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Abstract
AIM: To highlight magnetic resonance enterography 
(MRE) for diagnosis of patients with refractory iron de-
ficiency anemia and normal endoscopy results.

METHODS: Fifty-three patients diagnosed with iron 
deficiency anemia refractory to treatment and normal 
gastroscopy and colonoscopy results were admitted 
to this prospective study between June 2013 and De-
cember 2013. All patients underwent a standardized 
MRE examination with a 1.5 Tesla magnetic resonance 
imaging system using two six-channel phased-array 
abdominal coils. Adequate bowel distention and fast 
imaging sequences were utilized to achieve diagnostic 
accuracy. All segments of the small bowel, duodenum, 
jejunum, and ileum were examined in detail. All cases 
were examined independently by two radiologists with 
> 5 years of experience in abdominal magnetic reso-
nance imaging. A consensus reading was performed 

for each patient following image examination. Both 
radiologists were blinded to patient history, laboratory 
findings, and endoscopy results.

RESULTS: Twenty (37.7%) male and 33 (62.3%) fe-
male patients were included in the study. The mean 
age of the patients was 52.2 ± 13.6 years (range: 
19-81 years, median 51.0). The age difference between 
the male and female patient groups was not statistically 
significant (54.8 ± 16.3 years vs  50.7 ± 11.7 years). 
MRE results were normal for 49 patients (92.5%). Four 
patients had abnormal MRE results. One patient with 
antral thickening was diagnosed with antral gastritis in 
the second-look gastroscopy. One patient had focal wall 
thickening in the 3rd and 4th portions of the duodenum. 
The affected areas were biopsied in a subsequent duo-
denoscopy, and adenocarcinoma was diagnosed. One 
patient had a fistula and focal contrast enhancement in 
the distal ileal segments, consistent with Crohn’s dis-
ease. One patient had focal wall thickening with luminal 
narrowing in the mid-jejunum that was later biopsied 
during a double-balloon enteroscopy, and lymphoma 
was diagnosed.

CONCLUSION: MRE is a non-invasive and effective 
alternative for evaluating possible malignancies of the 
small intestines and can serve as a guide for a second-
look endoscopy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study stresses the importance of magnetic 
resonance enterography (MRE) for small bowel patholo-
gies in patients with iron deficiency anemia refractory 
to treatment and normal gastroscopy and colonoscopy 
findings. The prospect of occult bleeding must be con-
sidered in such patients. This study of 53 patients dem-
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onstrates that in cases of negative upper endoscopy 
and colonoscopy, MRE is a non-invasive and effective 
examination method for the evaluation of potential neo-
plastic processes of the small intestines. Furthermore, 
MRE can serve as a guide for a second-look endoscopy 
and double-balloon enteroscopy.
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INTRODUCTION
Iron deficiency due to nutritional causes is the most fre-
quent cause of  microcytic hypochromic anemia. Occult 
gastrointestinal losses, intestinal malabsorption, chronic 
infection, and inflammatory conditions of  the gastro-
intestinal tract can all lead to iron deficiency anemia 
refractory to treatment. Occult gastrointestinal bleeding 
is challenging for clinicians to evaluate, especially when 
considering small bowel segments as the potential cul-
prit. The stomach and colon are easily visualized using 
endoscopic techniques. However, traditional endoscopy 
has limited success rates in evaluation of  the jejunum 
and ileum due to the organs’ length and location[1,2].

Magnetic resonance enterography (MRE), owing its 
success to the development of  rapid imaging sequences, 
is a viable alternative to more conventional methods 
studying the small bowel. The aim of  the present study 
was to determine the role of  MRE in evaluating small 
bowel pathologies in patients with iron deficiency ane-
mia refractory to treatment who have normal gastros-
copy and colonoscopy findings.

MATERIALS AND METHODS
Fifty-three patients diagnosed with iron deficiency ane-
mia refractory to treatment and normal gastroscopy and 
colonoscopy results were admitted to this prospective 
study between June 2013 and December 2013. An insti-
tutional review board approval was obtained prior to the 
study. Each patient provided written informed consent. 
All patients underwent a standardized MRE examination 
with a 1.5 Tesla magnetic resonance imaging (MRI) sys-
tem (Magnetom Symphony; Siemens, Munich, Bavaria, 
Germany) using two six-channel phased-array abdominal 
coils.

Adequate bowel distention and fast imaging sequences 
were utilized to achieve diagnostic accuracy. MRE was 
performed with patients in the supine position. Forty 
minutes prior to the examination, an oral solution con-
taining 120 g of  polyethylene glycol 3350 and electro-
lytes (Golytely; Braintree Laboratories Inc., Braintree, 
MA, United States) diluted in 1.5 L of  water was used as 

the biphasic oral contrast agent. To decrease bowel mo-
tility and prevent peristaltic artifacts, 0.5 mg of  glucagon 
(Glucagen; Novo-Nordisk, Bagsvaerd, Denmark) was 
administered intravenously 5 min before the examina-
tion. An additional dose of  0.5 mg glucagon was injected 
after the non-contrast sequences and just before the in-
travenous contrast administration.

After the localizer scout images were obtained, the fol-
lowing were applied sequentially: (1) coronal T2-weighted 
fast imaging with steady-state precession (FISP) [TR/TE 
3.85/1.93 ms, slice thickness 5 mm, slice gap 0 mm, field 
of  view (FOV) 450 mm]; (2) axial T2-weighted FISP (TR/
TE 4.11/2.06 ms, slice thickness 5 mm, slice gap 0 mm, 
FOV 350 mm); (3) coronal T2-weighted half-Fourier ac-
quisition single-shot turbo spin-echo (HASTE) (TR/TE 
800/81, slice thickness 6 mm, slice gap 0 mm, FOV 400 
mm); (4) axial T2-weighted HASTE (TR/TE 1200/81, 
slice thickness 6 mm, slice gap 0 mm, FOV 360 mm); and 
(5) axial fat-saturated 3D volumetric interpolated breath-
hold examination (VIBE) (TR/TE 5.13/2.33, slice thick-
ness 5 mm, slice gap 0.2 mm, FOV 340 mm); and (6) 
coronal fat-saturated 3D VIBE (TR/TE 5.12/2.50, slice 
thickness 5 mm, slice gap 0.2 mm, FOV 366 mm). Gad-
olinium-based contrast agent [1 mmol/mL gadobutrol 
(Gadovist), Bayer Schering, Berlin-Wedding, Germany] 
was given intravenously as a 0.65 mg/kg bolus dose, fol-
lowed by axial fat-saturated 3D VIBE (TR/TE 5.13/2.33, 
slice thickness 5 mm, slice gap 0.2 mm, FOV 340 mm) 
and coronal fat-saturated 3D VIBE (TR/TE 5.12/2.50, 
slice thickness 5 mm, slice gap 0.2 mm, FOV 366 mm).

Two radiologists with > 5 years of  experience in ab-
dominal MRI examined all cases independently, followed 
by a consensus reading for each patient. Both radiolo-
gists were blinded to patient history, laboratory find-
ings, and endoscopy results. All of  the small intestine 
segments were examined in Digital Imaging and Com-
munications in Medicine image formats on a Picture Ar-
chiving Communication System workstation (Leonardo; 
Siemens).

Statistical analysis
Demographic variables were analyzed using the Stu-
dent’s t-test (SPSS version 17, SPSS Inc., Chicago, IL, 
United States). A P value < 0.05 was considered statisti-
cally significant.

RESULTS
Twenty (37.7%) male and 33 (62.3%) female patients 
were included in the study. The mean patient age was 
52.2 ± 13.6 years (range: 19-81 years, median 51.0). 
There was no significant age difference between the male 
and female patient groups (54.8 ± 16.3 vs 50.7 ± 11.7 
years). Forty-nine of  the 53 patients (92.5%) had nor-
mal MRE findings (Figure 1). The mean age of  patients 
with normal MRE was 51.2 ± 13.4 years, and the mean 
age of  patients with abnormal findings was 64.5 ± 10.9 
years. This difference was not statistically significant.

Four patients had the following abnormalities in 
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MRE images: (1) antral thickening (Figure 2); (2) asym-
metric focal wall thickening and contrast enhancement 
in the 3rd and 4th portions of  the duodenum (Figure 3); 
(3) a fistula and focal contrast enhancement in distal ileal 
segments (Figure 4); and (4) segmental wall thickening 
with luminal narrowing in the mid-jejunum (Figure 5). 
The antral thickening was shown to be antral gastritis in 
the second-look gastroscopy. Double-balloon enteros-

copy revealed a narrow segment in the distal duodenum, 
which made the impression of  duodenal wall infiltration 
with the mucosa eroded and fragile. The biopsy result 
was adenocarcinoma of  the duodenum. The images of  
the abnormality in the ileal segment were almost pathog-
nomonic for Crohn’s disease. A biopsy from the distal il-
eum confirmed the diagnosis. The mid-jejunum segment 
was biopsied during double-balloon enteroscopy and 
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Figure 1  Normal magnetic resonance enterography findings. A: Coronal T2 fast imaging with steady-state precession (FISP); B: Coronal T1 volumetric interpo-
lated breath-hold examination with contrast; C: Axial T2 FISP images.

A B C

Figure 2  Magnetic resonance enterography findings of antral gastritis. A: Axial T2 half-Fourier acquisition single-shot turbo spin-echo; B: Axial T1 volumetric 
interpolated breath-hold examination prior to contrast; C: Axial T1 VIBE after contrast injection. Antrum is thickened (arrows) while periantral soft tissues remain unaf-
fected.

A B C

A B C D

Figure 3  Magnetic resonance enterography findings of adenocarcinoma of the duodenum. A: Axial T2 half-fourier acquisition single-shot turbo spin-echo; B: 
Axial T1 volumetric interpolated breath-hold examination (VIBE) with contrast; C: Coronal T2 fast imaging with steady-state precession; D: Coronal T1 VIBE with con-
trast. Asymmetric thickening of the duodenal wall and contrast enhancement is seen with luminal narrowing in the proximal and distal ends with slight dilatation in the 
center (arrows). Periduodenal mesenteric adipose tissue appears infiltrated, and the tumor is in close relation with the abdominal aorta (arrowheads).
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diagnosed as lymphoma.

DISCUSSION
Occult gastrointestinal bleeding is an important cause of  
iron deficiency anemia refractory to treatment. The con-
dition causes recurrent or persistent blood loss despite 
negative initial endoscopic and radiologic evaluations, 
regardless of  the fecal occult blood test result. Approxi-
mately 5% of  all gastrointestinal bleeding is occult and is 
frequently caused by lesions of  the small bowel[3-7].

The stomach and colon can be evaluated very ef-
ficiently with traditional endoscopic techniques. On the 
other hand, jejunal and proximal ileal segment evalua-
tions are limited owing to their length and location[8-11]. 
New methods have been devised for better evaluation 
of  the small bowel including capsule endoscopy and 
double-balloon enteroscopy[12-16]. Barium studies of  the 
small bowel are limited due to the fact that only abnor-
malities of  the lumen can be visualized. In order to visu-
alize the extraluminal structures, cross-sectional imaging 
techniques may be used, such as computed tomography 
(CT), ultrasonography, and MRI[17]. The main disadvan-
tage of  CT enterography is its use of  ionizing radiation. 
On the other hand, radiation exposure is not a concern 
in ultrasonography, making this method more suitable, 
especially for younger patients. However, ultrasonogra-
phy is quite limited due to obscuring of  the field of  view 

by bowel gas.
Due to long acquisition times, which lead to respira-

tory and peristalsis artifacts, MRI of  the small intestines 
was not technically possible until rather recently. The 
development of  rapid imaging techniques and the pos-
sibility to obtain images in a single breath-hold has made 
this feasible. The lack of  ionizing radiation and increased 
patient comfort during the procedure, compared to 
conventional or magnetic resonance enteroclysis, made 
MRE a more favorable method for examining the small 
bowel[18-20]. In addition, when compared to CT, magnetic 
resonance has four-times more contrast resolution[21].

A weakness of  MRE, compared to magnetic reso-
nance enteroclysis, is the suboptimal distension of  the 
jejunum. Although this problem is less pronounced with 
the use of  hyperosmolar oral contrast agents such as 
polyethylene glycol, it may still be a cause for concern. 
All hyperosmolar luminal contrast agents have a prob-
ability of  inducing diarrhea, causing patient discomfort. 
On the other hand, patient comfort and tolerability is 
much better with MRE[20,22].

One of  the major MRE applications is the ability to 
monitor disease activity and extraluminal complications 
of  Crohn’s disease, such as mesenteric inflammation and 
fistula formation[23-26]. MRE may also be used for evalu-
ation of  patients with symptoms related to jejunoileal 
segments, ruling out neoplastic processes of  the small 
bowel. High patient acceptance and absence of  ionizing 
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Figure 4  Magnetic resonance enterography findings suggesting Crohn’s disease. A: Axial T2 half-Fourier acquisition single-shot turbo spin-echo (HASTE); B: 
Axial T1 volumetric interpolated breath-hold examination (VIBE) with contrast; C: Coronal T2 HASTE; D: Coronal T1 VIBE with contrast. Wall thickening and contrast 
enhancement in distal ileal segments (arrows) are observed. Ileoileal and ileomesenteric fistula formations (arrowheads) support the diagnosis of Crohn’s disease.

A

Figure 5  Atypical magnetic resonance enterography findings in a case with small bowel lymphoma. A: Axial T2 fast imaging with steady-state precession (FISP); 
B: Coronal T2 FISP; C: T2 maximum intensity projection images. Long segment wall thickening and luminal narrowing in the jejunum (arrows) without accompanying 
lymphadenopathy. The biopsy showed an isolated small bowel lymphoma, though imaging findings were not strongly suggestive.

B C
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radiation has made MRE a very feasible alternative to 
the more conventional methods, such as colonoscopy, 
especially when used for frequent follow-ups of  Crohn’s 
disease[27-30].

Double-balloon enteroscopy allows for visualization 
and tissue sample harvesting from all segments of  the 
small bowel. However, the method’s value as a diagnostic 
and therapeutic technique clearly increases when used in 
conjunction with MRE. In our study, MRE made it pos-
sible to identify those patients who needed further evalu-
ation with double-balloon enteroscopy (3/53). MRE also 
guided the operator in choosing the place of  entry-oral in 
two patients or anal in one case-by identifying the target 
intestinal segment prior to the procedure.

In summary, patients with iron deficiency anemia re-
fractory to treatment must be examined for occult bleed-
ing. In cases of  negative upper endoscopy and colonos-
copy, MRE presents a non-invasive and effective examina-
tion method for evaluating the possibility of  neoplastic 
processes of  the small intestine. Moreover, MRE can 
serve as a guide for a second-look endoscopy and double-
balloon enteroscopy.
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