




















attenuation (ie, gas bubbles, high-atten-
uating areas, and homogeneous soft-tis-
sue attenuation) in detected filling de-
fects because of improved z-axis resolution.
These advantages should lead to improved
sensitivity and specificity of CT colonog-
raphy.

With regard to improved sensitivity,
the major reasons for false-negative CT
studies are related to colonic segments
that are not well distended, perceptive
errors, or small polyp size and flat mor-
phologic features (18,19,23). The possi-
bility of decreasing perceptive errors by
means of thin-section multi-—detector
row CT exists. Subtle lesions that might
have been detected on only one or two
sections with 5-mm-section collimation
may be present on 5-10 sections with use
of thin-section collimation. In addition,
the improved z-axis resolution helps to
confirm polypoid morphologic structure.
In our study, 13 (93%) of 14 polyps that
were 10 mm or larger were prospectively
detected at CT colonography. One lesion,
a flat adenoma that was 10 mm wide but
only 1 mm thick, was not seen. Even in
retrospect this lesion could not be de-
tected because of its flat morphologic
structure. Flat adenomas are extremely
difficult to visualize at CT and will con-
tinue to be difficult to visualize with mul-
tisection scanning.

Seventy percent of the 6-9-mm polyps
were detected at prospective CT review.
This percentage is similar to that reported
by Fenlon et al (18) and Yee et al (29) for
the detection of medium-sized polyps. In
our study, the majority of polyps 5 mm
or smaller were not depicted at CT
colonography. This may have been re-
lated to our interpretation technique,
with which only the transverse images
are reviewed unless a lesion is detected or
suspected. Further image processing is
performed only when an abnormality is
suspected. However, with use of primary
axial review as the primary interpretation
technique, the median interpretation
time was 12 minutes. This included the
time to evaluate the colon and to image
any abnormalities. By using an interpre-
tation technique such as this, an experi-
enced radiologist can perform CT colonog-
raphy in a clinically feasible amount of
time while maintaining a sensitivity sim-
ilar to previously reported performance
levels.

It is possible and quite likely that
smaller polyps can be routinely detected
by means of evaluation of three-dimen-
sional endoluminal CT images both an-
tegrade and retrograde. The results of a
recent study (29) showed that with use of
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TABLE 2

Sensitivity of CT Colonography for Detection of Polyps in 105 Patients

Polyp Size at CT Colonography

Polyp Size at
Colonoscopy Negative =5mm 6-9 mm =10 mm Total
Negative 515 8 3 1 527
=5 mm 80 11 0 0 91
6-9 mm 8 0 19 0 27
=10 mm 1 0 0 13 14
Total 604 19 22 14 659

abnormalities in the segment.

Note.—Data are numbers of results. Some segments were depicted at colonoscopy or CT colonog-
raphy as having more than one polyp. A total of 659 CT colonographic and colonoscopic studies
were performed in 630 segments in the 105 patients. Negative was defined as no depiction of

a.

b.

Figure 6. False-positive CT colonographic findings in 55-year-old man. (a) Coronal CT colono-
graphic image shows a smooth round 6-mm mass (arrow) without an internal area of hyperlu-
cency on the fold in the ascending colon. (b) Three-dimensional volume-rendered CT image of
the mass seen in a shows a polypoid morphologic structure consistent with a polyp (arrow). At
colonoscopy, no lesion was seen. Although we considered this lesion to be a false-positive
finding, it is possible that it was a true polyp that was missed at colonoscopy.

transverse images, as well as complete
three-dimensional endoluminal naviga-
tion in both antegrade and retrograde di-
rections with the patient in the supine
and prone positions, the detection of
5-mm or smaller polyps was 59%. In that
study, the mean times for data evaluation
were 31 and 27 minutes for two separate
reviewers. This amount of time for data
evaluation may limit the use of virtual
colonoscopy in a clinical environment.
Moreover, the detection of these dimin-
utive polyps has questionable clinical im-
portance, especially if routine colon
screening is to be performed on an inter-
val screening basis (30). In our study the
majority of these small polyps (68%)
were either hyperplastic or normal co-
lons at histopathologic analysis. In addi-
tion, it should be noted that a 15-mm
lesion in the anal canal at the dentate

line could not be visualized, even in ret-
rospect, because this area cannot be dis-
tended. Given this limitation, a digital
rectal examination should be performed
in conjunction with CT colonography.
We have found that the major advan-
tage of low-dose thin-section multi-de-
tector row CT has been the reduction of
false-positive studies. The majority of
false-positive findings at CT colonogra-
phy are due to poor patient preparation,
poor colonic distention, and bulbous
haustral folds (19,23,29). A recent report
(29) of 300 patients who underwent
colonography with single-section CT and
3-mm-section collimation described 185
false-positive findings in 113 of the pa-
tients. Twenty-four of the false-positive
lesions in that study were 10 mm or
larger. A high false-positive rate may de-
crease the utility of the technique be-
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cause many unnecessary colonoscopies
will need to be performed. By better de-
picting the internal heterogeneity and
the external morphologic features of the
detected filling defects, thin-section multi—
detector row CT can yield fewer false-
positive findings that result from residual
fecal material and folds.

Polyps and small tumors have smooth
round borders, whereas residual fecal ma-
terial often has irregular geometric bor-
ders. With use of thin-section CT, the
smooth or geometric morphologic struc-
ture of a filling defect can be better inves-
tigated on both two-dimensional and
three-dimensional endoluminal views.
Recognition of these features of adherent
fecal material should lead to decreased
false-positive rates. Because there is less
volume averaging in a thin-collimation
CT section, as compared with that in
thicker sections, the visualization of
small gas bubbles or high-attenuating
material in detected filling defects is also
facilitated. The finding of internal heter-
ogeneities (either high or low attenuat-
ing) in the central portion of colonic fill-
ing defects is consistent with residual
fecal material and not a polyp.

Finally, the improved z-axis resolution
achieved with thin-section multi-detec-
tor row CT facilitates the differentiation
of bulbous folds from polyps. At trans-
verse image review, a bulbous fold may
appear to be a pedunculated polyp. Care-
ful inspection of multiplanar and en-
doluminal images, however, usually en-
ables the differentiation of linear (ie,
fold) from true polypoid morphologic
structure. In this study, nine of the 105
patients had 12 suspicious filling defects
that were depicted at CT colonography
but were ultimately proved to be false-
positive. Only one of these lesions,
which were detected at CT colonography
but not at colonoscopy, was larger than
10 mm, and three of them were 6-9 mm.
Although the design of our study was
such that these lesions were considered
to be false-positive CT colonographic
findings, it is possible that some of them
were true polyps that were not identified
at colonoscopy. The rates of false-nega-
tive colonoscopic results are widely pub-
lished (31).

There were some limitations to our
study. First, all of the CT colonographic
images were interpreted by one experi-
enced reader. There is a steep learning
curve for developing CT colonographic
image interpretation skills. Moreover, it
has been shown that experienced readers
may perform quite differently when in-
terpreting CT colonographic studies (19).
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Results of a recent study, however, indi-
cate that with proper training, experi-
enced abdominal radiologists can be
taught CT colonographic image interpre-
tation skills and thus achieve good inter-
observer agreement (32). Currently, we
are evaluating the performance of less
experienced readers in interpreting these
studies.

Second, the population that we stud-
ied was heterogeneous in that some pa-
tients were being evaluated because of
symptoms such as rectal bleeding and
others were being evaluated for guaiac-
positive stools. Moreover, it is likely that
there will be differences in polyp detec-
tion rates between populations that are
totally asymptomatic (ie, screened) and
those that have any symptoms. To limit
bias, we designed our study so that the
radiologist was unaware of the patients’
indications for colonoscopy and ages at
the time of data evaluation. Moreover,
data interpretation was performed by us-
ing the same technique in all patients.
Further investigation of multisection low-
dose CT colonography in a purely screen-
ing population is warranted.

Third, although detection of high-con-
trast structures such as colonic polyps is
achieved by using low milliampere sec-
ond techniques, low-contrast structures
such as hepatic and renal lesions are
more difficult to detect and characterize
with these methods. Results of studies
have shown that incidental findings can
be detected at CT colonography (33).
This factor should be considered when
CT colonographic protocols are being
contemplated. As part of our routine pro-
tocol, after the colon is evaluated, images
of the abdomen and pelvis are routinely
reviewed with standard abdominal win-
dow and level settings. Although the
evaluation of low-contrast structures is
limited, if an abnormality is detected it is
reported. In our study population, six pa-
tients were noted to have kidney stones,
one patient had a noncalcified nodule in
the left thorax, and one patient with a
history of lymphoma had splenomegaly
and lymphadenopathy. In addition, in
the examination of very large patients,
artifacts increase with use of the low-dose
technique. However, we have imaged pa-
tients who weighed up to 300 pounds
without a substantial loss in image qual-
ity. It should be remembered that with
use of thin-section multi-detector row
CT, images can be reconstructed at
thicker sections than the nominal sec-
tion thickness, and this results in de-
creased noise and potentially in im-
proved low-contrast resolution.

The exact radiation dose to each pa-
tient at CT colonography was unknown.
Our calculations were based on measure-
ments in a plastic phantom of an aver-
age-sized adult patient. However, these
phantom models provide a good approx-
imation of patient dose at CT in an aver-
age-sized adult. In addition, our efforts in
this study were focused on both thin-
section CT colonography and dose reduc-
tion. With use of thicker (eg, 4.0 X 2.5-
mm) sections, the CT dose index can be
further reduced. However, this would ne-
gate the advantage of near isotropic im-
aging that we believe is important for
data analysis.

There are several options for further
dose reduction. In thin patients, further
reduction of the milliampere second set-
ting can be attempted; however, this may
result in excess noise. In the near future,
multi-detector row CT scanners will en-
able eight and 16 sections to be obtained
simultaneously. Compared with four-sec-
tion scanners, these eight- and 16-section
CT scanners, the design of which is based
on geometric considerations of the x-ray
beam and the detector configuration,
may facilitate better dose efficiency and a
resultant decrease in patient radiation ex-
posure. The radiation dose implications
of lowering the kilovolt peak setting have
not been fully explored.

In conclusion, we have found that
with thin-section low-dose multi-detec-
tor row CT colonography, there is excel-
lent sensitivity and depiction of large
colorectal polyps and a median image
data interpretation time of 12 minutes
per case. In addition, by enabling better
evaluation of the morphologic features
and heterogeneity of lesions, near isotro-
pic resolution facilitates improved differ-
entiation of adherent residual stool and
bulbous folds from colorectal polyps and
thus a decreased false-positive rate. Ulti-
mately, low-dose thin-section multi-de-
tector row CT colonography, by facilitat-
ing decreased radiation doses and decreased
false-positive rates while maintaining excel-
lent sensitivity for detection of large pol-
yps, may lead to increased patient and
clinician acceptance of the use of this
examination.
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