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Beyond the Bowel: Extraintestinal 
Manifestations of Inflammatory 
Bowel Disease1

Inflammatory bowel disease (IBD) is a chronic, relapsing immune-
mediated inflammation of the gastrointestinal tract. IBD includes 
two major disease entities: Crohn disease and ulcerative colitis. 
Imaging plays an important role in the diagnosis and surveillance 
of these complex disorders. Computed tomographic and magnetic 
resonance enterographic techniques have been refined in recent 
years to provide a superb means of evaluating the gastrointestinal 
tract for suspected IBD. Although the intestinal imaging manifesta-
tions of IBD have been extensively discussed in the radiology litera-
ture, extraintestinal imaging manifestations of IBD have received 
less attention. Multiple extraintestinal manifestations may be seen 
in IBD, including those of gastrointestinal (hepatobiliary and pan-
creatic), genitourinary, musculoskeletal, pulmonary, cardiac, ocular, 
and dermatologic disorders. Although many associations between 
IBD and extraintestinal organ systems have been well established, 
other associations have not been fully elucidated. Some extrain-
testinal disorders may share a common pathogenesis with IBD. 
Other extraintestinal disorders may occur as a result of unintended 
treatment-related complications of IBD. Although extraintestinal 
disorders within the abdomen and pelvis may be well depicted with 
cross-sectional enterography, other musculoskeletal and thoracic 
disorders may be less evident with such examinations and may war-
rant further investigation with additional imaging examinations or 
may be readily apparent from the findings at physical examination. 
Radiologists involved in the interpretation of IBD imaging exami-
nations must be aware of potential extraintestinal manifestations, 
to provide referring clinicians with an accurate and comprehensive 
profile of patients with these complex disorders.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ List the various extraintestinal organ 
systems that can be affected in the setting 
of Crohn disease and ulcerative colitis.

■■ Describe specific extraintestinal disor-
ders that are strongly or loosely associ-
ated with IBD.

■■ Discuss the roles of CT and MR 
imaging in the evaluation of patients 
suspected of having extraintestinal mani-
festations of IBD.

See www.rsna.org/education/search/RG.

SA-CME Learning Objectives

Introduction
Inflammatory bowel disease (IBD) is a chronic, relapsing immune-
mediated inflammation of the gastrointestinal tract. The two major 
subtypes of IBD are Crohn disease and ulcerative colitis. Imaging 
plays an important role in the detection, characterization, and sur-
veillance of IBD. Both computed tomographic (CT) enterography 
and magnetic resonance (MR) enterography have emerged in recent 
years as invaluable tools in the assessment of IBD. Although such 
techniques are optimized for evaluation of the bowel, extraintestinal 
manifestations of IBD are being increasingly recognized at cross-
sectional imaging. Multiple extraintestinal manifestations of IBD can 
be seen with imaging examinations optimized for evaluation of the 
bowel, including manifestations of hepatobiliary, pancreatic, genito-
urinary, musculoskeletal, pulmonary, and cardiac disorders.

Extraintestinal manifestations are estimated to occur in 21%–47% 
of patients with IBD (1). The pathogenesis of most extraintestinal 
manifestations is not well understood. However, with the advent 
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Although the links between IBD and many hepa-
tobiliary disorders have been well elucidated, other 
associations remain more elusive (Table 2).

Primary Sclerosing Cholangitis
PSC is a chronic biliary disorder that represents 
the most common hepatobiliary manifestation of 
IBD (3). The association between PSC and IBD 
was first described in 1965 by Smith and Loe (4).

PSC is typically diagnosed in patients between 
the 3rd and 5th decades of life, with a 2:1 male 
predominance (5). PSC appears to be most 
common in white populations, with an increased 
prevalence in North America and Europe. It is 
estimated that 70%–80% of patients with PSC 
have concomitant IBD, and 1.4%–7.5% of 
patients with IBD will ultimately develop PSC 
(6). Of these patients, 85%–95% have ulcerative 
colitis, and the remaining patients have Crohn 
colitis or Crohn ileocolitis (7). Patients with both 

of genomewide association studies, substantial 
advances have been made in the genetic basis of 
IBD in recent years. Specifically, 99 susceptibil-
ity loci or genes (71 for Crohn disease and 47 
for ulcerative colitis) have been published to date 
(2). Most important, the findings of these studies 
have provided deeper insight into shared pathways 
between IBD and related extraintestinal disorders, 
pathways that continue to evolve (Table 1).

Extraintestinal manifestations of IBD involve 
multiple organ systems throughout the body 
(Table 1). Extraintestinal manifestations involv-
ing the skin, eyes, and joints usually parallel 
the degree of intestinal inflammation, but other 
extraintestinal manifestations involving gastroin-
testinal (hepatobiliary) and cardiothoracic disor-
ders typically do not correspond to the degree of 
intestinal inflammation (1).

Although optimal assessment of the bowel is of 
utmost importance when performing and inter-
preting CT and MR enterographic examinations, 
crucial extraintestinal manifestations of IBD may 
be inadvertently ignored (Fig 1). Clinical radiolo-
gists must be aware of potential extraintestinal 
manifestations, to provide referring clinicians 
with an accurate and comprehensive assess-
ment of patients with these complex disorders. 
Additional imaging examinations may even be 
warranted if a clinically suspected extraintestinal 
manifestation is not adequately evaluated with an 
examination optimized for bowel evaluation.

 Gastrointestinal (Hepatobiliary and 
Pancreatic) Manifestations of IBD

Hepatobiliary and pancreatic disorders account 
for some of the most common extraintestinal 
manifestations encountered in the setting of IBD. 

Teaching Points
■■ Multiple extraintestinal manifestations of IBD can be seen with 

imaging examinations optimized for evaluation of the bowel, 
including manifestations of hepatobiliary, pancreatic, genito-
urinary, musculoskeletal, pulmonary, and cardiac disorders.

■■ Extraintestinal manifestations involving the skin, eyes, and 
joints usually parallel the degree of intestinal inflammation, 
but other extraintestinal manifestations involving gastrointes-
tinal (hepatobiliary) and cardiothoracic disorders typically do 
not correspond to the degree of intestinal inflammation.

■■ PSC is a chronic biliary disorder that represents the most com-
mon hepatobiliary manifestation of IBD.

■■ Enterourinary fistulas represent the most common urinary 
manifestation of IBD, with colovesical fistulas being the most 
common type of fistula.

■■ IBD-related spondyloarthropathy is a type of seronegative 
spondyloarthropathy, a category of inflammatory arthropa-
thy that includes idiopathic ankylosing spondylitis, psoriatic 
arthritis, reactive arthritis, and undifferentiated spondyloar-
thropathy.

Table 1: Extraintestinal Manifestations of IBD

Group Extraintestinal Manifestations

Gastrointestinal Primary sclerosing cholangitis 
(PSC)

PSC–autoimmune hepatitis 
overlap syndrome

Drug-induced hepatitis
Hepatic steatosis
Hepatic abscess
Portal vein thrombosis
Pancreatitis
Immunoglobulin G4 (IgG4)–as-

sociated cholangitis*

Primary biliary cirrhosis*

Cholelithiasis*

Autoimmune pancreatitis*

Urinary Enterourinary fistulas
Obstructive uropathy
Nephrolithiasis*

Musculoskeletal IBD-related arthropathy
Osteoporosis
Osteonecrosis
Osteomyelitis or abscess
Hypertrophic osteoarthropathy

Pulmonary Large airways disease
Pneumonia*

Cardiac Congestive heart failure*

Ocular or orbital Conjunctivitis
Episcleritis
Orbital pseudotumor*

Cutaneous Enterocutaneous fistulas
Pyoderma gangrenosum
Erythema nodusum

*Conditions that have an equivocal or indirect as-
sociation with IBD.
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with a distal colitis have an estimated prevalence of 
PSC of only 0.5% (7). In addition, no cases have 
been reported of PSC occurring in IBD patients in 
whom the disease is strictly confined to the small 
bowel (7). The presence of concomitant PSC may 
also be associated with the extent and severity of 
ulcerative colitis. Several investigators have sug-
gested that IBD in the setting of PSC is charac-
terized by a higher incidence of rectal sparing, 
backwash ileitis, pancolitis, and colitis-associated 
neoplasia, with an overall poorer survival rate (8).

PSC is characterized by progressive inflamma-
tion, obliterative fibrosis, and destruction of both 
the intrahepatic biliary tree and the extrahepatic 
biliary tree, leading to the development of biliary 
fibrosis, cirrhosis, and eventual hepatic failure (1).

Although the clinical overlap between ulcer-
ative colitis and cholestatic liver disease has long 
been established, the pathogenesis of PSC remains 
somewhat elusive to date. It is generally accepted 
that PSC and IBD share a common pathogenesis 
(1). The association of PSC with IBD and other 
autoimmune disorders suggests that genetic and 
immunologic factors are crucial in the develop-
ment of PSC-IBD. Indeed, several autoimmune 
disorders, such as type 1 diabetes mellitus and 

PSC and IBD tend to exhibit a pattern of IBD 
progression that is distinctly different from that 
of patients who have IBD without associated 
PSC. Hence, the term PSC-IBD was coined by 
investigators from the Mayo group to classify 
these patients with both PSC and IBD as having 
a separate clinical entity (8).

The sequence of IBD diagnosis and PSC 
diagnosis varies. For some patients, the onset of 
ulcerative colitis may occur years after a diag-
nosis of PSC. However, new onset of PSC may 
not be diagnosed until years after a diagnosis of 
ulcerative colitis (9). An increased risk for colonic 
dysplasia or colon cancer exists in patients with 
the PSC-IBD combination. The findings from a 
meta-analysis suggest that the presence of PSC 
was shown to be an independent risk factor for 
the development of colorectal dysplasia or colon 
cancer in patients with ulcerative colitis, with an 
odds ratio of 4.79 (10).

The prevalence of PSC appears to be directly 
related to the degree of small bowel and colonic 
involvement in patients with IBD. The subset of 
IBD patients with extensive colonic involvement 
or pancolitis is more likely to have coexisting PSC, 
with an estimated prevalence of 5.5%; patients 

Figure 1.  Ulcerative colitis in a 31-year-old 
man with clinically unsuspected PSC. Coronal 
T2-weighted MR enterographic image shows 
a segment of featureless transverse colon 
with loss of haustral markings consistent with 
ulcerative colitis (black arrow). Abnormally 
dilated bile ducts (white arrow) are depicted 
within the left hepatic lobe, findings consis-
tent with concomitant PSC.

Table 2: Hepatobiliary and Pancreatic Manifestations of IBD

Disorder Group Hepatobiliary and Pancreatic Manifestations

Disorders that may share a common pathogenesis 
with IBD

PSC, small-duct PSC, autoimmune hepatitis, idiopathic 
pancreatitis, IgG4-associated cholangitis

Disorders that parallel the pathophysiology of an 
underlying IBD

Gallstones, portal vein thrombosis, hepatic abscess

Disorders that may occur as a complication of IBD 
treatment

Drug-induced hepatitis, reactivation of hepatitis B, drug-
induced pancreatitis, hepatosplenic T-cell lymphoma

Disorders possibly associated with IBD Autoimmune pancreatitis, hepatic steatosis, primary biliary 
cirrhosis
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Graves disease, are common in patients with PSC-
IBD (11). Strong evidence supports the belief 
that host immunity plays an important role in the 
pathogenesis of PSC (1). Other investigators have 
suggested that microbiologic mechanisms may 
partially account for the link between PSC and 
IBD (12). “Leaky gut” may likewise play a role in 
the pathogenesis of PSC (13).

Patients with PSC may exhibit symptoms of 
jaundice, pruritus, fatigue, abdominal pain, and 
weight loss at presentation. However, only 10%–
15% of patients exhibit symptoms at the time of 
diagnosis, while 60% of patients develop symp-
toms with time (14). Patients presenting with PSC 
typically have abnormal results of liver function 
tests. Specifically, elevated alkaline phosphatase 
levels are commonly seen, which are indicative of 
cholestasis. A number of autoantibodies can be de-
tected in the setting of PSC, including antinuclear 
antibodies, anti–smooth muscle antibodies, and 
perinuclear antineutrophil cytoplasmic antibodies 
(pANCA). However, these antibodies are fairly 
nonspecific, and the role of antibody detection in 
patients with PSC is not well established.

Imaging plays a substantial role in the detec-
tion, characterization, and surveillance of PSC. 
Endoscopic retrograde cholangiopancreatography 
is traditionally considered the reference stan-
dard in the evaluation of PSC. Hallmark features 
of PSC at cholangiography include multifocal 
“beaded” strictures of both the intrahepatic and 
extrahepatic bile ducts, with intervening sites 
of dilated and normal-caliber ducts. Strictures 
may vary in length from approximately 1–2 mm 
to several centimeters. A dominant stricture has 
been described as marked dilatation of the duct 
upstream from a tight, long stricture (stricture 
diameter <1.5 mm in the common bile duct or 
<1 mm in the left or right main duct). A domi-
nant stricture that either persists or progresses 
with time should raise concern for cholangiocar-
cinoma. Abrupt biliary termination, or “pruning,” 
of the biliary tree may occur with time. Intralu-
minal filling defects may occur in the bile ducts 
and are generally indicative of biliary calculi 
when the defects are between 2 and 5 mm in 
diameter. However, larger nodular defects should 
raise concern for cholangiocarcinoma. Although 
endoscopic retrograde cholangiopancreatography 
can be both diagnostic and therapeutic in the 
assessment of PSC, the invasive nature of the ex-
amination carries the risk of inherent morbidities 
such as cholangitis and pancreatitis.

Ultrasonography (US) of the liver may be used 
in some centers as a screening tool in patients 
with abnormal results of liver function tests. 
Although US may be used to detect biliary dilata-
tion, biliary wall thickening, and bile duct stones 

in the setting of PSC, sonographic interrogation 
of PSC is generally very limited. Scant informa-
tion has been published regarding the role of US 
in PSC screening.

CT plays little role in the detection of early 
PSC, because depiction of the biliary tree with 
CT is inherently limited. Findings may include 
alternating areas of stenosis and dilatation of 
the bile ducts. Abnormal arborization of the bile 
ducts has been described, in which branching 
ducts appear discontinuous on sequential images. 
Abnormal biliary wall thickening and enhance-
ment may likewise be seen. Imaging findings of 
chronic PSC are generally better depicted with 
CT, including peripheral hepatic atrophy and 
central hepatic hypertrophy with a diffusely mac-
ronodular liver contour.

MR imaging has emerged in recent years as the 
most effective noninvasive technique for the evalu-
ation of both early and late stages of PSC (Fig 2). 
In particular, for MR cholangiopancreatography, a 
heavily T2-weighted coronal pulse sequence is used, 
which provides superior noninvasive depiction of 
the biliary tree. In 2006, one group of investigators 
reported that MR cholangiopancreatography had 
a sensitivity of 80%, a specificity of 87%, and a di-
agnostic accuracy of 83% in the diagnosis of PSC, 
values only slightly inferior to those for endoscopic 
retrograde cholangiopancreatography (15). MR 
cholangiopancreatographic findings of PSC include 
multifocal, or “beaded,” strictures of the intrahe-
patic and extrahepatic bile ducts, with alternating 
sites of biliary dilatation (Fig 3). On MR cholan-
giopancreatographic images, excessive numbers of 
peripheral ducts have been described as a result of 
peripheral downstream strictures. Hepatolithiasis 
and choledocholithiasis are optimally depicted as 
signal voids on MR images obtained with all pulse 
sequences (Fig 4). Contrast material–enhanced 
T1-weighted MR images may optimally demon-
strate biliary wall thickening and hyperenhance-
ment. Findings of chronic PSC are readily depicted 
on MR images as peripheral hepatic atrophy and 
central hypertrophy with a diffusely macronodular 
liver contour (Fig 5). T2-weighted MR images may 
demonstrate areas of patchy hyperintensity, which 
are indicative of parenchymal edema and inflam-
mation. In patients with chronic PSC, confluent 
fibrosis may be seen as wedge-shaped areas of 
parenchymal volume loss that appear hypointense 
on T1-weighted MR images and hyperintense on 
T2-weighted and delayed contrast-enhanced T1-
weighted MR images.

PSC–Autoimmune  
Hepatitis Overlap Syndrome
An overlap between PSC and autoimmune hepatitis 
has been described in patients with IBD, particu-
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Figure 4.  Biliary lithiasis in a 39-year-old man with 
PSC. Coronal T2-weighted MR image shows diffuse 
dilatation of a bile duct within the right hepatic lobe. 
Multiple filling defects (arrow) are noted throughout 
the duct, findings consistent with biliary lithiasis.

Figure 2.  PSC in a 46-year-old woman. Axial T2-
weighted fat-saturated MR image shows diffuse contour 
irregularity throughout the liver. Diffusely irregular cali-
bers of the bile ducts are noted throughout the liver, with 
predominant involvement of the lateral segment of the 
left hepatic lobe (arrow).

larly in those patients with ulcerative colitis. Mul-
tiple case reports have been published of patients 
with IBD in whom autoimmune hepatitis was 
definitively diagnosed and who later developed 
histologic evidence of PSC (16). However, the 
diagnosis is difficult to establish because the clini-
cal and imaging features of both disease processes 
overlap, and diagnostic criteria have not been 
firmly established to date. The diagnosis of overlap 
syndrome is suspected when a definite diagnosis 
of autoimmune hepatitis is established on the basis 
of the International Autoimmune Hepatitis Group 

criteria, including demographics, laboratory mark-
ers, and liver histologic findings (17). The diagnosis 
should be suspected in IBD patients with typical 
imaging findings of PSC in conjunction with imag-
ing features of autoimmune hepatitis: cirrhotic liver 
morphology with widened hepatic fissures, liver 
surface nodularity, caudate enlargement, periportal 
fibrosis, and signs of portal hypertension (18).

Cholangiocarcinoma
A dreaded complication of PSC is the develop-
ment of cholangiocarcinoma, a devastating malig-
nancy with an extremely poor prognosis. Although 
cholangiocarcinoma may not be a direct result 
of IBD, the strong association between PSC and 
cholangiocarcinoma has been well established in 
the literature (1). It is imperative that radiologists 
interpreting imaging examinations in PSC patients 
maintain a high index of suspicion for the presence 
of an underlying cholangiocarcinoma.

Cholangiocarcinoma is the second most com-
mon primary hepatic tumor after hepatocellular 
carcinoma. The 5-year survival rate of individu-
als with cholangiocarcinoma is between 5% and 
10%. PSC is one of the most common risk fac-
tors for cholangiocarcinoma in Western countries 
(19). Cholangiocarcinoma in PSC patients tends 
to manifest earlier than cholangiocarcinomas that 
occur sporadically (20). Patients with PSC are at a 
significantly increased risk for developing cholan-
giocarcinoma, with a lifetime incidence of 5%–15% 
(21). Although patients with PSC may benefit from 
liver transplantation, those with underlying cholan-
giocarcinoma are generally ineligible for transplan-
tation, because patients with underlying malignancy 
have a poor prognosis. Therefore, it is of vital 

Figure 3.  PSC in a 37-year-old woman. Coronal thick-
slab MR cholangiopancreatographic image shows diffuse 
irregularity of the bile ducts, with areas of stenosis (ar-
rows) and dilatation throughout the liver.
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Figure 5.  Chronic PSC in a 57-year-old man. Axial T2-
weighted fat-saturated MR image shows a diffusely irreg-
ular macrolobular liver contour with central or caudate 
hypertrophy (arrows) and peripheral atrophy (*). Scat-
tered areas of mildly increased signal intensity are noted 
throughout the peripheral liver, findings consistent with 
diffuse fibrosis.

Figure 6.  Hilar cholangiocarcinoma in a 62-year-old 
man with chronic PSC. Axial contrast-enhanced T1-
weighted MR image shows an enhancing mass arising 
from the central left intrahepatic bile duct (arrow). Scat-
tered biliary dilatation is noted throughout the liver, with 
predominant involvement of the lateral segment of the 
left hepatic lobe upstream from the enhancing mass.

importance to establish the diagnosis of cholangio-
carcinoma in the setting of PSC.

Although various classification schemes for 
cholangiocarcinoma have been proposed, an 
anatomic classification is generally the most widely 
adopted. Peripheral cholangiocarcinomas, or those 
tumors that occur proximal to secondary biliary 
radicles, account for 10% of cholangiocarcino-
mas. Peripheral cholangiocarcinomas are typically 
large and tend to manifest late in the course of the 
disease. Perihilar cholangiocarcinomas account 
for 50% of cholangiocarcinomas and are often 
subcategorized according to the Bismuth-Corlette 
classification for the purpose of optimizing surgical 
planning (Fig 6). Klatskin tumors are a subtype 
of perihilar cholangiocarcinomas that occur at the 
confluence of the main right and left bile ducts 
within the porta hepatis. Distal cholangiocarcino-
mas are extrahepatic lesions, generally involving 
the distal common bile duct, that account for the 
remaining 40% of cholangiocarcinomas.

The diagnosis of cholangiocarcinoma is gener-
ally established with a combination of clinical, 
laboratory, and imaging findings. Unfortunately, 
the imaging findings of PSC and cholangiocar-
cinoma frequently overlap, and current imaging 
techniques generally fail to detect cholangiocarci-
noma in the setting of PSC until most tumors are 
fairly advanced and inoperable.

Cholangiocarcinoma can manifest with a wide 
spectrum of imaging findings. Common CT and 
MR imaging features of cholangiocarcinoma in-
clude focal thickening of the bile duct wall, focal 
biliary dilatation out of proportion to the dilata-

tion seen in the background of PSC, capsular 
retraction, and portal vein invasion. MR imag-
ing has generally been regarded as the reference 
standard imaging technique for the characteriza-
tion and staging of cholangiocarcinoma. Advan-
tages of MR imaging include superior soft-tissue 
contrast resolution, which allows for optimal 
tumor depiction and superior assessment of the 
bile ducts with MR cholangiopancreatographic 
techniques (22). Contrast-enhanced T1-weighted 
MR imaging is generally superior to CT in the 
detection of small hilar tumors and periductal 
tumor infiltration. Mass-forming lesions often 
demonstrate delayed enhancement because of the 
presence of concomitant fibrous stroma.

Drug-induced Hepatitis
Although the previously described hepatobili-
ary disorders share a common pathogenesis with 
IBD, therapy with a number of the drugs used 
in the treatment of IBD can result in iatrogenic 
hepatotoxic effects. A number of drugs have been 
implicated, including thiopurines, methotrexate, 
sulfasalazine, cyclosporine, and biologic agents 
such as infliximab, adalimumab, and certoli-
zumab. Manifestations of hepatotoxicity include 
elevated results of liver function tests and clinical 
influenza-like symptoms that generally resolve 
after discontinuation of therapy with the drugs. 
In some instances, percutaneous liver biopsy may 
be warranted to establish the presence of drug-
induced hepatitis. Although there are no specific 
guidelines for the use of methotrexate in IBD 
patients, the American Academy of Dermatology 
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Figure 8.  Hepatic steatosis in a 42-year-old man with 
PSC. Axial T1-weighted opposed-phase MR image 
shows ill-defined areas of decreased signal intensity (ar-
row) within the central liver, findings consistent with 
hepatic steatosis.

Figure 7.  Acute hepatitis in a 47-year-old woman with 
chronic Crohn disease. Transverse gray-scale US image 
of the liver shows diffusely hypoechoic parenchyma 
with increased echogenicity of the portal triads (arrow), 
the “starry sky” appearance, predominantly involving 
the left hepatic lobe.

has recommended surveillance with liver biopsies 
for patients with psoriasis and rheumatoid arthri-
tis who are being treated with methotrexate (23).

Although imaging findings of drug-induced 
hepatitis are often subtle and nonspecific, several 
features of nonspecific acute hepatitis can be 
seen at imaging, including hepatomegaly, peri-
portal edema, diffuse or focal fatty infiltration, 
and gallbladder wall thickening (24). At US, the 
classic so-called starry sky appearance has been 
widely described in the setting of acute hepatitis 
and is due to the increased echogenicity of portal 
venous walls (Fig 7) (25). A rare complication of 
therapy with azathioprine (a thiopurine) is the 
development of hepatic veno-occlusive disease, 
which has been described in the literature (26). 
Imaging features of veno-occlusive disease in-
clude hepatosplenomegaly, ascites, and periportal 
and gallbladder wall edema. US findings include 
hepatofugal portal venous flow and elevated 
values for the arterial resistive index (>0.75) at 
Doppler US interrogation.

Hepatic Steatosis
Hepatic steatosis, or fatty liver, is the most com-
mon hepatobiliary complication of IBD (27). One 
group of investigators reported that fatty liver was 
seen in 35% of 511 patients with IBD (28). How-
ever, tremendous variability has been reported in 
the prevalence of fatty liver, ranging from 13% 
to 100% in published studies (1). A correlation 
between the degree of fatty liver infiltration and 
the severity of colitis has been shown in patients 
with ulcerative colitis (29). Although the etiology 
of fatty liver development in the setting of IBD 

remains somewhat elusive, factors such as chronic 
malnutrition, protein loss, and corticosteroid 
therapy are likely contributing factors (1).

Sonographic features of fatty liver include in-
creased parenchymal echogenicity with increased 
attenuation of the ultrasound beam. At CT, fatty 
liver is optimally assessed on nonenhanced images 
as decreased attenuation of the liver compared 
with the spleen. The attenuation of the liver is 
inversely proportional to the degree of underly-
ing steatosis. On contrast-enhanced CT images, 
attenuation measurements are less reliable than on 
nonenhanced CT images. However, most experts 
agree that liver steatosis is present when the at-
tenuation of the background liver parenchyma is 
more than 35 HU less than that of the spleen on 
portal venous phase images (30). MR imaging 
findings of fatty liver are readily assessed at T1-
weighted chemical shift imaging. The liver paren-
chyma demonstrates decreased signal intensity 
on out-of-phase images relative to the in-phase 
images in the presence of hepatic steatosis (Fig 8) 
(31). The degree of the decrease in the signal in-
tensity on out-of-phase images is likewise propor-
tional to the severity of hepatic steatosis.

Hepatic Abscess
Patients with IBD have a slightly higher inci-
dence of pyogenic liver abscesses than the general 
population (27). Investigators have suggested that 
the loss of integrity of the normal mucosal barrier 
in the bowel may result in microbial invasion of 
the mesenteric veins, with resultant seeding of 
the liver (1). Concomitant portal vein thrombosis 
may likewise occur in the setting of infectious 
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Figure 10.  Portal vein thrombosis in a 59-year-old 
woman with chronic ulcerative colitis. Axial contrast-
enhanced CT image shows partially obstructive throm-
bus (white arrow) within the main portal vein, with 
poorly organized thrombus (black arrow) in the pos-
terior branch of the right portal vein. An area of geo-
graphic decreased attenuation (*) is seen within the 
posterior segment of the right hepatic lobe, a find-
ing  consistent with segmental hepatic steatosis from 
altered lipid metabolism in the setting of segmental 
portal vein thrombosis.

Figure 9.  Hepatic abscess in a 48-year-old man with 
PSC and ulcerative colitis. Axial contrast-enhanced CT 
image shows diffusely dilated biliary ducts within the an-
terior segment of the right hepatic lobe (black arrow). A 
focal area of decreased attenuation (*) is seen within the 
caudate lobe, a finding consistent with abscess. Vague 
scattered areas of decreased attenuation (white arrow) 
are seen within the posterior segment of the right he-
patic lobe, findings consistent with a developing abscess.

portal pyelophlebitis. Single or multiple liver 
abscesses have been reported as an initial mani-
festation of Crohn disease (32).

US often serves as an initial screening tool for 
a patient suspected of having a liver abscess. US 
features include spherical or ovoid intrahepatic 
lesions that are anechoic in 50% of individuals, 
hyperechoic in 25% of individuals, and hypoechoic 
in the remaining 25% of individuals. Although 
early abscesses are usually poorly marginated 
and hyperechoic, more mature abscesses become 
progressively distinct and less hyperechoic (33). 
Internal septa or fluid-fluid levels may be seen in 
a pyogenic abscess. Brightly hyperechoic foci with 
posterior artifact may be seen in the setting of gas-
forming organisms. CT and MR imaging findings 
of a pyogenic abscess include a unilocular or mul-
tilocular mass with central nonenhancing debris 
and peripheral rim or capsular enhancement, the 
so-called target sign (34). Small abscesses may co-
alesce into a larger abscess with time, the so-called 
cluster sign (Fig 9) (35).

Portal Vein Thrombosis
The portal vein is a common site of thrombosis 
in patients with IBD (27). Although portal vein 
thrombosis is a rare complication of IBD, the 
incidence of portal vein thrombosis in patients 
with IBD appears to be higher than that of the 
general population, likely because of coagula-
tion abnormalities from underlying chronic 
bowel inflammation or infectious pyelophlebitis, 

as previously discussed (36). Patients with IBD 
have increased platelet counts, fibrinogen levels, 
and factor V and VIII levels, as well as decreased 
antithrombin III levels, all of which can increase 
the risk of thrombosis. Portal vein thrombosis 
occurs more frequently in the setting of recent 
abdominal surgery in patients with IBD (37). 
A high incidence of portal vein thrombosis has 
been reported after restorative proctocolectomy 
in patients with ulcerative colitis. Baker et al (38) 
reported CT evidence of portal venous thrombi 
in 45% of patients who had recently undergone 
ileal pouch–anal anastomosis for ulcerative colitis.

US generally serves as the initial imaging 
modality for suspected portal vein thrombosis. Im-
aging features include a hyperechoic or anechoic 
portal venous filling defect in the acute phase that 
becomes progressively isoechoic with time. Lack of 
flow or abnormal waveforms within the portal vein 
are generally evident at color Doppler US interro-
gation (39). CT findings of portal venous throm-
bosis include low-attenuation thrombus within the 
portal vein that is most apparent at portal venous 
phase imaging (Fig 10). Arterial phase images may 
demonstrate a transient area of increased attenua-
tion within an affected hepatic segment that is due 
to arterioportal shunting, otherwise known as a 
transient hepatic attenuation difference. Although 
MR imaging is generally not the modality of 
choice, a hyperintense filling defect may be seen 
within the portal veins on T1- and T2-weighted 
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MR images in the setting of portal vein thrombosis 
(39). Arterial phase images may likewise demon-
strate a hepatic segment of hyperenhancement 
from arterioportal shunting, otherwise known as a 
transient hepatic intensity difference.

Pancreatitis
Patients with IBD are at increased risk of devel-
oping acute pancreatitis and chronic pancreatitis. 
However, most cases of IBD-associated pancre-
atitis are clinically silent. Hyperamylasemia or 
exocrine pancreatic insufficiency may be the only 
manifestation of pancreatitis in these individuals 
(40). However, an elevation of the serum amylase 
level is not always indicative of pancreatitis. Ab-
normal serum amylase levels have been reported 
in 5.8%–15.8% of patients with IBD (41). The 
clinical importance of elevated pancreatic enzyme 
levels in the asymptomatic patient with IBD is 
not entirely clear.

Several mechanisms have been proposed 
for the development of IBD-associated acute 
pancreatitis. Acute pancreatitis may be second-
ary to (a) gallstones, (b) Crohn disease affect-
ing the duodenum, with resultant papillary 
dysfunction, or (c) Crohn disease–associated 
granulomatous inflammation of the pancreas 
(42). Acute drug-induced pancreatitis has 
been reported after administration of IBD 
medications such as 5-aminosalicylates, corti-
costeroids, azathioprine, or 6-mercaptopurine, 
although the reported incidence is low (43). 
Acute pancreatitis likewise occurs in the setting 
of PSC with sclerosis of the pancreatic ducts 
as well as the bile ducts, otherwise known as 
“sclerosing pancreatitis” (44).

CT imaging features of acute pancreatitis 
include edematous pancreatic enlargement, often 
with loss of the normal fatty pancreatic lobulation. 
Peripancreatic fat stranding, edema, and free fluid 

are also commonly seen in acute pancreatitis (Fig 
11). Parenchymal necrosis may occur in the set-
ting of necrotizing pancreatitis, which is optimally 
depicted on contrast-enhanced images (45). MR 
imaging findings of acute pancreatitis may dem-
onstrate pancreatic enlargement with increased 
signal intensity throughout the pancreas on T2-
weighted MR images, findings consistent with 
pancreatic edema. T1-weighted contrast-enhanced 
MR images may show areas of pancreatic nonen-
hancement, which are consistent with necrotiz-
ing pancreatitis. MR cholangiopancreatographic 
techniques provide a superior noninvasive means 
of assessing the integrity of the pancreatic duct 
(46). Although US plays little role in the evalua-
tion of acute pancreatitis, an enlarged hypoechoic 
pancreas with adjacent free fluid may be seen.

The relationship between chronic pancreatitis 
and IBD was first described in 1950 by Ball et 
al (47), who found that 46 (53%) of 86 patients 
with ulcerative colitis demonstrated chronic in-
terstitial pancreatitis at postmortem examination. 
As with acute pancreatitis, it appears that in most 
IBD patients with chronic pancreatitis, the condi-
tion is clinically silent (1). An autopsy study of 39 
IBD patients showed pancreatic fibrosis in 38% 
of patients, although none had previous clinical 
or laboratory evidence of pancreatitis (48). The 
etiology of IBD-associated chronic pancreatitis 
remains elusive. A common autoimmune path-
way has been suggested, because autoantibodies 
against the pancreatic antigens in the pancreatic 
juice were detected in blood samples of 40% of 
patients with Crohn disease and 4% of patients 
with ulcerative colitis (49).

CT and MR imaging findings of chronic pan-
creatitis include irregular pancreatic ductal dilata-
tion with intervening strictures. Pancreatic paren-
chymal and intraductal calcifications are virtually 
pathognomonic for chronic pancreatitis and are 

Figure 11.  Acute pancreatitis in a 57-year-
old woman with chronic Crohn disease. 
Axial contrast-enhanced CT image shows 
diffuse edematous enlargement of the entire 
pancreas (*), with peripancreatic fat strand-
ing (arrows).
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Figure 13.  Cholelithiasis in a 44-year-old 
woman with Crohn disease. Coronal T2-
weighted fat-saturated MR image shows 
multiple gallstones (white arrow) in a partially 
contracted gallbladder, with stones extend-
ing into a dilated cystic duct (black arrow). 

Figure 12.  Primary biliary cirrhosis in a 
68-year-old man with chronic ulcerative coli-
tis. Axial T2-weighted fat-saturated MR im-
age shows mild hepatomegaly with diffuse 
parenchymal nodularity. Scattered areas of 
decreased signal intensity (arrows) surround 
the portal veins, findings consistent with the 
periportal halo sign.

optimally detected with CT. Diffuse pancreatic pa-
renchymal atrophy is also commonly seen, which 
is often more apparent in the distal body and tail 
(50). MR imaging is generally more sensitive to 
early changes of chronic pancreatitis, as evidenced 
by the loss of the inherent T1-hyperintense signal 
intensity in the pancreatic parenchyma (51).

Diseases Loosely Associated with IBD

IgG4-associated Cholangitis.—IgG4-associated 
cholangitis has been well described in patients with 
IgG4-associated disease, with the hallmark entity 
consisting of autoimmune pancreatitis. Although 
a strong association between IBD and PSC has 
been extensively documented, some investigators 
have suggested a link between ulcerative colitis 
and IgG4-associated cholangitis. Although imag-
ing features of IgG4-associated cholangitis may be 
similar to those of PSC, IgG4-associated cholangitis 
appears to be a histologically and pathogenetically 
distinct entity. The distinction is important, because 
IgG4-associated cholangitis typically shows a dra-
matic response to corticosteroid therapy, in contrast 
to PSC (52).

Primary Biliary Cirrhosis.—Primary biliary 
cirrhosis is an autoimmune liver disease charac-
terized by chronic inflammatory destruction and 
obliteration of the intrahepatic bile ducts, with in-
filtration of lymphocytes and plasma cells into the 
portal tract (53). An association between primary 
biliary cirrhosis and IBD has been suggested in 

the literature but has not been widely recognized 
to date (53). Imaging features of primary biliary 
cirrhosis include hepatomegaly, lacelike fibrosis, 
and regenerative nodules. With advanced primary 
biliary cirrhosis, signs of portal hypertension are 
frequently seen, including varices, ascites, and 
splenomegaly. Although primary biliary cirrhosis 
is often difficult to differentiate from other forms 
of cirrhosis, lymphadenopathy is more commonly 
seen in the setting of primary biliary cirrhosis. 
Wenzel et al (54) described the so-called peripor-
tal halo sign on MR images as highly specific for 
the diagnosis of primary biliary cirrhosis (Fig 12).

Cholelithiasis.—Gallstones are commonly en-
countered in patients with IBD (Fig 13). Gall-
stone formation is thought to arise from patho-
physiologic changes that parallel the progression 
of IBD. A strong association between cholelithia-
sis and Crohn disease has been established, with 
a reported prevalence between 13% and 34% 
(1). The association between cholelithiasis and 
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ulcerative colitis is controversial, because there 
appears to be no significantly increased preva-
lence of gallstones in patients with ulcerative 
colitis, when compared with the prevalence in the 
general background population (28).

Autoimmune Pancreatitis.—Some investigators 
have suggested a link between IBD and autoim-
mune pancreatitis, although the exact relation-
ship is not entirely clear to date. IBD-associated 
pancreatitis has been shown to share similar 
clinical, morphologic, and histologic features as 
those seen in autoimmune pancreatitis (1). One 
group of investigators found that 6% of patients 
with proven autoimmune pancreatitis had a 
diagnosis of IBD, compared with a prevalence of 
0.4%–0.5% of the general population (55).

Imaging features of autoimmune pancreati-
tis include diffuse or focal enlargement of the 
pancreatic parenchyma, with loss of the normal 
lobular pancreatic architecture. The affected por-
tions of the pancreas have also been described as 
“sausage-like” in morphologic structure (Fig 14). 
A low-attenuation or hypointense halo or capsule 
surrounding the pancreas may also be seen. The 
pancreatic duct may be diffusely narrowed in af-
fected segments of the pancreas (56).

Urinary Manifestations of IBD
Various urinary complications can be seen in the 
setting of IBD, with the vast majority occurring 
in patients with Crohn disease. The incidence 
of urinary complications in patients with Crohn 
disease has been reported to be 4%–23% (57). 
Such complications are more common among 
individuals with severe or long-standing disease. 
Urinary complications may be either directly or 
indirectly related to the underlying disease pro-
cess. Imaging plays a role in the evaluation of the 
most common genitourinary manifestations, such 

as enterourinary fistulas, obstructive uropathy, 
and nephrolithiasis.

Enterourinary Fistulas
Enterourinary fistulas represent the most com-

mon urinary manifestation of IBD, with colo-
vesical fistulas being the most common type of 
fistula. Although fistulas confined to the gastroin-
testinal tract are fairly common in Crohn disease, 
fistulas between the gastrointestinal tract and the 
urinary system are far less-common yet serious 
complications, occurring in 2%–3.5% of patients 
with Crohn disease (57). Most patients are in 
their 4th or 5th decade with a well-established 
history of IBD. There is a male predominance 
ranging from 1.4/1 to 7/1, which is likely due 
to the protective interposition of the uterus and 
adnexa between the bowel and bladder in women 
(58). Crohn disease is the third most common 
cause of enterourinary fistulas after diverticulitis 
and cancer. Most enterourinary fistulas involve 
communication between the sigmoid colon or 
terminal ileum and the bladder (58). Less-com-
mon fistulas include rectovesical, rectourethral, 
anourethral, colovaginal, urethrocutaneous, 
vesicocutaneous, and enteroadnexal fistulas (Fig 
15). At physical examination, the typical findings 
of an enterourinary fistula include fever, abdomi-
nal tenderness, and a palpable mass. Pneumaturia, 
fecaluria, and urorrhea (rectal passage of urine) 
are uncommon, albeit pathognomonic signs of an 
enterourinary fistula. A vast majority of affected 
patients present with urinary tract infections, most 
frequently with Escherichia coli or polymicrobial in-
fections. Indeed, clinicians involved in the treatment 
of patients with Crohn disease who have recurrent 
urinary tract infections should have a high index of 
suspicion for an enterourinary fistula.

Although cystography and fluoroscopic bar-
ium studies were once considered the imaging 

Figure 14.  Autoimmune pancreatitis in a 
54-year-old woman with ulcerative colitis. 
Axial contrast-enhanced T1-weighted fat-
saturated MR image shows diffuse enlarge-
ment of the pancreas, with loss of the normal 
lobular architecture. A sharply marginated 
area of hypoenhancement (*) involves the 
distal body and tail of the pancreas, a find-
ing consistent with segmental autoimmune 
pancreatitis.
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Figure 16.  Colovesical fistula in a 47-year-old woman with Crohn disease. (a) Coronal contrast-enhanced CT 
image shows a fistula (white arrow) between a segment of diffusely thickened sigmoid colon (*) and the urinary 
bladder wall. The dome of the bladder is markedly thickened and contains an intramural abscess (black arrow). 
(b) Fluoroscopic spot image from an abscessogram obtained after percutaneous drainage of an intramural blad-
der dome abscess shows opacification of the intramural abscess cavity (arrow), with persistent fistulous com-
munication (*) with the adjacent sigmoid colon.

examinations of choice for the detection of an 
enterourinary fistula, CT is now the reference 
standard, because it provides an optimal assess-
ment of the entire collecting system and gastro-
intestinal tract (Fig 16). Imaging findings of an 
enterourinary fistula include intraluminal gas 
within the bladder, apposition of thickened bowel 
and bladder walls, a paravesical mass, and the 
presence of enteric contrast material within the 
bladder (59).

MR imaging has emerged in recent years as an 
attractive alternative to CT for the assessment of 
IBD, particularly in those individuals at risk for 
high radiation exposure. MR imaging is particu-
larly effective in the evaluation for a suspected 
fistula between the bowel and the female genital 

tract, given the inherently superior multiplanar 
capability and excellent soft-tissue resolution of 
MR imaging (Fig 17).

Obstructive Uropathy
Acalculous obstructive uropathy is a frequently 
overlooked and underestimated urologic compli-
cation of Crohn disease, occurring in 1.9%–6% 
of patients with Crohn disease (57). Hydroure-
teronephrosis is caused by transmural bowel in-
flammation that results in ureteral compression, 
fibrosis, or encasement that almost invariably 
involves the right collecting system. Obstructive 
uropathy most frequently occurs in the setting 
of active ileocolic disease causing fistulization 
(60). Even mild hydronephrosis should not be 

Figure 15.  Colovaginal fistula in a 54-year-old 
woman with Crohn disease. Sagittal contrast-en-
hanced CT image obtained after administration of 
oral contrast material shows a large communication 
(black arrow) between the colon (white arrow) and 
the contrast material–filled vagina (*).
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overlooked at imaging, because irreversible renal 
damage can occur, often in relatively young 
patients. Although US may serve as a screen-
ing tool for suspected obstructive uropathy, CT 
and MR imaging are better able to provide a 
more comprehensive assessment of the entire 
collecting system and gastrointestinal tract (Fig 
18). Most patients with significant obstructive 
uropathy will require surgical ureterolysis and 
ileocolic resection.

Nephrolithiasis
Patients with IBD are 10–100 times more likely 
to develop nephrolithiasis than general hospital 
patients, with a reported incidence of 12% in 
patients with Crohn disease (57). Adults are at 
higher risk than children, as are patients with 
Crohn disease compared with patients with ulcer-
ative colitis (61). In patients with Crohn disease, 
stones are more common in those with ileocolic 
disease than in those with isolated ileal or colonic 

disease alone, and the stones more commonly 
involve the right collecting system (62).

Kidney stones in patients with IBD are com-
posed primarily of calcium oxalate or uric acid. 
The pathophysiology of calcium oxalate stone 
formation in the setting of IBD is complex, relat-
ing to altered intestinal hyperabsorption of oxa-
late (61). Urate stones in IBD form as a result of 
increased intestinal fluid and bicarbonate losses, 
which result in concentrated acidic urine (63).

Imaging plays a crucial role in suspected 
nephrolithiasis. Renal US can be used to as-
sess for renal calculi and hydronephrosis with 
a high degree of accuracy. An additional ad-
vantage of US is the lack of ionizing radiation, 
a crucial factor when evaluating the typically 
young patients with IBD who may require many 
radiologic examinations during their lifetime. 
CT of the abdomen and pelvis without adminis-
tration of intravenous contrast material remains 
the examination of choice for suspected neph-
rolithiasis, because CT provides a more com-
prehensive overview of the urinary tract (64). In 
addition, CT provides optimal assessment of the 
gastrointestinal tract to exclude potential acute 
intestinal complications in the setting of under-
lying IBD. MR urography has likewise emerged 
in recent years as an attractive alternative for the 
evaluation of suspected nephrolithiasis when use 
of ionizing radiation is contraindicated (65).

Figure 17.  Rectal-adnexal fistula in a 39-year-old 
woman with Crohn disease. Axial contrast-enhanced 
T1-weighted MR image shows diffuse thickening 
and mucosal enhancement of the rectum (white ar-
row). A fistula (black arrow) extends from the rectum 
to the adjacent left adnexal tissue, which resulted in 
a hydrosalpinx (*).

Figure 18.  Acalculous obstructive uropathy in a 
46-year-old woman with chronic Crohn disease. 
Oblique coronal contrast-enhanced CT image shows 
moderate hydronephrosis of the right kidney (white 
arrow) and proximal ureter (not shown). No ob-
structing nephrolithiasis is shown. Note the diffuse 
thickening and enhancement of the terminal ileum 
and cecum (black arrow), resulting in regional dila-
tation of the distal ileum.
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divided peripheral IBD-related arthropathy into 
two categories. Type 1 is the most common, with 
pauciarticular large-joint arthropathy involving less 
than five joints. Type 1 tends to be acute in onset, 
asymmetric, and self-limiting, lasting less than 
10 weeks. Permanent structural joint damage is 
uncommon. Large weight-bearing joints are most 
commonly affected. Symptoms are strongly as-
sociated with IBD flares and other extraintestinal 
IBD manifestations. Type 2 peripheral IBD-related 
arthropathy is less common and typically symmet-
ric in distribution, involving more than five joints 
(72). Symptoms can persist for months to years, 
with erosions and structural deformity more com-
mon in the chronic type 2 form (68). Metacarpo-
phalangeal joints are the most commonly involved 
site of disease in the type 2 form. Unlike type 1, 
polyarticular arthropathy runs a course indepen-
dent of inflammatory bowel activity and is less as-
sociated with other extraintestinal manifestations.

Common imaging findings of peripheral IBD-
related arthropathy include dactylitis, enthesi-
tis, and periarticular osteopenia. Because most 
peripheral arthropathy in patients with IBD 
is the pauciarticular and self-limiting variety, 
radiographs are usually normal. When present, 
radiographic findings are nonspecific and include 
periarticular osteopenia, soft-tissue swelling, and 
joint effusions. Joint destruction is rare, but ero-
sions or osteophytes can be present (Fig 19a).

Enthesitis is a common finding in all of the 
seronegative spondyloarthropathies and has been 
described in 6%–50% of patients in IBD popula-
tion studies (67). Enthesitis occurs as focal inflam-
mation at a tendon, ligament, or joint capsule at a 
bone attachment site. Early radiographic findings 
include (a) osteopenia that is due to hyperemia 
and, later, (b) bone proliferation or ossification at 
the enthesis, with spur formation. MR imaging 
findings reflect this focal inflammation and include 
marrow edema at the enthesis on MR images 
obtained with fluid-sensitive sequences, as well as 
enhancement on contrast-enhanced T1-weighted 
MR images. US can play a role in monitoring 
treatment response, including the presence of 
tendon edema, tendon calcifications, hyperemia, 
peritendonitis, and osseous erosions (73). Com-
mon sites of tendon involvement in patients with 
spondyloarthropathy include the Achilles tendon 
and plantar fascia insertions on the calcaneus, as 
well as the patellar tendon insertion on the tibial 
tubercle (74). The most common sites of enthesitis 
in axial spondyloarthropathy include the interos-
seous ligaments of the sacroiliac joints, as well as 
annular ligament–vertebral body endplate attach-
ments in the spine. Costovertebral, costosternal, 
and manubriocostal enthesitis can be the source of 
chest pain and poor inspiration.

Musculoskeletal 
Manifestations of IBD

Musculoskeletal manifestations of IBD are numer-
ous, with musculoskeletal system–related pain 
occurring in up to 53% of patients (66). IBD 
arthropathy has both peripheral and axial sites of 
disease involvement, with articular involvement 
present in approximately 30% of IBD patients 
(67). Additional rheumatologic complications 
of IBD include osteoporosis, septic arthritis or 
osteomyelitis, soft-tissue infection, secondary hy-
pertrophic osteoarthropathy, and osteonecrosis (a 
complication of steroid therapy).

IBD-related Spondyloarthropathy
IBD-related spondyloarthropathy is a type of se-
ronegative spondyloarthropathy, a category of in-
flammatory arthropathy that includes idiopathic 
ankylosing spondylitis, psoriatic arthritis, reactive 
arthritis, and undifferentiated spondyloarthropa-
thy. The clinical and imaging findings of these 
inflammatory processes are often indistinguish-
able; however, imaging findings are important for 
diagnosis. IBD-related spondyloarthropathy is di-
vided into axial and peripheral arthropathy. Axial 
manifestations include sacroiliitis, inflammatory 
back pain, and spondylitis. Peripheral arthritis 
includes a self-limiting nondeforming arthritis 
that waxes and wanes with bowel flares.

Molecular and biochemical links between in-
testinal and synovial inflammation (“gut-synovial 
axis”) have been well described in the literature, 
involving both underlying cell-mediated and 
humeral immune responses. Environmental and 
host factors likely trigger an inflammatory path-
way in genetically predisposed individuals (68). 
The end result likely includes activated intestinal 
lymphocytes adhering to inflamed synovial ves-
sels by means of multiple adhesion molecules and 
receptors (69). Implicated alleles and genetic as-
sociations are well characterized and beyond the 
scope of this article. Of note, subclinical bowel 
inflammation has been identified in all subtypes 
of spondyloarthropathy (70) and likely plays a 
role in the apparent joint inflammation. In IBD-
related spondyloarthropathy, peripheral and axial 
arthritis may precede or coincide with the onset 
of intestinal symptoms.

Peripheral Arthropathy
Peripheral arthritis is present in 2.8%–31% of 
IBD patients (67), with predominantly asym-
metric joint involvement classically affecting the 
knees and ankles. Disease presence and symptoms 
mirror gut activity. Peripheral arthropathy is more 
commonly seen in patients with Crohn disease, 
especially in the setting of Crohn disease with 
colonic involvement (69). Orchard et al (71) first 
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Dactylitis, or “sausage digit,” is a classic find-
ing of psoriatic spondyloarthropathy but has 
also been described in 2%–4% of IBD patients 
(69). Manifesting as pain and diffuse swelling of 
a digit, dactylitis occurs when joint inflamma-
tion extends beyond the capsule, extending in 
the adjacent soft tissue and the coursing flexor 
tendon sheaths. Findings are usually clinically 
evident, with the most common MR imaging and 
US findings including flexor tendon tenosynovitis 
and joint synovitis (75).

Axial Arthropathy
Clinical and imaging findings of axial arthropa-
thy in IBD-related spondyloarthropathy classi-
cally include inflammatory back pain, sacroiliitis, 
and ankylosing spondylitis. The course of axial 
arthropathy is independent of IBD activity, and 

Figure 19.  Chronic bilateral sacroiliitis in the setting of IBD in two different patients. (a) Sacroiliitis in a 50-year-old 
man with ankylosing spondylitis: Anteroposterior pelvic radiograph shows fusion of the sacroiliac joints and severe 
secondary peripheral osteoarthritis at the hip joints (white arrow), as well as chronic spine findings, including the 
“dagger spine sign” (black arrow), which represents ossification of the supraspinous and interspinous ligaments. 
(b, c) Sacroiliitis in a 65-year-old woman with Crohn disease who had undergone proctocolectomy. (b) Anteropos-
terior pelvic radiograph shows evidence of the prior bowel surgery (white arrow), with fusion of the sacroiliac joints 
(black arrow). (c) Axial contrast-enhanced CT image of the same patient shown in b obtained 3 years later shows 
dilatation of the small bowel, with an enterocutaneous fistula (white arrow). The bilateral sacroiliac joints (black ar-
row) are fused. (Case and Figure 19b and 19c courtesy of Loren G. Longenecker, MD, University of California-San 
Diego, La Jolla, Calif.) 

bowel surgery does not alter the course of sac-
roiliitis or IBD-related spondylitis (76). Imaging 
plays a crucial role in the diagnosis of sacroiliitis 
and spondylitis. Axial manifestations of IBD-
related spondyloarthropathy frequently precede 
the diagnosis of IBD by several years, making the 
identification of early manifestations crucial for 
early diagnosis and treatment of IBD.

The reported prevalence of isolated sacroili-
itis in IBD varies widely from 16% to 46% (73). 
These patients have imaging features of sacroiliitis 
without meeting the clinical criteria for ankylosing 
spondylitis. Classic diagnostic criteria for ankylos-
ing spondylitis and spondyloarthropathy, such as 
the modified New York criteria (77), the Amor 
criteria (78), and the criteria of the European 
Spondyloarthropathy Study Group (79), include 
radiographic findings as an important compo-
nent. Unfortunately, radiographic and CT imag-
ing findings most commonly show sequelae of 
long-standing chronic inflammation, with limited 
ability to diagnose active or acute inflammation. 
Several years may pass before radiographic find-
ings become evident in a symptomatic patient. 
As detailed by Navallas et al (80) in their review 
of spondyloarthropathy-associated sacroiliitis, the 
increased use of MR imaging has allowed for ear-
lier and more accurate detection of active or acute 
inflammation, allowing for treatment before the 
onset of structural damage.
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Figure 20.  Acute inflammation in a 54-year-old woman with chronic sacroiliitis. Coronal T1-weighted (a) and 
STIR (b) MR images through the sacroiliac joints show irregularity along the articular margins (* on a) with sub-
chondral sclerosis and edema (arrow on b), findings consistent with acute on chronic inflammation.

Findings of sacroiliitis are classically bilateral 
and symmetric but may be unilateral or asym-
metric early in the disease process. Erosive 
changes begin along the distal one-third synovial 
portion of the joint, as well as the iliac articular 
margin where the hyaline cartilage is thinner 
(80). Radiographic and CT findings include 
a spectrum ranging from erosions to sclerosis 
and eventual ankylosis. The modified New York 
criteria (77) include a five-grade scale ranging 
from a grade of 0 (normal) to 4 (ankylosis) when 
describing radiographic findings of sacroiliitis, 
which range from subtle joint space irregularity, 
to erosions and sclerosis, and eventual ankyloses 
(Fig 19b). Anteroposterior radiographic tech-
nique is usually sufficient, sparing the radiation 
exposure and expense of specific sacroiliac joint 
views (81). Inclusion of the hip joints is impor-
tant, because their involvement is common in 
spondyloarthropathy and is strongly associated 
with spinal involvement (80). CT demonstrates 
similar findings but with better detail and less 
interobserver variability (Fig 19c).

Whereas CT images and radiographs dem-
onstrate the sequelae of long-standing or 
chronic inflammation, MR imaging is able to 
detect acute and early inflammatory changes. 
Patients with active sacroiliitis at MR imaging 
may take up to 3–7 years to develop definite ra-
diographic evidence of sacroiliitis (82). There-
fore, new diagnostic criteria for the diagnosis of 
axial spondyloarthropathy have been developed 
on the basis of MR imaging.

The Assessment of SpondyloArthritis Society 
(ASAS) Outcome Measures in Rheumatology MR 
imaging group identified MR imaging findings of 

sacroiliitis best categorized as either active inflam-
matory lesions or structural damage lesions (82).

Active inflammatory lesions of the sacroiliac 
joints include bone marrow edema or osteitis, 
synovitis, enthesitis, and capsulitis. Subchon-
dral bone marrow edema is hyperintense on 
short inversion time inversion-recovery (STIR) 
or fat-saturated T2-weighted MR images and 
demonstrates correlative hypointensity on T1-
weighted MR images. Marrow edema may be 
associated with erosions and sclerosis (Fig 20). 
Hyperenhancement of the involved bone on 
contrast-enhanced T1-weighted fat-saturated 
MR images reflects increased vascularity and is 
termed osteitis. Synovitis manifests as enhance-
ment of the synovium on contrast-enhanced 
T1-weighted fat-saturated MR images; note that 
use of fluid-sensitive sequences alone is unable to 
allow differentiation of joint fluid from synovitis. 
Enthesitis of the interosseous ligaments demon-
strates hyperintensity on STIR or fat-saturated 
T2-weighted MR images and contrast-enhanced 
T1-weighted fat-saturated MR images. The 
abnormal signal intensity may extend to the 
adjacent bone marrow and soft tissues. Capsulitis 
is similar in appearance to synovitis, but signal 
intensity abnormalities occur at the anterior and 
posterior capsule. The differential diagnosis for 
the previously mentioned findings includes septic 
sacroiliitis; however, infection is more likely to 
cross anatomic borders and involve the adjacent 
soft tissues (83). It is important to note that sac-
roiliac joint osteoarthritis can also mimic inflam-
matory sacroiliitis, with scattered areas of marrow 
edema and osteophytes along both sides of the 
sacroiliac joints.
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Structural damage lesions of the sacroiliac 
joints are the sequelae of chronic sacroiliitis 
and include subchondral sclerosis, erosions, fat 
deposition, and bone bridging or ankylosis. Areas 
of subchondral sclerosis appear as areas of low 
signal intensity with all pulse sequences, without 
correlative enhancement on contrast-enhanced 
images. Because small areas of sclerosis along the 
sacroiliac joints can be normal, subchondral scle-
rosis in the setting of sacroiliitis and spondyloar-
thropathy should extend at least 5 mm from the 
joint space. Erosions appear at the joint margins 
and are hypointense on T1-weighted MR images, 
with associated hyperintensity on STIR MR im-
ages. Use of T2-weighted gradient-echo and T1-
weighted fat-saturated sequences may increase 
the sensitivity for identifying erosions. Coalesc-
ing erosions can manifest as apparent widening 
of the joint (pseudowidening). Periarticular fat 
deposition secondary to (chronic) inflammation 
manifests as hyperintensity on T1-weighted MR 
images, with bone bridging or ankylosis occur-
ring late in the development of sacroiliitis and 
manifesting as low signal intensity with use of all 
pulse sequences. Hyperintensity on T1-weighted 
MR images representing fatty marrow may sur-
round the bridging bone.

As defined by the ASAS Outcome Measures 
in Rheumatology MR imaging group, the new 
ASAS criteria for axial spondyloarthropathies 
include inflammation on MR images compatible 
with sacroiliitis (82). A “positive” MR imaging 
examination must demonstrate active inflamma-
tory lesions, including marrow edema or osteitis 
in a subchondral or periarticular distribution 
typical of spondyloarthropathy. The presence of 
synovitis, enthesitis, or capsulitis without as-
sociated bone marrow edema or osteitis is not 
sufficient for diagnosis. For abnormal marrow 
signal intensity to qualify as active inflammation, 
the abnormality should be present on at least two 
consecutive sections. One section is sufficient 
if multiple foci of abnormal signal intensity are 
present on a single section. Although structural 
lesions including ankylosis reflect the sequelae of 
inflammation, these findings alone without acute 
inflammatory lesions and marrow edema do not 
meet the criteria for sacroiliitis.

Ankylosing spondylitis is diagnosed when both 
the clinical criteria for inflammatory back pain 
and the imaging criteria for sacroiliitis are met. 
The classic modified New York criteria describe 
three clinical criteria: (a) low back pain and 
stiffness for more than 3 months, which im-
proves with exercise but is not relieved by rest; 
(b) limitation of motion of the lumbar spine; and 
(c) limitation of chest expansion. The radiologic 
criterion includes a sacroiliitis grade of 2 or more 

bilaterally or a sacroiliitis grade of 3–4 unilater-
ally. Definite ankylosing spondylitis is present 
if the radiologic criterion is associated with at 
least one clinical criterion. Other diagnostic 
criteria exist, and the newer ASAS criteria for 
axial spondyloarthropathy include MR imaging 
features of sacroiliitis to allow earlier diagnosis 
(84). Other criteria use similar principles, and 
the aforementioned ASAS criteria included MR 
imaging findings of active sacroiliitis to increase 
early detection.

Ankylosing spondylitis is present in 1%–16% 
of IBD patients (67). Of the patients with anky-
losing spondylitis, up to 5%–10% were reported 
to have clinically overt IBD (85). Although the 
frequency of HLA-B27 antigen in IBD patients 
is similar to that in the general population, IBD 
patients with features of ankylosing spondylitis 
demonstrate positivity for HLA-B27 antigen 
25%–78% of the time (69). Ankylosing spondyli-
tis in the setting of IBD-related spondyloarthrop-
athy has no gender predilection.

Imaging findings in ankylosing spondylitis 
include both sacroiliitis and well-described spine 
findings (86). The Romanus lesion is the earliest 
finding in the spine, with anterior and posterior 
vertebral body endplate irregularities involving 
the annular ligament attachment site. Although 
Romanus lesions are visible on radiographs, 
MR imaging is more sensitive in detecting both 
early and late Romanus lesions, which appear as 
hypointensity of the endplate rim on T1-weighted 
MR images and associated hyperintensity on 
STIR MR images (Fig 21a, 21b). The abnormal 
signal intensity represents marrow edema or 
osteitis, and the localization to the attachment of 
the anulus fibrosus is consistent with enthesitis. 
As the disease progresses, the Romanus lesions 
appear hyperintense on T1-weighted MR images, 
reflecting postinflammatory fatty bone marrow 
degeneration. Radiographic “shiny corners” are 
present after active inflammation has ceased.

Spondylodiscitis, or an Andersson lesion, is a 
noninfectious inflammatory disk process. One or 
both vertebral halves demonstrate hemisphere-
shaped areas of hyperintensity on STIR MR 
images and hypointensity on T1-weighted MR 
images (Fig 21c, 21d). Radiography of these le-
sions in the late phase of spondyloarthropathy 
demonstrates central endplate irregularities and 
erosions. Noninflammatory insufficiency fractures 
can also occur at the level of the disk or the level of 
the vertebral body. These fractures will be evident 
at radiography and MR imaging. Synovial joint 
arthritis can occur in the facet, costovertebral, and 
costotransverse joints, with imaging appearances 
comparable to that of peripheral arthritis, includ-
ing joint effusion, synovitis, erosions, bone marrow 
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edema, and late ankylosis. Enthesitis can occur 
and is most prominent on images when it involves 
the interspinal and supraspinal ligaments. Enthesi-
tis manifests as an area of hyperintensity on STIR 
or contrast-enhanced T1-weighted fat-saturated 
MR images. The classic syndesmophytes in anky-
losing spondylitis occur as bone outgrowths of the 
anterior vertebral body edge (Fig 21e, 21f). Best 
depicted with radiography, syndesmophytes can be 
difficult to detect with MR imaging, demonstrat-
ing either low or high signal intensity on STIR 
MR images, depending on the stage of spondylitis. 
Ankylosis can occur at either the vertebral edges 
or center, findings that are thought to represent 
the sequelae of Romanus lesions and Andersson 
lesions, respectively.

Other Musculoskeletal Manifestations

Osteoporosis.—Bone demineralization and 
osteoporosis are commonly described extraintes- 

tinal manifestations in patients with IBD and 
are associated with a 40% greater relative risk 
of fractures than that of the general population 
(87). The etiology is multifactorial and may 
include inflammatory-mediated bone resorp-
tion, malabsorption of dietary calcium and 
magnesium, poor dietary calcium intake because 
of lactose intolerance, vitamin D deficiency, 
corticosteroid therapy, reduced physical activity, 
and decreased serum albumin levels. A detailed 
literature review by the American Gastroen-
terological Association (87) demonstrated a 
modest effect of IBD on bone mineral density, 
with a 15% overall prevalence of osteoporosis 
in patients with IBD. The risk of osteoporosis is 
similar in male and female patients with IBD, 

Figure 21.  Axial spondyloarthropathy: spine findings in three differ-
ent patients. (a, b) Spine findings in a 45-year-old man with ulcerative 
colitis and chronic back pain. Sagittal T1-weighted (a) and STIR (b) 
MR images show Romanus lesions at the anterior annular ligament 
attachment sites; the lesions are depicted as areas of hypointensity on 
the T1-weighted MR image (arrow on a) and areas of hyperintensity 
on the STIR MR image (arrow on b). As the inflammation progresses, 
these lesions will appear as hyperintense lesions on T1-weighted MR 
images, with the eventual development of radiographic “shiny cor-
ners.” (c, d) Spine findings in a 29-year-old man with ankylosing 
spondylitis. Sagittal T1-weighted (c) and STIR (d) MR images show 
spondylodiscitis, or an Andersson lesion, with hemispheric hypointen-
sity along the central endplate on the T1-weighted MR image (arrow 
on c) and with hyperintensity on the STIR MR image (arrow on d). 
These lesions are inflammatory and should not be confused with in-
fectious discitis. Note that corner Romanus lesions are also depicted at 
the anterior and posterior corners. (e, f) Spine findings in a 28-year-
old man. Anteroposterior (e) and sagittal (f) radiographs show the 
classic thin vertical syndesmophytes (white arrow) and fused sacroiliac 
joints (black arrows on e) of ankylosing spondylitis, which is indistin-
guishable from IBD-related spondyloarthropathy.
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Figure 22.  Femoral head avascular necrosis and pancolitis in a 29-year-old woman with ulcerative colitis. 
(a) Coronal contrast-enhanced CT image shows colonic wall thickening and mucosal hyperenhancement 
(white arrow), findings consistent with pancolitis. Irregularity and flattening of the right femoral head (*) is 
better evaluated with use of bone windows. (b) Coronal CT image (bone window) better shows the sclerosis 
and deformity of the right femoral head, including a subchondral fracture with femoral head flattening (black 
arrow), findings consistent with osteonecrosis secondary to corticosteroid therapy. Colonic wall thickening is 
also depicted (white arrow). 

and patients with Crohn disease and ulcerative 
colitis are of comparable risk. Although cortico-
steroid therapy is most strongly associated with 
osteoporosis, this association is confounded by 
the fact that corticosteroid therapy is associated 
with active IBD. The results of prior studies 
describing an increased prevalence of vitamin 
D deficiency and osteomalacia in patients with 
IBD were not verified and may not play as im-
portant a role in IBD-related osteoporosis.

Osteonecrosis.—Osteonecrosis in the setting of 
IBD occurs most commonly as a complication 
of corticosteroid therapy. The femoral head is the 
most common site, with multifocal involvement 
seemingly more common when associated with 
IBD (68). Osteonecrosis in the setting of IBD 
tends to occur in younger patients and at lower 
dosages of steroid therapy than seen with other 
associated diseases. Radiographic and CT findings 
progress from patchy sclerosis to a crescentic sub-
chondral lucency, to fragmentation and collapse at 
the articular surface (Fig 22). MR imaging find-
ings are more sensitive than CT findings and in-
clude the pathognomonic double-line sign on MR 
images obtained with fluid-sensitive sequences; 
this sign appears at the interface with infarcted 
bone as a hypointense peripheral line surrounding 
a more hyperintense inner line.

Osteomyelitis or Abscess.—Infectious complica-
tions are more common in the setting of Crohn 
disease secondary to transmural bowel inflamma-

tion and fistula formation (Fig 23). Retroperitoneal 
fistulas can result in iliopsoas or presacral abscesses 
(88). Although rare, osteomyelitis of the pelvic bones 
and spine can occur by way of fistulization or spread 
of a local abscess, with involvement of the iliac bones 
and sacrum most common, followed by the lumbar 
vertebrae, femoral heads, and hip joints (88).

Hypertrophic Osteoarthropathy.—IBD is a rare 
cause of secondary hypertrophic osteoarthropa-
thy, which manifests as periosteal new bone for-
mation, digital clubbing, and joint pain (Fig 24). 
The pathogenesis is thought to involve increased 
levels of prostaglandin E2, platelet-derived growth 
factor, and vascular endothelial growth factor 
(89). Hypertrophic osteoarthropathy is highly as-
sociated with malignancy, especially lung cancer.

Pulmonary Manifestations of IBD
In their review of population studies, Black et al 
(90) found that IBD patients experience pulmonary 
symptoms with greater frequency than the general 
population. In a 10-year retrospective analysis, Raj 
et al (91) found a fourfold increased prevalence 
of IBD in their cohort of patients with airways 
disease. The prevalence of pulmonary manifesta-
tions of disease is highly variable, and the spectrum 
of manifestations is broad. The pathogenesis of 
IBD-related pulmonary findings is unknown but 
may relate to a common embryologic origin of 
respiratory and intestinal mucosa, a response to 
common antigen exposure of the lungs and intesti-
nal epithelium, and/or a response to inflammatory 



1154  July-August 2017	 radiographics.rsna.org

it may be difficult or impossible to distinguish 
between processes that are primarily associated with 
IBD and the manifestations that occur in relation 
to treatment. Although respiratory manifestations 
most often follow a diagnosis of IBD, they may 
manifest months or years earlier in up to 10% of 
patients and may develop or worsen after colectomy 

mediators released by the bowel (92). As knowledge 
of the genetic basis of IBD has grown, so has the 
appreciation of epidemiologic overlap of IBD with 
other immune-related inflammatory conditions that 
have pulmonary or airways involvement, including 
asthma, sarcoidosis (Fig 25), systemic lupus ery-
thematosus, and rheumatoid arthritis (2). At times, 

Figure 24.  Hypertrophic osteoarthropathy in a 38-year-old man with nonspecific IBD who had left knee pain. (a) An-
teroposterior radiograph of the left knee shows smooth linear periosteal reaction involving the long bones (arrows). The 
right knee (not shown) had similar findings. (b) Left to right: Anteroposterior, posteroanterior, and enlarged posteroante-
rior images from bone scan obtained with technetium Tc99m medronate show symmetric linear uptake along the cortical 
bone of the long bones (arrows), findings consistent with hypertrophic osteoarthropathy. Most cases of hypertrophic 
osteoarthropathy are secondary to thoracic or gastrointestinal disease. Although non–small cell lung cancer is the most 
common cause, IBD is a known gastrointestinal cause.

Figure 23.  Sacroiliitis and perirectal abscess in a 29-year-old man with Crohn disease. (a) Coronal CT 
image shows a perirectal abscess (white arrow), with partial ankylosis of the sacroiliac joints (black arrow). 
(b) Coronal CT image (bone window) better depicts the blurring of the joint space with erosive change 
and partial ankylosis (arrow).
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in patients with ulcerative colitis (93). Respiratory 
system manifestations may involve the airways, lung 
parenchyma, vasculature, and serosa.

Large airways are the most common site of 
pulmonary involvement in patients with IBD (Fig 
26), and such involvement has a stronger associa-
tion with ulcerative colitis than with Crohn dis-
ease (90). Bronchiectasis is the most frequently 
reported airway manifestation, accounting for 
66% of IBD-related large airway involvement, 
followed by chronic bronchitis. Suppurative air-
ways disease without bronchiectasis and stenosis 
are less common. Imaging may show bronchial 
wall thickening and bronchiectasis, with or 
without mucoid impaction (94). Upper airway 
involvement and small airway involvement may 
be present but are far less common.

Lung parenchymal involvement is most com-
monly due to infection (Fig 27), whether commu-

Figure 25.  IBD with sarcoidosis and treatment-related 
thoracic complications in a 54-year-old woman with 
Crohn disease. (a) Posteroanterior chest radiograph 
shows symmetric bilateral hilar fullness (arrows), a find-
ing consistent with adenopathy. A skin rash was also 
present, and the histopathologic findings at examina-
tion of the specimen from bone biopsy were consistent 
with sarcoidosis. (b) Posteroanterior radiograph ob-
tained 3 years after the image in a, when the patient 
presented with progressive respiratory symptoms, 
shows a focal right infrahilar opacity (arrow) with vol-
ume loss. (c) Corresponding axial contrast-enhanced 
CT image shows a low-attenuation right hilar mass (ar-
row), with postobstructive right middle lobe atelecta-
sis. The findings at histopathologic examination of the 
specimen from endobronchial biopsy disclosed large 
B cells, and the patient tested positive for Epstein-Barr 
virus, findings consistent with a lymphoproliferative dis-
order attributable to treatment with 6-mercaptopurine.

nity-acquired or related to treatment-associated 
immune suppression (95). In the results of a large 
retrospective cohort study, IBD patients had an 
82% increased incidence of pneumonia compared 
with matched controls, and corticosteroid treat-
ment was described as the strongest independent 
risk factor (96). Organizing pneumonia is the most 
common noninfectious IBD-related lung parenchy-
mal manifestation (90,94). The true prevalence of 
organizing pneumonia as a primary manifestation 
of IBD is unknown, because the organizing pneu-
monia pattern of lung injury can be secondary to 
infection or drug toxicity. Imaging findings include 
multifocal patchy consolidation or ground-glass 
opacity with a subpleural or bronchovascular and 
mid to lower lung predominant distribution. Nec-
robiotic lung nodules that pathologically resemble 
those in rheumatoid arthritis (lung) and pyoderma 
gangrenosum (skin) have been described but are 
rare. Other uncommon IBD-related parenchymal 
manifestations include eosinophilic pneumonia 
(often associated with sulfasalazine therapy) and 
nonspecific interstitial pneumonia.
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Serosal involvement can involve the pleura or 
pericardium. If pleural effusions are present, they 
are usually unilateral and exudative (90).

Venous thromboembolism is the most com-
mon and potentially life-threatening pulmonary 
vascular manifestation in patients with IBD. In 
the results of a recent meta-analysis of 11 studies, 
the IBD diagnosis conferred an increased relative 
risk of 2.2 (95% confidence interval: 1.83–2.65) 
for venous thromboembolism (97). Risk may be 
further increased during the systemic inflamma-
tion of an IBD flare.

Cardiac Manifestations of IBD
The relationship between IBD and cardiovascular 
disease has not been fully elucidated to date. In 
the findings from a number of meta-analyses and 
cohort studies in recent years, investigators have 
suggested that IBD patients have an increased 
risk of myocardial infarction, stroke, and cardio-
vascular mortality, particularly during periods of 
active bowel disease (98). The results of a recent 
Danish study showed an increased incidence of 
heart failure in IBD patients that strongly cor-
related with periods of active bowel disease (99). 
However, other investigators have suggested that 
there is no link between IBD and an increased 
incidence of cardiovascular disease. The results of 
a meta-analysis of 11 studies and 14 000 patients 
demonstrated no increase in cardiovascular 
mortality between the IBD group and the control 
group (95). Although the link between IBD and 
cardiovascular disease is not well established, 
most investigators agree that optimal treatment of 
IBD may prevent adverse cardiovascular events.

Ocular or Orbital  
Manifestations of IBD

In the results of population studies, investigators 
have estimated that the prevalence of ocular ex-
traintestinal manifestations in the setting of IBD is 
between 4% and 12% (100). Ocular manifestations 
are more common in the setting of colonic IBD 
involvement, with a hypothesized shared pathogen-
esis involving immune complex–mediated hyper-
sensitivity reactions (66). The most common ocular 
findings are not evaluated with imaging and include 
inflammatory conditions affecting different areas of 
the globe, ranging from conjunctivitis and episcle-
ritis to more serious conditions such as scleritis 
and anterior uveitis (101). With scleritis or anterior 
uveitis, vision can be permanently impaired.

Although rare, orbital extraintestinal manifesta-
tions of IBD may be detected with imaging (92). 
Idiopathic orbital inflammation (pseudotumor) 
refers to inflammation of orbital structures, with 
imaging findings including masslike soft-tissue 
enhancement involving the tendinous insertions 
of the extraocular muscles, lacrimal gland, orbital 
fat, retrobulbar orbit, and the optic sheath. The 
prevalence of orbital pseudotumor in patients with 
IBD is not clear, but the findings from case reports 
suggest an association with Crohn disease (92). 
Optic nerve abnormalities in IBD are multifacto-
rial and can occur secondary to optic neuritis, 
ischemia, treatment complications, and intracra-
nial hypertension. Intracranial hypertension may 
be related to treatment or may be secondary to 
hypercoagulability and venous thrombosis (92). 
Additional reported orbital manifestations include 
orbital myositis and dacryoadenitis.

Figure 26.  Abnormalities of the large and medium airways in a 49-year-old woman with ulcerative 
colitis. (a) Axial CT image shows circumferential tracheal wall thickening (arrow). (b) Oblique volume-
rendered CT image shows bronchiectasis and the debris material–filled airways of the right lower lobe 
(arrows), as well as right middle lobe atelectasis. Similar but less severe airway abnormalities were present 
in the lingula (not shown). (Case courtesy of Jonathan H. Chung, MD, University of Chicago, Chicago Ill.) 
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Cutaneous Manifestations of IBD
Mucocutaneous manifestations are frequent 
extraintestinal manifestations, occurring in 
22%–75% of patients with Crohn disease and in 
5%–11% of patients with ulcerative colitis (102). 
Approximately 10% of patients with IBD demon-
strate cutaneous manifestations at the time of di-
agnosis, with a variety of lesions occurring during 
the course of IBD (103). Cutaneous manifesta-
tions associated with IBD can be classified on the 
basis of their pathophysiologic mechanisms into 
four categories: (a) specific cutaneous manifesta-
tions with the same histologic features as IBD; 
(b) reactive cutaneous manifestations with shared 
pathophysiologic mechanisms; (c) skin diseases 
associated with IBD; and (d) manifestations from 
adverse effects of therapy for IBD.

Specific cutaneous manifestations demonstrate 
the same histopathologic features as the underly-
ing bowel disease and occur only in Crohn disease, 
because ulcerative colitis does not extend to 
external mucosal membranes (102). Continuous 
or contiguous Crohn disease is the most common 
overall cutaneous feature in patients with IBD, 
occurring in up to 25%–80% of patients with 
Crohn disease (102), and includes perianal inflam-
mation, enterocutaneous fistulas, fissures, ulcers, 
and abscesses. Radiologists can play an important 
role in the identification of fistulas and abscesses 
and their treatment planning. For example, MR 
imaging is increasingly recognized as an important 
technique for perianal fistula grading and surgical 
planning because of the ability of MR imaging to 
demonstrate hidden areas of infection and fistula 
extension that contribute to a high rate of recur-
rence (104). Active fistulous tracts appear most 
conspicuous on T2-weighted MR images, with 
hyperintense fluid in the tract and hypointense 
fibrous tissue in the fistula wall (Fig 28). Chronic 
fistulous tracts demonstrate low signal intensity 
on T1- and T2-weighted MR images. Contrast-
enhanced fat-suppressed T1-weighted images will 
demonstrate intense enhancement of the active 
granulation tissue, while the fluid in the tract 
remains hypointense.

Figure 28.  Perirectal fistula with perineal extension in a 
40-year-old man with chronic Crohn disease. Sagittal T2-
weighted MR image shows a diffuse inflammation of the 
rectum with a perirectal fistula (black arrow) extending inferi-
orly to the perineum (*). The findings at clinical examination 
disclosed active cutaneous drainage from the perineum, a 
finding that is also apparent on this MR image (white arrow).

Figure 27.  Parenchymal consolidation in a 46-year-old man with ulcerative colitis who presented with increased sputum 
production and fever for the preceding 10 days. (a) Posteroanterior chest radiograph shows a subtle patchy opacity (ar-
row) in the right lower lung, along with occasionally thickened central airways, which were greater on the right than the 
left. (b) Contrast-enhanced axial maximum intensity projection CT image shows consolidation in the superior segment 
of the right lower lobe and centrilobular nodules (arrow) in the left lower lobe. The results of blood and sputum cultures 
were unrevealing. The patient was treated for a community-acquired lower respiratory tract infection and pneumonia, 
and his condition improved clinically. Infection is more common in IBD patients compared with the general population.
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Reactive manifestations occur in both patients 
with ulcerative colitis and patients with Crohn 
disease. Reactive manifestations have separate 
pathologic features from those of IBD but share a 
pathophysiologic link related to innate immunity. 
Pyoderma gangrenosum is the most common reac-
tive manifestation, occurring in 5%–20% of patients 
with ulcerative colitis and in 1%–2% of patients 
with Crohn disease (Fig 29) (102). Pyoderma 
gangrenosum can be severe and debilitating, often 
manifesting near the time of a bowel exacerbation. 
Pyoderma gangrenosum appears as a pustule or 
erythematous papule or nodule that rapidly ulcer-
ates, forming a painful ulcer with violaceous, sharp 
undermined borders and a necrotic base. Pyoderma 
gangrenosum can be solitary or multifocal and 
most commonly develops on the extensor surface of 
the legs but can appear anywhere on the skin.

Erythema nodosum is the most common cuta-
neous manifestation associated with IBD, affecting 
3%–10% of patients with ulcerative colitis and 
4%–15% of patients with Crohn disease (102), 
and is commonly seen in women aged 25–40 
years. Erythema nodosum in the setting of ulcer-
ative colitis often occurs during active colitis, and 
erythema nodosum in the setting of Crohn disease 
is associated with colonic involvement. Lesions of 
erythema nodosum manifest as deep, tender, pain-
ful bluish-red nodules, which are most commonly 
symmetric, in the pretibial lower extremities. Le-
sions range in size from 1 to 5 cm, do not ulcerate, 
and typically heal within several weeks. Recurrence 
is common. Another associated cutaneous mani-
festation is psoriasis, which occurs in 7%–11% 
of patients with IBD (102) and follows a course 
independent of IBD activity.

Conclusion
Imaging of patients with IBD is being performed 
with ever greater frequency, both in academic 
centers and in private practice groups. Both CT 
enterography and MR enterography have evolved 

in recent years as robust methods in the detection 
and surveillance of IBD. Although cross-sectional 
enterography is primarily designed to evaluate 
the gastrointestinal tract, important extraintesti-
nal conditions and complications of IBD may be 
recognized with such examinations. Increasing 
evidence suggests that IBD and associated ex-
traintestinal disorders are not isolated diseases but 
share common mechanistic and pathophysiologic 
pathways, many of which remain elusive to date. 
IBD and associated disorders are complex disease 
entities that demand an interdisciplinary approach 
among various subspecialties, including gastroen-
terology and various surgical services. Radiologists 
involved in the interpretation of these imaging 
examinations must be aware of the extraintestinal 
manifestations of IBD to optimize clinical man-
agement of these complex patients.
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