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Liver Disease in Pediatric Inflammatory 
Bowel Disease
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�Introduction

Diseases involving the hepatobiliary system are among the 
most common extraintestinal manifestations of inflamma-
tory bowel disease (IBD). They can be classified into a few 
broad categories: (1) liver diseases that may share a common 
pathogenic mechanism with IBD, such as primary sclerosing 
cholangitis (PSC), autoimmune hepatitis (AIH), and PSC/
AIH overlap, also known as autoimmune sclerosing cholan-
gitis (ASC); (2) liver diseases that reflect the pathophysiol-
ogy of IBD, such as cholelithiasis and portal vein thrombosis; 
and (3) liver diseases that result from the adverse effects of 
IBD therapy, such as drug-induced hepatitis [1]. In addition, 
an association has been noted between a number of other less 
common hepatobiliary diseases and IBD, including IgG4-
associated cholangitis (IAC). Some of the conditions listed 
above are observed more frequently in Crohn disease (CD) 
or ulcerative colitis (UC), while others occur at similar rates 
in both types of IBD (Table 11.1). Liver enzyme abnormali-
ties are common in IBD and, while often transient and incon-
sequential, deranged hepatic biochemistry may herald 
serious underlying liver disease, such as PSC. The challenge 
lies in determining which patients merit further work-up ver-
sus observation. No standardized algorithm exists to guide 
clinicians in this decision-making process, particularly in 
children, in whom there is a relative paucity of data. This 
chapter strives to facilitate this task by providing an over-
view of liver disease occurring in association with pediatric 
IBD.

�Abnormal Liver Chemistry

Abnormal liver chemistry is common in IBD. Liver enzyme 
abnormalities (any value exceeding the upper limit of nor-
mal (ULN)) have been reported in 15–40% of adults with 
IBD over 1–5 years of follow-up [2–4], with more marked 
elevations (>2× the ULN) occurring in 5% [2]. Abnormal 
liver biochemistry appears to be similarly frequent in pedi-
atric IBD.  Nemeth described “pathological liver function 
tests” in 52% of his 46-patient cohort in 1990 [5], and simi-
lar findings have since been reproduced by two large retro-
spective pediatric studies, in which at least one liver enzyme 
elevation was observed in 40–60% of children with IBD 
over 3 years [6, 7], even after excluding patients with PSC/
ASC. No differences were observed between patients with 
CD and UC. Liver enzyme elevations >2× the ULN occur in 
a smaller proportion of children, roughly 15–30% [7, 8]. 
The pattern of biochemical injury is typically hepatocellu-
lar, but can be mixed or, less commonly, cholestatic [4, 6]. 
ALT is the most frequently abnormal test [7], with the caveat 
that ALT also tends to be measured more often than other 
tests, like GGT. The majority of these biochemical abnor-
malities are mild, transient, and benign in nature [4, 6–8,]. 
The degree of transaminase elevation appears to correlate 
with the likelihood of identifying underlying liver disease; 
in one study, 95% of children with peak ALT <2× ULN were 
found to have no specific liver disease [6], and conversely, 
in another, 93% of children with PSC or ASC had liver 
enzymes 2× the ULN or greater, sustained for 30–90 days 
[7]. In this latter study, GGT was found to be particularly 
useful for identifying PSC/ASC, with a value of 252 U/L, 
having a sensitivity of 99% and specificity of 77% for PSC 
or ASC [7].

Well-defined chronic liver disease (PSC/ASC and AIH) 
accounts for only 1.4–6% of elevated liver enzymes in 
pediatric IBD, whereas the majority of cases remain idio-
pathic [6, 7, 9]. The most common etiology, when one is 
identified, is drug toxicity [2, 6, 8]. In children, steroids, 
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antibiotics, methotrexate, adalimumab, as well as exclu-
sive enteral nutrition, have been positively associated 
with liver enzyme abnormalities [7]. Conversely, liver 
enzyme abnormalities appear to be less frequent in chil-
dren taking 5-ASA and sulfasalazine, although these 
agents may simply be surrogates for milder IBD [3, 7]. 
Other less common causes of deranged hepatic biochem-
istry in pediatric IBD include infection (particularly CMV 
and EBV), nonalcoholic fatty liver disease (NAFLD), 
cholelithiasis, and vascular abnormalities [6]. Active IBD 
has also been proposed as a cause of abnormal liver 
enzymes, but the evidence is conflicting; several studies 
lend support to this hypothesis [4, 8, 10], while others 
refute it. One such study in adults actually found a higher 
prevalence of liver enzyme abnormalities in patients in 
remission compared to those with active IBD [3]. In chil-
dren, biochemical abnormalities do not appear to be asso-
ciated with IBD duration or extent [5, 6, 9]. With regard to 
prognosis, death was found to be 4.8 times higher in adults 
with abnormal liver biochemistry, even after excluding 
those with any diagnosis of liver disease [3]. No equiva-
lent pediatric data exist.

In summary, abnormal liver biochemistry is common in 
children with IBD. Most cases are mild and resolve sponta-
neously, and such cases tend to be associated with unde-
fined etiologies. However, a small subset of patients with 
more severe, prolonged derangements has serious disease 
or medication adverse effects. Given this, it seems reason-
able to adopt a period of watchful waiting in patients with 
mild elevations (<2× the ULN) unless there are overt signs 
of underlying liver disease. More marked or persistent 
(>1  month) abnormalities may warrant further investiga-
tion. We suggest obtaining a liver biochemical panel, 
including ALT and GGT, in all newly diagnosed IBD 
patients and repeating this at least every 6–12 months for 
surveillance.

�Primary Sclerosing Cholangitis

�Epidemiology and Pathogenesis

Primary sclerosing cholangitis (PSC) is a chronic, progres-
sive, cholestatic liver disease characterized by inflammation 
and obliterative fibrosis of the intrahepatic and/or extrahe-
patic biliary tree, resulting in multifocal strictures and dilata-
tion. It is a rare disease, with an incidence and prevalence of 
0.1–0.2 and 1.5 per 100,000 children, respectively, which is 
substantially lower than in adults [11–13]. Pediatric PSC 
typically presents early in the second decade of life and has 
a modest male predominance, as in adults [12, 14–16]. The 
link between PSC and IBD has been known for greater than 
five decades [17]. As many as 60–80% of adults with PSC in 
North America and Northern Europe have IBD, primarily 
ulcerative colitis (UC) [18, 19]. The prevalence of IBD in 
children with PSC is also very high, >50% in most series and 
up to 97% in a recent population study [12, 14–16, 20]. 
Conversely, only a minority of children with colitis, <10% in 
most series, have or develop concurrent PSC [7, 12, 21, 22]. 
However, these reports may underestimate the true preva-
lence of PSC in IBD as neither adult nor pediatric IBD 
patients are systematically investigated with liver biopsy and 
cholangiography to screen for liver disease. Most patients 
are found to have PSC within a year of their IBD diagnosis 
[12], but the two can occur years apart, and PSC can mani-
fest first, in which case a full colonoscopy is recommended 
to screen for IBD [23].

The pathogenesis of PSC remains incompletely under-
stood. Genomewide association studies have identified a 
number of HLA and non-HLA risk loci [24, 25], some of 
which are shared with IBD, and a hallmark paper in 2004 
reported an accumulation of gut-homing CCR9-positive T 
cells in explanted human livers of patients with PSC [26], 
findings that point to both a genetic and immunological basis 

Table 11.1  Hepatobiliary diseases associated with pediatric IBD

Hepatobiliary disease Ulcerative colitis Crohn disease

Primary sclerosing cholangitis (PSC) ++ +

Autoimmune hepatitis (AIH) ++ ++

Autoimmune sclerosing cholangitis (ASC) ++ +

IgG4-associated cholangitis (IAC) ++ +

Cholelithiasis − ++

Portal vein thrombosis and hepatic abscess + ++

Drug-induced hepatitis ++ ++

Hepatitis B reactivation (infliximab) ++ ++

Hepatosplenic T-cell lymphoma +/− +

Fatty liver ++ ++

Hepatic amyloidosis − ++

Granulomatous hepatitis − ++

Primary biliary cholangitis (PBC) ++ −
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for PSC. In addition, there is growing evidence for the role of 
the “gut-liver” axis in the pathogenesis of PSC. Several ani-
mal models and human tissue-based translational studies 
support that enteric microbial molecules/dysbiosis can lead 
to PSC-like hepatobiliary inflammation [27].

�Primary Sclerosing Cholangitis and IBD

The intestinal inflammation in individuals with PSC and 
colitis may represent a distinct IBD phenotype, termed PSC-
IBD. This has been well characterized in adults as extensive 
colonic involvement, often worse on the right, and relatively 
frequent “backwash ileitis,” rectal sparing, and pouchitis 
post colectomy [28]. Crohn disease (CD) is uncommon in 
the setting of PSC, but, when it does occur, it too tends to 
have an extensive colonic distribution; isolated small bowel, 
perianal, and fistulizing disease are uncommon [29]. Despite 
the extensive nature of the colonic inflammation, PSC-IBD 
tends to have a relatively mild clinical course with a paucity 
of overt clinical symptoms [30, 31]. There are significantly 
less data pertaining to the phenotype of pediatric PSC-IBD, 
but findings analogous to those in adults have been reported 
in two small studies [32, 33]. In addition, a recent study spe-
cifically aimed at investigating the phenotype of pediatric 
PSC-IBD compared 37 children with IBD and PSC or ASC 
to 137 non-PSC matched IBD controls. In keeping with the 
above, the authors found a higher proportion of pancolitis in 
the PSC-IBD group, although this was only marginally sta-
tistically significant. In contrast to some of the adult evi-
dence, both groups were similar in terms of the proportion of 
patients with rectal sparing (defined histologically) and dis-
ease activity, as reflected by physician’s global assessment, 
Mayo endoscopic scores, admission rates, and colonic sur-
gery rates [34].

The interplay between IBD and PSC remains to be eluci-
dated. Adults with severe PSC requiring liver transplant (LT) 
have been found to have milder UC than patients with less 
severe liver disease, suggesting that PSC may have a “protec-
tive” effect on colonic disease [35]. Furthermore, while it has 
long been maintained that PSC and IBD progress indepen-
dently, as supported by older studies indicating that the natural 
history of PSC is unaffected by colectomy [36], more recent 
findings suggest that colectomy may reduce the risk of PSC 
recurrence post LT [37]. The interaction between PSC and 
IBD, including the effect of ongoing colonic inflammation on 
PSC progression, if any, requires further clarification.

�Diagnosis

The diagnosis of PSC in a child is based on a compatible 
clinical presentation and biochemistry, with characteristic 

changes on cholangiography and/or liver biopsy, after 
excluding secondary causes of sclerosing cholangitis. The 
most common presenting symptoms and signs are hepato-
megaly and abdominal pain, followed by diarrhea, spleno-
megaly, fatigue, pruritus, weight loss, impaired growth, 
and jaundice [15]. The presenting features may also, 
uncommonly, be those of advanced liver disease, such as 
gastrointestinal bleeding and cholangitis, or those of asso-
ciated colitis, especially bloody diarrhea. About 20% of 
children with PSC are asymptomatic at presentation and 
come to medical attention solely due to deranged liver 
biochemistry. Transaminases are often modestly elevated, 
with a predominantly cholestatic pattern [15]. GGT is 
more reliable in children as ALP elevations may reflect 
bone growth. The odds of PSC are 660-fold greater in 
children with ALT and GGT elevations >50  U/L within 
3  months of their IBD diagnosis compared to children 
whose values remain <50 U/L [9]. INR, albumin, and con-
jugated bilirubin, which reflect synthetic function, are 
generally normal at presentation. Elevated conjugated 
bilirubin may signal a stricture, cholangitis, or a mass, 
and warrants further work-up. Serum immunoglobulin G 
(IgG) levels may be elevated, and a variety of autoanti-
bodies may be present, the most common of which is anti-
neutrophil cytoplasmic antibody (ANCA), usually with an 
atypical perinuclear (“p”) pattern, which is found in up to 
80% of patients. None of these are specific to PSC, how-
ever [12, 23]. Serum IgG4 should be measured at least 
once in children with PSC. An elevated IgG4 may denote 
IgG4-associated cholangitis (IAC), which has important 
implications, given its favorable response to corticoste-
roids [38]. Ultrasound is a reasonable initial imaging 
modality; it may reveal bile duct wall thickening, focal 
bile duct dilatations, and/or gallbladder changes, includ-
ing wall thickening, enlargement, cholecystitis, and mass 
lesions. It is also useful for ruling out alternate etiologies. 
However, none of these findings are diagnostic, and ultra-
sound may be normal in the setting of PSC [23]. 
Cholangiography, preferably by magnetic resonance chol-
angiopancreatography (MRCP), which has supplanted 
endoscopic retrograde cholangiopancreatography (ERCP) 
as the first-line diagnostic imaging modality due its less 
invasive nature and lower cost, is a vital component of the 
PSC diagnostic work-up [39]. Characteristic cholangio-
graphic findings include multifocal, short strictures alter-
nating with normal or dilated segments, producing a 
“beaded” appearance (Fig. 11.1) [23]. The gallbladder, 
cystic duct, and pancreatic duct may also be abnormal 
[40]. Contrary to adult guidelines, a liver biopsy is almost 
always performed in a child with suspected 
PSC. Histopathological assessment is necessary to distin-
guish PSC from autoimmune sclerosing cholangitis 
(ASC), which occurs frequently in children and mandates 
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different treatment. A liver biopsy is also useful to diag-
nose small-duct PSC, a label applied to cases with com-
patible histological changes but without cholangiographic 
abnormalities, and to stage the degree of fibrosis. 
Periductular concentric fibrosis, or “onion-skinning” (Fig. 
11.2), is pathognomonic for PSC, but not always observed. 
Other, nonspecific findings may include ductular prolif-
eration or periductular inflammation, with variable types 
of portal inflammation and fibrosis. The diagnostic 
work-up for suspected PSC in children is illustrated in 
Fig. 11.3.

�Outcomes

PSC is one of the most important sources of morbidity and 
mortality in IBD, but few studies have examined its natural 
history in children. Based on limited data, the probability of 
developing complicated liver disease, defined as clinical 
portal hypertension, obstructive cholangitis, cholangiocar-
cinoma, liver transplant, or death, over 5 years in children 
with PSC, is 37% [12]. About 20% of children with PSC 
ultimately require a liver transplant (LT), a figure that has 
remained fairly constant over the past 20 years. The median 
time from diagnosis to LT is 7–12  years [ 14–16, 41]. 
Survival is significantly shorter in children with PSC com-
pared to age-matched and gender-matched American chil-
dren. Lower platelet count, splenomegaly, and older age are 
associated with shorter survival [14]. Adults with UC and 
PSC have an almost five times greater risk of colorectal neo-
plasia compared to adults with UC alone [42]. Surveillance 
colonoscopies every 1–2 years from the time of diagnosis 
are recommended in adults [23]. No equivalent pediatric 
guidelines exist, but it seems reasonable for similar screen-
ing practices to be applied to older children and teenagers. 
There is a markedly increased risk of cholangiocarcinoma in 
adults with PSC [43], but this malignancy is exceedingly 
rare in children. Nevertheless, a handful of cases has been 
reported in older teenagers [12]. While adult guidelines sug-
gest consideration be given to screening for cholangiocarci-
noma with regular cross-sectional imaging and CA 19-9, 
this is not routinely recommended in children [23, 39]. 
However, based on clinical experience and expert opinion, 
the authors suggest an ultrasound yearly, an MRI every 
2 years, and CA 19-9 levels yearly in children with PSC to 
screen for cholangiocarcinoma.

Fig. 11.1  Cholangiographic appearance of PSC with typical 
“beading”

a b

Fig. 11.2  Liver biopsy showing typical histological changes of PSC, including periductular concentric fibrosis denoted by the arrows with 
(a) H&E and (b) trichrome staining
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Small-duct PSC may have a more favorable prognosis 
than classic PSC.  It has been associated with a longer 
transplant-free survival in adults, and there have been no 
reports of cholangiocarcinoma occurring with small-duct 
PSC. However, small-duct PSC can progress to classic PSC 
with cholangiographic abnormalities over time, and it can 
recur post transplant [44]. It is unclear whether small-duct 
PSC represents an early stage of classic PSC or a distinct 
entity.

�Treatment

Data pertaining to the medical management of PSC in chil-
dren are scarce, and current practices largely derive from 
adult studies. No medical therapy currently exists to reverse 
or halt the progression of PSC liver disease. As such, treat-
ment is mainly supportive. Although numerous aspects of 
PSC invoke an autoimmune basis for the disease, thus far, no 
single immunosuppressive or immune-modulating agent has 
been found to be efficacious [45].

Ursodeoxycholic acid (UDCA) is widely used in adults 
and children with cholestatic liver disease, including 
PSC. Although biochemical improvement has been demon-
strated in children, a beneficial effect on the natural history 

of PSC, as reflected by a decrease in mortality and/or LT 
rates, has never been shown [14, 15, 46]. Similarly, adult 
studies have documented improvements in biochemistry, 
but not in hard outcomes [47]. Furthermore, the use of 
high-dose UDCA >28  mg/kg has been associated with a 
twofold increased risk of death/transplant and a fourfold 
increased risk of colorectal cancer in adults [48]. There is 
no consensus regarding the use of UDCA in adults with 
PSC, with one expert group advising against its use entirely 
[23] and another merely recommending against the use of 
high doses [39]. In light of this, it appears prudent to avoid 
high-dose UDCA in children with PSC, but continued use 
of low-to-moderate doses, not exceeding 20 mg/kg/day, is 
reasonable.

Limited anecdotal evidence supports the use of oral van-
comycin for treating pediatric PSC [49–51]. Oral vancomy-
cin’s therapeutic effect may occur through 
immunomodulation, by increasing transforming growth 
factor-β (TGF-β) and peripheral levels of regulatory T cells 
[52]. Data from prospective pediatric trials are pending. 
Metronidazole and minocycline, but not rifaximin, have 
also been associated with improved liver biochemistry in 
adults with PSC [53–55]. At the current time, the use of oral 
antibiotics for pediatric PSC remains experimental, as a 
benefit beyond biochemical has yet to be demonstrated.

Dominant strictures are less common in children than 
adults, but should, when identified in association with symp-
toms or signs such as cholangitis, jaundice, pruritus, right 
upper quadrant pain, or worsening biochemistry, be man-
aged with ERCP and balloon dilatation, often with sphincter-
otomy, with or without stent placement [23]. This may 
prolong symptom-free intervals prior to LT [56]. Although 
cholangiocarcinoma is rare in pediatrics, brush cytology in 
the setting of a dominant stricture remains important. ERCP 
should be performed by a physician who is adequately 
trained in and experienced with the procedure, which often 
requires collaboration with an adult gastroenterologist.

Liver transplant remains the only definitive treatment for 
PSC and should be considered for children with decompen-
sated cirrhosis, recurrent or chronic cholangitis refractory to 
ERCP, hilar cholangiocarcinoma, and intractable pruritus 
[23, 57]. PSC accounts for 2.6% of pediatric transplants [58]. 
The mean age at transplant is 12.6 years. Patient and graft 
survival after LT for PSC is comparable to that for non-PSC 
pediatric indications, with 1-year and 5-year patient and 
graft survival rates of 99% and 97%, and 93% and 76%, 
respectively. However, a diagnosis of IBD prior to LT is 
associated with an increased risk of death post LT. Intrahepatic 
biliary strictures and cholangitis are more common in the 
first 6  months post LT in children with PSC compared to 
other liver diseases [59]. Furthermore, PSC recurs in about 
10% of children post LT [14, 59, 60]. A diagnosis of IBD and 
younger age have been linked with an increased risk of PSC 

PSC suspected based on symptoms, signs and
biochemistry (particularly elevated GGT)

Obtain full liver panel if not already performed (ALT, AST,
ALP, GGT, INR, bilirubin, albumin) and additional labs
(ANA, anti-SMA, anti-LKM1, ANCA, IgG, IgG4)

Obtain abdominal ultrasound (look for supporting features
and rule out alternate etiologies)

Obtain MRCP (look for supporting features)

Obtain liver biopsy (look for supporting features, evidence
of autoimmune hepatitis overlap, small duct PSC if
imaging normal, degree of fibrosis)

Fig. 11.3  Diagnostic work-up for suspected pediatric PSC. ANA anti-
nuclear antibody, ANCA antineutrophil cytoplasmic antibody, LKM1 
liver kidney microsomal type 1, MRCP magnetic resonance cholangio-
pancreatography, PSC primary sclerosing cholangitis, SMA smooth 
muscle antibody
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recurrence [59, 60]. As mentioned above, colectomy prior to 
or during LT may decrease the risk of PSC  
recurrence [37].

�Other Autoimmune Liver Diseases

�Autoimmune Hepatitis

�Epidemiology and Pathogenesis
Autoimmune hepatitis (AIH) is an idiopathic, progressive, 
inflammatory liver disease characterized by elevated trans-
aminases, interface hepatitis on biopsy, hypergammaglobu-
linemia, and autoantibody positivity. It is the most common 
pediatric autoimmune liver disease, with an incidence and 
prevalence of 0.23–0.4 and 3 per 100,000 children, respec-
tively [12, 61]. The prevalence of IBD in children with AIH, 
which approaches 20% [61–63], exceeds that in the general 
pediatric population, but the magnitude of the association 
between AIH and IBD is less than that between PSC and 
IBD. Only 0.3–0.6% of children with IBD develop AIH and, 
unlike in PSC, this proportion does not differ substantially 
between children with UC and CD [12]. Two main types of 
AIH are recognized: AIH type 1 (AIH-1), which accounts for 
the majority (60–87%) of cases, is characterized by positive 
antinuclear (ANA) and/or anti-smooth muscle (SMA) auto-
antibodies, whereas AIH-2 is distinguished by positive antili-
ver kidney microsomal type 1 (LKM-1) and/or antiliver 
cytosol type 1 (LC-1) autoantibodies. Of note, lower anti-
body titers are considered significant in children, namely, 
1:20 for ANA and SMA, and 1:10 for LKM1 and LC-1, 
compared to a threshold of 1:40 in adults [64]. Both types of 
AIH have a female predominance [61], although it is not 
clear whether this is also true of cases associated with IBD 
[61, 62, 65]. The pathogenesis of AIH is unknown, but is 
likely multifactorial, involving genetic susceptibility and 
immune dysregulation, modified by environmental factors. 
An aberrant immune response targeting liver autoantigens 
has been implicated [66].

�Diagnosis
Pediatric AIH can present in a highly variable manner, rang-
ing from nonspecific insidious symptoms to fulminant liver 
failure. The most common presenting symptoms are fatigue, 
jaundice, and abdominal pain, which occur in about half of 
patients. Hepatomegaly and splenomegaly are the most fre-
quently observed abnormalities on physical exam [61]. In the 
context of IBD, however, AIH typically comes to light as a 
result of elevated transaminases, which can fluctuate over 
time. The pattern of injury is predominantly hepatocellular, 
with AST and ALT values typically in the several hundred 
range. Conjugated bilirubin is generally normal, but GGT 
can be modestly elevated. Serum IgG is elevated in 80% of 

cases, but a normal result does not rule out AIH. Although 
none of the autoantibodies listed above are entirely specific 
to AIH, the presence of high-titer autoantibodies, in combi-
nation with compatible clinical features and histological 
findings, strongly supports a diagnosis of AIH. A liver biopsy 
is typically performed to confirm a diagnosis of AIH and to 
establish the severity of liver damage. Characteristic findings 
include interface hepatitis, lymphoplasmacytic infiltrates, 
and rosetting of hepatocytes. Biliary changes, such as ductu-
lar proliferation, can be seen, as well as fibrosis. Cirrhosis is 
observed in 20–80% of children at presentation and is more 
common in AIH-1 [61, 67, 68]. Of note, the distinction 
between AIH and drug-induced liver injury, which is particu-
larly relevant in children with IBD, can be very challenging. 
In addition to the AIH work-up presented above, it is recom-
mended that all children with presumed AIH undergo chol-
angiography to investigate for ASC or PSC.

�Outcomes and Treatment
Although a significant fraction of children with AIH present 
with cirrhosis and AIH has an aggressive natural history in 
children, when treatment is instituted promptly, outcomes 
are usually favorable. Conventional treatment is with predni-
sone 2 mg/kg/day (maximum 60 mg/day) to induce remis-
sion, decreased over 4–8  weeks, and then continued at a 
lower dose (0.1–0.2 mg/kg/day, or 2.5–5 mg/day) as mainte-
nance, often with azathioprine. Azathioprine is generally 
started at a dose of 0.5–1 mg/kg/day and increased to a maxi-
mum of 2–2.5  mg/kg/day until remission is achieved [69, 
70]. Thiopurine methyltransferase (TMPT) activity may be 
verified prior to initiating azathioprine to identify patients at 
heightened risk of myleosuppression, but this is not routinely 
recommended [66]. This treatment regimen is associated 
with biochemical remission (normalization of liver enzymes 
and IgG) rates >80% in children with AIH, although this can 
take several months, and relapses requiring temporary 
increases in immunosuppression are common [61, 65]. The 
optimal duration of treatment is not known. In patients who 
have had sustained biochemical remission for 2–3 years, a 
liver biopsy may be performed and, if resolution of histologi-
cal inflammation has occurred, treatment withdrawal may be 
attempted [70].

Children with AIH have an approximately 15% probabil-
ity of developing complicated liver disease, as defined 
above, over 5 years [12]. Transplant rates for AIH are vari-
able, but range from 5 to 10% in recent studies [12, 61]. AIH 
can recur post transplant with recurrence rates varying 
between 12 and 46% [71]. It is therefore recommended that 
steroid-based immunosuppression be maintained at a higher 
dose than that used for non-AIH transplants [72]. At the cur-
rent time, it is unclear whether the disease course of AIH 
occurring in association with IBD differs from that in chil-
dren without IBD.
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�Autoimmune Sclerosing Cholangitis

�Epidemiology and Pathogenesis
Autoimmune sclerosing cholangitis (ASC) is an overlap con-
dition between AIH and PSC, characterized by the combina-
tion of autoimmune features, namely, positive autoantibodies 
(especially ANA and SMA), hypergammaglobulinemia and 
interface hepatitis on liver biopsy, and cholangiopathy, as 
demonstrated by an abnormal cholangiogram or histological 
evidence of ductal involvement [63]. However, there are no 
clear diagnostic criteria for ASC.  The International 
Autoimmune Hepatitis Group (IAIHG) suggests that condi-
tions with overlapping features between autoimmune liver 
diseases not be considered separate diagnostic entities [73]. 
Rather, ASC may exist along a continuum of pathological 
changes between AIH and PSC. This concept of a spectrum 
of autoimmune liver disease is supported by the observation 
of a child progressing from AIH to ASC after 8 years in a 
prospective study [62]. Given the lack of established diagnos-
tic criteria, the epidemiology of ASC is difficult to ascertain. 
However, a recent population study reported an incidence and 
prevalence of 0.1 and 0.6 per 100,000 children, respectively 
[12]. ASC appears to occur predominantly in children and 
young adults: a quarter to a third of children with sclerosing 
cholangitis have autoimmune overlap features [14–16], com-
pared to only 1.4–17% of adults [23]. Conversely, almost half 
of 55 children with features of autoimmune liver disease were 
found to have cholangiographic abnormalities compatible 
with ASC in a prospective study in the United Kingdom [62]. 
Similar to PSC, ASC is typically diagnosed in the first half of 
the second decade of life, but, unlike PSC, it tends to affect 
both sexes fairly equally [12, 15, 62]. A definite association 
exists between ASC and IBD, the magnitude of which appears 
to be intermediate between that of PSC and AIH. Up to 75% 
of children with ASC have IBD.  Conversely, 1.5–1.7% of 
children with IBD, mostly UC, have ASC [7, 12]. Given this, 
all children with ASC should undergo an evaluation for IBD, 
even if asymptomatic.

�Diagnosis
The clinical presentation of ASC in children is similar to that 
described above. Biochemistry can provide some guidance 
in distinguishing ASC from AIH and PSC.  Compared to 
AIH, ASC is typically associated with a higher ALP to AST 
ratio (around 4), and p-ANCA positivity is more common 
(74% compared to 36% of cases). Anti-LKM1, on the other 
hand, is more specific to AIH [63]. Clues of a possible diag-
nosis of ASC rather than PSC include higher transaminases, 
elevated serum IgG, and high-titer ANA and SMA autoanti-
bodies. However, none of these biochemical parameters is 
sufficiently specific to make a diagnosis of ASC. The ability 
to firmly diagnose ASC and to differentiate it from AIH and 
PSC requires both cholangiography and liver biopsy. This is 

particularly relevant in children with IBD given the known 
association between ASC and IBD.

�Outcomes and Treatment
An accurate diagnosis of ASC is essential as it has impor-
tant prognostic and therapeutic implications. ASC may 
respond to the immunosuppressive regimen outlined 
above for AIH and, as such, may have a more favorable 
prognosis than PSC.  A trial of corticosteroids with or 
without azathioprine is generally warranted [74]. 
However, the biliary disease in ASC progresses in 50% of 
children despite treatment [62]. UDCA is often used at 
doses of 15–20 mg/kg/day to address the biliary compo-
nent of the disease, but, as with PSC, there is no evidence 
that biochemical improvement translates into a positive 
effect on natural history [75]. Twenty-five percent of chil-
dren with ASC develop complicated liver disease, as 
defined above, within 5 years of diagnosis, a rate that is 
intermediate between that for PSC and AIH [12]. Given 
the lack of well-defined diagnostic criteria, it is difficult 
to comment on precise LT and mortality outcomes in chil-
dren with ASC and studies to date have yielded conflict-
ing results. An older series reported a 65% 10-year 
survival with native liver, distinctly worse than the 100% 
survival in children with AIH [62], whereas a more recent 
study found a 90% 5-year survival with native liver, com-
parable to the rate observed in children with AIH. Overall, 
it is believed that transplant rates in ASC are similar to 
those in PSC, around 20% [63]. As with PSC and AIH, 
ASC can recur post LT, a phenomenon that has been 
observed in up to 70% of cases [71]. Uncontrolled intesti-
nal inflammation in patients with IBD is thought to be a 
risk factor for ASC recurrence, but direct evidence to this 
effect is lacking [63].

�IgG4-Associated Cholangitis

IgG4-associated cholangitis (IAC) is a rare inflammatory 
disorder of the biliary tree, characterized by elevated serum 
IgG4 levels and infiltration of IgG4+ plasma cells in the 
bile duct walls, causing thickening and stenoses. IAC is 
often associated with type 1 autoimmune pancreatitis 
(AIP), the pancreatic manifestation of IgG4-related disease 
(IgG4-RD), a systemic multiorgan disorder only defined 
during the last decade [76]. The typical IAC/IgG4-RD 
patient profile is that of an elderly man with obstructive 
jaundice, weight loss, and abdominal discomfort. However, 
IAC occurring in association with UC has been reported, 
including in children [77]. The clinical and cholangio-
graphic presentation of IAC is often indistinguishable from 
that of PSC.  Furthermore, 9–36% of patients with PSC 
have elevated serum IgG4 levels (although usually lower 
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than in IAC) [78, 79], and IgG4+ plasma cells have been 
documented on liver biopsy in PSC patients [80], further 
blurring the relationship between the two. However, PSC 
and IAC appear to be distinct entities, as evidenced by their 
very different response to corticosteroids; in contrast to 
PSC, IAC typically shows excellent response to immuno-
suppressive treatment, including resolution of strictures. 
However, relapse is common after tapering immunosup-
pression; long-term low-dose therapy with corticosteroids/
azathioprine is often needed, analogous to the management 
of autoimmune hepatitis [81]. Diagnostic criteria have been 
proposed for IAC; these combine biochemical, radio-
graphic, and histopathological characteristics with multior-
gan involvement of IgG4-RD and responsiveness to 
immunosuppressive treatment [82].

Figure 11.4 graphically depicts the relationship between 
autoimmune liver diseases and IBD.

�Drug Hepatotoxicity (Table 11.2)

�Methotrexate

A recent systematic review and meta-analysis examining 
32 randomized controlled trials, including a total of 13,177 
adults primarily with rheumatological indications for treat-
ment, demonstrated an increased risk of liver enzyme 
abnormalities in patients treated with methotrexate com-
pared to a comparator agent, but no difference in the risk of 
liver failure, cirrhosis, or death [83]. The results of two 
adult IBD studies, in which fairly large numbers of liver 
biopsies were performed, also found very low rates of 
hepatic fibrosis in patients receiving methotrexate [84, 85], 
indicating that hepatic fibrosis is not as commonly observed 
in methotrexate users as suggested by older studies.

Pediatric IBD studies have found varying rates of bio-
chemical liver abnormalities in children treated with metho-
trexate, ranging from 10% in a recent systematic review to 
39% in a multicenter retrospective comparison of oral and 
subcutaneous methotrexate. Most resolved spontaneously or 
with dosage adjustment; medication discontinuation was 
required in only a minority (<5%) [86–88]. These studies are 
limited, however, by their retrospective nature, the inability 
to correlate biochemistry with histopathology, and the inabil-
ity to definitively ascribe the biochemical abnormalities to 
methotrexate given the absence of documented normal labo-
ratories prior to medication initiation in most cases. 
Conflicting data exist regarding whether higher methotrexate 
doses and parenteral versus oral administration are associ-
ated with a greater risk of hepatotoxicity [84, 87, 89]. The 
risk of hepatotoxicity may be higher in the immediate period 
after starting methotrexate [90]. Importantly, abnormal liver 
biochemistry does not reliably identify methotrexate-
associated fibrosis.

Based on the available evidence, when initiating methotrex-
ate in children with IBD, the authors recommend obtaining 
liver biochemistry at baseline, weekly for the first month and 

IBD

PSC
IAC

AIH

Fig. 11.4  The relationship between autoimmune liver disease and 
IBD. AIH autoimmune hepatitis, IAC IgG4-associated cholangitis, 
IBD inflammatory bowel disease, PSC primary sclerosing cholangitis

Table 11.2  Differential diagnosis of clinical syndromes associated with IBD drugs causing liver injury

Syndrome Drug

Acute hypersensitivity reaction Sulfasalazine, mesalamine, thiopurines

Acute granulomatous hepatitis Sulfasalazine, mesalamine

Autoimmune hepatitis-like Anti-TNF

Noncirrhotic portal hypertension Thiopurines

Fibrosis/cirrhosis Methotrexate

Cholestatic jaundice Sulfasalazine, mesalamine, thiopurines, anti-TNF

Sinusoidal obstruction syndrome Thiopurines

Hepatic rupture Thiopurines (peliosis)

Hepatic mass on imaging Thiopurines (peliosis), anti-TNF/thiopurines (HSTCL)

Hepatitis B reactivation Anti-TNF

HSTCL hepatosplenic T-cell lymphoma

A. Ricciuto and B.M. Kamath



125

every 2–3 months thereafter. In cases of persistent moderate 
enzyme elevations (up to 2–3× ULN), the dose of methotrexate 
can be adjusted, preferably in consultation with a pediatric 
hepatologist, whereas, when faced with more marked eleva-
tions (>5× ULN), methotrexate should be entirely held, at least 
temporarily. A liver biopsy should be performed in cases in 
which liver enzymes remain abnormal despite medication ces-
sation, or when methotrexate discontinuation would be delete-
rious to IBD management. The use of methotrexate in patients 
with underlying liver disease, such as PSC, should generally be 
avoided, if possible.

�Thiopurines

Azathioprine (AZA) is a prodrug for 6-mercaptopurine 
(6-MP), which is, in turn, converted to 6-thioguanine (6-TG), 
the final effector metabolite. The enzyme thiopurine methyl-
transferase (TPMT) catalyzes the formation of 6-methylmer
captopurine (6-MMP) and 6-methylmercaptopurine ribonu-
cleotides (6-MMPR) [91]. A systematic review, including 34 
mostly adult IBD studies, found a mean overall prevalence of 
AZA/6-MP-induced “liver disorder” of 3.4% and a mean 
annual rate of abnormal liver tests (up to 2× ULN) per 
patient-year of 1.4%, suggesting that thiopurine-associated 
hepatotoxicity is relatively uncommon. However, most stud-
ies did not provide definitions for “liver disorder” and were 
retrospective in design [92]. Two large pediatric studies 
examining the use of thiopurines in IBD also found fairly 
low rates of hepatotoxicity, namely, 4.6% and <3%, respec-
tively [93, 94].

Thiopurine-induced hepatotoxicity can be grouped into 
three syndromes: (1) hypersensitivity reactions; (2) idiosyn-
cratic cholestatic reactions; and (3) presumed endothelial 
cell injury. Hypersensitivity reactions usually have their 
onset within 2–3  weeks. Non-allergic cholestatic injuries 
are characterized by increased serum bilirubin and ALP, 
with or without moderate aminotransferase elevations, and 
typically occur within 2–5  months of therapy initiation. 
Variable parenchymal cell necrosis is typically seen on liver 
biopsy. Jaundice regression is not universal upon medica-
tion cessation [92]. Nodular regenerative hyperplasia 
(NRH), peliosis hepatis, sinusoidal dilatation, and sinusoi-
dal obstruction syndrome (SOS, or veno-occlusive disease) 
fall into the latter category and are felt to be dose-depen-
dent. The inciting injury in this group of vascular pathology 
is at the level of the endothelial cells lining the sinusoids and 
terminal hepatic venules and tends to occur between 
3 months and 3 years of treatment [95]. More specifically, 
NRH is thought to result from areas of hepatocyte hypoper-
fusion and atrophy alternating with adaptive hepatocyte 
hyperplasia. IBD patients treated with AZA have a cumula-
tive incidence of NRH of approximately 0.6 and 1.3% at 5 

and 10 years, respectively [96]. Patients with NRH may be 
asymptomatic with normal or only mild elevations in liver 
function tests or isolated thrombocytopenia, or may present 
with clinically evident portal hypertension (PHT). NRH can 
be detected on liver biopsy, which demonstrates diffuse 
transformation of normal hepatic parenchyma into small, 
regenerative nodules with little or no fibrosis [97], and on 
MRI, which shows multiple fine, nonenhancing nodules 
[98]. The course is usually indolent, but, rarely, NRH may 
progress to end-stage liver disease requiring LT [99]. NRH 
has also been postulated to be a preneoplastic condition, 
which may predispose some individuals to developing hepa-
tocellular carcinoma [100]. Thiopurine cessation in patients 
with NRH is generally followed by biochemical normaliza-
tion, but patients with PHT have a variable course, with 
resolution of PHT in some, but persistence in others. Peliosis 
hepatis results in multiple cystic blood-filled spaces in the 
liver, spleen, lymph nodes, and other organs, which can lead 
to hepatic hematomas and, rarely, hepatic rupture [101]. 
SOS typically presents with a Budd-Chiari like picture, with 
the triad of rapid-onset ascites, painful hepatomegaly, and 
jaundice.

A reasonable monitoring strategy when initiating thiopu-
rine therapy might include liver biochemistry at baseline, 
weekly for the first month, biweekly for the second and third 
months, and monthly thereafter. 6-MMP levels >5700 pmol/8 
× 108 red blood cells have been linked with liver toxicity in 
children [102], but this finding has not been consistent across 
all studies [103]. If available, metabolite levels may be used 
to complement liver enzyme monitoring, and TPMT geno-
type or activity may be determined prior to initiating therapy, 
but this remains controversial. Mild liver enzyme abnormali-
ties in children on thiopurine therapy may be observed with 
repeat blood work, but the authors suggest that the dose of 
thiopurine be reduced by about 50% in patients with more 
marked derangements. If this does not result in biochemical 
normalization after several weeks to months, therapy should 
be withdrawn entirely. Immediate thiopurine discontinuation 
should be the approach in any patient with clinically overt 
jaundice. Liver biopsy should be considered if liver tests fail 
to normalize after medication withdrawal or if there is any 
suggestion of PHT, even in patients with normal laboratory 
parameters.

�Antitumor Necrosis Factor α (Anti-TNFα)

Based on postmarketing surveillance, the Food and Drug 
Administration (FDA) has issued warnings about the poten-
tial risk of serious liver injury with the use of anti-TNFα anti-
bodies [104]. TNFα plays an important role in many aspects 
of immune response regulation. The association between 
anti-TNFα use and the development of autoantibodies is well 
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known, although the pathological role of these antibodies 
remains unclear [105]. Anti-TNFα related hepatotoxicity 
does not appear to be dose-dependent, but instead is thought 
to occur in genetically susceptible individuals who generate 
an idiosyncratic immune response after inhibition of the 
TNFα pathway. The release and presentation of hepatic auto-
antigens by immune cells may be involved [106].

Infliximab (IFX) and adalimumab (ADA) have been 
implicated in drug-induced liver injury (DILI) in both rheu-
matology and IBD populations. The median latency period is 
13–18 weeks, but is hugely variable; DILI may have its onset 
after a single infusion/injection, but 20% occur more than 
6 months into therapy [107, 108]. DILI seems to occur more 
frequently with IFX than ADA; the rate of DILI has been 
found to be 1/120 IFX-treated patients compared to 1/270 
ADA-treated patients [109]. This is in keeping with the find-
ings of a large retrospective review of adult IBD patients, in 
which IFX accounted for a disproportionate fraction of the 
2.7% of patients who developed significant liver enzyme 
elevations felt to be secondary to anti-TNFα therapy [108]. 
The most common presentation is an autoimmune phenotype 
with primarily hepatocellular injury, high rates of autoanti-
body (especially ANA) positivity, and histological findings 
compatible with autoimmune hepatitis. However, mixed 
nonautoimmune and predominantly cholestatic patterns also 
occur. Cases with autoimmune features may have a longer 
latency and higher peak ALT [107]. Autoantibody positivity 
prior to anti-TNFα initiation does not appear to predict the 
risk of DILI [109]. Cases of DILI with AIH features should 
be managed with anti-TNFα discontinuation, in which case 
the prognosis is favorable. Some patients benefit from treat-
ment with corticosteroids [107]. Anti-TNFα associated DILI 
does not seem to be a class effect, and switching to a differ-
ent anti-TNFα, with close observation, appears safe. Milder 
cases of hepatotoxicity without overt autoimmune features 
often resolve spontaneously without anti-TNFα discontinua-
tion [108]. No data currently exist regarding anti-TNFα asso-
ciated liver injury in pediatric IBD.

Another concern with anti-TNFα agents is the risk of 
viral reactivation, in patients with chronic hepatitis B (HBV) 
infection, particularly those who are HBsAg-positive. 
Approximately one-third of HBsAg-positive IBD patients 
were observed to develop liver dysfunction while receiving 
immunosuppressive therapy, including anti-TNFα [110]. 
Treatment with anti-TNFα in IBD patients with hepatitis C 
(HCV) appears to be less of a concern and is generally well 
tolerated, with most patients displaying either unchanged or 
even improved biochemistry while receiving anti-TNF ther-
apy [111]. Notably, no pediatric data exist regarding the out-
comes of children with IBD and HBV or HCV receiving 
anti-TNFα. Strong consideration should be given to treating 
chronic HBV infection in children who are to commence 
anti-TNF therapy, whereas this may not be necessary in chil-

dren with HCV. Regardless, routine surveillance with liver 
enzymes and viral loads should be performed regularly in 
such children.

A child’s immunization history should be carefully 
reviewed at the time of IBD diagnosis, and laboratory inves-
tigations, including HBsAb, HBsAg, anti-HBc, and anti-
HCV, should be obtained. Although it is preferable to 
vaccinate for hepatitis A (HAV) prior to anti-TNFα initia-
tion, seroconversion is still likely once on therapy and should 
be attempted regardless [112]. Patients with IBD who have 
nonimmune HBsAb levels (<10 mIU/mL) should be revac-
cinated with the routine three-dose regimen.

�Sulfasalazine and Mesalamine

Sulfasalazine causes two main forms of hepatic injury. First, 
acute hepatocellular damage may develop as part of a gener-
alized hypersensitivity reaction. This reaction, sometimes 
referred to as DRESS (drug rash with eosinophilia and sys-
temic symptoms), is characterized by fever, rash, hepato-
megaly, lymphadenopathy, atypical lymphocytosis, and 
eosinophilia, and is thought to be due to the sulfapyridine 
moiety [113]. The injury typically manifests within 2 months 
of starting therapy, with a shorter latency upon re-exposure 
[114]. This reaction is uncommon with data from the UK 
suggesting an incidence of 0.4% [115]. Prompt sulfasalazine 
discontinuation is critical, and corticosteroids may be help-
ful. However, progression to acute liver failure and death has 
been reported [115, 116]. Second, acute granulomatous hep-
atitis, characterized by fever, malaise, right upper quadrant 
pain, variable transaminases, and ALP and noncaseating 
granulomas on biopsy, may also occur [117]. In addition, 
cholestatic injury has been described with sulfasalazine use 
[118]. Mesalamine-induced hepatotoxicity is rare. A UK 
audit reported an incidence of 3.2 cases per million prescrip-
tions, which was not statistically different from the six cases 
per million for sulfasalazine [119]. Cholestatic injury, with 
or without granulomatous hepatitis, resolving upon mesala-
mine discontinuation has been reported [120–122]. An 
apparent cross-reactive hypersensitivity reaction with mesa-
lamine after a reaction to sulfasalazine [123] and a case of 
chronic hepatitis with autoimmune features have also been 
described [124].

�Glucocorticoids

It is postulated that glucocorticoid-related alterations in 
hepatic lipid metabolism may lead to hepatic steatosis. 
Steroid use has been identified as an independent risk factor 
for nonalcoholic fatty liver disease (NAFLD) identified by 
abdominal imaging in IBD patients [125].
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�Hepatosplenic T-Cell Lymphoma

Hepatosplenic T-cell lymphoma (HSTCL) is a rare, aggres-
sive, and almost uniformly fatal extranodal lymphoma. The 
usual presentation includes fever, fatigue, abnormal liver 
tests, hepatosplenomegaly, and pancytopenia. Between 1996 
and 2011, 36 cases of HSTCL were reported in IBD patients, 
the majority of whom were young (<35 years) male patients 
with Crohn disease. Sixteen had received thiopurine mono-
therapy, and 20 had received a combination of anti-TNF and 
thiopurine (all had been exposed to IFX) [126]. The absolute 
risk of HSTCL in all patients receiving thiopurines has been 
estimated to be 1:45,000 compared to 1:7404  in men 
<35  years old, whereas the absolute risk for all patients 
receiving concomitant thiopurine and anti-TNF has been 
estimated to be slightly less than 1:22,000 compared to 
approximately 1:3534  in men <35 years [127]. In keeping 
with this, in a case-control study, anti-TNF combined with 
thiopurine therapy was associated with a higher risk of 
HSTCL compared to infliximab alone. At the current time, 
the role of anti-TNF agents, if any, in the development of 
HSTCL is uncertain, but the risk appears to be greater with 
combination therapy [128]. A high degree of suspicion must 
be maintained for this diagnosis, especially in young males.

�Other Liver Diseases and IBD

�Cholelithiasis

CD patients have an increased risk of gallstone disease, par-
ticularly in the setting of ileal disease and postileal resection. 
The incidence and prevalence of cholelithiasis in CD patients 
is 14.35 per 1000 person-years and 11–34%, respectively, 
compared to 7.75 per 1000 person-years and 5.5–15%, 
respectively, in controls [129, 130]. Overall, the odds of gall-
stones are 2.1-fold higher in CD patients compared to the 
general population. In contrast, definite evidence of an asso-
ciation between UC and cholelithiasis is lacking [129]. 
Although gallstones are relatively unusual in pediatric popu-
lations, 2.3% of children with IBD in an American consor-
tium developed cholelithiasis [22], which significantly 
exceeds the population prevalence of 0.88–0.99% in indi-
viduals <30 years [131]. Bile in patients with CD postileal 
resection contains higher concentrations of bilirubin, sug-
gesting an increased risk of developing pigment stones. 
Findings regarding the cholesterol component have been 
contradictory, with some studies reporting higher, and others 
lower, cholesterol saturation. The bile composition in 
patients with UC has not been consistently shown to differ 
from controls. Previous intestinal resection is the strongest 
risk factor for gallstone disease in patients with CD, with an 
ileal resection >30 cm increasing the odds of cholelithiasis 

sevenfold. Other risk factors include disease location and 
duration, age, number of clinical recurrences and hospital-
izations, total parenteral nutrition, prolonged hospitalization, 
and female sex. Impaired gallbladder emptying may also be 
a contributing factor [129]. Symptomatic cholelithiasis 
should prompt a referral to a pediatric surgeon. Children may 
also present with cholecystitis, which should be managed 
with broad-spectrum antibiotics and a general surgery con-
sultation to guide eventual cholecystectomy.

�Liver Abscess

Liver abscess is a rare complication of IBD. The precise inci-
dence and prevalence are unknown, but it is more common in 
CD and in males and tends to occur in the setting of active 
disease. There is a tendency to develop multiple abscesses, 
which almost invariably involve the right lobe. The presenta-
tion is similar to that in non-IBD patients, but the diagnosis 
can be challenging and is often overlooked. Investigations, 
when suspected, should include an ultrasound and blood cul-
tures, which are positive in 50% of cases. Compared to 
hepatic abscesses in the general population, which are usu-
ally polymicrobial, a single pathogen, often Streptococcus 
milleri, is frequently isolated in patients with IBD. Treatment 
is with prolonged parenteral antibiotics (commonly 
4–8 weeks) with or without drainage, preferably percutane-
ously. An intra-abdominal source should be ruled out. Risk 
factors for liver abscess in IBD include intra-abdominal 
abscesses, fistulizing disease, intestinal perforation, abdomi-
nal surgery, and malnutrition [129, 132].

�Portal Vein Thrombosis and Budd-Chiari 
Syndrome

Adult and pediatric patients with CD and UC are at increased 
risk of thromboembolism (TE). In a Danish cohort study 
using administrative data, the odds of thrombotic events 
were 1.5–1.8 times higher in IBD patients ≤20 years com-
pared to controls [133]. The relative risk of TE was found to 
be slightly higher than this in hospitalized children with 
IBD, namely, 2.36, with an incidence of 118 per 10,000 
[134]. Although the incidence of TE is lower in pediatric 
than adult IBD patients, the relative risk is higher in young 
patients with IBD [133]. To date, the mechanism behind this 
prothrombotic state is not fully understood, but it is likely 
multifactorial and related to the inflammatory state. The 
potential etiologies for increased thrombosis in IBD include 
thrombocytosis/platelet activation, hyperhomocysteinemia, 
increased fibrinogen, impaired fibrinolysis, increased proco-
agulation factors, decreased anticoagulation factors, and pro-
coagulation mutations. The extent of IBD has also been 
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shown to correlate with the risk of TE, but TE can occur in 
patients with UC even after proctocolectomy [134].

Portal vein thrombosis (PVT) appears to occur at higher 
rates in the IBD population, particularly postoperatively. 
Most studies suggest it is a rare complication, with a preva-
lence of 0.1–1% in IBD [135]. The incidence specifically in 
pediatric IBD patients has been reported to be 9 per 10,000 
hospitalizations, with sixfold increased odds compared to 
non-IBD controls [134]. Overall, the precise epidemiology 
of the condition is difficult to ascertain as most patients are 
asymptomatic. The diagnosis may be made at the chronic 
stage, at which time cavernomatous transformation of the 
portal vein may be evident on imaging. A variety of imaging 
modalities can be used to make the diagnosis, including 
ultrasound with Doppler, contrast-enhanced CT, and MR 
angiography. Treatment is generally with anticoagulation, 
although the duration is not well established. While older 
studies suggested high mortality rates with this complica-
tion, more recent publications indicate a more benign natural 
history [135].

Budd-Chiari syndrome is a rare complication of UC, 
mostly in adults, but has been reported in a small number of 
children as well, with an incidence of 2.1 per 10,000 hospi-
talized pediatric IBD patients [134, 136–138]. It typically 
presents with hepatomegaly, right upper quadrant pain, and 
rapid-onset ascites with abnormal liver tests, but 25% can be 
asymptomatic. Diagnosis is supported by imaging and/or 
liver biopsy. Therapy may include thrombolysis, anticoagu-
lation, angioplasty, or vascular stents. More definitive treat-
ment, such as porto-/mesocaval shunts, or even liver 
transplant, may be required in medically refractory cases. 
Symptomatic treatment of ascites is with diuretics and para-
centesis. While outcomes have often been poor in adults, the 
pediatric cases reported to date have had a favorable evolu-
tion with resolution, with anticoagulation or even 
spontaneously.

�Nonalcoholic Fatty Liver Disease

The prevalence of nonalcoholic fatty liver disease (NAFLD) 
in IBD has varied widely across different studies, ranging 
from 13 to 100% [1], depending on the diagnostic modality 
employed and the indication for screening/testing. 
According to a systematic review, the mean prevalence of 
fatty liver disease in adults is 23% in UC and 1.5–39.5% in 
CD, in comparison to 20% in the general population [129]. 
The prevalence of NAFLD in pediatric IBD patients has 
never been specifically examined. Overall, it would appear 
that fatty liver is common in the IBD population, but defini-
tive evidence that the prevalence of NALFD in IBD exceeds 
that in the general population is lacking. Patients with met-
abolic risk factors, such as obesity and hypertension, are at 

increased risk, but these risk factors are not universally 
present in IBD patients with NAFLD.  Coupled with the 
asymptomatic nature of NAFLD, a high degree of suspi-
cion must to be maintained, particularly in the setting of 
raised liver enzymes. Diagnostic confirmation requires his-
topathological assessment, but screening can be performed 
with transaminases, GGT, and triglycerides. Management 
includes attaining adequate IBD control and working 
toward a healthy BMI in patients who are overweight, in 
conjunction with a pediatric dietitian.

�Granulomatous Hepatitis

Granulomatous hepatitis is estimated to occur in <1% of 
IBD patients, primarily those with CD. It tends to present 
with a cholestatic picture, especially elevated ALP.  The 
diagnosis is confirmed by visualizing granulomas on liver 
biopsy. The most common cause in the setting of IBD is 
medications, especially sulfasalazine, but granulomatous 
hepatitis can also be an extraintestinal manifestation of IBD, 
and can be associated with malignancy or infections. 
Corticosteroids and immunosuppressive agents have been 
used as treatment [1].

�Hepatic Amyloidosis

Amyloidosis is a rare but serious complication of IBD, 
especially CD. It has a prevalence of 0.5% in IBD, more 
specifically 0.9–3% in CD, and 0–0.07% in UC [139–141]. 
The pathogenesis remains unclear. Patients are usually 
male with extensive, long-standing disease, although amy-
loidosis may be present at the time of, or even prior to, the 
diagnosis of IBD.  Fistulae and/or abscesses, as well as 
other extraintestinal manifestations, are common. 
Amyloidosis is predominantly a disease of the kidneys, but 
hepatic involvement has been described in a small subset 
of patients, including in children [141]. Signs and symp-
toms of hepatic amyloidosis are few, and liver tests are 
generally normal. The diagnosis is established by biopsy, 
and, often, only comes to light at the time of autopsy. 
Mortality is intricately tied to the renal disease, but hepatic 
involvement is associated with a reduced likelihood of sur-
vival [142].

�Primary Biliary Cholangitis (Previously Termed 
Primary Biliary Cirrhosis)

Primary biliary cholangitis (PBC) is characterized by chronic 
inflammatory destruction of the intrahepatic bile ducts and 
infiltration by lymphocytes and plasma cells into the portal 

A. Ricciuto and B.M. Kamath



129

tract. To date, there have been approximately 20 reports of 
PBC occurring in association with UC, none of which have 
involved children [143, 144]. PBC associated with UC has 
less of a female predominance, and affects younger patients 
than PBC in the general population. In addition, the colitis 
tends to be mild, often limited to the rectum. The typical fea-
tures of PBC include pruritus, cholestasis, and increased 
IgM, but these can be seen in other hepatobiliary disorders 
associated with UC, such as PSC. Serum antimitochondrial 
antibody (AMA), which is almost always positive in PBC, 
but generally negative in PSC, is very helpful for distinguish-
ing the two. Liver biopsy can also provide additional useful 
information; it typically shows granulomatous inflammation 
of the periportal area in PBC.

�A Clinical Approach to Children with IBD 
and Liver Abnormalities

Children with IBD who develop abnormal liver biochemis-
try or physical stigmata of liver disease may have a wide 
range of potential underlying diagnoses, as reviewed in this 
chapter. Based on the available but limited evidence pre-
sented, the authors suggest the following approach to liver 
disease in pediatric IBD (Fig. 11.5). All children with IBD 
should have routine liver biochemistry with ALT, AST, 
GGT, ALP, fractionated bilirubin, and albumin measured 
every 6–12 months when the child is well. The frequency of 
blood work can be increased if the child is unwell or receiv-
ing medications with known potential hepatotoxicity, as 

Child with 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 GI symptoms)

Are ALT/AST/GGT
elevated?

YesNo

Return to routine
surveillance < 2 x ULN (eg. ALT or AST < 80) ≥ 2 x ULN (eg. ALT or AST≥80)

< 2 x ULN ≥ 2 x ULN 

Repeat tests
2 weeks later •

•
•

•

•
•
•

•

•

Are ALT/AST/GGT
elevated?

Ceruloplasmin

Repeat tests, and also:
INR, ANA, SMA, LKM, ANCA, IgG, IgA

HAV Ab IgM, HepBsAg, HCV Ab

A1AT level or PI typing
Tissue transglutaminase
Liver U/S + Doppler

Return to routine
surveillance

Return to routine
surveillance

Yes

Repeat tests
2 weeks later

No

No

Yes

Yes

Yes

Are ALT/AST/GGT
elevated?

Refer to a
hepatologist

MRCP or ERCP (depending on centre availability)
Refer to a hepatologist
Consider liver biopsy

No

No

Refer to a hepatologist

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

Are tests consistent with
Wilson disease, A1AT def, or

viral hepatitis?

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

If child is on
hepatotoxic

drugs, consider
liver U/S

Fig. 11.5  Suggested approach to liver disease in pediatric IBD
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detailed above. If low-grade abnormalities are detected, 
liver tests should be repeated in 1–2 weeks to ensure they 
are not rising acutely and subsequently followed for the first 
few months. With more marked elevations, or clinically 
overt evidence of liver disease, such as hepatosplenomegaly 
or jaundice, further investigations should be considered, 
including autoantibodies (ANA, SMA, LKM1, ANCA), 
serum IgG, viral hepatitis serologies, celiac serology, ceru-
loplasmin, and alpha-1 antitrypsin level, along with abdom-
inal ultrasound. Depending on the clinical context, MRCP 
and/or liver biopsy may also be indicated. If medications are 
felt to be a potential contributor, a trial of reducing the dose 
or holding the medication entirely (if this is not felt to be 
detrimental to the child’s IBD care) should be performed. 
The distinction between “low” and “high-grade” elevations 
is controversial. The authors propose that elevations >2–3× 
ULN are significant and require further investigation. 
Additional studies in pediatric IBD populations are required 
to construct truly evidence-based algorithms to guide the 
work-up and management of abnormal liver biochemistry 
and liver disease in children with IBD.
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