomal heme oxygenases, which mediate the oxidation of heme specifically at 
the a-carbon bridge producing the green pigment, biliverdin IXa; and cytosolic biliverdin 
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Fig. 1. Bilirubin production: Specific cleavage of the I-carbon bridge, mediated by heme-oxygenase, is 
rate-limiting in bilirubin production. The reaction requires molecular oxygen and a reducing agent, such 
as NADPH. The I-bridge carbon is eliminated as CO and Fe++ are released. 

reductases, which convert biliverdin to bilirubin (3). Heme oxygenase is concentrated in the 
reticuloendothelial cells of the spleen, the principal site of red cell breakdown, and is induced 
by heme. Its activity appears to be the rate-limiting step in bilirubin production (3). Inhibition 
of heme oxygenase by tin-protoporphyrin or tin-mesoporphyrin reduces bilirubin production, 
and can be useful in temporary reduction of serum unconjugated bilirubin levels. Breakdown 
of heme releases an equimolar amount of CO. Therefore, measurement of CO production can 
be used clinically to estimate total bilirubin formation (3,4). 

1.2. Clinical Chemistry of Bilirubin 
1.2.1. SOLUBILITY IN WATER 

All ofthe polar groups of the molecule are engaged by internal hydrogen bonding. For this 
reason, bilirubin-IXa is insoluble in water. To be efficiently excreted, the molecule must be 
made water soluble. Physiologically, the most important mechanism by which this is accom
plished in vivo, is the conjugation ofthe propionic acid side chains of bilirubin with glucuronic 
acid. Bilirubin glucuronides are water-soluble and are readily excreted in bile (4). 

Alternatively, isomerization by exposure to light can make bilirubin water soluble. Blue
green light disrupts the internal hydrogen bonds by inducing photoisomerization of bilirubin
XIa. The resulting geometric or structural isomers are more polar and can be excreted into bile 
without conjugation (5). 

1.2.2. CARRIAGE IN CIRCULATION 

Unconjugated bilirubin is insoluble in water, and circulates in plasma tightly, but reversibly 
bound to albumin (6). Because albumin is normally present in molar excess, it serves as a buffer 
during sudden fluctuations of bilirubin production. Albumin binding inhibits bilirubin depo
sition in extrahepatic tissues, thereby protecting sensitive tissues, such as the brain (6). Because 



Chapter 14 / Bilirubin Metabolism 193 

of its tight binding to albumin, unconjugated bilirubin does not undergo glomerular filtration, 
and is absent in the urine. Conjugated bilirubin is less tightly bound, and a fraction of it is 
excreted in the urine. Albumin transports bilirubin to the sinusoidal surface of the hepatocyte, 
where the pigment dissociates from albumin, and is internalized. Other ligands, such as sul
fonamides, anti-inflammatory drugs, and cholecystographic contrast media, may displace 
bilirubin from albumin, precipitating bilirubin encephalopathy in newborns without altering 
serum bilirubin levels (1,2). As mentioned above, in the presence of prolonged conjugated 
hyperbilirubinemia, a fraction of serum bilirubin becomes irreversibly bound to albumin. This 
fraction, termed delta-bilirubin, is not excreted in bile or urine, and, because of the long half 
life of albumin, persists for a long time in the plasma (7). 

1.2.3. HEPATIC BILIRUBIN UPTAKE 

Despite a strong affinity of bilirubin for albumin, the albumin-bilirubin complex dissociates 
at the sinusoidal surface ofhepatocytes (8). Bilirubin is internalized by the hepatocytes, whereas 
albumin is not taken up. The bilirubin uptake pathway is dependent on inorganic anions, e.g., 
chloride, and differs from the sodium-dependent bile acid transport. Within the hepatocyte, 
bilirubin, other organic anions, and nonpolar substances are bound to the major cytosolic pro
teins, glutathione-S-transferases (GSTs), which are also known as ligandins (1-3). 

1.2.4. CONJUGATION OF BILIRUBIN 

Enzyme-catalyzed glucuronidation is a major detoxification mechanism of the body. The 
glucuronide products are more water-soluble, usually less toxic, and are readily excreted in bile 
or urine. Conjugation is essential for biliary excretion of bilirubin. Thus, in states of reduced 
hepatic bilirubin glucuronidation, unconjugated bilirubin accumulates in plasma. Glucuro
nidation of bilirubin is catalyzed by a specific isoform ofUDP-glucuronosyltransferase (UGT), 
and results in the formation of bilirubin mono glucuronide and diglucuronide (3,9). Bilirubin 
diglucuronide constitutes over 70% of the pigments in normal adult human bile. In subjects 
with reduced bilirubin-UGT activity, the proportion of bilirubin monoglucuronide increases 
in bile (2). The normal liver has an excess capacity to glucuronidate bilirubin, and the conju
gating activity remains intact in most acquired liver diseases. Various degrees of bilirubin
UGT deficiency occur in inherited disorders, such as Gilbert's syndrome and Crigler-Najjar 
syndrome, Types I and II (see Section 2.1.4.). 

1.2.5. BILE CANALICULAR SECRETION OF BILIRUBIN CONJUGATES 

Conjugated bilirubin is secreted across the bile canalicular membrane of the hepatocyte 
against a concentration gradient that may reach I: 1000. The presence of such large gradients 
indicates the presence of an energy-consuming transport system (10). Four canalicular trans
porters may be involved in organic anion excretion. Of these, the A TP-dependent multispecific 
organic anion transporter (cMOA T) appears to be most important in the secretion of bilirubin 
and many other nonbile acid organic anions. However, conjugated bilirubin does not share the 
pathway with conjugated trihydroxy bile acids (10). Normally, the vast majority of conjugated 
bilirubin formed in the hepatocyte is secreted into the bile canaliculus with only a minute 
fraction appearing in the plasma, presumably across the sinusoidal hepatocyte plasma mem
brane. In inherited disorders of canalicular excretion of organic anions, such as Dubin-Johnson 
syndrome, conjugated bilirubin accumulates in plasma, but bile salts are normally excreted 
(11). Although the pathway of bile salt excretion is different from that of bilirubin excretion, 
bile salts increase the maximum hepatic excretory capacity for bilirubin. In hepatitis and other 
hepatocellular diseases, as well as in diseases of bile canalicular excretion (intrahepatic 
cholestasis), or biliary obstruction, both conjugated and unconjugated bilirubin accumulate in 
the plasma (12). 
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1.2.6. DEGRADATION OF CONJUGATED BILIRUBIN IN THE GASTROINTESTINAL TRACT 

Conjugated bilirubin is not absorbed across the lipid membrane of the small intestinal epithe
lium. The unconjugated bilirubin fraction is partially reabsorbed by the intestine, and returned 
to the liver (enterohepatic circulation). This fraction increases during phototherapy because of 
the excretion of geometric and structural photoisomers of bilirubin (5). Oral administration of 
charcoal, agar, cholestyramine, or calcium salts may interfere with the absorption of unconjugated 
bilirubin and increase the efficacy of phototherapy. In the large gut, bilirubin is reduced to 
urobilinogens by bacterial enzymes. The major urobilinogens found in stool are colorless and 
tum orange-yellow only after oxidation to urobilins. In complete biliary obstruction or severe 
intrahepatic cholestasis (e.g., in the early phase of acute viral hepatitis), feces lose the normal 
brown coloration and may take the appearance of china clay. In newborns, whose intestinal flora 
has not yet developed, or in adults after prolonged administration of broad spectrum antibiotics, 
bilirubins appear in feces. Urobilinogens and their derivatives are partly absorbed from the 
bowel, undergo enterohepatic recycling, and are eventually excreted in urine and feces (10,13). 

1.2.7. EXTRAHEPATIC HANDLING OF BILIRUBIN 

Renal excretion of conjugated bilirubin depends on the glomerular filtration of a small, 
nonprotein-bound fraction of conjugated bilirubin. Normally, only approx 4% of plasma 
bilirubin is conjugated (13). Therefore, in the absence of albuminuria, little, if any, bilirubin 
is present in the urine. However, urinary excretion becomes the major excretory pathway for 
bilirubin in the presence of severe cholestasis or complete biliary obstruction. Thus, in children 
with biliary atresia, 50-90% of the bilirubin is excreted in urine. 

Villi of the proximal small intestinal mucosa have bilirubin-UGT activity, but its clinical 
significance is unknown (13). In the absence of glucuronidation, as in patients with the Crigler
Najjar syndrome type I, a minor amount of un conjugated bilirubin is excreted in bile. Small 
amounts of un conjugated bilirubin appear in the intestinal lumen by passage across the intes
tinal epithelium or by exfoliation of epithelial cells (1,2). 

Oxidation of bilirubin may be mediated by mixed function oxidases in liver and other organs 
(3). The relative contribution of microsomal oxidation to the overall turnover of bilirubin in vivo 
is not clear. However, this pathway may playa significant role in bilirubin disposition in cases 
in which the normal pathways are deficient, as in patients with Crigler-Najjar syndrome type 1. 

1.2.8. BILIRUBIN IN TISSUES AND BODY FLUIDS (SEE FIG. 2) 

1.2.8.1. Plasma. Normally, only up to 4% of bilirubin in plasma is conjugated. This propor
tion remains unchanged, even when total plasma bilirubin increases due to overproduction, 
e.g., hemolysis (1). In inherited disorders of bilirubin conjugation, total serum bilirubin 
increases, whereas the proportion of conjugated bilirubin is decreased. In biliary obstruction 
or hepatocellular diseases, both conjugated and unconjugated bilirubin accumulate in plasma, 
and the proportion of conjugated bilirubin increases (10). 

1.2.8.2. Urine. As mentioned above, unconjugated bilirubin and covalently albumin-bound 
delta-bilirubin are not excreted in the urine. Clinically, the presence of bilirubin in urine 
indicates the presence of conjugated bilirubin in plasma, which is, in most cases, suggestive 
of liver disease or biliary obstruction (13). Conjugated bilirubin also appears in the urine in 
Dubin-Johnson syndrome, and Rotor syndrome (see Section 2.2.2.). 

1.2.8.3. Bile. Over 70% of bilirubin in normal bile is diglucuronide; unconjugated bilirubin 
accounts for only 1-4% of biliary pigments. In states of partial deficiency ofbilirubin-UDP
glucuronosyltransferase activity, the proportion of bilirubin mono glucuronide and uncon
jugated bilirubin increase in bile (10). In complete deficiency ofbilirubin-UGT (Crigler-Najjar 
syndrome, type I), bilirubin conjugates are barely detectable in the bile. 
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Fig. 2. Disposition of bilirubin by the whole body: Enterohepatic and systemic circulation of bilirubin 
and its metabolites under physiological conditions. 

1.2.8.4. Tissue Fluids. Tissue fluids with high protein content contain albumin-bound 
bilirubin. Thus, exudates have higher bilirubin concentrations than do transudates. Bilirubin 
is excreted in sweat, semen, and milk in deeply jaundiced patients. For unknown reasons, 
paralyzed limbs are usually less deeply jaundiced than other parts of the body. 

1.2.8.5. Cerebrospinal Fluid. Normally, bilirubin concentration in cerebrospinal fluid is 
much lower than that in the serum, reflecting the low protein concentration in cerebrospinal 
fluid. When hyperbilirubinemia and meningitis coexist, as in leptospirosis, cerebrospinal fluid 
may be tinged with bilirubin (1,2). 

1.2.8.6. Skin and Sclera. Bilirubin stains the elastic tissue of skin and sclera, causing yellow 
discoloration in hyperbilirubinemia, which may persist for some time after the resolution of 
hyperbilirubinemia. The jaundice appears to be more intense in the presence of conjugated 
hyperbilirubinemia, probably because of greater penetration of the polar conjugates into body 
fluids (1). 

2. DISORDERS OF BILIRUBIN METABOLISM 

Jaundice can be classified based on the predominant type of bile pigments accumulating in 
plasma (see Table I). Overproduction of bilirubin, abnormalities of bilirubin uptake by the 
liver and disorders of bilirubin conjugation result in the accumulation of predominantly 
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Table 1 

Differential Diagnosis of Jaundice 

Predominantly conjugated 

Congenital disorders 
Dubin Johnson 
Rotor 
Choledochocele 
Cholestatic syndromes: 
Benign recurrent intrahepatic cholestasis 
Primary biliary cirrhosis 
Primary sclerosing cholangitis 
Biliary obstruction 
Pancreatic disorders 
Hepatocellular disorders 
Alcoholic liver disease 
Viral hepatitis 
Post operative jaundice 
Others 
Infiltrative liver disorders 
Drugs 
Systemic diseases involving the liver 
Sepsis 

Predominantly unconjugated 

Congenital 
CNtype I 
CN type II (Arias syndrome) 
Gilbert's syndrome 
Hemolysis: 
Drugs 
Glucose-6-phosphatase deficiency 
Pyruvate kinase deficiency 

Neonatal 
Physiological jaundice 
Lucey-Driscol syndrome 

Others 
Drugs 
Thyroid disorders 

unconjugated bilirubin. Hepatocellular diseases, abnonnalities of canalicular excretion, and 
biliary obstruction result in the accumulation of both conjugated and unconjugated bilirubin (J). 

2.1. Unconjugated Hyperbilirubinemia 
A number offactors including overproduction of bilirubin, low hepatic uptake, and imma

turity of hepatic bilirubin-UDP-glucuronosyltransferase activity combine to produce increased 
plasma concentration of unconjugated bilirubin. This is known as "physiological jaundice" 
(see Chapter 22). Prolonged severe jaundice may result from exacerbation of any of these 
mechanisms. 

2.1.1. NEONATAL JAUNDICE 

The milk of some mothers contains inhibitors of bilirubin-U G T, giving rise to maternal milk 
jaundice, which is usually mild and is abated by temporary discontinuation of breast-feeding 
(J 4). In other cases, an inhibitory factor present in maternal plasma may be transplacentally 
transferred to the fetus. This condition, termed Lucey-Driscoll syndrome, can cause 
unconjugated hyperbilirubinemia for several weeks after birth. The antibiotic novobiocin 
inhibits bilirubin conjugation and may increase serum bilirubin levels (15). 

2.1.2. JAUNDICE DUE TO BILIRUBIN OVERPRODUCTION 

Bilirubin overproduction may result from excessive breakdown of hemoglobin heme that 
occurs in the presence of extravascular or intravascular hemolysis, extravasation of blood in 
tissues, or dyserythropoiesis. In most hemolytic disorders, there is increased extravascular 
destruction of erythrocytes in the reticuloendothelial cells of the spleen, bone marrow, and the 
liver. These cells are rich in heme oxygenase and biliverdin reductase activities, and rapidly 
degrade heme to bilirubin (1,2). When blood is extravasated into tissues, erythrocytes are 
phagocytosed by tissue macrophages that degrade heme to biliverdin and subsequently to 
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bilirubin, resulting in the sequential green and yellow discoloration of the skin overlying a 
hematoma. 

2.1.3. INTRAVASCULAR HEMOLYSIS 

As opposed to extravascular hemolysis, the major sites of intravascular hemolysis are liver 
and kidney. Hemoglobin released in the circulation is bound to haptoglobin, and then internal
ized and degraded by hepatocytes. In massive hemolysis, circulating haptoglobin is reduced. 
In these cases, unbound hemoglobin is converted to methemoglobin, from which the heme 
moiety is transferred to hemopexin or to albumin forming methemalbumin. Heme-hemopexin 
and methemalbumin are internalized by hepatocytes, in which heme is degraded to bilirubin. 
A fraction of free methemoglobin is filtered by renal glomeruli, and the heme moiety of 
filtered. Methemoglobin is largely degraded to bilirubin by tubular epithelial cells (1,3). 

The normal hepatic excretory capacity for bilirubin exceeds the normal daily bilirubin load. 
But under maximal stress, erythropoiesis can increase by 10-fold, and the bilirubin production 
may exceed the excretory capacity. In dyserythropoietic syndromes, such as megaloblastic and 
sideroblastic anemias, severe iron-deficiency anemia, erythropoietic porphyria, erythroleuke
mia, and lead poisoning, a large fraction of hemoglobin heme is degraded without incorpora
tion into erythrocytes. In these conditions, bilirubin synthesis greatly exceeds the production 
of red cells. Even in the presence of marked increase in bilirubin production, in the presence 
of normal liver function, plasma bilirubin concentrations do not usually exceed 4 mg/dL. The 
extra bilirubin load is excreted in bile, resulting in increased urobilinogen excretion in stool and 
urine. However, in the presence of abnormalities of liver function, hemolysis may result in 
marked hyperbilirubinemia (1-4). 

Increased bile pigment excretion over a long time may result in the precipitation of 
monoconjugated and unconjugated bile pigments, leading to the formation of brown or black 
pigment stones (10,12). Black pigment stones generally form in the gallbladder and may 
contain polymerized bile pigments. Brown stones often form in bile ducts in the presence of 
infection. 

2.1.4. INHERITED DISORDERS OF GLUCURONIDATION 

Three degrees of inherited defect of bilirubin conjugation are known in humans. In order of 
severity, these are Crigler-Najjar syndrome, type I, Crigler-Najjar syndrome, type II (Arias 
syndrome) and Gilbert's syndrome (16) (see Table 2). Crigler-Najjar syndromes type I and II 
are discussed in detail in Chapter 23, and only a short summary is provided here. 

2.1.4.1. Crigler-Najjar Syndrome Type I. Crigler-Najjar syndrome type I is characterized 
by severe life-long unconjugated hyperbilirubinemia (17) with undetectable hepatic UDP
glucuronosyltransferase activity towards bilirubin. The syndrome occurs in all ethnic groups, 
and is inherited as an autosomal recessive characteristic. There is a high incidence of consan
guinity in the families of these patients. Unless vigorously treated, most of these patients die 
by 15 mo oflife. The others remain icteric until puberty when they often succumb to kernicterus 
precipitated by unknown causes. With advances in the management of hyperbilirubinemia, 
more subjects are surviving to adulthood (16,18). 

1. Laboratory tests: Hepatic bilirubin-UGT activity is undetectable (1,3). Abnormalities of serum 
biochemical parameters are limited to unconjugated hyperbilirubinemia. Serum bilirubin con
centrations are usually between 20-26 mg/dL, but may be as high as 50 mg/dL. There is no 
conjugated bilirubin in serum. All other liver function tests, including serum bile acid levels, 
are normal and there is no bilirubinuria. Biliary excretion of organic anions that do not require 
glucuronidation for canalicular transport are normal. Thus, the gallbladder is visualized by oral 
cholecystography, despite very high bilirubin levels. The liver histology is normal (2). 



198 Part IV / Hepatocellular Diseases 

Table 2 

Differential Diagnosis ofInherited Disorder Associated with Unconjugated Hyperbilirubinemia 

Crigler-Najjar Crigler-Najjar 
syndrome, type I syndrome, type II Gilbert's Syndrome 

Prevalence Rare Rare 2-7% of the population 
have hyperbilirubin 
emia;upto 15%have 
the genotype 

Plasma bilirubin 20-26 mg/dL 7-20 mg/dL 1-5 mg/dL 
Hepatic bilirubin- Undetectable Low 50% of normal 

UGT activity 
Pigments in bile Only trace amounts Decreased proportion Decreased proportion 

of bilirubin of bilirubin of bilirubin 
glucuronides diglucuronide diglucuronide 

Plasma BSP retention Normal Normal Normal 
Effect of phenobarbital None Reduction by Jaundice disappears 

on serum bilirubin over 25% 
levels 

Treatment Phototherapy, liver Phenobarbital None 
transplantation 

Inheritance Autosomal recessive Autosomal recessive Probably autosomal 
recessive 
(autosomal 
dominant 
inheritance is also 
suggested) 

Prognosis Kernicterus, unless Usually benign; Benign 
treated vigorously rarely causes 

kernicterus 

2. Bile biochemistry: The bile is pale yellow due to the presence of a small amount of unconj ugated 
bilirubin (18). The absence of significant amounts of unconjugated bilirubin in bile readily 
distinguishes this syndrome from Crigler-Najjar syndrome, type II (see Section 2.1.4.2.). 

3. Genetic basis and molecular diagnosis: Crigler-Najjar syndrome type I results from genetic 
lesions of any of the five exons of the UGTl gene that encode bilirubin-UGT (19-22). These 
mutations may cause a lack of synthesis of the protein, premature truncation, a frame-shift, or 
a single amino acid substitution. In all cases, the structural abnormality of the enzyme reduces 
the bilirubin-UGT activity to physiologically insignificant levels. Identification ofheterozy
gous carriers is now possible by genetic analysis. In several cases, prenatal diagnosis has been 
performed in families with previous children with Crigler-Najjar syndrome by genetic analysis 
of amniotic cells or chorionic villus sample (1,3). 

4. Conventional treatment of Crigler-Najjar syndrome type I: The major aim is to reduce serum 
bilirubin concentration. This can be accomplished by phototherapy, which promotes the formation 
of photoisomers of bilirubin IXu that lack internal hydrogen bonds, and are excreted in bile without 
conjugation (1,3). In cases of impending kernicterus, bilirubin can be removed rapidly by plasma
pheresis. Following plasmapheresis, bilirubin is mobilized from tissue deposits to plasma. Ortho
topic liver transplantation is currently the only curative treatment for Crigler-Najjar syndrome, type 
I (23). Auxiliary transplantation of a hepatic lobe has also been performed in several patients. 

5. Experimental methods of treatment: Passage of blood through albumin-agarose columns 
extracorporeally has resulted in removal of bilirubin and amelioration of hyperbilirubinemia 
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in Gunn rats, the animal model for Crigler-Najjar disease. Transplantation of normal liver 
cells into the peritoneal cavity of congeneic Gunn rats, resulted in excretion of conjugated 
bilirubin in bile, and progressive decrease in serum bilirubin levels (24). Agents that induce 
UGT activity are ineffective in patients with Crigler-Najjar syndrome, type 1. However, induc
tion of a specific group of cytochromes have been reported to result in the reduction of serum 
bilirubin level. Another approach involves reducing bilirubin production by the administration 
of tin-protoporphyrin or tin-mesoporphyrin, potent inhibitors of heme-oxygenase. Although 
the effect is temporary, it may be useful in reversal of crises. 

2.1.4.2. Crigler-Najjar Syndrome, Type II (Arias Syndrome). These patients have high 
levels of un conjugated hyperbilirubinemia, but unlike patients with Crigler-Najjar syndrome, 
type I, have residual bilirubin-UGT activity (25). Therefore, induction ofthe enzyme activity 
by phenobarbital therapy significantly reduces serum bilirubin concentrations in most cases. 
As in Crigler-Najjar syndrome, type I, the liver histology, erythrocyte life span and serum liver 
enzyme tests are normal. These patients run a more benign course than do those patients with 
Crigler-Najjar type I. Serum bilirubin levels usually fluctuate between 7 and 20 mg/dL, but 
may go up as high as 20 mgldL with fasting or systemic infections (1,3). Kernicterus has been 
reported in several cases, especially under stressful situations, or when phenobarbital is with
drawn. Neurological abnormalities range from slight intention tremor, nonspecific electro
encephalographic abnormality, perceptual deficit, and subnormal intelligence to death from 
full-blown kernicterus. Hepatic bilirubin-UGT activity is greatly reduced, and often undetect
able. The bilirubin monoglucuronide exceeds 30% of the pigments excreted in bile. 

As in Crigler-Najjar syndrome, type I, the genetic lesion consists of mutations that cause 
structural abnormalities ofbilirubin-UGT. However, in the case of Crigler-Najjar syndrome, 
type II, all the mutations cause a single amino acid substitution that markedly reduces, but does 
not abolish the catalytic activity of the enzyme (26). 

The main condition that needs clinical differentiation is Crigler-Najjar syndrome, type I. 
This can be accomplished by bile analysis, which shows a significant amount of conjugated 
bilirubin excretion in the type II syndrome (27). Phenobarbital therapy is not completely 
reliable as a diagnostic test. Liver biopsy is usually not necessary for diagnosis, and may not 
always differentiate between the two types of Crigler-Najjar syndrome. 

1. Treatment: Phenobarbital may work by inducing residual bilirubin-UGTl activity, 
thus ameliorating the jaundice in these patients. In some patients, discontinuation of 
phenobarbital therapy resulted in rapid increase of serum bilirubin levels, and in irre
versible brain damage. 

2.1.4.3. Gilbert's Syndrome. This is the mildest and most common form of inherited 
nonhemolytic unconjugated hyperbilirubinemia affecting 2-7% of the popUlation (28). Serum 
bilirubin concentrations are generally 1-5 mgldL, and fluctuate with time, increasing during 
intercurrent illness, emotional stress, fasting, and in relation to the menstrual cycle. Apart from 
icterus, the physical examination is normal. 

1. Laboratory tests: Unconjugated hyperbilirubinemia is the only serum biochemical abnormal
ity; other liver function tests including serum alkaline phosphatase, and aminotransferase 
activities, bile salt levels, and oral cholecystography are normal. Liver biopsy is not required 
for diagnosis; the liver is histologically normal (1,3). Hepatic bilirubin-UGT activity is 
decreased to 30-50% of normal. The reduced bilirubin-UGT activity is reflected by an increased 
proportion of bilirubin monoconjugates in bile. In addition to the conjugation defect that is 
consistently found in Gilbert's syndrome, approx 30% of the patients have reduced organic 
anion uptake by the liver. The relation between this abnormality and the bilirubin-UGT defect 
is unknown (3,16). 
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2. Diagnosis: Gilbert's syndrome is conventionally diagnosed in individuals with mild 
unconjugated hyperbilirubinemia without evidence of hemolysis or structural liver disease. 
Gilbert's syndrome is more commonly diagnosed in males after puberty than in females. 
This sex difference may be due to higher daily serum bilirubin production in males, which 
makes the effect of reduction of the enzyme activity clinically recognizable. Although 
hemolysis is not a part of the syndrome, some patients have concomitant hemolysis; the 
combination of increased bilirubin production and Gilbert's syndrome results in more 
clinically apparent hyperbilirubinemia. In people with a minimal elevation of serum bilirubin 
levels, differentiation from normal may be difficult. For these people, two provocative tests, 
e.g., caloric deprivation (400 calorie diet for 24-48 h) and nicotinic acid administration may 
be used (1,2). Fasting-induced hyperbilirubinemia appears to result from increased hepatic 
bilirubin production. However, serum bilirubin levels also increase upon fasting in normal 
people, and in individuals with other hepatobiliary disorders. The effect of nicotinic acid is 
probably mediated by enhanced bilirubin formation in the spleen by increasing erythrocyte 
fragility and enhanced splenic heme oxygenase activity. Intravenous nicotinic acid adminis
tration also does not clearly separate patients with Gilbert's syndrome from normal people or 
those with hepatobiliary disease. Serum unconjugated bilirubin levels of 5-8 mg/ dL may occur 
in both Gilbert's syndrome and Arias syndrome. In both disorders, serum bilirubin levels 
decrease in response to phenobarbital therapy (1). Hepatic UDP-glucuronosyltransferase 
activity, and biliary bilirubin monoconjugate contents may also overlap, making the differentia
tion between these two disorders difficult. However, serum bilirubin levels in this range are not 
associated with brain toxicity, and, therefore, the differential diagnosis is not critical clinically. 

3. Genetic basis and molecular diagnosis: Although Gilbert's syndrome is inherited as an auto
somal disorder, many subjects with Gilbert's syndrome do not have a family history of the 
disorder. Recently, an abnormality in the promotor region of the UGTl gene was reported to 
be present in all cases of Gilbert's syndrome, although all subjects homozygous for this abnor
mality do not exhibit significant hyperbilirubinemia (29). 

4. Management: Subjects with Gilbert's syndrome have normal life expectancy and health. Once 
the diagnosis is made, only reassurance is necessary. Increased hepatic toxicity to acetami
nophen has been reported in Gilbert's syndrome. 

2.2. Predominantly Conjugated Hyperbilirubinemia 
2.2.1. ACQUIRED DISORDERS OF CANALICULAR EXCRETION 

2.2.1.1. Bile Duct Obstruction. Obstruction of bile ducts may occur outside the liver, 
within the liver or both (10). Diseases causing extrahepatic obstruction of bile ducts, such as 
calculi, strictures, or neoplasm, are often amenable to surgical treatment. Chronic obstruction 
of extrahepatic and! or intrahepatic portions of the bile ducts may be apparent in the neonates 
due to congenital biliary atresia, and in adults who develop primary sclerosing cholangitis (12). 
In hepatobiliary obstruction, conjugated bile pigments, and other contents of bile, such as bile 
salts and alkaline phosphatase regurgitate into the circulation through the junctions of hepa
tocyte plasma membranes. Obstruction to outflow may cause some retention of conjugated 
bilirubin within hepatocytes, where they may undergo reversal of glucuronidation. Thus, 
unconjugated bilirubin also leaks into the plasma, and both unconjugated and conjugated 
bilirubin accumulate in serum. 

2.2.1.2. Intrahepatic Cholestasis. Disorders primarily affecting bile canaliculi cause 
decreased bile flow, and reduced elimination of bile pigments and bile. During the neonatal 
period, various hepatitic syndromes predominantly manifest as cholestasis. Some of these 
disorders, such as Byler's syndrome, hereditary cholestasis with lymphedema and cholestasis 
of North American Indians, run in families and are associated with giant cell formation (12). 
Cholestasis is the predominant manifestation of primary biliary cirrhosis. Some drugs, includ-
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ing alkylated steroids (e.g., methyl testosterone and ethynyl estradiol), cause cholestasis in a 
dose-related fashion. Other drugs, such as chlorpromazine, cause cholestasis as an idiosyn
cratic reaction (see Chapter 13). Patients undergoing liver transplantation may develop 
cholestasis as a manifestation of chronic rejection, veno-occlusive disease or biliary strictures. 

2.2.1.3. Hepatocellular Injury. In contrast to cholestatic syndromes, disorders associated 
with general hepatocellular injury result in the regurgitation of intracellular proteins and other 
small molecules into the plasma. Thus, not only conjugated and unconjugated bilirubin and bile 
salts, but also intrahepatocellular proteins, such as aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), gamma-glutamyltranspeptidase (GGT), alkaline phosphatase, and 
glutathione-S-transferases (GST), accumulate in plasma (2). 

2.2.1.4. Benign Recurrent Intrahepatic Cholestasis. This is a rare disorder characterized 
by recurrent attacks of cholestasis, usually in adolescents and young adults. Following a 2-4 
wk prodromal period during which patients experience malaise, anorexia, and pruritus, jaun
dice develops and the liver may become enlarged and tender (30). The differential diagnosis 
includes biliary obstruction, which may lead to unnecessary surgical procedures. Typically, 
episodes of cholestasis last from a few weeks to several months, and intervals between attacks 
may range from several months to years. Symptoms and duration during the episodes are 
similar in individual patients. Between attacks, patients are clinically normal. The disease does 
not affect longevity. Although the disorder runs in families, the mode of inheritance is not 
known (30). 

During a cholestatic episode, serum bile acids, alkaline phosphatase activity and conjugated 
bilirubin concentration increase to abnormal levels. Serum aminotransferases may be mildly 
elevated, and the prothrombin time may be elevated because of malabsorption of vitamin K. 
Plasma disappearance of unconjugated bilirubin is normal, but conjugated bilirubin level 
increases as itrefluxes from the liver. Liver biopsy shows characteristic features of intrahepatic 
cholestasis. Electron microscopy shows marked distortion and reduction in the number of bile 
canalicular microvilli, almost complete disappearance of nucleotide phosphatase activity, and 
reduction in the number of acid phosphatase-rich lysosomes. These changes are not specific 
for this disorder and may be seen in other forms of cholestasis. Between attacks, liver histology 
returns to normal (1,30). 

The pathogenesis is unknown and no effective treatment for preventing or shortening the 
cholestatic episodes exist. 

2.2.2. INHERITED DISORDERS RESULTING IN THE ACCUMULATION OF CONJUGATED BILIRUBIN 

In acquired cholestasis, the canalicular excretion of all organic anions, including bile salts, 
is reduced. In contrast, inherited disorders of canalicular organic anion excretion do not affect 
bile salt excretion. Other liver function tests are normal (1,2). As the accumulation of conju
gated bilirubin in plasma usually suggests acquired liver disease, ascertaining the correct 
diagnosis of these benign disorders is important (see Table 3). 

2.2.2.1. Dubin-Johnson Syndrome. This syndrome is characterized by mild, conjugated hyper
bilirubinemia and a black liver (31). Patients are usually asymptomatic. Occasionally, patients 
complain of mild, vague abdominal pain and weakness, but pruritus is absent. The syndrome is 
detected usually after puberty, although cases have been reported in neonates. It may be initially 
diagnosed during intercurrent illness, pregnancy, or use of oral contraceptives, which increase the 
mild hyperbilirubinemia to a level at which jaundice becomes apparent. Except for jaundice, 
physical examination is norma1. Dubin-Johnson syndrome has been described in both sexes in 
virtually all races. It is frequent (I: 1300) in Persian Jews in whom it is associated with clotting factor 
VII deficiency. The disorder is familial and is inherited as an autosomal trait (31-33). 
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Table 3 

Differential Diagnosis ofInherited Disorders Associated with Conjugated Hyperbilirubinemia 

Prevalence 
Plasma bilirubin 
Plasma BSP retention 

Oral cholecystogram 
Urinary coproporphyrin 

Treatment 
Inheritance 
Prognosis 

Dubin-Johnson Syndrome 

Rare 
2-23 mg/dL 
Initial clearance is normal, 

but a second peak 
appears at 90 min 

No visualization 
Total coproporphyrin 

excretion is normal, 
but approx 90% is 
isomer I 

None required 
Autosomal recessive 
Harmless 

Rotor Syndrome 

Rare 
2-5 mg/dL 
Increased retention at 45 min, no 

secondary rise 

Usually visualizes 
Total excretion is increased; 

approx 65% isomer I 

None required 
Autosomal recessive 
Harmless 

1. Laboratory tests: Serum bilirubin usually is 2-5 mg/dL, but can be as high as 20-25 mg/dL. 
As 50% or more of total serum bilirubin is conjugated, bilirubinuria is frequent. Bilirubin 
diglucuronide is the major conjugated bile pigment in serum in contrast to other hepatobiliary 
disorders where it is predominantly bilirubin monoglucuronide. Similar to normal subjects, 
bilirubin diglucuronide is also the predominant pigment excreted in the bile. Hematological 
parameters, serum liver tests, and serum bile salt concentrations are normal. Because Dubin
Johnson syndrome affects canalicular excretion of most organic anions except bile salts, oral 
cholecystography, even using a "double dose" of contrast material, may not visualize the 
gallbladder. Serum bile salt levels are normal, which helps to distinguish this syndrome from 
acquired liver diseases (33). 

Following iv administration of5 mg/kg body weight sulfobromophthalein (BSP), the initial 
plasma disappearance is normal at 45 min, indicating normal uptake and hepatic storage. 
However, a secondary increase of plasma BSP level occurs at 90 min because of the reflux of 
conjugated BSP from the liver cell into the circulation (1J,33). Such biphasic BSP clearance 
curves are highly characteristic of Dubin-Johnson syndrome, but not pathognomonic, as it may 
be found in other hepatobiliary disorders (1,33). 

Normally, daily biliary coproporphyrin excretion is approximately three times that of daily 
urine excretion. In normal bile, coproporphyrin isomer I constitutes approx two thirds of the 
total, whereas 75% of coproporphyrins excreted in urine is isomer III (32,33). In most hepato
biliary disorders, including cholestasis, total urinary coproporphyrin excretion increases, but 
the proportion of isomer I in urine remains less than 65%. Dubin-Johnson syndrome is unique 
in that total urinary coproporphyrin is normal, but the proportion of isomer I exceeds 80%. 
Although neonates normally have elevated urinary content of coproporphyrin I as compared 
to adults, levels are not as high as seen in Dubin-Johnson syndrome, and urinary porphyrin 
analysis can be useful in the diagnosis of Dubin-Johnson syndrome in neonates. 

2. Liver morphology: Macroscopically, the liver is black. Light microscopy reveals normal histology 
except for accumulation of a pigment, which on electron microscopy, appears as electron-dense 
granules contained within lysosomes. During attacks of coincidental diseases, such as acute viral 
hepatitis, the pigment is cleared from the liver, and reaccumulates slowly after recovery. 

3. Organic anion transport. 

2.2.2.2. Rotor Syndrome. This syndrome is also characterized by chronic, mild, predomi
nantly conjugated hyperbilirubinemia, and the physical examination is normal, except for 
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jaundice. Rotor syndrome has been described in several nationalities and races. It is rare and 
inherited as an autosomal recessive characteristic. Apart from the hyperbilirubinemia, serum 
liver tests are normal. In contrast to the findings in Dubin-Johnson syndrome, the liver is not 
hyperpigmented (34,35). 

Compared to Dubin-Johnson syndrome, there is excessive plasma retention (over 25%) of 
BSP at 45 min after iv injection, and there is no secondary rise. The gallbladder is usually 
visualized during oral cholecystography. An important difference between Dubin-Johnson 
and Rotor syndrome is that storage capacity is normal in Dubin-Johnson syndrome, whereas 
the transport is markedly reduced. In Rotor syndrome, hepatic storage capacity is reduced to 
10-25% of normal, and the maximum transport is reduced by half (34). 

In contrast to the findings in Dubin-Johnson syndrome, total urinary coproporphyrin is 
increased by 250-500% in Rotor syndrome, and the proportion of coproporphyrin I in urine 
is approx 65% of total. Phenotypically normal obligate heterozygotes have coproporphyrin 
excretory pattern, which is intermediate between that of normal people and patients with Rotor 
syndrome. Both syndromes are harmless and do not require any treatment aside from reassur
ance (33). 

SUMMARY 

Unconjugated bilirubin is insoluble in water because of internal hydrogen bonding. It 
circulates in plasma bound to albumin. 

Bilirubin conjugation by the enzyme, bilirubin-UDP-glucuronosyltransferase (bilirubin
UGT), is required for its excretion in bile. 

Normally, serum bilirubin is predominantly unconjugated. Unconjugated bilirubin lev
els can increase because of overproduction of bilirubin, reduced hepatic bilirubin uptake, 
or disorders of bilirubin glucuronidation. 

Inherited deficiency ofbilirubin-UGT can result in three grades of un conjugated hyper
bilirubinemia: Crigler-Najjar syndrome type I (complete bilirubin-UGT deficiency), 
Crigler-Najjar syndrome type II (severe, but partial deficiency of bilirubin-UGT), and 
Gilbert's syndrome (mild reduction ofbilirubin-UGT). 

Hepatocellular disorders, abnormalities of canalicular excretion, and biliary obstruction 
result in the accumulation of both conjugated and unconjugated bilirubin in the plasma. 

The presence of bilirubin in the urine indicates high conjugated bilirubin in the plasma, 
resulting from liver disease, biliary obstruction, or inherited disorders of canalicular excre
tion of organic anions. 

Phototherapy promotes the formation of isomers of bilirubin that are polar and can be 
excreted in bile without conjugation. Phototherapy is the routine treatment for Crigler
Najjar syndrome type I. 

Induction of the residual bilirubin-UGT activity by phenobarbital reduces serum biliru
bin concentrations in most cases of Crigler-Najjar syndrome type II. 

Gilbert's syndrome is the mildest and most common form of nonhemolytic unconjugated 
hyperbilirubinemia. 

Benign recurrent intrahepatic cholestasis is a rare disorder characterized by recurrent 
transient attacks of cholestasis. 

Dubin-Johnson syndrome results from an inherited abnormality of canalicular excretion 
of organic anions other than bile salts, and results in the accumulation of a black pigment 
in the liver and conjugated bilirubin in plasma, but serum bile salt levels are normal. 

In Rotor syndrome, hepatic storage capacity is reduced and conjugated bilirubin accumu
lates in the plasma. There is no pigmentation of the liver. 
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1. INTRODUCTION 

Cholestasis (literally the stoppage of bile) has a variety of operational definitions. To the 
clinician, it is the jaundiced patient with marked elevations of alkaline phosphatase and mini
mally elevated aminotransferases. To the physiologist, it is the measurable decrease in hepatic 
secretion of water and solutes. To the histopathologist, it is the identification of bile pigment 
in the canaliculi, bile ducts or hepatocytes. Cholestasis results from an interference in normal 
bile flow. This interference may occur at any point from the canalicular membrane of the 
hepatocyte to the ampulla of Vater in the duodenal wall. Clinical manifestations of cholestasis 
range from asymptomatic abnormalities in liver function tests to fatigue, pruritus, jaundice, 
and right upper quadrant pain. 

In this chapter we will focus on two disorders of bile ducts that result in cholestasis: one 
involving only intrahepatic bile ducts, i.e., primary biliary cirrhosis; and one that may involve 
intrahepatic bile ducts, extrahepatic bile ducts, or most frequently both, i.e., primary sclerosing 
cholangitis. 

2. PRIMARY BILIARY CIRRHOSIS (PBC) 

2.1. Pathogenesis 
Primary biliary cirrhosis is an accurate description only of the last stages of this disease 

entity. In its early stages, there is only inflammation of, and damage to, the interlobular and 
interseptal bile ducts. This inflammatory process has also been referred to by the rather cum
bersome, but accurate name of chronic nonsuppurative destructive cholangitis. 
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The etiology of PBC is unknown, but felt to be autoimmune in nature because of its asso
ciation with numerous abnormalities of the immune system. For example, abnormal circulat
ing antibodies such as AMA (antimitochondrial antibody) occur in almost every case ofPBC. 
Other autoantibodies such as rheumatoid factor, SMA (smooth muscle antibody) and ANA 
(antinuclear antibody) may also be present. In addition, there is an increased association with 
other immune-mediated diseases such as the Sjogren's syndrome, scleroderma/CREST vari
ants, and thyroiditis (1). 

Once bile duct damage occurs, there is an accumulation of bile acids in the canaliculi and 
in the hepatocyte. The resulting cholestasis has two general effects that result in disease. First, 
the increased concentration of bile acids injures the lipid membranes of the hepatocyte, com
pounding the injury caused by the obstructed bile ducts (2). Second, the decreased flow of bile 
into the small intestine results in malabsorption of fat due to the decrease in bile acids necessary 
to form micelles. Although the malabsorption can, but is usually not sufficient to, result in 
weight loss, malabsorption offat-soluble vitamins is a frequent problem. Night blindness from 
deficiency of vitamin A, osteopenia, and pathological fractures due to malabsorption of vita
min D, and bleeding diathesis due to deficiency of vitamin K are the most common. 

2.2. Cardinal Symptoms and Signs 

Many patients are diagnosed while asymptomatic (pre symptomatic). These patients have 
abnormal liver chemistries in which there are elevations of alkaline phosphatase and GGT out 
of proportion to elevations of aminotransferases (cholestatic pattern of abnormal serum liver 
enzymes) (see Chapter 1). As the disease progresses, elevations of bilirubin, gamma globulin, 
and cholesterol also develop. 

2.2.1. SYMPTOMS 

When symptoms do appear, they most frequently are nonspecific, such as fatigue and 
pruritus. Occasionally specific symptoms, such as night blindness, and bone fractures resulting 
from fat soluble vitamin deficiencies can appear. 

2.2.2. PHYSICAL EXAMINATION 

The physical findings of jaundice, hepatosplenomegaly, and xanthomas develop as the 
disease progresses. Excoriations of the skin can frequently be seen due to scratching in an effort 
to relieve the pruritus. Signs of portal hypertension such as dilatation of superficial abdominal 
vessels, hemorrhoids, ascites, and encephalopathy can appear in the late stages when cirrhosis 
has developed. 

2.3. Diagnosis 

The diagnosis should be suspected when cholestatic serum liver enzyme levels are found to 
be elevated, especially in females of middle age (see Fig. 1). Antimitochondrial antibody 
(AMA) levels will be elevated in almost every case, making the diagnosis suspect in their 
absence. An abdominal ultrasound should be performed to determine whether an extrahepatic 
biliary obstruction exists. If an ultrasound fails to reveal dilated intrahepatic and extrahepatic 
ducts, the patient should have a liver biopsy to confirm the diagnosis (see Fig. 1, Chapter 1). 
Classical features of a liver biopsy include lymphocytic infiltration surrounding the bile ducts 
with ductular proliferation, and in late stages, disappearance of bile ducts, and replacement 
with fibrosis. Granulomas can be seen, and are helpful in making the diagnosis, if present. If 
the histological picture of the liver biopsy is not classical, or if the diagnosis is entertained in 
a male, other diagnostic tests may be necessary. An ERCP should be performed to determine 
whether PSC or other mechanical causes of a biliary obstruction are present. A serological test, 
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Fig. 1. A scheme for the evaluation of patients with possible PBC or Psc. 
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the anti M-2 antibody, is a selective AMA directed at antigens on the innermembmne of the mitochon
dria, and is very specific for PBC. This is can be very helpful in confirming the diagnosis (3). 

2.4. Treatment 
There is no cure for the disease. However, there is general agreement that administration of 

ursodeoxycholic acid (UDCA) will improve liver function tests, may slightly improve the 
histology, and prolong the course of patients with PBC. This is especially true if treatment is 
started before the development of cirrhosis. It is presumed that hydrophilic bile acids such as 
UDCA are less injurious to the lipid membranes of the liver cell than the naturally occurring 
lipophilic bile acids. The dose is 13-15 mg/kg of body wtlday (2,4). 

Methotrexate has also been shown to be effective, not only in improving liver function, but 
in decreasing the inflammatory response around bile ducts. Unfortunately, the toxicity of the 
drug (predominantly interstitial pneumonia) has prevented its widespread use (5). Colchicine 
also has been studied, is quite safe, but is only minimally effective in improving the symptoms, 
liver serum enzyme levels, and histology ofPBC (1). 
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Although PBC is a disease with autoimmune features, steroids must be avoided, because 
they accelerate osteopenia. Penicillamine can decrease the copper accumulation that occurs 
with any chronic biliary obstruction, but is quite toxic and does not improve serum liver tests 
or prevent progression of this disease (1). 

Ultimately, liver transplantation may be necessary to prevent death from progressive liver failure. 

2.5. Potential Complications 
The complications of decompensated cirrhosis must be dealt with as in any form of chronic liver 

disease, i.e., ascites, variceal bleeding, and encephalopathy. Those unique to chronic cholestatic 
liver disease are pruritus, osteopenia, hypercholesterolemia, and fat-soluble vitamin deficiency. 

The pruritus that occurs can be the most annoying, recalcitrant and, at times, disabling 
problem associated with this disease. It was initially thought that the pruritus of PBC was 
caused by increased tissue levels of bile salts. This has not been proven. Nevertheless, treat
ment strategies designed to decrease these tissue levels, i.e., cholestyramine and UDCA, are 
effective in many patients. More recent data suggest that the pruritus is mediated via opioid 
receptors in the brain. The oral opioid receptor antagonist nalmefene may prove to be the 
optimum therapy of the future (6). 

Osteopenia is a common consequence of chronic cholestatic liver disease, but its pathogen
esis is unclear. Supplementation with calcium and vitamin D has not proven beneficial (7). 
Estrogen therapy has improved bone density in one study (7), and the recently released oral 
bisphosphonate alendronel may prove beneficial in the future. 

Hypercholesterolemia is seen not infrequently in PBC. It is associated with unsightly xan
thelasma, but does not appear to accelerate development of coronary artery disease (1). 
Cholestyramine can decrease the size of these cutaneous lipid deposits. 

Finally, replacement of vitamins A, D, and K for demonstrated deficiencies should be 
administered orally, or parenterally if fat malabsorption is severe. 

2.6. Prognosis 
PBC is a progressive disease, and its prognosis depends on the stage at which it is detected. 

In its initial stage, while the patient is asymptomatic and the liver biopsy shows inflammation, 
but no cirrhosis, the prognosis is excellent. Life expectancy with medical therapy is long and 
may exceed 10-15 yr (1). In its later stages, when symptoms are present, the patient is jaundiced 
and the liver biopsy shows cirrhosis, the prognosis is poor. When patients with PBC develop 
jaundice and other signs of hepatic decompensation, they should be followed by a liver trans
plant center. Liver transplant is an excellent therapeutic option for the end-stage patient with 
PBC. One-year survival is 80% and 5-yr survival is 60% (8). 

2. 7. Indications for Consulting the Subspecialist 
Ifthe diagnosis ofPBC is entertained, a hepatologist should be consulted to do a liver biopsy 

in order to confirm the diagnosis, and help stage the disease. When a patient with the diagnosis 
ofPBC develops jaundice or signs of hepatic decompensation, a subspecialist should be involved. 
The decision to refer to a transplant center should also be made with the help of a hepatologist. 

SUMMARY 

PBC is a chronic, progressive cholestatic liver disease affecting middle-aged women 
predominately. 

The etiology is presumed autoimmune and virtually all patients have a positive AMA. 
Ursodeoxycholic acid is a safe and moderately effective medical therapy. 
Liver transplant is very effective for patients who develop end-stage liver disease. 
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3. PRIMARY SCLEROSING CHOLANGITIS (PSC) 

Primary sclerosing cholangitis is a chronic, progressive injury to the intrahepatic and/or 
extrahepatic bile ducts. An initial inflammatory injury ultimately leads to scarring and narrow
ing ofthe bile ducts. Global involvement ofthe biliary tree is the most common variety of the 
syndrome. However, occasionally selective involvement of intrahepatic ducts or, even more 
rarely, extrahepatic ducts may occur. 

Other causes for bile duct injury must be ruled out before entertaining the diagnosis ofPSC. 
Specifically, previous bile-duct surgery or known episodes of bacterial cholangitis could cause 
stricture. AIDS may be associated with a cholangiopathy which mimics PSC (9). Selective 
hepatic artery chemo-infusion or hepatic artery trauma may also result in multiple ischemic 
strictures (10). Solitary strictures heighten concern about cholangiocarcinoma. 

3.1. Pathogenesis 

As in PBC, the etiology of PSC is unknown. There appears to be a genetic predisposition. 
Young males are most commonly affected with a 2: I male to female preponderance. Abnor
malities in both cellular and hormonal immune systems have been demonstrated. Seventy 
percent of patients with PSC have inflammatory bowel disease, most often ulcerative colitis, 
but only 5% of patients with ulcerative colitis have PSC. Despite this interesting association, 
there appears to be no cause and effect relationship. Specifically, therapy directed at UC does 
not alter the course ofPSC. Even colectomy, which is curative for UC does not impact the 
course of PSC (11). 

3.2. Cardinal Symptoms and Signs 

As in PBC, most patients are asymptomatic at the time of diagnosis. 

3.2.1. SYMPTOMS 

Symptoms, when they do develop, may be nonspecific such as malaise, 3%; weight loss, 
79%; or may be more specific such as pruritus, 69%; jaundice, 72%; right upper quadrant pain, 
72% (12). 

3.2.2. PHYSICAL EXAMINATION 

Jaundice and hepatomegaly are the most common findings with one third of patients having 
splenomegaly. In later stages, evidence of chronic liver disease such as spider angiomata, 
ascites, and encephalopathy may be present. 

3.3. Diagnosis 

The diagnosis is suspected when cholestatic serum liver tests are found on routine chemis
tries. As in PBC, elevations of alkaline phosphatase and GGT out of proportion to 
aminotransferases are seen. Typically, alkaline phosphatase level is elevated two- to fivefold 
and can reach 20 times above the upper limit of normal. However, 6% of patients can have 
normal alkaline phosphatase values. Aminotransferase levels are usually increased, but rarely 
more than fourfold above normal values unless bacterial cholangitis complicates the picture 
(12). Bilirubin becomes elevated as the disease progresses. Eosinophilia is unusual, but can be 
marked. Immunoglobulins are frequently elevated, but autoantibodies such as AMA and ANA 
are negative. If the patient is a male, or if there is associated inflammatory bowel disease, 
attention is immediately focused on the biliary tract. An ERCP will usually be diagnostic, 
revealing multiple strictures of intrahepatic and extrahepatic bile ducts. Areas of mild dilata
tion between strictures gives a characteristic "beaded" appearance to the biliary tree. 
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If the presentation and imaging studies are insufficient to make the diagnosis, a liver biopsy 
may be helpful. Although not always seen, histologic findings of periportal fibrosis and oblit
eration of interlobular bile ducts support the diagnosis of PSC. 

3.4. Treatment 
The medical therapy ofPSC in many respects is similar to that ofPBC. UDCA will improve 

biochemical abnormalities, and may decrease the necroinflammatory changes seen on liver 
biopsy (13). There is as yet no convincing data that UDCA prolongs survival (13). Methotr
exate initially appeared promising, but failed to improve most liver tests or decrease the rate 
of referral for transplantation in a recent prospective controlled trial (14). In the selected patient 
with a stricture in an extrahepatic bile duct, dilatation and/or stenting may produce rapid 
symptomatic and biochemical improvement (15). Care must be taken to brush this stricture for 
cells to eliminate the possibility of carcinoma. Surgical therapy of strictured ducts may be 
effective to relieve obstruction, but may make liver transplant technically more difficult. 
Ultimately, a liver transplant may be the best option for patients with progressive liver failure. 

3.5. Potential Complications 
Complications ofPSC that are distinct from those mentioned for PBC include cholangitis, 

cholangiocarcinoma, and varices of the ileostomy when panproctocolectomy is necessary for 
the treatment of associated ulcerative colitis. 

3.6. Prognosis 
The prognosis depends on the stage of the disease at the time of diagnosis. Patients with early 

disease can expect to live I G-15 yr before complications develop (16). Colectomy for under
lying ulcerative colitis does not alter the course of the liver disease. When complications 
develop or liver decompensation occurs, liver transplant may be life saving and survival is 
excellent. 

3.7. Indications for Consulting the Subspecialist 
When the diagnosis ofPSC is entertained, a subspecialist may be helpful with the differen

tial diagnosis and to perform ERCP. Ifthe cholangitis worsens, hepatic decompensation occurs, 
or there is concern about a superimposed cholangiocarcinoma, the subspecialist should be 
sought. 

SUMMARY 

PSC is a disease of young men, the majority of whom have ulcerative colitis. 
The etiology is unknown and presumed to be autoimmune. 
Ursodeoxycholic acid is the current medical therapy of choice. 
Dilatation of dominant extrahepatic biliary strictures may benefit selected patients. 
Liver transplantation is an effective therapy for patients with hepatic decompensation. 
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1. INTRODUCTION 

The right and left hepatic ducts unite to fonn the common hepatic duct in the porta hepatis. The 
common hepatic duct is joined by the cystic duct to fonn the common bile duct, which enters the 
second portion of the duodenum through the ampulla of Vater. The common bile duct runs within 
the wall of the duodenum for 1-2 cm, and its tennination is marked by a contractile smooth muscle 
band called the sphincter ofOddi. The main pancreatic duct enters the common bile duct in its distal 
segment, and the head of the pancreas lies adjacent to the distal common bile duct. Extrahepatic 
cholestasis is defined as a mechanical obstruction to the flow ofbile from the liver into the duodenum 
that occurs at any point from the hepatic ducts to the ampulla of Vater (Fig. 1). 

2. ETIOLOGY 

Gallstones and malignancies are the most common causes of extrahepatic cholestasis, whereas 
strictures, sclerosing cholangitis, sphincter ofOddi dysfunction, and chronic inflammation are much 
rarer. This chapter will focus on the more common causes, namely gallstones and malignancies. 

Choledocholithiasis is the term given to the presence of common bile duct stones. 
These are associated with cholelithiasis (gallstones in the gallbladder) in 95% of cases. 
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LIVER 

~---- DUODENUM 

Fig. 1. Anatomy of the biliary system. 

Most bile duct stones originally form in the gallbladder, migrate through the cystic duct, 
and lodge in the distal common bile duct where they may lead to obstruction. Many pass spon
taneously into the duodenum, whereas some become impacted at the ampulla of Vater because 
that is the narrowest portion of the extrahepatic biliary tract. Passage of gallstones from the 
gallbladder into the common bile duct occurs in approx 10-15% of patients with cholelithiasis. 
The incidence increases with age, and up to 25% of elderly patients (60-80 yr old) have gallstones 
in the common bile duct at the time of cholecystectomy (1). There is a 5% incidence of "retained 
stones" that manifest within 12 mo after cholecystectomy (2). These are stones that present with 
extrahepatic obstruction after cholecystectomy, but that were not previously suspected or 
detected. Patients with choledocholithiasis may remain asymptomatic for many years, and be 
detected incidentally or may present with cholestasis, biliary colic, or a complication such as 
pancreatitis or cholangitis. Primary bile duct stones are a rare cause of extrahepatic cholestasis 
in the Western world. In Asia, however, they account for more than 50% of cases (3). They occur 
in association with chronic hemolytic states (i.e., hereditary spherocytosis), hepatobiliary para
sitic infestations (Clonorchis sinensis, the Oriental liver fluke), congenital anomalies of the 
biliary system, and scarred or strictured biliary ducts with chronic bacterial colonization (4). 
These gallstones are usually black/brown in color and are referred to as pigment stones because 
they are composed primarily of calcium bilirubinate. Choledocholithiasis that presents more than 
12 mo after cholecystectomy is usually due to primary bile duct stones. 

Pancreatic head tumors are the most common malignant etiology of extrahepatic cholestasis, 
and adenocarcinoma is the most common of these. It is twice as common in the head compared 
to the body or tail of the gland, and is of ductal cell origin in 75-95% of cases (5). Pancreatic 
adenocarcinoma can obstruct the common bile duct, pancreatic duct, or both. Tumor growth 
in the pancreatic head, which lies immediately adjacent to the distal common bile duct, causes 
extrinsic compression leading to partial or complete bile duct obstruction. Occasionally tumor 
growth into the bile duct can also occur. 

Other tumors can cause extrahepatic cholestasis. Cholangiocarcinoma, carcinoma of the 
ampulla of Vater, and metastatic tumors are less common than pancreatic adenocarcinoma. 
Benign tumors of the biliary tract are exceedingly rare and include papillomas, adenomas, and 
cystadenomas. Cholangiocarcinoma has a slight male predominance, occurs in the fifth to sixth 
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decade, and may be associated with sclerosing cholangitis that accompanies ulcerative colitis, 
and congenital biliary anomalies. Cholelithiasis and choledocholithiasis are not risk factors for 
cholangiocarcinoma. Cholangiocarcinomas that occur at the convergence of the right and left 
hepatic ducts are referred to as Klatskin tumors. The ampulla of Vater may be involved in 
locally spreading duodenal tumors or may be the primary site of sarcomas, adenocarcinomas, 
or carcinoid tumors. Unlike cholangiocarcinoma and pancreatic carcinoma, these tumors are 
slower growing, and have a slightly better prognosis. Metastatic lymphomas and carcinomas 
of colorectal, gastric, and breast origin can spread to lymph nodes in the porta hepatis and 
produce extrahepatic cholestasis. 

3. CARDINAL SYMPTOMS AND SIGNS 

3.1. Symptoms 
The clinical presentation of extrahepatic cholestasis is variable, ranging from incidental 

alkaline phosphatase elevation to intermittent biliary colic to severe acute cholangitis or pan
creatitis. The clinical presentation is largely dependent on the etiology of obstruction. Chole
docholithiasis commonly presents with recurrent episodes of right upper quadrant pain 
somewhat similar to biliary colic in character (see Chapter 17), but with abnormal liver func
tion tests or frank jaundice. With gallstones, the common bile duct obstruction is often inter
mittent, leading to fluctuations in liver function tests and in the level of pain (3). The symptoms 
may resolve spontaneously as the obstructing stone passes into the duodenum or may progress 
to complications such as acute pancreatitis or cholangitis. These complications must be sus
pected ifthe patient develops fever, leukocytosis, nonremitting pain, or more generalized pain. 
Choledocholithiasis may be asymptomatic, especially in the elderly. Rarely, pruritus, diarrhea, 
intolerance to fatty foods, and/or acholic stools may be the presenting symptoms. 

Although the presence of pain may be an important clue to the diagnosis of choledocholithi
asis, its absence does not reliably rule out gallstone disease. Nevertheless, painless extrahepatic 
cholestasis with or without jaundice is most commonly seen in malignancy. Compared to gall
stone-related acute biliary colic, a dull, steady abdominal pain with radiation to the thoracolum
bar spine may indicate malignant bile duct obstruction. The symptoms of malignant obstruction 
are often relentless, slowly progressive, and associated with significant weight loss and fatigue. 

Finally, it is important to differentiate extrahepatic from intrahepatic cholestasis, a task that 
is difficult using symptoms and signs alone. A history of drugs, alcohol, or exposure to viruses 
or environmental toxins raises the suspicion for intrahepatic cholestasis (see Chapters 13 and 
14). Nausea, vomiting, and pruritus occur with both hepatocellular and biliary tract disease. 
Dark urine and pale stools confirm a conjugated hyperbilirubinemia, but do not differentiate 
between hepatocellular or extrahepatic obstructive disease (6). A history of gallstones, prior 
biliary tract surgery, or high fever suggests extrahepatic cholestasis, whereas a history of 
alcoholism, hepatitis, or flu-like symptoms suggests intrahepatic or hepatocellular disease. 

3.2. Physical Examination 
Physical examination may help in differentiating intrahepatic from extrahepatic cholestasis. 

Ascites, a prominent abdominal venous pattern, asterixis, spider angiomata, palmar erythema, 
and gynecomastia are seen in patients with chronic hepatocellular disease. Tender hepatome
galy suggests intrahepatic cholestasis due to viral, toxin- or drug-induced hepatitis, arterial 
vascular insults, and hepatic vein thrombosis. The finding of a palpable gallbladder in the 
setting of jaundice is thought to suggest a malignant etiology for extrahepatic obstruction 
rather than gallstones. This is known as the Courvoisier's sign. However, it is rarely encoun
tered in clinical practice. In the absence of pancreatitis, extrahepatic cholestasis produces 
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minimal abdominal tenderness and minimal findings on physical exam. Fever, hypotension, and 
mental status changes are associated with severe suppurative cholangitis, whereas severe epigas
tric or periumbilical pain with vomiting suggests pancreatitis. Hemoccult positive stools may 
suggesthemobilia that can be associated with malignant biliary tract disease or ampullary tumors. 

4. DIAGNOSIS 

After history, physical examination, and blood testing, 25% of patients in which extrahe
patic cholestasis is suspected, are found to have an alternative etiology of the pain or jaundice. 
Whereas history, physical examination, and laboratory tests alone are 90-95% sensitive, they 
are only 70-80% specific for the diagnosis of extrahepatic cholestasis in patients with jaundice 
(6). Therefore, when extrahepatic cholestasis is suspected it must be confirmed by imaging 
studies. Figure 2 shows a logical diagnostic scheme for the management of patients with 
suspected cholestasis. 

Blood testing in patients with cholestasis invariably shows elevated alkaline phosphatase, 
which can be confirmed to be of hepatic origin by detecting elevations in other more specific 
hepatic markers such as 51-nucleotidase or gamma glutamyl transpeptidase (GGT) (see Chapters 
2 and 3). In very early common bile duct obstruction, alkaline phosphatase may be normal. 
Because acute common bile duct obstruction causes an increase in levels of alkaline phosphatase 
1-3 d before total bilirubin, early extrahepatic cholestasis may occur with normal total bilirubin. 
Bilirubin levels in excess of 10-15 mg/dL are highly indicative of malignant obstruction (7). If 
blood testing is done in the early phase of the obstruction, the aminotransferases (AL T and AST) 
may also be elevated. This can confuse the picture with that of acute hepatitic (necroinflammatory) 
disease. However, the levels of these enzymes decline if cholangitis is not present. 

Abdominal ultrasonography is the initial imaging study of choice to investigate suspected extra
hepatic cho1estasis (see Chapter 5). Key findings include a dilated common bile duct (adjusted for 
age and body mass index to provide more specificity), dilated intrahepatic ducts, gallstones in the 
gallbladder or common bile duct, or pancreatic head mass. Its diagnostic accuracy is high for bile 
duct size. However, due to overlying duodenal loop gas, it usually fails to visualize the distal 
common bile duct, which is where stones most frequently impact. Hence, the presence of dilated 
ducts on ultrasound is used as an indirect sign of distal bile duct obstruction. In 20-30% ofthose 
patients with choledocholithiasis, the common bile duct is not dilated on ultrasound, especially in 
early or intermittent obstruction (8). The disadvantages of ultrasonography include its subjective
ness, user dependency, and its low yield in patients who have excessive bowel gas or obesity. 

Although computed tomography (CT) scan has a similar yield to ultrasound in cases of 
extrahepatic cholestasis, CT scan is more costly and exposes the patient to iv contrast and 
radiation (see Chapter 5). However, it provides better anatomic detail of the pancreas, liver, 
peritoneum, and retroperitoneal structures. Therefore, ifmalignancy is strongly suspected, CT 
scan may be a more useful initial test. It can detect small pancreatic masses, and it is valuable 
in cancer staging. CT is not as user dependent and is not affected by obesity or bowel gas. Like 
ultrasound, it has low sensitivity for the detection of common bile duct stones and often cannot 
pinpoint the level of obstruction. Dynamic CT with continuous bolus iv contrast and helical 
CT have higher detection rates for pancreatic lesions smaller than 2 cm. 

If the diagnosis is still in doubt, a subspecialist may be consulted to perform one of two 
procedures. These include an endoscopic retrograde cholangio-pancreatography (ERCP), 
which is normally done by a gastroenterologist, or percutaneous transhepatic cholangiography 
(PTC), which is done by a radiologist. PTC is technically simple with a success rate of approx 
90% in patients with dilated intrahepatic ducts, but only about a 50% success rate when the 
ducts are not dilated. It carries a 1-10% complication rate, primarily bleeding, sepsis, bile leak, 
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Fig. 2. A diagnostic algorithm for cholestasis. 

peritonitis, hematoma, and abscess formation (6). Ascites and severe coagulopathy (prothrombin 
time greater than 16 s) are relative contraindications. In the absence of common bile duct dilation, 
PTC should be reserved for those in whom ERCP has been unsuccessful. Theoretically, an ERCP 
is less invasive because no transhepatic puncture is performed. However, it is still associated with 
a 1-5% risk of serious complications such as pancreatitis and cholangitis (9). ERCP provides 
visualization of the pancreatic duct, whereas PTC does not. ERCP is successful in approx 90-
95% of cases. It is technically difficult in patients who have duodenal diverticula or who have 
undergone prior Roux-en-Y intestinal surgery. Selection of ERCP or PTC for any particular 
patient might depend on any anticipated therapeutic interventions that might be offered by one 
technique rather than the other, in addition to demonstrating the etiology of ductal dilation. The 
decision may also be based on local expertise and availability, and should always be made in 
consultation with a gastroenterologist and/or a surgeon with biliary expertise. 

In the event that a tumor is suspected from results of any of the above modalities, a tissue 
diagnosis can be helpful in cases of extrahepatic cholestasis. Brushings and biopsies taken 
during ERCP have a sensitivity of 40--60% for cholangiocarcinoma and pancreatic adenocar
cinoma, whereas ultrasound-guided percutaneous biopsy has an 80-90% sensitivity and speci
ficity for masses greater than 2 cm (5). Several studies have suggested the possibility of tumor 
spread, and shorter survival as a result of needle biopsies of pancreatic tumors. Therefore, 
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many reserve this technique to only nonoperative patients or those with unresectable lesions 
(10). A nondiagnostic or negative tissue biopsy does not rule out malignancy. Hence, for 
patients with suspected tumors who are operative candidates, a biopsy may be deferred and an 
experienced pancreatic surgeon should be consulted. 

5. TREATMENT 

The initial management of extrahepatic cholestasis begins with supportive measures such 
as hydration, electrolytes, pain control, and aggressive evaluation for cholangitis or pancreati
tis. In patients with a high degree of cholestasis (high serum alkaline phosphatase and bilirubin 
levels), subcutaneous vitamin K (10 mg daily for 3 d) should be supplemented. Pruritus can 
be treated with bile acid-binding resins such as cholestyramine (4 g q.i.d.). Whereas most 
patients may be managed on an outpatient basis, prompt evaluation and hospital admission 
are usually necessary for patients with acute obstruction to monitor for complications. 
Immediate invasive therapy is rarely necessary in the uncomplicated patient. Analgesia with 
meperidine 50-100 mg 1M every 3--4 h is superior to morphine or codeine derivatives which can 
provoke sphincter ofOddi spasm, adding to the obstruction. Antiemetics such as prochlorperazine 
(Compazine) (5-10 mg), ormetoclopramide (Reglan) (10 mg) can be used as needed. Figures 3 
and 4 show treatment algorithms that may be used for extrahepatic cholestasis. 

F or uncomplicated cholestasis due to choledocholithiasis, emergent treatment is not necessary 
unless complications such as cholangitis or worsening pancreatitis were present. Endoscopic 
sphincterotomy with gallstone extraction provides the lowest procedural morbidity and mortality 
(6-8% and 1-1.4%, respectively) and has a 90% success rate in the hands of an experienced 
endoscopist (9). Oral bile acid therapy (ursodeoxycholic acid) for common bile duct stones has 
a 2-yr success rate of only 10--44% (11). Therefore, although it might be useful in asymptomatic 
patients with choledocholithiasis who are likely to have cholesterol stones, it has no place in the 
treatment of cholestasis due to gallstones. The management of uncomplicated choledocholithi
asis has undergone rapid evolution in the era of therapeutic endoscopy and laparoscopic surgery. 
For concurrent cholelithiasis and choledocholithiasis, the timing of cholecystectomy and ERCP 
or PTC is controversial and continues to evolve. In general, the therapeutic approach is deter
mined by the availability oflocal expertise in therapeutic ERCP and/or laparoscopic surgery. 
Laparoscopic cholecystectomy with common duct exploration and stone extraction is slowly 
becoming available, reducing the need for preoperative ERCP in patients with suspected com
mon duct stones (12). However, laparoscopic common duct exploration adds to the time and 
morbidity of the operation. In the elderly and high-risk patients (see Chapter 17), an ERCP with 
sphincterotomy and common duct stone extraction without cholecystectomy is acceptable as 
definitive therapy (13-16). The sphincter of Oddi is the narrowest portion of the common duct, 
and stones that pass from the gallbladder through the cystic duct usually become lodged there 
leading to cholestasis and/or pancreatitis. When the sphincter is incised, it is protected against 
further cholestasis or pancreatitis if more stones were to pass. Follow-up studies have shown that 
only a minority of patients will need further intervention because of acute cholecystitis develop
ing as a result of the gallbladder stones (14-16). 

Treatment of cholestasis due to obstructing pancreatic tumors is directed at either cure or 
palliation. Because pancreatic tumors respond poorly to chemotherapy or radiation, early 
surgery is the only hope for cure. The surgical procedure necessary is pancreatoduodenectomy 
(Whipple resection), which carries a 50% morbidity, and in-hospital mortality of 3-20%. 
Those figures are very dependent on the expertise at any particular center (10). All patients 
should be referred to an experienced oncologist after curative resection, because postoperative 
adjuvant chemotherapy and radiation improve survival. 
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Fig. 3. An algorithm for the treatment of extrahepatic cholestasis caused by gallstones. 

The majority of patients with extrahepatic cholestasis due to pancreatic cancer will have 
nonresectable tumors, and will need palliation with medications and/or with a drainage pro
cedure either surgically, endoscopically, or percutaneously. Palliative surgery can relieve 
pain, prevent complications such as cholangitis or gastric outlet obstruction, and can alleviate 
symptomatic jaundice. Choledochojejunostomy and cholecystojejunostomy relieve symp
tomatic jaundice, whereas gastrojejunostomy relieves gastric outlet obstruction. Many sur
geons perform a tumor debulking procedure at the same time. Jaundice along with its 
accompanying symptoms, such as pruritus, can also be relieved by endoscopic placement of 
an endoprosthesis or stent. The stent is either a metal mesh or plastic conduit that is placed in 
the bile duct bridging the obstructing tumor. Endoscopic stenting is successful approx 85% 
of the time with possibly fewer complications than percutaneous transhepatic stenting. 
However, this is largely dependent on the expertise available at any particular center (5). Both modali
ties obviate the need for surgery. However, stents have a limited life span because they tend to obstruct 
overtime due to bacterial colonization. As a result, they need to be replaced every few months. Metallic 
mesh stents have a significantly longer life span, but they cannot be replaced. The choice of surgical 
vs nonoperative palliation for patients with pancreatic cancer is largely dependent on patient prefer
ence, and is determined after consideration of such factors as the patient's expected length of survival, 
availability oflocal expertise, existence of comorbid conditions in the patient, and the time needed for 
recuperation from surgery. It is not reasonable to subject a patient whose life expectancy is only a few 
months to a surgical operation that requires a 1-2 mo recuperation period. 
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Fig. 4. An algorithm for the treatment of extrahepatic cholestasis caused by malignancy. 

Cholangiocarcinoma is a slow growing and almost invariably metastatic tumor by the time of 
diagnosis. Occasionally, however, early-stage tumors can be treated with surgical resection plus 
adjuvant radiation and chemotherapy. As with cholestasis due to pancreatic tumors, palliation for 
cholangiocarcinoma includes endoscopic, percutaneous, or surgical drainage of the biliary tree. 
Pain relief and occasionally radiotherapy to shrink: the obstructing tumor are other options. 
Carcinoma of the ampulla of Vater is initially diagnosed and treated in an identical fashion to 
pancreatic carcinoma. Postoperative adjuvant radiation and chemotherapy have been shown to 
decrease the recurrence rate (17). Because of the rarity of cholangiocarcinoma and ampullary 
carcinoma, patients should be referred to regional referral centers for treatment. 

Pain is the most common and disabling symptom in patients with malignant cholestasis. 
Hence, adequate narcotic and nonnarcotic analgesia with long-acting agents is important. For 
refractory pain, palliative techniques such as intraoperative or percutaneous celiac plexus 
block with ethyl alcohol provide significant relief (18). 

6. COMPLICATIONS 

A number of secondary conditions can complicate the course of extrahepatic cholestasis or 
may be manifest on initial presentation. Acute cholangitis can occur when prolonged biliary 
obstruction results in proliferation of bacteria that normally colonize the biliary tract in many 
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patients. The bacteria invade the biliary system leading to the characteristic presentation of 
increasing right upper quadrant pain andjaundice with abrupt onset of high, spiking fever and 
chills due to associated bacteremia. The combination of jaundice, right upper quadrant pain, 
and fever is referred to as Charcot's triad, and is seen in approx 50% of patients with acute 
cholangitis. However, its absence does not rule out the diagnosis (19). Atypically, j aundice and 
fever may be intermittent and pain may be vague or absent. The total bilirubin is greater than 
2 mg/dL in 80% of patients (6). In the elderly population, the presentation is usually atypical 
and all three features of Charcot's triad are rarely present. Hypotension or mental status 
changes may be the presenting signs. If cultured, bile will grow Klebsiella, E. coli, or Entero
coccus in 75% of patients with early-acute cholangitis (11), whereas polymicrobial growth 
occurs in 30-50% (2). Blood cultures may grow E. coli, Klebsiella, Pseudomonas, Enterococ
cus, and Proteus in decreasing order of frequency (19). 

Treatment of acute cholangitis is a medical emergency because, if it is delayed, serious compli
cating consequences such as septic shock can rapidly result. Hence, when cholangitis is suspected, 
broad spectrum iv antibiotics must be initiated. Definitive treatment cannot be accomplished with
out bile duct decompression to allow drainage of the infected bile, which is often purulent. Anti
biotic therapy should cover Gram-negative aerobes, anaerobes, and enterococcal species. Traditional 
"triple antibiotic" therapy includes ampicillin or a third-generation cephalosporin, clindamycin or 
metronidazole, and gentamicin. However, any combination of parenteral antibiotics effective against 
E. coli, Klebsiella, enterococcal species, and enteric anaerobes is sufficient. In severe infections, 
two agents for Gram-negative synergy are preferable (19). For milder cases, broad spectrum cepha
losporins such as cefotetan or cefoxitin may be used. In mild cases of cholangitis, 75% of patients 
will show clinical improvement within 12-24 h of initiating antibiotics. A fall in temperature and 
white blood cell count usually occurs within 2-3 d of antibiotic administration (4). If obstruction 
of the bile duct continues, however, cholangitis will likely recur. Hence, early biliary decompres
sion is always necessary. For those patients who improve within 12-24 h and remain afebrile for 
2-3 d, definitive therapy need not be emergent. Ifimprovement is delayed or the patient deteriorates 
despite antibiotics, then the common bile duct must be decompressed urgently with either a sphinc
terotomy or stenting for cholangitis not responding to conservative therapy. This procedure is 
successful in 97% of patients with dramatic improvement in fever, pain, and serum liver tests (11). 
Hence, endoscopic drainage has become the treatment of choice and several randomized prospec
tive studies have shown that early endoscopic drainage improves short-term mortality as compared 
to surgery (11). If endoscopic drainage cannot be accomplished immediately, percutaneous 
transhepatic drainage of the obstructed biliary system must be attempted. For a small group of 
patients in whom neither endoscopic nor radiographic drainage procedures are successful, surgery 
to relieve bile duct obstruction may be life saving. 

Extrahepatic cholestasis may be complicated by pancreatitis. Gallstones are the most com
mon cause of nonalcoholic acute pancreatitis in the United States. Biochemical evidence of 
pancreatitis occurs in up to 15% of patients with acute cholecystitis, and 30% of those with 
choledocholithiasis (2). It is almost always due to accompanying common bile duct outlet 
obstruction. Symptoms include moderate-to-severe epigastric and periumbilical pain often 
extending to the left of the abdominal midline or the lower back, vomiting, and anorexia. 
Generally, amylase is much higher in gallstone than in alcoholic pancreatitis, whereas lipase 
levels are elevated in both etiologies (6). Elevation of ALT to greater than three times normal 
in the setting of elevated amylase and lipase is very specific for the diagnosis of gallstone 
pancreatitis (11). Amylase and lipase may be mildly elevated in malignant extrahepatic 
cholestasis or during transient passage of gallstones through the ampulla of Vater. Absence of 
cholelithiasis on ultrasound during an acute attack does not lower the likelihood of gallstone 
pancreatitis (20). Because pancreatic tumors rarely present with acute pancreatitis, 
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hyperamylasemia in the setting of extrahepatic cholestasis is more likely a result of gallstone 
pancreatitis or rarely ampullary tumors. 

The initial treatment of gallstone pancreatitis is identical to that for other types of pancreatitis, 
except that broad-spectrum parenteral antibiotics should be utilized to prevent cholangitis unless 
the obstruction has subsided. Approximately 95% of patients with acute gallstone pancreatitis will 
improve with iv hydration, fasting, and analgesia; greater than 90% of common bile duct stones pass 
spontaneously within the first week (21). In the setting of gallstone pancreatitis, emergent surgical 
or endoscopic extraction of gallstones retained in the common bile duct has been a subject of much 
controversy. Two small studies have shown a trend toward improved morbidity and mortality using 
ERCP and sphincterotomy within 24 h of presentation, largely by reducing the incidence of biliary 
sepsis (22,23). In general, aggressive endoscopic or operative therapy is reserved for the patient 
whose condition continues to decline after 72 h of medical management or who shows clear signs 
of biliary sepsis or cholangitis. All patients must be admitted and closely observed (24). 

After recovery from gallstone pancreatitis, all patients should undergo ERCP and gallstone 
extraction otherwise 25% will develop another attack of pancreatitis within 30 d and 50% 
within I yr (25). In general, cholecystectomy and common duct exploration is recommended 
after gallstone pancreatitis, but for those with high operative risk or limited life expectancy, 
sphincterotomy without surgery is an acceptable alternative (13-16). Other options for the 
high risk patient include medical dissolution therapy with ursodiol for small radiolucent stones, 
percutaneous chemical contact dissolution therapy with solvents such as methyl-tert-butyl
ether (MTBE) or ethyl propionate (EP) (see Chapter 16). 

Longstanding extrahepatic cholestasis can lead to secondary biliary cirrhosis, which occurs 
after years of complete or intermittent bile duct obstruction. It is rare in patients with chole
docholithiasis, but more commonly occurs with longstanding biliary stricture or neoplasia. 
Once secondary biliary cirrhosis is established, it may progress in severity even if the obstruc
tion is relieved. Up to 10% of patients with biliary obstruction of greater than I yr develop 
progressive periportal fibrosis and cirrhosis on liver biopsy (4). 

7. PROGNOSIS 

Uncomplicated choledocholithiasis has an excellent prognosis. Over the past 20 yr, major 
advances in the nonsurgical management of common duct stones have been made. The proce
dure of endoscopic sphincterotomy and stone extraction has been refined, and now has a very 
low morbidity and mortality. An analysis of2347 sphincterotomies in 17 centers showed an 
overall complication rate of9.8%, a major complication rate (requiring >10 d in hospital) of 
0.6%, and a mortality rate of 0.4% (25). A sphincterotomy does not appear to have any long
term adverse effects. However, a 13% rate of sphincter stenosis over a 6--11-yr follow-up 
period has been reported (26). Whereas the long-term outcome of patients with cholelithiasis 
and gallbladder in situ who have undergone sphincterotomy is not fully known, the incidence 
of subsequent cholecystitis or cholangitis is only 10% over 2-5 yr (27). These patients respond 
well to standard therapy with no significant life-threatening complications. Patients who require 
subsequent cholecystectomy in this setting usually do so within 1 yr. It is not clear whether 
cholelithiasis, prior cholangitis, or cystic duct obstruction at ERCP increase the risk for recur
rent biliary tract complications in these patients (11). 

Cholangitis dramatically worsens the prognosis of extrahepatic cholestasis. For acute sup
purative cholangitis, a 30-d mortality of 5% with sphincterotomy and 21 % with surgery has 
been reported. Overall, there is a 10--32% rate of hospital mortality (11). If septic shock or 
metabolic acidosis occurs, a 20--50% mortality is expected despite surgical or endoscopic 
drainage. Independent clinical predictors of poor outcome after cholangitis include serious 
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concomitant medical disease, hypoalbuminemia, hyperbilirubinemia, metabolic acidosis, 
thrombocytopenia, and diabetes mellitus (4). In the elderly, mental status changes and 
hypotension are the strongest predictors of mortality. 

Gallstone pancreatitis has a higher morbidity (25%) and mortality (8%) than other forms of 
pancreatitis (28). In mild cases, the short-term mortality is 2-8% and does not seem to have 
improved with early sphincterotomy, whereas in severe cases mortality can be decreased from 20-
5% with early ERCP (22,23). Pancreatic necrosis or abscess dramatically worsens the prognosis. 

Less than 15% of all patients presenting with pancreatic cancer have a curable lesion (5), 
and only 10-25% are candidates for surgical resection (10). Of those with resectable lesions, 
5-yr survival varies between 15-25%, as distinguished from ampullary carcinoma with a 40-
50% 5-yr survival rate (29). Ampullary carcinoma is metastatic or locally advanced in only 
20% of cases at the time of diagnosis, with 5-yr survival rate varying 10-40% after 
pancreaticoduodenectomy with adjuvant chemo- and radiation therapy (29). Cholangio
carcinoma has a prognosis that is similar to that of pancreatic cancer. 

8. PREVENTION 

Prevention of choledocholithiasis primarily centers on the timing oftreatment for cholelithi
asis, which is outlined in detail in Chapter 17. Prevention of biliary pancreatitis and cholangitis 
with sphincterotomy has been described above. For pancreatic and biliary tract malignancy, 
there are no known preventative measures. Although cigaret smoking has repeatedly been 
associated with pancreatic adenocarcinoma, smoking cessation has not been shown to lower 
the risk of developing the disease (5). 

9. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

A gastroenterologist, interventional radiologist, or surgeon should be consulted to plan ERCP 
or PTC and to facilitate early intervention for complications or clinical deterioration. Certainly, 
a subspecialist should be consulted if any complications of extrahepatic cholestasis occur. 

SUMMARY 

Extrahepatic cholestasis occurs when a gallstone, tumor, or stricture blocks the flow of 
bile from the liver into the duodenum. 

Extrahepatic cho1estasis can be asymptomatic, produce jaundice and/or biliary colic, or 
present with complications such as biliary pancreatitis, obstructive cholangitis, or second
ary biliary cirrhosis. 

History, physical examination, and laboratory testing have a greater than 90% sensitivity 
and 75% positive predictive value for extrahepatic cholestasis. 

Abdominal ultrasonography is the initial imaging procedure of choice for suspected 
extrahepatic cholestasis. 

Percutaneous transhepatic cholangiography (PTC) can be done when the biliary ducts are 
dilated, whereas endoscopic retrograde cholangio-pancreatography (ERCP) can be per
formed with or without dilated ducts. 

Prompt relief ofthe obstruction is necessary to prevent complications of extrahepatic cholestasis. 
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1. INTRODUCTION 

Acute cholecystitis is the term used to describe acute gallbladder inflammation. It presents 
most commonly as a complication of gallstone disease. However, approx 10% of the time it 
occurs in patients without cholelithiasis and is then referred to as acalculous cholecystitis (1). 

The greatest initial challenge for the clinician is to distinguish acute cholecystitis from the 
more benign condition of biliary colic. Biliary colic is usually caused by the gallbladder 
contracting in response to a fatty meal and pressing a stone against the gallbladder outlet or 
cystic duct opening, leading to increased intragallbladder pressure and pain. Alternatively, 
gallbladder outlet obstruction may be caused by lesions other than stones or spasm. As in acute 
cholecystitis, biliary colic causes pain in the right upper quadrant. However, unlike acute 
cholecystitis, the pain is entirely visceral in origin without true gallbladder wall inflammation. 
As the gallbladder relaxes, the stones often fall back from the cystic duct. Therefore, the attack 
simply crescendos over a number of hours and then resolves completely. Recurrent cystic duct 
blockages can progress to total obstruction, causing acute cholecystitis. An episode of pro
longed right upper quadrant pain (greater than 4-6 h) should arouse suspicion of an episode 
of acute cholecystitis, as opposed to an attack of simple biliary colic. 

Another term that practitioners may frequently encounter is chronic cholecystitis. Recurrent 
episodes of colic can lead to fibrotic changes in the gallbladder wall with chronic inflammatory 
cell infiltration. However, it has been shown that patients with minimal colic can have quite 
extensive histologic change of their gallbladders (2). Moreover, there is no evidence that 
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chronic cholecystitis leads to increased risk for future morbidity. Hence, the clinical impor
tance of this entity is questionable and will not be discussed further. 

2. PATHOGENESIS 

Unlike biliary colic, acute cholecystitis cannot be fully explained by simple cystic duct 
obstruction. Experimental ligation of the cystic duct does not induce acute cholecystitis (3). 
Bacterial infection of the gallbladder has been implicated. However, it too does not fully 
explain the etiology ofthis disease, as acute cholecystitis has been found in patients with sterile 
gallbladders. Recent evidence implicates prostaglandin involvement in the development ofthe 
disease. Prostaglandins can increase both gallbladder fluid secretion and smooth muscle con
traction. In the setting of a mechanical obstruction such as impaction of a gallstone, prostag
landins cause further secretion, and gallbladder distention resulting in further mucosal injury, 
and more prostaglandin release, thus continuing the process (4). The prostaglandin-mediation 
hypothesis is supported by data showing that the prostaglandin inhibitor indomethacin reduces 
luminal pressure, aborting biliary colic and pain (5,6). 

3. CARDINAL SYMPTOMS AND SIGNS 

3.1. Symptoms 
The typical presentation of acute cholecystitis is initially very similar to biliary colic with 

pain most commonly either in the right upper quadrant or epigastrium. Radiation may occur 
to the back or shoulder. Characteristically, the pain is both steady and severe. Associated 
complaints may include nausea, vomiting, and anorexia. There is often a history of fatty food 
ingestion about an hour or more before the onset of symptoms. Generally, symptoms that do 
not suggest a biliary etiology include fatty food intolerance not in the form of pain, nausea not 
in association with pain, pain only a few minutes after a meal, irregular bowel habits, or 
symptoms of belching (7). 

There are two additional major historical factors that point to the diagnosis of acute chole
cystitis rather than simple biliary colic. The first is the duration of the pain; severe steady pain 
for more than 4--{) h must raise the suspicion for acute cholecystitis. The second is the presence 
of constitutional symptoms such as malaise and fever. 

3.2. Physical Examination 
Further clues to distinguish acute cholecystitis can be elicited on physical examination. The 

patient is usually ill-appearing, lying still on the examining table, because cholecystitis is 
associated with true local parietal peritoneal inflammation that is aggravated by movement. 
Vital signs often reveal an elevated temperature and an increase in pulse rate. Abdominal exam 
classically shows right upper quadrant tenderness with both voluntary and involuntary guard
ing. When palpating the liver, the practitioner should ask the patient to take a deep breath. 
During this maneuver the patient will usually experience increased pain and inspiratory arrest. 
This is referred to as Murphy's sign and is strong evidence for acute cholecystitis. 

4. DIAGNOSIS 

The diagnosis of acute cholecystitis is suspected when a patient, presenting with the symp
toms discussed above, is found to have gallstones on an imaging study. However, practitioners 
must be cautioned that the presence of gallstones is not a sine qua non for acute cholecystitis, 
because asymptomatic cholelithiasis is a common condition in the general population. Hence, 
a number of other diagnoses initially merit consideration. Due to their proximity, either an 
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Fig. 1. A diagnostic algorithm for acute cholecystitis. 

231 

Consldpr 
01 her causes 

acutely inflamed appendix or pancreas can mimic acute cholecystitis. Acute hepatitis can also 
cause pain in that area, but should be accompanied by an impressive elevation of amino
transferases. Fitzhugh-Curtis syndrome, bacterial perihepatitis, can be distinguished by the 
history and normal imaging studies. A logical algorithm for workup is shown in Fig. 1. 

Initial laboratory examination should include a white cell count with a manual differential 
that often shows a leukocytosis with left shift. Levels of bilirubin, alkaline phosphatase, and 
aminotransferases should be normal, and, if elevations are found, complicating conditions 
such as cholangitis, choledocholithiasis, or the Mirrizzi syndrome (gallstone in distal cystic 
duct causing common duct obstruction) should be suspected. 

Nonabdominal sources that may mimic cholecystitis include inflammation arising from the 
kidneys or lung. A urinalysis and chest X-ray would be helpful in identifying diseases in those 
organs. A plain abdominal x-ray can visualize calcified gallstones, which occur in 15% of 
cases. Finally, an atypical presentation of an acute myocardial infarction must not be over
looked, especially in the right setting and in a patient with risk factors for that disease. Hence, 
an EKG and/or cardiac enzymes may be indicated in some patients. 

Because it is often difficult to determine by physical examination alone which of the 
abdominal viscera is the source of inflammation and pain, an imaging study is often used to 
support the diagnosis. Ultrasound and cholescintigraphy are the most helpful in this regard. 
The initial test of choice is an ultrasound of the gallbladder, liver, and abdomen. Aside from 
being readily available in most centers, ultrasound is both noninvasive and relatively inexpen
sive. It also has the added benefit of allowing evaluation of other abdominal viscera simulta
neously (8). Ultrasound is both highly sensitive and specific for cholelithiasis. The presence 
of stones in the gallbladder, in the clinical setting of right upper quadrant abdominal pain and 
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Fig. 2. The arrow shows the double wall appearance of edema due to acute cholecystitis. 

fever, is certainly suggestive of acute cholecystitis. However, other more serious conditions must 
be considered and further confirmatory findings should be sought out. One important supportive 
finding is evidence of gallbladder wall thickening (greater than 4-5 mm) or edema on ultrasonog
raphy (double wall sign) as shown in Fig. 2. The combination of appropriate symptoms, stones, 
and gallbladder wall thickening, carries a positive-predictive value for acute cholecystitis of94% 
(9). A second important confirmatory finding is the "sonographic Murphy's sign." This is similar 
to the Murphy's sign that is elicited clinically, except that during ultrasonography it can be 
confirmed that it is indeed the gallbladder that is being pressed by the imaging transducer that 
precipitates inspiratory arrest. This finding in combination with symptoms and cholelithiasis also 
carries a positive-predictive value that is greater than 90% (9). Finally, it should be noted that a 
critically ill patient, usually in an intensive care setting, may present with signs and symptoms 
of cholecystitis without evidence of gallstones on imaging studies. In this situation, the diagnosis 
of acute acalculous cholecystitis must be considered. 

When the diagnosis cannot be definitively made by ultrasound alone, cholescintigraphy is 
indicated. This nuclear medicine test employs a technetium-labeled iminodiacetic acid deriva
tive that is injected into the bloodstream. The tracer is then taken up selectively by hepatocytes 
and excreted into bile. The test is positive if the gallbladder does not visualize, indicating an 
obstructed cystic duct. This is usually because of edema associated with acute cholecystitis, 
but may also be the result of an obstructing stone. The nuclear agents used historically were 
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somewhat ineffective in visualizing the gallbladder and biliary tree in the setting of hype rbi
lirubinemia (bilirubin greater than 5 mg/ dL) due to increased renal excretion. Currently this is 
no longer of concern, because the two agents most commonly used (diisopropyl and 
m -bromothymethyl iminodiacetic acid) work well in the presence of elevated levels ofbiliru
bin (10). Other causes of a false-positive test include cystic duct obstruction with a stone or 
tumor in the absence of acute cholecystitis, the presence of severe liver disease, and the 
presence of a sphincterotomy in which bile flows at low resistance directly into the duodenum 
without filling the gallbladder. This imaging modality carries a sensitivity and specificity of 
appro x 95% for detecting obstruction of the cystic duct (11). 

Oral cholecystography has no role in the diagnosis of acute cholecystitis. The test requires 
days to complete, making it unfeasible in the acute setting. In addition, it cannot show gallblad
der wall thickening or edema. It is useful in evaluating the ability of the gallbladder mucosa 
to concentrate and, hence, in selecting patients for oral bile acid gallstone dissolution therapy. 

5. TREATMENT 

Once the diagnosis of acute cholecystitis is made, the next consideration is appropriate 
therapy. The care of these patients includes both initial supportive care and subsequent defini
tive therapy (see Fig. 3). 

Any patient with the diagnosis of acute cholecystitis merits hospitalization. Many of these 
patients have suffered hours or even days of pain with vomiting and anorexia. Therefore, iv 
hydration with electrolyte replacement is an important initial consideration. For pain manage
ment, narcotic administration is appropriate. The role of antibiotics in initial supportive care is 
controversial. Acute cholecystitis is primarily an inflammatory process. However, secondary 
infection of the gallbladder is common in this setting. Common isolates from bile cultures are E. 
coli, K. pneumonia, Clostridia species, andS.faecalis (12). Atthe time of admission, initial single 
agent therapy with an antipseudomonal extended penicillin is appropriate. 

The second treatment issue is the choice and timing of definitive therapy. Patients can be 
divided into two groups depending on surgical risk. The physical status scale published by the 
American Society of Anesthesiologists (13) (see Table 1) is normally used to determine risk 
from surgery, and the majority of patients with acute cholecystitis are usually at low risk 
(Classes I-II). In this population, management consists of 24-48 h of supportive therapy 
followed by cholecystectomy during the same hospital admission. Historically, it has been 
advocated that definitive therapy (i.e., cholecystectomy) should be delayed several weeks after 
the patient is stabilized. However, studies have shown that in the low risk population, there is 
no benefit to this "delayed" approach (14). At any time, should a low risk patient show signs 
of instability (progressive fever, intractable pain) emergent cholecystectomy is indicated. 

A smaller number of patients with acute cholecystitis fall into a high risk category. Again 
the ASA classification may be used. Patients in class III, IV, and V who generally carry a 
surgical mortality that is in the range of 5-27% (13) are considered high risk. Patients in these 
categories are usually those who have severe chronic illnesses, such as cardiovascular or 
pulmonary disease. In addition, any patient presenting with full-blown sepsis would be con
sidered high risk. In these patients, first line therapy is again stabilization with a medical 
regimen consisting of appropriate fluids, antibiotics, and analgesics. Some will improve mark
ed�y with this treatment, allowing subsequent discharge and consideration of one of the non
surgical options for the treatment of gallstones in case of calculous cholecystitis. Others will 
continue to have severe symptoms despite medical management, and, therefore, require further 
intervention. Percutaneous cholecystostomy and gallbladder drainage along with antibiotics 
are currently considered to be the treatment of choice for this group (15). When the cholecys-
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Table 1 

American Society of Anesthesiologists (ASA) Physical Status Scale (13) 

Class 1: A normal, healthy individual. 
Class 2: A patient with mild systemic disease. 
Class 3: A patient with severe systemic disease that is not incapacitating. 
Class 4: A patient with incapacitating systemic disease that is a constant threat to life. 
Class 5: A moribund patient who is not expected to survive 24 h with or without operation. 

Consider referral for evaluation 
of non-surgical gallstone therapy 

Fig. 3. An algorithm for the treatment of acute cholecystitis. 

titis has resolved, the percutaneous catheter could then be utilized to apply one of the newer 
nonsurgical alternatives for gallstone elimination in these patients (J 6). 

6. COMPLICATIONS 

The most common complication of cholecystitis, particularly in patients \Yho delay seeking 
therapy, is the development of gallbladder gangrene with subsequent perforation. In a recent 
series of 260 patients with acute cholecystitis, over 20% of patients developed gangrene with 
2% experiencing frank perforation (J 7). Perforation may take a number of forms. Often the 
fluid from the perforated gallbladder leaks only locally. The result is an abscess which is best 
diagnosed by CT scan. Less commonly, perforation is not contained in the area of the gallblad
der. Such "free" gallbladder perforation into the peritoneum is associated with a very high 
mortality. Finally, the gallbladder may perforate directly into a local hollow viscus forming a 
cholecystoenteric fistula. This fistula formation is more commonly the result oflong-standing 
pressure necrosis from stones, rather than a result of acute cholecystitis (J 8). Gallstones may 
pass through this fistula into the intestinal lumen. Occasionally, a stone larger than approx 2.5 em 
may lodge at the site of the Meckel's diverticulum, which is the narrowest portion of the small 
intestine, resulting in "gallstone ileus." The mortality from this uncommon complication is 
approx 20% (J 9). 
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Emphysematous cholecystitis is a less frequent complication of cholecystitis that increases 
by fivefold the risk of gangrene and perforation (20). This particular entity occurs predomi
nately in males, and has a strong association with both diabetes mellitus and acalculous disease. 
It is often diagnosed on plain film or ultrasound as the presence of air in or directly about the 
gallbladder. Clostridium welchii is the organism most commonly isolated in these cases (21). 

Treatment of the above complications includes both aggressive antibiotic therapy and early 
surgical invention. 

7. PROGNOSIS 

The overall mortality from an episode of acute cholecystitis is estimated to be approx 3% 
(17). In young and otherwise healthy patients, however, the overall mortality is probably less 
than 1 %, whereas it can climb to higher than 10% in high risk patients. The development of 
complications from acute cholecystitis also increases mortality. Another risk factor for severe 
disease is the presence or absence of stones. Acalculous cholecystitis is associated with a 
markedly higher overall mortality of approx 30% (1). Although uncommon, the prevalence of 
acalculous disease appears to be increasing. 

8. PREVENTION 

Gallstones are exceedingly common. In the United States alone, more than 25 million adults 
are affected (22). Most will not suffer consequences from their stones and continue to have 
'asymptomatic stones,' but some will. The vast majority of patients with cholelithiasis are 
asymptomatic. In these patients, cholelithiasis may be an incidental finding on an abdominal 
ultrasound. The likelihood of developing problems from such stone disease is exceedingly 
small. One study showed that in patients with mild or nonspecific symptoms, the rate of 
developing complications was approx 1% per yr (23). Furthermore, the initial presenting 
symptom was not severe. Therefore, treatment of asymptomatic gallstones is not advised (24). 
When patients present with the initial symptoms from their stones, the likelihood of subsequent 
symptoms or complications is much higher. Hence, treatment is advised. The National Coop
erative Gallstone Study showed that the risk of further symptoms was approx 70% over the next 
2 yr after initial presentation (25). 

There are a number of treatment options available for patients with symptomatic gallstones. 
Surgery is the most commonly prescribed modality. The gallbladder, along with its contained 
stones, is removed under general anesthesia. Recently, the procedure of cholecystectomy is 
being performed laparoscopicaUy, eliminating the need to cut the rectus abdominis muscle, 
leading to a significantly shortened hospital stay and convalescence period. However, the 
laparoscopic procedure carries a higher rate of morbidity in the form of a several-fold 
increase in the incidence of common bile duct injury (26,27). Ultimately, the choice of tech
nique is based on the experience and preference of the surgeon performing the procedure and 
the medical condition of the patient. 

A number of nonsurgical techniques are now available or are being evaluated. These include 
medical dissolution with oral bile acids, topical chemical dissolution using solvents to lavage 
the gallbladder, and extracorporeallithotripsy. Dissolution with oral bile acids may be appro
priate therapy in a patient with small stones (less than 0.2 cm) that "float" during oral chole
cystography (28). This form of therapy may take up to 2 yr to complete. Therefore, it is not 
useful in patients who are acutely symptomatic or those who are having frequent symptoms. 
However, usually patients become asymptomatic in approx 2-3 mo while on oral bile acids, 
even though their stones have not yet totally dissolved. In addition, stone recurrence is to be 
expected in approx 50% of patients, but those may be re-treated with oral bile acids. 
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Topical dissolution with solvents such as methyl-tert-butyl-ether or, more recently, ethyl 
propionate is available in a few centers only and on an investigational basis (16). For this 
procedure, a miniature percutaneous or nasobiliary catheter is placed into the gallbladder and 
the solvent is infused into and out of the gallbladder to lavage and dissolve the gallstones in 
situ. At the authors' center, a comprehensive standardized automated procedure for topical 
dissolution is being evaluated with excellent preliminary results (29). It is generally an outpa
tient procedure that requires no general anesthesia, leaves no surgical scar, and requires no 
recuperation. Hence, it is clearly a desirable method of treatment for the high-risk patient. Its 
main disadvantages are that the solvents currently available are only effective against choles
terol stones that are only present in approx 80% of patients with gallstones. In addition, as with 
medical dissolution, gallstone recurrence is to be expected. 

Extracorporeal shock wave lithotripsy, which has gained popularity for the treatment of 
kidney stones, is still investigational in the United States for gallstone treatment. Only a small 
number of centers continue to evaluate it. Shock waves are generated outside the patient either 
using a spark gap electrical discharge, vibrating piezoelectric crystals or an electromagneti
cally vibrating loudspeaker cone. When focused on the gallstones, the impact of the shock 
waves disintegrates the stones, regardless of chemical composition, into "sand" or small par
ticles with a large effective surface area that enhances their dissolution with oral bile acids and! 
or allows gallbladder contractions to expel such particles into the small intestine. Preliminary 
studies show that it is only effective for patients with solitary stones smaller than 3 cm in 
diameter. Eighty percent of these patients became stone-free 12 mo after treatment (30). 

Whether to proceed with observation, stone removal (nonsurgical therapy), or gallbladder 
removal in the setting of symptomatic stones is often difficult to determine. A frank discussion 
of options, risks, and benefits needs to be completed with each patient so that the patient may 
make a well-informed decision. 

9. INDICATIONS FOR REFERRAL TO A SUBSPECIALIST 

Any signs of infection or inflammation, including a Murphy's sign or leukocytosis, should 
prompt the involvement of a surgeon. A consistent history without evidence of peritoneal 
irritation warrants an evaluation as shown in Fig. 1. The primary care physician may wish to 
involve a gastroenterologist or surgeon to assist with the decision making process. 

SUMMARY 

Acute cholecystitis is an acute inflammation of the gallbladder that commonly compli
cates gallstone disease. 

It can present in patients without cholelithiasis (acalculous cholecystitis). 
Acute cholecystitis presents with constitutional symptoms and pain of longer duration 

than simple biliary colic. 
Ultrasound of the gallbladder, liver, and abdomen is useful in establishing the diagnosis. 

When there is doubt, cholescintigraphy may be helpful. 
Low risk patients may undergo a cholecystectomy, whereas high risk patients may ben

efit from the newer nonsurgical modalities. 
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1. INTRODUCTION 

Genetic hemochromatosis is an autosomal recessive disorder in which an inappropriate 
increase in the absorption of dietary iron is associated with accumulation of this metal within 
liver cells and in other sites of the body (J). The gene for hemochromatosis has been localized 
by genetic linkage to the histocompatibility leukocyte antigen (HLA) locus (2-4) on chromo
some 6. The genetic mutation that gave rise to hemochromatosis seems to originate in a Celtic 
individual (5). Genetic and population screening studies indicate that the disease occurs in 
about 1 in 300 of the Caucasian population (5). A candidate gene for hemochromatosis has only 
recently been identified with the predicted gene product, MHC-H, being a protein that bears 
resemblance to other major histocompatability (MHC) proteins (6). 

2. PATHOGENESIS 

The mechanism by which mutations in MHC-H result in the increased iron absorption 
characteristic of genetic hemochromatosis is unknown. Alterations in the function of the 
transferrin receptor or of the cellular iron storage protein, ferritin, have been previously 
excluded. However, abnormal regulation of transferrin receptors and ferritin gene expression 
in duodenal mucosa may contribute to increased iron absorption (7-11). Data from patients 
with genetic hemochromatosis who underwent orthotopic liver transplantation (OLT) and 
instances in which hemochromatotic livers were implanted into recipients without hemochro
matosis suggest that the liver and all other affected organs may contain a common defect (12). 
Without treatment, patients with hemochromatosis continue to accumulate increasing levels 
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of tissue iron with resultant cellular damage, organ failure, and death (13). The rates of accu
mulation of tissue iron vary between individuals, being influenced by dietary and genetic 
factors, as well as by the presence of underlying liver disease (1). Tissue iron levels that are 
below the threshold for tissue damage may be slightly increased in heterozygotes. 

3. CARDINAL SIGNS AND SYMPTOMS 

3.1. Symptoms 
Homozygotes with genetic hemochromatosis may not manifest symptoms ofthis disorder 

until the fourth or fifth decade. However, biochemical signs of iron overload may be recog
nized much earlier. Expression of the disease varies considerably among patients. Many of the 
symptoms are nonspecific and can easily be overlooked. Among the most common are 
decreased libido, impotence, and diminished body hair in males, and weakness, arthritis, 
abdominal pain, liver disease, and dyspnea in both males and females (14). Diabetes and 
increased skin pigmentation, once considered as essential features of hemochromatosis, are 
present infrequently in patients who are recognized at an early stage of the disease. 

3.2. Physical Examination 

The continual accumulation of hepatic iron in untreated patients results in progressive liver 
cell damage, collagen deposition, and ultimately cirrhosis and hepatic failure (13,15). Extra
hepatic iron accumulation results in cardiac disease with congestive heart failure and 
arrhythmias, testicular atrophy with associated impotence, diabetes, increased skin pigmenta
tion (so called 'bronze' skin), and infrequently, hypothyroidism. Hepatocellular carcinoma is 
another serious complication that may arise in patients with genetic hemochromatosis (16-18). 

4. DIAGNOSIS 

The approach to disease diagnosis is outlined in Fig. 1. The recent discovery that approxi
mately 85% of patients with genetic hemochromatosis are homozygous for a single mutation 
of MHC-H (6), will permit molecular screening for this disorder for most patients. The 
utility of molecular genetic testing for this disorder awaits further studies to determine 
expressivity of the disease in patients homozygous for these mutations. At present, stan
dard biochemical screening should be performed on all suspected patients. 

Parameters that indicate abnormal iron accumulation consistent with genetic hemochroma
tosis include increases in serum iron, transferrin saturation, and ferritin (see Table 1). The 
serologic diagnosis of genetic hemochromatosis may be made utilizing a combination of serum 
ferritin and transferrin saturation, yielding a sensitivity and specificity of 94% and 86%, 
respectively, with a predictive accuracy of 0.97 (maximum = 1.0) (19). Magnetic resonance 
imaging (MRI) can provide evidence for hepatic iron overload in patients with advanced 
hemochromatosis and may help in its distinction from secondary iron loading (20-26), but is 
of little or no diagnostic value in most asymptomatic patients. 

Liver biopsy should be performed in all patients suspected of having hemochromatosis in 
order to determine the amount oftissue iron, its cellular distribution, and the stage and severity 
of tissue injury. 

The deposition of excess iron in hepatocytes is characteristic of genetic hemochromatosis, 
whereas in most other forms of hepatic iron overload, excess iron is localized primarily in 
Kupffer cells and macrophages, most commonly visualized with Pruss ian blue staining. 
Hemosiderin deposits are graded from 0, when no hemosiderin is present, to 4 with severe 
hemosiderosis. Patients with genetic hemochromatosis most often have grade 3 or 4 siderosis. 



Chapter 18 / Genetic Hemochromatosis 

Patient with elevated transfenin saturation with or without 
signs/symptoms of liver disease. or extrahepatic signs of 
j:(enetic hemochromatosis 

t 
Exclude causes of acquired iron overload: 
-multiple transfusions or excessive iron ingestion 
-thalassemia or other red blood cell fragility or dyserythropoietlc syndrome 
-hepatitis C 

~ 
Liver biopsy I Liver biopsy contraindicated 
-histochemical stain for iron 
-quantitative iron 
-calculate hepatic iron index (HII) 

I MRi scan 

~ t t 
Non-parenchymal siderosis I I Parenchymal siderosis I I Increased I Increasedl 

HII < 2.0 HII > 2.0 hepatic iron splenic iron 

t t 

Hemochromatosis confirmed: 
-begin phlebotomy therapy 

Genetic -screen first degree relatives 
Genetic hemochromatosis (serum transfenin saturation. hemochromatosis is 

excluded. Consider other fenitin. genetic analysis for excluded. Consider 

etiologies of excess iron storage disease specific mutations or HLA other etiologies 
haplotype) of excess iron storage 

Fig. 1. A scheme for the evaluation of patients with possible genetic hemochromatosis. 

Test 

Serum iron 
Transferrin saturation 
Serum ferritin (males) 

(females) 
Liver iron by histochemistry 
Hepatic iron content 
Hepatic iron indexb 

Table 1 

Tests for Detection of Hemochromatosis 

Normal range 

50-100 lJg/dL 
10-40% 
20-100 IJg/L 
20-100 IJg/L 
Absent (grade 0) 
70-1000 1Jg/ g 
<1.5 

Genetic hemochromatosis 

>150 lJg/dL 
>50% 
>200 IJg/L 
>150 IJg/L 
Grade 3-4 in parenchymal cells 
> 10,000 lJg/ga 
>2.0 
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CT or MRI of liver No increase in iron Increased parenchymal iron, lack of iron in 
spleen 

aIn adult patients with hemochromatosis. 
blJIlloles Fe/g dry weight liver/age (yr). 

With advanced siderosis, it may not be possible to identify the primary target cell since excess 
iron may spill into nonparenchymal cells. Early in the course of iron accumulation, excess iron 
is present only in periportal hepatocytes at the peripheries oflobules. With progression of the 
disease, excess iron deposition extends to the centrilobular region (27). 
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A sample of the liver biopsy should be saved for direct quantitation of hepatic iron content. 
For liver samples, a whole core of a needle biopsy specimen should be obtained. The specimen 
should be transferred to a small plastic tube and either frozen or dehydrated for shipment to diag
nostic laboratories. Most patients with genetic hemochromatosis have hepatic iron contents in 
excess of 10,000 JJglg dry liver (28). Since the content of iron may not be as pronounced in 
asymptomatic patients discovered at an earlier age, and in patients with chronic liver disorders with 
acquired or secondary iron overload (most commonly viral hepatitis C and alcoholic liver disease), 
histochemical evaluation for detectable iron often fails to differentiate between these groups (for 
review, see ref. [29]). The hepatic iron index, which requires quantitative iron determination 
(f.JIIloles iron/g dry liver/age in yr) was developed to distinguish between these groups of patients 
(30). A hepatic iron index of>2 is diagnostic of genetic hemochromatosis (22,28,30,31). 

The diagnosis of genetic hemochromatosis is based on the characteristic abnormalities 
of iron metabolism in the serum, the exclusion of causes of secondary iron overload, liver 
histology demonstrating excess hepatocellular iron and quantitation of hepatic iron con
tent in order to calculate the hepatic iron index (Table 1). Acquired disorders with iron 
overload (secondary hemochromatosis) may be the consequence of repeated blood trans
fusions or excessive iron administration to patients with thalassemia, hereditary sphero
cytosis, sideroblastic anemia, or porphyria cutanea tarda. Specific features of the 
hematologic disorders readily distinguish them from genetic hemochromatosis, but alco
holic liver disease and viral hepatitis C often may present difficulties in their differentia
tion from genetic hemochromatosis. In these disorders, serum iron, transferrin saturation, 
and ferritin each may be significantly elevated. However, the age-adjusted tissue iron 
level (hepatic iron index) is below the range seen in genetic hemochromatosis (29). 

Once the diagnosis is established, screening of first-degree relatives is mandatory. Screen
ing should be performed by direct mutation analysis or HLA typing, if possible. HLA linkage 
studies are useful for screening first-degree relatives of individuals in whom the diagnosis 
cannot be established by direct mutation analysis. 

S. TREATMENT 

The mainstay of therapy for hemochromatosis is phlebotomy. The removal of 500 mL of 
blood results in the loss of approx 250 mg of iron. The serum level of ferritin provides only a 
rough gage of the degree of iron overload, and the amount of iron to be removed. Phlebotomy 
should be initiated in all patients in whom the diagnosis is established at an interval of 1-2 U 
weekly, depending on magnitude of iron load (as measured by quantitative hepatic iron deter
mination or degree of siderosis detected histochemically) and the patient's tolerance, or until 
the hemoglobin falls below 10 g/dL. Phlebotomy, once every 2-4 mo thereafter, may be 
sufficient to maintain normal iron balance for most patients. Removal of excess tissue iron 
stores prior to the development of tissue damage improves the life expectancy of patients and 
prevents the development of cirrhosis (J 6,32). 

In exceptional patients in whom phlebotomy is limited by anemia, treatment may require the 
use of the chelating agent desferioxamine, which must be administered by continuous iv or 
subcutaneous infusion. Dosages of 1--6 mg/m2 result in the removal of tissue iron and its 
excretion in the urine (33). The administration of ascorbate with desferrioxamine may accel
erate iron removal. However, its use has been associated with cardiac failure and arrhythmias. 
Therefore, it should not be utilized in the initial phase of treatment. 

The development of hepatic failure in hemochromatotics is effectively treated by orthotopic liver 
transplantation (12), though concurrent heart disease due to iron overload has reduced the survival for 
these patients, and may even necessitate further phlebotomy treatment post-OLT in some (34,35). 
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If glucose intolerance has developed, treatment with insulin prevents complications of 
hyperglycemia. Patients with symptoms of arthritis may benefit from treatment with anti
inflammatory agents. 

6. POTENTIAL COMPLICATIONS 

In cirrhotic patients with hemochromatosis, the risk of hepatocellular carcinoma is significantly 
increased (J 6,32,3 6). Whether the risk of development of hepatocellular carcinoma is decreased by 
iron depletion therapy if cirrhosis has already developed has not been established. Diabetes is seen in 
30--60% of patients with advanced disease, but is rarely encountered in patients recognized and treated 
at earlier phases of iron overload (14). Cardiac disease, most commonly congestive heart failure and 
arrhythmias, remains a significant cause of morbidity and mortality in advanced hemochromatosis 
(J 4,16,32,34-36). An increased incidence of infections with Yersinia enterocolitica has been reported 
in patients with iron overload (3 7). Complications that may arise with desferrioxarnine therapy include 
inflammation at the injection site, anaphylaxis and visual and auditory neurotoxicity (38). 

7. PROGNOSIS 

Untreated patients with genetic hemochromatosis will develop cirrhosis and ultimately liver 
failure and extrahepatic symptoms associated with iron overload (36). With early recognition of 
the disorder and judicious therapy, the prognosis for survival of patients with genetic hemochro
matosis improves greatly (9,1 6,32,36). Treatment prior to the development of cirrhosis results 
in essentially normal life expectancy (39). Once cirrhosis is present, survival is significantly 
reduced. Treatment of the iron overload does not affect the diabetes or the course of arthritis. 

8. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

The differentiation of hemochromatosis from secondary causes of iron overload often requires 
liver biopsy, which is performed by the gastroenterologist and hepatologist. When liver biopsy is 
contraindicated, radiologic consultation for interpretation of an MRI may be necessary. Other 
problems for which a liver specialist may be consulted include the evaluation ofthe severity of portal 
hypertension, screening for hepatocellular carcinoma, and treatment of patients who develop com
plications of portal hypertension, hepatic insufficiency and encephalopathy, or hepatic failure. 

9. REFERENCE LABORATORIES FOR HEPATIC IRON DETERMINATIONS 

1. Mayo Medical Laboratory 
Mayo Clinic 
200 1st S. W. 
Rochester, MN 55905 
Telephone 800-533-1710 
Cost: $92 

2. Department of Laboratory Medicine 
University of Washington 
1959 N.E. Pacific 
Room NW120, Box 357110 
Seattle, WA 98195 
Telephone 206-548-6066 
Cost: $46 

3. University of Massachusetts Medical Center 
Division of Digestive Disease and Nutrition 

Department of Laboratory Medicine 
Harbor View Medical Center 
325 9th Avenue, Box 359743 
Seattle, W A 98104 
Telephone 206-731-5853 
Cost: $45 
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55 Lake Avenue North 
Worcester, MA 01655 
Telephone 508-856-3068 
Cost: $137 

4. Division of Gastroenterology and Hepatology 
St. Louis University Health Science Center 
3635 Vista Avenue at Grand 
St. Louis, MO 63110-0250 
Telephone 314-577-8764 
Cost: $100 
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10. REFERENCE LABORATORIES FOR GENETIC STUDIES 

Scripps Reference Library 
11107 Roselle Street 
San Diego, CA 92121 
Telephone 619-784-7810/800-788-9709 
Fax 619-784-7866 

Specimens are submitted to Smith Kline Beecham Laboratories, test number 31354. Re-
quires one lavender top tube, room temperature. 

ItxM Diagnostics 
3636 Boulevard of the Allies 
Pittsburgh, P A 15213 
Telephone 412-655-7321/800-967-9672 
Fax 412-621-5730 

Specimens are submitted in one yellow top tube (ACD), room temperature. 
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1. INTRODUCTION 

The porphyrias are metabolic disorders, primarily inherited, in which the principal features 
are disturbances of normal heme and porphyrin metabolism. Deficiency in the activity of one 
of the enzymes of heme biosynthesis characterizes the various forms of porphyria. Many 
patients remain asymptomatic carriers of the (genetic) defect, lacking both clinical features and 
overproduction of heme precursors. Others have so-called latent disease with no clinical symp
toms of porphyria, but have elevated porphyrins and/or precursors of heme in the urine or feces. 
To develop manifest disease, other factors, in addition to the deficient enzyme, are necessary 
(1). Carriers can be detected only by measuring enzyme activities (e.g., in RBCs, fibroblasts, or 
lymphocytes); whereas those with chemically active, but clinically latent, disease can be detected 
also by measurement of porphyrins and/or porphyrin precursors in blood, feces, or urine. 

2. PATHOGENESIS 

2.1. The Heme Biosynthetic Pathway 
The regulation of the heme-biosynthetic pathway provides important clues to the pathogen

esis and diagnosis ofthe various forms of porphyrias (Fig. I). The sequence of metabolites and 
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Exogenous heme 
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Fig. 1. An overview of hepatic heme metabolism and its regulation by a regulatory heme pool. Source: 
Bonkovsky HL. Porphyrin and heme metabolism and theporphyrias. In: ZakimD, BoyerTD, eds. Hepatology: 
a textbook ofliver disease, 2nd ed. Saunders, Philadelphia, 1990, p. 386. Used with permission. 

enzymes in the heme-synthetic pathway is known and patterns of metabolite excretion are 
relatively typical for each type of porphyria. 

Heme, the end-product of the pathway, is synthesized from succinyl-CoA, glycine, and iron 
in a series of reactions carried out by eight different enzymes (1). The first step, the formation 
of delta-aminolevulinic acid (ALA) by condensation of succinyl CoA and glycine, is carried 
out by the mitochondrial enzyme ALA synthase. ALA is then converted into the monopyrrole 
porphobilinogen (PBG) by ALA dehydratase (or PBG synthase). In a further series ofreac
tions, several porphyrinogens are synthesized, and finally protoporphyrin is formed. The final 
enzyme ofthe pathway, ferrochelatase, inserts iron into protoporphyrin to form the complete 
heme molecule. Heme is an essential prosthetic group for numerous hemoproteins, including 
those that carry oxygen (hemoglobin, myoglobin), and many enzymes (mitochondrial and 
microsomal cytochromes, catalase, peroxidase, and so on). 

In normal heme synthesis, most of the actual intermediates are porphyrinogens, the reduced 
forms of porphyrins. These colorless substances spontaneously oxidize, especially in the pres
ence of oxygen and light, to form the corresponding porphyrins. The latter are reddish-purple 
and fluoresce bright red when excited by light of 395-410 nm (near UV). The oxidation to 
porphyrins occurs also within the body, e.g., in liver and skin. The various porphyrins and 
porphyrinogens differ in the number of carboxylic side chains that are chiefly responsible for 
their solubility in water. Porphyrins with more carboxyl groups (uro- andheptacarboxy-porphy
rin) are more water soluble and, therefore, are excreted mainly into the urine, whereas 
protoporphyrin carries only two carboxyl groups and is excreted exclusively via bile. 
Coproporphyrin, which has four carboxyl groups, is excreted into both urine and bile. The 
initial building blocks of porphyrins, ALA and PBG, are excreted primarily by the kidney. 
These differences in water solubility partly explain the different porphyrin patterns found in 
the various porphyrias and are important for diagnostic testing. 

2.2. The Regulation of Heme Synthesis 
Defective activity of any of the enzymes along the pathway of heme biosynthesis may lead 

to accumulation of heme precursors proximal to the defective enzyme. In the case of the acute 
hepatic porphyrias, the so-called regulatory heme pool in the hepatocytes is compromised by 
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this biochemical defect (2), and can only be maintained through compensatory mechanisms, 
such as decreased repression of ALA synthase (Fig. 1). Induction of clinically manifest disease 
with symptoms frequently results when these compensatory mechanisms are overcome. For 
example, after exposure to drugs or chemicals that induce cytochrome P450 enzyme synthesis, 
exacerbations of acute hepatic porphyrias are triggered. The induction ofP450 increases the 
demand for heme prosthetic groups and depletes the regulatory heme pool, leading to further 
derepression of porphyrin synthesis and excessive accumulation of porphyrin precursors proxi
mal to the partial enzyme block. The enzymatic defect alone usually is not sufficient to cause 
disease expression. Thus, the most severe deficiency of regulatory heme and induction of ALA 
synthase occurs with both increased demand for and decreased heme synthesis, as is the 
situation in clinically manifest acute hepatic porphyrias. 

Hepatic heme metabolism differs in its regulation from heme synthesis in nonhepatic tis
sues, where ALA synthase is not the rate-controlling enzyme (1). For example, in erythropoi
etic tissue, heme seems to regulate the transport of iron into normal reticulocytes, thereby 
regulating the supply of iron for the enzyme ferrochelatase. The latter enzyme may be the rate
limiting step for heme synthesis in some nonhepatic tissues, such as the functioning bone 
marrow. 

In true acute porphyrias in relapse, excretions of ALA and PBG, (as well as of porphyrins), 
are increased at least fivefold above normal levels. Minor degrees of increased urinary por
phyrin excretion (up to 2-3 times normal) without elevation of ALA or PBG occur in a variety 
of disorders and are termed "secondary porphyrinurias." Because these are unrelated to true 
porphyrias, modest increases in porphyrin excretion have to be interpreted with caution. 

Other factors, notably nutritional state, adrenal and gonadal hormones, as well as tissue iron 
overload, can affect the activity of the hepatic ALA synthase. For example, starvation can 
worsen acute porphyric syndromes, but high glucose intake can improve symptoms. These 
effects are due to carbohydrate repression of hepatic ALA synthase (the so-called "glucose 
effect") (2). Exogenously administered heme repletes the regulatory heme pool and also leads 
to repression of ALA synthase, which decreases hepatic overproduction of ALA and PBG. 
These mechanisms are utilized in the therapeutic strategy of acute attacks (Figs. 1 and 2). 

3. CLASSIFICATION AND OVERVIEW OF THE PORPHYRIAS 

For the most part, porphyrias are inherited as autosomal dominant diseases, with the excep
tion of congenital erythropoietic porphyria, the porphyria due to deficiency of ALA dehy
dratase, and some cases of proto porphyria, which follow an autosomal recessive pattern (3). 

Depending on the type of porphyria, excessive production of porphyrins occurs chiefly 
within the liver or the bone marrow, but usually not both (4). Nevertheless, in the inherited 
forms of porphyria, all cells carry the genetic defect. Only in protoporphyria and hepatoerythro
poietic porphyria may overproduction of heme precursors occur both in liver and bone marrow. 
Most classification schemes take into account the site of porphyrin overproduction (Table 1). 
These schemes also distinguish acute from chronic porphyrias on the basis of clinical mani
festations, the latter representing a more protracted clinical course with dermatological mani
festations. These categories are useful for purposes of diagnosis and therapy. 

3.1. The Acute Porphyrias 
3.1.1. ACUTE INTERMITTENT PORPHYRIA (AlP) 

AlP is the most common of the inducible acute hepatic porphyrias encountered in the United 
States, with an estimated prevalence ofthe gene of about 1 in 5000 people. It is somewhat more 
common among people of Scandinavian, British, or Irish descent. Symptoms usually develop 
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Symptoms of acute porphyric attack 
+ / - ositive bedside test for PBG 

Remove all precipitating factors 
start supportive therapy: 

-avoid possible exacerbating drugs. toxins 
- monitor fluid/electrolyte balance 
- treat hyponatremia / SlADH 
- monitor neurologic status 
- adequate nutrition. vitamins. folic acid 
-pain control (meperidine. morphine) 
- antiemetics (chlorpromazine) 
- treat tachycardia/HTN (propranolol) 
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Diagnostic work-up: 
Urinary ALA/PBG porphyrin 
studies. enzyme studies 
(see Fi re 3) 

- for seizures MgS04• gabapentin. vigabatrin. 

Evaluate for alternative 
diagnoses 

diazepam iv 
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- cimetidine 800 mg/ day 
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Fig. 2. Therapy of acute porphyria. Start heme immediately in patients with severe attacks, especially 
with associated paresis, seizures, or psychosis. Abbreviations used: HTN, systemic arterial hypertension 
MgSO , magnesium sulfate; SIADH, syndrome of inappropriate secretion of antidiuretic hormone. 

4 

in women in their 20s and men in their 30s, although attacks can begin at the extremes of age, as 
well. The characteristic acute porphyric attacks often occur in response to various precipitating 
factors (see Section 4.3.). Cyclical premenstrual attacks occur in some women, emphasizing the 
role of hormonal factors in modulating disease activity. The principal biochemical abnormality 
is elevation of urinary ALA and PBO in patients with latent and, especially, manifest disease. On 
a milligram basis, the daily excretion ofPBO always exceeds that of ALA in AlP patients. Smaller 
amounts of uro- and coproporphyrin are also excreted in the urine during acute attacks. No 
cutaneous manifestations are observed. Asymptomatic carriers of AlP, by definition, have no 
abnormality in the urinary excretion of these precursors and can only be detected by measure
ment of activity of the defective enzyme PBO deaminase in erythrocytes. 
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Table 1 

Classification of the Porphyrias and Other Disorders of Porphyrin Metabolism 

Disorder of Porphyrin 
Metabolism 

The Porphyrias 

Acute hepatic porphyrias 
Acute intermittent 

porphyria 
Hereditary coproporphyria 

Variegate porphyria 

Porphyria due to 0-
aminolevulinic acid (ALA) 
dehydratase deficiency 

Chronic hepatic porphyrias 
Porphyria cutanea tarda 

Inheritance 

autosomal 
dominant 

autosomal 
dominant 

autosomal 
dominant 

autosomal 
recessIve 

autosomal 
dominant or 
sporadic 

Mixed hepatic and erythropoietic porphyrias 
Protoporphyria autosomal 

dominant 
Hepatoerythropoietic autosomal 

porphyria dominant 

Erythropoietic porphyrias 
Congenital erythropoietic autosomal 

porphyria recessive 
Erythropoietic autosomal 

coproporphyria dominant 

Other Disorders of Porphyrin Metabolism 
Intoxications (heavy 

metals, e.g., lead, 
(haloaromatic compounds) 

Secondary porphyrinurias 
(diabetes mellitus, 
anemias, lymphomas, 
hepatobiliary disease) 

Hereditary tyrosinemia, autosomal 
Type I recessive 

3.1.2. HEREDITARY COPROPORPHYRIA (HCP) 

Enzyme Defect 

porphobilinogen 
deaminase 

coproporphyrinogen 

protoporphyrinogen 
oxidase 

ALA dehydratase 

uroporphyrinogen 
decarboxylase 
(heterozygous) 

ferrochelatase 

uroporphyrinogen 
decarboxylase 
(homozygous) 

uroporphyrinogen III 
cosynthase 

undetermined 

variable (e.g., ALA 
dehydratase) 

mostly normal (rarely 
mildly decreased) 

fumaryl aceto-acetate-
hydrolase (2° inhibition 
of ALA dehydratase) 

Major Site of 
Abnormality 

liver 

liver 

liver 

liver 

liver 

bone marrow 
(liver var.) 

bone marrow 
and liver 

bone marrow 

bone marrow 

liver (and 
others) 

variable 

liver 

The true incidence of this autosomal-dominant inherited disease is not known, because a 
silent carrier state exists as well. The mean age of onset of symptoms is 28 yr. Women are 2.5 
times more frequently affected clinically than are men, although the genetic defect in 
coproporphyrinogen oxidase occurs with equal frequency in both sexes. The most common 
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mode of presentation is the acute porphyric attack, identical to that occurring with AlP. Attacks 
are triggered by similar factors as in AlP; usually attacks are less severe and less frequent than 
in AlP. The other major mode of presentation (29%) is a chronic recurrent vesiculobullous 
eruption on sun exposed skin (face, dorsa of hands). The principal biochemical abnormality 
in HCP (even in latent disease) is increased excretion of coproporphyrin III in the feces and (to 
a lesser extent) in the urine. During an attack, ALA and PBG are elevated in the urine. In 
contrast to AlP, ALA levels are frequently higher than PBG levels. 

3.1.3. VARIEGATE PORPHYRIA (VP) 

This autosomal dominant disease is most common (incidence 3 per 1000!) among white 
South Africans of Dutch descent, in whom it can be traced to a single couple that married in 
Capetown in 1688. Clinical manifestations are variable-many patients never become symp
tomatic. Acute attacks are indistinguishable from those of AlP or HCP. Photosensitivity with 
vesiculobullous lesions similar to HCP or porphyria cutanea tarda occurs alone or in combi
nation with acute attacks. Rare is an isolated acute photoreaction with erythema, pruritus, and 
urticaria, similar to protoporphyria. Regular chemical findings in VP are increased fecal 
excretion of proto- and coproporphyrin. Protoporphyrin predominates. Except for prepubertal 
patients, virtually all patients show this pattern regardless ofthe symptoms. Urinary findings 
vary with clinical disease activity-during acute attacks ALA and PBG excretion is increased; 
in between attacks urinary ALA and PBG levels tend to be normal (unlike in AlP, in which they 
usually stay somewhat elevated). A characteristic, unique porphyrin accumulates in the plasma 
of patients with active VP and provides a helpful aid to diagnosis. 

3.1.4. PORPHYRIA CAUSED BY SEVERE ALA DEHYDRATASE DEFICIENCY 

This autosomal recessive disorder appears to be extremely rare; only a few cases have been 
described. It is characterized by acute attacks of neurological dysfunction comparable to those 
with the other acute hepatic porphyrias (AlP, HCP, VP). There are no cutaneous manifesta
tions. Urinary excretions of ALA and coproporphyrin III are consistently elevated, slight 
increases ofPBG and other porphyrins occur. Fecal porphyrin excretion is normal. For unclear 
reasons, the concentration of zinc protoporphyrin in erythrocytes is increased. 

Although the diseases just described are all inherited and the underlying enzymatic defects 
are present throughout the lives of affected subjects, they are called "acute" porphyrias, because 
their major clinical manifestation is the acute attack. 

In contrast, the so-called chronic phorphyrias, described next, do not cause acute attacks (or, 
in the case of proto porphyria, do so only rarely and under unusual circumstances). 

3.2. The Chronic Porphyrias 
3.2.1. PORPHYRIA CUTANEA TARDA (PCT) 

In most parts of the world, including the United States, PCT is the most common form of 
porphyria. It typically presents in middle-aged subjects who are heavy users of alcohol and! 
or who take estrogen (e.g., for contraception or therapy of prostatic cancer). The presenting 
signs are vesicles, bullae, and sores, especially on the dorsal aspects ofthe face, head, and neck. 
Hypertrichosis, usually most noticeable on the face, is also common. 

The diagnosis is readily established by measurement of urinary porphyrins and by the 
pattern of these porphyrins, now usually measured by high performance liquid chromatogra
phy (HPLC). The typical pattern is a marked increase (> 1 0 times normal) in uro- and 
heptacarboxyporphyrins. The acute porphyrias that, in relapse, can elevate these porphyrins 
(Table 2) are excluded by measurements of urinary ALA and PBG, which are normal or near 
normal in PCT, but markedly increased in the acute porphyrias. Fecal analysis is not usually 
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required for diagnosis, although increased fecal iso-coproporphyrin is a useful marker ofPCT. 
Fecal analysis is also useful for differentiating PCT from HCP or VP. 

Coexistent liver disease is the rule in PCT. Formerly, it was ascribed chiefly to alcohol or 
other toxins, but recent studies have shown that in Italy, Spain, and the United States, most 
patients with PCT have chronic hepatitis C (5). (This is not true in Germany, Holland, Ireland, 
New Zealand, or the United Kingdom). The liver disease is usually relatively mild, and most 
patients do not have cirrhosis. Most PCT patients have moderate hepatic iron overload, and 
there is growing evidence the hetero- or homozygosity for HLA-linked hemochromatosis is a 
risk factor for development of overt PCT. Iron in the liver plays an important role in the 
pathogenesis of overt PCT, and iron removal is the treatment of choice (see Section 6.2.). 

The enzymatic defect in PCT is a decrease in activity of hepatic uroporphyrinogen decar
boxylase (Uro-D), the fifth enzyme of the heme synthetic pathway. In most patients, this is an 
acquired or sporadic condition, thought somehow due to alcohol, iron, hepatitis C, or other 
hepatotoxic factors. In about one quarter of patients, there is an inherited defect in Uro-D. Such 
patients have a 50% reduction in activity of the decarboxylase in erythrocytes, and some of 
their parents and siblings show similar decreases. However, during active PCT, the decrease 
in hepatic Uro-D activity is typically greater than 50% (in both acquired and inherited PCT). 
Also, most subjects with an inherited partial defect in Uro-D activity do not develop overt PCT. 
Therefore, it is clear that a 50% decrease in activity of this enzyme is not in itself sufficient to 
cause clinical disease. Other factors, which further decrease Uro-D activity or increase the 
irreversible oxidation ofuroporphyrinogen to uroporphyrin within the liver, are essential in the 
pathogenesis ofPCT. 

3.2.2. HEPATOERYTHROPOIETIC PORPHYRIA (HEP) 

This is a very severe porphyria which is, fortunately, quite rare. It is manifested in infancy 
with severe skin changes like those seen in PCT. Later, scarring with acrosclerosis and severe 
disfigurement usually occurs, although evidence ofliver disease usually does not. The abnor
malities of porphyrin metabolism resemble those ofPCT. The enzymatic defect is a profound 
decrease in activity ofUro-D (5-10% of normal), usually due to compound heterozygosity, 
with both alleles coding for defective enzyme molecules. 

3.2.3. PROTOPORPHYRIA (PP) 

PP is usually a relatively mild form of porphyria with cutaneous clinical features that differ 
from the other forms of porphyria, as already described. It is the only form of porphyrin in 
which all urinary porphyrins and porphyrin precursors are normal, because only protoporphy
rin is overproduced and over excreted. Its prevalence is estimated to be one per 5000-10,000 
people. It is hereditary, although many (perhaps most) patients lack a positive family history, 
and even detailed evaluations of first degree relatives may fail to reveal other affected 
persons, suggesting that new mutations account for many instances of the disease. Inherit
ance of PP is, thus, somewhat uncertain: in some pedigrees it is an autosomal dominant with 
variable penetrance, whereas, in others, it has been suggested to be an autosomal recessive. 

The enzymatic defect in PP is decreased activity of ferrochelatase or heme synthase, the final 
enzyme of the heme biosynthetic pathway, which carries out the insertion of ferrous iron into 
protoporphyrin. Because ferrochelatase is a mitochondrial enzyme, it cannot be measured reliably 
in adult erythrocytes, but rather requires the use of fibroblasts, leukocytes, or liver. Activity of the 
enzyme in affected persons is typically only approx 20-25% of normal. This is probably due to the 
fact that the functional enzyme is a homodimer, requiring two normal subunits for activity. 

All of the clinical manifestations ofPP are due to overproduction of protoporphyrin, which 
occurs chiefly in the bone marrow. In addition to the cutaneous manifestations, some patients 
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with PP may develop a progressive, fatal hepatopathy, due to accumulation of protoporphyrin 
in the liver. As described above, the excess of this compound can only be removed from the 
body by hepatic secretion into the bile. Development of cholestatic liver disease (e.g., due to 
alcohol, biliary obstruction, etc.) may lead to progressive accumulation of protoporphyrin in 
hepatocytes and biliary radicles. This, in tum, may worsen cholestasis, setting up a vicious 
cycle of hepatic dysfunction. 

Thus, the potentially serious complications ofPP are hepatobiliary. Gallstones, composed 
chiefly of protoporphyrin, are common, occurring in young patients. Fortunately, development 
of progressive hepatic fibrosis and pigmentary cirrhosis is rare. All patients with PP should 
have regular (at least annual) measurement of erythrocytic and plasma porphyrin concentra
tions and liver chemistries (total bilirubin, ALT, alkaline phosphatase, total protein, and albu
min). Those with markedly elevated porphyrins, or any persistent abnormality of liver tests, 
should be evaluated for gallstone disease and undergo liver biopsy. 

3.2.4. CONGENITAL ERYTHROPOIETIC PORPHYRIA (CEP) 

CEP is a very rare form of inherited porphyria which usually is manifest early in life. Infants 
may pass dark reddish urine, and their wet diapers will fluoresce a bright pink under a 
Wood's lamp. Their bones and teeth show similar fluorescence. They develop severe skin 
changes similar to those ofPCT or HEP (see above). Increased ineffective erythropoiesis and 
hemolysis occur, leading to abnormalities of bone structure, splenomegaly, and iron loading. 

The main chemical finding is a marked increase in uroporphyrin I in the normoblasts, reticu
locytes, and urine. This is due to severe deficiency in activity of the enzyme uroporphyrinogen 
III (co-) synthase, which normally is present in excess and which efficiently converts 
hydroxymethylbilane, the final product of the reaction catalyzed by PBG deaminase, to the III 
isomer ofuroporphyrinogen. When activity of the cosynthase is deficient, the bilane spontane
ously cyclizes to form the I isomer ofuroporphyrinogen. Unlike the III isomer, the I isomer can 
not be converted to heme. Much of it undergoes irreversible oxidation to uroporphyrin I. 

3.3. Other Disorders of Porphyrin Metabolism 
3.3.1. HEREDITARY TYROSINEMIA (TYPE I) 

This autosomal recessive disorder is due to a deficiency of the enzyme 4-fumarylaceto
acetate hydrolase. This may lead to accumulation of succinylacetone, which is an extremely 
potent inhibitor of ALA dehydratase. Features of an acute porphyric syndrome, typically with 
marked elevations of urinary ALA, and normal urinary PBG, may occur in such patients who 
also develop rapidly progressive liver disease and hepatocellular carcinoma. 

3.3.2. ACQUIRED PORPHYRINOPATHIES/SECONDARY PORPHYRINURIAS 

Lead poisoning may cause a true toxin-induced porphyria, with neurovisceral symptoms 
like those of the inherited forms of acute hepatic porphyria and with increased levels of urinary 
ALA and coproporphyrin during acute manifestations. This is chiefly due to inhibition of ALA 
dehydratase by lead. 

A variety of other chemicals or disorders can lead to mild to moderate increases in urinary 
porphyrins, generally not more than three times above normal limits. Patients with such con
ditions are identified, for example, when undergoing a urinary porphyrin screen, as part of a 
work -up of an unexplained neuropathy or other neuropsychiatric difficulty. Mostly copropor
phyrin is found in the urine. In secondary porphyrinurias, fecal porphyrins are normal or only 
slightly increased, whereas in HCP and VP these are usually markedly elevated, even during 
clinical remission. Even though some of the patients with secondary porphyrinurias may have 
abdominal pain, nausea, vomiting, or other symptoms that fit into the broad spectrum of 
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symptoms that have been associated with acute porphyrias, these patients do not have a true 
porphyria (6). To avoid misdiagnosis, it is important to remember that all acute porphyric syn
dromes in relapse are associated with large increases in urinary excretion of ALA and/or PBG. 

Secondary porphyrinuria also occurs in anemias (particularly aplastic, hemolytic, and per
nicious anemia), Hodgkin's disease, leukemias, liver diseases (acute or chronic hepatitis, 
alcoholic liver disease, and cirrhosis), diabetes mellitus, infections, myocardial infarction, 
starvation, pregnancy, and after exposure to certain toxins (alcohol, halogenated and 
haloaromatic compounds, and heavy metals like arsenic, gold, and iron). There are also spo
radic reports of increased urinary (copro-) porphyrin excretion in patients that carry the diag
nosis of the so-called multiple chemical sensitivity syndrome. In none of these disorders do 
porphyrin precursors (ALA and PBG) accumulate, and activities of the enzymes of heme 
biosynthesis are generally within normal limits. The reason for the increase in urinary porphy
rins is known for only few of these disorders. For example, in cholestatic liver diseases, the 
increased urinary porphyrin excretion represents a compensatory increase when bile formation 
and excretion are impaired. Other proposed explanations for the increased urinary porphyrins 
include increased synthesis, decreased utilization, and increased oxidation ofporphyrinogens 
to porphyrins (6). 

4. CARDINAL SYMPTOMS AND SIGNS 

4.1. The Acute Porphyric Attack 
The acute attack is the characteristic presentation of the acute hepatic porphyrias (AlP, Hep, 

VP, and homozygous ALA-D deficiency), lead intoxication, and hereditary tyrosinemia. It is 
frequently precipitated by ingestion of certain drugs, by infections, fasting, or excessive alco
hol ingestion (see Table 3). The massive accumulation of porphyrin precursors (ALA and 
PBG) is associated with, and may to be responsible for, the symptoms and signs of the acute 
porphyrias. Figure 3 summarizes the clinical signs and symptoms most commonly encoun
tered in attacks of acute intermittent porphyria. Findings in Hep and VP are similar; both also 
lead to development of cutaneous lesions (discussed below), indistinguishable from those of 
peT. Patients with acute porphyric attacks present as acutely ill, usually with severe colicky 
abdominal pain, characteristically lasting more than I d (6). This pain may mimic acute inflam
mation of a hollow viscus; however, rebound tenderness is distinctly unusual, as the symptoms 
are usually out of proportion to the physical findings. Severe constipation, nausea, vomiting, 
as well as purely neurologic symptoms ranging from headaches to psychiatric disturbances, 
paresthesias, or pareses are common. A progressive neuropathy, with motor fibers affected 
more than sensory fibers, may supervene. Signs of autonomic instability (tachycardia, postural 
hypotension, labile hypertension, and urinary incontinence) may accompany the syndrome. 
Because of cranial, peripheral, or autonomic neuropathy, or because of the associated seizures, 
patients may be seen primarily by neurologists for evaluation. The neurovisceral features of 
acute attacks can be divided into five nonexclusive categories of neurologic involvement (7): 

1. Autonomic and visceral neuropathy (abdominal pain, constipation, nausea/vomiting, hypoten
sion, and hypertension). 

2. Peripheral sensory and/or motor neuropathy (paresthesias, paresis, occasionally respiratory 
muscle paralysis, and quadriplegia). 

3. Bulbar involvement (respiratory, deglutatory, and vagal nuclear damage). 
4. Hypothalamic involvement (inappropriate ADH secretion and abnormal release of growth 

hormone). 
5. Cerebral invol vement (seizures, coma, psychiatric manifestations such as depression, hysteria, 

and psychosis). 
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Table 3 

Precipitating Factors of Acute Attacks of Porphyria 

Exposure to drugs and chemicals 
Barbiturates, hydantoins, sulfonamides, and so on 
Alcohol 
Luteal phase of the menstrual cycle 
Pregnancy 
F astingl starvation 
Infection 
General anesthesia (rare) 
Perioperative period 

Signs 

Tachycardia 
Dark Urine 
Peripheral Motor Deficit 
Bulbar Involvement 

Confusion/Hallucinations 
Hypertension 

Absent Reflexes 
Peripheral Sensory Deficit 
Postural Hypotension 
Seizures 
Bladder Distension 

Coma t:::::J 
Fever (no source) P 

Symptoms 
Abdominal Pain 

Paresthesias 
Constipation 
Nausea/Vomiting 
Backpain 
Chest pain :=::::J 
Diarrhea ::::J 

I 

o 

I I 

20 

I I I 

40 60 

I 

Percentage 
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I I 

I I I 

80 100 

Fig. 3. Frequency of clinical signs and symptoms in acute intermittent porphyria. Source: Adapted from 
Bonkovsky. In: Zakim and Boyer, eds. loco Cit. Used with permission. 

The combination of intermittent abdominal symptoms and neuropsychiatric manifestations 
(plus skin lesions in some forms) should lead to a consideration of the diagnosis. The history 
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should focus on previous, similar episodes, precipitating factors, and family history. A thor
ough history may reveal that patients have passed unusually dark or red urine. 

Although the underlying enzymatic defect of acute hepatic porphyrias is expressed in the liver, there 
are few morphologic abnormalities of the liver. The major abnormalities are found in neural tissue 
(axonal damage and demyelination, especially after prolonged and repeated attacks ). This is consistent 
with a hypothesis thattheneurologicaVneurovisceral symptoms are caused by heme deficiency within 
cells of the nervous system in conjunction with a neurotoxic effect of ALA (or another metabolite). 
The latter is supported by the finding that ALA selectively competes for receptor sites of gamma
aminobutyric acid (GABA), the major inhibitory neurotransmitter in the mammalian nervous system. 
This partial antagonism to GABA may explain CNS symptoms (e.g., delirium, seizures) in porphyric 
attacks (8). However, increased levels of ALA do not necessarily correlate well with the severity of 
attacks. This suggests that pathogenetic factors other than ALA may be involved as well. 

4.2. Cutaneous Manifestations 

Patients with CEP, HEP, PCT, HCP, or VP (in the case of the latter two with or without 
associated acute neurovisceral symptoms) may present with vesicles, blisters, and sores on the 
dorsa of the hands. Less frequently such lesions occur on the forehead, ears, neck, and other 
sun-exposed areas. They develop at sites of mild trauma and represent injury due to the expo
sure of excess porphyrins in the skin to light and oxygen. As a result of this so-called photo
dynamic effect of porphyrins, reactive oxygen radicals are formed that lead to direct tissue 
damage (lipid peroxidation, lysosomal damage, and complement activation). No acute symp
toms occur on exposure to sunlight; the skin damage develops over extended periods of time. 
Due to a tendency to become infected, these lesions often heal slowly with scarring and leave 
areas of hypo- or hyperpigmentation and hypertrichosis. In the case ofPCT they are often seen 
in patients with iron overload, alcoholic liver disease, and/or chronic hepatitis C. The history and 
physical examination, therefore, will reveal symptoms and signs of associated chronic hepatopa
thy; the family history may be positive for iron storage disease, alcoholism, or porphyria. 

In contrast, in PP the cutaneous manifestations are chiefly those of immediate burning, 
itching, pain, and erythema upon exposure to the sun. This usually is noted shortly after birth 
and may improve somewhat as patients age (probably mainly due to their avoidance of sun
light). Hives (solar urticaria) and mild blistering may occur. Lichenification of chronically 
exposed skin, especially over the knuckles, occurs as time goes by (Table 4). 

4.3. Precipitating Factors 
Certain drugs and other factors are regarded as precipitants for acute attacks (Table 3). This 

is based on the observation that these factors are frequently associated with subsequent clinical 
manifestations of acute (hepatic) porphyrias (8). There is also experimental evidence for induc
tion of porphyrin synthesis by many of these factors in animal models and cell culture systems. 
The classic precipitants, barbiturates (like many other drugs that are implicated in exacerbations), 
induce cytochrome P450 synthesis in hepatic tissue and lead to increased heme requirement and 
porphyrin synthesis, as discussed in the section on regulation of the heme biosynthetic pathway. 

Aside from the listed drugs (Table 5) and alcohol, exacerbations of acute hepatic porphyrias 
occur more frequently in women than men. In women, the attacks occur predominantly in the 
luteal phase of the menstrual cycle, which corresponds to the finding that progesterone and 
related steroids induce porphyrin synthesis in experimental models. Other precipitating factors 
are dieting or prolonged fasting, perioperative stress, infection and (rarely) general anesthesia. 

Strict avoidance of all precipitating factors is essential, particularly in patients with a history of 
frequent and severe attacks. The great majority of patients do not develop symptoms, however, 
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Table 4 

Potential Complications of Porphyrias 

Systemic cbanges 
Systemic arterial hypertension 
Chronic renal failure 
Peripheral neuropathy 

Sensory deficits 
Motor deficits/muscle atrophy 

Seizure disorder 
Cholelithiasis (in protoporphyria) 
Hemolytic anemia, splenomegaly (in erythropoietic porphyria) 
Hepatocellular carcinoma (in acute porphyrias, PCT) 
Liver cirrhosis, liver failure (in protoporphyria) 
Death (respiratory paralysis, and so on) 
Skin changes 

(in CEP, HCP, HEP, peT, VP) 
Vesicles, bullae 
Scarring, sclerosis 
Hypo-, hyperpigmentation 
Lichenification 
Hypertrichosis 

(in protoporpbyria) 
Acute photosensitivity reactions: edema, urticaria, erythema 
Chronic: lichenification, mild scarring 
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following transient exposure to one of these factors during quiescent phases of their illness. Therefore 
in many patients under physician guidance, oral contraceptive use, pregnancy, hormonal preparations 
for menopausal symptoms, and moderate alcohol intake are relatively safe and can be permitted. 

5. DIAGNOSIS 

5.1. Initial Diagnostic Work-Up (Fig. 4) 
A good diagnostic strategy will lead to a rapid confirmation or rejection of the suspected diagnosis. 

Elevated levels of ALA and usually PBG always accompany neurovisceral symptoms during exacer
bations of the acute hepatic pOlphyrias (AlP, HCP, and VP). ALA alone is increased in the porphyria 
caused by ALA dehydratase deficiency in lead intoxication and in hereditary tyrosinemia. The pattems 
of porphyrin precursors and porphyrins in urine, feces (or the accumulation of specific porphyrins in 
erythrocytes) are diagnostic forthedifferenttypesofporphyrias. Similarly, chronic porphyrias (PCT) and 
acute hepatic porphyrias in which cutaneous manifestations occur (HCP, VP) are characterized by 
pattems of elevated levels of porphyrins in urine or feces (Table 2). Complete evaluation of erythrocytic, 
fecal, plasma, and urinary porphyrins usually suffice for diagnosis; although, by definition, asymptom
atic, chemically inactive carriers cannot be diagnosed in this way. They require assays of enzymatic 
activities and/or molecular studies to detect genetic abnonnalities. For some of the enzymes of heme 
biosynthesis, assays in erythrocytes are available through large commercial laboratories (e.g., for ALA 
dehydratase or PBG dearninase). However, for the other enzymes, reliable assays are available only in 
a few specialized centers. Molecular studies are offered only by special labs and generally are indicated 
only if a defect has been identified in a proband and the rest of the kindred is being evaluated. A high index 
of suspicion forthe diagnosis, prompt recognition of the symptom constellation, an drapid,correctsample 
collection is crucial for the diagnosis. Between attacks, biochemical abnormalities may resolve and the 
window for diagnosis may be missed. 
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Table 5 

Drugs And Chemicals in Acute Hepatic Porphyrins 

Analgesics 

Opioids 

Anesthetics and muscle relaxants 

Anticonvulsants 

Antibiotics 

Cardiovascular Drugs 

Diuretics and Antihypertensives 

Unsafe 

Danazol 
Diclofenac 
Oxyfenbutazone 
Phenylbutazone 
Piroxicam 
Tramadol 
Dextropropoxyphene 
Fentanyl 
Pentazocine 

Alcuronium 
Barbiturates 
Fluroxene 
Lidocaine 
Mepivacaine 
Methoxyflurane 

Barbiturates 
Carbamazepine 
Clonazepam(?) 
Felbamate 
Hydantoins 
Lamotrigine 
Phenytoin 
Tiagabine 
Valproate 
Cephalosporins(?) 
Chloramphenicol 
Dapsone 
Doxycline 
Erythromycin 
Griseofulvin 
Metronidazole 
Sulfonamides 
Trimethoprim 
Amiodarone 
Enalapril 
Lidocaine 
Nifedipine 
Verapamil 

a-Methyldopa 
Clonidine 
Enalapril 

Safe 

Acetylsalicylic acid 
Ibuprofen 
Naproxen 
Indomethacin 
Paracetamol 
Codeine 
Meperidine 
Methadone 
Morphine 
Oxycodone 
Bupivacaine 
Ether 
Halothane 
Ketamine(?) 
Nitrous oxide 
Procaine 
Propofol(?) 
Succinylcholine 
Bromides 
Diazepam(?) 
Gabapentin 
Magnesium Sulfate 
Vigabatrin 

Acyclovir 
Aminoglycosides 
Amphotericin 
Ethambutol 
Flucytosine 
Penicillin 
Tetracycline(?) 

Atropine 
Captopril 
Digoxin 
Epinephrine 
Lisinopril 
Losartan 
Nitroglycerin 
Norepinephrine 
Procainamide 
Quinidine 
Acetazolamide 
Amiloride 
Ethacrynic Acid 
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Sedatives and Tranquilizers 

Other 

Unsafe 

Furosemide 
Hydralazine 
Spironolactone 
Thiazides 
Alprazolam 
Chlordiazepoxide 
Flurazepam 
Meprobamate 
Nitrazepam 
Thioridazine 
Tricyclic antidepressants 

Aminophylline 
Ergotamine 
Estrogensa 

Metoclopramide 
Progestagensa 

Sulfonylureas 

Safe 

Lisinopril 
Losartan 
Reserpine 
Triamterene 
Chloral hydrate 
Chlorpromazine 
Haloperidol 
Lithium 
Midazolam 
Paraldehyde 
Promazine 
Temazepam 
Allopurinol 
Chlorpheniramine 
Colchicine 
Corticosteroids 
Coumarin 
H2-blockers 
Heparin 
Insulin 
Laxatives 
Loperamide 
Metformin 
Warfarin 
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Adapted from Bonkovsky HL. Porphyrin and heme metabolism and the porphyrias. In: Zakim D, Boyer TD, eds. 
Hepatology: A textbook ofliver disease, 2nd ed. Saunders, Philadelphia, 1990, p. 399, and recent results in our 
laboratory. 

Those agents marked with (?) are theoretically risky or the reports are controversial. 
aThe female sex steroids are porphyrogenic, but in low doses as oral contraceptives, may help to prevent cyclic 

monthly attacks of acute porphyria in some women. 

Because ofthe relative rarity ofthe porphyrias and their complexity, it is recommended that 
all patients thought to have porphyria be evaluated by, or at least consult with, a physician 
experienced in dealing with such problems. 

Patients with symptoms suggestive of an acute porphyric attack should promptly be 
evaluated by a bedside qualitative test for PBG (see diagnostic algorithm, Fig. 4): The 
Roesch test is simpler, less prone to misinterpretation, and better suited as a screening 
tool than the Watson-Schwartz test (which requires an extraction step). Ifacute porphy
ria is suspected, it is not adequate to request a urine porphyrin screen, since this will not 
detect ALA or PBG. Preparation of the reagent for the Roesch test requires solution of 
2.0 g ofp-dimethyl-aminobenzaldehyde in 100 mL of6MRCl. Add 1-2 drops of fresh 
urine to 1-2 mL of this modified Ehrlich's reagent. The immediate development of a 
cherry-red color at the top of the solution, as the urine contacts the reagent, indicates a 
positive result. Since some medications (e.g., methyldopa, pyridium, laxatives), as well 
as other factors, may give false-positive results, any positive test should be confirmed 
by a quantitative determination of ALA and PBG in a 24-h urine collection (protect from 
light during entire collection period!). The Roesch and the Watson-Schwartz test usu
ally are not positive ifPBG concentrations in the urine are below 10 mg/L (normal upper 
limit 2.5 mg/L). Therefore, and because some acute porphyric syndromes (ALA dehy
dratase deficiency, lead intoxication) may not be accompanied by increases in PBG, 
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Clinical symptoms and signs 
of porphyric attack 

Control precipitating factors 

Hoesch or Watson-Schwartz Test 

Part VI I Adult Genetic Liver Diseases 

Confirm with Continued suspicion 

Urine: quantitative ALA and PBG 

DIAGNOSIS OF AN ACUTE PORPHYRIC SYNDROME ESTABLISHED 

... 

Measure porphyrins in: urine. feces 
Plasma fluorescence pattern 
Measure enzyme activity in: 
erythrocytes (for AIP. ALA-D defiCiency. lead 
poisoning. hereditary tyrosinemia 
((lymphocytes. fibroblasts. (for 

HCP. VP)) 

Establish 
specitic diagnosis 

Fig. 4. Diagnostic approach to acute porphyrias. *, Neither Hoesch nor Watson-Schwartz test is positive 
unless urinary PBG concentration> 1 0 mglL (normal range >2.5 mgIL). ALA is not detected. **, If ALAI 
PBG not distinctly elevated (5-10 times normal), or if only porphyrins in urine are minimally elevated, 
consider secondary porphyrinurias in the differential diagnosis. * * * , Full evaluation of patient and kindred 
to establish a specific diagnosis is best performed at a special center with expertise in the porphyrias. Some 
of the tests listed (e.g., the plasma porphyrin fluorescence pattern, erythrocytic ALA-dehydratase, and 
lymphocytic or fibroblastic enzymatic assays) are not available except in specialized centers. 

quantitative determination of ALA and PBG in a 24-h urine should be done in all cases 
in which there is continued clinical suspicion for the diagnosis of acute porphyria, even 
if the screening test has been negative or equivocal. Usually, ALA and PBG will be 
elevated markedly during an attack, provided that the urine sample is handled properly 
(kept cool and dark). After collection, the urine should be mixed well, the total volume 
and creatinine concentration measured, and a 30--50-mL portion frozen «-20°C) in a 
stout dark plastic bottle until assayed. Quantitation of urinary ALA and PBG is carried 
out in the United States by several research and by some commercial laboratories. 
However, many ofthe latter require the use of different preservatives for the two analytes 
and, therefore, the collection of two separate urines. We have found that this is unnec
essary, provided that the urine is handled as described. Typical costs for quantifying 
urinary ALA and PBG are $50--100 (Table 6). 
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Table 6 

Typical Costs for Assays of Porphyrins, Porphyrin Precursors, 
and Enzymes of the Heme Biosynthetic Pathway 
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Analyte Typical cost ($U.S.) 

Urine 

Feces 

Packed Erythtocytes 

PLASMA 

ALA 
PBG 
Total porphyrins 
Porphyrin fractions 
Total porphyrins 
Porphyrin fractions 
Total porphyrins 
Zinc protoporphyrin 
ALA dehydratase 
PBG deaminase 
Uroporphyrinogen decarboxylase 
Total porphyrins 
Fluorescent spectrum of porphyrins 

5.2. Diagnosis of Specific Porphyrias 

20-50 
20-50 
40-80 

100-200 
100-150 
100-200 
25-50 
25-50 

100-200 
100-200 
150-300 
30-60 
50-100 

Once the diagnosis of a porphyria is established, further studies can be ordered to 
establish the precise diagnosis (Table 2). Such evaluations are best carried out at centers 
with special expertise in evaluation of disorders of porphyrin metabolism. The clinical 
picture directs the further work-up: If PCT is suspected, a 24-h urine for uroporphyrin 
quantitation is indicated. Likewise, for diagnosis of AlP, the 24-h urine will show eleva
tions ofuro- and coproporphyrin during the attack. For detection of coproporphyrin or 
protoporphyrin in the diagnosis of variegate porphyria, hereditary coproporphyria, and 
protoporphyria, fecal porphyrins are preferred (since these porphyrins are primarily or 
solely excreted via the bile). In the mixed hepatic/erythropoietic porphyrias and the eryth
ropoietic porphyrias, determination of porphyrins in packed erythrocytes can help in the 
diagnosis, as protoporphyrin frequently accumulates in these cells. Erythrocytes are also 
used to measure the activity ofPBG deaminase (for diagnosis of AlP), ALA dehydratase 
(for ALA dehydratase-deficiency porphyria), and Uro-D (for familial PCT or HEP). Rarely 
is it necessary to measure other enzymes of the pathway: Specialized labs may use lym
phocytes for determination of coproporphyrinogen oxidase activity (diagnosis of Hep), 
protoporphyrinogen oxidase (VP), or ferrochelatase (PP). Suspicion of latent disease or 
screening of asymptomatic family members may warrant such expensive testing. 

Secondary porphyrinurias can usually be distinguished from true porphyrias by the 
only mildly increased urinary excretion of (mostly copro-) porphyrin, and by normal 
ALA and PBG levels in the urine. Patients usually lack typical symptoms of acute 
porphyria, and a disorder associated with secondary porphyrinuria may be present (6). 
Measurements of urinary total porphyrins and porphyrin fractions can be carried out on 
urines collected and stored as already described for ALA and PBG measurements (vide 
supra). Stool porphyrins can be carried out on single random stool specimens, although 
some labs require full 24-h collections. Erythrocytic porphyrin assays and enzymatic 
activities are carried out on frozen lysates of packed erythrocytes. Plasma porphyrins 
and the fluorescent spectrum of these porphyrins (particularly useful for diagnosis of 
variegate porphyria) are also carried out on samples that have been frozen and stored 
protected from light. Typical costs for these assays are summarized in Table 6. 
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6. TREATMENT OF PORPHYRIAS 

6.1. Treatment of the Acute Attack 
Treatment of the acute neurovisceral attack, as may occur in AlP, HCP, VP, homozygous 

ALA dehydratase deficiency, lead intoxication, or hereditary tyrosinemia, requires immediate 
removal of all potential precipitating factors (drugs, infections, and so on) along with support
ive therapy until the attack resolves. In addition, specific therapies are indicated as outlined 
below and in the algorithm (Fig. 2). These act directly on the heme biosynthetic pathway and, 
therefore, lead to a suppression of the porphyrin and precursor production. 

Supportive measures include close monitoring of fluid and electrolyte balance. Hyponatre
mia should be treated with fluid restriction (since it may be due to increased ADH secretion), 
unless severe vomiting requires fluid replacement. Frequent neurological monitoring to detect 
signs of progressive paresis (especially ofthe respiratory muscles) is necessary. Intensive care 
facilities should be available for patients with such symptoms or with seizures. Pain control can 
be achieved with acetaminophen, meperidine, or morphine. Addition of chlorpromazine (or 
prochlorperazine) may not only enhance the analgesic effects of these drugs, but also treat 
concomitant nausea and vomiting. Tachycardia and hypertension responds well to propra
nolol, but some patients may develop bradycardia and hypotension, if the dose is not titrated 
carefully. Some patients may need to be intubated. 

Seizure management poses a particular problem, since most of the commonly used 
anticonvulsants are known inducers of porphyrin synthesis and, therefore, can precipitate 
attacks (or worsen existing symptoms). Magnesium sulfate (MgS04), diazepam, 
c1onazepam, and some of the newer anticonvulsants (gabapentin, vigabatrine) seem 
acceptable for treatment of seizures (7,9). Correcting potential causes for seizures (e.g., 
electrolyte disturbances) has priority over the use of drugs, however. Lastly, adequate nutrition 
is of vital importance. Supplementation of the diet with folic acid is recommended, although 
most authorities do not believe that the very large doses (30 mg/d) recommended by some (10) 
offer a particular benefit. Cimetidine has been reported to blunt experimental porphyrias and 
to ameliorate some features of acute porphyric attacks (11). It is apparently safe for use in this 
situation, although the mainstays of therapy are heme and carbohydrates. 

In terms of specific measures, carbohydrate administration should be initiated as soon as the 
presumptive diagnosis is made. A minimum daily intake of 400 g of glucose, either intrave
nously at 20 gIh or orally (patient may need a naso-enteric tube) should be maintained until all 
symptoms have subsided. Heme therapy should be started immediately in patients with severe 
attacks (especially with paresis, seizures, and psychosis) and in patients with mild to moderate 
attacks who do not improve (or worsen) within the first 36 h of the outlined treatment. 
As a rule, the earlier heme is given, the more rapid and complete is the recovery (6,12). 
The usual dose is 3-5 mg/kg body weight per day given once a day. Currently in the 
United States only one form of heme is FDA-approved-Panhematin® (Abbott). Each 
vial of Pan hematin contains 313 mg of heme as a lyophilized powder. Because oflimited 
stability (rapid formation oftoxic by-products), it is important that hematin be dissolved 
in sterile water immediately before use and that it be infused within 1 h of dissolution 
(preferably into a large vein to minimize local irritation). To increase stability, hematin 
can be dissolved in human serum albumin in a molar ratio of 1: I (prepared by adding 132 mL 
of 25% human serum albumin to one vial of Panhematin) (13). This leads to formation 
of methemalbumin, which has been shown to be effective (14) and is stable for at least 
24 h. The duration of heme therapy needs to be tailored to the individual patient. In most 
patients 3 d of therapy suffice; therapy for more than 7 d is not usually recommended, 
although it may, at times, be considered. 
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Table 7 

Management of Cutaneous Manifestations of the Porphyrias 

General measures: 
Protect skin from light and trauma; treat secondary skin infections promptly and vigorously. 
Use special clothing that blocks sunlight. 
Opaque sun block preparations (zinc oxide) are somewhat helpful. 
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Typical sun block preparations (PABA) are of no benefit, as they do not block out long UV /blue light. 
Porphyria cutanea tarda: 

Stop ethanol, estrogen, iron supplements, or other precipitating chemicals. 
Venesection to iron depletion (see Table 5). 
Chloroquine or hydroxchloroquine. 
Treat chronic viral hepatitis if present (Interferon, and so on). 
Alkalinize urine. 

Protoporphyria: 
Ensure adequate iron. 
Beta-carotene. 
Prevent cholestatic liver diseases: Vaccinate to prevent hepatitis A and B; avoid alcohol excess; 

cholecystectomy for gallstones. 
Splenectomy, if evidence of hemolysis. 
May try oral charcoal or cholestyramine, chenodeoxycholic acid, ursodeoxycholic acid, cysteine. 
Heme infusions. 

Liver transplantation. 
Hereditary Coproporphyria: Variegate porphyria: 

Avoid precipitating factors (Table 3). 
Prevent cholestatic liver diseases: vaccinate to prevent hepatitis A and B; avoid alcohol excess; avoid 

hepatotoxins; cholecystectomy for gallstones. 
Treat as outlined in Fig. 2. 

Congenital erythropoietic porphyria: 
Hypertransfusion. 
Splenectomy (for hemolysis). 
Glucocorticoid trial for anemia. 
Heme infusions. 
Bone marrow transplantation. 

Hepatoerythrohepatic porphyria: 
Uncertain, probably for as PCT and CEP. 

After the symptoms subside, all treatment can be tapered. It is important to advise patients 
about their disease, the precipitating factors, and the importance of screening of relatives at-risk. 

6.2. Treatment of Cutaneous Manifestations (Table 7) 
The cutaneous manifestations ofthe porphyrias are due to excess porphyrins, made chiefly 

in the bone marrow or liver, that have been released into the plasma and then been deposited 
in the skin and subcutaneous tissues. The general principles of therapy are to minimize the 
overproduction of porphyrins, to maximize their excretion, and to protect the skin from their 
toxic photodynamic effects. 

For cutaneous manifestations of the acute porphyrias (HCP, VP), the methods to diminish 
porphyrin overproduction have already been described (see above). For PCT patients with 
relatively mild disease, adequate therapy may require only removal ofthe causative agent (e.g., 
estrogens, alcohol, haloaromatic chemicals). However, most patients need an additional means 
to reduce porphyrin overproduction, namely, removal of iron from the liver. This is accom-
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Table 8 

Recommended Guidelines for Therapeutic Venesection in Therapy of Porphyria Cutanea T arda 

Remove one pint of blood every 7-10 d until iron depletion has been achieved. 
Iron depletion is defined as prevenesection hematocrit <34% and one or both of the following: 

Serum transferrin saturation (Fe/TIBC) <10% 
Serum ferritin <10 ng/mL 

Maintaining iron depletion long-tenn usually is not necessary, but should be done if patient has evidence 
of homozygous HLA-linked hemochromatosis or if features ofPCT recur. 
During first 3 yr of remission, check 24 h urinary porphyrin annually in late winter. 
Repeat iron depletion if urinary porphyrin >3 times upper limit ofnonnal. 

plished most simply and economically by therapeutic venesection, following the guidelines 
summarized in Table 8. If and when a nontoxic, orally active iron chelator is developed, it may 
become the treatment of choice, but this development is still some time in the future. 

Antimalarials (e.g., [hydroxy-] chloroquine ) enhance removal of porphyrins from the liver and 
perhaps other tissues by forming water-soluble complexes with them. The initial dose should be 
very low (125 mg 2-3 times a week) to avoid development of an acute liver injury that may occur 
with rapid, massive mobilization of stored porphyrins. After a month at low dose, these drugs may 
be increased gradually (over 2-3 wk) to 500 mg/d. Careful retinal examinations should be done 
prior to and periodically during such therapy, because retinal damage is a potential side effect. 

Although not usually necessary, urinary alkalinization will also increase excretion of uropor
phyrin. This is accomplished by administration of sodium bicarbonate or sodium citrate/citric 
acid (Shohls' solution). 

For patients with protoporphyria, it is important to ensure that there is no iron deficiency, 
because such deficiency will worsen protoporphyrin accumulation. High carbohydrate intake 
and iv infusions of heme, as described for therapy of the acute porphyrias, may also reduce 
protoporphyrin overproduction. The latter is generally reserved for severely affected persons 
with evidence of hepatic dysfunction because of the expense and inconvenience of heme therapy. 
Efforts have been made to enhance biliary secretion of protoporphyrin by administration of bile 
salts (chenodeoxycholic, ursodeoxycholic acid), and to increase fecal excretion of secreted pro
toporphyrin by interruption ofits enterohepatic cycling (cholestyramine, large doses of activated 
charcoal). Unfortunately, these treatments rarely seem to be of much clinical benefit. 

For protection against cutaneous phototoxicity of protoporphyrin, beta-carotene is a some
what effective medication. It must be used chronically in doses sufficient to achieve serum 
levels of 600-800 f..Ig/dL. The usual dose in adults is 120-180 mg/d. Beta-carotene formerly 
was available in the United States as Solatene®. The same preparation is now available as 
Lumitene®, from Equivalent Pharmaceutical Industries. Recently, oral cysteine has also been 
said to be of benefit in PP. However, experience is limited and, on the whole, it seems less 
effective and less well tolerated than beta-carotene. 

Patients with PP also require continuous monitoring of hepatic function, because some 
develop pigmentary cirrhosis with all the usual complications of decompensated liver disease 
(ascites, edema, encephalopathy, portal hypertension, hepatocellular carcinoma). Hepatic 
decompensation may occur rapidly . Those with very high plasma (> 1 00 f..Ig! dL) or RBC (> 1 ,000 
f..Ig!dL PRBC) protoporphyrin concentrations or those with abnormal liver chemistries should 
undergo liver biopsy. Those with advanced fibrosis or cirrhosis should be considered for 
therapy with heme and liver transplantation. 

Pigment gallstones, composed chiefly of protoporphyrin, are common in protoporphyria. 
Cholecystectomy is indicated, especially if the patient is otherwise in good condition for surgery. 
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7. POTENTIAL COMPLICATIONS (TABLE 4) 

Aside from the chronic skin changes in PCT, HCP, and VP, there are long-term com
plications ofporphyrias that may explain the decreased life expectancy of many patients. 
Chronic renal failure and hypertension have been found with increased frequency in 
patients with AlP (and VP). Patients with frequent and severe attacks may have a persistent 
motor neuropathy, with pareses or muscle atrophy (6, 7,15). Sensory neuropathy occurs as 
well. A seizure disorder has been described in porphyric patients. Many patients with such 
seizures have been made worse by therapy, because most anticonvulsants are porphy
rogenic (Table 5). Recently, an increased risk of development of hepatocellular carcinoma 
has been found in patients with AlP in Europe (16). This has not yet been confirmed among 
AlP patients in the United States. Hepatobiliary accumulation of protoporphyrin in 
protoporphyria can lead to cholelithiasis, as well as to liver failure, with progressive 
cholestasis. Hemolytic anemias and associated splenomegaly occur in protoporphyria and 
the erythropoietic porphyrias. PCT is associated with liver disease ranging from fatty liver 
to cirrhosis. Causative factors include alcohol, chronic hepatitis C, and iron overload. The 
accumulation of uroporphyrin itself is also potentially hepatoxic. Very important is the 
fact that the risk of hepatocellular carcinoma is increased in patients with PCT, particu
larly if hepatic fibrosis or cirrhosis is present (17). It is unclear whether this is due to the 
PCT per se (porphyrins in the liver leading to critical metabolic disturbances) or to the 
factors that led to the development ofPCT (hepatotoxic chemicals, alcoholic liver disease, 
iron overload, chronic hepatitis C). It is often recommended that patients with PCT, par
ticularly those with fibrosis or cirrhosis, undergo periodic screening for hepatocellular 
carcinoma with serum alpha-fetoprotein measurements and hepatic ultrasound. Similar 
recommendations have, in fact, been made for all patients with cirrhosis (see Chapter 12). 
Although these recommendations seem reasonable, studies done to date have failed to 
show improvement in duration of survival among those screened (18). 

8. PROGNOSIS 

With avoidance of precipitating factors, the severity and frequency of exacerbations of 
the acute hepatic porphyrias is markedly decreased. Residual neurologic deficits are fre
quent with more severe disease. As mentioned, hepatocellular carcinoma is more frequent 
in patients with long-standing PCT, which impacts significantly on the prognosis. Mor
tality rates from attacks of acute hepatic porphyrias have decreased dramatically to under 
10% since the advent of hematin therapy. Life expectancy of patients with latent or mild 
disease is nearly normal. 

For patients with PCT, the most important factor in improving symptoms and prognosis 
is judicious therapy with periodic iron removal by phlebotomy. Alcohol and estrogen 
avoidance further prolongs the length of the remission. Efforts should be made to eradicate 
HCV, when present. The extent of liver disease is a major factor influencing the risk of 
relapse and development of hepatocellular carcinoma. 

9. PREVENTION 

The strict avoidance of factors that precipitate acute attacks of hepatic porphyrias or cuta
neous symptoms in PCT has been emphasized already. Patients should be well informed about 
the mechanism oftheir disease and should understand the importance of adequate nutri
tion, avoidance of sun exposure, and so on. A list of drugs that are likely to be harmful or 
safe, respectively, should be provided (Table 5). However, since many drugs have not been 
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tested, or results have been contradictory, it is important to advise patients to take only those 
drugs that are absolutely necessary. 

The other essential aspect of prevention is complete evaluation of blood relatives of patients 
with known porphyrias. Evaluation should include (depending on the type of porphyria) urine 
testing for ALA/PBG and porphyrins (in the case of acute hepatic porphyrias and peT), assay 
of erythrocyte enzymatic activities (in the case of AlP, ALA-D deficiency, peT), and fecal 
porphyrins (for Hep and VP). It must be emphasized that proper sample handling is essential 
for valid interpretation of these assays, since, for example, the enzyme activity ofPBG deami
nase declines rapidly with prolonged suboptimal transport of the sample. It is mandatory to 
refer patients, as well as their kindred, for specialist evaluation to avoid pitfalls in diagnosis 
and screening. 

Specific preventive measures for acute hepatic porphyrias include low dose oral con
traceptives for frequent premenstrual attacks. This in itself may precipitate attacks; 
therefore, close monitoring is needed. Alternatively, treatment with a luteinizing hor
mone-releasing hormone (LHRH) antagonist (e.g. Leuprolide®, or Hystrelin®) is avail
able and effective, although not FDA-approved (14). During the first 2 mo of therapy, 
worsening of porphyric symptoms may occur. If effective, therapy with LHRH antago
nists should be continued for at least 1 yr. Side effects are related to the induced estrogen 
deficiency and include osteopenia. Patients should get regular exercise and supplemental 
doses of calcium and vitamin D. Testosterone implants have been used in some patients 
for prevention of attacks, but experience is limited. In the future, genetic screening for 
specific mutations may be available on a more widespread basis, and gene therapy may be 
developed for specific disorders. 

All patients, including asymptomatic carriers should be encouraged to wear Medic Alert 
bracelets, indicating their diagnosis and that drugs like barbiturates, hydantoins, and sulfona
mides should be avoided. 

10. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

Given the rarity of the diseases and the complexity of both clinical presentation and man
agement, it is highly recommended that patients be referred to specialized centers whenever 
possible. Obviously, in the midst of an acute attack, referral to such a facility may not be 
feasible, but specialist consultation should be obtained (if necessary by phone) whenever the 
diagnosis of porphyria is considered. 

11. CONCLUSIONS 

The porphyrias are a group of diseases with very diverse and complex symptoms and 
signs. Primary care physicians need to be familiar with these to the extent that the 
diagnosis can be entertained in the appropriate clinical settings. This overview has 
summarized the main clinical features and their pathogenetic basis. Practical advice for 
the evaluation of suspected cases and treatment recommendations are intended for the 
management of patients that are newly diagnosed. This should not delay prompt referral 
to and evaluation in specialized centers, since optimal treatment and prevention of 
complications can only be achieved through a combined effort of primary care physi
cians and consulting specialists. 

It is important to distinguish patients with true porphyrias from patients with mildly increased 
porphyrins in the urine (secondary porphyrinuria), which in itself does not represent a disease, 
but rather an epiphenomenon observed in a variety of disorders. 
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SUMMARY 

Porphyrias are disturbances in normal heme/porphyrin synthesis that are predominantly 
inherited. They present with acute neurologic and abdominal symptoms and! or with chronic 
(frequently) cutaneous manifestations. 

Acute attacks are triggered by exposure to precipitating factors (drugs, infection, and so on). 
In acute hepatic porphyrias, porphyrin precursors (ALA, PBG) are elevated in the urine 

during the attack. Bedside testing is available. Porphyrin excretion patterns are helpful in 
establishing the specific diagnosis. 

All presumed positive patients and kindreds should be referred to a center with special 
expertise in evaluation and management of disorders of porphyrin metabolism. 

Early diagnosis and treatment is crucial. Precipitating factors must be eliminated. 
Treatment of choice for acute attacks is glucose administration and iv infusions of heme, 

along with supportive measures and close monitoring. 
Complications include neurologic deficits, renal and hepatic damage, seizures, and, long

term in some disorders, hepatocellular carcinoma. 
Cutaneous porphyrias are frequently associated with liver disease and lead to skin fragil

ity with blisters and scarring in sun-exposed areas. 
Prevention of symptoms and other clinical features, as well as family screening, are 

essential and should be coordinated with specialized centers for porphyria patients. 
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1. INTRODUCTION 

Alpha-I-antitrypsin (aIAT) is a protease inhibitor, the deficiency of which is associated 
with premature emphysema and a wide spectrum of liver disease. This protein is a small 
glycoprotein that migrates electrophoretically with the a I-globulin fraction of serum. Alpha
I-antitrypsin is a protein coded for by a gene, referred to as PI, located on the long arm of 
chromosome 14. That certain forms of premature emphysema had an inherited basis was first 
postulated by Laurell, Eriksson, and Axelsson in 1965 (1). Electrophoretic variants of a IAT 
were described throughout the 1960s. The first description of infantile liver cirrhosis in a 
homozygote for aiAT deficiency was made by Gans et al. in 1969 (2). Neonatal cholestasis 
associated with alpha-I-antitrypsin deficiency was described in 1972 (3). 

a 1 AT deficiency is the most common genetic cause ofliver disease in infants and children. 
The syndrome is the most common inherited etiology and second most common (after biliary 
atresia) overall etiology for orthotopic liver transplantation (OLT) in children. Population 
studies indicate that a 1 AT deficiency is associated with liver disease in a minority of individu
als. In those with premature emphysema, cigaret smoking has been implicated as a cofactor in 
the development of disease (4,5). No such environmental stimulant has been identified to date 
for the liver disease associated with this clinical entity. Efforts to understand the pathophysiology 
and management of this disorder must take this lack of uniform disease state into account. 

273 
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1.1. The Pi System 
Although early work with alAT suggested that the lack of the specific protease inhibitor 

was involved in the pathogenesis of liver damage, the current understanding of this disorder 
implicates the deposition of abnormal and non-excretable protein as the nidus for fibrogenesis. 
In excess of70 allelic variants ofalAT have been described in the so-called Pi system (6). 
Many of these variants are currently not thought to have clinical significance, other than 
differentiating them from the more pathogenic varieties. The phenotype of any given patient 
is the result of both maternal and paternal alleles (codominant expression), with the normal 
allele denoted as Pi*M. There are currently five described Pi*M subtypes, differentiated by 
restriction fragment length polymorphisms (7). The normal phenotype is denoted PiMM. 
alAT deficiency states are seen in Pi*Z, Pi*MMALTON, Pi*MDUARTE, and Pi*QO (pre
viously designated Pi*null). Intermediate levels of AAT are associated with the alleles Pi*S, 
Pi*I, and Pi*P. Although Pi S, MHeerlen, MMineral Springs, MProcida, MNichinan, I, and 
PLowell are associated with pulmonary disease alone, Pi Z and MMalton have been implicated 
in both emphysema and liver disease (8-10). Liver disease is most common in the PiZZ 
phenotype, although hepatocellular injury and dysfunction has been described in heterozy
gotes as well. The observation that the PiQOQO phenotype does not result in liver injury has 
been taken as evidence that the pathogenesis of liver disease involves the presence of an 
abnormal protein, rather than the mere absence of normal alpha-I-antitrypsin. 

1.2. Z aI-Antitrypsin and the Molecular Basis of Hepatocellular Injury 
The Pi * Z allele is the most common variant of a I AT to cause hepatic pathology. The origin 

of this allele is felt to have occurred some 5000-7000 yr ago and to have increased its frequency 
because of heterozygote advantage (11,12). This allele is most common in Scandinavian and 
Northern European populations and is virtually absent in African and Asian populations (13). 
The frequency of the Pi*Z allele is estimated at 0.01-D.02 in the United States Caucasian 
population (10,14). The gene product can be distinguished from Pi*M by a substitution ofLys 
for Glu at the 342 position (15). This variation alters glycosylation, which is thought to result 
in abnormal folding of the protein and its retention in the endoplasmic reticulum (ER) (16). One 
hypothesis has concentrated on abnormal receptor interaction in the ER as the cause for protein 
retention (17). As the result of protein trapping, patients with the PiZZ phenotype have only 
10-15% of normal a 1 AT protein in their plasma. The pathogenesis of liver injury appears to 
be due to the formation of abnormal aggregates of Z antitrypsin within the hepatocyte due to 
the failure of salt-bridge formation between Lys 290 and Glu 342 in the mutant polypeptide 
(18). It is important to note, however, that only 10-15% ofPiZZ phenotype individuals develop 
clinically significant liver disease, despite the fact that all such individuals will show histologic 
evidence of alAT accumulation within the ER of the hepatocytes. Recent work by Wu et aI., 
suggests that impaired protein degradation mechanisms define the host susceptible to liver injury 
(12). On the other hand, other etiologies ofliver disease, including viral hepatitides, ethanol, and 
hemochromatosis, have a similarly low incidence of clinically significant disease, suggesting 
that host factors may be significant in an individual's susceptibility to develop liver disease. 

2. CARDINAL SIGNS AND SYMPTOMS 

2.1. Pediatric 

Ten to twenty percent ofPiZZ individuals will develop neonatal cholestasis and present with 
jaundice in infancy (19,20). In fact, cholestasis during infancy is the most common hepatic 
presentation of alAT deficiency. One study found that 30% of children with undefined neo-
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natal hepatitis were found to have abnormal Pi phenotypes (21). Mild to moderate hepatome
galy with splenomegaly may be present on physical examination. The cholestatic liver enzymes 
usually show more profound elevations than do the aminotransferases. Serum bilirubin, which 
is predominately direct when fractionated, ranges 4-20 mgldL, whereas the GGTP is often 
elevated out of proportion to the alkaline phosphatase. The peak of jaundice generally occurs 
at 4 wk, and persists for an average of 12 wk. In this early stage, the disease can be confused 
with biliary atresia. The overall frequency of progression to cirrhosis or death in infants 
presenting with a 1 AT deficiency in this manner is approx 60% without OL T; 20% will have 
persistent but compensated liver disease, while the remaining 20% have an apparent complete 
resolution. Poor outcome can be predicted by the presence of hepatomegaly, persistent 
cholestasis or biochemical hepatitis, and prolongation of the prothrombin time. The indication 
and timing for liver transplantation cannot be determined on any of these parameters alone. 

Liver disease attributable to a lAT deficiency can present later in the pediatric age group. 
Patients late in childhood or early in adolescence can present with abdominal distention, 
hepatosplenomegaly, or signs of portal hypertension. Occasionally, a history of neonatal jaun
dice can be obtained. 

2.2. Adult 
Although the estimated prevalence of alAT deficiency is 1 in 1600-2000 live births in 

North America, clinically significant liver disease is seen only in 10-15% of affected individu
als. a 1 AT deficiency can present in a number of ways in adults ranging from abnormal liver 
aminotransferases to insidious development of cirrhosis. The incidence of liver disease in 
a I AT deficiency does not correlate with the incidence of pulmonary emphysema. 

Less common presentations of a 1 AT deficiency include Weber-Christian panniculitis (22), 
a systemic vasculitis resembling polyarteritis nodosa (23), a bleeding disorder similar to 
antithrombin III deficiency (24,25), and membranoproliferative glomerulonephritis (26). 

3. DIAGNOSIS 

a 1 AT levels are more useful in the assessment of pulmonary disease where the enzyme levels 
have good correlation with the severity of disease (see Fig. 1). In liver disease, the enzyme 
provides a less accurate measure of pathogenesis. Most individuals with PiMM phenotype will 
have normal alAT levels, usually above 200 mgldL or 12 ~. Patients with the Pi*S have an 
intermediate level of alAT, whereas those individuals with Pi*l usually show deficiency. 
Homozygotes, those with the Pill phenotype, may have serum alAT levels as low as 10% of 
normal. Patients with the rare Pi null phenotype have no detectable alAT in their serum. Despite 
the lack of correlation of clinical liver disease with a 1 AT levels, this test should be ordered in 
adults with chronic hepatitis, cirrhosis, or hepatocellular carcinoma without a discovered under
lying cause ofliver disease. The accuracy of the test can be confounded by the fact that alAT 
is an acute phase reactant and may be elevated in response to ongoing hepatic inflammation. A 
more accurate assessment of the possibility of a 1 AT deficiency in such cases is provided by Pi 
phenotyping. Phenotyping is achieved by isoelectric focusing of a small plasma sample. The 
phenotype with the highest incidence ofliver disease is PilZ, although the alleles Pi *MMAL TON 
and Pi*MDUARTE have also been associated with liver disease. Heterozygotes for Pi*Z have 
been reported to manifest chronic liver disease, but this population is certainly at lower risk than 
the homozygotes. An added measure of accuracy can be achieved by way of amplification and 
sequencing of a 1 AT variant DNA by polymerase chain reaction (PCR). Serum a 1 AT measure
ments cost approx $75, and are available in most hospital clinical laboratories. Phenotyping and 
PCR must be sent to reference laboratories, and cost approx $175 and $235, respectively. 
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Fig. 1. Alpha-I-antitrypsin deficiency: A diagnostic algorithm. 

Liver biopsy is the definitive test in the diagnosis of a 1 AT deficiency-related liver disease. 
Intracellular globules in the periportal hepatocytes that stain with periodic acid-Schiff stain 
(PAS) are thoughtto correlate with accumulation ofthe abnormal a I AT protein that could not 
be excreted or degraded. Predigestion ofthe liver biopsy specimen with diastase will eliminate 
glycogen staining, which can have a similar globular appearance. Immunohistochemistry, if 
performed, will be positive for aIAT. Although these globules can also be seen in heterozy
gotes without clinical evidence of chronic liver disease, they are often found in regions ofliver 
cell necrosis and fibrogenesis; increased numbers and sizes of the globules are frequently 
associated with increased severity of the pathologic lesion. 

4. TREATMENT 

There is no specific therapy for the liver disease associated with alAT deficiency (see Fig. 
2). Certainly all patients with the PiZZ phenotype should be instructed not to smoke. Although 
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Fig. 2. Alpha-I-antitrypsin deficiency: A management algorithm. 

patients with pulmonary manifestations of this disorder have been treated with aerosolized or iv 
0.1 AT replacements, such a strategy has not been attempted for those with liver disease, since the 
pathophysiology ofliver involvement does not depend on the absence of normal protein (27). At 
this time, management consists of periodic observation of those with at-risk phenotypes for 
manifestations of chronic liver disease. Decompensation of patients with cirrhosis with events 
such as variceal hemorrhage (see Chapter 29, this volume), development of ascites and sponta
neous bacterial peritonitis (see Chapter 27, this volume), hepatic encephalopathy (see Chapter 
28, this volume), and hepatocellular carcinoma (see Chapter 12, this volume) should prompt 
referral to a center offering liver transplantation. It should be noted, however, that individuals 
with a1AT deficiency tend to have slower rates of progression to end-stage liver disease than 
those seen in other forms of chronic liver injury. Therefore, management of these patients should 
be individualized on the basis of specific clinical findings. Those individuals with portal hyper
tension manifested by variceal hemorrhage should be managed endoscopically, pharmacologi
cally, with surgical shunts or with transjugular intrahepatic porto systemic shunts (TIPS) so as to 
delay the necessity ofliver transplantation. Patients with ascites can be managed with diuretics, 
high volume paracentesis, or shunting if necessary. Spontaneous bacterial peritonitis is a harbin
ger of poor prognosis and should prompt a more rapid consideration for liver transplantation. 

Liver transplantation is curative ofthis disorder in that the recipient acquires the Pi pheno
type of the donor. Survival rates after transplantation for 0.1 AT deficiency compare favorably 
with those performed for other indications. 
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Strategies for molecular therapy ofthis disorder are under active investigation. Some authors 
have recommended the use of vitamin E in infants diagnosed with a 1 AT deficiency. This 
antioxidant acts as a free-radical scavenger, theoretically decreasing the oxidative injury that 
stimulates fibrogenesis (28). Because the binding domain of the alAT is recognized prior to 
intracellular retention, the manufacture of a peptide that could saturate this site might allow the 
release of mutant a 1 AT into the serum. Such a release would not only decrease the amount of 
damaging intracellular protein, but should provide higher serum levels of active alAT to 
requisite tissues. Another strategy aims to manipulate the intracellular degradation system that 
is able to eliminate some of the mutant protein in those deficient patients who manifest liver 
injury (29). In addition, efforts are underway to introduce the gene for normal alAT into 
affected hosts by way of viral vectors and liposome technology (30-33). Although this strategy 
will not effectively treat the liver disease, it may be effective for the therapy of emphysema 
associated with alAT deficiency. 

The understanding of the mutations that cause the disease make this genetic syndrome an 
excellent model for gene therapy. We have initiated experiments to develop a gene therapy 
approach for the treatment of the liver disease of a 1 AT deficiency (34). We have successfully 
employed a 1 AT hammerhead ribozymes in both retroviral vectors and in a novel SV 40 vector 
system to selectively inhibit the production of a 1 AT mRNA and protein in tissue culture. This 
represents an early stage in the daunting task of developing a gene therapy approach that can 
be applied successfully in man. 

5. PROGNOSIS 

5.1. Prognosis in the Pediatric Population 

The prevalence of neonatal cholestasis is estimated to be 1 in 2000 live births, with 30-40% 
of such cases being the result of a 1 AT deficiency. Retrospective data on the prognosis of a 1 AT 
deficiency in the pediatric popUlation has been discouraging. For example, a 1990 review of 
98 children with a1AT deficiency noted 50-60% of patients either received a transplant or 
required one (35). However, prospective analysis of kind reds has yielded more encouraging 
data regarding the morbidity and mortality of this disorder. Much of the epidemiologic work 
on a 1 AT deficiency is from Norway where the prevalence of the Pi * Z allele is relatively high. 
A 1976 prospective study by Sveger screened 200,000 newborns, identifying 125 children with 
homozygous alAT deficiency. Of these 125 patients, 11 % presented with neonatal cholestasis 
and 6% had various other indications ofliver disease, but the remaining 83% were apparently 
healthy (19). An 8-yr follow-up study found that two of the affected individuals died of 
complications of cirrhosis, whereas the rest remained healthy (20). Further evidence that 
homozygosity for a1AT deficiency can carry a relatively favorable prognosis is provided by the 
observation that the frequency of PiZZ in newborns and in adults is approximately identical. 

5.2. Prognosis in Adults 

a 1 AT deficiency often presents in adults with end-stage liver disease and portal hyperten
sion. In these individuals the prognosis of their disease can be estimated using the Child-Pugh 
score, as in other causes of cirrhosis. The risk of hepatocellular carcinoma and cholangio
carcinoma appears to be increased, especially in males (36). This conclusion has been based 
on retrospective data generated by analysis of 17 autopsied patients from Sweden. Although 
phenotypic PiZZ heterozygotes are at the highest risk for developing cirrhosis, the incidence 
of end-stage liver disease in partial deficiency states has been reported. Phenotypes described 
to have developed cirrhosis include PiMZ, PiSZ, and PiFZ (37). 
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6. PREVENTION 

6.1. Screening 

279 

0.1 AT deficiency has been suggested as an appropriate disease for screening of the general 
population in which at-risk phenotypes are prevalent (38). In fact, alAT deficiency does meet 
many of the key requirements of a screening test: affected patients are asymptomatic in the 
early stages, the incidence of the PiZ phenotype is relatively common in certain populations, 
many patients will manifest clinical symptoms later in life (pulmonary or hepatic), and both 
primary and secondary prevention measures are available for the pulmonary manifestations of 
the disease. Simple alAT levels are unacceptable as screening measurements, as the occur
rence offalse positives and negatives is too high; the best test would be phenotyping. Although 
the diagnosis of 0.1 AT deficiency can be made prenatally by chorionic villus sampling, it is 
expensive and technically difficult. In practice, the diagnosis is often made in infancy in cases 
in which a high level of suspicion exists. 

6.2. Prevention of Hepatic Complications 
Once the diagnosis is confirmed by Pi typing and/or liver biopsy, preventive measures can 

be recommended. Breast feeding for the first year oflife has been suggested to reduce hepatic 
manifestations of the disorder (39). Care should be taken to supplement breast-fed infants with 
intramuscular or oral vitamin K. There is no role for 0.1 AT supplementation in the prevention 
of hepatic complications of alAT deficiency, because the damage appears to be related to the 
deposition of abnormal 0.1 AT as opposed to its deficiency (40). Although there are no prospec
tively tested prediction models for the timing of liver transplantation in patients with 0.1 AT 
deficiency as in primary biliary cirrhosis and primary sclerosing cholangitis, the progress of 
this disorder appears to be slow. Management of cirrhosis, as in control of gastrointestinal 
hemorrhage, ascites, encephalopathy, and screening for hepatocellular carcinoma, should 
proceed as with other causes of end-stage liver disease. The survival in those patients under
going liver transplantation appears to be similar to those patients having the procedure for other 
indications (41). An additional advantage of transplantation is that the recipient will convert 
to the Pi type of the donor, thereby providing a cure to the disorder. 

6.3. Prevention of Pulmonary Complications 

Because cigaret smoking and exposure to second-hand smoke has been implicated in the 
pathogenesis ofthe pulmonary complications of 0.1 AT deficiency, smoking cessation is essen
tial in those diagnosed with alAT deficiency (42). Education in high-risk communities may 
have an effect on smoke exposure to those at risk. The use of genetically engineered replace
ment alAT is being actively investigated (27). 

7. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

Because the majority of adults who carry the genetic material coding for alAT deficiency, 
even homozygotes for Pi*Z, do not suffer from liver disease, recognition of this abnormality 
does not necessarily imply the need for hepatologic evaluation. Therefore, those adults or 
children who are found to have an at-risk phenotype during the evaluation of a family member 
should be screened for evidence of hepatitis or liver dysfunction prior to referral. Elevated 
aminotransferases, liver synthetic dysfunction, or a lesion suggestive of primary hepatic 
malignancy should be further investigated. Since liver biopsy is usually an integral part of this 
evaluation, referral to the gastroenterologistlhepatologist should be made at this time. Patients 
who present with manifestations of chronic or decompensated liver disease should be referred 
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directly. The subset with decompensated liver disease or hepatocellular carcinoma should be 
sent to a center that offers liver transplantation, because this may be the only means to alter the 
natural history of such patients. 

8. CONCLUSIONS 

alAT deficiency is a relatively common genetic disorder that can be related to the devel
opment of chronic liver disease. Screening of family members, avoidance ofhepatotoxins, and 
a thorough investigation for other forms of liver insult (especially viral hepatitis) should be 
instituted. Although there is no specific therapy available to prevent the hepatic manifestations 
ofthe disorder, disease progression is often slow. Careful screening for hepatocellular carci
noma seems indicated. Management of the manifestations of chronic liver disease can forestall 
the eventual need for liver transplantation. Discovery of a suspicious lesion or clinical evidence 
of decompensation should prompt referral to a center offering orthotopic liver transplantation. 
As the molecular defect becomes more thoroughly understood and the tools of gene therapy 
are developed, our understanding and management of this disorder may change dramatically. 

SUMMARY 

Alpha-I-Antitrypsin (a 1 AT) deficiency is the most common inborn error of metabolism, 
causing cholestasis and cirrhosis and the eventual need for liver transplantation. 

Hepatotoxicity is thought to result from intracellular accumulation of abnormal human 
a I AT gene product. 

Less than 20% of homozygous PiZZ individuals develop liver disease. 
a I AT presents in a variety of ways including neonatal jaundice, progressive hepatitis, 

cirrhosis with portal hypertension or synthetic dysfunction, and hepatocellular carcinoma. 
Heterozygosity for alAT may be a predisposing factor for liver disease. 
Liver transplantation offers survival rates similar to those in other indications; recurrence 

of a 1 AT in transplanted patients has not been reported. 
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1. INTRODUCTION 

Wilson's disease is an autosomal recessive disorder due to inheritance of two mutant 
alleles of a putative copper transporter (ATP7B) encoded by a gene on chromosome 13 (I-
5). Biliary copper excretion is reduced resulting in the accumulation of copper, first in the 
liver and later in other organs of homo zygotes (6, 7). The abnormal accumulation of copper 
results initially in liver injury, followed by accumulation of copper in the brain, kidneys, 
and in other organs. The condition of the liver to the injury is determined by a balance 
between cell death, inflammation and regeneration. When cell death is overwhelming, 
fulminant hepatitis results. Most often, cell injury and inflammatory changes are chronic, 
leading to fibrosis and cirrhosis. Unless treated, liver disease progresses to hepatic insuf
ficiency and death. Individuals who are heterozygous for the Wilson's disease mutation 
may manifest minor abnormalities in copper metabolism, but do not develop the disease 
and do not require treatment (8). 

2. CARDINAL SIGNS AND SYMPTOMS 

The signs and symptoms of Wilson's disease vary widely. Hepatic manifestations generally 
occur during childhood and adolescence, whereas neurologic or psychiatric symptoms tend to 
occur later. 
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2.1. Hepatic 
Early on, patients are asymptomatic. Histologic sections ofliver biopsy specimens obtained during 

this early stage, when the diagnosis may be suspected because of a family history of Wilson' s disease 
or the fortuitous discovery of a reduced serum ceruloplasmin concentration, often reveal only 
microvesicular or macrovesicular fatty changes, with glycogen deposits in nuclei or nuclear cyto
plasmic invaginations (9). At this stage, histochemical staining for copper or copper-binding protein 
is more often than not nonrevealing. However, electron microscopy may demonstrate specific 
ultrastructural abnormalities of mitochondria (10,11). With time, fibrosis and cirrhosis appear and, 
along with these changes, signs and symptoms related to portal hypertension. With progression ofliver 
disease, hepatic insufficiency with associated coagulopathy and encephalopathy may be evident. 

A minority of patients develop a picture of fulminant hepatitis, most often during the second 
decade oflife. The presence of an associated nonimmune hemolytic anemia and fulminant hepatic 
failure suggests the diagnosis of Wilson's disease. Unlike other presentations in which there is no 
gender preference, Wilsonian fulminant hepatitis occurs three times more frequently in females 
(12). A peculiarity of this form of fulminant hepatitis is its association with inappropriately low 
serum arninotransferases and alkaline phosphatase values (12-17). 

Some patients may display a histologic picture of chronic active hepatitis with inflamma
tory infiltrates, interface necrosis, and bridging fibrosis (18). Though these represent only 
approx 5% of patients with Wilson's disease, the inability to distinguish them on the basis of 
histology alone often confounds and delays diagnosis. 

2.2. Neurologic and Psychiatric Disease 
Though often manifesting later than hepatic disease, there is a wide range (8-50 yr) 

for the onset of neurologic or psychiatric symptoms (8). Most neurologic signs and 
symptoms are related to motor abnormalities. They may be classified as Parkinsonian 
with dystonia and rigidity, or as choreic or pseudo sclerotic with tremors or dysarthria 
(19). Symptoms range widely in severity; however, unless treated, progressive deterio
ration with dysphagia, dysarthria, drooling, tremors, severe hypertonia with contractures 
and subsequent motor deficits occur along with progression of the liver disease. With 
rare exceptions, Kayser-Fleischer rings are present in all patients with neurologic or 
psychiatric Wilson's disease. However, Kayser-Fleischer rings have also been found in 
the corneas of patients with long-standing cholestatic syndromes. Magnetic resonance 
imaging (MRI) and computerized tomography (CT) may reveal basal ganglia lesions, 
which should suggest a diagnosis of Wilson's disease (20,21). 

Psychiatric symptoms are wide ranging, from mild behavioral changes and deterioration of 
school work to severe psychosis and depression (8). Untreated, these patients go on to manifest 
neurologic symptoms as well as hepatic disease. 

3. DIAGNOSIS 

The diagnosis of Wilson's disease may be established by a combination of clinical and 
laboratory examinations (Table 1). The appropriate collection of specimens to avoid con
tamination is important. For accurate determination of serum ceruloplasmin and copper, 
subjects should ideally be fasted for 8 h prior to blood collection. The blood should be 
properly centrifuged and the serum separated and shipped to diagnostic laboratories the 
same day, or stored at 4°C until delivery. For copper quantitation in liver samples, a 
whole core of a needle biopsy specimen should be obtained with a copper-free needle, 
such as a Jamshidi needle. The specimen should be transferred to a small plastic tube and 
either frozen or dehydrated for shipment to diagnostic laboratories. Copper content may 
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Table 1 

Diagnostic Testing for Wuson's Disease 

Normal range 
Test or findings Wilson's disease 

Serum ceruloplasmin 20-40 mg/dL <20 mg/dL 

Corneal slit-lamp exam Normal Kayser-Fleischer rings 
Serum copper 60-120 IJgIdL <60 ~/dL 

24-H urinary copper <100 ~/24 h >100 ~/24 h 

Hepatic copper <50 ~/g dry wt >250 ~/g dry wt 

Hepatic histology Normal Abnormal 

Rhodanine histochemistry Negative Positive 

Electron microscopy Normal Abnormal 

Brain MRI or CT Normal Abnormal 

287 

Comment 

in 95% patients and 20% 
of heterozygotes 

absent early on in disease 
often above normal range 

in fulminant hepatitis 
may be within normal range 

in asymptomatic patients; 
in fulminant hepatitis or 
following chelating agent 
may exceed 
1000 1Jg124 h 

may be elevated in chronic 
cholestatic syndromes, 
in syndromes with 
idiopathic copper 
toxicosis 

most often hepatocellular 
steatosis with glycogen 
nuclei, fibrosis, and 
cirrhosis; chronic active 
hepatitis in 5% 

can be negative early on in 
disease, positive in 
cirrhotic livers but not in 
all nodules 

mitochondrial alterations 
when steatosis present, 
denselysosomesinlater 
stages 

alterations in basal ganglia 
and other less specific 
changes 

also be determined on paraffin-embedded specimens. However, this is less desirable 
than measurements made on fresh specimens. 

The approach to diagnosis for asymptomatic patients, and for patients with hepatic, 
neurologic, or psychiatric disease are outlined in Figs. 1-3. Once a diagnosis of Wilson's 
disease is established, screening of siblings by clinical and biochemical evaluation is 
mandatory. Family screening may also include genetic studies that search for common 
patterns of polymorphism surrounding the Wilson's disease gene (22). This haplotype 
analysis is most practical since the large number of mutations of the A TP7B gene (cur
rently over 60 have been identified) are present among patients, but requires the identifi
cation of a propositus. At this time, these studies are available only from a few research 
laboratories. Genetic studies should be used to complement and not supplant a full clinical 
and biochemical screening for Wilson's disease. 
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Absent Kayser-Fleischer rings, decreased 
or nonna) cen1loplasmtn. 
abnormal serum liver tests 
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Kayser-Fleischer rings presenl, decreased 
ceruloplasmin oxidase activity «20 mg/dL) 

Diagnosis or Wilson's disease established, Begin 
pharmacotherapy and ramlly screening 

Fig. 1. A scheme for establishing the diagnosis of asymptomatic or hepatic Wilson's disease, 

I Neuropsychiatric symptoms I 

I 
Slit-lamp examination 

I ceruloplasmin oxidase activity 

Kayser-Fleischer rings absent, Kayser-Fleischer rings 
and ceruloplasmin >20 mg/dL present. and ceruloplasmin 

normal or <20 mg/ dL 

I Diagnosis of Wilson's disease excluded 
Diagnosis of Wilson's disease is 
established, Initiate treatment and 
family screening 

Fig. 2. A scheme for establishing the diagnosis of Wilson's disease with neuropsychiatric presentation, 

4. TREATMENT 

4.1. Symptomatic Patients 
Symptomatic patients should be treated with chelating agents. The agents of choice are 

penicillamine (with supplemental pyridoxine, 25 mg/d) and trientine, which cause marked 
increases in urinary copper excretion, in divided dosages of up to 1.5-2.0 g/d (8,23,24). 
Trientine may be effective in patients who react adversely to penicillamine (24). Improvement 
of clinical and biochemical parameters may occur over months to a year. In patients with severe 



Chapter 21 / Wilson's Disease 289 

I Fulminant hepatic failure J 
~ 

Slit-lamp exam for Kayser-Fleischer (KF) rings 
Ceruloplasmin 
CBC 
Coombs test 
Serum copper 
Urine copper 
Alkaline phosphatase/bilirubin raUo 

+ KF rings present I 
KF absent KF rings absent 
Ceruloplasmin <20 mg/dL* Ceruloplasmin >20 mg/dL 
Anemia, Coombs test - negative Normal hemoglobin 
Increased serum copper 
Increased urine copper 
Alkaline phosphatase/bilirubin ratio< 2 

~ 
I I Wilson's disease excluded 

Wilson's disease confirmed. Refer 
for orthotopic liver transplant. 
Screen family members. 

Fig. 3. A scheme for establishing the diagnosis of Wilsonian fulminant hepatitis. Ceruloplasmin can be 
decreased because of hepatic biosynthetic failure independent of Wilson's disease. 

hepatic insufficiency not responding to therapy within 90 d, or patients with fulminant hepa
titis, orthotopic liver transplantation (OLT) should be considered (12). Patients with intrac
table neurologic symptoms may benefit from the addition of the parenteral chelating agent 
dimercaptopropanol (British Anti-Lewisite or BAL), which may augment copper excretion 
above levels achieved by oral agents alone (25). Most patients with neurologic or psychiatric 
symptoms who underwent OLT did so for hepatic insufficiency. However, some showed 
improvement of neurologic abnormalities and loss of Kayser-Fleischer rings (if present before) 
(12). OLT is not indicated for the treatment of neurologic Wilson's disease in the absence of 
hepatic indications for transplantation. 

4.2. Asymptomatic Patients 

Treatment of asymptomatic patients or maintenance therapy for patients who were previ
ously symptomatic, and who responded favorably to treatment, includes the same agents, 
penicillamine (with supplemental pyridoxine, 25 mg/d), at maintenance dosages (750-1000 
mg/d), or trientine, at maintenance dosages (750-1000 mg/d), or zinc salts (150 mg elemental 
zinc in divided doses) (26). Zinc appears to act by preventing dietary copper absorption (27). 
Treatment of newly diagnosed patients may begin as early as 3 yr of age (8,28). For children 
less than 40 kg, a dosage of 0.02 g penicillamine or trientine per kg body weight, rounded to 
the nearest 125 mg, may be administered. No studies are available regarding an appropriate 
pediatric dosage of zinc. However, there are reports in which the adult dosages (150 mg in three 
divided doses) were tolerated without any ill effect (29). 

4.3. Treatment During Pregnancy 

Therapy for Wilson's disease should be continued throughout pregnancy with dose modifi
cation for penicillamine and trientine during the last trimester to 500 mg/d, and to 250 mg/d for 
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the last six wk, if caesarian section is anticipated or until wound healing has occurred (8,30,31), 
and continuation of maintenance dosages for zinc (32). No teratogenic effects of penicillamine, 
trientine, or zinc in humans have been noted. 

4.4. Monitoring of Pharmacotherapy 
The major goals of monitoring include determinations ofthe adequacy ofthe chosen therapy, 

appropriate screening for potential drug reactions or intolerance, and determining compliance 
with therapy. 

The most important gauge of adequacy of therapy is the patient's clinical response. Regres
sion of symptoms is the major early goal in symptomatic patients. Improvement or normaliza
tion of abnormal laboratory parameters represent positive responses that may require months 
to a year to become evident. Improvement in prothrombin time may be delayed or may persist 
indefinitely in some patients. Leukopenia and thrombocytopenia due to hypersplenism may 
not be influenced by any form of treatment, but may be well tolerated by the patients. 

The estimation of the nonceruloplasmin copper (total serum copper minus copper content of cerulo
plasmin) is a valuable gauge of therapeutic efficacy, with a value of <10 ~dL as a goal. Along with 
reductions of serum nonceruloplasmin copper, urinary copper excretion for patients on chelating agents 
should decline over time from values exceeding 1000-500 ~24 h. Doctors should alert patients to be 
vigilant forfever, rash, or lymphadenopathy duringthe first few weeks of therapy. Complete blood counts 
and urine screening for cellular elements and protein should be performed at intervals. 

In effectively treated patients, values of non-ceruloplasmin copper of> 1 0 mg/dL and a 
urinary copper excretion of <500 lJg/d should suggest noncompliance. For patients on zinc 
therapy, compliance may be gauged by determination of urinary zinc content. Other effective 
measures for monitoring compliance include pill counts, periodic corneal slit-lamp exams to 
exclude a recurrence of Kayser-Fleischer rings, and biochemical screening to exclude changes 
in hepatic function or increases in non-ceruloplasmin serum copper. 

5. POTENTIAL COMPLICATIONS 

Complications in patients with neurologic symptoms include progression of symptoms and 
failure to respond to therapy in patients in whom the delayed diagnosis has resulted in irrevers
ible neurologic damage. Progression or recurrence of neurologic or hepatic disease may occur 
due to non-compliance with therapy. 

Other complications include reactions to pharmacotherapy, progression of disease despite 
therapy, or non-compliance. 

Sensitivity reactions to penicillamine occur in approx 10% of patients, including fever, rashes, 
neutropenia, or thrombocytopenia. Lupus-like syndromes, nephropathy with proteinuria, 
progyric changes in the skin, and elastosis perforans serpingosa and, very rarely, Goodpasture's 
syndrome. Trientine therapy has rarely been associated with a lupus-like syndrome and a 
sideroblastic anemia that is reversible upon discontinuation of chelational therapy (24). 

6. PROGNOSIS 

Untreated patients with Wilson's disease suffer progressive hepatic injury leading to hepatic 
insufficiency, irreversible central nervous system changes, and death. The prognosis for 
patients with appropriate pharmacotherapy is excellent. Even in patients with chronic active 
hepatitis and cirrhosis caused by Wilson's disease, pharmacotherapy resulted in 100% 5-yr 
survivals for compliant patients (J 8). Discontinuation of pharmacotherapy may result in symp
tom recurrence and eventual liver failure. One year survival of patients with Wilson's disease 
who underwent hepatic transplantation was approx 80%, and these patients did not require 
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further treatment for Wilson's disease (12). The development of hepatocellular carcinoma in 
patients with Wilson's disease is rare, despite the presence of cirrhosis. 

7. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

A specialist should be consulted to assist in the diagnosis of Wilson 's disease in patients with 
conflicting or borderline laboratory values. Other indications include inexperience with 
Wilson's disease and its treatment, failure of patients to respond to initial pharmacotherapy, 
or problems relating to monitoring for compliance. Patients with Wilsonian fulminant hepatitis 
should be referred without delay to a center which performs OLT. 

8. CONCLUSIONS 

Given the ability to effectively treat, prevent and even reverse the manifestations of this 
disorder, it is essential to consider the diagnosis of Wilson's disease in a young person with 
unexplained hepatic or neurologic findings or symptoms. Several pharmacologic agents are 
available, and lifelong compliance with therapy is associated with excellent prognosis. 

OLT is lifesaving for patients with fulminant Wilsonian hepatitis, and should be utilized for 
individuals in whom hepatic insufficiency is progressive despite pharmacotherapy. 

9. REFERENCE LABORATORIES FOR COPPER AND CERULOPLASMIN 
OXIDASE DETERMINATIONS 

1. National Center for The Study of Wilson's Disease 
St. Luke's/Roosevelt Hospital 
432 West 58th Street, Suite 614 
New York, NY 10019 
Cost: $75 

2. Mayo Medical Laboratory 
Mayo Clinic 
200 1st S. W. 
Rochester, MN 55905 
Telephone 800-533-1710 
Cost: $35 

SUMMARY 

Wilson's disease should be considered in patients with unexplained liver disease with or 
without extrahepatic symptoms. 

Early recognition and treatment prevent extrahepatic complications. 

REFERENCES 

1. Frydman M, Bonne-Tammir B, Farrer LA, Conneally PM, Magazanik A, Ashbel S, Goldwitch Z. Assignment 
of the gene for Wilson disease to chromosome 13: linkage to the esterase D locus. Proc Natl Acad Sci USA 
1985;82: 1819-1821. 

2. Tanzi RE, Petrukhin K, Chernov I, Pellequer JL, et al. The Wilson disease gene is a copper transporting ATPase 
with homology to the Menkes disease gene. Nat Genet 1993;5:344-350. 

3. Bull PC, Thomas GR, Rommens JM, Forbes JR, Cox DW. The Wilson disease gene is a putative copper 
transporting P-type ATPase similar to the Menkes gene. Nat Genet 1993;5:327-337. 

4. Yamaguchi Y, Heiny ME, Gitlin JD. Isolation and characterization ofa human liver cDNA as a candidate gene 
for Wilson disease. Biochem Biophys Res Commun 1993;197:271-277. 

5. Petrukhin K, Lutsenko S, Chernov I, Ross BM, Kaplan JR, Gilliam TC. Characterization ofthe Wilson disease 
gene encoding a P-type copper transporting ATPase: genomic organization, alternative splicing, and structure/ 
function predictions. Hum Mol Genet 1994;3:1647-1656. 



292 Part VII/Pediatric Liver Diseases 

6. Frommer DJ. Defective biliary excretion of copper in Wilson's disease. Gut 1974;15: 125-129. 
7. Stemlieb I, van den Hamer CIA, Morell AG, Alpert S, Gregoriadis G, Scheinberg IH. Lysosomal defect of hepatic 

copper excretion in Wilson's disease (hepatolenticular degeneration). Gastroenterology 1973;64:99-105. 
8. Scheinberg IH, Stemlieb I. Wilson's disease. Saunders, Philadelphia, 1984. 
9. Alt E, Stemlieb I, Goldfischer S. The cytopathology of metal overload [review]. Int Rev Exp Pathol 

1990;31: 165-188. 
10. Stemlieb I. Mitochondrial and fatty changes in hepatocytes of patients with Wilson's disease. Gastroenterology 

1968;55:354-367. 
11. Stemlieb I. Fratemal concordance of types of abnormal hepatocellular mitochondria in Wilson's disease. 

Hepatology 1992;16:728-732. 
12. Schilsky ML, Scheinberg IH, Stemlieb I. Liver transplantation for Wilson's disease: indications and outcome. 

Hepatology 1994; 19:583-87. 
13. Shaver WA, Bhatt H, Combes B. Low serum alkaline phosphatase activity in Wilson's disease. Hepatology 

1986;6:859-863. 
14. Wilson RA, Clayson KJ, Leon S. Unmeasurable serum alkaline phosphatase activity in Wilson's disease 

associated with fulminant hepatic failure and hemolysis. Hepatology 1987;7:613-615. 
15. McCullough AI, Fleming CR, Thistle lL, Baldus WP, Ludwig 1, McCall IT, Dickson ER. Diagnosis of 

Wilson's disease presenting as fulminant hepatic failure. Gastroenterology 1983;84:161-167. 
16. Berman DH, Leventhal RI, Gavaler IS, Cadoff EM, Van Thiel DH. Clinical differentiation of fulminant 

Wilsonian hepatitis from other causes of hepatic failure. Gastroenterology 1991;100:1129-1134. 
17. Sallie R, Katsiyiannakis L, Baldwin D, et al. Failure of simple biochemical indexes to reliably differentiate 

fulminant Wilson's disease from other causes offulminant liver failure. Hepatology 1992; 16: 1206-1211. 
18. Schilsky ML, Scheinberg IH, Stemlieb I. Prognosis of Wilsonian chronic active hepatitis. Gastroenterology 

1991; 100:762-767. 
19. Walshe 1M, Yealland M. Chelational treatment of neurological Wilson's disease. Q 1 Med 1993;86: 197-204. 
20. Starosta-Rubinstein S, Young AB, Kluin K, Hill G, Aisen AM, Gabreilsen T, Brewer GJ. Clinical assessment 

of31 patients with Wilson's disease: Correlations with structural changes on magnetic resonance imaging. 
Arch NeuroI1987;44:365-370. 

21. van Wassenaer-van Hall HN, van den Heuvel AG, Algra A, et al. Wilson disease: findings at MR imaging and 
CT of the brain with clinical correlation. Radiology 1996;198:531-536. 

22. Petrukhin K, Fischer SG, Pirastu M, et al. Mapping, cloning and genetic characterization ofthe region contain
ing the Wilson disease gene. Nat Gen 1993;5:338-343. 

23. Walshe 1M. Copper chelation in Wilson's disease. A comparison of penicillamine and triethylene tetramine 
dihydrochloride. Q 1 Med 1973;42:441--452. 

24. Scheinberg IH, Jaffe ME, Stemlieb I. The use oftrientine in preventing the effects of interrupting penicillamine 
therapy in Wilson's disease. N Engl J Med 1987;317:209-213. 

25. Scheinberg IH, Stemlieb I. Treatment of the neurologic manifestations of Wilson's disease. Arch Neurol 
1994;51 :545-554. 

26. Brewer GJ, Dick RD, Yuzbasiyan-Gurkan V, Johnson V, Wang Y. Treatment of Wilson's disease with zinc XIII. 
Therapy with zinc in presymptomatic patients from the time of diagnosis. J LabClin Med 1994;123:849-858. 

27. Cousins Rl. Absorption, transport, and hepatic metabolism of copper and zinc: special reference to 
metallothionein and ceruloplasmin. Physiol Rev 1985;65:238-309. 

28. Collins JC, Scheinberg IH, Stemlieb I. Penicillamine prophylaxis for asymptomatic children with Wilson's 
disease. Hepatology 1993;18:128A. 

29. Hoogenraad TU, Koevoet R, de Ruyter Korver EG. Oral zinc sulfate as long-term treatment in Wilson's disease 
(hepatolenticular degeneration). Eur Neurol 1979; 18:205-211. 

30. Walshe 1M. Pregnancy in Wilson's disease. Q 1 Med 1977;181:73-83. 
31. Walshe JM. The management of pregnancy in Wilson's disease treated with trientine. Q J Med 1986;58:8-87. 
32. Brewer JB, Yuzbasiyan-Gurkan V. Wilson's disease. Medicine 1992;71:139-163. 



22 
Neonatal Jaundice 

When Is it Physiologic? 

Christopher J. Justinich and Jeffrey S. Hyams 

CONTENTS 

INTRODUCTION 

BILIRUBIN METABOLISM AND PATHOPHYSIOLOGY 

DIAGNOSIS 

DIFFERENTIAL DIAGNOSIS OF UNCONJUGATED HYPERBILIRUBINEMIA 

TREATMENT OF UN CONJUGATED HYPERBILIRUBINEMIA 

COMPLICATIONS OF UN CONJUGATED HYPERBILIRUBINEMIA 

INDICA TIONS FOR CONSULTING THE SUBSPECIALIST 

CONCLUSIONS 

REFERENCES 

1. INTRODUCTION 

Virtually all infants develop hyperbilirubinemia with serum bilirubin levels of at least 
1.4 mg/dL (24 J..UllollL) in the first 7 d oflife. Clinically apparent jaundice develops in greater 
than one third of healthy newborns. In most cases, the jaundice is "physiologic" or associated 
with breast-feeding (1). Physiologic jaundice is generally defined as a benign increase in serum 
unconjugated bilirubin in newborns. Clinically apparent j aundice does not appear before 36 h 
of age, total serum bilirubin levels do not generally exceed 12 mg/dL (204 J..UllollL), and clinical 
jaundice resolves within 7-10 d. Conjugated bilirubin does not exceed 2 mg/dL (34 J..UllollL). 
Practitioners caring for newborns must recognize the clinical and laboratory features ofjaun
dice which are "pathologic," leading to appropriate diagnosis and management. The morbidity 
and mortality associated with neonatal jaundice can be attributed to the underlying disease 
process, as well as from the neurologic sequelae of kernicterus. These complications are 
largely preventable with timely diagnosis and treatment. 
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2. BILIRUBIN METABOLISM AND PATHOPHYSIOLOGY 

The following is a brief review of bilirubin formation and its metabolic fate, with particular 
reference to factors leading to increased serum bilirubin levels in newborn infants. Readers are 
referred to more comprehensive reviews for greater detail (see Chapter 14) (2,3). Bilirubin is 
formed as a metabolic product of heme, the vast majority arising from the breakdown of 
hemoglobin from red blood cells. Neonates tend to be polycythemic, possessing a relatively 
greater red blood cell mass than older children and adults. In addition, neonatal red blood cells 
have a shorter halflife, and these two factors account for a higher daily production of bilirubin 
in term infants compared with older children and adults. Heme is oxidized to biliverdin by the 
enzyme heme oxygenase, then rapidly reduced to bilirubin by biliverdin reductase. Bilirubin 
is poorly soluble in water, so almost all circulating bilirubin is bound to albumin. This becomes 
crucial when drugs competing for albumin-binding sites displace bilirubin, or when other 
factors, such as acidosis decrease the affinity of bilirubin for albumin (4). These conditions 
allow fat-soluble free bilirubin to traverse the blood-brain barrier and enhance central nervous 
system toxicity. 

The hepatic sinusoidal membrane possesses a specific bilirubin carrier that allows the rapid 
uptake of bilirubin from circulating bilirubin-albumin complexes (5). The bilirubin then binds 
to intracytoplasmic proteins that help prevent bilirubin from refluxing back into the circulation 
(6). Conjugation of bilirubin with glucuronic acid takes place in the smooth endoplasmic 
reticulum, catalyzed by bilirubin glucuronosyltransferase. This enzyme reaches mature levels 
in the first week of life in term infants, as opposed to a delay in premature infants (7), a factor 
that promotes hyperbilirubinemia in these babies. 

Any factors that increase the production of bilirubin may overwhelm the infant's ability to 
metabolize and excrete bilirubin, leading to jaundice. These factors include polycythemia, the 
presence of extravascular blood, for example from a cephalohematoma or hemolysis from drugs, 
blood group incompatibilities, hemoglobinopathies, and red cell enzyme or membrane abnor
malities (Table 1). Delay in passage of meconium and other factors that enhance the enterohepatic 
circulation of bilirubin may also lead to jaundice (8,9). Miscellaneous factors include hypothy
roidism, sepsis or congenital infection leading to hemolysis, and specific inborn errors ofbiliru
bin metabolism such as Crigler-Najjar syndrome (see Chapter 23). 

3. DIAGNOSIS 

The most important aspect of the history is the timing of the onset of clinically apparent 
jaundice. Physiologic jaundice by definition does not start in the first 36 h oflife, so jaundice 
presenting earlier should be investigated. A family history of blood dyscrasias, previous infants 
with pathologic hyperbilirubinemia, and prematurity or other complications of pregnancy or 
delivery will all increase the risk of pathologic jaundice. 

The physical examination may be helpful in several regards, but will not replace the need 
for laboratory investigations if the jaundice is of concern. Clinical assessment of jaundice is 
best performed in conditions of white or natural lighting. Increasing jaundice in newborns 
tends to progress in a cephalocaudal manner (10), starting with the head and neck with bilirubin 
levels 4-8 mg/dL (68-136 f.Jll1ollL), upper trunk 5-12 mg/dL (85-204 f.Jll10I/L), lower trunk 
and legs 8-16 mg/dL (136-272 f.Jll1ollL) , with the whole body including palms and soles 
invariably seen at levels greater than 15 mg/dL (255 f.Jll1ollL). Evidence of bruising or hemato
mas should be sought, as well as hepatosplenomegaly, which may accompany hemolysis and! 
or extramedullary hematopoiesis, and, in extreme cases of hemolysis, hydrops fetalis. 

Initial laboratory investigations are aimed at determining if jaundice is due to unconjugated 
hyperbilirubinemia, whether the level and timing are consistent with physiologic jaundice, and 
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Table 1 

Causes of Neonatal Unconjugated Hyperbilirubinemia 

1. Physiologic jaundice. 
2. Breast milk jaundice. 
3. Enhanced hemolysis. 

Isoimmune hemolytic disease. 
Red cell membrane abnormality. 
Red cell enzyme abnormality. 
Hemolysis from congenital infection/sepsis. 
Polycythemia. 
Extravasated blood. 

4. Hereditary. 
Crigler-Najjar Syndrome. 
Gilbert's syndrome. 
Lucey-Driscoll syndrome. 

5. Endocrinopathies. 
Hypothyroidism. 
Hypopituitarism. 

6. Enhanced enterohepatic circulation. 
Bowel obstruction. 
Breast feeding. 

(Adapted from Gourley GR: Jaundice. In: Wyllie R, 
Hyams JS, eds. Pediatric gastrointestinal disease-patho
physiology, diagnosis, management. Saunders, Phila
delphia, 1993, p. 297, with permission.) 
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to determine if the level of hyperbilirubinemia warrants consideration of specific therapy. 
Hyperbilirubinemia consistent with breast milk jaundice generally does not require investiga
tion or treatment, but a fall in bilirubin levels after a short trial of formula feeding may help 
confirm the diagnosis (10). Conjugated hyperbilirubinemia greater than 2 mg/ dL (34 ,..unollL) 
should prompt investigation without delay, and generally consultation with a pediatric gastro
enterologistlhepatologist (see Chapter 23). Investigation is also indicated for unconjugated 
hyperbilirubinemia in the first 36 h oflife, bilirubin levels of greater than 12 mg/dL (204 I-Illlol/L), 
and significant jaundice persisting beyond 10 d or increasing at a later age. The first step is to 
search for hemolytic disease, which is the most common underlying cause (Fig. 1). Maternal 
and fetal blood types, a direct Coombs test, a complete blood count, blood smear, and a 
reticulocyte count will distinguish the major causes of un conjugated hyperbilirubinemia. If the 
Coombs test is positive, then the likely diagnosis is isoimmunization due to feto-maternal 
blood group incompatibility. This may involve either major or minor blood group determi
nants. The Coombs-negative infant with a high hematocrit and normal blood smear likely has 
polycythemia as a cause of jaundice. Infants with a relatively low hematocrit and high reticu
locyte count will often have nonimmune hemolysis from abnormalities in red blood cells. A 
clue to this diagnosis will be abnormal red cell morphology on the blood smear. Abnormalities 
include hemoglobinopathies, red cell enzyme deficiencies, and red cell membrane abnormali
ties. If the infant is anemic, but the blood smear is normal, then extravasated blood giving an 
increased load of bilirubin is likely, for example, from a cephalohematoma. 

4. DIFFERENTIAL DIAGNOSIS OF UNCONJUGATED HYPERBILIRUBINEMIA 

Below is a brief review of the causes of un conjugated hyperbilirubinemia. 
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Measure total and direct bilirubin l J Conjugated bilirubinemia 
(see Chapter 23) I 

I 
t 

Physiologic jaundice I Pathologic unconjugated hyperbilirubinemia 

t 
Search for hemolytic disease 

Continue observation (Blood types. Coombs test) 

Consider repeat bilirubin I Consider short trial off breast 
feeds t 

l Coombs test (-) I I Coombs test (+) 

t 
I Hematocrit I Dx: Isoimmunization 

Rh. ABO. other 

t t 
I Low/normal I I High I 

t t 
I Reticulocyte count I Dx: Polycythemia 

I 
t t 

I Hillh I Normal I 
t t 

I RBC morphology J • Normal I 

t t 
Abnormal I Dx: Extravasated blood . 

• 
enterohepatic circulation 

Dx: RBC abnormality. hemoglobinopathy. 
enzyme defiCiency 

Fig. 1. A schematic diagram for an approach to diagnosis of un conjugated hyperbilirubinemia. Adapted 
from ref. (J 2). 

4.1. Physiologic Jaundice 
"Physiologic jaundice" is unconjugated hyperbilirubinemia that appears in healthy infants 

over 36 h of age. The peak total bilirubin is generally less than 12 mg/dL (204 f..U11ollL), and 
jaundice clinically resolves by 7-10 d (1). Factors promoting jaundice in these normal new
borns include increase in bilirubin production from relative polycythemia with decreased RBC 
survival, and perhaps delay in conjugation due to decreased levels of glucuronosyltransferase. 
These factors are often accentuated in premature infants. 

4.2. Breast Milk Jaundice 
It is clear that normal breast-fed infants tend to have higher bilirubin levels than formula

fed infants, both in the first 5 d oflife (early phase), and even more accentuated after 5 d (late 
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phase) (11). This is likely part of the spectrum of physiologic jaundice, as levels generally 
remain below 20 mg/dL (340 1JID01/L), and spontaneous resolution is the rule. Appreciable 
levels of bilirubin usually do not appear until 3-4 d oflife, but may persist for weeks or even 
months. The pathogenic mechanisms thought to be important include the presence of factors 
that inhibit conjugation (e.g., hormone, free fatty acid), or enhance the enterohepatic circula
tion of bilirubin, thereby increasing the bilirubin burden (12). Discontinuation ofbreast-feed
ing is generally not necessary, although a trial of formula feeding for 48-72 h leading to a 
decrease in total bilirubin helps confirm the diagnosis if this is in question. 

4.3. Hemolytic Disease 
Increased hemolysis of any cause will increase the burden of unconjugated bilirubin that the 

neonate will need to metabolize, and mechanisms to conjugate and excrete bilirubin can become 
overwhelmed. The commonest abnormality is isoimmunization from ABO blood group incom
patibility between the mother and fetus. Rh incompatibility is seen less commonly since the 
advent of Rho immune globulin to prevent sensitization of Rh-negative mothers for subsequent 
pregnancies (13), but tends to be more severe than ABO incompatibility. Occasionally, minor 
blood group incompatibilities (Kell, Duffy) lead to significant isoimmunization. Rare red cell 
membrane abnormalities, such as hereditary spherocytosis, and red cell enzyme abnormalities, 
such as glucose-6-phosphate dehydrogenase or pyruvate kinase deficiency, may similarly present 
in the newborn period with hyperbilirubinemia. Sepsis or congenital infections may also cause 
hemolysis, but this is rarely an isolated finding, and often conjugated hyperbilirubinemia and 
liver dysfunction will be present. The presence of significant polycythemia or extravasated blood 
increases bilirubin burden and may result in jaundice. 

4.4. Hereditary Hyperbilirubinemia 
Crigler-Najjar syndrome (14) results from a metabolic defect in bilirubin conjugation leading 

to severe unconjugated hyperbilirubinemia (see Chapter 23). Lucey-Driscoll syndrome (15) is 
a transient unconjugated hyperbilirubinemia associated with a circulating inhibitor of 
glucuronosyltransferase. This is found in maternal and infant serum and is thought to be related 
to gestational hormones. Gilbert's syndrome is a benign mild unconjugated hyperbilirubinemia 
related to decreased glucuronosyltransferase and is generally not recognized until after puberty. 
This late onset is thought to be related to hormonal influences, especially from estrogen. It is 
believed that some infants with transient neonatal hyperbilirubinemia are actually an early mani
festation of Gilbert's syndrome, brought out by the effects of maternal estrogen on the fetus (16). 

4.5. Endocrinopathies 
Both hypothyroidism and hypopituitarism (17) can cause unconjugated hyperbilirubinemia 

that resolves when replacement therapy is given. The exact mechanism for hyperbilirubinemia 
is unknown. Congenital hypothyroidism should be diagnosed by routine neonatal screening. 
Hypopituitarism presents with hypoglycemia, features of hypothyroidism or cortisol defi
ciency, and micropenis. 

4.6. Enhanced Enterohepatic Circulation of Bile 
Conjugated bilirubin is secreted into the intestinal lumen where, under normal circum

stances, enteric bacteria transform it into urobilinogen and it is excreted into the stools. Any 
factor that delays passage of bilirubin-rich meconium (e.g., bowel obstruction) or interferes 
with development of normal bacterial flora (e.g., antibiotic therapy) may, therefore, enhance 
reabsorption of bilirubin and contribute to hyperbilirubinemia (8,9). 
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5. TREATMENT OF UNCONJUGATED HYPERBILIRUBINEMIA 

Treatment is directed at decreasing levels of unconjugated hyperbilirubinemia, thereby reduc
ing the risks of bilirubin toxicity on the central nervous system (see Section 6.). The method used 
depends on the magnitude and anticipated rise in bilirubin, and the presence of other risk factors 
that may increase susceptibility for kernicterus. One must be mindful of drugs that may displace 
bilirubin from albumin. Prevention ofRh isoimmunization by the widespread use of Rho immune 
globulin (RhoGAM) has greatly reduced complications related to Rh incompatibility (13). 

Phototherapy is the mainstay of therapy of moderate unconjugated hyperbilirubinemia, to 
prevent progression to levels requiring exchange transfusion. Controversy exists regarding the 
timing and absolute level of bilirubin requiring phototherapy in the healthy newborn, and 
readers are referred to the American Academy of Pediatrics practice parameters on the man
agement of hyperbilirubinemia (18,19). These guidelines recommend phototherapy fornormal 
term infants for total bilirubin exceeding 15 mg/dL (255 JIDlollL) at 24-48 h oflife, 18 mg/dL 
(31 0 ~ol/L) at 48-72 h, and 20 mg/dL (340 ~ol/L) over 72 h of age. Others have proposed 
a more conservative approach to treatment in otherwise healthy infants with unconjugated 
hyperbilirubinemia. Premature infants are at increased risk of toxicity from hyperbilirubine
mia; guidelines for treatment are reviewed in the National Institute of Child Health and Human 
Development Phototherapy Study (20), and are beyond the scope of this review. The apparatus 
used, as well as the optimal color (white, blue, and green) (21), has been the subject of some 
debate; the optimal wavelength is approx 460 nm. Phototherapy causes photo-oxidation of 
bilirubin in the skin to water soluble photoisomers, the most important being lumirubin (22), 
which is excreted in bile and urine. 

Exchange transfusion is employed when rapid reduction in serum bilirubin is desired. Most 
often this technique is employed in the setting of hemolysis causing early, rapidly progressing 
severe hyperbilirubinemia. Readers are referred to the specific guidelines for term and preterm 
infants mentioned above, and to general neonatology references (23). 

Recently, interest has evolved in the use of metalloporphyrins as specific inhibitors of heme 
oxygenase to prevent bilirubin production from heme (24). This treatment is considered 
experimental at this time, but may have a role in isoimmune hemolytic hyperbilirubinemia and 
in hereditary hyperbilirubinemia. 

6. COMPLICATIONS OF UNCONJUGATED HYPERBILIRUBINEMIA 

Untreated severe hyperbilirubinemia results in serious central nervous system sequelae, 
including bilirubin encephalopathy characterized by seizures and opisthotonos, and kernict
erus (3,25). Kernicterus is a condition that is frequently fatal, in which autopsy reveals staining 
ofthe basal ganglia and related structures with bilirubin. Survivors of kernicterus often mani
fest severe neurologic complications, characteristically choreoathetotic cerebral palsy and 
hearing loss. Kernicterus is clearly related to extremely high levels of un conjugated hyperbi
lirubinemia (>30 mg/dL, 510 JIDlol/L). However, lower bilirubin levels have been associated 
with kernicterus in the presence of complicating factors such as prematurity, anoxia, hypoal
buminemia, and presence of drugs which displace bilirubin from circulating albumin. 

7. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

Consultation with a subspecialist should be considered in any infant with conjugated hyper
bilirubinemia. In cases of unconjugated hyperbilirubinemia, a referral should be obtained if a 
cause cannot be found, and the patient does not respond to therapy. When this is occurs, 
consideration should be given to the presence of possible inborn errors of bilirubin metabolism. 
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8. CONCLUSIONS 

Most cases of jaundice in neonates are benign and self-limited. However,jaundice may be 
a sign of serious underlying disease with significant morbidity and even mortality. This may 
be as a result of the underlying disease itself, or due to the devastating neurologic sequelae of 
kernicterus. Pathologic hyperbilirubinemia must be recognized early by primary care provid
ers, leading to timely diagnosis and treatment. 

SUMMARY 

Neonatal jaundice is usually benign and self-limited, but may be a feature of serious 
underlying disease. 

Features of pathologic jaundice include onset within 36 h of life, total bilirubin levels 
exceeding 12 mgldL, and conjugated bilirubin levels exceeding 2 mg/dL. 

Significant hyperbilirubinemia in the neonate signals the need for prompt evaluation of 
underlying causes and the need for specific therapy. 

The goals oftherapy are twofold: to treat the underlying pathologic process if possible, 
and to avoid the development of kernicterus with serious neurologic sequelae. 

A referral should be obtained if conjugated bilirubin is increased or if unconjugated 
hyperbilirubinemia without identifiable cause does not respond to therapy. Consideration 
should be given to possible diagnosis of inborn errors of bilirubin metabolism. 
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1. INTRODUCTION 

Biliary excretion of bilirubin requires its conversion to glucuronides by the hepatic microso
mal enzyme bilirubin-UDP-glucuronosyltransferase (bilirubin-UGT) (1). Three grades of 
inherited deficiency ofbilirubin-UGT have been described. A near-absence ofbilirubin-UGT 
activity results in the most severe of these disorders, Crigler-Najjar syndrome type I. Severe, 
but incomplete, deficiency of the transferase activity leads to Crigler-Najjar syndrome type II, 
also known as Arias syndrome. A mild reduction ofbilirubin-UGT activity is the most com
mon, and produces the innocuous Gilbert's syndrome, in which a low level ofhyperbilirubine
mia is the only significant clinical feature (2). 

By adult standards, all neonates, even normals, have hyperbilirubinemia. Over 15% of 
newborn infants have serum bilirubin levels greater than 10 mg/dL at some point during the 
first 96 h oflife. During intrauterine life, fetal hepatic bilirubin-UGT activity is extremely low. 
The placenta efficiently transfers unconjugated bilirubin from the fetal to the maternal plasma. 
After birth various factors, including increased bilirubin production, and low rates of hepatic 
bilirubin uptake and glucuronidation contribute to the "physiological jaundice" of the newborn 
(see Chapter 22, this volume). Exaggeration of any of these contributing factors can result in 
pathological neonatal jaundice, with the associated risk of cerebral toxicity (1,2). The various 
causes of exacerbation of neonatal hyperbilirubinemia are shown in Table 1. Acquired disor-
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Table 1 

Unconjugated Hyperbilirubinemia During the Neonatal Period 

Bilirubin overproduction 
Blood group incompatibility: 

ABOorRh 

Hemolysis 
Sepsis 
Hemoglobinopathies 
RBC membrane defect 

Increased RBC mass 
Maternal-fetal or 

fetal-fetal transfusion 
Delayed clamping of cord 
Maternal diabetes mellitus 

Drugs 
Maternal oxytocin 

Impaired transport 
Congestive cardiac 

failure 

Shock 

Intravenous infusion 
fat emulsions 

Impaired conjugation 
Acquired 

Hypoglycemia 
Hypothyroidism 
Drugs 
Lucey-Driscoll 

syndrome 
Maternal milk 

jaundice 
Inherited 
Crigler-Najjar 

syndrome 
Types I and II 

Gilbert's syndrome 

Increased recycling 
Intestinal obstruction 

Reduced intestinal 
motility 

Breast milk feeding 

ders contributing to neonatal jaundice have been discussed in Chapter 14. These include 
increased bilirubin production, reduced hepatic transport, inhibition of hepatic glucuronidation 
by maternal serum factors (Lucey-Driscoll syndrome) or substances secreted in the milk of 
some women (maternal milk syndrome), caloric deprivation and hypothyroidism, and increased 
intestinal absorption of un conjugated bilirubin. Normally, hepatic bilirubin-UGT expression 
rapidly increases after birth, and serum bilirubin level peaks at approx 72 h. Failure of this 
normal increase, because of genetic abnormalities of hepatic bilirubin glucuronidation, can 
cause prolonged and intense unconjugated hyperbilirubinemia. This chapter deals with the 
manifestations of inherited bilirubin-UGT deficiency syndromes during the neonatal period 
and infancy, and the pathophysiology of bilirubin toxicity and its management. 

1.1. Crigler-Najjar Syndrome Types I and II 
This rare disorder, originally described by Crigler and Najjar in 1952 in six infants from 

three unrelated families (3), is characterized by severe nonhemolytic unconjugated hyper
bilirubinemia that becomes obvious within the first few days oflife and persists through
out life. Five of the six infants died of kernicterus by the age of 15 mo. The single survivor 
was apparently free of neurologic disease until 15 yr of age, but then developed kernicterus 
and died 6 mo later. Since the initial report, more than 100 other patients with Crigler
Najjar syndrome have been described, and it is likely that many more are undiagnosed 
(2,4). The syndrome occurs in all races, has an autosomal recessive mode of inheritance, 
and is often associated with consanguinity. Hepatic bilirubin-UGT activity is undetectable 
and the bile contains only traces of bilirubin glucuronides. Survival past the neonatal 
period was uncommon before the routine use of phototherapy, and intermittent plasma
pheresis became a clinical practice. Many of these children now survive infancy, but are 
again at risk of kernicterus around puberty or early adult life (2). 
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In 1962, Arias showed that some patients with chronic unconjugated hyperbilirubinemia 
differ from patients with classic Crigler-Najjar syndrome Type I, in that they have somewhat 
lower serum bilirubin concentrations and their serum bilirubin levels could be decreased by at 
least 25% by phenobarbital treatment, which, presumably, induces the residual hepatic biliru
bin-UGT activity (5). In general, these patients have a better prognosis, although kernicterus 
has occurred rarely. This variant was termed Crigler-Najjar syndrome type II, and is also 
known as the Arias syndrome. The levels of hyperbilirubinemia in Crigler-Najjar syndrome 
type II differ markedly from patient to patient, and exhibit significant fluctuation in a given 
patient (6). In half the patients,jaundice is noted before the age of 1 yr. However, one patient 
was 30 yr old before jaundice was recognized. Serum bilirubin is unconjugated, usually ranges 
from 8-18 mg/dL, but may rise to very high levels in stressful situations, such as general 
anesthesia and surgery, with precipitation of encephalopathy (1,2,7). Hepatic bilirubin-UGT 
activities are markedly reduced, but not absent, as bilirubin glucuronides are present in the bile. 
As the range of serum bilirubin concentrations in Crigler-Najjar syndrome Type II may overlap 
with that of Crigler-Najjar syndrome Type I, it is not always possible to distinguish the two 
syndromes on the basis of serum bilirubin levels alone. Bile analysis and genetic studies may 
help in prognostication and designing long-term treatment strategies. 

1.1.1. MOLECULAR GENETICS 

Crigler-Najjar syndromes are now known to be caused by a genetic defect of a specific UG T 
isoform, termed bilirubin-UGTI. The molecular basis of the abnormality ofbilirubin-UGTI 
was described in 1992, which was followed by reports of genetic analysis in many other cases 
(8-10). Various different genetic lesions of any of the five exons ofthe UGTl gene that express 
bilirubin-UGTl have been found to be associated with Crigler-Najjar syndrome Type I. These 
lesions may cause premature truncation of the enzyme leading to the alteration of a large 
segment of the enzyme protein or the substitution of a single amino acid. Crigler-Najjar 
syndrome Type II results from single amino acid substitutions that reduce the catalytic activity, 
but do not fully inactivate bilirubin-UGTl (2). 

1.1.2. INHERITANCE 

Crigler-Najjar syndromes occur in both genders and all races (2). Although based on the 
clinical picture alone, there had been some confusion regarding their mode of inheritance, 
molecular genetic studies indicate that both types of Crigler-Najjar syndrome are inherited 
as autosomal recessive characteristics. In many cases, both alleles show identical muta
tions, indicating consanguinity in the parents or a founder effect in that community. In 
other cases, the patients are compound heterozygotes. The mutations in the two alleles are 
different. In some families, there may be mild unconjugated hyperbilirubinemia among 
heterozygous carriers (7). This is now thought to be due to a coexistent promoter anomaly 
that is associated with Gilbert's syndrome (see Section 1.2.). 

1.1.3. DIAGNOSIS 

In both Crigler-Najjar syndrome Types I and II, biochemical tests of the serum are normal 
except for a high serum bilirubin level. Serum bilirubin levels can be 20--40 mg/dL in both 
conditions during the neonatal period, and it is difficult to make a differentiation based on 
serum bilirubin levels (1). Serum bilirubin is unconjugated, and there is no bilirubinuria. As 
the baby grows older, the serum bilirubin level fluctuates according to the extent of exposure 
to the sun and other light sources and increases during intercurrent illness. Although fecal 
urobilinogen excretion is reduced, stool color remains normal. Bilirubin production rate is 
normal, and there is no evidence of hemolysis. Intact bile canalicular excretion mechanisms 



304 Part VII / Pediatric Liver Diseases 

are evidenced by normal plasma disappearance ofBSP, and indocyanine green, and radiologic 
visualization ofthe biliary tree by cholecystographic agents (2). 

Crigler -Najjar syndrome Types I and II can be differentiated by bile pigment analysis. In type I, the 
bile contains only small amounts of unconjugated bilirubin and in some cases, traces of bilirubin 
glucuronides. In contrast, the bile of patients with Crigler-Najjar syndrome Type II contains significant 
amounts of bilirubin glucuronides, although less than 50% of estimated daily bilirubin production is 
excreted into bile. The proportion of bilirubin monoglucuronide in bile exceeds 30% of total conju
gated bilirubin, reflecting the reduced hepatic bilirubin-UGT activity in the liver (J 1). 

Liver biopsy is not usually necessary for the diagnosis and reveals no significant abnormal
ity. In several patients with Crigler-Najjar syndrome type I, pigment plugs were observed in 
bile canaliculi and bile ducts, probably resulting from biliary excretion of un conjugated biliru
bin or its photoisomers. Electron microscopy of the liver reveals no specific pathologic change. 
Hepatic bilirubin-UGT activity is undetectable in Crigler-Najjar syndrome type I, whereas a 
small amount of activity (4-12% of normal) is usually detectable in the liver biopsy specimens 
from patients with Crigler-Najjar syndrome type 11(2). 

1.1.4. GENETIC AND PRENATAL DIAGNOSIS 

The availability of modem molecular biological techniques has made it feasible to identify 
sequence abnormalities of the UGTl gene from genomic DNA extracted from any nucleated 
cell, such as blood leukocytes, buccal smear, amniotic cells, or chorionic villus samples (7). 
Such genetic analysis assists in the diagnosis of Crigler-Najjar syndromes without having to 
obtain a liver biopsy. It also helps in the identification of heterozygote carriers and genetic 
counseling. Genomic DNA analysis of chorionic villus biopsy samples or amniotic cells has 
been used to make prenatal determination of the bilirubin-UGT genotype in cases in which a 
previous sibling was born with Crigler-Najjar syndrome (12). 

1.2. Gilbert's Syndrome 

Gilbert's syndrome, one of the most common inherited disorders in humans, is characterized by 
mild, fluctuating unconjugated hyperbilirubinemia (J 3). In adults, serum bilirubin levels usually range 
from 1- 5 mg/dL, but may increase to up to 10 mg/dL in physically or mentally stressful situations. 
As in Crigler -Najjar syndrome type II, the bilirubin monoglucuronide to diglucuronide ratio in the bile 
is higher than that in normals, usually exceeding 30% of total (normally 80-90% of pigments excreted 
in bile is bilirubin diglucuronide) (14). Other than bilirubin concentrations, all serum biochemical tests 
are within normal limits. Although Gilbert's syndrome is generally considered innocuous, it may be 
associated with higher levels of serum bilirubin during the neonatal period (see Section 1.2.2.). 

1.2.1. MOLECULAR GENETICS 

Recently, a variant promoter upstream to the first exon ofbilirubin-UGT has been found to 
be associated with Gilbert's syndrome. Normally, the promoter consists of A(TA)6TAA, 
whereas subjects with Gilbert's syndrome are homozygous for a variant promoter that contains 
two extra nucleotides: A(TA)7TAA. The variant promoter is thought to reduce the expression 
of hepatic bilirubin-UGTl (15). However, this reduction is not sufficient to cause hyperbiliru
binemia in all persons, because daily serum bilirubin production is an important variable. In 
adult females, the daily bilirubin production is lower than in males. As a result, the full clinical 
manifestation of Gilbert's syndrome is unusual in females. 

1.2.2. RELATIONSHIP OF GILBERT'S SYNDROME WITH NEONATAL HYPERBILIRUBINEMIA 

As the daily bilirubin production is higher in neonates than it is in adults, the presence of a 
Gilbert' s-type promoter upstream to bilirubin-U GT 1 may be expected to result in higher serum 
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bilirubin levels. Indeed, in a study involving a large number of healthy, full-term, newborn 
Greek babies, without glucose-6-phosphatase deficiency or any other evidence of hemolysis, 
mean serum bilirubin levels at 72 h after birth were found to be significantly higher in neonates 
homozygous for the Gilbert genotype. This finding indicates that the Gilbert-type promoter is 
one of the determinants ofthe level of hyperbilirubinemia in otherwise healthy newborns (1,2). 
The precise increase in the risk for the adverse effect of neonatal jaundice in babies homozy
gous for the Gilbert genotype remains to be determined. 

2. BILIRUBIN TOXICITY 

Unconjugated bilirubin is potentially toxic. However, in physiological states, binding to 
plasma albumin, rapid uptake by hepatocytes, and an efficient conjugation mechanism protect 
the body from the toxic effects of bilirubin (2). Therefore, the manifestation of its toxicity is 
largely limited to the neonatal life, and in subjects with inherited disorders of bilirubin conju
gation. Degeneration of brain tissue, associated with yellow pigmentation was first reported 
in 1949 (16). The association of kernicterus, or bilirubin-induced encephalopathy with severe 
unconjugated hyperbilirubinemia was subsequently established. Whereas the cerebral toxicity 
has received the most attention, other organ systems are also affected (2). 

2.1. Cerebral Toxicity: Clinical Features of Bilirubin Encephalopathy 
High serum unconjugated bilirubin levels (usually over 20 mg/dL) in the newborn may 

result in clinical evidence of brain damage, ranging from subtle neurological abnormality to 
severe encephalopathy or fully developed kernicterus (1). Bilirubin encephalopathy may occur 
at lower bilirubin concentrations in small premature babies or in the presence of acidosis, 
hypoxia, sepsis, and the use of drugs that compete with bilirubin for albumin binding. Overt 
kernicterus most commonly occurs at 3--6 d of life, and is evidenced by the loss of the moro 
reflex, truncal hypertonicity, and opisthotonus from a startling stimulus. Survivors may develop 
irreversible hearing loss, muscle spasticity, paralysis of upward gaze, athetosis, and mental 
retardation in various combinations or may have no residual brain damage (17). Some infants 
who have more modest hyperbilirubinemia may not have overt signs of kernicterus, but may 
have a higher incidence of impairment of neurological and intellectual function in later years. 
In some children with Crigler-Najjar syndrome Type I, bilirubin encephalopathy may present 
late with cerebellar symptoms (2). The occurrence of kernicterus is usually limited to the 
neonatal period and the first few months oflife. However, in patients with inherited deficiency 
of bilirubin glucuronidation, kernicterus may occur during adolescence or early adulthood. 

The brain, particularly basal ganglia, hippocampus, thalamus, and nuclei of the cerebellum, 
pons, and medulla are grossly pigmented in infants dying in acute bilirubin encephalopathy 
(18). Although the term kernicterus refers to this pigmentation, children dying of chronic 
bilirubin encephalopathy after the neonatal period do not exhibit cerebral bilirubin deposition. 
The clinical manifestations usually precede histological evidence of brain damage. Within 72 
h of onset of kernicterus, no specific cellular pathology is noticed by light microscopy. After 
72 h, the pigmented areas show cytoplasmic degeneration, loss of Nissl substance, develop
ment of fine vacuoles, and distortion of nuclear chromatin. Focal necrosis of neurons and glial 
cells occurs later and gliosis of the affected areas is seen in chronic cases. These histologic 
lesions are not present from the onset of clinical kernicterus, and may not be the initiating 
pathophysiological events in bilirubin-induced brain damage (2,18). 

Nonspecific signs of encephalopathy in the neonate may result from other causes, such as 
cerebral hemorrhage and, therefore, kernicterus cannot be always diagnosed without patho
logical documentation. In the absence of specific neuropathological lesions, yellow discolora-



306 Part VII I Pediatric Liver Diseases 

tion of the brain at autopsy is not pathognomonic of bilirubin encephalopathy, because in the 
presence of hyperbilirubinemia, the brain may acquire yellow pigmentation in the setting of 
other forms of injury. Such lesions need to be excluded on clinical or pathological basis 
(1,2,17). Conversely, prolonged storage of brain tissue in formaldehyde may result in the loss 
of initially present pigmentation. Thus, in the absence of neuronal degeneration, bilirubin
staining alone does not establish the diagnosis of classic kernicterus (17). 

The prognostic significance of a moderate degree of hyperbilirubinemia is not entirely clear. 
Serum bilirubin levels that are not high enough to cause kernicterus have been reported to result 
in an increased incidence of neurologic abnormalities or decreased intellectual performance 
later in life. 

2.1.1. BLOOD-BRAIN BARRIER AND CEREBRAL BILIRUBIN CLEARANCE 

A series of interfaces between the plasma and brain, termed the blood-brain barrier, 
regulates the influx of blood-borne substances into the brain. Capillary endothelial cells and 
adjoining foot processes of astroglial cells represent the structural component of the blood
brain barrier. Transporter and carrier proteins that mediate the influx of nutrients, ions, and 
water into the cerebrospinal fluid and brain constitute the functional component of the 
barrier (J 7, 19). Although the immaturity of the blood-brain barrier has been implicated in 
the vulnerability of neonates to bilirubin encephalopathy, bilirubin encephalopathy does 
occur in adults in the presence of severe unconjugated hyperbilirubinemia and transfer of 
plasma bilirubin into adult brain has been documented. Indeed, studies of transfer of lipo
philic substances from blood to brain showed no difference between neonates and adults. 
Furthermore, an inefficient blood-brain barrier would permit albumin to enter the brain 
along with bilirubin, thereby mitigating the toxic effect of bilirubin. Therefore, immaturity 
of blood-brain barrier may not be a major cause of the susceptibility of neonates to bilirubin
encephalopathy (2,17). 

The transport of bilirubin between plasma and brain is bidirectional. Bilirubin may bind with 
greater avidity to neonatal brain cell membranes, thereby reducing the clearance of bilirubin 
from brain. Cerebral bilirubin clearance may be further reduced in the presence of hypoxia and 
acidosis. Lower affinity of bilirubin for neonatal albumin and lower plasma albumin concen
tration in neonates may be other factors that contribute to higher incidence of bilirubin toxicity 
in neonates (2,17). 

Experimentally, the blood-brain barrier can be unilaterally and reversibly opened without 
causing brain damage by infusion of hypertonic urea or arabinose. The hyperosmolarity
associated shrinkage ofthe capillary endothelial cells results in temporary opening of the tight 
junctions. When the blood-brain barrier is opened in newborn rats by this technique, intrave
nously administered albumin-bound bilirubin rapidly enters the brain. Following the reversal 
ofthe blood-brain barrier, bilirubin is rapidly cleared from the brain. The clearance of bilirubin 
from brain parallels its clearance from serum, suggesting that bilirubin is cleared by diffusion 
or transport back into the general circulation. However, damaged brain, which may be edema
tous, may bind bilirubin and be unable to clear bilirubin rapidly and, therefore, be more 
vulnerable to bilirubin toxicity (20). 

2.1.2. BIOCHEMICAL MECHANISMS OF BILIRUBIN TOXICITY 

Bilirubin has a broad range of toxicity on organs, cells, subcellular organelles, and cellular 
functions. It is not clear which ofthese toxic effects are relevant in bilirubin encephalopathy. 
Bilirubin inhibits DNA, RNA, and protein synthesis in brain cells. Bilirubin uncouples oxida
tive phosphorolyation and inhibits ATPase activity of brain mitochondria. All toxic effects of 
bilirubin are inhibited by binding of bilirubin to albumin (2). 
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2.2. Bilirubin Nephrotoxicity 
Deposition of un conjugated bilirubin in the renal medulla results in medullary necro

sis and formation of bilirubin crystals on the renal papillae in hyperbilirubinemic infants 
and in Gunn rats. In adult Gunn rats, an abnormality of the ascending loop of Henle leads 
to an impairment of urinary concentration, which is ameliorated by reduction of serum 
bilirubin levels. The urinary concentration defect has not been found in mature neonates 
with hyperbilirubinemia or in patients with Crigler-Najjar syndrome type I who survive 
to adult age (2,21). 

3. TREATMENT 

Conventional treatment aims at reducing serum bilirubin levels. As discussed above, serum 
bilirubin levels are reduced by induction ofbilirubin-UGT activity by phenobarbital treatment 
in patients with Crigler-Najjar syndrome type II, but not in type I. Phenobarbital also normal
izes serum bilirubin concentrations in Gilbert's syndrome. However, this innocuous condition 
does not need treatment. 

3.1. l'hototherapy 
Because all its polar groups are engaged by internal hydrogen bonding, bilirubin IXa is 

insoluble in water. Exposure to light promotes the formation of geometric isomers of bilirubin 
IXa that lack internal hydrogen bonds, are more polar than bilirubin, and are excreted in bile 
without conjugation (2). Bilirubin photoisomers excreted in bile undergo reconversion to the 
hydrogen-bonded structure and may form bilirubin "plugs" within bile ducts. Subsequently, 
stable structural changes occur in the molecule, resulting in the formation of irreversible 
photoproducts. Phototherapy is the mainstay of medical therapy for severe unconjugated 
hyperbilirubinemia of the newborn. In patients with Crigler-Najjar syndrome type I, and in 
severe cases of Crigler-Najjar syndrome type II, phototherapy needs to be continued until the 
disease is reversed by liver transplantation. Fluorescent lamps with devices for shielding the 
eyes, or "light blankets" are available and effectively lower serum bilirubin levels. After 
children reach 3 or 4 yr of age, phototherapy becomes progressively less effective due to 
thickening of the skin, increased skin pigmentation, and decreased surface area in relation to 
body mass (1,22). 

3.2. Exchange Transfusion and l'lasmapheresis 
In neurological emergencies, plasmapheresis or exchange transfusion rapidly reduce serum 

bilirubin concentration. Because bilirubin is tightly bound to plasma albumin, removal of 
albumin results in the withdrawal of equimolar amounts of bilirubin. This is followed by 
mobilization of tissue bilirubin stores to the plasma (1). 

3.3. Orthotopic Liver Transplantation 
Because, at present, there is no other definitive long-term treatment for patients with this 

condition, orthotopic liver transplantation has become a standard treatment of Crigler-Najjar 
syndrome type I. Although this procedure is not without risk in these individuals, it has cured 
several patients, and has dramatically changed the prognosis of Crigler-Najjar syndrome 
type I. Because a segment of a normal liver is sufficient to reduce serum bilirubin levels, 
auxiliary grafting of a liver segment has been performed in several cases. Opinions differ as 
to the optimum time for liver transplantation. Some investigators believe that the transplan
tation should be performed around the age of 6-8 yr, before the onset of clinical bilirubin 
encephalopathy (1,23). 
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3.4. Experimental Methods 

3.4.1. INHIBITION OF HEME OXYGENASE 

Noniron metalloporphyrins, such as tin-protoporphyrin or tin-mesoporphyrin are "dead
end" inhibitors of microsomal heme oxygenase, which is rate-limiting in the production of 
bilirubin. Administration of these compounds suppresses neonatal hyperbilirubinemia in ani
mals. Injection of tin-mesoporphyrin temporarily reduces serum bilirubin levels in patients 
with Crigler-Najjar syndrome type I, and can be used to reverse an encephalopathic crisis. 
However, the effect does not last for a long time (24). 

3.4.2. INDUCTION OF BILIRUBIN-OXIDIZING ENZYMES 

The induction of P-450c results in increased oxidative degradation of serum bilirubin in 
Gunn rat liver, with consequent reduction of serum bilirubin levels. Several naturally occurring 
indoles extracted from cruciferous vegetables, such as cabbage, cauliflower, and Brussels 
sprouts induce P-450lAl and lA2 in rat liver and intestine. One such inducer, indole-3-
carbinol, is being studied for a potential therapeutic effect in Gunn rats and in Crigler-Najjar 
syndrome type 1(25). 

3.4.3. REDUCTION OF INTESTINAL REABSORPTION 

Oral administration of charcoal, agar, or cholestyramine interferes with the intestinal 
absorption of un conjugated bilirubin, increasing the efficacy of phototherapy. Calcium salts 
have a similar effect on patients undergoing phototherapy for Crigler-Najjar syndrome type I, 
but not in patients with Crigler-Najjar syndrome type II, who are usually not treated by pho
totherapy (1,2). 

3.4.4. EXPERIMENTAL 

Transplantation ofhepatocytes and gene therapy as new therapeutic approaches are under 
investigation. 

3.4.4.1. Liver Cell Transplantation. This technique is being evaluated as a potential treat
ment for Crigler -Najjar syndrome type I. Hepatocyte transplantation by portal venous infusion 
ofhepatocytes, intraperitoneal injection of microcarrier-bound hepatocytes, or intraperitoneal 
implantation of alginate-polylysine-encapsulated hepatocytes resulted in a reduction of serum 
bilirubin levels in Gunn rats. Transplantation of isolated liver cells into the spleen also results 
in biliary excretion of conjugated bilirubin and reduction of serum bilirubin levels. After 
intrasplenic injection, a great majority of the hepatocytes rapidly translocate to the liver, 
where, in the absence of immune rejection, they survive and function throughout the life
span of recipient rodents (26). 

3.4.4.2. Gene Therapy. Because the metabolic defect in Gunn rats and in Crigler-Najjar 
syndrome type I results from lesions of a single gene, supplementation with a normal bilirubin
UGT gene is an attractive potential therapeutic modality. Bilirubin disposal is a multistep 
process mediated by several proteins preferentially expressed in the liver. Therefore, gene 
therapy for bilirubin-UGT deficiency must be directed at the hepatocyte. Methods for gene 
introduction into the liver using recombinant viruses or ligands that mediate receptor-directed 
endocytosis are being evaluated for this purpose. In an ex vivo approach, liver cells harvested 
from a mutant subject by partial hepatectomy are established in primary culture and trans
duced with normal (therapeutic) genes using recombinant retroviruses. In an in vivo 
approach, the deficient gene is carried by recombinant adenoviruses. The use of these vec
tors led to long-term correction of the metabolic defect in Gunn rats (27,28). 
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4. PREVENTION: GENETIC COUNSELING 

4.1. Genotypic Diagnosis and Carrier Identification 
Because Crigler-Najjar syndromes are inherited as autosomal recessive characteristics if 

both parents are heterozygous carriers for the disorder, the probability of the offspring having 
the disease is 1 :4, being an asymptomatic carrier is 1 :2, and being homozygous normal is 1 :4. 
In many cases, the parents are known to be blood relatives, which increases the chance of the 
offspring having this rare disorder. Because the phenotypic manifestation of the disease can 
be cured by liver transplantation in the future, patients with homozygous genotypic abnormal
ity are expected to have children. If one parent is homozygous for the disease gene and the other 
is an asymptomatic carrier, the probability of the offspring having the disease is 1 :2, the 
remainder will be asymptomatic carriers. In many cases, there is no known consanguinity, and 
the chromosomes derived from the father and the mother may contain different mutations 
(compound heterozygosity). Often, there is no known history of inherited jaundice in any other 
member of the kindred. 

Currently several research laboratories are capable of performing molecular genetic analy
sis of DNA extracted from blood leukocytes or buccal smears for identifying the mutations that 
can cause Crigler-Najjar syndromes (8,1 0, 15). The effect of observed mutations can be evalu
ated by expression ofmutagenized bilirubin-UGT mRNAs. This allows the identification of 
heterozygous carriers, which can be used for prenatal or preconceptional genetic counseling. 

4.2. Prenatal Diagnosis 
Recently, it has been possible to use molecular genetic techniques to identify sequence 

abnormalities in the bilirubin-UGT gene from genomic DNA extracted from amniotic cells or 
chorionic villus samples (12). Such definitive identification ofthe genotype ofthe fetus should 
greatly facilitate the genetic counseling and may aid in the institution of early treatment during 
the neonatal and even prenatal life. 

SUMMARY 

The three grades of inherited deficiency of bilirubin-UDP-glucuronosyltransferase 
(UGT) are: complete deficiency (eN type I), severe partial deficiency (eN type II), and mild 
reduction in enzyme activity (Gilbert's syndrome). 

eN type I is a recessive disorder characterized by severe unconjugated hyperbilirubine
mia leading to kernicterus and death. Phototherapy, intermittent plasmapheresis and, finally, 
liver transplantation are the main treatment modalities. 

eN type II (Arias syndrome), is characterized by somewhat lower serum bilirubin levels 
than eN type I. Bilirubin levels can be reduced by at least 25% by phenobarbital treatment. 
Kernicterus is rare. 

Gilbert's syndrome is characterized by mild fluctuating unconjugated hyperbilirubine
mia. It is innocuous and no treatment is required. 

High serum unconjugated bilirubin levels in the newborn may result in clinical features 
of brain damage (kernicterus). 

Bilirubin encephalopathy may occur in adolescents and adults in the presence of serum 
unconjugated hyperbilirubinemias. 
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1. INTRODUCTION 

Cholestasis is a decrease in bile flow caused by impaired secretion by hepatocytes or to 
obstruction of bile flow through the intra- or extrahepatic bile ducts. It presents clinically with 
conjugated hyperbilirubinemia, but the consequences of chronic cholestasis are related to the 
retention of other potentially noxious substances that are normally excreted into bile, including 
bile acids, copper, and lipids, and to a deficiency of micelle-forming bile acids within the 
intestinal lumen that are essential for dietary lipid and fat-soluble vitamin absorption. Injury 
to hepatocytes and the biliary system may be progressive from the underlying disease and from 
secondary effects of cholestasis, leading to fibrosis and cirrhosis. The numerous conditions 
manifesting as neonatal cholestasis are shown in Table 1. 

Urgent evaluation of the cholestatic infant is critical to the treatment of life-threatening 
metabolic or infective liver diseases and for the surgical management of biliary anomalies (J). 

The approach to the evaluation of the infant with cholestatic liver disease is outlined in 
Fig. 1. Measurement of serum conjugated bilirubin levels is the most important initial test. 
Cholestatic jaundice may occur in the neonate along with a severe acute illness, sometimes 
leading to hepatic failure or can be an isolated finding. Because of otherwise good health and 
appearance of some infants, cholestasis may be misinterpreted as physiologic hyperbilirubine
mia or the jaundice sometimes associated with breast feeding (see Chapter 22, this volume). 
However, cholestatic liver disease should be excluded in any infant who is jaundiced beyond 
14 d of age (2). Acholic stools are observed in severe liver dysfunction and with biliary 
obstruction, but the physician may be misled by stools that are only lightly pigmented or 
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Table 1 

Differential Diagnosis of Neonatal Cholestasis 

1. Disorders of the Bile Ducts. 
Extrahepatic biliary atresia 
Paucity of interlobular bile ducts 
Alagille's syndrome 
Choledochal cysts 
Neonatal sclerosing cholangitis 
Spontaneous perforation 
Bile duct stenosis 
Inspissated bile plug 
Cystic fibrosis 
Caroli's disease 
Cholelithiasis 
Tumors/masses 

2. Neonatal Hepatitis. 
Idiopathic 
Viral 

Rubella 
Cytomegalovirus 
Herpeviruses 
Reovirus type II 
Human herpesvirus 6 
Adenovirus - Enteroviruses 
Hepatitis B - Hepatitis C 
? Other non A, B, C, D, E 
HIV 

Bacterial and parasitic 
Bacterial sepsis 
Syphilis 
Listeriosis 
Tuberculosis 
Toxoplasmosis 
Other 

3. Toxic. 
Drugs 
Parenteral nutrition 

4. Idiopathic Cholestasis. 
Byler's disease 
Hereditary cholestasis with lymphedema 
Benign recurrent cholestasis 
North American Indian cholestasis 

5. Metabolic Diseases. 
Amino acids 

Tyrosinemia 
Lipids 

Neimann-Pick type C 
Gaucher's disease 
Wolman's disease 
~-oxidation defects 

Urea cycle 
Arginase deficiency 
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Carbohydrates 
Galactosemia 
Fructosemia 
Type IV glycogenosis 

Bile acid biosynthesis 
Peroxisomal defects 

Table 1 (continued) 

3~-hydroxy-~5C -steroid dehydrohydrogenase deficiency 
~ 4-3-oxosteroid-5~-reductase deficiency 

Defective oxidative phosphorylation 
Other 

Alpha-I-antitrypsin deficiency 
Hypopituitarism (septo-optic dysplasia) 
Hypothyroidism 
Neonatal hemochromatosis 

6. Miscellaneous Associations. 
Shocklhypoperfusion 
Histiocytosis X 
Intestinal obstruction 
Erythrophagocytic histiocytosis 
Neonatal lupus erythematosus 
Indian childhood cirrhosis 
Extracorporeal membrane oxygenation 
Autosomal trisomies 
Graft vs host disease 
Donahue's syndrome 
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intermittently pigmented with evolving obstruction. The urine is usually dark, but this is easily 
missed. Bleeding secondary to vitamin K deficiency can be a presenting feature of neonatal 
cholestasis. 

Variable elevations of serum direct bilirubin, aminotransferase levels, serum alkaline phos
phatase, and serum lipids are observed, but are not specific. However, these tests along with 
the blood glucose, ammonia levels, and coagulation studies may provide insight into the 
severity of the liver dysfunction. Unfortunately, no single test or group of tests has proven to 
be of satisfactory discriminatory value in distinguishing infants with intra- and extrahepatic 
cholestasis, because at least 10% of infants with intrahepatic cholestasis will have sufficient 
bile secretory failure so as to have diagnostic tests that overlap with biliary atresia (3-5). 

Ultrasonography is a useful initial study for assessing the size and composition of the liver 
and can usually demonstrate the presence and size of the gallbladder, detect stones and sludge 
in the bile ducts and gallbladder, and demonstrate cystic or obstructive dilatation ofthe biliary 
system (6). Unfortunately, dilatation of the intrahepatic bile ducts is not usually seen in extra
hepatic biliary atresia. Computed tomography and magnetic resonance imaging provide simi
lar information to that obtained by ultrasonography, but are less suitable for use in infants 
because of the need for contrast and for heavy sedation or general anesthesia (6). 

Hepatobiliary scintigraphic imaging with agents such as technetium 99m iminodiacetic acid 
derivatives is often used in evaluating the cholestatic infant (7). Pretreatment with phenobar
bital for a period of 5 d is required to stimulate bile flow and enhance visualization of the bile 
tract. Hepatic uptake of isotope occurs rapidly in patients with biliary atresia because liver 
function is usually preserved early in the disease, but excretion into the intestine is absent even 
on scanning 24 h later. In contrast, uptake is poor in cases of neonatal hepatitis, but excretion 
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Fig. 1. Schematic diagram for evaluation of neonatal cholestasis. 

into bile in the intestine may eventually be detected. In practice, the distinction between severe 
hepatocellular disease and biliary obstruction may not be reliably made using this technique, 
and equivocal results may further delay diagnosis and treatment. 

Percutaneous transhepatic cholangiography or endoscopic retrograde cholangiography 
(ERCP) may be of value in visualizing the biliary tract in selected cases, but are technically 
demanding in infants (8). 

Percutaneous liver biopsy is particularly useful in the evaluation of the cholestatic patient 
(5,9). A diagnosis of extrahepatic biliary atresia can be successfully made on the basis of 
clinical and histologic criteria in 90--95% of patients. In the small number of cases in which 
doubt about the diagnosis persists, the patency of the biliary tree can be directly examined at 
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the time of a mini-laparotomy and operative cholangiogram. Liver tissue can also be examined 
by electron microscopy, used for enzymatic and genetic analysis, and can be cultured for 
infectious agents. 

2. DISORDERS OF THE BILE DUCTS 

2.1. Extrahepatic Biliary Atresia 

Extrahepatic biliary atresia is a disorder characterized by a complete obstruction of bile flow 
due to destruction or absence of all or part of the extrahepatic bile ducts (10). The disorder 
occurs in 1: 10,000 to 1: 15,000 live births and accounts for approx one third of the cases of 
neonatal cholestatic jaundice. It is the single most frequent cause of death from liver disease 
and of referral for liver transplantation (approx 50% of all cases) in children. 

The etiology of extrahepatic biliary atresia is unknown. The disease is not inherited. Because 
of the inflammatory process and progressive injury to the biliary system, a number of viral 
agents have been implicated, including cytomegalovirus, rubella virus and, possibly, reovi
rus type III, but these agents do not account for the majority of cases (11). Extrahepatic 
anomalies occur in 1 {}-25% of patients and include cardiovascular defects, poly splenia, 
malrotation, situs inversus, and bowel atresias, suggesting that the pathogenetic process may 
begin prenatally (12). However, most cases can not be attributed to a failure in morphogenesis 
or recanalization of the bile duct during embryonic development. Injury to and obliteration of 
the extrahepatic bile ducts usually progresses postnatally. 

Complete fibrous obliteration of all or at least a portion of the extrahepatic bile ducts is 
pathognomonic (13) (see Fig. 2). In the most common form of atresia (approx 90% of cases), 
the entire extrahepatic biliary tree is affected. Incomplete forms involving the proximal or 
distal portions of the bile ducts may also occur. The entire perihilar area often consists of a cone 
of dense fibrous tissue. The gallbladder is absent or involved in the inflammatory process to 
some extent in approx 80% of patients. Prior to complete destruction, bile ducts may demon
strate lumina with variable degeneration of epithelial cells, inflammation, and fibrosis in the 
periductular tissues. 

2.1.1. CARDINAL SIGNS AND SYMPTOMS 

Most infants with biliary atresia are of normal birth weight and appear healthy at birth (2). 
Females are affected more commonly than males. Infants appear jaundiced after the period of 
physiologic hyperbilirubinemia. Patients with complete biliary obstruction develop acholic 
stools; however, early in the course with incomplete or evolving atresia, stools may appear 
normally pigmented or only intermittently pigmented (10). Bleeding due to vitamin K defi
ciency may be a presenting feature. 

Moderate hepatomegaly with a firm liver edge is a typical finding (10). The spleen is usually 
not enlarged early in the course, but will become enlarged as cirrhosis develops. Ascites and 
edema are not initially present. 

2.1.2. DIAGNOSIS 

On laboratory evaluation, the serum bilirubin level is variably elevated, often between 6 and 
12 mg/dL with at least 50% of the total being conjugated (5,10). Serum aminotransferase and 
alkaline phosphatase levels are moderately elevated. Liver histology from a liver biopsy done 
in the first weeks oflife generally shows good preservation of the hepatic architecture with a 
variable degree of bile ductular proliferation, canalicular and cellular bile stasis (14). Portal 
tract fibrosis, inflammation, and edema are often seen. The presence of bile plugs in portal 
triads is an important feature oflarge duct obstruction. Variable injury to the biliary epithelium 
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Fig. 2. Section of a common bile duct from a patient with extrahepatic biliary atresia, showing inflam
mation, fibrosis, and evolving obliteration of the duct lumen. 

including swelling, vacuolization, and even sloughing of cells into the lumen can be found. 
Giant cell transformation ofhepatocytes may also be present, as well as fibrosis of portal tracts. 
Patients can evolve to cirrhosis during the first year of life with or without the successful 
restoration of bile flow. The diagnosis is confirmed by exploratory laparotomy and operative 
cholangiography (J 5). 

2.1.3. TREATMENT 

Surgical treatment of extrahepatic biliary atresia patients with obliteration of the proximal 
extrahepatic biliary tree requires the hepatoportoenterostomy or Kasai procedure (J 6). The 
fibrous extrahepatic biliary tree is resected with the dissection carefully progressing back
wards and laterally to include a fibrous cone of tissue in the area of the porta hepatis in order 
to expose an area that may contain residual, microscopic bile ducts. The operation is then 
completed by the anastomosis of a Roux-en-Y loop of jejunum around the bare edge of the 
transsected tissue to provide a conduit for biliary drainage. A conventional anastomosis with 
a segment of bowel to a patent proximal portion of the biliary tree or to cystic structures in the 
porta hepatis may be possible in approx 10% of patients. 

2.1.4. COMPLICATIONS AND PROGNOSIS 

The prognosis of untreated biliary atresia is extremely poor, with death from liver failure 
usually occurring within 2 yr (17). Bile flow has been re-established in several recent series in 
80-90% of infants who were referred for surgery within 60 d after birth. Recurrent bouts of 
ascending bacterial cholangitis, which are most frequent during the first 2 yr after operation, 
can contribute to the ongoing bile duct injury and can even lead to reobstruction. Children with 
biliary atresia derive long term benefit from the portoenterostomy, even though the operation 
is not curative in most cases. Progressive biliary cirrhosis may eventually result in hepatic 
failure and need for liver transplantation despite an apparent successful relief of biliary 
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obstruction. The 1 O-yr survival after portoenterostomy in several large series has ranged from 
28-36% (18-20). However, two thirds of these patients experience some manifestation of 
portal hypertension. 

Liver transplantation is frequently required in children whose operation is not successful in 
restoring bile flow or who eventually develop end stage liver disease in spite of bile drainage. 
Rates of survival at 1 yr have exceeded 90% in several series with use of reduced-size allografts 
and living-related donors (21,22). 

2.2. Choledochal Cysts 
Choledochal cysts are congenital cystic dilatations of the extrahepatic and intrahepatic bile 

ducts that occur in 1 in 13,000 to 15,000 births in Western countries (23). Congenital weakness 
of the bile duct wall, congenital obstruction, abnormal epithelial proliferation during embryo
logic ductal development, and progressive ductal injury secondary to reflux of pancreatic 
secretions have been suggested as possible etiologies (24). There are five types of choledochal 
cysts (25,26). Type I, a segmental or diffuse fusiform dilatation of the common bile duct 
accounts for 80--90% of cases. A choledochal diverticulum is defined as type II and a 
choledochocele or dilatation of the intraduodenal portion of the common bile duct is classified 
as type III. Type IV cysts may be subdivided into type IVa, multiple intrahepatic and extrahe
patic cysts, and type IVb, multiple extrahepatic cysts. Caroli 's disease, or type V, consists of 
single or multiple dilatations of the intrahepatic ductal system. 

The infantile presentation of a choledochal cyst includes obstructive jaundice, vomiting, 
irritability, failure to thrive, hepatomegaly and, occasionally, a palpable abdominal mass. 
Ultrasound usually demonstrates a cyst or cysts. However, the diagnosis is confirmed and the 
extent of involvement of the biliary tract assessed by an intraoperative cholangiogram. Surgi
cal excision of the cyst with reconstruction of the extrahepatic biliary tree is the preferred 
treatment, as it reduces bile stasis and the risk for subsequent development of cholangitis and 
malignancy (24). Complicated intrahepatic extension of the cyst may preclude complete 
excision requiring decompression and internal drainage. 

2.3. Paucity of Interlobular Bile Ducts 
A paucity of interlobular bile ducts may result from progressive ductule destruction in a 

heterogeneous group of disorders, including congenital infections with rubella, and cytome
galovirus and genetic disorders, such as alpha-I-antitrypsin deficiency and inborn errors of 
bile acid metabolism. True biliary dysgenesis may be causal in some patients, but paucity more 
often results from active injury and loss of bile ducts. The finding is commonly isolated and 
unexplained in infants without associated developmental anomalies and without a documented 
intrauterine infection or genetic disorder, and may be associated with progressive liver disease 
(27). These cases are likely to be heterogeneous in etiology and have been extremely variable 
in clinical features and prognosis. A more specific diagnosis, such as sclerosing cholangitis, 
may be found later in some of these patients (28). 

2.4. Syndromatic Paucity of Interlobular Bile Ducts 
(Alagille Syndrome or Arteriohepatic Dysplasia) 

Syndromatic paucity of interlobular bile ducts (Alagille syndrome or arteriohepatic dyspla
sia) is the most common form offamilial intrahepatic cholestasis and is inherited as an auto
somal dominant trait with reduced penetrance and variable expressivity (29). Chronic 
cholestasis, a decreased number of interlobular bile ducts, and a variety of other congenital 
malformations, are typically found. A partial deletion of the short arm of chromosome 20 has 
been detected in some patients (30). However, the disorder occurs in the absence of affected 
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family members, indicating that spontaneous mutations can occur or that minimally affected 
family members go undetected (31). 

2.4.1. CARDINAL SIGNS AND SYMPTOMS 

Chronic cholestasis of varying severity affects most patients. Jaundice and clay-colored 
stools may be observed during the neonatal period or during the first months of life. Other 
patients may present because of poor growth. Intense pruritus may be present by 6 mo of age. 
Xanthomas often develop on the extensor surfaces of the fingers and in creases of the palms 
and popliteal areas during the first years oflife. The liver and spleen are usually normal in size 
or only slightly enlarged. 

Dysmorphic facies, recognized during infancy and becoming more characteristic with age, 
consists of a broad forehead, deeply set and widely spaced eyes, and a somewhat small and 
pointed mandible which imparts a triangular appearance to the face (29). A flattened malar 
eminence and prominent ears are also observed. Extrahepatic anomalies have been described 
with this syndrome, but there is considerable variability in phenotypic expression. Short stature 
can only be partially attributed to the severity of chronic cholestasis. Mild to moderate mental 
retardation affects 15-20% of patients. Congenital heart disease occurs in most patients with 
peripheral pulmonic stenosis observed in approx 90% of cases. Decreased bone age, variable 
shortening ofthe distal phalanges, and vertebral arch defects are frequently present. Ophthal
mological examination often reveals a posterior embryotoxon (mesodermal dysgenesis of the 
iris and cornea). Renal abnormalities and hypogonadism may occur. 

2.4.2. DIAGNOSIS 

Standard liver tests are altered and of value in establishing the presence of liver disease. 
Serum bilirubin and aminotransferase levels are often elevated. Serum cholesterol levels of 
200 mg/dL or higher and serum triglyceride concentrations ranging from 500-1000 mg/dL are 
typical. Total serum bile acid concentrations are markedly elevated, but the bile acid profiles 
in serum, urine and bile do not differ qualitatively from other cholestatic patients. 

On liver biopsy, the hallmark of the condition is a paucity of interlobular bile ducts. The only 
clearly established mechanism for duct paucity is duct destruction rather than a failure of ducts 
to develop. The histologic features during the first months oflife include: significant balloon
ing of hepatocytes, variable cholestasis, portal inflammation, and giant cell transformation. 
The number of interlobular bile ducts is often not decreased on initial liver biopsy, but bile duct 
injury and loss is progressive. Cellular infiltration of portal triads contiguous to interlobular 
bile ducts, lymphocytic infiltration, and pyknosis of biliary epithelium and periductal fibrosis 
may be found, leading to paucity of interlobular bile ducts usually after 3 mo. Mild periportal 
fibrosis is seen, but progression to cirrhosis occurs uncommonly. The extrahepatic bile ducts 
are patent, but are usually small. 

The clinical course is marked by varying degrees of cholestasis, which may be unremitting 
or sometimes worsened during intercurrent illness. Significant morbidity may result from 
pruritus, cutaneous xanthomata, and neuromuscular symptoms related to vitamin E deficiency. 
Treatment should focus on the provision of an adequate caloric intake, the prevention or 
correction of fat-soluble vitamin deficiencies, particularly vitamin E deficiency, and symp
tomatic measures to relieve pruritus (32). 

Long term prognosis is determined by the severity of the liver disease and associated 
malformations (33). Progression to cirrhosis and liver failure can occur, but more often severe 
complications such as bone fractures, intractable pruritis, and xanthoma necessitate liver trans
plantation. Hepatocellular carcinoma may occur. The severity of associated malformations 
may decrease survival and preclude candidacy for liver transplantation (34). 
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2.5. Cystic Fibrosis 
Patients with cystic fibrosis may develop cholestasis in the neonatal period (35) (see Chapter 25, 

this volume, for more details). Meconium ileus may be associated. Clinical features of cholestatic 
jaundice and acholic stools can mimic extrahepatic biliary atresia. A reliable sweat chloride analysis 
may be difficult to obtain in the neonate. Genotype analysis is an alternative method of diagnosis, 
particularly in the absence of a positive family history. There is no significant difference in the allele 
frequencies of defined and undefined mutations of the cystic fibrosis gene between patients with 
and without liver disease (36,37). Bile plugging in portal tracts, bile ductular proliferation, and 
portal fibrosis are found on liver biopsy. These features of biliary obstruction may necessitate 
exploratory laparotomy to exclude biliary atresia. The extrahepatic bile ducts appear normal or 
obstructed by thick, tenacious mucous. Removal of the inspissated material by irrigation can be of 
value, butthe cholestatic liver disease may improve spontaneously (38). The severity ofthe pulmo
nary disease and complications of meconium ileus often determine the outcome. Neonatal 
cholestasis does not necessarily predict progression to biliary cirrhosis in later life. 

3. INTRAHEPATIC CHOLESTASIS 

3.1. Neonatal Hepatitis 
Neonatal hepatitis refers to a pattern of injury typical of the neonatal liver rather than a 

specific diagnosis, and is characterized by swelling and multinucleated giant cell transforma
tion ofhepatocytes, as well as variable cholestasis, inflammation, necrosis, and fibrosis (1,39). 
The relative incidence of the disorder in early reports varied from I :2500 to I :8000 live births. 
In many series at least one third of the patients with neonatal cholestasis fell into the category 
of so-called idiopathic neonatal hepatitis. A familial form affects 10% of patients, suggesting 
causation by an underlying inborn error of metabolism. At present, the incidence of idiopathic 
neonatal hepatitis is much lower, due to advances in diagnostic methods in virology and inborn 
errors of metabolism. These allow for a more precise diagnosis of inborn errors of metabolism 
(40). For example, neonatal hepatitis may be caused by perinatal infection with parvovirus B 19 
or human herpesvirus-6. Other recent associations include neonatal lupus erythematosus, 
alpha-I-antitrypsin deficiency, and inborn errors of bile acid metabolism. 

3.1.1. CARDINAL SIGNS AND SYMPTOMS 

The clinical presentation of neonatal hepatitis is highly variable (4,5,41). In contrast with 
patients with biliary atresia, the infant with neonatal hepatitis is often born prematurely or of 
low birth weight. Cholestatic liver disease may be noticed during the neonatal period or escape 
recognition until 1- 2 mo of age. A hemorrhagic diathesis may result from deficiency of 
coagulation factors and from thrombocytopenia. Microcephaly and chorioretinitis strongly 
suggest intrauterine infection with rubella or cytomegalovirus. One third of infants may fail to 
thrive. Hepatosplenomegaly is usually present. A fulminant course, reflecting massive necro
sis of hepatocytes, can occur with herpes simplex infection, enteroviral infections, or with 
inborn errors such as neonatal iron-storage disease or tyrosinemia. 

3.1.2. DIAGNOSIS 

Total and conjugated serum bilirubin levels are variably elevated (5). Serum amino
transferases are moderately elevated, but markedly abnormal levels may be found with signifi
cant necrosis. Alkaline phosphatase, 5' -nucleotidase, and y-glutamyltransferase levels are 
raised, but cannot be reliably used to differentiate the condition from biliary obstruction. 

On liver biopsy, the lobular architecture may be severely disturbed with variable swelling, degen
eration, and necrosis ofhepatocytes and extramedullary hematopoiesis (5). Multinucleated giant cells, 
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Fig. 3. Liver biopsy from patient with idiopathic neonatal hepatitis showing typical multinucleated giant cells. 

thought to fonn by fusion of hepatocytes, may be prominent throughout the lobule (see Fig. 3). 
Hepatocellular and canalicular bile stasis reflect the severity of cholestasis. Ductular bile plugs and 
proliferation should be negligible. Periportal and lobular fibrosis may be present. Pseudoacinar ar
rangement of hepatocyte and steatosis suggest a metabolic basis for the liver disease. 

3.1.3. TREATMENT AND PROGNOSIS 

There is no specific treatment for neonatal hepatitis. Fat-soluble vitamin deficiencies should 
be prevented and optimal nutritional support provided with a formula containing medium
chain triglycerides. Approximately 60% of patients with the sporadic form of neonatal hepa
titis recover completely, one-third die from rapidly progressive disease, and approx 10% 
develop chronic liver disease (41). In series collected 15-20 yr ago, the outcome was consid
erably worse in familial cases: 60% of patients died, 30% recovered, and 10% developed 
chronic liver disease. Many of these patients probably suffered from disorders that can now be 
readily diagnosed, such as alpha-I-antitrypsin deficiency. 

3.2. Alpha-l-Antitrypsin Deficiency 
Alpha I-antitrypsin (a 1 AT), a 50 kDa glycoprotein synthesized predominantly in liver, is 

the major serum protease inhibitor and acts to inhibit a broad range of proteolytic enzymes, 
particularly neutrophil elastase (42) (see Chapter 20, this volume). The protease inhibitor 
occurs in over 75 variants, known PI phenotypes, which are each inherited as codominant 
alleles. The normal phenotype, determined by protein electrophoresis, is designated MM. 
Patients with a homozygous deficiency state or II phenotype have low serum alpha I-antit
rypsin levels, usually 10--15% of normal values (43). The incidence of the Pill phenotype is 
1 :2000 to 1 :4000. The deficiency state can be associated with progressive liver disease in 
infants, children, and adults. Approximately 10--15% of patients with the Pill phenotype 
develop cholestatic jaundice in the neonatal period. 
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3.2.1. CARDINAL SIGNS AND SYMPTOMS IN THE NEONATE 

Hepatomegaly and acholic stools are typical in these patients (42). Patients may rarely 
present with ascites or bleeding. Although asymptomatic, another 40--50% of infants may have 
abnormal liver biochemical tests in the first months oflife. The diagnosis should be made by 
determination ofthe a 1 AT phenotype. Measurement of a 1 AT levels alone is not reliable, since 
the protein is an acute phase reactant. 

3.2.2. DIAGNOSIS 

Liver biopsy in the neonate often shows a giant cell hepatitis. Bile ductularproliferation may 
be variably observed; paucity of bile ducts may be found later. The presence of periodic acid
Schiff positive, diastase-resistant inclusions within hepatocytes representing the abnormal 
alAT is a characteristic feature, but is not usually prominent before 4 mo of age. A variable 
degree of fibrosis may be present. Cirrhosis has been reported in the neonate. 

3.2.3. PROGNOSIS 

The course of patients with neonatal liver disease related to alAT deficiency is variable 
(44). Rare patients presenting with cirrhosis may deteriorate rapidly within the first months of 
life. However, in most patients the jaundice clears by 4 mo of age. Nearly equal proportions 
of patients manifest one of the following outcomes: continued liver dysfunction with progres
sion to cirrhosis and end-stage liver disease by age 10 yr; persistent liver test abnormalities with 
slow progression to cirrhosis in adolescence or later; mild liver test abnormalities and minimal 
fibrosis with survival into adulthood; and apparent complete resolution of hepatic disease. 
Hepatocellular carcinoma may occur in these patients. 

3.2.4. TREATMENT 

The treatment ofliver disease associated with a I AT deficiency is supportive (45). Liver trans
plantation, if required, is curative with the patient then assuming the Pi type of the donor organ. 

3.3. Progressive Familial Intrahepatic Cholestasis 
Progressive familial intrahepatic cholestasis (PFIC), also known as Byler's Disease, is a 

syndrome in which chronic, unremitting cholestasis develops early in life (46,47). Jaundice, 
severe pruritus, and growth failure are typical features. Low serum y-glutamyl transpeptidase 
and cholesterol levels help to differentiate PFIC from other chronic cholestatic disorders in 
children. An autosomal recessive pattern of inheritance is likely. The chromosomal locus for 
progressive familial intrahepatic cholestasis has been recently mapped to 18q21-q22, the same 
region as benign recurrent intrahepatic cholestasis (48). Progression to cirrhosis and liver 
failure usually occurs by 3--4 yr of age, but may develop in the neonatal period. Partial external 
biliary diversion has been used successfully to treat intractable pruritus in these patients; in 
some cases the cholestasis also improves following the procedure (49). Orthotopic liver trans
plantation is required in patients with decompensated cirrhosis. 

4. INBORN ERRORS OF BILE ACID METABOLISM 

The pathways for biosynthesis of bile acids from cholesterol require more than 15 enzymatic 
steps in the hepatocyte. In multisystem disorders of peroxisomal assembly and function, such 
as Zellweger syndrome, defective shortening of the cholesterol side chain can result in 
cholestasis and progressive liver disease. Liver-specific injury occurs in two recently described 
enzymatic defects affecting modifications of the steroid nucleus: deficiency of 3-hydroxy-5-
C27-steroid dehydrogenase/isomerase and 4-3-oxosteroid-5-reductase (50--52). Most patients 
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with these disorders develop progressive jaundice, elevated aminotransferases and conjugated 
hyperbilirubinemia during the first weeks of life. Giant cell hepatitis is present on liver biopsy. 
Cases demonstrate an autosomal recessive pattern of inheritance and appear to be fatal if un
treated. Cholestatic liver disease results from bile secretory failure and from retention of bile acid 
precursors that are hepatotoxic. Serum bile acid concentrations are paradoxically normal or low 
in these patients when measured by routine methods, and seemingly incompatible with a diag
nosis of severe cholestasis. The diagnosis is strongly suggested by fast atom bombardment-mass 
spectrometry (F AB-MS) analysis of urine, which quantitatively indicates an elevated urinary bile 
acid excretion compatible with cholestasis, but is remarkable for an absence of normal glyco- and 
tauro-conjugates of primary bile acids. Atypical bile acids, reflecting accumulation biosynthetic 
precursors, account for up to 90% of total urinary bile acids in these patients. 

These inborn errors of metabolism may be effectively treated with bile acid replacement (51). 
Replacement of exogenous bile acids is necessary for the generation of bile acid-dependent bile 
flow. Moreover, the feeding of primary bile acids should inhibit bile acid synthesis at the level 
of7a-hydroxylase and, thus, significantly decrease the production of toxic bile acid precursors. 
There is a growing experience with the use of bile acid treatment for disorders involving the 
steroid nucleus as well as the bile acid side chain. Using the approach of feeding cholic acid or 
chenodeoxycholic acid often with the addition ofursodeoxycholic acid, most patients have had 
a remarkable clinical and biochemical improvement, with normalization of serum liver tests and 
resolution of jaundice. Careful monitoring of urine and plasma samples and titrating therapy 
according to the disappearance of the unusual bile acid metabolites from urine are required. 

5. TOTAL PARENTERAL NUTRITION (TPN)-ASSOCIATED CHOLESTASIS 

Infants receiving total parenteral nutrition (TPN) may develop cholestatic liver disease. 
This risk is highest in premature infants and those who receive minimal enteral feeds and is 
associated with the duration of therapy. Characteristically, there is a gradual increase in the 
serum conjugated bilirubin fraction after 2-3 wk of TPN, followed by increases in amino
transferases and alkaline phosphatase. TPN-related liver disease often resolves with the 
advancement of enteral feedings, but can progress to cirrhosis and hepatic failure. The patho
genesis is unclear and may be multifactorial. Immaturity of the enterohepatic circulation, 
toxicity ofTPN components, systemic infection, deficiencies of specific nutrients, as well as 
the comorbidities affecting these sick infants, may contribute (53,54). The diagnosis ofTPN 
cholestasis is one of exclusion. Histologic findings include cholestasis in hepatocytes, canali
culi, and Kupffer cells, most predominant in the centrilobular region, as well as portal inflam
mation with mild bile duct proliferation and, in more severe cases, fibrosis (55). Infants at risk 
for the development of TPN-related liver disease should have careful monitoring of their 
biochemical indices and ongoing efforts made to initiate and advance their enteral feedings. 

6. MEDICAL MANAGEMENT OF CHRONIC CHOLESTASIS 

Efforts should be directed toward promoting growth and development and minimizing 
discomfort in infants with chronic and sometimes progressive cholestatic liver disease (56). 

Failure to thrive is common in children with cholestasis, largely because of impaired fat solubili
zation and absorption (57). Medium-chain triglycerides (MCT), which do not require bile salt solu
bilization for absorption, can provide needed calories when given in a commercial formula or as an 
oil supplement. Some long-chain triglycerides should also be given to prevent the development of 
essential fatty acid deficiency. Fat malabsorption in cholestatic infants results in deficiencies of fat
soluble vitamins (58). Vitamin A deficiency may manifest as xerophthalmia, night blindness, and 
thickened skin. Metabolic bone disease with osteoporosis and pathologic fractures can occur from 
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vitamin D deficiency. A degenerative neuromuscular syndrome, characterized by arreflexia, 
opthalmoplegia, cerebellar ataxia, peripheral neuropathy, and posterior column dysfunction, occurs 
in children with chronic vitamin E deficiency. Vitamin K malabsorption results in a coaguJopathy. 
Infants with cholestasis should receive supplemental fat-soluble vitamins with doses adjusted accord
ing to regularly followed serum vitamin levels and prothrombin time. A water soluble form of vitamin 
E, d-a-tocopherol polyethylene glycol-l OOO-succinate (15-25 IU/kg/d), enhances absorption of this 
vitamin as well as of vitamins A and D, which can be given together as a double dose of standard infant 
vitamin preparation. Vitamin Kmay be given orally, 2.5-5 mgtwiceaweekuptodailydose, as needed. 
Occasionally, infants with advanced liver disease will require intramuscular injection of vitamin K. 

Pruritus and xanthomas resulting from chronic liver disease can be sources of significant 
discomfort for children (59). Pruritus may be observed by 3 mo of age. Efforts to treat these 
symptoms are aimed at increasing bile flow with medications such as ursodeoxycholic acid (10-
20 mglkg/d) and phenobarbital (3-5 mg/kg/d), or at binding bile acids, cholesterol and other 
potentially toxic agents in the intestinal lumen with the non-absorbable anion exchange resin, 
cholestyramine (0.25-0.5 gm/kg/d). These two medications should not be administered simul
taneously as cholestyramine will bind ursodeoxycholic acid rendering it ineffective. Rifampicin 
(10 mglkg/d) may also be effective in relieving pruritis. Its mechanism of action is unclear. 

7 . INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

Any infant with persistent jaundice beyond 2 wks of age, or an elevated direct bilirubin 
fraction, should be promptly evaluated. As the evaluation may include a liver biopsy, it is 
reasonable to refer these infants to a subspecialist. 

8. CONCLUSIONS 

Cholestasis in the neonate is the clinical and pathological manifestation of a multitude of 
disorders that affect the bile ducts, hepatocytes, or bile acid metabolic pathways. An expedient 
workup is necessary in order to identify metabolic diseases responsive to specific medical 
therapies and assure timely surgical treatment for biliary atresia. Many forms of cholestasis 
have no specific treatment. They require nutritional support to optimize growth and develop
ment. The prognosis of neonatal cholestasis varies greatly depending on the underlying etiology. 

SUMMARY 

Cholestasis is a decrease in bile flow due to impaired secretion by hepatocytes or obstruc
tion of the intra- or extrahepatic bile ducts. 

The causes of cholestasis in the neonate are numerous and include disorders of bile ducts, 
hepatitis (infectious or idiopathic), familial cholestatic disorders, metabolic disorders, and others. 

Infants who have severe or persistent jaundice, or an elevated conjugated bilirubin frac
tion, should be evaluated. Initial evaluation should include fractionated bilirubin, 
aminotranferases, alkaline phosphatase levels, and abdominal ultrasound. Further evalua
tion should be directed by the patient's history, physical exam, and clinical course. 

Percutaneous liver biopsy is an important diagnostic tool in the evaluation of neonatal cholestasis. 
Metabolic diseases amenableto specific medical therapies shouldbeidentifiedandtreatedpromptly. 
Biliary atresia should be diagnosed early (by 60 d of age) to optimize the chance for 

successful surgical treatment. 
Medical treatment of cholestasis in infants includes nutritional support with absorbable 

fats, calories and fat-soluble vitamins. Symptomatic treatment may be required for pruritis 
and xanthomas. 
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1. INTRODUCTION 

This chapter describes several specific genetic disorders affecting the liver that are impor
tant for the primary care physician because the disease can be diagnosed when a parent or other 
close relative is found to have it or the disease is treatable and poses clinical challenges 
throughout the patient's life. These diseases include cystic fibrosis, galactosemia, glycogen 
storage disease (Types I, III, VI, and IX), and ornithine transcarbamylase deficiency. Other 
important inheritable liver disorders are discussed in separate chapters. 

2. CYSTIC FIBROSIS 

2.1. Introduction 
Cystic fibrosis (CF) is a fatal autosomal recessive disorder, as common as 1: 1700 live births 

in Caucasians and probably one-tenth as common in blacks. Mutations of the cystic fibrosis 
transmembrane conductance regulator (CFTR) on chromosome 7 are associated with chronic 
obstructive lung disease, pancreatic insufficiency and liver disease, including biliary cirrhosis, 
cholelithiasis and portal hypertension. The classical pilocarpine-stimulated sweat test with 
measurement of chloride concentration remains the standard diagnostic test, while DNA 
mutational analysis is confirmatory and used for prenatal diagnosis. Improved diagnostic and 
treatment regimens have extended life expectancy into adulthood, and, as a result, hepatobiliary 
disease has become a more prevalent problem (1). 
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2.2. Pathogenesis 

The abnormally high chloride concentration in sweat (> 60 meq/L) reflects mutations of the 
CFTR. At present> 85 % of individuals with CF have more than 600 different definable DNA 
mutations, most commonly the delta F508 phenylalanine deletion. The defect in chloride 
transport is expressed in the fetus and throughout life, with altered fluidity of secretions. The 
CFTR is expressed on biliary epithelium, but not on hepatocyte canalicular membranes. As a 
result, bile is abnormally viscous, promoting sludge and stone formation. A characteristic 
multinodular biliary fibrosis and biliary cirrhosis (2) evolve slowly during childhood and 
adolescence although even newborn infants can manifest biliary complications of CF known 
as the inspissated bile syndrome. 

By age 21 approximately 30% ofCF individuals have hepatobiliary disease, 5% with cir
rhosis (3-5). CF associated liver disease is more prevalent in patients with pancreatic insuf
ficiency and in those who have history of meconium ileus in infancy; no correlation with 
specific mutations of the CFTR has been found (6). 

Cholelithiasis in CF is more common than in the age matched general population, with 
cholesterol rather than bilirubin the major component of stones (7). Cholelithiasis appears less 
common in pancreatic sufficient patients and those whose steatorrhea is normalized with 
enteric coated microsphere enzyme supplements, situations in which excessive fecal bile acid 
loss does not occur. Asymptomatic atrophy of the gallbladder with microgallbladder is com
mon. Abnormalities of the extrahepatic biliary tree including common bile duct strictures and 
changes resembling sclerosing cholangitis are reported, presumably a result of inflammatory 
reaction to viscous bile. However their significance remains controversial (8-10). 

2.3. Cardinal Symptoms and Signs 

Clinical suspicion ofCF is based on the symptoms and signs of multi systemic disease listed 
in Table 1 and, once considered, should be pursued. At least 15% of adults with CF have 
glucose intolerance or overt diabetes mellitus, the long-term consequence of pancreatic 
obstruction (11, 12}. About five percent of CF patients are diagnosed as adults with nasal 
polyps, mild chronic lung disease, or chronic pancreatitis, sometimes with normal or inconclu
sive sweat test. 

Infertility in males (approximately 95%) results from in utero destruction ofthe vas deferens 
and azospermia. Females have diminished fertility. In neither case is this reproductive failure 
likely to be a consequence of liver disease. 

CF-associated hepatobiliary disease should be considered in the differential diagnosis of 
abdominal pain in a CF patient and if hepatic or splenic enlargement is noted on physical 
examination. Diagnosis of CF -associated liver disease (see Fig. 1) requires exclusion of other 
causes of chronic liver disease and usually does not require liver biopsy. If a biopsy is obtained, 
there will be evidence of variable sized nodules, bile ductular proliferation, and inspissated 
mucous secretions within bile ductules without a great deal of intracellular bilirubin stasis. 
When nutritional status is compromised there may be steatosis as well. Unfortunately the 
multifocal nature of CF associated liver injury may lead to biopsy sampling errors, including 
the finding of relatively normal histology in the face of true cirrhosis (13). 

Colicky abdominal pain need not reflect hepatobiliary disease. Meconium ileus equivalent or 
the distal intestinal obstruction syndrome (DIOS) is the most common etiology (14, 15). Fibrosing 
colonic strictures and Crohn's disease should be considered in the differential diagnosis. 

Rarely, secondary or reactive amyloidosis complicates CF with deposition in liver, spleen, 
kidney and elsewhere (16-18). Organomegaly develops and gastrointestinal hemorrhage, not 
variceal in origin, can be substantial and difficult to localize. 
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Table 1 
Diagnosis of Cystic Fibrosis 

Signs and symptoms of multisystemic disease in young ,ndividuals, including: 

Growth failure 
Nasal polyps 
Chronic lung disease, Preudcmonas colonization 
Pan=tic steatorrhea 
Acute or chronic relapsing pancreatitis 
Unexplained glucose intolerance 
Biliary tract disease, unexplained biliary cirrhosis or portal hypertension 
Intestinal obstruction. and! or rectal prolapse 
Male infertility 
Acute hyponatremia 

t 
Sweat test: 

Pilocarpine-stimulated sweat c:hloride quantitation 

PosiriTJe 

> 60 meqlL , 

Equi'/.·oc.:i 

40-60 meqlL , 

Normal 

< 40 meq/L , 
Sweat test siblings and offspring , Repeat sweat rest , DNA haplotype analysis (blood) 

DNA haplotype DNA haplotype 

2.4. Treatment and Complications 
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Therapy of hepatobiliary complications of CF can be considered in two categories, treat
ments specific to CF and those appropriate to gallstones, biliary cirrhosis and portal hyperten
sion regardless of underlying etiology (Table 2 and Fig. 2). 

Fat soluble vitamins A, D, and E are usually supplemented at 200% recommended daily 
allowance. Oral vitamin K is supplemented as well since patients frequently require broad 
spectrum antibiotic treatment for chronic pulmonary infection. When discussing long-term 
vitamin supplementation, the patient should understand that difficulty with night vision is a 
clinical sign of vitamin A deficiency; that vitamin D, adequate calcium, nutritional supple
ments, pancreatic enzymes and exercise together can minimize osteoporosis and osteopenia, 
with bone densitometry used to assess adequacy of calcium, magnesium and vitamin D absorp
tion (19,20); and vitamin E deficiency has long-term consequences of peripheral neuropathy 
with loss of deep tendon reflexes and gait disturbance. Serum concentrations of these vitamins 
should be measured and doses adjusted. 

Ursodeoxycholic acid (Actigall, CibaGeneva) is a newer therapy that appears effective 
prophylactically in CF to decrease hepatic inflammation as measured by aminotransferase 
abnormalities, to improve solubility of bile, thereby decreasing the likelihood of gall bladder 
sludge and stone formation, and to replete the bile acid pool and improve fat absorption (21-
23). The dose is 10-30 mg/kg/d or 300-600 mg daily in divided doses; the lower dose is 
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Organomegaly. Abdominal pain 

Elevated AST. ALT. alkaline phosphatase or bilirubin 

Consider other causes I Abdominal ultrasonogram 
of liver diseases with doppler 
(e.g. hepatitis A. B. C) 

Cholelithiasis I I Portal hypertension I 

Assess varices: 

Endoscopy 

CT with contrast 

Fig. 1. Diagnosis ofCF -associated liver disease signs or symptoms: A scheme for the evaluation of cystic 
fibrosis-associated liver disease. 

recommended for prophylaxis against hepatobiliary inflammation. Pancreatic enzyme supple
mentation can normalize fat absorption and also seems to decrease the lithogenicity of bile (24). 

If gallstones are detected and result in symptoms, the procedure of choice is laparoscopic 
cholecystectomy; ursodeoxycholic acid does not resolubilize these stones (24). The anes
thetic and insufflation agent should be carefully chosen because the patient's pulmonary 
status is likely compromised. Specifically, regional anesthesia may be preferable to gen
eral anesthesia and insufflation with carbon dioxide must be monitored carefully to avoid 
hypercapnia. 

Biliary cirrhosis in CF is often asymptomatic with normal synthesis of albumin and 
coagulation factors, normal processing of ammonia through the urea cycle and chronic 
minimal serum aminotransferase, alkaline phosphatase and bilirubin abnormalities. 
Portal hypertension can be the first and most obvious manifestation of liver disease, 
characterized by esophageal variceal bleeding or hypersplenism. Ascites, on the other 
hand, is uncommon probably because the cirrhosis is patchy and multinodular, pre
serving hepatocellular function until late in the disease process. Spontaneous bacterial 
peritonitis with abdominal pain and fever has been reported (25). In general, 
CF -associated hepatobiliary disease responds to the same treatments appropriate for 
chronic hepatobiliary disease of other etiologies with one exception. Sodium chloride 
restriction should be modest since CF patients can develop hyponatremia because of 
loss of salt in sweat and actually require salt tablets in very hot weather (26). Variceal 
bleeding is treated by emergent resuscitation with ligation or sclerotherapy and stan
dard pharmacotherapies (see Chapter 29, this volume). When bleeding becomes re
fractory, consideration must be given to the options of transjugular intrahepatic 
portosystemic shunt (TIPS), traditional portosystemic shunts, and orthotopic liver 
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Nutrition 

endocrine 

Biliary 
gallstones 

Hepatic 
bili4ry 
cirrhosis 

portal 
hypertension 

Table 2 
Treatment for Cystic Fibrosis 

High calorie diet (often 150% RDA. with 30-4C% fat content) 
Enteral nutritional supplements containing medium chain triglycerides may 
be delivered through nasogastric tube or percutaneous gastrostomy 
Supplemental parenteral nutrition 

Pancreatic enzyme supplements (enteric coated microspheres) 
Fat soluble vitatnin supplements (2CO% RDA) 
Inhibitors of gastric Kid secretion 

Management of diabetes mellitus 

Laparoscopic cholecystectomy, when symptomatic 

Ursodeoxycholic Kid may slow progression 
Evaluate for orthotopic liver tranSplantation when severe or if lung 
transplantation is under consideration 

Variceal bleeding requires band ligation or sclerotherapy and 
usual pharmacotherapies 
Ascites is controlled with diuretics 
Avoid stringent sodium chloride restriction 
Consider ms, shunt surgery and transplantation 
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transplantation. Shunt surgery and transplantation are also considerations in older CF 
patients who are candidates for bilateral lung transplantation and have CF -associated 
hepatobiliary disease (27-29). 

Experimental gene therapy in humans to date is directed at respiratory epithelial cells in an 
effort to improve the pulmonary disease. Development of vectors targeting the biliary epithe
lium for long term expression may be considerably more difficult (1j. 

2.5. Prognosis 
Hepatobiliary disease is the second most common cause of death in CF. The prognosis for 

long term survival depends primarily on excellent pulmonary and nutritional management. 
Approximately 36% ofCF patients are adults age 18 and older and, as of 1997, mean survival 
exceeds 31 years (30,31). In 1991 it was 30.6 years for males and 28.2 years for females, gender 
differences attributed to abnormal eating patterns common in young women. 

With longer survival new complications and associated conditions are described. Among 
these are Crohn's disease, colonic strictures, amyloidosis, and adenocarcinoma of the bowel 
and pancreas (32-36). To date there is no report ofCF-associated hepatoma. 

The primary care physician plays numerous key roles in promptly diagnosing CF and its 
complications, early referral to a Cystic Fibrosis Center for education and therapy, helping the 
patient achieve normal growth, providing psychosocial support to patient and family over 
decades, and arranging genetic diagnosis for the patient, family and at risk pregnancies. These 
responsibilities can be expected to increase in the future. 
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l Presymptomatic 

Ursodeoxycholic acid 
Vitamins A. D. E. and K 
(200%ROA) 

I 

Nutrition (150% ROA) 
30-400Al MCT supplements 
Special techniques of delivery 

cholecystectomy 

I 
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I Symptomatic I 

I Exclude other causes I 

Evaluate components I 

Manage as for other 
causes (see Chapters 29 
and 30) 

Fig. 2. Treatment of hepatobiliary complications of cystic fibrosis: A scheme for the treatment of 
hepatobiliary complications of cystic fibrosis. 

2.6. Prevention 
Cystic fibrosis is a common genetic disease which can be prevented only by identification 

of carrier parents, fetal genotyping and elective termination of pregnancy. At present newborn 
screening, although feasible, is used only in pilot programs. Family members of CF patients 
whose CFTR genotype is known should be offered carrier detection, which identifies approxi
mately 80-90% of heterozygotes. 

2.7. Indications for Consulting the Subspecialist 
All CF patients should be referred to CF centers for education and multidisciplinary con

sultations. Management of individualized treatment plans is the responsibility of the patient 
and practitioner, with assistance as needed from gastroenterology, nutrition, pulmonary, infec
tious disease and surgical specialists. 

Management of acute gastrointestinal hemorrhage and decisions regarding TIPS, other 
portosystemic shunts and transplantation should involve the hepatologist or gastroenterolo
gist, interventional radiologist, and appropriate surgeons. 

3. GALACTOSEMIA 

3.1. Introduction 
Individuals with classical galactosemia, which is a deficiency of galactose-I-phosphate 

uridyl transferase (GALT) in liver, erythrocytes and other organs, have lifelong intolerance of 
dietary lactose and galactose. Consequences include cataracts, intellectual and developmental 
deficits, and female infertility. This autosomal recessive disorder is variably distributed in 
different ethnic groups, with incidence as high as 1: 18,000 in some northern European popu-
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lations, and an overall incidence of I :62,000. It is diagnosed by newborn blood screening 
programs, except in six of the United States, then treated with milk-free diet (37). A variant 
mutation described particularly in African-Americans is associated with 10% residual trans
ferase activity and can have milder symptomatology. The Duarte mutation has 50% GALT 
activity, and is asymptomatic. Two other genetic disorders of galactose metabolism, UDP
galactose-4-epimerase deficiency and galactokinase deficiency do not ordinarily involve liver 
and are not discussed here (38). 

3.2. Pathogenesis 
3.2.1. LACTOSE AND THE LIVER 

Lactose, the sugar in human and cow milk, is hydrolyzed to glucose and galactose by lactase 
on the brush border of intestinal mucosal cells, then absorbed. The liver normally transforms 
this galactose into glucose-I-phosphate through a series of reactions requiring ATP, UTP, and 
phosphate groups. GALT deficiency blocks normal hepatic galactose to glucose conversion (a 
source of energy) as well as the glycosylation of various glycolipids and glycoproteins (39-41). 
Galactitol and galactonate are potentially toxic bypro ducts which are overproduced. Liver 
injury is most obvious in infants whose only source of calories is milk, and is probably caused 
by a combination of factors, including inadequate glucose production, depletion of A TP, and 
cellular toxicity from galactose metabolites. Jaundice with hepatomegaly and indirect hyper
bilirubinemia are the mildest evidences ofliver injury. Fulminant hepatic failure may ensue. 
Liver biopsy reveals steatosis, inflammation, and fibrosis, of which the latter may persist. 

3.2.2. CATARACTS 

Galactitol, the metabolite implicated in cataract formation, is synthesized in the lens, 
accumulates and as an osmotically active alcohol, permits water accumulation and lens 
swelling. The cataracts may be minute, punctate, or filmy and virtually undetectable, 
requiring sequential skilled ophthalmological examinations (42). They become more 
obvious with age. 

3.2.3. OTHER TISSUES 

Galactose metabolism is a property of virtually all tissues. Brain toxicity in GALT defi
ciency is manifest by diminished IQ and developmental quotient (DQ) as well as perceptual 
and expressive deficits. Renal toxicity is demonstrated as albuminuria, galactosuria, and 
aminoaciduria and, in severe cases, with phosphaturia and renal tubular acidosis (Fanconi 
Syndrome). This toxicity is the basis for a screening test for galactosemia wherein the urine is 
positive for reducing sugars (Clinitest tablet, Ames) but negative for glucose (Clinistix, Ames). 
Hypergonadotropic hypogonadism with ovarian failure and amenorrhea in females is virtually 
universal, although the mechanisms are not well understood (43-47). 

3.2.4. FETUS 

Endogenous galactose synthesis by maternal tissues, placenta and fetus is unavoidable (48-50). 
Heterozygous women who comply with milk-free diet during affected pregnancies are unable 
to fully protect their galactosemic baby from brain toxicity and eventual reproductive failure, 
although the offspring are spared liver failure. 

3.3. Cardinal Symptoms and Signs 
An algorithm for diagnosis and treatment of the GALT-deficient individual is shown in Fig. 3. 

Galactosemic infants can be asymptomatic with abnormal newborn blood screening test for 
erythrocyte GALT and galactose-I-phosphate. Sick infants, particularly with E. coli sepsis, 
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Sians and S:mllZtomS 
Cataracts 
Learning disability 
Female infertility 
Possible AST or ALT elevations 

I Lactose-containing diet I 
I Lactose-free diet I 

Eythrocyte GALT activity 
[galactose-I-phosphate) 

Normal values 

18-25 U/gm Hgb 
<50 I1mol/L rbc 

Compliant patient 

= 100 I1mol/L rbc 

Fig. 3. A scheme for the diagnosis and treatment of galactose-I-phosphate uridyl transferase (GALT 
deficiency). 

may die before the screening test results are reported (51). Others develop fulminant hepatitis, 
lethargy, vomiting and malnutrition, or cerebral edema with seizures. Cataracts may be detect
able at birth. 

Phenotypically milder or prospectively treated individuals may have developmental delays 
and subnormal IQ (e.g. 60-85). Frustration, difficulty with spatial and mathematical concepts, 
and verbal dyspraxia with slow halting speech while the individual struggles for the correct 
word are characteristic (52-56). 

As adolescents and adults, well treated galactosemic individuals are physically normal, 
usually without stigmata of liver disease. However perceptual and communication deficits 
often limit school performance, interpersonal relationships, and professional aspirations. 
Females have primary or secondary amenorrhea after normal development of secondary sexual 
characteristics. Both men and women may be socially isolated, and male impotence can be 
masked by this psychosocial component. 

3.3.1. LABORATORY 

GALT deficiency is diagnosed by measuring blood galactose and galactose-I-phosphate 
concentrations and erythrocyte transferase activity (38,57). Standard biochemical tests, 
including complete blood count, liver chemistry profile and urinalysis (with Clinitest) improve 
then revert to normal when a milk-free diet is implemented. 
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3.4. Treatment 
3.4.1. DIET 

A milk-free diet is required throughout life because the GALT deficient individual seems to 
develop no alternate pathways for galactose metabolism. Milk in various forms (e.g., nonfat dry 
milk solids, casein, whey) is an inexpensive and nutritious filler and is ubiquitous in prepackaged 
foods. Thus the family and patient must learn to read ingredient labels. Free galactose and 
galactose as a part of cellular glycoproteins and glycolipids cannot be eliminated entirely from 
the diet, short of an elemental diet. Vegetables and fruits contain free galactose, plums, tomatoes 
and watermelon being particularly rich. Individuals with galactosemia have been counseled to 
avoid legumes because galactose is present in their oligosaccharides, raffinose and stachyose 
(58). Although humans lack the enzymes to cleave galactose from these oligosaccharides, colonic 
bacteria can liberate absorbable galactose. Quantitatively this is probably insignificant by com
parison to the obligatory endogenous synthesis of galactose in all humans (50). 

A multivitamin is usually prescribed. But many medications and vitamin preparations, 
particularly tablets, contain lactose as filler. These should be avoided. Osteoporosis is a pre
ventable side effect of the lactose-free diet. Adequate vitamin 0 and supplemental calcium 
should be provided consistently through life (59). 

3.4.2. EDUCATION 

Some galactosemic individuals have normal school placement, while others receive special 
education when short attention span and learning difficulties are more evident. Even those in 
standard classroom settings can benefit from skilled tutorial and individualized instruction as 
well as the opportunity to take untimed examinations. Methylphenidate (Ritalin, CIBA), pemo
line (Cylert, Abbott) and similar pharmacotherapies used in attention deficit disorders (ADD) 
and pervasive deficit disorders (POD) deserve trial in selected individuals. College and 
advanced education are difficult for GALT -deficient individuals, who may be highly moti
vated but unable to realize their goals. Job choices are similarly difficult and suitable profes
sional employment sometimes hard to obtain. 

3.5. Complications 
3.5.1. CATARACTS 

Enucleation of dense cataracts may be necessary in infancy or childhood to preserve vision; 
glaucoma has developed in some of these individuals with and without surgery. More com
monly, small cataracts do not interfere with vision. Cataracts have been detected in adult 
galactosemics who are compliant with diet; it is not known whether all galactosemic individu
als, whose galactose-L-phosphate and galactitol tissue concentrations are inevitably above 
normal, will have premature aging of the lens with cataract formation. Annual ophthalmologi
cal examination is indicated. 

3.5.2. INFERTILITY 

Galactosemic women may fail to establish menses or develop secondary amenorrhea in 
early adulthood. Luteinizing and follicle stimulating hormone concentrations are supranormal, 
prolactin normal, and estradiol low, suggesting end organ unresponsiveness (43). In some 
cases streak gonads or a subnormal number of ovarian follicles have been found (46). Success
ful pregnancies, albeit rare, do occur, most commonly in the variant GALT deficient woman 
with some residual activity (47,60). 

Male fertility, although not considered a clinical problem, has been less studied. Galac
tosemic males do report low libido and impotence, which may be of mixed organic and psy
chosocial origin. 
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3.5.3. LIVER DISEASE 

The compliant adult with galactosemia does not have active liver disease or increased risk 
of developing complications of the infantile toxic liver disease, such as portal hypertension, 
hepatocellular failure or malignancy. This individual should be seen by the primary care 
physician and ophthalmologist annually. At the time of the physical examination, in addition 
to complete blood count and chemistry profile, dietary compliance should be checked with 
urine tested for reducing sugars and erythrocyte galactose-I-phosphate concentration mea
sured (see Fig. 3). Normal galactose-I-phosphate concentration is below 50 J..lmlL rbc while the 
galactosemic individual under good control should have a value only twice the upper limit of 
normal, (i.e., 100 J..lmlL rbc). The enzyme activity assay for GALT (normal 18-25 Ulg hemoglo
bin) may be repeated, but long term experience has demonstrated it does not change significantly. 

3.6. Prognosis 
With the advent of newborn screening programs for galactosemia in the late 1970s the prog

nosis for this inherited disease changed (61--63). Although symptomatic newborns have 20% 
mortality, those who are asymptomatic and diagnosed by screening programs or survive illness 
in infancy without major neurologic insults are in the vast majority and have normal life expect
ancy. Quality oflife issues rather than life expectancy can be the physician's concern. 

3.7. Prevention 
GALT-deficient individuals have mutations in the p13 locus of chromosome 9. The full 

length cON A for this enzyme has been cloned and, whereas there are at least 10 known different 
point mutations, 70% of Caucasians have the Q 188R substitution of arginine for glutamine, 
rendering the gene product inactive (38). 

Prevention of galactosemia requires in utero diagnosis and elective termination of the 
affected pregnancy. Women at risk can undergo chorionic villus sampling (CVS) at 6-8 wk of 
gestation or amniocentesis at 10---12 wk. The cells obtained during CVS can be assayed directly 
for GALT activity. Amniotic fluid cells are cultured for assay of the enzyme and the fluid itself 
analyzed for galactitol concentration. 

3.8. Indications for Consulting the Subspecialist 
Since adults with deficient GALT are unlikely to have overt liver disease the appropriate consult

ants will be the ophthalmologist (annual), genetic counseling team, and nutritionist. The practitioner 
who cares for the GALT deficient individual throughout his or her life is best able to coordinate 
needed services. In the future, as more patients live longer, previously unknown medical problems 
including those involving the liver may become apparent, leading to new recommendations. 

4. GLYCOGEN STORAGE DISEASES 

4.1. Introduction 
The glycogen storage diseases are divided into groups of which types I, III, IV, VI, and IX 

predominately affect the liver, type II involves cardiac and striated muscle, and types V and 
VII striated muscle. This traditional typing system is based on the chronological order in which 
the involved enzyme or enzyme system was discovered. Hypoglycemia with hepatomegaly is 
a hallmark of the hepatic glycogenoses since liver is normally a major storage organ for 
glycogen and, in response to insulin, glucagon and epinephrine, maintains glucose homeosta
sis (64). Within each type there is tremendous clinical heterogeneity, even in a single kindred. 
Rare patients may elude diagnosis until adulthood when failure to complete normal growth and 
maturation, myopathy, or other complication brings them to medical attention (65,66). 
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Fig. 4. Biochemical manifestations of glycogen storage diseases. 

4.2. Pathogenesis 
Glycogen as depicted in Fig. 4a is a branched array of up to sixty thousand linked glucose 

molecules. The alpha-l,4 glycosidic linkage predominates; at intervals of 10-14 glucose link
ages, there is a branch point (alpha-l,6 glycosidic bond). 

Type I disease (glucose-6-phosphatase system mutations, G6Pase) is severe because G6Pase 
is the enzyme in the body which can transform glycogen and the products of gluconeogenesis 
into free glucose. In type la, G6Pase activity is deficient in liver; type Ib is associated with 
missorting of the enzyme due to transporter mutation, such that the enzyme is not inserted into 
the endoplasmic reticulum where it normally functions. For unknown reasons, type Ib patients 
may have neutropenia, susceptibility to infection and chronic inflammatory bowel disease. 
Subtypes Ic and Id are rare. 

In type III disease (debranching enzyme (DB) or amylo-l,6-glucosidase deficiency) glu
cose subunits can only be clipped from branches down to the last four residues approaching 
a branch point, leaving limit dextrin storage material. Gluconeogenesis, however, is not 
blocked. 
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Type IV (branching enzyme deficiency, amylopectinosis) actually is a lysosomal storage 
disease associated with the formation of poorly soluble amylopectin, that lacks branch points. 
Cirrhosis develops in early childhood, fatal without orthotopic liver transplantation. 

Types VI and IX (phosphorylase and phosphorylase kinase deficiencies) usually are mild 
diseases in which the liver's ability to cleave individual glucose residues and shorten the 
branches is compromised. 

Myopathy involving the heart or striated muscle can accompany the glycogenoses when the 
analogous enzyme in those tissues is also deficient. 

4.3. Cardinal Symptoms and Signs 
Except in the immediate newborn period, all these glycogen storage diseases are associated 

with hepatomegaly. Abnormal physical findings in the adult are variable; patients with phe
notypically mild disease and appropriate long term management may appear normal. Fig. 4b 
summarizes the biochemical profiles for types I, III, VI and IX. 

4.3.1. TYPE I (GLUCOSE-6-PHOSPHATASE DEFICIENCY) 

Type I individuals may have suffered hypoglycemic brain damage with mental retardation 
and seizure disorder. Their growth to adult stature and sexual maturation are delayed ifnutri
tional therapy has been inadequate. Many have a prominent trunk with thin extremities. This 
disproportion is accentuated because striated muscle mass, tone and strength tend to be sub
normal. Kyphosis, lax joints, pes planus and broad based gait are common. Residual hepatome
galy is disguised by the truncal adiposity. The complications of xanthomata, gout and chronic 
renal failure may also be detected by physical examination, with hypertension noted long 
before renal failure develops. Patients categorized as Ib can have frequent oral ulcers, bacterial 
infections, and symptoms of chronic inflammatory bowel disease. Hepatic adenomas and 
malignant degeneration with adenocarcinoma are complications of glycogenosis type I that 
appear, usually after the first decade oflife, with sudden enlargement of the liver and abdomen, 
right upper quadrant pain and sometimes vomiting (67). 

Platelet function is abnormal, with adhesion inhibited by hyperlactic acidemia, and this is 
reflected only in a prolonged bleeding time. Good nutritional management can normalize the 
bleeding diathesis. Hyperlipidemia may be associated with xanthomata and with episodic 
pancreatitis. G6Pase activity is also absent in kidney, with asymptomatic glycogen storage and 
symmetrical enlargement. Gouty arthritis and nephropathy are preventable; however, glom
erulosclerosis with overt renal failure can occur in the second and third decade oflife, preceded 
by hypertension, proteinuria and abnormally high creatinine clearance (hyperfiltration, > 200 mg 
creatinine/minlm2) (68-70). 

Laboratory abnormalities in type I (Fig. 4b) include hypoglycemia aggravated by brief 
fasting, wide variations in blood glucose concentration, hyperlactic acidemia, hyperuricemia, 
hypertriglyceridemia (Type IV pattern with moderate hypercholesterolemia and increased 
VLDL and LDL concentrations). When measured, insulin concentrations are appropriately 
low or normal and glucagon, high. These abnormalities and the associated compensated meta
bolic acidosis improve and normalize during successful therapy. 

A glucagon tolerance test has been devised in which blood glucose and lactate are deter
mined sequentially during a fast and their response to glucagon injection measured. In type I 
glycogertosis, even a brief fast « 4 h) is associated with the inability to mobilize glucose in 
response to glucagon. Hypoglycemia persists and lactic acidemia worsens. 

Percutaneous liver biopsy with assay ofG6Pase activity is usually required to diagnose the 
index case of glycogen storage disease type I and establish the subtype. Under the light micro
scope, hepatocytes are seen to contain glycogen nuclei, abundant cytoplasmic glycogen, and 
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triglyceride without inflammation or fibrosis. A second core (30 mm) is assayed fresh or after 
freezing (-70°C) for G6Pase activity, glycogen content, amylo-l ,6-glucosidase and phospho
rylase activities. 

4.3.2. TYPE III (AMYLO-l,6-GLUCOSIDASE OR DEBRANCHER ENZYME DEFICIENCY) 

Type III individuals may be indistinguishable from those with type I glycogenosis, but are 
often less remarkable physically. Cirrhosis can occur, and portal hypertension is common with 
splenomegaly. At least 85 % of patients have muscle involvement which becomes more evi
dent with age. Kyphosis and scoliosis have been noted. Cardiomyopathy, whereas present, is 
usually asymptomatic. 

Laboratory abnormalities in type III include hypoglycemia with overnight fasting, some 
lability in blood glucose concentrations, ketosis and hyperlipidemia. Lactic acid and uric acid 
concentrations tend to be normal. Serum aminotransferases can be markedly abnormal and 
hypersplenism evidenced by thrombocytopenia. A glucagon stimulation test will be abnormal 
after prolonged fast (10-14 h) but not after brief fast when glucose can be mobilized from the 
outer branches of stored glycogen and via gluconeogenesis. Kidneys are not enlarged. Nor is 
there biochemical evidence of renal compromise. EKG may reveal arrhythmias and left ven
tricular or biventricular hypertrophy. EM G of striated muscle may show myopathic spindles. 

Liver biopsy is often performed with simultaneous striated muscle biopsy to assess each 
tissue for deficiency of DB enzyme. Liver biopsy shows glycogen storage, but little or no 
steatosis. Often there is evidence of inflammation and fibrosis, which can progress to 
micronodular cirrhosis. Adenomas and adenocarcinoma have been described in Type III liver 
(71,72). 

4.3.3. TYPES VI AND IX (PHOSPHORYLASE AND PHOSPHORYLASE KINASE DEFICIENCIES) 

These patients usually have hepatomegaly with short stature in childhood, but are otherwise 
asymptomatic. About one-quarter have phosphorylase deficiency (VI), which exhibits autoso
mal recessive inheritance, like Types I and III. However phosphorylase kinase deficiency (IX), 
the mutation in three-quarters ofthe patients, is either autosomal recessive or X -linked depending 
on the altered subunit (the phosphorylase kinase alpha subunit localizes to the X chromosome; 
the beta subunit is autosomal). As adults, almost all individuals in this category are healthy and 
without sequelae. Rarely cirrhosis, portal hypertension and hepatic tumors have developed. 

Laboratory assessment is usually unremarkable, although some individuals have mild 
hypoglycemia, hyperlipidemia and demonstrate ketosis with a brief fast. The glucagon stimu
lation test elicits a normal glycemic response without hyperlactic acidemia. 

Percutaneous liver biopsy demonstrates glycogen storage in hepatocytes, sometimes with 
chronic inflammatory changes and some fibrous septae. Electron microscopy reveals glycogen 
particles to be morphologically different in each of the types of glycogenosis. Again, quanti
tation of glycogen and hepatic enzyme assay should be performed in a laboratory specializing 
in these assays to confirm the diagnosis. 

4.4. Treatment 

Type I and often type III glycogenoses are characterized by unstable glucose flux. Like 
patients with juvenile diabetes mellitus, the individual's energy intake and activity level need 
to be balanced, and a consistent supply of glucose and starch (potential glucose) provided (73). 
During infancy and childhood this is achieved by nasogastric intubation or button gastrostomy 
for continuous or frequent bolus feeds of glucose-based balanced formula and uncooked com 
starch (74-80). Commitment to such a regimen has improved growth rates and promoted 
normal maturation during adolescence of a generation of children. Metabolic derangements 
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Table 3 
Treatment for Adults with Glycogen Stonge Disc:ue 

Diet 
Glucose :lIld starch' 
Uctose. sucrose 
Protein 
Fat 
Multivitamin, calcium 

supplement 

Schedule 
Daytime 

Nocturnal 

Expected goals 

Possible results 

Typd T:lJle III 

65% calories 45% calories 
no yes 
10-15% 25% calories 
25% calories 30% calories 

yes yes 

70% daily calorie requirement 
BaI:lIlced intake every 3-4 hours 

Up to 30% daily calorie requirement 
Glucose or glucose ?olymers. ues 
May include some protein and fat 

~ Hepatic glycogen storage 
~ Xanthomata hyper'.l.ricemic gout. 

:lIld nephropathy 
Normal hormonal bal:lIlce 

(111SUlin. glucagon. 
epinephrine. growth hormone) 

No chronic renal failure 
No hepatic rumors 
Normal life e..xpect:lIlCY 

Types Ill. IX 

unrestricted 
yes 

yes 

'Includes uncooked com starCh (UeS) at initial dose 1.75-2.5 gmlkglfeed. Dose is then adjusted to: 
a) avoid excess weight gain :lIld b) maintain normal glucose. lactate. ,riglyceride and hormonal status. 

Monitor with giucOstat when adjusting diet or if patie!1t deveio!,s symptoms of falling blood glucose 
(weakness. sweating, pallor. tachycardia, irritability). 

that are improved or normalized with this regimen include hyperuricemia, hyperlactic aci
demia, metabolic acidosis and hypertriglyceridemia. Since this diet's introduction in the 1970s, 
many individuals have not required allopurinol or supplemental bicarbonate. 

Even as adults, type I patients, in particular, require frequent glucose/starch snacks, both day 
and night (81). A treatment protocol and goals are outlined in Table 3. While providing balanced 
calories and glucose/starch, the glycogen storage diet for type I disease avoids lactose (galactose) 
and sucrose (fructose), sugars that are converted to glucose via phosphorylated intermediates and 
aggravate glycogen deposition. In the past the recommended diet was quite high in protein, often 
> 4 g/kg/d, which may have contributed to renal complications (68,82). Now a normal protein 
intake for age is prescribed for type I patients, whereas type III patients receive slightly more 
protein to support gluconeogenesis. Type VI and IX patients may have received supplemental 
feeds in childhood, but usually no dietary treatment is necessary thereafter. 

Calcium intake should be supplemented, both because the lactose-free diet is frequently 
associated with suboptimal calcium intake and because osteopenia and osteoporosis, which 
may be of multifactorial origin, are common in adults with, in particular, type I disease. 

Granulocyte-macrophage colony stimulating factor (GM-CSF) injections are effective in 
treating Ib infectious complications, (e.g., chronic oral ulcers and inflammatory bowel disease) 
accompanying neutropenia (83-88). 
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Hepatic lobectomy or orthotopic liver transplantation has been performed when patients 
developed hepatic tumors. Transplantation also cures the metabolic defect ofG6Pase deficiency. 

4.5. Potential Complications 
Type I patients remain at lifelong risk for life threatening hypoglycemia, metabolic acidosis 

and electrolyte disturbance with intercurrent stress, particularly febrile illnesses associated 
with vomiting. They may require support with iv glucose infusions in the emergency room and 
hospitalization for illnesses which ordinarily are treated in the ambulatory setting. 

Gout with nephropathy is preventable with allopurinol and has become less common as nutritional 
management is successfully implemented from infancy, minimizing hypoglycemia and acidosis. 
Treatment of chronic renal failure, the etiology of which is not clear, involves lowering the protein 
intake, avoiding acidosis, and standard treatments, including dialysis and renal transplantation (68, 69). 

The current dietary regimen also improves hyperglucagonemia, which is thought to be one of the 
hormonal influences in adenoma formation. Ockner's hypothesis that overstimulation of fatty acid 
metabolic pathways contributes to adenoma formation (89) may also be a relevant mechanism. 
Surveillance for adenoma and adenocarcinoma formation begins before adulthood, with physical 
examination, abdominal ultrasonograms and alpha fetoprotein measurement. Unfortunately these 
tumors are usually not rich in alpha fetoprotein or other serological tumor markers. When adenomas 
are diagnosed they should be biopsied and their extent and number determined by CT scan. Then 
a decision can be made regarding resection or the need for orthotopic liver transplant (67,90,91). 

Atherosclerosis is a potential complication of glycogen storage with hypertriglyceridemia 
and high concentrations ofVLD Land LD L. By analogy to unbalanced glucose flux in diabetes 
mellitus, both the renal lesion of focal glomerulosclerosis and premature atherosclerosis are 
predictable (92). At present there is little evidence to assume atherosclerosis is a clinical issue 
(93), but eicosapentaenoic acid supplementation (as fish oil) has been suggested to lower 
serum triglyceride and cholesterol concentrations while raising HDL concentration (94). 

Fertility is another newer clinical issue. The sonographic appearance of polycystic ovaries 
has been noted in females with glycogenoses I, III and IX, without clinical correlates (95). Case 
reports of pregnancy in glycogenosis I suggest that aggressive glycemic control and monitor
ing in a high-risk program with early delivery by caesarian section can be successful (96-98). 

Finally, fatal pulmonary hypertension has developed in the context of glycogenosis I, par
ticularly with hepatic adenomata (99). 

Medical understanding of the real and potential complications of these diseases is rapidly 
evolving (100). Achieving and maintaining metabolic homeostasis throughout life is the most 
powerful clinical tool available at this time to prevent complications. 

4.6. Prognosis 
Life expectancy statistics for Type I glycogen storage disease are not available. However, 

in the past, hypoglycemic seizures in infancy and refractory acidosis with intercurrent illnesses 
were fatal or caused permanent brain damage in the majority of cases. Under those circum
stances long term survival was not expected. Improved prospective management has skewed 
survival into adulthood, and long term survival is anticipated, with description of previously 
unknown complications and with the focus on early diagnosis and management of renal com
plications and hepatic tumors. The prognosis for the other types is excellent overall, the pres
ence or absence of muscle involvement being an important variable. 

4. 7. Prevention 
DNA probes for the enzymes involved in types la, III (muscle cDNA, not liver), IV and IX 

have been cloned, making molecular diagnosis from CVS tissue or cultured amniocytes pos-
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sible. Enzymatic activity assays must be performed on fetal liver to diagnose type Ib and 
can be performed on chorionic villi or cultured amniocytes for the other types. Since Type 
VI or IX disease is relatively benign, prenatal diagnosis is not recommended, although 
available. 

4.8. Indications/or Consulting the Subspecialist 
The subspecialist is a valuable resource in making the specific diagnosis and individualizing 

a management plan. Because hepatologists or endocrine-metabolism specialists see a broad 
spectrum of glycogenoses, they can obtain the minimum number of diagnostic tests necessary 
to type the individual patient, counsel about prognosis, and outline the treatment plan. The 
diagnostic and treatment algorithms for glycogen storage disease should make sense to and be 
implemented by the generalist, with periodic consultations by the subspecialist and nutritionist 
to verify that the patient is responding optimally. Development of renal, cardiac and myopathic 
complications will require addition of other subspecialists to the team. Adults with both type 
I and III disease may experience skeletal complications, including kyphosis, scoliosis and 
fractures which require orthopedic input. 

S. ENCEPHALOPATHY AND VOMITING: 
ORNITHINE TRANSCARBAMYLASE DEFICIENCY 

5.1. Introduction 
Episodic vomiting with abnormal mental status is a hallmark of genetic metabolic disorders 

that interfere with hepatic ammonia metabolism. Perhaps the best known, and not rare, example 
is partial ornithine transcarbamylase (OTC) deficiency in females. 

The differential diagnosis of these disorders is always expanding, so OTe deficiency 
serves as a paradigm as well as a specific diagnosable and treatable cause of recurrent 
hyperammonemia. The information in this section should be considered applicable to 
males as well as females who exhibit symptoms and signs of hyper ammo nemi a and must 
be complemented by information on the specific individual enzymatic disorders 
(101,102). 

5.2. Pathogenesis 
The hepatic urea cycle is unique. It processes waste ammonia by converting it to nontoxic, 

excretable urea and simultaneously synthesizing arginine, which would otherwise be an essen
tial amino acid. Five enzymes move ammonia through this cycle (Fig. 5) which uses four ATP 
molecules for every ammonia molecule processed. OTe is the second enzyme along this 
pathway, and whereas the other urea cycle disorders are inherited in autosomal recessive 
fashion, it exhibits X-linked inheritance with some carrier females developing symptoms of 
encephalopathy and vomiting under stress (Table 4). Male infants with OTe deficiency usually 
develop hyperammonemic coma in the first week oflife and die or are severely neurologically 
impaired even if their disease is recognized and treated promptly. Up to 20-25% of carbamyl 
phosphate synthetase (epS) and OTe deficient individuals may have later onset of symptoms, 
including during adulthood (J 03-1 13). Mutations of AS (J 14) and AL (J 15) also have been 
diagnosed in adults. 

The encephalopathy is due to cerebral edema with increased intracranial pressure. Ammo
nia accumulates in body tissues and reacts with glutamic acid to form glutamine, an osmoti
cally active intracellular storage pool for ammonia. This event occurring in astrocytes lining 
the blood-brain barrier diminishes circulation to the swelling brain and represents the major 
event in developing cerebral edema. 
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Table ~ 
Historica.l Events Correlating with Episodic Hyperammoncmia 

High protein load. 
C~lic: stress, e.g.. febrile illness. 

Critica.l times 
Infancy: 

Childhood: 

Adolescence: 
Adulthood: 

Transition to meats and protein-containing foods. 
Transition to formula and reguiar cow milk. 
Protein load: human milk 1.5 gmldL, formula 2.2 gmldL. cow milk 3.3 gmldL 
Aversion to meat, '/egetarian preferences. 
Frequent episodes of vomiting. 
Vomiting and abdominal pain with disorientation, abnormal wake/sleep 

patterns. atuia or confused speech. 
EmergenC'1 room visits with possible encephalitis or meningitis improving 

with IV therapy. 
Learning disability. clumsiness. hyperactivity. 
Mental retardation and vomiting. 
Bulimia, vegetarianism. behavior disorder, menstrual irregularity. 
Intercurrent metabolic stress. e.g., pregnancy. 
Acute or new medical condition. e.g., peptic ulcer. 
Weight loss. 
Reye's Syndrome. 

5.3. Cardinal Symptoms and Signs 
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As depicted in Table 4, women developing symptoms of hyper ammo nemi a may have his
tory of a recent illness or catabolic stress (e.g. pregnancy) then over a period of hours or days 
begin vomiting with lethargy, progress to stupor and incoherence, then uncharacteristic, com
bative behavior and finally coma. 

Although the history and physical examination suggest encephalitis, the patient is afe
brile, and the physician may next consider drug ingestions and psychiatric illness. Careful 
history taking (Table 4) and family history of male infant death, mental retardation or similar 
episodes in other members of the pedigree are helpful clues if they are positive. The absence 
of such history is not helpful for two reasons, (a) this may be a new mutation in the family, 
and (b) it can be difficult to obtain a complete family and patient history in an intensive care 
setting. 

However, accompanying the abnormal mental status is hyperpnea with primary meta
bolic alkalosis, a consequence of the developing cerebral edema, hyper- then hypo
reflexia and sometimes cranial nerve signs, e.g. sixth nerve palsy). And plasma ammonia 
concentration (actually ammonium, NH4+) will be a multiple of the upper limit of 
normal (35 Ilm/L). 

Plasma ammonia is the critical measurement. An abnormally high value should be con
firmed immediately. Falsely abnormal results are common, if the blood is obtained from 
toumiquet- compressed vein rather than free-flowing arterial or venous blood, ifit is not placed 
immediately in an ice-water slurry and transported to the laboratory for urgent determination, 
and if the laboratory does not routinely perform this measurement. 

The diagnostic algorithm in Fig. 6 should be undertaken simultaneously with clinical man
agement ofhyperammonemia. Hyperammonemia may be a sign of primary urea cycle defect 
or be secondary to other genetic and acquired disorders of intermediary metabolism affecting 
mitochondrial function (e.g. valproate toxicity). Because the differential diagnosis is exten
sive, immediate and complete formal analysis ofthe patient's normal and abnormal biochemi
cal parameters is essential. These measurements include complete blood count, arterial blood 
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Fig. 5. The urea cycle. Abbreviations: CPS, carbamyl phosphate synthase; AS, argininosuccinic acid 
synthase; AL, argininosuccinate lyase; Ase, arginase. 

gas, electrolytes, bicarbonate, anion gap, liver and renal function tests, coagulation profile, 
toxicology screen, serum lactate, serum pyruvate, quantitative plasma amino acids, urinalysis 
including pH and ketones, quantitative urinary organic acids, including orotic acid, urinary 
carnitine (total and acyl), analysis of cerebrospinal fluid to include glucose, protein, lactate, 
ammonia and glutamine (116) in addition to routine measurements and cultures. Aliquots of 
the patient's blood, timed urine collection, and CSF should be frozen for later studies as 
needed. 

The results from the above studies which support a diagnosis ofOTC deficiency are abnor
mally high concentrations of blood ammonia and glutamine with low concentrations of citrul
line and arginine (products formed downstream ofOTC in the urea cycle). Urinary orotic acid 
excretion will be greatly increased without generalized organic aciduria. 

Brain CT is performed, looking for effacement of the ventricles, consistent with cerebral 
edema, and excluding subdural hematoma or space-occupying lesions. The EEG will have 
generalized low frequency, high amplitude wave forms and triphasic waves, consistent with 
a metabolic encephalopathy. 

In severe hyperammonemia, tissues other than the brain are saturated with ammonia and 
glutamine too. The liver can exhibit a toxic hepatitis, with cellular swelling, mitochondrial 
injury, mildly abnormal serum transaminases, and even liver failure with coagulopathy 
and mildjaundice. During recovery from an episode, abdominal pain aggravated by meals 
is common and may reflect not only liver but also bowel smooth muscle recovery from 
ammonia intoxication. Striated muscle weakness and tremor are notable during the recov
ery phase. 

Liver biopsy should be performed by percutaneous or transjugular approach and a specimen 
frozen for enzyme analyses. Light microscopy ordinarily reveals some steatosis, no evidence 
of chronic liver disease, and minimal or no hepatitic component (117,118). Reye's syndrome 
of encephalopathy and fatty liver is also excluded by liver biopsy (119,120,121). Electron 
microscopic examination of mitochondria shows minimal abnormalities in individuals with 
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primary urea cycle defects, whereas drug intoxication or Reye's syndrome is associated with 
prominent mitochondrial damage (122,123). Enzymatic assay of OTC and a marker enzyme 
such as CPS will reveal normal CPS activity and profoundly diminished OTC activity rather 
than a generalized suppression of mitochondrial enzyme activities (124,125), 

To confirm the diagnosis, DNA can be extracted from a specimen of peripheral blood, 
amplified by polymerase chain reaction, and compared with known mutations or sequenced. 

5.4. Treatment 
The first goal of treatment (Fig. 7) is to remove ammonia and glutamine from 

tissues, particularly the brain. Hemodialysis is the most efficient emergent treatment 
since it is performed at the bedside in the intensive care unit, removes approximately 
90% of the presented ammonia, and can be continued through multiple passes, then 
repeated as needed (126). 

Ucephan 10% (McGaw Pharmaceuticals) is a fixed formulation of sodium benzoate and 
sodium phenyl acetate which can be given enterally. Buphenyl (Ucyclyd Pharma) is sodium 



348 Part VII/Pediatric Liver Diseases 

phenylbutyrate, the odorless precursor of phenyl acetate. In vivo, benzoate is conjugated with 
endogenous glycine and the resulting compound, hippurate, is excreted in urine, thus disposing of 
one potential ammonia molecule for each molecule of benzoate provided. The phenylacetate com
ponent similarly combines with glutamine to become phenylacetylglutamine, also excreted in urine 
and disposing of twice as much ammonia. 

The patient with significantly increased intracranial pressure should be intubated with 
respirator control and may benefit from placement of intracranial monitor and mannitol 
diuresis. 

Metabolic support includes high dose glucose infusion, provision of protein-free nutrition 
using Intralipid or enteral fat and carbohydrate to prevent catabolism, and restriction of protein 
intake. Since the patient is demonstrably deficient in arginine and citrulline production, 10% 
arginine hydrochloride (intravenous, Kabivitrum, Clayton, N.C.) then citrulline (enteral) or 
arginine free base (enteral) should be given (200 mg/kg/h). HepatAmine (McGaw, Irvine CA) 
and Hepatic Aid (McGaw, Irvine CA) contain nonessential as well as essential amino acids and 
are not indicated treatments in spite ofthe fact that they are used to treat hepatic encephalopathy 
of other etiologies. 

In acutely ill hyperammonemic individuals, all intercurrent complications should be iden
tified and treated promptly. After the episode resolves, the patient can be transferred to a low 
protein diet and prophylactic Ucephan (2.5 mllkg/day, maximum 50 mL daily) or Buphenyl. 
If growth and development have been completed, it is usually not necessary to give supple
mental arginine, citrulline or essential amino acid mixtures (EAA). 

5.5. Complications 

To minimize complications, it is wise to approach the patient's differential diagnosis with 
an open mind, and to obtain advice from colleagues with special expertise (see below). Indi
viduals who have devoted themselves to these uncommon disorders are usually available for 
consultation, ifnot directly, certainly by telephone and internet. 

It is common for the diagnostic episode of hyperammonemia to be fatal due to brain stem 
herniation. If the patient survives, structural brain damage with seizure disorder, movement 
disorder, or irreversible vegetative state are also not rare. 

Where the diagnosis and treatment have been prompt and successful, individuals may 
simply exhibit the signs of attention deficit disorder (AD D) or pervasive deficit disorder (PO D) 
with left/right reversals, clumsiness, difficulty with numerical concepts, words, or complex 
motor activities such as driving a car. 

Orthotopic liver transplantation and, in the future, hepatocyte transplantation will 
correct the enzymatic effect and prevent further episodes of hyperammonemia 
(127,128) (Fig. 7). 

5.6. Prognosis 
The patient remains at lifelong risk for intercurrent hyperammonemia and should be fol

lowed at regular intervals for compliance with the medical regimen and verification that 
plasma ammonia and glutamine are normal. 

5. 7. Prevention 
Identification of affected family members and prenatal diagnosis are possible. Screening 

adult women with an allopurinol tolerance test, which enhances orotidine and orotic aciduria 
by inhibiting xanthine oxidase, may reveal other heterozygotes who are asymptomatic (129). 
The analysis of a 24 hour urine specimen following ingestion of allopurinol 300 mg is a test 
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devised by Dr. S. Brusilow and colleagues, which has been standardized only forpostmenarchal 
women. Apparently positive results should be confirmed with DNA analysis so the pregnan
cies ofthese women as well as those of the propositus can be monitored with fetal ultrasound 
to determine if the fetus is male, and assaying aTC activity and DNA in CVS or cultured 
amniocyte specimens. When infants at risk for urea cycle defects are born, there is a protocol 
available for prospective treatment to avoid hyperammonemia while confirming or excluding 
the diagnosis (101). 

5.8. Indications/or Consulting the Subspecialist 

The initial episode will ordinarily require combined input from internist, neurologist, neu
rosurgeon, hepatologist and subspecialists with special expertise in these disorders. Subse
quently supervision can be by the primary physician with assistance as needed from nutritionist, 
hepatologist and genetic counselor. 

6. PATIENT AND PROFESSIONAL INFORMATION SOURCES 

1. Cystic Fibrosis Foundation 
6931 Arlington Road 
Bethesda, MD 20814 
(800) FIGHT CF 

2. Association for Glycogen Storage Disease 
Box 896 
Durant, IA 52747 
(319) 785-6038 

3. National Urea Cycle Disorders Foundation 
130645 Avenue North East 
Minneapolis, MN 55421 
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SUMMARY 

Cystic fibrosis, a common autosomal recessive disease, is diagnosed when sweat chloride 
concentration is > 60 meq/ 1. More than 600 different mutations are known of which the delta 
F508 amino acid deletion, is most common. Genotyping is necessary to screen first degree 
relatives and prevent CF. 

Gallstones, biliary cirrhosis and portal hypertension develop in at least 30% ofCF patients. 
As survival improves (current median> 31 yr) CF-associated hepatobiliary disease will 
become more prevalent. 

Survival correlates with severity of pulmonary disease and the quality of medical care, 
mandating referral to Cystic Fibrosis Centers and coordinated subspecialty management. 

Since galactosemia is usually diagnosed by newborn screening for deficient galactose
l-phos phosphate uridyl transferase (GALT) and treatable with milk restriction, life expect
ancy beyond the neonatal period is normal. 

Complications include a toxic hepatitis with residual fibrosis, cataracts, which can be 
slowly progressive in adulthood, disturbed psychosocial and neurodevelopmental function, 
and reproductive failure. 

The major hepatic glycogenoses are types I, III, IV, VI, and IX. Within each type are 
multiple subtypes. Types I and III have sequelae of significance to the primary care physi
cian. Type Ib is characterized by neutropenia and risk of recurrent infection. Type IV is fatal 
in the child unless liver transplantation is performed. 

Type I individuals (glucose-6-phosphatase system) require lifelong therapies to maintain 
glucose homeostasis and surveillance for development of hepatic adenoma and adenocar
cinoma. They also are at risk for uric acid nephropathy and chronic glomerulonephritis 
which can progress to end stage renal disease. Somatic growth and sexual maturation may 
be delayed in Type I patients. 

Type III patients (debranching enzyme) may have liver injury and develop significant 
portal hypertension. Their hepatic symptoms improve with age; when striated and cardiac 
muscle are involved, the myopathy may be progressive. 

Type VI and IX patients (Phosphorylase and phosphorylase kinase deficiencies) are usually 
asymptomatic or minimally symptomatic with hepatomegaly and short stature, but normal 
maturation. Rarely cirrhosis, portal hypertension or hepatic tumors can develop in adulthood. 

Diminished muscle tone and strength with lax joints, osteoporosis and possibly prema
ture atherosclerosis can complicate the hepatic glycogenoses, especially type I. 

Urea cycle enzymopathies (1:30,000 births) are commonly associated with death or 
profound neurological impairment in infancy due to hyperammonemic coma. Recurrent 
vomiting with abnormal mental status are symptoms of hyper ammo nemi a in patients with 
late onset disease (20-25% of cases), particularly female carriers of ornithine trans
carbamylase (OTC) deficiency. 

Hyperammonemia due to urea cycle disorders is treatable with dietary protein restriction, 
arginine supplementation, and provision of alternate excretory pathways for ammonia (e.g., 
phenylacetate ). 
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1. INTRODUCTION 

Liver diseases during pregnancy are particularly important for the primary care physician, 
because a diagnosis and/or treatment is often required in a timely fashion. 

1.1. Normal Physiological Changes During Pregnancy 
There are many physiologic changes that occur during pregnancy. The plasma blood volume 

expands during pregnancy by approx 45-55%. This leads to an increased volume of distribu
tion, with a resultant decrease in hemoglobin, and urea nitrogen. Albumin levels decrease from 
an average of 4.2 g/dL in the nonpregnant state to 3.1 g/dL near parturition due to the relative 
increase in plasma volume (1). Also, there is an increase in serum alkaline phosphatase levels 
beginning around the fifth month of pregnancy and rising to two- to fourfold above normal 
values by term. This is due to entry of placental alkaline phosphatase into maternal blood (2). 
Factors VII and IX, fibrinogen, cholesterol, and triglyceride levels rise as well. In contrast, 5'
nucleotidase, GGT, ALT, AST, and bilirubin levels remain normal in the absence of liver 
disease. The most common characteristics, found in up to two thirds of normal pregnancies, 
are spider nevi, primarily on the upper trunk and face, and palmar erythema (3). In the indi
vidual without liver disease, these findings disappear after delivery. 

2. LIVER DISEASES UNIQUE TO PREGNANCY (SEE TABLE 1) 

2.1. Hyperemesis Gravidarum 
In 600/0-90% of all normal pregnancies, mild nausea and vomiting occur early in gestation. 

Hyperemesis gravidarum is a state of severe nausea and vomiting that occurs in approx 1 % of 
pregnancies. It is a common condition that usually presents in the first trimester, and can be lethal. 
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Disease 

Hyperemesis 
gravidarum 

Cho1estasis of 
pregnancy 

HELLP syndrome 

Acute fatty liver 
of pregnancy 

2.1.1. DIAGNOSIS 

Part VIII I Women and Liver Disease 

Table 1 

Characteristics of Liver Diseases Unique to Pregnancy 

Presenting symptoms 

Severe nausea and 
vomiting 

Puritus, dark urine 

Epigastric or RUQ 
pain, generalized 
edema 

Nausea and 
vomiting, 
epigastric pain, 
altered sensorium 

Timing 

Early first trimester 

Third trimester 

Third trimester 

Third trimester 

Management/outcomes 

Supportive (hydration), 
good prognosis 
mother and fetus 

Supportive, good prog
nosis mother, 
increased risk fetus 

Supportive, risks 
associated with 
pre-eclampsia for 
mother (including 
hepatic rupture) 
and fetus 

Supportive and early 
delivery, increased 
maternal and fetal 
mortality 

2.1.1.1. Symptoms and Signs. The symptoms of intractable nausea and vomiting usually 
occur early in the first trimester, but can present as late as the 20th wk. Often the patient is obese, 
and, in addition to the nausea and vomiting, complains of excessive salivation. Dehydration 
and malnutrition can be sufficiently severe to require hospitalization (4). The physical exami
nation is usually not very helpful. However, sometimes jaundice can be seen. 

2.1.1.2. Laboratory Abnormalities. Some evidence ofliver abnormalities can be detected 
from serum tests in 50% of cases. AL T and AST levels are mildly elevated in approx 50% of 
patients. However, levels can reach 200 lUll (5). The alkaline phosphatase and GGT are 
usually normal (6), but may rise to twice normal. Bilirubin levels can be increased, but usually 
not higher than 4 mg/dL (68 /JIDo1e/L). In the absence of other liver disease, these abnormalities 
all return to normal after restitution of adequate nutrition. 

2.1.2. TREATMENT AND PROGNOSIS 

Treatment initially consists of supportive care with hydration and fasting. Most patients improve 
and begin to tolerate food within a few days. Usually the symptoms disappear by the end of the second 
trimester. The prognosis for the mother and fetus is good (7). However, the average birth weights of 
babies born to women who have lost 5% or more of their original body weight are significantly lower 
than those of infants born to mothers with only mild hyperemesis gravidarum (8). 

2.2. Cholestasis of Pregnancy 
This syndrome has been described throughout the world, with a higher prevalence in Chile, 

Sweden, and in other countries in Europe (approx 1 %). There appears to be a genetic predis
position to this disease. In women with a family history of cho1estasis of pregnancy, an auto
somal dominant pattern of inheritance has been suggested. Oral contraceptive use can lead to 
cho1estasis in affected women (9). 
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2.2.1. DIAGNOSIS 

2.2.1.1. Symptoms and Signs. Symptoms usually occur in the third trimester of gestation 
at a mean of 30 wk of gestation, but sometimes may begin as early as the first trimester. The 
most important symptom is pruritus, which is most prominent over the trunk, extremities, and 
the palms and soles, and is usually worse during the night. After several weeks, dark urine may 
develop in 20---{)0% of cases as levels of conjugated bilirubin increase in the serum, and 
bilirubin begins to appear in the urine (10-12). Affected patients may develop vitamin K 
deficiency from fat malabsorption caused by decreased micellar concentration of bile acids in 
the intestines (10). Fever, tachycardia, and pain are not present. The diagnosis is made by 
excluding other causes of cholestasis, and supported by a family history or appearance of 
similar symptoms with oral contraceptive use. 

2.2.1.2. Laboratory Abnormalities. Typically, laboratory values suggest a cholestatic 
process (see Chapters 1 and 2). Alkaline phosphatase levels are elevated up to fourfold, and 
total bilirubin may be increased. However, the latter rarely rises above 6 mg/dL (103 1ill101e/L) 
(13). GGT levels are usually normal. The aminotransferase levels may also be moderately 
elevated, usually not exceeding two to threefold above normal (100 lUlL). However, ami
notransferase elevations of 10-fold and higher have been reported (10). Total bile acids are 
increased 10-100-fold (14). Usually, the diagnosis is made without a liver biopsy. When 
biopsies have been obtained, they have shown typical features of cholestasis with little of no 
inflammatory infiltrate (15). 

2.2.2. TREATMENT 

Vitamin K should be supplemented parenterally prior to delivery to prevent hemorrhage. 
Cholestyramine may relieve the pruritus when given at a dose of 10-12 g/d in divided doses 
(10). Usually the itching disappears almost immediately after delivery. 

2.2.3. COMPLICATIONS 

Overall, this is a benign condition for the mother and does not result in hepatic sequelae (11). 
However, there is an increased risk of prematurity and stillbirth associated with the condition 
(10). Affected patients are at increased risk for developing gallstones. There is also an increased 
risk to the fetus for developing meconium aspiration, fetal distress, and intracranial hemorrhage. 

2.2.4. PREVENTION 

The patient should be cautioned against the use of estrogens, and told that symptoms will very 
likely recur with each subsequent pregnancy, although the severity of the symptoms may vary. 

2.3. HELLP Syndrome 
This complication of severe pre-eclampsia consists of hemolysis, elevated liver enzymes, 

and low platelets. It occurs in 0.1---D.6% of all pregnancies, and up to 12% of patients with 
severe eclampsia (16). Two thirds of the cases occur during the last trimester of pregnancy 
between the 27th and 36th wk, whereas one third occur after delivery. 

2.3.1. DIAGNOSIS 

2.3.1.1. Symptoms and Signs. The patient may present with epigastric pain, abdominal 
pain in the right upper quadrant area (65-90%), nausea and vomiting (40-50%), general 
malaise (90%), headache (30%), and generalized edema (90%) (16). Jaundice is only present 
in 5%, and hypertension may be absent in as much as 20% of patients (17). The liver is usually 
normal or increased in size (18). 
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2.3.1.2. Laboratory. A microangiopathic hemolysis is manifested by low haptoglobin, 
high LDH levels, and the presence of schistocytes. There is an increase in levels of 
aminotransferases from 2-20-fold above nonnal with a mean of 150 lUlL, and mildly elevated 
bilirubin. Platelets are low « 1 00,000/mm3) secondary to increased platelet aggregation. How
ever, the PT and PTT remain nonnal. This is helpful in differentiating HELLP syndrome from 
acute fatty liver of pregnancy. 

2.3.2. TREATMENT AND PROGNOSIS 

The only definitive treatment is delivery of the fetus. If the condition develops after the 36th 
wk and maturity of the fetal lungs is demonstrated, delivery is recommended. In cases that 
develop before the 36th wk, the optimal treatment is not clear. There is some evidence to 
support the benefit of controlling the eclampsia, and postponing delivery to administer corti
costeroids for acceleration of fetal lung maturation (19). Because laboratory abnonnalities in 
the mother peak in the first 2 d postpartum, supportive care and especially administration of 
blood products are required during this period. The maternal mortality rate is 1-3%. 

2.3.3. COMPLICATIONS 

Spontaneous hepatic rupture, a dreaded complication of the HELLP syndrome, should be 
suspected when a patient develops abdominal distention, severe abdominal pain, and a sudden 
drop in hematocrit and blood pressure. Paracentesis reveals hemoperitoneum and the progno
sis, at this time, is very poor. CT scan or MRI are useful in demonstrating hepatic rupture (20). 
Other complications include disseminated intravascular coagulation (20%), abruptio placen
tae (16%), acute renal failure (7%), and pulmonary edema (6%) (16). The mortality rate for 
infants born to mothers with HELLP is high, on the order of35%. However, the mortality rates 
vary considerably, depending on the maturity ofthe fetus at the time of delivery and the severity 
of the syndrome in the mother (21). 

2.3.4. PREVENTION 

Because HELLP syndrome always presents in patients with pre-eclampsia, standard mea
sures to reduce the risk of developing pre-eclampsia, and prompt treatment when it occurs 
should reduce the risk of developing HELLP. 

2.4. Acute Fatty Liver of Pregnancy 
This is a rare and potentially fatal disease that occurs with a frequency of appro x 1 in 13,000, 

usually occurring during the third trimester (22) (see Chapter 7, this volume). The cause of this 
disease is unknown, and there may be overlap in laboratory findings between HELLP syn
drome and acute fatty liver of pregnancy. 

2.4.1. DIAGNOSIS 

2.4.1.1. Symptoms and Signs. The patient is often nulliparous, close to tenn, in the third 
trimester, and presents with nausea and vomiting, epigastric pain, anorexia, and jaundice. 
Some patients will have symptoms ofliver failure, including hypoglycemia, coagulopathy, and 
encephalopathy. On physical examination, the patient may have hypotension, peripheral 
edema, abdominal pain, and the liver is frequently small. 

2.4.1.2. Laboratory. Laboratory values usually show an increased PT and PTT, with a 
decrease in fibrinogen level. Also, aminotransferases are increased in the range of300 lUlL. 
Serum ammonia levels, as well as bilirubin and alkaline phosphatase, are usually increased 
although albumin is decreased. The white cell count is usually increased to> 15,000/mm3 and 
DIC may be present (23). There may be renal involvement with increased creatinine, pro
teinuria, and low urine output (24). Pre-eclampsia is present in 50% or more of patients affected 
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with acute fatty liver of pregnancy. Although not usually necessary in typical cases, a liver biopsy 
can differentiate an atypical presentation of acute fatty liver of pregnancy from many other 
disorders. Typical histologic features include ballooned pale hepatocytes due to accumulation of 
microvesicular fat. Frozen sections stained with oil red 0 can demonstrate the fat (23,25). 

2.4.2. TREATMENT AND PROGNOSIS 

The treatment is supportive care and delivery. This disease can be complicated by acute 
pancreatitis, gastrointestinal bleeding, hepatic coma, disseminated intravascular coagulation, 
and sometimes patients require hemodialysis. Also, the use oflactulose therapy may be required 
for control of encephalopathy. All attempts should be made to deliver the baby promptly. 
Despite severe hepatic necrosis, there is no progression to cirrhosis (26). 

3. EFFECTS OF PREGNANCY ON USUAL LIVER DISEASES 

Women with liver disease do not have an increased risk for having children with congenital 
anomalies. However, they do have more gestational problems, and an increased risk for pre
maturity or stillbirth. 

3.1. Cirrhosis and Portal Hypertension 

There is increased risk of bleeding from esophageal varices in pregnant females with portal 
hypertension. Portal hypertension due to prehepatic venous obstruction is less often associated 
with spontaneous abortions, prematurity, and prenatal mortality than is portal hypertension 
due to cirrhosis. Sclerotherapy is the treatment of choice for bleeding esophageal varices in this 
setting. Vasopressin is contraindicated because it may induce labor. 

3.2. Chronic and Acute Hepatitis 

Viral hepatitis is the most common cause of jaundice in pregnancy in the United States. 

3.2.1. CHRONIC HEPATITIS B 

In general, pregnancy is well-tolerated in patients with hepatitis B (see Chapter 9, this 
volume). The placenta is an excellent barrier for preventing transmission, and only when 
transplacental leakage occurs, or at amniocentesis, is the fetus at risk for intrauterine transmis
sion. Transmission to the infant takes place during delivery, rather than in utero, and occurs 
in 80% of the cases if the mother is HBeAg-positive, compared to 39% if she is HBeAg
negative. Infants ofHBsAg-positive mothers should receive HBIG (0.5 mL) within 12 h of 
birth, as well as the first dose of hepatitis B vaccine. Also, all infants should receive the vaccine 
at birth (27). 

3.2.2. CHRONIC HEPATITIS C 

Hepatitis C virus (HCV) is transmitted from mother to fetus less commonly than hepatitis 
B (see Chapter 10, this volume). Vertical transmission of hepatitis C occurs in 6% of newborns 
at risk. There is an increased risk of transmission of hepatitis C in women coinfected with HIV 
due to high levels of HCV viremia. Passive immunoprophylaxis with immunoglobulin is 
ineffective (28). 

3.2.3. ACUTE HEPATITIS A 

There is no evidence that infection with hepatitis A (see Chapter 8) is more common or more 
severe in pregnancy. If the mother is viremic at delivery, there is an increased risk to the fetus 
and passive immunoglobulin prophylaxis for the newborn is indicated (28). 
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3.2.4. HEPATITIS E 

Like hepatitis A, hepatitis E is enteric ally transmitted (see Chapter 8, this volume). Vertical 
transmission is known to occur. It is associated with an extremely high maternal mortality 
during pregnancy (up to 20%), with a high rate offetalloss. Hepatitis E occurs commonly in 
Asia, Africa, the Middle East, and Mexico. Serologic tests to detect antibodies to HEV and the 
virus RNA have been developed (28) (see Chapter 3, this volume). 

3.2.5. HERPES SIMPLEX HEPATITIS 

This infection may be associated with fulminant hepatic failure in the relatively 
immunocompromised state of pregnancy. Clinically, patients will have a prodrome of fever, 
malaise, and upper respiratory symptoms in the third trimester, usually lasting between 4 d and 
2 wk. The patient presents with right upper quadrant pain, and may have cutaneous herpetic 
lesions on physical examination. Laboratory values show normal to moderate increases in 
bilirubin and very high aminotransferase levels, often> 1 000 lUlL. Coagulopathy is present in 
91 % of cases, and the ammonia level may be increased. CT scan has been reported to show 
multiple low density, nonenhancing areas, consistent with multifocal hemorrhagic necrosis. 
The risk of infection to infants of affected mothers with a primary episode ofHSV at delivery 
is 33-50% as opposed to 3-5% in cases of recurrent HSV (29). In one study of 14 patients, a 
maternal mortality rate of 43% has been reported (29). A liver biopsy may be required to make 
the diagnosis. Typical intranuclear inclusion bodies are characteristic histologic findings. The 
patient should be started on acyclovir, because the outcome may be fatal. Prompt therapy has 
been reported to enhance the probability of survival (29). 

4. AUTOIMMUNE DISORDERS 

4.1. Autoimmune Hepatitis 
Autoimmune hepatitis is a clinical syndrome (see Chapter 11, this volume) that responds to 

corticosteroids alone or in combination with azathioprine. Patients should be kept on the same 
prepregnancy dose of immunosuppression required to maintain remission. Azathioprine has 
not been shown to be teratogenic in this setting of low-dose therapy. These patients are at 
increased risk for pre-eclampsia, prematurity, and increased fetal wastage (30). 

4.2. Primary Biliary Cirrhosis 
Although bilirubin levels can remain unchanged or even decrease in pregnant women with 

PBC (see Chapter 15, this volume), most of the reported cases have shown an increase in 
cholestasis and its associated itching during the third trimester, resolving after delivery (31). 

4.3. Other/Miscellaneous Disorders 
4.3.1. HEPATIC NEOPLASIA 

Hepatic adenomas are at risk of enlarging under the effects of high levels of sex steroids seen 
in pregnancy, and rupture into the peritoneum may result. 

4.3.2. ACUTE PORPHYRIA 

The acute neurologic porphyrias consist of acute intermittent porphyria, variegate porphy
ria, and hereditary coproporphyria (see Chapter 19, this volume). Acute intermittent porphyria 
is the most common and severe. A female preponderance suggests that hormones may playa 
role in the phenotypic expression. Pregnancy, through the effects of estrogen, can exacerbate 
the disease by stimulating delta aminolevulinic acid synthesis. Management consists of avoid
ing any precipitating agents such as alcohol, starvation, and infection. Treatment of acute 
episodes involves glucose infusion and high carbohydrate diet, in order to suppress traffic 
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through the blocked enzymatic pathway. In refractory cases, iv administration of hematin is 
needed (32). 

4.3.3. FAMILIAL HYPERBILIRUBINEMIA 

The unconjugated hyperbilirubinemia of Gilbert's syndrome (see Chapter 14) is not exac
erbated by pregnancy. The Dubin-Johnson syndrome is characterized by chronic, familial 
jaundice and deposition of a dark pigment inside hepatocytes (see Chapter 14, this volume). 
Eighty percent of patients are asymptomatic during pregnancy, but some may experience 
symptoms such as fatigue, anorexia, abdominal pain, and progressive jaundice, peaking in the 
third trimester, then returning to normal after delivery. Alkaline phosphatase and other liver 
enzyme levels are normal. The diagnosis can be confirmed after delivery by a nuclear medicine 
scan (HIDA) and liver biopsy. There is increased risk of prematurity, spontaneous abortion, 
and stillbirth, but the mother's prognosis is excellent (33). 

4.4. Liver Transplantation 
Pregnancy has frequently been reported after liver transplantation. Patients with allografts 

have increased risk of hypertension, pre-eclampsia, and premature delivery. Pregnancy does 
not have an adverse effect on liver function or survival (34). 

5. EFFECTS OF ALCOHOL AND LIVER DISEASE ON FERTILITY 

5.1. Alcohol 
Alcohol-related injury to various organs, including, but not limited to, the liver can impair 

reproductive function. 

5.1.1. EFFECTS IN MALES 

Alcohol affects the normal function oftestes, pituitary, hypothalamus, and adrenal glands. 
Males who are chronic alcoholics are both hypogonadal and feminized, as manifested by 
testicular atrophy, impotence, and loss of libido. This is related to toxicity of alcohol and 
acetaldehyde within the testes, suppression ofLH, FSH secretion from the anterior pituitary, 
and decreased testosterone binding affinity for sex hormone-binding globulin. Feminization 
is manifested by the presence of a female escutcheon and body habitus, palmar erythema, 
spider angiomata, and gynecomastia, and may be related to high levels of estrogen. Abstinence 
from alcohol may result in spontaneous recovery of sexual function, but not in men with 
testicular atrophy. Several therapeutic trials have been conducted with treatments, but only 
single-dose oral testosterone has been shown to be beneficial in some. 

5.1.2. EFFECTS IN FEMALES 

One of every three alcoholic persons in the United States is a woman. Chronic alcoholic 
women are not superfeminized, but instead have severe hypogonadism. Failure of the ovaries 
is manifested by reduced plasma levels of estradiol and progesterone, loss of secondary sexual 
characteristics, such as breast and pelvic fat, and ovulatory failure. Unlike men, steroid pro
duction in the woman is not acutely altered by alcohol (35). 

5.2. Chronic Liver Diseases 
In general, hypogonadism is less prevalent, and less severe in nonalcoholic liver disease. 

5.2.1. HEMOCHROMATOSIS (SEE CHAPTER 18) 

Gonodal failure is characterized by reduced libido, impotence, reduction in sexual body 
hair, gynecomastia, and loss ofspermatogosis due to testicular atrophy. Serum estrogen levels 
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are nonnal. Phlebotomy does not improve impotence. However, chronic administration of 
human chorionic gonadotropin increases testosterone. Alternatively, testosterone itself can be 
administered. Gonadal effects in female patients have not been reported, because the disease 
is usually manifested after menopause. 

5.2.2. WILSON'S DISEASE (SEE CHAPTER 21) 

Copper accumulation does not occur in the gonads or the pituitary. A stimulation of secre
tion of all anterior pituitary honnones except prolactin occurs, perhaps resulting in nonnal 
gonadal function. 

5.2.3. AUTOIMMUNE HEPATITIS (SEE CHAPTER 11) 

This is a disease of young women who often develop amenorrhea at the onset of the disease. 
When the disease becomes inactive with corticosteroids, the menses return and the patient may 
become pregnant (36). 

5.3. Portal Hypertension 
Patients with noncirrhotic portal hypertension (see Chapter 29, this volume) are more likely 

to become pregnant than patients with cirrhotic portal hypertension because, in the latter, 
ovulation is markedly reduced (36). 

6. ORAL CONTRACEPTIVES AND THE LIVER 

6.1. Cholestasis 
Oral contraceptives impair bile excretion by interfering with uptake of bile acids from 

sinusoidal blood. Cholestasis in patients on oral contraceptives was a clinical problem when 
these drugs were introduced in the 1960s. The jaundice is characterized as the cholestatic 
canalicular type. The onset is insidious within 1 wk to 1 mo of treatment. This liver damage, 
originally associated with high/medium doses, is not seen with low doses now in use (37). 

6.2. Hepatic Adenoma 
Hepatic adenoma, a benign liver tumor, can present with a painless or painful right upper 

abdominal mass (vascular), or when ruptured, as hemoperitoneum. Most cases occur in women who 
are of child-bearing age. However, it can also occur in men taking androgenic steroids. In most 
instances, hepatic adenomas regress when oral contraceptives use is discontinued. Rarely, hepatic 
resection by enucleation, combined with hepatic vascular exclusion, is necessary to prevent unpre
dictable hemorrhage. Malignant transfonnation to hepatocellular carcinoma can rarely occur (38). 

6.3. Focal Nodular Hyperplasia 
Focal nodular hyperplasia (FNH) is a benign tumor composed ofhepatocytes and Kupffer 

cells, which occurs in women, usually as an asymptomatic incidental finding. Whereas there 
is a strong association between oral contraceptives and hepatic adenoma, the association of 
FNH with oral contraceptive has not been finnly established. A pre-existing FNH lesion may 
increase in size under the influence of oral contraceptives, and hemorrhage and necrosis can occur 
in this setting. There is no evidence that FNH can undergo malignant transfonnation (39,40). 

6.4. Fibrolamellar Carcinoma 
This liver tumor can be difficult to differentiate from FNH and hepatic adenoma. Electron 

microscopy is useful in arriving at the correct diagnosis. Simultaneous occurrence ofFNH and 
fibrolamellar carcinoma has been seen. 
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6.5. Hepatic Vein Thrombosis (Budd-Chiari Syndrome) 
Oral contraceptives and pregnancy have been associated with development of a hyperco

agulable state. Patients with hepatic vein thrombosis develop ascites, abdominal discomfort, 
and abnormal serum liver tests. Doppler ultrasound is useful in diagnosis, and liver biopsy is 
an important adjunct in diagnosis. 

6.6. Peliosis Hepatis 
Peliosis hepatis consists oflarge blood-filled cavities of various sizes with sinusoidal dila

tation, but no endothelial lining. Most cases are secondary to oral contraceptives and anabolic 
steroids. However, it has also been associated with cat-scratch disease (Rochalimaea henselae) 
in patients with AIDS, or with the use of tomoxifen, and Danazol. It is seldom diagnosed by 
liver biopsy. 

SUMMARY 

During pregnancy many serum values are altered due to normal physiological changes 
in the mother. 

Hyperemesis gravidarum can result in liver dysfunction and occurs in the first trimester. 
Intrahepatic cholestasis of pregnancy, acute fatty liver of pregnancy, and the HELLP 

syndrome usually manifest themselves in the second or third trimester. 
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1. INTRODUCTION 

Ascites is defined as the pathological accumulation of fluid within the peritoneal cavity 
occurring as a consequence of hepatic cirrhosis and portal hypertension. Ascites may also 
occur in the presence of other disease states, such as tuberculosis, nephrotic syndrome, malig
nancy, congestive heart failure, and noncirrhotic liver disease. This chapter will focus on the 
approach to patients with cirrhotic ascites. 

The development of ascites in a cirrhotic patient should be considered a priori evidence that 
the patient has portal hypertension. The new onset of ascites signals decompensation of pre
viously stable cirrhosis, and ascites may develop in conjunction with esophageal variceal 
hemorrhage or hepatic encepholopathy. The occurrence of ascites portends a poor prognosis. 
In most patients, ascites is readily managed with medical therapy, but in a few, the condition 
becomes refractory to conventional treatment. In these patients more invasive measures may 
become necessary, such as intermittent large volume paracentesis, peritoneovenous shunting, 
transjugular intrahepatic porto systemic shunting (TIPS), or even orthotopic liver transplantation. 

Spontaneous bacterial peritonitis (SBP) is a not uncommon complication of cirrhotic ascites, 
occurring in 12-26% of ascitic patients at the time of hospital admission, whether or not 
symptoms of infection are present. It is defined as an infection of ascitic fluid that occurs in 
the absence of a local source of infection (1). Whenever a cirrhotic patient with ascites develops 
fever, abdominal pain, or begins to fail, SBP should be considered, and a diagnostic paracen
tesis should be performed. Prompt recognition and treatment improve survival, and subsequent 
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prophylactic antibiotic therapy reduces the recurrence rate. Nonetheless, the diagnosis ofSBP 
generally implies a poor prognosis. 

2. PATHOGENESIS 

2.1. Cirrhotic Ascites 
The precise mechanism by which cirrhotic ascites occurs is not known, but three hypotheses 

have been proposed: the underfill hypothesis, the overflow hypothesis, and more recently,the 
peripheral arterial vasodilation hypothesis. The underfill hypothesis purports that increased 
sinusoidal pressure leads to increased formation of hepatic lymph, which enters the abdominal 
cavity. Splanchnic blood volume increases, systemic vascular resistance and effective plasma 
volume decrease, and avid renal sodium and water retention occur. The overflow hypothesis 
suggests that the liver disease in some way triggers a reflex renal sodium and water retention, 
which in time leads to the formation of ascites. The peripheral vasodilation theory combines 
aspects of both previous theories (2). 

2.2. Spontaneous Bacterial Peritonitis 
In patients with cirrhotic ascites, several factors may promote the entrance of internal 

organisms into ascitic fluid: impaired reticuloendothelial cell activity, decreased serum and 
ascites complement levels, and low ascites protein levels. Although it was once believed that 
direct transmural bacterial migration from the gut occurred, current theory favors bacterial 
translocation to the lymphatic system and portal vein. This concept better explains the frequent 
occurrence of mono microbial infection in SBP (3). 

3. CARDINAL SYMPTOMS AND SIGNS 

3.1. Symptoms 
3.1.1. CIRRHOTIC ASCITES 

The primary symptom in patients with cirrhotic ascites is an increase in abdominal girth. The 
patient often relates that this is of recent onset, but the laxity of the abdominal wall and the 
severity of the liver disease suggest a more gradual process (4). Mild to moderate ascites may 
be regarded as only a cosmetic problem without any significant health risk or urgency. As the 
ascites becomes more advanced, however, it may be associated with significant limitation of 
movement and discomfort, related to the sheer weight of the fluid that the patient must bear. 
Related symptomatology may include heartburn, shortness of breath, peripheral edema, and 
abdominal wall hernia, that must be repaired. 

3.1.2. SBP 

Because SBP occurs in the setting of advanced liver disease, most patients (81 %) are clinically 
jaundiced (5). In one series, 87% of patients had signs and symptoms of infection, including fever 
(68%), abdominal pain (49%), and mental status change (54%) (6). The clinical manifestations 
may be subtle, however, (e.g., a mild mental status change noted only by a family member), and 
the diagnosis should be considered whenever a cirrhotic patient deteriorates. 

3.2. Physical Examination 
3.2.1. CIRRHOTIC ASCITES 

The presence ofa moderate amount of ascites may be difficult to detect on physical exami
nation and in one study, its overall accuracy rate was only 58% (7). The usual maneuvers to 
detect ascites include percussion for flank dullness and shifting dullness, which in another 
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study had a 90% negative predictive value (8). The fluid wave, which requires two examiners, 
and obvious massive ascites to be positive, and the puddle sign, which is sensitive, but often 
impractical to perform, are less useful. Physical signs of advanced liver disease, including 
icterus, spider telangiectasias, palmar erythema, gynecomastia and testicular atrophy in males, 
and caput medusae are frequently seen. Lower extremity edema may be present. 

3.2.2. SBP 

Fever, direct or indirect abdominal tenderness, or mental status changes are usually present 
in SBP. Physical examination may be relatively unhelpful in making the diagnosis of SBP, 
especially in patients whose only abnormality is a subtle mental status change. Again, stigmata 
of advanced liver disease are frequently present. 

4. DIAGNOSIS 

4.1. Imaging Studies 
If there is doubt about the presence of ascites on physical examination, abdominal ultrasonog

raphy should be performed. The smallest amount of fluid detectable by ultrasonography is 
reported to be 100 mL (9). Ultrasonography is also useful in guiding abdominal paracentesis, and 
in assessing for underlying organ enlargement. Abdominal CT scan is equally sensitive in detect
ing ascites. However, imaging studies are not helpful in establishing the diagnosis of SBP. 

4.2. Laboratory Findings 
4.2.1. SERUM AND URINE 

In cirrhotic ascites, baseline serum and urine electrolyte measurements are crucial in deter
mining the aggressiveness of therapy that will be required, and in following the response to 
therapy. The serum sodium level normally runs slightly low (134 mEq/L) in these patients, 
despite an increase in total body sodium. Hypokalemia and hypophosphatemia are also com
mon, but hyperkalemia may develop with potassium-retaining diuretic therapy. Urinary sodium 
excretion is variable, but is very low « 1 0 mEq/24 h) in severe cases. A reversal in the urinary 
sodium/potassium ratio is the therapeutic endpoint of diuretic therapy. 

Measurement of the serum albumin level is required to determine the serum-ascites albumin 
gradient (see Section 4.2.3.2.). IfSBP is suspected, blood cultures are taken. Baseline serum 
creatinine and blood urea nitrogen levels are drawn prior to initiating diuretic therapy. A serum 
glucose level should also be obtained. 

4.2.2. TECHNIQUE OF DIAGNOSTIC PARACENTESIS 

Diagnostic paracentesis should be performed in each patient with new onset of ascites, if 
SBP is suspected, or if there is a change in clinical status suggesting a perforated viscus or the 
development of hepatocellular carcinoma. Contraindications to the procedure include disor
ders of blood coagulation (PT >5 s above control, platelet count <50,000/mm3), intestinal 
obstruction, and infection of the abdominal wall. Relative contraindications are an uncoopera
tive patient, and a history of multiple abdominal surgeries. If there is doubt about the presence 
of ascites, ultrasonographic guidance should be employed. 

The patient should have an empty bladder, and should be positioned at a 45-90° angle. The 
point of aspiration should be in the midline, midway between the umbilicus, and the pubic 
bone. If surgical scars interfere, the left or right lower quadrants lateral to the rectus muscles 
are alternative sites (10). Using sterile technique, and 1 % xylocaine local anesthetic, a slow 
Z-tract insertion is made in 5 mm increments with a bare steel needle (1.5-in, 22-gage for 
diagnostic, 16-18 gage for therapeutic taps, 3.5-in spinal needle for obese patients). During 
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Mandatory 

Cell count 
Albumin (1 st tap) 
Culture (in blood culture bottles) 
Gram's stain 

Modified from refs. 2,4. 
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Table 1 

Ascitic Fluid Tests 

Optional 

Total protein for tuberculosis 
Glucose 
Lactic dehydrogenase 
Amylase 

Selected Cases 

Smear and culture 
Cytology 
Cholesterol 
Triglycerides 
Bilirubin 

insertion of the needle, continuous aspiration should be avoided, as it may cause a falsely dry 
tap, due to bowel or omentum occluding the needle. Once the peritoneal cavity is entered, 5 cc 
of air is injected. Then 10 cc of fluid is gently aspirated followed by larger volumes up to 100-
200 cc for a diagnostic tap. The needle should first be stabilized. If flow stops, the syringe 
should be removed from the needle, the needle twisted 90° and inserted in 1-2 mm increments 
until flow is restored (4). After the needle is removed, an adhesive bandage or pressure dressing 
should be placed over the site. Complications are rare. Abdominal wall hematoma (1 %) may 
necessitate transfusions (10). Ifleakage of ascites occurs at the site, an ostomy appliance may 
be utilized until flow spontaneously ceases. 

4.2.3. AscITIc FLUID 

4.2.3.1. Routine. The recommended ascites fluid tests are outlined in Table 1. Screening 
tests are performed upon the initial tap, and follow-up tests (via repeat tap), if necessary, are 
based upon the results. Cell count is the most important single test, as the result affects the 
interpretation of culture results (4). The ascites albumin level is important for determination 
of the serum-ascites albumin gradient. Ascites cultures are critical for the diagnosis ofSBP or 
one of its variants. Blood culture bottles inoculated with 5 cc of ascitic fluid at the bedside 
should be the method of choice, as these have a higher yield than conventional cultures (11). 
Optional and case-directed ascites fluid tests are listed in Table 1. 

4.2.3.2. Serum-Ascites Albumin Gradient. In general, patients with ascites due to cirrhosis and 
portal hypertension have a low level of ascites fluid protein «2.0 g/dL). However, because higher 
values are not infrequently found in uncomplicated cirrhotic ascites, a more reliable indicator is 
needed. The serum-ascites albumin gradient, calculated by subtracting the ascites value from the 
serum value (obtained on the same day), is a much more accurate reflection of portal hypertension 
(97% accurate). If the gradient is >1.1 g/dL, portal hypertension is the etiology of the ascites, 
whereas a gradient of <1.1 g/dL, suggests it is not (12). This gradient has replaced the exudate
transudate concept of ascites, and the classification based on it is outlined in Table 2 (13). 

4.2.3.3. SBP. The neutrophil (WBC) count in ascitic fluid is the best predictor ofSBP. 
Patients with >500 WBCs/mm3 are considered to have SBP even without clinical signs 
and symptoms of peritonitis. If the WBC count is 250-500/mm3 with clinical signs of 
infection, presumed SBP exists. However, if the patient is asymptomatic, the tap should 
be repeated in 24--48 h. A WBC count <250/mm3 with sterile fluid rules out SBP (J 4). 
Several subcategories of SBP have been described, including culture-negative neutro
cytic ascites (WBCs >500 mm3, negative cultures) which should be treated as an SBP 
equivalent, and bacterascites (WBCs <250/mm3, positive monomicrobial culture). 
Symptomatic bacterascites should be regarded as likely (>33% chance) to progress to 
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Table 2 

Types of Ascites by Serum-Ascites Albumin Gradient 

High gradient (~l.l g/dL) 

Cirrhosis 
Alcoholic hepatitis 
Cardiac failure 
Massive liver metastases 
Fulminant hepatic failure 
Budd-Chiari syndrome 
Portal vein thrombosis 
Veno-occlusive disease 
Fatty liver of pregnancy 
Myxedema 
"Mixed" (portal 

hypertension plus 
another cause of ascites, 
e.g., tbc.) 

Modified from ref. 13. 

Low gradient «1.1 g/dL) 

Peritoneal carcinomatosis 
Peritoneal tuberculosis 
Pancreatic ascites 
Biliary ascites 
Nephrotic syndrome 
Serositis 
Bowel obstruction or infarction 
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SBP, whereas asymptomatic bacterascites rarely progresses to peritonitis (15). Figure 
1 outlines an algorithm of the usefulness of the ascitic fluid cell count and culture data 
in the management of these patients. 

A very high ascites WBC count (> 1 0,000/mm3) is diagnostic of secondary bacterial peri
tonitis (bowel perforation or abscess). A rising ascites WBC count after 48 h on antibiotic 
therapy should be suggestive of this as well (3). The organisms found to be the most common 
causes of SBP are outlined in Table 3 (15). 

A polymicrobial (neutrocytic >250 WBCs/mm3) ascitic fluid culture is suggestive of 
secondary bacterial peritonitis, particularly if anaerobic organisms are cultured. Polymi
crobial bacterascites (WBCs <250/mm3) suggests that bowel contents have been acci
dentally sampled. 

5. TREATMENT 

5.1. Dietary Therapy 
Sodium restriction and diuretics are the basis of medical therapy of cirrhotic ascites. A 

baseline urinary sodium excretion (off diuretics) of >25 meq/24 h is suggestive that dietary 
sodium restriction alone might be effective, whereas, a value of < 1 0 meq/24 h indicates that 
diuretics will also be required. Since there is little fluctuation in sodium excretion throughout 
the day, a spot urine sodium determination may be as useful as a 24-h collection (multiply the 
concentration by the daily volume for the 24-h sodium result). 

The degree of diuresis that can be achieved is directly proportional to the amount of dietary 
sodium restriction in these patients. However, the most effective level of restriction, 500 mg/d 
of sodium, is not practical, as it is quite unpalatable, and may often preclude sufficient nutri
tional support for the patient. A reasonable level is 2 g/d of sodium. Fluid restriction below 2 Lid 
is not necessary in most patients, unless the serum sodium level drops below 120 meq/dL. It 
is useful to have the person who prepares the patient's meals review the diet with the dietitian 
(4). Potassium-containing salt substitutes should be avoided if the patient is on a potassium
retaining diuretic agent. 
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I Ascites Fluid Cell Count 

t 
! >500WBCs/mm3 ! ! 250-500 WBCs/mm3 I <250 WBCs/mm3 ! 

! I 
I Symptomatic I I Asymptomatic I 

Culture Culture 
positive negative 

~ymptomatic I Symptomatic I 

• No treatment • No treatment 
• Follow-up tap • Follow-up tap 

mandatory not required 

I Treat as SBP 1 
I I 

Fig. 1. A scheme for the evaluation of ascitic fluid (modified from ref. 3). 

Table 3 

Bacteriology of Subacute Bacterial Peritonitis (SBP) 

Organism 

E. coli 
Streptococci/ Group D streptococci 
Klebsiella pneumoniae 
Other aerobic Gram-negative bacilli 
Anaerobes 
Other: Staphylococcus, diphtheroids 

Modified from ref. 15. 

5.2. Diuretics 

Frequency 

46% 
30% 
9% 
8% 

«1%) 
6% 

Spironolactone and furosemide are the primary diuretics employed, starting with doses of 
100 mg and 40 mg/d, respectively, and titrating the doses higher according to the response, up 
to a maximum of 400 and 160 mg/ d, respectively. As spironolactone has a long halflife, a single 
daily dose is adequate, and adjustment in dosage should not be considered until at least 2 wk 
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have passed. A target daily weight loss of 0.5-1 lb. is recommended although a faster rate of 
diuresis is permissible if the patient has peripheral edema «2 Ibid). If the patient is not 
responding adequately, then monitoring weight and urinary sodium determinations can help 
determine whether inadequate dietary sodium restriction is the problem. If a third diuretic is 
a consideration, hydrochlorothiazide 25-50 mg, or metolazone 5 mg can be added, but often 
this leads to complications of prerenal azotemia or hyponatremia (4). Refractory ascites is 
defined as failure to achieve a therapeutic response despite sodium restriction and maximal 
diuretic therapy, or the development of renal or electrolyte disturbances during treatment. 
However, more than 90% of cirrhotic ascites respond to salt restriction and diuretics (16). 

5.3. Large Volume Paracentesis 
Patients with refractory ascites may be treated with intermittent (every 1--6 wk) large vol

ume paracentesis. A maximum paracentesis of 5 L is recommended, despite the fact that larger 
amounts may be removed safely (17). Intravenous albumin infusion (l 0 gIL of ascites removed) 
has been shown to prevent acute changes in cardiac index, femoral blood flow, and renin! 
aldosterone levels following large volume paracentesis (18). However, the expense of albumin 
infusion ($1 00-1250/paracentesis) may not be justified as no difference in the progression to 
renal failure or death has been demonstrated in those treated with and without albumin infu
sions (4). If use of a plasma expander is the chosen mode of therapy, albumin has been shown 
to be superior to a similar dose of dextran or polygeline in preventing hypovolemia after large 
volume paracentesis (19). 

5.4. Antibiotics (SBP) 
As noted in Table 3, E. coli, streptococci, and Klebsiella species are the predominant 

etiologic agents in SBP, accounting for 80-85% of cases (15). Anaerobes are rare, which is 
presumed to be due to the high oxygen content of ascitic fluid (20). Therefore, third-generation 
cephalosporins are the drugs of choice for empirical treatment ofSBP. Cefotaxime, 2 g admin
istered intravenously every 8 h has a cure rate of 85% and is more effective and safer than 
ampicillin and tobramycin (21). Once the causative organism has been identified, the antibiotic 
may be changed according to the reported susceptibilities. The standard duration of iv antibi
otic treatment for such a serious infection is 10-14 d. However, prompt sterilization of the 
ascitic fluid occurs with treatment, and one study showed no difference in cure rates in patients 
treated with iv cefotaxime for 5 vs 10 d (22). Therefore, a 5-7-d course of treatment is accept
able if the ascitic fluid WBC count has been documented at <250/mm3 prior to discontinuation 
of treatment (3). Figure 2 outlines an algorithm for treatment of patients diagnosed with SBP. 

5.5. Peritoneovenous Shunts 
If a patient with cirrhotic ascites has a poor response to medical measures and therapeutic 

paracentensis, peritoneovenous (LeVeen or Denver) shunting is one of the third line consid
erations. This maneuver enjoyed popularity in the 1970s and 1980s, but fell into disuse due to 
significant complications including shunt malfunctions (30%), sepsis (25% despite antibiot
ics), peritonitis, endocarditis, postshunt cardiopulmonary congestion, variceal bleeding, and 
most commonly, disseminated intravascular coagulation. The latter complication has been 
reduced by the complete removal of ascites with partial replacement by normal saline at the 
time of surgery (7). One study comparing shunts with medical therapy revealed more compli
cations in the surgical group, and an overalll-yr mortality in both groups of75% (22,23). 
Another study comparing shunts with therapeutic paracentesis was more favorable, citing a l-yr 
survival of 50% in both groups. However, there was a significant increase in patient comfort 
in the shunt group (24). These shunts, therefore, are a viable option, but the potential difficulties 
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I Cefotaxime 2 gm IV q8h 

• l Repeat tap in 48 hr . 

• I 
I Decrease in WBCs I I Increase in WBCs I , 

I <250 WBC/mrn3 I I >250 WBCs/mrn3 I 
Exclude bowel 
perforation 
or intra-abdominal 
abscess 

I 
Stop treatment 

I I Continue treatment I 
after 5 - 7 days until WBCs <250/mm3 

Fig. 2. A scheme for the treatment of subacute bacterial peritonitis (SBP) (modified from ref. 3). 

should be carefully outlined to the patient. Contraindications to the procedure include recent 
esophageal variceal hemorrhage, intrinsic renal disease, and active alcoholic hepatitis. 

5.6. TIPS Procedure 
The TIPS procedure is another consideration as a third line measure if conventional therapy 

and therapeutic paracentesis cannot control cirrhotic ascites adequately (see Chapter 6, this 
volume). Of course, esophageal variceal bleeding is the primary indication for a TIPS proce
dure, and improvement of refractory ascites is ordinarily regarded as a secondary benefit of the 
procedure. In an uncontrolled prospective study of the TIPS in 50 patients with cirrhosis and 
refractory ascites, 37 patients (74%) had complete responses (total remission of ascites within 
3 mo), and nine patients (18%) had partial responses, but mortality from underlying diseases 
was significant. Two patients died within 2 wk of shunt placement. An additional 29 patients 
died (10 of progressive liver disease and 19 of other causes) during a follow-up of 1.3 yr. After 
the procedure, 25 patients (50%) had hepatic encephalopathy, as compared with 20 patients 
(40%) before the procedure. Renal function improved in 28 of33 patients for more than 6 mo, 
but did not improve in six patients with organic renal disease (25). 

In another study of 42 patients undergoing the TIPS procedure for refractory ascites, pre
dictors of clinical response (>6 mo survival, without hepatic encephalopathy, and not requiring 
therapeutic paracentesis) were age <65 yr and creatinine clearance >42 ml/min. Overall, the 
1- and 2-yr survival rates were 46% and 3 8%, respectively, and the hepatic encephalopathy rate 
was 19% (26). A study of the hemodynamics and sodium homeostasis in seven patients under
going the TIPS procedure for cirrhosis and refractory ascites revealed that the natriuresis 
associated with TIPS is delayed, and occurs 1 mo after insertion. The conclusion was that in 
carefully selected patients, TIPS is a safe and effective treatment, but that careful attention to 
renal and cardiac status is crucial (27). The role for TIPS as a treatment for refractory ascites 
remains to be established and requires further studies. The data, thus far, suggest that it is a 
viable option, but carries significant morbidity and mortality, primarily due to the underlying 
disease in these patients. 
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Fig. 3. A scheme for the management of cirrhosis and ascites (modified from ref. 15). 

5. 7. Liver Transplantation 
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Orthotopic liver transplantation is the only treatment that corrects the underlying cause of 
the portal hypertension that leads to refractory ascites. Patients with ascites should be consid
ered for transplantation when they first present. If they become refractory to dietary and 
diuretic treatment, develop SBP, hepatorenal syndrome, or hepatic encephalopathy, they should 
be placed at the top of the transplant selection list. Unfortunately, the availability of donor 
organs limits the practical usefulness of this procedure. An algorithm for the overall approach 
to the management of patients with cirrhotic ascites is outlined in Fig. 3 (13). 

6. POTENTIAL COMPLICATIONS 

In addition to SBP and its variants, complications of cirrhotic ascites include tense ascites, 
with respiratory compromise and impaired ambulation, abdominal wall hernias, hepatic 
hydrothorax, and meralgia paresthetica (4). As noted in Fig. 3, tense ascites is an indication for 
therapeutic paracentesis. Elective surgical treatment should be considered for all cirrhotic 
ascites patients with hernias, because more than half eventually require surgery for complica
tions. Recurrences are common unless the ascites has been reduced with medical treatment 
preoperatively. Pleural effusions are common, and are treated best with medical treatment of 
the ascites per se, using the measures outlined in this chapter. Meralgia paresthetic a due to 
pressure injury to the lateral femoral cutaneous nerve is also reversible with medical treatment 
of the ascites. 

Another potential complication of cirrhotic ascites is the hepatorenal syndrome, also called 
functional renal failure or renal failure of cirrhosis. This syndrome is defined as renal failure 
that occurs in patients with liver disease in the absence of clinical, laboratory, or anatomical 
evidence of other known causes (28). Despite intense investigation, the pathogenesis of the 
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hepatorenal syndrome is unknown. Plasma endothelin, a renal vasoconstrictor, is elevated in 
the hepatorenal syndrome, but it is unclear whether this is a primary or a secondary effect. 
Excess production of a vasodilator substance is another proposed mechanism. Several candi
date agents have been studied, including prostacyclin, bradykinin, substance P, atrial natri
uretic protein, and nitric oxide (29). 

Efforts to treat the hepatorenal syndrome medically are usually futile, but all patients sus
pected to have the syndrome should undergo a volume challenge using a solution of 100 g of 
albumin in 500 mL of isotonic saline. Large-volume paracentesis should then be performed. 
Other considerations would be the use of renal vasodilators, such as dopamine, a peri to
neovenous shunt, or the TIPS procedure (30). Currently, the only definitive therapy for the 
hepatorenal syndrome is liver transplantation. Without it, the majority of patients with the 
hepatorenal syndrome die. 

7. PROGNOSIS 

7.1. Cirrhotic Ascites 
The l-yr survival for medically treated patients with cirrhosis and ascites is 75% (31). Once 

the ascites has become refractory to diuretic therapy, the l-yr survival drops to 25% (32). This 
dismal survival rate holds for all modes of intervention, including intermittent therapeutic 
paracentesis, peritoneovenous shunts, and the TIPS procedure. The one exception, of course, 
is for those patients who are fortunate enough to have liver transplantation, in which case the 
overalll-yr survival rate exceeds 75% (33). 

7.2. SBP 
The mortality rate for SBP has improved dramatically during the past several decades, drop

ping from a mortality rate of 8~90% down to 30-40% (34). Most patients who survive an 
episode ofSBP succumb to liver failure or complications of portal hypertension rather than SBP
related sepsis. Once a patient has had an episode ofSBP managed successfully, the expected rate 
for one or more recurrences is approx 50%, with a 70% chance of recurrence at I yr (35). An 
episode of SBP in a cirrhotic ascitic patient is an indication for liver transplantation. 

8. PREVENTION 

8.1. Cirrhotic Ascites 
In a patient with alcoholic cirrhosis, abstinence from alcohol is the major intervention to stabilize 

liver function, and to prevent the onset of ascites. Once ascites has occurred, strict compliance with 
dietary salt restriction and diuretics offers the best chance of prevention. Noncompliance is the most 
common reason for failure of medical treatment. As noted above, noncompliance with dietary salt 
restriction can be easily diagnosed by monitoring the patient's weight and urinary electrolytes. 

8.2. SBP 
Patients with cirrhotic ascites at highest risk for developing SBP are those with a low ascitic 

protein level, an increased bilirubin level, gastrointestinal bleeding, and acute liver failure (36). 
The best prevention for SBP is successful medical treatment of the ascites. The use ofantibi
otics for primary prophylaxis of SBP in high-risk patients has been shown to reduce the 
occurrence rate significantly, but no reduction in mortality has been demonstrated. This raises 
the issue of the cost-effectiveness of primary prophylaxis vs waiting to implement aggressive 
treatment ofSBP when it does occur (l). Similarly, secondary prophylaxis with oral quinolone 
antibiotics has reduced recurrences ofSBP after an initial episode, but has not reduced mortality. 
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Norfloxacin 400 mgld for up to I yr in one study (37), and Ciprofloxacin 750 mgld for up to 6 
mo (38), in another reduced recurrences significantly (20 vs 68% and 3.6 vs 22%, respectively). 

9. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

If a patient with cirrhotic ascites truly develops refractory ascites, then a subspecialist 
should be consulted, as more invasive interventions will become necessary. As noted above, 
however, most patients (90%) respond to medical therapy (16), and noncompliance with diet 
or medications should be ruled out before a patient is deemed to be refractory. The development 
of SBP should also indicate the need for referral to a subspecialist, as assessment for possible 
liver transplantation becomes an issue in these patients. 

10. CONCLUSIONS 

Most patients with cirrhotic ascites can be successfully managed with dietary measures and 
diuretics. As noncompliance and continuing alcohol ingestion are frequent causes for failure 
oftreatment, the family should be intimately involved in the patient's care and management. 
Once truly refractory ascites or SBP occurs, the prognosis worsens significantly, and consid
eration of liver transplantation becomes relevant. Second-line and third-line interventions such 
as intermittent therapeutic paracentesis, peritoneovenous shunts, the TIPS procedure, and in 
the case ofSBP, antibiotics, may maintain the patient for a limited period of time, but more 
realistically should be viewed as bridges to liver transplantation, should the patient be an 
acceptable transplant candidate and a donor organ become available. 

SUMMARY 

Ascites is the accumulation of fluid within the peritoneal cavity in patients with cirrhosis 
and portal hypertension. 

Abdominal ultrasound is a sensitive indicator of the presence or absence of ascites. 
Diagnostic paracentesis is essential for the evaluation of the patient with new onset of ascites. 
The serum-ascites albumin gradient is more useful than the ascites fluid protein level for 

categorizing ascites. 
The majority of patients with cirrhotic ascites respond to treatment with dietary sodium 

restriction and oral diuretics. 
Noncompliance is a common reason for medical treatment of ascites to "fail." 
Spontaneous bacterial peritonitis should be a diagnostic consideration when a patient 

with cirrhosis and ascites develops fever, abdominal pain, mental status changes, becomes 
encephalopathic, or otherwise deteriorates. 

Refractory ascites, defined as failure to respond to or intolerable side effects from medi
cal therapy, suggests a poor prognosis, the need for specialty care, and consideration ofliver 
transplantation. 

Invasive measures for refractory ascites, including intermittent therapeutic paracentesis, 
peritoneovenous shunting, and the transjugular intrahepatic portosystemic shunt (TIPS) 
procedure may often sustain the refractory patient for a limited period of time. 
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1. INTRODUCTION 

Hepatic encephalopathy is a reversible decrease in the level of consciousness occurring as 
a consequence ofliver disease. The manifestations of hepatic encephalopathy vary, and this 
diagnosis should be considered in any critically ill patient with altered mental status and 
evidence ofliver disease. Prompt diagnosis and treatment may prevent further complications 
in severely ill patients, and improve the quality of life in patients with more subtle disease. 

The most common type of hepatic encephalopathy is portal-systemic encephalopathy, clas
sically associated with increased blood ammonia levels. This occurs in patients with cirrhosis 
and portal hypertension with portal-systemic shunting, or in patients with spontaneous or 
surgical portal-caval anastomosis. In addition, the recently developed transjugular intrahepatic 
portosystemic shunt (TIPS) procedure for the control of variceal bleeding caused by portal 
hypertension, appears to be associated with increased frequency of encephalopathy (see Chap
ter 6). Syndromes of hepatic encephalopathy may also be seen in patients with fulminant 
hepatic failure, urea cycle enzyme deficiencies, and Reye's syndrome (1). 

Hepatic encephalopathy may also be classified according to the type of presentation. Acute 
hepatic encephalopathy can present as a single episode or as recurrent episodes. Chronic 
hepatic encephalopathy may occur as recurrent episodes of mental status changes or as irre
versible hepatocerebral degeneration. Subclinical encephalopathy can be detected by abnor
malities in neuropsychological examination in the absence of clinical manifestations (2). 

385 
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2. PATHOGENESIS 

The exact pathogenesis of hepatic encephalopathy remains unclear. Although serum ammo
nia levels are often elevated in patients with hepatic encephalopathy, some patients have 
normal levels. Studies using positron emission tomography show a significant increase in the 
cerebral metabolic rate for ammonia associated with an increased blood-brain barrier perme
ability. This finding may explain the increased sensitivity of cirrhotic patients to ammonia
producing conditions (3). There are many possible explanations for a lack of correlation of 
serum ammonia levels and the degree of hepatic encephalopathy. First, venous ammonia levels 
do not reflect the intracellular ammonia concentration. Arterial and cerebrospinal levels cor
relate more closely. The brain is almost entirely dependent upon glutamine synthesis as 
means for ammonia removal. Glutamine concentrations have been found to be increased in 
patients with hepatic encephalopathy in autopsy brain samples (4), and cerebrospinal 
glutamine levels were shown to correlate with the degree of hepatic encephalopathy (5). 

Potassium depletion is often seen in cirrhotic patients. The resultant acid-base abnormalities 
favor the shift of ammonia into cells, increasing the difference between the degree of hepatic 
encephalopathy and serum ammonia level. Blood ammonia levels rise after meals and, there
fore, may not be meaningful unless fasting levels are consistently obtained. Finally, there may 
be a temporal dissociation in which the clinical symptoms of hepatic encephalopathy lag 
behind the peak ammonia levels by 24 h or more. Despite the disparities, it is likely that 
ammonia plays a role in the pathogenesis of hepatic encephalopathy, probably by inhibition 
of neurotransmission in the central nervous system. 

y-Aminobutyric acid (GABA), the principal inhibitory neurotransmitter of the brain, has 
been proposed as a cause of hepatic encephalopathy, but its role has been debated. GABA and 
the benzodiazepine class of drugs bind to adjacent sites of a common receptor complex. 
Substances that bind to these receptors, known as "endogenous" benzodiazepines, have been 
found in the CSF of patients with hepatic encephalopathy (6), and in brain autopsy specimens 
of patients who died of fulminant hepatic failure (7). This discovery led to the use of the 
benzodiazepine antagonist flumazenil in patients with hepatic encephalopathy. 

The amino acid imbalance hypothesis of hepatic encephalopathy is based on the observation that 
aromatic amino acids are increased, whereas branched-chain amino acids (BCAA) are decreased 
in the plasma of patients with hepatic encephalopathy (8). This finding has led to the use ofbranched 
chain amino acid supplementation as therapy for hepatic encephalopathy with mixed results. 

Finally, it has been suggested that ammonia, mercaptans, and short chain fatty acids together 
may cause hepatic encephalopathy by suppressing hepatic regeneration (9). 

3. CARDINAL SYMPTOMS AND SIGNS 

3.1. Physical Examination 
The diagnosis of hepatic encephalopathy is made clinically, and is characterized by various 

degrees of mental impairment, recurrent disturbances of consciousness, and neuromuscular 
abnormalities. The alteration in mental status may range from subtle changes in personality and 
sleep pattern to somnolence, confusion, and coma. Patients with mild hepatic encephalopathy 
often speak slowly in a dull and monotonic tone. Those with subclinical hepatic encephalopathy 
may have difficulty performing tasks that require mental and neuromuscular coordination (10). 

Patients with encephalopathy from fulminant liver failure may have a normal physical 
examination. Patients with decompensated cirrhosis often display jaundice, scleral icterus, 
ascites, spider angiomata, palmar erythema, muscle wasting, gynecomastia, and testicular 
atrophy (11). Fetor hepaticus is a sweetish, musty odor on the breath of some patients with 
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chronic liver disease that is a common, but is not a consistent finding in patients with hepatic 
encephalopathy. 

Asterixis, or flapping tremor, is the most characteristic physical finding of hepatic encepha
lopathy. The sign is elicited by dorsiflexion of the wrist while extending the arm. When 
asterixis is present, the hand falls forward followed by brisk recovery to the dorsiflexed posi
tion. It may also be tested for by having the patient squeeze two of the examiner's fingers 
tightly. Alternating relaxation and tightening of the hand grip can be felt by the examiner. 

A patient with subclinical hepatic encephalopathy may not demonstrate asterixis. In this 
case, more subtle changes should be elicited. Impaired handwriting is usually present in milder 
degrees of hepatic encephalopathy (12). The Number Connection Test (NCT) is fast, simple, 
and reliable (13). In this test, the patient is timed as he connects numbers that are randomly 
scattered on a piece of paper. Although the NCT time increases with age and decreases with 
years offormal education (14), it has been used to objectively detect intellectual impairment 
in patients with cirrhosis, who appear normal by conventional evaluation. This test also is 
useful for serial assessments of the same patient. 

Since the neurological examination in patients with hepatic encephalopathy is variable, 
grading systems have been devised to classify the degree of neurological impairment. This is 
useful for comparing patients in clinical trials and for monitoring response to treatment. Table 
1 lists a common grading system (15). 

3.2. EEG 
Patients with hepatic encephalopathy have an EEG characterized by a progressive decrease 

in frequency accompanied by an increase in the amplitude of the brain waves as the encepha
lopathy progressively worsens (16). Triphasic waves are suggestive of hepatic encephalopa
thy, but are not specific. These waves consist of a high-amplitude positive deflection preceded 
and followed by low-amplitude negative deflections (17). 

3.3. Evoked Potentials 
Evoked potentials are electrical signals generated by excitable tissues stimulated by light, sound, 

or electricity. Endogenous evoked potentials are considered closely related to cognitive processes 
and may represent a marker for patients with early subclinical hepatic encephalopathy (18). 

3.4. Imaging Studies 

3.4.1. CT SCAN 

Computed tomography (CT) scans are not helpful in making the diagnosis of hepatic encepha
lopathy. Their primary role is in eliminating other causes of altered mental status, such as cerebral 
infarction or subdural hematoma. In hepatic encephalopathy, a normal scan is characteristic. 

3.4.2. PROTON MAGNETIC RESONANCE SPECTROSCOPY (MRI) 

Proton magnetic resonance spectroscopy of the brain has detected metabolic disorders in 
patients with chronic hepatic encephalopathy. Specific changes in the brain of hepatic 
encephalopathic patients include elevated cerebral glutamine and myoinositol levels, and 
decreased choline metabolites. This technique may be useful in monitoring both overt and 
subclinical hepatic encephalopathy (19). 

3.5. Laboratory Findings 
Patients with decompensated cirrhosis often have laboratory findings of decreased hepatic 

function, including a low serum albumin and increased prothrombin time. Hyponatremia, 
hypokalemia, and hypophosphatemia are the most common electrolyte disturbances. 
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Table 1 
Grading of Hepatic Encephalopathy 

Grade of Level of Intellectual Personality/ Neuromuscular 
encephalopathy consciousness function behavior abnormalities 

0 
Normal Normal Normal Normal None 

Mild impairment Alterations of Subtly impaired Euphoria or Impaired 
sleep pattern computations depression handwriting 

Short attention span Irritability Slight tremor 
2 
Moderate Lethargy Grossly impaired Overt personality Asterixis 

impairment computations change Abnormal 
Inappropriate Loss of time Inappropriate reflexes 

behavior behavior 
Ataxia 

3 
Severe impairment Somnolence Loss of place Bizarre behavior Asterixis 

Confused when Inability to compute Paranoia or anger Abnormal 
awake reflexes 

Loss of meaningful Babinski 
communication Rigidity 

4 
Coma Unconscious Absent None Decerebrate 

Dilated pupils 

An elevated blood ammonia concentration is suggestive of hepatic encephalopathy. 
Although it is rarely elevated in the absence of hepatic encephalopathy, it has been shown 
repeatedly that some patients with hepatic encephalopathy have normal blood ammonia 
levels. Fasting venous ammonia levels do not correlate well to the stage of encephalopathy, 
but serial levels in an individual patient may be followed to assess response to therapy (see 
Fig. I). 

4. TREATMENT 

4.1. Identification and Correction of Precipitating Causes 
The goal of treating hepatic encephalopathy is to return the patient to normal neuro

logical function and maintain that function. Other causes of altered mental status, 
including eNS infection, trauma, hypoxia, and drug intoxication or overdose, should be 
eliminated first by appropriate tests. An elevated serum ammonia level may be helpful 
in order to follow an individual patient's response to treatment, but is not diagnostic. If 
the diagnosis of hepatic encephalopathy is made by clinical findings, as well as exclu
sion of other causes, the next step in treatment is to determine the precipitating causes 
(see Table 2). 

Azotemia, sedating medications, and gastrointestinal hemorrhage all can precipitate hepatic 
encephalopathy. Other less common causes include increased dietary protein, infection, con
stipation, and hypokalemic alkalosis. 
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Cirrhotic patient with altered mental status 

Consider other causes of CNS dysfunction 

Infection 
CNS trauma 
Cerebral hemorrhage or infarction 
Hypoxia 
Electrolyte imbalance 
Drug intoxication 

I Evidence of other causes of I 
altered mental status 

Further workup: 
Head CTscan 
Lumbar puncture 
Drug screening 
Arterial blood gas 

I Positive I I Negative I 

I Treat accordingly 

I No evidence of other causes I 
of altered mental status 

I Check serum ammonia level. I 
Begin treatment for hepatic encephalopathy 

Fig. 1. A schematic plan for the evaluation and diagnosis of hepatic encephalopathy. 

4.2. General Medical Measures 

389 

The precipitating cause ofhepatic encephalopathy should be actively pursued ifit is not clinically 
apparent. If ascites is present, a diagnostic paracentesis should be performed to exclude spontaneous 
bacterial peritonitis. A nasogastric tube may be needed to detect possible gastrointestinal hemor
rhage. Urinalysis, blood, and sputum cultures should be obtained ifthere are other signs of infection, 
such as fever or leukocytosis. Serum electrolytes should be checked, especially potassium and 
magnesium, and deficiencies corrected. The possibility of hypoxemia should be addressed with 
arterial blood gases or pulse oximetry, and iv fluids started, if indicated. Glucose and phosphate 
levels should be determined and, finally, thiamine should be administered. 
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Table 2 
Causes of Hepatic Encephalopathy 

Azotemia 
Medications 

Sedatives 
Analgesics 
Tranquilizers 
Diuretics 

Gastrointestinal hemorrhage 
Increased dietary protein 
Infection 
Hypokalemic alkalosis 
Constipation 
Hepatic necrosis 
Noncompliance with therapy 

4.3. Dietary Therapy 
In acutely encephalopathic patients, nutritional support should be supplied by iv dex

trose solutions. An intragastric route may also be employed if the patient is in a coma (20). 
If the patient is able to tolerate oral intake, a protein-restricted diet should be started. 
Vegetable protein is preferred over meat protein, because it is less likely to produce encepha
lopathy in cirrhotic patients. This may be due to its high content of branched-chain amino acids 
and low content of aromatic amino acids. Patients should not be restricted to less than 0.5 glkg 
body weight. The usual starting diet is 40 gld protein. However, this should be individualized, 
because many patients will be able to tolerate higher protein loads. 

There have been multiple studies using iv or oral branched-chain amino acids (BCAA) in 
the treatment of hepatic encephalopathy. A meta-analysis suggests that these solutions may be 
of some benefit, but the results of different trials are difficult to compare, because of their 
heterogeneity (21). BCAAs are not routinely recommended, due to the equivocal results of 
clinical trials. They are also extremely expensive. There are two situations in which these 
formulas may be of benefit: in the rare patient who is unable to tolerate standard protein diets 
without becoming encephalopathic, and in cirrhotic patients with high protein requirements 
resulting from sepsis, trauma, or burns. 

4.4. Specific Treatment 

4.4.1. NONABSORBABLE DISACCHARIDES 

4.4.1.1. Lactulose. The most dramatic improvement in hepatic encephalopathy is seen with 
the use of nonabsorbable disaccarides. Lactulose, a synthetic carbohydrate, is the drug of 
choice in the treatment of both acute and chronic hepatic encephalopathy. It lowers serum 
ammonia levels in patients with hepatic encephalopathy by multiple mechanisms: Lactulose 
is degraded by bacteria in the colon to lactate, causing acidification of the luminal contents. The 
acidification inhibits coliform bacterial growth and ammonia production, and favors the pas
sage of ammonia into the colon from the bloodstream. Lactate and unmetabolized lactulose 
have laxative effects. Lactulose also appears to stimulate the incorporation of ammonia into 
protein by intestinal bacteria (22). 

If the patient is awake, lactulose may be administered orally, 15-45 mL 2-4 times daily, 
titrated to reach the goal of 2-3 loose bowel movements per day. For chronic therapy, patients 
may be instructed to titrate the doses on their own. 
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F or patients in Stage IV hepatic encephalopathy (coma), lactulose may be administered via 
nasogastric tube. The usual dose is 30 mL of lactulose hourly until a loose bowel movement 
is obtained, followed by 30 mL every 6 h. If the oral route is contraindicated, lactulose enemas 
(300 mL in 700 mL of water) may be substituted. The enemas should be retained over 1-2 h 
with the patient in Trendelenberg position. 

Lactulose has also been shown to improve psychometric performance tests in patients with 
chronic hepatic encephalopathy. The major side-effects oflactulose therapy are flatulence and 
abdominal cramping. H ypematremia may occur with resultant dehydration and altered mental 
status (23), emphasizing the importance of taking an accurate history in cirrhotic patients. 

Lactose has been shown to be an effective agent for treatment of hepatic encephalopathy in 
lactase-deficient patients (24). Its use may be considered in patients who are lactase deficient 
or who belong to population groups with a high incidence of lactase deficiency. 

4.4.1.2. Lactitol. Lactitol is a disaccharide analog oflactulose that can be prepared in a tablet 
form. It has the same mechanism of action as lactulose and is equally effective. Most studies 
show that patients find the tablet form more palatable and associated with fewer side-effects 
(25). Unfortunately, this medication is not currently available in the United States. 

4.4.2. ANTIBIOTICS 

4.4.2.1. Neomycin. Nonabsorbable antibiotic agents have been used to reduce the population of 
urease-containing organisms in the colonic lumen. Neomycin is an effective therapy for acute 
episodes of hepatic encephalopathy (26). The usual dose is 2-4 gld in divided doses. It also may be 
given as a I % retention enema, (1 g in 100 mL normal saline). Although neomycin is poorly 
absorbed, approx 1-3 % ofthe drug reaches the systemic circulation. Therefore, it should not be used 
in patients with renal failure. Other side-effects include diarrhea, fungal infections, and malabsorp
tion. Unlike lactulose, which may be used long-term, neomycin is usually recommended for short
term therapy (less than 1 mo). Iflong-term therapy is instituted, regular monitoring of rena 1 function 
and yearly audiograms should be performed because of the risk of toxicity. 

Although lactulose requires activation of intestinal bacteria, it may be used simultaneously 
with neomycin with additive effects (27). In theory, neomycin may prevent the degradation of 
lactulose, and lactulose may interfere with the effects of neomycin, because the antibiotic 
activity of aminoglycosides is decreased as the pH falls. The stool pH of a patient receiving 
lactulose should decrease from 6.0-7.0 to 5.0-6.0 if the lactulose is being degraded. This may 
be tested in patients also receiving neomycin and, if the characteristic pH drop is seen, the two 
agents may be used together. 

4.4.2.2. Metronidazole. Metronidazole appears as effective as neomycin in the treatmentofhepatic 
encephalopathy (28). The usual dose in cirrhotic patients is 250 mg twice daily. Side-effects include 
diarrhea, nausea, peripheral neuropathy, and an Antabuse-like reaction if alcohol is ingested. 

4.4.2.3. Other Antibiotics. Other antibiotics useful in the treatment of hepatic encephal
opathy include rifaximin (29), and paromomycin (30). Although these agents are usually 
considered second-line therapy, they are useful in cases of hypersensitivity reactions to first
line agents. 

4.4.3. FLUMAZENIL 

Flumazenil, a benzodiazepine antagonist, has been used in patients with hepatic encephalopa
thy. The major indication for the use offlumazenil is reversal of the effects ofbenzodiazepine 
drugs that are commonly used, have a long half-life, and precipitate hepatic encephalopathy in 
susceptible patients. Flumazenil may also improve cognitive function in patients with subclinical 
hepatic encephalopathy (31), but how this may be useful clinically remains to be seen. 
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4.4.4. OTHER MEDICAL THERAPIES 

Oral zinc supplementation, as zinc sulfate or acetate (600 mg/d), has been shown to improve 
the results of neuropsychological testing in patients with subclinical hepatic encephalopathy 
(32). Sodium benzoate is a drug that bypasses the urea cycle, permitting the excretion of 
ammonia as hippuric acid in the urine. It is effective in reversing acute hepatic encephalopathy 
in cirrhotics (33). However, care must be taken in patients with ascites due to the sodium load 
of the drug. 

4.4.5. SURGERY 

Surgical options are usually reserved for patients with chronic or recurring hepatic encepha
lopathy. Patients with surgical portacaval shunts may respond to ligation of the shunt or 
embolic occlusion of the anastomosis (34). Hepatic encephalopathy caused by transjugular 
porto systemic shunts in cirrhotic patients is usually readily treated by conventional means, 
although some patients may require the diameter of the shunt to be narrowed (35). Finally, 
refractory hepatic encephalopathy is a clear indication for liver transplantation. Patients with 
severe hepatic encephalopathy have shown improvement in quality oflife after transplantation 
(36) (see Fig. 2). 

5. POTENTIAL COMPLICATIONS 

Hepatic encephalopathy is often considered a complication of chronic liver disease. Patients 
with chronic hepatic encephalopathy may exhibit personality changes and excessive sleepi
ness that interfere in job performance. Coordination may be impaired and patients may have 
difficulty driving or operating dangerous equipment. 

6. PROGNOSIS 

The prognosis of hepatic encephalopathy is dependent upon the patient's underlying liver 
disease. Patients with hepatic encephalopathy due to fulminant hepatic failure have a worse 
prognosis than those with chronic liver disease. The overall survival for patients with fulminant 
hepatic failure has improved from 15 to 50% in certain patient groups (37). The degree of 
encephalopathy is a strong predictor of outcome with less than 20% of patients in grade 4 coma 
spontaneously recovering (38). 

Patients undergoing liver transplantation for fulminant hepatic failure have a l-yr survival 
rate that depends largely upon the grade of hepatic encephalopathy at transplantation; 71 % l-yr 
survival for patients in grade 1 and 2 hepatic encephalopathy, 80% for grade 3, and 48% for 
those in grade 4 coma. This is a reflection of the severity of the patient's liver disease at the 
time of transplantation (39) (see Chapter 30). 

In patients with compensated chronic liver disease, recovery from an episode of hepatic 
encephalopathy is likely, especially if a precipitating cause can be identified. Those patients 
with markedly depressed hepatic synthetic function, manifested by ascites, hypoalbuminemia, 
and prolonged prothrombin time, have an overall poor prognosis. In one study, cirrhotic 
patients presenting with a first episode of hepatic encephalopathy and gastrointestinal bleeding 
were found to have only a 15% l-yr survival without liver transplantation (40). Hepatic 
encephalopathy is also a poor prognostic variable in patients who receive transjugular intra
hepatic portosystemic shunts for variceal hemorrhage (41). 

7. PREVENTION 

To prevent recurrent episodes of hepatic encephalopathy, patients should be instructed to 
completely abstain from alcohol, and other hepatotoxins. Patients with a history of hepatic 
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Search for and correct factors precipitating 
hepatic encephalopathy (see Table 2) 

Medication history 
Dietary history 
Check serum electrolytes 
Nasogastric tube to evaluate for G.r. bleeding 
Diagnostic paracentesis 
Urine. blood. and sputum cultures 
Arterial blood gas 

I Begin dextrose infusion I 

Able to tolerate intake p.o. t Ileus or deep coma presen 

Lactulose 30 ml po q 1 hour Lactulose enemas 300 ml in 
until stools become liquid. then 700 ml water q 6 hours 
30 ml q 6 hours 

History of benzodiazepine use 

Flumazenil 1 mg IV 
Repeat dose if improvement occurs 

I If no improvement over 48 hours. add non-absorbable antibiotic I 

Able to tolerate intake. p.o. Ileus or deep coma prese nt 

Neomycin 2-4 gm.s per day Neomycin 1% retention enemas 
in divided doses 1 gm in 100 ml normal saline 

Fig. 2. A schematic plan for initial treatment of hepatic encephalopathy. 

encephalopathy should not be given prescriptions for sedative medications, and should be 
counseled to avoid over-the-counter medications with sedating side effects, such as antihista
mines. 

Adherence to a protein-restricted diet is mandatory, with an emphasis on vegetable protein. 
However, patients should not be restricted to below 0.5 g of protein per kilogram of body 
weight. Finally, chronic lactulose therapy may be instituted with the patient titrating the dose, 
depending on their bowel habits. 

8. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

Patients with previous episodes of hepatic encephalopathy, who present with a recurrence 
from an easily identifiable cause such as noncompliance, are often managed by primary care 



394 Part IX I Special Management Considerations 

physicians. The initial episode of hepatic encephalopathy in a patient warrants a referral to a 
gastroenterologist or hepatologist for further evaluation of the patient's underlying liver disease. 
Depending on the individual patient, future workup may include abdominal ultrasound, labora
tory testing, and endoscopy to evaluate for esophageal varices. Sudden worsening of previous 
chronic encephalopathy is also cause for concern, and may herald the development ofhepatocel
lular carcinoma or deterioration ofthe patient, leading to the possibility of liver transplantation. 

9. CONCLUSIONS 

Most patients with hepatic encephalopathy can lead normal productive lives. Abstaining 
from alcohol and sedative medications, along with protein restriction and the use oflactulose, 
can help prevent recurrences of hepatic encephalopathy. The patient's spouse or close family 
member should be educated about the symptoms of impending hepatic encephalopathy, such 
as change in personality or excessive sleepiness. Patients exhibiting such signs should be 
brought in for medical evaluation immediately. 

SUMMARY 

Hepatic encephalopathy is a reversible alteration in mental status that occurs in patients 
with chronic liver disease. 

Serum ammonia levels are often elevated in patients with hepatic encephalopathy, but 
may be normal. 

The most characteristic physical examination finding in patients with hepatic encepha
lopathy is asterixis. 

The first step in treatment ofhepatic encephalopathy is to identifY and treat the precipitating cause. 
Protein restriction and use of lactulose is the treatment of choice for both acute and 

chronic hepatic encephalopathy. 
Flumazenil may be useful in patients who have received benzodiazepine drugs. 
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1. INTRODUCTION 

In portal hypertension, the increase of portal pressure is due to both an increase in vascular 
resistance and splanchnic blood flow (1-3). Prehepatic, intrahepatic, and posthepatic sites of 
increased resistance to portal venous blood flow may result in portal hypertension (1). Prehe
patic and posthepatic portal hypertension are caused by obstruction of the portal and hepatic 
veins, respectively. Intrahepatic portal hypertension may be the result of anatomic alterations 
of the hepatic lobule with secondary compression of portal venules, sinusoids, and hepatic 
venules, and functional derangement of the intrahepatic microcirculation. 

Portal hypertension is initiated by increased resistance to portal venous flow, and is main
tained, in part by, an increase in portal venous flow (a hyperdynamic splanchnic circulation) 
(2,3). The hyperdynamic circulation is the result of vasodilatation and plasma volume expan
sion. The initial event in the development of portocollateral circulation in cirrhotic patients 
appears to be a build up in portal pressure. The portocollateral circulation develops in portal 
hypertensive states in an attempt to decompress the portal circulation and restore it to normal 
levels. However, whereas the pressure in this portocollateral vascular bed is lower than the 
obstructed portal circulation, it is still higher than the normal portal pressure. Hence, portal 
decompression and normalization of the portal pressure is not accomplished. Portal pressures 
greater than or equal to 12.0 mmHg have been found to be necessary, but not sufficient, for the 
development of esophageal varices and for variceal rupture (4). Varix wall tension, a concept 
that integrates local factors, variceal or portal pressures, and varix size may be the decisive 
factor that determines rupture (5). 

397 
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Table 1 

Causes of Portal Hypertension 

Prehepatic portal hypertensive syndromes 
1. Splanchnic arteriovenous fistula: splenic and splanchnic vascular bed. 
2. Splenic vein thrombosis: pancreatic disease is a common cause, gastric varices may be present in 

the absence of esophageal varices. It is treatable by splenectomy. 
3. Portal vein thrombosis: mainly in the pediatric population; less than 1 % in patients with cirrhosis. 

Causes include coagulopathy, hepatocellular carcinoma, compression or invasion by pancreatic 
carcinoma, trauma, pancreatic disease, abdominal sepsis, or a complication of endoscopic 
sclerotherapy. 

Posthepatic portal hypertensive syndromes 
1. Inferior vena cava obstruction. 
2. Cardiac disease. 

Intrahepatic causes of portal hypertension (presinusoidal, sinusoidal, and post sinusoidalt 
1. Schistosomiasis (presinusoidal). 
2. Sarcoidosis (early, presinusoidal; late, sinusoidal as well as presinusoidal). 
3. Myeloproliferative diseases (systemic mastocytosis, leukemias, lymphomas, and myelosclerosis 

may cause presinusoidal and sometimes sinusoidal portal hypertension). 
4. Malignant disease of the liver (a variety of sites have been described). 
5. Nodular regenerative hyperplasia (not a frequent cause; can do so at multiple sites). 
6. Primary biliary cirrhosis (pre sinusoidal early in the disease, transforms into sinusoidal later when 

cirrhosis develops). 
7. Chronic active hepatitis (presinusoidal). 
8. Idiopathic portal hypertension (presinusoidal in early stages). 
9. Wilson's disease (mainly presinusoidal). 

10. Acute and fulminant viral hepatitis (severe cases has been associated with portal hypertension). 
11. Hepatic cirrhosis (mainly sinusoidal). 
12. Peliosis hepatis (sinusoidal, but portal hypertension rarely predominates in the clinical picture). 
13. Alcoholic hepatitis (postsinusoidal). 
14. Budd-Chiari syndrome (postsinusoidal hepatic vein thrombosis). 
15. Veno-occlusive disease (postsinusoidal). 
16. Hepatic toxins (vinyl chloride, arsenic, vitamin A excess, mercaptopurine, azathioprine, and 

thioguanine, and others). 

a At later stages of the pathological process the disease may affect more than one sinusoidal site. 

2. CLASSIFICATION 

One way to classify the etiology of portal hypertension is according to the site of presumed 
increased resistance to flow of portal venous blood. The main categories of portal hypertension 
locations include: prehepatic, intrahepatic (classified according to the predominant anatomic 
site of increased resistance relative to the hepatic sinusoid), and posthepatic. Examples of 
common etiologies are listed on Table 1. 

3. CARDINAL SIGNS AND SYMPTOMS 

In any patient suspected of having portal hypertension, the clinician should look for the 
physical signs of liver disease, of which the best recognized are jaundice, spider angiomas, 
testicular atrophy, gynecomastia, and clues to the presence of porto systemic encephalopathy, 
such as altered mental status, asterixis, and fetor hepatis. Splenomegaly is a helpful clue that 
is present in most patients with portal hypertension. The spleen is best palpated with the patient 
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lying on his or her right side and inhaling deeply while the examiner applies light pressure to 
the left upper quadrant. Spleen size correlates poorly with portal venous pressure. Moreover, 
splenomegaly may be present in many disease states in the absence of portal hypertension. 
Portal hypertensive patients may have findings suggestive of hyperdynamic circulatory state, 
including bounding pulses, warm, well perfused extremities, and arterial hypotension. 

The presence of dilated abdominal veins supports a diagnosis of portal hypertension. 
Umbilical vein-epigastric vein shunts result in dilated collaterals on the anterior abdominal 
wall, whereas portal vein-parietal peritoneal shunts may result in a venous pattern on the 
flanks. The caput medusae represent tortuous collateral veins around the umbilicus and can be 
a dramatic finding. 

Dilated abdominal collaterals must be distinguished from collaterals due to obstruction in 
the inferior vena cava. The latter syndrome causes dilated flank veins and prominent veins of 
the back. A collateral venous pattern on the back is never due to portal hypertension alone. In 
rare instances, the patient with portal hypertension may present with dilated back veins due to 
pressure of a large regenerative nodule on the inferior vena cava. 

Ascites is a complication that indicates poor prognosis in portal hypertensive liver disease. 
The presence of ascites supports a diagnosis of portal hypertension, if conditions such as 
malignancy, congestive heart failure, and peritoneal inflammatory disease are excluded. 

There are no laboratory diagnostic tests for portal hypertension. Pancytopenia is frequently 
encountered in patients with hypersplenism, but it is neither specific nor sensitive for this 
diagnosis. The cytopenias that result from hypersplenism rarely are a cause of clinical com
plications in themselves. 

4. DIAGNOSIS OF PORTAL HYPERTENSION 

Diagnosis of portal hypertension often starts with a suspicion for the condition through the history 
and physical examination (see Fig. I). This is usually followed by investigative procedures to confirm 
the diagnosis, and assess the extent of portal hypertension, which will aid in the short- and long-term 
management of the patient. Portal hypertension is characterized by alterations in splanchnic and 
hepatic blood flow, as well as development of portosystemic collateral blood flow, which is respon
sible for many of the clinical features and complications of portal hypertensive liver disease. 

4.1. Portal Pressure Measurements 

There are many methods to measure the portal pressure (see Fig. 2). Although these methods 
are routinely used in academic settings, they are also being increasingly utilized in some 
clinical situations, with the increasing interest in therapeutic modalities to prevent variceal 
hemorrhage. The most commonly used method is the indirect measurement of the hepatic vein 
pressure gradient (HVPG). This is the gradient between the wedged hepatic vein pressure 
(WHVP) and the free hepatic vein pressure (FHVP). These values are obtained by catheteriza
tion of the hepatic vein, usually by a balloon-tipped catheter (1,6-8). A fluid-filled catheter is 
introduced into an antecubital or femoral vein and advanced under fluoroscopic guidance into 
a hepatic vein. The direct measurement of the hepatic vein pressure through this catheter is 
called the free hepatic vein pressure. The wedged hepatic vein pressure is measured by inflating 
the balloon-tipped catheter until it completely occludes a hepatic vein branch and forms a 
continuous column of fluid between the catheter and the blood in the vein, the sinusoid, and 
the portal vein. The WHVP works by the same principle as the wedged pulmonary artery 
pressure, which is obtained by balloon catheterization of the pulmonary artery, and which is 
used as an index of left atrial pressure. The rate of successful hepatic vein catheterization is 
greater than 95%, and the procedure is shown to be extremely safe (8,9). 
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I History I 

I PhYSical Examination 

Pertinent Blood Tests: 

to assess liver function 
and help to explore 
the etiology of liver 
disease 

Ultrasound studies to look for evidence 
of portal hypertension: 
1 - Uver size, shape and consistency. 
2 - Spleen size. 
3 - Portal vein size, direction of blood 
flow, and presence of collateral veins 
in the hepatic venous system. 

If the above is suggestive of 
portal hypertension 

l Endoscopy to screen for 
esophageal varices I if present 

Uver biOPSY: performed in 
some cases to confirm the 
diagnosis of a potentially 
treatable liver disease. 

Primary medical 
prevention of 
variceal bleeding 

Fig. 1. A schematic plan for the evaluation of portal hypertension. 

The technique is indirect because HVPG usually is a measure of the hepatic sinusoidal 
pressure and not the portal vein pressure. However, it usually reflects the portal vein pressure 
when the cause of portal hypertension is sinusoidal or postsinusoidal, as in alcoholic liver 
cirrhosis. In a normal liver, the connections between sinusoids dissipate some ofthe pressure 
from the wedged catheter, which results in a static pressure reading slightly lower than actual 
portal pressure (see Fig. 2). 

The HVPG underestimates portal pressure in diseases in which obstruction to the flow of 
portal blood is presinusoidal, and in which connections between sinusoids are preserved. In 
pure presinusoidal disease, HVPG is normal (see Fig. 2). 

4.2. Upper Gastrointestinal Endoscopy 
It is important to look for esophageal varices, gastric varices orportal gastropathy in patients suspected 

of having portal hypertension, both for diagnosis and long-term management of these varices. Their 
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Fig. 2. Principles involved in measuring hepatic vein pressures (pressure levels are provided as examples). 
Stripes indicate hypertensive area; dark areas indicate stasis. (A) The normal liver: Due to normal 
dissipation of pressure through the sinusoids when the hepatic vein is occluded (top), the measured 
pressure in the hepatic vein is slightly lower than the normal portal venous pressure. This difference is 
usually insignificant. (B) Presinusoidal portal hypertension wedged venous pressure (WHVP) and 
hepatic vein pressure gradient (HVPG) are normal in presinusoidal portal hypertension because the 
intersinusoidal communications are normal and permit decompression of the static column of blood 
formed by the occluding balloon (top). The site of the obstruction is depicted with twisted lines. 

presence confirms the diagnosis of portal hypertension, but their absence does not rule it out. Furthennore, 
the presence of other complications of portal hypertension, such as encephalopathy and ascites, do not 
reliably predict the presence of varices. Patients with portal hypertension may develop portosystemic 
collaterals that are predominantly caudad (below the level of the gastroesophageal circulation). 
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Fig. 2. (continued) (C) Portal hypertension caused by alcoholic cirrhosis. The portal venous pressure and 
the WHVP are elevated equally in sinusoidal portal hypertension; effective decompression of the static 
column of blood created by the occluding balloon (top) can not occur at the sinusoidal level due to 
disruption of the normal intersinusoidal architecture. In this situation wedged hepatic venous pressure 
gives an excellent approximation of actual portal pressure. (D) Posthepatic portal hypertension: WHVP 
is elevated, but HVPG is normal in syndromes such as right-sided cardiac failure. The normal HVPG 
reflects the normal liver architecture present in these syndromes unless permanent liver injury super
venes. (Reprinted by permission from Lippincott-Raven publication: Genecin P, Groszmann RJ. Portal 
hypertension. In: SchiffL, SchiffER, eds. Diseases of the Liver, 7th ed., vol. 2, 1993, pp. 935-973.). 

4.3. Ultrasonography 
Ultrasonography is the method of choice in assessing the portal system in the patient in 

whom portal hypertension is suspected. This noninvasive test can be used to screen the portal 
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vein for patency, which is vital information in any portal hypertensive patient. Ultrasonogra
phy can also identify portal vein collaterals around the azygous system, stomach, spleen, 
retroperitoneal, and left renal vein. Other useful findings include a congested and enlarged 
spleen, which is suggestive of portal hypertension, although other causes of splenomegaly 
must also be considered. The measurement of the portal vein caliber by ultrasound is also 
helpful. Portal vein diameter in excess of 15 mm is very suggestive of portal hypertension, 
although the presence of a normal caliber portal vein does not rule it out (10). Inability to 
visualize the portal vein by ultrasonography is suggestive of portal vein thrombosis. 

4.3.1. ECHO-DoPPLER 

Echo-Doppler flowmetry measures the direction and velocity of red blood cell flow. B-mode 
ultrasound can be used to measure cross-sectional areas of a blood vessel and the volume of 
flow can be estimated by mUltiplying the velocity by area. The superior mesenteric artery 
provides 75% ofthe blood flow entering the portal system and may be used as a representation 
of portal flow. 

4.3.2. COLOR-DoPPLER 

Color-Doppler is another ultrasound modality that has been applied to the splanchnic cir
culation.It applies the B-mode imaging of the blood vessel in addition to the two dimensional 
flow signals that are converted into colors. This technique permits determination of the pres
ence of blood flow, and can distinguish flow direction as well as the difference between 
turbulent and laminar flow. 

4.4. Liver Spleen Scan 
Liver-spleen scan is another method of assessing the presence of portal hypertension (see 

Chapter 5, this volume). Visualization of radioactive colloid shift to the spleen and bone 
marrow is highly suggestive of increased portal pressure. Its absence, however, does not 
eliminate the possibility of portal hypertension. 

4.5. Computed Tomography 
Computed tomography is less useful than Ultrasonography in the assessment of the portal 

venous system. It should not be relied on to diagnose the presence of esophageal varices (11), 
and is less accurate than ultrasonography in diagnosing some vascular details, such as a throm
bus in the portal venous system. 

4.6. Magnetic Resonance Imaging (MRI) 

MRI is mainly utilized as a more accurate method in visualizing collaterals and in diagnos
ing portal vein thrombosis and patency of surgical shunts. This technique does not have some 
of the limitations of ultrasonography, such as difficulties in visualizing the portal vein due to 
obesity or presence of intestinal gas. 

5. COMPLICATIONS OF PORTAL HYPERTENSION 

5.1. Esophageal Varices 

Esophageal varices are seen in 24-81 % of patients with chronic liver disease, with an 
average of60% (12). Only 25-30% of patients with varices will experience variceal bleeding 
(12,13), and the risk of bleeding appears to be greatest within the first year after diagnosis. No 
single factor has been shown to accurately identify patients with esophageal varices who will 
suffer variceal hemorrhage. However, the occurrence of esophageal variceal hemorrhage has 
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been shown to correlate with some clinical observations. Some of these observations are 
specific endoscopic signs, such as large varices, and red color signs, the presence of gastric 
varices, alcoholic etiology of liver disease, and continued alcohol abuse, the degree of liver 
dysfunction, and history of prior variceal hemorrhage (12, 14,15). Higher portal pressures have 
been observed to be associated with an increase in early mortality and risk of recurrent hem
orrhage. However, it has not been shown that an increase in portal pressure even beyond the 
threshold value is a predictor of variceal hemorrhage (16). 

Mortality from esophageal variceal bleeding is greatest with the initial bleeding episode, 
and is directly correlated to the degree of hepatic decompensation. Additional poor prognostic 
factors include cirrhosis complicated by coexistent alcoholic hepatitis, hepatocellular carci
noma, or portal vein thrombosis (17,18). In general, there is a 40% chance of mortality asso
ciated with esophageal variceal bleeding. 

Recurrence is a significant risk for variceal hemorrhage. Roughly, two thirds of patients will 
experience recurrent hemorrhage, half of them occurring within the first 6 wk of the index bleed 
(19). Risk factors predictive of early rebleeding include the degree of hepatic decompensation, 
age more than 60, severity of the initial bleed, renal insufficiency, large varices, the level of 
portal pressure, and active bleeding at the time of the initial endoscopy. The risk of recurrent 
bleeding returns to that of an initial bleed beyond 6 wk of an index bleed. 

5.2. Gastric Varices 
Gastric varices arise from the short gastric and posterior gastric venous system (20), and 

they are rarely present in the absence of esophageal varices. Their prevalence in patients with 
portal hypertension is between 6-78% (20,21). This variability is probably due to two main 
reasons: the difference in the etiology of portal hypertension between the different studies, 
because gastric varices were more frequently observed in portal hypertension caused by 
extrahepatic portal venous occlusion than with cirrhosis, and limitations of the commonly used 
diagnostic imaging techniques (22). Endoscopic ultrasonography is probably superior to rou
tine endoscopy for detection of gastric varices (23), but good studies are still lacking. 

The hemodynamic derangements that trigger gastric variceal rupture are most likely similar 
to those that are responsible for esophageal variceal rupture. However, gastric varices are less 
likely to bleed than esophageal varices (21). The reason may be partial decompression of the 
portal venous system through spontaneous gastrorenal shunts (20). 

Following sclerotherapy, junctional varices distal to the gastroesophageal junction without 
extension to the fundus have lower incidence of reb lee ding and improved survival, compared 
to fundal varices (24). Whereas gastric variceal hemorrhage occurs less frequently than esoph
ageal variceal hemorrhage, the severity of bleeding and mortality, especially with fundal 
varices, is greater (21,24). 

5.3. Portal Hypertensive Gastropathy 
Portal hypertensive gastropathy may occur in portal hypertension of any etiology. Gastric mucosal 

lesions in cirrhotic patients have been recognized for decades, and (25) they are the second most 
common cause of upper gastrointestinal bleeding in cirrhosis. Bleeding from these sources may rarely 
present as acute hemorrhage, or more commonly as chronic bleeding. The latter usually reveals itself 
as iron deficiency anemia. Recurrent gastrointestinal hemorrhage may occur in 62-75% of cases. The 
risk of bleeding is greatest in those patients with the most severe mucosal disease (26). 

Studies ofthe gastric microcirculation in portal hypertension have shown arteriolar changes 
and dilation of the submucosal and subserosal veins (25,27,28). Increases in gastric mucosal 
blood flow have been documented in portal hypertensive gastropathy by hemodynamic stud
ies, in animal models and cirrhotic patients (29-31). 
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Portal hypertensive gastropathy is associated with the presence of large varices, and prior 
history of sclerotherapy. It is independent ofthe magnitude of portal pressure elevation or the 
presence of Helicobacter pylori infection. 

Most recent studies agree that portal hypertensive gastropathy occurs at a rate of 50-60% 
of patients with established cirrhosis (26-28). This is in contrast to earlier reports which tend 
to estimate it at lower rates. The higher recent values may be due to more advanced technology 
in endoscopic equipment, increased observer awareness, and more frequent use of sclero
therapy. Portal hypertensive gastropathy may be endoscopically classified as mild or severe 
(26,28). Mild disease refers to mosaic pattern of the gastric mucosa with multiple erythematous 
areas surrounded by a fine, white reticulin network. More severe gastropathy has discrete red 
spots that may become confluent (28,31). The "watermelon stomach" in cirrhosis may repre
sent a more severe form of portal hypertensive gastropathy. 

6. TREATMENT OF PORTAL HYPERTENSIVE HEMORRHAGE 

6.1. Initial Management 
The initial management is similar to that of upper gastrointestinal bleeding due to other 

causes. However, there are certain aspects specific to portal hypertension that, if attended to, 
may enhance the probability of a favorable outcome (see Fig. 3). 

6.2. Gastric Lavage and Bowel Preparation 
Gastric lavage is a diagnostic and therapeutic technique. It confirms the diagnosis of upper 

gastrointestinal bleeding, gives an impression ofthe magnitude of bleeding, helps prevent the 
risk of aspiration, and enhances the endoscopic view in diagnosing and treating the bleeding 
source. Experimental studies in portal hypertensive rat models suggest that blood in the stom
ach increases blood flow in the superior mesenteric artery and, consequently, also increases 
portal vein pressure (32). Clinical studies on patients in this regard are not available. However, 
there are studies that show meal-induced increases in gastro-collateral blood flow and portal 
pressure in cirrhotic patients. Studies are needed to determine whether gastric lavage in the 
setting of upper portal hypertensive bleeding may prevent increases in gastro-collateral flow 
and portal pressure. 

There is no evidence that tube-induced mucosal trauma or aspiration of clot predisposes to recurrent 
hemorrhage. Bowel cleansing by lactulose orneomycin enemas may preventportosystemic encepha
lopathy precipitated by hemorrhage and posthemorrhage infections (see Chapter 28, this volume). 

6.3. Endotracheal Intubation 
Patients with active esophageal variceal hemorrhage are at significant risk for aspiration. 

Aspiration is mainly due to massive hematemesis, encephalopathy, induced pharmacological 
sedation, and various therapeutic maneuvers. Endotracheal intubation for airway protection is 
mandatory with the use of balloon tamponade. In the other clinical situations, the decision to 
intubate depends on each individual case. It is advisable to have a low threshold for intubation 
to protect from a potentially life threatening aspiration pneumonia. 

6.4. Volume Resuscitation 
Intravascular volume has an important role in the maintenance of portal hypertension, and 

is a factor in variceal hemorrhage. In rat models of portal hypertension, hypervolemia is 
required for full development of the hyperdynamic circulation (33). In other studies con
ducted on cirrhotic and noncirrhotic portal hypertensive patients, hypervolemia has been 
documented (34,35). It has also been observed that variceal hemorrhage in pregnancy often 
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Fig. 3. A schematic plan for the treatment of variceal GI bleeding. 

occurs toward the third trimester. This timing coincides with maximal blood volume expansion in 
pregnancy, which suggests a causative relation between volume expansion and variceal bleeding (36). 

Intravascular volume expansion with dextran was accompanied by a prolonged increase in 
portal pressure in a study with patients with stable portal hypertension (35). Upper GI bleeding 
was precipitated during volume expansion in two patients. Angiographic studies with its 
volume expansion was associated with increased incidence of early rebleeding from esoph
ageal varices when it was performed within 7 d of the acute variceal hemorrhage (37). 

It is frequently difficult to assess the intravascular volume status in hemorrhaging patients. 
A Swan-Ganz catheter may be needed for pressure monitoring. The baseline arterial blood 
pressure of patients with cirrhosis is usually lower than normal. This is due to the persistent 
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vasodilatation related to cirrhosis. Cirrhotic patients also frequently have chronic anemia. 
Consequently, it is not advisable to raise the arterial pressure to normal, or to normalize the 
hematocrit, as these maneuvers may lead to overhydration and increased tendency to variceal 
bleeding. It is always advisable to keep the central venous pressure on the low side of normal 
to prevent this complication. Volume replacement should be performed cautiously with colloid 
and blood products to maintain organ perfusion. 

6.5. Diagnostic Endoscopy 
Upper panendoscopy should be performed urgently, and as soon as the patient is hemody

namically stabilized. Approximately 30% of patients with portal hypertension and upper gas
trointestinal bleeding will be found to be bleeding from nonvariceallesions (38). Variceal 
hemorrhage is confirmed by the presence of actively bleeding varices, varices with an over
lying clot (the white nipple sign), or varices with blood in the upper gastrointestinal tract in the 
absence of another bleeding site. If the bleeding is diagnosed to be from esophageal varices, 
endoscopic therapy should be instituted at the time of initial endoscopy. 

6.6. Pharmacologic Therapy 
6.6.1. VASOPRESSIN/NITROGLYCERIN 

Vasopressin (VP) is a splanchnic and systemic vasoconstrictor. The vasoconstriction of the 
splanchnic arteries results in a decreased portal venous flow leading to decrease in portal 
venous pressure, variceal pressure, and esophagogastric collateral blood flow. Vasopressin 
may also decrease esophagogastric collateral blood flow by increasing the lower esophageal 
sphincter tone and compression ofthe submucosal collateral vessels (39-41). Significant side
effects caused by systemic vasoconstriction limits its use and it is contraindicated in patients 
with coronary artery disease and alcoholic cardiomyopathy. Adding nitroglycerin to vaso
pressin enhances the reduction in portal pressure due to a decrease in portal venous resistance, 
and opposes the adverse effects of vasopressin on systemic hemodynamics (39). 

Three trials have compared vasopressin to vasopressin plus nitroglycerin (42-44). Meta-analysis 
showed combination therapy was more effective than vasopressin alone in control of variceal 
hemorrhage. However, it did not show important reduction in mortality. Significant reduction in 
side-effects with the combined therapy was demonstrated in two of the trials (42,43). 

As part of the managementofacute esophageal variceal bleeding, vasopressin should be administered 
as a continuous iv infusion through a central venous line at an initial dose of 0.4 U/min. The dose can be 
increased gradually to a maximum of 1.0 U/min. Doses greater than 1.0 U/min are associated with 
increased toxicity without significant further decrease in portal pressure. Nitroglycerin may be started 
after initiation of vasopressin, and when the patient has a reasonably stable arterial pressure. It is probably 
best to administer NTG intravenously with an initial dose of40mg/minwith 40 mg/minincrements every 
15 min to a maximum of 400 mg/min to maintain systolic arterial blood pressure approx 100 mmHg. 
Nitroglycerin can also be administered sublingually in this setting at a dose of 0.6 mg every 30 min. 

Tapering of vasopressin before discontinuation is not required, because it does not prevent 
rebleeding, and is not associated with a rebound increase in portal pressure (45). Nitroglycerin 
should not be used alone in the treatment of variceal hemorrhage. Thus, ifnitroglycerin is used, 
it should be in combination with another agent. 

6.6.2. SOMATOSTA TIN/OCTREOTIDE 

Somatostatin (ST) and octreotide (OT), its synthetic analog, have been shown to be as 
effective as vasopressin and comparable to other therapies in the control of acute variceal 
bleeding without significant side-effects. ST and OT were shown to have variable effects on 
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portal vein pressure in stable cirrhotic patients. On the other hand, they were consistently 
shown to decrease the azygous blood flow that correlates with the collateral and variceal 
pressures. A number of studies have compared the use of ST with placebo and with other 
treatment modalities in the treatment of acute bleeding varices. They have found it at least as 
effective as the other modalities in most studies, and superior to placebo in some studies (46-
48). In a recent study, bleeding in an octreotide group was significantly better controlled than 
the placebo group (87 vs 71 %, respectively) (48). In another study, octreotide was found not 
to be superior to placebo for the control and prevention of early rebleeding from varices, 
whether associated with sclerotherapy or not (49). These results indicate that more studies are 
needed in this respect, and that there are not enough data yet to recommend the routine use of 
octreotide for the treatment of portal hypertensive gastrointestinal bleeding. 

ST and OT have only modest systemic hemodynamic effects and were associated with a 
significantly lower complication rate than vasopressin (50-52). 

6.7. Balloon Tamponade 
Balloon tamponade is utilized as a temporary measure to control bleeding from esophageal 

varices in patients who have failed pharmacologic andlor endoscopic therapy, or in whom 
endoscopic therapy is precluded by massive bleeding. It controls bleeding temporarily and 
provides time for resuscitation and definitive treatment. 

There are three types of balloons available for clinical use. The Sengstaken-Blakemore tube 
has a gastric balloon with a 250-cc capacity, an esophageal balloon, and a single gastric suction 
port. The Linton-Nachlas tube has a single gastric balloon with a 600-cc capacity. It has been 
shown to be superior to the Sengstaken-Blakemore for control of gastric variceal hemorrhage 
(53). The Minnesota tube is a modified Sengstaken-Blakemore tube. It has a suction port 
above the esophageal balloon. When the Sengstaken-Blakemore tube is used, a nasogastric 
tube attached to intermittent suction should be placed with the distal end above the esoph
ageal balloon in order to minimize the risk of aspiration of esophageal secretion. Endotra
cheal intubation should be performed prior to balloon tamponade. 

Application and maintenance of these tubes should be done by experienced medical staff. 
Following placement ofthe tube, the gastric balloon is inflated, gentle traction is applied, and 
tube position is confirmed radiologically. Inflation of the gastric balloon alone will often 
control the bleeding. If bleeding continues, the esophageal balloon is inflated. The gastric 
balloon may be inflated for 4&-72 h. The esophageal balloon should not be inflated for more 
than 24 h. Periodic deflation of the esophageal balloon every 8 h may minimize the risk of 
necrosis to the esophageal mucosa (54). Once bleeding is controlled, the esophageal balloon 
is deflated, followed by deflation of the gastric balloon. The deflated tube may be then left for 
24 h while the patient is observed for recurrent hemorrhage. Techniques on placement and use 
of these tubes have been previously reviewed (54-56). 

Initial control of variceal hemorrhage with balloon tamponade is approx 78%. It varies from 
33-90% in different series (55,57-60). This variability is most likely a consequence of patient 
selection and the experience of the staffperforming the procedure. Early rebleeding occurs in 
approx 30% of cases when balloon tamponade is used as a sole therapy (57,58). 

Complications of balloon tamponade therapy are significant. Esophageal rupture is a lethal 
complication, and occurs at an average of3%. Major complications have been observed in 14% 
of cases. Complications are more frequent in series in which tubes were placed by inexperi
enced staff(57). Special precautions should be taken in patients with hiatus hernia. The gastric 
balloon should be inflated below the diaphragm, not within the hernia sac, and gentle traction 
is applied. The esophageal balloon is not inflated. In the presence of a large diaphragmatic 
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defect, the Linton-Nachlas tube may be utilized. Traction with weights should not be used 
because they increase the complication rate of the procedure. 

6.8. Endoscopic Therapy 
6.8.1. ENDOSCOPIC SCLEROTHERAPY 

Endoscopic sclerotherapy (ES) effectively controls acute variceal hemorrhage without 
affecting portal pressure or portal perfusion. Although described initially with rigid endoscopes, 
ES is now performed with flexible fiberoptic endoscopes. A dual channel therapeutic endo
scope with a disposable single use injector is preferable. 

Various sclerosing agents are available. In the United States, sodium tetradecyl (0.5-3.0% 
concentration) and sodium morrhuate (5% concentration) are the most commonly used agents. 
Absolute ethanol has also been shown to be effective. The mechanism of action of all these 
agents is to generate an intense inflammatory response, with resultant fibrosis and thrombosis 
that obliterates the variceal column. These agents do not appear to have much difference in their 
efficacy, although studies are limited in this regard. 

Varices are usually injected by the injector, a long catheter with a retractable needle at its 
tip, that can pass through the endoscope channel and be aimed at the site to be injected. Almost 
all variceal bleeding arises 4-5 cm proximal to the gastroesophageal junction. Therefore, 
regardless of the sclerosant or technique used, injections should be directed to this area. Ifnot 
precluded by massive hemorrhage, ES should be performed at the time of initial endoscopy. 
In patients who continue to bleed or have early recurrent bleeding, repeat endoscopy may be 
performed within the subsequent 24 h. A failure of sclerotherapy is defined as the presence of 
further bleeding after two ES sessions during the same hospitalization for variceal hemorrhage 
(61). Alternative therapy should be pursued at this point. 

Control of bleeding is achieved in 75-90% of cases with ES (45,62). ES is superior to 
vasopressin and balloon tamponade in control of hemorrhage. There was no difference in 
comparison to somatostatin or octreotide in rebleeding or in-hospital mortality. This was 
shown by meta-analysis of multiple studies (62). Rebleeding may occur in 30-50% of cases 
prior to variceal obliteration. The incidence of rebleeding following sclerotherapy is greater 
than that observed with TIPS or surgical therapy (62,63). However, mortality seems to be 
comparable or even lower than TIPS. 

The incidence of serious complications are approx 20%, with a procedure related mortality 
of 2-5%. The most frequent severe complication is esophageal ulceration at the site of the 
injection that may result in bleeding in 20% of cases (54,62). Omeprazole may help to heal 
these ulcers more rapidly (64). ES is associated with bacteremia in 3-8% of cases. Bacterial 
peritonitis has been reported in 3-8% of patients undergoing sclerotherapy (65). Many clini
cians routinely use antibiotics prior to ES in patients with ascites to prevent this complication, 
or for prophylaxis of infective bacterial endocarditis if indicated. 

6.8.2. ENDOSCOPIC VARICEAL LIGATION 

Endoscopic variceal ligation (EVL) is placing ligation bands at 4-7 cm proximal to the 
gastroesophageal junction. In the setting of active variceal bleeding, the bands are placed at or 
around the variceal site oozing or spurting blood. Later, a maximum of eight bands are placed 
electively at weekly sessions to achieve obliteration. 

A large, controlled trial showed EVL and sclerotherapy achieved comparable results in the 
initial control of variceal bleeding, which was 77-91% (66-69). However, sclerotherapy is 
preferable over EVL in this regard, mainly due to technical reasons, better visualization, and 
no need to use an overtube (70,71). In achieving variceal obliteration, both EVL and sclero-
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therapy have comparable results. Nevertheless, trials have shown EVL to be more rapid (72). 
This may account for the decreased rate of rebleeding from esophageal varices with EVL. Both 
methods failed to achieve variceal obliteration in approx 35% of patients. 

Complications are fewer with EVL compared with sclerotherapy mainly due to fewer num
bers of postprocedure strictures (72). Both therapies induce esophageal ulceration, which 
usually heal within 3 wk (73,74). Bacteremia occurs less frequently in EVL than with sclero
therapy, probably because of overtube placement in the esophagus as part of the EVL proce
dure (66, 75, 76). Subsequent reports have documented instances of maj or complications caused 
by overtube placement like esophageal laceration or perforation, esophageal obstruction from 
ligation bands and massive bleeding from postligation ulcers (77-79). 

6.9. Radiologic Therapy 
6.9.1. TRANSJUGULAR INTRAHEPATIC PORTO SYSTEMIC SHUNT (TIPS) 

TIPS involves the placement of an expandable metal stent within the intrahepatic tract, bridging 
the hepatic and portal venous system with resultant prolonged portal decompression (see Chapter 6, 
this volume) (80-82). The splanchnic hemodynamic alterations following TIPS are similar to those 
observed with a side-to-side nonselective portosystemic shunts. There is marked diversion of portal 
venous flow through the low resistance shunt and an associated decrease in hepatic perfusion (81,82). 
This may result in elevated liver enzymes and bilirubin, impaired quantitative tests ofhepatic function, 
decrease in liver volume, portosystemic encephalopathy, and acute liver failure. Systemic hemody
namic alterations, including increased cardiac output and elevated right atrial pressure caused by 
increased venous return to the right heart, may result in congestive heart failure in susceptible individuals. 

TIPS is successfully performed in 94% of cases in experienced centers (81,82) and, based 
on limited data, control of active variceal bleeding is achieved in 96-100% of cases (81-84). 
Rebleeding is observed in 7-19% of cases, and is usually associated with shunt stenosis or 
occlusion (81-85). Mortality is low, but may increase if the procedure is done as an emergency. 

Thus, at present, TIPS is best reserved for selected cases in whom pharmacological and/or endo
scopic therapy failed to control acute bleeding or failed to prevent recurrent variceal hemorrhage (86). 

6.10. Surgical Therapy 
Surgical decompressive shunts are the most effective therapy for control of acute variceal 

bleeding and to prevent rebleeding.1t was the primary mode of therapy available prior to 1970. 
However, the high rate of early postoperative mortality, and the high frequency ofliver failure 
and porto systemic encephalopathy following this surgery were major limitations. With the 
advances in the medical and radiological treatment modalities, surgical therapy is left with a 
minor role, and is only indicated in specific circumstances. 

Porto systemic shunts may be divided mainly into nonselective and selective shunts. All 
forms of shunts have been used to prevent variceal rebleeding. Nonselective shunts decom
press the portal venous system or the portal system and hepatic sinusoids in the case of side
to-side shunts. They are highly effective in controlling variceal hemorrhage, but have a higher 
rate of portosystemic encephalopathy that is observed in 15-45% of patients (87). Shunt failure 
in 10-18% of cases is mainly due to thrombosis and occlusion. Operative mortality is 30-50% 
in patients with Child's C grade liver disease, many of which are performed emergently (85). 

In the selective shunts (distal splenorenal shunt DSRS) and (left gastric caval shunt), the main goal 
is to minimize portosystemic encephalopathy. They selectively decompress the gastroesophageal col
lateral circulation while maintaining a hypertensive superior mesenteric circulation and portal venous 
perfusion. Contraindications to the DSRS includereftactory ascites, incompatible anatomy (small splenic 
vein, prior splenectomy), and an emergency situation (87). DSRS failure is 10%, mainly related to shunt 
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thrombosis or transient renal vein hypertension, which may preclude decompression of the collaterals 
(88,89). Portal vein thrombosis has beenreported in 10% of cases (87). The incidence of portosystemic 
encephalopathy is 10010 after DSRS. However, it may increase over time because of development of 
collaterals from the high resistance portal circulation to the low resistance shunt. Meta-analysis of the 
trials comparing nonselective shunts and DSRS in patients with primarily alcoholic cirrhosis showed a 
significantly lower incidence of encephalopathy in the DSRS patients (90). However, there does not 
appear to be any survival advantage ofDSRS over non-selective shunts (87). Shunts are as effective as 
other therapies (endoscopic or pharmacological), and, therefore, should be considered as an option. 

7. PREVENTION 

7.1. Primary Prophylaxis 
All patients with high variceal bleeding risk should receive prophylaxis for the prevention of the first 

variceal bleeding. At the moment, beta-blockers are the recommended treatment (91). One randomized 
controlled clinical trial suggested that long-acting organic nitrates may be an alternative to beta-blockers. 
There is no justification at the present time to use endoscopic therapy for this indication. 

7.2. Secondary Prophylaxis 
Endoscopic therapy, beta-blockers, or surgery can be used. Withholding treatment is not 

justified. If the first choice of therapy fails, one of the other options can be used. First choice 
for the prevention of gastric variceal rebleeding is beta-blockers. A recent study suggests that 
the combination of beta-blockers plus isosorbide mononitrate is superior to sclerotherapy 
in the prevention of reb lee ding (92). If this study is confirmed, this therapeutic option will 
become the first choice option for the prevention of rebleeding. 

8. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

Patients suspected of having portal hypertension should be evaluated and then endoscopically 
screened for the presence of esophageal varices by the subspecialist. In secondary prevention of 
variceal bleeding, the subspecialist, aided by diagnostic studies, should be involved in deciding 
whether a specific patient should be managed pharmacologically by performing series of elective 
endoscopic banding or sclerotherapy or both. The subspecialist should be involved in cases of acute 
upper gastrointestinal bleeding to perform endoscopy, and sclerotherapy or banding of the esophageal 
varices, as the first line of intervention. Another role for the subspecialist is determining if and when 
the patient may need TIPS, or, in some cases, a surgical shunt procedure. 

SUMMARY 

Portal hypertension can occur with or without liver damage. 
Esophageal varices mayor may not be found in patients with portal hypertension. 
Confirmation of the presence of esophageal varices should be pursued with upper endo-

scopy in every patient suspected of having portal hypertension. 
If present, the patient should take beta-adrenergic blockers, or other pharmacological 

therapy, as a preventive measure to decrease the likelihood of variceal bleeding. 
Bleeding from esophageal varices is one of the most formidable and dramatic life threat

ening events in medicine. 
In acute bleeding from esophageal varices, care should be taken not to over-replace the 

intravascular volume, as it may elevate the portal pressure and exacerbate bleeding. 
Endoscopic therapy is the first line of interventional therapy in acute bleeding from 

esophageal varices, and has to be performed by an experienced subspecialist. 
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1. INTRODUCTION 

Acute hepatic failure is the rapid onset of severe hepatocellular dysfunction, often accom
panied by encephalopathy, and, frequently, in the absence of prior liver disease. Loss of 
hepatocellular function from a variety of possible etiologies can lead to a constellation of 
metabolic derangements, including defective protein and clotting factor synthesis, gluco
neogenesis, ureagenesis, plasma detoxification, as well as neurologic complications (often 
associated with cerebral edema). The culmination of these derangements not infrequently 
leads to multi organ failure and death. 

Although some improvements in management, such as improved critical care medicine and 
orthotopic liver transplantation, have increased survival, mortality from all causes of acute liver 
failure is still 50% and its prognosis remains much worse than for chronic liver diseases (1). 

Acute liver failure can be separated into two separate syndromes, including: fulminant 
hepatic failure (FHF), which refers to hepatic failure occurring within 8 wk of the onset of 
symptoms including jaundice (2); and subfulminant hepatic failure (sub-FHF), in which liver 
failure occurs over more than an 8-wk period, but within 2-3 mo of the onset of jaundice (3). 

More recently, a proposal to further narrow the time of onset ofFHF to less than 2 wk from 
the onset of symptoms has been made. These authors also suggest that sub-FHF be redefined 
as the onset of hepatic encephalopathy 2 wk to 3 mo after the onset of jaundice (4). The 
distinction between these different variants of liver failure is more than semantics, and may 
have therapeutic implications. Late-onset hepatic failure, i.e., hepatic encephalopathy 8-24 wk 
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from the onset of jaundice, tends to occur in older patients and often leads to the formation of 
ascites. It is almost never associated with cerebral edema and has a higher mortality rate. In 
contrast, FHF may occur at any age, cerebral edema is frequently seen, ascites is rare, and 
mortality is closely related to the etiology (5,6). 

2. CARDINAL SIGNS AND SYMPTOMS 

Patients with FHF often have no prior evidence ofliver disease. Illness usually begins with 
malaise and jaundice. The onset of hepatic encephalopathy occurs in a progressive fashion, and 
acute liver failure ensues rapidly. Early signs and symptoms may include changes in person
ality, episodes of antisocial behavior, impaired mental status, and character disturbances. 
Violent behavior and convulsions may eventually occur. Prominent motor abnormalities 
include asterixis, flapping tremor, paratonia, hyperactive stretch reflexes and decerebrate 
posturing. With progression of encephalopathy, consciousness becomes impaired. Character
istic neuro-ophthalmologic findings include intact pupillary reflexes and brisk ocular responses. 
Fetor hepaticus (fishy odor on the breath) is invariably present. Routine serum chemistries and 
hematologic data suggest hepatic injury. The most important index of hepatocellular necrosis 
is markedly elevated serum aminotransferase levels. They are often greater than 10 times 
normal values. An important parameter of hepatocellular dysfunction is a markedly prolonged 
prothrombin time (PT) that is not corrected with parenteral vitamin K. 

3. PATHOGENESIS 

There are numerous causes ofFHF (see Table 1) that can be divided into four basic catego
ries. These include infections, toxins, ischemia, and metabolic. 

3.1. Infections 
The most common infectious agents that precipitate FHF are hepatitis viruses A, B, C, D, 

and E. Other as yet uncharacterized hepatitis viruses may also be involved. Less than 1 % of 
hepatitis A patients develop FHF. The risk increases when the illness is contracted in older 
patients. Prolonged PT in these patients identifies those at increased risk for developing FHF, 
whereas absolute values of aminotransferases are not necessarily a prognostic factor. Diagno
sis is made by the presence of IgM anti-hepatitis A antibodies in the setting of acute liver 
failure. The risk ofFHF is higher with hepatitis B virus (HBV) infection and occurs in 1-4% 
of hospitalized patients with HBV. Thirty to 60% of all patients with fulminant viral hepatitis 
have hepatitis B surface antigen. People who clear the HBV have a better prognosis. In these 
patients, the hepatitis B surface antigen is negative. However, IgM anti HBV core antibody is 
positive. Serum HBV DNA suggests active viral replication, but can be negative in the blood 
despite being present in liver cells. Such rapid viral clearance indicates a favorable response, 
because it implies a good immune response against the hepatitis B virus (7). HBV mutants with 
defects in the hepatitis B surface antigen gene have been identified, and may account for some 
cryptogenic cases ofFHF. Outbreaks ofFHF due to the hepatitis Be antigen mutants (mutation 
in the precore region that prematurely terminates the synthesis of hepatitis Be antigen) have 
been reported in several areas of the world, including Japan and Israel (8,9). Reactivation of 
viral replication in carriers of hepatitis B may lead to fulminant hepatitis. This can lead to FHF, 
and has been reported in association with antitumor chemotherapy and in renal transplant 
patients after cessation of immunosuppressive treatment (10,11). There have been rare case 
reports of hepatitis C causing FHF (J 2). HDV coinfection with hepatitis B increases the 
likelihood of the development of fulminant viral hepatitis. Coinfection may occur coincident 
with the acquisition of acute HBV infection, or may occur shortly after the initial HBV infec-
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Table 1 

Some causes of FHF 

Viruses A-E, CMV, HSV 
Toxins/drugs 
Vascular 
Tumor infiltration 
Wilson's disease 
Reye's syndrome 
Acute fatty liver of pregnancy 
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tion and present clinically as a relapse of acute viral hepatitis (13). The presence of hepatitis 
D viral antigen in the liver, or IgM anti-delta virus antibodies in the serum, would support 
this diagnosis. Similar to hepatitis A, hepatitis E virus is an enterically transmitted agent that 
is responsible for water-borne acute viral hepatitis. It is not known to cause chronic disease, 
but is implicated in causing FHF in pregnant women, and the mortality rate in this group of 
patients is as high as 40% (14) (see Chapter 8, this volume). The virus is endemic in India, 
northern and sub-Saharan Africa, Mexico, and parts of southeast Asia. It is occasionally seen 
in travelers returning from these endemic regions to North America and Europe. Among five 
Western studies in patients with FHF, hepatitis E was identified in only two, and accounted for 
only 6/97 (6%) of the total cases. Other viruses that can cause fatal hepatic necrosis, especially 
in the immunocompromised host, include herpes simplex, cytomegalo-, Epstein-Barr, and 
varicella viruses (15). 

3.2. Drugs and Toxins 
Two patterns of hepatic injury can result from exposure to chemical agents (see Table 2). 

Intrinsic toxins cause injury in a predictable and reproducible fashion that is often dose related. 
Idiosyncratic hepatotoxins, on the other hand, can result in FHF from short-term exposure in 
an unpredictable fashion (see Chapter 13, this volume). 

Intrinsic hepatoxic effects depend upon the interplay between intrinsic toxicity and host 
vulnerability. Carbon tetrachloride causes zone 3 fulminant necrosis. 

There are certain direct toxins to the liver such as fluorinated hydrocarbons, including 
trichlorethylene and tetrachlorethylene, that have been employed as solvents. Toxicity often 
develops after inhalation or by percutaneous exposure. Acetaminophen ingestion has become 
a common method of suicide (6, 16). Hepatotoxicity associated with overdoses is well described. 
However, in the setting of alcoholism, even therapeutic doses can cause fatal hepatic necrosis 
(17). Renal failure is often associated as well. Treatment with enteral acetylcysteine helps 
ameliorate hepatotoxicity, and can be given even up to 36 h after ingestion. 

Idiosyncratic hepatotoxic drugs cause hepatic injury that occurs unpredictably, independent 
ofthe intrinsic properties ofthe drug, and is a function of an individual's susceptibility to the 
drug. Idiosyncratic hepatotoxic drugs act by one of two mechanisms (see Chapter 13, this 
volume; 1) in hypersensitivity reactions, liver injury usually develops after an initial sensiti
zation period of 1-5 wk. The clinical hallmarks of this type of injury are fever, rash, and serum 
eosinophilia. Histologically an eosinophilic infiltrate is seen in the liver. Drugs that can cause 
damage by this mechanism include sulfonamides, dapsone, sulindac, and other NSAIDS. 
Hepatotoxins that cause injury by metabolic means lack the clinical and histologic hallmarks, 
as well as the prompt recurrence of the hepatic injury after 1-2 challenge doses of the drug that 
is seen with hypersensitivity reactions. This latter characteristic suggests the production of 
hepatotoxic metabolites (18). All commonly used inhaled anesthetic agents have a potential 
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Table 2 

Examples of Some Drugs that Cause FHF 

Intrinsic 

Acetaminophen 
CC14 
Trichloroethylene 
Aspirin 

Idiosyncratic 

Halothane 
NSAIDs 
INH 
Methyldopa 
Amiodarone 
Valproic acid 

of decreasing hepatic blood flow at the level of the portal vein and the hepatic artery, and are 
examples of idiosyncratic hepatotoxins. In addition, volatile anesthetics decrease cardiac output 
in a dose-dependent fashion. Ofthe three volatile anesthetics (halothane, enflurane, isoflurane), 
halothane is the commonest cause of hepatitis accounting for 5% of cases of FHF (19). FHF 
develops 5-15 d after a second exposure to halothane, and has a predilection for middle-aged, 
obese, atopic females (20). Twenty percent of halothane is metabolized and excreted, com
pared to 2% and 0.2% of enflurane and isoflurane, respectively (21-23). Therefore, halothane 
generates more toxic byproducts that may account for its higher hepatotoxicity (24). 

3.3. Vascular Injuries 
Vascular injuries precipitating FHF occur due to deficient oxygen delivery to the liver. 

There are two distinct syndromes. The first is cardiac-related hepatic ischemia producing 
marked aminotransferase elevation, centrilobular necrosis, and acute liver failure. Etiologies 
include myocardial infarction, cardiac arrest, cardiomyopathy, and pulmonary embolism. The 
second is occlusion ofthe hepatic venous outflow. This condition may be seen with the Budd
Chiari syndrome, or in venocclusive disease in the setting of intensive chemotherapy and bone 
marrow transplantation (25). 

3.4. Miscellaneous 
Amanita phylloides mushroom poisoning occurs predominantly in continental Europe 

between September and November. Hepatic failure is preceded by muscarinic effects like 
profuse vomiting, sweating, and diarrhea. With early identification, antidotes like penicil
lamine are very effective (26). Wilson's disease, also called hepatolenticular degeneration, is 
discussed in greater detail in Chapter 21. Although it may present as FHF, it usually causes 
chronic progressive hepatitis leading to cirrhosis. Serum copper and urinary copper excretion 
may be increased, but serum ceruloplasmin levels are decreased. 

Acute fatty liver of pregnancy is seen in the third trimester of pregnancy and may present 
with sudden onset of jaundice (see Chapter 7). In some, preceding hypertension, peripheral 
edema, and proteinuria suggest toxemia of pregnancy. In severely affected women, the course 
is complicated by coma, renal failure, and hemorrhage. Finally, unusual conditions that can 
present as FHF include malignancy (especially myeloproliferative disorders), sepsis, dissemi
nated TB, and amebic liver abscesses (27,28). 

4. CLINICAL FEATURES 

Patients developing FHF undergo a rapid onset of mental status changes, progressing from 
being healthy to near death in a matter of a few days. In addition to jaundice and mental status 
changes, there is a decreased hepatic dullness to percussion that reflects loss ofliver cell mass. 
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4.2. Hepatic Encephalopathy 
One of the most prognostically significant symptoms is hepatic encephalopathy (see Chap

ter 28). Onset of encephalopathy can be sudden, and precede the onset of jaundice. Once the 
patient has progressed to grade 3-4 encephalopathy, the prognosis is poor. One of the earliest 
signs of encephalopathy is a change in personality. Nightmares, headaches, and dizziness are 
other inaugural nonspecific symptoms. Delirium, nausea, and seizures indicate reticular sys
tem stimulation (29). Uncooperative, violent behavior often continues, even when conscious
ness is clouded. Asterixis may be transient and fetor hepaticus is usually present. 

4.2. Cerebral Edema 

Cerebral edema develops in 75--80% of patients with grade 4 encephalopathy, and is the leading 
cause of death in patients withFHF (30). Irrespective of etiology, cerebral edema is a major cause 
of death in patients with FHF. Earliest clinical signs may include paroxysmal or sustained 
muscle tone with teeth grinding, systolic hypertension, decerebrate posturing, and hyperven
tilation. Late signs include abnormal pupillary reflexes, and, ultimately, impairment of brain 
stem function. The cause of cerebral edema in FHF is not well understood and is likely multifac
torial. Some authors suggest that it is caused by disruption of the blood-brain barrier (17) with direct 
leakage of plasma into CSF (vasogenic mechanism), whereas others have hypothesized cellular 
alterations that allow increased water uptake into brain cells (cytotoxic mechanisms) (31). Cerebral 
edema in the confinement of the cranial vault increases intracranial pressure and decreases intrac
erebral perfusion. Cerebral ischemia occurs if cerebral perfusion pressure (CPP), systolic blood 
pressure (SBP)-intracerebral pressure (ICP) is not maintained above 40--50 mmHg. This occurs 
when ICP exceeds 30 mmHg. Full recovery of cerebral function is the rule in those patients in whom 
liver function returns, although permanent brain damage has been reported in a few cases (32). 

4.3. Coagulopathy 
FHF is invariably associated with a coagulopathy that may predispose to hemorrhage if 

hemostasis is challenged by damage to blood vessels (19). Two factors that contribute to 
coagulopathy are thrombocytopenia, and decreased levels ofliver clotting factors. The platelet 
count decreases to less than 80,000/mm3 in as many as half of patients with FHF (33). Causes 
of thrombocytopenia include bone marrow depression, hypersplenism, and consumption of 
platelets by intravascular coagulation. Not only are circulating platelets reduced in number, but 
platelet lipids are altered as well, resulting in abnormalities in platelet function (34). Platelet 
function appears to be normal in patients with liver failure when encephalopathy is not present, 
and the acquired platelet defect found in FHF subsides with patient recovery (35). 

The clotting factors synthesized in the liver include factors I (fibrinogen), II (prothrombin), 
V, VII, IX, and X. Defective protein synthesis results in prolongation of both prothrombin time 
(PT) and partial thromboplastin time (PTT). The extent of prolongation ofPT is regarded as 
a sensitive index of severity of hepatocellular protein synthetic insufficiency, provided that 
vitamin K has been administered parenterally (36). Prolongation ofPT may precede clinical 
deterioration, including the development of encephalopathy. The half-life of factor VII is only 
1-5 h, and, hence, its plasma concentration decreases earlier and to a greater extent than other 
liver-produced clotting factors. Decreased levels of factor V imply that hepatic damage has 
occurred independent of vitamin K-dependent factors II, VII, IX, and X. Measurements of 
factor V and PT are the two most widely used tests to follow the clinical course of patients with 
FHF. Disseminated intravascular coagulation (DIC) may occur because of reduced clearance 
of activated clotting factors. Antithrombin 3 and plasminogen levels are decreased, and 
increased levels of fibrin degradation products are noted. 
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5. COMPLICATIONS 

5.1. Acid-Base Disturbances 
A wide spectrum of acid-base disturbances can be associated with FHF. Hyperventilation 

is a common feature of FHF, and produces a low pC02 that may lead to respiratory alkalosis 
(37). Hypokalemia, if it occurs, is associated with an increased concentration of plasma HC03 

and metabolic acidosis. Extensive tissue damage caused by massive hepatic necrosis, espe
cially in the presence of hypotension, may result in accumulation oflactic acid, pyruvate, and 
free fatty acids, leading to metabolic acidosis. Finally, depression of the respiratory center in 
the brain, possibly as a result of circulating toxins and cerebral edema, can result in hypercapnia 
and respiratory acidosis (29). 

5.2. Electrolyte Changes 
Abnormal concentrations of serum electrolytes may contribute to altered neurologic and 

cardiac function. Hyponatremia is often present due to impaired renal excretion offree water 
despite renal retention of sodium (38). Hypokalemia often occurs with the increased renal 
retention of sodium. Other factors contributing to hypokalemia in patients with FHF are inad
equate potassium intake, vomiting, secondary aldosteronism, and the use of diuretics. Severity 
of hypokalemia does not correlate with the extent ofliver failure, but can exacerbate encepha
lopathy (39). 

5.3. Hypoglycemia 
Severe hypoglycemia (blood glucose <40mg/dL) occurs in approx 40% of the patients with 

FHF (40). It results mainly from impaired hepatic glucose release. Massive necrosis ofhepa
tocytes leads to depletion of the glycogen content of the liver and impaired gluconeogenesis. 
Accompanying changes in the serum concentration of hormones, such as insulin, glucagon, 
and growth hormone, may also contribute to hypoglycemia. Plasma insulin concentration is 
increased due to impaired catabolism of this hormone by the diseased liver (41). 

5.4. Circulatory Changes 
The circulatory changes in FHF resemble those of septic shock. There are decreased 

systemic vascular resistance and decreased blood pressure secondary to severe peripheral 
shunting from plugging of small vessels by platelets. Other contributory factors to these 
vascular changes include interstitial edema and abnormal vasomotor tone. Tissue hypoxia 
at the microcirculation level occurs due to decreased tissue oxygen extraction leading to 
lactic acidosis. Later, brain stem depression leads to failure of the autonomic vasomotor 
mechanism, and may worsen circulatory failure. Cardiac dysrhythmias are noted in later 
stages ofFHF (42). 

5.5. Infections 
In a study of 50 patients with acute liver failure, 90% had clinical or bacteriologic evidence 

of infection (43). The risk of infection is increased in patients with FHF because of decreased 
opsonic activity of polymorphonuclear leukocytes and macrophages (44). Also, alterations in 
cell-mediated and humoral immunity have been noted (45). Infections in blood and the respi
ratory tract are often detected within 3 d of admission. Typical manifestations of infections, 
such as fever and leukocytosis, may be absent. More than two thirds of infections are caused 
by Gram-positive organisms such as staphylococcus aureus (46). 

Other complications of fulminant hepatic failure include upper gastrointestinal tract bleed
ing, pancreatitis, bacterial and fungal sepsis, renal failure, and cardiopulmonary abnormalities. 
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6. TREATMENT OF FULMINANT HEPATIC FAILURE 

6.1. General Measures 
Care of patients who develop FHF is centered around management of the complications 

until either the liverrecovers or a graft is found for transplantation (see Fig. 1). Numerous trials 
with corticosteroids to charcoal hemoperfusion have been attempted. Although several 
bioartificial devices are currently undergoing clinical evaluation and are in various stages of 
development, unlike dialysis for renal failure patients, an artificial hepatic device to substitute 
for the liver remains elusive. Another area of investigation involves the use of partial auxiliary 
hepatic grafts or cellular transplants to supplementthe patient's critically ill native liver (47,48). 
These types of techniques are not yet readily available, but may hold some hope for the future. 

In recent years, survival of patients with fulminant hepatic failure has improved because of 
improvements in intensive supportive care, combined with the availability ofliver transplan
tation (49). Soon after a patient with FHF is admitted, and continuously thereafter, the appro
priateness ofliver transplantation should be assessed, because transfer to a specialized center 
is best accomplished when the patient has early (grade 1 or 2) encephalopathy. Neurologic 
changes can occur in patients with FHF in an unpredictable fashion. Sudden rapid rises in ICP 
can result in midbrain herniation and death. If a patient meets stringent transplant criteria, he 
or she should be transferred via a helicopter to a transplant center, rather than in a pressurized 
aircraft or prolonged ground transport. The depressurization changes associated with the former 
and the centrifugal forces associated with the latter may have a deleterious effect on cerebral 
edema (50). If the patient progresses to grade 3 or 4 encephalopathy, transfer to an ICU in a 
tertiary referral center is imperative. Initial evaluation in patients with fulminant hepatic failure 
should include measurement of blood glucose, acetaminophen, and serum ceruloplasmin 
(patients less than 50 yr of age) levels. In addition, prothrombin time, serologic tests for 
hepatitis viruses, and toxicologic screening should all be performed. 

A minority of patients with FHF may benefit from specific and generally highly effective 
therapies. In FHF due to acetaminophen overdose, therapy with acetylcysteine (loading oral 
dose of140 mg/kg, followed by 70 mg/kg every 4 h for 68 hours for a total of17 doses) to restore 
glutathione stores, clearly improves prognosis. Administration of acetylcysteine has maxi
mum efficacy if performed within 15 h ofthe overdose, but can be given up to 36 h later (51). 
Herpes zoster or cytomegalovirus may cause FHF, and may respond to specific therapy with 
acyclovir and ganciclovir, respectively (50). The few patients that present with Budd-Chiari 
syndrome and FHF may dramatically improve with portal vein decompression by an emer
gency mesocaval or mesoatrial shunt. Finally, if discovered early, antidotes like penicillamine 
for mushroom poisoning can be highly effective (26). 

6.2. Cerebral Edema 
Patients with FHF are at risk for developing cerebral edema, and should be kept in a quiet 

environment with their trunks at a 45° incline and subjected to minimum tactile stimulation. 
Direct measurement of ICP using subdural or extradural transducers is a valuable guide to 
treatment. The goal is to maintain CPP greater than 50 mmHg and ICP less than 20 mmHg. 
Although placement of a monitor is invasive and bleeding is a potential complication, it is used 
in most transplant centers because it permits rapid detection and appropriate treatment of 
cerebral edema. Monitors are also useful in avoiding worsened ICP with manipUlation ofthe 
patient, such as suctioning or changing body position. Acute hyperventilation is effective in 
early cerebral edema, but is not recommended when intracerebral blood flow is reduced (52). 

Mannitol is the mainstay of treatment throughout, and is administered as a rapid bolus 
(0.3--0.4 mg/kg) (30). Ifdiuresis does not ensue, then plasma osmolality should be measured, 
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PT 21-25 sec 
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Grade 3 encephalopathy 
Action: ICU. Intubate 
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Neuro exam q 1 h 
PT q 4 h. glucose q 1 h. 

PT >30 sec 
Increased ICP 
Action: Mannitol 

Hyperventilate 
List for liver transplant 

Part IX I Special Management Considerations 

If not a transplant 
candidate - management 
same as other column 
except no transfer 

Fig. 1. A schematic plan for the management of fulminant hepatic failure. ICP, Intracranial pressure. 
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and the mannitol dose repeated if osmolality is less than 320 milliosm. In patients with coex
isting renal failure, the administration of mannitol needs to be coupled with the removal of 
three times the administered volume by ultrafiltration after 15 min (53). 

Cerebral edema refractory to these measures may respond to thiopental. The initial bolus is 
185-500 mg over 15 min, followed by infusion of50-250 mg/h (54). This infusion may mask 
signs of raised ICP, and should only be used when there is ICP monitoring. Prophylactic use 
of dexamethasone is not effective in reducing cerebral edema (55). CT scan of the brain is 
insensitive for the diagnosis of cerebral edema (56). Only one third of patients with FHF 
demonstrate evidence of brain swelling on CT scan (57). However, CT scans on admission to 
exclude intracerebral hemorrhage, after placement ofICP monitor, have been found useful to 
exclude structural lesions. 

6.3. Hepatic Encephalopathy 
The use oflactulose in chronic liver failure is well established. It has been used in the 

treatment of FHF-associated encephalopathy, although its value in this condition is 
unconfirmed. Indeed, there has never been a controlled trial demonstrating a beneficial 
effect oflactulose in treatment of hepatic encephalopathy complicating FHF. Lactulose 
may be administered orally via nasogastric tube or as a high-volume, retention enema. 
However, in the presence of a coagulopathy, rectal administration may cause colonic 
bleeding, whereas oral administration may be ineffective in the presence of ileus. 
Lactulose usually does not prevent deepening of coma because of underlying hepatic 
necrosis. 

6.4. Glucose Monitoring 
Capillary blood glucose should be measured every 4 h in conscious, and hourly in comatose, 

patients with FHF. Glucose is administered as 10% dextrose by continuous infusion. Ifblood 
glucose falls below 100 mg\dL, 100 mL of 50% dextrose solution boluses should be admin
istered immediately with an upward adjustment of the 10% dextrose infusion rate. 

6.5. Gastrointestinal Bleeding 
In an attempt to reduce gastrointestinal bleeding from gastric or duodenal ulceration, 

intragastric pH should be monitored every ~ h and maintained greater than 5 with regular 
doses of an H2-receptor antagonist and or antacids. 

6.6. Coagulopathy 
The clinical impact of coagulopathy has been reduced by the use of fresh frozen plasma 

(FFP), cryoprecipitate, and platelet concentrate. However, the use offresh frozen plasma has 
not been shown to be of any value in the absence of acute bleeding (58). As mentioned earlier, 
deficiency of clotting factors is not the only cause of bleeding. Hemorrhage is more likely 
in the presence of an associated thrombocytopenia and DIC. FFP and platelet transfusions 
should be given to maintain platelet levels greater than 60,000, if invasive procedures are to 
be performed or the patient is bleeding. Vitamin K should be given early in the course of 
hepatic failure, but usually has little effect on PT. DIC in these patients is suggested by a 
more rapid decrease in the clotting factors than anticipated, due to impaired hepatic synthe
sis, thrombocytopenia, and is characterized by the presence of fibrin degradation products 
in the blood, the absence of plasminogen activators, and schistocytes on peripheral smear. 
This process may be fueled by the administration of FFP or clotting factors. It should be 
noted that the added salt and water load present in these products may precipitate cerebral 
edema. 
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6. 7. Renal Failure 
Renal failure occurs in greater than 50% of patients with FHF. Urea production may be 

decreased in FHF, so azotemia may not be pronounced despite low creatinine clearance. 
Infusion of dopamine (2--4 mg/kg/h) may reverse deterioration in renal function by increasing 
renal blood flow in patients who are oliguric (53). Dialysis is indicated for the treatment of 
severe metabolic acidosis, hyperkalemia, and fluid overload. As mentioned earlier, in patients 
treated with mannitol for cerebral edema, who become oliguric, urgent hemodialysis or 
hemofiltration is indicated. 

6.8. Cardiovascular Status 
Initial hemodynamic abnormalities in FHF are similar to those in septic shock and are 

characterized by high cardiac output with decreased systemic vascular resistance (SVR) and 
diastolic blood pressure. Swan-Ganz monitoring is critical in these patients. Volume replace
ment is carried out with appropriate combinations of blood products and crystalloid solutions, 
while maintaining the pulmonary capillary wedge pressure (PCWP) less than 12 mmHg to 
avoid precipitating cerebral and pulmonary edema. Persistent hypotension, despite adequate 
volume replacement, is associated with a poor prognosis. Inotropes may not be effective 
because of persistent tissue hypoxia. In fact, they may further delay oxygen delivery (59). 
Cardiac dysrhythmia can occur due to hypo- or hyperkalemia, acidosis, or cardiac irritation 
with a catheter. Progressive bradycardia is often a preterminal event. 

6.9. Sepsis 
A voidance of sepsis is imperative in patients designated for liver transplant. Daily cultures 

of all available specimens, and heightened surveillance for emerging infection, is essential. 
Positive cultures are treated with appropriate antibiotics. The issue of whether to use prophy
lactic antibiotics has not been resolved. Controlled studies are in progress to assess the need 
for selective gut decontamination in these patients. 

7. PROGNOSIS 

The cause ofliver failure is the most important variable in predicting survival. Survival is 
poor in non A, non B hepatitis, and idiosyncratic drug-induced FHF (6). In acetaminophen 
overdose, a factor V level of less than 10% is considered a poor prognostic sign and an 
indication for transplantation (60). As a general rule, in patients with acute liver failure, a 
prothrombin time greater than 30 s and grade 3 coma or cerebral edema with the need to 
intubate should precipitate active consideration for transplantation. Overall, because of 
improved intensive management of patients with FHF, survival has improved from 20% in 
1973 to 50% in 1988 (49). 

8. LIVER TRANSPLANTATION 

Liver transplantation is the definitive solution to the loss of hepatic function. As previously 
mentioned, the development of encephalopathy and associated progressive coagulopathy are 
the two most commonly used criteria to assess the need for transplantation. Liver transplan
tation is indicated in patients felt to have less than a 20% chance of survival without it. Although 
1- and 5-yr survival in patients transplanted for acute liver failure is good, it is not as good as 
for relatively stable cirrhotics (61,62). Prior to transplantation, it is necessary to consider 
whether the function of other organs, specifically the brain, is preserved, whether the patient 
is actively infected, and whether the disease will recur in the graft. Unfortunately, because of 
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considerations such as inadequate insurance, geographic location of the patient, and lack of 
donor supply, only approx 10% of patients with this condition are transplanted. 

9. INDICATIONS FOR CONSULTING THE SUBSPECIALIST 

In the early stages of acute liver failure, patients will often come to the attention of their 
primary care physician with nonspecific complaints as described above. As the situation is 
recognized, namely that the patient undergoes rapid, and progressive hepatic decompensation, 
the patient should be referred to a specialist with access to a tertiary care facility that possesses 
the full range of intensive care technology. 

10. CONCLUSIONS 

FHF is a true medical emergency similar to cardiogenic shock and acute renal failure. 
Unfortunately, unlike renal failure, there is no currently available artificial device to perform 
essential hepatic function for the patient. Ultimate survival of these patients often depends on 
aggressive supportive care until either the patient's native liver recovers or a donor liver can 
be found. A rapid search for etiology is important, because, occasionally, a specific antidote 
can be used to reverse the deteriorating hepatic function. 

Early consideration for transplantation and aggressive intensive care directed at specific 
problems associated with liver failure, including cerebral edema, bleeding, infection and renal 
failure, improve prognosis. 

SUMMARY 

Fulminant hepatic failure represents a medical emergency caused by rapid onset of severe 
hepatocellular dysfunction. 

Identification of etiology is critical in determining prognosis and if an "antidote" is available. 
Recent improvement in survival of patients with fulminant hepatic failure is a result of 

better critical care management and liver transplantation. 
Effective monitoring and management of patients with fulminant hepatic failure involves 

the use of an epidural catheter to measure intracerebral pressure. 
Current research efforts are aimed at finding a way to keep patients with fulminant hepatic 

failure alive until either their liver recovers or a graft liver can be found. 
Timing ofliver transplantation is a critical issue and involves assessment ofliver function 

using prothrombin time and stage of encephalopathy. 
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TIPS, 410 
therapeutic procedures, 79-80 

TIPS procedure 
ascites and SBP, 378 

Total parenteral nutrition 
associated cholestasis, 324 

Toxins, fulminant hepatic failure, 417, 418 
TPN 

associated cholestasis, 324 
Transaminases, 17-19 
Transhepatic cholangiography diagnostic 

procedures,69 
Transjugular intrahepatic portosystemic 

shunt, 410 
therapeutic procedures, 79,80 

Transvenous biopsy 
diagnostic procedures, 68, 69 

Tumors, medications associated, 179t, 180t 

U 

Ultrasonography, 402, 403 
Ultrasound 

advantages, 55 
rosts,64 
indications, 54, 55 
limitations, 55 
risks, 55 
technique, 54 

Unconjugated hyperbilirubinemia 

Index 

bilirubin metabolism disorders, 196-200 
complications, 296 
differential diagnosis, 198t, 293-295 
neonatal period, 302t 
subspecialist, 296 
treatment, 296 

Upper gastrointestinal endoscopy, 400, 401 
Urea cycle, 346 

v 
Valproic acid 

nonalcoholic hepatic steatosis, 92 
Variegate porphyria, 254 
Vascular abnormalities 

noninvasive imaging, 61 
Vascular disease 

medications associated, 181 t 
Vascular injuries 

fulminant hepatic failure, 418 
Viral hepatitis molecular diagnosis 

blood tests, 38-42 
Viral hepatitis serological diagnosis 

blood tests, 27-38 
Vitamin A 

hepatotoxicity, 189 
Vomiting 

liver disease symptom, 5 
VP,254 

w 
Warfarin 

hepatotoxicity, 189 
Weight alteration 

liver disease symptom, 5 
Wilson's disease, 283-289, 366 

complications, 288 
diagnosis, 284, 285 
diagnostic tests, 285t 
nonalcoholic hepatic steatosis, 91 
prognosis, 288, 289 
subspecialist, 289 
symptoms, 283, 284 
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