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Preface 

Over the past two decades, there has been a steady increase in the fund 
of knowledge associated with the clinical manifestations of cholestatic 
liver disease. In addition to a growing amount of information on the well
studied disorders of primary biliary cirrhosis and primary sclerosing 
cholangitis, there has also been a rapid accumulation of data on less well
known but important topics such as overlap syndromes with autoimmune 
hepatitis, cholestatic variants of alcohol and viral disease, and cholestasis 
following liver transplantation. In tum, these emerging insights are being 
complemented by further improvements regarding the diagnosis and 
management of cholestasis. 

Based on these clinical situations, we hope that Cholestatic Liver 
Disease will provide useful information for individuals who are involved 
in the care of patients affected by various aspects of cholestatic liver 
disease. The goal of this textbook is to provide scientific updates from 
leading experts, which relate to the clinical evaluation and management 
of cholestatic liver disorders. It is our hope that Cholestatic Liver Disease 
will be a useful reference for both learners and practitioners alike. 

v 

Keith D. Lindor, MD 
Jayant A. Talwalkar, MD 
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1 Diagnosis of Cholestasis 

Velimir A. Luketic 

Abstract 
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An elevated serum alkaline phosphatase level is the hallmark of cholestasis. 
An abnormal gamma glutamyl transferase, 5' -nucleotidase, or liver alkaline phos
phatase isoenzyme can confirm the source to be liver. Ultrasound is the most 
convenient way to differentiate between intrahepatic and extrahepatic cholestasis. 
Computed tomography or magnetic resonance imaging may be the initial test 
depending on the clinical setting. The level of obstruction can be identified by 
cholangiography: magnetic resonance cholangiography (or computed tomography 
cholangiogram if there are contraindications) for diagnosis alone; endoscopic 
retrograde cholangiography (or percutaneous transhepatic cholangiogram) if an 
intervention is anticipated. Endoscopic ultrasound and intraductal ultrasound 
may prove helpful in the evaluation of intraductal lesions. The choice of inves
tigative test will depend on availability and local expertise in its use. Serologic 
studies and other disease markers can help make the diagnosis in an appropriate 
clinical setting or identify the next best diagnostic step. Liver biopsy often 
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2 Luketic 

remains the best way to make or confirm the diagnosis and to stage chronic 
cholestatic disease. 

Key Words: Cholestasis; diagnosis. 

1. INTRODUCTION 

Cholestasis literally means "bile stoppage". The term was coined in 
the 1930s and initially used as an adjective, "cholestatic", to describe 
cirrhosis resulting from obstruction of the smallest biliary passages (if 
inflammation was present the term used was "cholangiolitic") (1). It 
was an attempt to develop a general term for disorders with histologic 
findings of obstructive jaundice but normal extrahepatic bile ducts. It 
took more than 20 year for the term "cholestasis" to include any liver 
disorder characterized by impaired bile flow irrespective of the site
both large (extrahepatic cholestasis) and small, microscopic (intrahepatic 
cholestasis) duct injuries ultimately became part of the definition. This 
process was paralleled by the change from jaundice, a physical finding, 
to abnormal serum alkaline phosphatase (AP), a laboratory test, as the 
diagnostic hallmark for cholestasis. The association of high levels of 
AP and jaundice because of biliary obstruction was first demonstrated 
in 1933 (2). Development of a reproducible laboratory method to test 
for AP (also in 1930s) extended these findings to show that chronic 
cholestatic liver disease is mostly anicteric (1). Today, most patients 
with cholestasis are identified when an abnormal serum AP level is 
detected during routine blood testing or evaluation for an unrelated 
medical problem. 

2. APPROACH TO DIAGNOSIS OF CHOLESTASIS 

An approach to the diagnosis of cholestasis is outlined in Fig. 1. 
It begins with the identification of an abnormal serum AP and confir
mation that it is of liver origin. The next step is to pinpoint the site of 
interference with the flow of bile. The primary objective is to show 
whether the ducts are or are not dilated thus differentiating between 
intrahepatic and extrahepatic cholestasis. This is usually accomplished 
radiologically with ultrasound (US), computed tomography (CT), or 
magnetic resonance imaging (MRI). The last step is to determine the 
cause of cholestasis and may include additional laboratory testing (sero
logies), additional imaging (cholangiography), as well as liver biopsy 
(with or without guidance). 

The algorithm is not meant to be linear. The precise approach to an 
individual patient will depend on the clinical setting including patient 
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Fig. 1. Algorithm for evaluation of a cholestatic patient (see text for abbreviations). 

history (family, travel, social), symptoms, and physical findings. Thus, 
if the patient is a middle-aged woman with pruritus and is suspected to 
have primary biliary cirrhosis (PBC), the initial laboratory evaluation 
will test not only for standard liver enzymes but also for the presence 
of antimitochondrial antibody (AMA) and IgM; later a liver biopsy 
may be indicated to stage the disease. On the other hand, the first test 
in a young man with ulcerative colitis will be a cholangiogram and only 
if it is nondiagnostic will a liver biopsy be performed. Patient history, 
physical examination, and laboratory testing can identify the cause 
in up to 90% of those with biliary obstruction (3). When intrahepatic 
cholestasis is suspected, a thorough drug history to include over
the-counter preparations and medications taken on as-needed basis is 
mandatory (Table 1). Identification of an agent often requires simple 
observation and obviates the need for further invasive testing. 
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Table 1 
Drugs in Current Use Reported to Cause Cholestasis (Selected List) 

Anabolic steroids 
Amoxicillin-clavulanic acid 
Carbamazepine 
Chlorpromazine 
Diltiazem 
Erythromycin 
Estrogens 
Floxuridine 
Flucloxacillin 
Haloperidol 
Gold salts 

Indinivir 
Imipramine 
Ketoconazole 
Methyltestosterone 
Naproxen 
Nevirapine 
Phenytoin 
Piroxicam 
Rifampicin 
Total parenteral nutrition 
Trimethoprim-sulfamethoxazole 

3. CHOLESTASIS-BIOCHEMICAL ABNORMALITIES 

The most sensitive test for impaired bile secretion is elevation in 
fasting serum bile acids (2). The test is not widely available, however, 
and evaluation of cholestasis usually begins with detection of an 
elevated serum AP level. Bilirubin mayor may not be elevated in 
cholestasis because the capacity of the liver to excrete conjugated 
bilirubin far exceeds the amount of pigment presented to it on a daily 
basis (2). Aminotransferases, markers of hepatocyte injury, are rarely 
useful in diagnosis of cholestasis but can help with the diagnosis of 
an overlap syndrome. 

3.1. Alkaline Phosphatase 
AP catalyzes the hydrolysis of phosphate esters at an alkaline pH. 

Although present in nearly all tissues, clinically the most important APs 
are in liver, bone, kidney, and first trimester placenta. Most are coded by 
the same gene and differ only in posttranslation modifications character
istic of individual tissues (4). Thus they are true isoenzymes. A second 
gene codes for intestinal and third trimester placental APs. In the liver, 
AP is found primarily on the surface of bile canaliculi reflecting the high 
AP concentrations in normal bile. In the setting of bile duct obstruction, 
however, the canalicular AP can be seen on the entire plasma membrane 
(5). This reversal of polarity is thought to due to the disruption of inter
cellular tight junctions permitting the migration of canalicular enzymes 
within the hepatocyte membrane. Disruption of tight junctions between 
hepatocytes or cholangiocytes also permits regurgitation of bile, and 
thus AP, from the biliary tree via a paracellular pathway (6). 
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Nonnally, serumAP reflects the activity of hepatic and bone isoenzymes. 
Intestinal isoenzyme can be elevated after a fatty meal in blood groups 
o and B (7). High bone AP levels can be seen in children because of 
bone growth, in adults after prolonged bed rest, and in those with renal 
failure. In most cases, however, elevation in serum AP is a marker for 
liver disease, specifically, cholestasis. Increases in excess of ten times 
the upper limit of nonnal usually indicate either intra- or extrahepatic 
obstruction to bile flow (8); lesser increases (two to three times nonnal) 
can be seen in any type of liver disorder. Clinically, a cholestatic 
disorder can often be differentiated from a hepatocellular disorder by 
the enzyme pattern: proportionally greater elevation in serum AP when 
compared to serum aminotransferases strongly suggests the presence 
of cholestasis. 

3.2. Determining the Source of Alkaline Phosphatase 
In as many as one-third of individuals an isolated AP elevation 

will not be associated with a demonstrable liver or biliary disease (8). 
Detennination of AP isoenzymes is one of the ways to identify the 
source of AP. Another is to measure 5' -nucleotidase, a zinc-dependent 
metalloenzyme present in high concentrations in the canalicular and 
sinusoidal membranes. Its increase parallels that of AP albeit the rise 
in its activity may begin after several days of cholestasis (unlike a few 
hours for AP) (9). Since AP isoenzymes and 5'-nucleotidase are not 
routinely available in most clinical laboratories, a practical method to 
confinn liver as the source of the abnonnal AP level is to test for 
gamma-glutamyltransferase (GGT) activity. Although present in many 
tissues (kidney, pancreas, spleen, lung, brain), GGT in the serum is 
primarily of hepatobiliary origin (10). The highest GGT values are 
present in alcoholic liver disease, intra- and extrahepatic biliary 
obstruction, and in cancer infiltration of the liver. Abnonnal GGT (with 
few exceptions, e.g., Byler's disease, benign recurrent intrahepatic 
cholestasis) can be seen in any hepatobiliary disorder and therefore is 
the least useful liver enzyme diagnostically. Since it is not found in 
bone, an elevated serum GGT can exclude the bone and confinn the 
liver as the source of elevated AP. 

3.3. Aminotransferases 
Aspartate (AST) and alanine (ALT) aminotransferase are intracellular 

enzymes that "leak" across a damaged cell membrane and abnonnal 
serum levels are considered markers of cell injury. AST is present in 
both mitochondria and cytoplasm while ALT is only in the hepatocyte 
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cytoplasm. As a result, ALT is a more specific marker of hepatocellular 
injury than AST. In general, ALT and AST abnormalities that are 
proportionately higher than ALP abnormalities are characteristic of a 
disease process involving hepatocytes rather than bile ducts. There are, 
however, exceptions. Intermittent biliary obstruction because of passage 
of an intraductal stone typically has AST and ALT values mimicking 
those seen in acute viral, toxic, or ischemic injury. During the early 
phases of some cholestatic disorders, e.g., intrahepatic cholestasis of 
pregnancy or childhood primary sclerosing cholestasis (PSC), AST and 
ALT are more likely to be abnormal than ALP. A mixed enzyme pattern 
when both AST and ALT and AP are abnormal is characteristic of an 
overlap syndrome with features of both autoimmune hepatitis (AIR) and 
a cholestatic disorder such as PBC or PSc. 

3.4. Bilirubin 
Bilirubin is a breakdown product of hemoglobin derived from 

senescent red cells. Normal serum bilirubin is largely unconjugated 
(indirect) (11). It is bound to serum proteins for transport to the liver 
where it is conjugated with glucuronide. Conjugated (direct) bilirubin 
is water soluble and can be secreted into bile. Hyperbilirubinemia can 
result from overproduction of bilirubin; decreased uptake, conjugation 
or excretion of bilirubin, or regurgitation of bilirubin from damaged 
hepatocytes or bile ducts. In extrahepatic biliary obstruction conjugated 
hyperbilirubinemia is present in 80% of patients (8). Whereas the pro
portion is less (around 50%) in those with intrahepatic cholestasis, the 
range is wide and the ratio of direct to indirect bilirubin is not helpful 
in identifying the site of obstruction. Fractionation of bilirubin is most 
valuable in diagnosis of disorders, mostly genetic, such as Gilbert 
syndrome that are characterized by unconjugated hyperbilirubinemia. 
The capacity of the liver to conjugate and excrete bilirubin is substantial 
and in most settings absolute bilirubin levels do not accurately reflect the 
extent of liver dysfunction. The degree of bilirubin elevation, however, 
is of value in determining prognosis in chronic cholestatic diseases 
such as PBC and PSC (12,13). 

4. INTRAHEPATIC VS. EXTRAHEPATIC 
CHOLESTASIS-CROSS-SECTIONAL IMAGING STUDIES 

Once the hepatic origin of alkaline phosphatase has been confirmed, 
radiologic imaging is used to identify the level of obstruction. The 
alternatives include intrahepatic and extrahepatic disease as well as mass 
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Table 2 
Sensitivity and Specificity of Imaging in Obstructive Jaundice 

Modality Sensitivity (%) Specificity (%) 

~ ~ W 
cr ~ ~ 
MRCP 90 97 
ERCP 95 99 
PTC 95 99 

See text for abbreviations. 
From Reddy SI and Grace ND. Liver imaging. Clin Liver Dis 2002; 6: 297-310, with 

pennission. 

effect of a space-occupying lesion. Imaging modalities include US, CT, 
and MRI. The choice of imaging modality will depend on the clinical 
situation as well as the local availability and expertise in its use. 

4.1. Ultrasonography 
An US examination is often the initial screening test used to evaluate 

cholestasis. Its advantages include wide availability, noninvasive nature, 
and relatively low cost. US does not expose the patient or the operator 
to ionizing radiation. Further, the equipment is portable and the exami
nation can be performed at bedside without extensive preparation. There 
are, however, a number of limitations. US is highly dependent on the skill 
of the operator and the experience of the interpreter. Technical limitations 
include inability to penetrate bone (ribs) or air (bowel gas) interfering with 
the examination of the subcostal liver and subdiaphragmatic structures 
and the distal biliary tree and pancreas, respectively. 

US is particularly good at differentiating between intrahepatic and 
extrahepatic biliary tract disease and identifying gallbladder pathology 
(14,15). For optimal results the patient should be fasting in order to 
distend the gallbladder. In obstructive jaundice (Table 2) the sensitivity 
and specificity of US can exceed 80% especially if the ducts are dilated 
(16). Because of bowel gas interference, US is less effective at determining 
the level of biliary obstruction or its cause (38-81 % ) (16). For example, 
whereas US easily identifies gallbladder stones, a common duct stone 
is documented in as few as one-third of cases (3). US is also quite good 
at detecting focal lesions within the liver (15): lesions as small as 1 cm 
can be identified in spite of interference from extensive parenchymal 
disease resulting from fat or cirrhosis. US can accurately differentiate 
between cystic lesions (cysts, abscesses, septated cystadenomas) and 
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solid lesions (17). Because of imaging characteristics, however, it is less 
good at differentiating among solid hepatic masses such as hepatoma, 
adenoma, or focal nodular hyperplasia (16). Hemangiomas have a char
acteristic sonographic appearance and usually require no additional 
evaluation. In spite of its limitations, US is an appropriate initial study 
in the evaluation of cholestasis because it can provide guidance and 
justification for further, often invasive, diagnostic testing. 

4.2. Computed Tomography 
Abdominal CT avoids some of the limitations of US: it is less operator 

dependent than US; it provides for better imaging in obese patients; and 
it is not prone to overlying bowel gas interference when it comes to 
evaluating the distal common duct and pancreas. As a consequence 
CT is more accurate than US at identifying the level (88-97% vs. 
23-95%) as well as the cause (70-94% vs. 38-94%) of biliary obstruc
tion if present (16) (Table 2). This is particularly true for pancreatic 
lesions and lymphadenopathy that may be responsible for extraluminal 
compression of the biliary tree. Paradoxically, it is less likely to identify 
cholesterol stones and thus is less precise at detecting choledocholithiasis 
(18). CT scanning after bolus administration of intravenous contrast can 
tum an amorphous mass as seen on US into a contrast-enhanced tumor 
with a necrotic center. The technique can also identify vascular invasion 
by a tumor, an important prognostic sign. CT is better than US in identi
fying diffuse liver and metastatic disease and provides a more global 
assessment of the abdomen as a whole (18). These advantages come at 
the expense of higher cost, radiation exposure (similar to barium enema), 
need for patient preparation with oral contrast, and risk of intravenous 
contrast allergy and renal injury. As a result, in most instances CT is 
reserved for evaluation of equivocal US findings, evaluation of suspected 
carcinoma or pancreatic abnormality, and situations where there is a need 
to evaluate the entire abdomen. In addition, either CT or US guidance 
can be used for directed biopsy of a hepatic lesion or placement of a 
catheter to drain an abscess. 

4.3. Magnetic Resonance Imaging 
Recent improvements in image acquisition techniques and use of 

intravenous contrast have made MRI and CT interchangeable. 
Advantages of MRI continue to be lack of ionizing radiation and 
sharp contrast resolution between normal and abnormal tissues. The 
disadvantages include high cost, inability to study patients with metallic 
devices, and blurring of images because of respiration and peristalsis. 
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Within the lumen 

Gallstones 
Sludge 
Microcrystals 
Parasites 
Blood clots 

(hemobilia) 

Table 3 
Causes of Extrahepatic Cholestasis 

Within the wall 

Primary sclerosing cholangitis 
Cholangiocarcinoma 
Choledochal cyst 
Traumatic/ischemic stricture 
Papilloma 
Carcinoid 

Outside the wall 

Chronic pancreatitis 
Pancreatic cancer 
Lymph nodes 
Annular pancreas 
Metastases 

9 

The latter remains a problem even with the use of newer techniques that 
allow for a breath-hold period of <2 s. MRI and CT are equally sensitive 
in the evaluation of focal nodular hyperplasia ( -50% when a central 
scar is present), metastatic disease (36-94 % for CT and 69-96% for 
MRI), and hepatocellular carcinoma in the setting of cirrhosis (59% 
for tumor mass and 37% for tumor nodule for CT and 54% for tumor 
mass and 55% for tumor nodule for MRI) (19,20). Neither, however, can 
reliably distinguish between primary and metastatic tumor. In patients 
with cirrhosis, MRI is more sensitive than CT in distinguishing between 
a regenerative nodule and a tumor; neither is good at dysplastic nodules 
unless they are large (21). MRI is the most sensitive modality for detecting 
cavernous hemangiomas. MRI cholangiography will be discussed later 
in this chapter. 

5. IDENTIFYING THE CAUSE OF EXTRAHEPATIC 
CHOLESTASIS-CHOLANGIOGRAPHY 

The use of imaging studies is designed to show whether the bile ducts 
are dilated thus differentiating between intrahepatic and extrahepatic 
cholestasis. The next step is to determine the cause and level of obstruc
tion. Causes of extrahepatic cholestasis can be classified as those within 
the duct lumen, those within the duct wall, and those outside the duct. 
Table 3 lists some of the common causes of large duct obstruction. The 
gold standard for visualizing the extrahepatic biliary tree is endoscopic 
retrograde cholangiography (ERC). The primary advantage of ERC is 
that the diagnostic procedure and the therapeutic intervention can be 
performed at one sitting. Percutaneous transhepatic cholangiography 
(PTC) is reserved for patients in whom ERC is precluded for anatomic 
reasons or had been unsuccessful in the past. Because it is noninvasive, 
magnetic resonance cholangiography (MRC) is the diagnostic modality 
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of choice when an additional therapeutic intervention is not anticipated. 
For those for whom MRC is contraindicated or who are unable to tolerate 
the procedure, CT cholagiography can be an acceptable alternative. 
Finally, endoscopic ultrasound (EUS) provides a low-risk way to examine 
the distal bile duct and surrounding structures. 

5.1. Percutaneous Transhepatic Cholangiography 
In PTC a percutaneous, transhepatic approach is used to inject, via a 

thin 22-gauge needle, contrast material into bile ducts. Sensitivity and 
specificity for identifying the cause and site of obstruction approaches 
100% (Table 2) so long as the ducts are dilated (22). When the ducts are 
not dilated, as in PSC, multiple attempts are often required, dramatically 
increasing the complication rate and decreasing the success rate to less 
than 80% (23). Serious complications occurring in up to 3% of patients 
include hemobilia (4% in one series), bile peritonitis, and above all, biliary 
sepsis (24). The latter can occur in spite of antibiotic prophylaxis espe
cially if contrast is injected into a dilated biliary tree that had not 
been decompressed. In addition, if fluoroscopic rather than sonographic 
guidance is employed patients are exposed to ionizing radiation. 

Once access to the biliary tree has been established a number of 
therapeutic interventions become possible. PTC has been used to doc
ument the extent of disease in PSC, balloon dilate strictures, insert an 
internal stent to decompress obstructed bile ducts, or obtain tissue for 
histologic diagnosis. Cholangiocarcinoma expands in the subepithelial 
layers toward the intrahepatic bile ducts and PTC is often the most 
effective way to obtain tissue for analysis (25). Stones, sludge, as well 
as blood clots, can also be removed. Access to the biliary tree estab
lished by PTC can subsequently be used for endoscopic intervention 
("rendezvous" technique if done at the same session). Furthermore, in 
patients with unresectable tumor, external drainage catheters can be 
left in place to decompress the biliary system. 

5.2. Endoscopic Retrograde Cholangiography 
In ERC endoscopic cannulation of the ampulla of Vater is used to 

inject contrast material to opacify the biliary tree. Once access has been 
obtained a number of additional diagnostic and therapeutic procedures 
can be performed. With the development of endoscopic sphincterotomy, 
ERC, initially developed as a diagnostic tool, rapidly evolved into a 
therapeutic one. Today the main indication for ERC is treatment rather 
than evaluation of suspected biliary obstruction. In part this is because 
the accuracy of noninvasive modalities such as MRC and EUS often rival 
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that of ERe (Table 2). Largely, however, it is because ERe remains the 
most dangerous procedure routinely performed by gastroenterologists. 
Post-ERe pancreatitis occurs in 3-5% of purely diagnostic studies 
and in the largest published North American series the "any compli
cation" (most commonly pancreatitis) rate and the procedure-related 
mortality after sphincterotomy were 9.8 and 0.4%, respectively (26). 
Other procedure-associated complications include perforation, hemor
rhage (after sphincterotomy), and cholangitis. In addition, patients 
undergoing ERe are exposed to varying amounts of ionizing radiation 
from fluoroscopy and spot radiography. 

In skilled hands cannulation of the ampulla is almost always successful. 
Unlike PTe dilated bile ducts are not required for a successful ERe; a 
periampullary tumor, however, can prevent cannulation and precludes 
opacification of the biliary tree. In patients with obstructive jaundice 
ERe can accurately localize the level in 92-99% and identify the cause 
in 75-87% of cases (27,28). The most common cause of extrahepatic 
cholestasis is choledocholithiasis (29,30); after a sphincterotomy, ERe 
permits stone extraction via balloon or a basket and a patent sphincterotomy 
may prevent obstruction should another stone develop. ERe can also be 
used to place a nasobiliary drain to decompress an obstructed biliary tree, 
balloon dilate an ischemic or traumatic stricture, deploy an expandable 
stent across a stricture caused by a tumor, obtain brushings for cytologic 
evaluation from a suspected tumor, and biopsy ampullary tumors. 

ERC is the standard for diagnosis of PSc. Classically, opacification of 
the biliary tree reveals multifocal stricturing that alternates with areas 
of ectasia giving the ducts a "beads-on-a-string" appearance. The changes 
can be intrahepatic, extrahepatic, or both (11, 2, and 87%, respectively) 
(31). Incomplete visualization of the biliary tree because of shunting of 
contrast into the cystic duct and the gallbladder can be overcome by 
placing an inflated balloon above the cystic duct entry to perform an 
occlusion cholangiogram. The same technique can be used to opacify 
the higher-order intrahepatic ducts for a more complete examination. 

One of the most difficult problems in patients with PSC is to differ
entiate between a dominant stricture and a cholangiocarcinoma. Since 
their cholangiographic appearance is quite similar, tissue confirmation 
is important. Techniques used include cytologic brushings, forceps biopsy, 
bile aspiration, or combination of all three. Recent development of thin
caliber "baby" cholangioscopes that can be introduced via the channel 
of a large "mother" duodenoscope permits biopsy of a suspected intra
ductal tumor under direct vision. Cytologic brushing of bile duct strictures 
is positive for cholangiocarcinoma in 30- 40% of patients (32). There are 
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several reports suggesting that the combination of cytology and forceps 
biopsy with or without needle aspiration can increase the yield to 50-60% 
(33,34). There is no clear evidence, however, that the improvement in 
yield is sufficient to justify routine use of both techniques. Thus Pugliese 
showed that the sensitivity of combining cytology and biopsy at 61 % is 
only marginally better than sensitivity for either one alone at 53% (35). 

Diagnostic accuracy for cholangiocarcinoma may improve with 
expanded use of digitized image analysis (DIA) and fluorescence in situ 
hybridization (FISH), two techniques that detect cellular aneuploidy 
and chromosomal aberrations of suspicious tissues. DIA assesses chro
matin distribution and nuclear morphology by quantifying cellular DNA. 
DIA was more sensitive (39.3 vs. 17.9%), and just as accurate (56 vs. 
53%) albeit less specific (77.3 vs. 97.7%) than routine cytology (36). 
FISH uses labeled DNA probes to detect chromosomal aberrations in 
cholangiocytes. A recent study showed FISH to be more sensitive (34 
vs. 15%) and just as sensitive (97 vs. 98%) as cytology in detecting 
malignant strictures (37). 

5.3. Magnetic Resonance Cholangiography 
Recent technical advances such as RARE (rapid acquisition with 

relaxation enhancement) and HASTE (half-Fourier-acquisition single
shot turbo spin-echo) have dramatically improved the images provided 
by MRC. This has been accomplished primarily by reducing the 
time required to take an image to a breath-hold of less than 2 s, thereby 
reducing motion-related artifacts. Because of the improvement in image 
quality and the accuracy with which bile duct abnormalities can be 
detected MRC has at many centers replaced ERC for diagnosis of biliary 
tract disease. The advantages of MRC over ERC include noninvasiveness, 
no ionizing radiation or iodinated contrast administration, no requirement 
for sedation, and less dependence on the operator. Disadvantages include 
patient compliance, image artifacts, lower resolution, and inability to 
display functional information, e.g., degree of obstruction to flow. 

A recent review of 67 studies found MRC sensitivity and specificity to 
diagnose biliary obstruction to be 95 and 97%, respectively (38) (Table 2). 
Since the ducts are displayed in their physiologic state, MRC is a better 
indicator of the true ductal caliber (albeit a spasm can be mistaken for 
a stricture). Whereas MRC sensitivity and specificity for common bile 
duct stones are somewhat lower, ranging from 85 to 100% and 90 to 
99%, respectively (30), the overall accuracy is better than that for US 
or cr. As a result some have argued that patients at low risk of having a 
common bile duct stone should undergo MRC as the initial study, 
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Table 4 
Sensitivity and Specificity of Magnetic Resonance Cholangiography 

in Primary Sclerosing Cholangitis (PSC) 

13 

Author and reference Patients with PSC Sensitivity Specificity 

Fulcher, 2000 (41) 34* 85-88 
Angulo, 2000 (42) 23* 83 
Textor, 2002 (43) 34*t 88 
Berstad, 2006 (44) 39* 80 

*Endoscopic retrograde cholangiopancreatography used as standard. 
'tThree-dimensional magnetic resonance cholangiography. 

92-97 
98 
99 
87 

tPSC reference standard (clinical features, biochemical profile, ERC and/or MRC, 
histology). 

Table adapted from Stiehl A. Primary sclerosing cholangitis: the role of endo
scopic therapy. Semin Liver Dis 2006; 26: 62-68, with permission, and modified 
with data from Berstad AB, Aabakken L, Smith H- J, Aasen S, Boberg KM, and 
Schrumpf E. Diagnostic accuracy of magnetic resonance and endoscopic retrograde 
cholangiography in primary sclerosing cholangitis. Clin Gastroenterol Hepatol 2006; 
4: 514-520. 

whereas those who may require a therapeutic intervention, should 
undergo ERe. Sensitivity is also lower for strictures, range 85-100% 
(39,40), and for malignant conditions, 88% (38). The most extensive 
data come from studies of patients with PSC: MRC detected PSC with a 
sensitivity of ~8% and specificity of 92-99% ( 41-14) (Table 4). 
Since most of these studies used ERC as the standard, many authors 
recommend that an ERC be performed in patients at high suspicion for 
PSC in spite of a negative MRe. Either ERCP or MRCP can be used 
when both biliary and pancreatic diseases are suspected, e.g., sclerosing 
cholangitis in setting of autoimmune pancreatitis. 

5.4. CT Cholangiography 
There are a number of patients in whom MRC is contraindicated 

(cardiac pacemakers, metallic implants) or who cannot tolerate the 
procedure (claustrophobia, unable to hold breath). A reasonable nonin
vasive alternative in this setting is CT cholangiography. Multidetector 
helical CT dramatically increases the speed at which images can be 
obtained permitting large volumes of tissue to be scanned within a 
single breath-hold. Rendered images can be displayed in either two or 
three dimensions similar to MRI images. Early studies using either oral 
or intravenous cholangiographic agents suggest accuracy comparable 
to MRC (30). The main limitations are the risk of allergic reaction and 
renal and/or hepatic toxicity. 
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5.5. Endoscopic Ultrasound 
One of the limitations of conventional US (as well as CT and MRI) 

is adequate visualization of the distal common bile duct. The problem 
can be eliminated with the use of EUS since it allows placement of an 
US transducer in the fIrst or second part of the duodenum. From there 
the biliary tree, gallbladder, adjacent vascular structures, and the peri
ampullary/pancreatic head area can be examined without interference 
from either bowel gas or abdominal fat. A further benefIt is the ability 
to perform fIne needle aspiration for diagnosis of biliary and pancreatic 
malignancy or lymphadenopathy. Sensitivity and specifIcity for detecting 
common bile duct stones are comparable to that of ERCP without the 
risk of pancreatitis (30,45). An offshoot of EUS is intraductal US 
(IOUS): a small caliber US probe (-2.0 mm diameter) is passed 
through the channel of a standard duodenoscope directly into the bile 
duct. Since the probe is in a fluid medium and is close to the luminal 
surface, a high-frequency transducer that enhances image quality can 
be used. In addition to identifying ductal stones, IOUS can help distin
guish between benign and malignant strictures. The sensitivity and 
specifIcity are better than EUS and especially good if ERCP tissue 
sampling and IOUS are combined (46). Since the areas best visualized 
are the hilum and mid-duct, IOUS has the potential to more accurately 
stage cholangiocarcinoma. 

6. IDENTIFYING THE CAUSE OF INTRAHEPATIC 
CHOLESTASIS-LABORATORY STUDIES 

AND LIVER BIOPSY 

Some of the causes of intrahepatic cholestasis are listed in Table 5. 
The list is by no means exhaustive and the classifIcation is to a certain 
extent arbitrary. Thus tuberculosis could also have been placed in either 
the system or infIltrative columns and sepsis in the infectious column 
heading. Prescription drugs, over-the-counter preparations, and herbal 
remedies are some of the most common causes of cholestasis in adults. 
In most patients the diagnosis can be made by taking a careful history 
and by excluding other causes of cholestasis. In addition to personal 
history, a thorough family history and a physical examination are 
mandatory if one hopes to diagnose familial disorders such as benign 
recurrent intrahepatic cholestasis, progressive familial intrahepatic 
cholestasis, cystic fIbrosis, and sickle cell disease. The clinical setting 
on the other hand will help guide the workup of sepsis, benign postop
erative jaundice, graft versus host disease, cholestasis resulting from 



Chapter 1 / Diagnosis of Cholestasis 15 

Table 5 
Causes of Intrahepatic Cholestasis 

Immune 
Systemic mediated Infectious Infiltrating Familial 

Medications Primary biliary Fibrosing Hepatocellular BRIC 
cirrhosis hepatitis carcinoma 

Hormones Autoimmune Viral Lymphoma PFIC (Byler's 
cholangitis hepatitis disease, etc.) 

Sepsis Graft versus AIDS cholan- Amyloid Idiopathic adult 
host disease giopatby ductopenia 

Total Allograft Tuberculosis Metastatic Sickle cell 
parenteral rejection malignancy disease 
nutrition 

Intrahepatic Primary Fungal Sarcoidosis Protoporphyria 
cholestasis sclerosing infections Cystic fibrosis 
of pregnancy cholangitis 

(small duct) 

total parenteral nutrition, and intrahepatic cholestasis of pregnancy. For 
a number of others, however, additional laboratory testing will be 
required and in a significant minority the only way to make the diagnosis 
will be to examine the tissue obtained by liver biopsy. 

6.1. Serologies 
The most common chronic cholestatic liver diseases-PBC, PSC, 

autoimmune cholangitis (AIC)-are immune mediated and have exten
sive autoantibody profiles (47,48). Presence of a high AMA titer in a 
woman with cholestasis is virtually diagnostic of PBC; an elevated 
IgM immunoglobulin fraction is unique to PBC as well. Low titres of 
anti-nuclear (ANA) and anti-smooth muscle (ASMA) antibodies are 
common in PBC and PSC patients; high titres, on the other hand, and a 
significant elevations in AST and ALT suggest the presence of PBCI 
autoimmune hepatitis (AIR) overlap (47). Similarly, the same antibody 
and enzyme pattern in someone with PSC (often a child) raises the 
possibility of the PSCI AIR overlap (48). A liver biopsy with features of 
AIR is required for the diagnosis of PBC/AIR and PSC/AIR overlaps. 
Elevated ANA and ASMA in an AMA-negative patient with a cholestatic 
biochemical profile may indicate the presence of AIC; a biopsy showing 
duct destruction confirms the diagnosis. 

In an acute setting, intrahepatic cholestasis may be a sign of a viral 
illness. Most common are infectious mononucleosis and Cytomegalovirus 
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(CMV), but one should never forget that hepatitis A and to a lesser 
extent hepatitis B can follow a primarily cholestatic, sometimes relapsing 
course characterized by severe pruritus. Following liver transplantation 
both recurrent hepatitis B and hepatitis C have presented as a rapidly 
progressive fibrosing cholestatic hepatitis. A high index of suspicion 
and appropriate testing for viral antibodies, antigens, and replication 
may obviate the need to perform invasive testing. Finally, all patients 
with cholestasis should be tested for human immunodeficiency virus (lllV) 
not only because of possible acquired immune deficiency syndrome 
(AIDS) cholangiopathy but also as a trigger to look for infiltrative dis
orders such as tuberculosis, Mycobacterium avium complex disease 
(MAl) and fungal infection. 

6.2. Other Tests 
Routine testing for markers of hemochromatosis, Wilson's disease, 

and a-I-antitrypsin deficiency is not indicated since these disorders rarely 
present as cholestasis. An abnormal angiotensin converting enzyme 
(ACE) level, however, could initiate a search for sarcoidosis while an 
elevated a-fetoprotein may direct further search for an infiltrating 
hepatocellular carcinoma or metastatic testicular cancer. Nonalcoholic 
steatohepatitis can present as an isolated elevation of AP and an abnormal 
glycohemoglobin may be the only indicator of its presence. 

6.3. Liver Biopsy 
Essentially every algorithm for evaluation of abnormal liver enzymes 

ultimately ends with the words "consider liver biopsy". The main reason 
is that liver biopsy is often the only way to make or confirm the diag
nosis, identify the nature of liver injury, guide and monitor therapy, and 
obtain essential prognostic information. Thus after a careful laboratory, 
endoscopic, and radiologic evaluation, the liver biopsy may be the only 
way to detect an infiltrating disorder (lymphoma, sarcoidosis, metastatic 
carcinoma, amyloidosis), nonalcoholic fatty liver disease, small duct 
PSC, and idiopathic adulthood ductopenia. Similarly, confirmation of 
inflammatory duct injury is required for the diagnosis of acute rejection, 
AMA-negative PBC, or AlC. Liver biopsy is often the approach of choice 
in the evaluation of unexplained fever, especially in those with acquired 
immunodeficiency syndrome: the liver may be the only accessible 
organ to identify Mycobacterium avium complex disease, tuberculosis, 
histoplasmosis, and other opportunistic infections (49). Biopsy confir
mation is also helpful in the diagnosis of AlH overlap syndromes as 
well as chronic rejection after liver transplantation. 



Chapter 1 I Diagnosis of Cholestasis 17 

Histologic evaluation is also important in determining prognosis 
and as a guide to therapy. The appropriate clinical setting and an AMA 
or a typical cholangiogram are virtually diagnostic for PBC and PSC, 
respectively, and a liver biopsy is not required to make the diagnosis. 
Biopsy staging, however, can help identify the need for additional diag
nostic measures such as US screening for hepatocellular carcinoma 
and endoscopic screening for varices. In addition, the extent of fibrosis 
can be of prognostic significance: for example, histologic staging has 
been used in several survival models for both PBC and PSC (12,13). In 
drug-induced liver injury the extent of injury and the presence or 
absence of inflammatory infiltrate and its type can help determine 
prognosis (need for transplantation) and identify treatment alternatives 
(immunomodulators ). 

7. SUMMARY AND RECOMMENDATIONS 
An elevated serum AP level is the hallmark of cholestasis. When 

other liver enzymes are also abnormal there can be little doubt that liver 
is the source of AP. If only AP is abnormal the quickest method to confirm 
liver as the source is to obtain a ooT level. US is the most convenient 
way to differentiate between intrahepatic and extrahepatic cholestasis. 
CT or MRI should be reserved for situations where the cause is thought 
to be a liver or pancreatic mass. Cholangiography is the preferred method 
to determine the level of the obstruction. If an intervention is antici
pated, ERCP (or PTC) is the method of choice; for diagnosis alone 
MRCP should be employed unless there is a contraindication when CT 
cholangiogram should be performed. Newer methods still under evalu
ation include EUS and IOUS particularly for intraductal lesions. Local 
expertise and availability will often determine which modality will be 
used first. Serologic studies and other disease markers can help make 
the diagnosis in an appropriate clinical setting or identify the next 
best diagnostic step. Finally, liver biopsy often remains the best way to 
determine or confirm the diagnosis. 
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Medications and herbal supplements can induce a variety of hepatic, acute, 
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tions and herbal supplements that are known to cause one of the cholestatic 
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1. BACKGROUND 
Cholestasis, defined as the abnonnal secretion of bile from the liver 

to the duodenum, may often be the result of medications or herbal 
supplements. The spectrum of medication-induced cholestasis may range 
from an acute reversible cholestasis to a chronic irreversible destruction 
of the bile ducts. The diagnosis of this iatrogenic condition requires the 
acquisition of a detailed history and a high clinical suspicion. The true 
incidence and prevalence of medication-induced cholestasis is unknown. 
Medications are implicated in 2-5% of cases of jaundice requiring 
hospital admission (1). In a Danish study of 1100 cases of drug-induced 
liver disease, 178 (16%) presented with cholestasis (2). Medications from 
virtually all pharmacologic classes and many herbal products can cause 
cholestasis (see Table 1). 

Cholestasis caused by medications should be first divided into 
acute and chronic fonns. Acute cholestasis caused by medications can 
present as three different clinical entities that are based on histologic 
findings. Bland cholestasis is the result of abnonnal biliary secretion 
and is not accompanied by hepatocellular damage. Cholestatic hepatitis 
refers to cholestasis with concomitant hepatic parenchymal damage. 
The third fonn of acute cholestasis is defined by the presence of bile 
duct injury or cholangiolitis. Medications may cause chronic chole
stasis through two additional mechanisms: through the obliteration 
of bile ducts, also known as the vanishing bile duct syndrome, or by 
extrahepatic biliary obstruction, such as sclerosing cholangitis and 
medication-induced cholelithiasis (3,4). It should also be recognized 
that a particular medication may cause cholestasis by more than one 
of the preceding mechanisms. 

Because the liver is responsible for concentrating and metabolizing 
a majority of medications, it is a prime target for medication-induced 
damage. The hepatic drug-metabolizing processes are hydroxylation, 
oxidation, reduction, or conjugation. Genetic variation in the activity 
of the enzymes responsible for these metabolic processes may result 
in a predisposition of certain individuals to develop drug-induced 
cholestasis. Other factors, such as age and gender, may also be 
important predisposing factors. Furthermore, many medications may 
interfere with the transport of bilirubin. Although this functional 
impairment of transport may result in hyperbilirubinemia, it does not 
cause cholestasis. 
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Table 1 
Selected Medications and Herbal Products that Cause Cholestasis 

Bland 
cholestasis 

Anabolic 
steroids (32) 

Azathioprine 
(25) 

Celecoxib (88) 
Cyclosporine 

A (13) 

Fosinopril (13) 
Heparin (25) 
Infliximab (89) 
Oral contra-

ceptives (90) 
Senna (91) 

Tamoxifen (13) 

Warfarin (25) 

Cholestatic hepatitis Cholangiolitis 

Amoxicillin- Ajmaline (13) 
clavulonic acid (47) 

Azathioprine Arsenic (13) 

Azythromycin (92) Allopurinol (13) 
Benzodiazepines Amoxicillin-

(13) clavulonic 
acid (45) 

Carbamazapine (93) Ampicillin (13) 
Cascara (71) Azathioprine (13) 
Chaparral (73) Barbiturates (13) 
Chlorpromazine Carbamazapine 

(25) (25) 
Chlorpropamide Chlorpromazine 

(25) (25) 
Clarithromycin (94) Chlorpropamide 

(25) 
Comfrey (76) Clindamycin (33) 

Cyclosporine A (13) Flucloxacillin (25) 
Danazol (32) Phenytoin (13) 
Dapsone (13) Trimethoprine-

sulfame
thoxazole (33) 

Dicloxacillin (47) Terfenadine (13) 

Erythromycin (49) 

Flucloxacillin (13) 

Glimepiride (65) 

Glyburide (25) 
Griseofulvin (95) 
Gold (25) 

Greater Celandine 
(77) 

Itraconazole (96) 

Vanishing bile 
duct syndrome 

Aceprometazine 
(13) 

Ajmaline (13) 

Amineptine (13) 
Amoxicillin

clavulonic 
acid (45) 

Ampicillin (13) 
Azathioprine (25) 
Barbiturates (13) 
Carbamazapine 

(93) 
Carbutamide 

(13) 
Chlorothiazide 

(13) 
Chlorpromazine 

(60) 
Cimetidine (25) 
Ciprofioxacin (52) 
Clindamycin (33) 

Co-trimoxazole 
(13) 

Cyamemazine 
(13) 

Cyclohexyl
propionate (13) 

Cyproheptadine 
(13) 

Erythromycin (13) 
Flucloxacillin (13) 
Glibenclamide 

(13) 
Glycyrrhizin (13) 

Haloperidol (13) 

( Continued) 
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Bland 
cholestasis 

Table 1 (Continued) 

Cholestatic hepatitis Cholangiolitis 

Ketoconazole (97) 
Kava (79) 
Loracarbef (13) 

6- Mercaptopurine 
(25) 

Mesalamine (25) 
Methimazole (13) 
Nifedipine (13) 

Nitrofurantoin (25) 
Norfloxacin (53) 

NSAIDs (25) 

Ofloxacin (25) 
Oxacillin (47) 
Pioglitazone (25) 

Propoxyphene (25) 

Risperidone (59) 

Rosiglitazone (61) 
Rofecoxib (98) 
Roxithromycin 
Terbinafine (99) 
Tricyclic anti-

depressants (25) 
Trimethoprine

sulfamethoxazole 
(33) 

Troglitazone (61) 

Hamilton and Laurin 

Vanishing bile 
duct syndrome 

Ibuprofen (19) 
Imipramine (13) 
Methyltesto-

sterone (32) 
Norandro 

stenolone (32) 
Estriadol (13) 
Phenytoin (13) 
Prochlorperazine 

(25) 
Tenoxicam (13) 
Tetracyclines 

(100) 
Thiabendazole 

(101) 
Tiopronin (13) 
Tolbutamide (25) 
Total parenteral 

nutrition (25) 
Trimethoprine

sulfamethoxa
zole (56) 

Troleandomycin 
(13) 

Xenalamine (13) 

*Adapted from Ref. (13). 

2. NORMAL PHYSIOLOGY: 
HEPATIC TRANSPORT PROCESSES 

A basic knowledge of hepatic transport processes is required prior 
to any discussion of cholestasis. As expected, drugs that interfere with 
these transport processes are liable to cause cholestasis. 
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2.1. Sinusoidal Membrane Transporters 
There are transport systems at the basolateral, sinusoidal domain of the 

hepatocyte that facilitate the uptake of albumin-bound cations, anions, 
and neutral substances. These substances are eventually excreted into 
the bile through the canalicular membrane. Uptake is primarily regu
lated by ATP-dependent sodium pumps and the voltage gradients that 
these pumps create (5). For example, the sodium-taurocholate cotrans
port polypeptide (NTCP) is the transporter responsible for the uptake 
of bile salts from hepatic sinusoids (6). The organic anion transport 
polypeptides (OATPs), however, are sodium independent. OATPs have 
broad substrate specificity irrespective of the structure or electrical 
charge. There are at least four members of this family in the human 
liver (OATPA, B, C, and 8) (5) and these membrane-spanning trans
porters are responsible for the uptake of most medications from the 
sinusoids into the hepatocyte (7). A third class of sinusoidal membrane 
transporter is termed the organic cation transporter (OCT!) and is 
responsible for the hepatic uptake of positively charged drugs and other 
cationic species (5). 

2.2. IntraceUular Transport 
Within the hepatocyte, there are several different mechanisms by 

which substrates are transported from the sinusoidal to the canalicular 
membranes. Compounds and molecules may be transported by binding 
to proteins in the cytoplasm, incorporating with the membrane of the 
endoplasmic reticulum, or being packaged within vesicles (5). Vesicular 
transport is dependent on cytoplasmic microtubules and thus may be 
inhibited by medications that affect microtubules (4). 

2.3. Canalicular Membrane Transporters 
On the apical surface of the hepatocyte, transport proteins are 

responsible for exporting a variety of compounds from the hepatocyte 
and thus are involved in the process of bile formation. The majority of 
these canalicular transporters are similar to the well-described CFfR 
(cystic fibrosis transmembrane conductance regulator) protein and the 
sulfonylurea receptor. Although much of the research and discovery of 
these proteins has occurred in animal knockout models, most can be 
extrapolated to the human liver. The major class of membrane trans
porters are referred to as multidrug resistance-associated proteins 
(MDRs, MRPs) originally named for their ability to confer drug resist
ance by exporting anticancer drugs out of cells (5). For example, MDRI 
exports amphipathic cationic drugs such as verapamil and daunorubicin 
(8). MDR3 is responsible for exporting phospholipids into the biliary 
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system. Homozygous deficiency of MDR3 leads to a syndrome of 
progressive familial cholestasis (9). Patients with MDR3 mutations and 
intrahepatic cholestasis of pregnancy have been described (10). 

MRP2 is another major type of export pump on the canalicular 
domain of the hepatocyte. This membrane-spanning protein transports 
multiple organic anions including antibiotics and various drug conju
gates (5). Mutations in the MRP2 gene result in the Dubin-Johnson 
syndrome of cholestasis in humans (11). Several other transporters that 
play a vital role in the process of bile formation have been described, 
such as the ATP-dependent bile salt export pump (BSEP), and the 
glutathione transporter. 

2.4. Cholangiocytes 
The cholangiocytes that line the biliary epithelium play a critical 

role in diluting and modifying the bile as it flows from the intrahepatic 
portions to the extrahepatic segments. As part of the normal physio
logic response to meals, secretin is released from the duodenum into 
the portal circulation. Secretin then binds to the cholangiocytes which 
in turn activates the CFTR and results in bicarbonate secretion into 
the biliary canal (12). 

3. PATHOGENESIS OF DRUG-INDUCED CHOLESTASIS 
The mechanisms by which medications precipitate cholestasis are 

complex and incompletely understood. Most drugs are lipophilic and 
enter the hepatocyte through the sinusoidal membrane. Within the 
hepatocyte, Phase I reactions (p450 system) and Phase II reactions 
(conjugation) occur in order to metabolize, detoxify, and facilitate the 
excretion of the medications. The toxic effects of the medications 
may be the result of metabolites or the drugs themselves. The patho
genesis of impaired bile flow varies between each form of drug-induced 
cholestasis (13). 

Drugs that cause pure cholestasis interfere with the sinusoidal uptake, 
intracellular transport, or canalicular secretion of bile. For example, in 
rat models, cyclosporin A and rifampicin have been shown to inhibit 
the function of the BSEP (14). Drugs that cause cholestatic hepatitis do 
so through inflammation and hepatocyte injury. It has been theorized 
that deficiencies of transporters that are responsible for the removal of 
certain drugs, such as the aforementioned MDR class of proteins, may 
lead to toxic intracellular accumulations of drugs and drug metabolites, 
resulting in the destruction of the cytoskeletal elements required for 
bile export (13). The pathogenesis of drug-induced cholangiolitis is not 
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well described. It has been postulated that certain drugs may impair 
the function of the MDR3 transporter, which normally exports phos
pholipids into bile, thus resulting in bile salt induced damage to the 
cholangiocytes (15). In fact, ursodeoxycholic acid (UDCA) was recently 
shown to increase the expression of MDR3 in humans, which may 
explain why this drug is beneficial in cholestatic liver diseases (16). 
However, as of yet, there is no direct evidence that links medications 
with functional derangement of MDR3. 

Chronic drug-induced cholestasis is often related to immune-mediated 
mechanisms. For example, in several case reports, the vanishing bile duct 
syndrome has been associated with Stevens-Johnson syndrome (17-19). 
One theory suggests that certain drugs interact with endogenous 
hepatic proteins and result in an immune reaction that precipitates into 
an acute cholangitis (13,20,21). A pathologic decrease in intracellular 
ATP is observed in an animal model of ischemic ductopenia, resulting in 
marked internalization of membrane proteins and impaired bile transport 
(22). Cholestasis would then cause bile duct injury through bile acid 
mediated, Fas-dependent, cholangiocyte apoptosis (23). One study demon
strated that genetic factors may predispose certain patients to develop 
drug-induced cholangiohepatitis. In a series of 22 patients who developed 
amoxicillin-clavulanic acid-induced cholestasis, the haplotype DRBI * 
1501-0101-DQAl *0102-DQBl *0602 was present in 70% of affected 
individuals, versus in only 20% of control subjects (24). 

4. CLINICAL PRESENTATION AND DIAGNOSIS OF 
DRUG-INDUCED CHOLESTASIS 

The majority of cases of drug-induced cholestasis are acute illnesses 
that resolve quickly after the offending medication is stopped (25). 
The clinical symptoms are similar to other forms of cholestasis where 
jaundice, pruritus, and fatigue predominate. Depending on the amount 
of hepatocellular inflammation, anorexia, malaise, and nausea may 
also occur. In some circumstances, specifically with cholestasis related 
to erythromycin (26) or amoxicillin-clavulanate (27), abdominal pain 
that is indistinguishable from acute cholecystitis may be present. 
There has been much speculation that immunologic mechanisms are 
responsible for certain forms of drug-induced cholestasis, and in 
support of this notion, symptoms of systemic hypersensitivity may be 
occasionally seen. For example, fever, rash, and eosinophilia have 
accompanied cases of cholestasis attributed to amoxicillin-clavulanate 
(27) and chlorpromazine (28). 
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Certain medications may also cause chronic cholestasis, with clinical 
features remarkably similar to primary biliary cirrhosis (PBC). Prolonged 
jaundice, xanthomas, and pruritus have been described in patients taking 
a variety of different medications. Features that help to distinguish 
between PBC and drug-induced cholestasis are the lack of circulating 
antimitochondrial antibodies and the absence of granulomas on liver 
biopsy in the latter (25). Whereas PBC may result in end-stage liver dis
ease and death, chronic cholestasis caused by medications is usually 
reversible and considered benign. 

Some forms of chronic medication-induced cholestasis are associated 
with destruction of the intrahepatic bile ducts. Although the clinical 
features of this vanishing bile duct syndrome are similar to other forms 
of chronic cholestasis, the ductopenia is often irreversible and may lead 
to cirrhosis and death (13). 

The diagnosis of drug-induced cholestasis requires a high clinical 
suspicion. Obviously, other forms of cholestasis should be eliminated. 
Routine testing for antimitochondrial antibodies, anti smooth muscle 
(antiactin IgG) antibodies, antinuclear antibodies, ceruloplasmin, serum 
transferrin saturation, alpha-l antitrypsin phenotype, and serologic 
testing for viral liver disease should be performed. In addition, extra
hepatic biliary obstruction should be excluded with an ultrasound of the 
abdomen and/or ERCPIMRCP. The role of liver biopsy is controversial; 
however, it may be useful to determine potential for chronicity (13). 
An International Consensus Conference established criteria for the 
diagnosis of drug-induced cholestasis. The chief recommendation 
was to analyze the temporal relationship between the administration of 
a medication and the development of symptoms and to determine the 
biochemical response after the potential offending agent is stopped (29). 

5. ACUTE CLINICAL SYNDROMES 
OF DRUG-INDUCED CHOLESTASIS 

5.1. Bland (Canalicular) Cholestasis 
Bland or pure cholestasis is a rare form of drug-induced cholestasis 

that does not exhibit any hepatic parenchymal damage. Patients with 
this drug reaction may develop nausea and malaise prior to the onset 
of jaundice and pruritus (13). Laboratory abnormalities include dramatic 
hyperbilirubinemia and mild elevation in serum alkaline phosphatase. 
Transaminases may be minimally elevated or normal. On liver biopsy, 
the characteristic finding is canalicular dilation with bile casts, predomi
nantly occurring in acinar zone 3 (centrllobular region). There is typically 
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little or no inflammation or necrosis (4,13). The classic drugs that result 
in cholestasis without hepatitis are the steroid hormones such as oral 
contraceptives (30). Cases of azathioprine (31), anabolic steroid (32), 
erythromycin (33), cyclosporine A (34), and tamoxifen (3)-induced 
cholestasis have also been reported. 

5.2. Cholestatic Hepatitis 
This is the most common form of drug-induced cholestasis and is 

associated with hepatic parenchymal inflammation and hepatocyte 
necrosis. Patients with this disorder usually present with a prodrome 
of fatigue, anorexia, and nausea. Right-sided abdominal pain and 
jaundice typically follow. Laboratory abnormalities include elevated 
aminotransaminases (2-8 times the upper limit of normal), elevated 
alkaline phosphatase (>3 times the upper limit of normal) and hyper
bilirubinemia (25). Because of this nonspecific presentation, patients 
with drug-induced cholestatic hepatitis may be misdiagnosed with 
acute cholecystitis or acute cholangitis (13). This entity is often 
accompanied by a hypersensitivity syndrome, and eosinophils may be 
found on liver biopsy specimens. Other architectural features seen on 
biopsy are lobular disarray, lymphocytic infiltrates, and swollen hepa
tocytes with intracytoplasmic bile pigments (4,13). Examples of drugs 
that may induce cholestatic hepatitis are amoxicillin-clavulanic acid, 
chlorpromazine, and isoniazid (4,13). 

5.3. Cholangiolitis 
Cholestasis with bile duct injury describes the third form of acute 

drug-induced reaction called cholangiolitis or ductular cholestasis. 
Similar to cholestatic hepatitis, patients with cholangiolitis may present 
with symptoms of right upper quadrant pain, jaundice, and fever. Con
comitant Stevens-Johnson syndrome has also been described, thus patients 
may develop rash, peripheral eosinophilia, and renal failure (13,35). Acute 
symptoms will generally resolve within days to weeks, but prolonged 
cholestasis with progression to the vanishing bile duct syndrome can 
occur. Laboratory abnormalities are similar to that found in cholestatic 
hepatitis. Classically, the liver biopsy will have bile casts, bile duct injury 
with neutrophilic infiltrates, scattered steatosis, and relatively normal 
appearing hepatocytes (13). The absence of bile infarcts or bile lakes 
should help to distinguish this form of drug reaction from extrahepatic 
biliary obstruction (25). Examples of commonly used drugs that can 
precipitate cholangiolitis are trimethoprim-sulfamethoxazole, and 
antiepileptics such as phenytoin, carbamazapine, and barbiturates (13). 
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6. CHRONIC CLINICAL SYNDROMES 
OF DRUG-INDUCED CHOLESTASIS 

6.1. Vanishing Bile Duct Syndrome 
In some rare cases, drug-induced cholestasis may progress to a 

chronic disease that is characterized by progressive ductopenia (21). 
As previously stated, the clinical presentation of the vanishing bile duct 
syndrome is similar to PBC. Patients will complain of anorexia, fatigue, 
and intermittent abdominal pain. Coexisting autoimmune disorders 
that are common in PBC such as the Sicca syndrome are not present in 
drug-induced ductopenia. Physical exam findings may include xanthomas 
and hepatosplenomegaly (13). Laboratory abnormalities are typically 
restricted to an elevated alkaline phosphatase, gamma-glutamyl trans
ferase, and serum bilirubin. Aminotransaminase levels can be variable, 
but are usually not significantly elevated. Hyperlidemia and fat-soluble 
vitamin deficiencies can occur. Liver biopsy will demonstrate duc
topenia, as defined by Ludwig to be a ~50% loss of interlobular bile 
ducts (36). Inflammation of the portal tracts and fibrosis (including 
cirrhosis) are also found on representative histologic sections. Numerous 
medications can cause the vanishing bile duct syndrome; the prototype 
is chlorpromazine (13). 

6.2. Drug-Induced Sclerosing Cholangitis 
Strictures in the intra- and extrahepatic bile ducts have been described 

after the intra-arterial injection of chemotherapeutic agents into the 
liver. These strictures develop in more than half of patients treated with 
floxuridine, a drug that is used for hepatic metastases from carcinoid 
and colon cancer (37). The hepatic duct and the confluence of the right and 
left hepatic ducts are the most common sites for stricture development. 
The pathologic mechanism is thought to be related to arterial ischemia, 
and jaundice usually occurs 3-6 mo after administration of the medica
tion (38). Clinically, patients with this type of drug reaction present in 
a similar fashion to those individuals with primary sclerosing cholangitis 
and patients can progress to cirrhosis. Scolicidal agents, such as cetrimide
chlorhexidine, that are used to sterilize hydatid cysts can also cause 
extrahepatic biliary ductal stricture development (39). 

6.3. Drug-Induced Cholelithiasis and Choledocholithiasis 
Drugs that cause hemolysis can lead to pigment gallstone formation 

(4). In addition, octreotide (40), ceftriaxone (41), and dipyridamole 
(42) have been reported to precipitate stone formation in the intra- and 
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extrahepatic bile ducts. The obvious sequela of this drug reaction is 
increased risk for biliary obstruction and cholestasis. 

7. SPECIFIC EXAMPLES 
OF DRUG-INDUCED CHOLESTASIS 

7.1. Oral Contraceptives 
Among women who take oral contraceptive steroids, the incidence 

of cholestasis is approximately 1: 10,000, but may be as high as 1 :4000 
in Scandinavia and Chile (43). Patients typically present with a bland 
cholestatic pattern: pruritus, jaundice, and mild elevations in liver 
enzymes 2-3 mo after starting the drug, although a cholestatic hepatitis 
can occur in up to 15% of affected patients (13). The estrogen compo
nent of these medications is usually the culpable agent, but cases of 
cholestasis because of a progesterone contraceptive have also been 
reported (44). Detailed molecular investigation into the pathogenesis of 
the cholestasis of pregnancy has led to the discovery that estrogen causes 
cholestasis through a dose-dependent inhibition of the BSEP (14). The 
prognosis of this drug reaction is excellent, with symptoms resolving in 
several days to weeks after drug withdrawal. 

7.2. Penicillins 
Cholestasis secondary to amoxicillin--clavulanic acid is common and 

can present with or without a coexisting hepatitis. One report described 
a patient with a 1O-fold increase in serum aminotransaminases (27). 
The risk of significant hepatic injury has been estimated at 11100,000 
patients exposed to the drug (45). Symptoms of pruritus, nausea, 
jaundice, abdominal pain, and fatigue classically present 4--7 wk after 
initiating the drug (27). Systemic findings such as fever, interstitial 
nephritis, and inflammation of the submandibular and lacrimal glands 
can also occur. Classic histologic findings are centrizonal cholestasis 
with or without bile duct injury, but granulomatous changes can be 
present (45). Affected individuals are typically male and age over 60. 
Recovery after drug withdrawal can take up to 4 mo, and progression 
to the vanishing bile duct syndrome and even death have been reported 
(25). The mechanism of amoxicillin--clavulanic acid induced chole
stasis is thought to be related to an allergic reaction to the clavulanic 
acid portion of the drug (27,46). Although it is uncommon, oxacillin, 
dicloxacillin, and flucloxacillin have been reported to cause cholestatic 
hepatitis (47). Specifically, within the hepatocyte, flucloxacillin is broken 
down into several metabolites, one of which is directly toxic to the biliary 
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epithelium (48). In rare cases, the cephalosporins may induce cholestasis 
(49), and ceftriaxone has been implicated in cases of medication-induced 
cholelithiasis in children (50). 

7.3. Macrolide Antibiotics 
Erythromycin and the macrolide family are notorious for their ability 

to induce cholestasis and hepatic injury. In the seminal review of this 
topic, it was estimated that for every 2 million patients treated with 
erythromycin for 10 days, 5 will develop liver disease that requires 
hospitalization (33). Men and woman are equally affected, and symp
toms of nausea, abdominal pain, and jaundice usually present 5-20 d 
after drug exposure. This latency period may be of shorter duration in 
individuals with prior exposure. In certain cases, reactions to erythro
mycin can mimic acute cholecystitis (13). Fever and rash are common 
and eosinophilia can occur in up to 60% of affected patients (51). 
Periportal eosinophilic infiltrates are commonly seen on representative 
liver sections, as are features consistent with cholestasis. Given the pres
ence of eosinophilia, the mechanism of erythromycin-induced cholestasis 
is presumed to be related to hypersensitivity, although treatment with 
corticosteroids does not improve symptoms or laboratory abnonnalities. 
Clinical improvement is expected 2-5 wk after drug discontinuation, 
but liver enzymes may remain abnonnal for up to 6 wk (25). Progression 
to the vanishing bile duct syndrome has been described (21). Cases of 
cholestasis have also been described in patients taking azithromycin, 
clarithromycin, and roxithromycin (25). 

7.4. Fluoroquinolones 
There are reports of cholestatic hepatitis related to ciprofloxacin, 

norfloxacin, and otofloxacin use (52-54). The clinical symptoms of 
rash and jaundice generally appear rapidly, within 1-2 wk of starting 
therapy with the drug. The incidence of the reaction is higher in HIV
positive patients. The mechanism of drug-induced injury is not clear, 
both hypersensitivity reactions and immune-mediated damage have been 
postulated (25). The histology can be variable, and hepatocyte necrosis 
may be present. Most patients recover fully within 2-8 wk, but cases of 
fulminant hepatic failure and ductopenia are reported (25). 

7.5. Trimethopriml Sulfamethoxazole 
A variety of liver injuries including hepatitis, cholestatic hepatitis, 

hepatic necrosis, and fulminant hepatic failure have been described in 
patients taking trimethoprimlsulfamethoxazole (55,56). The mechanism 
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of action is thought to be related to a hypersensitivity reaction to the 
sulfa moiety. Patients with HIV are much more likely to develop a 
reaction to this drug (25). Chronic cholestasis and progression to 
ductopenia requiring liver transplant has been reported (25,57). 

7.6. NSAIDS 
Ibuprofen, sulindac, piroxicam, diclofenac, and nimesulide have 

all been reported to cause cholestasis. The reaction to these medications 
appears to be variable, with cases of bland cholestasis, cholestatic 
hepatitis, and acute hepatitis all reported (25). Sulindac is probably 
the drug that results in the most cases. Fever, rash, jaundice, pruritus, 
and eosinophilia typically present within the first month of initiating 
therapy. The mechanism of damage is thought to be because of a 
hypersensitivity reaction. The Stevens- Johnson syndrome and 
progression to the vanishing bile duct syndrome was observed in a 
child treated with ibuprofen (19). In a case series of patients treated 
with nimesulide, patients who developed cholestasis tended to be 
younger than 65 yr, male, and had features consistent with a hyper
sensitivity reaction on liver biopsy (58). A total of 180 cases of 
diclofenac-associated hepatotoxicity were reported to the Federal 
Drug Administration, and 8% were found to have cholestatic injury. 
Three quarters of the patients who developed this drug reaction were 
women over age 65 (59). 

7.7. N euroleptics 
Chlorpromazine is the classic example of a drug that can induce 

cholestatic hepatitis. In susceptible individuals, nausea, vomiting, and 
anorexia develop within 1 mo of initiating therapy. Interestingly, more 
than 98% of affected patients will not develop jaundice. Accordingly, 
the serum bilirubin is usually only slightly elevated. Abnormallabo
ratory studies include elevated serum aminotransaminases, alkaline 
phosphatase, and serum total cholesterol (13). Fever and eosinophilia 
can be seen in up to two-thirds of affected patients (25). Although most 
patients will completely recover within 4 -8 wk of drug withdrawal, 
a case of progressive ductopenia and cirrhosis has been reported 
(60). Cholestatic hepatitis has also been attributed to carbamazapine, 
haloperidol, and risperidone. In one report, risperidone resulted in an 
increase in serum aminotransaminases, bilirubin, and alkaline phos
phatase within days of starting therapy (59). A hypersensitivity reaction 
was thought to be the mechanism of action. Carbamazapine has also 
been associated with the vanishing bile duct syndrome (25). 
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7.B. Oral Antidiabetic Agents 
The thiazolidinedione class of drugs has been associated with several 

instances of medication-induced cholestasis. Troglitazone was the first 
agent in this family of drugs and had to be removed from clinical use 
after multiple episodes of severe hepatotoxicity and fulminant hepatic 
failure. In one report, rosiglitazone was implicated as the cause of severe 
cholestatic hepatitis in a 56-yr-old woman (61). However, this patient 
eventually recovered with corticosteroid treatment, a feature that is 
not common in drug-induced cholestasis (25). Some other aspects of 
the case suggest that the diagnosis may have actually been related to 
granulomatous liver disease, and several authors have questioned that 
the drug was truly the offending agent in the patient's case (25,62). 
There are a few case reports of pioglitazone-induced cholestasis. One 
of the patients had asymptomatic elevations of serum aminotransami
nases, but two others developed biopsy-proven cholestatic hepatitis. 
Symptoms of cholestasis developed after 6 wk of drug therapy, and 
both the patient's labs and liver function returned to normal after drug 
discontinuation (63,64). The mechanism of thiazolidinedione-induced 
cholestasis is not known. 

The sulfonylureas have been implicated in several cases of drug
induced cholestasis. Tolbutamide, tolazamide, and glimepiride have been 
reported to be the cause of reversible cholestatic hepatitis (25,65). One 
review described a case of glyburide-induced cholestatic hepatitis that 
progressed to liver failure and death (66). 

7.9. Herbal Preparations 
The use of natural remedies is increasingly common in the United 

States (67). One study estimated a 380% increase in herbal use between 
1190 and 1997 (68). Herbal preparations are not regulated by the Food 
and Drug Administration, and contrary to popular belief, the use of 
herbal products can result in serious adverse events (69). Most herbal 
products are complex mixtures and may be subject to contamination by 
potentially dangerous substances such as heavy metals, fungal toxins, 
bacteria, and pesticides (69). The liver is the central site for metabolism 
of drugs and xenobiotics and, not surprisingly, hepatotoxicity is the most 
frequent adverse reaction to herbal supplements (70). The risk factors 
for herbal-induced cholestasis and hepatotoxicity are not well described 
because of the lack of controlled, prospective trials that conventional 
medications must undergo. However, from case reports, it is apparent 
that women are more often affected than men (68). Patients may not 
be forthcoming about their use of herbal remedies, so the practitioner 
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must have a high index of suspicion in order to establish a diagnosis 
and specifically question patients to determine if they are using herbal 
supplements or teas. 

7.10. Rhamnus Purshiana (Cascara Sagrada, 
Bitter Bark, California Buckthorn) 

Rhamnus purshiana bark is commonly used as a laxative and, unlike 
most herbals, is FDA approved for this purpose (13). A case of severe 
cholestatic hepatitis complicated by portal hypertension was documented 
in a patient who developed right upper quadrant pain, nausea, and jaun
dice after only 3 d of taking the herb (71). Not only did the patient have 
elevations in serum bilirubin, serum aminotransaminases, and alkaline 
phosphatase, he developed ascites and had a prolonged prothrombin 
time. Liver biopsy revealed severe lymphocytic, eosinophilic, and plasma 
cell infiltrates in the portal areas. The patients' symptoms resolved 
within 3 mo of herb withdrawal. The mechanism of injury is thought 
to be a hypersensitivity reaction (13). 

7.11. Lycopodium Serratum (Jin Bu Huan) 
Jin Bu Huan has been used for centuries in China as an antispasmodic, 

analgesic, and sedative. Much controversy surrounded this herb when a 
report of three cases of acute hepatitis caused by the herb was published 
in 1994 (72). The liver biopsy of one of the patients revealed dense 
periportal eosinophils, suggesting a hypersensitivity reaction. The read
ministration of Jin Bu Huan in two of the patients caused abrupt 
recurrence of symptoms. Eleven other cases of Jin Bu Huan induced 
hepatitis have since been reported, and four of these had a presentation 
consistent with cholestatic disease (13). There are no published reports 
of progression to chronic liver disease after removal of the herb. The 
mechanism of injury is thought to be related to one of the components 
in the herbal preparation. Scientific analyses have revealed that levo
tetrohydropalmatine comprises about one-third of the Jin Bu Huan 
preparation. This compound is structurally similar to the pyrrolizidine 
alkaloids, which are chemicals found in certain Chinese teas that cause 
veno-occlusive disease of the liver (13). 

7.12. Larria Species (Chaparral Leaf) 
Found in Mexico and the southwestern United States, chaparral leaf 

is used for a variety of ailments including the treatment of sexually 
transmitted diseases, inflammation, abdominal pain, and heart failure 
(73). There are several reports of idiosyncratic cholestatic liver injury 
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induced by chaparral. Symptoms present within 1-3 mo after daily 
ingestion and usually resolve after herb discontinuation (13). There is 
a report of chaparral-induced fulminant hepatitis that required liver 
transplantation (74). The mechanism of injury is unknown. 

7.13. Teucrium Chamaedrys (Germander) 
Germander extract can be found in herbal teas and is used as a diuretic, 

antipyretic, stimulant, and treatment for gout or abdominal pain. Several 
cases of germander-induced cholestasis and cholestatic hepatitis have 
been reported (75). Typically, patients develop nonspecific symptoms 
such as anorexia, nausea, abdominal pain, and jaundice associated with 
increased serum aminotransaminases. Most commonly used in France, 
the hepatotoxic component of this herb is the furano-diterpinoids, 
which deplete glutathione and cause hepatocyte necrosis (67). 

7.14. Symphytum Officinale (Comfrey) 
The leaves of the comfrey plant can be made into a paste and used 

to treat arthritis and other inflammatory conditions. In the United States, 
comfrey was combined with pepsin and marketed as a digestive aid. 
Subsequent analysis determined that comfrey preparations contained 
pyrrolizidine alkaloids that are well known to cause hepatic veno
occlusive disease. Several cases of severe hepatic failure have been 
reported with the use of the herbal product. This led to banning of 
sales of this product in Germany and Canada. Although most patients 
present with either acute or chronic clinical signs of portal hyperten
sion, hepatomegaly, and abdominal pain, some patients may present 
with cholestatic features (76). 

7.15. Chelidonium Majus (Greater Celandine) 
Preparations that contain greater celandine are widely used in Europe 

for the treatment of irritable bowel syndrome and biliary dyskinesia. 
Multiple cases of cholestatic hepatitis caused by greater celandine 
have been reported (77,78). Nine of these patients also had detectable 
levels of serum autoantibodies, suggesting that this herbal medicine 
invoked an autoimmune reaction (68). However, the exact mechanism 
of hepatotoxicity is not known. 

7.16. Piper Methysticum Rhizome (Kava Root) 
A ceremonial drink made from the kava root is used as a sedative 

and psychotropic agent in many Polynesian cultures, including Fiji. In 
industrialized nations, kava is used as an anxiolytic (68). A wide range 
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of hepatotoxic reactions have been attributed to kava use, and among 
the more common is cholestatic hepatitis (79). 

7.17. Treatment 
The cornerstone of treatment for drug-induced liver disease is removal 

of the offending agent. Patience is required for both the practitioner and 
the patient, as normalization of laboratory abnormalities and resolution 
of symptoms may require weeks to months. 

Additional treatment of drug-induced cholestasis addresses the symp
toms. Intense pruritus is common in many forms of cholestatic liver 
disease and can be debilitating. The pathogenesis of this pruritus remains 
controversial. Some authors suggest that the accumulation of bile acids 
in the dermis results in pruritus, whereas others have shown evidence 
that the production of endogenous opiates playa role (80,81). 

Cholestyramine, a bile acid sequestrant, is the first-line therapy for 
pruritus. Patients need to be instructed to avoid taking other medicines 
within 4 h of taking cholestyramine, as cholestyramine may bind other 
medications and limit their absorption (13). 

UDCA (ursodiol) is used in PBC and other cholestatic liver diseases 
to help alleviate some of the symptoms and improve laboratory para
meters. There are several case reports regarding the use of UDCA in 
drug-induced cholestasis and clinical improvement in pruritus (13,82, 
83). At the molecular level, UDCA appears to co stimulate the expression 
of the BSEP and phospholipid export pump in humans (16). 

Cases of refractory pruritus may be treated with hydroxyzine, 
diphenhydramine, rifampin, or phenobarbital. Hydroxyzine and diphen
hydramine block type I histamine receptors. Rifampin upregulates the 
expression of the BSEP on the canalicular surface of the hepatocyte (16). 
Phenobarbital has been shown to induce hepatic microsomal enzymes 
and facilitate drug detoxification (84). In a randomized, double-blind, 
placebo-controlled trial, intravenous naloxone, an opioid antagonist, was 
given to patients with pruritus. The treatment group showed a signifi
cant reduction in scratching and had a reduction in the perception of 
pruritus (85). In a pilot study of 16 patients, naltrexone, an oral opioid 
antagonist, was also effective at improving sleep, pruritus, and fatigue 
(86). These beneficial effects of naltrexone were tempered by opiate 
withdrawal side effects occurring in 50% of treated patients. 

Sclerosing cholangitis that results in symptomatic biliary strictures 
should be treated with endoscopic stent placement to insure adequate 
biliary drainage. In patients that progress to the vanishing bile duct 
syndrome and cirrhosis, liver transplantation has been successful (13). 
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Corticosteroids have been used in cases of drug-induced cholestasis that 
are accompanied by a hypersensitivity syndrome. There is little evidence to 
suggest that these steroids are beneficial and cannot be recommended. 

Patients with chronic cholestasis are at high risk for fat-soluble 
vitamin malabsorption, and these patients should be screened for vita
min deficiencies and receive parenteral replacement if necessary (87). 

8. CONCLUSIONS 

Medications and herbals preparations are an important cause of 
cholestasis that is associated with virtually all pharmacologic classes. 
Most cases of drug- and herbal-induced cholestasis are benign and 
improve after drug withdrawal. It is important to recognize and remove 
the offending agent as quickly as possible to prevent the progression to 
chronic liver disease and/or fulminant hepatic failure. There are no 
definite risk factors for drug-induced cholestasis, but it has been theo
rized that certain individuals may be more susceptible than others based 
on their genetic code. Although most patients have clinical symptoms 
that are identical to other cholestatic diseases, some patients may present 
with symptoms of systemic hypersensitivity. Treatment of drug- and 
herbal-induced cholestasis consists of rapid drug discontinuation 
and supportive care targeted to alleviate unwanted symptoms. 
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Primary biliary cirrhosis is a chronic progressive cholestatic liver disease 
that primarily targets middle-aged women. The pathogenesis is unknown, but 
several lines of evidence suggest genetic and environmental factors initiate an 
autoimmune process. Routine laboratory testing has led to the earlier detection 
of disease, so patients are often asymptomatic at the time of diagnosis. Initial 
symptoms are usually fatigue and pruritus. Signs of decompensated liver disease 
may eventually develop. Ursodeoxycholic acid is the only recommended 
treatment and may improve survival in selected patients. Prognostic models help 
predict natural history of the disease. Liver transplantation is the only definitive 
therapy once end-stage liver disease occurs. 

Key Words: Primary biliary cirrhosis; natural history; pathogenesis; diagnosis; 
treatment; liver transplantation. 

Primary biliary cirrhosis (PBC) is a chronic, progressive cholestatic 
liver disease. Small- and medium-sized intrahepatic bile ducts are 
slowly destroyed by an inflammatory process, presumably autoimmune 
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in nature. The end result is decreased bile secretion, fibrosis, eventually 
cirrhosis, and death from end-stage liver disease. 

1. PATHOGENESIS 

PBC is an organ-specific autoimmune disease whose pathogenesis is 
not well understood. 

The breakdown in immune regulation likely results from complex 
interactions between a genetically susceptible host and an inciting, 
possibly environmental event or exposure that produces the autoanti
body, resulting in the loss of self-tolerance. As this occurs, T and B 
lymphocytes are recruited to the liver and target biliary epithelial cells 
in the small bile ducts for destruction, ultimately leading to cholestatic 
liver disease. 

Several lines of evidence for an underlying genetic susceptibility exist. 
Family studies show increased prevalence of disease in first degree 
relatives. In the northern UK, the relative risk of a sibling for PBC is 
estimated at 10.7 (1). PBC also has the highest concordance rates 
between monozygotic twins of any autoimmune disease (2). 

Additional evidence includes the association between PBC and 
specific HLA haplotypes for MHC class II genes in certain populations 
(3). The overall strength of association between HLA haplotype and 
PBC is not as strong as HLA associations found in type 1 autoimmune 
hepatitis and primary sclerosing cholangitis, suggesting this is only a 
piece ofthe etiologic puzzle (4). 

Antimitochondrial antibodies (AMAs) are present in 90-95% of 
patients with PBC. The primary target is pyruvate dehydrogenase 
complex-E2 (PDC-E2) (5), which has a fairly conserved protein structure 
across species (6). AMA from the sera ofPBC patients has been shown 
to react with PDC-E2 from both humans and Escherichia coli (7). 
For this reason, molecular mimicry, whereby antibodies generated 
during an immune response to microbial antigens crossreact with 
self-antigens, has been hypothesized as a source for the generation of 
autoantibodies in PBC. In addition to E. coli, other infectious agents 
like Chlamydia pneumoniae (8), Mycobacterium gordonae (9), 
Helicobacter species (10), retroviral infection (11), and most recently 
Novosphingobium aromaticivorans (12) have been implicated in the 
pathogenesis of PBC. 

Because of the geographical differences in prevalence of PBC, 
environmental exposures are also hypothesized to contribute to the 
development of the disease. Xenobiotics are foreign compounds that 
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complex with and/or structurally alter native self-proteins. The struc
tural change may be sufficient to initiate an autoimmune response if no 
longer recognized as self. Long et al showed that sera from AMA
positive patients reacted against synthetic structures designed to mimic 
modified PDC-E2 (13). Although data support multiple pathways for 
initiation of autoantibody formation, the specificity of the immune 
process for the liver cannot be as well explained. One hypothesis is that 
during apoptosis, biliary epithelial cells process PDC-E2 differently 
than other cells, thereby generating the specificity of the autoimmune 
reaction for the liver (14). 

2. EPIDEMIOLOGY 
PBC is primarily a disease of middle-aged women, affecting women 

more often than men on average at a ratio of 10: 1. The peak incidence 
occurs in the fifth decade of life, and it is uncommon in patients less 
than 25 yr (14). The estimated incidence and prevalence of PBC varies 
based on geographical region. The best data come from population-based 
studies where the population is well defined, rigorous case finding 
methods are employed, and strict diagnostic criteria are applied. The 
first study from the UK reported an incidence of 5.8 per million and 
prevalence of 54 per million (15). Subsequent studies described higher 
incidence rates, from 10 to 32 per million, and prevalence rates of 37 to 
240 per million (16-19). Investigators from Sweden report a similar 
incidence and prevalence to the UK (20,21). The lowest reported inci
dences are between 2 and 3 per million and are from Estonia and 
Ontario, Canada (22,23). In the United States, only one large population
based study has been conducted. The estimated incidence of PBC was 
27 per million and prevalence was 400 per million, which are among 
the highest ever reported (24). The incidence and prevalence of PBC 
has not been well established in many parts of the world, including Asia 
and Africa. Differences in geographical distribution and clustering of 
cases of PBC suggest exposure to environmental agent plays a role in the 
etiology of the disease (25). Accordingly, a recent study from Australia 
showed the prevalence of PBC was significantly higher in immigrant 
populations than the native born (26). In the first study to identify 
geographic factors in the United States, cases of PBC were found to 
cluster around Superfund toxic waste sites (27), which provide more 
evidence for environmental factor. Smoking is also identified as a risk 
factor for development (28), and perhaps progression of disease (29), 
although these data require further validation. 
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3. CLINICAL FEATURES 
3.1. Asymptomatic PBC 

Clark and Levy 

Patients asymptomatic at the time of diagnosis comprise anywhere 
from 32 to 80% of all patients (24,30-33). Typically, the diagnosis is 
suspected when liver chemistries obtained for other purposes show an 
elevated alkaline phosphatase or gamma-glutamyltranspeptidase 
(JOT). Other patients are identified by a positive AMA found during 
the evaluation of associated autoimmune diseases, such as Sjogren's 
syndrome, scleroderma, and thyroiditis. Asymptomatic patients have 
significantly lower levels of alkaline phosphatase and bilirubin as well 
as a less advanced histologic stage compared to symptomatic patients 
(33). Despite the absence of symptoms, between 11 and 20% of patients 
are cirrhotic when diagnosed (33-35). 

3.2. Symptomatic PBC 
The clinical presentation of PBC usually begins insidiously. Usually 

either pruritus or fatigue is the first symptom to appear. Approximately 
10% of patients have right upper quadrant abdominal pain (36). 
Physical signs that can be present include hepatosplenomegaly, hyper
pigmentation of the skin, and xanthelasma (37), all of which have been 
reported in asymptomatic patients as well. If the disease is advanced at 
the time of diagnosis, jaundice, ascites, and hepatic encephalopathy 
may be present. 

Fatigue may be present in up to 68% of patients (38). Unlike pruritus, 
severity of liver disease does not correlate with fatigue, (39) but it can 
be debilitating when present. Among symptoms, fatigue has the 
strongest association with poor health-related quality of life in both US 
and European populations (40,41). In addition, a recent report suggests 
fatigue is an independent risk factor for cardiovascular death (42). The 
pathogenesis of fatigue is not known, but is hypothesized to have a cen
trally mediated mechanism. Ondansetron, a selective 5-HT3 receptor 
antagonist, did not reduce fatigue in PBC patients (43). Unfortunately, 
no effective therapy exists. Studies have been criticized because fatigue 
is a nonspecific symptom and difficult to study objectively. However, 
recently developed and validated fatigue measures should improve the 
ability to study this symptom (44). 

Pruritus is a common early feature of PBC, affecting 60% of patients 
at the time of diagnosis (31). More recent studies report a lower preva
lence (33-37%), likely reflecting a patient population with less advanced 
disease at the time of diagnosis (45,46) The pathogenesis of pruritus 



Chapter 3 / Primary Biliary Cirrhosis 

Table 1 
Extrahepatic Diseases Associated with PBC 

Sjogren's syndrome 
Sclerodenna 
CREST 
Rheumatoid arthritis 
Thyroid disease 
Lupus erythematosis 
Celiac sprue 
Gallstones 
Osteoporosis 
Hyperlipidemia 
Renal tubular acidosis 
Pulmonary fibrosis 
Ulcerative colitis 
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cannot be easily explained, but current theories implicate a central 
mechanism involving endogenous opioids (47). Usually cholestyramine 
is initial therapy. If there is no response, rifampin and naltrexone are 
alternatives to consider (48). 

Other clinical concerns in patients with PBC include the development 
of hyperlipidemia and osteoporosis, which will be covered in another 
article in this issue. Patients are also at risk for fat-soluble vitamin 
deficiencies as the disease becomes more advanced, and screening is 
recommended when Mayo risk score is ~5 (49). Advanced age, male 
gender, and history of blood transfusion are independent risk factors 
for the development of hepatocellular carcinoma (50). Screening is 
recommended once cirrhosis is present. 

3.3. Associated Extrahepatic Diseases 
Additional autoimmune diseases are highly prevalent in PBC. In a 

population-based PBC cohort, 53% of patients had at least one autoim
mune condition. Scleroderma was the most prevalent at 8% (51). Other 
autoimmune diseases include rheumatoid arthritis; lupus erythematosus; 
Sjogren's syndrome; calcinosis, Raynaud's, esophageal dysmotility, 
scleroderma, telangiectasias (CREST); and thyroid disease (Table 1) 
(37,52). Celiac sprue may have an association with PBC in certain 
populations (53,54). However, controversy regarding this association 
exists because of a high rate of false-positive tissue transglutaminase 
antibodies in PBC (55). If patients present with steatorrhea, untreated 
celiac sprue, bacterial overgrowth from scleroderma, and pancreatic 
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exocrine insufficiency should be ruled out before attributing symptoms 
to bile acid deficiency from cholestasis (56). Renal tubular acidosis can 
be found (57). Both pulmonary fibrosis and ulcerative colitis, while 
described, are rarely seen (58,59). 

4. DIAGNOSIS 

The diagnosis of PBC is made from the presence of three features: 
detection of AMAs in the serum, elevation of liver enzymes for greater 
than 6 mo, with alkaline phosphatase as the predominant abnormality, 
and compatible histologic findings on liver biopsy. 

AMAs in titers >1:40 are present in 90-97% of patients at the time 
of diagnosis (24,60), and AMAs are a sensitive and specific test for 
PBC (61). 'Autoimmune cholangitis' or 'AMA-negative PBC' describes 
patients with biochemical and histologic features consistent with PBC 
in the absence of AMA (62). These patients have a different autoantibody 
profile, as they are likely to be positive for antinuclear antibodies (ANA) 
and/or anti smooth muscle antibodies (ASMA) (63). Based on a small 
number of patients studied, lack of AMA seropositivity does not affect 
outcomes of liver transplantation or treatment with ursodeoxycholic 
acid (UDCA) (64). 

Typically, alkaline phosphatase is greater than 2 times the upper 
limit of normal, whereas alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) are only minimally elevated. Bilirubin is usually 
normal at the time of diagnosis and only rises late in the course of 
disease. Elevated IgM titers and increased cholesterol levels are found 
in the majority of patients (65). Elevated prothombin time reflects 
either malabsorption of vitamin K or end-stage liver disease (56). 

In the presence of a positive AMA and elevated alkaline phosphatase, 
a liver biopsy may not be necessary for diagnosis of PBC, but it can 
provide important information regarding stage of disease. Several 
histologic classification schemes separate the disease into four stages 
(66,67), but notably, the histologic findings are patchy and nonuniform. 
Thus, several stages can be seen on one biopsy, and stages are assigned 
based on the most advanced finding. In stage 1, inflammation is contained 
within, but may expand, the portal triads. Lymphoplasmacytic cells 
predominate. The florid duct lesion, which is essentially pathognomonic 
for PBC, is defined by granulomatous destruction of intralobular bile 
ducts. Stage 2 involves ductular proliferation and extension of inflam
mation from the portal triads into the hepatic parenchyma. In stage 3, 
bridging fibrosis predominates, and ductopenia is more pronounced. 
Stage 4 is cirrhosis with regenerative nodules. 
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When evaluating a patient suspected to have PBC, extrahepatic biliary 
obstruction should be excluded, which can be easily accomplished with 
ultrasound. The differential diagnosis also includes primary sclerosing 
cholangitis, other granulomatous liver diseases like sarcoidosis, drug
induced cholestasis, and overlap syndromes with autoimmune hepatitis. 

5. TREATMENT 
5.1. Ursodeoxycholic Acid 

UDCA is the only FDA approved drug for the treatment of PBC and 
is widely used. UDCA is a hydrophilic, dihydroxy bile acid which is 
normally present in human bile in low concentrations. Multiple mech
anisms have been described (68), and the effect may be multifactorial. 
Originally, the proposed hypothesis was that treatment with UDCA dis
placed endogenous (and more toxic) hydrophobic bile acids from the 
enterohepatic circulation. When given in standard doses of 13-15 mg/kg, 
as much as 40 -50% of circulating bile acids are replaced with UDCA. 
With more hydrophilic bile acids around, cholangiocytes are protected 
from damage. Likely this is not the whole story. UDCA is postulated to 
have immunologic, anticholestatic, and antiapoptotic properties, which 
could all playa part in the mechanism of action (69). UDCA is very 
well tolerated, but patients should be warned that modest weight gain 
can occur during the first 12 months of treatment (70). 

After initial observations in a small group of PBC patients suggested 
UDCA improved biochemical parameters, many placebo-controlled 
trials have been performed to evaluate the benefit of UDCA. Only five 
studies have included at least 100 patients who were on adequate doses 
of UDCA (71-74). Despite these efforts, controversies regarding the 
role of UDCA in PBC still exist. 

5.1.1. EF FECT OF UDCA ON LABORATORY TEST 

Studies consistently demonstrate improvement in markers of inflam
mation (AST, ALT) and cholestasis (bilirubin, AP, }OT) while on 
treatment. The improvement is more pronounced in patients who start 
with bilirubin <2 mg/dL, and the largest portion of the decline occurs 
in the first 3-6 mo of treatment (72). Whereas most patients have 
improvement in liver chemistry profiles, anywhere from 19 to 42% of 
those treated with UDCA have complete normalization of liver test at 
2 yr (75,76). When evaluating just bilirubin, response rates may be as 
high as 47% (77). High baseline levels of AP, }OT, and bilirubin are 
associated with an incomplete response to UDCA. Interestingly, in 
the complete responders, liver histology improved significantly when 
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compared to baseline. In the original randomized controlled trial from 
the Mayo group, time to treatment failure, specifically doubling of serum 
bilirubin, was prolonged in the UDCA group, and this held true in 
patients with both early and advanced disease. Since serum bilirubin is 
an independent marker of poor prognosis in PBC, does the improvement 
in bilirubin while on UDCA translate into improved clinical outcome? 
A survival analysis was performed on a group of patients with an ele
vated serum bilirubin level at baseline. When the serum bilirubin level 
normalized on UDCA treatment, survival was significantly longer than 
in patients whose bilirubin remained elevated (RR:3.5; 95%CI 
1.6-7.7). Clinically, this is useful since bilirubin is easily measured and 
the 6-mo treatment value may predict survival (77). Other investigators 
confirmed the prognostic importance of bilirubin while on UDCA, 
but also found levels started to rise at 4 yr of therapy (75), suggesting 
response over time may be less. 

5.1.2. EF FECT OF UDCA ON SYMPTOMS 

Studies have not consistently shown improvement of pruritus and! 
or fatigue while on UDCA treatment. Patients may have reduced risk 
of developing esophageal varices while on UDCA (7S). 

5.1.3. EF FECT OF UDCA ON HISTOLOGY 

Ideally, histologic improvement should be a reasonable surrogate 
marker of disease progression. The reported effects of UDCA on liver 
histology have been conflicting. In some of the UDCA groups, less 
piecemeal necrosis and portal inflammation were seen; in others, there 
was no difference (79). Some differences in bile duct paucity and pro
liferation were also noticed. Pares et al were the first to show a significant 
difference in histologic stage while on UDCA. In this study, the interval 
between liver biopsies (mean 4.3- 4.6 yr) was longer than in previous 
studies, and the majority of PBC cases had early stage disease. Delayed 
progression of histologic stage in early PBC (stages I-IT) was confirmed 
by an analysis of paired biopsies from four clinical trials of UDCA (SO). 
Similarly, other investigators found the rate of progression to cirrhosis 
was less when treated with UDCA (Sl). Statistical modeling has been 
used to show patients treated with UDCA had a fivefold lower progression 
rate from early stage disease to extensive fibrosis (7% per year vs 34% 
per year on placebo) (S2). Nevertheless, despite being treated with 
UDCA, some patients still progress to advanced disease (73,S3). Using 
the same statistical modeling based on paired biopsies, Corpechot et al 
showed the incidence of cirrhosis after 5 yr of UDCA was 4, 12, and 59% 
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among patients from stages I, II, and fi, respectively. Independent 
prognostic factors for the development of cirrhosis while on therapy 
were bilirubin, albumin, and piecemeal necrosis (84). These findings 
have implications on predicting who is at high risk for developing 
cirrhosis, and for design and analysis of future therapeutic trials. Overall, 
the effect UDCA has on histological changes is likely more pronounced 
in early stages of the disease and is the result of lack of progression of 
disease rather than an actual reversal of underlying damage. Whereas 
histologic improvement implies better clinical outcome, this correlation 
has yet to be directly shown. 

5.1.4. EF FECT OF UDCA ON SURVIVAL 

No single randomized controlled trial has demonstrated a survival 
benefit using UDCA versus placebo. In the five largest trials, the design 
was such that patients were given UDCA at doses of 13-15 mg/kg or 
placebo for 2 yr, with the exception of Pares et al, who had median time 
on treatment of 3.4 yr. Unfortunately, these studies were not sufficiently 
powered to detect a survival difference based on sample size, duration 
of therapy, and expected survival predicted by the Mayo risk score (85). 
Several approaches have been taken to address effects on survival, 
including long-term observational studies, meta-analyses, and statistical 
modeling (86). Longer-term observational data from the original trials 
have been published. Poupon et al showed a reduction in the risk of 
death or OLT (RR 0.32; 95%CI 0.14 -0.74) after 4 yr of UDCA in the 
original treatment group (73), which was confirmed by others (86). 
The best evidence that UDCA provides a survival benefit is from a 
meta-analysis by Poupon et a1. Using combined data from three trials, 
improVed transplant-free survival was demonstrated after 4 yr of treatment 
with UDCA when compared to those only treated for 2 yr (87). The 
study was criticized on the basis of selection bias, as not all trials using 
UDCA were included. Another meta-analysis with broader inclusion 
criteria failed to show a survival benefit with UDCA (88). In tum, this 
meta-analysis was criticized for inclusion of studies using ineffective 
doses of UDCA and short-term follow-up, since these provide alternative 
explanations to the lack of survival benefit (89). Other lines of evidence 
for a survival benefit from UDCA have also been reported. Observed 
transplant-free survival after 10 years of UDCA treatment is significantly 
higher than survival predicted by the Mayo risk score (90). Pares et al 
recently reported similar results. Notably, in patients who had a biochem
ical response (defined as a decrease in alkaline phosphatase by >40% of 
baseline) to UDCA, observed survival was no different than a matched 
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control population (91). Finally, a similar outcome was predicted by 
Markov modeling, showing UDCA nonnalizes patient survival when 
given in early stages of the disease (92). Evidence is accumulating to 
suggest an overall survival benefit with UDCA, but highlights the need 
for additional therapies for nonresponders. 

5.2. Other Drugs to Modify Survival 
Aside from UDCA, a variety of other agents have been studied for 

the treatment of PBC. Immunosuppressive drugs were the first agents 
investigated because of the presumed autoimmune nature of the dis
ease. Cyclosporine showed a small benefit; however, hypertension 
and renal disease limited therapeutic usefulness (93,94). Concern 
over bone loss in patients already predisposed to osteoporosis has 
limited study of corticosteroids (95,96). Clear benefits from treatment 
with chlorambucil, azathioprine, or methotrexate have not been demon
strated (97-102) and none of these medications are recommended as 
monotherapy. A small study demonstrated a survival benefit with 
penicillamine, but this finding could not be confinned in a larger 
controlled trial, and the drug was associated with major toxicities 
(103,104). Several small trials showed biochemical improvement with 
colchicine, but no survival benefit was noted (l05-107). Because of the 
beneficial biochemical effects, colchicine was evaluated as part of 
combination therapy, which is discussed below. Pilot studies with 
malotilate and thalidomide have not shown biochemical improvements 
or clinical benefit (108,109). 

5.3. Combination Therapy 
Drugs unsuccessful or without proven benefit as monotherapy have 

been studied adjunctively with UDCA. Methotrexate and colchicine 
do not provide additional benefit to UDCA treatment (78,110-114). 
Short-tenn studies with budesonide, a glucocorticoid with limited 
systemic effects, show improvements in inflammation and histology 
when used in patients with early stages of PBC (115,116). Other 
investigators found osteoporosis worsened and the Mayo risk score 
increased while on budesonide, which led to the conclusion that side 
effects were significant in the absence of clinical benefit (117). 
However, these patients had more advanced disease when treated, 
possibly explaining their results. Budesonide deserves further inves
tigation as a potential therapeutic agent. Silymarin, on the other 
hand, showed no efficacy in patients with an incomplete response to 
UDCA(118). 
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5.4. New Agents and Future Therapies 
New agents are needed for patients who have more advanced stages 

of disease where immunomodulating agents are less likely to work and 
for those who have an incomplete response to UDCA. Mycophenolate 
mofetil showed promise as a new therapy after a successful case report, 
but results from a pilot study were not as encouraging (119). Pilot 
studies using fenofibrate and bezafibrate in combination with UDCA 
showed improvement in alkaline phosphatase and IgM levels (120-125). 
Long-term controlled trials are needed to confirm these findings. 

6. NATURAL HISTORY AND PROGNOSIS 
The natural history of PBC is one of a slowly progressive process 

that results in liver damage, development of cirrhosis and its complica
tions, and death without a liver transplant. In the early descriptions of the 
disease, most patients were symptomatic at the time of diagnosis (126). 
Now it is more readily appreciated that the clinical spectrum of the 
disease is much broader. A recent large series reported only 4.5% of 
patients had liver failure at the time of diagnosis. In contrast, 61 % 
of patients were asymptomatic when diagnosed with PBC (46). 

6.1. Asymptomatic PBC 
Understanding of the natural history of asymptomatic PBC has 

evolved over the last several decades. Descriptions of the disease from 
the 1950s was mostly limited to patients who were symptomatic, 
jaundiced, and had significantly shortened survival from the time of 
diagnosis (126). Subsequently, descriptions of asymptomatic PBC 
appeared after routine blood testing became widespread. Patients with 
an elevated alkaline phosphatase or a positive AMA identified during 
evaluation of an associated disorder had diagnostic or compatible liver 
histology in most cases (127,128). Initially, the asymptomatic stage of 
PBC was not felt to impact patient survival (20,30,34,129). Later, studies 
with longer follow-up showed better survival for asymptomatic patients 
than symptomatic patients, but decreased survival when compared to 
controls (32,130). 

Unlike previous studies, a large population-based study in 
Northern England found no difference in overall survival between 
asymptomatic and symptomatic patients. Interestingly, this was 
attributed to nonliver-related deaths in the asymptomatic group (33). 
Upon further analysis, fewer liver-related deaths were noted in the 
initially asymptomatic patients. 
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Most patients with asymptomatic PBC will develop symptoms over 
time. The longest reported median follow-up period is 17.8 yr, which 
was in a group of patients who started with a normal alkaline phos
phatase and positive AMA. Seventy-six percent developed symptoms, 
with 5.6 yr as the median time from a positive AMA to increased 
alkaline phosphatase. Of these, 17% died, but no death was liver related 
(131). Recently, additional insight on the progression to symptoms has 
been reported (46). Prince et al followed 770 patients with PBC for up 
to 28 yr (median 7.4 yr) and observed that after 20 yr, only 5% of 
patients remained asymptomatic. Pruritus develops in 31 % of patients 
at 5 yr and 47% by 10 yr. Liver failure occurs in 12% at 5 yr and 24% 
by 10 yr, but only 7.3% of initially asymptomatic patients underwent 
liver transplantation (33). Unfortunately, a uniform and consistent 
definition of asymptomatic PBC has not been used. This may explain 
conflicting results regarding certain prognostic factors like portal gran
uloma and presence of other autoimmune disease (34,35,65) as well 
as differences in survival. Additionally, features that predict who will 
develop symptoms have not been identified. 

6.2. Symptomatic PBC 
Once symptoms develop, reported survival averages between 6 

and 12 yr (32,33,52,126,129), with 18 yr being the longest reported 
survival (130). The single best predictor of survival is bilirubin level. 
When the serum bilirubin level is consistently greater than 2 mg/dl, 
average survival is 4 yr. As levels increase to 6 mg/dl, survival is approxi
mately 2 yr (132). Other prognostic variables include age, hepatomegaly, 
ascites, albumin, prothrombin time, and advanced histologic stage 
(133). Several mathematical models have been developed to simulate 
natural history of PBC and predict survival. The Mayo Clinic PBC risk 
score is widely used and has been validated repeatedly in independent 
patient populations. The calculation is based on a patient's age, serum 
bilirubin, prothrombin time, and presence of edema, all as independent 
predictor variables (134). Advantages of the Mayo Risk Score are 
that there is no need for a liver biopsy since histology is not included 
as a prognostic variable, and it remains accurate when patients are on 
UDCA for treatment (135,136). The development of esophageal 
varices also impacts survival, with a 65% one-year survival rate after 
the first bleeding episode (137). Our group found that presence of varices 
can be accurately predicted by a platelet count of <140 and a Mayo risk 
score of ~4.5, helping to better identify those patients to screen with 
endoscopy (138). 
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7. LIVER TRANSPLANTATION 
As PBC patients progress to end-stage liver disease, liver transplanta

tion remains their only therapeutic option. Pruritus and fatigue usually 
resolve after transplantation. Osteoporosis also improves, but it may take 
12 mo to see an increase in bone mass (139). In addition to symptom 
improvement, transplantation offers patients a survival benefit when 
compared to expected survival rates (140). In the United States, survival 
5 yr post transplant is between 78 and 88% (141,142) and compares 
favorably with reported 5-yr survival rates of 78 and 79% from the UK 
and Canada (143,144). UDCA has no impact on survival after transplan
tation, despite potentially delaying time to OLT so that other diseases 
may develop (144,145). Prognostic models predict optimal timing for 
liver transplantation is around a Mayo risk score of 7.8 (141) or a biliru
bin of 10 mg/dl (146). Currently in the United States, timing of trans plan
tation is dictated by the Model for End Stage Liver Disease (MELD) 
score, and it accurately predicts 3-mo mortality in PBC patients (147). 

PBC will recur in 8-32% of patients who undergo OLT, with median 
time to recurrence between 49 and 78 mo (143,148-151). Some reports 
suggest tacrolimus-based immunosuppression increases risk of recur
rence (143,148,152), whereas others have not (151). The role ofUDCA 
in recurrent PBC is still undefined, but it may be beneficial (150). 
However, how important histologic recurrence is to the clinical course 
of patients post transplant remains to be determined, since a significant 
impact on survival has not been shown (153). 

8. SUMMARY 
PBC is a relatively uncommon cholestatic liver disease that affects 

middle-aged women. The etiology is unknown, but has many features 
of an autoimmune-mediated process. As inflammation destroys bile 
ducts and fibrosis develops, symptoms of fatigue and pruritus may 
occur. Eventually, cirrhosis may develop. The only approved and 
widely used medication is UDCA, which may improve liver bio
chemistries, delay progression of fibrosis, and development of 
esophageal varices, as well as improve survival free of liver transplan
tation. Additional studies are needed to find treatment options for 
patients who do not respond to UDCA. If complications of cirrhosis 
occur, liver transplantation can be pursued as definitive therapy. 
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Primary sclerosing cholangitis is a chronic, progressive cholestatic liver 
disease characterized by fibrosis of the intra and extrahepatic bile ducts. It is 
frequently associated with inflammatory bowel disease. A typical patient with 
primary sclerosing cholangitis is a middle-aged male with ulcerative colitis 
with cholestatic liver biochemistries. The prevalence of the disease may be as high 
as 80-100 cases per million. Increasingly, MR cholangiography is being used 
instead of endoscopic retrograde cho1angiopancreatography. Liver biopsy may 
be useful in helping establish the diagnosis, particularly if the patient is suspected 
of having the small duct variant of PSC in which the cholangiogram is normal. 
There is evidence that there may be a genetic predisposition based on the presence 
of HLA haplotypes and the association of ulcerative colitis is not yet defined. 
The condition is a progressive disease which slowly advances over time and may 
shorten life expectancy. The most severe problem that can develop is bile duct 
cancer. No effective medical therapy is yet available for the underlying disease. 
Ursodeoxycholic acid is perhaps the best studied, but data from long-term clinical 
trials demonstrating improVed survival are not yet available. Liver transplantation 
is an option for patients with end-stage liver disease. 
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Primary sclerosing cholangitis (PSC) is a chronic, progressive 
cholestatic liver disease characterized by fibrosis of the intra- and extra
hepatic bile ducts (1,2). PSC is frequently associated with inflammatory 
bowel disease (IBD) that involves the colon and an increased risk of 
colon cancer in these patients (3). There is no established effective 
medical therapy for this condition and liver transplantation remains the 
only life-extending option for patients who develop complications of 
cirrhosis. Cholangiocarcinoma (CCA) is the most feared complication 
of PSC, in that it carries a poor prognosis and usually precludes patients 
from transplantation. This chapter will review the diagnosis, patho
genesis, natural history, and malignancy risk of PSC and will review 
treatment options which have been investigated for this condition. 

1. DIAGNOSIS 
The typical patient with PSC is a middle-aged male with underlying 

ulcerative colitis (UC) who has elevation of cholestatic liver tests (alka
line phosphatase) with or without symptoms of cholestasis (jaundice, 
pruritus, and fatigue). The male to female ratio of PSC is approximately 
2: 1, and although it can present from early childhood to late adulthood, 
the median onset of the disease is approximately 40 years (1,4). More 
than two-thirds of cases are associated with IBD, and it can occur in asso
ciation with both UC and Crohn's disease (CD) that involves the colon. 
The association with IBD ranges from a low of 21 % in Japan (5) to 82% 
in a study from the European Union (4). A population-based study from 
Norway found an incidence of 1.3 and a prevalence of 8.1 cases per 
100,000 (6). Investigators from different parts of the world have found 
that 2.4 - 4.0% ofUC patients and 1.4-3.4% of CD patients will ultimately 
develop PSC (4). 

The gold standard for the diagnosis of PSC is the cholangiogram, 
which demonstrates focal strictures and areas of dilatation within 
the intra- and/or extrahepatic biliary system (Fig. 1A). Traditionally the 
cholangiogram has been performed by endoscopic retrograde cholan
giography and pancreatography (ERCP) or percutaneous transhepatic 
cholangiography (PTC). However, as these procedures are invasive 
and associated with risks of pancreatitis and bleeding, they are now 
typically reserved for patients presenting with jaundice or cholangitis 
who are likely to require interventions such as balloon dilation or 
stenting dominant strictures. Noninvasive imaging of the biliary system 
with magnetic resonance cholangiography and pancreatography (MRCP) 
(Fig. lB) has comparable diagnostic accuracy to ERCP (7,8) and is 
rapidly replacing ERCP in many centers for the diagnosis of PSC. 
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A B 

Fig. 1. (A) An ERCP of a 76-yr-old gentleman with unexplained cholestasis. He had 
no history of inflammatory bowel disease but the ERCP demonstrated focal area of 
stenosis, dilatation, and irregularity of the intrahepatic bile ducts consistent with PSc. 
(B) An MRCP of a 45-yr-old male with Crohn's colitis, who presented with cholestasis 
and pruritus, demonstrating beading within the bile ducts consistent with PSC. 

The liver biopsy may help in establishing the diagnosis of PSC but 
is not essential in all patients (9). The histologic findings of PSC are 
nonspecific and include bile duct inflammation or damage with 
corresponding ductopenia, cholestasis, and associated ductular prolif
eration (10). Portal edema and mild periportal inflammation can also 
be seen. The classic finding of concentric fibrosis surrounding the bile 
ducts, the so-called onion-skin fibrosis (Fig. 2), is actually uncommon 
on liver biopsies from patients with PSC (9). The histologic stage of 
fibrosis can provide prognostic value (11) and is included in many of 
the older models used to predict prognosis in PSC (12-15). However, 
the new Mayo Risk Score (based on age, bilirubin, AST, variceal 
bleeding, and albumin) is able to predict prognosis without histologic 
stage (16). Furthermore, sampling error is a significant problem in 
PSC and paired biopsies can yield very discrepant results (17). A 
recent retrospective series from the Mayo Clinic concluded that liver 
biopsies are not necessary in all PSC patients because they rarely 
uncover unexpected findings that would lead to change in clinical 
management (9). 

A liver biopsy is necessary to diagnose the small duct variant of 
PSC, previously known as "pericholangitis," which accounts for 
approximately 5% of cases and generally has a better prognosis 
(18-20). This diagnosis should only be made in patients with IBD 



70 Burak 

Fig. 2. A liver biopsy demonstrating "onion-skin" fibrosis around the bile ducts 
characteristic of PSC (H&E, mag. xlO). 

who have changes in the liver biopsy consistent with PSC, but who 
have a normal cholangiogram and a negative antimitochondrial anti
body (AMA) (21). A biopsy may also be necessary when patients are 
suspected of having an overlap syndrome with autoimmune hepatitis 
(AIR) (discussed in Chapter 5) (22,23). 

2. PATHOGENESIS 

Although the exact pathogenesis of PSC remains unknown, there 
have been many theories proposed to explain the development and 
progression of this chronic liver disease (24). PSC likely develops in 
the setting of a complex interaction between a genetically susceptible 
host and the environment (colonic toxins, portal bacteria, or viral 
infections), with a possible role for autoimmunity, toxic bile acids, and 
ischemic injury (25). 
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Evidence for genetic involvement in PSC includes disease occurrence 
within families and the association with several human leukocyte antigen 
(HLA.) and non-HLA-associated genes (24,25). A large study from 
Sweden found an increased prevalence of PSC among first~gree relatives 
(0.7%) and siblings (1.5%), representing nearly a l00-fold increased risk 
of developing PSC compared with the general population (26). A large 
study from five European countries found PSC to be associated with 
several HLA class II haplotypes, with those homozygous for the 
DRB1*03, DQA1*0501, DQB1*02 haplotypes having the highest risk 
for PSC (RR=20, P<O.OOOI) (27). However, this haplotype only 
accounted for 16% of 256 PSC patients in this study (27). 

Evidence for the role of autoimmunity in PSC includes its association 
with other immune-mediated conditions (most frequently UC), its 
HLA associations, and the presence of autoantibodies. Angulo and 
colleagues demonstrated the presence of autoantibodies in 97% of PSC 
patients with 81 % having three or more autoantibodies (28). The most 
common autoantibody is the peripheral antineutrophil nuclear antibody 
(p-ANNA), more commonly referred to as the p-ANCA (peripheral 
antineutrophil cytoplasmic antibody), which is seen in 33-88% of PSC 
patients (29). The p-ANCA is nonspecific and can be seen in patients 
with AIR and primary biliary cirrhosis (PBC). It can provide supportive 
evidence for the diagnosis of PSC but the p-ANCA has no obvious 
association with disease activity or progression (29). Less than half of 
PSC patients may have antinuclear antibodies (ANA) or antismooth 
muscle antibodies (ASMA) and the presence of AMAs is very rare 
(28). Other abnormalities of the immune system have been demon
strated in patients with PSC including elevated immunoglobulin 
production, abnormalities in the complement system, and increased 
levels of circulating immune complexes (25). Furthermore, the presence 
of autoantibodies may be more than an epiphenomenon and may in fact 
play a direct role in the pathogenesis of PSC. Fifteen years ago, Das 
and colleagues demonstrated antibodies directed against shared epitopes 
on biliary and colonic epithelium (30). More recently, investigators 
from Sweden demonstrated antibiliary epithelial cell (anti-BEC) anti
bodies in 67% of patients with PSC (31). These anti-BEC antibodies 
from PSC and PBC, but notAlH patients, induced interleukin 6 production 
from biliary epithelial cells (BEC); and antibody isolates from the 
serum of PSC, but not PBC and AIR patients, induced significantly 
increased expression of the cell adhesion molecule CD44 (31). 

Because of the strong association between colitis and PSC, it is 
hypothesized that colonic bacteria may be responsible for the immune 
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stimulation seen in patients with PSC. Bacteria or bacterial products, 
which travel to the liver via the portal circulation, may stimulate the 
BEC or Kupffer cells which in turn may activate T cells (24). The exact 
bacteria involved in this process have remained illusive, but Chlamydia 
and Helicobacter species have been suggested as putative candidates 
(32,33). Others have postulated the role of viruses, including novel 
human beta-retroviruses, in the pathogenesis of cholestatic liver diseases 
(34). The T-cell response in PSC is predominantly THl mediated and 
tumor necrosis factor alpha (TNFa) levels have been shown to be high 
in patients with PSC (24). TNFa may result in further stimulation 
of the immune system, may worsen cholestasis, and may contribute 
to oxidative stress which hastens disease progression (25). Adams and 
colleagues have postulated that memory T cells from an inflamed gut 
are rapidly recruited to the liver in response to hepatic inflammation 
(35). Ischemic atrophy of BEC has been postulated to result in worsening 
cholestasis and biliary fibrosis, resulting in the accumulation of toxic 
bile acids which may further hasten disease progression (25). 

3. NATURAL HISTORY 
PSC is a progressive condition which can result in symptoms related 

to cholestasis, recurrent episodes of ascending bacterial cholangitis, 
complications of portal hypertension (ascites, variceal bleeding, and 
encephalopathy), or the development of CCA. Pruritus, fever, and abdom
inal pain are the most common symptoms reported by patients with 
PSC (36). Management of symptoms related to cholestasis Uaundice, 
pruritus, fatigue) is discussed elsewhere (Chapter 9). Patients who present 
with symptomatic liver disease are more likely to progress and have a 
significantly poorer prognosis compared to asymptomatic individuals 
(Fig. 3). The median survival free of death or liver transplantation in 
symptomatic individuals is approximately 8-9 years (37). Although 
asymptomatic individuals have a better prognosis (approximately 75% 
survival at 7 years), their survival is significantly decreased compared 
to age-matched controls (Fig. 3) (37). Whereas the development of 
complications of portal hypertension heralds the need to consider liver 
transplantation, the dreaded complication of CCA is typically felt to be 
a contraindication for transplantation and is associated with a very poor 
prognosis (38). There has been a debate about transplanting PSC 
patients earlier to prevent CCA from occurring (39,40). 

Multiple models based on logistic regression have been developed to 
predict the natural history of PSC (37). Most early models included 
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Fig. 3. The natural history of symptomatic and asymptomatic patients with PSC 
demonstrating decreased survival free of liver failure compared to age-matched 
controls (reproduced with permission from Ref. [37]). 

histologic stage and age (12-15), with many including bilirubin as a 
marker of disease severity (12,13,15) and others including splenomegaly 
(13,14), hepatomegaly (14), alkaline phosphatase (14), or hemoglobin 
and IBD (12). The new Mayo Clinic Risk Score no longer requires a 
liver biopsy (available at http://www.psc-Iiterature.org/mrscalc.htm) and 
can stratify patients into low, medium or high risk of disease progression 
(16). Others have suggested that the Child- Turcotte-Pugh (CTP) score is 
as good as the Mayo Clinic model in predicting outcomes in PSC patients 
(41), although the Mayo Risk Score is likely better at predicting prognosis 
in patients with early disease (42). The Model for End-stage Liver Disease 
(MELD), which is used to rank patients awaiting liver transplantation 
in the United States (43), has not been specifically validated in a large 
population of PSC patients. 

4. MALIGNANCY RISK IN PSC 

The lifetime risk of CCA in patients with PSC is approximately 10% 
(range 4.8-36.4 % in published studies) (44). The rates are highest in 
series from tertiary care referral centers or liver transplant programs. 
A large population-based study found the risk of CCA in PSC to be 
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approximately 13% (45). Compared to the risk in the general population, 
the risk of CCA in PSC is dramatically elevated. A study of 161 PSC 
with 11.5 yr of median followup at the Mayo Clinic demonstrated a 
relative risk of CCA of 1560 (95% CI=780, 2793) compared to the 
SEER population database (44). The prognosis for this malignancy is 
very poor with a median survival of only 6 mo (46). Many patients are 
not candidates for surgical resection, because of extrahepatic spread or 
advanced liver disease at the time of diagnosis. In most centers the 
diagnosis of CCA is a contraindication to liver transplantation. 
However, investigators at the Mayo Clinic have reported acceptable 
patient survival and low recurrence rates of CCA using a protocol of 
chemotherapy, radiation, and staging laparotomy prior to transplantation 
in highly selected patients (47,48). Small incidental CCA is often found 
in the explants of patients undergoing transplantation for PSC, and the 
survival of these patients is not significantly worse than for patients 
with PSC alone (49). 

Several studies have examined possible predictors for the development 
of CCA. More advanced disease as indicated by high bilirubin, higher 
Mayo Risk Scores, or complication of cirrhosis (variceal bleeding) have 
been found to predict CCA development in some studies (15,44,50,51). 
The role of underlying mn remains controversial, but patients with 
colorectal neoplasia do appear to carry an increased risk of CCA (52). 
Smoking was associated with a risk of CCA in a Swedish study but this 
was not confirmed in a large study from the United States (53,54). In 
the later study alcohol consumption was found to be a significant risk 
factor for the development of CCA (54). 

Various modalities are available to screen for CCA including serum 
tumor markers, ERCP-based tests, and more recently positron emission 
tomography (pEn scanning. These tests vary greatly in their expense, 
invasiveness, and availability. The CA19-9 is the most widely used 
noninvasive screening test for CCA. Its sensitivity and specificity vary 
widely depending on the cutoff point employed. A recent study from the 
Mayo Clinic found a CA19-9 cutoff of 129 U/ml provided reasonable 
diagnostic accuracy (sensitivity 79%, specificity 99%, positive predictive 
value 57%, and negative predictive value 99%) (55). Furthermore, a 
change in CA19-9 overtime of 63 Vlml provided a sensitivity of 90%, 
specificity of98%, and positive predictive value of 42% (55). Therefore, 
patients with high or increasing CAl9-9levels should be viewed with 
suspicion for having malignancy. Unfortunately, only 2 out of 14 patients 
with CCA in this study were candidates for curative therapy, illustrating 
the limited impact of screening for CCA in this population (55). In another 
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study, 14 of 25 PSC patients with elevated CA19-9 were found to have 
a dominant stricture at ERCP and in 72% the CA19-9 fell following 
endoscopic dilation (56). In this study, only three patients ultimately 
had CCA, illustrating the lack of specificity of an elevated CA19-9 
(56). Therefore, the role of tumor markers remains controversial, 
although many clinicians continue to order CA19-9 every 6 mo for 
screening for CCA. 

When PSC patients present with jaundice or ascending cholangitis, 
ERCP is often used to investigate and manage strictures. All dominant 
strictures should be viewed as suspicious for CCA. Although associated 
with a high specificity, brushing with a sensitivity of -50% or biopsies 
with a sensitivity of-75% may still miss CCA (57). Flow cytometry of 
bile and other techniques like digital image analysis may improve the 
diagnostic yield of ERCP-based tests but are not widely available (58). 
The roles of cholangioscopy and intraductal ultrasound remain to be 
determined in PSC patients. 

PET scanning has been investigated as a screening tool for CCA 
in patients with PSC. This test was initially suggested to have a good 
accuracy for the diagnosis of CCA with the added advantage of diagno
sing distant metastases in many patients (59,60). However, this test is 
limited by expense and availability and recent reports have suggested a 
limited role of PET to screen for CCA in PSC, because of a high false
positive rate when there is inflammation within the biliary system (61). 

The other malignancy which requires special attention in PSC patients 
is colorectal cancer (CRC) (3). Patients with IBD carry an increased risk 
of CRC and dysplasia, which increases with the duration of colitis. 
Several studies have concluded there is an increased risk of CRC and 
colonic dysplasia in IBD patients with coexisting PSC compared to those 
without this liver disease (45). A study from Sweden has suggested that 
the risk of CRC or dysplasia reaches 50% in PSC patients who have had 
coexisting colitis for more than 25-years duration (Fig. 4) (52). It is 
recommended that patients with IBD who have coexisting PSC undergo 
increased surveillance colonoscopies to screen for dysplasia (62). This is 
a cost-effective strategy, although there is recent evidence that these 
guidelines are not followed, even in tertiary referral centers (63). The risk 
may be further increased in patients with colitis who have been trans
planted for PSC (64). These patients require increased surveillance with 
yearly colonoscopy after their liver transplant. 

Interestingly, two studies have suggested that ursodeoxycholic acid 
(UDCA) may be of benefit in reducing risk of colorectal dysplasia or 
neoplasia in patients with PSC. In a cross-sectional survey from the 
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Fig. 4. The rates of dysplasia and colorectal cancer (CRC) in ulcerative colitis 
(UC) patients with and without PSC (adapted from Ref. [52]). 

University of Washington, UDCA use was strongly associated with 
decreased prevalence of colonic dysplasia even after adjustment for 
sex, age at onset of colitis, duration of colitis, duration of sclerosing 
cholangitis, severity of liver disease, and sulfasalazine use with an 
adjusted odds ratio of 0.14 (95% CI=O.03, 0.64) (65). Analysis of the 
patients in the Mayo Clinic randomized controlled trial of UDCA vs. 
placebo found a relative risk of 0.26 for developing colorectal dysplasia 
or cancer (95% CI=O.06, 0.92) in those PSC patients originally 
assigned to receive UDCA (66). A more recent case-control study 
found no benefit of UDCA in preventing dysplasia or CRC, although 
mortality was lower in those receiving UDCA (67). Although UDCA 
has not clearly been shown to delay disease progression in PSC 
patients, one could make an argument for its use in those patients with 
IBD as a potential chemo-preventative agent for CRe. 

5. MANAGEMENT 
Episodes of ascending cholangitis require not only broad-spectrum 

antibiotic coverage but also endoscopic therapy to diagnose and relieve 
biliary obstruction. Stenting is not clearly superior to balloon dilation 
alone for the management of dominant strictures (68). Patients treated 
with the combination of endoscopic therapy and UDCA appear to have 
improved outcomes when compared to predicted survival from the 
Mayo Risk Score (69). One retrospective surgical series found 
improved survival in patients whose dominant strictures were treated 
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Table 1 
Therapies Without Proven Benefit in PSC 

Bile 
acids Immunosuppressive Anti- TNF 

UDCA Prednisone 
Budesonide 
Tacrolimus 
Methotrexate 
Mycophenolate 

mofetil 

Pentoxify Hine 
Etanercept 

Antifibrotic Others 

Colchicine Nicotine 
Pirfenidone Penicillamine 

Metronidazole 

Abbreviations: TNF, tumor necrosis factor; UDCA, ursodeoxycholic acid. 

with surgical resection rather than with medical and endoscopic ther
apy, likely resulting from the development of five CCA in the later 
group (70). However, biliary tract surgery is probably best avoided in 
patients with PSc. Recurrent episodes of ascending cholangitis can be 
managed by rotating oral antibiotics and may be an indication for liver 
transplantation. 

To date there is no clearly effective medical therapy that has been 
shown to delay the progression of PSC (Table 1). UDCA has received 
the most attention as it has shown benefit in slowing the progression of 
PBC (discussed in Chapter 3). Standard doses ofUDCA (13-15 mg/kg) 
were not better than placebo in delaying progression to treatment failure 
or need for liver transplantation in PSC (71). It has been suggested 
that higher doses of UDCA may be beneficial (72,73); however, a 
large multicenter European trial found no statistically significant bene
ficial effect of a UDCA (17-23 mg/kg) over placebo on survival or 
prevention of CCA (74). Another large multicenter placebo-controlled 
trial of high-dose UDCA is underway in the United States. 

Given the presumed role of autoimmunity in the pathogenesis of PSC, 
mUltiple immunosuppressive agents have been studied as potential 
treatments. Glucocorticoids do not have clear benefit in PSC (75). 
A small randomized trial of prednisone vs. budesonide found improve
ment in ALP and pruritus in prednisone-treated patients (76). However, 
another open-label study found budesonide to be associated with little 
clinical benefit and it significantly worsened osteoporosis in patients 
with PSC (77). One-year therapy with tacrolimus resulted in improve
ments of ALP, ALT, AST, and bilirubin in 10 PSC patients (78), but this 
agent has not been studied further in a large randomized clinical trial. 
An early report suggested that methotrexate (MTX) may improve 
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symptoms in patients with PSC (79); however, a subsequent open-label 
study found no benefit but increased toxicity when MTX was given 
with UDCA (80). Furthermore, a 2-yr double-blind study found no 
evidence to support the use ofMTX in PSC patients (81). Mycophenolate 
mofetil has recently been found to have no benefit in an open-label 
study (82) and a small randomized clinical trial (83). 

Pilot studies of anti- TNFa agents, such as pentoxifylline (84) and 
etanercept, have yielded disappointing results. Antifibrotic agents such 
as pirfenidone (85) and colchicine (86,87) have proven ineffective. 
Because of an inverse relationship between smoking and risk of PSC, 
oral nicotine has been evaluated, but is poorly tolerated and without 
obvious benefit (88). D-Penicillamine which modulates the immune 
system and chelates copper (which may be increased in cholestasis) was 
not beneficial (89). A recent randomized clinical trial of UDCA+metron
idazole vs. UDCA+placebo found an improvement in ALP and the new 
Mayo Risk Score in patients receiving the antibiotic; however, no benefit 
was seen in disease progression assessed by biopsy or ERCP (90). 

Liver transplantation (discussed further in Chapter 10) remains the 
only life-extending option for PSC patients with complications of 
end-stage liver disease. Subjects who do undergo liver transplantation 
can expect excellent survival rates, although transplantation for PSC is 
associated with higher rates of nonanastamotic strictures, rejection 
rates, colorectal neoplasia, and recurrence of the disease in approximately 
20-40% of patients (49,91). 
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Autoimmune hepatitis, or some features thereof, may co-exist with primary 
biliary cirrhosis and primary sclerosing cholangitis. However, definitions of what 
constitutes overlap syndrome are variable. Thus, the true prevalence of these 
entities is unknown, and the best management approach uncertain. 
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1. INTRODUCTION 
Patients with either of the chronic cholestatic disorders, primary biliary 

cirrhosis (1) (PBC) and primary sclerosing cholangitis (2) (PSC), may 
demonstrate clinical, laboratory, and/or histological features of autoim
mune hepatitis (AIH) (3-5). These include significant elevations of serum 
aminotransferase, immunoglobulin G, and total protein concentrations, 
additional circulating antibodies, e.g., antinuclear (ANA), smooth muscle 
(SMA), and liver kidney microsomal (LKMA), and intense plasma 
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cell-predominant interface inflammation (hepatitis) that is responsive 
to systemic immunosuppressive therapy. Such features may be present 
and evident to varying degrees. Thus, in some circumstances it appears 
that two distinct entities exist rather than one-this may be especially 
true when the features develop separately rather than coexist from the 
outset. In others, that evidence may be subtler and so the distinctions 
less obvious, thereby making definitions somewhat hazy and therapeutic 
management less clear. For example, portal tract expansion with lympho
cytes and the occasional plasma cell, in some cases spilling over into 
the lobules, i.e., interface hepatitis, is both a recognized and acceptable 
feature in patients with PBC (6,7). However, the same abnormality 
involving most or all of the portal triads might raise questions as to 
whether the patient had concomitant AIH. 

Experts are undecided as to the most appropriate explanation(s) for 
the simultaneous existence of features of AIH with either PBC or PSC 
(5,8,9). Is it that two separate autoimmune disorders are present (there 
is evidence to support this view, in that one autoimmune condition may 
occur with another in 5-10% of patients) or that despite a number of 
features in common, e.g., PBC and AIH, the patient has a condition which 
is distinct from either? A third potential explanation is that the features 
may represent the middle part of a continuum extending from classical 
AIH at one end to classical PBC or PSC at the other. Lastly, it appears 
that a more exaggerated inflammatory response among patients with 
PBC or PSC who possess the B8, DR3, DR4 haplotype, found commonly 
in AIH, may be possible. An alternative view of this latter suggestion is 
that the diagnostic limits of one disorder may include features of another 
disease(s), but without there being a true overlap syndrome (1). The 
purpose of this chapter is to provide a frame of reference that is as 
unambiguous as possible, yet acknowledges the continuing uncertainties 
of definition without compromising fundamental treatment principles. 
In so doing this might highlight potentially fruitful areas for further 
clinical research. 

2. NOMENCLATURE 
One potential reason for continued difficulty of perception where the 

idiopathic cholestatic disorders interface with AIH and vice versa is 
that several different terms describing the clinico-pathological elements 
present have gained popularity and acceptance through the years, 
notably with respect to PBC and AIH. Each descriptor has aimed to be 
more accurate than others before them, yet by their very emergence 



Chapter 5 / Overlap Syndromes with Autoimmune Hepatitis 87 

and continued existence have added some degree of uncertainty to our 
understanding. For example, the term autoimmune cholangitis or cholan
giopathy has been characterized and understood in different ways during 
the past 20 years. It has been employed to describe patients with PBC in 
every other respect yet who lacked antimitochondrial antibody (AMA), 
i.e., AMA-negative PBC (10-13). Other investigators refined this 
definition and reserved its use for patients with a cholestatic syndrome 
who were AMA negative, but strongly ANA and SMA positive (14,15). 
Third, it has been used to describe patients in whom the predominant 
clinical, immunological, and histologic features were those of AIH 
(16). Most recently, it has been used to define patients who were 
believed to have neither PBC nor AIH: these patients were identified 
prospectively, demonstrated both cholestatic and hepatitic features but 
had very limited responses to either steroids or ursodeoxycholic acid 
(UDCA), respectively (17). It is worth stating that much of the published 
literature regarding the coexistence of features of AIH and the idio
pathic cholestatic disorders has arisen either from relatively small 
series or from retrospective analyses of prospectively accumulated 
clinico-pathological data, notably liver biopsy material in which one or 
other disorder predominated, e.g., PBC. Therefore, to what extent this 
fully represents the overall extent and the true variability of the diseases 
is unclear. Nonetheless, it forms the basis for much of this review. 

3. PRIMARY BILIARY CIRRHOSIS 
AND AUTOIMMUNE HEPATITIS 

It is probably worth reminding ourselves that the diagnostic pillars 
of PBC (18), i.e., cholestatic liver test abnormalities, elevated IgM 
concentration, positive AMA titer (> 1 :40), lymphocytic portal tract 
inflammation, and medium-sized bile duct injury with subsequent loss 
(18), lack specificity for this condition when considered in isolation from 
one another. This is especially true of the liver tests and histological 
abnormalities (19) which may be quite variable from one portal area to 
another in early stages of the disease with not only the evidence of 
granulomatous inflammation often lacking, but also the presence or 
absence of AMA. For example, not all of the 29 patients with a positive 
AMA titer followed thereafter for 15 years developed all the clinical 
manifestations of PBC (20). Moreover, a negative AMA result by 
immunofluorescence does not imply that the same result will be 
achieved when different methods of testing are employed, e.g., ELISA 
or an immunoblot assay where the target autoantigen of M2 antibodies, 
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a recombinant form of PDC-E2, is used (21). Several studies have 
demonstrated significant false negative rates for AMA by immunofluo
rescence albeit among different patient populations, using one or other 
of the above techniques (14,22-27). 

3.1. Autoimmune Cholangitis 
It seems unlikely that consensus regarding the definition and impli

cations of the term autoimmune cholangitis will be achieved. On the one 
hand some investigators are firmly of the mind that it amounts to no more 
than AMA-negative PBC, is not a distinct clinico-pathological entity 
and certainly not to be entertained as an overlap syndrome (8). They 
cite lack of specificity for a negative AMA result by immunofluorescence, 
variability of features consistent with AIH among PBC patients who lack 
AMA, namely lower or normal IgM levels and higher IgG concentrations, 
respectively, and greater ANA and SMA positivity with or without 
different staining patterns, e.g., nuclear rim immunoreactivity to a 21O-kDa 
glycoprotein. Lastly, neither the presence of other AMA types, e.g., M4 
or M9 (28), nor the consistent expression of antibodies to an isotype 
of carbonic anhydrase has been able to discriminate patients with 
autoimmune cholangitis from those with PBC reliably (29-31). 
Conversely, other authors believe that patients with a clinical syndrome 
that is distinct from both 'classical' AIH and PBC by virtue of possessing 
features common to both disorders and demonstrating a limited 
response to prednisone and/or UDCA deserves the right to be codified 
differently (17). However, the implications of this particular designation 
with respect to treatment outcome, rate of disease progression, and 
requirement for orthotopic liver transplantation (OLT) are unknown as 
yet. Two earlier studies reported no significant differences in response 
to treatment with UDCA or requirement for OLT among patients with 
PBC according to their AMA status (15,32). 

3.2. PBC-A1H Overlap Syndrome 
Turning now to overlap of PBC with AIH, disagreement among experts 

exists here also. It may be easier to accept the validity of the term overlap 
syndrome where first a demonstration of either classical PBC or AIH is 
followed after an interval of months or years by compelling features of 
the other disorder - so long as the features of the first disorder persist to 
some degree; otherwise, the term sequential might be more appropriate. 
However, both the literature (33-36) and personal experience suggest 
that such instances are rare. Instead, it is more common for 'diagnostic' 
features of both conditions to be present to a greater degree simultaneously, 



Chapter 5 I Overlap Syndromes with Autoimmune Hepatitis 89 

and it is in these circumstances that making the correct assignment 
of overlap syndrome rather than variant may be genuinely difficult, 
not to say controversial. For example, does the presence of an AMA 
titer (> 1 :40) in a patient who has AIR alone in all other respects (5) 
and who demonstrates an appropriate response to corticosteroid 
therapy constitute an overlap syndrome and carry the same validity 
as the coexistence of serologic and histologic (where the adequacy of 
biopsy size, staining, and interpretation is crucial) features of both 
AIR and PBC? 

To my mind this is the key: in order to justify use of the designation 
"overlap syndrome" what minimum set of criteria must be satisfied? 
In some of the studies referred to earlier, the criteria adopted for 
diagnosis of PBC-AIR overlap syndrome were different. Chazouilleres 
and colleagues identified 12 out of 130 (9.2%) patients with PBC in 
whom they believed PBC-AIH overlap existed: in all but one the features 
occurred simultaneously (33). For the diagnosis to be satisfied patients 
had to demonstrate at least two of the accepted criteria for both conditions, 
namely elevated alkaline phosphatase (ALP) at least two times the 
upper limit of the normal range, a positive AMA result, and liver biopsy 
specimen that demonstrated a florid duct lesion (PBC) (Figure 1); and 
for AIR, an elevated alanine aminotransferase (ALT) concentration at 
least five times the upper limit of the normal range, an IgG level at least 
twice the upper limit of the normal range or a positive SMA titer 
(> 1 :40), and a liver biopsy revealing moderate to severe periportal or 
perisepta1lymphocyte interface hepatitis (Figures 2 and 3). The same set 
of diagnostic standards was adopted for inclusion in a more recent 
study by the same group, in which the authors identified 17 patients 
(8.9%) with simultaneous PBC-AIH overlap syndrome (37). By contrast, 
Lohse et al selected 14 patients from a large number seen in their 
department over 20 years based on an increased ALT concentration or 
high titer of either ANA or SMA in conjunction with a positive AMA 
result (34). To this group was then added a further six patients whose 
liver biopsy findings were neither clearly those of PBC on the one hand 
nor those of AIR on the other (the biopsy findings themselves were not 
described in the paper, nor was the total number of patients from which 
the 20 were selected quoted). 

Since then, other investigators have applied both the original (Table 1) 
and the subsequent (Tables 2- 4). International Autoimmune Hepatitis 
Group (lARG) scoring systems to patients with a secure diagnosis of 
PBC in the hope of maintaining a consistent and objective diagnostic 
assessment of potential PBC-AIR overlap syndrome (38,39). In one 
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Fig. 1. Needle biopsy demonstrating florid duct injury typical of primary biliary 
cirrhosis with macrophage response surrounding the duct (Hematoxylin and 
eosin; x20). 

case the difference was striking: under the original IAHG scoring 
system Talwalkar and colleagues documented 2.2% with definite 
AIH and 64% who met criteria for probable AIH in a large cohort of 
patients with PBC (137), whereas with the more recent modifica
tions no patient had definite AIH, and a much reduced proportion 
(19%) had probable AIH (40). The reasons for this are severalfold 
and may have more to say about some of the emphases in the 
revised scoring system, e.g., the weight assigned to the ALP:AST 
(aspartate aminotransferase) ratio, than about the true prevalence 
of the overlap syndrome. 

Lastly, databases of the Canadian and Mayo Clinic multicenter, 
randomized controlled trials of UDCA in patients with AMA-positive 
PBC were re-examined to determine the frequency with which AIH 
was believed to co-exist. Like the French group, PBC patients in this 
study had to demonstrate at least two of the same three criteria 
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Fig. 2. Needle biopsy demonstrating irregularity of interface, infiltrated by 
plasma cells and lymphocytes; acidophilic necrosis in the adjacent lobule pro
vides further evidence of injury consistent with autoimmune hepatitis 
(Hematoxylin and eosin; x20). 

(see above) pointing strongly in favor of AIH. From a total of 331 
patients with PBC, 16 (4.8%) were identified as fulfilling criteria for 
PBC-AIH overlap syndrome (41). 

A dedicated diagnostic scoring system has been developed and 
proposed in recent years to try and distinguish PBC from PBC-AIH 
overlap and other variant syndromes (42,43). This underscores the 
importance of diagnostic accuracy between classical PBC and 
PBC-AIH overlap syndrome that goes beyond research purposes 
alone: both treatment strategies in these two settings and overall outcomes 
may vary. 

3.3. Treatment of PBC-AIH Overlap Syndrome 
Therapeutic management of PBC and AIH as individual entities is 

quite different. UDCA in doses of 13-15 mg/kg body weight per day 



92 Smith 

Fig. 3. Needle biopsy of portal triad (same as Figure 1) demonstrating infiltration 
of the interface by abundant plasma cells (Hematoxylin and eosin; x40). 

is established treatment for PBC, resulting in reduction of ALP and IgM 
concentrations, improved histology, and longer duration between 
diagnosis and death or OLT. Conversely, systemic steroid therapy, which 
may be life-saving for patients with AIH, has no place in the manage
ment of PBC and may precipitate or exacerbate complications such as 
osteoporosis. Likewise, earlier trials demonstrated no clear benefit 
from azathioprine among patients with PBC (6). 

As the reader has observed, given the differences in criteria used 
for definition of PBC-AIH overlap syndrome among investigators 
and that overall numbers of patients are few, it is not difficult to accept 
that randomized studies, the benchmark of therapeutic interventions, 
are unheard of in this setting. However, there are two retrospective 
analyses involving sufficient numbers of strictly defined patients 
that merit discussion and consideration. Joshi et al reviewed the out
come(s) of treatment that had been administered during a randomized 
placebo-controlled trial of UDCA for patients with PBC and concluded 
that those patients who met diagnostic criteria for PBC-AIH overlap 
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syndrome fared no worse than those patients with PBC alone, with 
respect to both biochemical response and overall survival (41). 
Furthermore, the degree of improvement in liver tests and serum 
IgM concentrations were similar in the two groups of patients, sug
gesting that UDCA was effective among patients with PBC-AIH 
overlap syndrome. 

Conversely, Chazouilleres et al examined the results of treatment 
using UDCA alone or UDCA in combination with prednisone and 
azathioprine or mycophenolate mofetil (IS therapy) for 17 patients 
with simultaneous PBC-AIH overlap syndrome (they used the same 
diagnostic criteria proposed in the 1998 report and employed by Joshi 
and colleagues in their study) (37). Patients who started with UDCA 
alone but demonstrated an incomplete response were able to receive IS 
therapy since management was at the discretion of the supervising 
physician. They found that only 3/11 patients treated initially with 
UDCA alone were able to achieve and maintain biochemical remission 
defined as a reduction of ALT to less than two times the upper limit of 
the normal range and a serum IgG less than 16 gil. The remaining 
eight (one patient declined for fear of side effects) required the 
addition of IS therapy to control disease and prevent progression of 
fibrosis. Among those patients managed using a combination of UDCA 
and IS therapy from the outset 66% achieved biochemical remission 
(see above), and none demonstrated progression of fibrosis. The 
authors concluded that for most patients with carefully defined 
PBC-AIH overlap syndrome, potential side effects notwithstanding, a 
combination of UDCA and steroid-based IS therapy will result in 
greatest long-term benefit. 

Third, Gunsar and colleagues compared physician-directed manage
ment and outcomes for 23 patients with PBC to that of 20 patients with 
PBC-AIH overlap syndrome (44). (Their criteria for defining PBC-AIH 
overlap syndrome were not identical to those of the two studies 
reported above). Nevertheless, two patients (9%) in the PBC group 
required addition of IS therapy (one was given azathioprine, and the 
other prednisone) because there was no improvement in ALP or other 
liver tests. By contrast, seven of the PBC-AIH group of patient required 
a combination (35%) required prednisone in combination with UDCA 
(four were given this at the onset of treatment and a further three after 
failure to respond to UDCA alone). A similar number of patients in 
either group died, or was lost to follow-up (2). The authors concluded 
that UDCA alone was appropriate first line therapy for patients with 
PBC-AIH overlap syndrome. 
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Table 1 
Scoring System for Diagnosis of Autoimmune Hepatitis: 

Parameters 

Gender 
Female 
Male 

Minimum Required Parametersa 

Serum biochemistry 
Ratio of elevation of serum alkaline phosphatase 

vs. aminotransferase 
>3.0 
<3.0 

Total serum globulin, 'Y-globulin or IgG 
Times upper normal limit 

>2.0 
1.5-2.0 
1.0-1.5 

<1.0 
Autoantibodies (titers by immunofluorescence 

on rodent tissues) 
Adults 

ANA, SMA or L KM-l 
>1:80 

1:80 
1:40 

<1:40 
Children 

ANAorL KM-l 
>1:20 

1:10 or 1:20 
<1:10 

or SMA 
>1:20 

1:20 
<1:20 

Antimitochondrial antibody 
Positive 
Negative 

Viral markers 
IgM anti-HAV, HBsAg or IgM anti- HBc positive 
Anti- HCV positive by ELISA and/or RIBA 
Anti- HCV positive by PCR for HCV RNA 
Positive test indicating active infection with 

any other virus 

Score 

+2 
o 

-2 
+2 

+3 
+2 
+1 
o 

+3 
+2 
+1 
o 

+3 
+2 
o 

+3 
+2 
o 

-2 
o 

-3 
-2 
-3 
-3 

(Continued) 
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Table 1 (Continueel) 

Parameters Score 

Seronegative for all of the above +3 
Other etiological factors 

History of recent hepatotoxic drug usage or 
parenteral exposure to blood products 
~s ~ 

No +1 
Alcohol (average consumption) 

Male <35 gm/day; female <25 gm/day +2 
Male 35-50 gm/day; female 25-40 gm/day 0 
Male 50-SO gm/day; female 40 -60 gm/day -2 
Male >SO gm/day; female >60 gm/day -1 

Genetic factors 
Other autoimmune diseases in patient or first-degree relatives + 1 

aInterpretation of aggregate scores: definite AIH, greater than 15 before treatment 
and greater than 17 after treatment; probable AIH, 10 to 15 before treatment and 12 to 
17 after treatment. 

Anti-HAV = hepatitis A virus antibody; anti-HBc = HBc antibody; anti-HCV = HeV 
antibody; RIBA = recombinant immunoblot assay; PCR = polymerase chain reaction. 

Reproduced from HEPATOLOGY, Vol 18: 998-1005, Johnson PJ, McFarlane, IG.; 
"Meeting Report: International Autoimmune Hepatitis Group" © 1993 The American 
Association for the Study of Liver Diseases. 

It is unclear whether the clinical outcome for patients with PBC-AIH 
overlap syndrome is significantly different from those with PBC alone. 
One recent report found that patients with PBC-AIH overlap syndrome 
(26/135) were more likely to demonstrate symptomatic manifestations 
of portal hypertension (ascites, gastrointestinal tract bleeding) than 
patients with PBC alone (45). This argues in favor of a meticulous 
approach to diagnosis so that drug therapy and subsequent management 
might be tailored accordingly in the hope of preventing complications 
and disease progression. There is at least one report of the emergence 
of de novo autoimmune liver disease with PBC-AIH overlap features 
following OLT, involving a 56 year man who was grafted for non
alcoholic steatohepatitis (46). 

4. PRIMARY SCLEROSING CHOLANGITIS 
AND AUTOIMMUNE HEPATITIS 

There are a number of reports, including single patients and small 
series (47--66), documenting the occurrence of both PSC and AIH in 
adults, either simultaneously or in sequence. In the case of sequential 
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Table 2 
Revised Scoring System for Diagnosis of Autoimmune Hepatitis 

Parameters/Features Score Notes * 
Female sex +2 
ALP:AST (or ALT) ratio: 

<1.5 +2 1 
1.5-3.0 0 

>3.0 -2 
Serum globulins or IgG above normal 

>2.0 +3 
1.5-2.0 +2 
1.0-1.5 +1 

<1.0 0 
ANA, SMA or L KM-I 

>1:80 +3 2 
1:80 +2 
1:40 +1 

<1:40 0 
AMA positive - 4  
Hepatitis viral markers: 

Positive -3 3 
Negative +3 

Drug history: 
Positive - 4  4 
Negative +1 

Average alcohol intake 
<25 g/day +2 
>60 glday -2 

Liver histology: 
Interface hepatitis +3 
Predominantly lymphoplasmacytic infiltrate +1 
Rosetting of liver cells +1 
None of the above -5 
Biliary changes -3 5 
Other changes -3 6 

Other autoimmune disease(s) +2 7 
Optional additional parameters: 8 

Seropositivity for other defined +2 9 
autoantibodies 

H LA DR3 or DR4 +1 10 
Response to therapy: 

Complete +2 11 
Relapse +3 

( Continued) 
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Table 2 (Continued) 

Parameters/Features 

Interpretation of aggregate scores: 
Pre-treabnent: 

Definite AIR 
Probable AIH 

Post-treabnent: 
Definite AIH 
Probable AIH 

Score 

>15 
10--15 

>17 
12-17 

97 

Notes* 

12 

*See explanatory notes in Table 3. ALP = alkaline phosphatase; AST = aspartate 
aminotransferase; ALT = alanine aminotransferase; ANA = antinuclear antibodies; 
SMA = smooth muscle antibodies; LKM-I = type 1 liver-kidney microsomal antibodies. 

diagnoses the more common order appears to beAIHfoliowed by PSC. 
However, as one author observed, the absence of information from 
invasive cholangiographic studies at the time of diagnosis of AIH in 
some of these reports casts doubt as to whether the two disorders were 
indeed sequential, rather than simultaneous (67). Whereas PBC-AIH 
overlap syndrome has been described in adults only, PSC and AIH may 
overlap in children. Indeed, a significant proportion of the published 
literature arises from studies in children and/or teenagers (68-72). 
Moreover, results of these investigations suggest that the prevalence of 
PSC-AIH overlap syndrome is consistently greater among children 
(at least 27%, and as high as 49%) than in adults. 

Since the diagnostic features of PSC and AIH are largely distinct from 
one another it would appear relatively straightforward to diagnose this 
overlap syndrome with confidence (PSC is characterized by multifocal 
intra- and/or extrahepatic biliary strictures, alternating with segmental bile 
duct dilatation, demonstrated at cholangiography: serum ALP is almost 
always elevated, the antineutrophil cytoplasmic antibody [ANCA] is 
almost always positive, and AMA is negative). However, analysis of the 
literature suggests that this is not necessarily the case. Among the case 
reports and small series, there appears fairly compelling evidence that 
features of PSC and AIH coexisted, irrespective of the pattern of onset 
and regardless of whether the diagnoses were simultaneous or sequential. 
Conversely, when large cohorts of patients with a secure diagnosis of PSC 
have been evaluated systematically using the IAHG scoring systems, 
reported rates of PSC-AIH overlap syndrome have ranged from 1.4% 
(definite AIH) to 53.8% at the other extreme when a modified version 
of the original IAHG scoring system was used (54,57,59,60). 
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Table 3 
Explanatory Notes for Table 2 

Smith 

1 The ALP:AST (or ALT) ratio relates to the decree of elevation above 
upper normal limits (unl) of these enzymes, i.e. = (1U/1 ALP+unl ALP) 
+(1U/1 AST +unl AST). 

2 Titres determined by indirect immunofluorescence on rodent tissues 
or, for ANA, on HEp-2 cells. Lower titres (especially of L KM-l) are 
significant in children and should be scored at least + 1. 

3 Score for markers of hepatitis A, B and C viruses (i.e positive/negative 
for IgM anti-HAY, HBsAg, IgM anti-HBc, anti-HCV and HCV-RNA). 
If a viral aetiology is suspected despite seronegativity for these markers, 
tests for other potentially hepatotropic viruses such as CMV and EBV 
may be relevant. 

4 History of recent or current use of known or suspected hepatotoxic 
drugs. 

5 "Biliary changes" refers to bile duct changes typical of PBC or PSC (i.e. 
granulomatous cholangitis, or severe concentric periductal fibrosis, with 
ductopenia, established in an adequate biopsy specimen) and/or a 
substantial periportal ductular reaction (so-called marginal bile duct 
proliferation with a cholangiolitis) with copper/copper-associated protein 
accumulation. 

6 Any other prominent feature or combination of features suggestive of a 
different aetiology. 

7 Score for history of any other autoimmune disorder(s) in patient or 
first-degree relatives. 

8 The additional points for other defined autoantibodies and HLA DR3 or 
DR4 (if results for these parameters are available) should be allocated 
only in patients who are seronegative lot ANA, SMA and L KM-l. 

9 Other "defined" autoantibodies are those for which there are published 
data relating to methodology of detection and relevance to AIH. These 
include pANCA, anti-LC1, anti-SLA, anti-ASGPR, anti-LP and anti
sulfatide (see text). 

10 HLA DR3 and DR4 are mainly of relevance to North European caucasoid 
and Japanese populations. One point may be allocated for other HLA 
Class II antigens for which there is published evidence of their association 
with AIH in other populations. 

11 Assessment of response to therapy (as defined in Table 4) may be 
made at any time. Points should be added to those accrued for features 
at initial presentation. 

12 Response and relapse as defined in Table 4. 

The potential explanations for these observed differences are sever
alfold (73). First, the mean ages of patients with PSC-AIH overlap 
syndrome in the study populations were different. Second, the scoring 
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Table 4 
Definitions of Response to Therapy 

Response Definition 

Complete Either or both of the following: marked improvement of symptoms 
and return of serum AST or ALT, bilirubin and immunoglobulin 
values completely to normal within 1 year and sustained for at least 
a further 6 months on maintenance therapy, or a liver biopsy specimen 
at some time during this period showing at most minimal activity. 

or 
Either or both of the following: marked improvement of symptoms 
together with at least 50% improvement of all liver test results 
during the first month of treatment, with AST or ALT levels con
tinuing to fall to less than twice the upper normal limit within 6 
months during any reductions toward maintenance therapy, or a 
liver biopsy within 1 year showing only minimal activity. 

Relapse Either or both of the following: an increase in serum AST or ALT 
levels of greater than twice the upper normal limit or a liver biopsy 
showing active disease, with or without reappearance of symptoms, 
after a "complete" response as defined above. 

or 
Reappearance of symptoms of sufficient severity to require 
increased (or reintroduction of) immunosuppression, accompanied 
by any increase in serum AST or ALT levels, after a "complete" 
response as defined above. 

Reprinted from JOURNAL OF HEPATOLOGY, Vol 31(5): 929-938, Alvarez F et al.; 
"International Autoimmune Hepatitis Group Report: Review of Criteria for Diagnosis of 
Autoimmune Hepatitis" © 1999 The European Association for the Study of the Liver. 

systems used in the four studies were slightly different from one another. 
Boberg and colleagues used the original IAHG scoring system; Czaja 
employed a modified version thereof; van Buuren et al used the modified 
IAHG scoring system but did not specify detailed scores for each 
parameter. By contrast, colleagues from the Mayo Clinic established a 
diagnosis of AIH among patients with PSC using the modified scoring 
system exclusively. Although slightly confusing to the reader, the reality 
is that use of either the original or the subsequent IAHG scoring system 
in this setting makes little difference to the prevalence of 'definite' AIH, 
whereas the frequency of 'probable' AIH varied more considerably, being 
much reduced under the 1999 modified IAHG scoring system. (This was 
weighted strongly against biliary lesions, both in descriptive as well as 
in scoring terms.) Third, the findings may be subject to selection bias, 
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geographical and/or genetic differences between Northern European 
and North American populations. Lastly, ALP may be normal in small 
numbers of patients with PSC, and ANCA may be present in up to 80% 
of patients with type I AIH alone (74). 

4.1. Treatment of PSC-AIH Overlap Syndrome 
The differences in prevalence notwithstanding, it is clear from 

published reports that the distinction between PSC and PSC-AlH overlap 
syndrome is an important one to establish. Although corticosteroid 
therapy has no established place in management of PSC alone (2), 
patients with simultaneous PSC and AIH or those who develop AlH 
following a diagnosis of PSC have demonstrated improvement in both 
symptoms and liver test abnormalities. The same cautions about steroid 
use among patients with PBC (see above) apply. 

5. SUMMARY 
Although there is considerable debate about how autoimmune overlap 

syndromes should be defined, and therefore their prevalence, their 
existence is not in doubt. Whether they reflect distinct clinical and 
histopathological entities or variants at the outer limits of 'classical' 
disease states remains the subject of considerable debate (1). 
Nevertheless, published data indicate that the distinction is an important 
one to make, both with respect to therapeutic management and possibly 
disease outcome also. 
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Abstract 
Cholestasis is an important manifestation of a variety of liver diseases. 

Intrahepatic cholestasis can result from genetic defects of liver epithelial cells. 
Molecular studies in humans have provided insight into rare cholestatic syndromes 
such as Alagille syndrome, progressive familial intrahepatic cholestasis, benign 
recurrent intrahepatic cholestasis, and Aagenaes syndrome to name a few. Further 
characterization of these rare cholestatic disorders and the defective genes asso
ciated with them will aid in understanding hepatobiliary biology and other more 
common causes of intrahepatic cholestasis. 

Key Words: Bile; cholestasis; transport. 

1. INTRODUCTION 
The tenn cholestasis, which literally means stagnation of bile in the 

liver, was first introduced by Popper and Schaffner (1). Cholestasis can 
be classified into either extrahepatic or intrahepatic. Both result in failure 
of nonna! amounts of bile to reach the duodenum. Extrahepatic cholestasis 
is marked by an observed mechanical obstruction to the main bile 
ducts. In contrast, intrahepatic cholestasis occurs when there is an 
inherited or acquired defect of bile fonnationltransport within the liver 
epithelia (i.e., hepatocytes or biliary epithelia). Genetic and molecular 
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studies have identified several genes associated with intrahepatic 
cholestatic disorders. These disorders include Alagille syndrome (AGS), 
various forms of progressive familial intrahepatic cholestasis (PFIC) , 
benign recurrent intrahepatic cholestasis, Aagenaes syndrome (AS), 
Northern American Indian cirrhosis (NAIC), and arthrogryposis, renal 
dysfunction, and cholestasis (ARC) syndrome. 

This chapter elaborates on these rare causes of cholestasis. The majo
rity of the aforementioned diseases appear to be Mendelian disorders, 
characterized usually by a variety of mutations in a single gene. 

2. BILE FORMATION AND TRANSPORT 

The hepatocytes produce "primary" or "hepatic" bile, which is sub
sequently delivered into the intrahepatic and then extrahepatic bile 
ducts before it arrives at the small intestine to serve its physiological 
functions. The intrahepatic bile ducts are lined by biliary epithelial cells, 
termed cholangiocytes that modify the composition of hepatic bile. 

Primary bile is originated at the apical or canalicular domain of the 
hepatocyte with the contribution of transmembrane transporters. The 
majority of these molecules are ATP-binding cassette (ABC) transporters. 
Genetic defects of these hepatic transporters can cause rare inherited 
cholestatic diseases. However, other genes not directly interfering with 
the canalicular transport of bile likely contribute to the development of 
rare cholestatic syndromes. 

3. RARE CHOLESTATIC SYNDROMES 

3.1. Alagille Syndrome 
AGS is an autosomal dominant disorder characterized by intrahepatic 

cholestasis and abnormalities of the heart, eye, and vertebrae, as well 
as a characteristic facial appearance. The prevalence of AGS has been 
reported to be approximately 1 per 100,000 births (2). Men and women 
are equally affected. AGS demonstrates low penetrance and high degree 
of expression variability (3--8,9). 

Several reports of Alagille patients with deletions of chromosome 
20p12led to the incorrect thought thatAGS is a contiguous gene deletion 
syndrome (10). However, fine mapping of the critical region directed 
two groups to simultaneously identify the gene JAG 1 as the AGS gene 
(11,12). Indeed, both groups demonstrated that haplo-insufficiency of 
JAG1 results in AGS. JAG1 encodes a cell-surface protein that functions 
as a ligand for the Notch transmembrane receptor. The Notch pathway 
is active in many cells during development and serves to regulate cell 
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fate decisions. The pathway was first studied in Drosophila melanogaster 
and found to be evolutionarily conserved. The mUltiple manifestations 
of AGS in humans suggest that JAG 1 and Notch interactions are critical 
for normal embryogenesis of the heart, kidney, eye, face, skeleton, and 
other organs affected in this syndrome (13,14) . 

. To date, multiple mutations within the coding region of JAG 1 have 
been documented in patients with AGS. The majority of JAG 1 mutations 
in probands are new and not found in either parent (15,16). 
Nonetheless, mutations can be present in 70% of patients who meet the 
clinical criteria for AGS (17). Nearly half of these mutations are 
frame shift or nonsense mutations leading to premature truncation of the 
protein. The remaining mutations include gene deletions and missense 
mutations (18). It is unclear as to whether missense mutations may 
cause milder variants of AGS or perhaps even single-organ abnormalities, 
though phenotypic differences between whole gene deletions and iso
lated point mutations have not been reported. Both copies of JAG1 are 
necessary for normal embryogenesis in humans (13,14,19). However, 
the mechanism by which mutated JAG 1 results in AGS remains unclear. 

The clinical presentation of AGS is variable. Even within families, 
there is extreme variability in the severity of the disease, likely to be 
a result of other genetic and environmental modifying factors. Given 
the clinical variability and incomplete penetrance of the disorder, AGS 
often goes undiagnosed. Patients may present with progressive pruritus, 
cirrhosis, or liver failure. Still other individuals may lack or have 
few symptoms. Importantly, AGS is one of the more common etiologies 
of cholestasis in the neonatal period and must be differentiated from 
biliary atresia, which requires prompt surgical intervention. Affected 
patients generally develop symptoms within the first 3 mo of life. 
AGS may also present later in life as a chronic liver disease. Diagnosis 
is dependent on the characteristic liver histology showing bile duct 
paucity in addition to major extrahepatic findings including characteristic 
facies, cardiac murmurs, vertebral anomalies, and posterior embryotoxon. 
Conjugated hyperbilirubinemia in early infancy is the most common 
finding of AGS. Aminotransferases, particularly gamma glutamyl trans
ferase (GGT), are modestly elevated. Bile acids may be as high as 100 
times normal and serum cholesterol up to 1000-2000 mg/dl. Approxi
mately 20% of patients develop progressive liver disease with 10-50% 
of these developing subsequent cirrhosis, liver synthetic dysfunction, 
or portal hypertension (17). Despite these hepatic manifestations, the 
associated cardiac disease is most often responsible for the demise of 
the patients (4,5,20). 
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There are currently no effective medical therapies for AGS. 
Supportive measures can be offered for nonspecific complications 
including pruritus. Ursodeoxycholic acid, rifampin, or antihistamines 
generally improve pruritus in patients with AGS. Ultimately, these 
patients may need orthotopic liver transplantation as the disease pro
gresses toward end-stage liver disease. Children with severe pruritus but 
normal synthetic function may require biliary diversion as an alternative 
to liver transplantation (21). 

3.2. Progressive Familial Intrahepatic Cholestasis 
PFIC represents a group of autosomal recessive disorders noted by 

the onset of cholestasis in infancy or early childhood that persists 
throughout life and often leads to liver cirrhosis within the first decade, 
unless treated (22,23). Few patients have survived beyond the third 
decade oflife. There are three types ofPFIC (i.e., -1, -2, and -3) related 
to mutations in genes controlling the hepatocellular formation and 
transport of bile. Patients with PFIC-I and PFIC-2 present with low 
serum GGT; patients with PFIC-3 have high serum GGT. 

PFIC-I, also known as Byler's disease, was first described in Amish 
descendants of Jacob Byler (24). PFIC-I is characterized by low serum 
GGT, high serum bile salts, normal serum cholesterol, and low biliary 
chenodeoxycholic concentrations (25,26). Positional cloning studies 
have mapped the mutation for PFIC-l to the FIe1 gene, which lies on a 
19-cM region on chromosome 18q21-22 (27-30). FIe1 encodes a P-type 
ATPase (ATP8B1) involved in aminophospholipid transport from the 
outer to the inner leaflet of plasma membranes (30). Expression of FIe1 
has been found in a number of tissues including the intestine, liver, biliary 
tract, pancreas, and kidney. Mutations in FIe1, in addition to causing 
PFIC-I, have also been linked to many cases of benign recurrent intrahep
atic cholestasis (BRIC) and the cholestasis of Greenland Eskimos (31,32). 

The mechanism by which ATP8B1 defects lead to PFIC-I remains 
unknown. Dysfunctional bile acid excretion may be secondary to an 
altered lipid composition of the canalicular membrane of the hepatocyte. 
The farnesoid X receptor (FXR) may also playa role in the development 
ofPFIC-l. Loss of FIe1 alters the intestinal and hepatic bile acid trans
porter expression via diminished nuclear translocation of the FXR (32). 
Dysregulation of bile acid transporters could potentially enhance ileal 
uptake and reduce canalicular secretion of bile salts to cause cholestasis. 

Cases clinically similar to PFIC-I were subsequently reported in 
non-Amish families in populations in the Middle East, Greenland, and 
Sweden. Mapping and linkage analysis in six consanguineous Middle 
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Eastern families identified the causative gene locus on chromosome 
2q24 (33,34). This disorder was designated PFIC-2. The cause ofPFIC-2 
is a gene that encodes for an ATP-dependent human bile salt export 
pump (BSEP, ABCBII) on the canalicular membrane of hepatocytes. 
ABCBII (i.e., BSEP) is an ABC transporter formerly known as sister 
of P-glycoprotein (SPGP) (35). A variety of mutations (i.e., missense, 
nonsense, and deletional) have been identified in patients with PFIC-2 
to cause the functional disturbances in bile salt excretion resulting in 
cholestasis (36). In a study of 19 PFIC-2 patients, 10 lacked BSEP 
protein expression on the canalicular membrane (37). As such, 
immunolocalization may provide a future means of diagnosing PFIC-2 
in the appropriate clinical setting. 

There are several clinical differences between PFIC-l and PFIC-2. 
First, PFIC-l patients present with a relapsing course of cholestatic 
symptoms in the early stages of the disease. Second, patients with 
PFIC-2 have a more rapidly progressive course to fibrosis than those 
with PFIC-l. Third, liver biopsies in PFIC-l patients demonstrate a 
coarse granular bile and bland canalicular cholestasis. In contrast, 
PFIC-2 patients have amorphous or finely filamentous bile and neonatal 
hepatitis marked by inflammation with fibrosis and ductular prolifera
tion (27). Unlike Byler's disease, children with PFIC-2 do not have 
pancreatitis or watery diarrhea (38,39). 

PFIC-3 is characterized by high serum GGT and portal fibrosis with 
or without bile ductular proliferation (40,41). Cholestasis occurs 
exceedingly early and can progress rapidly in these patients with the 
onset of cirrhosis and hepatic failure ranging from the neonatal period 
to early adulthood (42,43). PFIC-3 is because of a mutation in the 
P-glycoprotein multidrug-resistance-3 (MDR-3) gene (i.e., ABCB4) 
on chromosome 7q21-36 (41). As such, this disorder is also referred 
to as MDR-3 deficiency disease. MDR-3 is a primary active export 
pump that belongs to the family of ABC transporters and is expressed 
on the canalicular membrane of the hepatocyte. The molecule functions in 
the translocation of phosphatidy1choline across the canalicular membrane. 
Consequently, PFIC-3 patients lack MDR-3 on the canalicular domain 
of the hepatocyte and have a significant decrease «15% of normal) in biliary 
phospholipid concentrations despite normal canalicular excretion of bile salts. 
Frame-shift and non-sense mutations of MDR-3 result in a truncated 
protein and seem to cause more severe disease than missense mutations 
which lead to a markedly reduced amount of MDR-3 mRNA (43). 

Similar to PFIC-2, MDR-3-deficient patients develop progressive 
liver disease characterized by portal inflammation, proliferation of bile 



110 Small and Lazaridis 

ducts, and fibrosis. Interestingly, histology also shows small bile 
duct obstruction. This observation may come as a result of diminished 
biliary phospholipids, which can destabilize micelles and promote 
lithogenic bile with crystallized cholesterol (44). Whether this 
instability of mixed micelles plays a role in the liver damage 
observed in patients with PFIC-3 is unclear. Injury to biliary epithelium 
may also result from direct and prolonged exposure to hydrophobic 
bile salts, which are normally offset by phospholipids in healthy 
individuals (45). 

Still further genetic heterogeneity in PFIC may exist. Several families 
with clinical and biochemical features consistent with PFIC-l or -2 do 
not have linkage to either 18q (PFIC-l) or 2q (PFIC-2). 

3.3. Benign Recurrent Intrahepatic Cholestasis 
BRIC is characterized by intermittent attacks of jaundice and 

pruritus separated by symptom-free intervals (46,47). Unlike PFIC, 
there is no permanent liver damage, no progression to cirrhosis, and 
no long-term complications of chronic liver disease (48-50). Attacks 
consist of a 2- to 4 -wk preicteric phase of malaise, anorexia, and 
pruritus, and an icteric phase lasting from 1 to 18 mo (46,51). Attacks 
result in the characteristic cholestatic liver enzyme panel except that 
serum OOT remains low (52). Surprisingly, liver biopsy shows no 
pathologic characteristics even during episodes. Clinical, laboratory, 
and histologic features of BRIC remain normal during the asympto
matic phase. Interestingly, BRIC has been mapped to the same 19-cM 
region of chromosome 18q21-22 as PFIC-l (28,53,54). In fact, Bull et al 
identified that mutations in FICl (ATP8Bl), the same gene affected 
in PFIC-l, can result in BRIC and that mutation type or location 
correlates with overall clinical severity (30). BRIC also bears the same 
autosomal recessive inheritance as PFIC-l. For some patients with 
progressive cholestasis it would be difficult to distinguish whether 
they suffer from PFIC-l or BRIe. As our methods to clinically identify 
and genetically characterize these patients improve, we will be in a 
better position to understand the pathogenesis of these syndromes. 

Recently, various mutations in ABCBl], the same gene affected in 
PFIC-2, have been shown to be associated with a distinct type of 
BRIC, now classified as BRIC type 2 (55). Of 11 patients with BRIC-2, 
none reported symptoms of pancreatitis, a known symptom of BRIC-l. 
BRIC-2 patients did, however, have a higher incidence of cholelithi
asis (55). Differences between BRIC type 1 and type 2 continue to 
be explored. 
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3.4. Dubin-Johnson Syndrome 
Dubin-Johnson syndrome is a rare autosomal recessive liver disorder 

characterized by chronic conjugated hyperbilirubinemia, normal GGT 
and liver transaminases. The syndrome has also been linked to a defec
tive bile canalicular membrane transporter for anion conjugates. Initial 
reports identified the transporter as canalicular multi specific organic 
anion transporter (cMOAT) encoded by the human gene MRP2 (ABCC2) 
located on chromosome lOq24 (56,57). This protein mediates ATP
dependent transport of a broad range of endogenous and xenobiotic 
compounds across the canalicular membrane of the hepatocyte. Defects 
in cMOAT may account for the impaired hepatobiliary transport of non
bile salt organic anions seen in patients with Dubin-Johnson syndrome. 
This is a rare syndrome with benign natural course. However, cases 
have been reported in which hepatocellular carcinoma was developed 
in the absence of other risk factors. 

3.5. Crigler-Najjar Syndrome 
Crigler-Najjar syndrome (CNS) is another rare genetic disorder 

resulting in chronic hyperbilirubinemia. 1\vo types of CNS have been 
identified and recognized to be clinically distinct. Both are caused by 
an autosomal recessive defect in the UGTlAi gene complex with over 
50 different mutations reported (58). This gene encodes for the enzyme 
uridine diphosphate (UDP) glycosyltransferase I family, polypeptide 
AI, known to conjugate bilirubin. In CNS type 1, there is complete 
absence of functional UGTIAI so the unconjugated hyperbilirubinemia 
is severe. In contrast, some functional UGTlAl activity is preserved in 
CNS type 2 (59). CNS type 1 and type 2 are further differentiated by 
their response to phenobarbitol. Phenobarbitol can significantly 
decrease serum bilirubin levels in CNS type 2 but has no effect on type 
1. Interestingly, UGTiAi is also affected in the more common Gilberts 
syndrome, which presents with an even milder hyperbilirubinemia than 
CNS type 2. The varying degrees of hyperbilirubinemia in these disorders 
demonstrate the remarkable functional heterogeneity of mutations in 
the UGTl Ai gene. 

3.6. Cholestasis-Lymphedema Syndrome/Aagenaes Syndrome 
AS is a very rare disorder representing the only known form of 

hereditary lymphedema associated with cholestasis. Initially reported 
in Norwegian families, this disorder has also been reported in children in 
other ethnic groups (60-67). AS demonstrates an autosomal recessive 
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mode of inheritance, but a reported case of mother-child transmission 
suggests it may instead be autosomal dominant (67). Although the 
mutation resulting in this familial cholestatic disorder remains unknown, 
the genetic locus, LCS1, has been mapped to chromosome 15q in a 
Norwegian kindred (68). A second genetic locus, suggesting genetic 
heterogeneity of AS, may exist in other ethnic groups (69). Patients 
with AS initially present with neonatal hepatitis, which later evolves 
into a chronic cholestatic condition and lymphatic disorder, particularly 
apparent in the lower limbs. It has been postulated that the pathogenesis 
of this condition is because of abnormal development of the hepatic 
lymphatics, though the underlying mechanism is not established. Initial 
cholestasis seems to resolve in early childhood, though recurrent bouts 
of cholestasis and lymphedema have been reported in adulthood (62). 
Long-term liver damage or portal hypertension associated with this 
disease is rare. 

3.7. Northern American Indian Cirrhosis 
NAIC is a severe autosomal recessive intrahepatic cholestatic disease 

first described in Ojibway-Cree children from northwestern Quebec 
(70). Retrospective studies suggest this disorder has a carrier frequency 
of 10% in the indigenous children of northwestern Quebec (71). 
Patients with NAIC typically present with neonatal conjugated hyper
bilirubinemia and transient neonatal jaundice. Biliary cirrhosis and portal 
hypertension may occur in up to 90% of patients (71). Serum amino
transferases, alkaline phosphatase, bile acids, cholesterol, and GGT all 
become elevated and persist despite resolution of neonatal jaundice. Light 
microscopy reveals giant cell hepatitis, biliary stasis, and neoductular 
proliferation. Notably, electron microscopy demonstrates widening 
of the pericanalicular microfilament cuff similar to changes seen in 
phalloidin intoxication (70). Whether this marked accumulation of 
actin-containing microfilaments is because of dysfunctional contractile 
proteins or secondary to cholestatic injury is not known. As such, the 
cause of cholestasis could either be attributed to dysfunctional canalicular 
motility, a cholangiopathic phenomenon, or both. Some insight may be 
provided by the recent mapping of the genetic locus to chromosome 
16q22. The defective gene was subsequently identified as a missense 
mutation in FLJ14728, conventionally called cirhin (72). The encoded 
protein is preferentially expressed in embryonic liver, predicted to 
localize to mitochondria, and contains structural motifs frequently 
associated with molecular scaffolds. However, the function of cirhin 
and its role in NAIC pathogenesis remains unknown. 
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3.B. Arthrogyposis Multiplex Congenita, Renal Dysfunction, 
and Cholestasis Syndrome 

ARC syndrome is an autosomal recessive multisystem disorder 
characterized by neurogenic arthrogryposis multiplex congenita, renal 
tubular dysfunction, and neonatal cholestasis marked by low GGT activ
ity (73-77). The neurogenic muscular atrophy is related to rarefaction 
of the anterior horn cells of the spinal cord. Affected infants generally 
die within the first year of life. Severe developmental delay, hypotonia, 
nerve deafness, poor feeding, microcephaly, and defects of the corpus 
callosum have been found in patients who survive infancy. Paucity of 
intrahepatic bile ducts and multinucleate transformation of hepatocytes 
have been reported as histologic features of ARC (76,77). These patients 
may also develop renal tubular cell degeneration with nephrocalcinosis. 
Indeed, ARC is not associated with any chromosomal abnormalities or 
defects in mitochondrial or peroxisomal metabolism (73). Instead, the 
disease has been mapped to a 7-cM interval on chromosome 15q26.1. 
Gissen et al recognized germline mutations in the gene VPS33B in 14 
kindred with ARC. The encoded protein is a homolog of a vacuolar 
protein sorting gene found in yeast and an important regulator of 
vesicle-to-target SNARE-dependent membrane fusion (78). 

4. CONCLUSION 
Owing to the advancement of genetic methodologies and molecular 

biology techniques we now have better understanding of the causes of 
rare cholestatic syndromes. These discoveries could form the foundation 
to elucidate the mechanisms of and devise novel therapies for less 
infrequent diseases of intrahepatic cholestasis. 
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Hepatitis of any etiology routinely presents with elevated transaminases. 
However, the presence of cholestasis should not necessarily rule out the presence 
of viral or alcoholic hepatitis. Hepatotropic viruses, such as hepatitis A, B, C, 
and E, can present with an elevated alkaline phosphatase and hyperbilirubinemia. 
Cytomegalovirus and Epstein-Barr virus infections may also present in this 
manner. Alcoholic hepatitis, often defined by an AST/ALT ratio of 2-3:1, can 
have cholestatic characteristics, as well. A careful clinical history, viral serologies, 
and, in some cases, a liver biopsy can clarify these disease states. 

Key Words: Cholestasis; hepatitis A; hepatitis B; hepatitis C; hepatitis E; 
fibrosing cholestatic hepatitis; cytomegalovirus; Epstein-Barr virus; immunosup
pression; liver transplantation; kidney transplantation; alcoholic hepatitis. 

1. INTRODUCTION 
Patients with viral hepatitis or alcoholic hepatitis routinely present 

with transaminase elevations. Those afflicted with one of the viral 
hepatitides may have transaminase levels in the thousands, whereas 
those with alcoholic hepatitis have an AST to ALT ratio of 2-3: 1. 
However, cholestasis may occur with either of these disease states. 
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Recognizing this variant may be the key to making a timely diagnosis 
and instituting appropriate therapy. 

2. CHOLESTATIC VARIANT OF VIRAL HEPATITIS 
Viral hepatitis routinely presents with markedly elevated transmi

nases, with cholestasis a less common finding. Among hepatotropic 
viruses, hepatitis A, B, C, and E can present with cholestasis. 
Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) have also been 
associated with cholestatic changes. Cholestatic variants of hepatitis 
A and E affect immunocompetent hosts, whereas those of hepatitis B, 
C, CMV, and EBV primarily occur in immunocompromised hosts (1). 
The cholestatic variant of viral hepatitis was first reported in 1937 by 
Eppinger, who described a syndrome characterized by prolonged 
jaundice and cholestasis (2). Subsequently, cases of cholestatic hepatitis 
were described, presenting with fever, intense pruritus, prolonged jaun
dice, and an elevated alkaline phosphatase (3-6). Owing to the lack of 
serologic testing at that time, the exact virus responsible for this variant 
was unclear (7). 

2.1. Hepatitis A 
Hepatitis A causes an acute hepatitis, often presenting as an anicteric 

and subclinical illness. Adults are more likely to present with an icteric 
hepatitis. The disease resolves without sequelae in most patients. In 
rare cases, fulminant hepatitis may develop. Other atypical manifesta
tions include a protracted hepatitis, relapsing hepatitis, and prolonged 
cholestasis (8-10). 

Cholestatic hepatitis A was first described in 1982 when hepatitis A 
was found to be associated with cholestatic laboratory abnormalities 
(11). Another study described six patients with pruritus, fever, anorexia, 
diarrhea, and weight loss, subsequently found to have acute hepatitis A 
based on the presence of IgM antibody to the hepatitis A virus (12). 
Serum bilirubin levels peaked at greater than 10 gldl, and the clinical 
course lasted at least 12 wk. In this study, five out of the six patients 
required hospitalization for supportive care; however, all patients 
recovered completely without sequelae. 

The prevalence of cholestatic hepatitis A is quite low. One study 
found prolonged cholestasis in 1-10% of cases (9,13-17). Patients with 
cholestatic hepatitis A present with significant jaundice, pruritus, weight 
loss, diarrhea, and fever persisting for several weeks after the initial 
presentation or with a relapsing hepatitis (8,12). Rare associations with 
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the cholestatic variant of hepatitis A include pancreatitis in children 
(18), cutaneous vasculitis and cryoglobulinemia (19), and toxic epidennal 
necrolysis (20). In rare instances, acute renal insufficiency is associated 
with cholestatic hepatitis A. Acute tubular necrosis, interstitial nephritis, 
or glomerulonephritis have been seen (21-27). Thirty-two patients with 
renal insufficiency associated with cholestatic hepatitis A have been 
described. In 29 of these patients, renal function returned to nonnal, only 
partial recovery of renal function was found in another, and 3 patients 
died resulting from other complications. In 19 (66%) patients, dialysis 
was necessary, whereas 2 required plasmapheresis. In the remaining 
11 patients, renal function recovered spontaneously with conservative 
treatment. Histological examination of the kidney in 17 cases revealed 
acute tubular necrosis in 9, glomerulopathies in 4, and interstitial 
nephritis in 3, with 1 failing to show any pathologic alteration (24). 

Typical laboratory abnonnalities of cholestatic hepatitis A include 
marked elevations of the serum bilirubin (often >10 mg/dl) and 
alkaline phosphatase (more than 2-3 times the upper limit of nonnal). 
In addition, the serum cholesterol may be elevated along with a minimal 
elevation of the AST and ALT. In most patients, the transaminases 
either decline abruptly or remain stable following the initial rise at 
the onset of the illness, whereas the serum bilirubin and alkaline 
phosphatase increase (12,28). Peak bilirubin levels are reached at or 
following the eighth week of the illness. Jaundice and pruritus may 
last for 12 wk or more. IgM anti-HAY antibodies persist during the 
period of prolonged cholestasis. This condition usually resolves spon
taneously and is followed by complete recovery. One study reported 
nine patients hospitalized with acute cholestatic viral hepatitis A. 
Jaundice lasted an average of 77 days (range: 30-120) and the total 
serum bilirubin concentration was a mean of 15.6 ± 10.8 mg/dl (range: 
3-32.9 mg/dl). IgM anti-HAY was present in the serum for 6.3 ± 5.5 mo 
(median: 4, range: 2-19). Histopathological examination of the liver 
was perfonned in six patients. Most showed intralobular cholestasis 
and portal tract inflammation associated with dystrophy and paucity 
of bile ducts (29). 

Marked centrilobular cholestasis is the most common histologic 
finding in cholestatic hepatitis A (12). In a series of 13 patients, 10 
biopsies showed moderate to severe cholestasis consisting of bile 
thrombi, cholestatic liver cell rosettes, and ductular transfonnation of 
hepatocytes. In six cases, abnonnal ductular epithelium was seen 
resembling the ductular lesion in septicemia, thought to be related to 
the accumulation of leukotrienes (30). 
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A short course of corticosteroids may accelerate the resolution of 
pruritus and malaise and lead to lower serum bilirubin levels (31). 
However, this approach was of no apparent benefit in one series (12) 
and may predispose to the development of the relapsing form of 
hepatitis A (8). The benefits should be strongly weighed against the 
risk when considering treatment with corticosteroids (32). The effect 
of ursodeoxycholic acid (UDCA) on acute viral hepatitis-related 
cholestasis has been studied . The study population consisted of 79 
patients with acute viral hepatitis (HBV: 43, HCV: 11, HAV: 15, HEV: 3, 
Non A-E: 7) randomized to UDCA for 3 wk or no treatment. No 
significant difference in mean percentage decreases in transaminases 
between treated and untreated patients was found. By contrast, 
cholestatic indexes decreased significantly more in patients treated 
with UDCA than in controls. This effect was more evident in patients 
with increasing alanine transaminase levels at admission (33). In 
light of this study, UDCA may be used for biochemical improve
ment; however, there is no effect on the course of the illness. 

2.2. Hepatitis B 
Fibrosing cholestatic hepatitis (FCH) is a severe form of hepatitis B 

(HBV) infection, usually seen in immunocompromised patients, such 
as liver allograft infection after liver transplantation for HBV or as a 
severe HB V reactivation induced by immunosuppression in patients 
with previously latent infection. In addition to liver transplant recipients, 
FCH has been reported in renal, heart, and bone marrow transplant 
recipients, AIDS patients, and other immunosuppressed patients with 
chronic HBV (34-39). 

Patients with FCH develop rapidly progressive liver failure. Without 
antiviral therapy, the condition is universally fatal within weeks of 
onset (40). In an initial description, FCH was characterized histo
logically by thin, perisinusoidal bands of fibrosis extending from portal 
tracts to surrounding plates of ductular-type epithelium, prominent 
cholestasis, ground-glass transformation, and ballooning of hepatocytes 
with cell loss and a mild mixed inflammatory reaction. This was 
associated with prolongation of the prothrombin time, development of 
encephalopathy, and rapid graft failure in all patients, the earliest being 
at 2.5 mo, with all allografts lost in 9.5 mo (41). FCH may be associated 
with a markedly increased rate of viral replication, with intracellular 
overexpression and massive accumulation of HBV antigens, resulting 
in direct cytopathic damage (42-4 4). 
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Antiviral therapy with lamivudine or adefovir is standard treatment 
for FCH. Retransplantation may be necessary; however, recurrent 
FCH in subsequent allografts has been described (37,41,45). FCH 
has been treated successfully with lamivudine but the high proba
bility of resistant mutants is a concern (46,47). However, since a 
direct cytopathic effect from rapid viral replication is the hallmark 
of FCH and escape mutants are usually replication deficient, FCH 
is rare in these patients. There are reports of FCH in patients with 
lamivudine-resistant HBV mutants. In such cases, a favorable out
come has been reported with the addition of adefovir, followed by 
retransplantation with adefovir and hepatitis B immunoglobulin 
prophylaxis (48-51). 

2.3. Hepatitis C 
Hepatitis C is associated with FCH following liver transplantation 

for hepatitis C and follows an aggressive course, similar to hepatitis 
B. This entity is characterized by early jaundice, cholestasis, and 
rapidly progressive fibrosis, leading to allograft loss within 3-6 mo 
of the transplant. Similar to hepatitis B-related FCH, FCH in hepatitis 
C also involves a direct cytopathic effect. Attempts at treatment with 
antiviral therapy and retransplantation lead to poor outcomes and 
usually fail (52-54). A case series of seven patients recommended 
indefinite treatment with IFN and ribavirin; however, additional 
studies with larger populations are needed before definitive recom
mendations can be made (55). 

Hepatitis C has also been associated with the vanishing bile duct 
syndrome (VBDS), typically seen with chronic rejection of a liver 
allograft. In some cases, however, VBDS has been reported to be 
secondary to increased hepatitis C replication in the absence of 
rejection and a sudden increase in HCV-RNA levels. Histologically, 
the syndrome is characterized by cytoplasmic vacuolar degeneration 
and epithelial nuclear irregularity in small interlobular bile ducts in 
early stages and by bile duct remnants and bile duct loss in late 
stages. It has been shown to develop 1-3 yr following the transplant. 
The clinical course is variable and may be associated with a high 
mortality. VBDS is not limited to liver allograft recipients. In one 
study of renal transplant patients with hepatitis C, progressive 
VBDS developed in two of four patients, resulting in liver failure. 
The other two showed marked improvement after withdrawal of 
immunosuppression (56). 
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2.4. Hepatitis E 
Hepatitis E virus (HEV) is an enteric virus usually associated with a 

self-resolving hepatitis. However, it may be fatal, especially in pregnant 
women. This disease is uncommon in the United States, except in the 
immigrant population. In rare instances, hepatitis E has been associated 
with cholestasis. Patients present with prolonged jaundice, pruritus, nau
sea, and lethargy. Laboratory abnormalities include marked elevations of 
the bilirubin and alkaline phosphatase, with milder elevations of the AST 
and ALT. A typical liver biopsy shows cholestasis with bile plugs in the 
canaliculi, feathery degeneration of hepatocytes and liver cell rosettes. In 
addition, lobular inflammation and fatty changes of the hepatocytes may 
be seen. Hepatitis E is usually self-limiting and may last 6 mo; however, 
it has been associated with liver failure in some reports (57). Specifically, 
fulminant hepatic failure and cholestasis has been described with fatal 
outcome in pregnant women infected with hepatitis E (58). 

In a study of 24 hepatitis E patients, hepatitis E was more commonly 
associated with protracted cholestasis as compared to hepatitis A (59). 
At day 7,92% of hepatitis E patients had hyperbilirubinemia (median 
level of bilirubin 11.2 g/dl, range 1.6-66.5 g/dl) as compared to 72% of 
hepatitis A patients (median level of bilirubin 5.3 g/dl, range 0.6-52.8). 
At 4 wk, 58% of hepatitis E patients continued to have hyperbilirubine
mia (median level of bilirubin 5.3 g/dl, range 1.3-41.7 g/dl) as compared 
to 32% of hepatitis A patients (median level of bilirubin 2.4 g/dl, range 
0.9-56.8 g/dl). However, the study based cholestasis on levels of 
bilirubin, with no mention of the alkaline phosphatase levels. Supportive 
treatment is recommended. 

2.5. Cytomegalovirus 
FCH because of CMV is more common in immunosuppressed 

patients with clinical and histological characteristics similar to those 
described above. A decrease in immunosuppressive treatment usually 
leads to improvement. Treatment with ganciclovir has also been 
advocated, but is associated with a variable response (35,60~2). A 
renal transplant recipient with cholestasis and the rapid development 
of liver failure and fatal outcome has been described. FCH was present 
histologically and acute CMV serologies were positive (61). 

2.6. Epstein-Ba" Virus 
Hepatic involvement with EBV is usually associated with mild 

transaminase elevations; however, it may also present as an acute 
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cholestatic hepatitis (63). Most patients present in their teens to 
twenties with fever, jaundice, and splenomegaly. Laboratory abnor
malities include mild elevations of the AST and ALT. Total bilirubin 
is usually elevated significantly, at times more than 10 mg/dl, along 
with significant elevations of the alkaline phosphatase. Patients have 
positive serology for acute EBV infection. Liver biopsy is not required 
to establish the diagnosis; however, lymphocytic infiltration, granuloma 
formation, and centrilobular cholestasis with minimal hepatocyte 
involvement are seen (64). The disease follows a self-limited course 
with spontaneous recovery in weeks and no treatment is indicated; 
however, one death has been reported from accelerated liver failure 
(65-79). 

3. CHOLESTATIC VARIANT 
OF ALCOHOLIC LIVER DISEASE 

The association of alcoholic liver disease and cholestasis was 
first described by Mallory in 1911. He identified focal bile stasis as 
one of the features of alcoholic liver injury (80). Subsequent studies 
showed the association of histologic cholestasis and jaundice with a 
poor prognosis (81,82). Later studies established specific parameters 
with a poor prognosis in alcoholic liver disease. Malnutrition, an 
increased BUN and creatinine, the presence of encephalopathy, hyper
bilirubinemia, and a prolonged prothrombin time are all markers of a 
poor outcome. Of these, a marked elevation of serum bilirubin levels, 
along with a prolonged prothrombin time, has been consistently shown 
to identify a subgroup of patients with a poor prognosis (83-85). 
Maddrey's discriminant function (OF) identified patients with severe 
disease based on the prothrombin time and bilirubin (83). The OF in 
its current modified form is calculated by: DF=4.6x[prothrombin time 
(s)-control prothrombin time (s)]+total bilirubin level (mg/dl) (84). 
Patients with a OF greater than 32 have a I-mo mortality level of 
35-45% whereas those with a OF<32 have a I-mo mortality level of 
0-10% (84,86,87). Although hyperbilirubinemia is frequently 
observed in alcoholic liver disease, histologic cholestasis is an uncom
mon finding. In a study of 36 patients with biopsy-proven alcoholic 
hepatitis, histological cholestasis was only present in 14 (38%) (88). 
Another study of 306 chronic male alcoholics revealed 67 patients 
(22%) with moderate to severe cholestasis. In this study, the presence 
of histologic cholestasis was associated with a poor prognosis. 
Patients with alcoholic hepatitis and mild to absent cholestasis on liver 
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biopsy had a 54% survival rate at 60 mo, whereas only 22% of patients 
with moderate to severe cholestasis survived (89). 

4. SUMMARY 

Cholestatic variants of viral and alcoholic hepatitis are commonplace. 
Recognition of these variants may be crucial to the timely diagnosis 
and therapy of these disease states. 
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Cholestasis frequently results from systemic disorders in which the hepatic 
involvement is secondary or indirect. The objective of this chapter is to review 
major systemic conditions that are associated with cholestasis in terms of epi
demiology, pathophysiology, presentations, and possible treatment. Conditions 
will be discussed in terms of the likely anatomic level of involvement e.g. at the 
level of the canaliculus, the intralobular ductules, and large intrahepatic bile 
ducts, emphasizing and highlighting common aspects of the pathophysiology of 
several of these processes. 
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1. INTRODUCTION 
As detailed in the preceding chapters, predominantly hepatic 

processes such as infection by hepatotrophic viruses, poisoning by 
hepatotoxins, autoimmune liver disease, and biliary genetic disorders 
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result in cholestasis as part of the primary pathophysiology. By contrast, in 
many systemic disorders hepatic involvement is secondary or indirect yet 
manifests with varying degrees of cholestasis. The aim of this chapter is to 
review the epidemiology, pathophysiology, manifestations, and appropriate 
therapies of the major systemic conditions that are associated with cholestasis. 

Conditions to be discussed will include processes that disrupt the 
concentration of bile contents within biliary canaliculi such as sepsis, 
hyperestrogenic states, and congestive heart failure; processes that 
predominantly disrupt bile flow within intralobular ductules such as 
sarcoidosis, cystic fibrosis (CF), and portal metastastic disease; and 
finally processes that disrupt bile flow in large intrahepatic bile ducts. 
Paraneoplastic cholestasis (Stauffer's syndrome), a rare cause of chole
stasis associated with extrahepatic malignancy, will also be discussed. 

2. CHOLESTASIS RESULTING FROM IMPAIRED 
CANALICULAR FUNCTION 

Bile formation is a highly ordered process incorporating the active 
movement of solutes across a polarized membrane in hepatocytes (1). 
This is characterized by the stepwise movement of bile salts, inorganic, 
and organic solutes via transmembrane protein transporters across the 
canalicular surface (1,2). Canalicular cholestasis results from disruption 
of the number and/or function of hepatocyte protein transporters. 
Certain systemic aberrancies such as sepsis, hyperestrogenemia, and 
congestive heart failure disrupt bile synthesis causing clinical 
cholestatic syndromes. 

2.1. Cholestasis of Sepsis 
Despite the lack of direct liver involvement, extrahepatic bacterial 

infections may indirectly result in liver dysfunction. This condition, designated 
the cholestasis of sepsis, often manifests with jaundice and associated 
elevations in serum bilirubin, alkaline phosphatase, and 'Y-glutamyl 
transpeptidase levels (3,4). Mild cholestasis may occur very early in the 
course of systemic infections, preceding bacteriologic diagnosis in up to a 
third of patients (4). Experimental models demonstrate the impairment of 
bile acid transport from the effects of bacterial lipopolysaccharide (LPS) 
endotoxins. Released into the portal or systemic circulation, LPS directly 
stimulates hepatic macrophages to produce inflammatory mediators such 
as tumor necrosis factor, interleukin-l, interleukin-6, and nitric oxide (5). 
These mediators alter the expression of various bile transport proteins 
within hepatocyte (5-9). 



Chapter 8 I Cholestasis in Systemic Disorders 137 

The diagnosis of cholestasis of sepsis is generally made clinically after 
exclusion of extrahepatic obstruction. Liver biopsy, if obtained, reveals bland 
cholestasis ("cholestasis leota") characterized by dilated cholangioles wi1h 
bile plugs wi1hout associated inflammation or hepatocyte injwy (10). Other 
nonspecific pathologic findings include mild portal mononuclear infiltrate, 
fatty changes, or Kupffer cell hyperplasia (11,12). Treatment is supportive, 
including management of the underlying septic state with directed antimi
crobial therapy and hemodynamic stabilization. In experimental models, 
dexame1hasone attenuates 1he effect of LPS on rnRNA levels of transporters, 
subcellular distribution of transporters, and solute excretion (9) suggesting 
a theoretical role for corticosteroid therapy in cholestasis of sepsis. 

2.2. Estrogen-Mediated Cholestasis 
An association between oral contraceptive (OCP) use and 

cholestasis was first appreciated in the 1960s (13-15) with subsequent 
recognition of intrahepatic cholestasis of pregnancy (ICP) (15). Studies 
in small animal and in vitro models have confirmed that estrogens 
inhibit the bile acid-independent component of bile flow as well as by 
altering bile salt excretion (15). Estrogen also directly inhibits bile salt 
transport by canalicular vesicles via interactions with proteins such as 
the bile salt export pump (BSEP) and Mrp2 (16-18). 

ICP, the most common hepatic disease associated with pregnancy, 
is a usually benign disorder associated with pruritus and cholestatic 
liver enzyme abnormalities during the second and third trimester of 
pregnancy. These manifestations resolve within 2-3 wk postpartum. 
Ten percent of patients develop jaundice (19). Whereas liver biopsy is 
rarely required for diagnosis, the characteristic histological feature of 
ICP is cholestasis with bile plugs localized to zone 3 (20). 

ICP tends to cluster in kindreds and in particular regions such as 
Chile, Bolivia, and Sweden (15) suggesting a genetic predisposition 
to the effects of estrogen on biliary transport. Investigation into the 
role of mutations in biliary transport-related genes has shown that up 
to 15% of cases are associated with heterozygosity for mutations in 
the ABCB4/MDR3 bile acid transporter gene (21-25). Mutations in 
other bile acid transporters such as FIC1 (22,26,27) and BSEP (22) 
have also been implicated. As a consequence of its relationship to 
hormone levels and genetics, ICP recurs in 60-70% of subsequent 
pregnancies (19). 

Whereas maternal peripartum morbidity and mortality are not signifi
cantly altered, ICP is associated with an increased rate of fetal prematurity 
and death (28). Despite the resolution of cholestasis after delivery, patients 
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remain at increased lifetime risk of gallstones and gallstone-related 
complications (29). 

Treatment with ursodeoxycholic acid (UDCA) has been shown to 
reduce pruritus, improve liver-associated enzymes, (28,30-39), and 
to improve fetal outcomes (31,38). Agents such as S-adenosylmethionine 
(33) and cholestyramine (31), either alone or in combination with 
UDCA, have proven less effective than UDCA. Therefore, UDCA is 
widely considered the primary treatment modality for ICP. 

2.3. Cholestasis Resulting from Hepatic Congestion 
Whereas cardiogenic shock is associated with ischemic liver injury 

characterized by markedly elevated, rapidly normalizing aminotrans
ferase levels during the recovery phase, chronic heart failure is fre
quently associated with predominantly cholestatic liver enzyme 
abnormalities (40-44). These abnormalities are often associated with 
more severe heart failure (45,46) and increased cardiac mortality 
(43,44). Laboratory studies typically reveal a mild-to-moderate elevation 
in total bilirubin, (predominantly unconjugated), mild alterations in 
serum aminotransferase levels, prominent elevation in y-glutamyl 
transferase, and moderate increases in alkaline phosphatase (43). There 
may also be modest prolongation of the prothrombin time. Prolonged 
passive congestion of the liver can lead to pericentral fibrosis with even
tual central--central bridging fibrosis (42), termed cardiac sclerosis. 

The underlying mechanism by which heart failure causes cholestasis is 
poorly understood. Whereas it has been speculated that a relative sen
sitivity of the bile ducts to chronic hypoperfusion could be responsible 
(40,42,43), a study of congested hepatocytes under electron microscopy 
suggests that increases of intrasinusoidal pressure might disrupt the zonula 
occludens between neighboring hepatocytes. This creates a shunt between 
the canaliculus and the sinusoid allowing efflux of bile contents back into 
the systemic circulation (40). These findings require confirmation, but 
provide a simple yet elegant explanation for this· phenomenon. 

2.4. Paraneoplastic Cholestasis (Stauffer'S Syndrome) 
Paraneoplastic cholestasis, first described by Stauffer in 1961 in a 

patient with renal cell carcinoma (47), is characterized by elevations 
in alkaline phosphatase often with jaundice and pruritus in the absence 
of biliary obstruction or evident hepatic metastases (48-52). An asso
ciation with abnormal prothrombin times because of low-grade dis
seminated intravascular coagulation has been reported (53). 
Histological series demonstrate a nonobstructive sinusoidal dilation of 
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unclear significance in some patients with Stauffer's syndrome (54). 
Typically, surgical resection or other treatment of the primary tumor 
leads to resolution of cholestasis (48,49,51,55). The pathogenesis of 
paraneoplastic cholestasis remains unclear but inflammatory cytokines 
such as interleukin-6 (56,57) and interleukin-l~ (58) have been impli
cated. In vitro, these cytokines alter expression of hepatocyte bile 
acid transporters (59,60) and therefore this condition most likely shares 
pathophysiological features with the cholestasis of sepsis. Therapeutic 
blockade of interleukin-6 led to attenuation of cholestasis in one series 
(56), strengthening the pathological role of inflammatory cytokines in 
this disorder. Although most commonly associated with renal cell car
cinoma (48-50,56,61), Stauffer's syndrome has been reported with 
prostate adenocarcinoma (55,62), pheochromocytoma (58), medullary 
thyroid cancer (63), and systemic mastocytosis (64). 

3. CHOLESTASIS RESULTING FROM OBSTRUCTION 
OF SMALL INTRAHEPATIC BILE DUCTS 

As bile exits the canaliculus, it enters the larger terminal bile ductules 
and subsequently into a network of interlobular bile ducts (65). These 
interlobular ducts run adjacent to portal vein branches and are therefore 
sensitive to systemic processes that cause inflammation in or invade 
portal tracts. 

3.1. Sarcoidosis 
Sarcoidosis, a multi organ disorder characterized by the presence of 

noncaseating granulomas within various organs, primarily causes lung 
disease but may affect any solid organ. The disease affects persons of 
all ethnicities and ages but the highest incidence rates are noted in African
American women aged 30-39 yr (66). The pathophysiology, while not well 
understood, is thought to involve an aberrant host immune response to an 
unknown, possibly environmental, antigen in a predisposed host (67). 
Subsequently, macrophages and lymphocytes are activated under the 
influence of inflammatory cytokines, convert into epitheliod histio
cytes, organize into clusters, and form noncaseating granulomas (68) 
which destroy the underlying parenchyma. Recent case reports of de novo 
sarcoidosis following treatment for chronic hepatitis C (69,70) suggest 
that interferon-alpha may also initiate sarcoidosis lesions in the liver. 

The presence of sarcoid granulomas in the liver occurs in approxi
mately 75% of cases of systemic sarcoidosis (71-73). For unknown 
reasons, granulomas of sarcoidosis preferentially form within portal 
triads (74,75) but can also occur in the parenchyma (76). Progressive 
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accumulation of portal and periportal granulomas eventually results 
in destruction of the interlobular bile ducts which eventually leads to 
a chronic cholestatic syndrome in a minority of patients (75,77). Less 
commonly, sarcoidosis involves (78), larger intrahepatic ducts causing a 
primary sclerosing cholangitis (PSC)-like presentation (79,80), or 
causes acute liver failure because of sarcoid vasculitis-induced 
Budd-Chiari syndrome (81,82). In cholestatic patients, serum 
chemistries typically demonstrate an elevated alkaline phosphatase 
(2-30 fold), moderately elevated total bilirubin, and aminotransferase 
levels, increased cholesterol, and mild hyper-gammaglobulinemia (78). 
Histology usually reveals noncaseating granulomas, bile plugs, and 
varying degrees of bile duct destruction (74,78). Advanced cases will 
reveal severe ductopenia, cirrhosis, and in some cases dense periportal 
fibrosis similar to PSC (74,78,83). 

Early symptomatic hepatic sarcoidosis is clinically similar to pri
mary biliary cirrhosis (PBC) with or without manifestations of noncir
rhotic portal hypertension (78,84 -87). Although steroid therapy is the 
mainstay of treatment for pulmonary sarcoidosis, little data exist to 
validate or disprove their benefit in hepatic sarcoidosis. Whereas indi
vidual case series suggest that liver enzymes may improve (88-90), 
others suggest that these improvements do not alter the natural history 
ofthe disease (91,92). Other therapies reported to have anecdotal effi
cacy include UDCA (93), chlorambucil (94), and chloroquine (95). 

In advanced cases complicated by decompensated cirrhosis or 
refractory complications of portal hypertension, liver transplantation 
may be required (96-99). Although uncommonly necessary, survival is 
excellent. In one single-center series, 0.3% of adult liver transplants were 
performed because of hepatic sarcoidosis with a 100% one-year and 
86% five-year survival (97). Whereas the immunosuppression required for 
liver transplantation would be expected to suppress granuloma formation, 
cases of recurrent sarcoid manifestations requiring corticosteroids 
have been described (96,98). 

3.2. Cystic Fibrosis 
CF is an autosomal recessive disorder that affects 1 in 2000 Caucasian 

children. CF is characterized by mutations in the cystic fibrosis trans
membrane conductance receptor (CFTR), a chloride channel critical for 
transport of electrolytes in various organs, including the liver and biliary 
tree. The pathogenesis of liver disease in CF is characterized by the 
accumulation of mucinous secretions within intrahepatic bile ducts 
lined by biliary epithelium, the primary cell type shown to express 
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CFfR (100). It has been traditionally thought that focal obstruction 
incites inflammation which induces bile ductular proliferation and 
fibrosis (101-104). The role of obstruction and inflammation in this 
process has recently been questioned (100). Direct toxicity of bile salts 
to biliary epithelial cells has been proposed as an alternative explana
tion (100). 

Approximately 25- 41 % of CF patients develop clinically apparent 
hepatobiliary disease (105-107) with a peak prevalence at approximately 
age 12 (107). Disease manifestations include neonatal cholestasis, fatty 
infiltration of the liver, and biliary obstruction from inspissated secretions. 
Eventual biliary cirrhosis with an incidence of approximately 4.5% per 
year of CF-related liver disease may develop (105). CF patients with 
biochemical evidence of liver disease are generally treated with high-dose 
UDCA, a therapy that has been shown to improve liver enzymes and 
stabilize disease in studies reporting up to 10 yr of follow-up 
(108-114). CF-related liver disease is an infrequent indication for liver 
transplantation. A study of 10 pediatric liver transplantation patients, 
which comprised 3.5% of the overall transplant population at a large 
US pediatric transplant center, demonstrated high mortality (40%) in the 
first 2 yr after transplantation because of pulmonary complications (115). 
Given the special cardiopulmonary problems of the CF population, 
some experts strongly favor medical and endoscopic therapies for 
portal hypertension (116,117). 

3.3. Rheumatologic Disease 
The incidence of cholestatic liver enzyme abnormalities in rheumatoid 

disorders is highly variable, with elevations of alkaline phosphatase noted 
in up to 62% of polymyalgia rheumatica patients (118), 6 to 45% in 
rheumatoid arthritis (RA) (119-123), and up to 42% Felty's syndrome 
(124,125). The cause of cholestatic liver enzyme abnormalities in these 
conditions is poorly characterized, but nonspecific portal inflammation 
has been shown to occur frequently in RA (126). Whereas symptomatic 
cholestasis is rare in most rheumatologic disorders, concomitant PBC 
develops in 1-15% of patients (119,127). In this setting, UDCA effectively 
treats the PBC-related cholestasis but has no effect on the primary autoim
mune disorder (128). 

Cholestasis may also result from therapies for rheumatologic 
conditions. For example, prolonged cholestasis with ductopenia has 
been observed following the use of gold salts for the treatment of RA 
(129-131). Drug-induced cholestasis has also been implicated with 
D-penicillamine (132,133) and sulfasalazine therapy (134). 
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3.4. Extrahepatic Malignancies 
that Obstruct Small Intrahepatic Ducts 

Whereas malignancies such as melanoma, breast, lung, and colon 
cancer often metastasize to the liver and establish focal lesions that 
disrupt bile flow, infiltrating malignancies such as Hodgkin's disease 
(HD) and non-Hodgkin's lymphoma (NHL) result in cholestatic 
disease by obstructing small interlobular ducts (135,136). Liver 
involvement with these malignancies is common, occurring in 
11-80% of HD patients undergoing diagnostic laparotomy (137-139) 
and in 24 - 40 % of NHL cases (138,140,141). HD in particular is 
associated with progressive inflammatory lesions within portal tracts, 
eventually resulting in ductopenia (also known as vanishing bile duct 
syndrome) (142-148), Which is associated with a dismal prognosis 
(142,143,148). Whereas HD rarely obstructs the extrahepatic biliary 
system by enlarged porta hepatis lymph nodes (149), extrahepatic 
obstruction is the most commonly reported source of jaundice in NHL 
(150). By contrast, chronic intrahepatic cholestasis related to NHL is 
not reported, possibly because of a more aggressive and fulminant 
course of hepatic NHL (151-153). 

3.5. GVHD 
Graft versus host disease (GVHD), one of the primary complications 

of allogeneic hematopoietic stem cell transplantation, frequently involves 
the liver resulting in acute and chronic cholestatic disease. In animal 
models, GVHD appears to be mediated by influx of CD8+ T cells into 
portal tracts resulting in nonsuppurative destructive cholangitis (154). In 
human series, bile ductulitis evolves from 35 to 90 d posttransplant, 
after which point biopsies begin to show portal fibrosis and bile duct 
loss (155). Significant acute GVHD, which occurs in 35-50% of allo
geneic BMT patients (156,157), involves the liver in approximately 
25% of patients [1581 with elevations in alkaline phosphatase and 
bilirubin. In approximately one-third of cases, there may also be asso
ciated marked increases in aminotransferase levels (157,159). Acute 
hepatic GVHD usually resolves with immunosuppressive therapy, but 
progresses to chronic hepatic GVHD in a subset of patients (160,161). 
Chronic GVHD, a chronic cholestatic syndrome, shares many clinical 
and pathological features with PBC (162), raising interest in common 
pathophysiological mechanisms (163,164) and therapeutic agents 
(165). Despite that 60-80% of BMT patients develop some degree of 
chronic GVHD (156,161,166,167), progressive liver fibrosis and evo-
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lution to cirrhosis is fairly uncommon. When cirrhosis occurs, it is 
usually because of coincident chronic viral infection (168). 

4. CHOLESTASIS RESULTING FROM OBSTRUCTION 
OF LARGE INTRAHEPATIC BILE DUCTS 

Various systemic conditions lead primarily to structuring of large 
intrahepatic and extrahepatic bile ducts resembling PSC. AIDS cholangio
pathy and floxuridine (FUDR)-induced biliary injury will be discussed 
briefly as examples. 

4.1. AIDS Choiangiopathy 
AIDS-related cholangiopathy, a consequence of underlying oppor

tunistic infections of the biliary epithelium, presents with fever, right 
upper quadrant pain, and elevation in alkaline phosphatase associated 
with CMV and cryptosporidium infections (169,170). Three-quarters 
of patients have abnormal cholangiograms with biliary lesions such as 
sclerosing cholangitis, papillary stenosis, and/or extrahepatic strictures 
(171,172). Histologically, AIDS cholangiopathy is characterized by a 
periductal mixed inflammatory infiltrate and ductal dilatation (170). 
Because of the advanced stage of AIDS at the time of development of 
this complication, the prognosis remains poor despite temporizing 
interventions such as endoscopic retrograde cholangiopancreatography 
(ERCP) and antimicrobial therapy (173). 

4.2. Iatrogenic Sclerosing Choiangiopathy 
Starting in the mid-1980s, intrahepatic arterial infusion of chemo

therapeutic agents such as floxuridine (FUDR) was employed for the 
treatment of focal colorectalliver metastases (174 -176). FUDR infusion 
resulted in an ischemic ductal injury, with the formation of strictures 
limited to the large intrahepatic ducts with a relative sparing of the com
mon bile duct (177). On cholangiography, FUDR-related injury resem
bled PSC with large duct involvement (178-180). Biliary stenting after 
FUDR infusions can relieve some degree of obstruction but often can
not address all of the affected small biliary radicles (176) resulting in 
chronic cholestatic disease. 

5. SUMMARY AND CONCLUSION 
Many disorders profoundly alter biliary function and induce 

cholestatic syndromes. These effects range from disruption of function 
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of the smallest bile canaliculi to obstruction of bile ducts of all sizes 
within the liver. In general, canalicular cholestasis results from 
inflammatory or hormonal mediators which cause alteration in bile acid 
transporter expression or function. Genetic variations in bile salt trans
port proteins may impact the expression of disease, and therapeutic 
reduction of the precipitating mediator, e.g., antimicrobial therapy, 
tumor debulking, partuition, leads to clinical resolution. By contrast, 
systemic diseases that affect small intralobular and larger intrahepatic 
bile ducts tend to resemble PBC and PSC clinically, histologically, 
and often radiologically. These conditions unfortunately tend to be 
destructive and progressive. 
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It is important to recognize the complications of cholestasis in patients with 
chronic cholestatic liver disease because of their prevalence and their pre- and 
post-transplant implications. Understanding and treating these conditions can 
result in a significant impact on morbidity and quality of life in this group of 
patients. Most of what is known is based on small studies of patients with primary 
biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC), which is then 
extrapolated to patients with other cholestatic diseases. This section will review 
the pathophysiology and management of osteoporosis, pruritus, dyslipidemia, 
and vitamin deficiencies. 

Key Words: Cholestasis; pruritus; osteoporosis; vitamin deficiency; dyslipi
demia. 

1. OSTEOPOROSIS 

1.1. Prevalence 
Osteoporosis occurs in cirrhosis of all etiologies, not just cholestatic 

liver disease (1). The severity of osteoporosis varies according to the type, 
severity, and progression of the underlying liver disease. The preva
lence of osteoporosis in end-stage primary biliary cirrhosis (PBC) 
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patients is 41 % with fractures occurring in 21 % of these patients (2). 
Similarly, the prevalence of osteoporosis in primary sclerosing cholan
gitis (PSC) is 32% with fractures occurring in 16% of these patients (3). 
The prevalence of osteoporosis is higher in patients with stage III and 
IV disease than stage I and II disease (2-4). Children with chronic 
cholestasis also develop osteopenia proportional to disease severity and 
progression (5). 

Following liver transplantation, there is a rapid loss of bone during 
the first 3-6 months, which is believed to be related to the immunosup
pressive medications and catabolic state in the peri-transplantation period 
(6). Sometime during the first 4 mo, bone formation rates begin to 
increase; but they do not overtake the increased rate of bone resorption 
(4) until approximately 12-24 months post-transplantation, when a 
gradual increase in total bone mass is noted (6). The incidence of post
transplant fractures is as high as 30-40% in cholestatic patients (7). 
Patients at highest risk for post-transplant complications are those 
with a low pre-transplant bone mineral density (BMD) and a previous 
history of fracture. Thus, it is imperative to identify and aggressively 
manage osteopenia and osteoporosis in pre-transplant patients with 
chronic cholestatic liver disease. 

1.2. Pathophysiology 
Osteoporosis in cholestatic patients is believed to be multifactorial. 

Older age, higher Mayo risk score, lower body mass index, and advanced 
histological stage are all independent risk factors for osteoporosis in PBC 
patients (8). Although menopausal status is the most common risk factor 
for osteoporosis in the general population, it does not confer a measurable 
added risk of osteoporosis to the factors listed above in PBC patients (8). 

Both increased resorption and decreased formation of bone contribute 
to the development of osteoporosis in cholestatic patients (9). Although 
levels of 25-0H vitamin D are low in these patients, the ability to 
hydroxylate vitamin D (10) and hence the level of 1,25-0H2 vitamin D 
(11) are usually normal. The level of 25-0H vitamin D can rapidly be 
corrected with oral supplementation (12); however, osteoporosis still 
progresses (13). Moreover, calcium and vitamin D supplementation, 
even in the presence of vitamin D deficiency, does not reliably improve 
lumbar spine BMD in patients with PBC (14). Thus, bone disease in 
cholestatic patients is not likely solely because of 25-hydroxylate or 
1,25-hydroxylate vitamin D deficiency (11). 

Specific polymorphisms of the vitamin D receptor (Bsml BB 
genotype) and estrogen receptor alpha (Pvull and XbalPp) are found 
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more frequently in patients with PBC. However, no association has 
been found with BMD, bone mass, or risk of vertebral fracture (15,16). 
Thus, it is unlikely that these polymorphisms are instrumental in the 
pathogenesis of BMD in these patients. 

Osteocalcin, a protein thought to promote normal bone mineralization, 
is synthesized by osteoblasts and is dependent on vitamin K for its 
'Y-carboxylation. Osteocalcin-knockout mice develop severe osteopenia. 
Thus, vitamin K has been proposed as a potential therapy for cholestatic 
osteoporosis. Vitamin K supplementation enhances osteocalcin accu
mulation in the extracellular matrix of osteoblasts (17). It also inhibits 
osteoclast differentiation and induces osteoclast apoptosis (18). 
Vitamin K therapy also slows the progression of bone loss seen in 
cholestatic patients (19,20). 

Vnconjugated bilirubin may have a direct impact on bone metabolism. 
Patients with cholestatic liver disease have low markers of osteoblastic 
activity when compared to the normal population. When serum from 
these patients is added to that of normal patients, markers of osteoblastic 
activity also decrease. This effect is dose dependent. If the serum from 
cholestatic patients is photobleached, a process whereby unconjugated 
bilirubin is removed from the plasma, the effect on osteoblastic activity 
is abrogated (21). Therefore, bilirubin probably has a direct, negative 
impact on osteoblastic activity, which may account for part of the corre
lation between the severity of cholestatic liver disease and the degree 
of osteoporosis. 

1.3. Therapy 
There are no randomized controlled trials sufficiently powered to 

demonstrate the prevention of fractures in cholestatic liver disease with 
therapy. Published recommendations are based on changes in BMD 
alone as a marker of efficacy and, thus, should be taken with prudence 
(Table 1). The American Association for the Study of Liver Diseases 
recommends beginning screening for osteoporosis in PBC patients at 
the time of diagnosis of cholestatic liver disease and repeating BMD 
exams every 1-2 yrs. Treatment can then be initiated if T-score ~-2.5, 

Z-score ~-1.5, or as clinically indicated. 
The National Institute of Health guidelines suggest calcium supple

mentation of 1000 mg/d for all adults and 1500 mg/d for those at risk 
for osteoporosis and vitamin D supplementation of 800 IV/d for all 
adults and 50,000 IV given 2-3 times per week for those found to be 
deficient or at risk for osteoporosis. Although the ability of calcium and 
vitamin D supplementation to prevent deterioration of BMD in cholestatic 
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Table 1 
Treatment Options for Osteoporosis 

Calcium 1500 mg/d 
Alendronate 70 mg/wk 
Honnone replacement therapy various* 
Fluoride 50 mg/d 
Vitamin K (phytonadione) 1 mg/d 

Patil and Mayo 

*Transdennal estradiol 50 ~g/d two times per week+ 
medroxyprogesterone 2.5 mg/d; other regimens have been 
studied and are presumed to be equally efficacious. 

patients with osteoporosis has not been clearly demonstrated, it is safe, 
inexpensive, and reasonable to use as a preventative measure. 

Estrogen supplementation is safe and effective for long-term use 
in cholestatic patients in improving total body BMD without causing 
significant changes in the liver function tests (14,22,23). Newer agents 
useful in the treatment of conventional osteoporosis have yet to be 
proven effective in cholestatic patients with bone disease. Specifically, 
further studies are needed with respect to selective estrogen receptor 
modulators. In the MORE trial in noncholestatic, postmenopausal 
women with osteoporosis, raloxifene (a selective estrogen receptor 
modulator) in combination with calcium and cholecalciferol increased 
BMD in the spine and femoral neck and reduced the risk of vertebral 
fracture (24). Raloxifene has been tested in a pilot study of nine PBC 
subjects with promising improvements in BMD (25). Selective estrogen 
receptor modulating agents may eventually have a role in cholestatic 
patients, but further studies targeting cholestatic patients are needed. 

Sodium fluoride stimulates bone formation, and it prevented bone 
loss in a 2-year, prospective, double-blind trial of PBC patients (26). 
Though very effective at preventing bone loss and reducing the risk of 
fractures, side effects of severe dyspepsia limit its use. One randomized 
trial compared cyclical etidronate, a bisphosphonate, to fluoride and 
showed etidronate to be better tolerated and more effective than fluoride 
at preventing bone loss in PBC (27). However, a subsequent random
ized controlled trial of etidronate in PBC subjects with established 
osteopenia (T-score < -2.0) found that etidronate was no more effective 
than placebo (28). 

Alendronate, another bisphosphonate, effectively increases bone mass 
and has a greater antiresorptive power when compared to etidronate and 
is associated with minor to no side effects (29,30). The theoretical risk 
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of inducing variceal hemorrhage has not been shown to occur in clini
cal studies involving 33 patients with PBC. 

There are several medications available for the treatment of post
menopausal osteoporosis which have not shown efficacy in trials of 
cholestatic patients. For example, parenterally administered calcitonin 
did not stop the progression of bone disease in a cohort of PBC subjects 
(31). Another study evaluating subcutaneous calcitonin therapy given 
during the first 6 mo after liver transplantation showed that calcitonin 
did not prevent or reduce accelerated bone loss or spontaneous fractures 
(32). Though there are trials showing benefit from PTH in patients with 
postmenopausal osteoporosis, (33) there are no trials with PTH in 
patients with cholestatic liver disease. 

Vitamin K derivatives, phytonadione and menaquinone, may be 
quite effective for the prevention and treatment of osteoporosis resulting 
from cholestasis (34). A randomized, control trial showed a higher 
BMD in patients receiving vitamin K when compared to placebo (35). 
Given the low incidence of side effects and demonstrated efficacy, 
vitamin K should be considered as part of osteoporosis treatment in 
cholestatic liver disease. 

2. PRURITUS 

2.1. Prevalence 
Pruritus is a common presenting symptom of cholestatic liver disease 

and affects nearly 70% ofPBC patients within 10 years of diagnosis (36). 

2.2. Pathophysiology 
The mechanism of cholestatic pruritus is poorly understood. The 

observed phenomenon of inducing pruritus via instillation of bile salts 
led to the theory that the retention and subsequent deposition of bile 
salts induces pruritus (37). Unlike allergic pruritus, studies do not support 
the role of histamine in cholestatic pruritus. There is no difference in 
mast cell density, neural density, or the interaction between mast cells 
and neural cells in patients with cholestatic liver disease and normal 
patients (38). This may explain the clinical observation that agents such 
as antihistamines and capsaicin are largely ineffective in cholestatic 
pruritus. More recently, opioid peptides in the CNS have been proposed 
as important mediators in the perception of itch in cholestatic patients 
(39). Centrally administered opioid agonists in animal studies induce 
generalized pruritus (40). Patients with cholestatic liver disease have 
increased plasma concentrations of endogenous opioid peptides, 
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Table 2 
Treatment Options for Pruritus 

Cholestyramine 4 -16 g/d 
Rifampin 300-600 mgld 
Nalmefene 4-240 mgld 
Naloxone 4 mg i.v., then 0.2 Ilg minlkg 
Naltrexone 50 mg/d 
Sertraline 75-100 mg/d 

Patil and Mayo 

methionine enkephalin and leucine enkephalin, and have downregulated 
mu opioid receptors (41-44). A multitude of endogenous pruritogens 
have now been identified, including acetylcholine, endothelins, 
kallilkreins, proteases, leukotrienes, prostaglandins, and more. What 
role each of these might have in cholestatic pruritus is still unexplored. 

2.3. Therapy 
First-line therapy in the treatment of cholestatic pruritus is bile acid 

binding resins, such as cholestyramine, because of their proven efficacy 
and safety (Table 2). According to a placebo-controlled trial, 80-85% 
of patients completely or partially respond to cholestyramine within 
4 -11 d, with relief being maintained for up to 32 mo (45). The typical 
dose is 4 -16 gld in divided doses. Treatment with this agent is limited 
by its interference with absorption of other drugs and gastrointestinal 
side effects, such as constipation. 

Rifampin is another efficacious agent in the treatment of pruritus 
(46- 48). It induces the P450 system and inhibits the hepatic transport 
of bile acids (49,50). Phenobarbital, an equally potent inducer of the 
P450 system, does not decrease pruritus as much as rifampin; suggest
ing that the observed clinical effect of rifampin may not be entirely 
because of induction of the P450 system (51). Rifampin has also been 
shown to be both safe and effective in children with cholestatic disease, 
with a greater effect in those with intrahepatic cholestasis compared to 
those with extrahepatic causes (52). The typical dose in adults is 
300-600 mg/d in divided doses and 10 mg/kg/d in children. A few case 
reports have described severe hepatotoxicity in some patients treated 
with rifampin (53). 

Based on experimental evidence that opioids are important mediators 
of itch, opioid antagonists have been studied in the treatment of cholesta
tic pruritus. Nalmefene, an oral opioid antagonist, improves pruritus as 
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well as plasma bile acid concentrations in patients with cholestatic liver 
disease. The starting dose is usually 4 -10 mg/d, which is then gradually 
titrated up every 2 d to achieve symptomatic control; the maximum 
studied dose is 240 mg/d (54,55). A double-blinded, randomized con
trolled crossover trial of 29 cholestatic patients given naloxone (4 mg 
intravenous bolus, followed by 0.2 J.lg/kg/min) showed significant 
improvement in pruritus over 4 d (56). Another double-blinded, random
ized control trial of naltrexone (50 mg/d orally) in 16 cholestatic 
patients showed a significant improvement in pruritus within 4 wk (57). 
Varying degrees of severity of a withdrawal-like reaction, characterized 
by anorexia, nausea, colicky abdominal pain, pallor, cool skin, and 
increased blood pressure have been reported in cholestatic patients 
treated with opioid antagonists. The reaction may begin within hours of 
administration, but the effect is temporary and usually subsides within 
2-3 d, despite continued treatment. A breakthrough phenomenon, the 
sustained exacerbation of pruritus in the early weeks of treatment after 
an initial decrease, has been seen in 1 of 16 patients treated with naltrex
one and 5 of 14 patients treated with nalmefene (54,57). This effect 
may be because of the reversal of the downregulated opiate receptors in 
the brain during therapy. Unmasking of chronic pain can also occur with 
prolonged treatment (58). 

Serotonin is a newly recognized important neurotransmitter in the 
perception of pruritus. Sertraline, a selective serotonin reuptake 
inhibitor, was associated with improvement in cholestatic pruritus in 
one retrospective study (59). A recent pilot study of sertraline (75-100 
mg/d) demonstrated a significant improvement in visual analog scores, 
scratching activity, duration, and distribution of itch in those treated 
with sertraline as compared to placebo (60). Initial studies of ondansetron, 
a 5-HT-3 antagonist, showed a small, but significant positive effect on 
pruritus (61), but a subsequent double-blinded, randomized control trial 
showed that there was no difference in effect (62). The mechanism 
by which serotonin modulates the perception of itch is still not 
known. Further studies are needed to evaluate the role and efficacy of 
serotonergic agents in the treatment of pruritus before they can be 
routinely recommended. 

Other proposed therapies include grapefruit juice, dronabinol, 
plasmapheresis, and molecular adsorbent recirculating system (MARS). 
Small studies of PBC patients treated with 600 cc of daily grapefruit 
juice show some improvement in pruritic symptoms (63). However, 
subsequent studies have been unable to produce similar results (64). 
Patients with refractory pruritus treated with plasmapheresis had prompt 
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relief of their symptoms, but the duration of this effect was variable 
from 1 d to 5 mo (65). Patients with liver failure and cholestasis treated 
with MARS show an associated improvement in hepatic function and 
disappearance of pruritus (66). The duration of effect is highly variable 
lasting from a few days to several months, even disappearing com
pletely in several case reports and series (67-69). A small case series 
of patients treated with dronabinol showed a brief antipruritic effect, 
lasting approximately 4 -6 h (70). Ursodeoxycholic acid (UDCA) and 
prednisone are associated with little to no relief in pruritus (71) of 
chronic cholestatic liver diseases, even though UDCA is quite effective 
in cholestasis of pregnancy. 

3. DYSLIPIDEMIA 

3.1. Prevalence 
Patients with chronic cholestasis often have abnormalities in their 

lipid profiles. At the time of the first visit, approximately 75% of PBC 
patients have total cholesterol above 200 mg/dl. A cross-sectional study 
in patients with PBC showed that patients with early and intermediate 
histologic stages have mild elevations of very low density lipoproteins and 
low-density lipoproteins (LDLs) and marked increases in high-density 
lipoproteins (HDLs). In contrast, patients with advanced disease had 
marked elevations in LDLs with the presence of lipoprotein-X and a 
significant decrease in HDL (72). The implications of this finding with 
respect to coronary artery disease, cerebrovascular disease, and overall 
morbidity and mortality are poorly understood. Despite marked hyper
cholesterolemia, excess mortality from cardiovascular disease has not 
been associated with PBC (73). A prospective observational study of 
312 PBC patients followed for 7.4 yr showed no statistical difference 
in the incidence of atherosclerotic death when compared to age- and 
sex-matched controls (74). 

3.2. Pathophysiology 
The reason for the observed lack of cardiovascular events in patients 

with cholestatic dyslipidemia may be related to the difference in com
position of the LDLs. Cholestatic patients have elevated levels of 
lipoprotein-X, which may be protective against atherogenesis (75). 
However, lipoprotein-X may also contribute to hypercholesterolemia 
in cholestatic patients by not effectively downregulating hepatic 
hydroxymethylglutaryl coenzyme A reductase (76). 
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3.3. Therapy 
A small study of six PBC patients treated with simvastatin, a 3-

hydroxy-3-methylglutaryl coenzyme A reductase inhibitor, showed a 
significant reduction in total cholesterol, LDL cholesterol, alkaline 
phosphatase, y-glutamyltransferase, and immunoglobulin M (77). 
Pravastatin, another HMG-coA reductase inhibitor, at 20 mg/d showed 
marked decrease in cholesterol and total bile acid levels, with pro
nounced decreases in cholic acid and chenodeoxycholic acid (78). The 
use of reductase inhibitors is increasing in patients with cholestatic 
liver disease without subsequent reports of hepatotoxicity. However, 
further studies regarding clinical benefit and risk are needed before 
HMG-coA reductase inhibitors can be routinely recommended in 
cholestatic patients. 

4. VITAMIN DEFICIENCY 

4.1. Prevalence 
Patients with cholestatic liver disease rarely present with symptoms 

of vitamin deficiencies. However, in a randomized, placebo-controlled 
trial evaluating the efficacy of UDCA in 180 patients with PBC at the 
Mayo Clinic, the proportion of patients with vitamin A, D, E, and K defi
ciency was 33.5%, 13.2%, 1.9%, and 7.8%, respectively (79). Significant 
underlying disease, represented by advanced histologic stages, elevated 
Mayo risk score, and low cholesterol levels in a multivariate analysis, is 
associated with vitamin A deficiency. A Mayo risk score of 5 or greater 
has the highest sensitivity and specificity in identifying patients at risk 
for vitamin A deficiency. Similarly, low vitamin D levels are associated 
with low serum albumin (79). Data regarding the prevalence of vitamin 
E deficiency are conflicting. One study comprising 42 patients with 
PBC found 43.5% to have vitamin E deficiency, all of whom exhibited 
clinically evident neurologic abnormalities manifested by poor scores 
on neuropsychologic testing measuring psychomotor capacity (80). 
Another study evaluating the vitamin E status of patients with chronic 
liver disease showed 44% of PBC patients and 32% of patients with 
other cholestatic conditions to be deficient in vitamin E. Five of the 12 
patients with both PBC and vitamin E deficiency demonstrated a mixed 
sensorimotor peripheral neuropathy, not characteristic of vitamin E 
deficiency (81). Interestingly, this study demonstrated that those with 
very low levels of vitamin E were not readily corrected with oral, or 
even parenteral repletion, but those with less severe deficiencies were. 
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Table 3 
Treatment Options for Vitamin Deficiency 

Vitamin 

Vitamin A 
Vitamin D 
Vitamin E 
Vitamin K 

Replacement 

50,000 IU/d 
1600 IU/d 

10 IU/kg/d 
50 mg/d 

4.2. Pathophysiology 

Maintenance 

10,000 IU/d 
400 IU/d 

30 IU/d 
5 mg/d 

Patients with cholestatic liver disease are at risk for fat-soluble vitamin 
deficiencies because of the decreased availability of bile salts required for 
their absorption. Vitamin deficiencies usually occur well before overt 
symptoms of fat malabsorption. Poor absorption may be exacerbated 
by bile acid binding resins given for pruritus. 

4.3. Therapy 
Patients with early stage disease should be advised to consume a diet 

or multivitamin containing at least the RDA for the fat-soluble vitamins 
(700 mcg vitamin A, 10 mcg vitamin D, 16,000 mcg vitamin E, and 90 mcg 

. vitamin K). Patients with advanced cholestatic liver disease at risk for 
fat -soluble vitamin deficiencies should be tested annually to identify 
deficiencies and treated with replacement doses followed by mainte
nance therapy (Table 3). Of note, serum for vitamin A levels must be 
drawn into a light -proof vial, and vitamin E levels may be falsely elevated 
in patients with hyperlipidemia. A serum vitamin E to total lipid ratio 
of <0.8 mcg/g is considered deficient. 

5. SUMMARY 
Though cholestasis is a common clinical problem, it is important 

to understand that recommendations regarding the management of 
complications of cholestasis are based on trials consisting of small 
numbers of patients, predominantly with PBC, and are thus based 
largely on clinical experience. Osteoporosis is very common in patients 
with cholestatic liver disease when compared to the general population. 
Treatment goals are to prevent further bone loss, thereby reducing the 
risk of fracture. Bisphosphonates, hormone replacement therapy, and 
vitamin K all increase BMD and prevent further bone loss in cholestatic 
patients. Management of pruritus resulting from cholestasis remains 
challenging because of incomplete understanding of the mechanisms 
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involved and the limited array of effective therapies. Current treatment 
is aimed at reducing bile acid concentration, reducing opioid tonicity, 
modulating serotonergic activity, and dialysis of as yet unidentified 
pruritogens. Though patients with cholestatic liver disease exhibit 
dyslipidemia and these levels can be reduced with the use of HMG-coA 
reductase inhibitors, the long-term impact of therapy on vascular events 
remains controversial and provides opportunity for further clinical 
investigation. Finally, patients with advanced cholestatic liver disease 
are at risk for vitamin deficiencies, particularly vitamins A and D, and 
thus should be screened and treated when found to be deficient. 
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Cholestasis occurs frequently after liver transplantation and has a very broad 
differential diagnosis. Cholestasis can occur anytime throughout the posttransplant 
period and may be intrahepatic or extrahepatic in origin. This chapter reviews 
the common causes of cholestasis in the posttransplant setting. 
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Cholestasis is common after a liver transplant and occurs when the 
process of bile production or bile flow is impeded. This can happen 
within the extrahepatic biliary system or at the intrahepatic or cellular 
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Table 1 
Causes of Cholestasis After Liver Transplantation 

Early «6 mo) 

Extrahepatic: 
Stricture - single (anastomotic, 

external compression) 
Stricture - multiple (HAT/ischemic) 
Biliary leak 

Cholangitis 
Intrahepatic: 
Preservation/reperfusion injury 
ABO incompatibility 
HAT 
Small for size graft 
Drug induced 

Acute cellular rejection 
Sepsis 
Infection -CMV, bacterial, 

fungal, FCH 

lAte (>6 mo) 

Extrahepatic: 
Benign Stricture-Single 

(anastomotic) 
MUltiple (HAT/ischemic, rPSC) 
Malignant stricture-

cholangiocarcinoma 
Stones 
Intrahepatic: 
Acute cellular rejection 
Chronic rejection 
Drug induced 
Recurrent disease (PBC, PSC, viral) 
Denovo viral hepatitis, 

autoimmune disease 

HAT, hepatic artery thrombosis; rPSC, recurrent primary sclerosing cholangitis; 
CMV, cytomegalovirus infection; FCH, fibrosing cholestatic hepatitis; PBC, primary 
biliary cirrhosis; PSC, primary sclerosing cholangitis. 

level. Depending on the underlying reason for the cholestasis, the short
and long-term consequences can range from minimal to severe. 

The differential diagnosis of cholestasis post liver transplantation 
is broad. It is commonly interpreted in terms of early cholestatic syndromes 
«6 mo) and late cholestatic syndromes (>6 mo) relative to the operative 
procedure, but considerable overlap can occur. Within these timeframes, 
both intrahepatic and extrahepatic causes exist. Table 1 outlines these 
concepts. 

1. BILIARY COMPLICATIONS 
Biliary complications in the early postoperative setting include biliary 

leaks and biliary obstruction related to both anastomotic and nonana
stomotic strictures, with secondary cholangitis as a possible consequence. 
Biliary complications occur in 10-50% of transplants with associated 
mortality rates of 0-20%, anastomosis revision rates of 12-25%, and 
retransplantation rates of 6-12% (1- 4). The benefit and use of T-tubes 
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in reducing these complications is still debated (2- 4). Higher rates of 
biliary complications after a Roux-en-Y anastomosis is thought to be 
representative of its use in more complicated procedures (i.e., retrans
plantation and diffuse extrahepatic disease such as primary sclerosing 
cholangitis [PSC]) (3). 

The majority of biliary leaks will resolve with nonoperative inter
vention, whereas anastomotic biliary strictures are more likely to require 
surgical correction. Endoscopic and percutaneous biliary stenting is 
frequently the first intervention for these strictures with the highest 
success rates (60-75%) with biliary stents and dilatation compared to 
dilatation alone (5). These procedures are more successful in early 
strictures «6 mo) as compared to late strictures (>6 mo) (3). 

Nonanastomotic strictures occur at a frequency of 2-20% (6). They 
tend be multifocal, can be both intrahepatic and extrahepatic, and are 
more likely to require surgical intervention including retransplantation. 
They can occur early «6 mo) or late (>6 mo) and are associated with 
several underlying causes including hepatic artery thrombosis (HAT), 
warm and cold/ischemic injury, ABO incompatibility, recurrent PSC, and 
possibly viral infections such as cytomegalovirus (CMV) or even hepa
titis C (HCV), which are discussed in more detail in later sections (6,7). 
Graft survival appears to be significantly lower in patients with nonana
stomotic strictures compared to matched patients without stricturing (6). 

Impacted biliary stones generally occur later post transplant and are 
often associated with biliary strictures and impaired bile flow and respond 
to endoscopic treatment (1). Medications including cyclosporine may 
increase the risk of stone formation in the transplant setting (8). 

2. PRESERVATION/REPERFUSION INJURY 
AND ABO INCOMPATIBILITY 

Preservation injury has been reported to occur in approximately 17% 
of transplants, but rates as high as 50% have been reported (9,10). 
Extrahepatic biliary complications such as non anastomotic strictures 
occur with increasing frequency as the cold ischemic time increases 
over 10-12 h (9,10). Preservation injury also occurs at the cellular 
level, involving nonparenchymal cells (sinusoidal endothelial cell injury 
and Kupffer cell activation, with accumulation of inflammatory cells and 
platelets) as well as parenchymal cells including biliary epithelial cells 
(11,12). Histological findings of preservation/reperfusion injury include 
neutrophilic infiltration, microvesicular steatosis, hepatocyte cytoaggre
gation that occurs early and progresses to centrilobular necrosis, 
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hepatocyte swelling, and cholestasis later in the process (10). Mild cases 
resolve spontaneously, but more severe cases may have residual damage 
or result in primary nonfunction (10). Expansion of the donor pool 
with donation after cardiac death and the biliary complications with these 
allografts are thought to be because of prolonged warm ischemic time (13). 

Blood group related antigens (ABO) are expressed on the epithelial 
cells of large bile ducts and periductular hepatocytes (14). Thus, the 
hepatic allograft may be more susceptible to immunologic bile duct 
injury after transplantation across the ABO barrier. Complication rates 
such as biliary structuring, HAT, and cellular rejection were signifi
cantly higher in these patients (7). Graft survival and patient survival 
have been inferior to ABO matched transplants in retrospective studies 
(7). Blood group 0 recipients appear to have better outcomes compared 
to blood group A and B recipients. 

3. SMALL FOR SIZE SYNDROME 
Small for size syndrome (SFSS) is a recognized complication when 

the recipient receives inadequate functional tissue and is thought to occur 
at a graft to recipient body weight ratio less than 0.8. The presentation 
can vary from mild isolated hyperbilirubinemia to graft failure. Within the 
first week of transplant the patient may develop cholestasis, prolonged 
coagulation, ascites, and variceal bleeding (15). Histologic examination 
shows bilirubin plugs and cholestasis with patchy areas of necrosis and 
regenerative tissue (15). The physiologic mechanisms of SFSS are not 
clear but suspected to be related to portal hyperperfusion and arterial 
hypoperfusion resulting in endothelial disruption and subsequent 
molecular derangements on the hepatic regeneration process (15). 

4. HEPATIC ARTERY THROMBOSIS 
HAT is described in 3-9% of transplants, with another 3% of patients 

experiencing nonthrombotic complications such as hepatic artery stenosis, 
redundancy, and pseudoaneurysm (16). In the transplanted liver, HAT 
results in more significant biliary damage compared to a nontransplanted 
liver because of the surgical excision interrupting smaller peripheral 
arteries that would normally supply collateral flow (16). One-third of 
HAT occurs within the first month and may present with cholestasis 
(17). As the main blood supply to the biliary system stems from the 
hepatic artery, later complications tend to include bile duct stricturing 
with subsequent cholangitis, liver abscess, biloma, and/or biliary 
necrosis with bile leak. Either the early or late presentation can progress 
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to severe liver failure (17,18). Retransplantation rates of 50--80% and 
mortality rates of up to 50-70% have been described in patients with 
HAT (17-19). 

Risk factors for HAT include not only vascular surgical technique 
but also biliary anastomosis (Roux-en-Y), bile leaks, cold and warm 
ischemic injury, antibody cross-match status, coagulation abnormalities, 
infections (particularly CMV), and possible immunologic factors (18,19). 
An increased risk has been associated with cigarette smoking in both 
the pretransplant setting and the posttransplant setting (20). Interventional 
radiology procedures (such as angioplasty and fibrinolysis) or immediate 
surgical revascularization are needed to avoid retransplantation (18,21). 

5. INFECTIOUS COMPLICATIONS 

5.1. Bacterial and Fungal 
Cholestasis with or without hyperbilirubinemia is frequently associated 

with extrahepatic bacterial or fungal infections and sepsis (22). Evidence 
suggests that proinflammatory cytokines and endotoxin release are 
potent inhibitors of hepatobiliary transporter gene expression resulting in 
hyperbilirubinemia and cholestasis (23). Although seldom necessary, 
histological assessment may reveal nonspecific cholestasis and hepatitis 
or a neutrophilic infiltration of the bile ducts, biliary proliferation, and 
bile plugs termed 'cholangitis lenta' (24). 

5.2. Viral 
CMV is a common viral pathogen in liver transplant recipients and 

is reported in 30-80% of transplant patients with up to 30% of patients 
developing CMV disease and 12-17% CMV hepatitis. The highest risk 
is within the first 3- 4 mo post transplant (22,25). CMV can infect and 
injure not only hepatocytes, but also biliary epithelium and vascular 
endothelium (26,27) and thus can present as cholestasis. Histologic 
findings can range from lymphocytic infiltration, ballooned hepato
cytes, cholangitis, cholestasis, endothelitis, and Kupffer cell reaction to 
more specific findings of microabcesses or rarely viral inclusions (28). 
CMV has been implicated in vanishing bile duct syndrome and both 
acute and chronic rejection (26-28). 

Human herpesvirus-6 and -7 (HHV-6 and -7) activations are common 
and usually associated with CMV infection and rejection in liver trans
plant patients (29). They may present with cholestasis in a similar 
manner that CMV presents. Herpes simplex virus (HSV) as well as 
toxoplasmosis should also be considered in the immunosuppressed 
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patient in appropriate settings (22). Hepatitis C and hepatitis B viral 
(HBV) infections are discussed below. 

6. DRUG INDUCED 

Drugs and toxins are a common cause of cholestasis and can be the 
result of direct injury to the cells or via an idiosyncratic reaction to 
the drug. Many of the commonly used drugs including immuno
suppressive drugs, antibiotics, antifungals, and antivirals should be 
considered in the workup of cholestasis. We will only review the 
immunosuppressive medications. 

Cyclosporine induces cholestasis by decreasing both bile flow and 
bile salt secretion. Its suppression of bile salt synthesis reduces the bile 
salt pool size (30). The drug inhibits bile salt and phospholipid secretion 
without a corresponding change in cholesterol secretion and thus 
elevates cholesterol saturation in bile, a potential risk for gallstone 
formation (8,30). In contrast, tacrolimus has been shown to have higher 
bile flow rates and more rapid recovery of bile flow post transplantation 
compared to cyclosporine (31). However, cholestasis also been attributed 
to tacrolimus which may be because of deranged bile acid transport 
or related to impaired glutathione and bicarbonate excretion (31,32). 
Sirolimus and everolimus also appear to have cholestatic effects by 
mechanisms resulting in retention of toxic metabolites within the 
hepatocytes (32,33). Azathioprine can cause hepatotoxicity of a variety 
of mechanisms including cholestasis (34). 

7. ACUTE CELLUlAR REJECTION 
AND CHRONIC REJECTION (CR) 

The mechanism by which patients with acute cellular rejection 
(ACR) develop cholestasis is multifactorial and related to the lympho
cytic destruction of the small intrahepatic bile ducts or apoptosis of the 
biliary epithelial cell, and impaired bile secretion related to Kupffer 
cell-induced cytokine release (35-37). If early acute cellular rejection 
is not treated or responds inadequately to treatment, then progression 
to irreversible injury and chronic rejection occurs. 

Chronic 'ductopenic' rejection occurs in 2-5% of transplant patients 
and generally presents as cholestasis within 6 wk-12 mo of trans plan
tation, but has been noted as early as 2- to 3-wk post-op (38,39). It is 
characterized by progressive loss of intrahepatic interlobular and 
septal bile ducts (ductopenia) with lipid laden vasculopathy in 50% of 
portal tracts (39). Risk factors for the development of CR include CMV 
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infection, pretransplant disease etiology (PSC, primary biliary cirrhosis 
[PBC], and autoimmune hepatitis [AIH] have the highest incidence), 
H LA matching, donor male:recipient female status, number and severity 
of acute rejection episodes (27,38). Whether the pathogenesis is related 
to an immune-mediated injury or an ischemic injury resulting from the 
obliterative arteritis is unclear (16,40). Undoubtedly, the processes are 
linked and it is the combination and severity of each component that 
results in the clinical manifestation of chronic ductopenic rejection. 

8. RECURRENT DISEASE 

8.1. Primary Biliary Cirrhosis 
and Primary Sclerosing Cholangitis 

PBC recurs in up to 17% of patients by 36 mo and 30-50% of patients 
by 10 yr (41-43). Diagnosis is confIrmed based on histologic fIndings 
of florid duct lesions or destructive lymphocytic cholangitis within a 
dense portal mononuclear inflammatory infIltrate, formation of lymphoid 
aggregates, and epithelioid granulomas (41,42). Clear risk factors for 
recurrence have not been elucidated. The choice of immunosuppression 
was initially thought to be a risk factor, but recent studies do not demon
strate any signifIcant influence on patient survival, PBC-related graft 
loss, or development of acute or chronic rejection episodes (43). 

Recurrent PSC is thought to occur in 9-20% of patients by 5 yr 
(44~7). It is not a straightforward diagnosis as there is an increased 
incidence of both acute and chronic rejection, HAT, and biliary stricturing 
in these patients (44 - 47). A combination of cholangiographic fIndings 
of intrahepatic and/or extrahepatic strictures and beading along with 
histologic fIndings including biliary fIbrosis/cirrhosis, fIbro-obliterative 
lesions, and cholangitis with or without ductopenia are required for the 
diagnosis (44). Risk factors for recurrent disease have not been clearly 
delineated. Patients who received maintenance corticosteroids or ortho
clone (OKT3) post transplant may be at higher risk of recurrent PSC 
(47). Coexistent inflammatory bowel disease was associated with higher 
rates of recurrence but may be because of the steroid requirement (47). 

In PSC, risk of cholangiocarcinoma prior to transplant ranges from 
7 to 13% over 10 yr but the risk in recurrent PSC is unknown (48). Patients 
with known cholangiocarcinoma prior to transplant have extremely poor 
outcomes post transplant, and those with incidental tumors at transplant 
have a high risk of recurrent cholangiocarcinoma (44,45,48). Overall 
survival rate for PSC patients with recurrent disease is similar to those 
without recurrence, but retransplantation is not uncommon (48). 
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8.2. Viral Hepatitis 
Recurrent viral hepatitis of any severity can present with cholestasis. 

Fibrosing cholestatic hepatitis (FCH) is a severe form of HBV and 
HCV recurrence or reactivation in the allograft that manifests clinically 
within weeks to months of transplantation as cholestasis and progresses 
rapidly to liver failure, if left untreated. The frequency of this entity in 
HBV-infected patients has decreased significantly since the introduction 
of prophylactic therapies to prevent HBV recurrence, but continues to 
occur in approximately 5-7% of patients transplanted for HCV (49,50). 
It is thought to be a result of virus-specific cytopathic injury as opposed 
to immunologic injury. FCH is characterized histologically by peripor
tal fibrosis, prominent cholestasis, and hepatocyte swelling progressing 
to centrilobular balloon degeneration and bridging fibrosis/cirrhosis 
(49,50). Minimizing immunosuppression may reduce the risk of devel
oping FCH, Early treatment with antiviral medications may delay the 
progression of disease and improve prognosis, but studies are lacking. 

9. SUMMARY 
Cholestasis is a frequent finding post liver transplantation with a 

very broad differential diagnosis. Timing of the cholestatic presentation 
may help to narrow the possibilities, but significant overlap exists. Careful 
diagnostic imaging of the biliary tree is an important first step in the 
workup, followed by liver biopsy if clinically indicated. 
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