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Abstract

Background Pediatric patients with inflammatory bowel disease (IBD) are at increased risk of gadolinium deposition given the
potential need for multiple contrast-enhanced magnetic resonance enterography (MRE) exams over their lifetime.

Objective To determine whether gadolinium-based contrast agents are necessary in assessing active bowel inflammation on
MRE in pediatric patients with known or suspected IBD.

Materials and methods We conducted a retrospective study of 77 patients (7—18 years; 68.8% male) with known (n=58) or
suspected (n=19) IBD and endoscopy with biopsy performed within 30 days of MRE without and with contrast evaluated bowel
and non-bowel findings. During three visual analysis sessions, two radiologists reviewed pre-, post-, and pre-/post-contrast MRE
images. A third radiologist independently reviewed 27 studies to assess inter-reader reliability. We used Cohen kappa (k), Fleiss
kappa, (kr), McNemar test, and sensitivity and specificity to compare MRE readings to combined endoscopic/histopathological
findings (the reference standard).

Results The pre- and pre-/post-contrast-enhanced MRE vs. combined endoscopic/histopathological results had moderate agreement
(85.7%; k 0.713, P<0.001; P-value 0.549). Compared to combined endoscopy/histopathology, pre- vs. pre-/post-contrast sensitivity
(67%, confidence interval [CI] 0.53—0.79 vs. 67%, C10.53—0.79) and specificity (80%, CI 0.59-0.92 vs. 68%, CI 0.46—0.84) varied
little (k 0.42, P<0.001 and « 0.32, P=0.003, respectively). The three readers had moderate agreement (85.2%; k 0.695, P=0.001; P-
value 0.625). More penetrating complications were identified following contrast administration (P-value 0.04).

Conclusion Use of a contrast agent does not improve the detection of active inflammation in the terminal ileum and colon
compared to non-contrast MRE, although use of a contrast agent does aid in the detection of penetrating disease.
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typically undergo many imaging studies and other diagnostic
procedures throughout their lifetime to diagnose and monitor
the disease course, as well as to assess the treatment response.
Approximately 25% of people with IBD are diagnosed during
childhood, and the incidence of pediatric IBD is increasing in
the United States [1, 2].

The current preferred imaging study for pediatric IBD is
magnetic resonance enterography (MRE). It has largely

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00247-019-04369-6&domain=pdf
http://orcid.org/0000-0002-0225-6291
mailto:shannon.farmakis@health.slu.edu

760

Pediatr Radiol (2019) 49:759-769

replaced diagnostic techniques such as fluoroscopy and CT
because it does not utilize ionizing radiation, a particularly
important consideration in pediatric patients, who have a lon-
ger life expectancy than adults and who are especially vulner-
able to the theoretical carcinogenic effects of ionizing radia-
tion. MRE is also useful for its excellent soft-tissue
resolution and for its utility for functional imaging
through cine acquisitions [3].

The standard MRE protocol for evaluating potential or
known IBD includes fat-saturated and non-fat-saturated T2-
and Tl-weighted sequences and diffusion-weighted im-
aging. The TI-weighted fat-saturated images are ac-
quired both prior to and after gadolinium-based contrast agent
(GBCA) administration [2].

However, several disadvantages are associated with
GBCAs. Acquiring post-contrast images lengthens the
examination time, which increases the likelihood of pa-
tient motion artifact and extends sedation time for chil-
dren who require sedation to undergo the examination.
An intravenous catheter must be placed in order to ad-
minister the contrast material, which can be a source of
anxiety and discomfort for pediatric patients. Adverse
events can also occur after contrast administration, and
these range from minor to severe allergic reactions and
can result in death [4]. In addition, while rare in pedi-
atric patients, there is the potential for the development of
nephrogenic systemic fibrosis (NSF), a potentially fatal dis-
ease process related to the use of GBCAs in people with un-
derlying renal disease or impairment [5].

Further, multiple studies in the last several years have
shown that gadolinium is deposited in the brain, bones
and skin of people with normal renal function who have
received GBCAs [6—15]. The exact mechanism by
which this occurs and its significance are unknown.
Currently, there is no evidence to support that gadolinium
deposition is harmful in people with normal renal function;
however, the long-term effects are unknown. Concern regard-
ing the possible deleterious effects of gadolinium deposition
in the pediatric population is increasing because children have
a longer life expectancy than adults, thereby potentially
resulting in greater gadolinium deposition.

Pediatric patients with IBD represent a population that un-
dergoes multiple contrast-enhanced MREs. Given the known
disadvantages of GBCA administration and potential risks
associated with gadolinium deposition, a more selective and
judicious approach to the administration of GBCAs should be
considered in these children. Therefore, the purpose of this
study was to determine the diagnostic accuracy of non-
contrast MRE in detecting active bowel inflammation in pe-
diatric patients with known or suspected IBD, in order to
evaluate whether intravenous administration of a GBCA is
necessary.
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Materials and methods
Patients

Our institutional review board approved this retrospective
study and waived the need for informed consent. Eligible
patients included those 0—18 years of age with a diagnosis of
or suspected Crohn's disease, ulcerative colitis or indetermi-
nate colitis who had undergone gastrointestinal endosco-
py with biopsy or bowel resection showing active bowel
inflammation and who also had MRE without and with
contrast agent within 30 days. Potential patients were
identified through a search of our electronic medical
record (Epic, Verona, WI) using a combination of pro-
cedure order code IMG 2248 (unique Epic identifier for
MR enterography) and various distinct Epic codes used for
colonoscopy (SHX504, SHX503, SHX502, SHX1191, HM4,
Gl7, Gl6, GI52 and GI49).

Utilizing these search methods through the electronic med-
ical record, we identified 83 patients and included 77 in the
study. Of the 6 who were excluded, one was excluded because
of motion artifact on the MRE exam, one because no endos-
copy record was found, and four because the entire colon was
not examined. Four children were included in the analysis but
had altered anatomy as a result of surgical resection (three
with ileocecectomy and one with colectomy). Eleven of the
included children had endoscopies that did not reach the ter-
minal ileum.

Endoscopy and histopathology analysis

All endoscopies were performed by experienced pediatric gas-
troenterologists, and biopsy specimens were reviewed
and interpreted by pediatric pathologists. Endoscopy re-
ports and images, patients’ clinical charts, and biopsy
results from the endoscopies were reviewed by pediatric
gastroenterologists.

Presence of inflammation was determined using an aggre-
gate assessment by pediatric gastroenterologists (T.L.R., a
third-year fellow, and D.R.P., a board-certified pediatric gas-
troenterologist with 3 years of post-fellowship experience)
combining endoscopic and histopathological report findings.
We used the aggregate result as the reference standard for the
MRE visual analysis sessions.

Combined endoscopic and histopathological findings were
considered positive if they met one of the following criteria:
(1) The endoscopy report described moderate erythema or
inflammation or presence of ulcer, erosion or friability; (2)
The endoscopic photographs showed clear friability or pre-
biopsy bleeding, ulcer, erosion or clear disruption of surface
mucosa; (3) The endoscopy report described mild erythema,
inflammation or edema, and there was any degree of
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corresponding inflammation in the histopathology report for
that area; or (4) There was moderate or severe inflammation or
presence of necroinflammatory debris (ulcer) on the histopa-
thology report, and the endoscopy was visually normal.

The combined endoscopic and histopathological findings
were considered negative for the presence of active inflamma-
tion if they met the following criteria: (1) The endoscopy and
histopathology reports were normal; or (2) The histopatholog-
ical report described mild or non-graded inflammation or mild
histological alterations, and the endoscopy photographs and
report were normal in that segment. These are findings
known to be associated with bowel cleansing prepara-
tions and other nonspecific factors associated with the
procedure itself. Additional exclusion criteria were ul-
cerations on endoscopy from causes other than IBD
(e.g., angioectasia in one case) and presence of crypt
abscesses and infiltrative inflammatory cells on histopatholo-
gy report without presence of additional necessary criteria for
active inflammation.

Magnetic resonance enterography protocol

All children undergoing a MRE had to be nil per os (NPO) for
at least 4 h prior to obtaining the scan. Children were given
oral VoLumen (Bracco Diagnostics, Monroe, NJ) or Breeza
(Beekley Medical, Bristol, CT) prior to the exam to distend
the bowel. Just prior to scanning, children were also given
1 mg of intramuscular glucagon to slow intestinal motility.
All MREs were performed on a 1.5-T Signa HDXT 23.0
scanner (GE Healthcare, Milwaukee, WI). Details of our
MRE protocol are shown in Table 1. All children were awake

Table 1 MR enterography protocol

Plane Sequence

Multiple 3-plane localizer BH
Coronal T2 SSFSE BH

Axial T2 SSFSE BH

Axial T2 SSFSE FS BH

Axial 2-D FIESTA BH (non FS)
Coronal 2-D FIESTA BH (non FS)
Axial DWI b=200, b=800, b=1,000
Axial T1 FSPGR FS BH

Intravenous contrast agent administered

Coronal LAVA FS DYNAMIC BH ASSET
Axial T1 FSPGR FS BH + contrast
Coronal LAVA FS BH + contrast

BH breath hold, DWI diffusion-weighted imaging, FIESTA fast imaging
employing steady-state acquisition, S fat-saturated, FSPGR fast spoiled
gradient echo, LAVA liver acquisition with volume acquisition, a 3-di-
mensional spoiled gradient echo pulse sequence, SSFSE single-shot fast
spin echo

and cooperative for their examination and were scanned in the
supine position. Standard screening of patients included a his-
tory of renal disease, contrast allergy and other contraindica-
tions to MRI. Our institution underwent a change in
contrast agents in late December 2015. MREs obtained
in 2014 and 2015 utilized gadopentetate dimeglumine
(Magnevist; Bayer Healthcare Pharmaceuticals, Berlin,
Germany) while MREs obtained after 2015 utilized
gadoterate meglumine (Dotarem; Guerbet, Villepinte,
France). Both Magnevist and Dotarem were adminis-
tered using a weight-based dose of 0.1 mmol/kg through
an automatic injector. The maximum dose that a patient
received was 20 mL of Magnevist. We also transitioned
from using VoLumen to Breeza in December 2015.

Image analysis

Two board-certified attending radiologists reviewed the MRE
examinations (Reader 1, S.G.F., a pediatric radiologist with
4 years of experience interpreting MREs; and Reader 2,
J.J.B., a body radiologist with 16 years of experience
interpreting MREs) in three consensus visual analysis ses-
sions, which were modeled on the study by Quaia et al. [16].
The readers were blinded to the children’s endoscopy, opera-
tive and histopathological findings. During the first visual
analysis session, the readers analyzed the non-contrast MRE
sequences (T1, T2, fast imaging employing steady-state ac-
quisition [FIESTA] and diffusion-weighted imaging/apparent
diffusion coefficient [DWI/ADC] sequences). During the sec-
ond session, they analyzed the contrast-enhanced MRE se-
quences only (T1 fat-saturated dynamic contrast-enhanced
and delayed contrast-enhanced sequences). During the third
session the readers analyzed all the MRE sequences (both
non-contrast and contrast-enhanced sequences). They did
not assess degree of bowel distension in this study. There
was a washout period of 4 weeks between each session. The
order of case presentation was not altered at each session. A
third board-certified attending radiologist (Reader 3, T.Y.T., a
pediatric radiologist with 4 years of experience interpreting
MREs) was available to review any studies in which there
was disagreement between the two radiologists regarding in-
terpretation of findings during the same session. However,
there were no disagreements between the two readers during
the consensus readings.

The third reader also independently reviewed a random
selection of 27 MRE examinations included in the study to
assess inter-reader variability. This reader was also blinded to
the endoscopy, operative and histopathological findings of the
children in the study.

The intestines were divided into five sections on MRE:
terminal ileum, right colon (cecum and ascending colon),
transverse colon, left colon (descending colon and sigmoid
colon) and rectum. The remainder of the gastrointestinal tract
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was not evaluated on MRE because there was no reference
standard with which to compare the results. Readers assessed
each section of bowel for the following: abnormal bowel wall
thickening (bowel wall measuring >3 mm in thickness), bowel
wall edema (abnormal increased T2 signal in the bowel wall),
bowel wall diffusion restriction, abnormal bowel wall en-
hancement, and skip lesions (i.e. more than one single loop).
If at least two of these features were present in a section of
bowel, it was considered actively inflamed [2, 16-20]. The
length of bowel disease was also recorded. Non-bowel find-
ings associated with IBD were also assessed, including: creep-
ing fat, vasa recta hyperemia, abdominopelvic lymphadenop-
athy, and penetrating complications. The latter included the
presence of a fistula (indicated by tethering of bowel loops),
a sinus tract, phlegmon (an inflammatory mass) or abscess (a
well-defined fluid collection).

Statistical analysis

We used descriptive statistics to report the counts and percent-
ages of patient characteristics as well as the mean and standard
deviation (SD) of age.

Analyses of the intestines were divided into five sections:
terminal ileum, right colon (cecum and ascending colon),
transverse colon, left colon (descending colon and sigmoid
colon), and the rectum as well as overall terminal ileum to
rectum and colon to rectum (excluding terminal ileum).

We calculated percentage agreement, Cohen kappa statistic
(k) and McNemar tests to assess inter-reader agreement
pairwise among the pre-contrast, post-contrast, and pre-/
post-contrast assessments as well as Fleiss kappa (kr) among
all three assessments. Cohen kappa adjusts the percentage
agreement for agreement from chance alone and agreement
was graded as poor (k value<0.20), fair (>0.20 and<0.40),
moderate (>0.40 and<0.60), good (>0.60 and<0.80) or very
good (>0.8 up to 1). Fleiss kappa is similar to Cohen kappa but
allows for measuring agreement between more than two raters
and utilizes the same grading scale as Cohen kappa.

We analyzed Cohen kappa, sensitivity and specificity for
the pre-contrast, post-contrast, and pre-/post-contrast assess-
ments with respect to the combined endoscopic and histopath-
ological results. We used the McNemar test and Fleiss kappa
to examine differences pairwise and overall among pre-con-
trast, post-contrast, and pre-/post-contrast assessments of cat-
egorical features (bowel wall thickening, bowel wall signal
abnormality, diffusion restriction, skip lesions, creeping fat,
vasa recta hyperemia, lymphadenopathy and penetrating dis-
ecase). Finally, we computed percentage agreement, Cohen
kappa and McNemar test for the subset of subjects who had
an independent third reviewer of the pre-/post-contrast results
on the individual sections of the bowel as well as overall
(terminal ileum to rectum, and colon to rectum). A two-
sided P<0.05 was considered statistically significant.
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Analysis was done on SPSS v25 (IBM, Armonk, NY);
Fleiss kappa was computed in R: A Language and
Environment for Statistical Computing (R Core Team,
Vienna, Austria); and sensitivity, specificity and confidence
intervals of kappa were calculated via VassarStats
(Poughkeepsie, NY).

Results

The demographic and clinical characteristics of the 77 patients
included are summarized in Table 2. Patients ranged from
7 years to 18 years of age (mean [SD] = 13.8 [2.8] years).
Fifty-eight of the 77 patients (75.3%) had known IBD, while
19 had suspected disease. Active inflammation was found in
52 patients (67.5%) on endoscopy/biopsy.

Initially we examined the agreement of MRE and the ref-
erence standard of combined endoscopic and histopathologi-
cal results in identifying areas of active inflammation. Table 3
summarizes the agreement as well as the sensitivity and spec-
ificity of active inflammation on MRE compared to combined

Table 2 Subject demographics and clinical characteristics
Total number of subjects = 77 n (%)
Gender
Male 53 (68.8)
Female 24 (31.2)
Age in years 7-18
Mean (SD) 13.8 (2.8)
Known or suspected IBD
Known 58 (75.3)
Suspected 19 (24.7)
Type of IBD (n=58)
Crohn's discase 44 (75.9)
Ulcerative colitis 8 (13.8)
Indeterminate IBD 6 (10.3)
History of bowel resection
Yes 4(5.2)
No 73 (94.8)
Inflammation on biopsy
No 25(32.5)
Yes 52 (67.5)
Terminal ileum to rectum 52 (67.5)
Terminal ileum 29 (37.7)
Right colon 29 (37.7)
Transverse colon 30 (39.0)
Left colon 33 (42.9)
Rectum 46 (58.2)

IBD inflammatory bowel disease, SD standard deviation
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Table 3 Sensitivity and specificity of magnetic resonance enterography (MRE) compared to endoscopy results

Sensitivity, % (95% CI)

Specificity, % (95% CI)

Kappa® (95% CI)

Kappa P-value®

Terminal ileum to rectum

Pre-contrast

Post-contrast

Pre- & post-contrast
Colon to rectum

Pre-contrast

Post-contrast

Pre- & post-contrast
Terminal ileum

Pre-contrast

Post-contrast

Pre- & post-contrast
Right colon

Pre-contrast

Post-contrast

Pre- & post-contrast
Transverse colon

Pre-contrast

Post-contrast

Pre- & post-contrast
Left colon

Pre-contrast

Post-contrast

Pre- & post-contrast
Rectum

Pre-contrast

Post-contrast

Pre- & post-contrast

0.67 (0.53-0.79)
0.54 (0.40-0.68)
0.67 (0.53-0.79)

0.33(0.21-0.47)
0.13 (0.06-0.26)
0.27 (0.16-0.41)

0.59 (0.39-0.76)
0.48 (0.30-0.67)
0.59 (0.39-0.76)

0.28 (0.13-0.47)
0.07 (0.01-0.24)
0.21 (0.09-0.40)

0.07 (0.01-0.24)
0.00 (0-0.14)
0.03 (0.00-0.19)

0.33 (0.19-0.52)
0.15 (0.06-0.33)
0.30 (0.16-0.49)

0.17 (0.08-0.33)
0.02 (0.00-0.14)
0.12 (0.05-0.27)

0.80 (0.59-0.92) 0.42 (0.22-0.63) <0.001
0.68 (0.46-0.84) 0.19 (0-0.40) 0.07
0.68 (0.46-0.84) 0.32 (0.10-0.54) 0.003
1.0 (0.83-1.00) 0.24 (0.05-0.43) 0.001
0.92 (0.72-0.99) 0.04 (0.0-0.21) 0.49
1.0 (0.83-1.00) 0.19 (0.01-0.38) 0.004
0.81 (0.64-0.91) 0.40 (0.18-0.63) 0.001
0.81 (0.64-0.91) 0.30 (0.06-0.54) 0.01
0.83 (0.69-0.92) 0.38 (0.15-0.60) 0.002
0.95 (0.83-0.99) 0.26 (0.01-0.51) 0.005
0.95 (0.83-0.99) 0.03 (0-0.30) 0.67
0.95 (0.83-0.99) 0.18 (0-0.44) 0.03
1 (0.90-1.00) 0.08 (0-0.35) 0.08
0.98 (0.86-1.00) ~0.03¢ 041
0.98 (0.86-1.00) 0.01 (0-0.10) 0.78
0.95 (0.83-0.99) 0.31 (0.08-0.53) 0.001
0.95 (0.83-0.99) 0.11 (0-0.36) 0.13
1 (0.90-1.00) 0.33 (0.10-0.56) <0.001
1 (0.88-1.00) 0.16 (0-0.37) 0.01
1 (0.88-1.00) 0.02 (0-0.23) 0.35
1.0 (0.88-1.00) 0.11 (0-0.32) 0.03

#Kappa (k) indicates the level of agreement between measures; a greater k value indicates higher reliability

° A two-sided P<0.05 was considered statistically significant

¢ Unable to compute because observed concordance was less than concordance by chance alone

CI confidence interval

endoscopy and histopathology. Sensitivity of pre-contrast to
combined endoscopy and histopathology versus pre-/post-
contrast to combined endoscopy and histopathology was the
same (67%; CI1 0.53-0.79, P<0.001). Specificity was better on
the pre-contrast images to combined endoscopy and histopa-
thology compared to pre-/post-contrast images to combined
endoscopy and histopathology (80%; CI 0.59—-0.92; P<0.001
vs. 68%; CI 0.46-0.84; P=0.003). The sensitivity of MRE,
whether with contrast agent or without, was poor in every
section of bowel; the specificity was higher on the pre-
contrast images.

The agreement of MRE with and without contrast agent is
shown in Table 4. In the combined analysis of all five sections
ofthe bowel (terminal ileum, right colon, transverse colon, left
colon and rectum), there was moderate agreement among the
three assessments (kr=0.57, P<0.001) and between the pre-

contrast and pre-/post-contrast MRE readings (85.7%; « 0.71,
P<0.001; McNemar P-value 0.55). We also analyzed each of
the five bowel sections for agreement. Agreement, according
to Cohen kappa, was lowest in the transverse colon (97.4%; «
0.49, P<0.001; McNemar P-value 1.00) and highest in the
right colon (94.8%; k 0.75, P<0.001; McNemar P-value
0.625). Moderate agreement was seen in the terminal ilium
(81.8%; k 0.63, P<0.001; McNemar P-value 0.79).

We evaluated findings indicative of macroscopic active
inflammation on MRE (bowel wall thickening, bowel wall
edema, diffusion restriction) and skip lesions. Table 5 shows
the results for the McNemar test comparing the differences in
pre-contrast exams, post-contrast exams, and pre-/post-con-
trast exams in assessing these features of inflammation. The
addition of a contrast agent did not statistically improve the
ability to identify any of the factors indicative of active
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Table 4 Consensus agreement of magnetic resonance enterography (MRE) without and with contrast agent

Reader 1 Reader 2 n Percentage agreement ~ Kappa  Kappa McNemar ~ Fleiss kappa®  Fleiss kappa
P-value®  P-value P-value®
Terminal ileum to rectum 0.57 <0.001
Pre-contrast Post-contrast 77 74.0 0.48 <0.001 0.50
Pre-contrast Pre- & post-contrast 77 85.7 0.71 <0.001 0.55
Pre- & post-contrast ~ Post-contrast 77 753 0.51 <0.001 0.17
Colon to rectum 0.25 <0.001
Pre-contrast Post-contrast 77 844 0.46 <0.001 0.04
Pre-contrast Pre- & post-contrast 77 93.5 0.80 <0.001 0.38
Pre- & post-contrast ~ Post-contrast 77 883 0.54 <0.001 0.18
Terminal ileum 0.60 <0.001
Pre-contrast Post-contrast 77  80.5 0.59 <0.001 0.61
Pre-contrast Pre- & post-contrast 77  81.8 0.63 <0.001 0.79
Pre- & post-contrast ~ Post-contrast 77  80.5 0.60 <0.001 0.30
Right colon 0.50 <0.001
Pre-contrast Post-contrast 77  87.0 0.23 0.024 0.11
Pre-contrast Pre- & post-contrast 77  94.8 0.75 <0.001 0.63
Pre- & post-contrast ~ Post-contrast 77 922 0.46 <0.001 0.22
Transverse colon 0.18 0.006
Pre-contrast Post-contrast 77 96.1 —-0.02 0.87 1.00
Pre-contrast Pre- & post-contrast 77  97.4 0.49 <0.001 1.00
Pre- & post-contrast ~ Post-contrast 77 96.1 —-0.02 0.87 1.00
Left colon 0.58 <0.001
Pre-contrast Post-contrast 77  87.0 0.43 <0.001 0.11
Pre-contrast Pre- & post-contrast 77 93.5 0.75 <0.001 0.38
Pre- & post-contrast ~ Post-contrast 77 90.9 0.54 <0.001 0.45
Rectum 0.35 <0.001
Pre-contrast Post-contrast 77 922 0.23 0.001 0.03
Pre-contrast Pre- & post-contrast 77  94.8 0.64 <0.001 0.63
Pre- & post-contrast ~ Post-contrast 77 922 —0.02 0.79 0.22

* A two-sided P<0.05 was considered statistically significant

® The agreement among pre-contrast, post-contrast, and pre- and post-contrast

inflammation (Fig. 1). There was good agreement in the iden-
tification of terminal ileum wall thickening among the three
assessments (kp=0.63, P<0.001) and this was statistically sim-
ilar among the pairs of pre- vs. pre-/post-contrast (McNemar
P-value 0.77), pre- vs. post-contrast (McNemar P value 0.42)
and post- vs. pre-/post-contrast exams (McNemar P-value
0.18). Near-perfect identification of terminal ileum bowel wall
edema was also seen in the pre- vs. pre-/post-contrast exams
(29 vs. 30 exams; McNemar P-value 1.00). There was no
significant difference in the identified areas of diffusion re-
striction in the terminal ileum (26 vs. 23; McNemar P-value
0.45). Bowel wall thickening and edema were also identified
similarly in the colon and rectum on pre- vs. pre-/post-contrast
exams. More areas of wall thickening and edema were found
in the left colon on the pre-contrast exams compared to the
pre-/post-contrast exams, but it was not statistically significant
(P=0.22 and P=0.45, respectively). With the exception of
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colon to rectum bowel wall thickening (pre- vs. post-contrast
agent) all pairwise comparisons among pre-, post-, and pre-/
post-contrast exams were non-significant, indicating agree-
ment. According to the Fleiss kappa, the majority of the agree-
ments among the three assessments were moderate to strong,
with the transverse colon bowel wall thickening being poor
(kp=0.18, P=0.006) and rectal bowel wall thickening being
fair (kg=0.35, P<0.001).

Post-contrast imaging helped to identify more penetrating
complications than pre-contrast imaging alone (3 exams pre-
vs. 10 exams pre-/post-contrast; McNemar P-value 0.04).
These findings are summarized in Table 6 and demonstrated
in Fig. 2. Pre-/post-contrast exams identified more other non-
bowel findings, as well, although the difference was not sta-
tistically significant. For example, imaging with a contrast
agent identified more vasa recta hyperemia (9 pre- vs. 13
pre-/post; McNemar P-value 0.39) and more lymphadenopathy
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Fig. 1 Identification of factors of active inflammation. a Axial T2-W
half-acquisition single-shot fast spin echo (SSFSE) MR image without
contrast agent in a 14-year-old boy with Crohn's disease. Image shows
wall thickening (10 mm) and edema of the terminal ileum (arrows) with

(19 pre vs. 25 pre/post; McNemar P-value 0.18). Creeping fat
was identified in equal measure on both pre- and pre-/post-
contrast exams (18 exams; McNemar P-value 1.0).

The independent reader (Reader 3) interpreted a random
selection of 27 of the 77 exams (35.1%). Table 7 summarizes
the inter-reader agreement between the consensus visual anal-
ysis sessions (performed by Reader 1 and Reader 2) and
Reader 3. Overall, good agreement was seen among the joint
readers and independent reader, with 85.2% agreement (k
0.70, P=0.001; McNemar P-value 0.63). Agreement was al-
most perfect in the right colon (100.0%; k 1.0, P<0.001;
McNemar P-value 1.00) and lowest with good agreement in
the left colon (96.3%; « 0.65, P<0.001; McNemar P-value
1.00).

Discussion

The results of our study show that the use of a GBCA does not
improve the detection of active bowel inflammation in the
terminal ileum, colon and rectum on MRE. Overall moderate
agreement (85.7%; k 0.71, P<0.001; McNemar P-value 0.55)
between the pre-contrast readings and pre-/post-contrast read-
ings in all evaluated segments of bowel (from terminal ileum

pseudosacculation (*) and adjacent free pelvic fluid. b Axial T1-W fast
spoiled gradient recalled acquisition in the steady state (FSPGR) fat-
saturated post-contrast MR image shows enhancement of the thick-
walled terminal ileum (arrows) and pseudosacculation (*)

to rectum) when using combined endoscopic and histopatho-
logical results as the reference standard suggests that a contrast
agent often does not contribute to the accurate diagnosis of
active inflammation. In other words, non-contrast images are
often sufficient for diagnosing active inflammation in the ter-
minal ileum and colon.

The administration of a contrast agent did not significantly
affect sensitivity or specificity; pre-contrast MRE and post-
contrast MRE demonstrated similar sensitivities and specific-
ities for detecting active bowel inflammation. Interestingly,
we observed that the sensitivity of MRE, whether without or
with a contrast agent, is poor when using combined endoscop-
ic and histopathological results as the reference standard. This
held true for all segments of evaluated bowel, and the sensi-
tivity and specificity did not significantly differ on the pre-
contrast images alone (67% and 80%) from the combined
pre-/post-contrast images (67% and 68%) compared to the
combined endoscopic and histopathological results. Our re-
sults indicate that endoscopy with biopsy is better at diagnos-
ing active inflammation than MRE. This might differ from
previously reported values of sensitivity and specificity of
MRE in the literature because of variations in the reference
standards used. There are no standard criteria for interpreting
combined endoscopic and histopathological results. Some

Table 6 Diagnostic performance of pre-contrast magnetic resonance enterography (MRE) and pre-/post-contrast MRE in assessment of non-bowel

findings (McNemar test; n=77)

Pre- Pre-/post- Post- Pre- vs. pre-/  Pre- vs. post-  Post- vs. pre-/  Fleiss  Fleiss

contrast contrast contrast post-contrast  contrast post-contrast ~ kappa  kappa

n (%) n (%) n (%) P-value® P-value® P-value® P-value®
Creeping fat 18 (23.4) 18 (23.4) 16 (20.8) 1.0 0.77 0.75 0.68 <0.001
Vasa recta hyperemia 9 (11.7) 13 (16.9) 19 (24.7) 0.39 0.01 0.15 0.44 <0.001
Lymphadenopathy 19 (24.7) 25 (32.5) 17 (22.1) 0.18 0.79 0.06 0.53 <0.001
Penetrating complications 3 (3.9) 10 (13.0) 5(6.5) 0.04 0.69 0.13 0.34 <0.001

? A two-sided P<0.05 was considered statistically significant
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Fig. 2 Identification of penetrating complications. a Coronal T2-W half-
acquisition single-shot fast spin echo (SSFSE) MR image without
contrast agent in a 12-year-old girl with Crohn's disease status post
subtotal colectomy with ileoproctostomy shows pseudopolyp formation
in the ileum near the anastomosis with prominent perirectal fat and

studies have used both endoscopic and histopathological re-
sults while others have only compared imaging findings to
histopathological results. We used both histopathological
and endoscopic results in a method similar to that described
by Quaia et al. [16], although we did not use the same
reporting standards of the Crohn's disease endoscopic index
of severity criteria or the histological acute inflammatory

perirectal lymphadenopathy. There is a focal area of T2 hyperintensity
(arrow) adjacent to the anus that appears to be related to wall thickening
in this region. b However, post-contrast coronal dynamic liver acquisition
with volume acceleration (LAVA) MR image demonstrates peripheral
enhancement consistent with a small abscess (arrow)

score. This approach is also the most consistent with typical
clinical practice in which physicians use many sources of data
(history, physical exam, endoscopic appearance, pathology
reports, etc.) in making the diagnosis of IBD. There is no gold
standard test recognized for IBD. The reduced sensitivity and
specificity of MRE in our study do not, however, indicate that
MRE is ineffective in evaluating active inflammation in these

Table 7  Inter-rater reliability of magnetic resonance enterography (MRE) without and with contrast agent

Consensus reading Reader 3 n Percentage agreement Kappa Kappa P-value* McNemar P-value®
Terminal ileum to rectum

Pre- & post-contrast Pre- & post-contrast 27 85.2 0.70 0.001 0.63
Colon to rectum

Pre- & post-contrast Pre- & post-contrast 27 96.3 0.84 <0.001 1.00
Terminal ileum

Pre- & post-contrast Pre- & post-contrast 27 92.6 0.85 <0.001 1.00
Right colon

Pre- & post-contrast Pre- & post-contrast 27 100.0 1.0 <0.001 1.00
Transverse colon

Pre- & post-contrast Pre- & post-contrast 27 96.3 N/A N/A N/A
Left colon

Pre- & post-contrast Pre- & post-contrast 27 96.3 0.65 <0.001 1.00
Rectum

Pre- & post-contrast Pre- & post-contrast 27 96.3 0.78 <0.001 1.00

? A two-sided P<0.05 was considered statistically significant
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children. Endoscopy with biopsy can only evaluate the bowel
mucosa and cannot evaluate the other layers of the bowel wall
or detect extraluminal abnormalities, whereas MRE can. It is
also difficult to evaluate large areas of the small bowel by
endoscopy. Therefore, MRE and endoscopy are complemen-
tary methods of evaluating IBD.

We studied the diagnostic performance of pre-contrast
MRE and pre-/post-contrast MRE in assessing various features
of active bowel inflammation from the terminal ileum to the
rectum. The administration of a contrast agent did not signifi-
cantly improve the ability to diagnose any features of active
bowel inflammation, such as bowel wall thickening, bowel
wall edema or diffusion restriction, with the exception of the
left colon. These features were found less frequently in the left
colon on the pre-/post-contrast images, possibly because with
the addition of contrast agent the findings of wall thickening
and edema were interpreted to be artifactual because the left
colon is particularly prone to poor distension, which decreases
the ability to detect active inflammation. In addition, our results
showed that the administration of a contrast agent does not
significantly improve the detection of the non-bowel findings
of creeping fat, vasa recta hyperemia or lymphadenopathy. On
the other hand, administration of a contrast agent did signifi-
cantly improve the detection of penetrating complications,
which include fistulas, sinus tracts, phlegmon and abscesses.
Interestingly, the number of children found to have lymphade-
nopathy and penetrating disease was similar between the pre-
and post-contrast imaging sessions compared to the pre-/post-
contrast imaging sessions, although the difference was not sta-
tistically significant. The findings support the conclusion
that identification of penetrating disease is increased
with use of both pre- and post-contrast images.

These findings are concordant with similar studies in the
literature, such as the one performed by Quaia et al. [16] and
the one by Lanier et al. [21]. The former study included adults
and the latter included pediatric patients. Both sets of authors
concluded that intravenous GBCAs are likely not necessary in
the detection of active bowel inflammation in the setting of
IBD. In both studies, there was no significant difference in the
diagnostic accuracy of non-contrast versus contrast-enhanced
imaging. Additionally, the study by Lanier et al. [21] noted
that perianal penetrating complications were better assessed
by contrast-enhanced imaging. This is in agreement with our
study, in which penetrating complications were much more
frequently detected with the administration of GBCAs. Most
patients undergo optimization of medical management,
whether they have penetrating disease or not. Therefore, not
identifying penetrating disease in children whose disease is
controlled or whose symptoms are improving would not sig-
nificantly alter the management of these children [22]. If a
child’s symptoms do not improve or worsen despite escalation
of medical therapies, or if there are signs of obstruction, then
surgical exploration might be warranted. In these cases a

@ Springer

contrast-enhanced study would be indicated because not iden-
tifying these factors might delay the child’s care.

In addition, the assessment of inter-reader variability
showed moderate agreement between the joint readers and
the independent reader in our study (85.2%, k 0.70,
P=0.001; McNemar P-value 0.63) for pre-/post-contrast im-
aging. This is in concordance with the studies by Quaia et al.
[16] and Lanier et al. [21], both of which demonstrated very
good inter-reader agreement.

We acknowledge that this study has several limitations.
It is a retrospective study with a relatively small sample
size of 77 patients. Bowel endoscopy and biopsy, which
were used as the reference standard, only evaluate the
bowel mucosa; they cannot detect inflammation of the
other layers of the bowel wall or evaluate outside the
bowel. In addition, endoscopy does not evaluate the bow-
el proximal to the terminal ileum, so our conclusions can-
not be applied to bowel proximal to the terminal ileum.
Inflammatory bowel disease (especially Crohn's disease)
can involve two or more bowel segments with normal
intervening bowel (skip lesions), potentially leading to
sampling error in the endoscopic analysis. On the other
hand, MRE cannot be used to evaluate microscopic or
superficial mucosal disease. Therefore, MRE and endos-
copy with biopsy act in a complementary fashion in
assessing different aspects of inflammatory bowel disease.
Finally, inter-reader agreement was evaluated for only
pre-/post-contrast imaging rather than for both pre-
contrast imaging and pre-/post-contrast imaging.
Therefore, we cannot evaluate whether the presence of a
GBCA affects inter-reader agreement (i.e. whether con-
trast agent increases inter-reader agreement).

Conclusion

The use of intravenous GBCAs does not improve the detec-
tion of active inflammation in the terminal ileum, colon or
rectum in the setting of known or suspected IBD compared
to non-contrast MRE, although use of a contrast agent does
aid in the detection of penetrating disease. Therefore, in
most children being worked up for possible IBD, or in
those with quiescent disease, non-contrast MREs should
be considered for routine evaluation, whereas contrast-
enhanced imaging might be reserved for evaluating
those with acutely worsening symptoms or symptoms that
are not improving with treatment.
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