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Disorders of the hepatobiliary system are relatively common extraintestinal manifestations of inflammatory bowel disease (IBD).
These disorders are sometimes due to a shared pathogenesis with IBD as seen in primary sclerosing cholangitis (PSC) and small-
duct primary sclerosing cholangitis (small-duct PSC). There are also hepatobiliary manifestations such as cholelithiasis and portal
vein thrombosis that occur due to the effects of chronic inflammation and the severity of bowel disease. Lastly, medications used
in IBD such as sulfasalazine, thiopurines, and methotrexate can adversely affect the liver. It is important to be cognizant of these
disorders as some do have serious long-term consequences. The management of these disorders often requires the expertise of

multidisciplinary teams to achieve the best outcomes.

1. Introduction

Inflammatory bowel disease (IBD) is a chronic immune-
related disorder of the gastrointestinal tract [1]. Disorders
of the liver and biliary tract can occur as extraintestinal
manifestations of IBD. The clinical course of these disorders
does not always correlate with disease activity and can be
independent of the degree of intestinal inflammation [2].
The hepatobiliary manifestations in IBD may occur due to a
shared pathogenesis such as in primary sclerosing cholangitis
(PSC) and small-duct primary sclerosing cholangitis (small-
duct PSC). There are also hepatobiliary manifestations such
as cholelithiasis and portal vein thrombosis that occur due
to the effects of chronic inflammation and the severity of
bowel disease (see Table 1). Medications used in IBD such
as sulfasalazine, thiopurines, and methotrexate can also have
adverse effects on the liver.

The goal of this paper is to highlight the common and
some of the less common hepatobiliary manifestations of
IBD as these are very important extraintestinal manifesta-
tions of the disease.

2. Primary Sclerosing Cholangitis (PSC)

Primary sclerosing cholangitis (PSC) is a chronic fibro-
proliferative disorder of the biliary tree that frequently leads
to hepatic failure and death in untreated patients [3, 4].

It affects both young and middle-aged patients especially
those with underlying inflammatory bowel disease (IBD) [5].
Smith et al. first described the association between PSC and
IBD. PSC is the most common hepatobiliary disorder associ-
ated with IBD [6, 7]. The natural course of PSC is varied. It
typically manifests as a progressive inflammatory state with
resultant obliterative fibrosis and destruction of both the
intra- and extrahepatic biliary tree. These changes eventually
lead to the development of liver cirrhosis and failure [8]. The
prevalence of PSC in IBD is such that approximately 70-80%
of patients with PSC have IBD. Between 1.4-7.5% of patients
with IBD will develop PSC at some point during the course
of their disease [9]. The median age of diagnosis of PSC
is approximately 40 years of age [3]. In a descriptive study
looking at the natural history of PSC and IBD in pediatric
patients, the median age of diagnosis of IBD and PSC was
13 and 14 years of age, respectively. This study also showed
that the time from the development of symptoms of IBD to
the diagnosis of PSC was 2.3 months [4]. There is a male
predominance with this disease and a higher prevalence in
patients with Ulcerative colitis (UC) as compared to those
with Crohn’s disease (CD) [3, 4]. The diagnosis of PSC may
precede that of IBD but the converse is also known to occur.
In the study by Faubion et al, 11% of pediatric patients with
PSC had asymptomatic IBD at the time of diagnosis [4].
The etiology and pathogenesis of PSC still remains un-
clear. There have been several genetic factors linked with
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TaBLE 1: Liver disorders in inflammatory bowel disease.

Ulcerative colitis

Crohn’s disease

Primary sclerosing cholangitis (PSC)
Small-duct PSC
More common Autoimmune hepatitis/PSC overlap
Medication-associated liver disease

Fatty liver

Gallstones
Medication-associated liver disease

Fatty liver

Gallstones
Less common

Primary sclerosing cholangitis (PSC)
Small-duct PSC

Portal vein thrombosis
Rare Liver abscess

Granulomatous hepatitis

Portal vein thrombosis
Liver abscess

Granulomatous hepatitis

a susceptibility to this disorder, and these include HLA-BS,
HLA-DRB1%x0301(DR3), HLA-DRB3*0101(DRw52a), and
HLA-DRB1x0401(DR4) [10, 11]. There are also a variety of
autoantigens that have been detected in patients with PSC
such as antinuclear antibodies (ANA) in 24-53%, smooth
muscle antibodies (SMA) in 13-20%, and antiperinuclear
cytoplasmic antibody (pANCA) in 65-88% of patients [12—
15]. The coexistence of PSC and IBD represents a distinct
clinical phenotype as compared with IBD patients without
PSC. Studies have shown that patients with coexisting PSC
and IBD have a higher incidence of rectal sparing, backwash
ileitis, pancolitis, colitis-associated neoplasia, and poorer
survival hence the term PSC-IBD [16-18]. The clinical
presentation of PSC is often varied, and most patients are
asymptomatic at diagnosis. Clinical features of those with
symptoms include fatigue, abdominal pain, pruritus, jaun-
dice, and weight loss. The biochemical parameters are con-
sistent with cholestasis and characteristically show a marked
elevation of the serum alkaline phosphatase and abnormal
liver transaminases [19, 20]. Radiological evaluation is piv-
otal in the diagnosis of PSC. The demonstration of diffuse,
multifocal strictures involving the medium- to large- sized
intra- and extrahepatic ductal system forms the basis for the
diagnosis. The use of magnetic resonance cholangiopancre-
aticography (MRCP) provides a sensitive and noninvasive
tool for diagnosis. Endoscopic retrograde cholangiopancre-
aticography (ERCP) is superior in diagnostic accuracy but
has an increased risk for procedure-related complications
[21-25]. The role of liver biopsies in the diagnosis of PSC
is limited and seems to have more relevance in delineating
conditions such as small-duct PSC or pericholangitis in
patients with IBD. This is thought to be part of a disease
spectrum of PSC with features of cholestatic liver disease in
the presence of a normal cholangiographic examination [26].

Patients with PSC are likely to progress to end-stage liver
disease with the attendant complications of portal hyper-
tension such as ascites, varices, and hepatic encephalopathy.
Bleeding from varices may present early in the disease due
to localized vascular damage in the liver and presinusoidal
portal hypertension. Cholangiocarcinoma remains a dreaded
complication of PSC. It is not typically seen in the pediatric
age group but can arise at any stage of PSC. It has an
annual incidence of 0.6-1% and can present as an intraductal

tumor or liver mass {27, 28]. Noninvasive tools have been
developed to determine disease progression and prognosis
in PSC. One such tool is a model developed in The Mayo
Clinic. This model estimates the patient survival in PSC
using reproducible parameters such as age, serum bilirubin,
albumin, aspartate aminotransferase (AST), and the pres-
ence of variceal bleeding [29]. The management of PSC in the
presence or absence of IBD still poses a significant challenge.
Pharmacological interventions have not been shown to alter
the progression of the disease. Ursodeoxycholic acid (UDCA)
which is often used in the treatment of PSC has been
shown to improve the liver enzyme abnormalities with no
beneficial change in liver histology or survival without liver
transplantation [30]. The largest follow-up series in children
with PSC showed that the overall median survival free of
liver transplantation was 12.7 years. These patients had a
significantly shorter survival than expected for their age-
and gender-matched population [31]. The use of UCDA
in the treatment of patients with PSC has some benefit in
the prevention of colonic neoplasia [32]. The treatment of
choice for end-stage PSC or PSC with cholangiocarcinoma
is orthotopic liver transplantation (OLT). The 5- and 10-
year survival rates following OLT in patients with PSC are
85% and 70%, respectively [33]. The recurrence rate in the
transplanted liver is approximately 20-25% [34].

3. Small-Duct Primary Sclerosing
Cholangitis (Small-Duct PSC)

This is a form of liver disease that is seen in patients with IBD.
It was previously termed as pericholangitis. The presence of
IBD has been specified by some authors as a prerequisite
for the diagnosis of small-duct PSC [35]. These groups of
patients are thought to represent a spectrum of PSC. The
precise timing of the onset of this disorder in patients with
IBD is unclear but it is very similar to PSC. They typically
present with features consistent with PSC but have a normal
cholangiogram [26, 36]. In a large multicenter study 80% of
patients with small-duct PSC had IBD diagnosed at followup
or at the time of the diagnosis of liver disease. 78% of these
patients had Ulcerative colitis (UC) while 21% had Crohn’s
colitis [37]. Progression of small duct PSC to PSC can occur
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in up to 12-23% of patients. There are however no reports
of cholangiocarcinoma in this group of patients unless in
the setting of disease progression to PSC (large duct) [37].
Some patients may require OLT secondary to progression
of the disease; however there remains a risk of recurrence
in the transplanted liver. The diagnosis of small duct PSC
is best achieved with the aid of a liver biopsy, as these pa-
tients characteristically have a normal cholangiographic ex-
amination despite the cholestatic clinical picture [26].

4. Primary Sclerosing Cholangitis/Autoimmune
Hepatitis (PSC/AIH) Overlap Syndrome

The diagnostic criteria for this condition are not clearly
validated. It is however suspected in patients who meet
the diagnostic criteria for AIH based on the International
Autoimmune Hepatitis Group. The liver histology in these
patients shows piecemeal necrosis, rosetting, moderate or
severe periportal inflammation, and lymphocyte infiltration
[38]. This disorder is well described in patients with IBD
especially UC [39]. There is published data that shows pa-
tients with IBD and ATH who subsequently go on to develop
PSC [38, 40, 41]. The significance of this relationship with
IBD is still unclear, and the onset of disease can occur
at anytime before or after the diagnosis of IBD. Patients
with PSC/AIH however seem to have benefit from treatment
with immunosuppressive medications and may have a better
prognosis as compared to patients with isolated PSC [40].

5. Cholelithiasis

This is a relatively common entity in patients with IBD. It
is more prevalent in patients with Crohn’s disease (CD) as
compared to those with Ulcerative colitis (UC). The inci-
dence of cholelithiasis in patients with CD ranges from 13
to 14% [42-47]. Patients with CD seem to have twice the risk
of developing cholelithiasis as compared to IBD-free controls
[48]. The factors associated with the increased development
of cholelithiasis include location of CD disease at diagnosis,
surgery, and extent of ileal resection. Other factors include
the age of the patient (uncommon in children), frequency
of clinical recurrences, length of hospital stay, and the use
of total parenteral nutrition [48]. Patients with CD have
been shown to have reduced gallbladder motility which may
also lead to the development of cholelithiasis [49, 50].
The formation of cholesterol-supersaturated bile, increased
enterohepatic circulation and disruption of bile reabsorption
from a diseased terminal ileum, increases the risk for cho-
lelithiasis in patients with CD [43, 51, 52].

6. Medication-Associated Liver Disease in
Inflammatory Bowel Disease

6.1. Sulfasalazine. These class of medications are made up
of sulfapyridine (a sulfonamide moiety) linked to 5-amino-
salicylic acid (5-ASA) via an azo bond. Sulfasalazine plays
an important role in both the induction and maintenance
of remission in IBD. Hypersensitivity to sulfasalazine can

induce hepatotoxicity which manifests as elevation of liver
aminotransferases, hyperbilirubinemia, hepatomegaly, fever,
and lymphadenopathy [53, 54]. Studies have shown that the
5-ASA components of the medication can induce both an
acute and a chronic hepatitis which can occur from anywhere
between 6 days to 1 year after the initiation of treatment, but
the frequency of hepatitis is no different between the 5-ASA
alone and sulfasalazine [55-59].

6.2. Thiopurines. Thiopurines (Azathioprine and 6 mercap-
topurine) are immunomodulators used in the treatment of
IBD. Their mechanism of action is based on conversion to
the active metabolite 6-thioguanine [60]. Hepatotoxicity can
occur with the use of Azathioprine (AZA) or 6-mercap-
topurine (6-MP) due to the effect of another metabolite, 6
methylmercaptopurine (6-MMP) [61-64]. The enzyme that
plays a key role in the formation of 6-MMP is thiopurine
s-methyl transferase, and as such a better understanding of
the genetic heterogeneity of this enzyme may be useful in
determining those at risk for hepatotoxicity [61, 64]. The
level of 6-MMP in the blood has been measured in children,
to identify those at risk for drug-related hepatotoxicity
[61]. A much rarer idiosyncratic reaction can occur with
6MP/AZA presenting with features of venoocclusive disease.
This occurs due to damage to the sinusoidal endothelial
cells and occlusion of the central vein [61, 65—67]. This
idiosyncratic reaction can occur at anytime and is indepen-
dent of the duration of medication usage. Discontinuation
of these medications most often leads to reversal of the
acute hepatocellular toxicity; however in some instances the
development of severe cholestasis may not improve despite
withdrawal of the medications [68-70].

6.3. Methotrexate. The mechanism of action of this medica-
tion is based on its ability to inhibit dihydrofolate reductase,
which is an important enzyme in the cell life cycle [71]. The
major storage form of methotrexate in the liver is as a pol-
yglutamate metabolite which is potentially hepatotoxic with
long-term use [72]. There are no clear guidelines for the
monitoring of liver functions in IBD patients on methotrex-
ate, and liver toxicity may become apparent at anytime
with the use of this medication. There are however certain
risk factors for hepatotoxicity with methotrexate, and these
include alcohol use, obesity, diabetes mellitus, abnormal liver
enzymes at baseline, and a cumulative dose of greater than
1.5 grams [73].

6.4. Biologic Agents. Biologic agents such as Infliximab and
Adalimumab have been associated with hepatotoxicity [74].
These medications interfere with the activity of tumor ne-
crosis factor « (TNF «) which plays a role in hepatocyte
regeneration, hence the possible link with the development
of hepatotoxicity which is still an uncommon side effect with
this group of medications [75, 76].

Patients with chronic hepatitis secondary to hepatitis B or
C may have reactivation of the disease and viral replication as
aresult of immunosuppression from biologic agents [77, 78].
Animal studies have shown that TNF « plays an important



role in the clearance of hepatitis B from infected hepatocytes
by the inhibition of viral replication and promotion of T-
cell responses [79, 80]. The concern for viral reactivation is
of immense importance as studies have shown a high pre-
valence of hepatitis B or C in adult patients with CD [81].
Due to the grave implications of reactivation of hepatitis B
or C virus in immunosuppressed patients, guidelines have
been proposed for the routine screening of patients for these
viruses before starting biologic agents [82].

7. Less Common Liver Disorders in
Inflammatory Bowel Disease

7.1. Portal Vein Thrombosis. This is a relatively rare but sig-
nificant thromboembolic complication of IBD. Patients with
IBD are at risk for the development of venous thrombosis.
Patients with IBD also have elevated platelet counts, fibrino-
gen, factor V and VIII levels. There is also a concomitant
decrease in antithrombin III levels. The presence of chronic
bowel inflammation is also a risk factor for thrombosis in
these patients [83]. Portal vein thrombosis is more likely to
occur in the postoperative setting and has been reported in
patients with UC after restorative proctocolectomy [84-87].

7.2. Budd Chiari Syndrome. There are published case reports
of Budd Chiari syndrome occurring in patients with IBD
(88, 89]. This is a thromboembolic phenomenon that can
occur at baseline in patients with UC but in the setting
of an acute flare the risk is up to eight times higher [90].
The perioperative period is also a significant risk period for
thromboembolism.

7.3. Fatty Liver. Sonographic evidence of fatty liver is not an
uncommon finding in patients with IBD with a prevalence of
up to 35% in a recent study of 511 IBD patients [46]. Patients
with fatty liver often have no symptoms related to the liver;
however there is reported correlation between the severity of
colitis and fatty liver changes in patients with IBD especially
UC [91]. The timing of the onset of fatty liver in patients
with IBD is still unclear. Current therapy is targeted towards
the treatment of the bowel disease and improving the overall
nutritional status of the patient.

7.4. Granulomatous Hepatitis. This is a rare occurrence
found on liver histology in patients with IBD and is usually
seen secondary to treatment with sulfasalazine. It is said to
occur in less than 1% of patients [92]. It can also be seen
with other non-IBD conditions such as malignancies or in-
fections.

8. Conclusion

Hepatobiliary manifestations do occur in IBD and may have
various etiopathogenetic origins. These disorders vary with
regard to the degree of severity ranging from the more
complex disorders such as PSC to the potentially less se-
vere manifestation such as cholelithiasis. It is however of crit-
ical importance to remain vigilant for subtle manifestations
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of these disorders so as to institute appropriate care which
may require an interdisciplinary approach involving mul-
tiple subspecialty teams such as general surgery, colorectal
surgery, and transplant surgery.

Abbreviations

IBD:  Inflammatory bowel disease,

CD: Crohn’s disease,

UC:  Ulcerative colitis,

PSC:  Primary sclerosing cholangitis,

AIH:  Autoimmune hepatitis,

ERCP: Endoscopic retrograde
cholangiopancreaticography;,

MRCP: Magnetic resonance cholangiopancreaticography,

UCDA: Ursodeoxycholic acid,

References

[1] U. Navaneethan and B. Shen, “Hepatopancreatobiliary man-
ifestations and complications associated with inflammatory
bowel disease,” Inflammatory Bowel Diseases, vol. 16, no. 9, pp.
1598-1619, 2010.

[2] A.]J. Greenstein, H. D. Janowitz, and D. B. Sachar, “The ex-
tra intestinal complications of Crohn’s disease and ulcerative
colitis: a study of 700 patients,” Medicine, vol. 55, no. 5, pp.
401-412, 1976.

[3] R. H. Wiesner, P. M. Grambsch, E. R. Dickson et al., “Primary
sclerosing cholangitis: natural history, prognostic factors and
survival analysis,” Hepatology, vol. 10, no. 4, pp. 430-436,
1989.

[4] W. A. Faubion, E. V. Loftus, W. J. Sandborn, D. K. Freese, and
J. Perrault, “Pediatric “PSC-IBD”: a descriptive report of asso-
ciated inflammatory bowel disease among pediatric patients
with PSC,” Journal of Pediatric Gastroenterology and Nutrition,
vol. 33, no. 3, pp. 296-300, 2001.

[5] R. Olsson, A. Danielsson, G. Jarnerot et al., “Prevalence of
primary sclerosing cholangitis in patients with ulcerative coli-
tis,” Gastroenterology, vol. 100, no. 5 I, pp. 1319-1323, 1991.

[6] C. N. Bernstein, J. F. Blanchard, P. Rawsthorne, and N. Yu,
“The prevalence of extraintestinal diseases in inflammatory
bowel disease: a population-based study,” American Journal of
Gastroenterology, vol. 96, no. 4, pp. 1116-1122, 2001.

[7] M. P. Smith and R. H. Loe, “Sclerosing cholangitis. Review of
recent case reports and associated diseases and four new cases,”
The American Journal of Surgery, vol. 110, no. 2, pp. 239-246,
1965.

[8] Y. M. Lee and M. M. Kaplan, “Primary sclerosing cholangitis,”

New England Journal of Medicine, vol. 332, no. 14, pp. 924-933,

1995.

U. Broomé and A. Bergquist, “Primary sclerosing cholangitis,

inflammatory bowel disease, and colon cancer,” Seminars in

Liver Disease, vol. 26, no. 1, pp. 31-41, 2006.

[10] J. M. Farrant, D. G. Doherty, P. T. Donaldson et al., “Amino
acid substitutions at position 38 of the DRf polypeptide con-
fer susceptibility to and protection from primary sclerosing
cholangitis,” Hepatology, vol. 16, no. 2, pp. 390-395, 1992.

[11] O. Olerup, R. Olsson, R. Hultcrantz, and U. Broome, “HLA-
DR and HLA-DQ are not markers for rapid disease progres-
sion in primary sclerosing cholangitis,” Gastroenterology, vol.
108, no. 3, pp. 870-878, 1995.

[9



Gastroenterology Research and Practice

[12] A.H.L.Mulder, G. Horst, E. B. Haagsma, J. H. Kleibeuker, and
C. G. M. Kallenberg, “Anti-neutrophil cytoplasmic antibodies
(ANCA) in autoimmune liver disease,” Advances in Experi-
mental Medicine and Biology, vol. 336, pp. 545-548, 1993.

[13] D.S. Bansi, K. A. Fleming, and R. W. Chapman, “Importance
of antineutrophil cytoplasmic antibodies in primary sclerosing
cholangitis and ulcerative colitis: prevalence, titre, and 1gG
subclass,” Gut, vol. 38, no. 3, pp. 384-389, 1996.

[14] B. Terjung and U. Spengler, “Role of auto-antibodies for the
diagnosis of chronic cholestatic liver diseases,” Clinical Reviews
in Allergy and Immunology, vol. 28, no. 2, pp. 115-133, 2005.

=
w

B. Terjung, U. Spengler, T. Sauerbruch, and H. J. Worman,

“Atypical p-ANCA’ in IBD and hepatobiliary disorders react

with a 50-kilodalton nuclear envelope protein of neutrophils

and myeloid cell lines,” Gastroenterology, vol. 119, no. 2, pp.

310-322, 2000.

[16] E. V. Loftus, G. C. Harewood, C. G. Loftus et al., “PSC-IBD:
a unique form of inflammatory bowel disease associated with
primary sclerosing cholangitis,” Gut, vol. 54, no. 1, pp. 91-96,
2005.

[17] K. Lundgvist and U. Broomé, “Differences in colonic disease
activity in patients with ulcerative colitis with and without
primary sclerosing cholangitis: a case control study,” Diseases
of the Colon and Rectum, vol. 40, no. 4, pp. 451-456, 1997.

[18] M. Joo, P. Abreu-E-Lima, F. Farraye et al, “Pathologic
features of ulcerative colitis in patients with primary sclerosing
cholangitis: a case-control study,” American Journal of Surgical
Pathology, vol. 33, no. 6, pp. 854-862, 2009.

[19] H. H. Rasmussen, J. E Fallingborg, P. B. Mortensen, M.

Vyberg, U. Tage-Jensen, and S. N. Rasmussen, “Hepatobiliary

dysfunction and primary sclerosing cholangitis in patients

with Crohn’s disease,” Scandinavian Journal of Gastroenterol-

0gys vol. 32, no. 6, pp. 604-610, 1997.

J. A. Talwalkar and K. D. Lindor, “Primary sclerosing cholan-

gitis,” Inflammatory Bowel Diseases, vol. 11, no. 1, pp. 62-72,

2005.

[21] A. S. Fulcher, M. A. Turner, K. J. Franklin et al., “Primary
sclerosing cholangitis: evaluation with MR cholangiography—
a case-control study,” Radiology, vol. 215, no. 1, pp. 71-80,
2000.

[22] P. Angulo, D. H. Pearce, C. D. Johnson et al., “Magnetic
resonance cholangiography in patients with biliary disease: its
role in primary sclerosing cholangitis,” Journal of Hepatology,
vol. 33, no. 4, pp. 520-527, 2000.

[23] S. L. Moff, I. R. Kamel, J. Eustace et al., “Diagnosis of pri-

mary sclerosing cholangitis: a blinded comparative study us-

ing magnetic resonance cholangiography and endoscopic ret-

rograde cholangiography,” Gastrointestinal Endoscopy, vol. 64,

no. 2, pp. 219-223, 2006.

A. E. Berstad, L. Aabakken, H. J. Smith, S. Aasen, K. M.

Boberg, and E. Schrumpf, “Diagnostic accuracy of magnetic

resonance and endoscopic retrograde cholangiography in pri-

mary sclerosing cholangitis,” Clinical Gastroenterology and He-

patology, vol. 4, no. 4, pp. 514-520, 2006.

[25] H. J. Textor, S. Flacke, D. Pauleit et al., “Three-dimensional
magnetic resonance cholangiopancreatography with respira-
tory triggering in the diagnosis of primary sclerosing cholangi-
tis: comparison with endoscopic retrograde cholangiography,”
Endoscopy, vol. 34, no. 12, pp. 984-990, 2002.

[26] K. W. Burak, P. Angulo, and K. D. Lindor, “Is there a role for

liver biopsy in primary sclerosing cholangitis?” American Jour-

nal of Gastroenterology, vol. 98, no. 5, pp. 1155-1158, 2003.

S)
=

™
-

(27]

(28]

(29]

(30]

(31]

(35]

(36]

(44]

A. Bergquist, A. Ekbom, R. Olsson et al., “Hepatic and
extrahepatic malignancies in primary sclerosing cholangitis,”
Journal of Hepatology, vol. 36, no. 3, pp. 321-327, 2002.

J. Fevery, C. Verslype, G. Lai, R. Aerts, and W. Van Steenbergen,
“Incidence, diagnosis, and therapy of cholangiocarcinoma in
patients with primary sclerosing cholangitis,” Digestive Dis-
eases and Sciences, vol. 52, no. 11, pp. 3123-3135, 2007.

W. R. Kim, T. M. Therneau, R. H. Wiesner et al., “A re-
vised natural history model for primary sclerosing cholangi-
tis,” Mayo Clinic Proceedings, vol. 75, no. 7, pp. 688—694, 2000.
K. D. Lindor, “Ursodiol for primary sclerosing cholangitis,”
New England Journal of Medicine, vol. 336, no. 10, pp. 691—
695, 1997.

A. E. Feldstein, J. Perrault, M. El-Youssif, K. D. Lindor, D. K.
Freese, and P. Angulo, “Primary sclerosing cholangitis in chil-
dren: a long-term follow-up study,” Hepatology, vol. 38, no. 1,
pp. 210-217, 2003.

B. Y. Tung, M. J. Emond, R. C. Haggitt et al., “Ursodiol use is
associated with lower prevalence of colonic neoplasia in pa-
tients with ulcerative colitis and primary sclerosing cholan-
gitis,” Annals of Internal Medicine, vol. 134, no. 2, pp. 89-95,
2001.

I. W. Graziadei, R. H. Wiesner, P. J. Marotta et al., “Long-
term results of patients undergoing liver transplantation for
primary sclerosing cholangitis,” Hepatology, vol. 30, no. 5, pp.
1121-1127, 1999.

1. W. Graziadei, R. H. Wiesner, K. P. Batts et al., “Recurrence
of primary sclerosing cholangitis following liver transplanta-
tion,” Hepatology, vol. 29, no. 4, pp. 1050—-1056, 1999.

P. Angulo, Y. Maor-Kendler, and K. D. Lindor, “Small-duct
primary sclerosing cholangitis: a long-term follow-up study,”
Hepatology, vol. 35, no. 6, pp. 1494-1500, 2002.

A. Wee, J. Ludwig, R. J. Coffey Jr., N. F. LaRusso, and R. H.
Wiesner, “Hepatobiliary carcinoma associated with primary
sclerosing cholangitis and chronic ulcerative colitis,” Human
Pathology, vol. 16, no. 7, pp. 719-726, 1985.

E. Bjornsson, R. Olsson, A. Bergquist et al., “The natural his-
tory of small-duct primary sclerosing cholangitis,” Gastroen-
terology, vol. 134, no. 4, pp. 975-980, 2008.

G. V. Gregorio, B. Portmann, J. Karani et al., “Autoimmune he-
patitis/sclerosing cholangitis overlap syndrome in childhood:
a 16-year prospective study,” Hepatology, vol. 33, no. 3, pp.
544-553, 2001.

J. Woodward and J. Neuberger, “Autoimmune overlap syn-
dromes,” Hepatology, vol. 33, no. 4, pp. 994-1002, 2001.

A. Floreani, E. R. Rizzotto, F. Ferrara et al., “Clinical course
and outcome of autoimmune hepatitis/primary sclerosing
cholangitis overlap syndrome,” American Journal of Gastroen-
terology, vol. 100, no. 7, pp. 1516-1522, 2005.

A. A. Abdo, V. G. Bain, K. Kichian, and S. S. Lee, “Evolution
of autoimmune hepatitis to primary sclerosing cholangitis: a
sequential syndrome,” Hepatology, vol. 36, no. 6, pp. 1393—
1399, 2002.

G. L. Hill, W. S. J. Mair, and J. C. Goligher, “Gallstones after
ileostomy and ileal resection,” Gut, vol. 16, no. 12, pp. 932—
936, 1975.

P. J. Whorwell, R. Hawkins, K. Dewbury, and R. Wright,
“Ultrasound survey of gallstones and other hepatobiliary dis-
orders in patients with Crohn’s disease,” Digestive Diseases and
Sciences, vol. 29, no. 10, pp. 930-933, 1984.

D. Lorusso, S. Leo, A. Mossa, G. Misciagna, and V. Guerra,
“Cholelithiasis in inflammatory bowel disease. A case-control
study,” Diseases of the Colon and Rectum, vol. 33, no. 9, pp.
791-794, 1990.



[45] A. Lapidus, M. Bangstad, M. Astrom, and O. Muhrbeck, “The
prevalence of gallstone disease in a defined cohort of patients
with Crohn’s disease,” American Journal of Gastroenterology,
vol. 94, no. 5, pp. 1261-1266, 1999.

[46] S.Bargiggia, G. Maconi, M. Elli et al., “Sonographic prevalence
of liver steatosis and biliary tract stones in patients with in-
flammatory bowel disease: study of 511 subjects at a single
center;” Journal of Clinical Gastroenterology, vol. 36, no. 5, pp.
417-420, 2003.

[47] M. Fraquelli, A. Losco, S. Visentin et al., “Gallstone disease and
related risk factors in patients with Crohn disease: analysis of
330 consecutive cases,” Archives of Internal Medicine, vol. 161,
no. 18, pp. 2201-2204, 2001.

[48] E Parente, L. Pastore, S. Bargiggia et al., “Incidence and risk
factors for gallstones in patients with inflammatory bowel
disease: a large case-control study,” Hepatology, vol. 45, no. 5,
pp. 1267-1274, 2007.

[49] A. O. M. C. Damido, A. M. Sipahi, D. P. Vezozzo, P. L.
Gongalves, P. Fukui, and A. A. Laudanna, “Gallbladder hypo-
kinesia in Crohn’s disease,” Digestion, vol. 58, no. 5, pp. 458—
463, 1997.

[50] V. Annese, G. VanTrappen, and R. Hutchinson, “Gall stones in
Crohn’s disease: another hypothesis,” Gut, vol. 35, no. 11, p.
1676, 1994.

[51] R. H. Dowling, G. D. Bell, and J. White, “Lithogenic bile in
patients with ileal dysfunction,” Gut, vol. 13, no. 6, pp. 415—
420, 1972.

[52] M. A. Brink, J. . M. Slors, Y. C. A. Keulemans et al.,
“Enterohepatic cycling of bilirubin: a putative mechanism for
pigment gallstone formation in ileal Crohn’s disease,” Gastro-
enterology, vol. 116, no. 6, pp. 1420-1427, 1999.

[53] S. L. Taffet and K. M. Das, “Sulfasalazine. Adverse effects and
desensitization,” Digestive Diseases and Sciences, vol. 28, no. 9,
pp. 833-842, 1983.

[54] L.Teo and E. Tan, “Sulphasalazine-induced DRESS,” Singapore
Medical Journal, vol. 47, no. 3, pp. 237-239, 2006.

[55] D. Rachmilewitz, F. Barbier, P. Defrance et al., “Coated
mesalazine (5-aminosalicylic acid) versus sulphasalazine in
the treatment of active ulcerative colitis: a randomised trial,”
British Medical Journal, vol. 298, no. 6666, pp. 82-86, 1989.

[56] M. L. Hautekeete, N. Bourgeois, P. Potvin et al., “Hypersensi-
tivity with hepatotoxicity to mesalazine after hypersensitivity
to sulfasalazine,” Gastroenterology, vol. 103, no. 6, pp. 1925—
1927, 1992.

[57] B. Stoschus, M. Meybehm, U. Spengler, C. Scheurlen, and T.
Sauerbruch, “Cholestasis associated with mesalazine therapy
in a patient with Crohn’s disease,” Journal of Hepatology, vol.
26, no. 2, pp. 425-428, 1997.

[58] S. Nahon, J. F Cadranel, O. Chazouilleres, M. Biour, V.
Jouannaud, and P. Marteau, “Liver and inflammatory bowel
disease,” Gastroenterologie Clinique et Biologique, vol. 33, no.
5, pp. 370-381, 2009.

[59] P. Deltenre, A. Berson, P. Marcellin, C. Degott, M. Biour,
and D. Pessayre, “Mesalazine (5-aminosalicylic acid) induced
chronic hepatitis,” Gut, vol. 44, no. 6, pp. 886888, 1999.

[60] I. Tiede, G. Fritz, S. Strand et al., “CD28-dependent Racl
activation is the molecular target of azathioprine in primary
human CD4+ T lymphocytes,” Journal of Clinical Investiga-
tion, vol. 111, no. 8, pp. 1133-1145, 2003.

[61] M. C. Dubinsky, H. Yang, P. V. Hassard et al., “6-MP
metabolite profiles provide a biochemical explanation for 6-
MP resistance in patients with inflammatory bowel disease,”
Gastroenterology, vol. 122, no. 4, pp. 904-915, 2002.

Gastroenterology Research and Practice

[62] C. Cuffari, S. Hunt, and T. Bayless, “Utilisation of erythrocyte
6-thioguanine metabolite levels to optimise azathioprine ther-
apy in patients with inflammatory bowel disease,” Gut, vol. 48,
no. 5, pp. 642-646, 2001.

[63] C. Cuffari, Y. Théorét, S. Latour, and G. Seidman, “6-Mer-
captopurine metabolism in Crohn’s disease: correlation with
efficacy and toxicity,” Gut, vol. 39, no. 3, pp. 401-406, 1996.

[64] J. Colombel, N. Ferrari, H. Debuysere et al., “Genotypic
analysis of thiopurine S-methyltransferase in patients with
Crohn’s disease and severe myelosuppression during azathio-
prine therapy,” Gastroenterology, vol. 118, no. 6, pp. 1025—
1030, 2000.

[65] L. D. Deleve, X. Wang, J. F. Kuhlenkamp, and N. Kaplowitz,
“Toxicity of azathioprine and monocrotaline in murine sinu-
soidal endothelial cells and hepatocytes: the role of glutathione
and relevance to hepatic venoocclusive disease,” Hepatology,
vol. 23, no. 3, pp. 589-599, 1996.

[66] S. Russmann, A. Zimmermann, S. Krihenbiihl, B. Kern,

and J. Reichen, “Veno-occlusive disease, nodular regenerative

hyperplasia and hepatocellular carcinoma after azathioprine
treatment in a patient with ulcerative colitis,” European Journal

of Gastroenterology and Hepatology, vol. 13, no. 3, pp. 287-290,

2001.

E Daniel, J. E Cadranel, P. Seksik et al., “Azathioprine

induced nodular regenerative hyperplasia in IBD patients,”

Gastroenterologie Clinique et Biologique, vol. 29, no. 5, pp. 600—

603, 2005.

[68] J. P. Gisbert, M. Luna, Y. Gonzalez-Lama et al., “Liver injury
in inflammatory bowel disease: long-term follow-up study of
786 patients,” Inflammatory Bowel Diseases, vol. 13, no. 9, pp.
1106-1114, 2007.

[69] J. Romagnuolo, D. C. Sadowski, E. Lalor, L. Jewell, and
A. B. R. Thomson, “Cholestatic hepatocellular injury with
azathioprine: a case report and review of the mechanisms of
hepatotoxicity,” Canadian Journal of Gastroenterology, vol. 12,
no. 7, pp. 479-483, 1998.

[70] J. Shorey, S. Schenker, W. N. Suki, and B. Combes, “Hepato-
toxicity of mercaptopurine,” Archives of Internal Medicine, vol.
122, no. 1, pp. 54-58, 1968.

[71] J. R. Bertino, “The mechanism of action of the folate anta-
gonists in man,” Cancer Research, vol. 23, pp. 1286-1306, 1963.

[72] J. M. Kremer, J. Galivan, A. Streckfuss, and B. Kamen, “Meth-
otrexate metabolism analysis in blood and liver of rheumatoid
arthritis patients. Association with hepatic folate deficiency
and formation of polyglutamates,” Arthritis and Rheumatism,
vol. 29, no. 7, pp. 832-835, 1986.

[73] W. J. Sandborn, “A review of immune modifier therapy for
inflammatory bowel disease: azathioprine, 6-mercaptopurine,
cyclosporine, and methotrexate,” American Journal of Gas-
troenterology, vol. 91, no. 3, pp. 423-433, 1996.

[74] V. Germano, A. P. Diamanti, G. Baccano et al., “Autoimmune
hepatitis associated with infliximab in a patient with psoriatic
arthritis,” Annals of the Rheumatic Diseases, vol. 64, no. 10, pp.
1519-1520, 2005.

[75] G.]Jdrnerot, E. Hertervig, I. Friis-Liby et al., “Infliximab as res-
cue therapy in severe to moderately severe ulcerative colitis: a
randomized, placebo-controlled study,” Gastroenterology, vol.
128, no. 7, pp. 1805-1811, 2005.

[76] S.]J. Jarrett, G. Cunnane, P. G. Conaghan et al., “Anti-tumor
necrosis factor-a therapy-induced vasculitis: case series,”
Journal of Rheumatology, vol. 30, no. 10, pp. 2287-2291, 2003.

[77] Y. Ueno, S. Tanaka, M. Shimamoto et al., “Infliximab therapy
for Crohn’s disease in a patient with chronic hepatitis B,” Di-
gestive Diseases and Sciences, vol. 50, no. 1, pp. 163-166, 2005.

[67



Gastroenterology Research and Practice

(78]

(92]

M. Esteve, C. Saro, F. Gonzalez-Huix, F. Suarez, M. Forné,
and J. M. Viver, “Chronic hepatitis B reactivation following
infliximab therapy in Crohn’s disease patients: need for pri-
mary prophylaxis,” Gut, vol. 53, no. 9, pp. 1363-1365, 2004.
L. G. Guidotti and E V. Chisari, “Noncytolytic control of vi-
ral infections by the innate and adaptive immune response,”
Annual Review of Immunology, vol. 19, pp. 65-91, 2001.

G. Herbein and W. A. O’Brien, “Tumor necrosis factor (TNF)-
a and TNF receptors in viral pathogenesis,” Proceedings of the
Society for Experimental Biology and Medicine, vol. 223, no. 3,
pp. 241-257, 2000.

L. Biancone, M. Pavia, G. Del Vecchio Blanco et al., “Hepatitis
B and C virus infection in Crohn’s disease,” Inflammatory
Bowel Diseases, vol. 7, no. 4, pp. 287-294, 2001.

D. M. Nathan, P. W. Angus, and P. R. Gibson, “Hepatitis B and
C virus infections and anti-tumor necrosis factor-a therapy:
guidelines for clinical approach,” Journal of Gastroenterology
and Hepatology, vol. 21, no. 9, pp. 1366-1371, 2006.

W. Miehsler, W. Reinisch, E. Valic et al., “Is inflammatory bow-
el disease an independent and disease specific risk factor for
thromboembolism?” Gut, vol. 53, no. 4, pp. 542-548, 2004.

L. M. Jackson, P. J. O’Gorman, J. O’Connell, C. C. Cronin,
K. P. Cotter, and F. Shanahan, “Thrombosis in inflammatory
bowel disease: clinical setting, procoagulant profile and Factor
V Leiden,” Monthly Journal of the Association of Physicians, vol.
90, no. 3, pp. 183-188, 1997.

M. E. Baker, E Remzi, D. Einstein et al., “CT depiction of
portal vein thrombi after creation of ileal pouch-anal anasto-
mosis,” Radiology, vol. 227, no. 1, pp. 73-79, 2003.

F. H. Remzi, V. W. Fazio, M. Oncel et al., “Portal vein thrombi
after restorative proctocolectomy,” Surgery, vol. 132, no. 4, pp.
655—-662, 2002.

C. G. Ball, A. R. MacLean, W. D. Buie, D. F. Smith, and E.
L. Raber, “Portal vein thrombi after ileal pouch-anal anasto-
mosis: its incidence and association with pouchitis,” Surgery
Today, vol. 37, no. 7, pp. 552-557, 2007.

T. Vassiliadis, A. Mpoumponaris, O. Giouleme et al., “Late on-
set ulcerative colitis complicating a patient with Budd-Chiari
syndrome: a case report and review of the literature,” European
Journal of Gastroenterology and Hepatology, vol. 21, no. 1, pp.
109-113, 2009.

P. Socha, J. Ryzko, W. Janczyk, E. Dzik, B. Iwanczak, and
E. Krzesiek, “Hepatic vein thrombosis as a complication of
ulcerative colitis in a 12-year-old patient,” Digestive Diseases
and Sciences, vol. 52, no. 5, pp. 1293-1298, 2007.

L. Spina, S. Saibeni, T. Battaglioli, F. Peyvandi, R. De
Franchis, and M. Vecchi, “Thrombosis in inflammatory bowel
diseases: role of inherited thrombophilia,” American Journal of
Gastroenterology, vol. 100, no. 9, pp. 2036-2041, 2005.

G. Riegler, R. D’'Inca, G. C. Sturniolo et al., “Hepatobiliary
alterations in patients with inflammatory bowel disease: a
multicenter study,” Scandinavian Journal of Gastroenterology,
vol. 33, no. 1, pp. 93-98, 1998.

J. P. Callen and R. M. Soderstrom, “Granulomatous hepati-
tis associated with salicylazosulfapyridine therapy,” Southern
Medical Journal, vol. 71, no. 9, pp. 1159-1160, 1978.



	Introduction
	Primary Sclerosing Cholangitis (PSC) 
	Small-Duct Primary Sclerosing Cholangitis (Small-Duct PSC)
	Primary Sclerosing Cholangitis/Autoimmune Hepatitis (PSC/AIH) Overlap Syndrome 
	Cholelithiasis
	Medication-Associated Liver Disease inInflammatory Bowel Disease
	Sulfasalazine
	Thiopurines
	Methotrexate
	Biologic Agents

	Less Common Liver Disorders in Inflammatory Bowel Disease
	Portal Vein Thrombosis
	Budd Chiari Syndrome
	Fatty Liver
	Granulomatous Hepatitis

	Conclusion
	 Abbreviations
	References

