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cholestatic syndrome of unknown etiology

characterized by diffuse inflammation and fibrosis
of the biliary system. The pathologic process leads to
obliteration of intrahepatic and extrahepatic bile ducts and
to cirrhosis. The course is variable but often is one of
slow progression, perhaps over decades, to portal
hypertension and death from liver failure. PSC may occur
alone, but is commonly (>70%) associated with
inflammatory bowel disease, usually chronic ulcerative
colitis (CUC).

PSC is among the four most common indications for
liver transplantation in adults in the United States.
Approximately 70% of patients with PSC are male and
the mean age of, most commonly, under 40 years of age
at the time of diagnosis. The disease most commonly
occurs in patients with previously diagnosed inflammatory
boweldisease; nearly 90% of patients with PSC, who have
associated inflammatory bowel disease, have CUC with
approximately 10% having Crohn’s disease. Indeed,
approximately 5% of patients with CUC have, or will,
develop PSC.

Primary sclerosing cholangitis (PSC) is a chronic,

Symptoms and Signs

PSC usually begins insidiously; this makes it difficult
to determine the onset of the disease accurately.
Nevertheless, most patients have had symptoms for an
average of 24 months before diagnosis. The gradual onset
of progressive fatigue and pruritus followed by jaundice
is the most frequent symptom complex that leads to the
diagnosis of PSC. Clinical evidence of cholangitis
(recurrent right upper quadrant pain, fever, and jaundice)
is uncommon unless previous bile duct reconstructive
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surgery has been done. More recently, totally
asymptomatic patients with PSC are being diagnosed
because of abnormalities on routine blood tests which
prompt further workup, including cholangiography.
Although some patients with PSC may have a normal
physical examination, most patients have some
abnormality, most commonly hepatomegaly, jaundice,
and splenomegaly.

Biochemical Tests

Virtually all patients with PSC have a cholestatic
biochemical profile. The serum alkaline phosphatase is
almost always abnormal, although it may fluctuate;
indeed, in rare instances, it may even normalize. The vast
majority of patients have an increase in serum aspartate
transaminase level, usually to a mild degree.
Approximately one-half the patients will have a modest
increase in their total serum bilirubin; however, these
values may be normal or sometimes very high. Serologic
tests of antibodies to mitochondria(i.e., AMA) and nuclei
(i.e., ANA) are usually (>90%) negative. Recently, we
described the presence of antibodies to as yet unidentified
antigens present in the cytoplasm of neutrophils in
approximately 70% of patients with PSC (i.e.
antineutrophil cytoplasmic antibodies, or ANCA); others
have described anticolon and neutrophil cytoplasmic
antibodies in patients with PSC alone, CUC alone, and
PSC with CUC.

Tests related to copper metabolism are virtually always
abnormal in patients with PSC. For example, hepatic
copper levels are elevated in approximately 90% of
patients while urine copper levels are increased in up to
two-thirds; in both cases, the levels are increased to the
degree seen in primary biliary cirrhosis, Wilson’s disease,
and Indian childhood cirrhosis. Similarly, serum copper
and ceruloplasmin levels are usually increased in patients
with PSC as they commonly are in patients with primary
biliary cirrhosis.

Radiologic Features
Early articles, based largely on findings at surgery,
emphasizedthe extrahepaticlocationof the ductal changes
in PSC. Recently, however, use of improved
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cholangiographictechniquesindicatesthat the intrahepatic
ducts are usually involved radiographically in this
syndrome, often to a greater degree than the extrahepatic
ducts. Endoscopic or transhepatic cholangiography show
diffusely distributed strictures of the intrahepatic and
extrahepatic bile ducts in virtually all patients. Most
commonly, the strictures are short (1-2 cm long) and
annular with intervening segments of apparently normal
or slightly dilated ducts which produce the characteristic
“beaded” appearance. Focal dilatation of bile ducts
between strictures is also a common finding, but diffuse
nonsegmental dilatation is unusual. In a minority of
patients, the cholangiogram may be normal because
disease is limited to the small intrahepaticducts (i.e., small
duct PSC).

Liver Histology

In virtually all patients with PSC, histologic
abnormalities are present on liver biopsy specimens. The
characteristic features on liver biopsy specimens are bile
duct proliferation, periductal fibrosis, periductal
inflammation, ductal obliteration, and loss of bile ducts.
Most commonly, the disease begins with enlargement of
portal tracts (stage 1), characterized by some edema,
connective tissue and proliferation of interlobular bile
ducts; inflammatory infiltrates are not prominent. With
progression, tongues of connective tissue grow into the
periportal parenchyma (stage 1l), again with only mild
cellular inflammation. This process leads to the formation
of fibrous septa (stage 111) and biliary cirrhosis (stage V).
The pathognomonic histologic changes on liver biopsy
specimens occur in the early stages; these changes are
characterized by fibrous obliterative cholangitis leading
to replacement of duct segments by solid cords of
connective tissue and to complete loss of interlobular and
adjacent septal bile ducts with time.

Pathogenesis

The cause of PSC is unknown; genetic factors, acquired
factors, or both, could be involved. Several recent
observations are consistent with an important role for
genetic factors in PSC. For example, the frequency of
HLA-B8 issignificantlyhigherin patientswith PSC (60%)
than in control subjects (25%). Also, recent reports have
described the familial occurrence of both PSC and chronic
ulcerative colitis, further evidence suggesting a genetic
component to the disease.

Important acquired factors could theoretically include
toxins, infectious agents, or altered immunity. Although
elevated hepatic copper was initially thought to be an
important potential toxin in the initiation and/or
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perpetuation of the disease, recent negative results from
a controlled trial with D-penicillamine (see below) make
it unlikely that elevated hepatic copper levels are
pathogenetically important. Recently, extrahepatic biliary
tract disease closely mimicking PSC has been described
following infusions with the chemotherapeutic agent,
5-fluorodeoxyuridine. This drug apparently causes small
vessel arteriopathy which likely leads to bile duct fibrosis
and destruction. This syndrome, however, represents a
type of secondary rather than primary sclerosing
cholangitis. Only a few data are available concerning the
possible role of infectious agents in the etiopathogenesis
of PSC. Results of several studies have excluded the
hepatitis B and C viruses as causative agents.
Cytomegalovirus may affect intrahepatic bile ducts, but
the histologic picture differs from that seen in PSC.
Reovirus type 3 has been associated with neonatal biliary
atresia which, like PSC, is characterized by obliterative
cholangitis. However, reovirus infections have not so far
been directly linked to the development of PSC and a
preliminaryreport indicatesthat elevatedtiters of antibody
to reovirus type 3 are not more prevalent in patients with
PSC than in the general population.

Currently, the pathogenesis of PSC is most closely
linked with alterations in the immune mechanisms.
Although serologicmarkers (e.g. mitochondrial or smooth
muscle antibodies) are generally absent, other data
strongly support disturbed alterations in immunity. For
example, PSC is associated with HLA-B8, DR3, DR2,
and DR4. HLA-B8 and DR3 are associated with
autoimmune diseases including systemic lupus and
myasthenia gravis. Recent data have raised the possibility
that patients with PSC or HLA-DR4 positive have an
accelerated disease course. Other more direct lines of
evidence supporting an immunological basis include the
inhibition of leukocyte migration by biliary antigens,
elevated IgM levels, the presence of circulating immune
complexes, decreased clearance of immune complexes,
and increased complement metabolism. Also, cells
involved in the destruction of bile ducts in PSC have
recently been shown to be T lymphocytes and
abnorrnalities in lymphocyte subsets in peripheral blood
have also been demonstrated. In addition, patients with
PSC consistently show hyper-gamma globulinemia with
an increase in serum IgM, anticolon epithelial
autoantibodies, perinuclear antineutrophil cytoplasmic
antibodies, and associations with, in addition to
inflammatory bowel disease, thyroiditis, and type I
diabetes. Finally, enhanced autoreactivity of suppressor/
cytotoxic T lymphocytesfrom peripheralblood of patients
with PSC has been reported. All these studies support
alterations in the immune system as being patho-
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geneticallyrelated to the developmentand/or perpetuation
of PSC, although the exact mechanisms are still not
understood. One of the reasons for our inadequate
understanding of the pathogenesis of PSC relates to
inadequate animal models for this disease. Recently, we
have described an animal model of immunologic
cholangitis with some features resembling both PSC and
PBC; others have described a model of PSC associated
with intestinal bacterial overgrowth. It seems likely that
as these models are further developed and evaluated,
additional insight into the pathogenesis of PSC will be
forthcoming.

Natural History

Based on prospective follow up of large numbers of
PSC patients, there appears to be growing evidence that
PSC is frequently a progressive syndrome leading to
significant complications related to chronic cholestasis.
Investigators at several institutions have published studies
on the natural history of PSC suggesting disease
progression and a poor prognosis in most patients. Our
own experience indicates that: (i) PSC has a median
survival of approximately 12 years; (ii) both symptomatic
and asymptomatic patients have reduced survival relative
to controls; and (iii) one-third of patients with the disease
will die from it or from a complication like
cholangiocarcinoma.

One of the main purposes of analyzing the natural
history of PSC is to more accurately determine the rate of
disease progression and to be able to estimate survival
for the individual patient at any particular point in the
course of the disease. Predicting survival based on clinical,
biochemical, and histologic features of PSC at any point
in time is also very important for liver transplantation.
Attempts to evaluate prognosisand estimate survival have
employed both univariate and multivariate approaches.
We firstreported an association between increased hepatic
and urinary copper levels and diminished survivals, an
example of the univariate approach. The multivariate
approach, while requiring more sophisticated statistics,
most notably the Cox Multivariate Regression Analysis,
is more appropriate in a disease with a fluctuating course
like PSC. The first report using the Cox Regression
Analysis was by Helsburg et al who found that the
presence of hepatomegaly and serum bilirubin of >1.5
mg/dl were independent predictors of poor prognosis in
patients with PSC. More recently, we developed a
prognostic model based on five independent variables in
which risk score could be calculated and translated into a
survival curve to estimate survival for the individual
patient at any time in the course of the disease. The
variables identified included age, serum bilirubin, hepatic
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histologic stage, and splenomegaly. While these and other
models do provide some objective evidence with regard
to disease severity and estimation of survival, none have
been cross-validated, and their general application to all
PSC patients remains unknown.

Management

The management of PSC provides a real challenge to
the clinician, given the array of symptoms and
complications that can develop and the absence of any
effective specific therapy. The first decision regarding
management relates to whether or not any therapeutic
interventionis necessary in a patient with newly diagnosed
PSC. In the asymptomatic patient with mild liver test
abnormalities and early histologic disease by liver biopsy,
since no specific therapy is available, observation would
be reasonable. Alternatively, therapy might be considered
in the context of a randomized trial. If a decision is made
to intervene therapeutically, one needs to identify the goal
of treatment. Specifically, therapy should be directed
towards either symptoms, complications, or the
underlying hepatobiliary disease. For example, pruritus
and fat soluble vitamin deficienciesare common problems
in patients with PSC; conventional approaches to
management of these problems, which will not be
reviewed here, are reasonable. Also, when complications
such as variceal bleeding develop, appropriate
intervention (such as variceal sclerosis) should be
considered.

Treatment of complications. There are, however,
complications which are relatively specific for PSC,
including recurrent cholangitis and bacteremia, dominant
strictures,and cholangiocarcinoma.Patients with recurrent
episodes of cholangitis without dominant stricture
formation should be treated with broad spectrum
antibiotics as needed. Prophylactic antibiotics are favored
by some in patients with frequent episodes of cholangitis,
but the efficacy of this approach has not been established.
Also, patients may develop dominant strictures in the
biliary tract that can lead to rapid increases in serum
bilirubin levels, recurrent episodes of cholangitis, or
pruritus. Consideration of dilatation of these strictures in
the symptomatic patient is reasonable; depending upon
their location, a transhepatic or endoscopic approach with
or without stent placement may be useful. Indeed, our
experience with the transhepaticapproach in symptomatic
patients with PSC and dominant strictures suggests that
balloon dilatation is very effective in alleviating pruritus
and in diminishing the frequency of cholangitic episodes
secondary to dominant strictures. Our experience also
suggests that cholangiocarcinoma develops in probably
10-15% of patients with PSC. Indeed, PSC should be
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considered a pre-malignant disease of the biliary tract.
Because PSC patients often have longstanding CUC, they
are also at increased risk for developing carcinoma of the
colon. It also appears that PSC may itseif be an
independent risk factor for the development of colorectal
cancer in CUC. The management of a suspected or
established cholangiocarcinoma superimposed on PSC is
complicated and is currently in evolution. Unfortunately,
it has been difficult to diagnose bile duct cancer early in
patients with PSC, since fine needle aspiration, brush
cytology, and exfoliative cytology have been rather
insensitive. Recently, we reported that a specific,
circulating tumor marker (i.e., CA 19-9) may be both
sensitive and specific for detecting bile duct cancer in
patients with PSC. If the cholangiocarcinomais surgically
resectable and the patient is not currently a candidate for
liver transplantation,an attempt at surgicalresectionwould
seem reasonable; unfortunately, based on our experience,
this approach is usually unsuccessful. Altematively, if the
cholangiocarcinoma is not surgically resectable, or if it is
but the patient has advanced parenchymal liver disease,
consideration should be given to orthotopic liver
transplantation, recognizing that the outcome of liver
transplantation for cholangiocarcinomacomplicating PSC
has been poor.

Surgical treatment of the underlying hepatobiliary
disease. Currently, there is no specific treatment for the
underlying hepatobiliary disease in PSC. This reflects, in
part, our lack of knowledge about the exact pathogenesis
of the disease. Nevertheless, therapeutic approaches for
the underlying hepatobiliary disease can be categorized
as mechanical, medical, and surgical. Advocates have
suggested that balloon dilatation of dominant strictures
may be beneficial to the natural history of the underlying
hepatobiliary disease. There are no studies to support this
position and intuitively, given the diffuse nature of the
disease and the fact that patients die from parenchymal
dysfunction and liver failure, it is not attractive. Thus, we
recommend balloon dilatation of dominant strictures only
for symptomatic relief of jaundice or pruritus and not for
treatment of the underlying hepatobiliary disease.

There are three surgical procedures that have been
considered of potential benefit in the treatment of PSC:
biliary tract reconstructive procedures, proctocolectomy
in a patient with PSC and CUC, and orthotopic liver
transplantation. We consider biliary tract reconstructive
procedures in the same category as balloon dilatation of
dominant strictures; that is, as palliative procedures to
alleviate symptoms and ones which are unlikely to affect
the natural history of the disease. However, no good
published data are currently available to allow one to
confidently evaluate the role of biliary tract reconstructive

14

Sclerosing Cholangitis
La Russo

procedures in treatment of the underlying liver disease.
Our own data, which is currently being evaluated, suggests
no beneficial effect of these types of procedures on the
natural history of the disease.

Some have suggested that proctocolectomy in a patient
with PSC and CUC may favorably affect the hepatobiliary
disease. This is an important issue, not only because
beneficial treatment for PSC is needed, but because
proctocolectomy in patients with PSC and CUC may be
associated with considerable morbidity. We have
prospectively studied the effects of proctocolectomy on
the progression of clinical, biochemical, cholangio-
graphic, and hepatic histologic featuresin 53 patients with
PSC and CUC. Patients with both diseases who had
undergone proctocolectomy (n=23) were compared to
those who had not (n=30) over four years. New onset of
complications, serial changes in biochemical tests,
histologic progression on liver biopsy, and survival did
not differ in the two groups. We concluded that
proctocolectomy for chronic ulcerative colitis is not
beneficial for primary sclerosing cholangitis in patients
with both diseases.

Finally, liver transplantation is a serious consideration
for patients with any form of advanced liver disease,
including PSC. Indeed, at many major transplant centers,
including our own, PSC is one of the most frequent
indications for liver transplantation in adults. Although
data are still evolving, recent preliminary results suggest
that the outcome of liver transplantation in patients with
PSC is no different from that in patients with other forms
of noninfectious,nonmalignant,chronicliver disease, with
5-year survivals of approximately 75-85%. Our own
preliminary experience supports this conclusion; indeed,
our 5-year estimated survival in patients undergoing liver
transplantation for PSC is over 80%. In a very small
number of patients (i.e., <5%), the disease has been
reported to recur in the transplanted liver.

Medical treatment of the underlying hepatobiliary
disease. Medical approaches for the treatment of the
underlying hepatobiliary disease in PSC have centered
primarily on the use of cupruretic, antifibrogenic,
immunosuppressive, and choleretic agents. The finding
of elevated hepatic copper levels in PSC prompted us to
initiate a therapeutic trial of D-penicillamine in PSC in
1980. In a randomized prospective double-blind trial, 30
patientsreceived penicillamine (250 mg three times a day)
and 31 received a placebo. The two groups were highly
comparable at entry with regard to clinical, biochemical,
radiologic, and hepatic histologic features. Aithough a
predictable cupruresis and a decrease in levels of hepatic
copper were achieved in patients taking penicillamine
there was no beneficial effect on disease progression
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within 36 months or on overall survival. Progressive
symptoms, deterioration in serial hepatic laboratory
values, and histologic progression on sequential liver
biopsy specimens were similar in both groups. The
development of major side effects led to the permanent
discontinuation of penicillamine in 21% of the patients
taking the drug. We concluded from this study that the
use of penicillamine in PSC is not associated with a
beneficial effect on disease progression or survival and
has considerable toxicity.

Corticosteroids have been used both topically and
systemically in several small studies in PSC. A small
controlled trial of nasobiliary lavage with corticosteroids
versus placebo has recently been reported; the results were
negative. Uncontrolled observations in a small number
of patients with a marked inflammatorycomponentto their
PSC have shown impressive responses to orally
administered corticosteroids. Previous smaller
uncontrolled studies have not shown any beneficial effect
of corticosteroids. Azathioprine has been used in at least
two instances without apparent benefit. Also, low-dose
methotrexate has also been used in PSC. In controlled
studies, methotrexate caused improvementin biochemical
studies, apparently stabilized bile duct scarring, and led
to improvement in liver histology. The potential
hepatotoxicity of methotrexate and the very small number
of patients in this report necessitate that this drug not be
used until results from controlled trials are available.
Cyclosporine,a new immunosuppressivedrug thatinhibits
the productionof interleukin2 by T lymphocytesresulting
in decreased T lymphocyte activation and proliferation,
was recently studied by us in a double-blind, controtled
trial. Preliminaryresults are not encouraging. We recently
reported our preliminary experience with combined
prednisone and colchicine in 12 patients with PSC
compared to 12 untreated patients matched for age, sex,
initial biochemical levels, and liver histology. We
observed impressive improvement in bilirubin, alkaline
phosphatase, and aspartate aminotransferase levels when
patients were re-evaluated at 6 and 12 months after entry.
Unfortunately, no differences were seen at two years; thus,
we do not consider this drug combination a viable option
in PSC. Considerable interest has recently been focused
on the use of ursodeoxycholic acid in the treatment of
PSC. A variety of preliminary reports in small numbers
of patients suggest its potential efficacy. Currently, we
and others are conducting randomized controlled trials
of ursodeoxycholicacidin PSC. At the present time, there
is no effective medical treatment for PSC. Preliminary
results suggest improvement in the results of biochemical
tests of liver function in patients with PSC on
ursodeoxycholic acid. Whether or not these changes will
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result in evidence of slowing of histologic progression,
improvement in patient survival, or decreased referral for
liver transplantation, remains to be determined.

Summary and Conclusions

Primary sclerosing cholangitis is a generally
progressive, sometimes fatal, chronic hepatobiliary
disorder for which no effectivemedical or surgical therapy
now exists. The syndrome occurs most frequently in
young men and is characterized by chronic cholestasis,
frequent association with CUC, a paucity of serologic
markers, hepatic copper overload, and characteristic
abnormalities in some liver biopsy specimens and in
virtually all cholangiograms. The natural history of the
syndrome is still somewhat unclear; the disease likely
progresses slowly and relentlessly over a decade or longer
from an asymptomatic stage to a condition characterized
by symptoms of cholestasis and complicated by cirrhosis
and portal hypertension and carcinoma of the bile ducts.
Management should first involve a thoughtful decision
to observe, which is reasonable in the asymptomatic
patient with early disease, or to intervene, particularly in
patients with symptoms. Therapeutic goals should be
defined and should concentrate on either alleviating
symptoms, dealing with complications, or attempting to
affect the underlying hepatobiliary disease. Symptomatic
treatment and therapy for complications is similar to that
employed in other chronic liver diseases, but also involves
balloon dilatation of dominant strictures in appropriately
selected symptomatic patients. Biliary tract reconstructive
surgery may alleviate symptoms in selected patients with
PSC, but its effect on the natural history of the syndrome
has not been determined. Proctocolectomy for CUC in a
patient with CUC and PSC does not beneficially affect
the progression of the underlying hepatobiliary disease.
In contrast, orthotopic liver transplantation may be
life-saving for patients with advanced disease. Medical
therapy directed at arresting the progression of the
underlying hepatobiliary disease is currently experimental
and includes cupruretic, immunosuppressive,
antifibrogenic, and choleretic agents. Although a single
recently completed controlled trial makes it unlikely that
cupruretic agents will be helpful in this syndrome,
immunosuppressive(i.e. cyclosporin A and methotrexate)
and choleretic (i.e. ursodeoxycholic acid) agents alone or
in combination are currently undergoing evaluation in
randomized trials.
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