Magnetic Resonance Imaging of Small Bowel
Crohn’s Disease
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A Ressonéancia Magnética na Doenga de Crohn do Intestino Delgado
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ABSTRACT

Crohn’s disease (CD) is a chronic relapsing inflammatory disease of the gastrointestinal tract, which mostly affects young patients.
Imaging techniques form a very important part for the evaluation of CD and for monitoring disease progression or response to ther-
apy. Currently, imaging of CD is increasingly being performed by cross-sectional modalities, i.e. multidetector computed tomography
(MDCT) and magnetic resonance imaging (MRI), since these techniques allow for simultaneous visualization of luminal, mural and
extraintestinal disease extension. MR enterography has the potential to safely and noninvasively accomplish the imaging needs of
patients with Crohn disease without exposing them to ionizing radiation. The new imaging paradigm should contemplate patient safety
as a very important aspect when assessing the role of an imaging modality in comparison with others. For this reason, MRl may be the
preferred modality for evaluation of small bowel disease, especially in young patients in the setting of CD, considering that the major-
ity will undergo frequent repeat studies. Also, the information on disease activity is not matched by any other imaging method. In this
review article, the authors discuss the essential aspects of MR evaluation of CD, including protocol and imaging findings, also referring
the advantages over other radiological studies, concerning safety, accuracy and potential importance for therapeutic approach.

RESUMO

A doenca de Crohn (DC) é uma doenga inflamatoria intestinal de caracter crénico e recidivante, que atinge em muitos casos doentes
jovens. Os métodos de imagem sé&o indispensaveis no seu diagnostico, na monitorizagédo da progressdo da doenca e na resposta ao
tratamento. Na pratica clinica actual, a avaliagdo imagiolégica da DC é efectuada de forma crescente por técnicas de imagem sec-
cional, em particular a tomografia computorizada e a ressonancia magnética (RM), permitindo a visualizagdo simultanea do lumen e
da parede intestinal, bem como a extensao extra-entérica. A enterografia por RM permite uma avaliagdo segura e ndo-invasiva destes
doentes, sem necessidade de exposicéo a radiagéo ionizante. O novo paradigma de imagem deve contemplar a segurancga do doente
como um aspecto essencial na escolha do método de imagem. Por esta razdo, a ressonancia magnética podera ser o método de
avaliagao preferido para a avaliagéo do intestino delgado, especialmente em doentes jovens com DC, considerando que a maioria ira
realizar estudos de repetigdo. Além disso, a informagéao sobre a actividade da doenga nao é equiparavel por qualquer outro método de
imagem. Neste artigo de revisdo os autores discutem os aspectos essenciais da utilizagdo da RM na DC, incluindo o protocolo e os
principais achados de imagem, fazendo ainda referéncia as suas vantagens comparativamente a outros métodos, nomeadamente no
que diz respeito a seguranca, a acuidade diagndstica e a potencial importancia na abordagem terapéutica desta doenga.

INTRODUCTION

Crohn’s disease (CD) is a chronic relapsing inflamma-
tory disease of the gastrointestinal tract involving all the lay-
ers of the bowel wall that eventually may progress to fistu-
las, abscesses, and strictures formation. The incidence of
CD seems to be bimodal; the first peak occurs in the second
and third decades of life, while a second, smaller increase
in incidence can be seen between the fifth and seventh de-
cades of life."?

Although any segment of the gastrointestinal tract may
become involved with CD, it most commonly involves the
terminal ileum, and frequently in association with disease in
the right colon. Involvement of the terminal ileum occurs in
approximately 70% of patients, with combined terminal ileal
and cecal disease present in 40% of the total and isolated
terminal ileal involvement in the remaining 30%. Although
endoscopy and histologic examination have served as the

gold standard for the diagnosis of CD, diagnosing lesions
in the small bowel from the distal duodenum to the terminal
ileum has been a challenge.

The course of the disease is prolonged and unpredict-
able with alternating exacerbations and remissions and vari-
able response to medical or surgical therapy. The Crohn’s
Disease Activity Index (CDAI) is currently the gold standard
for clinical evaluation of disease activity and for monitoring
response to therapy,® despite the fact that the CDAI is in
part based on subjective criteria (‘general well being’ and
‘intensity of abdominal pain’). Assessment of the disease
activity is a major clinical problem and has important conse-
guences for patient management.*®

In the last decade, many new therapeutic strategies
have been developed that have allowed the gastroenterolo-
gist and surgeon to treat virtually all forms of CD effectively.
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The success of these treatments depends on accurate di-
agnosis of the nature and extent of disease. Therefore it
is no longer sufficient to detect the presence of CD, it is
mandatory to accurately assess its subtype, location, and
severity.

Imaging in Crohn’s disease

In the last 15 years, imaging of the small bowel has im-
proved significantly. Traditionally, imaging of the small bow-
el has relied on barium examinations. Conventional imaging
techniques for evaluation of the small bowel have included
small bowel follow-through and fluoroscopic enteroclysis.
These studies allow direct evaluation of the mucosal layer,
but fail to depict extraluminal complications, as much of this
information on these studies is derived from indirect and
non-specific secondary signs. Also, the presence of over-
lapping loops can mask disease.

Wireless capsule endoscopy (WCE) has been recently
introduced and provides direct mucosal visualization in the
elective investigation of small bowel diseases.”® Segments
of the small intestine that could not be reached by push en-
teroscopy and retrograde ileoscopy are visualized by WCE.
While there is little doubt that WCE provides a level of in-
traluminal image detail comparable to standard endoscopy
there are still certain limitations to capsule studies such as
safety and performance issues.®'® Localization of the dis-
ease process can also be challenging.

All these methods are able to demonstrate mucosal dis-
ease; however the major disadvantage they all suffer from
is their inability to provide deep mural and extra-luminal in-
formation. This is especially important for patients with CD,
as the disease affects the full thickness of the bowel wall
and also the adjacent fat and mesentery. These features
have substantial clinical implications also because of the
mucosa’s high regenerative capacity; its evaluation alone
might under characterize the true extent and activity of dis-
ease.

Currently, there is considerable consensus about re-
placing the conventional fluoroscopic examinations with
Computerized Tomography (CT) or Magnetic Resonance
Imaging (MR) of the small bowel. Cross sectional tech-
niques have several advantages, including their ability to
display the entire thickness of the bowel wall, to visualize
deep ileal loops in the pelvis without superimposition, and
to evaluate the surrounding mesentery and perienteric fat.
Another intrinsic advantage is the possibility to assess solid
organs and provide a global overview of the abdomen. Ad-
vances in CT and MR imaging technology have led to im-
proved spatial and temporal resolution allowing nowadays
high-resolution imaging and also enterography and entero-
clysis techniques.

Traditionally, multidetector computed tomography
(MDCT) has been the predominant cross-sectional tech-
nique in patients with CD because of its proven efficacy
in the evaluation of intestinal diseases and extraintestinal
complications. However, MDCT has the disadvantages of
exposure to a substantial burden of ionizing radiation and
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iodinated contrast material and does not lend itself to dy-
namic imaging due to radiation dose issues (as multiple post
contrast acquisitions are needed), which are of particular
importance especially in the follow-up evaluation of younger
patients. The cumulative amount of lifetime radiation expo-
sure for these patients may not be trivial."" "2 The estimated
radiation effective dose for CT small bowel follow-trough is
about 16 mSv. (Corresponding to 800 chest x-rays), which
could be variably higher according to the implemented CT
protocols and equipment used.'® At this point, the biologic
impact of this type of radiation exposure is not yet known.
The US Food and Drug Administration (FDA) estimates that
a CT examination with an effective dose of 10 mSv may
be associated with an increased chance of developing fatal
malignancy for approximately one patient in 2000'* and the
National Academy of Science BEIR VIl lifetime risk model
predicts that approximately one individual in 1000 will de-
velop cancer from an exposure to 10 mSv (0.01 Sv) of low-
dose radiation.'® The limitations and risks associated with
traditional advanced CT techniques, and the need for mul-
tiple follow-up examinations should shift interest to an alter-
native non-radiation imaging method.

Recent technological developments have dramatically
improved the quality of abdominal MRI extending its role in
the evaluation of the gastrointestinal tract. Hardware devel-
opments with faster gradients, new coil technology, parallel
imaging, and new software design with fast and ultrafast
pulse-sequence developments have become essential reg-
uisites for MRI evaluation of the small bowel. MR imaging
has emerged as a valuable tool in evaluation of small bowel
Crohn’s disease. MRI provides several advantages to other
imaging modalities, including the lack of ionizing radiation,
multiplanar capability, and functional information.

The efficacy of CT and MRI have individually been ex-
tensively studied in CD, however only a few studies have
compared them, with most noting a similar diagnostic per-
formance.'®'® As noted in earlier studies, the image qual-
ity is usually considered superior for CT, because it is not
degraded by motion artifact, especially in patients unable
to cooperate with the required apneas, reflecting the fast
acquisition time by new MDCT technology. With recent
development and clinical application of motion-resistant
T1-weighted sequences,?-?? capable of acquiring post-con-
trast images in a free-breathing manner, we believe that this
potential drawback will be substantially reduced. In addi-
tion, MRE has the potential advantage of providing func-
tional and quantitative information about bowel wall (e.g.,
diffusion, perfusion, motility) that cannot be obtained by CT.

Technical considerations

Similar to other imaging techniques, homogeneous
opacification and adequate luminal distention of the small
bowel is desirable since poorly distended loops can simu-
late disease?® or hide pathologic processes especially in
less experienced hands.

Consistent distension of the small bowel is achieved
by fluid administration after nasojejunal intubation (entero-
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Fig. 1 — Coronal T2-weighted SSETSE (a) and steady state free precession (b) images in a young patient with suspected Crohn’s disease.
SSETSE sequence (a) demonstrates detailed structures and thickness of the bowel wall even without the use of spasmolytic agents.
These sequences are susceptible to flow voids due to peristaltic motion, which are seen as multiple areas of low signal intensity within the
bowel lumen. This drawback is compensated with steady state free precession (b) sequences which are robust to these artifacts.

clysis). However, the placement of the catheter is techni-
cally challenging and invariably unpleasant and stressful.
Additionally, placement of the tube still requires ionizing
radiation. The improved distention achieved with enterocly-
sis does not necessarily translate into an improvement in
diagnostic effectiveness?*?5 and peroral large volume fluid
administration is an effective and most often satisfactory
means of achieving small bowel distention.?¢%" (Fig.1)

A variety of intraluminal contrast agents are in use with
oral administration. Apart from obvious safety and patient
acceptance issues, required attributes of an oral contrast
agent include lack of significant intestinal absorption, uni-
form distribution, and a dilution-resistant effect on intralu-
minal signal intensity. Although both positive (bright lumen)
and negative (dark lumen) contrast agents have been pro-
posed, biphasic contrast agents (water-based) are usually
preferred because they are easy to implement and may
provide excellent signal characteristics, resulting in bright
lumen on T2-weighted, and dark lumen on T1-weighted se-
quences.

In order to slow intestinal absorption of water, osmotic
and viscosity agents may be added. We routinely have used
the addition of 2% sorbitol, a nondigestable carbohydrate,
and 2% of barium, to provide an osmotic load that slows
water absorption and locust bean gum, which is commonly
used in the food industry as a thickening agent.?”28 The lat-
ter substance has the property of retaining a large volume
of water up to 20 to 30 times its own volume, resulting in
improved small bowel distention.

Between 1000 mL and 1500 mL of the intraluminal con-

trast is given for oral administration 45 to 55 minutes before
the examination and 20 mg of metoclopramide may be add-
ed directly to the oral contrast to promote gastric emptying.
Adverse effects are rare, usually mild and transitory, and
experienced mainly after the termination of the MR exami-
nation.?”

We regularly administer 1mg of glucagon intravenously
immediately before the injection of intravenous contrast to
produce small bowel paralysis.

MRE Technique

Placing the patient in the prone position may facilitate
separation of small bowel loops while decreasing the vol-
ume of peritoneal cavity to be image and, as a result, the
number of coronal sections to be acquired.?® However many
patients may not tolerate laying prone in the MR system,
and as such the supine position is almost always adequate.

A variety of pulse sequences are currently used for in-
testinal MRI applications.

Despite considerable evolution, body MR imaging is still
based on T1-weighted and T2-weighted sequences plus or
minus fat suppression and postgadolinium T1-weighted se-
quences.

A small bowel MR protocol should employ Half-Fourier
single-shot echo-train spin echo T2-weighted sequences
(SSETSE) in the coronal and axial plane with and without
fat suppression, steady-state free-precession (SSFP) in the
coronal and axial planes and gadolinium enhanced dynamic
imaging (18 sec, 50 sec, 120 sec, 180 sec, 240 sec and 300
sec) with either two-dimensional (2D) or three-dimensional
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(3D) spoiled gradient-echo T1 - weighted sequences. A set
of coronal diffusion-weighted images (b = 0 - 50; b = 600
- 800 sec/mm2) was recently added to our protocol since
it has been shown to aid in the assessment of disease acti-
vity.

This comprehensive protocol is designed to overcome
specific disadvantages of each of the sequences involved.
Occasionally it may be useful to add repeated SSFP se-
quences in the same slice position to create a cine-analysis
of a bowel loop proximal to a potential stricture. To perform
this properly, a stricture must be identified prospectively,
usually requiring direct supervision by a radiologist.

The high sensitivity for intraluminal fluid, lack of mag-
netic susceptibility artifacts and insensitivity to motion ar-
tifacts from bowel peristalsis make the SSETSE sequence
the ideal T2-weighted sequence for imaging the bowel.?®
These techniques are sequential single-section techniques,
in which each slice takes approximately 1 second to ac-
quire. The normal bowel wall usually has low signal intensity
on these sequences, whereas fat and water possess high
signal intensity. Single-shot echo-train spin echo sequences
are susceptible to flow artifacts, and thus intraluminal flow
voids can be seen as areas of low signal intensity within the
bowel lumen.

SSFP technique offers T1 / T2-weighted image contrast.
These sequences can be performed quickly and are com-
plementary to SSETSE sequences and the preferred pulse
sequence to evaluate the mesentery. The ratio of T1 / T2
contrast provides images that appear primarily T2-weight-
ed, with very high signal for all types of fluid, as repetition
time and echo time are so short that T1 is almost constant.
This feature allows good evaluation of the bowel wall, par-

ticularly in the definition of edema and of bowel wall layering
appearance.® Similar to SSETSE sequences, these are re-
sistant to motion artifact and also to intraluminal flow voids
due to the balanced and symmetric gradient design (Fig.
2). Cine-analysis can also be performed with this technique
allowing supplementary functional information. We gener-
ally acquire 15 — 25 phases per section location during free
breathing. These images may then be displayed as a cine
loop to assess bowel motility, exclude or confirm fixed ste-
noses and segmental dilatation, and detect adhesions.?'-%
However, it should be noticed that if cine imaging of the
bowel is performed, it should be completed prior to gluca-
gon administration. Drawbacks are chemical shift artifacts,
which can be resolved with the use of fat saturation,® and
high sensitivity to susceptibility artifacts that may hamper
diagnosis in segments near to gas filled colon segments.

Contrast-enhanced T1-weighted gradient echo se-
quences with fat suppression are performed to assess for
areas of increased mural enhancement. Information from
dynamic post gadolinium three-dimensional T1-weighted
gradient-echo fat suppressed sequences correlate well with
the severity of inflammation.***? Fat suppression and gado-
linium administration allow very good conspicuity between
pathologically enhancing bowel wall and both the dark bow-
el lumen and suppressed peri-enteric fat. These sequences
are performed as either 2D or 3D techniques, and on new
MR systems, the most commonly used is the 3D-gradient-
echo with fat suppression. Pre and postcontrast coronal
and axial series should be performed in the same plane to
permit the measurement of signal enhancement.

Although 3D gradient echo sequences provide better
spatial resolution, there is increased image blurring and a

Fig. 2 — Coronal T2-weighted SSETSE (a) and steady state free precession (b) images in a 32-year old woman with inactive Crohn’s
disease. Frozen mesentery appearance on SSETSE sequence (a) is due to k-space filtering effects. Steady state free precession (b)
sequences are the ideal for the display of the vascular structures and the display of the mesentery. Small lymph nodes are well demon-
strated on these images (small arrows). Note also the chemical-shift artifact that occurs at the interface of mesenteric fat and mesenteric

structures (arrows).
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decreased signal-to-noise ratio in comparison with the 2D
sequences, principally noticeable in old systems, which are
partly compensated after antiperistaltic drugs and contrast
administration, respectively.

Disease activity and clinical use

Several findings suggest active inflammation in Crohn’s
disease and correlate well with acute-phase laboratory pa-
rameters.**® |t must be emphasized that patients with CD
can have multiple lesions at different stages of inflammation
or even different types of the disease.*®

Increased bowel wall enhancement is an important and
well-known finding indicative of active inflammation in pa-
tients with CD.*474¢ Many study groups have focused on
gadolinium enhanced T1-weighted images for assessment
of disease activity,**#2 which may approach 100% of sensi-
tivity.

A relatively simple and accurate approach for evalua-
tion of CD activity may be based on the association of T2-
weighted and T1-weighted post gadolinium sequences. This
combination allows comprehensive evaluation and discrimi-
nation between quiescent disease and active inflammation
and for evaluation of complications including abscesses or
fistulas.*® Several studies demonstrate that inflamed thick-
ened bowel wall usually displays high signal intensity on
T2-weighted images due to edema (Fig. 3), while fibrosis
shows low signal intensity.®>%%" Fat suppression may im-
prove the conspicuity of the high signal changes in the wall
as well as in the perienteric fat, which may also be related
with active disease. It is challenging to discriminate be-
tween edema and fibrosis on MDCT imaging, and it may be
largely for this reason that MDCT findings have not corre-
lated well with disease activity. In patients with long-lasting
non-active CD, there may remain persistent low signal wall
thickening on T2-weighted images with lack of increased
enhancement. Acute on chronic involvement is suggested
by marked enhancement of the mucosa with substantial low

T2-weighted signal intensity and minimal enhancement of
the outer layer, and appreciation of this may have a role
in the evaluation of acute exacerbations of CD.% This dif-
ferentiation is of utmost clinical importance, as obstructive
fibrotic disease should be surgically treated while inflamma-
tory disease may benefit from medical treatment.

The presence of intramural fat (high-signal intensity on
T2-weighted and SSFP images), which is also related with
past or chronic inflammation can be accurately identified
when combining features from steady state free precession
and fat suppressed T2-weighted images (Fig. 4).

Concomitant sensitive ancillary findings of active inflam-
mation may be present. Engorgement of the affected bowel
segment vasa recta -referred to as the Comb sign and en-
hancement of local mesenteric lymph nodes, are the most
consistent.®® These are easily identified on steady-state
free-precession and post gadolinium T1-weighted images.

Complications of CD are also well shown in MRI and
include fistulas, phlegmons, abscesses and bowel obstruc-
tion (Fig. 5). Fistulas and sinus tracts are demonstrated
by the high signal intensity of their fluid content on steady-
state free-precession and T2-weighted single-shot fast spin
echo images, and enhancement of the linear tract on the
post gadolinium T1-weighted sequences.®* Entero-enteric
fistulas should be suspected when crowded retracted and
angulated small bowel loops, known as star sign, are ap-
preciated (Fig. 6). Abscesses can be recognized by their
fluid content and increased contrast enhancement of the
abscess wall (Fig. 7). The irregular morphology of an ab-
scess cavity, and appreciation of its rounded configuration
by studying the site on multiple planes, allows distinction
from tubular-shaped bowel.

Assessment of severity

Assessment of inflammatory activity of CD is important
to identify patients with active inflammation so that appropri-
ate therapy may be prescribed.®® Given the advent of new

Fig. 3 — Coronal T2-weighted fat suppressed SSETSE (a), steady state free precession (b) and immediate post gadolinium T1-weighted
3D GRE fat suppressed (c, d) images in a 55-year old womman with severe non-fibrotic active Crohn’s disease. The SSETSE sequence
(a) reveals abnormal bowel wall thickening involving the terminal ileum, displaying moderately high signal intensity in T2-weighted fat sup-
pressed images consistent with submucosal edema (arrow). Mesenteric edema is also depicted (asterisk). Steady state free precession
images (b) don’t demonstrate submucosal edema but clearly depicts mesenteric lymph nodes and comb sign, both indicators of disease
activity. Post gadolinium images (c,d) show extensive mucosal enhancement in affected bowel segments (arrows), coomb sign and en-
larged enhancing mesenteric lymph nodes reflecting active disease. All sequences display well fibro-fatty proliferation.
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Fig. 4 — Coronal T2-weighted SSETSE non-fat suppressed (a) and fat suppressed (b), and coronal immediate (c) and axial 60 second (d)
post gadolinium T1-weighted 3D GRE fat suppressed images in a 47-year old woman. Skipped segmental wall thickening is appreciated
involving the terminal ileum, while intramural fat deposition can be recognized by the high signal intensity depicted on the T2-weighted
image (a) with signal suppression on the fat-suppressed image (b), indicative of long standing Crohn’s disease. Post gadolinium images
(c and d) show marked mucosal enhancement consistent with acute on chronic Crohn’s disease (fatty, non fibrotic). Moderate fibro-fatty

proliferation and mild comb sign are also depicted.
A liver hemangioma was also depicted in the right lobe.
medications some with significant side effects (such as TNF
alpha inhibitors), objective measures of activity are needed
to justify their use and judge their effectiveness.5® Currently,
there is no gold standard for determination of CD activity.
Evaluation is multifactorial and based on a combination of
clinical scoring, biologic indices, endoscopy, and radiologic
imaging.5” The most widely used clinical scoring system is
the CDAI. The limitations of this index are well documented
and include inter-observer variability, inclusion of the sub-
jective variables such as general well-being and intensity
of abdominal pain, and the fact that it is based on a diary
completed by the patient seven days before assessment,
which prevents its use in everyday practice.®® Additionally,
it underestimates disease in patients with fistulas or steno-
ses. Similarly, correlation with laboratory biomarkers is use-
ful but imperfect. As the disease affects the full thickness of
the bowel wall, the adjacent fat and mesentery, due to mu-
cosa’s high regenerative capacity, endoscopic evaluation
might also under characterize the true extent and activity of
disease.

Dynamic contrast-enhanced MRI and diffusion weight-
ed imaging are two promising techniques for the detection

of active small bowel inflammation, providing quantitative
measures of bowel perfusion and diffusion that can differ-
entiate actively inflamed small bowel segments from normal
small bowel in CD.

Dynamic contrast-enhanced semi-quantitative MR ap-
proach allows the quantification of signal variations over
time after intra-venous injection of paramagnetic contrast
material. This has been shown to reflect the alterations of
tissue microcirculation in inflammatory conditions, such as
in rheumatoid arthritis.*® In inflammatory conditions, early,
rapid, and marked contrast enhancement is related to in-
creased vascularity, while late interstitial accumulation of
contrast material is due to increased capillary permeability.°
In the specific case of CD, local vascularization is known
to increase with the severity of the disease and has been
found to be highly correlated with tissue enhancement%-62
More recently, strong mucosal angiogenic acti-vity in CD
has been detected histopathologically by Danese, et al.,s
confirming the role of inflammation-dependent neoangio-
genesis on local microvasculature.

Based on these pathophysiological principles, a strong,
early increase of contrast enhancement after intravenous
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Fig. 5 — Coronal T2-weighted SSETSE (a), steady state free precession (b, c) and immediate post gadolinium coronal T1-weighted 3D
GRE fat suppressed (c) images in a patient with active Crohn’s disease involving a long segment of the ileum. There is narrowing of the
involved bowel segment with increased wall thickness (arrows, a, b) and prestenotic dilatation of unaffected bowel. Steady state free
precession images (b, c) doesn’t demonstrate submucosal edema but clearly depicts comb sign suggestive of disease activity. Post
gadolinium images (d, e) show extensive mucosal enhancement in affected bowel segments, with pseudo-polyps and comb sign, reflect-
ing active disease. The presence of submucosal edema excludes late fibrotic changes of the bowel wall suggesting potential response
to medical therapy.

Fig. 6 — Coronal steady state free precession (a), coronal T2-weighted SSETSE (b) and 2,5-minute post gadolinium T1-weighted 3D GRE
fat suppressed (c) images in a 25-year old man with non-fibrotic active Crohn’s disease with entero-enteric fistulas involving ileal loops.
Crowded retracted and angulated small bowel loops (star sign) are appreciated in all sequences. Post gadolinium images (c) shows
extensive mucosal and mesenteric enhancement reflecting active disease. Fibro-fatty proliferation and the comb sign are appreciated in
all sequences.
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Fig. 7 — Coronal T2-weighted SSETSE non-fat suppressed (a), coronal steady state free precession (b) and 2-minute and 2,5-minute
post gadolinium T1-weighted 3D (c) and 2D GRE fat suppressed (d) images in a 24-year old man with long-standing Crohn’s disease.
Segmental wall thickening is appreciated involving the proximal jejunum; there is two mesenteric fluid collections adjacent to the diseased
bowel segment with high signal intensity in T2-weighted images (arrow, a). The irregular and thick enhancing rim (c, d) is characteristic of
the reactive inflammatory capsule associated to the abscess. Also the round configuration in multiple planes allows confident diagnosis of
fluid collections. Coronal post gadolinium images (d) show marked mucosal and serosal (arrows, d) enhancement consistent with acute
Crohn’s disease. Notice that 2D acquisition enable less blurring and higher image quality in comparison with 3D acquisition.

Moderate fibro-fatty proliferation and mild comb sign are also depicted.

administration of a bolus of paramagnetic contrast material
may be interpreted as a direct marker of inflammation of
small bowel loops affected by active CD.*"

Fast and marked contrast enhancement has been
shown to occur only in actively inflamed bowel loops and
this should be interpreted as a consequence of bowel loop
inflammation. Giusti, et al.%" described two different types
of time—signal intensity curves. More specifically, type
I curves, found in active disease, are characterized by a
steep upslope with a high peak followed by a plateau, on
the other hand, type Il curves may be considered represen-
tative of inactive CD, with lower upslope, smaller peak, and
progressive wash-out.®!

Actively inflamed small bowel segments in CD patients
demonstrate increased perfusion. Dynamic contrast-en-
hanced MRI allows reliable differentiation between active
and inactive CD of the small bowel by means of quantitative
parameters.®?

Diffusion-weighted imaging has been investigated re-
cently in the assessment of bowel inflammation in CD.536+
8 |nitial results from studies evaluating both small bowel
and colon appear promising despite their limitations such
as small sample size or an imperfect reference standard.
The use of DWI with parallel imaging for detection of bowel
wall inflammation in CD has been recently addressed in
two small series.®>% A recent study states that diffusion-
weighted imaging (DWI) provides quantitative measures
of small bowel inflammation that can differentiate actively
inflamed small bowel segments from normal small bowel
in CD.%" Increased cell density and viscosity, dilated lym-
phatic channels and granuloma development can narrow
the extracellular space and contribute to restricted diffusion
of water molecules in the inflamed bowel wall, neverthe-
less, the exact mechanism for restricted diffusion in actively
inflamed bowel wall remains unclear. ADC parameter alone
can provide high sensitivity for detection of active inflamma-

tion but the combination of DWI and DCE-MRI parameters
can potentially improve specificity.®”

In perspective, these findings may reveal a potential role
for MRI as an alternative technique to endoscopy for non-
invasive evaluation of CD, with particular reference to the
evaluation and grading of disease activity.

CONCLUSION

The new imaging paradigm should contemplate patient
safety as an important aspect of assessing the role of an im-
aging modality. State of the art MRE has rapidly emerged as
successful small bowel imaging modality, offering detailed
morphologic information, and also permitting evaluation of
extra-intestinal manifestation of disease. The main draw-
backs are still related with present availability and economic
constrains.

Intrinsic advantages and the lack of ionizing radiation
may make MRE the preferred modality for evaluation of
small bowel disease, especially in young patients in the
setting of CD, considering that the majority will undergo
frequent repeat studies. Pregnant patients and those with
iodine contrast agents allergy or decreased renal clearance
may also benefit from shifting to this technique.

The information on disease activity is not matched by
any other imaging method, with recent studies describing
also a potential role of MRI for noninvasive evaluation of
disease activity by means of quantitative measurements.

These features have now been shown to alter physician
level of confidence and management plans, including medi-
cal or surgical approaches in patients with bowel disease.
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