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Abstract 

Objectives:  Crohn’s disease (CD) is a condition that can occur in any part of the gastrointestinal tract, although 
usually forms in the colon and terminal ileum. Magnetic resonance imaging (MRI) has become a beneficial modal-
ity in the evaluation of small bowel activity. This study reports on a systematic review and meta-analysis of magnetic 
resonance enterography for the prediction of CD activity and evaluation of outcomes and possible complications.

Methods:  Following the PRISMA guidelines, a total of 25 low-risk studies on established CD were selected, based on 
a QUADAS-II score of ≥ 9.

Results:  A sensitivity of 90% was revealed in a pooled analysis of the 19 studies, with heterogeneity of χ2 = 81.83 and 
I2 of 80.3%. Also, a specificity of 89% was calculated, with heterogeneity of χ2 = 65.12 and I2 of 70.0%.

Conclusion:  It was concluded that MRI provides an effective alternative to CT enterography in the detection of small 
bowel activity in CD patients under supervision of radiologist for assessment of disease activity and its complications. 
Its advantages include the avoidance of radiation exposure and good diagnostic accuracy.
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Key points

•	 MRI may be considered as an effective diagnostic 
technique in moderate to severe CD patients.

•	 It plays an increasingly important role as non-inva-
sive and effective method to evaluate the small-bowel 
involvement and the possible intestinal and extra-
intestinal complications, in patients affected by CD.

•	 MARIA score found it to be the most sensitive and 
specific tool.

Introduction
Crohn’s disease (CD) is a form of inflammatory bowel 
disease (IBD), with an approximate frequency of 20.2 per 
100,000 person-years in North America, 12.7 per 100,000 
person-years in Europe, and 5 person-years in Asia [1, 
2]. Broadly, one-third of CD patients have either colitis, 
ileocolitis, ileitis, penetrating, or stricturing intestinal (in 
50% of cases) complications at the time of diagnosis [3]. 
While the pathology and etiology of this type of IBD are 
elusive, a dysregulation of the mucosal immune response 
is thought to play an important role in the pathogenesis 
of the disease, together with environmental and genetic 
factors [4].

An analysis of the medical history and a physical exam-
ination of the patient is the first step towards the diag-
nosis of CD, supported by pathologic, endoscopic, and 
laboratory data, using a variety of clinical severity indices, 
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such as the Crohn’s Disease Activity Index (CDAI), Har-
vey and Bradshaw Index, Simple Index, Oxford Index, 
van Hees Index, and Cape Town Index. Clinical disease 
activity is categorized by the European Crohn’s and Coli-
tis Organization (ECCO) into severe, moderate, and mild 
[5]. While disease activity generally follows a tripartite 
classification, there is neither a standardized system of 
grouping nor a canonical definition of levels. The CDAI is 
perhaps the most useful and widespread research tool for 
quantifying the level of disease activity. A score of > 220 
is used to recruit patients with active Crohn’s disease in 
many clinical trials, indicating a moderate to severe dis-
ease activity [5].

The Montreal and Paris classifications of CD group 
patients based on localization, behavior, growth, and 
onset; the behavior is subdivided into penetrating, non-
stricturing/non-penetrating, and stricturing [6]. The 
most severe prognoses are usually found in the perianal 
and penetrating form of the disease in comparison with 
other types [7]. The clinical importance of differentiation 
according to subtype is shown during the active inflam-
matory phase of CD, where treatment requires modifica-
tion when there is a coexistence of extramural disease or 
if associated fibrostenotic disease occurs with obstructive 
symptoms [8]. Accordingly, CD is classified clinically into 
four subtypes: reparative or regenerative (tending to be 
characterized by regeneration), inflammatory, fibrosten-
otic, and fistulizing or perforating [9].

There is no consensus about the preferred MRE score 
and they are not routinely utilized. Several MRE-based 
indices are common for analysis, including the Clermont 
score, the magnetic resonance index of activity (MaRIA), 
the Crohn’s disease magnetic resonance imaging index 
(CDMI), the Lemann index, and the magnetic resonance 
enterography global score (MEGS) [10–13]. This system-
atic review and meta-analysis focus on the use of MRE 
to evaluate the types of disease behavior, and to use this 
information to find possible correlates with clinical find-
ings. This review correlated different MRE methods 
(Clermont score, MaRIA, CDMI, MEGS) for Crohn dis-
ease activity assessment.

Materials and methods
Design and eligibility criteria
This mixed-studies review incorporates a systematic 
search strategy and quality appraisal method, and is 
based on the preferred reporting items for systematic 
reviews and meta-analysis (PRISMA) guidelines for 
researchers. A comprehensive search strategy was car-
ried out using electronic databases, such as EMBASE, 
CINAHL, Cochrane Central Register of Controlled Tri-
als, and MEDLINE. All forms of study designs were 
included with the exception of qualitative studies and 

management reviews, since the main focus of the review 
was the quantitative assessment of MRI. Also, all relevant 
studies were included that examine disease type and 
activity in patients with CD where MRI was involved as a 
diagnostic tool. Patients with an established diagnosis of 
CD were the target population.

Prospective and retrospective studies that were given 
focus examined subtypes of CD, detection and charac-
terization of the disease using MRE, diagnostic modal-
ity (surgery, histopathology, endoscopy, ileocolonoscopy, 
etc.), and patient population (i.e., established diagnosis 
of CD). No restrictions were made regarding country, 
patient’s age, or gender. The review is restricted in terms 
of the written language of articles, only including those 
in English. The search was limited to articles published 
from 1 January 2000 to 1 October 2019.

Extraction
Two independent reviewers reviewed the retrieved stud-
ies. Any disagreements were resolved either by a third 
reviewer or through a consensus approach. The two 
reviewers extracted the data independently from the 
selected studies. The data extraction method was estab-
lished prior to the study commencement and included 
information on imaging characteristics, such as bowel 
preparation, radiologist experience, oral and intravenous 
contrast, MRI strength, and time interval. Also, informa-
tion on study characteristics were included, comprising 
age, gender, number of patients, type of study, reference 
standard, patient population, location studied, year, and 
country. Particular values were calculated or extracted 
for the selected studies which provided data regarding 
individual patients, such as false positive, false negative, 
true positive and true negative. All outcomes used in the 
selected articles regarding MRI, CD, clinical examina-
tions, and imaging characteristics were considered as pri-
mary for this review. The following keywords were used: 
(disease type OR behavior type) AND (clinical subtype 
OR DWI classification OR Clermont Score OR category) 
AND (Montreal OR Paris) OR (MARIA OR MRI activity 
index) AND Crohn’s disease.

Risk of bias individuals
The Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-II) tool developed for diagnostic studies was 
used to assess the risk of bias, applicability, and quality. 
Studies with scores greater than 9 were classified as low 
risk.

Data analysis
A summary of the results exhibits the effectiveness of 
MRE in detecting activity, including MARIA, using sen-
sitivity and specificity values for studies that did not 
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provide raw data. For studies that provided raw data, 
contingency tables were constructed using true positive, 
true negative, false positive, and false negative informa-
tion. Likelihood ratios, sensitivity, specificity, and 95% 
confidence intervals were calculated for each study. Sum-
mary receiver-operating characteristic (ROC) curves and 
forest plots were presented through graphical representa-
tion, which were made using the Comprehensive Meta-
Analysis software (CMA), version 3 by Biostat, Inc. For a 
pooled analysis, 0.5 was added to all cells that comprised 
a value of 0 to include all studies in the analysis. The I2 
test was used to assess the heterogeneity.

Results
The preliminary database search yielded 2567 articles. 
These were reduced further by sorting according to title, 
resulting in a yield of 252 articles; these were then further 
reduced to 35 articles based on an appraisal of abstracts. 
A total of 25 articles fulfilled the inclusion criteria after 
consideration of the full articles and following contact 
with authors for missing information [1–4, 12, 14–30]. Of 
the 25 included articles, 7 were retrospective studies, 10 
were prospective studies, and 8 were unclear with respect 
to type. The majority of the prospective studies used 
consecutive patients to restrict the selection bias. These 
gave sufficient information to constitute a pooled analy-
sis; for instance, 10 studies of the initial 35 selected arti-
cles offered only summaries of results. All studies were 
assessed as low risk, based on QUADAS-II scores of ≥ 9.

In the 25 articles that met the inclusion criteria, a total 
of 2120 patients took part, out of which, 1470 patients 
were incorporated into a meta-analysis. The largest sam-
ple size among those patients included in the pooled 
analysis was 305. In an examination of the data of these 
1470 patients, 150 underwent endoscopy and MR within 
30  days to evaluate the distal ileum condition, which 
resulted in an MRI pooled specificity of 80% and a sensi-
tivity of 88% in predicting CD activity.

Correlation between MRE and Crohn disease type 
and subtype
A sensitivity of 61% for predicting disease type or subtype 
was revealed in a pooled analysis of 19 studies [1, 2, 4, 
12–14, 16–24, 31–33] with a heterogeneity of χ2 = 61.38 
and I2 of 60.7%. A specificity of 59% was reported for the 
pooled analysis with a heterogeneity of χ2 = 65.12 and I2 
of 70.0%. The negative predictive ratio was 0.21 and the 
positive predictive ratio was 6.1 using a random effects 
model.

Aphthous ulcers in the penetrating type of CD is dem-
onstrated in MRE studies as a high signal intensity nidus, 
covered by moderate signal intensity area best seen on 
high-resolution SSFP images with fat suppression [34]. 

Oral contrast material can outline the transmural ulcers, 
and thus be observed as linear high-signal intensity seen 
passing through the gastrointestinal tract. For more accu-
rate evaluation of transmural lesions, along with the asso-
ciated peri-intestinal inflammatory changes, images must 
be made on a plane that is perpendicular to the bowel [9]. 
The penetrating disease that has large sinus tracts with 
or without fistulas can be evaluated using oral contrast 
material. This outlines these tracks, enabling them to be 
seen as high-signal intensity lines that pass through the 
full thickness of the wall of the bowel to form a small col-
lection adjacent to it, or communicated through an adja-
cent luminal structure, such as the urinary bladder or 
another bowel segment [35].

Magnetic resonance enterography (MRE) can detect 
fibrostenotic disease of stricturing type, observed as a 
fixed narrowing of the affected segment [36, 37]. Both 
T1- and T2-weighed images can demonstrate chronic 
fibrotic strictures, showing inhomogeneous contrast 
enhancement in post-IV contrast sequences but with-
out the surrounding inflammation of mesentery or obvi-
ous edema [36, 38]. The absence of gut motility in active 
or chronic CD is observed using fast cine sequence 
(T2-weighted SSFP or echo planar imaging techniques). 
These images should be obtained before administering 
the spasmolytic drug, which improves evaluation of the 
motility of the bowel and enables differentiation between 
fibrotic and inflammatory strictures [9].

The diagnostic power of the markers was determined 
through a logistic regression analysis when differentiating 
between the Montreal behavioral classes (Table 1). Small 
bowel CD type and various subtypes were diagnosed 
and presented through forest plots based on sensitivity, 
specificity, and ROC curves with respect to the use of 
MRE. The aggregate sensitivity and specificity of MRE in 
assessing CD type and subtype was 67.78% and 61.88%, 
respectively, while the aggregate sensitivity and specific-
ity for endoscopy was 64.15% and 62.05%, respectively.

Correlation of MRI with disease activity
The studies presented in Table 2 were added to perform 
the indices revalidation. Variable outcomes have been 
shown by validating the studies on the ability of the indi-
ces to detect active disease. By contrast, there is consid-
erable inconsistency between gold standards, evaluated 
bowel segment, and validating studies’ methods, making 
it difficult to draw firm conclusions on the capacity of 
these indices to reflect disease activity levels.

Small bowel CD activity determined through the use of 
MRE was presented through forest plots based on sensi-
tivity, specificity, and ROC curves. The aggregate sensi-
tivity and specificity of MRE in assessing CD activity was 
79.25% and 74.25%, respectively.



Page 4 of 8Ahmad et al. Insights Imaging          (2021) 12:118 

Ta
bl

e 
1 

Se
ns

iti
vi

ty
 a

nd
 s

pe
ci

fic
ity

 o
f p

re
di

ct
in

g 
di

se
as

e 
ty

pe
 o

r s
ub

ty
pe

CD
 ty

pe
/s

ub
ty

pe
M

RE
 

se
ns

iti
vi

ty
 

(%
)

M
RE

 
sp

ec
ifi

ci
ty

 
(%

)

Lo
gi

st
ic

 re
gr

es
si

on
Im

po
rt

an
t d

iff
er

en
tia

tin
g 

M
RI

 fe
at

ur
e

Pe
ne

tr
at

in
g 

ty
pe

63
.7

60
.3

p 
<

 0
.0

01
Pr

es
en

ce
 o

f u
lc

er
 o

n 
T2

-w
ei

gh
te

d 
im

ag
es

 (T
2W

Is
) [

9]

N
on

st
ric

tu
rin

g/
no

n 
pe

ne
tr

at
in

g
58

.2
48

.4
p 

<
 0

.0
01

Pr
es

en
ce

 o
f t

he
 c

la
ss

ic
al

 C
D

 fe
at

ur
es

 w
ith

ou
t c

om
pl

ic
at

io
ns

 o
n 

T2
-w

ei
gh

te
d 

an
d 

ga
do

lin
iu

m
-e

nh
an

ce
d 

T1
-w

ei
gh

te
d 

se
qu

en
ce

s 
[8

]

St
ric

tu
rin

g 
ty

pe
63

.9
63

.2
p 

<
 0

.0
01

Pr
es

en
ce

 o
f s

eg
m

en
t(

s)
 o

f l
um

in
al

 n
ar

ro
w

in
g 

(fi
br

ot
ic

 o
r i

nfl
am

m
a-

to
ry

 c
au

se
) o

n 
un

en
ha

nc
ed

 T
2-

w
ei

gh
te

d 
an

d 
ga

do
lin

iu
m

-e
nh

an
ce

d 
T1

-w
ei

gh
te

d 
se

qu
en

ce
s 

[8
]

In
fla

m
m

at
or

y 
su

bt
yp

e 
(L

oc
al

 in
fla

m
m

at
io

n,
 a

ph
th

oi
d 

an
d 

de
ep

 u
lc

er
s, 

fre
qu

en
t t

ra
ns

m
ur

al
 in

fla
m

m
at

io
n 

w
ith

 ly
m

ph
oi

d 
ag

gr
eg

at
es

, a
nd

 
gr

an
ul

om
a 

de
ve

lo
pm

en
t d

efi
ne

 th
e 

ac
tiv

e 
in

fla
m

m
at

or
y 

su
bt

yp
e 

of
 C

D
)

73
.8

64
.9

p 
<

 0
.0

01
A

cu
te

 in
fla

m
m

at
io

n 
is

 b
es

t s
ee

n 
in

 T
2W

Is
 in

 fa
t s

up
pr

es
se

d 
se

qu
en

ce
s; 

st
ra

ti-
fie

d 
co

nt
ra

st
 c

on
fir

m
s 

C
D

 is
 a

ct
iv

e 
[9

]

Fi
br

o 
st

en
ot

ic
 s

ub
ty

pe
 (p

er
si

st
en

t i
nt

es
tin

al
 d

am
ag

e,
 c

hr
on

ic
 in

fla
m

m
a-

tio
n 

of
 th

e 
gu

t w
al

l t
en

ds
 to

 p
ro

ce
ed

 to
 fi

br
os

te
no

tic
 a

nd
 ir

re
ve

rs
ib

le
 

co
ns

eq
ue

nc
es

 (b
ow

el
 s

tr
ic

tu
re

s 
an

d 
bl

oc
ka

ge
))

81
.5

63
.3

p 
<

 0
.0

01
Pr

es
en

ce
 o

f s
te

no
tic

 s
eg

m
en

t t
ha

t p
er

si
st

 in
 th

e 
ci

ne
 im

ag
es

 a
nd

 s
ho

w
s 

hy
po

in
te

ns
e 

on
 T

1W
Is

 a
nd

 T
2W

Is
, a

nd
 o

n 
co

nt
ra

st
 e

nh
an

ce
m

en
t s

ho
w

s 
in

ho
m

og
en

ou
s 

de
la

ye
d 

en
ha

nc
em

en
t [

9]

Re
pa

ra
tiv

e 
or

 re
ge

ne
ra

tiv
e 

su
bt

yp
e

72
.4

64
.2

p 
=

 0
.0

05
Lu

m
in

al
 n

ar
ro

w
in

g 
m

ay
 b

e 
se

en
 w

ith
ou

t a
ny

 s
ig

n 
of

 o
bs

tr
uc

tio
n.

 P
os

t c
on

-
tr

as
t T

1 
im

ag
es

 s
ho

w
ed

 h
om

og
en

ou
s 

co
nt

in
uo

us
 e

nh
an

ce
m

en
t [

39
]

Fi
st

ul
iz

in
g/

pe
rf

or
at

in
g 

su
bt

yp
e 

(T
he

 p
re

se
nc

e 
of

 d
ee

p 
pe

ne
tr

at
in

g 
ul

ce
rs

, 
w

hi
ch

 c
an

 le
ad

 to
 th

e 
fo

rm
at

io
n 

of
 s

in
us

 tr
ac

ts
, fi

st
ul

as
, a

nd
/o

r a
bs

ce
ss

es
, 

ch
ar

ac
te

ris
es

 it
)

61
.0

68
.9

p 
=

 0
.0

08
Pr

es
en

ce
 o

f fi
st

ul
a 

or
 s

ig
ns

 o
f p

er
fo

ra
tio

n 
w

ith
 a

dj
ac

en
t c

ol
le

ct
io

n,
 b

es
t s

ee
n 

on
 g

ad
ol

in
iu

m
-e

nh
an

ce
d 

T1
-w

ei
gh

te
d 

se
qu

en
ce

s 
[9

]



Page 5 of 8Ahmad et al. Insights Imaging          (2021) 12:118 	

Discussion
Thia et al. based study on the evolution of Crohn’s dis-
ease reported 19% of patients with known penetrating 
or stricturing complications within the first 90  days 
of diagnosis based on Montreal classification, while 
patients diagnosed with non-stricturing and non-pen-
etrating disease at baseline had intestinal complication 
on progression, 76.7% of these patients required bowel 
resection surgery [3].

Penetrating disease, hospitalization for flares or 
consequences of the illness, surgery, extra-intestinal 
manifestations (EIMs) affecting two systems, or poor 
response to presently available medications are all signs 
of aggressive CD [41].

The current systematic study is the largest system-
atic study of MRI for small bowel identification in CD. 
Previous research and reviews looked at the sensitiv-
ity and specificity of MR imaging in detecting small 
bowel movement [42, 43]. We focused only on the small 
bowel.

The gold standard diagnostic approach for assessing 
intra- and extra-luminal CD complications is MR imag-
ing (Fistula, abcess and stenosis). For the identifica-
tion of stenosis, we discovered a high specificity with 
a moderate sensitivity. Previously, studies found a high 
detection rate for stenosis in both small and large bowel 
illness [24, 44] CT imaging may be beneficial, according 
to Qiu et al. for fistulas and stenosis detection but with 
no statistical significance and sensitivity and specific-
ity were comparable to published studies [45, 46]. Qiu 
et al. found results for stenosis that were similar to ours 
(sensitivity 65.3%, specificity 94.4%).

The lack of uniformity of imaging indications sugges-
tive of ongoing illness, especially with the expanding 
number of sequences available, is one of the challenges 
in replacing the gold standard with MR imaging. Pre-
vious research has shown that wall enhancement, 
mucosal lesions, and wall T2 hyperintensity are the 
most reliable indications of inflammation for MR [43, 
44]. Additionally, a study by Udayasankar et  al. found 
similar results in both the small and large bowel [45]. 

Diffusion-weighted MRI sequences have also been 
demonstrated to have good sensitivity and specific-
ity in previous investigations [46, 47]. Recently, vali-
dated scoring systems have been developed, such as 
the MaRIA (Magnetic Resonance Index of Activity) 
score for assessing disease activity and severity, and 
the Lemann score, or Crohn’s Disease Digestive Dam-
age Score, which considers a variety of factors (clini-
cal, endoscopic, and imaging findings) and attempts to 
measure cumulative damage [48, 49].

If the results of MR imaging influence physician man-
agement, this is a significant factor. Mendoza et al. found 
that MR aided decision-making in more than half of 
patients, particularly when biological treatments and sur-
gery were involved [50]. Messaris et al. showed that 69% 
of patients had changes to medical and/or surgical man-
agement after clinicians were given MR imaging results 
[51]. Similar results have shown that MR findings influ-
ence surgical approaches to managing Crohn’s patients 
[52].

Many researches looked at the use of ultrasound and 
computed tomography as alternate imaging modali-
ties. Ultrasound has the advantage of avoiding ionising 
radiation and being very affordable [53]. Previous stud-
ies assessing ultrasound have demonstrated high sen-
sitivities and specificities. There is one large-scale trial 
comparing US and MR currently in progress: the UK-
based MR Enterography or Ultrasound in Crohn’s disease 
(METRIC) trial [53–55]. Similarly, one meta-analysis has 
shown similar accuracy between CT and MR. CT has 
the benefit of being widely available and cost-effective. It, 
however, also carries the risk of ionizing radiation, espe-
cially amongst patients who might require multiple scans 
throughout the course of their life-long disease [56].

Limitations
This review may be limited in terms of the varied lengths 
of time between MRI and the reference standard. Thus, 
some of the findings might be nominally inaccurate in 
determining disease activity because clinical activity can 
change relatively quickly, particularly with the use of 
medication. This article could not differentiate between 

Table 2  Sensitivity and specificity of detecting CD activity

MaRIA Magnetic resonance index of activity, CDMI Crohn Disease MRI Index, MEGS Magnetoencephalography

MRE method of assessing Crohn 
disease activity

MRE sensitivity (%) MRE specificity (%) Number of patients Studies Meta-
analysis 
results

Clermont score 79 73 50 [24, 27] p < 0.001

MaRIA 85 79 42 [40] p < 0.003

CDMI 78 74 16 [26] p < 0.001

MEGS 75 71 21 [28] p < 0.007



Page 6 of 8Ahmad et al. Insights Imaging          (2021) 12:118 

severity of small bowel activity and other clinical features, 
owing to a lack of data. A number of other studies have 
recommended that MRI has better association with CD 
severity indices [32, 40]. Also, per-segment analysis was 
not performed, which might have led to an overestima-
tion of MRI accuracy. This may be a product of the use of 
endoscopy as a reference standard and its unsuitability in 
assessing added proximal small intestine. Another limita-
tion was that only one complication was analyzed in the 
studies, and others were not well visualized. This review 
was not able to determine whether additional advanced 
MRI may have had an advantage over other methods 
owing to the small number of studies that provided rel-
evant information.

Conclusion
This review has shown the effectiveness of MRE in 
detecting CD, and illustrated its considerable accuracy 
in detecting disease activity: a MARIA score found it to 
be the most sensitive and specific tool. MRE was able 
to predict disease types and subtypes to a high degree 
of accuracy, permitting radiologists to initiate a selec-
tion of the disease type or subtype from MRI features. 
However, radiologists may need to provide the essential 
characteristics of the disease in arriving at a final diagno-
sis of disease types and subtypes, because the sensitivity 
and specificity of MRE are not high enough to determine 
these accurately, specifically in comparison with endo-
scopic techniques.
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