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Background. Colon cancer is the second leading cause of cancer death in the western world. Adenomatous
colorectal polyps, which are found in 30-50% of Americans more than 50 years old, are recognized as important precursors of malignancy. Probably most of the invasive colon carcinomas arise from polyps. For this
reason an early detection of these polyps and their complete removal is a recognized strategy for the prevention of colon cancer. So far no single method for an early diagnosis of colon polyps or colon cancer offers
high sensitivity and specificity along with low cost and good patient acceptance. Endoscopic colonoscopy
allows the accurate detection of very small lesions and has since almost completely replaced fluoroscopy.
Cross-sectional imaging techniques, including magnetic resonance imaging (MRI) and computed tomography (CT), are increasingly being considered imaging modalities for the detection of colorectal polyps.
Conclusions. CT and MR colonography are new techniques for imaging of the colon. In symptomatic
patients, these new techniques show promising results for the detection of polyps equal to or larger than 1
cm in diameter.
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Introduction
Colon cancer is the second leading cause
of cancer death in the western world.1
Several risk factors predispose a person
to develop colon cancer.2 Adenomatous
colorectal polyps, which are found in 30Received 14 December 2006
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50% of Americans more than 50 years old,
are recognized as important precursors of
malignancy. Probably most of the invasive
colon carcinomas arise from polyps. An
early polyp removal has been shown to
reduce mortality from colon cancer by 2550%. For this reason the early detection of
these polyps and their complete removal is
a recognized strategy for the prevention of
colon cancer.3,4 So far no single method for
an early diagnosis of colon polyps or colon
cancer including faecal occult blood testing (FOBT), proctosigmoidoscopy, double
contrast barium enema (fluoroscopy) or
conventional endoscopy offers high sensi-
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tivity and specificity along with low cost
and good patient acceptance. Endoscopic
colonoscopy allows the accurate detection
of very small lesions and has almost completely replaced fluoroscopy. Furthermore,
biopsies are easily harvested and polypectomy is also feasible. Although providing
means for an early diagnosis of colon
polyps and therapeutic intervention, endoscopic colonoscopy is a costly procedure
which depends on the skill of the examiner
and carries a low but not negligible risk of
bowel perforation. Therefore, the indication
to perform colonoscopy should be restricted to symptomatic patients or persons with
an increased risk of cancer development.
Furthermore, colonoscopy fails to reach the
caecum in 5-10% of average risk-patients
and in even higher percentages of patients
with obstructing cancer.5
Cross-sectional imaging techniques, including magnetic resonance imaging (MRI)
and computed tomography (CT), are increasingly being considered imaging modalities for the detection of colorectal polyps.6,7 Using thin section axial images and
assigned software both techniques allow
the generation of three-dimensional views
of the colon, simulating those obtained
with conventional colonoscopy. Since CTcolonography is relatively safe and minimally invasive, it has the potential to become
an attractive alternative to existing tests for
an early diagnosis of colorectal cancer.8
Major advantages over endoscopy are
its shorter examination time, non-invasiveness, and relative independence from the
examiner. Thus, patient acceptance for this
new method may be improved. Inherent advantages of CT-colonography, compared to
endoscopy, include the visualization of the
colon proximal and distal to constricting lesions, the ability to quantify local morphometric characteristics of the colon such as
wall thickness and tumour extension in the
extraluminal space, and the accurate localiRadiol Oncol 2007; 41(1): 1-12.

zation of other abnormalities. It has to be
stressed, however, that CT-colonography requires bowel cleansing and bowel distension
by air insufflation similar to barium enema
or conventional colonoscopy. Therefore,
the patient’s discomfort still remains a
problem. Currently MRI CT-colonography
is restricted by limited availability of scanners and high procedural costs. MRI as well
as single-slice CT suffers from restrictions
in spatial resolution and from motion artefacts, which explain insufficient detection
rates for masses smaller than 10 mm.6,7
Single-slice CT requires several breath
holds or a slice thickness exceeding 4 mm
in order to scan the entire colon. A recent
study comparing single-slice CT-colonography and conventional colonoscopy suggests a similar efficacy for the detection
of polyps 6 mm or more in diameter (8291%). However, restrictions in spatial resolution resulted in a low sensitivity for polyps smaller 6 mm (55%) and frequent false
positive findings.6 Recently introduced
multi-slice CT (MSCT) scanners represent
a significant improvement in CT technology, combining high-resolution thin slice
imaging with high-speed volume coverage,9
resulting in multiple advantages over single-slice-CT which has been documented
for CT-angiography or lesion detection in
the liver.10,11 MSCT has already been shown
to enhance the quality of CT-colonography
due to the improved colonic distension and
reduction of respiratory motion artefacts
compared to single slice CT.12

Methods of colon investigation
Currently, there are four methods for the
investigation of the entire colon. These
are double-contrast barium enema (DCBE),
colonoscopy, CT colonography, and MR
colonography. Fischer described the DCBE
technique in 1923.13 It was refined in the
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late 1960s and became the radiologic technique of choice for colon imaging in the
mid-1970s.14,15 Recently, the DCBE technique was reviewed.16 It was concluded
that performing a high-quality DCBE study
requires tailoring of the examination to the
clinical history, patient, and fluoroscopic
findings. Each colonic segment should be
viewed in detail with spot radiographs
or magnified digital images. The order in
which these are obtained is flexible, as long
as each loop of colon has adequate barium
coating and distention and is demonstrated en face. Overhead views such as left
and right side–down decubitus views and
a prone-angled view of the rectosigmoid
junction are helpful in piecing together the
spot images.16
Colonoscopy was first described in 1965
by three independent Japanese groups in
the same journal.17-19 Since then, technical
developments made scopes smaller, easier
to manipulate around angles, and improved
the quality of the visualization methods.
Compared to DCBE studies and colonoscopy, CT and MR colonography (MRC)
have a short history and are still being developed. CT colonography was described
in 1994 by Vining et al.20 and MR colonography in 1997 by Luboldt et al.21 Both are
cross-sectional methods that generate numerous images in the axial plane (CT) or
any desired plane (MR imaging), preferably
during one breath-hold. To efficiently read
these images, postprocessing on a workstation is necessary. Such workstations should
be able to handle the data quickly and,
therefore, should have adequate hardware
and software to allow fast interaction with
the data set. These data sets can consist of
up to 700 images with relatively high spatial
resolution.
Reading the source images is the first
step. These images need to be viewed carefully for filling defects and, if applicable,
enhancing lesions. Postprocessing is an im-
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portant feature of image interpretation. The
most simple and important postprocessing
technique for CT and MR colonography
is multiplanar reformatting (MPR).22,23
Furthermore, volume rendering techniques,
such as tissue transition projection or endoscopic three-dimensional (3D) viewing (virtual endoscopy), can be performed. These
require a great deal of computer power;
endoscopic 3D viewing is especially timeconsuming. Other 3D rendering techniques
such as maximum-intensity projection
(MIP) and shaded surface display (SSD) are
easy to perform but only a small part of the
entire data set is used in these techniques.
Thus, much important information is lost
and this makes these techniques unsuitable
for the polyp detection. Postprocessing techniques will be discussed in detail. The purpose of this article is to describe scanning
techniques in CT and MR colonography,
discuss the currently available postprocessing methods, and discuss the accuracy of
these techniques for the polyp detection
compared with colonoscopy and DCBE.

CT colonography
Computed tomography (CT) colonography
(virtual colonoscopy) is a promising new
method for detecting colorectal polyps and
cancers. Although multiple articles on this
issue have been published since the mid1990s, it remains an important discussion
topic in current radiology and gastroenterology societies. Regarding its clinical role,
there is no doubt that this imaging technique is best suited and highly recommended for those patients who are unable or
unwilling to undergo conventional colonoscopy. Its role as a general screening tool for
colon cancer is obvious for many, equivocal
for some, and doubtful for others.
CT colonography uses multidetectorrow CT to generate data, which is then
Radiol Oncol 2007; 41(1): 1-12.
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Figure 1. Multislice CT colonography.

converted by computer software into 2dimensional (2D) and 3-dimensional (3D)
displays of the colon. CT colonography
has several advantages over conventional
colonoscopy: No sedation is needed, it is
only minimally invasive, and the examination is less time-consuming than conventional colonoscopy. However, there is still
a need for bowel cleansing and insufflation
of gas to expand the colon. Moreover, exposure to radiation is inherent to CT, and
there is no possibility of biopsy, polypectomy, or treatment during the examination
(Figures 1, 2).
MSCT has the potential to significantly
improve the detection rate for colorectal
polyps due to its better z-axis resolution,
improved 3D-image quality and faster data
acquisition. The detection and the subsequent removal of colorectal polyps remain
the most important approaches for the reduction of colon cancer related mortality
(Figures 3, 4, 5).

Studies
A meta-analysis of data from 14 studies
with a total of 1324 patients reported the
sensitivity and specificity of CT colonography for the detection of polyps, using
Radiol Oncol 2007; 41(1): 1-12.

conventional colonoscopy as the reference
standard. The pooled per-patient sensitivity for polyps 10 mm or larger was 88%
(95% confidence interval [CI], 84–93%),
for polyps 6–9 mm it was 84% (95% CI,
80–89%), and for polyps 5 mm or smaller
it was 65% (95% CI, 57–73%). The pooled
per-polyp sensitivity for polyps 10 mm or
larger was 81% (95% CI, 76–85%), for polyps
6–9 mm it was 62% (95% CI, 58–67%), and
for polyps 5 mm or smaller it was 43% (95%
CI, 39–47%). The overall specificity for the
detection of polyps 10 mm or larger was
95% (95% CI, 94–97%).
A study involving 1233 asymptomatic
adults reported that the per-patient sensitivity for polyps 10 mm or larger was 94%
(95% CI, 83–99%) for CT colonography and
88% (95% CI, 75–95%) for conventional
colonoscopy. The per-patient sensitivity for
polyps 6 mm or larger was 89% (95% CI, 83–
93%) for CT colonography and 92% (95% CI,
87–96%) for conventional colonoscopy.
A study of 615 patients reported per-patient sensitivities of 55% (95% CI, 40–70%)
for polyps 10 mm or larger and 39% (95%
CI, 30–48%) for polyps 6 mm or larger.
Another study of 614 patients reported that
CT colonography was significantly more
sensitive than barium enema but less sensitive than colonoscopy.
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Figure 2. Multislice CT colonography. Colon tumour in 67-year old patient.

Figure 3. Shaded surface display of inflammatory
stenosis.

Figure 4. Virtual colonoscopic view of polypoid
lesion.
Radiol Oncol 2007; 41(1): 1-12.
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Figure 5. Virtual colonoscopy. (A) Retrograde and (B) antegrade views of polyp.

A study of 203 patients that used faecal
tagging reported an overall per-patient sensitivity of 90% (95% CI, 86–94%).24

MR colonography
Currently two techniques are being evaluated for MR colonography . Based on the
signal within the colonic lumen, they can
be differentiated as “bright lumen” and
“dark lumen” MRC (Figure 6).

Bright lumen MRC
Similar to contrast enhanced 3D MR angiography, MRC is based on the principles of
ultra fast, T1 weighted 3D GRE acquisitions
collected within the confines of a single
breath hold.25 This requires the use of an
MR scanner equipped with high performance gradients. To permit the homogenous
signal transmission and the reception over
the entire colon with high CNR values, a
combination of phased array surface coils
should be used. The size of the coil must
permit a coverage of the entire colon. As
Radiol Oncol 2007; 41(1): 1-12.

colonic lesions can often not be differentiated from stool, the patient has to undergo
bowel cleansing in a manner similar to
that required for conventional colonoscopy.
Before the examination the patient should
be screened for contraindications to MRI
such as severe claustrophobia, presence of
metallic implants in critical regions such as
the eyes, spinal chord or brain, or cardiac
pacemakers. The presence of hip prostheses, which normally is not regarded a contraindication to MRI, impedes a complete
analysis of the rectum and sigmoid colon. Therefore, patients with hip prosthesis
should also not be examined by MRC.
After the placement of a rectal enema
tube, the colon is filled with the patient in
the prone position using 1000 to 2000 ml
of a water based enema, spiked with paramagnetic contrast (1:100). The enema is administered using 100 cm–150 cm of hydrostatic pressure. To reduce bowel motion and
alleviate colonic spasm, the use of intravenously administered spasmolytic agents
(for example, scopolamine or glucagon) before and during the bowel filling is helpful.
In contrast with conventional colonoscopy
sedative or analgesic agents do not have to
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be applied. To ensure safe and optimal bowel filling and distension, the filling process is monitored with a non-slice select
2D acquisition, collecting one image every
three seconds. Once the enema has reached
the caecum, a 3D dataset of the abdomen encompassing the entire colon is collected. To
compensate for the presence of residual air
exhibiting “filling defects” similar to polyps
within the colonic lumen, 3D datasets are
collected in both the prone and supine patient positions. Here-after the enema bag
is placed on the floor for facilitated emptying of the colon and the patient is removed
from the scanner.
The acquired 3D MR datasets consist of
coronal sections, ranging in thickness between 1.5 mm and 2 mm. The sequence is
based on the use of short repetition (TR 1.6
ms–3.8 ms) and echo times (0.6 ms – 1.6
ms). The achievable minimum TR should be
shorter than 5 ms; otherwise, the acquisition
of a 3D dataset cannot be collected within
the confines of a single breathhold. In conjunction with a field of view of 400 x 400 mm
and an imaging matrix of 460 x 512, the spatial resolution includes an interpolated voxel
size of about 1 mm x 1 mm x 1.6 mm.
On the 3D GRE datasets only the colonic lumen containing the enema is bright,
whereas all other tissues remain low in signal intensity. The resulting contrast between
the colonic lumen and surrounding structures is the basis for the subsequent virtual
colonographic viewing. The MRC protocol
can be further amplified by the acquisition
of 2D gradient echo datasets after the intravenous application of a gadolinium containing contrast compound. This permits a
more comprehensive assessment of parenchymal abdominal organs and increases the
ability to detect hepatic metastases.
Bright lumen MRC can be completed
within 20 minutes, including the time for
patient positioning, image planning, and
data acquisition. The 3D datasets are sub-
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sequently processed using commercially
available software and hardware. A complete analysis of an MRC examination still
requires 15 minutes of interactive image
viewing on a high performance work station. In the first step MRC images should be
interpreted in the multiplanar reformation
mode scrolling through the prone 3D dataset in all three orthogonal planes. In regions
containing larger pockets of residual air,
the assessment needs to be supplemented
by views of the supine dataset. In the second step the data should be assessed based
on virtual endoscopic renderings displaying
the inside of the colonic lumen. A virtual
endoscopic fly through allows the observer
to concentrate on the colon facilitating the
depiction of small structures protruding
into the colonic lumen. Furthermore, the
three dimensional depth perception permits the assessment of haustral fold morphology, thereby increasing the observer’s
ability to distinguish polyps from haustra.
To assure the complete visualisation of
both sides of haustral folds, the virtual fly
through should be performed in an antegrade as well as retrograde direction.

Dark lumen MRC
The detection of colorectal lesions with
“bright lumen” MRC relies on the visualisation of filling defects. Differential considerations for such a filling defect beyond polyps
include air bubbles as well as residual faecal
material. To permit differentiation datasets
are collected in both the prone and supine patient position: air and faecal material
move, while polyps remain stationary. While
effective in most instances, the technique
can introduce errors. Thus, polyps with a
long stalk may move sufficiently to impress
as a moving air bubble or more probably
residual stool, while stool adherent to the
colonic wall may not move at all and, thus,
Radiol Oncol 2007; 41(1): 1-12.
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falsely impress as a polyp. In addition to
obviating the need for the second, time consuming 3D data acquisition “dark lumen”
MRC facilitates the identification of polyps.
“Dark lumen” MRC focuses on the colonic wall. It is based on the contrast generated between a brightly enhancing colonic
wall and a homogeneously dark colonic lumen.26 The technique differs from “bright
lumen” MRC in the following manner:
1. Instead of gadolinium containing enema only tap water is rectally applied
rendering low signal on heavily T1
weighted 3D GRE acquisitions.
2. The colonic filling process is monitored
with a fluoroscopic T2w sequence,
rather than a T1w sequence.
3. To obtain a bright colonic wall paramagnetic contrast is applied intravenously.
3D datasets are collected before the application and after a 75 second delay.
4. As residual air exhibits no signal in the
colonic lumen, the examination needs
to be performed only in the prone patient position.
Compared with “bright lumen” MRC
that has been extensively evaluated in the
past, “dark lumen” MRC harbours considerable advantages including the reduced
examination and post-processing times, as
only one 3D dataset needs to be collected.
Furthermore, the “dark lumen” technique
copes with the problem of residual stool in
a simple manner: if the lesion enhances, it
is a polyp; if it does not enhance, it represents stool. Suspicious appearing lesions
are analysed by comparing signal intensities on the pre-contrast and post-contrast
images. If analyses were limited to the postcontrast dataset, bright stool could be misinterpreted as a polyp. A comparison with
the pre-contrast images records the lack of
contrast enhancement, which assures the
correct diagnosis.
The enhancement of colorectal masses
following the intravenous administration of
Radiol Oncol 2007; 41(1): 1-12.

contrast has been reported in conjunction
with MRC22 and CT colonography.23 The
use of intravenously administered contrast
material significantly improves the reader
confidence in the assessment of bowel wall
conspicuity and the ability to depict medium sized polyps in suboptimally prepared
colons. The enhancement observed within
polyps exceeds the increase determined
within the colonic wall. This may aid in differentiating even very small polyps from
thickened haustral folds.
A further advantage of “dark lumen”
MRC relates to the fact that it permits a direct analysis of the bowel wall. This might
facilitate the evaluation of inflammatory
changes in patients with inflammatory
bowel disease. Increased contrast uptake
and bowel wall thickening, as recorded on
contrast enhanced T1 weighted images,
have already been shown to correlate well
with the degree of inflammation in the
small bowel.27 Hence, the “dark lumen” approach may indeed amplify the list of indications for MRC in the future to encompass
also inflammatory bowel disease.
Finally, the intravenous application of
paramagnetic contrast permits a more comprehensive assessment of parenchymal
abdominal organs contained within the
field of view. By combining pre-contrast
and post-contrast T1 weighted imaging, the
liver can be accurately evaluated regarding the presence and type of concomitant
disease. Dark lumen MRC also offers new
perspectives regarding the optimisation of
bowel distension. Although the administration of water as a rectal enema does not adversely affect patient comfort in most cases,
a modified strategy could be based on the
application of gases like carbon dioxide.28
The gas is signalless and would thus easily
permit delineation of the contrast enhanced
colonic wall and masses.
The diagnostic performance of bright
lumen MRC was assessed in several stu-
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Table 1. Sensitivity and specificity of bright lumen MR
colonography (MRC)29
All lesions
Sensitivity
Specificity
PPV
NPV
Lesions >10 mm
Sensitivity
Specificity
PPV
NPV
PPV = Positive predictive value
NPV = Negative predictive value

27/58 = 47%
48/59 = 81%
27/38 = 71%
48/79 = 61%
13/14 = 93%
102/103 = 99%
13/14 = 93%
102/103 = 99%
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dies using conventional colonoscopy as the
standard of reference. While most mass
lesions smaller than 5 mm in size were
missed, almost all lesions exceeding 10
mm were correctly identified (Table 1).29
In a study by Pappalardo et al. MRC even
detected a higher total number of polyps
exceeding 10 mm in size than conventional
colonoscopy. MRC identified additional
polyps in regions of the colon not reached
by colonoscopy (Figure 6).

Figure 6. MR colonography. A, Bright lumen technique: 3D GRE sequence with water-gadolinium enema. B, Virtual
colonoscopy of normal ascending colon. C, D, Combined bright and black lumen technique: C, contrast-enhanced
3D spoiled T1-weighted GRE image and, D, nonenhanced 3D spoiled and balanced GRE image.
Radiol Oncol 2007; 41(1): 1-12.
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Faecal tagging
MRC still requires bowel cleansing in a
manner similar to conventional colonoscopy. As 75% of patients undergoing bowel preparation complain about symptoms
ranging from “feeling unwell” to “inability
to sleep”, patient acceptance is affected
negatively. To assure high patient acceptance of MRC, bowel cleansing needs to
be eliminated. This can be accomplished
with faecal tagging—a concept based on
modulating the signal intensity of faecal
material by adding contrast compounds to
regular meals.
Fitting the two approaches to MRC
(bright lumen and dark lumen); there are
also two theoretical approaches to faecal
tagging. Its principle was demonstrated on
the basis of a bright rectal enema distending the colonic lumen containing brightly
tagged stool in conjunction with bright lumen MRC. By adding a T1 shortening Gd
based MR contrast agent to regular meals
before the MR examination, harmonisation
of signal properties between faecal material
and the Gd based enema was achieved. The
oral administration of a paramagnetic MR
contrast agent (Gd-DOTA) has been shown
to be safe. The combination of faecal tagging with a paramagnetic contrast agent
and colonic filling results in a homogenous
signal distribution throughout the colon. In
these examinations virtual MRC permits
an unobstructed view through the colon
because the tagged stool is virtually indistinguishable from the administered enema.
Although encouraging results concerning
acceptance and image interpretation were
obtained, the clinical implementation of
bright lumen faecal tagging was hindered
by the high cost of the Gd based paramagnetic contrast agent.
A second strategy for faecal tagging is
based on rendering the colonic lumen dark.
For faecal tagging, a highly concentrated,
Radiol Oncol 2007; 41(1): 1-12.

barium sulphate containing contrast agent
(Micropaque; Guerbet, Sulzbach, Germany;
1 g barium sulphate/ml) is administered in
a volume of 200 ml with each of four main
meals beginning 36 hours before MRC.
Patients are instructed to avoid the intake
of all fibre rich foodstuff and nourishments
with high concentration of manganese such
as chocolate or fruits during this period,
as manganese leads to increased signal intensity in T1w sequences. “Barium based”
faecal tagging is combined with dark lumen
MRC: the colon is distended with a rectally
applied water enema and paramagnetic
contrast is administered intravenously to
render the colonic wall and adherent colorectal mass lesions bright.
Barium sulphate is a well known diagnostic contrast agent, still in common use as
an oral agent for oesophageal, gastric, and
small bowel radiography. Compared with
Gd based contrast compounds, it is far less
costly and characterised by an even better
safety profile. Anaphylactoid reactions or
other adverse side effects are virtually unknown. The agent is not absorbed and mixes well with stool. Thus, barium includes all
characteristics as an ideal oral tagging agent
for MRC.
The barium based approach to faecal
tagging has been successfully assessed. The
signal reducing effects upon stool has been
documented in volunteer studies. By ingesting barium before the MR examination,
stool is rendered virtually indistinguishable from the administered water enema
on heavily T1w 3D GRE image. The MR
examination without the prior ingestion of
barium reveals signal rich stool that cannot
readily be differentiated from the brightly
enhancing colonic wall.
Recently, the barium based faecal tagging concept has been successfully evaluated in a pilot patient study. Faecal tagged
MRC detected all polyps larger than 8 mm
in a population of 24 patients with known
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or suspected colorectal tumours. The overall sensitivity of MRC amounted to 89.3%
for the detection of colorectal masses, and
specificity was 100%. Colorectal cancers
and polyps were readily identified as such.
Although further work is required to
confirm these excellent results, it seems
that barium tagged MRC has vast potential to emerge as the examination strategy
of choice for the early detection of polyps
in asymtomatic subjects. The technique
seems to combine the excellent diagnostic
accuracy with the high patient acceptance
based on a painless examination and no
need for colonic cleansing.
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problem solving and interventions. CT and
MR colonography fit in this trend perfectly.
Both techniques have shown promising initial results in symptomatic patients and are
still in evolution. Before these techniques
can be implemented in daily practice, they
must show the same accuracy as colonoscopy and should be cost-effective in both
high-risk and screening patients.
The radiation-dose issue in CT colonography must be discussed, and a consensus on the maximum acceptable dose for
a screening patient must be reached. MR
colonography has the advantage of being a
zero-dose examination, but at this point, CT
colonography is faster and provides images
with higher resolution.

Conclusions
In conclusion, CT and MR colonography
are new techniques for imaging of the colon. In symptomatic patients, these new
techniques show promising results for the
detection of polyps equal to or larger than
1 cm in diameter. It must be remembered
that in all research protocols, colonoscopy
was considered to be the standard of reference, which implies that other imaging
modalities with which colonoscopy is compared will always perform worse. In most
studies, patients preferred CT colonography to conventional colonoscopy.
The bowel-cleansing regimen is considered to be cumbersome, so from the patient
acceptance point of view, faecal tagging
techniques are promising. Their value in
polyp detection still needs to be determined in large studies. In medicine, there
is a trend toward performing non-invasive
or less invasive imaging techniques rather
than older and more validated invasive
techniques. (MR angiography or CT angiography vs digital subtraction angiography,
MR cholangiopancreatography vs endoscopic retrograde cholangiopancreatography). The invasive techniques are used for

References
1. Potter JD, Stattery ML, Bostick RM, Gapstur
SM. Colon cancer: a review of epidemiology.
Epidemiologic Rev 1993; 15: 499-545.
2. Visser O, Coebergh JWW, Schouten LJ, et al.
Incidence of cancer in the Netherlands 1996. Utrecht:
Vereniging van integrale kankercentra; 2000.
3. Seidman H, Mushinski MH, Gelb SK, Silverberg E.
Probability of eventually developing and dying of
cancer: United States, 1985. CA Cancer J Clin 1985;
35: 36-56.
4. Muto T, Bussey HJR, Morson BC. The evolution of
cancer of the colon and rectum. Cancer 1975; 36:
2251-70.
5. Vogelstein B, Fearon ER, Hamilton SR, Kern SE,
Preisinger AC, Leppert M, et al. Genetic alterations during colorectal-tumor development. N Engl
J Med 1988; 319: 525-32.
6. Morson BC. The evolution of colorectal carcinoma.
Clin Radiol 1984; 35: 425-31.
7. Toribara NW, Sleisinger MH. Screening for colorectal cancer. N Engl J Med 1995; 332: 861-7.
8. Geenen RW, Hussain SM, Cademartiri F, Poley
JW, Siersema PD, Krestin GP. CT and MR colonography: scanning techniques, postprocessing, and
emphasis on polyp detection. Radiographics 2004;
24(1): e18. Epub 2003 Oct 3
Radiol Oncol 2007; 41(1): 1-12.

12

Vegar-Zubović S et al. / CT and MR colonography

9. Macari M, Lavell M, Pedrosa I. Effect of different
preparations on residual fluid at CT colonography.
Radiology 2001; 218: 274-7.

22. Ajai W, Lauenstein TC, Pelster G, Goehde SC,
Ruehm SG, Debatin JF. MR colonography: How
do es air compare to water for colonic distention. J
Magn Reson Imaging 2004; 19: 216-21.

10. Yee J, Hung RK, Akerkar GA, Wall SD. The usefulness of glucagon hydrochloride for colonic distention in CT colonography. AJR Am J Roentgenol 1999;
173: 169-72.

23. Fischbach R, Wessling J. CT-colonography using
multi-slice computed tomography. Electromedica
2001; 69(2): 116-9.

11. Luboldt W, Fletcher JG, Vogl TJ. Colonography:
current status, research directions and challenges:
update 2002. Eur Radiol 2002; 12: 502-24.

24. Interventional procedure guidance 129. London:
National Institute for Health and Clinical
Excellence; 2005; ISBN 1-84629-042-2.

12. Fletcher JG, Luboldt W. CT colonography and MR
colonography: current status, research directions
and comparison. Eur Radiol 2000; 10: 786-801.

25. Ajaj W, Pelster G, Treichel U, Vogt FM, Debatin
JF, Ruehm SG, et al. Dark lumen magnetic resonance colonography: comparison with conventional colonoscopy for the detection of colorectal
pathology. Gut 2003; 52: 1738-43.

13. van Gelder RE, Venema HW, Serlie IW, Nio CY,
Determann RM, Tipker CA, et al. CT colonography at different radiation dose levels: feasibility of
dose reduction. Radiology 2002; 224: 25-33.
14. Lauenstein T, Goyen M. Dark-lumen MR colonography. Highlights in MRI. Essen: Department
of Diagnostic and Interventional Radiology
University Hospital Essen; 2004.
15. Landis SH, Murray T, Bolden S, Wingo PA. Cancer
statistics, 1998. CA Cancer J Clin 1998; 48: 6-29.
16. O’Brien MJ, Winawer SJ, Zauber AG, Gottlieb LS,
Sternberg SS, Diaz B, et al. The National Polyp
Study. Patient and polyp characteristics associated
with high-grade dysplasia in colorectal adenomas.
Gastroenterology 1990; 98: 371-9.
17. Luboldt W, Debatin JF. Virtual endoscopic colonography based on 3D MRI. Abdom Imaging 1998; 23:
568-72.
18. Lauenstein TC, Herborn CU, Vogt FM, Gohde SC,
Debatin JF, Ruehm SG. Dark lumen MR-colonography: initial experience. Rofo 2001; 173: 785-9.
19. Schoenenberger AW, Bauerfeind P, Krestin GP,
Debatin JF. Virtual colonoscopy with magnetic
resonance imaging: in vitro evaluation of a new
concept. Gastroenterology 1997; 112: 1863-70.
20. Vining DJ, Shifrin RY, Grishaw EK, Liu K, Gelfand
DW. Virtual colonoscopy. [Abstract]. Radiology
1994; 193: 446.
21. Luboldt W, Bauerfeind P, Steiner P, Fried M,
Krestin GP, Debatin JF. Preliminary assessment
of three-dimensional magnetic resonance imaging for various colonic disorders. Lancet 1997;
349:1288-91.

Radiol Oncol 2007; 41(1): 1-12.

26. Lauenstein TC, Goehde SC, Ruehm SG, Holtmann
G, Debatin JF. MR colonography with bariumbased fecal tagging: initial clinical experience.
Radiology 2002; 223: 248-54.
27. Vandaele P, Oliva MR, Barish MA, Mortelé KJ. CT
colonography: the essentials. Applied Radiology
2006; 35(1): 246-9.
28. Debatin JF, Lauenstein TC. Virtual magnetic resonance colonography. Gut 2003; 52(Suppl 4): iv1722.
29. Luboldt W, Bauerfeind P, Wildermuth S, Marincek
B, Fried M, Debatin JF. Colonic masses: detection with MR colonography. Radiology 2000; 216:
383–8.

