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Background: Assessment of small intestinal disease re- 
mains a challenge for both clinicians and radiologists. 
Modern magnetic resonance enterography (MRE) is a non-
radiation modality that can demonstrate both intestinal 
wall pathologies and extraluminal lesions. 
Objectives: To analyze the results of 213 MRE scans per- 
formed since 2005.
methods: Consecutive MRE scans performed in our acad- 
emic medical center between December 2005 and 
November 2009 were reviewed for patients’ demographic 
data, indications for the examination, and main imaging 
findings. The imaging signs recorded were mural changes, 
intraluminal filling defects as well as mesenteric and 
extraintestinal inflammatory findings.
results: During the study period 213 MRE scans were 
performed; 70% of them for proven or suspected Crohn’s 
disease (CD) of the small bowel. Another indication was 
small bowel neoplasm (6% of the scans). Bowel wall 
thickening and enhancement were seen in 60% and 53% 
of MRE scans, respectively. Mesenteric involvement was 
found in 52% of the patients. Incidental extraintestinal 
findings were detected in 17% of the scans. In 22% of the 
scans there was no pathological finding.
conclusions: In our 4-year clinical experience with MRE 
this non-invasive and non-radiating modality proved to 
be a reliable technique for the evaluation and long-term 
follow-up of small bowel pathologies. The most common 
clinical indication was the evaluation of Crohn’s disease. 
With physicians’ increased awareness, the use of MRE in 
the evaluation of other small bowel pathologies such as 
neoplasm and celiac disease will increase.
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aBstract:

KeY wOrds:

MRE = magnetic resonance enterography

a ccurate assessment of small intestinal disease remains 
a challenge for both clinicians and radiologists. Until 

a decade ago, the modality most used to examine the small 
bowel in its entirety was barium-based techniques, such as 

small bowel follow-through. Advances in technology have 
allowed cross-sectional imaging techniques to play a larger role 
in small bowel imaging. Computed tomography and magnetic 
resonance imaging, both non-invasive techniques, can demon-
strate intestinal wall pathology and extraluminal lesions. 

CT enterography can obtain high-resolution images and 
is widely used today for small bowel imaging. However, 
it exerts a not insignificant cumulative amount of lifetime 
radiation exposure dose in patients in need of repeated 
studies over years. Recently, the impact of CT radiation 
dose on malignancy in the overall population and especially 
in children was found to be rising [1].

The absence of ionizing radiation is an important advan-
tage of magnetic resonance enterography, especially in younger 
patients with Crohn’s disease and polyposis syndromes who 
may require frequent imaging for surveillance. Other impor-
tant advantages of MR as compared to CT are better soft tissue 
contrast resolution, the ability to acquire multiplanar images 
(necessary for imaging the small bowel), and the fact that it can 
be performed in pregnant women without concern for radiation 
insult to the fetus. Another advantage is the use of gadolinium 
contrast agents in patients who have iodine contrast allergy 
or mild to moderate renal insufficiency [2]. Gastrointestinal 
MRI (MRE) is accepted today as a complementary study to 
endoscopic techniques that include double balloon endos-
copy and wireless capsule endoscopy. Both modalities (DBE 
and WCE) are able to demonstrate mucosal lesions; however, 
WCE is limited in estimating the location of a lesion along the 
small bowel and is contraindicated in patients suspected of 
bowel stricture or obstruction, while DBE has limited ability 
to visualize mid-small bowel segments distant from proximal 
jejunum or terminal ileum. 

We present our experience with MRE, discuss the main 
clinical indications and imaging findings and review the 
literature to date. 

Patients and metHOds

The study protocol was approved by our institutional review 
board. All patients who underwent MRE in our academic medi-

DBE = double balloon endoscopy
WCE = wireless capsule endoscopy
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cal center between December 2005 and November 2009 were 
included in the study. Patients’ demographic data, indications 
for the examination and imaging findings were recorded. These 
findings included mural changes such as thickening of the wall of 
the small and large bowel (> 3 mm), post-gadolinium bowel wall 
enhancement, pre-stenotic dilatation (> 3 cm), and intraluminal 
filling defects or intussusception. Mesenteric findings such as 
mesenteric fat hypertrophy, hyperemia and lymphadenopathy 
and the presence of extraintestinal inflammatory findings such 
as sinus tract, fistula, phlegmon and intra-abdominal abscess 
were also recorded. All data were processed in SPSS version 14. 
Discrete variables are presented as mean and percentage. 

MRE was performed on a 1.5T GE Sigma HDx MR System 
version 14. Patients were asked to drink 1000 ml of mannitol 
5% 60 minutes prior to the examination, followed by intra-
venous injection of glucagon (1 mg; GlucaGen® HypoKit, 
Novo Nordisk A/S, Denmark) and gadolinium (0.1 mmol/
kg; gadoterate dimeglumine, Dotarem®, Guerbet, France). 
The MRE protocol included axial, coronal and sagittal FIESTA 
(TR/TE 4.3/1.9 ms), axial and coronal 2D SSFSE T2W (TR/TE 
1680-3200 /92.7 ms), axial and coronal FSPGR FS BH (TR/TE 
150/1.3 ms), and coronal LAVA (TR/TE 4.2/2.1 ms) pre- and 
post-gadolinium injection. Field of view 32–40 cm with slice 
width 3.6–6 mm was used. 

results

A total of 213 MRE scans were performed in 195 patients 
(97 males and 98 females). Mean patient age was 31 years 
(range 7–78 years, SD 13.2). Two-thirds of the subjects were 
outpatients and one-third inpatients. 

indicatiOns FOr mre

Clinical indications are presented in Table 1. The major indi-
cation was evaluating patients with known Crohn’s disease 
(114 examinations, 53%) and patients with suspected CD 
(37 examinations, 17%). Other important indications were 
suspected space-occupying lesions in the small bowel, with 
or without polyposis syndrome (12 examinations, 5.6%). 

mre Findings

The main finding was small and/or large bowel wall thicken-
ing (127/213 scans, 60%). The small bowel was affected twice 
as often as the large bowel, causing pre-stenotic dilatation in 
38%. The second most common finding was post-gadolinium 
enhancement of the diseased segments [Figure 1A]. Mesenteric 
involvement, which included fat hypertrophy, lymphadenopa-
thy or hyperemia, was found in 52% of the scans. Mesenteric 
fat hypertrophy and lymphadenopathy were seen equally often. 
Extraintestinal inflammatory findings such as sinus tract, fis-

CD = Crohn’s disease

tula, phlegmon or abscess were seen in 22% of scans [Table 2]. 
Forty-six of the 213 examinations (22%) were normal.

In the CD patient group (151 examinations) we found 
more cases of small bowel wall thickening (72%) and post-
gadolinium mural enhancement (65%) than in the non-CD 
group (32% and 21%, respectively, for both differences, chi-
square test, P < 0.001). Evidence of mesenteric involvement 
was significantly more frequent in CD patients compared to 
non-CD patients (63% vs. 36%, chi-square test, P < 0.001). 
Complications of CD, including fistulas, phlegmons and 
intra-abdominal abscesses, were seen in 45 examinations 
in the CD group (30%), significantly more often than extra- 
intestinal inflammatory findings in the non-CD group (5%, 
chi-square test, P < 0.001). The main imaging findings in 
CD patients are demonstrated in Figure 1. 

In patients suspected of having small bowel space-
occupying lesions (n=12) we found several intraluminal 
filling defects in three scans [Figure 2A], and small bowel 
thickening proved to be a tumor in another six MRE scans 
[Figure 2B]. In three of these patients mesenteric lymph-
adenopathy was found. In three scans no space-occupying 
lesions were detected. 

Eight patients underwent MRE during pregnancy, five 
of whom were referred for abdominal pain and two for 

clinical indication
no. of  
examination (%)

Evaluation of Crohn’s disease 114  (53)

Suspected Crohn’s disease 37  (17)

Abdominal pain – investigation 12  (6)

Polyposis syndrome 6  (3)

Suspected space-occupying lesion 6  (3)

Suspicion/evaluation of ulcerative colitis 5  (2)

Post-surgery investigation 3  (1)

Bowel obstruction 3  (1)

Cystic fibrosis 2  (1)

Celiac disease 1 (<1)

Protein-losing enteropathy 1 (<1)

Rectal bleeding 1 (<1)

Investigation for recurrent intussusception 1 (<1)

Internal hernia 1 (<1)

Suspected angioedema 1 (<1)

Colonic SOL surveillance (patient with iodine allergy) 1 (<1)

Suspected appendicitis 1 (<1)

Unknown (no clinical data were available) 17  (8)

Total 213  (100)

SOL = space-occupying lesion

table 1. Clinical indications for MRE, 213 scans (195 patients)
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for MRE in our study group was suspected or proven Crohn’s 
disease. This is consistent with a previous report in which 
CD was the indication for MRE scan in 62% of patients [3]. 
However, McKenna et al. [4], reported that proven or sus-
pected CD was the indication for MRE in only 37% of their 
patients. The second most common indication for MRE in 
our series was suspected small bowel neoplasm (6% of scans). 
This indication was significantly lower than in other series 
(15% and 27%, respectively) [3,4]. Lohan and colleagues 
[5] reported that in 4.4% of 225 consecutive MRE scans the 
patients suffered from small bowel lymphoma, half of them 
secondary to celiac disease.

Only one of the 195 patients in our study was referred 
for celiac disease, in contrast to other reports (11–15%) 
[3,4]. In Israel celiac disease may be under-diagnosed, as 
pointed out in a study of 850 healthy subjects in whom 
overt celiac disease was diagnosed prior to recruitment in 
0.12% and positive serology was found in 1.1% [6]. This 
lack of awareness regarding the possibility of celiac disease 
may be the reason for the rare referral of celiac patients to 
MRE in Israel. Another reason may be the limited avail-
ability of MR equipment and the relatively high cost of 
examination.

Regarding small bowel obstruction, none of our patients 
underwent MRE during acute presentation (although they 
had MRE later on) to evaluate the cause of their SBO. Only 
a few studies have shown the role of MRE in detecting 
SBO. Beall et al. [7] conducted a prospective evaluation of 
patients with clinical evidence of bowel obstruction using 
MRI and CT. The cause of obstruction was correctly diag-

SBO = small bowel obstruction

CD evaluation. The main findings in CD pregnant women 
were phlegmon, abscess and bowel wall thickening. Among 
the patients with abdominal pain, one post-appendectomy 
patient was referred for suspected phlegmon and the other 
four to rule out appendicitis. Appendicitis was not detected in 
any of these patients, but marked right-sided hydronephrosis 
was seen in three of them, probably secondary to pregnancy 
and perhaps the cause of the abdominal pain. The last patient 
had MRE for exacerbation of ulcerative colitis. 

Incidental extraintestinal findings were detected in 37 
studies (17% of 213 scans), of which 13 were in the urinary 
tract (hydronephrosis, renal cysts, bladder diverticula), 11 
were in the female genital organs (ovarian cysts, adenomyo-
sis and uterine myoma), 7 scans showed gallbladder stones 
and 6 scans demonstrated liver hemangiomas or cysts. 

discussiOn 

In recent years MRE has emerged as a useful imaging tech-
nique in small bowel diseases. The main clinical indication 

Figure 1. MRE of a 33 year old woman with Crohn’s disease.  
[a and B] Coronal T1 images after gadolinium injection with fat 
suppression demonstrate intense enhancement of involved jejunal 
wall (arrowhead) and mesenteric hyperemia “comb sign” (arrow).  
[c] Coronal T2 image demonstrates jejunal wall thickening with 
significant narrowing of the lumen (dotted arrow). [d] Coronal T1 
images with fat suppression demonstrate reactive lymph nodes 
with intense enhancement post-gadolinium injection in the 
mesenteric root (*)
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main finding
Frequency  
(of 213 examinations)  (%)

Small bowel wall thickening 127 (60)

Post- contrast increased enhancement 
of the bowel wall 

114 (53)

Pre-stenotic dilatation 80 (38)

Mesenteric fat hypertrophy 64 (30)

Mesenteric lymphadenopathy 61 (29)

Large bowel wall thickening 54 (25)

Intraabdominal sinus tract or fistula 39 (18)

Mesenteric hyperemia 36 (17)

Phlegmon 20 (9)

Intraabdominal abscess 16 (7)

Intraluminal filling defects 5 (2)

Intussusception 4 (2)

Stomach or duodenal wall thickening 3 (1)

table 2. Main imaging findings in 213 MRE scans (195 patients) 
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Low and co-workers [17] reported that depiction of mural 
thickening and enhancement was superior on MRE, which 
showed 80–85% of abnormal segments compared with only 
60–65% found by CT, Schmidt et al. [18] found that CT had 
better sensitivity in detecting bowel wall thickening, bowel 
wall enhancement and lymphadenopathy with higher inter-
observer agreement. MRE was found to be more accurate 
than CT enterography in the detection of enteric fistulas 
and sinus tracts [16,18].

Several prospective studies comparing MR and wireless 
capsule endoscopy imaging of small bowel were recently 
published. Both MRE and WCE showed a good correlation 
in the detection and localization of inflammatory bowel dis-
ease. WCE sensitivity for detecting small mucosal lesions is 
better than that of MRE, while WCE can readily depict and 
characterize subtle mucosal lesions missed by MRE. Since 
MRE yields additional mural and extraluminal informa-
tion, WCE and MRE can be complementary methods that, 
in conjunction, may better characterize suspected small 
bowel disease [19,20].

In small bowel neoplasm MRE demonstrates either a fill-
ing defect [Figure 2A] or focal wall thickening [Figure 2B]. 
Most of the small bowel tumors are benign, but symptom-
atic lesions are often malignant. Adenocarcinomas, which 

nosed by MRI in 95% and by CT in only 71% of the cases. 
MRI has also been shown to have a high sensitivity for 
characterization of malignant versus benign strictures in 
the small bowel as the cause of the SBO [8]. Findings sug-
gestive of malignant obstruction included the presence of 
an obstructing mass, focal mural thickening, and peritoneal 
thickening and enhancement. 

Bowel wall thickening and enhancement were very 
common MRE imaging findings in our study, as also previ-
ously reported [2]. Luminal narrowing and associated pre-
stenotic dilatation were the third most common finding, 
easily recognized in all sequences of MRE.

In CD patients, patchy areas of wall thickening and high 
signal intensity were seen along affected small bowel seg-
ments with a pattern similar to “cobblestoning.” Mesenteric 
involvement, which includes mesenteric fat hypertrophy, 
hyperemia or lymphadenopathy, was quite common; 
hyperemia was demonstrated as increased blood flow in 
the vasa recta in areas of active inflammation (“comb sign”) 
[Figure 1B]. MRE was also highly sensitive in assessing 
complications of CD, either of penetrating disease such as 
fistulas, phlegmons or abscesses, or of fibrostenotic disease 
such as stenotic segments with pre-stenotic dilatation. 
These findings indicate inflammatory activity, which is an 
important guideline to determine whether the treatment 
should be medical or surgical. Although wall thickening 
and enhancement can appear as fibrotic changes without 
any active inflammation, the presence of hyperemia, intra-
mural edema (high T2 signal of bowel wall), transmural 
ulceration, and wall thickening with enhancement indicate 
inflammatory activity [9-11]. 

In evaluating patients with CD, MRE has proven to have 
better sensitivity and specificity compared to conventional 
small bowel follow-through studies [12,13]. MRE was 
found to have a clear advantage over conventional SBFT 
studies in demonstrating extra-bowel manifestations such 
as phlegmons and abscesses [2]. The sensitivity and speci-
ficity of MRE for diagnosing inflammatory bowel disease, 
particularly CD, is 96% and 92% respectively (using his-
tological correlation as the gold standard for diagnosis). 
In comparison, endoscopy was found to be less sensitive 
(57%) but more specific (100%) in diagnosing inflamma-
tory bowel disease [14]. The concordance of MRE detection 
of stenosis, thickening and hyperemia of bowel wall, with 
endoscopy, was 90%, the only drawback being its inability 
to demonstrate superficial ulceration [15].

A few published studies have compared CT enterography 
and MR enterography imaging in the assessment of patients 
with CD. Ippolito et al. [16] found similar accuracy for CTE 
and MRE in the identification of active disease. Whereas 

SBFT = small bowel follow-through

Figure 2. Space-occupying lesion in small bowel. [a] MRE axial 
T2 image of a 17 year old girl with rectal bleeding and familial 
polyposis showing polypoid lesion (arrow). [B] MRE coronal T2 
images of a 74 year old woman with celiac disease suspected of 
having small bowel malignancy. Localized thickening of jejunal 
wall is apparent (dotted arrow) and suspected of being malignant. 

B

a



Original articles

176 

IMAJ • VOL 13 • MArch 2011

account for 50% of all small bowel malignancies, typically 
appear as a focal mass with intra- and extraluminal growth 
or with circumferential constricting lesions that narrow the 
bowel lumen [21] [Figure 2B]. Moreover, MRE can evaluate 
regional mesenteric lymphadenopathy, as shown in three 
of our patients.

There is a paucity of data comparing the sensitivity 
of MRE imaging, CTE and fluoroscopic techniques in 
the detection of small bowel masses. The sensitivity and 
specificity of MRE in identifying patients with small bowel 
lesions were 86% and 98%, respectively [22]. MRE imag-
ing can be useful in the surveillance of patients who have 
polyposis syndromes and a higher risk of developing small 
bowel malignancies. When comparing MRE and WCE, pol-
yps larger than 15 mm were detected similarly in patients 
who had polyposis syndromes. Smaller polyps were seen 
much more often with WCE. However, location of the 
detected polyps and determination of their exact size was 
more accurate with MRE [23]. 

Although only one of our patients was referred for 
celiac disease evaluation, MRE clearly showed fold-pattern 
abnormalities characteristic of this disease. A reversed 
jejuno-ileal fold pattern, which presumably is caused by a 
compensatory response of the ileum to severe villous atro-
phy of the proximal small bowel, is highly suggestive of 
celiac disease and is very well depicted on MRE. MRE can 
demonstrate extraluminal manifestations such as intussus-
ception and mesenteric lymphadenopathy, as well as non-
Hodgkin’s lymphoma, which occur in higher incidence in 
celiac patients [5,24]. 

Regarding incidental findings, MRE has the advantage 
of visualizing disease extension beyond the intestinal wall. 
Some of these findings are unexpected and not related to 
the patient’s disease. In our series incidental extraintestinal 
findings were present in 17% of all scans performed, most 
of which were not clinically significant. Similar results were 
reported by Jensen et al. [25]. 

cOnclusiOns

In our 4-year clinical experience with MRE this non-invasive 
modality has proven to be a reliable and promising technique 
for the evaluation and long-term follow-up of small bowel 
pathologies. In this study we have shown that MRE has the 
capabilities to demonstrate luminal, mural and extraluminal 
pathology in diseases of the small bowel without the use of 
ionizing radiation. The most common clinical indication 
was the evaluation of Cohn’s disease. MRE should become 
the imaging modality of choice in these patients, gradually 
replacing modalities involving high radiation exposure such 
as SBFT or CT. In Crohn’s patients MRE was proven to be 
highly sensitive for the evaluation of inflammatory changes 

in the bowel as well as extraluminal complications. It is also 
useful for the detection of small bowel neoplasm and small 
bowel obstruction. MRE might efficiently assess the cause 
for SBO as well as define neoplasm characteristics. It can 
also be useful for the evaluation of celiac disease, a disease 
that is probably clinically under-diagnosed in Israel. With 
physicians’ increased awareness, the future use of MRE in the 
evaluation of other small bowel pathologies such as neoplasm 
and celiac disease will increase.
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The human gut is colonized with a wide variety of micro- 
organisms, including species, such as those belonging to 
the bacterial genus Bifidobacterium, that have beneficial 
effects on human physiology and pathology. Among the 
most distinctive benefits of bifidobacteria are modulation 
of host defense responses and protection against infectious 
diseases. Nevertheless, the molecular mechanisms underlying 
these effects have barely been elucidated. To investigate 
these mechanisms, Fukuda et al. used mice associated with 
certain bifidobacterial strains and a simplified model of lethal 
infection with enterohemorrhagic Escherichia coli O157:H7, 
together with an integrated ‘omics’ approach. The authors 

show that genes encoding an ATP-binding-cassette-type 
carbohydrate transporter present in certain bifidobacteria 
contribute to protecting mice against death induced by E. 
coli O157:H7. They found that this effect can be attributed, 
at least in part, to increased production of acetate and that 
translocation of the E. coli O157:H7 Shiga toxin from the gut 
lumen to the blood was inhibited. The researchers propose 
that acetate produced by protective bifidobacteria improves 
intestinal defense mediated by epithelial cells and thereby 
protects the host against lethal infection.

Nature 2011; 469: 543
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Bifidobacteria can protect from enteropathogenic infection through production of acetate

What would happen if, instead of consulting previous lit- 
erature, scientists asked children for advice on designing 
experiments? In the case of the Blackawton Bees, 8 to 10 
year old children capitalized on their own curiosity and 
observations to devise questions, propose a hypothesis, 
design experiments, and perform data analysis in an 
original study examining how bees perceive and remember 
their surroundings. Besides discovering that bees use both 
color and spatial analysis in deciding which color of flower 
to forage from, it served as an example of real science and 
engaged the students. This is evident in the published paper, 
written by the students, that contains statements such as 

“Before doing these experiments we did not really think 
about bees,” and “This experiment is important, because 
no one in history, including adults, has done this experiment 
before.” In this way, science education became more of a 
process of contributing to asking questions and devising 
strategies to answer those questions instead of a passive 
classroom lesson. Afterward, the students came to the same 
conclusion that every scientist has come to at one point in 
their career: “Science is cool and fun because you get to do 
stuff that no one has ever done before.” 

Biol Lett 10.1098/rsbl.2010.1056 (2010)
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child scientists say “science is cool and fun"

“there is no greater mistake than the hasty conclusion that opinions are  
worthless because they are badly argued”
Thomas Huxley (1825-1895), English biologist, known as “Darwin’s Bulldog” for his advocacy of Charles Darwin’s theory of evolution.  
He was instrumental in developing scientific education in Britain and fought against the more extreme versions of religious tradition




