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I n the evaluation of Crohn’s disease, multiple diagnostic imaging 
methods have been developed, yet there remains a need for educa-
tion on and further validation of the optimal utilization of the avail-

able imaging techniques in conjunction with endoscopy and biopsy. 
The use of computed tomography (CT) has exponentially increased over 
the past ten years (1), yet the optimal use of CT imaging in Crohn’s 
disease should be assessed in the context of balancing its potential ben-
efits against the risks of CT radiation-induced cancer. Ionizing radiation 
increases the risk of cancer, a phenomenon directly related to radiation 
dose (2–9). Younger individuals are more vulnerable to increased cancer 
risk from radiation exposure, and Crohn’s disease in particular has been 
associated with high radiation exposure in both adults and children, 
predominantly due to repeat CT scans (10–12). This should be balanced 
against more recently developed diagnostic capabilities using non-X-
ray-based magnetic resonance enterography (MRE). 

Small bowel involvement in Crohn’s disease can be difficult to diagnose 
and monitor. Endoscopy with biopsy is still generally viewed as a refer-
ence standard. However, little of the small bowel is visualized, and these 
tests only evaluate the mucosa. Video capsule endoscopy (VCE) can visu-
alize mucosal disease but is unable to provide tissue samples. Small bowel 
follow-through (SBFT) is relatively insensitive to mucosal disease, provides 
limited delineation of submucosal or deeper disease, and requires the use 
of ionizing radiation. Enteroclysis, wherein contrast is administered into 
the duodenum with the use of a nasogastric tube, is cumbersome, and 
although it provides improved bowel distention and bowel wall morpho-
logic imaging compared to SBFT, it has similar limitations overall.

It must be emphasized that endoscopic tests and biopsies will evaluate 
the mucosa but do not evaluate inflammation or fibrosis within the sub-
mucosa or deeper tissues. Endoscopic techniques alone may under-rep-
resent the full extent of disease, particularly when considering that the 
mucosa has a high capacity for repair. Crohn’s disease is a transmural 
disease in which submucosal inflammation is responsible for tissue-de-
structive and penetrating disease, fibrotic disease, strictures, and fistulae, 
which are the processes responsible for the most serious morbidities. In 
contrast, disease restricted only to the mucosa likely does not cause such 
serious comorbidities. Currently, CT enterography and MRE are the only 
two imaging modalities that enable the visualization of submucosal tis-
sues throughout the entire small bowel; however, MRE does not expose 
patients to ionizing radiation (Table 1), and it provides additional tech-
nical and diagnostic advantages.

MRE technique: historical perspective and current status
MRE is a generic term used to describe bowel imaging that utilizes 

magnetic resonance imaging (MRI). Early reports frequently described 
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ABSTRACT
Crohn’s disease treatment has improved significantly with the 
development of immunosuppressive and immunomodulatory 
agents, while surgery remains an important option in selected 
patients. However, a relative lag in diagnostics has become 
apparent with a growing need for the capacity to non-
invasively and safely evaluate the tissue changes of Crohn’s 
disease within the bowel wall and deeper tissues. We have 
noted marked technical improvements in magnetic resonance 
enterography (MRE) and in our understanding of the different 
facets of Crohn’s disease that can be elucidated by optimized 
MRE, in contrast to other diagnostics. This review will provide 
an integrated understanding of MRE related to other available 
tests and recommendations for the optimal use of MRE for the 
clinical management of Crohn’s disease. We will review the 
relative strengths and limitations of MRE as applied to clinical 
evaluation and therapeutic decisions, including the use of the 
unique capacity to delineate active inflammation and fibrosis 
in the submucosal and deeper enteric tissues, which is beyond 
the diagnostic reach of endoscopy and biopsy.
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significantly affect patient manage-
ment decisions (16, 17). These find-
ings can include acute inflammation 
(18) and chronic disease without 
inflammation, which, if associated 
with proximal bowel distension, 
defines a fibrotic stricture (19, 20). 
Furthermore, other MRE findings 
may include intra-abdominal com-
plications such as fistulae, tethering 
(which may be the start of a fistula) 
and abscesses. There are a variety of 
T1W and T2W sequences to choose 
from, but the most useful for bowel 
imaging include the three-dimension-
al-gradient echo (3D GRE) T1W and 
the single-shot T2W techniques, as re-
viewed in detail previously (17). T1W 
images are acquired after the admin-
istration of gadolinium-based contrast 
to selectively enhance the diseased 
bowel wall. Fat surrounds the bowel 
and can interfere with the visualiza-
tion of the disease; inflamed bowel 
and fat both produce high signals on 
T2W and gadolinium-enhanced T1W 
images. Fat-suppression techniques 
are critical to improve disease conspi-
cuity. The diseased bowel generates 
a high signal, which becomes highly 

conspicuous only if the adjacent fat is 
completely darkened by fat suppres-
sion (21). T1W gadolinium-enhanced 
fat-suppressed and T2W single-shot 
images with and without fat suppres-
sion are the foundation for diagnos-
ing and characterizing Crohn’s dis-
ease. Regular T2W single-shot images 
depict bowel wall morphology. Fat-
suppressed single-shot T2W images 
are critical to assess edema and in-
flammation related to active Crohn’s 
disease, optimized with a spectral adi-
abatic inversion recovery (SPAIR) fat-
suppression technique (22). 

Patient preparation before perform-
ing MRE can improve the results (16, 
17, 23). Oral, water-based contrast 
agents containing 2.5% mannitol, a 
non-digested carbohydrate, provide 
an osmotic load that slows water ab-
sorption (24). The further addition 
of a viscous agent further improves 
small bowel distension. Between 1000 
mL and 1200 mL of the water-based 
contrast can be given to the patient 
for oral ingestion 20 to 30 min prior 
to the examination, and 20 mg of 
metoclopramide or 100 mg of erythro-
mycin can be given intravenously to 

MRE exams performed in combina-
tion with small bowel enteroclysis 
(MR-enteroclysis) (13–15). This tech-
nique involves administering a large 
volume of fluid by an enteric tube 
and acquiring thick-section (5–8 
cm) single-shot echo train spin-echo 
images with strong T2-weighting 
(T2W) to obtain images that resem-
ble fluoroscopic small bowel images. 
Although both bright and dark lumen 
contrast agents have been proposed, 
water-based methods are relatively 
easy to implement and provide excel-
lent signal characteristics, resulting 
in a bright lumen on T2W and a dark 
lumen on T1W techniques. To slow 
the absorption of the water that nor-
mally would occur rapidly in the jeju-
num, osmotic and viscosity agents are 
added. Some researchers, in the early 
development of MRE, have proposed 
the routine use of enteroclysis via a 
naso-jejunal tube for the administra-
tion of intra-luminal contrast to pro-
vide superior small bowel distension 
(14). 

Currently, techniques for MRE 
emphasize sequences that are opti-
mized to obtain findings that most 

Table 1. Diagnostic characteristics of MRE, CT, and endoscopy in Crohn’s disease

Structures and disease processes MRE CT Endoscopy with/without mucosal biopsy

Mucosa • Insensitive • Insensitive • Highly sensitive
• Moderately specific

Submucosa and deeper tissues • Sensitive even with poor 
bowel preparation

• High specificity between 
inflammation and chronic 
without inflammation

• Sensitive with excellent bowel 
preparation (distension)

• Insensitive if bowel not well 
prepared

• Poor specificity between 
inflammation and chronic 
without inflammation

• Insensitive

Fistula • Sensitive
• Sensitive and specific 

regarding extra-enteric soft 
tissues, including genito-
urinary structures

• Sensitive
• Moderate to poor sensitivity 

and specificity for extra-enteric 
soft tissues

• Insensitive

Perianal fistula • Sensitive • Insensitive • Insensitive

Abscess • Sensitive and specific 
regarding inflammation

• Sensitive but non-specific 
regarding inflammation or soft 
tissues involved

• Insensitive

Obstruction • Moderate to high sensitivity, 
dependent upon degree of 
distension

• High specificity, often 
showing tethering fibrotic 
bands or foci of adhesion

• Moderate to high sensitivity, 
dependent upon degree of 
distension

• High specificity dependent 
upon morphology of bowel 
showing stricture or tenting 
related to tethering

• Moderate to poor sensitivity
• Poor specificity

MRE, magnetic resonance enterography; CT, computed tomography.
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promote gastric emptying. The addi-
tion of a rectal water enema provides 
improved visualization of the termi-
nal ileum and may be considered an 
adjunct to facilitate the evaluation 
of the large bowel in addition to the 
small bowel (25, 26). Prior to the mo-
tion-sensitive T1W 3D GRE sequenc-
es, 1 mg of glucagon may be adminis-
tered intravenously to reduce artifacts 
from bowel peristalsis. 

A potential disadvantage of not per-
forming MR-enteroclysis during MRE 
exams is suboptimal bowel distension. 
However, progressive experience over 
the past 10 years has led to the follow-
ing conclusions, which contrast both 
with the early descriptions of MRE and 
with CT and fluoroscopy techniques:
 1) By achieving significant improve-

ments in the diagnostic quality of 
MRE sequence techniques, active 
and chronic disease states may be 
visualized even with suboptimal 
bowel lumen distention (27).

 2) These sequence techniques rely 
on T2W single-shot imaging, in 
combination with SPAIR for opti-
mal fat suppression (22), and T1W 
contrast-enhanced imaging, us-
ing the latest-generation 3D GRE, 
which achieves improved soft tis-
sue contrast and edge sharpness.

 3) An enteroclysis level of disten-
tion is often not necessary, and 
pre-procedure oral contrast is suf-
ficient in most patients (28).

 4) Routine water-based contrast 
agents used for CT are equally use-
ful for MRE (17).

 5) Even if the patient is unwell and 
unable to take oral agents, the ex-
amination can proceed, and these 
studies can be frequently diagnos-
tic in the setting of chronic or ac-
tive Crohn’s disease.

 6) In comparison, CT and fluoro-
scopic techniques are usually non-
diagnostic without an enteroclysis 
level of bowel distention (29).

 7) MR remains diagnostically sensi-
tive even in lean patients, as it 
generates ample bowel wall con-
trast, while CT benefits progres-
sively from increased levels of 
intra-abdominal fat to separate 
bowel loops.

 8) While prior MRE studies have 
shown the benefits of rectal water 
enemas for diagnosing the termi-
nal ileum Crohn’s disease, further 
improvements in the MRI tech-
niques have reduced the need for 
colon water distension.

 9) The differentiation between path-
ological and non-pathological 
bowel wall thickening and the dif-
ferentiation between fibrosis and 
inflammation are key diagnostic 
strengths of MRE over CT.

The benefits of a simplified MRE 
technique include a faster exam, op-
timal patient comfort, improved com-
pliance with the study and improved 
diagnostic yield. Employing oral con-
trast agents prior to imaging allows 
for improved bowel distention and 
bowel wall visualization; a simplifica-
tion of oral contrast administration is 
achieved with readily available and in-
expensive CT oral contrast. By reduc-
ing the required degree of bowel lumen 
contrast distension (as compared to 
MR-enteroclysis), MRE without ente-
roclysis becomes markedly more con-
venient for technologists and comfort-
able for patients. These are important 
developments and advantages, particu-
larly when compared to other diagnos-
tic techniques and when considering 
the young age of many Crohn’s disease 
patients. 

Summary of MRE findings in Crohn’s 
disease (Table 2)
 1) Possible findings on T1W images:
 • Bowel wall thickening with in-

creased enhancement in the de-
layed images

 • Stranding extending into the me-
senteric border fat and increased 
size and number of vessels

 • Accordion-like compression and 
thickening of folds asymmetri-
cally, involving the mesenteric 
side of the small bowel having a 
tethered appearance

 • Reactively enlarged adjacent me-
senteric nodes

 2) Possible findings on T2W images:
 • Bowel wall thickening with in-

creased signal in and adjacent 
to the abnormal bowel (on fat-
suppressed [FS] images) showing 
active inflammation

 • Fluid accumulation in adjacent 
intraperitoneal and mesenteric 
spaces

 3) General interpretive approach to a 
thickened bowel wall segment:

 • Active inflammation; bowel wall 
thickening and enhancement 
on post-gadolinium T1W imag-
es plus high signal intensity on 
T2W-SPAIR FS images (Fig. 1)

 • Chronic disease without active in-
flammation; bowel wall thicken-
ing and enhancement on post-
gadolinium T1W images plus 
low signal intensity on T2W-
SPAIR FS images with possible 
stenosis and obstruction (Figs. 2 
and 3)

 • Chronic disease with active in-
flammation; these features can 
overlap with active inflamma-
tion, requiring longitudinal re-
peated scanning (discussed be-
low) (Fig. 1)

Table 2. MRE findings of normal bowel, active inflammation, and chronic disease

 BWT BWE T2W signal

Normal bowel - - -

Active inflammation + + +

Chronic disease + + -

Active inflammation with chronic diseasea + + +

aActive inflammation may mask chronic disease and fibrosis. Best possible measure of underlying fibrosis is achieved on follow-up MRE after treatment and 
resolution of acute disease.
MRE, magnetic resonance enterography; BWT, bowel wall thickening on post-gadolinium T1W images; BWE, bowel wall enhancement on T1W images; T2W 
signal, increased signal on T2W SPAIR fat-suppressed images.
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Figure 1. a–f. A 
68-year-old female 
with acute abdominal 
pain. Abdominal and 
pelvic coronal CT (a) 
demonstrates an extensive 
soft tissue mass in the 
right lower quadrant 
(arrows). We were unable 
to differentiate among 
thickened bowel loops 
from inflammation, 
fibrosis, and other soft 
tissue processes. The 
differential diagnosis 
was made in light of the 
patient history and favored 
either inflammatory bowel 
disease or appendicitis. 
An MRI, performed for 
differentiation, including 
axial single-shot T2W 
images without (b) 
and with (c) SPAIR fat 
suppression, demonstrates 
extensive, abnormally 
high signal involving 
distal ileal loops (c, arrow) 
and extending into the 
adjacent mesentery (c, 
arrowhead). The high T2 
signal identified in the 
thickened bowel walls and 
surrounding mesentery 
is the foundation for 
characterizing this 
patient’s disease as active; 
the elevated abnormal 
signal is directly related 
to the severity of edema 
and inflammation but is 
inconspicuous without 
fat suppression (b, c). 
Coronal (d) and axial (e) 

delayed-phase post-contrast T1W 3D GRE images show abnormal 
thickening and contrast uptake within the thickened wall of the 
terminal ileum (d, arrow), and these findings are compatible 
with active-on-chronic Crohn’s disease and correspond to the 
histological equivalence of inflammation and submucosal fibrosis 
in this case. The terminal ileum was unable to be clearly identified 
on CT as separate from the right lower quadrant inflammatory 
process. This patient’s data also demonstrate that on contrast-
enhanced CT imaging, it remains challenging to distinguish the 
anatomy in more complex cases and that it is not possible to 
reliably differentiate between acute and chronic inflammation 
and fibrosis. The MRI also preferentially shows other sequelae of 
Crohn’s disease, with an extraluminal abscess (e, arrows) and 
phlegmon in the right lower quadrant, features that are not 
delineated from bowel loops on CT imaging.
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Figure 3. a–d. A 24-year-old male with Crohn’s disease, recurrent 
abdominal pain and clinical suspicion of repeated acute disease flaring. 
Coronal (a) and axial (b) delayed postcontrast T1W 3D GRE images 
demonstrate an abnormally thickened and enhancing terminal ileum 
(arrows). Evaluation of single-shot T2W images without (c) and with (d) 
SPAIR fat suppression shows no abnormally elevated signal in the terminal 
ileum (d, arrow) or adjacent mesentery, indicating an absence of active 
inflammation. The combination of terminal ileum wall thickening with 
delayed uptake of contrast, but without any edema, indicates chronic 
Crohn’s disease resulting in submucosal fibrosis of the terminal ileum. 
Resection of the terminal ileum with primary ileocolic anastomosis resolved 
the symptoms. Surgical gross and microscopic pathology corresponded to 
the MRI findings.

Figure 2. a–c. A 20-year-old female with recurrent abdominal pain. An extensive diagnostic evaluation with ultrasound, CT, colonoscopy with 
the terminal ileum biopsy and capsule endoscopy showed no abnormalities. The patient was diagnosed with irritable bowel syndrome based 
upon symptoms combined with exclusion of other considerations by objective studies. On further referral for continued symptoms, MRE was 
performed. Coronal precontrast (a) and delayed postcontrast (b) T1W 3D GRE images demonstrate a thickened, abnormally enhancing terminal 
ileum (arrows). Axial, fat-suppressed single-shot T2W image (c) demonstrating a minimally elevated T2 signal within the thickened wall of the 
terminal ileum (arrow) and no abnormal signal within the adjacent mesentery. Taken together, these findings concur with the predominance 
of fibrosis of the terminal ileum with minimal inflammatory changes, a pattern of chronic Crohn’s disease. The clinical exam is characteristically 
nonspecific, and criteria for distinction between irritable bowel syndrome and irritable bowel disease, for example, rely on objective measures of 
disease. Optical endoscopy and endoscopic biopsy may be insensitive to disease restricted to the submucosa and deeper tissues. In this patient, 
the mucosa had presumably healed over the submucosal disease, a pattern that has been previously reported (28).

b
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 4) Crohn’s disease complications:
 • Fistulae, tethering, and strictures 

(Fig. 4)
 • Bowel obstruction (Fig. 5)
 • Extra-enteric collections and ab-

scesses (Figs. 1 and 6)
 • Peri-anal disease optimally visu-

alized on pelvic MRE (Fig. 7)
 • Extra-enteric complications of 

Crohn’s disease or other causes 
of abdominal pain visualized on 
MRE, including liver or gallblad-
der disease (sclerosing cholangi-
tis), mesenteric vascular throm-
bi, abdominal masses, tumors, 
and pancreatic abnormalities 
(Fig. 8)

Identifying active inflammation is 
rarely an interpretive problem in MRE. 
One important aspect of MRE inter-
pretation is that active inflammation 
can mask underlying fibrosis related 
to chronic disease of the bowel wall 
(Table 2). The presence or absence 
of underlying fibrosis in this setting 
is of lesser immediate consequence 
as active inflammation that requires 
treatment. In the setting of active in-
flammation, longitudinal MRE evalu-
ation is implemented to confirm im-
provements of active inflammation 
and to then evaluate the presence of 
unmasked chronic fibrotic disease. 
After therapy for active inflammation, 
the fibrotic burden can be assessed, 
and this information can be used for 
management decisions, including the 
need for surgery, as discussed later in 
this review (Figs. 1 and 2).

Clinical use of small bowel MRE
Techniques used to assess disease 

activity include endoscopy, capsule 
endoscopy, and/or surgical techniques 
in conjunction with tissue biopsy (29–
32). However, these techniques are in-
vasive (endoscopy) or may have con-
traindications (capsule endoscopy) in 
the setting of suspected bowel stenosis 
and obstruction. An underappreciated 
concern is that endoscopy and capsule 
endoscopy, and even endoscopy with 
biopsy, will evaluate only the extent of 
mucosal disease; as a result, submucos-
al and serosal-mesenteric disease will 
not be fully appreciated (17).

MRE can be used for transmural 
small bowel evaluation. Prior stud-
ies have focused on the perfusion 
characteristics of the bowel wall after 
intravenous gadolinium administra-
tion to assess disease activity (33). 

The combination of T2W and T1W 
gadolinium-enhanced sequences can 
provide a high diagnostic accuracy 
in these patients (34). Other authors 
have proposed an MRE-based scoring 
system for the assessment of inflam-
matory activity that includes features 
such as bowel wall thickening, lumen 
narrowing and the number of peri-in-
testinal lymph nodes (35). Although 
feasible, these evaluation algorithms 
are relatively demanding, which may 
ultimately limit clinical utilization. In 
particular, acquiring a series of care-
fully timed arterial-, venous-, and 
delayed-phase gadolinium-enhanced 
T1W images of the entire abdomen 
and pelvis will often require compro-
mising the field of view at the top of 
the abdomen and result in sub-opti-
mal assessment of the solid organs, 
including the liver. In addition, T1W 
images are more prone to technical 
complications from respiratory or 
bowel motion or from magnetic field 
distortions, as may result from surgi-
cal clips or bowel gas. Our experience 
has led us to propose a relatively sim-
ple approach for the evaluation of 
Crohn’s disease activity using FS T2W 
single-shot fast spin-echo MRI (16, 
17). FS T2W imaging is sensitive to 
edema in or adjacent to the bowel wall 
(22). Combining late vascular- or in-
terstitial-phase gadolinium-enhanced 
T1W images with the FS T2W images 
allows for comprehensive evaluation 
and discrimination between quiescent 
disease and active inflammation (Figs. 
1–3) and for the evaluation of compli-
cations, including abscesses, obstruc-
tion, and fistulae (Figs. 1, 4–8).

The presence and magnitude of 
bowel wall edema correlates with ac-
tive inflammation (36–38). We have 
evaluated the accuracy of detecting 
abnormally high signals on FS T2W 
images in conjunction with contrast-
enhanced T1W MRE to differentiate 
between active inflammatory and 
chronic fibrotic bowel disease. In our 
study of 81 patients with Crohn’s dis-
ease, we showed that the use of gado-
linium-enhanced interstitial-phase 
T1W images plus FS T2W for assess-
ing edema, as a measure of inflam-
mation and disease activity, provided 
a high degree of accuracy compared 
to other measures of disease activity 
based on the combination of available 
endoscopy, biopsy, or surgical pathol-
ogy (39). Although other studies have 

examined the correlation between the 
disease activity and MRE findings (36, 
38, 40), the significance of the recently 
improved, high-quality FS single-shot 
T2W imaging is only now becoming 
fully appreciated. Technically, the 
single-shot T2W images are easy to 
acquire and are extremely robust, pro-
viding a consistent image quality that 
is resistant to motion deterioration 
and artifacts from gas or surgical clips 
(21). Interestingly, the discordance re-
ported between MRE and endoscopy 
or biopsy has helped to further dem-
onstrate what has been shown previ-
ously on pathological specimens: that 
the mucosal evaluation by endoscopy, 
capsule endoscopy, and biopsy may 
significantly under-represent submu-
cosal disease compared to surgical 
specimens (37). Conversely, small 
bowel MRE is insensitive to early 
changes of Crohn’s disease restricted 
to only the mucosa (28). The combi-
nation of optical methods with MRE 
provides a comprehensive evaluation 
of early disease affecting the mucosa 
(endoscopy, capsule endoscopy, and 
biopsy) and more extensive disease af-
fecting the submucosa and mesentery.

The drawback of MRE is that the 
expertise and availability of exami-
nations are still somewhat limited. 
These may constitute the main limita-
tion of MRE at this time. Further, an 
MRE study requires approximately 30 
min. While this compares favorably 
to fluoroscopic studies (SBFT or ente-
roclysis), it is approximately twice as 
long as the room time for a CT scan. 
However, when considering the en-
tire length of the examination, start-
ing with any prior bowel preparation 
and consumption of pre-scanning oral 
contrast, the differences in room time 
between MRE and CT become less 
important. For very young children 
and for patients with claustropho-
bia, sedation may be required prior to 
performing an MRE study. Absolute 
contraindications to MRE include 
metallic fragments in the orbits. MRE 
can provide a measurement of disease 
activity that impacts the therapeutic 
decision pathway, including medical 
and surgical management (Table 3). 
MRE may also be used prior to capsule 
endoscopy to provide information on 
the transmural disease location and 
extent and to detect bowel stenoses or 
obstructions that may contraindicate 
capsule endoscopy.
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Figure 4. a–g. A 30-year-old male with acute-on-chronic 
Crohn’s disease. Coronal (a, b) and axial (c, d) single-shot 
T2W MRE without (a, c) and with SPAIR fat suppression (b, d) 
demonstrates extensive soft tissue thickening (a, arrowheads) 
surrounding the terminal ileum and cecum. There is equally 
extensive abnormally increased T2 signal within this peri-enteric 
thickened soft tissue (b, d, arrows), which indicates extensive 
inflammation, a feature that is relatively inconspicuous without 
fat suppression (a, c). Additionally, the distal ileum is tethered 
and strictured in the right lower quadrant on coronal delayed-
phase contrast-enhanced T1W 3D GRE (e, arrow). This causes 
dilation and partial obstruction of left lower quadrant bowel 
segments on the coronal T2W image (f, arrowheads). Coronal 
fat-suppressed coronal T2W image shows several fluid-filled 
fistulae extending to adjacent ileal loops (g, arrow). Tethering 
and fistulae are indicative of chronic disease, but the abnormal 
signal on fat-suppressed T2W images shows the overlay of 
marked active inflammation. These findings led to the use 
of immunomodulatory therapy to treat the active disease 
with longitudinal MRE to provide objective monitoring of 
the treatment response, prior to re-consideration of surgical 
intervention for the chronic disease.

b

d
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Figure 5. a–c. A 73-year-old female with long-standing Crohn’s disease. Coronal single-shot T2W (a) and coronal contrast-enhanced delayed-
phase T1W 3D GRE (b) images demonstrate a thickened terminal ileum (a, arrow) with abnormally increased contrast uptake (b, arrow). Axial 
SPAIR fat-suppressed T2W image (c) shows no abnormally increased signal, indicating no active inflammatory component to this segment 
of diseased bowel (c, arrow), implying a chronic, fibrotic stricture. The terminal ileum stricture causes proximal small bowel dilatation and air 
fluid levels (a, mid-abdominal small bowel loops; c, arrowheads), suggesting mechanical obstruction. The lack of active inflammation and the 
associated bowel obstruction triaged this patient directly to surgical management.

ba c

Figure 6. a–d. A 22-year-old female with Crohn’s disease and persistent pelvic pain. An abnormally thickened loop of distal ileum is present 
in the pelvis (a–d, chevron). Note the wide-mouthed fistulous connection (a–d, small arrows) with the left ovary (a–d, arrowheads), which 
has become enlarged with an intra-ovarian phlegmon (c, asterisk) as a sequela of long-standing Crohn’s disease. There is also tethering of 
this diseased bowel to adjacent small bowel loops in the pelvis (a–d, large arrows), but no severe, active inflammation is identified on fat-
saturated T2W images (a–d). 
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Figure 7. a–c. A 36-year-old female with 
Crohn’s disease and perianal fistula. 
A fluid-filled fistula is identified on the 
axial 3D T2W 1 mm isotropic resolution 
image (a, arrow) and extends from the 
anorectal junction on the right, tracking 
posteriorly through the perineal soft 
tissues and draining through the medial 
gluteal skin surface on the right. Axial 
SPAIR fat-suppressed single-shot T2W 
image showing abnormally increased 
signal (b, arrowheads) indicates 
mildly active inflammation within the 
perineum. The combined observation 
of mild T2 signal abnormality (b, 
arrowheads) and a markedly thickened 
and enhancing fistula track wall on axial 
contrast-enhanced delayed-phase T1W 
3D GRE (c, arrow) indicates a chronic 
fistula with fibrosis.

ba

c

Figure 8. a, b. A 56-year-old female with inflammatory bowel disease. Coronal thick-section single-breath-hold T2W MR cholangiopancreatography 
(a) demonstrates marked, irregular dilatation and beading of the intrahepatic biliary system. Axial postcontrast delayed-phase T1W 3D GRE image 
(b) demonstrates irregular beading of regional foci of peripheral intrahepatic bile ducts and also shows the coexistent changes of chronic liver 
disease. The features of chronic liver disease are, in this case, characteristic of primary sclerosing cholangitis that includes caudate hypertrophy (b, 
arrowheads) and early hepatic fibrosis along the periphery of the right hepatic lobe. This case illustrates the ability to use MRI for comprehensive 
digestive system evaluation in the setting of inflammatory bowel disease to provide concurrent diagnostic evaluation of the liver, in addition to 
evaluation of the bowel and adjacent soft tissues.

ba
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Comparison of MRE to disease activity 
index

Crohn’s disease activity measure-
ments are predominantly subjective 
measurements. They include physician 
global assessment, Harvey-Bradshaw 
Index, Crohn’s Disease Activity Index 
(CDAI) and Pediatric Crohn’s Disease 
Activity Index (PCDAI) (41–43). As ex-
pected, comparing objective measures 
of disease inflammation with MRE to 
subjective measures of clinical activity 
has resulted in conflicting data.

Multiple studies have demonstrated 
no correlation between MRE findings 
and CDAI (24, 32, 44, 45). Meanwhile, 
other studies have demonstrated a 
correlation between MRE and CDAI 
(33, 46, 47) and a correlation between 
MRE and laboratory markers of inflam-
mation (erythrocyte sedimentation 
rate/C-reactive protein) (41–43). Only 
two pediatric studies compared MRE 
to PCDAI, one demonstrating a statis-
tically significant correlation between 
disease on MRE and PCDAI (48) and 
the other demonstrating no correla-
tion between MRE and PCDAI (49).

Subjective clinical activity measure-
ments do not necessarily reflect mu-
cosal findings, and studies that have 
used them show discordance between 
inflammation on endoscopy and sub-
jective activity index measurements.

Comparison of MRE to VCE
VCE visualizes the mucosa through-

out the entire small intestine with the 
use of a wireless video capsule. Three 
studies, each with approximately 20 
patients, compared MRE to VCE for the 
detection of intestinal lesions (36, 50, 
51). All three studies concluded that 
both MRE and VCE identified diseased 
small bowel; however, VCE was better 
at identifying small aphthous lesions 
and often identified more lesions (36), 
which agrees with our contention that 
MRE is insensitive to early mild disease 
restricted to the mucosa.

Comparison of MRE to SBFT/
conventional enteroclysis

Historically, SBFT has been recom-
mended for the evaluation of the 
small bowel to detect both ulcera-
tion and strictures in Crohn’s disease. 
Gourtsoyiannis et al. (52) published 
the largest study comparing MRE (uti-
lizing MR-enteroclysis) to SBFT in 52 
Crohn’s disease patients. MRE (with 
MR-enteroclysis) and SBFT were in 

full agreement in revealing, localizing, 
and estimating the length of bowel 
involved. MRE (with MR-enteroclysis) 
was poor at detecting superficial ulcers 
but performed well in identifying deep 
ulcers and stenosis.

These earlier studies were likely lim-
ited by the use of older sequences be-
cause they did not yet have access to 
the most optimized T1W and T2W 
techniques (16, 17, 39). Current MRE 
imaging (without MR-enteroclysis) 
yields significant improvements over 
fluoroscopic techniques (53).

Comparison of MRE to CT
Concerns over radiation risks may 

lead to the under-utilization of CT 
for the longitudinal management of 
Crohn’s disease. There is a clinical 
need to optimize the use of cross-sec-
tional imaging that is at the same time 
safer than and at least as diagnostic as 
CT. MRE meets that need by providing 
a safe, non-ionizing technology that 
can be obtained when required and 
without additive or long-term harm. In 
addition, evolving experience is show-
ing that MRE may more accurately 
describe the submucosal pathology of 
transmural Crohn’s disease, including 
detecting and quantifying inflamma-
tion, fibrotic disease, and other intra-
abdominal complications, compared to 
other diagnostics, including CT (Table 
1). A particular diagnostic strength of 
MRE over CT is the ability to differenti-
ate inflammation from fibrosis within 
the submucosa of the bowel wall and 
in the peri-enteric tissues (Tables 1 and 
2). MRE can show extra-intestinal dis-
ease, including bowel obstruction, ab-
scesses, webs, tethering, and fistulae. 
These disease processes may be visual-
ized on MRE with less dependence on 
enteroclysis-level bowel distension as 
is necessary for optimal CT, represent-
ing an additional important technical 
advantage of MRE.

The advantages of CT include its 
availability and a slight cost differen-
tial, although the overall cost-benefit 
balance is a key measure that remains 
incompletely evaluated. Studies com-
paring MRE to CT for the evaluation 
of small bowel pathology have indi-
cated similar sensitivities in some stud-
ies (53, 54), better sensitivity for CT in 
one study (55), and better sensitivity 
for MRE in a fourth study (56). As we 
discussed for SBFT, this variety of re-
sults can be attributed to the fact that 

these studies were performed without 
the advantages of current, optimized 
MRE techniques.

Comparison of MRE to surgical 
resection specimens

The gold standard of evaluating 
MRE findings remains comparison 
to surgical specimens. Punwani et al. 
(18) evaluated MRE prior to surgical 
resection in Crohn’s disease (7 fibros-
tenotic disease and 11 ileal disease un-
responsive to treatment). Their results 
suggest that increased mural thick-
ness and high mural signal intensity 
reflect the histological features of 
small bowel inflammation in Crohn’s 
disease. The enhancement pattern dif-
fered in fibrostenotic compared to in-
flammatory tissue, with homogenous 
enhancement more often observed in 
inflammation and layered/non-ho-
mogenous enhancement visualized in 
fibrostenotic disease. They concluded 
that MRE images correlated with the 
histological examination of surgi-
cal specimens and validated the MRE 
findings against matched histology 
specimens. 

Summary of MRE findings in Crohn’s 
disease 

The MRE technique has evolved to 
produce reproducible, high-quality 
examinations of the small and large 
bowel to a degree that significantly 
advances its sensitivity and specificity 
in detecting Crohn’s disease changes. 
Much of the comparative literature on 
MRE was published before the devel-
opment of optimized techniques, and 
this accounts for the wide range of re-
sults in these studies. In our recent ex-
perience, CT does not match MRE for 
producing the soft tissue contrast nec-
essary to reliably delineate between 
inflammation and chronic changes 
related to fibrosis; both processes may 
look identical on CT. On MRE, the T2 
signal increases with inflammation 
and edema, a marker of active Crohn’s 
disease (22, 39). The use of single-
shot T2 combined with fat suppres-
sion employing the SPAIR technique 
is critical to optimize the sensitivity 
and specificity of MRE for diagnosing 
active Crohn’s disease (21, 22); the 
majority of earlier publications either 
did not use FS T2 or did not use the 
SPAIR technique. Other forms of fat 
suppression, using simple inversion 
recovery or chemical shift spoiling, 
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will be affected by higher noise, less 
uniform fat suppression, or increased 
through-plane motion sensitivity to 
bowel peristalsis.

MRE does not detect mild, early dis-
ease limited to the mucosa. This ac-
counts for the different results when 
comparing endoscopic, biopsy and 
capsule techniques, which only see 
mucosal disease. However, submucosal 
and deeper disease is often under-rep-
resented on endoscopic examinations 
but detected by MRE.

Recommendations for clinical 
applications of MRE in Crohn’s disease 

MRE can aid in the clinical manage-
ment of Crohn’s disease and provide a 
more complete picture of the disease 
burden. The complementary use of 
MRE with mucosal visualization and 
biopsy can lead to better management 
decisions and therapeutic options. 
MRE can provide a non-invasive lon-
gitudinal measure of disease activity 
and a measure of submucosal fibrosis. 
It is expected that MRE will improve 
the utilization of medical and surgi-
cal treatments and improve outcomes 
while decreasing radiation risks from 
repeated CT scans. Specifically, MRE 
may be used in clinical applications in 
Crohn’s disease for the following:
 1) Evaluation of the extent of small 

bowel disease at diagnosis

 2) Evaluation of disease burden in 
symptomatic patients to direct 
therapeutic management

 3) Evaluation of fibrostenotic dis-
ease, which may respond better to 
surgery than to escalation of medi-
cal therapy

 4) Confirmation of clinical remission 
and consideration for escalation 
of medical therapy if there is per-
sistent submucosal disease despite 
clinical remission

 5) Evaluation of intra-abdominal 
complications, including fistulae, 
tethering, stenosis, and abscesses

 6) Evaluation of perianal disease

Research applications of MRE in 
Crohn’s disease 

MRE presents numerous transla-
tional research opportunities, includ-
ing the study of the pathogenesis of 
penetrating/stricturing disease and 
investigating the mechanisms related 
to the clinical symptoms of diarrhea 
and pain. Longitudinal documenta-
tion of patients using MRE will yield 
insights into the nature of submucosal 
inflammation and its relationships to 
mucosal disease, fibrostenotic disease, 
fat wrapping, and changes that occur 
with medical treatment, including 
the potential role of medical manage-
ment in altering the natural course of 
Crohn’s disease. MRE may also be used 

to monitor fibrosis, which will allow 
the evaluation of potential therapeutic 
remodeling of the fibrotic bowel wall, 
a phenomenon that remains not fully 
explored.
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