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acute and chronic presentations of Crohn disease in pediatric patients. There has been
increasing standardization in the performance and interpretation of these studies, given the
growth in volume and impact on clinical management. This article will focus on technical
considerations in the performance of MR enterography in children and adolescents, as well
as “do not miss” findings on MR enterography that will impact clinical management and
potential problems encountered with MR enterography that may limit its diagnostic utility in
some patients.
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Introduction

Inflammatory bowel disease (IBD), including Crohn disease
and ulcerative colitis, is a significant cause of morbidity in

children. Fifteen to twenty percent of patients with IBD present
during childhood or adolescence.1 Historically, inflammatory
bowel disease was primarily evaluated with barium fluoros-
copy and endoscopy/colonoscopy. Imaging plays a more
important role in the management of Crohn disease compared
with ulcerative colitis because Crohn disease can involve any
portion of the GI tract, including the entire small bowel that is
not easily visualized by optical endoscopy. In recent years, MR
enterography has emerged as the imaging gold standard for
evaluation of both new and established pediatric patients with
Crohn disease.2 MR enterography offers a variety of advantages
over CT and fluoroscopy, including lack of ionizing radiation
exposure as well as superior soft tissue evaluation for assess-
ment of disease activity and penetrating complications.3,4

While MR enterography is primarily used in the evaluation of
Crohn disease,5 it is also useful for a variety of other pediatric
conditions, including polyposis syndromes, suspected bowel
masses, unexplained gastrointestinal bleeding, and nonspecific
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abdominal complaints.6 This article will focus on MR enterog-
raphy of Crohn disease, including protocols (Table 1) and the
pearls and pitfalls the radiologist needs to be aware of (Tables
2 and 3).

Although MR enterography protocols may vary by indica-
tion, they generally include both large volume oral contrast
and intravenous contrast administration.7 Oral contrast is
preferably nonabsorbable, biphasic (T1-weighted hypoin-
tense, T2-weighted hyperintense) and is administered over a
45�60-minute period to allow for optimal small bowel dis-
tention. Intravenous contrast is particularly useful for the
evaluation of penetrating disease including perianal fistulas
and abscesses.6 Sequences are optimized for evaluation of
bowel wall and bowel peristalsis, the mesentery, fluid collec-
tions, and penetrating disease. MR enterography protocols
typically include single shot T2-weighted (ssT2W), balanced
steady-state free precession (bSSFP), single-shot or fast spin-
echo T2-weighted fat-saturated (ss/FSE T2W FS), thick slab
cinematic bSSFP, diffusion-weighted imaging (DWI), and
multiphase T1-weighted fat-saturated gradient recalled echo
(GRE) pre- and postcontrast images6-9 (Table 2). The field of
view should extend from the top of the colon to the bottom
of the anal sphincter complex.

A systematic approach to the interpretation of MR enterogra-
phy is essential. Consensus recommendations from the Society
of Abdominal Radiology, the Society of Pediatric Radiology, the
American Gastroenterological Association and other expert
organizations delineate specific imaging findings associated with
mural inflammation, penetrating disease and mesenteric
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Table 1 Typical MR Enterography Protocol for Pediatric Patients

Sequence Imaging Plane Time Per Sequence

Single shot T2-weighted (ssT2W) Axial, Coronal 1-2 minutes
Balanced steady-state free precession (bSSFP) Coronal 0.5-1 minute
Option 1: Single shot T2 fat-saturated
Option 2: Fast spin-echo T2 fat-saturated (FSE T2W FS)

Axial Option 1: 1-2 minutes
Option 2: 3-5 minutes

Thick slab cinematic bSSFP Coronal 1-3 minutes
Diffusion-weighted imaging (DWI) with typical b-values of 50, 400, and 800 Axial 4-8 minutes
Multiphase T1-weighted fat-saturated gradient recalled echo (GRE) pre- and
postcontrast images

Coronal 4-5 minutes

T1-weighted fat-saturated gradient recalled echo (GRE) postcontrast,
delayed

Axial 2-4 minutes

Table 2 Pearls Associated With MR Enterography

Pearls
Wall thickness �3 mm in distended bowel is abnormal
Imaging features of penetrating disease are often indications
for biologic therapy

Penetrating disease typically occurs at sites of luminal
narrowing

Penetrating disease associated with an abscess is a contra-
indication to most immunomodulatory therapies

Extraintestinal Crohn disease manifestations can be evalu-
ated on MR enterography
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inflammation.10 Key findings relating to mural inflammation
include: (1) segmental mural hyperenhancement—especially if
it is asymmetric; (2) bowel wall thickening; 3) intramural edema;
(4) stricture, with or without upstream dilatation; (5) ulcerations;
(6) sacculations; (7) and diminished motility.10 Additionally,
interpretations should focus on detection of perienteric disease
manifestations including fistulas (simple or complex), sinus
tracts, perianal fistulas, inflammatory masses, abscesses, perien-
teric edema/inflammation and engorged vasa recta.10 Identifying
penetrating disease and abscesses is particularly important as
they can have implications for patient management.
Reporting should be structured, addressing disease activity

and extent, strictures and penetrating complications. For
example, the findings should provide a detailed assessment
of disease location, number and length of diseased segments,
Table 3 Pitfalls Associated With MR Enterography

Pitfalls

Suboptimal distention of bowel loops can lead to apparent wall
thickening

The perianal region may be incompletely imaged or evaluated
Artifacts can degrade MR enterography image quality

Patient compliance with MR enterography can be challenging
for the pediatric population

Access to MR enterography may be limited off-hours and/or in
patients with acute presentation
inflammation characteristics, strictures, penetrating compli-
cations, perianal disease and response to therapy. Extra-intes-
tinal complications and unrelated findings should also be
included. The impression of the report should describe the
presence and degree of inflammation, presence of strictures
and any associated active inflammation, penetrating disease
type and location, with particular note of perianal disease,
and any other complications.10
Pearls
Below are listed some important principles to keep in mind
when interpreting MR enterography studies in pediatric
patients.
Wall Thickness �3 mm in Distended Bowel Is
Abnormal
It is well established that small bowel thickness �3 mm on
imaging with adequate enteric contrast distention is usually
abnormal11-13 (Fig. 1A). The measurement of the bowel wall
should be obtained at the site of the most severe inflamma-
tion.10 The severity of the disease can be graded by wall
thickness, with mild measuring 3-5 mm, moderate measur-
ing >5-9 mm, and severe measuring �10 mm.10 Of note,
the bowel must be properly distended in order to accurately
Solutions

Administer large volume oral contrast
Wait 20-30 after ingestion of contrast
Place in prone position
Void immediately prior to scan
Add small field of view fluid sensitive sequence
Optimize oral contrast ingestion
Obtain digital subtraction images
Administer antispasmodic agent
Coordinate care with child life specialist
Consider sedation
Optimize MR sequence to minimize time
Consider low-dose CT



Figure 1 MR enterography features of active disease. (A) 17-year-old boy with history of Crohn disease presented with
abdominal pain. Postcontrast axial T1-weighted VIBE fat-saturated image demonstrates wall thickening of the terminal
ileum and hyperenhancement consistent with active inflammation. (B) 17-year-old girl with Crohn disease presenting
with abdominal pain. A postcontrast coronal T1-weighted VIBE fat-saturated image demonstrates loss of fat plane
between the terminal ileum and a loop of adjacent small bowel, consistent with an entero-enteric fistula (arrow). (C)
16-year-old boy with Crohn disease presenting with daily abdominal pain. A postcontrast axial T1-weighted VIBE fat-
saturated image demonstrates an enhancing inflammatory mass (arrow) adjacent to the inflamed ileum, deep to the
anterior abdominal wall.
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measure thickness. Bowel wall thickening may be present in
active or inactive (chronic) disease. The coexistence of mural
T2-weighted hyperintensity (compared with muscle refer-
ence) with wall thickening is more specific for active dis-
ease.14 It is important to note that although small bowel wall
thickness of 3 mm or more is abnormal, it is not specific for
Crohn disease. The differential diagnosis for small bowel
thickening is broad, including but not limited to infectious,
ischemic, and malignant etiologies.
Penetrating Disease Imaging Features Are
Often an Indication for Biologic Therapy
Medical management of Crohn disease is multifactorial based
on a patient’s symptoms, lab values (eg, CRP, ESR, CBC
etc.), endoscopy results, and radiologic findings. Specifically,
confirmation of ileocolonic disease often guides treatment.15

The presence of penetrating disease reflects transmural
inflammation that transgresses the bowel wall and elevates a
patient’s disease severity. Penetrating disease includes fistu-
las, sinus tracts, inflammatory masses, and abscesses. Pene-
trating disease is associated with worse outcomes, including
the need for surgical intervention and re-intervention.16-19

Biologic therapy is often indicated if penetrating disease is
present and the patient is a candidate for biologic treat-
ment.20,21 There is accumulating clinical evidence showing
the efficacy of TNFa inhibitor therapy in treating penetrating
symptoms of Crohn disease.22
Fistulas are abnormal connections between epithelialized
structures (Fig. 1B) and can be simple or complex. Sinus
tracts are blind-ending outpourings from bowel, and can be
intramural or extramural, extend into adjacent mesentery,
with or without tethering or angulation of the related bowel
loop. Description of fistulas and sinus tracts should include
their location, complexity and relationship to strictures or
nearby inflammatory changes.10 Inflammatory masses, a
term replacing “phlegmon,” is a focal area of ill-defined soft
tissue inflammation lacking fluid content, which may either
progress to become an abscess later or be the sequela of a
previously treated abscess (Fig. 1C).
Penetrating Disease Typically Occurs at
Sites of Luminal Narrowing
Sites of luminal narrowing and active inflammation are asso-
ciated with penetrating disease. In a retrospective study,
Orscheln et al found that penetrating disease was found at
sites of luminal narrowing 98% of the time in a cohort of 52
pediatric patients.23 The exact pathophysiology is unclear,
but the association likely related to increased bowel intralu-
minal pressure in combination with transmural inflamma-
tion.24,25 Nonetheless, recognizing persistent luminal
narrowing can help identify sites of penetrating disease.

Prestenotic bowel dilation in combination with luminal
narrowing defines a bowel stricture—considered mild if the
luminal diameter is 3-4 cm and moderate to severe if
>4 cm.10 If a stricture is suspected but there is not



Figure 2 Crohn disease associated abscess depicted on MR enterography. A 12-year-old boy with Crohn disease status
posthemicolectomy and perianal disease presenting with fever. Axial diffusion-weighted (B = 800) (A), apparent diffu-
sion coefficient (B), and postcontrast axial T1-weighted VIBE fat-saturated (C) images show restricted diffusion and
rim enhancement, in the area of a known perianal fistula, consistent with an abscess (arrows).
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prestenotic dilatation, this may be an artifact related to poor
patient oral contrast intake and the site can be assessed on
follow-up exams or by cinematic SSFP to evaluate for poor
peristalsis.10 Fecalization (small gas bubbles and mixed den-
sity/intensity material) of distal small bowel contents may
reflect chronic bacterial overgrowth and stasis related to a
stricture, and is best demonstrated on unenhanced T1-
weighted fat-saturated gradient recalled echo (GRE) imaging
as high signal bowel contents with susceptibility voids from
gas. Description of the stricture should include location,
length, presence, and maximum diameter of upstream dila-
tion, and presence/absence of active inflammation.
Penetrating Disease Associated With an
Abscess Is a Contraindication to Most
Immunomodulatory Therapies
Although penetrating disease is often an indication for biologic
therapy, the presence of an abscess is typically a contraindica-
tion to biologic and other immunomodulatory therapies, due
to the risk of overwhelming infection. The presence of an intra-
abdominal or perianal abscess typically necessitates discontinu-
ation of any immunomodulatory medications and initiation of
antibiotics with possible drainage of large or antibiotic-refrac-
tory abscesses.26 Abscesses should be treated before initiation
or re-initiation of immunomodulatory therapy,27 with one
advantage of abscess drainage being prompt initiation of immu-
nodulatory therapy and lower rates of bowel resection later.28

On MR enterography, abscesses appear as T2-weighted hyper-
intense fluid collections with peripheral enhancement on post-
contrast imaging. DWI is particularly useful in identifying
abscesses,29,30 which appears as bright on DWI and dark on
ADC (Fig. 2).
Extraintestinal manifestations can be
identified on MR enterography
Although the focus of MR enterography is often on bowel
wall abnormalities, careful attention should also be paid to
the extraintestinal manifestations of Crohn disease, which
can affect a wide variety of organ systems. The most impor-
tant manifestations to document include sacroiliitis, pri-
mary sclerosing cholangitis (PSC) and avascular necrosis
(AVN), due to their clinical implications.10 Nephrolithiasis
and cholelithiasis can be seen as well. Sacroiliitis has been
identified in up to 27% of Crohn disease patients,31

although it is less common in children than adults with
Crohn disease. On MRI, sacroiliitis appears as increased T2
signal or enhancement of the sacroiliac joint32 (Fig. 3A).
Although PSC is more closely associated with ulcerative
colitis, Crohn patients (particularly those with colonic
involvement of disease) can present with PSC (Fig. 3B).
The incidence of PSC is lower in children with Crohn dis-
ease than in adults with the disease,33 with one study
showing that while 3.4% of adult Crohn patients had PSC
on biopsy, while a separate study has demonstrated that
only 0.3% of pediatric Crohn patients had PSC.34,35 Since
PSC can progress to liver failure and increases the risk of
malignancy, it is very important to identify on imaging.
PSC presents with strictures and saccular dilations of the
biliary tree, creating a classic “beaded” appearance. Intra
and/or extrahepatic biliary ducts also demonstrate wall
thickening and enhancement.36 If PSC is suspected on MR
enterography, Magnetic Resonance Cholangio-Pancreatog-
raphy (MRCP) may be warranted for as it provides better
evaluation of the biliary tree.

AVN can be seen in up to 2.1% of patients with IBD37 and
presents most commonly in the femoral head. On MRI, a



Figure 3 Extraintestinal manifestations of Crohn disease depicted on MR enterography. (A) 9-year-old boy with Crohn
disease presenting with bilateral hip pain, right greater than left. Coronal postcontrast 3D T1-weighted fat-saturated
images demonstrate enhancement of the sacroiliac joints, respectively, consistent with sacroiliitis (arrows). (B and C)
18-year-old female with known IBD presenting with abdominal pain. A coronal ssT2W image (B) demonstrates subtle
biliary dilatation. An MRCP (C) demonstrates more obvious beading of the bile ducts consistent with primary scleros-
ing cholangitis. (D) 13-year-old boy with Crohn disease on immunomodulatory therapy presenting with intermittent
abdominal pain. A coronal ssT2W image demonstrates flattening and widening of the left femoral head with a small
joint effusion, likely sequela of remote avascular necrosis (arrow).
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double-line sign is often seen, which describes an inner T2-
weighted hyperintense signal representing granulation tissue,
with an outer rim of T2 dark signal representing a sclerotic
band of tissue. More advanced disease will present as collapse
of the femoral head (Fig. 3C).
Certain extraintestinal manifestations correlate with sever-

ity of gastrointestinal inflammation, such as disorders of the
skin, eyes and joints.38 Other extraintestinal manifestations,
such as hepatobiliary or cardiothoracic involvement, do not
correspond to the severity of gastrointestinal inflammation.
Cardiothoracic manifestations are highly variable, but
include congestive heart failure and bronchiectasis.38
Pitfalls
Below are listed some issues to keep in mind when interpret-
ing MR enterography studies, including factors that can lead
to compromised image quality.
Suboptimal Distention of Bowel Loops Can
Lead to Misdiagnosis
As previously discussed, obtaining accurate measurement of
the bowel wall is crucial to the diagnosis of Crohn disease
and assessment disease activity. A lack of proper bowel wall
distention can lead to overdiagnosis of bowel thickening11

(Fig. 4). Underdistention is typically related to low volume of
oral contrast ingested by the patient. Reducing the likelihood
of under-distention can be achieved by attention to the
choice of oral contrast agent (nonabsorbable, hyperosmo-
lar), volume and rate of administration. In patients who
drink contrast slowly, waiting 20-30 minutes after the last
cup of oral contrast is ingested can help ensure that contrast
passed into the small bowel and is not retained in the stom-
ach.39 Prone positioning helps to decrease abdominal dis-
tention and scan times in adults, but supine positioning if
often better tolerated by children.40 In pediatric patients, the
total volume of oral contrast consumed is often based on
patient weight (eg, 20 mL/kg).6 Ingestion of a large volume



Figure 4 Suboptimal MR enterography bowel distention limits small
bowel evaluation. 15-year-old girl presenting with 6 months of
abdominal pain, weight loss, nausea/ vomiting, and fatigue. An axial
ssT2W image demonstrates under-distention of the terminal ileum
(arrow), limiting evaluation for underlying pathology.
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of oral contrast can be challenging in children, particularly
when patients are symptomatic. Oral contrast agents that
either are less viscous or are powdered and can be dissolved
in the patient’s beverage of choice have been shown to
improve tolerability and patient compliance with pediatric
MR enterography.6,41-44 Voiding immediately prior to the
MRI scan also reduces mass effect on bowel adjacent to a dis-
tended urinary bladder and improves patient comfort during
the scan.8
The Perianal Region May Be Incompletely
Imaged or Evaluated on MR Enterography
Standard MR enterography has been shown to have good
performance for detection of perianal Crohn disease in the
pediatric population45 (Fig. 5). However, occasionally the
perianal region is incompletely imaged due to the large ana-
tomic coverage required, particularly in the axial plane.
Figure 5 The perianal region should be completely imaged on M
disease presented with abdominal pain and fever. An axial-en
part of an initial MR enterography did not include the full field
fistula protocol 6 weeks later was performed. Axial T2-weigh
sphinteric fistula at the 6:00 position (arrow), which is now in
tula protocol and likely was present on the prior study.
Technologists and radiologists who are performing and mon-
itoring these exams should be aware that the anal sphincter
complex is an important part of MR enterography anatomic
coverage.

One potential disadvantage of MR enterography for peria-
nal disease evaluation is the large field of view that may
reduce sensitivity for detecting subtle fistulae and sinuses.45

If there is high suspicion for perianal disease, then addi-
tional small field of view fluid sensitive sequences can be
added to the standard MR enterography protocol.46,47 These
sequences are tailored to capture the complex anatomy of the
anal canal, which is crucial for surgical planning.46,48

Sequences should be obliquely oriented to be orthogonal or
parallel to the anal canal.49 Example sequences include FSE
T2-weighted fat-saturated or STIR images.50 The challenge
with adding dedicated perianal sequences is to keep the over-
all scan times as short as possible in these patients who are
full of enteric contrast. In general, total scan time should be
45 minutes or less if possible. Regardless of clinical suspi-
cion, the perianal region should be inspected carefully on all
MR enterography studies because imaging features of peria-
nal disease may precede clinical symptoms.
Artifacts Can Degrade MR Enterography
Image Quality
The radiologist should be aware of a variety of artifacts that
can lead to reduced MR enterography image quality. Some
artifacts are related to poor oral contrast ingestion. For exam-
ple, when there is air within the bowel lumen that is not dis-
placed by oral contrast, GRE postcontrast sequences are
prone to susceptibility artifact from air, especially at 3T (Fig.
6). Also, enteric succus that is not displaced by oral contrast
often demonstrates high T1-weighted signal intensity can
that can obscure enhancement on T1-weighted fat-sup-
pressed postcontrast images (Fig. 7). In this case, digital sub-
traction images can be obtained that can eliminate the
intrinsic T1-weighted signal of small bowel contents. A third
R enterography. 16-year-old boy with history of Crohn
hanced 3D T1W fat-suppressed image (A) performed as
of view of the perianal region. A follow-up MR perianal
ted fat-saturated image (B) demonstrates a small trans-
cluded on the dedicated field of view in the perianal fis-



Figure 7 Intrinsic T1W signal intensity from enteric contents masks bowel enhancement, necessitating digital subtrac-
tion imaging. A 15-year-old boy with history of Crohn disease presenting with abdominal pain. A coronal-enhanced
T1W fat-suppressed image (A) demonstrates high T1W signal throughout the terminal ileum due to intrinsic signal of
enteric contents. However, digital subtraction imaging (B) that removes the precontrast T1W fat-suppressed mask
image more clearly demonstrates abnormal enhancement of the terminal ileum (arrow).

Figure 6 Susceptibility artifact from air within bowel degrades image quality of GRE postcontrast imaging. A 12-year-
old girl with a history of Crohn disease presented with worsening diarrhea. A coronal ssT2W image (A) demonstrates
an air-filled distended transverse colon. A coronal enteric phase-enhanced 3D GRE T1W fat-suppressed image demon-
strates significant susceptibility artifact from the air (B) obscuring the bowel wall enhancement pattern.
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artifact is bowel peristalsis that can result in phase encoding
ghost artifacts and decreased image quality (Fig. 8). Glucagon
can be used as an antispasmodic agent to reduce peristalsis
artifact and improve visualization of the bowel. However, glu-
cagon can cause nausea and vomiting, as well as increasing
MR examination length by an average of 13 minutes.51 Of
note, Dillman et al showed that less than 10% of pediatric
patients who received IV glucagon in conjunction with their
MR enterography experienced emesis, with hyoscine butylbro-
mide—an alternate antiperistaltic agents commonly used for
MR enterography outside the United States—also well toler-
ated.8,51 Newer MRI acceleration techniques can reduce image
time associated with MR enterography pulse sequences and
help mitigate peristaltic and other patient motion artifacts.52
Patient Compliance With MR Enterography
Examinations Can Be Challenging for the
Pediatric Population
MR examinations can be particularly challenging in the pedi-
atric population, given patients’ claustrophobia, limited abil-
ity to hold still, and anxiety in an unfamiliar setting.
Occasionally, deep sedation is required for MR enterography



Figure 8 Bowel peristalsis causing motion artifact. A 16-year-old
female with a history of Crohn disease presenting with abdominal
pain. Coronal-enhanced T1W fat-suppressed image obtained with-
out bowel antiperistaltic agent administration demonstrates active
inflammation in the terminal ileum (white arrow), that is well visu-
alized due to relative aperistalsis. The remaining small bowel is
obscured by bowel peristalsis (gray arrow).
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examinations, with one institution reporting up to 20% of all
pediatric MR enterography studies requiring general anesthe-
sia.53 Deep sedation is generally considered for patients
under the age of 9 or 10.54 For patients who are unable to
tolerate MR exams and are not candidates for sedation, CT
enterography can be used for initial diagnosis.55 CT enterog-
raphy can be performed in <5 seconds and is less likely to
provoke claustrophobia. However, CT enterography results
in exposure to ionizing radiation, which is a concern for the
pediatric Crohn disease population that is likely to undergo
multiple image studies over the course of their lifetime.4 One
way to improve the MRI experience or children is to involve
child life specialists, who help to prepare children for MRI
and help them cope with the experience. Child life specialist
Figure 9 Normal jejunum can exhibit restricted diffusion on DW
17-year-old female undergoing MR enterography who did no
normal nodularity of the jejunum and mild apparent wall th
DWI (B = 800) image (B) shows restricted diffusion (arrow).
involvement has been shown to reduce the sedation require-
ment for pediatric MRI.56,57 Additionally, optimizing MR
enterography protocols to utilize new acceleration techniques
(such as compressed sensing reconstruction and multiband
excitation) and reduce redundant sequences can substantially
decrease imaging time and allow more children to under MR
enterography awake.56
Access to MR Enterography May Be Limited;
Consider Low-Dose CT in These Cases
Availability of MR enterography may be limited in certain sit-
uations. For example, although the United States has the sec-
ond highest number of MRI units per population (38 per 1
million), the distribution of units is not uniform58,59 and
scanners may not available in rural communities. Similarly,
the technologist and radiologist expertise to perform and
interpret MR enterography exams in children may be limited,
particularly off-hours and on weekends. CT enterography
can be considered as an alternate imaging modality in these
situations since CT scanners are generally more readily avail-
able in emergency room settings compared with MRI, and
CT exams can be performed easily 24/7.58

Another consideration for the role of CT as an alternate
imaging modality is in children presenting with urgent symp-
toms who are unable to tolerate the oral contrast preparation
for MR enterography.60,61 In this situation, CT with intrave-
nous contrast only (no oral contrast) is likely to be more
helpful in the evaluation for bowel disease as well as urgent
complications (free intraperitoneal air from perforation,
abscess) compared with MRI without oral contrast.
Other Challenges in MR Enterography
Interpretation
While the imaging features of active Crohn disease on MR
enterography are well established,10 there are other chal-
lenges related to image interpretation, including how to deal
with cases in which some imaging features of active disease
but not others are present. One study of pediatric MR
I that can be mistaken for active Crohn disease. In this
t have Crohn disease, an axial bSSFP image (A) shows
ickening from under-distention (arrow), while an axial
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enterography patients found that mural MRI features (bowel
wall thickening and hyperenhancement) were more reliable
than mesenteric features compared with histologic refer-
ence.14 Also, while DWI is generally helpful for detecting
active bowel inflammation, the jejunum can demonstrate
low ADC values and wall thickening at baseline that should
not be confused with active disease (Fig. 9).62 Finally, the
characterization of strictures as inflammatory or fibrotic can
be challenging by MR enterography, even with the use of
advanced analysis techniques such as texture analysis.63 In
pediatric Crohn patients, stricture characterization may be
less important than in adults, as pediatric patients with short
segment strictures of any type may still require mechanical
treatment if persistent.
Finally, while MRE is most often indicated for the evalua-

tion of Crohn disease, it is important to realize that many of
the same imaging findings can be seen in variety of other
pathologic entities which involve the terminal ileum, includ-
ing lymphoid hyperplasia, ulcerative colitis, infection, and
NSAID use, all of which can mimic Crohn disease radio-
graphically and endoscopically.64 As such, it is important to
consider of other entities in a child presenting with presumed
Crohn disease, and realize that biopsy remains the gold stan-
dard for diagnosis.
Conclusion
Overall, MR enterography offers substantial benefits to
patients and clinicians by directly impacting their clinical
management. Careful assessment for abnormal bowel wall
thickness, penetrating disease including abscesses and extra-
intestinal manifestations is crucial to the treatment of Crohn
disease. The radiologist needs to also be aware of potential
pitfalls, including suboptimal bowel distention, intraluminal
food debris and MR artifacts. Furthermore, if there is clinical
suspicion for penetrating anal disease, dedicated sequences
are required. Lastly, patients’ tolerance for MR exams, as well
as access to MR units and appropriateness in the acute set-
ting, may limit feasibility of MR enterography.
References
1. Diefenbach KA, Breuer CK: Pediatric inflammatory bowel disease.

World J Gastroenterol 12:3204-3212, 2006
2. Kim DH, Carucci LR, Baker ME, et al: ACR appropriateness criteria

Crohn disease. J Am Coll Radiol 12, 2015. 1048-1057.e4
3. Amzallag-Bellenger E, Oudjit A, Ruiz A, et al: Effectiveness of MR enter-

ography for the assessment of small-bowel diseases beyond Crohn dis-
ease. Radiographics 32:1423-1444, 2012

4. Desmond AN, O’Regan K, Curran C, et al: Crohn’s disease: Factors asso-
ciated with exposure to high levels of diagnostic radiation. Gut
57:1524-1529, 2008

5. Gee MS, Nimkin K, Hsu M, et al: Prospective evaluation of MR enterog-
raphy as the primary imaging modality for pediatric Crohn disease
assessment. Am J Roentgenol 197:224-231, 2011

6. Mollard BJ, Smith EA, Dillman JR: Pediatric MR enterography: Tech-
nique and approach to interpretation—How we do it. Radiology
274:29-43, 2015
7. Mojtahed A, Gee MS: Magnetic resonance enterography evaluation of
Crohn disease activity and mucosal healing in young patients. Pediatr
Radiol 48:1273-1279, 2018

8. Greer M-LC: How we do it: MR enterography. Pediatr Radiol 46:818-
828, 2016

9. Moy MP, Sauk J, Gee MS: The role of MR enterography in assessing
Crohn’s disease activity and treatment response. Gastroenterol Res Pract
2016:8168695, 2016

10. Bruining DH, Zimmermann EM, Loftus EV, et al: Consensus recom-
mendations for evaluation, interpretation, and utilization of computed
tomography and magnetic resonance enterography in patients with
small bowel Crohn’s disease. Radiology 286:776-799, 2018

11. Tolan DJM, Greenhalgh R, Zealley IA, et al: MR enterographic
manifestations of small bowel Crohn disease. Radiographics 30:367-
384, 2010

12. Hara AK, Swartz PG: CT enterography of Crohn’s disease. Abdom Imag-
ing 34:289-295, 2009

13. Koh DM, Miao Y, Chinn RJS, et al: MR imaging evaluation of the activity
of Crohn’s disease. Am J Roentgenol 177:1325-1332, 2001

14. Gale HI, Sharatz SM, Taphey M, et al: Comparison of CT enterography
and MR enterography imaging features of active Crohn disease in chil-
dren and adolescents. Pediatr Radiol 47:1321-1328, 2017

15. Zitomersky N, Bousvaros A: Overview of the management of Crohn dis-
ease in children and adolescents - UpToDate [Internet]. [cited 2019 Aug
13]. Available from: https://www.uptodate.com/contents/overview-of-
the-management-of-crohn-disease-in-children-and-adolescents?search=
management%20crohn%20pediatric&source=search_result&
selectedTitle=1»150&usage_type=default&display_rank=1

16. Avidan B, Sakhnini E, Lahat A, et al: Risk factors regarding the need for
a second operation in patients with Crohn’s disease. DIG 72:248-253,
2005

17. Borley NR, Mortensen NJM, Chaudry MA, et al: Recurrence after
abdominal surgery for Crohn’s disease: Relationship to disease site and
surgical procedure. Dis Colon Rectum 45:377-383, 2002

18. Simillis C, Yamamoto T, Reese GE, et al: A meta-analysis comparing
incidence of recurrence and indication for reoperation after surgery for
perforating versus nonperforating Crohn’s disease. Am J Gastroenterol
103:196-205, 2008

19. Kerur B, Machan JT, Shapiro JM, et al: Biologics delay progression of
Crohn’s disease, but not early surgery, in children. Clin Gastroenterol
Hepatol 16:1467-1473, 2018

20. Kang B, Choe YH: Early biologic treatment in pediatric Crohn’s disease:
Catching the therapeutic window of opportunity in early disease by
treat-to-target. Pediatr Gastroenterol Hepatol Nutr 21:1-11, 2018

21. Ruemmele FM, Veres G, Kolho KL, et al: Consensus guidelines of
ECCO/ESPGHAN on the medical management of pediatric Crohn’s dis-
ease. J Crohn Colitis 8:1179-1207, 2014

22. Cohen BL, Sachar DB: Update on anti-tumor necrosis factor agents and
other new drugs for inflammatory bowel disease. BMJ 357, 2017. [cited
2019 Nov 17] Available from: https://www.bmj.com/content/357/bmj.j2505

23. Orscheln ES, Dillman JR, Towbin AJ, et al: Penetrating Crohn disease:
Does it occur in the absence of stricturing disease? Abdom Radiol
43:1583-1589, 2018

24. Kugathasan S, Denson LA, Walters TD, et al: Prediction of complicated
disease course for children newly diagnosed with Crohn’s disease: A
multicentre inception cohort study. Lancet 389:1710-1718, 2017

25. Oberhuber G, Stangl PC, Vogelsang H, et al: Significant association of
strictures and internal fistula formation in Crohn’s disease. Virchows
Arch 437:293-297, 2000

26. Pfefferkorn MD, Marshalleck FE, Saeed SA, et al: NASPGHAN clinical
report on the evaluation and treatment of pediatric patients with inter-
nal penetrating Crohn disease: Intraabdominal abscess with and without
fistula. J Pediatr Gastroenterol 57:394-400, 2013

27. Lichtenstein GR, Loftus EV, Isaacs KL, et al: ACG clinical guideline:
Management of Crohn’s disease in adults. Am J Gastroenterol 113:481,
2018

28. Pugmire BS, Gee MS, Kaplan JL, et al: Role of percutaneous abscess
drainage in the management of young patients with Crohn disease.
Pediatr Radiol 46:653-659, 2016

http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0001
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0001
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0002
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0002
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0003
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0003
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0003
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0004
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0004
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0004
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0005
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0005
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0005
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0006
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0006
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0006
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0007
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0007
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0007
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0008
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0008
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0009
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0009
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0009
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0010
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0010
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0010
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0010
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0011
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0011
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0011
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0012
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0012
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0013
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0013
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0014
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0014
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0014
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/overview-of-the-management-of-crohn-disease-in-children-and-adolescents?search=management%20crohn%20pediatric&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0015
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0015
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0015
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0016
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0016
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0016
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0017
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0017
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0017
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0017
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0018
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0018
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0018
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0019
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0019
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0019
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0020
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0020
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0020
https://www.bmj.com/content/357/bmj.j2505
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0022
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0022
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0022
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0023
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0023
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0023
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0024
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0024
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0024
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0025
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0025
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0025
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0025
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0026
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0026
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0026
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0027
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0027
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0027


Pearls and Pitfalls in MR Enterography Interpretation 471
29. Morani AC, Smith EA, Ganeshan D, et al: Diffusion-weighted MRI in
pediatric inflammatory bowel disease. Am J Roentgenol 204:1269-
1277, 2015

30. Neubauer H, Platzer I, Mueller VR, et al: Diffusion-weighted MRI of
abscess formations in children and young adults. World J Pediatr
8:229-234, 2012

31. Peeters H, Cruyssen BV, Mielants H, et al: Clinical and genetic factors
associated with sacroiliitis in Crohn’s disease. J Gastroenterol Hepatol
23:132-137, 2008

32. Smith EA, Dillman JR, Adler J, et al: MR enterography of extraluminal
manifestations of inflammatory bowel disease in children and adoles-
cents: Moving beyond the bowel wall. Am J Roentgenol 198:W38-W45,
2012

33. Kaplan GG, Laupland KB, Butzner D, et al: The burden of large and
small duct primary sclerosing cholangitis in adults and children: A pop-
ulation-based analysis. Am J Gastroenterol 102:1042-1049, 2007

34. Rasmussen HH, Fallingborg JF, Mortensen PB, et al: Hepatobiliary dys-
function and primary sclerosing cholangitis in patients with Crohn’s dis-
ease. Scand J Gastroenterol 32:604-610, 1997

35. Deneau M, Jensen MK, Holmen J, et al: Primary sclerosing cholangitis,
autoimmune hepatitis, and overlap in Utah children: Epidemiology and
natural history. Hepatology 58:1392-1400, 2013

36. Majoie CB, Reeders JW, Sanders JB, et al: Primary sclerosing cholangitis:
A modified classification of cholangiographic findings. Am J Roentgenol
157:495-497, 1991

37. Rolston VS, Patel AV, Learch TJ, et al: Prevalence and associations of avas-
cular necrosis of the hip in a large well-characterized cohort of patients
with inflammatory bowel disease. J Clin Rheumatol 25:45, 2019

38. Olpin JD, Sjoberg BP, Stilwill SE, et al: Beyond the bowel: Extraintesti-
nal manifestations of inflammatory bowel disease. Radiographics
37:1135-1160, 2017

39. Lohan D, Cronin C, Meehan C, et al: MR small bowel enterography:
Optimization of imaging timing. Clin Radiol 62:804-807, 2007

40. Cronin CG, Lohan DG, Mhuircheartaigh JN, et al: MRI small-bowel fol-
low-through: Prone versus supine patient positioning for best small-bowel
distention and lesion detection. Am J Roentgenol 191:502-506, 2008

41. Frush DP: Oral contrast agents for pediatric CT and MR enterography:
It’s a matter of good taste. Radiology 288:252-253, 2018

42. Gottumukkala RV, LaPointe A, Sargent D, et al: Comparison of three
oral contrast preparations for magnetic resonance enterography in pedi-
atric patients with known or suspected Crohn disease: A prospective
randomized trial. Pediatr Radiol 49:889-896, 2019

43. Kolbe AB, Haas LA, Bartlett DJ, et al: Comparison of two small bowel
distending agents for enterography in pediatric small bowel imaging.
Abdom Radiol (NY) 44:3252-3262, 2019

44. Dillman JR, Towbin AJ, Imbus R, et al: Comparison of two neutral oral
contrast agents in pediatric patients: A prospective randomized study.
Radiology 288:245-251, 2018

45. AlSabban Z, Carman N, Moineddin R, et al: Can MR enterography
screen for perianal disease in pediatric inflammatory bowel disease?:
Can MRE screen for perianal disease in P-IBD? J Magn Reson Imaging
47:1638-1645, 2018
46. Jamieson DH, Shipman P, Jacobson K: Magnetic resonance imaging of
the perineum in pediatric patients with inflammatory bowel disease.
Can J Gastroenterol 27:476-480, 2013

47. Ong EMW, Ghazi LJ, Schwartz DA, et al: Guidelines for imaging
of Crohn’s perianal fistulizing disease. Inflamm Bowel Dis 21:731-736,
2015

48. Buchanan G, Halligan S, Williams A, et al: Effect of MRI on clinical outcome
of recurrent fistula-in-ano. Lancet North Am Ed 360:1661-1662, 2002

49. de Miguel Criado J, del Salto LG, Rivas PF, et al: MR imaging evaluation
of perianal fistulas: Spectrum of imaging features. Radiographics
32:175-194, 2012

50. Sheedy SP, Bruining DH, Dozois EJ, et al: MR imaging of perianal Crohn
disease. Radiology 282:628-645, 2017

51. Dillman JR, Smith EA, Khalatbari S, et al: IV glucagon use in pediatric
MR enterography: Effect on image quality, length of examination, and
patient tolerance. Am J Roentgenol 201:185-189, 2013

52. Jaimes C, Kirsch JE, Gee MS: Fast, free-breathing and motion-mini-
mized techniques for pediatric body magnetic resonance imaging.
Pediatr Radiol 48:1197-1208, 2018

53. Mollard BJ, Smith EA, Lai ME, et al: MR enterography under the age
of 10 years: A single institutional experience. Pediatr Radiol 46:43-49,
2016

54. Absah I, Bruining DH, Matsumoto JM, et al: MR enterography in pediat-
ric inflammatory bowel disease: Retrospective assessment of patient tol-
erance, image quality, and initial performance estimates. Am J
Roentgenol 199:W367-W375, 2012

55. Towbin AJ, Sullivan J, Denson LA, et al: CT and MR enterography in
children and adolescents with inflammatory bowel disease. Radio-
graphics 33:1843-1860, 2013

56. Jaimes C, Gee MS: Strategies to minimize sedation in pediatric body
magnetic resonance imaging. Pediatr Radiol 46:916-927, 2016

57. Durand DJ, Young M, Nagy P, et al: Mandatory child life consultation
and its impact on pediatric MRI workflow in an academic medical cen-
ter. J Am Coll Radiol 12:594-598, 2015

58. Papanicolas I, Woskie LR, Jha AK: Health care spending in the United
States and other high-income countries. JAMA 319:1024-1039, 2018

59. Ginde AA, Foianini A, Renner DM, et al: Availability and quality of com-
puted tomography and magnetic resonance imaging equipment in U.S.
emergency departments. Acad Emerg Med 15:780-783, 2008

60. Anupindi SA, Podberesky DJ, Towbin AJ, et al: Pediatric inflammatory
bowel disease: Imaging issues with targeted solutions. Abdom Imaging
40:975-992, 2015

61. Duigenan S, Gee MS: Imaging of pediatric patients with inflammatory
bowel disease. Am J Roentgenol 199:907-915, 2012

62. Rapp JB, Arupink SA, Maya CL, et al: Assessment of normal jejunum
with diffusion weighted imaging on MRE in children. Pediatr Radiol
48:1763-1770, 2018

63. Tabari A, Kilcoyne A, Jeck WR, et al: Texture analysis of magnetic reso-
nance enterography contrast enhancement can detect fibrosis in Crohn
disease strictures. J Pediatr Gastroenterol Nutr 69:533-538, 2019

64. Bojic D, Markovic S: Terminal ileitis it not always Crohn's disease. Ann
Gastroenterol 24:271-275, 2011

http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0028
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0028
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0028
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0029
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0029
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0029
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0030
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0030
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0030
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0031
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0031
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0031
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0031
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0032
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0032
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0032
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0033
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0033
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0033
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0034
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0034
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0034
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0035
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0035
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0035
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0036
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0036
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0036
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0037
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0037
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0037
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0038
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0038
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0039
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0039
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0039
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0040
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0040
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0041
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0041
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0041
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0041
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0042
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0042
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0042
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0043
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0043
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0043
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0044
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0044
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0044
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0044
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0045
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0045
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0045
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0046
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0046
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0046
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0047
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0047
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0048
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0048
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0048
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0049
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0049
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0050
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0050
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0050
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0051
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0051
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0051
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0052
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0052
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0052
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0053
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0053
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0053
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0053
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0054
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0054
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0054
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0055
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0055
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0056
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0056
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0056
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0057
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0057
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0058
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0058
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0058
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0059
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0059
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0059
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0060
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0060
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0061
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0061
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0061
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0062
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0062
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0062
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0063
http://refhub.elsevier.com/S0887-2171(20)30048-2/sbref0063

	Pearls and Pitfalls in MR Enterography Interpretation for Pediatric Patients
	Introduction
	Pearls
	Wall Thickness &ge;3 mm in Distended Bowel Is Abnormal
	Penetrating Disease Imaging Features Are Often an Indication for Biologic Therapy
	Penetrating Disease Typically Occurs at Sites of Luminal Narrowing
	Penetrating Disease Associated With an Abscess Is a Contraindication to Most Immunomodulatory Therapies
	Extraintestinal manifestations can be identified on MR enterography

	Pitfalls
	Suboptimal Distention of Bowel Loops Can Lead to Misdiagnosis
	The Perianal Region May Be Incompletely Imaged or Evaluated on MR Enterography
	Artifacts Can Degrade MR Enterography Image Quality
	Patient Compliance With MR Enterography Examinations Can Be Challenging for the Pediatric Population
	Access to MR Enterography May Be Limited; Consider Low-Dose CT in These Cases
	Other Challenges in MR Enterography Interpretation

	Conclusion
	References


