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Abstract

AIM: To compare the results from computed tomography
(CT) colonography with conventional colonoscopy in
symptomatic patients referred for colonoscopy.

METHODS: The study included 227 adult outpatients,
mean age 60 years, with appropriate indications for
colonoscopy. CT colonography and colonoscopy were
performed on the same day in a metropolitan teaching
hospital. Colonoscopists were initially blinded to the
results of CT colonography but there was segmental
unblinding during the procedure. The primary outcome
measures were the sensitivity and specificity of CT
colonography for the identification of polyps seen at
colonoscopy (i.e. analysis by polyp). Secondary outcome
measures included an analysis by patient, extracolonic
findings at CT colonography, adverse events with both
procedures and patient acceptance and preference.

RESULTS: Twenty-five patients (11%) were excluded
from the analysis because of incomplete colonoscopy
or poor bowel preparation that affected either CT
colonography, colonoscopy or both procedures.
Polyps and masses (usually cancers) were detected at
colonoscopy and CT colonography in 35% and 42%
of patients, respectively. Of nine patients with a final

diagnosis of cancer, eight (89%) were identified by CT
colonography as masses (5) or polyps (3). For polyps
analyzed according to polyp, the overall sensitivity of
CT colonography was 50% (95% CI, 39%-61%) but
this increased to 71% (95% CI, 52%-85%) for polyps
= 6 mm in size. Similarly, specificity for all polyps was
48% (95% CI, 39%-58%) increasing to 67% (95%
CI, 56%-76%) for polyps = 6 mm. Adverse events
were uncommon but included one colonic perforation
at colonoscopy. Patient acceptance was high for both
procedures but preference favoured CT colonography.

CONCLUSION: Although CT colonography was more
sensitive in this study than in some previous studies, the
procedure is not yet sensitive enough for widespread
application in symptomatic patients.
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INTRODUCTION

CT colonography is a newer radiological procedure that
might be suitable for screening for colorectal lesions in
symptomatic and asymptomatic individuals'™®. An obvious
consideration is the sensitivity, specificity and accuracy of
the investigation in different patient populations. A second
consideration is the frequency of colorectal abnormalities
on CT colonography that will require subsequent colono-
scopy. Ideally, this percentage should be relatively low. Yet
a third consideration is the cost of the procedure in money
and time and the frequency of minor and more serious
complications.

In previous studies that have compated CT colonography
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with colonoscopy, the sensitivity, specificity and accuracy
of CT colonography has shown substantial variation. In
one large screening study in asymptomatic adults, CT
colonography had a similar sensitivity to colonoscopy for
the detection of polyps greater than 6 mm in diameter'”.
In contrast, studies in symptomatic patients have shown a
sensitivity for the detection of cancers of approximately
75% and lower sensitivities for the detection of polyps™”.
This variation may reflect differences in bowel preparation,
colonic distension, CT' scanners, collimation, software, scan
evaluation and use of fecal tagging""”. In this study, the
compatison of CT colonography with colonoscopy included
the routine use of hyoscine butylbromide (Buscopan)
during CT colonography, unblinding of the results of CT
colonogtraphy during colonoscopy and repeat colonoscopy
for discrepant findings.

MATERIALS AND METHODS

The study included 227 patients with appropriate indications
for colonoscopy. Symptoms included rectal bleeding in 77
patients, abdominal pain in 56 and a change in bowel habit
in 41. In addition, some patients had a family history of
colorectal cancer (51), previous colonic polyps (43) and a
recent positive fecal occult blood test (30). Exclusion criteria
included inflammatory bowel disease and major coexisting
medical disorders. Patients had a mean age of 60 years
with an age range of 25 to 85 years. There were similar
numbers of men (51%) and women (49%). All patients gave
informed written consent and the study was approved by
the local institutional Ethics Committee in 2003.

CT colonography and colonoscopy were performed
on the same day. The type of bowel preparation was
determined by the colonoscopist but most patients had
Picolax, Colonlytely or both preparations. CT colonography
was performed with a Toshiba multislice helical CT
scanner with 2 mm collimation that was reconstructed into
intervals of 1.0-1.5 mm. Colonic distension was achieved by
insufflation of catbon dioxide and the use of intravenous
Buscopan (20 mg). Patients were scanned in both supine
and prone positions during a single breath hold (average
scanning time, 25 s). With this technique, the radiation
dose is lower than that of a barium enema X-ray. Images
obtained with a Compaq” PC using ColonScreen (Voxcar
Ltd., Edinburgh) were read in 2-dimensional format with
use of a targeted 3-dimensional format when necessary. The
CT images were reported by one of three radiologists within
60 min of completion of the scan. All had received previous
training in CT colonography and had been reporting CT
colonography on a routine basis prior to the study. The
adequacy of the bowel preparation was recorded and the
presence and size of polyps and masses wete reported for
eight segments (caecum, ascending colon, hepatic flexure,
transverse colon, splenic flexure, descending colon, sigmoid
colon and rectum).

Colonoscopy was petformed by a consultant gastro-
enterologist or colorectal surgeon. Patients were sedated
with intravenous fentanyl and midazolam, sometimes
supplemented with propofol. The colonoscope was passed
to the caecum and then slowly withdrawn to the splenic
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flexure. At that point, CT colonography findings in the
right colon were made available to the colonoscopist and
colonoscopy was repeated if there were discrepant results.
This also applied for CT colonography findings in the left
colon after withdrawal of the colonoscope to the rectum.
Masses and polyps detected at colonoscopy wete reported
in eight segments as above.

The quality of the bowel preparation was recorded
on a scale of 1-5 using the system of Yee ef al™.
Patient discomfort with both CT colonography and
colonoscopy were assessed by a questionnaire soon after
CT colonography and during recovery after colonoscopy.
Patients also completed a similar questionnaire 1 wk after
the procedures that included a question on preference for
CT colonography or colonoscopy. All adverse events were
recorded.

Statistical analysis

Comparisons of CT colonography with colonoscopy were
analyzed according to polyp and according to patient using
Stata Version 9. In the more important analysis according
to polyp, confidence intervals were produced using logistic
regression and reflect an allowance for clustering of polyps
within patients. Polyps were judged to be identical if they
were located in the same or adjacent segments and if they
were of similar size (£ 50%). In the analysis according to
patient, exact confidence intervals were calculated by the
Stata contributed program “diagt”. Patients with at least
one polyp identified by colonoscopy were a true positive if
they had at least one polyp at CT colonography. It was not
necessary for the lesions to be assessed as identical.

RESULTS

CT colonography was compared with colonoscopy in 202 of
227 patients. Twenty-five patients (11%) were excluded from
the analysis because of incomplete colonoscopy or poor
bowel preparation that largely affected CT colonography.
Polyps and masses were detected at CT' colonography and
colonoscopy in 42% and 35% of patients, respectively.

Detection of cancer

Of the 9 patients with a final diagnosis of cancer, 8 were
diagnosed at colonoscopy and confirmed by biopsy while
1 patient had cancer within a polyp that was diagnosed
histologically. Cancers were located in the sigmoid colon
(3), rectum (3), ascending colon (2) and splenic flexure (1).
All of these lesions were seen at CT colonography but
only 5 were considered as probable cancers. The remaining
lesions were interpreted as polyps (3) and fecal material (1).
Three additional patients were diagnosed with probable
cancer at CT colonography but only 1 had a corresponding
polyp at colonoscopy. Polyps and cancers detected at both
CT colonography and colonoscopy are shown in Figure 1.

Detection of polyps

At colonoscopy, 163 polyps were detected in 69 patients.
The most common sites were the sigmoid colon (30%),
rectum (27%), transverse colon (22%) and ascending
colon (12%). Histologically, the majority of polyps were
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Figure 1 The figure shows the endoscopic appearance and images at CT colonography (3-D and 2-D) for 2 colonic lesions. The upper panel shows a cancer in the
ascending colon while the lower panel shows a large tubulovillous adenoma at the rectosigmoid junction.

adenomatous (67%) while the remainder were hyperplastic,
serrated or unspecified. In the analysis according to polyp,
the sensitivity, specificity and accuracy of CT colonography
for the detection of polyps of various sizes is shown in
Table 1. The sensitivity for all polyps was 50% but this
increased to 71% for polyps = 6 mm in size. In the
analysis according to patient, CT colonography had an
overall sensitivity, specificity and accuracy of 62% (95% CI,
50%-74%), 76% (95% CI, 67%-83%), and 71% (95% CI,
64%-77%), tespectively. For polyps = 6 mm analyzed by
patient, sensitivity, specificity and accuracy were 78% (95%
CI, 58%-91%), 82% (95% CI, 76%-88%) and 82% (95% CI,
76%-87%). In relation to the sensitivity of colonoscopy, one
polyp was detected by CT colonography that was missed at
the initial colonoscopy but detected by repeat colonoscopy.

Extracolonic findings

Data on extracolonic findings were available in 225 of
227 patients (99%). One patient had a renal mass and
was subsequently diagnosed with renal cell cancer. Other
findings of potential clinical significance included renal
stones (7%), gallbladder stones (6%), adrenal masses (4%),
ovarian cysts (3%), non-cystic liver lesions (2%), small
aortic aneurysms (2%), lung nodules (1%) and calcific
chronic pancreatitis (1%).

Bowel preparation at CT colonography

Only 33% of patients had a clean bowel (grade 1) while
62% had “pools of liquid” (grade 2) and 5% had “solid
and liquid” or “collections of solid feces” (grades 3 and 4).
Patients categorized as “impossible” (grade 5) were ex-
cluded from the study.

Adverse events

These were reported by 4 patients after CT' colonography
and included nausea (2), dizziness (1) and significant
abdominal pain (1). Adverse events after colonoscopy
included rectal bleeding (1) and moderate or severe
abdominal pain (2). One of these patients was subsequently
diagnosed with colonic perforation and treated by resection
of the sigmoid colon. There were no postoperative
complications. Other recorded complications during
colonoscopy included hypoxia (1), hypertension (1) and
bradycatdia (1).

Patient acceptance and preference

Selected results from a questionnaire administered 1 wk
after the procedures are included in this report. The
questionnaire was completed by 195 of 202 patients (96%).
The experience of CT colonography and colonoscopy was
“better than expected” or “as expected” in 84% and 94%
of patients, respectively. Overall, 87% of patients were
“very satisfied” or “satisfied” with CT colonography while
90% were “very satisfied” or “satisfied” with colonoscopy.
Furthermore, 89% of patients indicated that they
“definitely would” or were “most likely” to have repeat CT
colonography compared to 96% for colonoscopy. These
differences were not statistically significant. However, when
asked to choose between CT colonography and colonoscopy
for a repeat procedure, 61% chose CT colonography and
39% chose colonoscopy (P = 0.005, Chi-square test).

DISCUSSION

CT colonography, also called virtual colonoscopy, is an
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Polyp size n Sensitivity Specificity Accuracy
<6 mm 125 42 (30-55) 63 (52-73) 54 (46-62)
6-10 mm 27 78 (52-92) 75 (65-83) 75 (66-83)
>10 mm 11 62 (39-81) 86 (77-92) 82 (73-89)
All polyps 163 50 (39-61) 48 (39-58) 49 (42-56)
= 6mm 38 71 (52-85) 67 (56-76) 68 (59-76)

Values in brackets are 95% confidence intervals that reflect an allowance for
clustering of polyps within patients.

evolving technology that may have a role in screening for
colorectal polyps and cancer. However, using colonoscopy
as the gold standard, concordance between the two
investigations has varied widely in different studies. In
relation to the patient population, better results have been
achieved in screening studies in asymptomatic individuals
than in patients with symptoms. This may reflect the
younger age and better health of asymptomatic individuals
who are more able or more motivated to comply with bowel
preparation procedures. In any event, the quality of the
bowel preparation is more important for CT colonography
than for colonoscopy. In the present study, the adequacy
of the bowel preparation was recorded by the reporting
radiologist. Only 33% of patients had a “clean bowel” while
the remainder had either “pools of liquid” (62%) or “solid
and liquid” (5%). Whether bowel images can be improved

by modified preparation protocols'” or by «
>>[16]

electronic
cleansing” ™ remains unclear. Intravenous Buscopan is not
routinely used during CT colonography but does enhance
colonic distension"”.

Other factors that may contribute to variable results
from CT colonography include the type and settings
of CT scanners, the use of fecal tagging, the mode of
imaging and the experience of the reporting radiologist.
In one meta—analysism], better results were achieved with
scanners with multiple detectors, thinner collimation and
the standard use of three-dimensional (“fly-through”)
technology. Fecal tagging using oral contrast did not appear
to be a relevant factor and has the potential to impair
the quality of colonoscopy. When images are reported
by different radiologists, variation has ranged from
“minimal”"” to “substantial”!"®, apparently independent
of previous experience with the technique. There are also
potential biases in comparative studies of this type with
over-reporting in the investigation under study, specifically
CT colonography.

The experience of both CT colonography and
colonoscopy was widely accepted by patients. Although
responses to specific questions about each technique
showed a trend in favour of colonoscopy, more patients
chose CT colonography when given a choice between the
two procedures. These responses can be influenced by
the structure of the questions but might also reflect real
concerns about sedation, potential complications and the
degree of “invasiveness”. In this study, complications were
uncommon but one patient had a colonic perforation that
required surgery. This complication has an overall frequency
of approximately 1 in 1000 colonoscopies"” but can also
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occur after CT colonography, perhaps with a frequency of 1
in 1700 procedures".

In this study, CT colonography was more sensitive than
in previous studies in symptomatic patients™. For example,
CT colonography identified cancers as either masses or
polyps in 8 of 9 patients (89%) in this study and in 6 of 8
(75%)™ and 7 of 9 (78%)" in previous studies. For polyps
analyzed by polyp, the overall sensitivity for detection of
polyps was 50% in this study increasing to 71% for polyps
6 mm in size or greater. In previous studies, sensitivities
for polyp detection (= 6 mm) were reported as 32%"
and 47%"”. The possibility that inaccurate localisation of
polyps at colonoscopy contributed to low sensitivity rates
seemed unlikely as sensitivities for polyps = 6 mm analyzed
by patient were only marginally higher (78%) than those
analyzed by polyp (71%).

Criteria for the introduction of new technologies
into clinical practice are difficult to establish. For
example, issues such as sensitivity and specificity need
to be considered in relation to direct and indirect costs,
complications and the proportion of patients who will
be referred for further investigation. In the present study,
CT colonography identified polyps or masses in 42% of
patients. This is not a cost-effective option if all patients
with abnormalities are referred for colonoscopy™.
However, CT colonography becomes increasingly cost-
effective if colonoscopy is restricted to lesions that are
= 6 mm or = 10 mm in size. Such recommendations, if
introduced, would invite a new series of questions related
to the frequency of repeat scans and the mutagenic effects
of accumulating doses of radiation™?, Although small
polyps have a low frequency of features of advanced
neoplasia, there is only limited data on the natural history
of small polyps and the identification of those polyps that
will eventually evolve into cancer™".

Although CT colonography is not yet ready for
widespread clinical application, it is likely that results
will improve with better bowel preparation, technical
developments and increasing familiarity with the technique.
Results from this study highlight the importance of bowel
preparation although, in the future, it may be possible to
reliably differentiate fecal material from polyps using fecal
tagging“ol, “electronic cleansing” of colonic fluid"” or
contrast-enhanced studies””. Other helpful developments
may also include new fecal subtraction algorithms[zsl,
workstation modifications to facilitate polyp detection™,
improved software and new training programs for
radiologistsm.
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Background
It is not yet clear whether computed tomography (CT) colonography will be widely
adopted for the detection of colonic polyps and cancer. Current issues include
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the sensitivity and specificity of the investigation, direct and indirect costs and the
longer-term effects of radiation.

Research frontiers

This study indicates that residual liquid and solid material after bowel preparation
limits the accuracy of the procedure. Whether this can be overcome by modified
laxative preparations, fecal tagging or “electronic” bowel cleansing remains
unclear.

Innovations and breakthroughs

In this study in symptomatic patients, CT colonography was more sensitive for the
detection of polyps than in some previous studies. This study included the routine
use of intravenous Buscopan but the study was not designed to determine whether
this modification improved either sensitivity or specificity.

Applications

There is widespread interest in screening for colon cancer in symptomatic and
asymptomatic individuals. Colonography, either using CT or magnetic resonance
imaging, may play a central role if there are further improvements in sensitivity and
specificity.

Peer review

The paper by Roberts-Thomson IC et al is interesting. The selection of patients,
sample size and the overall design of the study are fair, the results adequate to
provide clinical evidence and to support valid conclusions.
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