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ABSTRACT

BACKGROUND

We evaluated the performance characteristics of computed tomographic (CT) virtual
colonoscopy for the detection of colorectal neoplasia in an average-risk screening pop-
ulation.

METHODS

A total 0£1233 asymptomatic adults (mean age, 57.8 years) underwent same-day vir-
tual and optical colonoscopy. Radiologists used the three-dimensional endoluminal
display for the initial detection of polyps on CT virtual colonoscopy. For the initial ex-
amination of each colonic segment, the colonoscopists were unaware of the findings on
virtual colonoscopy, which were revealed to them before any subsequent reexamination.
The sensitivity and specificity of virtual colonoscopy and the sensitivity of optical colon-
oscopy were calculated with the use of the findings of the final, unblinded optical co-
lonoscopy as the reference standard.

RESULTS

The sensitivity of virtual colonoscopy for adenomatous polyps was 93.8 percent for
polyps at least 10 mm in diameter, 93.9 percent for polyps at least 8 mm in diameter,
and 88.7 percent for polyps atleast 6 mm in diameter. The sensitivity of optical colonos-
copy for adenomatous polyps was 87.5 percent, 91.5 percent, and 92.3 percent for the
three sizes of polyps, respectively. The specificity of virtual colonoscopy for adenomatous
polyps was 96.0 percent for polyps atleast 10 mm in diameter, 92.2 percent for polyps at
least8 mm in diameter, and 79.6 percent for polyps atleast 6 mm in diameter. Two polyps
were malignant; both were detected on virtual colonoscopy, and one of them was missed
on optical colonoscopy before the results on virtual colonoscopy were revealed.

CONCLUSIONS

CT virtual colonoscopy with the use of a three-dimensional approach is an accurate
screening method for the detection of colorectal neoplasia in asymptomatic average-
risk adults and compares favorably with optical colonoscopy in terms of the detection
of clinically relevant lesions.
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OLORECTAL CANCER IS THE SECOND
leading cause of cancer-related deaths in
the United States, accounting for nearly
60,000 deaths each year.® Most colorectal cancers
are believed to arise within benign adenomatous
polyps that develop slowly over the course of many
years.? Evidence-based guidelines recommend the
screening of adults who are at average risk for colo-
rectal cancer,? since the detection and removal of
adenomas have been shown to reduce both the in-
cidence of cancer and cancer-related mortality.*®
Unfortunately, about half the average-risk popula-
tion of the United States has not been screened by
any method for this largely preventable disease.”
Virtual colonoscopy is a rapidly evolving tech-
nique in which data from computed tomography
(CT) are used to generate both two-dimensional
and three-dimensional displays of the colon and
rectum.® This minimally invasive method for the
examination of the whole colon, also called CT
colonography, could provide an attractive alterna-
tive for use in widespread screening, since it re-
quires no intravenous administration of sedatives,
analgesia, or recovery time. Although the perform-
ance characteristics of virtual colonoscopy have
been encouraging in trials involving cohorts of pa-
tients with an increased number of polyps,®:1° the
results in populations with a lower prevalence of
polyps have been disappointing, and the large stud-
ies conducted to date have not evaluated an asymp-
tomatic, average-risk screening population.***>
We conducted a prospective study to evaluate the
performance characteristics of virtual colonosco-
py in a typical asymptomatic screening population;
we used a three-dimensional approach to the study
and interpretation of the radiographic images.

METHODS

STUDY GROUP
The study protocol was approved by the institu-
tional review board at each participating center. Pa-
tients were recruited primarily through referrals for
screening colonoscopy (in asymptomatic patients).
Written informed consent was obtained from all pa-
tients. Adults between 50 and 79 years of age with
an average risk of colorectal cancer (and adults 40
to 79 years of age with a family history of colorectal
cancer) made up the primary study group. The crite-
ria for exclusion are listed in Table 1. Between May
2002 and June 2003, 1233 asymptomatic adults at
three medical centers underwent same-day virtual
and optical colonoscopy.

STUDY DESIGN

The enrolled patients completed a detailed ques-
tionnaire regarding their personal and family med-
ical history. Patients underwent standard 24-hour
colonic preparation with the oral administration
0f90 ml of sodium phosphate (Fleet 1 preparation,
Fleet Pharmaceuticals) and 10 mg of bisacodyl. As
part of their clear-liquid diet, patients also con-
sumed 500 ml of barium (2.1 percent by weight;
Scan C, Lafayette Pharmaceuticals) for solid-stool
tagging and 120 ml of diatrizoate meglumine and
diatrizoate sodium (Gastrografin, Bracco Diagnos-
tics) for the opacification of luminal fluid.*®

Our CT protocol was as follows. On the inser-
tion of a small flexible rectal catheter, pneumoco-
lon was achieved through the patient-controlled
insufflation of room air immediately before scan-
ning. CT scanning was performed while the patient
held his or her breath in the supine and prone po-
sitions; a four-channel or eight-channel CT scan-
ner was used (GE LightSpeed or LightSpeed Ultra,
General Electric Medical Systems). The CT tech-
nique involved the use of 1.25-to-2.5-mm collima-
tion, a table speed of 15 mm per second, a recon-
struction interval of 1 mm, and scanner settings of
100 mAs and 120 kVp.

Image processing and interpretation were per-
formed with the use of a commercially available CT
colonographic system (Viatronix V3D Colon, ver-
sion 1.2, Viatronix). This software program extracts
the images of the air-filled colon, generates an auto-
mated centerline for luminal navigation (Fig. 14),
and electronically removes from images the opaci-
fied residual fluid in a routine postprocessing step.
The diagnostic interface allows for a virtual “fly-
through” tour of the three-dimensional image (Fig.
1B and Supplementary Appendix 1 [available with
the full text of this article at www.nejm.org]) and
rapid correlation with the two-dimensional images
for any suspected abnormality (Fig. 1C). Although
both the two-dimensional view and the three-
dimensional view were used, the latter was relied on
for the initial detection of polyps. Polyps were mea-
sured with electronic calipers on the three-dimen-
sional view and recorded according to the segment
(cecum, ascending colon, hepatic flexure, transverse
colon, splenic flexure, descending colon, sigmoid
colon, or rectum). Extracolonic findings on CT were
also recorded and categorized as representing a con-
dition of potentially high, moderate, or low clinical
importance, in a manner similar to that used in pre-
viously reported studies.*”*®

CT virtual colonoscopic studies were interpret-
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CT VIRTUAL COLONOSCOPY

ed prospectively by one of six board-certified radi-
ologists immediately before the optical examina-
tion. All radiologists had received training involving
the reading of a minimum of 25 virtual colonoscop-
ic studies; two of the radiologists had previously in-
terpreted more than 100 such studies each.

Optical colonoscopy was performed by 17 ex-
perienced colonoscopists (14 gastroenterologists
and 3 colorectal surgeons) who were initially un-
aware of the results of the virtual colonoscopy. A
standard commercial video colonoscope (Olympus)
was inserted into the cecum and sequentially with-
drawn segment by segment for the detection of pol-
yps. Polyps were photographed (Fig. 1D) and mea-
sured with the use of a calibrated linear probe,
which is more accurate than either visual estima-
tion or estimation with the use of open biopsy for-
ceps.'? After the colonoscopist completed the
evaluation of a given segment of the colon, a study
coordinator revealed the results of the virtual co-
lonoscopy for the previously examined segment. If
a polyp measuring 5 mm or more in diameter was
seen on virtual colonoscopy but not on the initial
optical colonoscopy, the colonoscopist closely re-
examined that segment and was allowed to review
the images obtained on virtual colonoscopy for
guidance. This “segmental unblinding” resulted in
the creation of an enhanced reference standard and
allowed for the assessment of false negative results
on optical colonoscopy that would otherwise have
been recorded as false positive results on virtual co-
lonoscopy. All polyps that were retrieved were sent
for histologic evaluation.

The time spent by each patient in the CT suite,
the endoscopy suite, and the recovery area was re-
corded. The time required for the interpretation of
virtual colonoscopic studies was also recorded. At
discharge, all study patients were given a one-page
questionnaire to complete at home and return by
mail. The questionnaire assessed the levels of dis-
comfort and overall convenience, as well as the pref-
erence for the use of virtual or optical colonoscopy
in the future.

STATISTICAL ANALYSIS

The final results on optical colonoscopy, which in-
cluded findings after the reexaminations informed
by the results on virtual colonoscopy, served as the
reference standard with which the results of virtual
colonoscopy and the initial optical colonoscopy
were compared. Of primary interest were adenom-
atous polyps measuring 6 mm or more in diameter.
Advanced neoplasia was defined as any adenoma
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Table 1. Criteria for Exclusion.

Positive guaiac-based test of stool within 6 mo before referral
Iron-deficiency anemia within previous 6 mo

Rectal bleeding or hematochezia within previous 12 mo

Unintentional weight loss of more than 10 Ib (4.5 kg) within previous 12 mo
Optical colonoscopy within previous 10 yr

Barium enema within previous 5 yr

History of adenomatous polyps, colorectal cancer, or inflammatory bowel
disease

History of familial adenomatous polyposis or hereditary nonpolyposis cancer
syndromes

Rejection for optical colonoscopy for any reason
Medical condition that precludes the use of sodium phosphate preparation
Pregnancy

measuring 10 mm or more in diameter or demon-
strating high-grade dysplasia, a prominent villous
component, or a focus of cancer.?® Nonadenoma-
tous lesions (such as hyperplastic polyps) and di-
minutive polyps (<5 mm in diameter) were of sec-
ondary interest.

A polyp-matching algorithm was used to ad-
dress inherent uncertainties in the comparison of
localizations and sizes. For a given polyp to be con-
sidered a true positive match between virtual and
optical colonoscopy, it had to be assessed as appear-
ing within the same segment or in adjacent seg-
ments, and the two recorded diameters had to be
the same, within a 50 percent margin of error. For
a patient to be considered to have a true positive re-
sult for a polyp in a given size category, at least one
polyp of that size or larger had to be present on both
virtual and optical colonoscopy. Given the relatively
low prevalence of disease, polyp matching in this
cohort was generally not problematic.

Tests of significance included McNemar’s test,
Fisher’s exact test, chi-square tests, or paired t-tests,
as appropriate. To assess interobserver agreement,
100 randomly selected virtual colonoscopic studies
were interpreted retrospectively by a second study
radiologist at a different center. Interobserver re-
liability was measured with the use of the kappa
statistic.

RESULTS

Of 1253 consecutively enrolled asymptomatic
adults, 1233 underwent complete virtual and op-
tical colonoscopic examinations (728 men and 505
women; mean age, 57.8 years). Eight patients were
excluded because of incomplete optical colonosco-
py (for a rate of completion of 99.4 percent). Twelve
patients were excluded because of inadequate prep-
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