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ABSTRACT

Background: To evaluate the frequency of pathological findings determined on magnetic resonance (MR) enterography (MRE) in
patients with Crohn’s Disease.

Methods: A retrospective analysis of the MRE images was made in 34 female and 41 male patients (mean age 41 years) with Crohn's dis-
ease. The prevalence of bowel wall (mural thickening, mural edema, mural fat deposits, mucosal enhancement, ulceration, cobblestone
appearance, pseudopolyps) and mesenteric fatty tissue alterations (fatty tissue proliferation, mesenteric hypervascularity, enlarged
lymph nodes, peri-enteric inflammation, reactive fluid), complications due to penetrating (fistula, sinus tract, abscess) and stenosing
processes (fibrotic and inflammatory stenosis, obstruction, dilatation), and involvement of the colon were determined.

Results: The most frequently observed changes in the bowel wall and mesenteric fatty tissue were mural thickening (98.7%) and
enlargement of mesenteric lymph nodes (76 %), respectively. Stenosis was the most common complication (76 %). The most frequently
seen pathology of the colon was ileocecal valve thickening and enhancement (74.7%).

Conclusion: MR enterography is a useful imaging modality for the evaluation of changes in both the mesenteric fatty tissue and the
bowel wall. As there is no use of ionizing radiation, MR enterography should be the preferred imaging modality during follow-up of

GASTROINTESTINAL TRACT

patients with Crohn's disease.

Keywords: Crohn’s disease, magnetic resonance enterography, imaging features

INTRODUCTION

The small intestine is an extremely difficult part of the
gastrointestinal system to visualize with endoscopy.
Therefore, enteroclysis and small bowel follow-through
series have been used as diagnostic methods for many
years.! In the past, enteroclysis has been accepted as the
standard imaging method in the radiological assessment
of small bowel pathologies.!

Today, magnetic resonance (MR) enterography (MRE) is
widely used as a radiological imaging method in the diag-
nosis, follow-up, evaluation of response to treatment,
and determination of possible complications, for Crohn'’s
disease.? Together with developments in radiological
imaging technology, the increasing use of computed
tomography enterography and MRE allows not only the
determination of intraluminal evaluation as in conven-
tional methods, but also of possible mural and extralu-
minal pathologies.®

MR enterography is a cross-sectional imaging method,
which does not include ionizing radiation, can be easily
applied, and is tolerated better than conventional meth-
ods by patients.* Therefore, it is much more advantageous
than techniques based on enteroclysis. As there is no
exposure to ionizing radiation, MRE is suitable for use in
Crohn's disease, for which frequent follow-up is required
and the patient population is in the young age group.®

In Crohn's disease, the superficial lesions that begin
as lymphoid hyperplasia, erosion, and aphthous ulcers
deepen over time, affecting all layers of the intestinal
wall.® The disease can be complicated by penetrating
lesions such as sinus, abscess, fistula, and tissue changes
that narrow or obstruct the intestinal lumen.® Thus, there
is a diversity of findings in the small bowel involvement of
Crohn's disease. The aim of this study was to determine
the frequency of findings detected with MRE in patients
diagnosed with Crohn's disease and also to evaluate the
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association of each of the MRE findings with the other
findings.

MATERIALS AND METHODS

This retrospective study included a total of 75 patients
diagnosed histopathologically with Crohn's disease
between July 2011 and December 2014, who were
referred to our department for MRE. The patients com-
prised 41 (54.7%) males and 34 (45.3%) females with
a mean age of 41 years (range, 18-78 years). The Local
Ethics Committee granted approval for the study.

Following a 6-hour fasting period, all the patients were
given 125 mL laxative lactulose solution (Osmolak®
250 mL) which was mixed into 2 L of drinking water, to
be drunk within 1 hour. To prevent any artifacts origi-
nating from bowel peristalsis, 1 mg Glucagen (Glucagen
Hypokit® 1 mg) was applied intramuscularly as a spas-
molytic. The MRE examinations were performed on an
MR device with 1.5 T magnetic field strength (GE-Optima
MR450w). The patients were examined in a supine posi-
tion using a phase-array body coil. After obtaining stan-
dard and heavily weighted T2 images in coronal and axial
planes, gadolinium chelate was administered by the IV
route and 3D fat-suppressed T1-weighted GE images
(LAVA-Flex) were obtained in the precontrast, arterial,
venous, and delayed venous phases. The sequences and
technical parameters used during the MRE examination
are shown in detail in Table 1.

The MRE images were retrospectively evaluated by a sin-
gle radiologist. Evaluation was made in respect of changes
in the intestinal wall and mesenteric fat tissue, colon
involvement, and complications.

Based on the radiological evaluation of the MRE, the
behavior of Crohn's disease was subdivided into B1,
B2, and B3 subgroups according to the Montreal clas-
sification.” Inflammatory disease features such as mural

MAIN POINTS

Crohn’s disease is an inflammatory bowel disease that
progresses with relapses, and MRE is frequently needed in
follow-up and treatment.

The most common sign of MRE in Crohn'’s disease is intes-
tinal wall thickening (98.7%).

MRE is a useful and effective imaging method without
ionizing radiation to differentiate both intestinal wall and
mesenteric tissue findings and to identify complications of
Crohn's disease.

edema, target sign, lymph node enlargement, and comb
sign without stricturing or penetrating signs were con-
sidered B1 behavior. The B2 behavior was represented by
stricturing with prestenotic bowel dilatation and signs of
bowel obstruction. The B3 behavior included a penetrat-
ing condition such as an inflammatory mass, an intraab-
dominal fistula, and/or an abscess.

All the findings were recorded and tabulated.

Statistical Analysis

Data obtained in the study were analyzed statistically
using the Statistical Package for the Social Sciences
(SPSS) 11.5.0 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics and frequency and percentage values of MRE
findings were calculated. Minimum, maximum, percent-
age and n values were used as descriptive statistics. The
association of the presence of each of the MRE find-
ings with the other findings was evaluated statistically.
Chi-square and Fisher's exact tests were used to com-
pare independent categorical variables. The results were
defined as statistically significant when the respective
test statistic had a P-value <.05.

RESULTS

The prevalence of the MRE findings is shown in Table
2. The findings were grouped under 4 main headings of
intestinal wall changes, mesenteric fat tissue changes,
complications, and colon involvement.

The most frequently seen intestinal wall change was wall
thickening (98.7%) (Figure 1), the most frequent mesen-
teric fat tissue change was enlargement in the mesen-
teric lymph nodes” (76%) (Figure 2), the most common
complication was stricture (76%) (Figure 3), and the most
common pathological finding in the colon was thickening/
enhancement of the ileocecal valve (Figure 4) (74.7%).

The relationship of the presence of each MRE finding with
the other findings is detailed in Table 3. The association
of mural edema (Figure 1) with mucosal enhancement
(P < .019), mucosal irregularity (P < .003), and enlarge-
ment in mesenteric lymph nodes (P < .032) was found
to be statistically significant. In patients with muco-
sal enhancement (Figure 2), the association of mucosal
irregularity (P <.001), the comb sign (increased number of
peri-enteric vessels on the mesenteric side of the affected
segment) (P < .009), enlargement in mesenteric lymph
nodes (P < .017), and intestinal stricture (P < .017) were
statistically significant.

632



Turk J Gastroenterol 2021; 32(8): 631-639

Onay et al. MR Enterography Findings of Crohn’s Disease

‘uonisinboe aye3s-Apeas uikojdwa SuiSew 3sey ‘v 1S3 ‘oyoe-uids 3se) Joys-9|3uls ‘JS4SS

(urw) swny
uonisinboe
(£1:0) 8le S0k 0k0 gee LS50 ozl ozt 150 eleq
|0J3U0D
pPIoH-Yy3ea.g pa42331] -Aloyelidsay PIOH-Yleaig  p|oH-Yyleaig  p|oH-Yyieaig pa42331i] -A103elidsay ploH-Yyyealg  pjoH-Yyiyeaig Kioyeundsay
(zHH)
£€€e8 0529 scle 001l 0529 0529 0529 0529 Yyipimpueg
asiaAsuel ] |euoio) [euolo) |euoJo) [euolo) asiaAsuRl] osloAsuel] [e3Ses aue|d a8ew
88C X 09¢€ 0€¥ X 0EY 00¥ X 00¥ 08€ X 08¢ 0ey X 0eY 0ch X 0cty 0cy X 0cvy 0EY X 0EY (ww) Ao+
9/ L9 9 144 8Y 19 19 8Y Jaquinu 82l|s
103oey
z - - 4 - - - - uodNPaY
4] - - 09 091 - 091 094 (o) 93ue dijy
uado JoN 00l wnuwiulin 9l S8 00} S8 S8 (sw)3L
1'e wnwiuin wnuwiulin 6'c 00ct wnuwiulin ooct ooct (sw)dL
(ww)
00 00 S0 S0 00 (0! ot 00 des a0y|s103u]|
(ww)
SSaUNOIY3
ce S€ oot 09 S€ 0's 0's 0'S ERIIS
96E X 0¥V 952 X 0¢e 952 X 08Y 0ce X vee 26l xX0ce ¥2ec x0ce 26l x0ce 26l X0ce 9Z1s Xl3elN
siajoweled
(xa|4-VAVT) 921IS-13INN 921S-3dIYL sulp 3S4SS 901|S-1HNN 3S4SS 3S4SS
Inae uIyL 3S4SS PaIYSIoM-ZL 354SS V1S3i4de  PeIYSIOM-ZL UYL IS4SS PRIYSIoM-gL  PaIY3IoM-gL  PaIySIom-gL
paIyom- 1L pajysiom-gL

slajoweled aouanbag Aydeis3oia3ug YN L d1qel

633



Turk J Gastroenterol 2021; 32(8): 631-639 Onay et al. MR Enterography Findings of Crohn’s Disease

Table 2. The Frequency of Findings of Crohn’s Disease
Determined on MRE

Number of
MRE Findings Cases (%)
Intestinal wall changes Intestinal wall 74 (98.7%)
thickness
Mural edema 63 (84%)
Mural fat tissue 8 (10.7%)
Mucosal enhancement 67 (89.3%)
Mucosal irregularity 54 (72%)
Cobblestone 1(1.3%)
appearance
Pseudopolyp formation 3 (4%)
Changes in mesenteric Fat tissue proliferation 27 (36%)
fat ti .
attissue Comb sign 43 (57.3%)
Lymph node 57 (76%)
enlargement
Peri-enteric 14 (18.7%)
inflammation
Reactive loculated 4 (5.3%)
fluid Figure 2. A 57-year-old male patient with Crohn's disease followed
Complications Entero-enteric fistula 20 (26.7%) up for 4 years. Coronal contrast-enhanced fat-suppressed
) . T1-weighted 3D gradient echo MR images shows mural thickening
Sinus tract 5(6.7%) and mucosal enhancement (long arrow) in the distal ileum. Note the
Abscess 2 (2.7%) enlarged mesenteric lymph nodes (short arrows) adjacent to the
. involved intestinal segment.
Stricture 57 (76%)
Luminal dilatation 18 (24%)
Colonic involvement Cecum deformity 31(41.3%)
lleocecal valve 56 (74.7%)
involvement
Mural thickening 24 (32%)

Figure 3. A 52-year-old female patient with Crohn's disease

Figure 1. A 46-year old female patient with Crohn's disease followed up for 19 years. Coronal contrast fat-suppressed
followed up for 5 years. Axial fat-suppressed T2-weighted SSFSE T1-weighted MR image shows ileoileal fistula (asterisk) associated
MR image shows wall thickening (large arrows) and mural edema as with stricture formation (thin arrow). Note the dilated small bowel
linear hyperintensity (small arrows) in the distal ileum. (short arrows) proximal to the site of stricture.
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Figure 4. A 25-year old patient with Crohn's disease followed up
for 2 years. Coronal FIESTA MR image shows ileocecal valve
thickening (arrow).

In patients with mural fat deposition in the intestinal
wall (Figure 5), and also in cases with intestinal pseu-
dopolyps (Figure 6), the mesenteric fat tissue prolif-
eration (Figure 5) was statistically significantly frequent
(P <.022 and P < .043; respectively). The mesenteric fat
tissue proliferation was statistically significantly more fre-
quentinpatients with the comb sign (P <.002), mesenteric
lymph node enlargement (P < .012), peri-enteric inflam-
mation (P < .014), and reactive loculated fluid (P < .014).
The coexistence of mesenteric lymph node enlargement
(P < .004), peri-enteric inflammation (P < .003), stricture
(P < .004), and cecum deformity (P < .045) was statisti-
cally significantly frequent in patients who had the comb
sign (Table 3).

In cases with fistula, cecum deformity (P <.001) and colon
deformity were determined at statistically significantly
higher rates. In cases with cecum deformity, ileocecal
valve thickening/enhancement was determined statisti-
cally more frequently (P <.001) (Table 3).

Based on the radiological evaluation of the MRE, the phe-
notypic behavior of Crohn's disease in our study is shown
in Table 4. The most common disease behavior in our
cohort was B1.

DISCUSSION

Crohn's disease is a complex pathological process, for
which the lifetime course with frequent relapses cannot
be predicted. It is usually seen in a young age group, and
because of the need for repeated CT examinations in the
follow-up of the disease, exposure to ionizing radiation is
inevitable.® Involvement is seen most often in the small
bowel, which is the part of the digestive tract for which
visualization with endoscopic techniques is limited.®

Traditionally, the combination of fluoroscopy and CT
techniques has been of benefit in the evaluation of the
small bowel in Crohn’s disease. In advanced stages of the
disease, the enteroclysis method is used, which provides
information about the intestinal lumen and mucosal sur-
face, but is limited with respect to extra-enteric compli-
cations.®™® CT provides detailed information about the
intestinal wall and extra-enteric structures. Despite the
diagnostic success, for the reasons stated above, the use
of CT techniques is limited in young Crohn's patients who
need follow-up imaging." MRI provides safe and non-
invasive imaging without exposure to ionizing radiation
for Crohn's patients."

In the current study, pathological wall thickening was
determined in all but one of the patients. Mucosal
enhancement was determined in 89% of the patients. In
a study of 40 patients with Crohn's disease by Negaard
et al,'® the prevalence of MR enteroclysis and MRE find-
ings was compared. The prevalence of intestinal wall
thickening was determined as 46% and mural enhance-
ment as 45% on MRE and MR enteroclysis, respec-
tively.”® Goldberg et al.'* evaluated 28 Crohn's patients
with CT and compared the findings of conventional bar-
ium studies with surgical findings. Intestinal wall thicken-
ing was determined in 82% of the patients."

In the current study, the prevalence of mucosal irregular-
ity compatible with ulceration was determined as 72%.
A cobblestone appearance was determined in 1 patient
and pseudopolyps in 4% of the patients. Negaard
et al.”® calculated ulcer prevalence as 45% on MRE and
MR enteroclysis. In a study by Goldberg et al.,'* no muco-
sal anomalies (cobblestone appearance, pseudopolyp, or
ulceration) were determined with CT.

In our study, the formation of enteric fistula was deter-
minedin 20 (26 %) patients,and sinustractin5 (6%).Inthe
study by Goldberg et al.,** fistula and sinus tract formation
were found in 32% of the patients. Brunning et al.'® aimed
to measure the prevalence of penetrating disease and
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Table 3. The Association of Crohn's Disease Findings on MRE

MRE Findings N (%) P
Mural edema Mucosal enhancement 59 (93.7%) .019
Mucosal irregularity compatible with ulceration 50 (79.4%) .003
Mesenteric lymph node 51 (81%) .0332
Mural fat Fat tissue proliferation 6 (75%) .022
Mucosal enhancement Mucosal irregularity compatible with ulceration 53 (79.1%) .001
Comb sign 42 (62.7%) .009
Mesenteric lymph node 54 (80.6%) .017
Stricture 54 (80.6%) .017
Mesenteric lymph node 45 (83.3%) .017
Cecum deformity 28 (51.9%) .003
Pseudopolyp formation Fat tissue proliferation 3 (100%) .043
Fat tissue proliferation Comb sign 22 (81.5%) .002
Mesenteric lymph node 25 (92.6%) .012
Peri-enteric inflammation 9 (33.3%) .012
Reactive loculated fluid 4 (14.8%) .014
Comb sign Mesenteric lymph node 38 (88.4%) .004
Peri-enteric inflammation 13 (30.2%) .003
Stricture 38 (88.4%) .004
Cecum deformity 22 (51.2%) .045
Mesenteric lymph node enlargement Stricture 47 (82.5%) .028
Peri-enteric inflammation Reactive locular fluid 4 (28.6%) .001
Entero-enteric fistula 7 (50%) .043
Entero-enteric fistula Cecum deformity 15 (75%) .001
Colon involvement 11 (55%) .01
Stricture Dilatation 18 (31.6%) .004
Cecum deformity lleocecal valve involvement 30 (98.8%) .001

extra-intestinal pathologies with CT enterography in
357 patients previously diagnosed with Crohn'’s disease,
and reported fistula in 63 (17%) patients, and sinus tract
in 7 (2%) cases. The fistulas were determined as entero-
cutaneous in 10 (3%) patients, entero-enteric in 34 (9%),
enterovesical in 4 (1%), perianal in 9 (2.5%), and recto-
vaginal in 2 (0.5%) patients.”™

In the current study, in the examination of the changes in
mesenteric fat tissue in Crohn's disease, the prevalence
of fatty tissue proliferation was determined as 36 %, peri-
enteric inflammation as 18%, mesenteric lymph node
enlargement as 76%, and mesenteric abscess was deter-
mined in 2 patients. In the study by Goldberg et al.,'* mes-
enteric fat tissue proliferation was reported as 39%,
mesenteric abscess as 25%, mesenteric inflammatory

reaction as 14%, and mesenteric enlarged lymph nodes
as 18%. In a study of 18 Crohn's patients with MRI by
Holzknecht et al,'® the prevalence of mesenteric lymph
node enlargement was calculated as 83%, and mesen-
teric fat tissue hypertrophy as 66%.

Goldberg et al.'* determined luminal stricture and proxi-
mal dilatation in 71% of patients. In the current study,
luminal stricture was determined in 57% of the patients,
and intestinal dilatation in 18%. Complete bowel obstruc-
tion was not determined in any patient. In the study by
Negaard et al.”® bowel stenosis was determined in 20% of
patients on MR enteroclysis and MRE.

In the current study, statistical evaluations were made
with respect to frequency of coexisting pathological
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Figure 5. A 64-year-old male patient with Crohn's disease followed
up for 10 years. Coronal fat-only image obtained with LAVA-Flex
sequence.shows intramural fat deposition (arrow) as a hyperintense
linear signal in the ileal wall. Also note the mesenteric fatty
proliferation (asterisk) in right lower quadrant.

Figure 6. A 37-year-old female patient with Crohn's disease
followed up for 10 years. Axial fat-suppressed T2-SSFSE MR image
shows pseudopolyps (arrows) extending into the ileal lumen.

Table 4. MRE Findings of the Disease Behavior Based on the
Montreal Classification

B1 (%) B2 (%) B3 (%)
Patients (n) 41(54.6) 11 (14.7) 23(30.7)
Age + SD 40.70 +13.02 40.81+16.35 42.08 +13.34
Male 21 (28) 6 (8) 14 (18.7)
Female 20 (26.6) 5(6.6) 9 (12.1)

B1, non-stricturing, nonpenetrating; B2, structuring; B3: penetrating.

findings on MRE. For example, in patients with mural
edema, the most common accompanying findings were
ulceration, mucosal enhancement, and mesenteric lymph
node involvement. It is known that mural edema is usually
present in acutely inflamed bowel segments.'? Increased
mucosal enhancement may be one of the earliest signs of
active inflammation, and can be accompanied by ulcer-
ation.” Lymph node enhancement is also accepted as a
finding of active inflammatory disease.’? Therefore, the
coexistence of these findings helps us to report with
certainty that the disease is in the active stage. We also
determined that mucosal enhancements were mostly
accompanied by findings of ulceration (mucosal irregu-
larity), comb sign, lymph node enlargement, and stric-
ture. A comb sign also indicates an acute exacerbation in
patients with Crohn's disease.”® In patients with a comb
sign, not all bowel obstructions are the result of fibrotic
strictures. In active disease, the areas of spasms and lumi-
nal contractions due to severe mucosal ulceration may
mimic strictures.” In this study, both the fat deposition
in the intestinal wall and intestinal pseudopolyps were
statistically significantly frequent in cases with mes-
enteric fat tissue proliferation. All of these MRI findings
are evidences suggesting that the disease is in a chronic
phase. Although the deposition of mural fat may occur as
anormal variant, it is generally secondary to chronic bowel
inflammation."”® Pseudopolyps associated with Crohn's
disease are probably the most common inflammatory-
type polyps that occur in the small intestine. They usually
develop on the background of chronic ileitis. Fat tissue
proliferation extending from the mesenteric attachment
of the bowel and partially covering the inflamed bowel
loop is mostly seen in chronic disease."” In those deter-
mined with fibrofatty tissue proliferation, the accom-
panying findings were primarily the comb sign, followed
by lymph node enlargement, peri-enteric inflammation,
and reactive loculated fluid. When fibrofatty tissue pro-
liferation is associated with engorged mesenteric vessels
(comb sign), it is considered pathognomonic for the dis-
ease and highly specific for active Crohn's disease."”” We
also noted that fistula formation, peri-enteric inflamma-
tion, cecum deformity, ileocecal valve thickening, and
coexistent colonic involvement, which are usually seen
during chronic Crohn'’s disease, were associated statisti-
cally more frequently.

The Vienna classification was found insufficient to clas-
sify penetrating forms of Crohn's disease,” because, peri-
anal disease accompanied by perianal fistula and abscess
has a different prognosis from the intraabdominal pen-
etrating phenotype. For this reason, it has been modified
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into the "Montreal classification,” by adding a modifying
(p) factor to the Vienna classification.”

The clinical significance of this classification is that
there is a good agreement between the disease behavior
described in the behavior (B) score and the therapeutic
approaches. The B1 phenotype represents an inflam-
mation that is often adequately treated by non-surgical
approaches. The stricture form (B2 phenotype) requires
endoscopic or surgical treatment in many cases. However,
surgery is often required in the treatment of penetrating
disease (B3 phenotype). Schill et al.?° reported MRE find-
ings and Crohn's disease B phenotype in 76 patients with
surgical correlations. They noted that MRE was an excel-
lent imaging modality to correctly assess the Montreal
classification-based disease behavior.2’ In our study, we
could perform the B phenotype according to the Montreal
classification in all patients on the basis of MRE findings.
MRE findings were not insufficient in any of our study
patients while deciding B behavior. These results can be
interpreted as being indicative of MRE being an appro-
priate imaging method for timely diagnosis of stricturing
or penetrating complications of Crohn's disease and for
deciding on interventional or surgical treatment.

One of the important limitations of this study is its small
sample size. Another limitation is the retrospective nature
and single-center design of the study. However, these
limitations are acceptable and do not diminish the pur-
pose of the study. Multicenter, prospective studies with
larger samples are needed.

In conclusion, in this study, we found that some of the
MRE findings were more frequently associated. Although
some of these findings may be seen in other diseases,
their combined presence is an extremely specific indica-
tor for diagnosis and stage of the disease. In routine prac-
tice, the MRE method is preferred more in the follow-up
of the disease rather than in diagnosis. Using this method,
active inflammation and complications can be seen with-
out the use of ionizing radiation.

MRE is a suitable imaging method for accurately identi-
fying Crohn's disease behavior according to the Montreal
classification, and helps clinicians to decide the thera-
peutic approach. However, MRE is preferred in Crohn's
disease not only because it does not include ionizing radi-
ation, but also because it provides multiplanar cross-sec-
tional imaging, it has high soft tissue contrast resolution,

and allows detailed and simultaneous evaluation of the
changes in both the intestinal wall and in mesenteric tis-
sue. Moreover, adverse reactions to the contrast agent
administrated are rarely seen.
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