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ABSTRACT

Aim To determine capabilities and potential of contrast enhanced
magnetic resonance imaging (MRI) enterography in order to esta-
blish the diagnosis and to evaluate severity and activity of intesti-
nal inflammation.

Methods Fifty-five patients with suspicion for presence of Crohn’s
disease were evaluated. All patients underwent contrast enhanced
MRI enterography and diffusion weighted imaging (DWI), and
subsequently endoscopic examination or surgical treatment. Four
parameters were analysed: thickening of the bowel wall, and pre-
sence of abscess, fistula and lymphadenopathy.

Results Comparing results of DWI and contrast enhanced MRI
enterography a significant difference between results given throu-
gh diffusion and histopathological test was found, e.g. a significant
difference between results obtained through diffusion and MRI en-
terography was found. MRI enterography sensitiveness for bowel
wall thickening was 97.7% and specificity 70%, whilst DWI sen-
sitivity for bowel wall thickening was 84% and specificity 100%.
The diagnostics of abscess and fistula showed no significant diffe-
rence between DWI and MRI, while in lymphadenopathy signifi-
cant difference between contrast enhanced MRI enterography and
DWI was found.

Conclusion Contrast enhanced MRI enterography in combination
with DWI allows for excellent evaluation of disease activity, but
also problems or complications following it. The examination can
be repeated, controlled, and it can contribute to monitoring of pa-
tients with this disease.

Key words: magnetic resonance imaging, diffusion, inflammatory
bowel disease
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INTRODUCTION

Due to its length and location, small intestine
is challenging both for clinical and radiological
evaluation. Crohn’s disease is the most common
disease of the small intestine (1). Even though
the medical problem was defined in the previous
century, Crohn’s disease patients even today re-
present a diagnostic challenge, and each attempt
of diagnostic progress is both of scientific and
practical significance (2).

Beside non-invasive and accurate disease di-
agnostic in its earliest possible phase, modern
radiology also requires a possibility to evaluate
activity and seriousness of a disease. This is im-
portant because the spread of disease affects me-
dical and surgical approach (3).

Until recently, the main diagnostic modality was
a standard radiological examination which co-
uld neither show the bowel wall nor the changes
located extraluminarly (4). One should also have
in mind that these examinations have harmful
ionizing radiation. The development of compu-
ted tomography (CT) devices and appearance of
multi-slice computed tomography (MSCT) de-
vices made a progress in diagnostics, where the
CT enterography made a huge step forward in the
diagnostic evaluation of intestinal wall changes
and thickening, but also it could display extra lu-
minal changes (5).

However, ionizing radiation is still a major pro-
blem, especially because patients with the Crohn’s
disease are mostly young (6). Since the ailment
demands constant tracking, there is a question
whether constant CT examinations are justified (6).
Even though endoscopic diagnostic methods are
the best for diagnosing and tracking digestive tract
diseases, they are limited in displaying proximal
and distal segments of small intestine (7).
Introducing the imaging radiological techniques,
adequate diagnose and valuable information tend
to be found, but not to disturb the commodity
and security of the patient (8). That is essenti-
al, considering that this is a long-term illness
which requires constant monitoring (6). The use
of magnetic resonance imaging in the evaluati-
on of patients with inflammatory bowel disease
was conditioned by the development of devices
that had technical predispositions for performing
such examinations (9,10). Protocol development
for MRI enterography made a huge step forward

in the diagnostic treatment of patients with in-
flammatory bowel disease (11). Problems such
as insufficient intestinal distension and intesti-
nal peristalsis are solved with the application of
oral contrast media and intravenous spasmolytic
application (11). Studies which compared con-
trasted enhanced MRI enterography with other
examination methods have given promising re-
sults. The use of magnetic contrast medium with
dynamical postcontrast evaluation has improved
examination quality (12-15).

The use of diffusion weighted imaging (DWI)
sequences represents a new possibility of expan-
ding the ability of MRI, which can give addi-
tional information about the changes of the in-
flammatory bowel disease (16-18). The DWI
represents changes in water mobility caused with
static membrane interactions, macromolecules
and the surrounding (19).

To contribute in the diagnostic treatment of pati-
ents with Crohn’s disease, based on our previous
experience in MRI diagnostics we have decided
to conduct this research. Initial hypotheses were
that the contrast enhanced MRI enterography pro-
vides an excellent assessment of the disease acti-
vity as well as the estimation of complications that
followed the disease, so that DWI, in comparison
with contrast enhanced MRI enterography, provi-
des better sensitivity, and in combination with the
apparent diffusion coefficient (ADC) map, it can
potentially improve specificity, and that contra-
sting MRI enterography in combination with DWI
has a significantly higher success in detecting the
activity and complications of Crohn’s disease.
This research was conducted in order to deter-
mine a potential for diffusion weighted imaging
(DWI) in the evaluation of patients with Crohn’s
disease, as a new possibility of spreading the abi-
lity of magnetic resonance, and the improvement
of sensitivity and specificity of the examination.
The results of this study will provide indicators
that will represent guidelines for setting up new
diagnostic criteria in the evaluation of patients
with Crohn’s disease.

PATIENTS AND METHODS

Patients and study design

The research implied prospective study where
patients with Crohn’s disease were diagnostically
treated with dynamic contrast enhanced MRI
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(DCE-MRI), and diffusion weighted imaging
(DWI-MRI).

The research included 55 patients with clinical
and laboratory suspicion of the Crohn’s disease,
who were diagnostically evaluated and treated

at the Cantonal Hospital Zenica in the period
between July 2013 and December 2015.

A research protocol was approved by the Ethics
Committee of the Cantonal Hospital Zenica.

After the MRI enterography, which inclu-
ded dynamic contrast sequences and diffusion
weighted imaging sequences, all patients un-
derwent endoscopic examinations or they were
surgically treated. Surgical and endoscopic fin-
dings were taken as reference findings.

This study included patients whose clinical and
laboratory tests made them suspicious of having
Crohn’s disease, which included the patients with
earlier diagnosis and PH verification of Crohn’s
disease (endoscopically and surgically) and who
were in the phase of exacerbation (patients who
have clinical and laboratory indicators of the di-
sease presence). Patients with suspicion of ha-
ving Crohn’s disease were also taken into consi-
deration. In that case, the disease was located on
endoscopically accessible places because of en-
doscopic imaging confirmation (colon, terminal
ileum, the area of ileocolic anastomosis, proxi-
mal part of digestive tract available to endosco-
pe). This study also included patients who were
surgically treated after imaging.

The study excluded patients who rejected to par-
ticipate, patients with contraindication for MRI
examination (electromagnetic implants, forei-
gn metal objects, claustrophobia), patients with
contraindications for appliance of MRI contrast
medium (renal insufficiency, high values of urea
and creatinine, allergy to the contrast medium,
patients who were diagnosed with changes on
some parts of the digestive tract, which were not
accessible to endoscopic confirmation, but which
do not require urgent surgical treatment).

The study implied the analysis of DCE-MRI
and DWI for every patient included in the study.
Clinical and morphological characteristics were
analysed, such as thickening of the bowel wall
(more than 3 mm) presence of fistula and absce-
ss. The analysis included both local lymphadeno-
pathies as an indirect sign of inflammation.

Methods

All patients who qualified for participation in
the study underwent an MRI examination (SIE-
MENS Magnetom Avanto 1.5 T, Erlangen, Ger-
many), which included DCE-MRI, and DWI.

Even though there is no consensus about the
universal protocol for contrast enhanced MRI
enterography, each examination should consist
of fast and ultrafast TIW and T2W sequences
in transversal and coronary plane. Dynamic po-
stcontrast evaluation implies the use of GE TIW
sequences with fat saturation.

After the native examination and intravenous
application of the contrast medium, dynamic po-
stcontrast recordings on T1 VIBE sequences bipla-
nary (transversal and coronary) were performed.

The examination was amended with diffusion
weighted sequences for abdomen and pelvis area:
ADC maps were automatically calculated with
computer program workstations of MRI device,
and on the basis of the given diffusion sequence.
DWI sequence was recorded before intravenous
application of the contrast medium. Before the
examination the patients drank 1.5 litre of fluid
consisting of 10% mannitol and water in propor-
tion 1:2; at the end they drank 100 mL of dilution
every 5 minutes. After that the patients were put
on the device table where the magnetic coils were
applied: 4-channel flex large and 8-channel body
matrix tim coil.

Before starting both native and postcontrast
scanning, the patients were given intravenous
spasmolytic in order to slow down peristalsis and
to avoid effects of intestinal twitching.

Statistical analysis

The applied methods of descriptive statistical
analysis were used to describe distribution of
examined variables. Kolmogorov-Smirnov test
was used to test normal distribution of quantita-
tive variables. Since these samples are not nor-
mally distributed but at the same time they are
dependent, in questioning the significance non-
parametric Wilcoxon’s test (Wilcoxon signed
rank test) was used.

A statistical analysis was performed using the
“R” program.

In order to establish the diagnostic characteri-
stics, respectively the quality of one method in
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relation to the other, we performed receiver ope-
rating characteristic curve (ROC) analysis.

The statistical hypotheses were tested at the level
of 0 <0.05, which means that the difference betwe-
en samples was considered significant if p <0.05.

RESULTS

A total of 55 patients underwent MRI entero-
graphy before the endoscopic or surgical tre-
atment. This MRI enterography included DCE-
MRI and DWI. The affected bowel segment after
the contrast administration increased intensity of
the signal and showed signs of the diffusion re-
striction (Figure 1).

Figure 1. A) T2 BLADE axial multi breath hold (mbh), B) T1
VIBE FS axial mbh postcontrast, C) and D) diffusion weighted
imaging (DWI) and ADC map: intestinal wall thickening with
signs of diffusion restriction (Department of Radiology, Can-
tonal Hospital Zenica, 2014)

Out of 55 checked patients, 10 patients were lac-
king histopathological confirmation of the disea-
se presence. Three of them had positive results on
MRI enterography.

Out of 55 patients, there were 22 males aged
between 19 and 75 (the average age of 47 years),
and 33 females aged between 19 and 72 (the ave-
rage age of 45.5 years) (p=0.21).

Out of 55 patients who underwent MRI entero-
graphy, 47 encountered thickening of the bowel
wall: in 44 (80%) patients the result was histo-
pathologically confirmed, while in three (5.45%)
patients histopathological confirmation was mi-
ssing. In seven (12.7%) patients absence of hi-
stopathological thickening of the bowel wall on
MRI enterography was found.

Diffusion restriction of free water in affected se-
gments was detected in 38 (69%) patients, while
it was negative in six (10.9%) patients. There was
a finding of pronounced diffusion restriction in

25 (45.5%) patients, while in 13 (23.6%) patients
moderate restriction of diffusion of the affected
segments was established.

Applying Wilcoxon test with 95% level of signi-
ficance, the following results were obtained: V=0
and p=0.008151 suggesting that there was statisti-
cally significant difference between results obta-
ined through DWTI and histopathological results.

A statistically significant difference between re-
sults obtained through diffusion and MRI entero-
graphy was found (V=45; p=.0027).

In case of MRI enterography, obtained results for
sensitivity showed TPR (the truly positive rate) =
0.9777 and for specificity, FPR (falsely positive
rate) = 0.3. In case of DWI, sensitivity for TPR
(exact positive rate) of 0.84, and specificity for
FPR =0 was found.

Sensitivity for MRI enterography for bowel wall
thickening of 97.7%, and specificity of 70% was
found, while the sensitivity for DWI for bowel
wall thickening was 84%, and specificity 100%.

In order to compare predictive properties of MRI
enterography versus DWI, the area under curve
(AUC) was used. In majority of cases, higher va-
lues of AUC represented a better method, which
is a predictive feature of the method. In case of
MRI enterography the obtained value for AUC
was 0.838, while for DWI value AUC was 0.922.
On the basis of sensitivity values, TPR (true po-
sitive rate), specificity, FPR (false positive rate),
and area under curve (AUC), it can be concluded
that the application of DWI improved predictive
features of the method, especially specificity; the
sensitivity, in the obtained pattern was not impro-
ved, which can be seen from the TPR value and
cross section of the ROC (Figure 2).

ROC curve
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Figure 2. Magnetic resonance imaging (MRI) and diffusion
weighted imaging (DWI) correlation depended of wall thickening

Out of 55 checked patients, MRI enterography
determined the presence of abscess collection in
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four (7.2%) patients, where the abscess collec-
tions were located dominantly in perirectal and
perianal region. All abscess collections showed
free water diffusion restriction.

Applying the Wilcoxon test, since there were
identical results, there was no significant diffe-
rence between results obtained with DWI and
MRI results.

MRI enterography confirmed the presence of fi-
stula in 11 (20%) patients: five patients had ente-
roenteral fistula, one had enterocutaneous fistula,
one had enterovesical fistula, and seven patients
had perianal fistula; four patients had combined
fistulas. All fistulas showed restriction of free wa-
ter diffusion.

In order to determine significance between re-
sults obtained through MRI enterography and
DWI there was no significant difference between
the results obtained with DWI and MRI.

MRI enterography detected significant lympha-
denopathy in 29 (52.7%) patients.

Free water diffusion restriction in case of affec-
ted lymph nodes was confirmed in 21 (38.1%)
patients, while in eight (14.5%) patients with
MRI verified lymphadenopathy the presence of
diffusion restriction was not confirmed.

In order to establish significance between results
obtained through DWI and results obtained thro-
ugh MRI enterography, V=45 and p=0.0027 were
obtained, suggesting a statistically significant
difference between results obtained through MRI
enterography compared to DWI.

DISCUSSION

Standard tools such as Crohn’s Disease Activity
Index or the Crohn’s Disease Endoscopic Index
of Severity, the Simplified Endoscopy Score do
not show total bowel damage (20). Because of
that it is essential to find new tools for evaluation
of functional and structural bowel damage and its
progress over time.

Magnetic resonance imaging (MRI) has more and
more application in diagnosing and patient mo-
nitoring with inflammatory bowel disease. The
absence of ionizing radiation, excellent tissue cha-
racterization and functional imaging are important
characteristics which make the MRI a suitable
method for digestive tract recording (21-23).

Results of the presented study have shown no si-
gnificant difference in approximate age between

males and females, which is consistent with pre-
vious researches (24).

Results obtained for bowel wall thickening showed
no significant difference between results obtained
through MRI enterography in comparison with hi-
stopathological test. Comparing DWI results and
MRI postcontrast enterography, significant diffe-
rence between DWI and histopathological results
was found, e.g. statistically significant difference
between DWI and MRI enterography was found.
Considering the fact that there was no statistically
significant difference between MRI enterography
and histopathological results, it can be concluded
that DWI as a single method cannot be used as a
reliable diagnostic method for confirmation of the
wall thickening.

In comparison with earlier studies where the
sensitivity for DWI of 100% and specificity up
to 92.9% were found (25), our results in terms
of DWI specificity were better. Previous studies
have shown sensitivity for MRI enterography of
83%-100% which correspond with our results,
and specificity of 94-100%, which does not
correspond with our (lower) results (25-27).

In case of MRI enterography the results of our
study have shown that by applying DWI predic-
tive property method was being improved, es-
pecially specificity, while the sensitivity in case
of obtained pattern was not improved. Unlike
lymphadenopathy, in abscess collection and fi-
stula detection there was no significant diffe-
rence between the results obtained by diffusion
weighted imaging and MRI findings. Recent
functional techniques such as DWI and dynamic
contrast-enhanced MRI (DCE-MRI) give pro-
mising results in evaluation and monitoring of
Crohn’s disease, but they require additional pros-
pective studies (28-30).

There are numerous studies which dealt with
different diagnostic aspects of Crohn’s disease.

Different studies were implemented with the aim
of comparing MRI enterography with other exa-
mination techniques, and they give promising
results (31,32). Sato et al. comparing ability to
detect lesions in Crohn’s disease with MRI en-
terography and ileocolonoscopy concluded that
MRI enterography can be useful, not only for the
detection of ulcers, but also for discovering en-
doscopically verified smaller lesions of Crohn’s
disease suggesting clinical benefit of MRI ente-
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rography for the detection and monitoring of this
disease (33). Diffusion weighted imaging (DWI)
represents a new possibility of widening ability
of magnetic resonance imaging which can give
additional information about the bowel tissue
structure which is being recorded; thus represen-
ting fast and precise tool for detection and evalu-
ation of the inflammation of the small intestine in
case of Crohn’s disease (25).

DWI-MRI enterography is a reliable tool for
evaluation of small intestine inflammation and
colon, and with its use it could avoid a need for
application of gadolinium based contrast agent
(34). Oto et al. concluded that DWI is a reliable
technique for the detection of inflammation in
patients with Crohn’s disease, and that dynamic
contrast MRI and DWI give quantitative mea-
sures of the small intestine inflammation, which
can differentiate actively inflammation segments
from normal small intestine in Crohn’s disease
(16). The DWI allows better sensitivity compa-
red to DCE-MRI, while the combination of ADC
and K (trans) parameters for the analysis can po-
tentially improve specificity (16,17).

In a study about the importance of MRI entero-
graphy and DWI in Crohn’s disease patients, Bu-
isson et al. concluded that DWI-MR enterography
is a good and precise tool for detection and evalu-
ation of the small intestine inflammation (25). Ti-
elbeek et al. suggested that quantitative parameters
of conventional MRI sequences, dynamic contrast
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