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Abstract Background and aims:
MRI-based colonography is a new
minimally invasive imaging modality
to assess the colon and abdomen.
This new method which is applied
mainly for polyp screening could be
an integrative approach for colonic
diverticulitis assessment. This study
evaluated the feasibility of MRI-
based colonography to assess diver-
ticulosis or diverticulitis. Patients
and methods: Fourteen consecutive
patients with clinically suspected di-
verticulitis were examined by MRI
colonography on a 1.5-T scanner.
All patients underwent abdominal CT
as gold standard. N-Butyl-scopalamin
was given intravenously to reduce
bowel peristalsis. After rectal ad-
ministration of a T1-positive enema
T1- and T2-weighted acquisitions
with additional intravenous contrast
were obtained. A 3D FLASH se-
quence was acquired for virtual
colonography. The results were
compared with CT and biological
parameters such as white blood
cell count and C-reactive protein.
Results: Of 56 bowel segments (sig-

moid colon, descending colon, trans-
verse colon, ascending colon) in all
14 patients 54 were assessed to have
good to fair image quality. Having
CT as standard of reference, all sig-
moid diverticula were diagnosed
based on MRI. Inflammation as
judged by CT was identically as-
sessed on MRI. 3D models of the
colon revealed further diverticula in
the remaining colon; additionally,
the 3D models gave a comprehen-
sive image for surgical planning.
Conclusion: In our preliminary study
MRI colonography revealed the same
diagnosis as CT in all patients with-
out ionizing radiation. Additionally,
3D-rendered models and virtual co-
lonoscopy can be performed. This
comprehensive 3D models could re-
place presurgical planning barium
enema with concurrent assessment
of the residual colon.
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Introduction

Colonic diverticular disease is a disease with increasing
prevalence especially in an industrialized and aging
population. There is a prevalence of over 40% in those
aged over 70 years [1, 2, 3], although more than 80%
remain without any symptoms. Approximately 5% of
this group experience complications due to acute in-

flammation. Typical complications include perforation,
acute bleeding, fistula, and abscess [4]. Diverticulitis is a
clinical diagnosis based on clinical examination and el-
evated inflammatory parameters such as elevated white
blood cell count and C-reactive protein (CRP) when
there is a known diverticulosis. It occurs in 10–25% of
patients with diverticulosis [5]. The imaging modality
with the highest sensitivity and specificity is computed
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tomography (CT) [6, 7, 8, 9] followed by ultrasound
(US) [10, 11]. Barium enema is still the gold standard to
assess the extent of colonic diverticular disease [7] but is
not suitable in diverticulitis when perforation is sus-
pected.

Colonography based on CT or magnetic resonance
imaging (MRI) with virtual colonic fly-through is a re-
cently introduced imaging method used mainly for polyp
screening [12]. The use of MRI-based colonography is
not yet as widespread as that of the CT-based method.
MRI is not as broadly available as spiral CT. Addition-
ally, there is a need for high-end MRI equipment to
perform fast abdominal MRI. Due to still longer scanning
times of the abdomen the image quality is inferior to
spiral CT in most cases because of motion artifacts and
poorer in plane resolution. Advantages of abdominal
MRI include superior soft tissue resolution and lack of
ionizing radiation. Based on these facts it would be de-
sirable to have an imaging technique to assess divertic-
ulosis or diverticulitis with a high sensitivity and speci-
ficity comparable to CT. US as a noninvasive imaging
method has very good diagnostic results performed by an
experienced investigator [10]. MRI as a sectional imag-
ing method has the advantages of objective and user in-
dependent depiction of anatomy and pathology equal to
spiral CT.

Our study evaluated an MRI protocol to assess diver-
ticulosis and diverticulitis against CT as a standard of
reference. We also visualized our findings with advanced
image processing resulting in comprehensive three-di-
mensional (3D) models of diverticulosis resembling an
“interactive colon contrast” examination [13].

Materials and methods

Patients

In this prospective study we examined 14 patients (5 women,
9 men; mean age 58 years, range 42–74) with clinically suspect-
ed diverticulosis or diverticulitis. Before MRI all patients under-
went CT of the abdomen and pelvis as gold standard. CT was
performed using a spiral CT scanner (Somatom 4 plus, Siemens,
Erlangen, Germany). All patients had 2000 ml positive oral contrast
[30 ml Telebrix (300 mg iodine/ml; Guebert, Sulzbach, Germany)
in 1 l NaCl] with additional rectal contrast of approx. 300 ml. For
abdominal spiral CT 150 ml (2 ml/kg body weight) of a contrast
material containing 300 mg/ml iodine (iomeprol, Imeron 300, Byk
Gulden, Constance, Germany) was injected into an antecubital vein
at a rate of 3 ml/s. If a perforation was identified by CT, the patient
was excluded from the study to reduce potential side effects of the
additional enema. The study protocol was approved by our insti-
tutional review board, and written informed consent was obtained
from all patients. MRI of the colon and abdomen was performed
within 24 h after CT. Because of the suspected diverticulitis pa-
tients fasted before the MRI but did not receive any special bowel
preparation or cleansing.

MRI

To achieve a positive intraluminal contrast to visualize even
small diverticula we applied a mixture of water and gadolinium
(Magnevist, Schering, Berlin, Germany) with a concentration of
5 mmol/l gadolinium rectally. To accelerate the procedure we did
not monitor the filling but gave rectal contrast up to 1.5 l upon
tolerance of each individual patient. We adminstered 0.7–1.5 l
(mean 1.1 l) gadolinium-water mixture rectally. To reduce bowel
peristalsis we gave 40 mg N-butyl-scopolamine (Buscopan, Boeh-
ringer, Ingelheim, Germany) in 100 ml 0.9% NaCl continuously
during the scan intravenously.

Imaging was performed in a 1.5T MRI scanning unit (Sym-
phony, Siemens) with 20 mT/m gradients. Using a circular polar-
ized four-element phased array body coil patients were scanned in
prone position applying a T1-weighted fat-suppressed 3D fast low-
angle shot (FLASH) sequence (TR/TE, 4.6/1.8 ms; flip angle, 25�;
slab thickness, 140–160 mm with 80 partitions, 512�210 matrix,
field of view 400 mm). The sequence gained a nearly isotropic
voxel resolution of approx. 1.4–1.7 mm depending on the slab
thickness. The breath-hold sequence was acquired within 28 s.
Thereafter patients were scanned in supine position using the same
sequence. 3D FLASH sequences (Fig. 1) were mainly used for 3D
rendering and image postprocessing.

Additionally we performed coronal true fast imaging with
steady precession (TR/TE, 4.76/2.38 ms; flip angle, 60�; slice
thickness 5 mm, 256 matrix, field of view 450 mm) and axial half-
Fourier acquired single-shot turbo spin echo (TR/TE, 1070/77 ms;
flip angle 150�; slice thickness 8 mm, 256 matrix, field of view
400 mm) as a T2-weighted sequence. Before injecting contrast
media intravenously a T1-weighted two-dimensional (2D) FLASH
sequence with axial and coronal orientation was acquired. After-
ward 0.1 mmol/kg bodyweight Gd-labeled DTPA (Magnevist) was
given as a bolus intravenously followed after 70 s by a fat sup-
pressed axial and coronal T1-weighted 2D FLASH. Scanning time
for all sequences including rectal contrast administration was ap-
prox. 24 min (range 21–34).

Fig. 1 Coronal 3D-FLASH image revealing multiple diverticula of
the elongated sigmoid colon
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3D visualization

To create 3D models the 3D FLASH data were transferred to an
independent graphic workstation (O2, Silicon Graphics, Moun-
tainville, Calif., USA) using an Ethernet connection. For 3D image
processing the 3D-Virtuoso software package (Siemens) was em-

ployed. Volume-rendered 3D models of the positively contrasted
colon and virtual flight through the bowel were created.

Data evaluation

MRI were assessed with soft reading on a monitor within a PACS
(Sienet, Siemens) environment. Diagnosis was made by two ex-
perienced radiologists in consensus. The colon was subdivided into
four parts (sigmoid colon, descending colon, transverse colon, as-
cending colon with cecum). Image quality was assessed using a
scale of: 0 for nondiagnostic, 1 for fair, and 2 for good quality. We
determined the presence of diverticula and inflammatory signs such
as nodes, perifocal injection, bowel wall thickening, and contrast
enhancement (Fig. 2). Based on these criteria, the MRI-based di-
agnosis for diverticulitis was assessed with 0 for no diverticulitis, 1
for probably diverticulitis, and 2 for a definitely diverticulitis.
Additionally, 3D reconstructions were evaluated regarding addi-
tional diagnostic value.

The MRI-based findings were compared with spiral CT diag-
nosis as gold standard and with results found in patients’ files based
on clinical outcome or histology after sigmoid resection. Results
were also compared with clinical and biological acute inflamma-
tory parameters such as white blood cell count and CRP.

Results

Image quality

Bowel distension and image quality (Table 1) in the
sigmoid and descending colon was assessed as good in all
14 patients. In 12 of 14 patients the transverse colon was
assigned as good quality, while in one patient merely fair
quality was observed because of insufficient distension
and filling. In one patient the transverse colon lacked
diagnostic quality since the body coil did not cover the
transverse colon sufficiently, with consequently low sig-
nal to noise ratio. In the ascending colon and cecum the
colonic distension and image quality was good (9/14) or
fair (4/14) in 93%. The remaining one nondiagnostic ce-
cum could not be assessed because of feces and inade-

Fig. 2 Coronal 2D-FLASH (a) depicts diverticula with thickened
wall of the sigmoid colon. After intravenous application of contrast
media (b) the fat saturated 2D-FLASH shows bowel wall en-
hancement (arrow)

Table 1 Image quality and distension of bowel segments (0 non-
diagnostic, 1 fair, 2 good)

Patient
no.

Sigmoid
colon

Descending
colon

Transverse
colon

Ascending
colon

1 2 2 1 0
2 2 2 2 1
3 2 2 2 2
4 2 2 2 2
5 2 2 2 2
6 2 2 2 2
7 2 2 2 1
8 2 2 2 2
9 2 2 2 1

10 2 2 2 2
11 2 2 2 2
12 2 2 2 2
13 2 2 2 2
14 2 2 0 1
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quate bowel filling. In summary, only 2 of 56 bowel
segments in 14 patients were judged as nondiagnostic.

Diagnosis

Using sectional MRI sigmoid diverticula were seen in all
patients. The finding of diverticula was equal to spiral
CT. Based on MRI criteria for bowel inflammation di-
verticulitis was diagnosed with a high confidence in 4 of
14 patients (Table 2). In two patients there was a suspi-
cion of diverticulitis when there was solely a wall en-
hancement or a wall thickening with local fatty injections.
All patients with an MRI-based diagnosis of diverticulitis
had an elevated CRP while the white blood cell count in
only three patients indicated elevation. Spiral CT and
sectional MRI produced absolutely identical results. As
an additional finding we diagnosed in two patients a 9-
mm and 13-mm polyp in the sigmoid colon and cecum,
respectively, based on the high-resolution 3D FLASH
sequence and virtual colonography. The polyps were not
perceived on CT but evidenced by conventional colo-
noscopy.

3D visualization and virtual colonography

Volume rendered 3D models were created based on the
fat saturated 3D FLASH sequences in prone and supine
position. Because virtual colonoscopy (Fig. 3) depicts
colon morphology based only on the intraluminal filling,
we were not able to assess any acute inflammatory change
such as bowel wall thickening or wall enhancement on
the 3D views. On the other hand, especially the external
views of the 3D reconstructions were very helpful in
imaging the extent of diverticula. The 3D external views
resulted in images resembling those with conventional

barium enema [13] (Fig. 4) with the advantage of a post-
processed image volume data that can be manipulated
three-dimensionally. Evaluating the 3D external views we
were able to find an additional diverticula in the as-
cending colon in one patient. In two patients further di-
verticula were diagnosed in the transverse colon and in
four patients diverticula in the descending colon, which
had been seen on the sectional images. In two patients an
elongated sigmoid colon was impressively visualized by
the 3D model. The virtual flight through the colon did not
reveal any additional diagnosis. Two polyps which had
been seen on sectional source data were depicted.

Discussion

Spiral CT is considered the gold standard in assessing
sigmoid diverticulitis [6, 14]. Sectional imaging such as
spiral CT is less dependent on the individual experience
than US. The recently introduced CT- [15, 16, 17] or
MRI-based [18, 19] colonography is a new technique that
can assess the entire bowel comparably to conventional
colonoscopy. Currently the technique is used mainly for
polyp screening [20] and for the examination of the re-
sidual colon when there is a tumor stenosis [21] which
cannot be passed endoscopically. Most studies perform
the method based on spiral CT. Especially the introduc-
tion of multislice scanners will continuously improve [17,
22, 23] the already superb resolution in abdominal CT.
Using MRI for colonography has the general disadvan-
tage of a less stable image modality with inferior spatial
resolution than spiral CT. It has the advantage of excellent
soft tissue differentiation and lacks ionizing radiation,
combined with an extremely good safety profile of the
intravenously administered contrast material.

There are various ways to contrast the bowel lumen.
Several groups have used T1-weighted positive intralu-

Table 2 Fourteen patients with known diverticulosis. MRI-based
diagnosis of diverticulitis (0 no diverticulitis, 1 probably divertic-
ulitis, 2 definitely diverticulitis). Presence (+) or absence (�) of

inflammatory MRI features correlated with CRP levels (normal
<5 mg/l) and white blood cell count (normal range 4.8–10.8/nl)

Patient
no.

Diverticulitis
based on MRI

Lymph
node

Local
injection

Bowel wall
thickening

Bowel wall
enhancement

CRP
(mg/l)

White blood cell
count (per nl)

1 0 � � � � 3.2 7.7
2 0 � � � � 4.8 6.8
3 2 � + + + 14.2 4.4
4 0 � � � � 4.9 8.8
5 2 � + + + 16.9 11.2
6 0 � � � � 3.8 8.5
7 1 � � � + 27.0 12.0
8 1 � + + � 16.8 9.8
9 0 � � � � 4.0 10.0

10 0 � � � � 3.4 6.7
11 0 � � � � 4.9 7.6
12 0 � � � � 3,3 10.2
13 2 + + + � 8.7 12.9
14 2 � � + + 31.5 7.7
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minal contrast (gadolinium [12], blueberry juice [24])
called the “bright-lumen technique,” whereas the recently
introduced “dark-lumen technique” employs the low sig-
nal of water [25] or barium [26] in T1- weighted se-
quences with increased bowel wall signal after intravenous
administration of contrast media. After scanning several
patients in a prestudy using the bright- and dark-lumen
techniques we decided to use the bright intraluminal signal
because of an optimal conspicuity of the diverticula while
bowel wall enhancement can be appreciated still suffi-
ciently. The preparation of a water and Gd-DTPA mixture
appeared to be more economical than commercial avail-
able products available for bowel contrast.

In addition to a case report of imaging diverticulitis
with complications in pregnancy [27], Heverhagen et al.
[28] first described the visualization of acute colonic
diverticulitis using MRI in 20 patients with an estab-
lished diagnosis. The diagnosis was based on typical
clinical symptoms such as lower left quadrant pain and
localized peritonitis together with ultrasound. MRI was
performed on a 1.0-T scanner acquiring T2-weighted
gradient echo and inversion recovery sequences. Imaging
was performed without any intravenous or rectal contrast
media administration. MRI was considered diagnostic in
all but one patient.

Fig. 3 Volume rendered 3D model from a posterior view (a) re-
veals diverticula (arrow) of the sigmoid and descending colon.
Virtual endoscopy looking along the white arrow shows an intra-
luminal view (b) towards the neck of three diverticula

Fig. 4 Volume rendered external view from posterior (a) shows
extensive diverticula in the distal descending and entire sigmoid
colon. These models for surgical planning can be presented (b) as a
conventional barium double-contrast enema based on the MRI data
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