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Abstract

Background While MR enterography (MRE) is commonly
used to identify segments of bowel affected by Crohn
disease in children, there is little data to support this
practice.

Objective To assess the ability of MRE to identify segments
of small bowel and colon affected by pediatric Crohn
disease using histopathology as the reference standard.
Materials and methods Pediatric MRE examinations per-
formed between April 2009 and December 2010 were
identified. Subjects were excluded if they did not have
Crohn disease, if they had Crohn disease but no correlative
histopathology within 2 months of imaging, or if they had
undergone prior bowel resection. Pertinent MRE and
histopathology reports were reviewed, and normal and
abnormal bowel segments were documented.

J. R. Dillman (P<) - M. F. Ladino-Torres * P. J. Strouse
Department of Radiology, C.S. Mott Children’s Hospital, Section
of Pediatric Radiology, University of Michigan Health System,
1500 East Medical Center Drive,

Ann Arbor, MI 48109, USA

e-mail: jonadill@med.umich.edu

J. Adler + V. DeMatos-Malliard

Department of Pediatrics and Communicable Diseases, C. S. Mott
Children’s Hospital, Division of Pediatric Gastroenterology,
University of Michigan Health System,

Ann Arbor, MI, USA

J. B. McHugh
Department of Pathology, University of Michigan Health System,
Ann Arbor, MI, USA

S. Khalatbari

University of Michigan Institute for Clinical
Health Research (MICHR),

Ann Arbor, MI, USA

@ Springer

Results Thirty-two pediatric MRE examinations were iden-
tified with correlative histopathology. MRE had an overall
sensitivity of 94% for detecting the presence of Crohn
disease, in general. At the bowel segmental level, MRE had
a sensitivity of 66%, specificity of 90%, positive predictive
value of 85% and negative predictive value of 76%. The
terminal ileum was abnormal by MRE in 11 of 15 (73%)
subjects lacking a diagnostic biopsy of this bowel segment.
Conclusion MRE successfully identifies small bowel and
colon segments affected by pediatric Crohn disease.

Keywords MR enterography - Crohn disease - Children -
Histopathology

Introduction

Crohn disease is relatively common in the pediatric
population, with up to 20-30% of affected individuals
presenting during either childhood or adolescence [1, 2]. Its
incidence in children appears to be increasing, having
doubled during a recent 10-year period [1], and it may
present in children younger than 3 years of age [3]. While
ileocolonoscopy with biopsy is the primary tool for
diagnosing and following this condition in both pediatric
and adult patients [4], radiological assessment is commonly
performed for a variety of reasons, including to identify
segments of bowel affected by Crohn disease at the time of
initial diagnosis, to assess changes in small bowel and
colon disease activity over time, to determine disease
response to medical management and to evaluate for
disease-related complications.

While the imaging assessment of pediatric Crohn disease
was limited primarily to endoluminal barium studies (such
as small bowel follow-through, small bowel enteroclysis
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and contrast enema) in the past, cross-sectional imaging
modalities, such as CT enterography (CTE) [5], MR
enterography (MRE) [6-11], and, on occasion, ultrasound
[12—18] are regularly utilized today. During the past few
years, MRE has become the de facto imaging test of choice
for assessing pediatric Crohn disease at many institutions,
including ours, due to its lack of ionizing radiation [19] and
its ability to assess for both intestinal (small bowel and
colon) and extra-intestinal disease manifestations. This
change in practice pattern, however, is based on limited
medical evidence, as there are very few studies comparing
MRE findings to histopathology specimens in children with
Crohn disease.

The purpose of this study was to assess retrospectively
the ability of MRE to identify segments of small bowel and
colon affected by Crohn disease in children using histopa-
thology as the reference standard. Additionally, we wanted
to establish how frequently unequivocal terminal ileitis is
diagnosed by MRE in the setting of a nondiagnostic
terminal ileal biopsy specimen.

Methods and materials

Institutional review board (IRB) approval was obtained
prior to performing this retrospective HIPAA-compliant
investigation. The requirement for subject informed consent
was waived.

All pediatric (patients younger than 18 years of age)
MRE examinations performed between April 1, 2009, and
December 31, 2010, within the University of Michigan
Health System were identified. Subjects were excluded if

they did not have or were not eventually diagnosed with
Crohn disease, if they had Crohn disease but no histopath-
ological specimen available for review within 2 months of
their imaging study, or if they had Crohn disease and had
undergone prior bowel resection. All MRE examinations
included in this study were performed at a field strength of
1.5 Tesla (Achieva; Philips Healthcare, Best, The Nether-
lands) using a standard protocol for all patients, including
axial and coronal T2-weighted single-shot turbo spin-echo
(SSTSE), axial and coronal two-dimensional (2-D) steady-
state free precession (SSFP), axial T2-weighted turbo spin-
echo (TSE) with fat saturation, axial diffusion-weighted,
coronal dynamic postcontrast three-dimensional (3-D) T1-
weighted spoiled gradient recalled echo (SPGR) with fat
saturation, and coronal/axial delayed postcontrast 3-D T1-
weighted SPGR with fat-saturation pulse sequences. Oral
contrast material (VoLumen; E-Z-EM/Bracco Imaging,
Princeton, N.J.) was consumed by all children prior to
imaging using a weight-based protocol. Intravenous gluca-
gon was administered to all children prior to postcontrast
imaging to minimize bowel peristalsis-related artifacts, also
using a weight-based protocol.

MRE/histopathology correlation for Crohn disease

Pertinent MRE reports (rather than MRE images) were
retrospectively reviewed. Both normal (unaffected by
Crohn disease) and abnormal (affected by Crohn discase)
small bowel (excluding the duodenum) and colon segments
were documented based upon the “Findings” and “Impres-
sions” sections of the imaging reports. No specific imaging
report finding or constellation of imaging report findings

191 MRE exams during
study period
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Fig. 1 Flow diagram for study
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was used to strictly define abnormal bowel segments. The
small bowel and colon were divided into the following
eight segments: jejunum, ileum, cecum, ascending colon,
transverse colon, descending colon, sigmoid colon and
rectum. If the imaging report failed to mention a portion of
the bowel, this segment (or segments) was excluded from
our results and statistical analysis. Severity of disease by
MRE was not considered.

Next, histopathology reports from either endoscopic
biopsy or surgical bowel resection within 2 months of
MRE were separately and retrospectively reviewed. Again,
both small bowel (excluding the duodenum) and colon
segments were documented as being either normal or
abnormal. The small bowel and colon were divided into
the following seven segments: ileum, cecum, ascending
colon, transverse colon, descending colon, sigmoid colon
and rectum. If the histopathology report failed to mention a
portion of the bowel, this segment (or segments) was
excluded from our results and statistical analysis. Severity
of disease by histopathology was not considered.

Assessment of jejunal/ileal Crohn disease in the absence
of available histopathology

Regarding MRE examinations with reported evidence of
jejunal or ileal Crohn disease and no available diagnostic
histopathological data, images were reviewed retrospective-
ly by three pediatric radiologists. Crohn disease was
considered to be present only if there was unanimous
consensus opinion regarding the abnormality of the bowel
segment (or segments) in question. These radiologists only
were asked to document whether a bowel segment was
normal or abnormal; they were not asked to detail specific
MRE findings (such as bowel wall thickening, abnormal
bowel wall postcontrast hyperenhancement, etc.).

Fig. 3 A 17-year-old boy with a history of colonic Crohn disease and
increasing abdominal pain. MRE demonstrated marked terminal ileitis
and apparent involvement of the cecum, while pancolonic endoscopic
biopsies were normal and no diagnostic terminal ileal biopsy was
obtained. Axial T2-W TSE image with fat saturation shows marked
terminal ileal mural thickening and edema (white arrows). Inflamma-
tory changes are noted in the adjacent mesentery. The cecal wall
(black arrow) appears thickened and edematous

Demographic information at the time of MRE, including
the child’s age and gender, was documented by reviewing
our electronic medical record system.

Statistical analysis

Continuous data were summarized using means and ranges,
while categorical data were summarized by counts and
percentages. The sensitivity of MRE for detecting the
presence of pediatric Crohn disease involving the small
bowel and/or colon, in general, was calculated with 95%
exact confidence interval using histopathology as the
reference standard. The sensitivity, specificity, positive
predictive value and negative predictive value of MRE
were also determined with 95% exact confidence intervals
at the bowel segmental level (segments of jejunum and
ileum confirmed to be positive for Crohn disease by

Fig. 2 A 17-year-old girl with newly diagnosed ileocolonic Crohn
disease. Both MRE and histopathology confirmed the presence of
terminal ileitis. a Axial T2-W single-shot turbo spin-echo (SSTSE)
image through the lower abdomen demonstrates marked wall
thickening of the terminal ileum (arrows). b Axial T2-W turbo spin-
echo (TSE) image with fat saturation demonstrates marked bowel wall
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edema (white arrows) and adjacent mesenteric inflammatory changes.
An enlarged lymph node is noted adjacent to the terminal ileum (black
arrow). ¢ Postcontrast axial 3-D T1-weighted spoiled gradient recalled
echo (SPGR) image with fat saturation reveals avid hyperenhancement
of the terminal ileum (arrows) and adjacent mesentery
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Fig. 4 A 12-year-old girl with symptomatic Crohn disease and an
ileocecectomy 4 weeks following MRE. The MRE was interpreted as
normal, while surgical pathology suggested the presence of minimal
active terminal ileitis. a, b Axial T2-W SSTSE and coronal 2-D
balanced steady-state free precession (SSFP) images reveal excellent
distention of the terminal ileum without appreciable wall thickening
(arrows). ¢ Postcontrast axial 3-D T1-W SPGR image with fat
saturation demonstrates slight enhancement of the terminal ileum
(arrow) that was interpreted as being within normal limits

consensus of three pediatric radiologists were not included
in these calculations, as no correlative histopathological
data were available). A two-sample #-test was used to assess
for any significant difference in subject ages between
genders.

Table 1 MRE true-positive, true-negative, false-positive and false-
negative bowel segments using histopathology as the reference standard

True-positive True-negative False-positive False-negative

TI 14 0 1
Cecum 9 1 4
AC 6 10 3 3
TC 2 18 0 5
DC 5 13 2 4
SC 3 9 1 2
Rectum 5 13 1 4

TI terminal ileum; AC ascending colon; 7C transverse colon; DC
descending colon; SC sigmoid colon

Results

One-hundred and ninety-one MRE examinations were per-
formed in pediatric patients at our institution during the study
period (Fig. 1). A total of 32 MRE examinations (from 31
subjects) were identified with relevant correlative histopatho-
logical data following the application of exclusion criteria.
Eighteen (56%) imaging studies were performed on male
subjects, while 14 (44%) were performed on female subjects.
At the time of imaging, mean subject age was 13.2 years
(range, 617 years). Mean age was slightly higher for female
subjects (14.1 years, range 8—17 years) compared to male
subjects (12.5 years, range 6-17 years), although this
difference was not statistically significant (P = 0.2). Histopa-
thology data was acquired, on average, 9.6 days prior to MRE
imaging (range, 51 days prior to MRE to 34 days after MRE).

MRE/histopathology correlation for Crohn disease

MRE had an overall sensitivity of 94% (95% CI [79%,
99%]; 30 true-positive and 2 false-negative examinations)
for detecting the presence of pediatric Crohn disease, in
general, involving the small bowel and/or colon.

A total of 149 (out of a possible 224) diagnostic
ileocolorectal bowel segments were identified from the
pertinent 32 MRE examinations. Seventy-five bowel segments
were excluded due to either incomplete MRE or histopatho-
logical data. At the bowel segmental level, MRE had a
sensitivity of 66% (95% CI [53%, 77%]; 44 true-positive and
23 false-negative bowel segments), specificity of 90% (95% CI
[82%, 96%]; 74 true-negative and 8 false-positive bowel
segments), positive predictive value of 85% (95% CI [72%,
93%]), and negative predictive value of 76% (95% CI [68%,
84%]). MRE demonstrated a sensitivity of 93% (14 true-
positive and 1 false-negative examinations) for the detection
of terminal ileitis, however. True-positive (Fig. 2), true-
negative, false-positive (Fig. 3) and false-negative (Fig. 4)
results by bowel segment are provided in Table 1.

@ Springer
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Fig. 5 A 16-year-old girl with a
history of ileocolic Crohn dis-
ease. MRE demonstrated
marked terminal ileitis, while
pancolonic endoscopic biopsies
were normal and no diagnostic
terminal ileal biopsy was
obtained. a Coronal 2-D SSFP
image shows abnormal bowel
wall thickening of the terminal
ileum (arrows) with adjacent
mesenteric hypervascularity and
fibrofatty proliferation. b Post-
contrast 3-D T1-W SPGR image
with fat saturation demonstrates
marked terminal ileal hyperen-
hancement (arrows) and adja-
cent mesenteric vascular
engorgement

Assessment of jejunal/ileal Crohn disease in absence
of available histopathology

Fifteen of 30 (50%) MRE examinations lacked diagnostic
histopathological evaluation of the terminal ileum by
ileocolonoscopy and biopsy. In these 15 subjects, the
terminal ileum was unable to be visualized or intubated,
or the biopsy specimen provided for histopathological
review labeled terminal ileum was either nondiagnostic or
proved to be colon. The terminal ileum was unequivocally
abnormal by MRE (confirmed by unanimous consensus
opinion of three pediatric radiologists performing a retro-
spective review for this investigation) in 11 of 15 (73%)
subjects lacking a diagnostic biopsy of this bowel segment
(Figs. 3 and 5). Surgically resected bowel specimens
provided the correlative histopathological data for two
MRE examinations.

Finally, previously unknown but unequivocal jejunal
involvement by Crohn disease was diagnosed in 4 of 32
(13%) subjects by MRE (Fig. 6). These abnormal bowel
segments were also confirmed to be abnormal based upon
unanimous consensus opinion of three pediatric radiologists
performing a retrospective review of these bowel segments
for this investigation.

Discussion

Based on our results, MRE has a very high sensitivity for
detecting the presence of pediatric Crohn disease, in
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general, involving the small bowel and/or colon, with a
sensitivity greater than 90%. In our study, only two of 32
MRE examinations in children with Crohn disease failed to
show evidence of disease. Our sensitivity is greater than
that observed by Lipson et al. [20], who compared small
bowel follow-through and biopsy for assessing pediatric
Crohn disease of the terminal ileum. The exact sensitivity
of CTE for detecting pediatric Crohn disease is unknown,
though it is likely greater than that of endoluminal barium
studies and similar to MRE based upon adult investigations
[21]. It is also important to remember that the clinical
information gained by MRE is acquired without using
ionizing radiation, as compared to CTE and endoluminal
barium studies. This fact is particularly important in
children, who are at greater risk than adults for adverse
effects related to radiation exposure [19].

MRE also appears to perform quite well at the bowel
segmental level, with very few (8 of 149) bowel segments
falsely positive for pediatric Crohn disease in our study.
Because of this, MRE has a high specificity (90%) and
positive predictive value (85%). Regarding the bowel
segments that were falsely positive at MRE, we believe
that it is quite possible that Crohn disease may have been
present. This is because endoscopic biopsy is known to
have sampling error that can cause a false-negative
histopathological evaluation [22]. Sampling error is partic-
ularly relevant in assessing Crohn disease due to its
eccentric, noncontiguous nature. While endoscopic biopsy
is likely a slightly imperfect reference standard, it is still the
best method available by which to assess the presence or
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Fig. 6 A 12-year-old boy with a 3-month history of abdominal pain,
fevers, weight loss and elevated inflammatory markers. Endoscopic
biopsies of the colon revealed scattered granulomas, while the
terminal ileum was normal. MRE confirmed the presence of extensive
small bowel Crohn disease affecting the jejunum. a Coronal 2-D SSFP
image shows extensive jejunal wall thickening and nodularity in the
left upper quadrant. Free fluid is present in the right lower quadrant
(arrow). b Postcontrast axial 3-D T1-W SPGR image with fat
saturation shows avid hyperenhancement of multiple thickened jejunal
loops (arrows)

absence of Crohn disease without performing surgical
bowel resection.

The sensitivity of MRE for detecting individual abnor-
mal bowel segments in children and adolescents with Crohn
disease is 66% based on our study. A total of 23 diagnostic
bowel segments were false-negative by MRE. Interestingly,
22 of these 23 false-negative bowel segments were either
colon or rectum, locations that are typically easily accessi-
ble to endoscopic evaluation and biopsy. A study by
Schreyer et al. [23] in adults also demonstrated that

dedicated MR-based colonography, even after a bowel
cleansing regimen used for optical colonoscopy, has a
limited sensitivity for detecting colonic Crohn disease and
that mild inflammation in most cases cannot be recognized.
Only a single terminal ileal bowel segment was a false-
negative at MRE, however. Consequently, given the number
of true-positive terminal ileal segments, MRE has an
extremely high sensitivity (93% based on our study) for
the detection of terminal ileitis related to pediatric Crohn
disease. Additionally, MRE confirmed the presence of
terminal ileitis in 11 of 15 subjects lacking a diagnostic
biopsy specimen of the terminal ileum, based on consensus
review by three pediatric radiologists.

An additional benefit of MRE is its ability to assess more
proximal ileum and jejunum. Crohn disease affecting the
jejunum is more common in children than adults [24], and
up to 10-15% of affected children will have diffuse small
bowel involvement [2]. Four of 32 (13%) subjects in our
study had previously unknown jejunal Crohn disease. The
extent of jejunal disease was quite long in all four children.
While all four subjects had Crohn disease involving the
rectum and/or colon, only two had known small bowel
involvement affecting the terminal ileum. In two subjects,
MRE provided the first evidence of small bowel Crohn
disease.

Our study has limitations. First, it is retrospective in
design and relies upon the reports issued by a number of
pathologists and radiologists, who likely have differing
experience (and differing sensitivities and specificities) for
the diagnosis of pediatric Crohn disease. MRE images were
not retrospectively reanalyzed for our study, and these
imaging studies were originally reported by seven different
fellowship-trained pediatric radiologists. Second, this in-
vestigation contains a relatively small number of MRE
examinations with correlative histopathology within
2 months of imaging. Even with our busy institutional
pediatric MRE program, it is difficult to find children with
Crohn disease, no prior bowel surgical resection and
relevant histopathology within 2 months of imaging. Third,
as mentioned above, histopathology is an imperfect
reference standard due to endoscopic biopsy sampling
errors. For example, the proximal ascending colon near
the ileocecal valve may have appeared abnormal by MRE,
whereas the endoscopic biopsy specimen labeled ascending
colon could have been taken more distally near the hepatic
flexure. Similarly, establishing the boundaries of specific
bowel segments can be difficult by both MRE and
endoscopy (for example, identifying the exact location of
the rectosigmoid junction) and may be variable between
radiologists and endoscopists. Fourth, there was, on
average, 9.6 days between the acquisition of histopatho-
logical specimens and MRE imaging. While it is possible
that during this time period disease activity could change,
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we believe that it is unlikely that a segment of bowel would
go from entirely uninvolved to involved by Crohn disease
or vice versa. Fifth, it is impossible to determine whether a
radiologist reviewed available histopathology data at the
time of MRE interpretation or whether a pathologist
reviewed available imaging reports. Such a review could
ultimately bias a radiologist’s final MRE report or a
pathologist’s histopathology report. Finally, our study did
not assess additional benefits of MRE, such as its ability to
appraise disease activity and identify disease-related com-
plications and extra-intestinal manifestations. We hope to
address these additional benefits in future studies.

Conclusion

MRE successfully identifies the presence of Crohn disease
affecting the small bowel and/or colon in children and
adolescents. Additionally, MRE has a high specificity and
positive predictive value for detecting disease involvement
at the bowel segmental level. Our study demonstrates that
this imaging test is particularly valuable for establishing the
presence of terminal ileitis in the setting of a nondiagnostic
endoscopic biopsy of this bowel segment. Finally, based on
our data, MRE commonly identifies previously unknown
jejunal involvement in pediatric Crohn disease patients.
This investigation provides essential evidence-based support
for the recently observed shift away from imaging modalities
that use ionizing radiation to MRE for the appraisal of
pediatric Crohn disease.
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