
TECHNOLOGY STATUS EVALUATION REPORT

Update on CT colonography
The American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee provides reviews of exist-
ing, new, or emerging endoscopic technologies that
have an impact on the practice of GI endoscopy. Evi-
dence-based methodology is used with a MEDLINE litera-
ture search to identify pertinent clinical studies on the
topic and a MAUDE (Food and Drug Administration
Center for Devices and Radiological Health) database
search to identify the reported complications of a given
technology. Both searches are supplemented by accessing
the ‘‘related articles’’ feature of PubMed and by scruti-
nizing pertinent references cited by the identified studies.
Controlled clinical trials are emphasized, but, in many
cases, data from randomized controlled trials are lack-
ing. In such cases, large case series, preliminary clinical
studies, and expert opinions are used. Technical data are
gathered from traditional and Web-based publications,
proprietary publications, and informal communica-
tions with pertinent vendors.

Technology Status Evaluation Reports are drafted by
1 or 2 members of the ASGE Technology Committee,
reviewed and edited by the committee as a whole, and
approved by the governing board of the ASGE. When
financial guidance is indicated, the most recent coding
data and list prices at the time of publication are pro-
vided. For this review, the MEDLINE database was
searched through September 2008 for articles related to
CT colonography by using the keywords ‘‘CT colonogra-
phy,’’ ‘‘virtual colonoscopy,’’ ‘‘screening,’’ and ‘‘cancer.’’

Technology Status Evaluation Reports are scientific
reviews provided solely for educational and informa-
tional purposes. Technology Status Evaluation Reports
are not rules and should not be construed as establishing
a legal standard of care or as encouraging, advocating,
requiring, or discouraging any particular treatment or
payment for such treatment.

BACKGROUND

The term CT colonography (CTC) refers to using heli-
cal-CT scanning and computers to produce high-resolu-
tion 2-dimensional (2D) and 3-dimensional (3D) imaging
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of the colon.1 Other terms used to describe these tech-
niques include virtual colonoscopy and CT colography.
This technique of virtual imaging of the colon can also
be accomplished with magnetic resonance imaging,2 but
this review focuses on the CT technique.

TECHNICAL CONSIDERATIONS

The technique for CTC involves the following steps: (1)
bowel cleansing and stool labeling, (2) colon insufflation,
(3) image acquisition, and (4) image processing and
interpretation.

Bowel cleansing
Current techniques require meticulous bowel prepara-

tion analogous to that required for endoscopic colono-
scopy. Retained intraluminal fluid or stool can result in
visual artifacts. For CTC, osmotically active preparations,
such as oral sodium phosphate laxatives, offer low fluid
residual compared with polyethylene-glycol–based prepa-
rations.3,4 Recently reported series used combined bowel
cleansing and contrast labeling of residual stool with bar-
ium and residual liquids with water-soluble contrast me-
dium (diatrizoate meglumine and diatrizoate sodium,
Gastrografin [Bracco Diagnostics, Princeton, NJ], or
MD-Gastroview [Mallinckrodt Inc, St Louis, Mo]) in the
colonic lumen have yielded improved accuracy.5-7 Feasi-
bility studies are being performed to evaluate the poten-
tial to identify polyps without a colon preparation.8 The
term ‘‘prep-less’’ CTC is a misnomer, because oral label-
ing of the stool is required as is per rectal colon insuffla-
tion with air or carbon dioxide. Another potential
drawback to ‘‘prep-less’’ CTC is the inability to have
same-day colonoscopy should CTC document an
abnormality.9

Colon insufflation
Colon insufflation distends the lumen to facilitate mu-

cosal imaging. Failure to adequately distend the colon
may obscure lesions or yield false-positive findings. The
colon is distended with air or carbon dioxide via a rectal
tube. A scout film is obtained to assess for satisfactory co-
lon distention. Carbon dioxide given by an automated low-
pressure delivery system has replaced manual insufflation
with air.10-12 Rapid resorption of carbon dioxide through
the colonic wall may account for decreased discomfort af-
ter the procedure and has become the standard means of
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distention. Glucagon as an antispasmodic agent has not
been consistently shown to improve distension of the co-
lon and adds complexity to the procedure.13-15

Image acquisition
Helical CT technology has unique advantages over

conventional CT scanning for virtual image rendering.
Conventional CT examinations take sequential static
cross-sectional images that require longer image acquisi-
tion times and multiple breath holds, which result in imag-
ing gaps and artifacts. Helical CT moves the patient
continuously through a rotating x-ray beam during a single
breath hold, which limits image gaps and motion artifact.
With the development of multidetector CT scanners, nar-
row x-ray collimation (1.0-1.5 mm) and shortened image
acquisition times (15-20 seconds) have further reduced ar-
tifacts. Patients are scanned in the prone and supine posi-
tion, and more than 500 potential image slices for colon
reconstruction are obtained. IV contrast is not required
in CTC.

Image processing and interpretation
The images are processed by means of commercially

available software packages that simultaneously display
2D axial, coronal, and sagittal images of a given point des-
ignated by the radiologist. In addition, the software will
simultaneously display a 3D endoluminal view that simu-
lates colonoscopic imaging. Several software programs al-
low automatic luminal centering, multidirectional viewing
(eg, to see both sides of colonic folds), color enhancement
of the wall to indicate abnormalities, reporting of a lesion’s
location, calculation of unseen surface area, and simulated
gross anatomic reconstruction of the colon laid open for
an en face inspection.16 Initial reports primarily used 2D
imaging, with 3D review of uncertain regions and lesions.
More recent studies used both 2D and 3D views. Data from
the American College of Radiology Imaging Network
(ACRIN) trial demonstrated that 2D and 3D reconstruc-
tions with sophisticated software yielded equal efficacy.17

Automated polyp detection software is pending U.S.
Food and Drug Administration clearance.

INDICATIONS

CTC is used in patients with obstructing colon cancer,
which allows simultaneous preoperative tumor staging
and inspection of the proximal colon for synchronous le-
sions.18,19 CTC may be used adjunctively in patients who
have had incomplete colonoscopy20 and is preferred
over barium enema.21 There are not enough data to sup-
port the use of CTC in the primary evaluation of patients
with symptoms related to the lower digestive tract. Al-
though earlier guidelines indicated that there were insuf-
ficient data to support the use of CTC for colorectal
cancer screening,22-26 the 2008 updated screening recom-
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mendations from the American Cancer Society, the U.S.
Multi-Society Task Force on Colorectal Cancer, and the
American College of Radiology included CTC as a screen-
ing option for the early detection of colorectal cancer and
adenomatous polyps for asymptomatic adults aged 50
years and older.27 It was recommended that screening of
average-risk individuals commence at age 50 years. The
group recommended that colonoscopy be offered to all
patients whose largest polyp is 6 mm or larger. The inter-
val for repeated CTC is uncertain but a repeated examina-
tion was recommended at 5-year intervals until additional
data become available. A 2008 updated systematic review
on colorectal cancer screening by the U.S. Preventive Ser-
vices Task Force (USPSTF) determined that CTC appeared
as likely as colonoscopy to detect lesions 10 mm or larger
but may be less sensitive for smaller adenomas. Given the
potential radiation-related harms, the indeterminate
downstream health effects of extracolonic findings, and
the uncertain fidelity of test performance of CTC in com-
munity settings, the USPSTF concluded that the evidence
was insufficient to assess the benefits and harms of CTC as
a screening modality for colorectal cancer.28

EFFICACY

CTC imaging has been compared with colonoscopy in
multiple studies. The reported sensitivity and specificity
to detect all polyps range widely and decrease with de-
creasing polyp size. Earlier studies that used 2D imaging
but did not include stool and fluid tagging demonstrated
a low sensitivity and specificity for the detection of
polyps.5,29-31 A study of 1233 asymptomatic adults that
used experienced radiologists, stool and fluid tagging,
and 2D and 3D imaging reported a sensitivity and specific-
ity of 94% and 96%, respectively, for polyps at least 10 mm
in diameter and 89% and 80%, respectively, for polyps at
least 6 mm in diameter.7 The negative predictive value of
CTC was more than 99% for adenomatous polyps that mea-
sured 8 mm or more in diameter. In a nonrandomized
study of patients undergoing either colonoscopy (3120 pa-
tients) or CTC (3163 patients), the rate of detection of ad-
vanced neoplasms was similar in the CTC group (3.2%) and
the colonoscopy group (3.4%). Patients with only 1 or 2
polyps 6 to 9 mm in size were offered CTC surveillance in
3 years or colonoscopy, whereas, polyps smaller than
5 mm were not reported. In the CTC group, 561 polyps
were removed in contrast to 2434 in the colonoscopy
group. The referral rate for colonoscopy in the primary
CTC screening group was 7.9% (246/3120 patients). The
perforation rate in the colonoscopy group (7/3163) was
much higher than reported in the literature. In the ACRIN
6664 trial, 2531 study participants at 15 institutions each
had a CTC followed by a colonoscopy on the same day.17

This study demonstrated a 90% sensitivity and 86% speci-
ficity for identifying patients with adenomas 10 mm or
2 : 2009 www.giejournal.org
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larger and a 78% sensitivity and 88% specificity for lesions
6 mm or larger. The per patient positive predictive value
was 23%, and the negative predictive value was 99% for
polyps 10 mm or larger. The per patient sensitivity for ad-
enomas that were 6 mm or more in diameter was 78%. In
this screening population, the prevalence of neoplastic le-
sions R 6 mm was low at 8.3%. In this study, 17% of patients
would be referred for colonoscopy for a lesion 5 mm or
larger versus 12% if the threshold was 6 mm or larger.
The radiologists in this study were experts who had inter-
preted 500 CTC examinations or had participated in a spe-
cialized 1.5-day training session. Several studies suggested
that the detection of flat adenomas by CTC is poor.32-34

Extracolonic findings are identified in 6% to 8% of
asymptomatic individuals and add to the cost of CTC.35-37

In the ACRIN study, 16% of patients had extracolonic find-
ings that required further evaluation.17 Defining what is
an important extracolonic lesion that requires follow-up is
controversial. Potentially important lesions include extraco-
lonic cancers; abdominal aortic aneurysms; adrenal adeno-
mas; lung nodules; and renal, ovarian, hepatic, and splenic
cysts. Kim et al38 identified 241 extracolonic findings in
3120 asymptomatic patients (7.7%) screened with CTC,
which resulted in a recommendation for an additional
test or procedure. There were 8 extracolonic cancers iden-
tified (0.3%).

The Computed Tomographic Colonography Reporting
and Data System was developed to standardize findings
on CTC.39 These include a classification scheme for extrac-
olonic abnormalities. The categories are E1 (normal or
anatomical variant), E2 (clinically unimportant finding),
E3 (probably unimportant, incompletely characterized),
or E4 (potentially important finding).

EASE OF USE AND LIMITATIONS

After patient preparation and colon insufflation, CTC re-
quires a scan time of no longer than 15 seconds per acquisi-
tion (supine and prone), with the patient spending 1 to 2
minutes in the scanner. Typically, the entire procedure on
the CT table takes approximately 10 minutes.27 Sedation is
not used. Image generation may be as short as 10 minutes.
Radiologist interpretation time is variable. In the ACRIN
study, the radiology interpretation ranged from 19 to 25 min-
utes (19 minutes for primary 2D image review and 25 min-
utes for primary 3D image review).17 As described above,
a rigorous training program was instituted and required
for all radiologists who participated in the study. Endoscop-
ists who perform colonoscopy are well equipped to discuss
with the patient the implications of diminutive polyps and to
perform a therapeutic colonoscopy. A position paper that
described the training process for gastroenterologists to
read the intraluminal findings has been published.40

Patient acceptance of CTC and colonoscopy are favor-
able and comparable, with no consistent preference.41-43
www.giejournal.org Volume 69
It is not known if the availability of CTC would prompt
unscreened patients to elect to be screened. In addition,
there is uncertainty of how dissemination of CTC would
impact existing screening modalities, for example, colono-
scopy. In April 2004, 3 private health plans in Wisconsin
initiated coverage for CTC screening to be performed at
the University of Wisconsin. In the first 33 months of
this program, there was no change in the number of
screening colonoscopies or therapeutic (polypectomy)
procedures performed.44 Because CTC does not require
sedation, those associated costs and risks are avoided.

CTC is more accurate for lesion localization than colo-
noscopy. Because synchronous cross-sectional imaging is
performed, CTC has the potential to detect extracolonic
abnormalities that may or may not benefit the asymptom-
atic patient. CTC does not offer the potential for tissue
sampling or polypectomy. Patients with polyps detected
on CTC, both true and false positives, will require
colonoscopy.

SAFETY

There are rare reported complications from CTC.
Potential complications include those related to colonic
preparation, colon insufflation,45 and radiation expo-
sure.46,47 Colonic perforation is rare and more common
in symptomatic patients who undergo manual air insuffla-
tion as opposed to automated low-pressure carbon diox-
ide insufflation. Burling et al48 reported 9 perforations in
17,067 CTC examinations (0.08%) at 50 institutions in
the United Kingdom. In another study, of 11,870 cases per-
formed at 11 institutions, there were 7 perforations
(0.06%).49 The vast majority of perforations were in pa-
tients being evaluated because of symptoms. The Interna-
tional Working Group on Virtual Colonoscopy reported
no perforations in more than 11,000 screening CTC exam-
inations and one perforation in 22,000 screening and diag-
nostic CTC examinations (0.005%).45

Radiation exposure is of concern, especially in patients
who are obese and in those patients undergoing repeated
examinations to follow-up small polyps left in situ. The
radiation dosage is comparable with a barium enema
examination.50 In one model that uses ‘‘typical’’ current
scanner techniques, an approximately 0.14% increased
lifetime cancer risk was calculated for a 50-year-old patient
undergoing a single CTC.46 It was further suggested that
these values could probably be reduced by a factor of 5
or 10 with optimized CTC protocols. Imaging with
lower-dose radiation would be an advance and is currently
under study.51,52

The safety of not removing polyps 6 to 9 mm in size or
not reporting polyps 5 mm or smaller is controversial.
Radiologists consider a screening CTC positive if a lesion
6 mm or larger is encountered.53 A radiology consensus
proposal suggests a 3-year follow-up interval for CTC
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surveillance of 1 or 2 small polyps.39 Although the risk of
advanced neoplasia in these polyps is low,54 it has been
proposed that patients with any polyp R 6 mm in size
or 3 polyps of any size should be offered colonoscopy
and polypectomy.55 Furthermore, the findings of 1 or 2
polyps !5 mm with moderate to high confidence should
be reported, and, if patients are not offered polypectomy,
then they should be informed of the findings. In the 2008
consensus colorectal cancer screening guidelines, the
panel concluded that colonoscopy and polypectomy
should be recommended if patients have one or more
polyps 6 mm or larger.27

FINANCIAL CONSIDERATION

Category III Current Procedural Terminology (CPT)*
codes for diagnostic (0067T) and screening (0066T) CTC
were published in the 2005 CPT, and, subsequently,
many Medicare contractors published local coverage poli-
cies that allow for payment for diagnostic CTC in circum-
stances in which colonoscopy was incomplete because of
anatomic issues (eg, obstructing cancer).56 Payment rates
and allowable ICD-9 codes vary by contractor (these can
be found on the Centers for Medicare and Medicaid Ser-
vices [CMS] Local Coverage Determination Web site at
cms.hhs.gov/mcd); private payers are generally less likely
to cover CTC, even in limited circumstances. After the re-
lease of colorectal cancer screening guidelines by the
American Cancer Society and the U.S. Multi-society Task
Force,27 CMS initiated a national coverage analysis for
the use of CT for colorectal cancer screening, expected
to be concluded in 2009. CMS has the option of providing
screening benefits for CTC. With the publication of the
ACRIN study,17 it is expected that CPT Category I code
proposals will move forward (for publication in 2010 if
adopted by February 2009) and that CMS may well allow
for use of screening applications of CTC. It is unsettled
whether gastroenterologists will legally be able to work
with radiologists to share professional reading fees and
how coverage of extracolonic findings will emerge.

Several cost-effectiveness models were developed for
screening applications of CTC.57-60 The cost-effectiveness
of CTC versus other screening strategies is sensitive to
the performance characteristics of CTC, the cost of CTC,
and the threshold to refer patients for colonoscopy. In
one model, managing smaller polyps detected on a screen-
ing CTC with another CTC examination 3 years later will
likely result in more deaths and cancers than immediate
colonoscopy and polypectomy,57 whereas in another

* Current Procedural Terminology (CPT�) is copyright 2008 American

Medical Association. All Rights Reserved. No fee schedules, basic units,

relative values, or related listings are included in CPT. The AMA assumes

no liability for the data contained herein. Applicable FARS/DFARS

restrictions apply to government use.
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model, CTC with nonreporting of diminutive lesions was
found to be the most cost effective and safest screening
option.58,59 False-positive and incidental extracolonic find-
ings on CTC lead to additional investigation and cost.
CTC-directed colonoscopy for diminutive polyps may de-
crease efficiency in the endoscopy unit, because addi-
tional time is spent trying to identify polyps, both true
and false positives, seen on CTC.61

AREAS OF FUTURE RESEARCH

To further define the optimal role of CTC, particularly in
the realm of colorectal cancer screening, several issues need
to be clarified with future studies. Further evidence-based
studies are needed to define the optimal screening interval
of CTC and the surveillance interval for diminutive polyps.
Further cost-effectiveness studies of this technology, incor-
porating the life years gained or lost with an evaluation of
extracolonic findings, various thresholds for colonoscopy
referral, and morbidity of radiation exposure, are war-
ranted. Most importantly performance of CTC in commu-
nity-based medical practices remains uncertain. Training
guidelines to promote high-quality screening needs to be
defined, along with metrics to confirm the quality in the per-
formance of CTC.62 The impact of patient education on the
decision to have CTC versus colonoscopy and whether or
not to have colonoscopy after a small lesion is identified
on CTC needs to be determined.

CONCLUSIONS

CTC is a radiologic method to examine the colon. The
accuracy for detection of polyps improves with increasing
polyp size and is comparable with colonoscopy for polyps
10 mm or larger by using multidetector scanners, stool
and fluid tagging, 2D and 3D imaging, and interpretation
by experts with appropriate training. However, the detec-
tion of polyps smaller than 10 mm and flat polyps is
inferior to colonoscopy, and this should be considered
by providers and patients when considering screening
options. CTC is preferred to a barium enema for evalua-
tion of the colon proximal to an obstructing lesion and
in patients with an incomplete colonoscopy. Several out-
standing issues, including reporting of polyps 5 mm or
smaller, the threshold polyp size for colonoscopy referral,
intervals for repeated examinations, training, and radia-
tion exposure must be thoroughly addressed before the
optimal role of CTC in colorectal cancer screening is
defined.

Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; ACRIN, American

College of Radiology Imaging Network; ASGE, American Society for

Gastrointestinal Endoscopy; CMS, Centers for Medicare and Medicaid

Services; CPT, Current Procedural Terminology; CTC, CT colonography;

USPSTF, U.S. Preventive Services Task Force.
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