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Abstract

Purpose To compare the accuracy of MR enterography (MRE) using combined T2-weighted and contrast-enhanced (CE)
sequences with that of combined T2- and diffusion-weighted (DW) sequences for the detection of complex enteric Crohn’s
disease (CD).

Materials Thirty-eight patients who underwent surgery for CD complications and preoperative MRE from 2011 to 2016 were
included. MRE examinations were blindly analyzed independently by one junior and one senior abdominal radiologist for the
presence of fistula, stenosis and abscesses. During a first reading session, T2-weighted images (W), steady-state sequences and
DW-MRE were reviewed (set 1). During a separate distant session, T2-WI, True-FISP and CE-MRE were reviewed (set 2).
Performance of each reader was evaluated by comparison with the standard of reference established using intraoperative and
pathological findings.

Results Forty-eight fistulas, 43 stenoses and 11 abscesses were found. For the senior radiologist, sensitivity for the detection of
fistula, stenosis and abscess ranged from 80% to 100% for set 1 and 88% to 100% for set 2 and specificity ranged from 56% to
70% for set 1 and 53% to 93% for set 2, with no significant difference between the sets (p = 0.342—0.429). For the junior
radiologist, sensitivity ranged from 53% to 63% for set 1 and 64% to 88% for set 2 and specificity ranged from 0% to 25% for set
1 and 17% to 40% for set 2 (p = 0.001 and 0.007, respectively).

Conclusion For a senior radiologist, DW-MRE has similar sensitivity as CE-MRE for the detection of CD complications. For a
junior radiologist, CE-MRE vyields the best results compared with DW-MRE.

Key Points

* For experienced readers, DWI has similar diagnostic capability as contrast-enhanced MR imaging for the diagnosis of Crohn’s
disease complications.

* For senior radiologists, gadolinium chelate injection could be waived for the diagnosis of Crohn’s disease complications.

* The interpretation of DWI for Crohn’s disease complications requires some experience.
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Abbreviations

CD Crohn’s disease
CE Contrast-enhanced
DWI Diffusion-weighted imaging

HASTE Half-Fourier acquisition single-shot turbo
spin-echo

MRE Magnetic resonance enterography

MRI Magnetic resonance imaging

NA Non applicable

NPV Negative predictive value

PACS Picture archiving and communication system

PPV Positive predictive value

SD Standard deviation

TNF Tumor necrosis factor

TP True positive

True-FISP True fast imaging with steady-state
precession

VIBE Volumetric interpolated breath-hold examination

WI Weighted imaging

Introduction

Crohn’s disease (CD) is a chronic inflammatory disease of the
gastrointestinal tract that can affect all segments [1]. Adults be-
tween 20 and 40 years old are mostly affected, and the total
prevalence is about 10 for 100,000 persons per year [2]. The
course of the disease is characterized by repetitive episodes of
remission and recurrence. Chronic subclinical inflammation of-
ten leads to acute and chronic complications such as stricture,
fistula or abscess and, after many years of evolution, cancer
[3-5]. Treatment of CD consists of anti-inflammatory therapies
using immunosuppressive drugs or anti-tumor necrosis factor
(anti-TNF) agents [1]. Nonetheless, surgery is required for pa-
tients with clinically significant complications that do not respond
to medical treatment. To avoid short bowel syndrome, surgery in
CD patients should be as conservative and minimally invasive as
possible. Therefore, optimal preoperative assessment of the le-
sions is paramount to select the best surgical approach [6-8].
Magnetic resonance enterography (MRE) is an effective mo-
dality for the preoperative assessment and monitoring of CD [8,
9]. Given the lack of radiation and high performance, MRE has
become the standard of care in CD, especially in young patients
[10]. The common protocol usually combines T2-weighted im-
ages (WI), fast dynamic steady-state sequences and T1-WI with-
out and with intravenous administration of a gadolinium chelate.
Contrast-enhanced (CE) T1-WI is the most informative sequence
with a high degree of correlation with histopathological findings
for wall thickness, inflammatory activity and detection of small
bowel complications [11-14]. Several recent studies have evalu-
ated diffusion-weighted imaging (DWI) in the assessment of CD
activity and perianal fistula [15, 16]. Some authors have sug-
gested that DWI could be equivalent or at least non-inferior to

CE-T1-WI for the detection of CD inflammatory lesions
[17-20]. Although many studies have suggested an added value
for DWI in the diagnosis of CD complications, none has yet
specifically compared its accuracy with that of other MR se-
quences [21, 22].

The safety of intravenous administration of a gadolinium
chelate has become a matter of concern with nephrogenic
systemic fibrosis and gadolinium deposition in the brain [23,
24]. These findings should lead physicians to use gadolinium
chelates with caution. The purpose of this study was to com-
pare the diagnostic accuracy of MRE using combined T2-
weighted and contrast-enhanced (CE) sequences with that of
combined T2- and diffusion-weighted (DW) sequences for the
detection of complex enteric Crohn’s disease (CD).

Materials and methods
Patients

This study was conducted following the recommendations of
our institutional review board, and informed consent was ob-
tained from all patients. We retrospectively searched the sur-
gical database of our institution for all consecutive patients
over 18 years old with CD who had surgery for small bowel
complications of CD from January 2009 to December 2015.
Patients who had no available preoperative CE-MRE and
DWI examinations performed within 3 months before surgery
were excluded. Fifty patients were originally identified in our
surgical database. Of these, 12 patients were excluded because
an MRE examination within the 3 preceding months was not
available (3 patients), no resection had been performed during
surgery or surgery was not performed for CD complication (9
patients). The study population ultimately consisted of 38 pa-
tients. There were 24 men and 14 women with a mean age of
31+ 7 (SD) years (range: 18 - 50 years).

MRE protocol

All MRE examinations were performed with the same protocol,
using a 1.5-T clinical MR unit (Magnetom Avanto®, VB15
software version, Siemens Healthineers) with 12 receiver chan-
nels, using 1 anterior torso phased-array coil with six channels
and two posterior spine clusters with three channels each, with
the patient in a supine position. The maximum gradient ampli-
tude of the magnet was 45 mT/m with a maximal slew rate of
200 mT/m using quantum gradients. All patients drank 1.5 1 of
water containing polyethylene glycol at a dose of 64 g/l
(Macrogol®, Biogaran) during the hour preceding the MRE ex-
amination. An intravenous injection of an antiperistaltic agent
(glucagon 5.3 mg, GlucaGen®, Novo Nordisk Pharma) was
performed during the examination before DWI and T1-
contrast-enhanced sequences in all patients.
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For all patients, the MRE protocol included breath-hold
frequency-selective T2 half-Fourier acquisition single-shot
turbo spin-echo (HASTE) sequences in the transverse and
coronal planes, dynamic true fast imaging with steady-state
precession (TrueFISP) in the transversal and coronal plane,
and DWI and T1-weighted gradient echo fat-suppressed vol-
umetric interpolated breath-hold examination (VIBE)
weighted-imaging before and after multiphasic administration
of gadolinium chelate (gadoterate meglumine, Dotarem®,
Laboratoire Guerbet) in the transverse and coronal planes.
Sequence parameters are shown in Table 1.

Images analysis

Two radiologists, one junior (senior resident with 3 years of
experience in abdominal imaging and MRE, M. Ba.) and one
senior (staff abdominal radiologist with more than 15 years of
experience in abdominal imaging and MRE, M. Bo.) indepen-
dently reviewed the anonymized MRE examinations on a
picture-archiving and communication system (PACS) viewing
station (DirectView®, 11.4.0.1253 spl version, Carestream
Health Inc). Readings were performed during two separate ses-
sions separated by a 3-month interval to avoid recall bias using a
standardized form. Both readers analyzed HASTE, TrueFISP
and DWI sequences (set 1) during the first session and the
association of HASTE, TrueFISP and T1-weighted VIBE se-
quences obtained before and after intravenous administration of
the gadolinium chelate during the second reading session (set 2).

For each set, the number of visible small bowel stenoses
(i.e., small bowel lumen < 10 mm with or without prestenotic

dilatation considering a prestenotic lumen > 30 mm for dila-
tation), their location and their length (in mm, measured using
our viewing station system measuring tools by adding length
of successive slices in the same plan), number of visible
fistulas (abnormal communication between the small
bowel and another organ) and their location (ileo-ileal,
ileo-colic, ileo-sigmoid, sinus tract, entero-cutaneous,
ileo-sacral, ileo-psoas), and the number of visible abscess-
es (encapsulated collection containing pus and/or gas) and
their size were collected. For the two reading sessions, the
study coordinator, who was aware of the standard of ref-
erence findings, was present and performed a lesion-to-
lesion correlation [8].

Standard of reference

All included patients had surgery with peritoneal inspection
and digestive resection. The standard of reference was
established during a consensus review session among the
study coordinator (AD), a senior radiologist, the senior ab-
dominal pathologist who did all the pathological analyses
(RK) and the senior surgeon who performed all the operations
(KP). All patients had complete surgical exploration with a
detailed surgical report. Gross examination of each patholog-
ical specimen was available with an extensive and detailed
report. The study coordinator also had access to all imaging
data and follow-up. For each patient, a list of visible lesions
with their characteristics (i.¢., size and location) on MRE was
established as the standard of reference using a standardized
data collection form. The pathologist reviewed the pathology

Table 1 MRI sequence parameters

T2-HASTE T2-HASTE TrueFISP TrueFISP T1-VIBE DWI
Plane Transverse Coronal Transverse Coronal Transverse Transverse
TR/TE (ms/m®) 1000/85 1000/85 3.9/1.95 3.53/1.77 385/3.07 4900/91
Field of view (mm) 350 380 400 460 400 380
Reconstruction matrix size 256 x 148 256 x 130 448 x 280 224 x 245 512 x 288 192 x 182
Voxel size (mm?) 14x14x%x6.0 1.5x1.5%x6.0 0.9x0.9x8.0 1.8 x1.8x 8.0 0.8 x0.8%5.0 1.1 x2.0%x5.0
Intersection gap 30% 30% 50% 50% 0% 10%
Number of signal averages 1 1 2 2 1 4
Echo train length 256 256 1 1 1 NA
Echo spacing (ms) 8.4 8.4 12 12 12 0.83
Receiver bandwidth (Hz/pixel) 390 390 585 585 260 1302
Number of slices 35 20 30 20 32 35
Slices thickness (mm) 6 6 8 8 5 5
Turbo factor 23 23 16 16 NA
Grappa NA NA NA NA NA 2
Acquisition time (s) 211 166 112 142 210 166
Diffusions directions NA NA NA NA NA 3
b values (s/mm?) NA NA NA NA NA 0, 600, 1000

NA non-applicable

@ Springer



Eur Radiol (2019) 29:2034-2044

2037

report, photographs of gross specimens and all available his-
topathological slices. The surgeon reviewed the surgical report
and the intraoperative photographs when available. The le-
sions were assessed blinded to the reading in consensus and
in an unblinded manner by the study coordinator (who was an
independent senior radiologist), the senior surgeon and the
senior pathologist who had all been implicated in the manage-
ment of each of these patients.

Statistical analysis

Statistical analysis was performed using SPSS® statistics
v22.0 (IBM Inc.). Descriptive statistics were calculated for
all variables obtained with the three sequences and reported
as mean, standard deviation (SD) and ranges for continuous
variables and raw numbers, proportions and percentages for
categorical variables. Sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) and
accuracy for the detection of the different lesions were calcu-
lated for each MRI sequence. The McNemar test was used to
search for differences in sensitivity between the different se-
quences. The Wilcoxon non-parametric paired signed test was
used to compare quantitative variables. Inter-reader agree-
ments for each lesion were calculated using the kappa test.
Kappa coefficients between 0.00 and 0.20, 0.21 and 0.40,
0.41 and 0.60, 0.61 and 0.80, and 0.81 and 1.00 indicated
slight, fair, moderate, substantial and almost perfect agree-
ment, respectively [25]. Numbers of lesions found on each
set by each reader were compared using the Student t-test.
For all tests, a p < 0.05 was considered to indicate
significance.

Results

Patient characteristics are summarized in Table 2. Among the
38 patients included, 31 had a total of 43 stenoses (mean
length = 79 + 48 [SD] mm,; range: 10-280 mm), 28 patients
had 43 fistulas (13 ileo-ileal, 12 ileo-cecal, 4 ileo-colic, 3 ileo-
cutaneous, 3 ileo-sigmoid, 1 sinus tract, 1 ileo-sacral, 1 ileo-
psoas and 1 recto-cutaneous) and 11 patients had 11 abscesses
(mean size: 29 = 9 [SD] mm; range: 10-50) (Table 2). The
mean time between MRE examination and surgery was 36 +
18 (SD) days (range: 2-90 days).

Considering set 1, inter-reader correlation was fair for the
diagnosis of fistulas (kappa = 0.235) and for the diagnosis of
stenosis (kappa = 0.066). For set 2, inter-reader correlation was
moderate for the diagnosis of fistula (kappa = 0.512) and fair for
the diagnosis of stenosis (kappa = 0.303). For the diagnosis of
abscesses, inter-reader correlation was substantial for the both
sets (set 1, kappa = 0.759; set 2, kappa = 0.679).

The sensitivity, specificity, PPV, NPV and accuracy for the
diagnosis of CD complications for each set and each reader

are summarized in Table 2. For the senior radiologist, using set
1, sensitivity and specificity for the diagnosis of fistula, steno-
sis and abscesses were not different from those with set 2
(respectively 80% versus 95%, 81% versus 88% and 100%
versus 100% for sensitivity and 70% versus 53%, 56% versus
93% and 100% versus 100% for specificity [p = 0.342, p =
0.384 and p = 0.429 respectively]). Conversely, set 2 yielded
significantly higher sensitivity and specificity for the diagno-
sis of all complications for the junior radiologist (p < 0.001, p
= 0.007 and p = 0.004 respectively) (Figs. 1, 2, and 3).

When several lesions coexisted in the same patient, one
was found by the junior radiologist compared with two lesions
by the senior (mean number of lesions = 1 + 0.6 for the junior
radiologist versus 2 + 0.7 lesions for the senior) (p < 0.001).
Only small abscesses (i.e., < 30 mm in diameter) were missed
by the junior radiologist (Table 3).

Table 2  Patient characteristics

Patients (n) 38
Age (years)* 31+£7.0(18-50)
Gender (male/female) 24/ 14
Current smoker 5/38 (13%)

History of small bowel resection 15/38 (40%)

Time between diagnosis of CD and surgery 6.8 £6.3 (0-15)

(years)

First onset of CD at the time of surgery 1/38 (2.5%)
Ongoing treatment

14/38 (27%)
21/38 (55%)

No current treatment

Immunotherapy
Standard of reference

Stenoses 43 in 31 patients
97 + 81 (10-350)

43 in 28 patients

Length (mm)
Fistulas

Tleo-colic: 4
Ileo-cecal: 12
Ileo-ileal: 13
Ileo-vesical: 4
Ileo-cutaneous: 3
Ileo-sigmoid: 3
Ileo-sacral: 1
sinus tract: 1
Tleo-psoas: 1
Recto-cutaneous:
1

11 in 11 patients
29 +9 (10-50)
36 £ 18 (2-90)

Abscess
Size (mm)
Delay MRI — surgery (days)

1-30 days (n) 17
31-60 days (n) 11
61-90 days (n) 10

Numbers in parentheses are percentages. Numbers in brackets are ranges
CD Chron’s disease
*Mean + SD
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Fig. 1 A 33-year-old man with
Crohn’s disease treated with
infliximab with pathologically
proven ileo-colic fistulas. a T2
HASTE-weighted imaging in the
transverse plane shows a linear fat
infiltration from the ileum to the
colon (arrow). b DW image in the
transverse plane (b = 1000
s/mm?) shows a linear zone of
high restriction of the diffusion
(arrow). ¢ Contrast-enhanced T1
VIBE in the transverse plane
shows a linear hyperintensity
from the ileum to the colon
(arrow). d Macroscopic view of
the pathological analysis after
ileo-cecal resection shows ileo-
colic fistulas (arrow) next to the
cecum (arrowhead)

Fig.2 A 29-year-old woman with
Crohn’s disease treated with oral
steroids for 10 years with one
jejunal and one ileal
pathologically proven stenosis. a
T2-HASTE-WTI in the transverse
plane shows a circumferential
wall enlargement (arrow) with a
reduction of the lumen size. b
DW image in the transverse plane
(b = 1000 s/mm?) shows a re-
striction of the diffusion of the
bowel wall that was thickened on
the T2-HASTE-WI (arrow). ¢
Contrast-enhanced-T1-VIBE in
the transverse plane shows a
circumferential wall enlargement
with a hyper-enhancement
(arrow) and a reduction of lumen
size. d Macroscopic view of the
pathological analysis after ileal
resection shows an enlarged
bowel wall and confirms the
stenosis (arrow) with upstream
bowel distension
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Fig. 3 A 33-year-old man with
Crohn’s disease, diagnosed 1 year
ago, treated with oral corticoids,
with a 25-mm mesenteric abscess,
surgically and pathologically
proven. a T2-HASTE-WI in the
transverse plane shows a rounded
infiltration of the pelvic fat, with
blurred contours (arrow). b DW
images in the transverse plane (b
= 1000 s/mm?) shows restricted
diffusion in bowel wall in front of
the fat stranding area that is
optimally detected compared with
A (arrow). ¢ Contrast-enhanced
T1 VIBE in the transverse plane
shows a small rounded enhancing
infiltration of the fat with a
discrete central hyposignal
(arrow). d Photograph shows
gross specimen after surgery. A
25-mm mesenteric abscess
(arrow) is histopathologically
confirmed

Length of stenoses was always overestimated compared with the
standard of reference except by the senior radiologist using set 1 (97
+ 81 [SD] mm; range: 10-350 mm versus 95 + 69 [SD] mm; range:
10250 mm [p = 0.92]). Sizes of abscesses on MRE were similar to
sizes as established using the standard of reference for the two
readers and for the two sets (p = 0.210-0.644) (Table 4).

Considering the 43 stenoses, the junior reader missed 13
lesions with set 1 and 4 using set 2, while the senior radiologist
missed 4 lesions using set 1 and 1 stenosis using set 2 (Table 3).
The junior reader missed the shortest stenoses: 44 + 23 (SD)
mm for undepicted stenoses versus 140 + 86 (SD) mm for
depicted stenoses using set 1 (p < 0.001). The missed stenoses
were also shorter using set 2 (22 + 16 [SD] mm versus 110 £+ 81
[SD] mm, p = 0.022). For the senior reader, no differences in
terms of length were found between depicted and undepicted
stenoses (p = 0.173 and 0.587 for set 1 and set 2, respectively).
All stenoses shorter than 30 mm were missed by the junior
radiologist with both sets, and all stenoses longer than
100 mm were depicted by both readers using either imaging set.

Considering the 43 fistulas in 28 patients, the FN rates were
especially high for ileo-sigmoid fistula with set 1 for the junior
radiologist (4/4 fistulas missed) while only 1/4 fistula was
missed with set 2 (Table 5). Less common complex fistula
locations (i.e., ileo-vesical [n = 1], recto-cutaneous [n = 1]
and ileo-psoas [n = 1] fistulas) were all depicted by the two
radiologists with both sets. Considering abscesses, the junior
reader did not depict abscesses < 30 mm in size (5 abscess

missed with both sets). The senior reader missed one abscess
using set 1 but none using set 2.

Discussion

Our study suggests that MRE performed with the association of
T2-WI and DWI sequences without intravenous gadolinium
chelate is an alternative to the more classical protocol including
CE-T1-WI without DWI for the diagnosis of stenosis, fistula
and abscess complicating CD, which is in line with previous
studies [18, 26, 27]. Sensitivity and specificity of set 1 and set 2
were not different for the senior radiologist. However, our study
shows that the reading of DWI requires more experience than
CE-T1-WI, as the junior radiologist obtained significantly low-
er sensitivity and specificity with set 1 compared with set 2.

Increasing evidence is now available to suggest that DWI is
accurate in CD but, for Europeans societies, the use of DWI
remains optional [18, 21, 22, 28]. However, the low perfor-
mance of the junior radiologist obtained with set 1 in our study
suggests that CE sequences may still be needed to facilitate
reading, especially for inexperienced readers [20, 29].

Using high b values, DWI shows hyperintense, linear, re-
tractile images suggestive of internal fistulas, sometimes
attracting structures or associated with an inflammatory mass
[17]. In a series including 14 patients, Schmid-Tannwald et al
found a similar detection rate of internal fistulas using T2-WI
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Table 4 Comparison of stenosis
length and abscess size for the

two sets of different readers with
the standard of reference

Mean + SD (range) )2 P

Stenosis length Standard of reference 97 + 81 (10-350)

Senior set 1 95 + 69 (10-250) 0.922

Senior set 2 167 = 117 (40-600) 0.007

Junior set 1 179 + 107 (20-550) 0.001 0.628

Junior set 2 171 + 117 (40-600) <0.001 0.349
Abscess size Standard of reference 29 +9 (10-50)

Senior set 1 33+ 15 (16-70) 0.644

Senior set 2 31+ 15 (13-65) 0.609

Junior set 1 34 + 14 (17-65) 0.345 0.671

Junior set 2 38 +20 (13-70) 0.210 0.272

Numbers in bold indicate significant difference

# Student #-test comparing measures with the standard of reference

® Student -test comparing measures of each set between reader 1 and reader 2

and DWI (set 1) than using T2-WI and CE-T1-WI sequences
(set 2) [21]. Even though the role of DWI for the diagnosis of
perianal complications such as fistula is now well accepted, no
other study has specifically evaluated the role of DWI for the
diagnosis of internal fistula in CD patients [22, 30, 31].
Considering bowel stenosis, CE-T1-WI has proven efficacy
for the depiction of stenosis and is helpful to differentiate
acute from chronic lesions according to the pattern of bowel
wall enhancement [32]. Similarly, DWI has demonstrated util-
ity for the evaluation of CD activity with a high degree of
correlation with histopathological findings but its usefulness
for diagnosing stenosis has not yet been studied [33]. Finally,
for the diagnosis of extra-luminal CD complications, includ-
ing fistula and abdominal or pelvic abscesses, DWI has a
sensitivity that reaches up to 90% with a very high specificity
but has not been evaluated for this specific condition of CD
complications in the preoperative diagnosis setting [18, 34].
For the junior radiologist, diagnostic performances with set 1
were lower than those of the senior radiologist. We assume that
reading of DWI, which provides thicker slices than T1-

weighted VIBE sequences (5 vs. 1.2 mm, respectively), and
the loss of anatomical and morphological details on high b
value DW images require a more important learning curve,
although this hypothesis has not been fully elucidated so far
[26, 27]. When analyzing the readings of the junior radiologist,
we observed that only one lesion was detected with DWI in
patients with multiple coexisting lesions. Concerning abscess-
es, only the smaller ones (i.e., < 30 mm) were missed by reader
2. The same result was found for stenoses as only long stenoses
were detected by the junior radiologist. Considering fistulas, the
most frequently missed lesions were loco-regional fistulas, be-
tween two bowel segments, which are also the most frequent
lesions. These findings suggest that a learning curve for DWI
sequence analysis as well as a good knowledge of the disease
and of the high prevalence of co-existing lesions is required.
Several kinds of information can be obtained using differ-
ent models of analysis of DW-MRI. The diffusion measure-
ment using a mono-exponential model requires a few numbers
of b values and has a proven diagnostic value for lesion char-
acterization [35-37]. When many b values are used, bi- or tri-

Table 5 Sensitivity for the

detection of fistulas for the Standard of reference Junior set 1 Junior set 2 Senior set 1 Senior set 2

different sets considering their

location Ileo-colic 4 25% 25% 75% 75%
Ileo-sigmoid 4 0% 75% 100% 100%
Ileo-cecal 12 50% 50% 50% 83%
Ileo-ileal 12 25% 67% 83% 92%
Ileum-bladder 4 100% 100% 100% 100%
Ileo-cutaneous 3 67% 100% 100% 100%
Ileo-sacral 1 0% 100% 100% 100%
Sinus tract 1 0% 100% 100% 100%
Ileo-psoas 1 100% 100% 100% 100%
Recto-cutaneous 1 100% 100% 100% 100%

Set 1: association of DWI, TrueFISP and T2-WI
Set 2: association of T1-FS with and without injection of gadolinium chelate, TrueFISP and T2-WI
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exponential models can be used and the perfusion fraction,
pseudo-diffusion fraction or kurtosis can be calculated, thus
providing functional information in many diseases [38—40]. In
our study and for CD in general, a mono-exponential model
was used for DWI in MRE [17]. Histopathological changes in
CD mostly consist of high-density lymphatic cell infiltration,
epithelioid granuloma and edema [41]. Even though HASTE
provides direct and indirect signs for the diagnosis of CD
complications, as in many other abdominal diseases, DWI
sequences may facilitate the detection of these lesions [42].
Moreover, smaller abscesses may be missed on unenhanced
MR images. DWI, ensuring a high tissue contrast, may in-
crease abscess detection, which is paramount, particularly be-
fore using immunosuppressive drugs [43].

The major strength of our study compared with other
pre-existing studies is to focus on all surgical complica-
tions with a pathological and surgical correlation [21].
Moreover, we used a double-blinded reading, allowing
evaluation of inter-reader correlations and the impact of
radiologist experience. Nonetheless, our study has several
limitations including a monocentric setting, a retrospective
design and the rather small number of patients, thus poten-
tially inducing a recruitment bias. As MRE plays a pivotal
role in the management of these patients and in making the
decision for surgery, some patients may have been exclud-
ed as they did not have surgery because of missed signif-
icant lesions on MRE. Some patients may also have been
excluded because MRE was not performed with the 3 pre-
ceding months. As CE-T1-WI sequences are currently the
gold standard, this study is actually a non-inferiority study
comparing a less invasive diagnosis test (DWI) with the
standard one. Using the formula for sample size for a
non-inferiority study comparing diagnostic tests based on
paired observations [44], assuming a power of 80%, a
type-one error of 5% and a prevalence of 0.7, we estimated
that 45 samples would be required to show that set 1 is
non-inferior to set 2 if we chose a 20% difference in sen-
sitivity and a 20% difference in specificity as our minimum
acceptable differences. As these differences are larger than
what is currently assumed for a non-inferiority study, our
study is somehow underpowered: the small significant dif-
ference in sensitivity and specificity could be highlighted
with a larger sample size. Another limitation may relate to
recall bias because some complex CD patient images are
often very memorable and, because of the reading in two
sets, readers can memorize findings on the first imaging
set. We tried to limit this bias with different tools:
anonymization, reading of sets in a random manner and
an interval of 3 months between the two reading sets. As
the reading session for set 1 preceded the reading sessions
for set 2 in all patients, we assume that the performance of
set 2 may have been overestimated because of recall bias.
However, as CE-T1-WI is the standard reference sequence,

@ Springer

and because we did not expect set 1 to surpass set 2, we
preferred to avoid the recall bias for the reading of set 1,
which was the set we were assessing.

Then, the retrospective design did not allow evaluating the
inflammatory mass often associated with fistulae, but not usu-
ally reported by pathologists, and extra-intestinal abdominal
complications [17]. However, our promising results constitute
a first step to further prospective multicentric and controlled
studies. Finally, due to the small number of fistulas for each
location, we were not able to perform a reliable statistical
analysis for the location diagnosis accuracy.

In conclusion, for an experienced abdominal radiologist,
DWI may replace CE-T1-WI for the preoperative diagno-
sis of CD complications with MRE. We suggest that for the
specific case of suspicion of CD complications, a simple
protocol using morphological T2-weighted MR images as-
sociated with DWI could be efficacious in first intention.
The intravenous administration of a gadolinium-based con-
trast agent should be considered in second intention in
specific situations. These results need to be confirmed with
larger and prospective studies and could favor decreasing
use of gadolinium chelate injection in CD patients.
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