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Abstract MRI of the small bowel is
a new method for the assessment of
inflammatory bowel diseases. How-
ever, inflammatory bowel disease
can affect both the small and large
bowel. Therefore, our goal was to as-
sess the feasibility of displaying the
small bowel and colon simultaneous-
ly by MR imaging. Eighteen patients
with inflammatory bowel disease
were studied. For small bowel dis-
tension, patients ingested a solution
containing mannitol and locust bean
gum. Furthermore, the colon was
rectally filled with water. MR exami-
nations were performed on a 1.5-T
system. Before and after intravenous
gadolinium administration, a T1w
data set was collected. All patients
underwent conventional colonoscopy
as a standard of reference. The oral
ingestion and the rectal application
of water allowed an assessment of

the small bowel and colon in all 
patients. By means of MRI (endos-
copy), 19 (13) inflamed bowel seg-
ments in the colon and terminal ile-
um were detected. Furthermore,
eight additional inflammatory le-
sions in the jejunum and proximal 
ileum that had not been endoscopi-
cally accessible were found by MRI.
The simultaneous display of the
small and large bowel by MRI is fea-
sible. Major advantages of the pro-
posed MR concept are related to its
non-invasive character as well as to
the potential to visualize parts of the
small bowel that cannot be reached
by endoscopy.
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Introduction

Crohn’s disease is a chronic inflammatory pathology po-
tentially affecting the entire GI tract. The terminal ileum
and proximal colon are the parts of the intestine that are
mostly affected [1]. Different procedures, including ileo-
colonoscopy, ultrasound, CT imaging, conventional en-
teroclysis and/or surgical interventions in conjunction
with biopsies are applied for the diagnosis of Crohn’s dis-
ease [2–4]. However, all these techniques are associated
with certain drawbacks. While the diagnostic accuracy of
ultrasonography is strongly operator-dependent, conven-
tional enteroclysis and computed tomography expose pa-
tients to ionizing radiation [5]. Since most of the patients

in question are young and the examinations often need to
be repeated several times for therapeutic monitoring pur-
poses, the radiation issue is of even higher concern.
Therefore, ileocolonoscopy is mainly used to confirm the
diagnosis of Crohn’s disease, but the poor patient accep-
tance because of the invasive character of this procedure,
the potential risk of bowel perforation and the inability to
reach the ileocecal valve in a high percentage of cases
cast a shadow over the usefulness of endoscopy.

Advances in MRI, including the implementation of
high gradient scanners and the availability of several
contrast agents, have led to an increasing use of MRI for
the evaluation of abdominal diseases. Thus, MRI for
both the small and large bowel has become an estab-
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lished method for the assessment of inflammatory bowel
diseases or the detection of colorectal masses [6]. A
good distension of the intestine is crucial for bowel im-
aging. Regarding the colon, it can be easily accom-
plished by the administration of a rectal enema consist-
ing of liquid or gasiform contrast agents [7]. For the 
visualization of the small bowel, however, this issue is
much more complex. By applying contrast agents via a
nasoduodenal tube, a sufficient bowel distension is
achievable [8–10], but this procedure is often perceived
as traumatizing by the patients due to its invasive charac-
ter. The mere oral administration of water without intu-
bation is non-invasive and well accepted. Unfortunately,
water is rapidly reabsorbed in the small bowel, which 
diminishes the degree of bowel distension.

Certain additives can inhibit water resorption [11].
Recently, a solution containing mannitol and locust bean
gum has been introduced as an oral contrast agent for
small bowel MRI [12]. The oral application of this solu-
tion leads to a strong bowel distension without the need
of duodenal intubation, which was verified in a volunteer
trial. The aim of the present study was twofold: to evalu-
ate the practicability of the mentioned oral contrast agent
for MR imaging in patients with Crohn’s disease and to
assess the feasibility of displaying the small bowel and
colon simultaneously.

Materials and methods

Subjects

Twenty patients (13 men and seven women; mean age 43.5 years,
age range 21–78 years) with known or suspected Crohn’s disease
were enrolled in this study. Crohn’s disease was histologically
proven in 18 patients. Four of these patients had undergone a 
resection of the terminal ileum and ascending colon. The two 
remaining patients presented symptoms of lower abdominal pain,
diarrhea and leucocytosis. Informed consent was obtained prior to
each examination. None of the patients showed contraindications
to MR imaging, such as the presence of metallic implants.

Preparation and MR imaging

At first a standard preparation for bowel purgation was performed
the evening before the MR examination. Patients ingested
3,500–4,000 ml of Golytely (Braintree Laboratories, Braintree,
Mass.). All MR examinations were done the next morning. To
provide sufficient small bowel distension, patients ingested
1,500 ml of the contrast solution containing 2.5% of mannitol
(Merck, Darmstadt, Germany) and 0.2% of locust bean gum
(LBG) (Roeper, Hamburg) over 45 min at a steady, evenly dis-
tributed rate. To that end, portions of 150 ml were given each
4–5 min. To enhance gastric emptying, 50 mg of erythromycin
(Abbott Pharmaceutics Wiesbaden) was administered intravenous-
ly after the first 150 ml of the oral contrast compound.

MR examinations were performed on a 1.5-T MR scanner
(Magnetom Sonata, Siemens Medical Systems, Erlangen, Ger-
many). For signal reception, a combination of two flex surface
coils were employed, which were wrapped around the patient in
the prone position. These two coils were used in conjunction with
the built-in spine array coil to permit coverage of the entire abdo-

men. A spasmolytic agent (40 mg of scopolamine, Buscopan,
Boehringer Ingelheim, Germany) was intravenously administered
in order to reduce artifacts due to bowel motion. Following the
placement of a rectal tube (E-Z-Em, Westbury, N.Y.), an enema
consisting of 1,000 ml of warm tap water was administered. MR
imaging was based on the acquisition of a 3D T1w gradient-echo
sequence in the coronal plane under breath-hold conditions. The
following scan parameters were used: TR/TE =3.08/1.13 ms, flip
angle =12°, slice thickness =1.4 mm, matrix size =336×512. The
acquisition time amounted to 20 s. In a first step, a “pre-contrast”
data set was collected. Subsequently, paramagnetic contrast was
injected intravenously (gadobenate dimeglumine, Gd-BOPTA,
Multihance, Bracco, Italy) at a dosage of 0.2 mmol/kg body
weight and a flow rate of 3.0 ml/s. Data acquisition was repeated
with identical imaging parameters after a contrast delay of 75 s.
Eventually, the rectal enema bag was placed on the floor in order
to facilitate emptying of the colon.

Image interpretation and data analysis

All MR images were transferred to a post-processing workstation
(Virtuoso, Siemens Medical Systems, Erlangen), which permitted
coordinated multiplanar reconstructions of the coronal source
data. Evaluations were made in a consensus mode by two radiolo-
gists who were blinded to any clinical patient information. MR
data were classified regarding the following issues:

(1) Increased bowel wall thickening
(2) Narrowing of the bowel lumen
(3) Increased contrast enhancement of the bowel wall following

i.v. gadolinium

The first two parameters were determined by measuring the thick-
ening of bowel wall and the bowel diameter, respectively, in non-
affected parts of the intestinal tract as well as in the suspected le-
sions. The latter aspect was assessed by mean signal-to-noise-ratio
(SNR) measurements performed in the normal ileum wall as well
as in all thickened bowel wall segments. To that end, ellipsoid 
regions of interest (diameter of 2 mm) were placed in the accord-
ing bowel wall and signal intensity (SI) values were determined.
Image noise (standard deviation of signal intensities) was mea-
sured in a field of view outside the abdomen. SNR was calculated
in the usual manner dividing SNR by image noise. This procedure
was performed both for the pre-contrast as well as for the post-
contrast data. As a second parameter, a so-called contrast-enhanc-
ing ratio (CER) for normal and thickened bowel wall segments
was determined: 

Both post-contrast SNR values and CER values of the normal and
the thickened bowel wall were compared by applying a paired Stu-
dent’s t-test. P-values < 0.05 were considered to prove statistical
significance.

Besides, extra-intestinal findings were documented, such as 
inflammation-related pathologies (enlarged mesenteric lymph
nodes, abscesses or fistulae) and non-inflammation-related lesions
in parenchymal abdominal organs.

Conventional colonoscopy

As a standard of reference, all patients underwent conventional
colonoscopy within 3–5 days after MRI, which was performed 
using conventional equipment (model CFQ 140, Olympus). The
attending gastroenterologist was unaware of the MR findings.
Sedatives (Dormicum, Roche, Germany) or analgesics (Dolantin,
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Hoechst, Germany) were optionally administered. Suspicious 
inflammatory lesions were recorded and biopsied. All biopsy ma-
terials were analyzed by histopathology.

Results

In 2 out of 20 patients, a complete colonoscopy was not
possible due to an elongated sigmoid colon in 1 patient
and a stenosis close to the left colonic flexure in another
patient. Since a sufficient standard of reference was lack-
ing, these two patients were excluded from the study
analysis. Hence, the data of 18 patients were included.
Two of the 18 patients were not able to ingest the entire
1,500 ml of the oral contrast agent, which led only to
moderate small bowel distension. Slight respiratory mo-
tion artifacts were present in two different patients.
However, the jejunum and ileum were visualized in all
18 examinations, and a simultaneous assessment of the
small and large bowel was possible.

By means of MRI, 27 segments of bowel wall inflam-
mation were diagnosed. All 18 patients at least presented
one segment that was affected. Eight of these segments
were located in the colon (Fig. 1), 11 in the terminal ile-
um (Fig. 2) and another 8 in the upper ileum or jejunum
(Fig. 3). However, only 13 of these 27 segments of in-
flammation were detected by endoscopy and subsequent
biopsy (3 in the colon, 10 in the terminal ileum and none
in the upper small bowel). All segments rated by MRI to
be inflammatorily changed showed a higher SNR value

compared to the non-affected ileum (P<0.0001). The
CER values also proved a statistically significant differ-
ence between normal and affected bowel segments
(P<0.001). Table 1 provides an overview of all SNR and
CER values, while Table 2 displays the bowel wall thick-
ness and the luminal diameter of the according bowel
segments.

The presence of an extra-mural abscesses was seen in
three patients and inter-intestinal fistulae were detected in
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Fig. 1 A 45-year-old woman with histologically proven Crohn’s
disease of the transverse (arrow). Coronal contrast-enhanced T1w
GRE image showing the contrast enhancement and severe lumen
narrowing of the colon with an edematous infiltration of the me-
senteric fat

Fig. 2 a MR images of the 40-year-old male patient and b 28-
year-old female patient with active Crohn’s disease. Diffuse wall
thickening of the terminal ileum with an increased gadolinium en-
hancement and high grade irregular stenosis of the terminal ileum
(arrows)
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Fig. 3 A 43-year-old female undergoing the combined small and
large bowel MRI. Coronal-3D post-gadolinium VIBE image iden-
tifies an abnormal bowel wall thickening with an increased signal
intensity in the jejunum (arrow)

Fig. 4 T1w MR image obtained in a 40-year-old man with known
Crohn’s disease. Small and large bowel inflammation with a fistu-
la between jejunum and transverse colon (arrow) is displayed

Fig. 5 A 33-year-old man presenting a conglomerate tumor for-
mation in the inflamed terminal ileum (arrow)

another three patients (Fig. 4). Furthermore, a conglomer-
ate tumor formation (Fig. 5) was found within an affected
segment of the terminal ileum by means of MRI, and 
enlarged mesenteric lymph nodes were displayed in five
patients (Fig. 6). None of these extra-intestinal findings

Fig. 6 A 30-year-old male with Crohn’s disease. Post-gadolinium
coronal VIBE-dynamic images show mesenteric lymphadenopathy
(arrow)
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Table 1 Mean signal-to-noise ratios (SNR) of normal and inflamed bowel wall for pre- and post-contrast scans. In addition, contrast-
enhancing ratio (CER) values are listed

Patient Bowel Pre-contrast Post-contrast Pre-contrast Post-contrast Post-contrast– Post-contrast– CER CER 
segment NBW NBW IBW IBW pre-contrast NBW pre-contrast IBW NBW IBW

1. 2 5 17 7 26 12 19 2.4 2.7
2. 2 34 122 49 211 88 162 2.5 3.3
3. 3 12 19 14 42 7 28 0.5 2
4. 3 39 129 97 317 90 220 2.3 2.2
5. 1 14 67 18 94 53 76 3.7 4.2
6. 3 17 55 24 101 38 77 2.2 3.2
7.a 1 6 10 16 39 4 23 0.6 1.4
7.b 2 28 50 40 122 22 82 0.7 2
8.a 1 16 23 18 90 7 72 0.4 4
8.b 2 20 26 25 100 6 75 0.3 3
8.c 3 11 20 14 49 9 35 0.8 2.5
9. 2 22 59 27 115 37 88 1.6 3.2

10. 1 12 21 13 41 9 28 0.7 2.1
11. 2 23 80 31 132 57 101 2.4 3.2
12. 1 28 104 27 167 76 140 2.7 5.1
13. 2 38 75 35 106 37 71 0.9 2
14.a 2 47 152 66 226 105 160 2.2 2.4
14.b 3 43 191 75 298 148 223 3.4 2.9
14.c 3 45 195 80 318 150 238 3.3 2.9
15.a 1 30 47 49 131 17 82 0.5 1.6
15.b 2 35 52 48 144 17 96 0.4 2
16.a 1 18 39 23 87 21 64 1.1 2.7
16.b 2 23 41 26 86 18 60 0.7 2.3
16.c 3 13 47 18 80 34 62 2.6 3.4
17. 2 38 101 53 289 63 236 1.6 4.4
18.a 1 12 22 13 51 10 38 0.8 2.9
18.b 3 12 26 13 55 14 42 1.1 3.2

NBW, normal bowel wall; IBW, inflamed bowel wall; CER, contrast enhancing ratio. Bowel segments: 1, jejunum or proximal ileum; 
2, terminal ileum; 3, colon.

Table 2 Evaluation of the MR
data regarding bowel wall
thickening and lumen narrow-
ing of the inflammation-affect-
ed bowel segments compared
to non-affected bowel segments

Patient Bowel Diameter bowel Diameter bowel Bowel wall thick- Bowel wall thick-
segment lumen IBS (mm) lumen NIBS (mm) ness IBS (mm) ness NIBS (mm)

1. 2 14 20 6 3
2. 2 8 22 5 2.2
3. 3 13 22 8 1.6
4. 3 5 20 12 1.6
5. 1 3 11 6 1.6
6. 3 6 20 17 3
7.a 1 16 20 10 3
7.b 2 10 18 8 1.8
8.a 1 17 30 4 2.2
8.b 2 16 30 6.4 2.2
8.c 3 14 35 4.4 2.2
9. 2 14 32 7.8 2.2

10. 1 6 19 7 2.2
11. 2 5 17 9 2.2
12. 1 19 30 6 2
13. 2 17 29 7 3
14.a 2 9 20 8 3.5
14.b 3 15 30 1.6 1.6
14.c 3 13 32 2 1.4
15.a 1 14 36 6 3
15.b 2 12 36 5.6 3
16.a 1 12 27 5.6 2.2
16.b 2 13 27 5.6 2.2
16.c 3 26 40 7.8 2.2
17. 2 22 40 22 2
18.a 1 12 20 10 3.5
18.a 3 20 40 15 3.5

IBS, inflamed bowel segment;
NIBS, non-inflamed bowel 
segment. Bowel segments: 
1, jejunum or proximal ileum;
2, terminal ileum; 3, colon.



had been detected or even suspected by endoscopy. As
for other parenchymal organs, minor finding such as he-
patic or renal cysts, a hepatic hemangioma and cholecys-
tolitiasis could be diagnosed by MR imaging in seven pa-
tients.

Discussion

MR imaging in conjunction with the oral application of a
solution containing locust bean gum and mannitol is fea-
sible. The additional rectal administration of water 
allows the visualization of both the small and large bow-
el at the same time. Not only inflammatory lesions in the
colon and terminal ileum could be detected, but also af-
fected bowel segments in the upper small bowel, which
cannot be reached by endoscopic procedures. Hence,
MRI is a promising technique for the diagnosis and 
follow-up of patients with inflammatory bowel diseases.

Up to now, most MR imaging techniques for the as-
sessment of Crohn’s disease have focused on the display
of small bowel loops. In a trial by Umschaden et al. [9],
30 patients with symptoms of inflammatory bowel dis-
ease were examined. After the completion of a conven-
tional enteroclysis examination, which served as the
standard of reference, patients were transferred to the
MR unit. A methylcellulose solution was administered
via a duodenal tube providing a good distension of the
small bowel loops. The MR examinations proved a
strong correlation with the results of conventional en-
teroclysis, thereby even permitting the detection of addi-
tional bowel lesions in six patients. In a study by Rieber
et al. [8], a comparable technique for small bowel imag-
ing was used. Instead of methylcellulose, either a para-
magnetic oral contrast solution or a negative oral con-
trast agent was given after duodenal intubation. In spite
of the excellent image quality due to strong bowel dis-
tension and the high diagnostic accuracy, there is one
major drawback of this technique: the requirement of
placing a duodenal tube, which has to be done under flu-
oroscopic guidance. Beyond the concerns of radiation
exposure, which especially plays an important role since
young patients are concerned, the use of two different di-
agnostic rooms is needed. In addition, patients often per-
ceive the placement of the tube as traumatizing, which
leads to a limited patient acceptance [13].

As for the mentioned limitations of MR enteroclysis,
new approaches have been investigated considering the
only oral application of contrast solutions for small bow-
el distension. In the first clinical settings, attempts were
based on the oral administration of tap water [14, 15].
Due to the rapid resorption of water in the small intes-
tine, the terminal ileum could not be adequately depicted
in a high percentage of cases. Further investigations
therefore focused on the development of oral contrast 
solutions imparting a decreased water resorption. To that

end, different agents such as mannitol [16], Metamucil
[17] and polyethylene glycol [18] have been proposed.
In a recently published trial comparing different oral
contrast agents in terms of bowel distension, a combina-
tion of locust bean gum and mannitol proved to be supe-
rior to the application of only one of the substances
alone [12]. This solution meets nearly all the require-
ments of an oral contrast agent for small bowel imaging.
It provides uniform bowel distension because of a re-
duced absorption. In addition, it has a good patient ac-
ceptance in terms of taste and lack of side effects. In 
addition, it is non-toxic and inexpensive. Although a
non-invasive MR-based assessment of the small bowel
without duodenal intubation seems to be possible, one
problem has remained in the clinical routine. Beyond the
affection of the small bowel, the colon as well can often
be changed inflammatorily in patients with Crohn’s dis-
ease. MR imaging of the colon (MR colonography) has
been shown to detect inflammatory lesions, e.g., ulcer-
ative colitis, with high accuracy [19]. Therefore, we
combined small bowel MR imaging with the display of
the colon, which was accomplished by the additional
rectal administration of tap water prior to the examina-
tion. Both the solution of LBG and mannitol in the small
bowel as well as the water in the colon turned out to
show nearly identical signal properties on the applied
T1w sequence. Therefore, this procedure allowed a si-
multaneous assessment of the colon and small bowel,
providing all advantages of MR imaging, such as the
lack of ionizing radiation, non-invasiveness and the abil-
ity to display the parenchymal abdominal organs at the
same time.

In the present study, only 10% of the patients (2 out
of 20) were not able to ingest the entire 1,500 ml be-
cause of abdominal pain. Although a loss of distension
in the small bowel could be observed, MR imaging was
diagnostic with a reliable display of the jejunum and ile-
um, anyway. In contrast, the endoscopic procedure was
not fully diagnostic in two patients because the ileocecal
valve and the terminal ileum could not be reached. We
excluded those subjects from the data analysis because
of the lacking standard of reference. However, this fea-
ture points out another advantage of the MR technique,
because data acquisition and interpretation are possible
even under suboptimal conditions such as the presence
of stenosis in the GI tract.

As proved in other studies [16, 20], inflammation of
the bowel wall led to an increased contrast uptake com-
pared to unaffected bowel segments after i.v. administra-
tion of paramagnetic contrast. In a study by Schunk et al.
[16] encompassing 82 patients, the percentage of in-
crease of SI was shown to be significantly higher in the
inflamed bowel wall compared to the normal bowel wall
(80 vs. 43%). We could confirm these findings by two
parameters, which both proved a statistically significant
difference between normal and pathological bowel seg-
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ments. Much to our surprise, we found the more com-
plex CER to be a less reliable value for the determina-
tion of bowel inflammation (P<0.001) compared to the
simple assessment of the SNR value of the bowel wall
after i.v. contrast (P<0.0001). However, both parameters
can be used for the assessment of the bowel wall. Fur-
thermore, other parameters applied in the present trial
such as bowel wall thickening [21] and narrowing of the
bowel lumen [22] have been proved to strongly correlate
with inflammatory changes of the bowel.

Our results proved a good correlation between the en-
doscopic and bioptic findings of the terminal ileum on
the one hand and the MRI analysis on the other hand.
However, there were large differences between the two
modalities regarding the detection rate of inflammatory
changes in the large bowel. By means of MRI, eight 
colonic segments were rated as inflamed, whereas colo-
noscopy only confirmed three of these lesions. A possi-
ble explanation could be the relative overestimation of
MRI resulting in false positive findings or a truly higher
sensitivity of MRI.

One of the main advantages of MRI turned out to be
the additional display of the more proximal parts of the
small bowel. By means of MRI, eight segments in the
proximal ileum and the jejunum were rated to be in-
flamed. All these segments had not been reached by 
endoscopy. Apparently, the MRI features for bowel wall
inflammation of the colon and terminal ileum (such as
increased contrast enhancement and bowel wall thicken-
ing) can be employed as well for the assessment of the
more proximal bowel segments [21]. However, a true

gold standard is missing, and it is at least discussible
whether one or more of these eight segments were false
positively rated as inflammation. Furthermore, one can
wonder whether there were some false positive findings
within the higher number of inflamed colonic segments
that were detected by MRI.

Certainly, there are other limitations of the present tri-
al. We investigated a very selective, small patient cohort
encompassing subjects with known or at least strongly
suspected Crohn’s disease. Thus, our results need to be
confirmed by examining larger patient numbers with a
wider spectrum of pathologies. In addition, the examina-
tion protocol renders space for optimization. It should be
assessed whether bowel purgation, which was considered
most unpleasant by the majority of patients, can be obvi-
ated. A solution might be the application of fecal tagging
protocols that have been proposed for MR colonography
[23]. Anyhow, it might be possible that the assessment of
bowel wall inflammation (in contrast to the display of
bowel wall masses) can be done without any bowel prep-
aration at all. Furthermore, the impact of other sequences
amplifying the examination protocol should be assessed
for the combined display of small and large bowel. Espe-
cially, additional TrueFISP imaging might be helpful.
This sequence invokes both T1 and T2 contributions and
has been shown to be an excellent tool for the evaluation
of inflammatory lesions in Crohn’s disease [10, 21]. In
spite of the outlined limitations, we are convinced that
the proposed technique renders a very promising tool 
for the diagnosis and follow-up of inflammatory bowel
diseases.
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