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  Review

MRI of the colon

Magnetic resonance imaging is increasingly used 
in the management of patients with colorectal 
diseases. MRI is an established technique for the 
evaluation and staging of anorectal diseases (e.g., 
rectal cancer, perianal fistulas) and readers are 
referred to current available literature for infor­
mation on anorectal MRI [1]. In this clinically 
orientated article we discuss the application of 
MRI of the colon in several new fields: colorectal 
cancer, inflammatory bowel disease (Crohn’s 
disease and ulcerative colitis) and acute abdomen.

Colorectal cancer
To date, conventional colonoscopy is considered 
the most accurate diagnostic tool for diagnos­
ing colorectal cancer (CRC) and precursors of 
CRC (adenomas) [2]. Colonoscopy combines 
detection of lesions with polypectomy and 
histopathology, which makes it a powerful tech­
nique. Yet, the relatively invasive nature of the 
procedure leads to high procedural discomfort, 
which ultimately results in poor participation in 
screening populations for CRC. At this point 
a noninvasive alternative would be valuable, 
especially as the risk of significant lesions (and 
thus the need for colonoscopy) is relatively low 
in screening (0.5–1.0% for colon cancer and 
5–10% for advanced neoplasia) [3]. Aside from 
the invasive character, colonoscopy is character­
ized by an additional drawback, concerning the 
high rates of incomplete examinations. A retro­
spective study reported that 81% of conventional 

colonoscopies in a large population were com­
pleted (4304 patients and 5145 colonoscopies); 
failures were mainly due to the presence of 
stenosis, abdominal adhesions, elongated bowel 
segments and inadequate bowel preparation [4]. 
In addition, a prospective study of colonoscopy 
practice in the UK demonstrated that only 
56.9% of colonoscopies could be objectively con­
firmed as complete [5]. Nonetheless, efforts have 
been made to decrease the number of incomplete 
colonoscopies presently resulting in high comple­
tion rates [6,7]. Alternative methods to visualize 
the colon have been studied. Double-contrast 
barium enema has been surpassed by CT colon­
ography. During the last decade, CT colon­
ography and, to a lesser extent, using magnetic 
resonance (MR) has been a focus of research and 
major impetus for studying these modalities were 
the limited invasiveness and the additional imag­
ing of extraluminal structures. CT colonography 
has been studied extensively for this purpose and 
its diagnostic value has been proven [8,9]. The 
results and availability have resulted in the rec­
ommendation of CT colonography as a screening 
tool for CRC by the American Cancer Society [2]. 

A drawback of CT colonography is the life-
time cancer risk associated with the radiation 
exposure to CT colonography, which was esti­
mated to be 0.14% for 50 year olds. Efforts have 
been made to further decrease the radiation expo­
sure by optimizing scan protocols, including the 
use of dose-reduction strategies [2,10,11]. However, 
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the risk is not negligible and thus a noninvasive 
alternative without ionizing radiation exposure 
would be valuable. 

The use of MRI of the colon with bowel prepar­
ation and colon distension (MR colonography) 
offers a potential instrument for evaluation of 
the colon, comparable to CT colonography and 
colonoscopy. As advances in MR technology have 
resulted in reduced acquisition times and reduced 
artifacts related to peristalsis and respiration, MR 
colonography has been increasingly studied over 
the last decade [12,13]. The lack of ionizing radia­
tion and high soft-tissue contrast are consider­
able advantages of MRI over CT colonography. 
MR colonography is comparable to CT colon­
ography with respect to noninvasiveness [14,15] 
and assessment of extracolonic structures [16,17]. 
However, the lack of consensus concerning bowel 
preparation and acquisition methods [18], and the 
higher costs and more limited availability have 
hampered the use of MRI [12]. 

�� Detection of polyps 
& colorectal carcinoma
The potential risk of patients developing CRC 
from colorectal adenomas is related to both size 
and histology [19]. Importantly, at colonography 
no histological distinction can be made between 
the two principal categories of colorectal pol­
yps: adenomas and hyperplastic polyps. Thus, 
measurement is the most important criterion 
for estimating the risk of malignancy at colon­
ography. For this purpose, colorectal polyps 
can be stratified into three generally accepted 
size thresholds reflecting the potential risk to 
contain or progress into cancer: polyps with 
a size of 10 mm or larger, intermediate polyps 
(6–9 mm) and polyps smaller than 6 mm [19]. 
Polyps with a size of 10 mm or larger are almost 
always adenomas and the risk of malignancy is 
substantial (>10% and increasing with size) [19]. 
Intermediate-sized polyps are generally adenomas 
and hyperplastic polyps. Although the risk of 
malignancy in these adenomas is low (<1%), it is 
not negligible. Hyperplastic polyps are considered 
to have very low risk of malignant transforma­
tion (serrated adenoma). Although diminutive 
polyps (<6 mm) are mostly hyperplastic polyps 
and can be disregarded [19], it has to be taken into 
account that some hyperplastic polyps may not 
be benign [20].

�� Scan basics
To ensure high-signal homogeneity and low 
imaging distortion, the magnet should have 
high homogeneity for the total scanned volume. 

A high magnetic field is required for an ade­
quate signal-to-noise ratio. In this respect, field 
strengths of 1.5 T are preferred since the preva­
lence of artifacts is low and acquisition times are 
short [21], which permits data collection under 
acceptable breath-hold conditions. 

To assure high spatial resolution for MRI of 
the colon, short repetition and echo times are 
required to perform fast imaging with balanced 
steady-state precession sequences and to obtain 
T

1
‑weighted images. In addition, short acqui­

sition times allow coverage of a large imaging 
volume during one single breath-hold.

Since the integrated body coil is not sufficient 
for a high frequency signal reception, phased 
array coils are necessary to ensure a high signal-
to-noise ratio and covering of the anatomical area 
of interest. Furthermore, when available, parallel 
imaging should be used, enabling an increase of 
spatial resolution or decreased scan times. 

�� Patient preparation
Magnetic resonance colonography is highly 
dependent on adequate colonic distension and 
bowel preparation, the latter either by bowel 
cleansing or fecal tagging. These are key ele­
ments for sufficient visualization of colorectal 
polyps and cancer. Optimal differentiation 
between the bowel wall and lumen is essential 
for identification of pathology. Either a dark- or 
bright-lumen strategy can be used for this pur­
pose, referring to the signal intensity of the bowel 
contents at T

1
‑weighted sequences (see sections 

on fecal tagging and bright and dark lumen). 
Residual stool can mimic or mask colorectal 
pathology, which may lead to false-positive and 
false-negative findings [22].

�� Bowel cleansing
Bowel cleansing can be achieved by substances 
used for bowel purgation prior to colonoscopy 
or CT colonography. Polyethylene-glycol-
electrolyte solutions and sodium phosphate solu­
tions are generally applied for bowel purgation. 
The latter, however, is hyperosmolar and can 
lead to electrolyte imbalances and might, ulti­
mately, lead to renal damage [23]. When exten­
sive bowel preparation is used for MR colon­
ography, the examination should preferably be 
done in the morning after bowel preparation in 
order to reduce patient discomfort.

While bowel purgation is generally accepted 
in clinical practice, patients consider cleansing 
as burdensome and one of the most unpleasant 
elements of colonoscopy [14,15,24]. Similar to CT 
colonography, no visual inspection of the bowel 
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is performed with MR colonography and, con­
sequently, an adequate contrast between bowel 
wall (and pathology) and bowel content is suff­
icient for diagnostic evaluation. This allows the 
application of a limited bowel preparation, which 
can be regarded as an important advantage over 
colonoscopy [15]. For this purpose, tagging of 
bowel content (fecal tagging) is mandatory.

�� Fecal tagging
Fecal tagging in MR colonography is used to 
homogenously label fecal material with the 
ingestion of oral contrast media that modify 
the signal intensity of the bowel contents. This 
increases the ability to adequately differentiate 
the colonic lumen from the colonic wall and 
can be used to decrease the burden of bowel 
preparation [15]. In addition to the modification 
of signal characteristics of the bowel content, 
fecal tagging contrast agents should mix well 
with the bowel content, should not be reab­
sorbed and should be easy to ingest. For both 
dark- and bright-lumen approaches, several fecal 
tagging strategies have been proposed in recent 
MR colonography literature. In dark-lumen MR 
colonography, large volumes of highly concen­
trated barium sulfate were traditionally studied 
as a tagging agent for a low signal intensity of the 
bowel lumen, which resulted in excellent lumen–
wall differentiation on T

1
‑weighted imaging if 

applied in conjunction with contrast enhance­
ment of the bowel wall [15]. MR colonography 
demonstrated high sensitivity (91%) for any 
sized colorectal lesion and a specificity of 91.7% 
using a 200 ml barium-based contrast agent with 
each meal starting 36 h prior to the exam [25]. 
However, the initial encouraging results were 
tempered by the study of Goehde et al. where 
poor patient acceptance was found for a similar 
barium-sulfate tagging preparation (6 × 150 ml 
barium sulfate) [26]. The barium-based tagging 
was rated more uncomfortable than the bowel 
cleansing for conventional colonoscopy. Painful 
constipation and stool thickening were reported 
as the most disturbing factors. Furthermore, 
the barium-based tagging in this study did not 
provide sufficient stool darkening, resulting 
in a poor image quality in 18% of the scans. 
As a consequence, moderate results in lesion 
detection were found [26]. 

To date, various barium-based fecal tagging 
approaches have been proposed in dark-lumen 
MR colonography, in order to improve both 
lumen homogeneity and patient acceptance. In 
a prospective study [27] an alternative barium-
based fecal tagging strategy was performed for 

the assessment of patient acceptance using a solu­
tion containing 5% gastrografin, 1% barium and 
0.2% locust bean gum. In this study the fecal 
tagging strategy was considered significantly less 
burdensome than bowel purgation. However, 
no significant difference in overall acceptance 
for both procedures was noted [27]. Diagnostic 
accuracy for detecting patients with colorectal 
polyps larger than 10 mm was 70% and speci­
ficity was reported as 100% in a study with an 
identical fecal tagging strategy [28]. Furthermore, 
Achiam et al. proposed the use of ferumoxsil, 
a negative contrast tagging agent, owing to its 
paramagnetic features resulting in decreased 
stool intensity, even at short echo time [29]. In 
this study, the tagging efficiency proved to be sig­
nificantly better using barium sulfate/ferumoxsil 
compared with barium sulfate alone [29]. Based 
on the results of the initial study, Achiam and 
colleagues implemented this combined tagging 
strategy in a prospective study in 56 patients and 
reported acceptable per-patient sensitivity and 
specificity rates of 100 and 91.4%, respectively, 
for detecting patients with polyps larger than 
10 mm [30].

In a prospective feasibility study [31], per­
formed in our center, three different fecal tag­
ging preparation strategies were applied and 
compared with respect to image quality and 
patient acceptance in a surveillance group. 
Two dark-lumen strategies were applied with 
barium-based contrast agents and one bright-
lumen strategy with gadolinium in combination 
with a low-fiber diet. The gadolinium-based 
strategy was rated best and demonstrated bet­
ter diagnostic confidence, although no valid 
conclusions could be drawn regarding polyp 
detection given the limited number of patients 
[31]. The latter bright-lumen approach was sub­
sequently evaluated in a prospective study com­
paring the MR colonography preparation with 
full preparation for colonoscopy in 209 surveil­
lance patients. Significantly less discomfort was 
demonstrated for the MR colonography bowel 
preparation in comparison to the colonoscopy 
bowel preparation. Furthermore, MR colon­
ography, without extensive preparation, was 
preferred to colonoscopy [15]. In this cohort the 
per-patient sensitivity was 75% (9/12) for polyps 
of 10 mm or larger and per-patient specificity 
was 93% (175/188). Per-polyp sensitivity was 
77% (17/22) for polyps of 10 mm or larger [32].

A limitation of this bowel preparation fecal 
tagging strategy is that no immediate colon­
oscopy following MR colonography is feasible 
as the colon is insufficiently cleansed.
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�� Spasmolytic agents
Intravenously administered spasmolytic agents 
contribute to bowel distension and spasmolysis 
providing a higher patient acceptance of rect­
ally administered enemas and a decrease of arti­
facts [33]. The half-life of spasmolytic agents is 
short; therefore, administration should be care­
fully planned. Glucagon and butylscopolamine 
are frequently used agents. Glucagon relaxes 
smooth muscles, although the colon is less sen­
sitive to the effects compared with, for instance, 
small bowel. Butylscopolamine is not approved 
by the US FDA but is regularly used in Europe. 
It also relaxes smooth muscle and is believed 
to distend the colon more effectively than 
glucagon [33]. 

�� Colonic distension
Under physiological circumstances, colonic 
bowel loops are collapsed. Whereas a collapsed 
segment may mimic pathological bowel wall 
thickening, this might contribute to false-positive 
findings of tumor or inflammation. Furthermore, 
unfolded bowel segments may mask polyps or 
even colonic masses [34]. Consequently, suffi­
cient distension is a prerequisite for detection 
of (precursors of) CRC. 

In MR colonography, water-based enemas are 
common bowel distending methods, consisting 
of either warm tap water [25,28,35–37] or a mix­
ture of gadolinium and water [15]. Additionally, 
insufflation of air or CO

2
 is also reported for 

this purpose [38], which is common practice in 
CT colonography [8]. Yet, susceptibility artifacts 
hampered the use of gaseous media for insuffla­
tion in initial studies [39], but improved tech­
niques enabled MR colonography distension by 
gaseous insufflation [40]. Water-based enemas 
give a constant distension of the colon, while in 
the case of manual insufflation, the intracolonic 
pressure might vary due to gas incontinence and 
ileocecal reflux. 

In MR colonography, using water-based ene­
mas, usually 1–3 l of tap water is administered 
[18] by a rectal canule under hydrostatic pressure. 
Water has a biphasic signal enabling colonic 
lumen differentiation from the low-signal bowel 
wall on T

2
‑weighted series. Preliminary MRI of 

the colon was performed with water-based bar­
ium solutions [12], but was abandoned as water 
alone demonstrated similar imaging quality 
on dark-lumen MR colonography T

1
‑weighted 

sequences [36]. Furthermore, water can be labeled 
with a gadolinium-containing contrast agent [41] 
allowing bright-lumen imaging (see bright 
lumen section).

Studies using gaseous agents for colonic dis­
tension in MR colonography are fairly limited; 
nonetheless insufflation of the colon with CO

2
 

or room air has been evaluated in a few stud­
ies  [38,40,42]. Bowel distension by insufflation 
results in low signal intensity of the bowel lumen 
at T

1
- and T

2
‑weighted sequences. Similarly to 

CT colonography, automated CO
2
 insufflation 

can be used. Here the intracolonic pressure is 
monitored, with additional administration in 
case of ileocecal reflux and gas incontinence pre­
venting decreased distension. Importantly, an 
enema is considered the most burdensome part 
of a MR colonography examination, as patients 
feel uncomfortable preventing spill of the large 
volume of fluid in the colon [15]. Leakage of air 
or CO

2
 is considered far less problematic and, 

moreover, an additional advantage of CO
2
 is the 

better absorption in the colonic wall, resulting 
in less discomfort after the procedure as com­
pared with room air. Until now, no MRI com­
patible CO

2
 insufflator is available and, thus, a 

CT colonography insufflator with long tubing 
to the MRI suite is needed for this purpose. 
Nonetheless, so far, no studies have reported 
on the use of automated CO

2
 insufflation in 

MR colonography.
In seven patients with identified colon car­

cinoma the diagnostic accuracy of MR colon­
ography for depiction of colon carcinoma was 
evaluated with appliance of CO

2
 enemas [38]. 

The results were promising as all carcinomas 
were correctly detected. Distension with room 
air, however, demonstrated less encouraging 
results in a study with 156 patients, at average 
or increased risk for CRC, where only four out 
of 31 patients with colorectal polyps were iden­
tified due to physiological artifacts, moderate 
distension and fecal residue [43]. Conversely, Ajaj 
et al. compared room air insufflation with water-
based enemas with respect to patient acceptance 
and image quality [40]. No significant differences 
were found and conclusions were drawn that 
both techniques perform equally well in colonic 
distension and signal-to-noise ratios.

Patient acceptance for the aforementioned 
distension methods vary considerably. MR 
colonography with air-based distension com­
pared with colonoscopy was found to be equally 
burdensome in 165 patients at high risk for CRC 
[43], but colonoscopy was preferred, most likely 
due to sedation and shorter examination times.

Ajaj et al. demonstrated comparable discom­
fort for water-based enemas compared with air-
based distension in MR colonography, randomly 
performed in 50 patients and both examinations 
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completed in five volunteers. However, patient 
acceptance compared with colonoscopy was 
not mentioned [40].

As previously mentioned, the use of CO
2
 in 

MR colonography colonic distension is not yet 
thoroughly explored. One study demonstrated 
that in colonoscopy both air and CO

2
 performed 

equally well in distension, but CO
2
 resulted in 

better patient acceptance [44]. The use of an 
automated insufflator with controlled admin­
istration of CO

2
 has an advantage over manual 

administration. Currently, better patient accept­
ance of one of the aforementioned methods in 
MR colonography is not apparent.

�� Bright & dark lumen
Colonic distension in MR colonography can be 
achieved by the use of a negative or a positive con­
trast agent, depending on the specific character­
istics of the contrast agent and the applied MRI 
sequences. In literature, bright-lumen imaging 
often refers to the high signal intensity of the 
bowel lumen on T

1
‑weighted sequences, whereas 

the colonic wall remains low in signal intensity, 
enabling visualization of filling defects. In this 
approach, the colonic lumen is prepared with a 
mixture of water and gadolinium, which is rec­
tally administered [45]. This results in a relatively 
high signal intensity of colonic lesions and a low 
signal intensity of colonic lumen at T

2
‑weighted 

sequences. Luminal pseudolesions can also be 
produced by nonpathological causes – residual 
air and fecal material – that hamper the diag­
nostic accuracy of MR colonography [32]. To 
overcome this problem data acquisition has to be 
performed in supine and prone position, as these 
false-positive findings are subjected to gravity.

Two initial studies applied this bright-lumen 
technique for the detection of colorectal pol­
yps and CRC, demonstrating high diagnos­
tic accuracy for detection of lesions exceeding 
10 mm. However, the diagnostic accuracy for 
smaller lesions varied [41,46]. Other studies dem­
onstrated limited sensitivity and specificity for 
the detection of polyps and colorectal masses 
due to false-positive and false-negative findings 
[32,37]. Although preliminary studies used the 
bright-lumen approach, a change in luminal 
acquisition method is observed owing to the 
costs of the contrast agent and the less conspicu­
ous enhancement following intravenous contrast 
medium administration. 

Dark-lumen MR colonography does not 
primarily focus on low signal intensity filling 
defects, but is based on contrast enhancement 
of the bowel wall, wall-related pathology and 

a homogeneously dark colonic lumen during 
T

1
‑weighted sequences. A water- or air-based 

enema enables bowel wall distension and 
is characterized by low signal intensity on 
T

1
‑weighted sequences (Figure 1) [36]. The bowel 

wall enhancement is obtained by intravenously 
administered paramagnetic contrast and allows 
depiction of abnormalities of the bowel wall. 
Pre- and postcontrast imaging is performed 
to avoid false-positive and false-negative find­
ings. The 3D acquisition is recommended to be 
repeated in the coronal plane following a delay 
of 70 and 120 s. 

The lesion enhances when it concerns a true-
positive finding (e.g., polyp or CRC) if not it 
represents stool. A plain T

1
‑weighted sequence is 

performed prior to intravenous contrast medium 
administration to allow identification of insuf­
ficiently dark stool mimicking lesions. Prone and 
supine positioning obviates false-positive find­
ings from air residue, but is especially valuable 
for obtaining distension of all segments. As in 
CT colonography, optimal distension of some 
bowel segments is obtained in the supine posi­
tion (e.g., transverse colon) and others in the 
prone position (e.g., rectum) [47,48]. An over­
view on the different bright- and dark-lumen 
techniques can be found in Figure 2.

�� Accuracy
The first published article on the use of dark-
lumen MR colonography was published in 
2001 [36]. The imaging was performed after bowel 
cleansing, administration of a water-based enema 
and pre- and post-contrast administration. The 

Figure 1. Dark-lumen magnetic resonance colonography in a 52-year-old 
healthy volunteer. Bowel cleansing was achieved by polyethylene-glycol-
electrolyte solution (Klean‑Prep®; Helsinn Birex Pharmaceuticals). Rectal insufflation 
of CO

2
 was used for colon distension. (A) Coronal 3D T

1
‑weighted spoiled gradient 

echo (fast-field echo) shows a homogeneously dark colonic lumen and adequate 
bowel distension. (B) Coronal 2D T

2
‑weighted (half-Fourier acquisition single-shot 

turbo spin echo) also demonstrates a dark colonic lumen and adequate 
colonic distension.
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study demonstrated promising results regarding 
acquisition time, review time and diagnostic 
accuracy; no false-negative findings. Since 2001 
several studies have been performed with MR 
colonography using the dark-lumen approach. 

A recently published systematic review by Zijta 
et al. demonstrated good results for the detection 
of colorectal lesions with MR colonography for 
both dark- and bright-lumen strategies [18]. A total 
of 13 studies were included with a total study pop­
ulation of 1285 patients. In nine studies symp­
tomatic and/or asymptomatic patients at increased 
risk of CRC were included [25,26,32,37,43,45,49–51], 
and in three studies indications for colonoscopy 
were unclear [30,41,52]. One study described a pop­
ulation of 315 asymptomatic individuals with a 
normal risk profile for CRC [28].

The systematic review demonstrated that the 
sensitivity for the detection of CRC, observed in 
five studies, was 100% [25,37,45,49,51]. Furthermore, 
per-patient sensitivity of MR colonography was 
88% (95% CI: 63–97%) and specificity was 
99% (95% CI: 95–100%) for the detection of 
large polyps (≥10 mm). On a per-polyp basis, 
polyps of 10 mm or larger were detected with a 
sensitivity of 84% (95% CI: 66–94) [18].

As indicated, only one study has focused on 
asymptomatic individuals with a normal risk 
profile for CRC [28] and nine studies have evalu­
ated MR colonography in high-risk populations 
[25,26,32,37,43,45,49–51], which leads to a higher prev­
alence of abnormalities and will ultimately result 
in better diagnostic outcomes [28]. The screen­
ing study demonstrated an overall patient-based 
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Figure 2. An overview of magnetic resonance colonography patient preparation methods, the corresponding clinical 
studies and the overall advantages and disadvantages of the different methods.
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sensitivity of 36.4% and specificity of 90.2%. 
For lesions of 5–10 mm, sensitivity was 60% and 
increased to 70 and 100% specificity for lesions 
larger than 10 mm in size. Importantly, extensive 
variability between study results in sensitivity 
and specificity values of MR colonography and 
detection of colorectal lesions was demonstrated. 
This might be a consequence of variations in 
technical and imaging aspects [18].

As previously mentioned, MRI has the advan­
tage of additional imaging of extracolonic struc­
tures. The reported data on extracolonic find­
ings in MR colonography are limited and only 
two studies had the main objective to evaluate 
extracolonic structures [17,53]. A recent study 
from Yusuf et al. demonstrated the prevalence 
of extracolonic findings in 210 patients at an 
increased risk for CRC who underwent bright-
lumen MR colonography [17]. The study demon­
strated extraluminal findings in 125 patients 
(59.5%) with a wide range of findings (e.g., 
lymphadenopathy, aortic aneurysm, gall blad­
der stones, hepatic and renal cysts). A total of 
ten findings (4.8%) were potentially impor­
tant (scored according to the CRADS report­
ing system [16]), of which two revealed to be 
malignant (1.0%) [17]. Yusuf et al. concluded 
that in bright-lumen MR colonography extra­
colonic findings are common, but the major­
ity have low clinical importance [17]. Ajaj et al. 
demonstrated extracolonic findings in 69% of 
375 subjects who underwent dark-lumen MR 
colonography for suspected colonic disease [53]. 
A total of 12% (31 subjects) of the findings 
were therapeutically relevant and, therefore, 
27 of 31 patients were subjected to additional 
examination. In all cases the therapeutically rel­
evant findings were confirmed. Therefore, Ajaj 
et  al. concluded that dark-lumen MR colon­
ography has a high accuracy for the assessment 
of extracolonic findings [53].

Inflammatory bowel disease 
Crohn’s disease and ulcerative colitis are the 
two major inflammatory bowel diseases (IBD). 
Crohn’s disease can affect any part of the GI 
tract, but has a predilection for the terminal 
ileum and proximal colon. Ulcerative colitis 
affects the colon with a predilection for the dis­
tal colon and rectum. IBD is characterized by 
remissions and exacerbations while symptoms 
are poor indicators of disease activity. Work-up 
is necessary to differentiate between active and 
inactive disease and to establish alternative diag­
noses. Disease activity has to be monitored dur­
ing treatment, as treatment is associated with 

side effects and considerable costs. Thus, treat­
ment should be adjusted as soon as possible when 
there is no benefit of treatment. 

Imaging is an important technique in the 
work up and for monitoring treatment response 
in IBD. Ultrasound, CT and MRI can be used 
for diagnosing IBD. The accuracy of each of 
these examinations is comparable but each 
technique has its strength and limitations [54]. 
Since patients with Crohn’s disease are often 
young and typically require multiple examin­
ations, the cumulative dose of multiple CT 
examinations is substantial [55]. Accordingly, 
the use of an accurate technique without ion­
izing radiation is preferable. The lack of ionizing 
radiation exposure, coupled with a comparable 
accuracy, favors the use of either ultrasound or 
MRI. Ultrasound gives real-time information 
on peristalsis in addition to the morphological 
features. Contrast-enhanced ultrasound corre­
lates well with colonoscopic disease activity [56]. 
This technique, however, is operator dependent. 
By contrast, MRI has an unlimited field of view 
and good reproducibility, which are principal 
advantages over ultrasound. As previously men­
tioned, the lack of the availability and cost of 
MRI in some locations may, however, limit the 
use of the technique.

Most research in MRI in IBD concerns eval­
uation of the small bowel in Crohn’s disease. 
This is because of a longstanding need for assess­
ment of the small bowel where conventional 
enteroclysis has limitations (no assessment of 
mural and extramural abnormalities and limited 
evaluation of disease activity) and drawbacks 
(radiation exposure). Initially, there was no 
obvious need for colonic evaluation as the colon 
is evaluated with colonoscopy as standard of 
care. However, the burden of colonoscopy with 
bowel preparation hampers frequent application 
and MRI may also play a role here; although the 
body of evidence is limited and does not give 
univocal evidence. 

�� Technique
Most likely, distension of the colon is manda­
tory for a good evaluation of the colon in IBD. 
In early studies, high sensitivities were reported 
for differentiating type and severity of IBD. 
Without reported use of bowel preparation 
methods and the sole use of intravenous contrast 
medium, the authors concluded a comparable 
diagnostic accuracy of MRI as compared with 
endoscopy [57]. More recent studies, evaluating 
the colon without rectal administered distension, 
tend to support [58] or refute [59] these findings. 
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As in small-bowel evaluation, colonic luminal 
distension can be expected to lead to more opti­
mal evaluation [60,61]. Distension is obtained by 
a rectal enema, sometimes combined with oral 
administration of contrast material. A series in 
15 normal subjects and 23 patients with sus­
pected IBD of the colon demonstrated that MR 
colonography with a rectal enema is feasible 
and leads to a good colonic distension [35]. As 
in CRC, either a dark- or bright-lumen strat­
egy can be used for distension, often concern­
ing a biphasic strategy (opposite signal inten­
sity on T

1
‑weighted sequences and T

2
‑weighted 

sequences) [62]. In MRI of the small bowel 
a dark-lumen strategy is preferred with low-
signal intensity at T

1
‑weighted sequences and 

high-signal intensity at T
2
‑weighted sequences. 

An advantage of a strategy with a dark colonic 
lumen at T

1
‑weighted sequences is the optimal 

contrast between bowel wall and lumen with 
the use of intravenous contrast medium. This 
is important as bowel wall enhancement is used 
as an indicator of disease activity (Figure 3) [63].

Whether or not bright- or dark-lumen colon­
ography should be used is not established for 
colonography in IBD and conflicting results are 
reported. In a series of 22 consecutive patients 
suspected for or with known IBD a bright-lumen 
strategy was used for MR colonography [64]. 
Bowel preparation comprised a gadolinium–
water enema for luminal distension and addi­
tional intravenous administration of gadolinium. 
Bowel-wall contrast enhancement and bowel-
wall thickening were used as MRI features of 
inflammation. The sensitivity for detecting seg­
mental inflammation in patients with Crohn’s 
disease was 31.6% and was 58.8% for ulcerative 
colitis. The same group also studied dark-lumen 

MR colonography in another cohort with only 
slight improvement in overall segmental inflam­
mation detection [65]. In a series of 15 healthy 
volunteers and 23  patients with known IBD 
there was a high sensitivity (87%) for identi­
fying segmental IBD changes with dark-lumen 
MR colonography [35]. In this series no histo­
pathology was obtained of endoscopically nor­
mal mucosa that might influence the results. It 
remains to be demonstrated whether the dif­
ferences are related to the strategy used or that 
other factors, such as disease spectrum and ref­
erence standard, are more important. Further 
developments concern studying the possibility 
of colonic distension by oral contrast material 
to decrease patient discomfort.

�� Disease activity
Apart from diagnosing IBD, the level of disease 
activity is important for management. A lim­
ited number of series studied this in patients 
with Crohn’s disease of the bowel. These stud­
ies concerned the small bowel and colon, and 
were summarized in a systematic review [63]. 
MRI correctly graded 91% of the patients with 
frank disease, 62% with mild disease and 62% 
in remission. Inaccurate grading primarily con­
cerned grading patients in remission as having 
mild disease. Most commonly used imaging feat­
ures indicative of disease activity were thickened 
bowel wall and enhancement, although other 
features are used as well. However, the optimal 
imaging features have not been fully established. 
A recent study comparing MRI of small bowel 
Crohn’s disease to histopathology of 18 resec­
tion specimens reported that increased bowel 
wall thickness, high mural signal intensity at 
T

2
‑weighted sequences and a layered pattern of 

enhancement indicate active disease [66]. These 
findings may apply to the colon as well, but this 
needs to be substantiated. Results until now are 
equivocal. In a study using MR colonography 
in 29 patients with IBD some of the features 
similar to small-bowel evaluation were used [67]. 
These concerned increased bowel-wall contrast 
enhancement, bowel-wall thickening, presence 
of mesenterial lymph nodes and the absence of 
the normal haustral pattern. The sensitivity was 
low (32%) and the specificity good (88%), while 
the barium fecal tagging regime resulted in a 
poor patient acceptance. Others primarily stud­
ied the enhancement of the colonic wall. One 
group demonstrated a significant correlation 
with colonoscopy [68]. Another research group 
reported on 37 patients and used an enhance­
ment index taking into account the presence of 

Figure 3. A 20‑year-old female patient with Crohn’s disease underwent 
routine magnetic resonance enterography without the use of a rectal 
enema. Moderate colonic distension was obtained by the standard oral ingestion 
of 1600 ml mannitol. (A) Transverse T

2
‑weighted Fourier acquisition single-shot 

turbo spin echo sequence shows bowel wall thickening (arrows). (B) Transverse 
T

1
‑weighted sequence after intravenous contrast shows wall thickening and layered 

enhancement at the proximal part of the transverse colon (arrows) indicating 
disease activity.
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adequate colonic distension [69]. This approach 
resulted in a moderate sensitivity (63%) and ade­
quate specificity (80%). In both studies, bowel-
wall attenuation was subjectively assessed, in the 
absence of predefined criteria. Others used MR 
enterography in conjunction with a water-based 
enema to assess disease activity in 50 patients 
with established Crohn’s disease of the colon 
and terminal ileum [70]. This produced good 
results, with a significant correlation (r = 0.82, 
p = 0.001) between MRI and the Crohn’s dis­
ease endoscopic index of severity. MRI had a 
high accuracy for the detection of disease activ­
ity with a sensitivity of 81% and a specificity 
of 89%. Relative contrast enhancement and 
wall thickness were independent predictors of 
disease activity. 

At this time point, the optimal MRI fea­
tures predictive for disease activity of the colon 
are not established. However, increased wall 
thickness, increased enhancement and layered 
enhancement are obvious candidates and may 
be considered when reading MRI of the colon 
in IBD.

Acute abdominal pain
Urgent acute abdominal pain, defined as con­
ditions necessitating treatment within 24  h, 
is frequently caused by colonic inflammatory 
conditions [71]. Acute appendicitis and diverti­
culitis are the most frequent urgent causes of 
acute abdominal pain. Imaging is mandatory 
for establishing the diagnosis or determining 
an alternative diagnosis. Plain radiography 
plays no role as it does not have any impact on 
the diagnosis and management of patients [72]. 
Ultrasound with graded-compression technique 
and multidetector CT are the primary imaging 
techniques in these patients. The advantage of 
ultrasound is that it entails a widely available, 
real-time examination. Limitations are that it 
is operator dependent, the field of view can be 
limited by air or bony structures and it can be 
difficult to interpret in obese patients. CT gives 
a good overview and is not hampered by air or 
bony structures.

Limitations are the ionizing radiation expo­
sure and the risk of contrast medium-induced 
nephropathy as iodinated contrast medium is 
used. A recent meta-analysis demonstrated that 
CT is the most accurate technique for diagnos­
ing acute appendicitis [73]. In diverticulitis there 
is no significant difference in accuracy, although 
CT is more likely to identify alternative dis­
eases [74]. This may favor an approach using CT 
in all patients suspected for acute appendicitis 

of diverticulitis. However, this is associated with 
the risk of cancer induction by radiation exposure 
and contrast medium-induced nephropathy.

To overcome this, different approaches should 
be considered. Recently, a study demonstrated 
that the most effective approach in patients with 
acute abdominal pain is initial ultrasound with 
subsequent CT in inconclusive and negative 
cases [72]. This leads to the highest sensitivity for 
urgent conditions and leads to reduced radiation 
exposure and costs when compared with CT in 
all individuals. However, 6% of urgent condi­
tions are missed and 49% of the patients still 
have to undergo CT. An alternative approach 
is to use MRI.

�� Technique
MRI of the abdomen is often thought of as a 
lengthy procedure, which is, however, not the 
case in acute abdominal pain. This MRI pro­
cedure comprises standard breath-hold MRI 
sequences. Single-shot half-Fourier rapid acqui­
sition with relaxation enhancement (e.g., half-
Fourier acquisition single-shot turbo spin echo) 
and balanced true steady-state free precession 
(e.g., true fast imaging with steady state preces­
sion) are mainstay, leading to a room time of 
10–15 min. No intravenous contrast medium 
is administered. Oral administration of a con­
trast agent (e.g., ferumoxsil and barium sulfate) 
seems unnecessary (Figure 4) [75–79]. Diffusion-
weighted imaging (DWI) might prove helpful 
to identify inflammation.

�� Results
Initial research on MRI in acute abdominal 
pain concerned abdominal pain in pregnancy. 
This has a variety of diagnoses, of both obstet­
ric and non-obstetric causes. Acute appendici­
tis is one of the most common non-obstetric 
causes in pregnancy and indication for surgical 
exploration. Although surgical intervention is 
recommended, owing to high rates of fetal loss 
in perforated appendicitis, almost 25–50% of 
cases of surgical exploration are negative for acute 
appendicitis [80–82]. The changed position of the 
appendix during pregnancy makes the differ­
ential diagnosis more difficult [81]. Although 
surgical intervention is recommended owing to 
high rates of fetal loss in perforated appendicitis, 
almost a quarter to a half of the cases of surgi­
cal exploration is negative for acute appendici­
tis [76,80]. Imaging is mandatory to diagnose or 
exclude acute appendicitis [83]. Ultrasound is the 
initial imaging technique for diagnosing acute 
appendicitis in pregnancy, but the diagnostic 
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accuracy of ultrasound varies widely in preg­
nancy [80]. CT is not appropriate in this setting 
owing to the ionizing radiation exposure and 
use of iodinated contrast medium. MRI has 
been demonstrated to be a valuable alternative. 
A systematic review by Basaran et al. found no 
significant difference between performance of 
CT and MRI when ultrasound was either nor­
mal or inconclusive [80]. With pooled estimates 
of sensitivity and specificity of 85.7 (95% CI: 
63.7–97%) and 97.4% (95% CI: 86. 2–99.9%) 
for CT and 80 (95% CI: 44–98%) and 99% 
(95% CI: 94–100%), respectively, for MRI. This 
makes MRI a good alternative to CT, not only 
in pregnancy, as good results were also reported 
in nonpregnant patients [84]. With respect to the 
lack of ionizing radiation, this especially benefits 
younger individuals. The lack of the risk of con­
trast medium-induced nephropathy primarily 
benefits middle-aged and older individuals. 

The body of evidence on MRI in acute 
abdominal pain almost exclusively concerns 
acute appendicitis. Further studies should evalu­
ate the accuracy of MRI in diagnosing other dis­
eases before the technique can be fully applied. 
A study evaluated MRI in 55 patients suspected 
to have acute diverticulitis [85]. The results were 
good (sensitivity 94%; specificity 88%), but con­
cerned a limited series with a high prevalence of 
disease. For acute conditions not originating 
from the colon, MRI has almost exclusively been 
studied for diseases of the liver, biliary tree, gall­
bladder and pancreas [86]. To our knowledge, no 
study evaluated MRI in acute abdominal pain in 
general. Neither are there series concerning chal­
lenging diagnoses, such as mesenteric ischemia 
and perforation. 

3 T MR colonography
In the last decade, high-field imaging has 
become increasingly studied and the applica­
tion is widely implemented [87]. In 3 T MRI 
the high-field strength can be used to increase 
spatial resolution and decrease acquisition 
times [21,88]. This can improve image quality 
considerably. In MR colonography this impli­
cates improved depiction of colonic segments 
with increased enhancement of contrast agents. 
However, direct adoption of sequences used at 
1.5 T is not feasible. At high-field strength, tis­
sue T

1
 and T

2
 relaxation parameters are differ­

ent than at 1.5 T, as well as specific absorption 
rate and changes in susceptibility and chemical 
shift effects [21,89]. Susceptibility artifacts in MR 
colonography are especially seen at soft tissue–
air interfaces (e.g., residual gas in the colonic 
lumen) [90]. Field heterogeneities are frequently 
observed at the boundaries of the field of view, 
resulting in different signal intensities [21]. The 
increase in signal-to-noise ratio can be of help 
in a reduction of artifacts. In addition, parallel 
and fast-imaging techniques can reduce noise 
and decrease acquisition times [89,90]. Although 
high-field imaging is promising, there is limited 
evidence concerning the role of 3 T MRI in 
MR colonography [21]. A study in 40 patients 
demonstrated no significant difference in image 
quality at 3  T compared with 1.5  T in two 
sequences (T

1
‑weighted fat-suppressed gradi­

ent echo and T
2
‑weighted single-shot fast spin 

echo) [91]. Wessling et al. demonstrated no sig­
nificant difference in detection of polyps larger 
than 6 mm in a phantom at 1.5 and 3 T [92]. 
Florie et  al. performed MR colonography at 
1.5 and 3 T but did not assess the difference 
in performance for both imaging modalities 
[32]. However, a study performed by Saar et al. 
demonstrated a sensitivity of 100% for colo­
rectal lesions larger than 6 mm [51]. For staging 
disease activity in IBD, high-field imaging was 
well-matched to 1.5 T [54].

Diffusion-weighted imaging
Diffusion-weighted imaging provides infor­
mation on the diffusion of water molecules 
throughout the body. Diffusion of water mol­
ecules outside the body is characterized as 
an unrestricted random movement of water 
molecules [93]. In the body, the diffusion of 
water molecules is restricted by cellular mem­
branes and intra- and extra-cellular elements, 
such as macromolecules. Therefore, diffu­
sion in vivo can be extrapolated to the assess­
ment of tissue cellularity; in tumor tissue the 

Figure 4. A 28-year-old patient who was at 
18 weeks’ gestation and was suspected for 
acute appendicitis. Ultrasound was 
inconclusive and she subsequently underwent 
MRI of the abdomen. Transverse T

2
‑weighted 

Fourier acquisition single-shot turbo spin echo 
demonstrated retrocecal-situated thickened 
appendix. Per-operative exploration confirmed 
the diagnosis of acute appendicitis.
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cellularity is high, consequently movement of 
water molecules is restricted by abundant cell 
membranes and, therefore, diffusion of water 
molecules is restricted to a large extent [93]. By 
contrast, damaged cell membranes provide 
an increased diffusion of water molecules. 
Therefore, DWI can provide valuable infor­
mation on tissue perfusion, tumor cellularity 
and vascular leakage [93,94]. 

In DWI, a standard T
2
‑weighted spin-echo 

sequence is modified by applying an asymmetric 
pair of diffusion-sensitizing (bipolar) gradients 
around the 180° refocusing pulse [93]. The first 
gradient provides phase information as does the 
second gradient; however, as a consequence of 
movement of the molecules, the signal will not 
be entirely rephased by the second gradient, 
resulting in a reduction of signal intensity. DWI 
is based on the attenuation of signal intensity 
by the movement of water molecules [93]. The 
sensitivity to molecule motion is defined by the 
amplitude, duration and time interval of the gra­
dient pulses, known as b‑values. Large b‑values 
result in signal attenuation for slow-moving 
molecules and vice versa. DWI is generally per­
formed at multiple b‑values to observe attenua­
tion of the signal and variation in diffusion. The 
signal intensity (y‑axis) can be plotted against 
the b‑values (x‑axis) as a logarithm. The slope 
of the fitted line through the plots represents the 
apparent diffusion coefficient (ADC). The ADC 
differs for different tissues describing the degree 
of attenuation of diffusion [95]. Low ADC values 
demonstrate high cellular areas and vice versa [93].

Diffusion-weighted imaging is extensively 
used in neuroimaging, while its application in 
colorectal imaging is primarily studied in the 
field of oncology [96–98]. Colorectal use is ham­
pered by susceptibility and motion artifacts 
caused by residual air, respiration, peristalsis and 
blood flow [98]. Several studies demonstrated the 
valuable potential of DWI for the detection of 
CRC [96–98]. Ichikawa et  al. demonstrated a 
mean sensitivity and specificity for the detection 
of colorectal adenocarcinoma of 90.9 (30/33; 
95%  CI:  74.5–97.6%) and 100% (15/15; 
95% CI: 74.6–100%) [98]. High b‑value DWI 
demonstrated a sensitivity of 100% (15/15) and 
specificity of 65% (13/20) for the detection 
of rectal cancer in 35 patients [97]. Rao et al. 
demonstrated an increase of receiver-operating 
characteristics analysis with the addition of 
DWI to T

2
‑weighted imaging [96].

One study has focused on DWI in Crohn’s 
disease [99]. The study demonstrated a sensi­
tivity, specificity and accuracy of 85.7, 75.7 

and 77.3%, respectively, for the detection of 
active disease segments in the large bowel with 
DWI  [99]. Although standardization of tech­
niques, quantification and analysis have to be 
further explored and improved, DWI is increas­
ingly evolving as a clinically valuable tool for 
colorectal imaging [94].

Conclusion
MRI of the colon is a topic of ongoing research. 
The technique has not been established, although 
some aspects become clear (e.g., bowel disten­
sion is mandatory for MRI for CRC and IBD). 
The body of evidence for MRI of the colon is 
not extensive and for some indications limited 
(acute abdominal pain), but considerable efforts 
are made to fill this gap.

In patients with symptoms of CRC, MR 
colonography has been demonstrated to be 
accurate in detecting clinically relevant lesions. 
However, the technique is not fully established 
and further studies should optimize the tech­
nique. At this moment, MR colonography can be 
used as an alternative to CT colonography when 
the latter is contraindicated. However, sufficient 
experience should be present for performing and 
reading the MR colonography examination. 

In IBD, MRI is as accurate as other tech­
niques and lacks ionizing radiation exposure. 
This favors the use of MRI. Accuracy of MRI 
for grading disease activity is good for frank 
disease but mediocre for inactive or limited 
disease activity. The optimal technique for per­
forming MRI of the colon is not yet established. 
Furthermore, identification of features indicative 
for disease activity is mandatory.

MRI in patients with acute abdominal pain 
is performed as a short MRI examination with­
out preparation. The results of MRI in acute 
appendicitis are good and justify the use of this 
technique rather than CT. In acute diverticuli­
tis the data is very limited, although encourag­
ing. Limitation is that the accuracy of MRI for 
many other causes of acute abdominal pain is 
not known yet.

Future perspective
Over the last decade, MR colonography for 
(precursors of ) CRC has experienced a high 
degree of development and amelioration. 
Nevertheless, extensive variability between 
study results in sensitivity and specif icity 
values of MR colonography and detection 
of colorectal lesions was demonstrated. This 
might be a consequence of variety in technical 
and imaging aspects. To further optimize the 
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diagnostic accuracy of MR colonography, dif­
ferent patient-preparation strategies are being 
studied, with special regard for patient accep­
tance. A strategy with limited bowel prepara­
tion and the use of automated CO

2
 insufflation 

might be advantageous.
In patients at an increased risk or with symp­

toms for CRC, future developments might entail 
MR colonography as a screening tool. However, 
first MR colonography must be studied in size­
able cohorts and compared with colonoscopy 
(and CT colonography). Furthermore, other 
important aspects, such as participation rate 
and cost–effectiveness must be studied. 

In IBD, MRI can play an important role 
in the work up and for monitoring treatment 
response. Patients with IBD are often young 
individuals in their reproductive age and assess­
ment of the disease activity requires frequent 
evaluation. In addition, the optimal technique 
for performing MRI in this field is yet to be 
established. We believe that future research in 
IBD will focus on improving imaging tech­
niques with respect to noninvasiveness. Further 
developments concern studying the possibility 

of colonic distension by oral contrast material 
alone to decrease patient discomfort. The opti­
mal combination of imaging features for disease 
activity has to be determined.

Since MRI for acute abdominal pain is mainly 
studied in pregnant patients with suspected 
appendicitis, further studies should evaluate the 
accuracy of MRI in diagnosing other diseases. 
As CT has proven its diagnostic ability in the 
acute setting when examination with ultrasound 
is inconclusive, we believe that MRI offers a 
valuable alternative, especially in young indi­
viduals in their reproductive age and patients at 
risk of contrast medium-induced nephropathy.
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Executive summary

Magnetic resonance colonography
�� MRI of the colon is a topic of ongoing research.
�� Magnetic resonance (MR) colonography is highly dependent on adequate colonic distension and bowel preparation, the latter either 

by bowel cleansing or fecal tagging. Furthermore, for the purpose of differentiation between bowel wall and lumen, either a dark- or 
bright-lumen strategy can be used, referring to the signal intensity of the bowel contents at T

1
‑weighted sequences.

�� MR colonography has been demonstrated to be accurate in detecting clinically relevant lesions in patients with symptoms of 
colorectal cancer.

�� Accuracy of MRI for grading disease activity in inflammatory bowel disease is good for frank disease but mediocre for inactive or limited 
disease activity.

�� The body of evidence on MRI in acute abdominal pain almost exclusively concerns acute appendicitis; results are good and comparable 
to CT. Further studies should evaluate the accuracy of MRI in diagnosing other diseases before the technique can be fully applied.

�� The role of 3 T MR colonography is promising, although its application will require a larger body of evidence.
�� Diffusion-weighted imaging demonstrated promising results for the detection of colorectal tumors and disease activity in  

Crohn’s disease.

Future perspective 
�� The technique for MRI of the colon is not fully established and further studies should optimize the technique.
�� A strategy with limited bowel preparation and the use of automated CO

2
 insufflation might be advantageous in MR colonography for 

the detection of (precursors of) colorectal cancer.
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