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Introduction
!

Colorectal cancer (CRC) is one of the most com-
mon cancers worldwide. It has been shown that
colonoscopy reduces CRC-related mortality by up
to 50% [1,2]. Therefore, colonoscopy is the cur-
rent gold standard for the screening and preven-
tion of CRC.
Despite being the appropriate diagnostic and
therapeutic tool, colonoscopy nonetheless has
disadvantages. First of all, not all relevant lesions
are detected. In several back-to-back studies of
colonoscopy, up to 22% of all adenomas weremis-
sed during examination [3].
According to epidemiological data, the prevalence
of colorectal neoplasia in examined patients in
the screening population is approximately one-
third, so that 63.5% to 84% are without any neo-

plastic lesion. In retrospect, colonoscopy is unne-
cessary in these persons who have no findings
that warrant further diagnosis or treatment [4].
Although colonoscopy is a safely establishedmed-
ical examination, it is not free of risks because of
its invasive character [5]. Therefore, it is reason-
able to seek additional, alternative screening
methods that would allow the preselection of
persons most likely to benefit from undergoing
colonoscopy. In the United States, computed to-
mographic colonography (CTC) has been recom-
mended as an alternative screening method by
the American Society of Gastrointestinal Endos-
copy [6]. However, because of the radiation expo-
sure, it is not generally accepted for screening
purposes. As an alternative to CTC, magnetic reso-
nance colonography (MRC) has been proposed for
CRC screening. In several studies, MRC was shown
to be able to detect large polyps (>10mm) with a
sensitivity of 84%. The data for small polyps are
heterogeneous. All data available at the beginning
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Background and study aims: Colorectal cancer
(CRC) is one of the most common cancers world-
wide, and several efforts have been made to re-
duce its occurrence or severity. Although colonos-
copy is considered the gold standard in CRC pre-
vention, it has its disadvantages: missed lesions,
bleeding, and perforation. Furthermore, a high
number of patients undergo this procedure even
though no polyps are detected. Therefore, an ini-
tial screening examination may be warranted.
Our aim was to compare the adenoma detection
rate of magnetic resonance colonography (MRC)
with that of optical colonoscopy.
Patients and methods: A total of 25 patients with
an intermediate risk for CRC (17 men, 8 women;
mean age 57.6, standard deviation 11) underwent
MRC with a 3.0-tesla magnet, followed by colo-
noscopy. The endoscopist was initially blinded to
the results of MRC and unblinded immediately
after examining the distal rectum. Following

endoscopic excision, the size, anatomical localiza-
tion, and appearance of all polyps were described
according to the Paris classification.
Results: A total of 93 lesions were detected during
colonoscopy. These included a malignant infiltra-
tion of the transverse colon due to gastric cancer
in 1 patient, 28 adenomas in 10 patients, 19 hy-
perplastic polyps in 9 patients, and 45 non-neo-
plastic lesions. In 5 patients, no lesion was detect-
ed. MRC detected significantly fewer lesions: 1
adenoma (P=0.001) and 1 hyperplastic polyp
(P =0.004). The malignant infiltration was seen
with both modalities. Of the 28 adenomas, 23
(82%) were 5mm or smaller; only 4 adenomas
10mm or larger (14%) were detected.
Conclusion: MRC does not detect adenomas suffi-
ciently independently of the location of the lesion.
Even advanced lesions were missed. Therefore,
colonoscopy should still be considered the cur-
rent gold standard, even for diagnostic purposes.
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of the study were derived from MRC at only 1.5 tesla (T) [7–13].
MRC at 3T has the potential to improve image quality substan-
tially because of the increased signal-to-noise ratio inherent in
higher magnetic field strengths. First studies have shown pro-
mising results with respect to lesion detection; however, the
role of MRC as a screening tool remains unclear [12].
The aim of this prospective study was to compare MRC at 3.0T
with conventional colonoscopy with respect to polyp detection
in a colon cancer surveillance setting. The study hypothesis was
that there would be no significant difference between MRC and
colonoscopy in the detection of adenomas.

Patients and methods
!

The study protocol was approved by an institutional review
board, and each participant provided written informed consent.
Between February 2010 and February 2012, patients were enrol-
led in the study. Inclusion criteria were screening colonoscopy,
positive occult fecal blood test, unexplained loss of weight, and
follow-up after previous polypectomy. Exclusion criteria were
prior colonoscopy in the last 6 months, known chronic inflam-
matory bowel disease, relevant cardiovascular or pulmonary co-
morbidity, and contraindications to magnetic resonance imaging
(MRI). Furthermore, patients with a CRC syndrome, such as fa-
milial adenomatous polyposis or hereditary nonpolyposis colo-
rectal cancer, as well as patients with prior colorectal surgery,
were excluded.

Study design and endoscopic technique
For both examinations, the patients were prepared by undergo-
ing lavage with 4L of hypertonic polyethylene glycol solution 24
hours before the procedure.

Magnetic resonance colonography
Image acquisition was performed with a clinical 3.0-T MRI sys-
tem (Achieva 3.0T TX; Philips Healthcare, Andover, Massachu-
setts, USA). For bowel distension, 1500 to 2000mL of warm tap
water was administered via a rectal catheter (Primed Medizin-
technik GmbH, Halberstadt, Germany) with hydrostatic pressure
(container placed 1m above the patient).
All subjects underwent a standardized MRI protocol, including a
coronal T2-weighted turbo spin echo (TSE) sequence, a coronal
dynamic T1-weighted fat-suppressed gradient echo sequence be-
fore and after intravenous contrast medium application, and a
transverse T1-weighted fat-suppressed gradient echo sequence
after contrast medium application. Gadobutrol (Gadovist; Bayer
Vital GmbH, Leverkusen, Germany) was used as the contrast
medium in all patients. The dosage was 0.1mmol per kilogram
of body weight injected at 3mL/s, followed by a saline flush of
30mL at 3mL/s, with an automatic power injector (Spectris; Me-
drad, Warrendale, Pennsylvania, USA).

Fat suppression was achieved by using spectral selection attenu-
ated inversion recovery (SPAIR). The MRC sequence parameters
are detailed in ●" Table1. Bowel distension was assessed with
fast coronal T2-weighted TSE sequences. A 20-mg dose of butyls-
copolamine (Buscopan; Boehringer Ingelheim, Ingelheim, Ger-
many) was administered intravenously before the acquisition of
T1-weighted sequences. Coronal dynamic three-dimensional
T1-weighted gradient echo sequences were acquired after
fluoroscopic triggering in the arterial phase, in the portal venous
phase (approximately 45 seconds after bolus detection), and in
the late venous phase (approximately 120 seconds after bolus de-
tection). The transverse T1-weighted gradient echo sequencewas
acquired immediately after the coronal sequences.
Magnetic resonance studies were evaluated by a board-certified
radiologist (blinded) with more than 7 years of experience in ab-
dominal MRI examinations of the colon immediately after ima-
ging and before the performance of optical colonoscopy on the
same day.

Endoscopy
Colonoscopy was performed with high definition video endo-
scopes (Exera II, HDTV-compatible; Olympus, Tokyo, Japan) by
two designated endoscopists (J.N. and V.S.). Each of them had
performed more than 1000 colonoscopies before this study. The
location of all lesions identified during the colonoscopy that dif-
fered from normal mucosa was documented by an independent
observer present during the endoscopic examination. All suspi-
cious lesions were documented by describing the anatomical
site, distance to the anal margin, appearance, and size as meas-
ured with biopsy forceps.
Patients requesting sedation received intravenous midazolam
(1–10mg) or propofol (20–30mg) before intubation of the colo-
noscope. Antispasmodic medication (butylscopolamine) was giv-
en at the discretion of the endoscopist during the procedure, spe-
cifically after the cecum had been reached for mucosal inspection
during withdrawal. Further doses of intravenous medication
were administered as clinically required.
Insertion and withdrawal times were documented. Measure-
ment of the withdrawal time was started as soon as examination
of the cecum began and was stopped when the scope was with-
drawn from the anus. Measurement of the withdrawal time was
also interrupted whenever a polyp was identified until the polyp
had been retrieved and removed, and time measurement was
continued as soon as the examination restarted. The same proce-
dure was applied for collecting biopsy specimens. Thus, the
measured withdrawal time accurately reflected the time spent
for mucosal inspection and did not include any time spent for
therapeutic manipulation.
Bowel preparation for the colonoscopic examinations was the
same as for the MRI examinations as patients underwent the
two examinations within a short time, with theMRI examination
preceding colonoscopy. The quality of bowel preparation was
documented as very good (100% mucosal visualization), good

Table 1 Sequence parameters for magnetic resonance colonography (MRC) in a study comparing MRC with colonoscopy for the detection of flat adenomas.

Sequence TR, ms TE, ms FA, ° Acquisition time, s Slices, n Acquisition voxel, mm³ FOV, mm²

3D T1 cor 3.5 1.7 10 13.3 80 1.5 × 1.5 × 2.3 450

3D T1 ax 3.5 1.7 10 2×18.5 200 1.5 × 1.5 × 2.3 350

T2 TSE ax 4817 50 90 9.6 40 2.0 × 2.1 × 4.6 450

TR, time to repetition; TE, echo time; FA, flip angle; FOV, field of view; 3D, three-dimensional; T1, spin lattice relaxation time; cor, coronal; ax, axial; T2, spin spin relaxation time;
TSE, turbo spin echo.
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(> 95%), fair (between 90% and 95%), or poor (<90% mucosal vi-
sualization). Patients with poor bowel preparationwere excluded
from the study.

Endoscopic classification of lesions and removal
technique
All lesions identified during colonoscopy either were completely
removed by endoscopic biopsy, snare polypectomy, or endo-
scopic mucosal resection or were biopsied for histopathological
examination. In particular, subtle mucosal architectural changes,
such as vascular net disruption, discrete mucosal unevenness,
and focal pallor or erythema, were documented. Lesions were
classified according to the Paris classification by the endoscopist
and then documented by the independent observer [14].
Before complete removal of the endoscope, the endoscopist was
unblinded regarding the MRC result. Therefore, the endoscopist
was able to reexamine the colon in case any polyp that had been
detected during MRC before endoscopy was not seen during co-
lonoscopy.

Histopathological analysis
An expert gastrointestinal pathologist examined all specimens.
Tissuewas immediately fixed in a 10% buffered formalin solution
and subsequently stained with hematoxylin and eosin. Adeno-
mas were classified according to modified Vienna criteria as ei-
ther low grade or high grade intraepithelial neoplasia. Invasive
neoplasia was defined as neoplastic cellular proliferation extend-
ing into submucosal layer 3 or to the muscularis propria.

Statistical analysis
Statistical differences were analyzed with the paired Student’s t
test, McNemar’s test, or Wilcoxon’s signed rank test as appropri-
ate. A two-sided P value of less than 0.05 was considered statisti-
cally significant. Calculations were madewith SPSS Statistics 22.0
(IBM, Armonk, New York, USA).
The main outcome parameter was the adenoma detection rate.
Because no data were available for 3-T MRC before this study, no
further case number calculation was possible.

Ethics
Full ethical approval for the study was granted by the ethics com-
mittee of the Medical Faculty, University of Bonn (187/09). Pa-
tients were thoroughly informed at least 24 hours before the ex-
amination, and informed consent was obtained in writing from
every patient before the procedure.

Results
!

In total, 32 patients were eligible to take part in the study. Of
these, 7 patients had to be excluded, 5 because of poor bowel
preparation and 2 because of nonadherence. Thus, a total of 25
patients underwent MRC followed by colonoscopy: 17 men
(68%) and 8 women (32%) with a mean age (standard deviation
[SD]) of 57.6 (11) years. The indications for examination were
screening in 10 patients (40%), follow-up after polypectomy in 6
patients (24%), positive fecal blood test in 5 patients (20%), and
unexplained loss of weight in 4 patients (16%). In all 25 patients,
theMRC examinationwas performed adequately. Themeanmag-
netic resonance interpretation time (SD) was 14.2 (1.4) minutes.
The colonoscopy examination times were also measured, with
the insertion times and withdrawal times measured separately.
The mean withdrawal time (SD) was 13.3 (4.7) minutes without
polypectomy or snare biopsy.
A total of 93 lesions were detected during colonoscopy. These in-
cluded amalignant infiltration of the transverse colon due to gas-
tric cancer in 1 patient, 28 adenomas in 10 patients, 19 hyper-
plastic polyps in 9 patients, and 45 non-neoplastic lesions. In 5
patients no lesions were detected.
MRC detected themalignant infiltration, 1 adenoma (3.6%), and 1
hyperplastic polyp (5.3%;●" Table2). The locations of the relevant
endoscopic findings are displayed in●" Table3.
All lesions were classified according to their size. Colonoscopy
detected 23 adenomas smaller than 5 mm; one of these was de-
tected by MRC. One adenoma with a size between 6 and 9mm
was detected by colonoscopy but not detected by MRC. Further-
more, colonoscopy detected 4 adenomas larger than 10mm that
were not detected by MRC. The exact size and Paris classification
of the lesions are shown in●" Table4. Examples of the endoscopic
and radiological findings are displayed in●" Fig.1 and●" Fig.2.

Table 2 Results of the two
examinations.

Magnetic resonance colonography Colonoscopy P value

Examination time, mean (SD), min 14.2 (1.4) 19.2 (6.8) total
13.3 (4.7) withdrawal

n.s.

Adenomas, n 1 28 0.001

Patients with≥1 adenoma, n 1 10 0.001

Hyperplastic polyps, n 1 19 0.004

Malignant infiltration, n 1 1

n.s., not significant; SD, standard deviation.

Table 3 Location of lesions detected in the study.

Lesions, n Percentage of total, % Adenomas Hyperplastic polyps Malignant infiltration

Cecum 1 2.1 1 0 0

Colon ascendens 10 20.8 9 1 0

Colon transversum 9 18.8 7 1 1

Colon descendens 4 8.3 4 0 0

Sigmoid colon 10 20.8 5 5 0

Rectum 14 29.2 2 12 0

Total 48 100.0 28 19 1
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No additional endoscopic examination was needed because no
further lesions were detected during MRC.
Concerning histology, all detected adenomas were tubular ade-
nomas with low grade dysplasia except for 1 lesion with tubulo-
villous histology. Therefore, neither advanced adenomas nor in-
filtrative neoplastic lesions were detected, except for a single gas-
tric cancer infiltration into the transverse colon.
Hyperplastic polyps were detected in 9 patients (36%). Most of
them were located in the rectum and sigmoid colon except for 1
in the transverse colon and 1 in the ascending colon.

No complications due to MRC or colonoscopy were reported. Im-
portant extracolonic findings were reported in two patients. In
one case, a malignant infiltration by gastric cancer was de-
scribed; in the second, a liver tumor was detected, which was la-
ter histologically classified as a cholangiocellular carcinoma.

Discussion
!

In our study, colonoscopy detected significantly more adenomas
than MRC independently of lesion size or location. The adenoma
detection rate by 3-T magnetic resonance tomography in our
study was disappointing; however, it corresponded to that in an-
other study, which reported adenoma detection rates of 13% and
29% by 3-T MRC and endoscopic colonoscopy, respectively [15].
Several factors may have contributed to this finding. First of all,
we reported a high number of small flat lesions by colonoscopy.
It is entirely plausible that these lesions would be difficult to de-
tect by magnetic resonance examination, in which intraluminal
morphological mucosal alterations are necessary for detection.
Of note, the role of flat lesions and the serrated carcinoma path-
way in CRC development has only recently gained attention and
awareness among endoscopists and may have increased their
alertness regarding flat lesions.
Colonoscopy reduces the incidence and associated mortality of
CRC [16]. Furthermore, there are plenty of data available under-
scoring the clinical benefit of removing adenomatous polyps dur-
ing colonoscopy [1]. With these facts taken together, colonoscopy
is the accepted gold standard for the screening and prevention of
CRC and has been adopted as part of a nationwide screening pro-
gram in Germany.
However, there are disadvantages of colonoscopy that must be
considered. In several back-to-back studies of colonoscopy,
endoscopists missed small (≤5mm) polyps in up to 28% and
even polyps larger than 1cm in up to 8% of all cases [3]. Efforts
have been undertaken to reduce the failure rate of colonoscopy
[17].
Screening colonoscopy is also affected by the occurrence of so-
called interval cancers, which are cancers that develop despite
the performance of adequate screening colonoscopy. This phe-
nomenon compromises the effectiveness of colonoscopy; it is un-
known if it is also relevant to other methods–although very
plausibly it is–and therefore not singularly attributable to colo-
noscopy [18].
Major complications like perforation and bleeding occur in up to
2.8 of 1000 examinations [5]. Although a lower incidence of ma-
jor complications was reported in Germany, this aspect of colo-
noscopy has to be considered carefully, particularly in a screening
setting [19].
Principally, CRC screening targets the following: cancer, adeno-
mas larger than 10mm, and adenomas with advanced histopa-
thology or a villous component. However, these lesions are de-

Table 4 Size and appearance of all adenomas (N=28) detected by the two modalities.

≤5mm 6–9mm ≥10mm Total number of adenomas

Polypoid Nonpolypoid Polypoid Nonpolypoid Polypoid Nonpolypoid

Colonoscopy 11 12 0 1 1 3 28

MRC 0 1 0 0 0 0 1

Total 11 12 0 1 1 3 28

MRC, magnetic resonance colonography.

Fig.1 a Colonoscopy detects a small nonpolypoid tubular adenoma in the
sigmoid colon. b Magnetic resonance imaging detects the same lesion
(yellow circle).
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tected in only 16% of the screening population; therefore, colo-
noscopy in retrospect is unnecessary in 84%, with the latter
group subjected to unnecessary risks [4]. However, no method is
available for detailed sub-stratification of the screening popula-
tion.
Based on these considerations, alternative methods are of inter-
est, and for this purpose, CTC has been evaluated in several stud-
ies [20]. However, the associated radiation burden is a serious
disadvantage of this method. MRC at 1.5T was evaluated in sev-
eral studies [7–12] and resulted in satisfactory detection rates
for polyps larger than 10mm. Despite these promising results, it
has been implemented neither in current guidelines nor in rou-
tine clinical work-up for several reasons, mainly high cost and
limited availability. In this study, our aim was to compare 3-T
MRC with high definition white-light colonoscopy, which has
been shown to be superior to standard white-light endoscopy
[21].
Interestingly, current data show that colonoscopy prevents can-
cer to a smaller extent in the right hemicolon than in the left
side of the colon [22,23]. This may be partially due to missed le-
sions in the right side of the colon. Of note, in our study the high-
est number of adenomas was detected in the right side of the co-
lon. This may be attributable to the use of high definition endos-
copy and an awareness of side differences in prior colonoscopic
studies.
Graser et al. reported an adequate detection rate for adenomas
larger than 6mm and also for advanced neoplasia [15]. Actually,
the clinical relevance of small and diminutive polyps or adeno-
mas is still controversial, and adenomas smaller than 6mmwere
considered to be clinically irrelevant in radiological studies in
which MRC or CTC was applied [6,15]. The crucial point is that
whenMRC or CTC fails to identify smaller lesions, the risk for can-
cer in people having 3 or more small adenomas is strongly under-
estimated; CRC risk is substantially increased in these patients.
This risk is present despite the diminutive size of each individual
lesion [24,25]. Our study identified 5 patients appearing to be at
higher risk on colonoscopy: 1 patient with an adenoma that had
tubulovillous histology, 2 patients with 3 adenomas, 1 patient
with 4 adenomas, and 1 patient with 7 adenomas, all of which
were missed by MRC. This also holds true for the patient with 2
hyperplastic polyps proximal to the sigmoid colon that were de-
tected by colonoscopy. Considering the current insight that these
lesions are associatedwith colorectal neoplasia [26], it was vitally
important to detect and eradicate them.

To our surprise, even large adenomas (>10mm) were missed by
MRC. This is of extreme clinical importance because the risk for
the development of carcinoma in adenomas larger than 10mm
is very high [27]. In several multivariate analyses, size, multiplici-
ty, and the presence of a villous component in a polyp appeared
to be independent risk factors for advanced neoplasia, in contrast
to high grade dysplasia [28,29]. Themain aim of colonoscopy is to
detect advanced neoplasia or cancer. This was not achieved suffi-
ciently by MRC in our study.
One striking advantage of CTC or MRC might be the capacity to
detect extracolonic findings, as was the case in our study, in
which magnetic resonance tomography revealed cholangiocellu-
lar carcinoma and also gastric cancer (with invasion into the
transverse colon).
Although our study indicates the superiority of endoscopic colo-
noscopy in comparison with 3-T MRC, three main limitations
have to be considered: the sample size was quite small, this was
a single-center study, and the adenoma detection rate of 40%was
relatively high, exceeding data from a general screening popula-
tionwith rates of about 20% [19]. Although this might be partially
attributed to the selection effects of a tertiary medical center, it
also might be due to the use of high definition endoscopes and
the increasing awareness among endoscopists of the potential
for carcinogenesis in flat adenomas.
In conclusion, this study favors endoscopic colonoscopy over
MRC for the detection of large and small flat lesions. According
to the results we have presented, a major obstacle of MRC seems
to be its weakness in detecting small flat lesions, and even adeno-
mas larger than 10mm. This leaves endoscopic colonoscopy as
the standard at this moment. Our results indicate the need for
further studies.
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