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KEY POINTS

� Plain abdominal radiographs can diagnose complications from inflammatory bowel dis-
ease and should be a first imaging study in critically ill patients to evaluate for free intra-
peritoneal air.

� Upper gastrointestinal series with small bowel follow through (SBFT) is useful in diag-
nosing stricturing Crohn’s disease, and upper gastrointestinal series with SBFT may diag-
nose fistulas related to Crohn’s disease.

� Abdominal computed tomographic (CT) scanning is usually the preferred initial radio-
graphic imaging study in patients with inflammatory bowel disease; CT scans can evaluate
the entire gastrointestinal tract and other intra-abdominal organs.

� MRI is a noninvasive, nonionizing imaging modality useful in evaluating intestinal and
extraintestinal pathology, particularly in Crohn’s disease.

� Capsule endoscopy (CE) provides state-of-the-art imaging of the mucosal lining of the in-
testines, particularly in the small bowel; CE is an expensive test but is outpatient, nonin-
vasive, with no nonionizing radiation.
PLAIN RADIOGRAPHS
Introduction

Plain abdominal radiographs still play a role in imaging for inflammatory bowel disease
(IBD) including diagnosing dilation, obstruction, bowel perforation, bowel wall thick-
ening, or loss of haustral markings. Radiographs can be portable, are widely available,
quick, painless, inexpensive, and have low radiation dose exposure making them a
good initial diagnostic test in some scenarios (Table 1). However, plain radiographs
do not give much detailed information and cannot make a definitive diagnosis of IBD.
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Table 1
Clinical relevance of plain radiograph findings

Plain Radiograph Findings Clinical Relevance

Free air (pneumoperitoneum) Perforated viscous

Thumbprinting Colitis (ischemic, ulcerative, or infectious)

Megacolon Colon dilated >6 cm, concern for perforation

Tubelike/lead-pipe/featureless Chronic ulcerative colitis
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Radiographs use invisible electromagnetic energy beams to produce images of in-
ternal tissues, bones, and organs on film. Standard radiographs are performed for
many reasons. Abdominal radiographs may be taken with the patient in the upright po-
sition (erect abdominal view), lying flat with the exposure made from above the patient
(supine abdominal view), or lying flat with the exposure made from the side of the pa-
tient (cross-table lateral view). The left side-lying position (left lateral decubitus view)
may be used for patients who cannot stand erect.
A plain flat and upright abdominal radiograph should be the first imaging study in

critically ill patients in whom a perforation is suspected. Perforation is identified by
free air on an upright abdominal radiograph (Fig. 1) and should be ordered on any pa-
tient with acute onset abdominal pain. These images can be performed in most set-
tings with portable radiograph machines and are widely available.
Patients with ulcerative colitis may exhibit “thumbprinting” on a plain abdominal

radiograph. On radiograph the distance between loops of bowel is increased because
of thickening of the bowel wall from inflammation (Fig. 2). Although classically
described with ischemic colitis, this finding is also noted in other forms of colitis,
including ulcerative and infectious colitis.1

Patients with fulminant colitis may be followed with serial abdominal radiographs to
diagnose “toxic megacolon.” Toxic megacolon is defined as dilation greater than 6 cm
and is an indication for emergent surgical intervention to prevent perforation. Chronic
Fig. 1. An upright abdominal radiograph in a patient with known Crohn’s disease and acute
onset of abdominal pain. Arrows indicate pneumoperitoneum.



Fig. 2. Radiograph of ulcerative colitis “thumbprinting.” Arrows show thickened colon wall.
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ulcerative colitis may appear as a “tubelike” or “lead-pipe” colon with loss of haustral
markings and a “featureless” colon on plain radiograph.

Contrast Radiologic Studies

Upper gastrointestinal series with small bowel follow through
Upper gastrointestinal series with small bowel follow through (SBFT) involves inges-
tion of a barium solution with subsequent radiologic imaging of the small intestine
with fluoroscopy and radiograph. Features of Crohn’s disease involving the small
bowel include narrowing of the lumen with nodularity and ulceration, a “string” sign
from advanced narrowing or with severe spasm, a cobblestone appearance, fistulas
and abscess formation, and separation of bowel loops suggesting transmural inflam-
mation with bowel wall thickening. Gastroduodenal Crohn’s disease may manifest as
gastric antral narrowing and stricturing of the duodenum.

Double-contrast barium enema
Double-contrast barium enema is performed by inserting a tube in the rectum,
instilling barium to outline the colon and rectum, then passing air through the
tube to enhance the detail. Finally, multiple radiographs are obtained from different
views. Patients must take laxatives before the study. In patients with mild ulcerative
colitis, findings on double-contrast barium enema may consist of a fine granular
appearance of the colon as a result of mucosal edema and hyperemia, or a diffusely
reticulated pattern with superimposed punctate collections of barium in microulcer-
ations. In chronic or severe disease, there may be spiculated collar button ulcers,
shortening of the colon, loss of haustral folds, narrowing of the luminal caliber, pseu-
dopolyps, and filiform polyps. Barium enema should be avoided in patients who are
severely ill because it may complicate toxic megacolon, and those with an obstruc-
tion because perforation may occur. Advantages include low-risk procedure, less
expensive than other tests, and no sedation necessary as with colonoscopy. Disad-
vantages are preprocedure laxative preparation, discomfort from the test, and radi-
ation exposure.
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ABDOMINAL COMPUTED TOMOGRAPHIC AND COMPUTED TOMOGRAPHY
ENTEROGRAPHY

Abdominal computed tomographic (CT) scanning is the preferred initial radiographic
imaging study in patients with IBD. It allows detailed evaluation of the entire gastroin-
testinal tract and associated findings, such as abscesses and fistulas. In addition, it
allows evaluation of other intra-abdominal organs that may exhibit extraintestinal man-
ifestations of IBD, such as dilated hepatic ducts in the liver of patients with primary
sclerosing cholangitis.
A CT scan is an imaging method that uses x-rays to create pictures of cross-

sections of the body. The patient lies on a narrow table that slides into the center of
the CT scanner. Modern “spiral” scanners can perform the examination by rotating
the x-ray beam around the patient without stopping. A computer creates separate im-
ages of the body area, called slices. These images are stored, viewed on a monitor, or
printed on film. Three-dimensional models of the body area are created by stacking
the slices together in multiple configurations.
CT scanning is not a very sensitive test for detecting the mucosal abnormalities of

mild or early ulcerative colitis. Inflammatory pseudopolyps may be seen in well-
distended bowel. In areas of mucosal denudation, abnormal thinning of the bowel
may also be evident. A cross-section of the inflamed and thickened bowel has a target
appearance with concentric rings of varying attenuation, also known as mural stratifi-
cation.2 More advanced ulcerative colitis often has a hallmark finding of diffuse colonic
wall thickening (>3mm). Benefits of CT are the ability to evaluate intraluminal and extra-
luminal disease, guide and monitor response to treatment, and detect complications.
CTmaysuggest thediagnosisofCrohn’sdiseasewith thickeningofsmall bowel, espe-

cially the terminal ileum.Fig. 3 showsanaxial-viewCTscan of a patientwithCrohn’s dis-
ease. Fig. 4 is a coronal-view CT scan of another patient with Crohn’s disease.
CT enterography (CTE) uses oral contrast, intravenous contrast, and thin-cut multi-

planar CT image acquisitions. Neutral oral contrast is used to distend the small bowel
allowing for better evaluation of the wall of the small bowel, which is difficult to see with
standard barium solutions. It is useful for the evaluation of suspected or known
Crohn’s disease and can detect dilation, obstruction, fistulas, and abscesses. Fig. 5
shows thickening of the small bowel as seen in Crohn’s disease. These studies should
be used when clinically indicated because there is increasing concern for repeated
exposure to radiation from CT scanning performed in patients with IBD.3
Fig. 3. Axial view CT scan of a patient with Crohn’s disease. The arrow shows the thickened
terminal ileum with contrast filling the narrowed lumen.



Fig. 4. Coronal view CT scan of another patient with Crohn’s disease. The thin arrow points
to the thickened and inflamed terminal ileum; the thick arrow points to the inflamed
hepatic flexure colon.
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The cumulative radiation dose of multiple CT scans over decades may increase
cancer risk in patients with IBD. In one study, 371 patients with Crohn’s disease
were examined for radiation exposure from radiographic studies over 5 years.4 The
mean cumulative radiation exposure was 14 mSv, with a range of 0 to 303 mSv.
Although most patients had a low radiation exposure, 27 patients (7%) had a
Fig. 5. Thickening of the small bowel as seen in Crohn’s disease. The arrow points to the
thickened small bowel loop.
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cumulative exposure of more than 50 mSv (a cutoff suggesting a high risk of compli-
cations from radiation exposure). We advocate judicious use of studies using ionizing
radiation, especially in children and young adults.

MRI

MRI and associated techniques, such as magnetic resonance enterography (MRE),
are noninvasive, nonionizing imaging modalities used to evaluate gastrointestinal con-
ditions, such as IBD. Current technology allows for fast-sequence, multiplanar, high-
resolution imaging of soft tissues, such as the small and large bowel. In IBD, these
images provide useful anatomic and functional information of the intestines and sur-
rounding structures. At present, MRI technology is most useful for assessing small
bowel disease and perineal disease including fistulas and sinus tracts.5,6 This modality
also allows clinicians to evaluate extraintestinal structures, such as the pelvic floor,5

and help surgeons plan for operative interventions. The application of MRI technology
to diagnosing IBD and informing treatment plans continues to grow and surgeons
should be familiar with its advantages and disadvantages over other imaging modal-
ities (Box 1).

Technique

MRI generates images by spatially localizing signal intensities from water molecules
excited by oscillating magnetic fields. The theory was pioneered in the 1970s by Dr
Paul Lauterbur at Stony Brook University and Dr Peter Mansfield at the University of
Nottingham, England and won them the 2003 Nobel Prize in Physiology or Medicine.
At appropriate resonance frequencies, excited hydrogen atoms emit radiofrequency
signals that are captured by receiving coils. The rate at which these atoms return to
equilibrium states helps determine differences between tissue types. Image contrast
is controlled by varying the time between signal detection and magnetization to pro-
duce T1 (spin-lattice) and T2 (spin-spin) images. T1-weighted imaging is useful for
assessing fatty tissue, liver lesions, and morphologic information. T2-weighted imag-
ing better assesses edema and inflammation. Contrast agents, usually chelates of
gadolinium, are administered intravenously to improve imaging quality. MRI contrast
agents have far fewer nephrotoxic effects than intravenous CT contrast agents.7

Patients are placed either prone or supine on a sliding table that advances into a
magnetic bore of varying strength, typically rated 1.5 T in medical applications with
commercial ranges of 0.2 to 7 T. Because of the strong magnetic field, all patients
are prescreened for MRI-unsafe devices and objects, either attached or implanted
including metallic material. Ear plugs or audio systems are often used to minimize
the loud noise level generated from the oscillating magnetic coils. Because multiple im-
aging sequences are obtained, the entire examination can last from 20 to 60 minutes.
Box 1

MRI

Advantages Disadvantages

Differentiates active inflammation from fibrosis Cost
Nonionizing radiation, noninvasive Time-consuming
Excellent soft tissue resolution Less available than CT
Provides structural and functional anatomy Need experienced radiologists
Provides information on extraintestinal pathology —
MRI contrast less toxic than CT intravenous contrast —



Imaging for Inflammatory Bowel Disease 1149
Postprocessing workstations receive the image sets and construct multiplanar views
for radiographic interpretation. Several sequences including T2-weighted, gadolin-
ium-enhanced T1-weighted, and fast-imaging with steady-state precession provide
the most diagnostic information relevant to IBD, such as active inflammation.
MRE is anMRI with the addition of bowel-distending luminal contrast. MRE is similar

to CTE in its intent to detect luminal and submucosal pathology but completely avoids
the use of ionizing radiation. Unlike MR enterolysis where contrast agents are intro-
duced via a nasojejunal tube, patients undergoing MRE drink a large volume (1–
1.5 L) of a water-based oral contrast agent that promotes bowel distention. To main-
tain distention and provide the clearest lumen-to-bowel wall contrast, osmotic viscous
agents, such as mannitol, are also administered to decrease water absorption. These
oral mixtures are administered 20 to 30 minutes before imaging. MRE then requires an
additional 30 to 45 minutes of table time. Although it takes longer to perform than CTE,
MRE produces high-quality images with comparable results with other types of
enterographies.

Indication for Use

Current evidence supports the use of MRI as an imaging modality in evaluating pa-
tients with Crohn’s disease. Its chief strength is the ability to discern active inflamma-
tion from fibrosis in abnormal and thickened bowel.8 Active inflammation appears
bright on T2 single-shot fast spin echo sequences because of increased water within
inflamed bowel walls and has a layered pattern of enhancement on T1 sequencing
because of gadolinium specificity for active disease.9 Distinguishing between the
two pathophysiologic processes has direct therapeutic implications. Fibrotic bowel,
for example, reflects permanent physical changes and is likely irreversible with addi-
tional medical therapy. Surgery with resection is favored. On the contrary, active
inflammation in a segment of bowel suggests that permanent, physical changes
have not occurred and more aggressive medical therapy may be effective (Fig. 6).
In this situation, surgery is not the recommended first-line intervention. Imaging mo-
dalities, such as SBFT and even CT scans, cannot readily distinguish between these
detailed characteristics of the bowel wall. MRI therefore has special ability in the eval-
uation of small bowel Crohn’s disease because it can significantly alter treatment
plans from medical to surgical or vice versa.
The advantages of MRI over conventional methods, such as SBFT, were reported in

a recent prospective study comparing MRI with SBFT in 30 adult patients with recur-
rent Crohn’s disease.10 Although SBFTs demonstrated strictures and enteric fistulas,
MRI identified active inflammation within those strictures based on transmural
changes, vascular effects, and lymph node enlargement. MRI also identified extrain-
testinal abnormalities, such as gallstones and liver lesions. Based on these radio-
graphic findings, the authors concluded that SBFT is a reasonable diagnostic tool
to use in Crohn’s disease, but if available, MRI should be the preferred imaging choice
in assessing recurrent Crohn’s disease. Whether the overall treatment plan and out-
comes of these patients were affected by these additional MRI findings was not
examined.
MRE and CTE have comparable diagnostic yields in assessing small bowel disease

in Crohn’s disease.11 Both require luminal distention with oral contrast agents and can
similarly identify disease localization, wall thickening, bowel wall enhancement, enter-
oenteric fistulas, and mesenteric lymphadenopathy.12 Although CTE may provide
higher-resolution image quality, MRE is an acceptable alternative as a diagnostic
tool and most importantly does not use ionizing radiation. Because many patients
with IBD are young, their lifetime risk of radiation from repeat imaging, such as CT



Fig. 6. MRI of abdomen (T2-weighted) of patient with Crohn’s disease with enteroenteric
fistulas and obstructing fibrosis (arrows) of the distal ileum in (A) axial (T2) and (B) coronal
(T2) planes. Minimal active inflammation was observed and the patient underwent surgical
resection of the distal ileum and cecum, which confirmed dense fibrosis and interloop fis-
tulas (C).
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scans, is substantial and unrealized.13 In children with known IBD, MRI is now recom-
mended as first-line imaging versus CT, which should be reserved only in emergency
situations or when MRI is contraindicated.14,15

MRI is superior to other imaging modalities including CT in detecting perineal fis-
tulas and sinus tracts with reported sensitivities of more than 80%.16–18 Additional
studies have shown that MRI is more accurate than an experienced surgeon’s assess-
ment of fistulas in the operating room and can detect tracts that would otherwise go
undetected.19,20 Although routine MRI scanning for anorectal fistulas is likely not
necessary, in difficult Crohn’s cases MRI can delineate complex and high fistulas
(Fig. 7). MRI is less effective for mapping short, superficial fistula tracts. The preoper-
ative assessment of fistula anatomy can guide surgeons during surgical interventions
by better visualizing the relationships of the fistula to the internal sphincter muscle and
pelvic floor. In equivocal cases, MRI can even exclude the presence of a fistula. These
diagnostic data better inform treatment decisions in IBD cases, such as Crohn’s dis-
ease, and many would argue that for perineal disease, MRI of the pelvis has become
the imaging gold standard.
The role of MRI in diagnosing and treating chronic ulcerative colitis (CUC) is less

clear. Early studies suggested that MRI was comparable with endoscopy in distin-
guishing CUC from Crohn’s and in assessing disease severity when compared with
tissue biopsies.6 These findings are contradicted by more recent studies in children



Fig. 7. MRI of pelvis (T2-weighted) showing in (A) axial and (B) coronal views a complex
Crohn fistula with transsphincteric components and posterior bilateral extension in the
intersphincteric plane (arrows).
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demonstrating that MRI could not distinguish between Crohn’s and CUC unless the
terminal ileum was involved.21 Comparisons of MRI with colonoscopy suggest that
MRI can detect more fistulas arising from the colon than endoscopic evaluation, but
these cases were likely related to Crohn’s disease involving the colon instead of
CUC.22 Until more studies establish the clinical benefit of MRI over endoscopy in
the evaluation of the colon, there is at present a limited role of MRI in evaluating CUC.

Limitations

MRI is significantly more expensive than plain radiograph, ultrasound (US), and CT.
The costs arise from the at least $1 million average price for a 1.5-T MRI scanner, life-
time equipment maintenance, facility charges, and professional charges for radiolo-
gists. Cost-effectiveness research comparing MRI with other modalities is sparse,
but available studies have suggested that the high cost may be justifiable in the
long-term for certain situations, such as patients who are at high-risk for intravenous
contrast agents23 or in young patients who have more life-years to be exposed to ra-
diation.13 For the young IBD population, repeat imaging is common and MRI may
therefore be cost-effective when balanced against the costs of complications from
excess radiation exposure.
MRI technology is far less available than imaging modalities, such as CT scans. In

2010, the Centers for Disease Control and Prevention estimated that the United States
had 26.5 MRI units versus 34.3 CT units per million population.24 Smith-Bindman and
colleagues25 analyzed electronic records from six large integrated US health systems
and found that MRI use increased from 17 to 65 MRIs per 1000 enrollees from 1996 to
2010. Concurrently, CT scans increased from 52 to 149 CTs per 1000 enrollees, more
than twice the rate of MRI use. Widespread adoption of MRI is increasing but limited
by available MRI units and experienced radiologists who can interpret results, such as
MREs. As a result, CT technology, such as CTEs, is more commonly used in the eval-
uation of IBD.

Future Direction

MRI will be increasingly used in the diagnosis and management of IBD especially in
Crohn’s disease. Although its role in CUC remains to be determined, MRI has demon-
strated clear benefit in assessing perineal disease for fistulas and sinus tracts. Its diag-
nostic use in assessing Crohn’s small bowel disease is also becoming increasingly
evident when compared with other imaging modalities. For young patients who will
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undergo repeat imaging, MRI likely has long-term benefit with its avoidance of ionizing
radiation. AsMRI continues to progress in availability and technique, future studies will
need to more firmly establish its cost-effectiveness on diagnosis, treatment, and out-
comes compared with the other available imaging modalities for IBD.
ULTRASOUND

US for IBD requires high-frequency (5–17 MHz) linear array probes for the US ma-
chine. High-frequency linear-array probes provide increased spatial resolution of
the intestinal wall, which is essential for the assessment of wall diameter and wall
layer discrimination. Compounding technology allows image reconstruction using
signal responses from different frequencies or from viewing in different directions
that results in an increase in contrast resolution and border definition of bowel
wall architecture. Color or power Doppler imaging and contrast-enhanced US pro-
vide detailed information on mural and extraintestinal vascularity, which reflects in-
flammatory disease activity.26

For US diagnosis of IBD, one must understand of the anatomic location of Crohn’s
disease and ulcerative colitis. US does not provide a continuous and complete exam-
ination of the small and large bowel. The ileocecal region and the sigmoid colon can be
identified in all patients. The left and right colon is adequately evaluated in most pa-
tients. The colonic flexures (especially the left flexure) are more difficult to visualize
because of their cranial position and ligamentous fixation to the diaphragm. The trans-
verse colon is identified in most patients, but complete examination is not easy to
achieve because of its variable anatomy. The rectum and anal region cannot be visu-
alized accurately by the transabdominal route because of their pelvic location. Trans-
perineal US is useful in the evaluation of the perianal region and the distal rectum.26,27

US is used for small bowel imaging of IBD more frequently in Europe and at some
centers in the United States. The sensitivity and specificity vary depending on operator
experience, but are reported to be between 75% and 88%, and 93% and 97%,
respectively.28–30 Sonographic features suggesting small bowel involvement with
Crohn’s disease include bowel wall thickening and stiffness, and changes in the bowel
wall stratification, but intestinal gas frequently obscures the bowel wall. Mucosal ab-
normalities are not detectable by US. The clinical role of US in ulcerative colitis is less
well established as compared with Crohn’s disease.

Future Directions

Small intestine contrast US is a new technique in which a nonabsorbable contrast so-
lution (eg, polyethylene glycol 3350) is given orally before abdominal US. As with all US
tests, small intestine contrast US sensitivity and specificity highly depends on the
experience of the operator and is not commonly performed at this time.31
CAPSULE ENDOSCOPY

Wireless capsule endoscopy (CE) is an advanced imaging technique that is being
increasingly used in the evaluation of IBD. Developed originally to evaluate small
bowel for sources of occult bleeding with Food and Drug Administration approval in
2001, CE is emerging as an alternative method to evaluate the small bowel in IBD,
particularly in Crohn’s disease. Among patients with Crohn’s disease, more than
30% have small bowel involvement only and 40% have both small bowel and colon
involvement.32 In many situations, the diagnosis of IBD, such as Crohn’s disease,
may be unclear. When traditional diagnostic attempts, such as endoscopy or SBFT,
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fail or are equivocal, CE may be considered an alternative modality to aid with the
diagnosis and evaluation of the small bowel.

Technique

CE is a painless and radiation-free technique that requires no patient sedation. Addi-
tional benefits of CE include its ease-of-administration in the outpatient setting and
patient satisfaction. Patients swallow an approximately 11 � 26 mm pill that contains
a video camera, LED lights, a radio transmitter, and battery (Fig. 8). The pill transits
through the small bowel in approximately 4 hours and colon in 24 to 48 hours before
being excreted. Video images up to six frames per second are wirelessly transmitted
to a portable device and downloaded to a computer. Equipment costs including the
capsule ($500) are estimated to total $20,000 to $33,000.33 In most cases, an experi-
enced gastroenterologist reviews the series of images, which takes 30 minutes to 2
hours.34 The first capsule developed was called the PillCam SB (Given, Yoqnem,
Israel), which has now been updated to the third-generation PillCam SB3 with wider
viewing angles and automatic light control. In 2007, Olympus (Lake Success, NY)
developed a competing capsule (EndoCapsule), which may have longer battery life
but comparable diagnostic yield compared with the PillCam.35 A third pill approved
by the Food and Drug Administration in 2013 called the (MiroCam, Seoul, Korea)
uses a novel mode of transmission called electric field propagation to transmit images.
Comparisons with EndoCapsule demonstrated similar diagnostic yields in 50 patients
but the concordance between the two models was only 68%.36 These studies illus-
trate a technical limitation in that pills often tumble through the small bowel and trans-
mit an incomplete picture of the luminal surface.

History

One of the first reports of CE being used specifically in patients with IBD was in 2003.37

Fireman and colleagues37 used CE to evaluate 17 patients with normal colonoscopies
and small bowel radiographs but clinical suspicion for Crohn’s disease. Twelve (71%)
patients were found to have mucosal changes, such as erosions, ulcers, and stric-
tures, which were visually consistent with Crohn’s. Other case studies have further
demonstrated that CE can visually confirm small bowel lesions in 43% to 65% of
Fig. 8. Capsule endoscopy pill.
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patients with completely negative colonoscopies and small bowel radiographs.38–40

These early studies suggested that CE was sensitive in detecting mucosal abnormal-
ities and might be useful in aiding diagnosis for equivocal cases in Crohn’s disease.
Comparison of CE with other imaging modalities, such as small bowel enterogra-

phy, SBFT,41 and CTE,42 consistently shows that CE can detect small bowel abnor-
malities that are missed by conventional tests (Box 2). In these cases, the detected
mucosal lesions are often small and located in the proximal ileum or jejunum, areas
that are poorly accessible with endoscopic techniques. These studies indicate that
CE is a more sensitive test in detecting mucosal lesions compared with small bowel
enterography, SBFT, and CTE. CE provided only visual documentation, however,
and it remained unproven whether these abnormalities represented pathologic
Crohn’s disease because no biopsies were available for confirmation. Further
research is needed to investigate whether the higher detection of mucosal abnormal-
ities changes overall prognosis and therapeutic plans in IBD.

Indication for Use

Although CE has a clear role in the management of occult gastrointestinal bleeding,43

there is no established role of this new technology in the present management of IBD.
CE isatmost auseful alternativemethod toevaluate thebowel in IBDwhenother conven-
tional methods fail or are equivocal. Current best-practice recommendations are based
on small, heterogeneous studies. A recent meta-analysis44 that included 223 patients
from 11 studies concluded that CE significantly increased diagnostic yields by 25% to
40% over barium studies and CT imaging. It is important to recognize that these higher
diagnostic yields simplymeant that a greater number of positive findings were detected.
There was no gold standard diagnosis to confirm the clinical relevance of these findings.
These challenges limit many of the studies on comparative effectiveness of CE in IBD.
Additional evidence needs to be accumulated before CE becomes first-line imaging

in IBD. In 2008, Solem and colleagues45 directly compared CE with CTE, ileocolono-
scopy, and SBFT in 41 patients with suspected or known Crohn’s disease. Each pa-
tient underwent all four tests in 4 consecutive days, which minimized the preparation
required for each study. CE had the highest sensitivity (83%) but was not statistically
significant when compared with the other three modalities. Calculated specificity was
the lowest for CE (53%). Several patients (17%) had partial small bowel obstructive
findings, but none experienced capsule retention. The authors were cautious in their
recommendations for CE based on these findings and suggested that CE should
not be used as a first-line diagnostic test in IBD. These findings are consistent with
opinions that CE is more sensitive than conventional imaging modalities but specificity
and positive predictive values are not fully established.46
Box 2

Wireless capsule endoscopy

Advantages Disadvantages

Sensitive to identifying mucosal
abnormalities

Specificity and positive predictive values not
known

Useful test when other imaging modalities
negative

Cost

Easy to administer Requires experienced gastroenterologist to
review

Nonionizing radiation Capsule retention
No sedation required Nontherapeutic, no biopsies possible
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Limitations

Capsule retention is the most feared complication from CE. In one of the largest re-
ported series of more than 900 patients evaluated for obscure bleeding, capsule reten-
tion occurred in 0.75% patients that required surgical intervention.47 Capsule retention
rates are higher in the IBD population, particularly among Crohn’s disease with its asso-
ciated strictures, and have been reported in the 1.4% to 6.7% range.39,40,48 Generally, if
there is concern for capsule retention, a plain abdominal radiograph at 14 days after
capsule ingestion visualizes the pill. Known obstructions and stricturing disease are a
relative contraindication for undergoing CE. As a result of these concerns for capsule
retention, a “patency” capsule (M2A, Given Imaging) was developed with an imperme-
able but absorbable membrane of lactose/barium. The M2A patency capsule mem-
brane dissolves in 40 to 100 hours49 but studies have shown persistent complication
rates of 3% to 13%, probably because the dissolution times are too long.33 A newer
version of the patency capsule, the Agile (Given Imaging), has been recently developed
with earlier onset of membrane dissolution (<30 hours) after ingestion. The Agile
patency capsule has been tested and found to be safe in small studies.50

Besides higher costs, additional limitation for CE includes its nontherapeutic capa-
bilities. In its current technology, CE is purely diagnostic and can only take static im-
ages of the luminal intestinal wall. Positive findings, such as mucosal erythema or
ulcerations, need to be correlated to clinical suspicion and no biopsies or tattooing
are possible. If a test were positive, then additional, invasive testing may need to be
performed.

Future Direction

At present, CE is an alternative imaging modality and adds to the armament of radio-
graphic tools for clinicians to use in IBD. Several clinical questions remain to be
answered with CE. These include better defining the role of CE in IBD therapy and
its use in determining severity of disease, medical response to therapy, and clinical
usefulness in managing indeterminate colitis and CUC.51 Future studies need to inves-
tigate the comparative effectiveness of CE with other imaging modalities and account
for patient preferences during diagnostic work-up with comparable tools.
REFERENCES

1. Cutinha AH, De Nazareth AG, Alla VM, et al. Clues to colitis: tracking the prints.
West J Emerg Med 2010;11(1):112–3.

2. Gore RM, Balthazar EJ, Ghahremani GG, et al. CT features of ulcerative colitis
and Crohn’s disease. AJR Am J Roentgenol 1996;167(1):3–15.

3. Siddiki HA, Fidler JL, Fletcher JG, et al. Prospective comparison of state-of-the-art
MR enterography and CTenterography in small-bowel Crohn’s disease. AJR Am J
Roentgenol 2009;193(1):113–21.

4. Kroeker KI, Lam S, Birchall I, et al. Patients with IBD are exposed to high levels of
ionizing radiation through CT scan diagnostic imaging: a five-year study. J Clin
Gastroenterol 2011;45(1):34–9.

5. Koelbel G, Schmiedl U, Majer MC, et al. Diagnosis of fistulae and sinus tracts in
patients with Crohn’s disease: value of MR imaging. AJR Am J Roentgenol 1989;
152(5):999–1003.

6. Shoenut JP, Semelka RC, Magro CM, et al. Comparison of magnetic resonance
imaging and endoscopy in distinguishing the type and severity of inflammatory
bowel disease. J Clin Gastroenterol 1994;19(1):31–5.

http://refhub.elsevier.com/S0039-6109(15)00141-3/sref1
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref1
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref2
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref2
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref3
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref3
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref3
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref4
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref4
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref4
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref5
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref5
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref5
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref6
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref6
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref6


Morris & Chu1156
7. Prince MR, Arnoldus C, Frisoli JK. Nephrotoxicity of high-dose gadolinium
compared with iodinated contrast. J Magn Reson Imaging 1996;6(1):162–6.

8. Masselli G, Brizi GM, Parrella A, et al. Crohn’s disease: magnetic resonance en-
teroclysis. Abdom Imaging 2004;29(3):326–34.

9. Koh DM, Miao Y, Chinn RJ, et al. MR imaging evaluation of the activity of Crohn’s
disease. AJR Am J Roentgenol 2001;177(6):1325–32.

10. Bernstein CN, Greenberg H, Boult I, et al. A prospective comparison study of MRI
versus small bowel follow-through in recurrent Crohn’s disease. Am J Gastroen-
terol 2005;100(11):2493–502.

11. Jensen MD, Ormstrup T, Vagn-Hansen C, et al. Interobserver and intermodality
agreement for detection of small bowel Crohn’s disease with MR enterography
and CT enterography. Inflamm Bowel Dis 2011;17(5):1081–8.

12. Fiorino G, Bonifacio C, Peyrin-Biroulet L, et al. Prospective comparison of
computed tomography enterography and magnetic resonance enterography
for assessment of disease activity and complications in ileocolonic Crohn’s dis-
ease. Inflamm Bowel Dis 2011;17(5):1073–80.

13. Brenner DJ, Hall EJ. Computed tomography: an increasing source of radiation
exposure. N Engl J Med 2007;357(22):2277–84.

14. Athanasakos A, Mazioti A, Economopoulos N, et al. Inflammatory bowel disease-
the role of cross-sectional imaging techniques in the investigation of the small
bowel. Insights Imaging 2015;6(1):73–83.

15. Sanka S, Gomez A, Set P, et al. Use of small bowel MRI enteroclysis in the man-
agement of paediatric IBD. J Crohn’s Colitis 2012;6(5):550–6.

16. Haggett PJ, Moore NR, Shearman JD, et al. Pelvic and perineal complications of
Crohn’s disease: assessment using magnetic resonance imaging. Gut 1995;
36(3):407–10.

17. Ziech M, Felt-Bersma R, Stoker J. Imaging of perianal fistulas. Clin Gastroenterol
Hepatol 2009;7(10):1037–45.

18. ChappleKS,SpencerJA,WindsorAC,etal.Prognosticvalueofmagnetic resonance
imaging in the management of fistula-in-ano. Dis Colon Rectum 2000;43(4):511–6.

19. Mullen R, Deveraj S, Suttie SA, et al. MR imaging of fistula in ano: indications and
contribution to surgical assessment. Acta Chir Belg 2011;111(6):393–7.

20. Halligan S, Buchanan G. MR imaging of fistula-in-ano. Eur J Radiol 2003;47(2):
98–107.

21. Ziech ML, Hummel TZ, Smets AM, et al. Accuracy of abdominal ultrasound and
MRI for detection of Crohn’s disease and ulcerative colitis in children. Pediatr
Radiol 2014;44(11):1370–8.

22. Jiang X, Asbach P, Hamm B, et al. MR imaging of distal ileal and colorectal
chronic inflammatory bowel disease: diagnostic accuracy of 1.5 T and 3 T MRI
compared to colonoscopy. Int J Colorectal Dis 2014;29(12):1541–50.

23. Lessler DS, Sullivan SD, Stergachis A. Cost-effectiveness of unenhancedMR imag-
ing vs contrast-enhancedCTof the abdomen or pelvis. AJRAm J Roentgenol 1994;
163(1):5–9.

24. (OECD), O.f.E.C.-o.a.D., 2007 Computed tomography (CT) and magnetic reso-
nance imaging (MRI) census. Benchmark report: IMV, Limited, Medical Informa-
tion Division, 2007.

25. Smith-Bindman R, Miglioretti DL, Johnson E, et al. Use of diagnostic imaging
studies and associated radiation exposure for patients enrolled in large inte-
grated health care systems, 1996-2010. JAMA 2012;307(22):2400–9.

26. Strobel D, Goertz RS, Bernatik T. Diagnostics in inflammatory bowel disease:
ultrasound. World J Gastroenterol 2011;17(27):3192–7.

http://refhub.elsevier.com/S0039-6109(15)00141-3/sref7
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref7
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref8
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref8
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref9
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref9
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref10
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref10
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref10
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref11
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref11
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref11
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref12
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref12
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref12
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref12
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref13
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref13
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref14
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref14
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref14
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref15
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref15
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref16
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref16
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref16
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref17
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref17
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref18
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref18
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref19
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref19
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref20
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref20
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref21
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref21
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref21
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref22
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref22
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref22
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref23
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref23
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref23
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref25
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref25
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref25
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref26
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref26


Imaging for Inflammatory Bowel Disease 1157
27. Maconi G, Ardizzone S, Greco S, et al. Transperineal ultrasound in the detection
of perianal and rectovaginal fistulae in Crohn’s disease. Am J Gastroenterol 2007;
102(10):2214–9.

28. Hiorns MP. Imaging of inflammatory bowel disease. How? Pediatr Radiol 2008;
38(Suppl 3):S512–7.

29. Horsthuis K, Stokkers PC, Stoker J. Detection of inflammatory bowel disease:
diagnostic performance of cross-sectional imaging modalities. Abdom Imaging
2008;33(4):407–16.

30. Fraquelli M, Colli A, Casazza G, et al. Role of US in detection of Crohn’s disease:
meta-analysis. Radiology 2005;236(1):95–101.

31. De Franco A, Di Veronica A, Armuzzi A, et al. Ileal Crohn’s disease: mural
microvascularity quantified with contrast-enhanced US correlates with disease ac-
tivity. Radiology 2012;262(2):680–8.

32. Munkholm P. Crohn’s disease–occurrence, course and prognosis. An epidemio-
logic cohort-study. Dan Med Bull 1997;44(3):287–302.

33. Swaminath A, Legnani P, Kornbluth A. Video capsule endoscopy in inflammatory
bowel disease: past, present, and future redux. Inflamm Bowel Dis 2010;16(7):
1254–62.

34. Hara AK. Capsule endoscopy: the end of the barium small bowel examination?
Abdom Imaging 2005;30(2):179–83.

35. Hartmann D, Eickhoff A, Damian U, et al. Diagnosis of small-bowel pathology
using paired capsule endoscopy with two different devices: a randomized study.
Endoscopy 2007;39(12):1041–5.

36. Dolak W, Kulnigg-Dabsch S, Evstatiev R, et al. A randomized head-to-head study
of small-bowel imaging comparing MiroCam and EndoCapsule. Endoscopy
2012;44(11):1012–20.

37. Fireman Z, Mahajna E, Broide E, et al. Diagnosing small bowel Crohn’s disease
with wireless capsule endoscopy. Gut 2003;52(3):390–2.

38. Ge ZZ, Hu YB, Xiao SD. Capsule endoscopy in diagnosis of small bowel Crohn’s
disease. World J Gastroenterol 2004;10(9):1349–52.

39. Herrerias JM, Caunedo A, Rodrı́guez-Téllez M, et al. Capsule endoscopy in
patients with suspected Crohn’s disease and negative endoscopy. Endoscopy
2003;35(7):564–8.

40. Mow WS, Lo SK, Targan SR, et al. Initial experience with wireless capsule
enteroscopy in the diagnosis and management of inflammatory bowel disease.
Clin Gastroenterol Hepatol 2004;2(1):31–40.

41. Liangpunsakul S, Maglinte DD, Rex DK. Comparison of wireless capsule endos-
copy and conventional radiologic methods in the diagnosis of small bowel dis-
ease. Gastrointest Endosc Clin N Am 2004;14(1):43–50.

42. Voderholzer WA, Beinhoelzl J, Rogalla P, et al. Small bowel involvement in Crohn’s
disease: a prospective comparison of wireless capsule endoscopy and
computed tomography enteroclysis. Gut 2005;54(3):369–73.

43. Raju GS, Gerson L, Das A, et al. American Gastroenterological Association (AGA)
Institute medical position statement on obscure gastrointestinal bleeding. Gastro-
enterology 2007;133(5):1694–6.

44. Triester SL, Leighton JA, Leontiadis GI, et al. A meta-analysis of the yield of capsule
endoscopy compared to other diagnostic modalities in patients with non-stricturing
small bowel Crohn’s disease. Am J Gastroenterol 2006;101(5):954–64.

45. Solem CA, Loftus EV Jr, Fletcher JG, et al. Small-bowel imaging in Crohn’s
disease: a prospective, blinded, 4-way comparison trial. Gastrointest Endosc
2008;68(2):255–66.

http://refhub.elsevier.com/S0039-6109(15)00141-3/sref27
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref27
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref27
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref28
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref28
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref29
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref29
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref29
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref30
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref30
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref31
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref31
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref31
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref32
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref32
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref33
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref33
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref33
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref34
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref34
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref35
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref35
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref35
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref36
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref36
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref36
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref37
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref37
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref38
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref38
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref39
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref39
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref39
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref40
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref40
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref40
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref41
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref41
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref41
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref42
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref42
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref42
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref43
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref43
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref43
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref44
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref44
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref44
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref45
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref45
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref45


Morris & Chu1158
46. Legnani P, Kornbluth A. Video capsule endoscopy in inflammatory bowel disease
2005. Curr Opin Gastroenterol 2005;21(4):438–42.

47. Barkin JS, Friedman S. Wireless capsule endoscopy requiring surgical interven-
tion: the world’s experience. Am J Gastroenterol 2002;97(9):S298.

48. Buchman AL, Miller FH, Wallin A, et al. Videocapsule endoscopy versus barium
contrast studies for the diagnosis of Crohn’s disease recurrence involving the
small intestine. Am J Gastroenterol 2004;99(11):2171–7.

49. Delvaux M, Ben Soussan E, Laurent V, et al. Clinical evaluation of the use of the
M2A patency capsule system before a capsule endoscopy procedure, in patients
with known or suspected intestinal stenosis. Endoscopy 2005;37(9):801–7.

50. Herrerias JM, Leighton JA, Costamagna G, et al. Agile patency system eliminates
risk of capsule retention in patients with known intestinal strictures who undergo
capsule endoscopy. Gastrointest Endosc 2008;67(6):902–9.

51. Redondo-Cerezo E. Role of wireless capsule endoscopy in inflammatory bowel
disease. World J Gastrointest Endosc 2010;2(5):179–85.

http://refhub.elsevier.com/S0039-6109(15)00141-3/sref46
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref46
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref47
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref47
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref48
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref48
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref48
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref49
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref49
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref49
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref50
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref50
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref50
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref51
http://refhub.elsevier.com/S0039-6109(15)00141-3/sref51

	Imaging for Inflammatory Bowel Disease
	Key points
	Plain radiographs
	Introduction
	Contrast Radiologic Studies
	Upper gastrointestinal series with small bowel follow through
	Double-contrast barium enema


	Abdominal computed tomographic and computed tomography enterography
	MRI
	Technique
	Indication for Use
	Limitations
	Future Direction

	Ultrasound
	Future Directions

	Capsule endoscopy
	Technique
	History
	Indication for Use
	Limitations
	Future Direction

	References


