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Background: Computed tomographic (CT) colonography, also
called virtual colonoscopy, is an evolving technology under eval-
uation as a new method of screening for colorectal cancer. How-
ever, its performance as a test has varied widely across studies,
and the reasons for these discrepancies are poorly defined.

Purpose: To systematically review the test performance of CT
colonography compared to colonoscopy or surgery and to assess
variables that may affect test performance.

Data Sources: The PubMed, MEDLINE, and EMBASE databases
and the Cochrane Controlled Trials Register were searched for
English-language articles published between January 1975 and
February 2005.

Study Selection: Prospective studies of adults undergoing CT
colonography after full bowel preparation, with colonoscopy or
surgery as the gold standard, were selected. Studies had to have
used state-of-the-art technology, including at least a single-detec-
tor CT scanner with supine and prone positioning, insufflation of
the colon with air or carbon dioxide, collimation smaller than 5
mm, and both 2-dimensional and 3-dimensional views during
scan interpretation. The evaluators of the colonogram had to be
unaware of the findings from use of the gold standard test.

Data Abstraction: Data on sensitivity and specificity overall
and for detection of polyps less than 6 mm, 6 to 9 mm, and
greater than 9 mm in size were abstracted. Sensitivities and spec-
ificities weighted by sample size were calculated, and heteroge-
neity was explored by using stratified analyses and meta-regres-
sion.

Data Synthesis: 33 studies provided data on 6393 patients. The
sensitivity of CT colonography was heterogeneous but improved
as polyp size increased (48% [95% CI, 25% to 70%] for detec-
tion of polyps <6 mm, 70% [CI, 55% to 84%] for polyps 6 to 9
mm, and 85% [CI, 79% to 91%] for polyps >9 mm). Character-
istics of the CT colonography scanner, including width of collima-
tion, type of detector, and mode of imaging, explained some of
this heterogeneity. In contrast, specificity was homogenous (92%
[CI, 89% to 96%] for detection of polyps <6 mm, 93% [CI, 91%
to 95%] for polyps 6 to 9 mm, and 97% [CI, 96% to 97%] for
polyps >9 mm).

Limitations: The studies differed widely, and the extractable
variables explained only a small amount of the heterogeneity. In
addition, only a few studies examined the newest CT colonogra-
phy technology.

Conclusions: Computed tomographic colonography is highly
specific, but the range of reported sensitivities is wide. Patient or
scanner characteristics do not fully account for this variability, but
collimation, type of scanner, and mode of imaging explain some
of the discrepancy. This heterogeneity raises concerns about con-
sistency of performance and about technical variability. These
issues must be resolved before CT colonography can be advocated
for generalized screening for colorectal cancer.
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Colorectal cancer is the second most frequent cause of
cancer-related death in the United States. Nearly

150 000 new cases and 60 000 deaths occur each year from
this disease (1). Because colorectal cancer develops insidi-
ously over time as genetic mutations accumulate in clini-
cally silent adenomatous polyps, it is most commonly di-
agnosed at an advanced stage (2–4). If the condition is
diagnosed at an early stage, the prognosis is favorable, with
5-year survival rates exceeding 90% (5, 6). Colorectal can-
cer, unlike many other types of cancer, can be prevented by
removal of precancerous lesions. The long preclinical
phase, early detectability, and improved prognosis of colo-
rectal cancer have established the need for an accurate
screening method.

Various screening tests in current use reduce the inci-
dence and rate of death from colorectal cancer (7, 8). De-
spite the proven efficacy of these tests, however, patient
adherence to screening guidelines is low: Only 30% to
45% of persons eligible for screening undergo such tests.
Low adherence rates are believed to be due to poor public
awareness and poor public acceptance of current screening
techniques (9–13).

An increasingly popular screening test for colorectal

cancer is computed tomographic (CT) colonography, also
known as CT colography or virtual colonoscopy. Computed
tomographic colonography was first described in 1994 as a
radiographic technique in which thin-section images of
pneumocolon could be reconstructed by sophisticated soft-
ware into high-resolution 2- and 3-dimensional images
(14). Over time, improvements in hardware and software
have allowed faster scanning, reduced exposure to radia-
tion, and better imaging. Newer modes of imaging (called
fly-through) can produce results that resemble endoscopic
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images and permit sophisticated characterization of de-
tected lesions (15–17). Early studies primarily used the
spiral CT scanner, which has limitations in spatial resolu-
tion that can make small polyps more difficult to detect
(17). The multidetector CT scanner has permitted rapid
acquisition of finer images, obtained during a single
breath-hold, that can greatly improve image quality and
spatial resolution (17, 18). Many aspects of this technology
are under study, including software that assists in detection
of lesions, refinements in image reconstruction, and stool
tagging (19–21). The latter development relies on inges-
tion of contrast material over several days or hours, after
which software digitally subtracts residual solid and fluid
fecal material from the acquired images, creating a “virtu-
ally clean” mucosal surface (22, 23). This technique may
improve sensitivity and may someday obviate the need for
bowel cleansing before examination.

Although it is touted as a less invasive screening
method than flexible sigmoidoscopy or colonoscopy, CT
colonography typically requires full bowel cleansing and
insufflation of air through the rectum (24). Studies have
suggested that CT colonography may be similar, and in
some cases preferable, to colonoscopy in terms of comfort
and acceptability, but no convincing difference between
these 2 approaches has been demonstrated (25–31). If vir-
tual colonoscopy is found to have equivalent test charac-
teristics, improve patient adherence, and be safer or less
expensive than colonoscopy, it may be more cost-effective
and become the screening method of choice (32, 33).

Studies of the test characteristics of CT colonography
have had mixed results. Pickhardt and colleagues used CT
colonography in 1233 patients and found a sensitivity of
93.9% for adenomatous polyps larger than 8 mm (25).
Other studies have had less favorable results, with sensitiv-
ities as low as 55% for polyps larger than 10 mm, raising
concerns about the overall test performance of CT
colonography when used in a broader range of settings
(34). Various reasons for these discrepant results have been
offered, but the source of this heterogeneity has not been
fully explored (16, 35, 36). Such assessment is needed be-
cause patients and providers look to this technology in the
hope of improving screening rates (29).

We systematically reviewed the literature to assess the
test performance of CT colonography compared with
colonoscopy or surgery, to define characteristics of these
studies, and to attempt to explain the sources of conflicting
results.

METHODS

Study Identification and Selection
We searched the PubMed, EMBASE, and MEDLINE

databases and the Cochrane Controlled Trials Register for
all relevant articles published in the English language be-
tween 1975 and February 2005 by using the Medical Sub-
ject Headings or text words virtual colonoscopy, CT colonog-

raphy, CT colography, or CT pneumocolon. The title and
abstract of potentially relevant studies and review articles
were screened for appropriateness before retrieval of the
full articles. Two reviewers independently searched the lit-
erature. Inclusion criteria were a prospective, blinded de-
sign (in which results of CT colonography were interpreted
independently of findings on colonoscopy or during sur-
gery); enrollment of adult patients who were to undergo
CT colonography after a full bowel preparation, followed
by complete colonoscopy or surgery; and use of at least a
single-detector CT scanner, with colon insufflation by air
or carbon dioxide, scan intervals no greater than 5 mm,
and use of both 2-dimensional and 3-dimensional views
during scan interpretation.

Study Quality
Two observers independently extracted data on test

characteristics; study setting; patients; and components of
methodologic quality that may be associated with bias in
test accuracy studies, including disease severity, disease
prevalence, prospective design, relevant clinical sample (as
opposed to a diagnostic case–control study), enrollment of
a series of consecutive patients, assurance that all patients
underwent reference testing, performance and interpreta-
tion of the index test without knowledge of the results of
the reference test, and performance and interpretation of
the reference test without knowledge of the results of the
index test (33). A piloted standardized data extraction sheet
was used, and disagreements were resolved by consensus.

Data Abstraction
We abstracted characteristics of the study (design,

country, year, reference standard, and type of contrast
used), patients (demographic and risk for colorectal can-
cer), scanners (manufacturer, type of viewer, type of con-
trast, software, and hardware), and study quality. Sensitiv-
ity and specificity were calculated per patient, per polyp,
and for polyps of 3 size categories: smaller than 6 mm, 6 to
9 mm, and larger than 9 mm. When data on test perfor-
mance were reported for 2 or more separate CT colonog-
raphy readers, we calculated an average value. When pos-
sible, we excluded data on double readings. If a study
reported data related specifically to adenomas instead of
polyps, in general, we abstracted only the data for adeno-
mas. For studies that performed retrospective analysis (for
example, fly-through imaging in the study by Cotton and
associates [34]), we abstracted only data on CT colonogra-
phy findings before colonoscopy. If data could not be ex-
tracted or calculated from the manuscript with confidence,
none were entered. Two reviewers independently abstract-
ed data, and disagreements were resolved by consensus.

Statistical Analysis
Pooled sensitivities and specificities on a per-patient

basis were combined and weighted according to sample
size. Confidence intervals for each study were calculated by
using exact binomial methods in a random-effects model.
We focused our analysis on per-patient data because this is
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the most important perspective for a screening test, where-
as per-polyp data emphasize the ability of CT colonogra-
phy to find colonic lesions. That is, the latter analysis as-
sesses the performance of the technology rather than its

utility as a screening tool. Heterogeneity was assessed by
using the I2 statistic (37). The I2 statistic provides an esti-
mate of the amount of variance due to heterogeneity rather
than chance and is based on the traditional measure of

Table 1. Characteristics of the 33 Included Studies*

Study, Year
(Reference)

Patients,
n

Mode of
Imaging

Collima-
tion, mm

Recon-
struction

Type of
Scanner

Contrast
Material
Used?

Gold Standard Software†

Rockey et al., 2005 (68) 614 Primarily 2-D, with
3-D confirmation

2.5 1 Multidetector No Segmentally unblind-
ed colonoscopy

Vitrea 3.2

Chung et al., 2005 (69) 51 2-D and 3-D 0.75 1 Multidetector Intravenous
contrast

Colonoscopy and
surgery

Rapidia

Cotton et al., 2004 (34) 600 Primarily 2-D, with
3-D confirma-
tion‡

NR 1.5/1.0 Mixed No Segmentally unblind-
ed colonoscopy

Picker/Siemens

Van Gelder et al., 2004
(40)

249 Primarily 3-D, with
2-D confirmation

4 � 2.5 1.6 Multidetector No Colonoscopy, opti-
mized colonos-
copy§

Proprietary

Macari et al., 2004 (42) 186 2-D and 3-D 4 � 1 1.25 Multidetector No Colonoscopy Vitrea 2
Macari et al., 2004 (41) 68 Primarily 2-D, with

3-D confirmation
4 � 1 1.25 Multidetector No Colonoscopy Vitrea 2

Hoppe et al., 2004 (43) 92 Primarily 2-D, with
3-D confirmation

2 1 Multidetector Intravenous
contrast�

Segmentally unblind-
ed colonoscopy

Voxtool 3.0.51f

Pickhardt et al., 2003
(25)

1233 Flythrough and
2-D

1.25–2.5 1 Multidetector Oral contrast Segmentally unblind-
ed colonoscopy

Viatronix V3D
1.2

Iannacconne et al., 2003
(44)

158 Primarily 2-D, with
3-D confirmation

3 1 Multidetector Intravenous
contrast

Colonoscopy Vitrea 2.6

Johnson et al., 2003 (45) 703 Primarily 2-D, with
3-D confirmation

5 3 Single detector No Colonoscopy Freeflight (de-
veloped in-
ternally)

Pineau et al., 2003 (46) 205 2-D and 3-D 5 1 Single detector Oral contrast Segmentally unblind-
ed colonoscopy

Proprietary

Taylor et al., 2003 (47) 54 Primarily 2-D, with
3-D confirmation

1.25–2.5 Half nominal Multidetector Intravenous
contrast�

Segmentally unblind-
ed colonoscopy

Advantage

Ginnerup Pedersen et al.,
2003 (48)

148 Primarily 2-D, with
3-D confirmation

3 1.6 Multidetector No Segmentally unblind-
ed colonoscopy

MxView

Yee et al., 2003 (49) 182 Flythrough and
2-D

3 Single detector No Colonoscopy Navigator

Munikrishnan et al.,
2003 (50)

80 Primarily 2-D, with
3-D confirmation

1 1 Multidetector Intravenous
contrast

Colonoscopy Not stated

Laghi et al., 2002 (51) 165 2-D and 3-D 3 or 1 2 or 1 Mixed Intravenous
contrast�

Colonoscopy Vitrea 2.0/2.2

Gluecker et al., 2002
(52)

50 2-D and 3-D 5 2 Multidetector No Colonoscopy Advantage/
Navigator

Lefere et al., 2002 (22) 100 2-D and 3-D 3 5 Single detector Oral con-
trast�

Segmentally unblind-
ed colonoscopy

Endoview Easy
Vision

Macari et al., 2002 (53) 105 Primarily 2-D, with
3-D confirmation

1 1.25 Multidetector No Colonoscopy Vitrea 2.0

McFarland et al., 2002
(54)

70 Primarily 2-D, with
3-D confirmation

5 2 Single detector No Colonoscopy Vitrea 1.2

Yee et al., 2001 (55) 300 2-D and 3-D 3 1.5 Single detector No Colonoscopy Navigator
Hara et al., 2001 (56) 237 2-D and 3-D 5 3 Mixed No Colonoscopy Proprietary
Spinzi et al., 2001 (57)¶ 96 Primarily 3-D, with

2-D confirmation
5 2.5 Single detector No Colonoscopy Navigator

Fletcher et al., 2000 (58) 180 Primarily 2-D, with
3-D confirmation

5 3 Single detector Oral contrast Colonoscopy Proprietary

Morrin et al., 2000 (59) 81 Primarily 2-D, with
3-D confirmation

3 1.5 Mixed Intravenous
contrast�

Colonoscopy and
surgery

Advantage

Mendelson et al., 2000
(60)

53 2-D and 3-D 5 2 Single detector No Colonoscopy Navigator

Macari et al., 2000 (61) 42 2-D and 3-D 5 2.5 Single detector No Colonoscopy Advantage/
Navigator

Morrin et al., 2000 (59) 34 Primarily 2-D, with
3-D confirmation

3 1.5 Single detector Intravenous
contrast�

Optimized colonos-
copy§ and surgery

Advantage

Fenlon et al., 1999 (63) 100 2-D and 3-D 5 2 Single detector No Colonoscopy Episcope 3.4/
Voyager

Rex et al., 1999 (64) 46 2-D and 3-D 5 2 Single detector No Optimized colonos-
copy§

Proprietary

Continued on following page
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variance, the Cochrane Q statistic. Potential threshold ef-
fects were assessed by using the Spearman statistic and by
creating receiver-operating characteristic curves according
to the method of Moses and coworkers (38). Heterogeneity
was assessed by performing stratified analyses when the
potential confounding variable was dichotomous or cate-
gorical, by plotting the weighted effect size against the po-
tential confounding variable when that variable was con-
tinuous, and by applying meta-regression methods in
either case (39). Subgroup analyses were done by year of
publication, imaging technique (2-dimensional imaging
with 3-dimensional confirmation only when a lesion
was noted, 3-dimensional imaging with 2-dimensional
confirmation, 2-dimensional imaging with concomitant
3-dimensional imaging, or fly-through technology), colli-
mation width and reconstruction interval (in millimeters),
type of scanner (single-detector, multidetector, or mixed),
and use of a contrast agent (yes or no). When collimation
or reconstruction thickness was given in half-millimeter
increments, we rounded the values up to the next whole
number. The meta-regression analysis used the restricted
maximum likelihood method and was performed by using
indicator variables to assess differences among the strata.
All analyses were performed with Stata software, version
8.2 (Stata Corp., College Station, Texas).

DATA SYNTHESIS

Our final pool of eligible studies (Appendix Figure,
available at www.annals.org) included 33 prospective stud-
ies involving 6393 patients that compared CT colonogra-
phy to the reference standard of colonoscopy or surgery
(22, 25, 34, 40–69). Studies originated from 7 different
countries, but most were done in the United States (64%).
The average number of participants in a study was 248
(range, 20 to 1233). The mean age of participants was 61.9
years; 63.6% of participants were male, and 74% were at

high risk for colorectal cancer. Sixteen studies used single-
detector scanners, 13 used multidetector scanners, and 4
used both single-detector and multidetector scanners. Fif-
teen studies used 2-dimensional imaging, with 3-dimen-
sional imaging on selected slices at the discretion of the
radiologist; 14 studies used dedicated 2-dimensional and
3-dimensional imaging; and 2 studies used fly-through im-
aging with 2-dimensional reconstruction. The average col-
limation was 4 mm (range, 1 to 5 mm), and the average
reconstruction interval was 1.86 mm (range, 1 to 5 mm).
Tables 1 and 2 show detailed information from individual
studies.

Computed tomographic colonography was compared
to various reference standards, including standard colonos-
copy, segmental unblinded colonoscopy (after each colon
segment is examined, the results of CT colonography are
revealed to the endoscopist and discrepant segments are
reexamined), optimized colonoscopy (in which videotapes
of the endoscopy are reviewed in comparison with discrep-
ant CT colonography findings), and surgical findings or
results of double-contrast barium enema (when subsequent
colonoscopy was not or could not be performed). Several
studies used a combination of these reference standards.

Table 2 shows biases that may be present in the stud-
ies, as defined by Whiting and colleagues (70). One im-
portant source of bias was differences in disease severity or
prevalence among studies. Because the baseline risk of the
study participants may have been apparent to the investi-
gators, clinical review bias was probably present in many of
the studies. In addition, because the reference standards
varied not only among studies but among segments from a
single patient, bias could result from differential verifica-
tion of findings or might be considered incorporation bias
in some cases. Although most studies did not define ob-
server variability, those that did had a range of � values.
The studies that used consensus readings may not be rep-

Table 1—Continued

Study, Year
(Reference)

Patients,
n

Mode of
Imaging

Collima-
tion, mm

Recon-
struction

Type of
Scanner

Contrast
Material
Used?

Gold Standard Software†

Dachman et al., 1998
(65)

44 Primarily 2-D, with
3-D confirmation

5 2.5 Single detector No Colonoscopy Navigator

Royster et al., 1997 (66) 20 2-D and 3-D 5 2 Single detector No Colonoscopy double-
contrast barium
enema, and sur-
gery

Episcope 3.4/
Voyager

Hara et al., 1997 (67) 70 2-D and 3-D 5 3 Single detector No Optimized colonos-
copy§

Proprietary

* 2-D � 2-dimensional; 3-D � 3-dimensional.
† The manufacturers of the software (listed in alphabetical order) are as follows: Advantage Windows, General Electric Medical System, Milwaukee, Wisconsin; Endoview
Easy Vision, Philips, Best, the Netherlands; Episcope, Picker International, Cleveland, Ohio; MxView, Maroconi Medical Systems Inc., Cleveland, Ohio; Navigator, General
Electric Medical Systems, Milwaukee, Wisconsin; Picker, Picker International Inc., Cleveland, Ohio; Rapidia, 3D-Med Corp., Long Beach, California; Siemens, Siemens
Medical Solutions, Iselin, New Jersey; Viatronix V3D Colon, Viatronix, Stony Brook, New York; Vitrea, Vital Imaging, Minneapolis, Minnesota; Voyager, Picker
International, Cleveland, Ohio; Voxtool, General Electric Medical Systems, Milwaukee, Wisconsin.
‡ Fly-through technique conducted later and reported separately.
§ Tape viewed again after colonoscopy for confirmation.
� Given to some patients only.
¶ The first 49 underwent computed tomographic colonography after colonoscopy, when polypectomy was not performed.
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resentative of typical CT image-reading practice and may
have increased bias. In several studies, many persons inter-
preted the images (from CT colonography or colonos-
copy), but most studies involved few readers or a single
reader. The nature of these studies precluded quantitative
comparisons of quality.

Sensitivity of CT Colongraphy
Per-patient sensitivity for CT colonography varied

from 21% to 96% (Figure 1). The overall pooled sensitiv-
ity for CT colonography was 70% (95% CI, 53% to
87%). Sensitivity increased progressively as polyp size in-
creased: It was 48% (CI, 25% to 70%) (range, 14% to

Figure 1. Reported per-patient sensitivities in the included studies, by polyp size.

Summary statistics: For polyps �6 mm, 0.48 (95% CI, 0.25 to 0.70); for polyps 6–9 mm, 0.70 (CI, 0.55 to 0.84); for polyps �9 mm, 0.85 (CI, 0.79
to 0.91).

ReviewComputed Tomographic Colonography: A Systematic Review and Meta-Analysis

www.annals.org 19 April 2005 Annals of Internal Medicine Volume 142 • Number 8 639

Downloaded From: http://annals.org/ on 01/16/2014



86%) for detection of polyps smaller than 6 mm, 70% (CI,
55% to 84%) (range, 30% to 95%) for polyps 6 to 9 mm,
and 85% (CI, 79% to 91%) (range, 48% to 100%) for

polyps larger than 9 mm. Each of these analyses was statis-
tically heterogeneous (P � 0.001 for each), and most of
the variance was attributable to between-study heterogene-

Figure 2. Reported per-patient sensitivities in the included studies, by type of scanner.

Figure 3. Reported per-patient sensitivities in the included studies by mode of imaging.
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ity. The I2 statistic was 96.7% for polyps smaller than 6
mm, 93.1% for polyps 6 to 9 mm, and 85.2% for polyps
larger than 9 mm. Appendix Tables 1 and 2 (available at
www.annals.org) show data from individual studies.

We found several potential sources for this heteroge-
neity. First, studies that used thinner slices for collimation
appeared to have better sensitivity, and meta-regression of
data from 19 studies suggested that every 1-mm increase in
collimation width decreases sensitivity by 4.9% (CI, 0.8%
to 7.1%). Second, the 7 studies that used multidetector
scanners and that reported overall sensitivity had homo-
genously high sensitivity (95% [CI, 92% to 99%]; I2 �
40%; P � 0.2) (Figure 2). This sensitivity was higher than
that in the 9 studies reporting overall sensitivity in which a
scanner with a single-detector was used (82% [CI, 76% to
92%]), although the latter results were heterogeneous
(I2 � 87.1%; P � 0.001). The 10 studies that used 2-di-
mensional imaging, with confirmation by 3-dimensional
imaging only when considered necessary, yielded a sensi-
tivity of 81.9% (CI, 71% to 91%) (I2 � 87.5%; P �

0.02), whereas the 6 studies that used standard 2-dimen-
sional imaging and concomitant 3-dimensional imaging
had a pooled sensitivity of 91% (CI, 83% to 99%) (I2 �
53.1%; P � 0.06) and the 2 studies that used fly-through
technology had a pooled sensitivity of 99% (CI, 95% to
100%) (I2 � 47.6%; P � 0.17) (Figure 3).

Analysis of year of publication, type of scanner hard-
ware or software, thickness of the reconstruction interval,
use of contrast (bowel, intravenous, or none), and patient
characteristics (age, sex, and high or average risk) yielded
no other source of heterogeneity. We found no evidence of
a threshold effect between sensitivity and specificity when
the Spearman statistic was calculated or receiver-operating
characteristic curves were constructed.

Specificity of CT Colonography
In contrast to the broad range of sensitivities reported,

per-patient specificity was more consistent across polyp
sizes (Figure 4). Overall, CT colonography was 86% spe-
cific (CI, 84% to 88%) (I2 � 92.6%; P � 0.001) on the

Figure 4. Reported per-patient specificities in the included studies, by polyp size.
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Table 2. Potential Biases in the 33 Included Studies*

Study, Year
(Reference)

Patient Characteristics Source of Bias

Patients,
n

Mean
Age, y

Men,
%

White
Ethnicity,
%

Disease Severity Disease Prevalence Distorted
Selection

Test Exe-
cution†

Test Tech-
nology

Rockey et al.,
2005 (68)

614 57 70 70 Family history of colorectal
cancer, 32%; high-risk
screening, 68%

High risk (symptoms or
family history), 100%

Yes No Yes

Chung et al., 2005
(69)

51 63 63 – High risk, 100% High risk, 100% Yes No Yes

Cotton et al., 2004
(34)

600 61 45 87 History of polyps, 13.5%;
symptoms, 87%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Van Gelder et al.,
2004 (40)

249 56 59 – History of polyps or colo-
rectal cancer, 64%;
symptoms, 8%; family
history of colorectal can-
cer or polyps, 36%

High risk (symptoms,
family history, or sur-
veillance), 100%

Yes No Yes

Macari et al., 2004
(42)

186 62 100 – History of polyps, 10%;
average-risk screening,
31%; high-risk screen-
ing, 35%; symptoms,
23%

High risk, 69%; aver-
age risk, 31%

Yes No Yes

Macari et al., 2004
(41)

68 55 100 – Average-risk screening,
100%

Average risk, 100% No No Yes

Hoppe et al., 2004
(43)

92 66 62 – High-risk, 100% High risk (symptoms or
surveillance), 100%

Yes No Yes

Pickhardt et al.,
2003 (25)

1233 58 59 – Family history of colorectal
cancer, 3%; average-risk
screening, 97%

Average risk, 97% No No Yes

Iannacconne et al.,
2003 (4)

158 63 57 – History of polyps or colo-
rectal cancer, 34%;
average-risk screening,
19%; high-risk screen-
ing, 38%; symptoms,
8%

High risk, 81%; aver-
age risk, 19%

Yes No Yes

Johnson et al.,
2003 (45)

703 64 63 97 History of polyps, 73%;
family history of colorec-
tal cancer, 25%; high-
risk screening, 2%

High risk (symptoms,
family history, or sur-
veillance), 100%

Yes No Yes

Pineau et al., 2003
(46)

205 59 45 92 Family history of colorectal
cancer, 20%; high-risk
screening, 36%; symp-
toms, 45%

Most at high risk
(symptoms, family
history, or surveil-
lance)

Yes No Yes

Taylor et al., 2003
(47)

54 69 (median) 41 – High-risk screening, 7%;
symptoms, 76%

High risk (symptoms),
83%

Yes No Yes

Ginnerup Pedersen
et al., 2003 (48)

148 – 48 – History of polyps or colo-
rectal cancer, 51%;
symptoms, 45%; known
colorectal cancer, 5%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Yee et al., 2003
(49)

182 63 97 – Average-risk screening,
40%; high-risk screen-
ing, 60%

High risk, 60% Possible No Yes

Continued on pages 643, 644, 645, and 646
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Table 2—Continued

Source of Bias (continued)

Treatment
Paradox?

Inappropriate
Reference
Standard

Differential
Verification

Partial Veri-
fication
Bias

Review
Bias

Clinical
Review
Bias‡

Incorporation
Bias

Observer
Variability

Handling of
Indetermi-
nate Results

Arbitrary
Choice of
Threshold
Value

No (same day) Segmentally un-
blinded colonos-
copy

Possible (2nd
look in some
segments)

No No Possible Possible (in 2nd-
look cases)

Unknown number
of radiologists,
CTC readers,
and gastroenter-
ologists

No No threshold
defined

Yes (up to a
mean of
2-week
interval)

Colonoscopy or
surgery

Yes (compared
with colon-
oscopy or sur-
gical findings)

No No Possible No 2 CTC readers;
unknown num-
ber of gastroen-
terologists or
surgeons

No No threshold
defined

No (�2 h) Segmentally un-
blinded colonos-
copy

Possible (2nd
look in some
segments)

No Yes Possible Possible (in 2nd-
look cases)

Yes No No threshold
defined

No (�1 h) Colonoscopy
(videotaped for
later correla-
tion; 2nd look
in 3.6%)

Possible (during
videotape re-
view or 2nd
look)

No Yes Possible Possible (during
videotape re-
view or 2nd
look)

2 CTC readers
(� � 0.7); un-
known number
of gastroenterol-
ogists or sur-
geons

No Polyps �6
mm not
reported

No (�3 h) Colonoscopy
(2nd look in
1.6%)

Possible (2nd
look in 1.6%)

No Yes Possible Possible (in 2nd-
look cases)

1 CTC reader; un-
known number
of gastroenterol-
ogists

No No threshold
defined

No (�1 mo) Colonoscopy No No No Possible No 1 CTC reader, 2
gastroenterolo-
gists

No No threshold
defined

No (same day) Colonoscopy
(2nd look in
1.6%)

Possible (2nd
look in some
segments)

No No Possible Possible (in 2nd-
look cases)

3 CTC readers;
unknown num-
ber of gastroen-
terologists

Yes (some
CTCs ex-
cluded
from anal-
ysis)

No threshold
defined

No (same day) Segmentally un-
blinded colonos-
copy

Yes No Yes Possible Yes 2 radiologists (� �
0.75–0.8) and
17 endoscopists
(3 surgeons and
14 gastroenterol-
ogists)

No Polyps �6
mm not
reported

No (same day) Colonoscopy No No No Possible No Consensus of 2
radiologists; 1
endoscopist

No No threshold
defined

No (same day) Colonoscopy Possible (during
videotape re-
view)

No No Possible Possible (during
videotape re-
view)

2 radiologists (� �
0.34–0.62)

No Polyps �5
mm ig-
nored

No (�3 h) Segmentally un-
blinded colonos-
copy

Possible (2nd
look in some
segments)

No Yes Possible Possible (in 2nd-
look cases)

Yes No No threshold
defined

No (same day) Segmentally un-
blinded colonos-
copy

Possible (2nd
look in some
segments)

No Yes Possible Possible (in seg-
mentally un-
blinded colonos-
copy)

Unknown number
of CTC readers;
4 gastroenterolo-
gists

No No threshold
defined

No (same day
in 97.3%)

Segmentally un-
blinded colonos-
copy (2.7%
double-contrast
barium enema)

Possible (2nd
look in some
segments)

No Yes Possible Possible (in seg-
mentally un-
blinded colonos-
copy)

1 CTC reader, 20
colorectal sur-
geons

No Polyps �6
mm not
reported

No (same day) Colonoscopy No No No Possible No Consensus of 2
CTC readers;
unknown num-
ber of gastroen-
terologists

No No threshold
defined
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Table 2—Continued

Study, Year
(Reference)

Patient Characteristics Source of Bias

Patients,
n

Mean
Age, y

Men,
%

White
Ethnicity,
%

Disease Severity Disease Prevalence Distorted
Selection

Test Exe-
cution†

Test Tech-
nology

Munikrishnan et
al., 2003 (50)

80 68 56 – Symptoms, 100% High risk (symptoms),
100%

Yes No Yes

Laghi et al., 2002
(51)

165 62 48 – History of polyps or colo-
rectal cancer, 25%;
symptoms, 74%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Gluecker et al.,
2002 (52)

50 Range,
50–75

– Symptoms or high-risk
screening, 100%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Lefere et al., 2002
(22)

100 60 Mixed
sex

– Symptoms or high-risk
screening, 100%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Macari et al., 2002
(53)

105 58 97 – High risk, 100% High risk (symptoms or
surveillance), 100%

Yes No Yes

McFarland et al.,
2002 (54)

70 62 63 – High risk, 100% Polyps on flexible sig-
moidoscopy, 100%

Yes No Yes

Yee et al., 2001
(55)

300 63 97 – Symptoms or high-risk
screening, 100%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Hara et al., 2001
(56)

237 63 64 – Symptoms or high-risk
screening, 100%

High risk (symptoms,
family history, or sur-
veillance), 100%

Yes No Yes

Spinzi et al., 2001
(57)

96 NR NR NR History of polyps, 15%;
high-risk screening,
12%; symptoms, 69%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Fletcher et al.,
2000 (58)

180 NR NR NR Symptoms, surveillance, or
high-risk screening,
100%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Morrin et al., 2000
(59)

81 NR NR NR History of colorectal can-
cer, 7%; high-risk
screening, 70%; symp-
toms, 22%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Mendelson et al.,
2000 (60)

53 65 47 – Symptoms, 81; family his-
tory of colorectal cancer,
19%

High risk (symptoms or
family history), 100%

Yes No Yes

Macari et al., 2000
(61)

42 56 58 – Average-risk screening,
71%; family history of
colorectal cancer, 29%

Average risk, 71% fam-
ily history of colorec-
tal cancer, 29%

Yes No Yes

Morrin et al., 2000
(59)

34 64 59 – Known colorectal masses,
100%

High risk, 100% (all
had masses)

Yes No Yes

Fenlon et al., 1999
(63)

100 62 60 – Symptoms, surveillance, or
high-risk screening,
100%

100% high risk; symp-
toms or surveillance

Yes No Yes
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Table 2—Continued

Source of Bias (continued)

Treatment
Paradox?

Inappropriate
Reference
Standard

Differential
Verification

Partial Veri-
fication
Bias

Review
Bias

Clinical
Review
Bias‡

Incorporation
Bias

Observer
Variability

Handling of
Indetermi-
nate Results

Arbitrary
Choice of
Threshold
Value

No (same
day)

Colonoscopy No No Not stated Possible No Consensus of 2
CTC readers;
unknown num-
ber of gastroen-
terologists

No No threshold
defined

No (�4 h) Colonoscopy No No No Possible No Consensus of 2
radiologists

No No threshold
defined

No (�1 h) Colonoscopy No No No No No 1 radiologist and
1 gastroenterol-
ogist

No No threshold
defined

No (�3 h) Colonoscopy with
2nd look for
confirmation

Possible (2nd
look in some?)

No Yes Probable Possible (in
2nd-look
cases)

Consensus of 2
CTC readers; 1
gastroenterolo-
gist

No No threshold
defined

No (same
day)

Colonoscopy
(photographed
for later corre-
lation)

No No No Possible No 1 CTC reader, �1
gastroenterolo-
gist

No No threshold
defined

No (same
day)

Colonoscopy No No No Yes No 4 CTC readers, 2
gastroenterolo-
gists

No No threshold
defined

No (�3 h) Colonoscopy No No No No No Consensus of 2
radiologists; 3
gastroenterolo-
gists

No No threshold
defined

No (immedi-
ately after)

Colonoscopy Possible (during
videotape re-
view)

No Possible Possible Possible (during
videotape
review)

3 radiologists No Polyps �5
mm ig-
nored

Possible (not
mentioned)

Colonoscopy No Yes (some
CTCs were
done after
colonosco-
py)

Possible Possible No 1 radiologist No No threshold
defined

No (same
day)

Colonoscopy No No No No No 3 radiologists No Polyps �5
mm not
reported

No (�2 h) Colonoscopy or
surgery

Yes (compared
with colonosco-
py or surgical
findings)

No No Possible No Consensus of 2
CTC readers;
unknown num-
ber of gastroen-
terologists or
surgeons

No No threshold
defined

No (same
day)

Colonoscopy No No No Possible No 1 CTC reader; un-
known number
of gastroenter-
ologists

No No threshold
defined

No (�1 h) Colonoscopy No No No Possible No 2 CTC readers
(similar find-
ings?); unknown
number of gas-
troenterologists

No No threshold
defined

No (same
day)

Colonoscopy or
surgery

Yes (compared to
colonoscopy or
surgical find-
ings)

No No Possible No 2 CTC readers
(consensus?);
unknown num-
ber of gastroen-
terologists or
surgeons

No Evaluated
masses only

No (same
day)

Colonoscopy No No No Possible No Consensus of 2
CTC readers;
unknown num-
ber of gastroen-
terologists

No No threshold
defined
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basis of data from 14 studies. Specificity improved as polyp
size increased, and the results were homogenous within
each strata. Only 4 studies reported specificity for detection
of polyps smaller than 6 mm, and the pooled specificity
from these studies was 91% (CI, 89% to 95%) (I2 �
47.1%; P � 0.15). For polyps 6 to 9 mm in size (6 stud-
ies), specificity was 93% (CI, 91% to 95%) (I2 � 50%;
P � 0.07) and increased to 97% (CI, 96% to 97%) (I2 �
41.8%; P � 0.2) for polyps larger than 9 mm (15 studies).
Appendix Tables 1 and 2 (available at www.annals.org)
show data from individual studies.

DISCUSSION

We found that CT colonography is highly specific,
particularly for polyps greater than 9 mm in size. However,
the reported sensitivities for CT colonography vary widely,
even for larger polyps. Before any screening method can be
recommended for general use, it must be demonstrated to
be highly and consistently sensitive in a variety of settings.
The inability of our meta-analysis to clearly explain why
the reported sensitivities vary so widely suggests that CT
colonography needs further refinement before it can be
recommended for general use in screening for colorectal
cancer.

Our analysis revealed some factors that account for the
wide range of sensitivities. First, scanners that used thinner
collimation had higher sensitivity. Every 1-mm increase in
collimation width decreased the subsequent sensitivities by
almost 5%. That is, if scanners with 1-mm slices had 98%

sensitivity, increasing the collimation width to 2 mm
would decrease sensitivity to 93%. Second, scanners that
used multiple detectors rather than single detectors were
more sensitive. Finally, the mode of imaging also appeared
to be important: The more recently developed fly-through
technology had a sensitivity of 99%. However, this latter
finding must be interpreted with caution because it is
based on data from only 2 studies and considerable heter-
ogeneity was found for the other types of imaging used.
These results suggest that CT colonography is promising as
a screening test for colorectal cancer. Before it is put into
general use, however, it must be shown to be reliably sen-
sitive and questions about the optimal technological char-
acteristics of the technique must be settled. Our results are
not definitive, but rather suggestive of avenues of pursuit in
refinement of this method.

Our conclusions differ from those of another recent
systematic review that favored use of CT colonography
(71). That review included data from 14 trials and 1324
patients, compared with the 33 trials and 6393 patients in
our analysis. The investigators reported a summary sensi-
tivity of 87% for detection of polyps 6 to 9 mm and 88%
for detection of polyps larger than 10 mm, and a specificity
of 95% for detection of polyps larger than 10 mm. Their
conclusion that “the specificity and sensitivity of CT
colonography are high for polyps larger than 10 mm” does
not take into account the sources of heterogeneity in the
sensitivities reported among the studies that they included.
Until new technology, particularly for screening tests, can

Table 2—Continued

Study, Year
(Reference)

Patient Characteristics Source of Bias

Patients,
n

Mean
Age, y

Men,
%

White
Ethnicity,
%

Disease Severity Disease Prevalence Distorted
Selection

Test Exe-
cution†

Test Tech-
nology

Rex et al., 1999
(64)

46 68 96 – 100% average-risk screen-
ing

Average risk, 100% No No Yes

Dachman et al.,
1998 (65)

44 58 61 – History of polyps or colo-
rectal cancer, 50%;
high-risk screening,
36%; symptoms, 3%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Royster et al.,
1997 (66)

20 53 60 – High-risk screening, 35%;
symptoms, 65%

High risk (symptoms or
surveillance), 100%

Yes No Yes

Hara et al., 1997
(67)

70 66 – – History of polyps or colo-
rectal cancer, 50%;
high-risk screening, 50%

High risk (symptoms or
surveillance), 100%

Yes No Yes

* CTC � computed tomographic colonography; NR � not reported.
† In several studies, customized software was used, which would limit the ability for results to be repeated elsewhere.
‡ In most studies, the endoscopist probably knew the patients’ clinical history; in some studies, the radiologist probably had this information.
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be demonstrated to be consistently reliable, we believe it
cannot be recommended for general use.

Other sources for the wide range in reported sensitiv-
ities may exist. Previous reports have implied that the dif-
ferences in test performance among studies of CT colonog-
raphy is related to the CT colonography technology used,
the type of contrast medium, the mode of imaging, and the
expertise of the radiologists reading the images. The avail-
able data are sufficient only to suggest that multidetector
scanners, mode of imaging, and low collimation width
affect test performance. Many other possible sources of
false-negative results exist, including limitations in technol-
ogy and technique, insufficient resolution, poor bowel dis-
tention, poor preparation, breath-hold artifacts, misinter-
pretation of stool or folds, sessile or flat polyps, paired
lesions, software limitations, and errors in reading (percep-
tive errors) (45, 46, 55, 58, 63, 72–75). Whether a study
used CT colonography to detect all polyps (including hy-
perplastic polyps) or adenomas only may also affect test
performance, because CT colonography may have a higher
sensitivity for detection of adenomas (76). Delineation of
these possible sources of heterogeneity requires a more sen-
sitive technique than meta-analysis. We abstracted infor-
mation on these study characteristics, but our ability to
discriminate whether any of these is the source of hetero-
geneity is limited. In addition, we could not evaluate such
factors as the expertise of the radiologists reading the CT
colonography scans. Our findings cannot be taken to mean
that none of these other variables are the source of hetero-

geneity, only that the current data do not allow us to
clearly demonstrate that one of these characteristics is the
explanation.

Our analysis has limitations. First, 18 of the studies
used colonoscopy as the gold standard, yet colonoscopy
may miss more than 10% of small polyps, up to 10% of
large polyps, and up to 5% of colorectal cancers (64–68).
Eleven studies used segmental unblinded colonoscopy or
optimized colonoscopy so that CT colonography and aug-
mented colonoscopy could be used in tandem, to maxi-
mize overall detection of lesions. However, even these
methods do not ensure that each segment of the colon is
examined multiple times, so that no lesion is missed by
either method. Studies that used segmental unblinded
colonoscopy (in which results from CT colonography are
revealed after the endoscopist has examined each colonic
segment) or optimized colonoscopy (in which video images
from colonoscopy are reviewed for discrepant results) dem-
onstrated that CT colonography found polyps (and several
tumors or masses) that were missed on blinded colonos-
copy (25, 34, 40, 46). In addition, only 3 studies were
designed to evaluate a true screening population: persons
who are at average risk for colorectal cancer (Table 2) (25,
41, 64). In 1 of these studies, the rate of false-negative
findings of polyps larger than 9 mm was similar to the rate
of false-negative results with colonoscopy reported in stud-
ies of tandem colonoscopy, although other studies have not
shown such favorable results (77).

Second, the power to elucidate sources of heterogene-

Table 2—Continued

Source of Bias (continued)

Treatment
Paradox?

Inappropriate
Reference
Standard

Differential
Verification

Partial Veri-
fication
Bias

Review
Bias

Clinical
Review
Bias‡

Incorporation
Bias

Observer
Variability

Handling of
Indetermi-
nate Results

Arbitrary
Choice of
Threshold
Value

No (same day) Colonoscopy
(videotaped for
later correla-
tion; 2nd look
in �11%)

Possible (during
videotape re-
view)

No No Possible Possible (during
videotape re-
view)

2 CTC readers
(consensus?);
unknown num-
ber of gastroen-
terologists

No No threshold
defined

No (same day) Colonoscopy No No No Possible No Consensus of 2
CTC readers; 5
gastroenterolo-
gists

No No threshold
defined

No (�3 h) Colonoscopy
(surgery in
85%)

Yes (compared
with colonosco-
py, double-
contrast bar-
ium enema,
and surgical
findings)

Yes Uncertain Proba-
ble

No Consensus of 2
CTC readers;
unknown num-
ber of gastroen-
terologists

Yes (some
CTCs ex-
cluded
from anal-
ysis)

No threshold
defined

No (same day) Colonoscopy
(videotaped for
later correla-
tion; 2nd look
in �8.5%)

Possible (during
videotape re-
view)

No Yes Possible Possible (during
videotape re-
view)

3 CTC readers
(variability
among readers);
unknown num-
ber of gastroen-
terologists

No No threshold
defined
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ity is limited by the information reported in each article
and by the relatively small number of included articles.
Finally, meta-regression using summary covariates for each
article has limited accuracy. Finer evaluation of the source
of heterogeneity would require procurement of patient-
level data.

Computed tomographic colonography is very specific,
particularly for detection of polyps larger than 9 mm. In
studies that used a multidetector scanner, low collimation,
and an optimal mode of imaging, the sensitivity of CT
colonography to detect polyps larger than 9 mm was the
highest and most consistent. However, results were incon-
sistent when other technical approaches were used and
smaller polyps were present. Acceptable techniques for
colorectal cancer screening should have consistently high
sensitivity over specificity so that preneoplastic polyps are
effectively ruled out in patients with a negative result. Al-
though some studies have reported high sensitivities for
CT colonography, the range among all studies is broad (as
low as 21% overall, and as low as 48% for polyps greater
than 9 mm).

Until the source of this heterogeneity is more clearly
explained and CT colonography is demonstrated to be
consistently and reliably sensitive, it cannot be recom-
mended for general use. However, the technology shows
much promise in this regard. Refinement of CT scanners,
improved patient preparations, and evolving software for
CT colonography will probably improve diagnostic accu-
racy. For the time being, CT colonography should be used
in research protocols or when other accepted screening
methods are not appropriate.
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Appendix Figure. Map of the literature search and selection
process.

The QUORUM (Quality of Reporting of Meta-Analyses) guidelines for
reporting of meta-analyses were used. CRC � colorectal cancer; CT �
computed tomographic.
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Appendix Table 1. Test Performance of Computed Tomographic Colonography, by Per-Patient Analysis

Author, Year (Reference) Patients,
n

Sensitivity, % Overall
Specificity,
%

Detection of Polyps > 6 mm

Overall Patients
with
Cancer

True-
Positive
Result, n

False-
Positive
Result, n

False-
Negative
Result, n

True-
Negative
Result, n

Sensitivity,
%

Specificity,
%

Rockey et al., 2005 (68) 614 – 78.0 – 85 50 70 409 55.0 89.0
Chung et al., 2005 (69) 51 – – – – – – – – –
Cotton et al., 2004 (34) 600 20.5 75.0 90.5 41 47 63 449 39.4 90.5
Macari et al., 2004 (42) 186 – – 83.1 – – – – –
Van Gelder et al., 2004 (40) 249 62.1 – 30.6 35 62 10 142 77.8 69.6
Macari et al., 2004 (41) 68 – – 89.7 – – – – – –
Hoppe et al., 2004 (43) 92 73.3 87.5 – 26 7 8 51 76.5 87.9
Pickhardt et al., 2003 (25) 1233 – – – 149 217 19 848 88.7 79.6
Iannacconne et al., 2003 (44) 158 96.0 100.0 96.5 – – – – – –
Johnson et al., 2003 (45) 703 – – – – – – – – –
Pineau et al., 2003 (46) 205 61.8 70.7 38 27 7 133 84.4 83.1
Taylor et al., 2003 (47) 54 64.5 83.3 – – – – – – –
Ginnerup Pedersen et al., 2003 (48) 144 – – – 30 – 3 – 90.9 –
Yee et al., 2003 (49) 182 90.4 82.4 – – – – – –
Munikrishnan et al., 2003 (50) 61 74.3 96.6 96.2 – – – – – –
Laghi et al., 2002 (51) 165 93.0 100.0 – – – – – – –
Gluecker et al., 2002 (52) 50 – – 90.5 – – – – – –
Lefere et al., 2002 (22) 100 86.0 – – – – – – – –
Macari et al., 2002 (53) 105 57.6 100.0 87.0 – – – – – –
McFarland et al., 2002 (54) 70 – – – – – – – – –
Yee et al., 2001 (55) 300 93.9 100.0 56.5 – – – – – –
Hara et al., 2001 (56) 237 – – – – – – – – –
Spinzi et al., 2001 (57) 96 – 87.5 – – – – – – –
Fletcher et al., 2000 (58) 180 – – – 114 14 16 36 87.7 72.0
Morrin et al., 2000 (59) 81 – – – – – – – – –
Mendelson et al., 2000 (60) 53 – – – 15 2 4 32 78.9 94.1
Macari et al., 2000 (61) 42 – – – – – – – – –
Morrin et al., 2000 (59) 34 – 100.0 – – – – – – –
Fenlon et al., 1999 (63) 100 82.4 100.0 83.7 – – – – – –
Rex et al., 1999 (64) 46 45.5 – – 11 – 6 – 64.7 –
Dachman et al., 1998 (65) 44 43.8 – 89.3 – – – – – –
Royster et al., 1997 (66) 20 – 95.0 – – – – – – –
Hara et al., 1997 (67) 70 – – – 16.5 17 8.5 28 66.0 62.2
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Appendix Table 1—Continued

Detection of Polyps 6–9 mm Detection of Polyps > 9 mm

True-
Positive
Result, n

False-
Positive
Result, n

False-
Negative
Result, n

True-
Negative
Result, n

Sensitivity,
%

Specificity,
%

True-
Positive
Result, n

False-
Positive
Result, n

False-
Negative
Result, n

True-
Negative
Result, n

Sensitivity,
%

Specificity,
%

59 – 57 – 51.0 – 37 22 26 529 59.0 96.0
– – – – – – – – – – – –

23 36 53 488 30.3 93.1 23 23 19 535 54.8 95.9
– – – – – – – – – – – –
– – – – – – 26 17.5 5 200.5 83.9 92.0
– – – – – – 1.0 – 64.0 – 98.5
– – – – – – 19 1 1 65 95.0 98.5
– – – – – – 45 47 3 1138 93.8 96.0
– – – – – – – – – – – –

36 56 33 578 52.2 91.2 22.5 16.5 24.5 639 47.9 97.5
– – – – – – 18 10 2 175 90.0 94.6
1 – 1 – 50.0 – 9 0 1 44 90.0 100.0

14 – 3 – 82.4 – 22 – 1 – 95.7 –
– – – – – – – – – – – –
– – – – – – – – – – – –
– – – – – – – – – – – –
– – – – – – – – – – – –

21 6 2 71 91.3 92.2 25 0 0 75 100.0 100.0
– – – – – – – – – – – –

57 – – – 71.3 – 98 – 14 – 87.5 –
40 – 2 – 95.2 – 47 – 0 – 100.0 –
– – – – – – 9.5 10 4.5 212.5 67.9 95.5
– – – – – – – – – – – –
– – – – – – 82 6 14 78 85.4 92.9

16 2 6 57 72.7 96.6 14 0 2 65 87.5 100.0
– – – – – – – – – – – –
– – – – – – – – – – – –
– – – – – – – – – – – –

47 4 3 46 94.0 92.0 48 2 2 48 96.0 96.0
3 – 4 – 42.9 – 8 4 2 32 80.0 88.9
– – – – – – – – – – – –
– – – – – – – – – – – –
– – – – – – 9 5.5 3 52.5 75.0 90.5
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Appendix Table 2. Test Performance of Computed Tomographic Colonography, by Per-Polyp Analysis

Study, Year (Reference) Patients,
n

Sensitivity, % Detection of Polyps 6–9 mm* Detection of Polyps > 9 mm*

Overall Detection
of Polyps
< 6 mm

Detection
of Polyps
6–9 mm

Detection
of Polyps
> 9 mm

True-
Positive
Result,
n

False-
Positive
Result,
n

False-
Negative
Result,
n

True-
Positive
Result,
n

False-
Positive
Result,
n

False-
Negative
Result,
n

Rockey et al., 2005 (68) 614 – – 60.0 64.0 58 – 39 35 – 20
Chung et al., 2005 (69) 51 90.0 84.0 94.0 100.0 15 – 1 6 – 0
Cotton et al., 2004 (34) 600 12.7 7.6 22.7 51.9 27 – 92 28 – 26
Macari et al., 2004 (42) 186 27.7 14.7 46.2 90.9 12 8 14 20 3 2
Van Gelder et al., 2004 (40) 249 51.8 40.6 76.7 77.8 11.5 – 3.5 21 – 6
Macari et al., 2004 (41) 68 21.4 11.5 52.9 100.0 9 – 8 3 – 0
Hoppe et al., 2004 (43) 92 42.6 25.4 57.9 70.6 11 – 8 12 – 5
Pickhardt et al., 2003 (25) 1233 – – 83.6 92.2 133 – 26 47 – 4
Iannacconne et al., 2003 (44) 158 70.3 51.4 83.3 100.0 20 – 4 13 – 0
Johnson et al., 2003 (45) 703 – – 47.1 46.3 24 – 27 19 – 22
Pineau et al., 2003 (46) 205 46.8 29.4 75.0 77.8 36 38 12 21 13 6
Taylor et al., 2003 (47) 54 48.4 37.5 75.0 100.0 3 – 1 3 – 0
Ginnerup Pedersen et al., 2003 (48) 144 – – 73.7 92.3 14 – 5 24 – 2
Yee et al., 2003 (49) 182 69.9 60.3 79.8 92.7 71 – 18 38 – 3
Munikrishnan et al., 2003 (50) 61 75.8 53.3 83.3 100.0 5 1 1 12 – 0
Laghi et al., 2002 (51) 165 78.4 50.0 82.4 91.7 14 – 3 11 – 1
Gluecker et al., 2002 (52) 50 22.4 2.4 33.3 81.8 5 – 10 9 – 2
Lefere et al., 2002 (22) 100 77.5 56.5 90.3 100.0 28 9 3 25 0 0
Macari et al., 2002 (53) 105 32.6 12.1 70.4 92.9 19 3 8 13 1 1
McFarland et al., 2002 (54) 70 – – 36.1 68.1 65 61 115 109 35 51
Yee et al., 2001 (55) 300 77.5 66.9 81.8 94.1 72 97 16 64 24 4
Hara et al., 2001 (56) 237 – – – – – – – –
Spinzi et al., 2001 (57) 96 57.8 – – 61.5 – – – 8 – 5
Fletcher et al., 2000 (58) 180 60.1 – 47.2 75.2 67 – 75 91 – 30
Morrin et al., 2000 (59) 81 32.9 64.5 90.9 20 – 11 20 – 2
Mendelson et al., 2000 (60) 53 27.5 17.5 22.2 72.7 4 1 14 8 2 3
Macari et al., 2000 (61) 42 37.5 20.0 60.0 100.0 3 2 2 1 – 0
Morrin et al., 2000 (59) 34 – – – – – – – –
Fenlon et al., 1999 (63) 100 71.3 66.7 89.7 90.9 26 0 3 20 0 2
Rex et al., 1999 (64) 46 22.0 11.1 42.9 50.0 6 – 8 7 7
Dachman et al., 1998 (65) 44 46.7 7.7 33.3 83.3 1 0 2 5 0 1
Royster et al., 1997 (66) 20 91.4 66.7 90.0 100.0 9 0 1 2 0 2
Hara et al., 1997 (67) 70 37.4 25.9 57.1 70.0 12 31 9 10.5 6.5 4.5

* No study reported a true-negative result.
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