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Introduction

Hepatic involvement in inflammatory bowel disease (IBD) is
a spectrum that ranges from transient abnormalities in labo-
ratory values to liver diseases that can require transplanta-
tion. There is no standard of care in the diagnostic approach
to elevated liver biochemistry in IBD. While it is appropriate
to minimize invasive investigations, this should not be at the
expense of overlooking a diagnosis of chronic liver disease.
The chronic hepatic diseases associated with IBD include
primary sclerosing cholangitis (PSC), autoimmune hepatitis
(AIH), and autoimmune sclerosing cholangitis (ASC, an
overlap syndrome in which features of both PSC and AIH
are detected on laboratory, histological, and cholangio-
graphic investigations [1]). Medications used in IBD treat-
ment can also cause significant hepatotoxicity, and thus
require close monitoring during their administration. Other
hepatobiliary manifestations reported in the IBD literature
include cholangiocarcinoma, cholelithiasis, hepatic abscess,
hepatic or portal vein thrombosis, fatty liver, and amyloido-
sis (all of these have been described in children except the
last). In this chapter, we will explore hepatic involvement in
pediatric IBD in further detail.

Abnormal Liver Chemistry

Abnormal liver biochemistry, in patients with IBD, is a com-
mon finding. In adults with ulcerative colitis (UC), 40% of
patients can present with abnormal liver enzymes [2]. In one
study of 200 adult UC patients, where the outcomes of
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elevated liver biochemistry were assessed, the investigators
identified nonspecific transient increases in 63% of patients,
fatty liver disease in 11.2%, PSC in 6.3%, drug toxicity in
6%, and other diagnoses in 13.5%, such as autoimmune hep-
atitis, chronic hepatitis C infection, and total parenteral
nutrition-associated cholestasis. The patients with transient
abnormalities in hepatic enzymes all had mild elevations at
less than three times the upper limit of normal; however, time
to resolution was not reported [2]. In another cohort of 786
adult patients with IBD, 15% developed elevated liver
enzymes, of which 2.5% developed PSC, 42.3% had hepato-
toxicity from azathioprine (AZA) or 6-mercaptopurine
(6MP) use, 40.8% had fatty liver disease, and 28% had no
known associated liver disease [3].

There has only been one study to date investigating the
prevalence of abnormal liver biochemistry in pediatric IBD
patients. Nemeth et al. retrospectively assessed 46 children
with IBD and identified 24 patients (52%) who developed
elevated liver enzymes at some point over a mean follow-up
of 5.2 years [4]. Of the 9 patients with “severe liver involve-
ment,” defined as liver enzymes greater than three times the
upper limit of normal, eight had biopsies with histologic
findings that included bile duct proliferation, portal fibrosis,
and/or portal inflammation. Four of the eight patients had
changes consistent with a diagnosis of small duct PSC. Of
those with “severe liver involvement,” more patients were
observed to have pancolonic UC as compared to those with
distal UC or Crohn disease (CD). Unfortunately, the small
number of patients, lack of radiological reporting, and the
inability to show statistical differences among the IBD
groups were major limitations in this study.

In general, there is a paucity of data regarding the preva-
lence and natural history of abnormal liver biochemistry in
pediatric IBD. The data that exist suggests that up to half of
patients with IBD will have abnormal liver enzymes during
their disease course, and in the majority, these are transient
changes. The limited literature also seems to indicate that if
transaminases are less than two times the upper limit of nor-
mal for a short period of time (such as less than 4 weeks),
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then observation alone may be appropriate without resorting
to invasive investigations.

Primary Sclerosing Cholangitis

Primary sclerosing cholangitis is an autoimmune cholestatic
liver disease characterized by intrahepatic or extrahepatic
pericholangitis with progression to multifocal biliary stric-
tures, liver fibrosis, cirrhosis, and complications of portal
hypertension [1]. A Canadian study of 49 cases of PSC
described an incidence rate of 0.23 cases per 100,000 per-
son-years in children and 1.11 cases per 100,000 person-
years in adults [5]. The first reported association between
PSC and IBD was by Warren et al. in 1966; they described
42 cases of PSC, 12 of which had concurrent UC [6]. The
prevalence of PSC in pediatric IBD has most recently been
reported as 1.5% in a study of 1,009 children with IBD across
19 North American centers [7], and as 2.6% in a study of 786
adult patients with IBD in Spain [3]. Pediatric PSC has an
equal sex distribution, instead of the male overrepresentation
seen in adults [8].

The presentation of PSC can be quite variable: in 47 chil-
dren with PSC, 40% presented with hepatomegaly, 36% had
abdominal pain, 23% had splenomegaly, 19% had pruritus,
17% had jaundice, and 19% were asymptomatic [9]. The
previously described Canadian incidence study of patients
with PSC identified 73.4% of patients to also have IBD (CD:
19/49, UC: 17/49) [5]. This is consistent with a subsequent
study, where the prevalence of IBD in PSC was 68.9%
(20/29) [8, 10]. Despite the high prevalence of IBD in PSC
patients, the overall frequency of PSC in patients with IBD is
quite low. An American multicenter pediatric cohort study of
IBD identified PSC in 1.5% of 1009 IBD patients (CD:
7/728, UC: 8/281) [7]. Typically, the IBD phenotype associ-
ated with PSC is primarily pancolonic UC with low-grade
inflammation, rectal sparing, and backwash ileitis [1, 5, 8,
11]. Cases of Crohn disease (CD) occur as well, and the
Canadian PSC incidence study described a variable pheno-
type: 57.9% (11/19) had enterocolitis, 36.8% (7/19) had iso-
lated colitis, and 5.3% (1/19) had an ileitis without evidence
of colonic inflammation [5]. In PSC/IBD patients undergo-
ing proctocolectomy, there is an increased risk of peristomal
varices at the ileostomy site, as well as an increased risk of
pouchitis after ileal pouch anal anastomosis [1]. Meanwhile,
patients with PSC who have underlying mild IBD may be
asymptomatic from a GI standpoint. Thus, as stated in the
2010 American Association for the Study of Liver Diseases
(AASLD) PSC practice guidelines, a complete screening
endoscopy is warranted in all patients with apparently iso-
lated PSC at diagnosis, due to implications for long-term
management [1].
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Diagnosis of Primary Sclerosing Cholangitis

There are no widely accepted and validated current diagnostic
criteria for pediatric PSC; however, there are typical findings
on laboratory investigations, cholangiography, and liver
biopsy. This disease can be classified as “large duct” PSC,
“small duct” PSC, and ASC. The first indication of PSC is
often abnormal liver biochemistry. At the time of PSC diagno-
sis, in the Mount Sinai Medical Centre study, mean serum bio-
chemical values were alanine-aminotransferase (ALT) 233
(£327), aspartate-aminotransferase (AST) 236 (+248), gamma-
glutamyltranspeptidase (GGT) 553 (+676), alkaline phos-
phatase (ALP) 610 (£340), total bilirubin 1.3 mg/dL (x1.9),
direct bilirubin level 0.7 mg/dL (1), and albumin level 3.9 g/
dL (20.5) [9]. In children, serum GGT levels have been
regarded as a better screening tool for biliary disease than ALP
due to the elevated ALP levels seen with bone growth [1].
Serology can also be helpful in the diagnosis of PSC as these
patients have an increased presence of perinuclear-antineutro-
phil cytoplasmic antibody (p-ANCA) positivity with 67-87%
prevalence [12, 13]. In a study of 73 adult patients with PSC at
the Mayo clinic, there was no significant difference in ANCA
positivity between patients with IBD (81% positive) or with-
out IBD (93% positive) [14]. When reviewing serology results,
it appears that the atypical pattern of p-ANCA fluorescence is
frequently found in PSC/IBD, with visualization of fluorescent
staining at the periphery of the nucleus and multiple foci
within the nucleus as well [12]. In the setting of a child with
IBD and raised liver enzymes, ANCA testing may be positive;
however, its absence is insufficiently robust for the exclusion
of a diagnosis of PSC in patients with IBD.

Imaging investigations are crucial to the diagnosis of
PSC. An abdominal ultrasound is usually the first-line
investigation to assess the biliary tree, look for biliary dila-
tation or wall thickening, as well as peri-hilar lymph nodes,
and screen for other conditions that could be associated
with a raised GGT, such as cholelithiasis. The definitive
radiological tests are cholangiographic studies, either mag-
netic resonance cholangiography (MRCP) or endoscopic
retrograde cholangiopancreatography (ERCP) (both of
which have superseded the more invasive percutaneous
cholangiography). Cholangiography can assess for both
intrahepatic and extrahepatic “large duct” involvement, as
well as determine if the disease is localized or diffuse
(Fig. 11.1). The Majoie classification for cholangiography
has been used in previous reports to categorize the extent
and localization of disease (Table 11.1). Typical findings
include biliary duct wall irregularities with stenosis and
dilatation, as well as reduction of intraparenchymal
arborization [15]. In a prospective pediatric study by
Ferrara et al. in 2002, 21 patients aged 7-14 years, with
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Fig. 11.1 MRCP of a 17-year-old patient with PSC. Note the intrahepatic and extrahepatic beading of the biliary tree with sequential strictures

and saccular dilatations. The common bile duct wall is also thickened

Table 11.1 The Majoie classification of cholangiographic findings in primary sclerosing cholangitis [15]

Intrahepatic

Minimal strictures with normal diameter of biliary ducts
or minimal dilatation

Multiple strictures with saccular dilatations and reduction
of intraparenchymal arborization

Lack of visualization of one of the main hepatic ducts

suspicion of PSC, were all evaluated by ERCP, MRCP, and
liver biopsy [16]. Three patients were noncooperative and
could not complete the MRCP protocol. MRCP showed
abnormalities consistent with PSC in 13/21 (62%) patients,
while ERCP diagnosed PSC in 16/21 (76%) patients. In the
five patients with normal MRCP imaging, no abnormalities
were identified on ERCP. In this study, the specificity of
MRCP for PSC was 100% with a sensitivity of 81%.
However, the sensitivity was reduced by the inability for
the children to complete the exam and not the intrinsic abil-
ity for the modality to identify abnormalities. While both
MRCP and ERCP are of high quality, ERCP carries the
risks of pancreatitis, cholangitis, hemorrhage, duodenal
perforation, and death [17, 18]. Thus, MRCP, with sedation
when appropriate, can be recommended as a reliable pri-
mary diagnostic imaging modality in PSC.

A liver biopsy is indicated in a child with IBD and persis-
tently raised liver enzymes, particularly if the GGT is also

Extrahepatic
Duct contours have slight irregularities without stenosis

Segmental stenosis of the biliary duct

Almost the entire biliary duct is stenotic

Pseudo-diverticular out-pouching of the biliary ducts with
irregular duct margins or diameter

Table 11.2 Ludwig histopathological classification in PSC [89]

Portal tract fibrosis with cholangitis and portal hepatitis
Periportal fibrosis or hepatitis

Septal fibrosis and/or bridging fibrosis

Cirrhosis

elevated. The liver biopsy should be performed in this setting
regardless of the radiological findings as PSC may involve
the smallest biliary ducts and only be detected microscopi-
cally. A biopsy is also needed to identify any evidence of
ASC, which requires a different therapeutic approach (see
section “Autoimmune Sclerosing Cholangitis”). The histo-
pathology in small duct PSC can reveal acute and/or chronic
cholangitis, fibrosis, or cirrhosis (Table 11.2) [19]. A finding
known as “onion skinning” is the most characteristic histo-
pathologic lesion of PSC, which describes concentric peri-
ductal fibrosis (Fig. 11.2).
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Fig. 11.2 Liver histopathology from a 15-year-old boy with PSC and
UC. On H&E staining (a) and trichrome staining (b) there is evidence
of periductal fibrosis (“onion skinning,” arrow) with degeneration and
atrophy of the ductal epithelium of some cholangioles. Also note the

Treatment of Primary Sclerosing Cholangitis

Unfortunately, pharmacological treatments for PSC have
been disappointing, as they have not shown a decrease in the
rate of disease progression or a change in the rate of survival.
Treatment with corticosteroids, penicillamine, and azathio-
prine have not shown long-term success in improving out-
comes in PSC [20, 21]. Tacrolimus has been shown to cause
a reduction in ALT and ALP but was poorly tolerated in
adults [22]. Mycophenolate mofetil, methotrexate, budes-
onide, etanercept, pentoxifylline (an anti-TNF agent), and
pirfenidone (an antifibrotic agent) have all not shown any
short- or long-term benefit [22]. Ursodeoxycholic acid
(UCDA), a dihydroxy bile acid, has been the mainstay of
medical therapy for PSC, having been shown to decrease the
hepatotoxicity of other bile salts, provide a hepato-protective
effect, and improve the serum ALT [23, 24]. However, a
recent trial of high dose ursodeoxycholic acid (28-30 mg/kg/
day) vs. placebo in adults revealed an association with higher
rates of liver transplantation and death, suggesting toxicity at
these doses [22]. The AASLD guidelines recommend against
the use of UCDA in adults with PSC; however, there is
insufficient evidence to establish firm guidelines for or
against the use of this therapy in children [1]. Many pediatric
hepatologists continue to utilize ursodeoxycholic acid at
lower doses (up to 20 mg/kg/day divided twice daily), as
there may be potential benefit for improving outcomes. Oral
vancomycin, at 50 mg/kg/day, has also been reported to
improve liver biochemistry and reduce inflammation on liver
biopsy in children with both UC and PSC [25]. Of note, those
with liver cirrhosis on biopsy did not show a statistically

severe bridging fibrosis with fibrous septae linking portal tracts. (Images
courtesy of Dr. Ernest Cutz, MD, FRCPC, Hospital for Sick Children,
University of Toronto)

significant degree of improvement. Furthermore, survival
outcomes after long-term vancomycin use have not been
reported. Minocycline and metronidazole have also been
shown to reduce abnormal liver biochemistry in PSC [22].
These data suggest that antibiotics can decrease inflammation
in the PSC liver, implicating bacteria in the pathogenesis of
PSC. Overall, the management of PSC involves close co-
operation with a hepatologist, limitation of exposure to hepa-
totoxic medications, as well as regular monitoring of liver
biochemistry.

While MRCP is a noninvasive diagnostic tool, which is
desirable in pediatrics, an ERCP has the advantage of pro-
viding therapeutic potential. In the setting of a localized large
duct stricture, a biliary intervention via ERCP can ameliorate
the course of disease. A bile duct stricture in PSC can lead to
worsening liver function with progression to cirrhosis as well
as increased risk of bacterial cholangitis [26]. With ERCP-
mediated balloon dilatation + stenting of a stenotic duct, there
can be improvement of liver biochemistry, including biliru-
bin, decreased jaundice and pruritus (if present), and
improved survival [27].

Outcomes in Primary Sclerosing Cholangitis

Primary sclerosing cholangitis causes liver fibrosis and can
progress to liver cirrhosis, as well as hepatic failure. Angulo
et al. in 2002 compared patients with small-duct PSC (N=18)
vs. classic PSC (N=36), and found that survival with native
liver was significantly higher in the group with small duct
PSC (p=0.04), suggesting a better prognosis with this pattern
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of disease [28]. A small group of patients (3/18) with small-
duct disease were found to develop classic PSC during fol-
low-up. It is unclear if the two patterns of disease are on a
continuum or are distinct entities. In a single-centre study
from Mount Sinai, 19% of children required liver transplanta-
tion [9]. A recent study from the SPLIT (Studies of Pediatric
Liver Transplantation) database assessed the outcomes of
children with PSC following liver transplantation [29]. The
patient survival was 98.7% at 1 year and 86.6% at 5 years,
compared to 94.3 and 88.2%, respectively, in the non-PSC
group. Meanwhile, the graft survival was 93% at 1 year and
76.1% at 5 years, compared to 90 and 79.5%, respectively, in
the non-PSC group. There were no significant differences in
patient and graft survival between the two groups. However,
with a univariate analysis, mortality was significantly higher
in PSC patients with a diagnosis of IBD pretransplant. Of
potential interest, a recurrence of PSC was diagnosed in 6 of
61 patients (9.8%) over a median follow-up time of 36.6 +32.7
months, and all who recurred had been diagnosed with con-
current IBD pretransplant. In a prospective comparison of
adult PSC patients with a dominant stricture of the biliary
duct, the transplant-free survival after 18 years of follow-up
was poorer in the group of patients with concomitant UC (23
vs. 77.8%, respectively, p=0.045) [30]. Proctocolectomy has
not shown any difference in survival or decrease in the com-
plications of portal hypertension, in adult patients with con-
comitant PSC/UC [31]. There is insufficient evidence to
recommend colectomy in children with PSC/UC to prevent
progression of PSC disease or liver transplantation.

Another important complication of PSC is an increased
risk of cholangiocarcinoma. In a study of 1,274 adult patients
with UC, the overall prevalence of this malignancy was
0.3%; however, in patients with concurrent PSC, the preva-
lence was 13% [32]. Furthermore, patients with PSC and a
dominant bile duct stricture have a statistically significant
increased risk of cholangiocarcinoma, as well as colorectal
carcinoma, if they have concurrent IBD [30]. These cancers
are rare in children, and the AASLD guidelines do not rec-
ommend increased surveillance in the pediatric population
with PSC/IBD, while adult screening with colonoscopy is
recommended every 1-2 years after diagnosis [1].

Other Autoimmune Liver Diseases
Autoimmune Hepatitis

AIH is an autoimmune disorder characterized by hepatic
inflammation and it can be categorized according to the type
of autoantibodies present. In AIH type 1, antinuclear anti-
bodies and/or smooth muscle antibodies (ANA/SMA) are
frequently positive, while in AIH type 2 antibodies to liver/
kidney microsomal type 1 (LKM1) can be positive. Children

99

can be seronegative, or have antibodies titers that are lower
than in adults such that 1:20 for ANA or SMA, and 1:10 for
anti-LKM1 are significant levels in children, while in adults
1:40 is clinically relevant, as per AASLD guidelines [33].
Both types of AIH favor a female predominance (75%), have
elevated immunoglobulin G (IgG) titers, and in children,
progress with a similar disease course. However, patients
with type 2 disease frequently present at a younger age
(median age: 7.4 vs. 10.5 years) [34]. The clinical presenta-
tion can include nonspecific symptoms such as fatigue, nau-
sea, abdominal pain, and arthralgia, while others may present
with jaundice, acute hepatitis, or even liver failure [33].
A liver biopsy is necessary to confirm the diagnosis as well
as to rule out other causes of liver biochemistry derange-
ment. Findings include portal tract inflammation, lobular
hepatitis, interface hepatitis, and cirrhosis [34]. Plasma cell
infiltration of the portal tracts are commonly associated with
the periportal hepatitis; however, in some patients with AIH
this may be absent [33]. Autoantibodies are integral to mak-
ing a diagnosis of AIH as described earlier. However, ANCA
can also be frequently positive in AIH type 1. In one study
within adults, 65% of 46 patients with AIH type 1 were
ANCA positive; however, none of the 19 patients with AIH
type 2 were positive [35]. The International Autoimmune
Hepatitis Group (IAIHG) developed and revised a scoring
system for the diagnosis of AIH in 1999 that incorporates
many of these parameters [36]. Some indices included in the
score are liver biochemistry, autoantibodies, viral serology
status, drug or alcohol use, and findings on liver histology.
With a total AIH score above 15 points, the diagnosis of
AIH is considered definite, while with a score between 10
and 15 points, AIH is probable. Ebbeson and Schreiber ret-
rospectively evaluated this tool in 2004, in children with
diagnoses of AIH (N=21) and sclerosing cholangitis (N=7)
[37]. They found 85.7% (18/21) of patients clinically diag-
nosed with AIH to have “definite AIH” according to the
TAIHG tool, while 14.3% (3/21) had “probable AIH.” Of the
patients with sclerosing cholangitis, all four with isolated
cholangitis were found to have a score of <10 points, while
the three patients with overlap disease (ASC) had scores
consistent with definite AIH. This study evaluated a small
group of patients; however, it suggests that patients with
hepatic inflammation consistent with AIH may be reliably
differentiated from isolated PSC with this tool. However, this
tool is not specific enough to rule out ASC in patients who
appear to have AIH.

Immunosuppressive therapy is the standard of care for
AIH in children due to the increased disease severity at onset
as well as the aggressive course with poorer long-term out-
comes observed if treatment is delayed [33]. Prednisone
(1-2 mg/kg/day) is used to induce remission and can be con-
tinued at a lower dose (2.5-5 mg/day) for long-term mainte-
nance. Azathioprine is usually added for maintenance
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Fig. 11.3 Overlap between IBD and chronic liver diseases. This Venn
diagram represents the relationship between IBD and chronic liver dis-
eases, as well as the perceived prevalence (not drawn to scale)

treatment, as recommended in AASLD guidelines [33]. In
children who fail to respond to these medications, additional
options include MMF, cyclosporine, and tacrolimus, although
the evidence for use of these agents is based on case series
and not randomized trials comparing to standard treatment
regimens [33]. After successful therapy for 2-3 years, with
persistent normalization of liver biochemistry, immunosup-
pression discontinuation may be attempted after a liver biopsy
has confirmed complete histologic remission of disease.

Other autoimmune diseases, such as hypothyroidism,
occur in 20-22% of patients with AIH [34]. Of particular
relevance here is the overlap with IBD. Within the IBD pop-
ulation, AIH is an uncommon finding: 0.9% of 1,009 chil-
dren in a multicenter study with IBD, and 1.4% with UC had
a “chronic active hepatitis.” [7] However, within the pediat-
ric AIH population, IBD is more frequently diagnosed with a
prevalence of 12-20% of children with AIH in one study,
advocating a low index of suspicion for IBD in this popula-
tion [34] (Fig. 11.3).

Autoimmune Sclerosing Cholangitis

Autoimmune sclerosing cholangitis occurs almost exclu-
sively in children and young adults [19, 38, 39]. It is diag-
nosed when features of both PSC and AIH are present on
liver biopsy and imaging; however, as in PSC, there are no
specific diagnostic criteria. These patients have an increased
frequency of concomitant IBD (44%) compared with both
PSC and ATH [34]. In one study at King’s College in London,
children referred with biochemical evidence of liver disease
as well as positive autoantibodies were prospectively assessed
[19]. Of the 76 patients referred between 1984 and 1997, 55
patients, who were investigated with both a liver biopsy as
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well as cholangiography, were included in the study.
A diagnosis of ASC was attributed to patients who had histo-
logical evidence of AIH and cholangiographic evidence of
intrahepatic or extrahepatic sclerosing cholangitis. Of note,
this definition of ASC may have precluded a diagnosis of
small duct sclerosing cholangitis, overlapping with AIH,
which would only be diagnosed histologically. Nonetheless,
27/55 (49%) patients were diagnosed with ASC while 28/55
(51%) of patients were diagnosed with AIH. There were no
significant differences in the median age at diagnosis (10.5
years ASC, 11.8 years AIH) or female preponderance (55%
ASC, 79% AIH). Signs and symptoms were also similar at
diagnosis with the majority presenting with jaundice, hepato-
megaly, and splenomegaly, except for pruritus, which was
significantly increased in AIH (25 vs. 7% in ASC). Laboratory
investigations at baseline were mostly similar between ASC
and AIH except for median AST (102 IU/L in ASC, 333 TU/L
in ATH, p=0.002), median total bilirubin (1.2 mg/dL or
20 pmol/L in ASC, 2.0 mg/dL or 35 umol/L in AIH, p=0.04),
and ANCA positivity (74% in ASC, 36% in AIH, p=0.009).
In children with ASC, ANA and SMA titers were positive in
20/27 (74%) of patients and LKM1 antibodies were present
in 1/27 (4%) of patients. Autoimmune disorders in first-
degree relatives were also significantly increased in AIH (71
vs. 37% in ASC). On histology, there was increased acute
and/or chronic cholangitis in patients with ASC compared to
AIH (35 vs. 12%, respectively, p=0.049) but decreased por-
tal tract inflammation (58 vs. 92%, respectively, p=0.004).

Routine sigmoidoscopy with rectal biopsies was also
performed in all patients within this cohort except for one
who refused. IBD was diagnosed in 44% of patients with
ASC. This was significantly different from the 18% of
patients with AIH who were also diagnosed with IBD. There
was potential for the underestimation of the prevalence of
IBD in this population as the colitis associated with PSC
frequently has rectal sparing and only rectal biopsies were
taken in this cohort.

On treatment with immunosuppression, 100% of patients
with AIH experienced normalization of liver biochemistry,
while in ASC, 83% had normal AST levels, and 73% had
normal bilirubin. Meanwhile, there was no significant differ-
ence in rate of relapse with 36% of AIH patients versus 33%
of ASC patients experiencing at least one episode of relapse.
Of those patients with ASC who had follow-up cholangiog-
raphy, 8/17 had progression of intrahepatic and extrahepatic
biliary disease. Upon follow-up, all patients were alive and
no patients with AIH required liver transplantation in this
cohort. Meanwhile, 4/27 (15%) of children with ASC
required liver transplantation. This study suggests that chil-
dren with AIH/IBD should be screened with cholangio-
graphic imaging to assess for PSC, as this could have
implications for a poorer prognosis [19]. This is clearly
stated in the AASLD practice guideline in 2010 [33].
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Conversely, children with cholangiographic evidence of PSC
should undergo liver biopsy and autoantibody detection to
screen for evidence of overlap, as ASC requires immunosup-
pressive treatment [1, 33]. According to AASLD guidelines,
though based on limited evidence, treatment with corticos-
teroids (+azathioprine) may be attempted in PSC patients
with elevated IgG, positive autoimmune antibodies, and
interface hepatitis on liver biopsy.

Drug Hepatotoxicity
Methotrexate

Methotrexate, an anti-inflammatory that inhibits synthesis of
purines and pyrimidines via inhibition of the folate metabo-
lism, has been found to maintain remission in IBD [40].
Previous use in rheumatological diseases has identified a
hepatotoxic effect of methotrexate, with reports of elevation
of liver biochemistry and hepatic fibrosis (15% prevalence)
[41]. The use of methotrexate in psoriasis came with the rec-
ommendation in 1996 to perform protocol liver biopsies after
administration of a cumulative dose of 1,500 mg [42]. With
further investigation, this practice was changed. Updated
publications for psoriasis and juvenile idiopathic arthritis
have included recommendations for biopsies in cases of
refractory abnormal liver biochemistry despite decreased or
held doses of methotrexate. A biopsy can also be considered
with higher cumulative doses of methotrexate (3.5-4.0 g)
[43, 44]. Subsequent studies in adults and children with IBD
have also not supported protocol liver biopsies although the
numbers of patients in each study were limited. The two
adult retrospective studies that included the most number of
liver biopsies after methotrexate administration (Fournier
2010: N=17/87 and Te 2000: N=20/32) demonstrated that
an increased cumulative dose of methotrexate did not corre-
late with worse liver histopathology [45, 46]. In the pediatric
IBD literature, retrospective studies of methotrexate use have
described abnormal liver biochemistry requiring dose reduc-
tions or drug discontinuation (Turner 2007: N=7/60 and
Uhlen 2006: N=2/61) [47, 48]. However, liver biopsies were
not performed in these cases making it difficult to interpret
the exact effect of methotrexate in children with IBD.
Previous studies of methotrexate hepatotoxicity have also
described hepatic steatosis on liver biopsy. These findings
were significantly worse in psoriatic adult patients with obe-
sity +diabetes mellitus compared to psoriatic patients with-
out these risk factors (and matched for cumulative
methotrexate doses) [41, 49]. It is rare for patients to receive
baseline liver biopsies prior to methotrexate use. Therefore,
the contribution of methotrexate to the degree of steatosis is
unclear. Nonetheless, patients with obesity or diabetes mel-
litus require close monitoring as methotrexate could further
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Table 11.3 Drug hepatotoxicity reported in different IBD therapies

Drug Liver outcome

Methotrexate Hepatic fibrosis
Hepatic steatosis
Azathioprine/6-Mercaptopurine Hepatitis

Peliosis hepatis

Veno-occlusive disease

Severe cholestasis

Nodular regenerative hyperplasia
Portal hypertension
5-aminosalicylic acid Fever, rash, jaundice, hepatomegaly
Acute liver failure

Anti-TNF, biologic agents Hepatitis

Hepatitis B reactivation
Hepatosplenic T-cell lymphoma
Mild elevated liver biochemistry

Biliary sludge

Cyclosporine

exacerbate underlying nonalcoholic fatty liver disease
(NAFLD). From the available limited evidence, when start-
ing methotrexate, liver biochemistry should be obtained at
baseline and in follow-up: weekly after the initial dose or
after changes in doses for the first month, and every 2-3
months thereafter. With development of persistently abnor-
mal liver biochemistry, in consultation with a hepatologist,
the dose of methotrexate can be adjusted, or temporarily held
with mild to moderate abnormalities (e.g., up to 2-3x ULN,
the upper limit of normal), or completely discontinued if
highly abnormal (e.g., >5x ULN). Liver biopsies can be
reserved for cases of persistently abnormal liver biochemis-
try or if discontinuation of the methotrexate would be delete-
rious for the IBD management. Caution should be exerted in
prescribing methotrexate to patients with underlying liver
disease and avoided in children with PSC unless under
exceptional circumstances (Table 11.3).

Azathioprine/6-Mercaptopurine

The thiopurine immunomodulators provide an anti-
inflammatory effect, and maintenance of remission in IBD,
by conversion to 6-thioguanine nucleotides, which insert into
the DNA of rapidly dividing cells and suppress replication
[50]. While, adverse effects can occur in 15-30% of patients
with IBD on thiopurines, hepatotoxicity is rare [51]. Adult
retrospective studies have shown frequencies of Azathioprine
(AZA)/6-Mercaptopurine (6MP) hepatotoxicity ranging
from 0 to 5.2% [52-57]. The majority of patients improved
with dose reductions or drug discontinuation. One patient
developed peliosis hepatis, blood-filled cavities on histopa-
thology, which resolved with drug withdrawal. Other reports
have identified isolated cases of veno-occlusive disease
and severe cholestasis, of which both resolved upon drug
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discontinuation [58, 59]. A case—control study of adults with
IBD treated with azathioprine identified 37 cases of nodular
regenerative hyperplasia and found a positive association
with male gender and stricturing IBD disease. These cases
were identified either due to abnormal liver biochemistry
versus symptoms or abdominal imaging consistent with por-
tal hypertension (PHT). Of these cases, 15 required treatment
for PHT and 1 patient received a liver transplant [60].
Meanwhile, studies in children have assessed smaller cohorts
of patients: Cuffari et al. in 1996 found 1 in 25 adolescents
(4%) developed hepatitis, confirmed with liver biopsy [61].
Grossman et al. in 2008 assessed a cohort of 30 children <6
years of age who were prescribed elevated doses of azathio-
prine (3 mg/kg/day) due to suspected differences in pharma-
cokinetics in this age group. Two patients (6.7%) developed
abnormal liver biochemistry that resolved without dose dis-
continuation. Both these patients had normal levels of thio-
purine methyltransferase (TPMT), the enzyme implicated in
toxicity when deficient [62]. Another study of 22 children
with IBD by Kader et al. in 2000 also found that TPMT lev-
els did not correlate with hepatotoxicity in the 2 children
who developed hepatitis [63]. A dose monitoring strategy for
thiopurine administration may include liver biochemistry at
baseline, and then weekly for the first 4 weeks of therapy,
twice monthly for the following second and third months,
and then monthly [64].

Other IBD Therapies and the Liver

Other IBD treatments have reported rare cases of hepatic dis-
turbance. Within the 5-aminosalicylic acid class of medica-
tions, sulfasalazine has been associated with significant cases
of fever, rash, jaundice, hepatomegaly that either progressed
to acute liver failure, or resolved with corticosteroid admin-
istration [65, 66]. These cases were suspected to be idiosyn-
cratic reactions to the sulfa moiety within this compound.

Hepatic steatosis can occur with glucocorticoid adminis-
tration due to increased lipogenesis and decreased free fatty
acid oxidation pathways [67]. Children with IBD who are
treated with corticosteroids are at risk of this complication.
However, despite frequent use of this medication, there are
few, if any, biopsy-proven case reports of this complication
in adults or children [68]. This likely indicates that the short
courses of steroids used in IBD do not frequently cause
significant liver disease.

Hepatotoxicity with anti-TNF use is rare. However, after
35 cases of hepatitis, cholestasis, and acute liver failure were
reported to the FDA MedWatch program, in patients using
anti-TNF agents, a black-box warning was issued to alert
physicians to the possible associated hepatotoxicity [69].
Also concerning were the findings of increased hepatitis B
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reactivation in patients on these biologic agents. It is possible
that endogenous TNF promotes viral clearance and its loss
contributes to the increased viral replication [69].
Cyclosporine was studied in 111 patients with IBD in 2008
and 21 (19%) were found to develop mild elevations in liver
biochemistry that did not cause any adverse effects. Only
one patient was investigated further and was found to have
biliary sludge on ERCP [70].

Finally, total enteral nutrition (TEN) is a therapy that has
been used to both induce and maintain remission in Crohn
disease. This treatment is preferred to the use of total paren-
teral nutrition (TPN) due to a more physiologic delivery of
nutrition as well as a lower side effect profile thus avoiding
the feared intestinal failure-associated liver disease. Two pre-
vious reports have studied the liver biochemistry profile in
TEN for IBD: Dolz et al. in 1989 did not find any statistical
differences between IBD patients on TEN vs. not on TEN
(though this was not randomized). Meanwhile, Schtorje and
Hoekstra in 2010 found a transient increase in liver biochem-
istry in the first 6 weeks of treatment, that subsequently nor-
malized spontaneously without progression to liver disease,
over a mean follow-up period of 2.1 years [71, 72].

Hepatosplenic T-Cell Lymphoma

Hepatosplenic T-cell lymphoma (HSTCL) is a rare malig-
nancy that has been associated with immunocompromised
patients. In this disease, activated T cells appear to infiltrate
the sinusoids of the liver, spleen, and bone marrow. Though
rare, this lymphoma is aggressive, extraordinarily difficult to
treat, and almost uniformly fatal. In general, the median age
at diagnosis is 32 years (range 10-80 years), with a 70%
male predominance [73]. Retrospective analysis of 2 case
series (up to 61 patients total) demonstrated that 98% of
patients presented with splenomegaly, 77% with hepatomeg-
aly, 70% with systemic “B” symptoms, and 29% with jaun-
dice [73]. Investigations performed on these patients revealed
bone marrow infiltration in 100%, liver enzyme abnormali-
ties in 40%, thrombocytopenia in 89%, and anemia in 80%.
In the IBD population, reports of HSTCL have been pub-
lished in children and young adults who were treated with
concomitant infliximab and 6-MP/AZA therapy [73]. A ret-
rospective review of all cases of HSTCL in patients on anti-
TNF agents that were reported to the US Food and Drug
Administration between 2004 and 2009 was recently pub-
lished [74]. A total of 25 cases were found, 18 of which were
patients under 50 years of age. Of the 18, the mean age was
23.6 years (£7.1 years), 17/18 (94.4%) were male, all had
IBD and all were co-treated with 6-MP/AZA. Unfortunately,
14/18 (77.7%) were confirmed to have died at the time of
publication. This risk of malignancy has led to a change in
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practice, as many doctors and families are now reluctant to
use combinations of biologic agents with 6-MP/AZA.
Clearly, in a patient where this regimen has been employed
and the symptoms listed earlier develop, further investiga-
tion and an oncology consultation is warranted.

Other Liver Diseases and IBD
Cholelithiasis

There is an increased prevalence of gallstone disease in
patients with IBD. Though rare in pediatrics, 2.3% of 1649
children with IBD in an American consortium developed
gallstones compared to a population prevalence of approxi-
mately 0.88-0.99% in a British prospective cohort (<30
years of age) [75, 76]. Previous adult studies have described
a 13-28% prevalence rate in CD and 4.6% in UC [77-79].
Significant associations with an increased rate of chole-
lithiasis include increased age, increased duration of dis-
ease, increased extent of disease, and prior intestinal
surgery. The etiology of this problem is unclear and is
hypothesized to be due to increased enterohepatic recircu-
lation of bilirubin as elevated levels of bilirubin (increased
three to tenfold) can be found in the bile of patients with
ileal disease, or past resections, compared to patients with
colitis [80]. In contrast, a study in Crohn disease found an
increased prevalence of gallstones with colonic disease
compared to disease limited to the ileum [78]. Akerlund
etal., in 2000, assessed the bile biochemical composition in
patients with UC status-post colectomy undergoing ileal
pouch re-anastomosis. They found the bile composition in
patients with IBD to be different from non-IBD patients
undergoing cholecystectomy for cholelithiasis, but similar
to healthy patients who had cholecystectomy for other rea-
sons [81]. While the pathophysiology remains uncertain in
IBD, once gallstones have been identified, cholecystectomy
may be indicated as these patients have a higher propensity
to develop further stones.

Liver Abscesses

Cases of liver abscesses in both children and adults with IBD
have been reported. They can arise at presentation of IBD or
while on immunosuppressant therapy. A 17-year-old adoles-
cent with ileocecal CD, who presented with right upper
quadrant abdominal pain, hepatomegaly, and chills, was
found to have multiple liver abscesses. These lesions required
antibiotic treatment over 6 weeks, but subsequently resolved
[82]. In the adult literature, liver abscesses arise more com-
monly in Crohn disease than in ulcerative colitis [83, 84].
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An elevated index of suspicion is required with the
aforementioned symptoms as the diagnosis can usually be
made relatively easily on ultrasonography.

Vascular Lesions

There is an increased propensity for developing vascular
thrombotic lesions in the IBD population. Hepatic vein
thrombosis (HVT: Budd—Chiari syndrome) has also been
reported in IBD and requires a high index of suspicion as
diagnosis on imaging can be challenging. HVT causes an
impaired vascular outflow from the liver with subsequent
hepatomegaly, ascites, and portal hypertension [85]. One
case report describes 12-year-old girl who presented to hos-
pital 6 months after her diagnosis with IBD. She had uncon-
trolled IBD with bloody diarrhea and anemia. She developed
abnormal liver biochemistry and an abdominal ultrasound
demonstrated hepatomegaly. A Doppler examination was
performed and the hepatic vein had a decreased diameter
with old organized thrombi in the lumen [85]. Diuretics and
treatment for her underlying IBD were administered and she
subsequently improved (without anticoagulant therapy). In
1986, 2 cases of HVT in adults with IBD were described, and
both patients presented with ascites and hepatomegaly. One
patient was diagnosed on necropsy, while the other had evi-
dence of sinusoidal dilatations on liver biopsy that was con-
sistent with HVT. He received treatment with diuretics as
well as anticoagulation therapy and he improved with time
[86]. HVT is uncommon; however, it occurs more frequently
in patients with IBD and requires particular consideration.
Initially, investigations with Doppler ultrasonography can be
helpful in identifying HVT. If there is uncertainty, computed
tomography, magnetic resonance imaging, liver biopsy, or
percutaneous venography can be used for diagnostic
confirmation. The therapeutic goal is to prevent progression
of disease with thrombolytic therapy, anticoagulant therapy,
angioplasty or vascular stents, although caution should be
exerted in patients with active bleeding [85]. Symptomatic
treatment of HVT includes management of ascites with
diuretics and paracentesis.

Nonalcoholic Fatty Liver Disease

There are no current reports in the literature of nonalcoholic
fatty liver disease (NAFLD) in pediatric IBD; however, with
evidence of increased obesity in developed countries, this may
change in the near future [87]. In a multicenter study assessing
BMI of children at time of diagnosis with IBD, 10% of 456
children with CD and 20-30% of 156 children with UC were
found to be overweight or at risk of being overweight [88].
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A Clinical Approach to Children with IBD
and Liver Abnormalities

Patients with IBD who develop abnormal liver biochemistry
or physical stigmata of liver disease, may be manifesting
signs or symptoms of a range of potential diagnoses, as
described in this chapter. Based on the available (limited) lit-
erature we suggest the following algorithm to approach
hepatic involvement in pediatric IBD (Fig. 11.4). All children
with IBD should have routine liver biochemistry with liver
enzymes, albumin, and bilirubin at 6—12-month intervals

Child w

when the child is well. This schedule may be increased when
the child is unwell or if they are being treated with hepato-
toxic medications. If abnormalities in liver enzymes are
detected and are low grade, the tests may be repeated in 1-2
weeks, to ensure they are not increasing acutely, and subse-
quently followed for the first few months. With higher eleva-
tions, or if other stigmata of liver disease appear, including
hepatomegaly, splenomegaly, or jaundice, further investigations
should be considered including autoimmune antibody, viral
hepatitis and celiac testing, ceruloplasmin and alpha-
1-antitrypsin level assessment, abdominal ultrasound, MRCP,
and/or liver biopsy. The cut-off points between low- and

ith IBD

Routine surveillance every 6-12 months with:
ALT, AST, GGT, ALP, Albumin, fractionated Bilirubin
(Q1-3 months with methotrexate/AZA/6MP)
(Increased frequency if new Gl symptoms)

i

Return to routine
surveillance

<2 x ULN (eg. ALT or AST < 80)

3

Repeat tests
2 weeks later

Are ALT/ASTIGGT
elevated?

Are ALT/ASTIGGT
elevated?

YES

22 x ULN (eg. ALT or AST280)

(Repeat tests, and also:
» INR, ANA, SMA, LKM, ANCA, IgG, IgA
HAV Ab IgM, HepBsAg, HCV Ab

«  Ceruloplasmin

*  A1AT level or P typing

» Tissue Transglutaminase

Liver U/S + Doppler

Can consider referral to a
hepatologist immediately
with severely abnormal
liver biochemistry

NO YES
Return to routine <2x ULN 22 x ULN = e
surveillance If child is on

hepatotoxic
drugs, consider
liver U/S

Repeat tests
2 weeks later

Are ALT/ASTIGGT
elevated?

YES

NO

¥

Return to routine
surveillance

Are tests consistent with
Wilson disease, A1AT def, or
viral hepatitis?

NO YES

| Refer to a hepatologist |}

Positive autoAb? OR liver U/S
shows biliary dilatation or
abnormal echotexture?

NO YES
Referto a +  MRCP or ERCP (depending on centre availability)
hepatologist «  Refer to a hepatologist
«  Consider liver biopsy

Fig. 11.4 Diagnostic algorithm for abnormal liver biochemistry in a child with IBD (without previous evidence of liver disease)
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high-grade liver biochemistry disturbance is often a point of
contention between hepatologists. With limited evidence in
children with IBD, we suggest that 2-3 times above the upper
limit of normal may be considered a significant elevation that
requires further investigation. Consultation with a hepatolo-
gist may also be appropriate at this stage of evaluation.
Subsequent evaluation may also include an MRCP and/or
liver biopsy. Further studies are required to devise an evi-
dence-based diagnostic algorithm for the approach to abnor-
mal liver biochemistry in children with IBD.
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