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Colonic surveillance by CT colonography

using axial images only

Abstract Patients at increased risk
of colon cancer require strict colon
surveillance. Our objective was to
establish the efficacy of 2D axial CT
colonography as a surveillance test
when performed in routine clinical
practice. Eighty-two patients at in-
creased risk of colon cancer under-
went CT colonography followed by
conventional colonoscopy on the
same morning. CT colonography
studies were performed on a four-
ring multidetector CT scanner

(100 mAs, 120 kVp, 4x2.5 collima-
tion) and were interpreted by two
radiologists using 2D axial images
only. Results were correlated with
findings at colonoscopy. Note was
made of subsequent histology reports
from polypectomy specimens. A
total of 52 polyps were detected at
colonoscopy. Using 2D axial images
alone, with no recourse to 2D multi-
planar or 3D views, the sensitivity of
CT colonography was 100, 33 and

19% for polyps larger than 9, 6-9
and smaller than 6 mm, respectively.
Per-patient specificities were 98.8,
96 and 81.5%, respectively. Twenty-
nine percent of polyps smaller than

1 cm were adenomatous and there
were no histological features of
severe dysplasia. CT colonography
is a useful colon surveillance tool for
patients at increased risk of colon
cancer. It has a high specificity

for identifying patients who should
proceed to colonoscopy and polypec-
tomy, while allowing further colon
examination to be deferred in pa-
tients with normal studies. Using 2D
axial images only, CT colonography
can be performed as part of the daily
CT workload, with a very low rate
of referral for unnecessary colonos-

copy.
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Introduction

Certain patients are at increased risk of colon cancer.
These include patients with a history of colonic neopla-
sia, those with a strong family history of colon cancer
at a young age [1-4], and patients with inflammatory
bowel disease [5]. Colonic surveillance in such patients
can prevent colon cancer [6, 7]. Current guidelines rec-
ommend that surveillance of these patients is performed
by total colon examination every 3-5 years with colo-
noscopy [6—8]. Other methods of surveillance have been
criticised for their poor sensitivity and specificity [9, 10],

and until recently there has been no viable alternative to
colonoscopy for total colon examination.

The recent development of CT colonography intro-
duced a new technique for examining the entire colon
with a high sensitivity for polyps larger than 1 cm
[11-16]. To date, most researchers have used a combina-
tion of axial CT images supplemented by multiplanar
(MPR) and/or 3D reconstructions as necessary for inter-
pretation of CT colonography studies. The need to gen-
erate MPR and/or 3D images increases the complexity of
CT colonography in terms of time and the operator expe-
rience required. With the advent of thin-section multi-
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slice CT acquisition, it is our experience that additional
post-processing of the dataset is rarely required, thereby
allowing CT colonography studies to be read in a timely
manner, as part of the normal CT workload, by a wide
range of radiologists. The purpose of our study was to
evaluate the potential use of CT colonography as a pri-
mary surveillance tool in a population at increased risk
of colonic neoplasia using this simple and rapid tech-
nique of axial image interpretation only.

Patients and methods

A total of 82 patients (M:F, 39:43; mean age, 57 years; range
26-81 years) were enrolled into the study. Eligible patients in-
cluded those who required surveillance following polypectomy of
colonic adenomas (n=34), those with a history of colon cancer
(n=T), and those with a strong family history of colon cancer
(n=41). The last group comprised patients with at least one first-
degree relative with a history of colon cancer under the age of
60 years or two second-degree relatives with a history of colon
cancer under 50 years of age. The study was approved by the
ethics review board at our institution and informed written consent
was obtained from all patients.

Patients underwent CT colonography followed by conventional
colonoscopy on the same morning. Bowel-cleansing regimens
comprised either 4 1 of a polyethylene glycol solution (Klean-prep,
Helsinki Birex Pharmaceuticals, Dublin, Ireland) or a phospho-
soda preparation (Fleet Prep, De Witt International, David Mayers
Ltd, Dublin, Ireland). CT colonography was performed by a radiol-
ogist in every case. Following insertion of a soft-tipped enema
tube, the colon was insufflated with air using a hand pump up to
maximum patient tolerance. A smooth muscle spasmolytic was not
routinely used. The degree of distension was assessed on the CT
scout image, and further air insufflated if necessary.

CT colonography scanning was performed on a four-ring mul-
tidetector CT scanner (4 Plus VolumeZoom, Siemens, Erlangen,
Germany) using the following parameters: 100 mAs, 120 kVp,
4x2.5 mm collimation and 12.5 mm table feed (pitch of 1.25).
Scans were reconstructed with a slice width of 3 mm and a slice
increment of 1.5 mm. All patients were scanned firstly in the su-
pine position followed by prone scanning, with further gentle in-
sufflation of air before the prone scan. Intravenous contrast medi-
um was not used. Following CT colonography examination, pa-
tients proceeded to the GI endoscopy unit for their scheduled con-
ventional colonoscopy.

CT colonography studies were interpreted separately by two
radiologists (HF and JB) on a remote workstation using 2D axial
images only. Magnified images were reviewed using the “colon-
tracking” technique described elsewhere [17], moving manually
from rectum to caecum in a retrograde fashion without use of cine
mode. No recourse was made to 2D MPR reconstructions or to 3D
endoluminal views. All images were examined both at lung (C/W:
—200/1,500) and soft tissue (C/W: +10/400) window settings
(Figs. 1, 2, 3). Both radiologists had read more than 50 CT
colonography scans prior to commencing the study. Where a dis-
crepancy arose in their interpretation of a scan, the relevant imag-
es were reviewed jointly a third time and a consensus was
reached.

Polyps detected at CT colonography were documented with re-
spect to the segment location and size. For the purposes of denot-
ing segment location, the colon was divided into six segments: the
rectum, sigmoid colon, descending colon, transverse colon, as-
cending colon and caecum. Polyps were measured using electronic
callipers at lung window settings and the maximum diameter of
the polyp was recorded. Results from CT colonography were sub-

Fig. 1 A small polyp, less than 6 mm in size, is demonstrated
in the rectum (arrow). Optimal distension of the colon facilitates
distinction between polyps and haustral folds

Fig. 2a, b Retained faecal contents. a Residual faecal material
(arrow) can often be confused with polyps or thickened folds.
b The presence of air within the abnormality (arrow), best appre-
ciated on 2D images at lung window settings on this slightly more
caudal image, confirms the benign nature of the abnormality
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Fig. 3a,b The value of prone scanning. Caecal polyp. a On this
supine axial image of the caecum, the presence of retained fluid
hampers detection of a submerged caecal polyp. A bulbous caecal
valve is a common finding and distinction from a caecal polyp can
be troublesome. b Re-scanning with the patient in the prone posi-
tion results in a redistribution of retained fluid and permits easier
identification of the underlying caecal polyp

sequently compared with findings at conventional colonoscopy to
enable a determination of sensitivity and specificity. A true-posi-
tive finding was recorded if a polyp found at CT colonography
corresponded to a polyp of similar size and shape seen at conven-
tional colonoscopy either in the same segment or in a contiguous
section of an adjacent segment. Sensitivity of CT colonography
was calculated both on a per-polyp and a per-patient basis. Speci-
ficity was calculated on a per-segment and on a per-patient basis,
referring to the number of colonic segments and patients, respec-
tively, without any polyps or masses. Histology reports from poly-
pectomy specimens were also reviewed to allow an assessment of
the prevalence of adenomatous polyps and the degree of neoplasia
and dysplasia in removed specimens.

Results

Eighty-two patients consented to undergo both CT
colonography and conventional colonoscopy. Colo-
noscopy was complete in 72 patients (88%), yielding a

Table 1 Characteristics of polyps detected at colonoscopy in
study population at increased risk of colon cancer

Polyp No.of  Adenomatous Hyperplastic ~ No. of
size polyps  polyps polyps patients
with polyps
(n=82)
>0 mm 3 3 (100%) 0 (0%) 2 (2%)
6-9mm 6 3 (50%) 3 (50%) 6 (7%)
<6mm 43 11 (26%) 32 (74%) 27 (33%)

Table 2 Diagnostic performance of CT colonography compared
to colonoscopy as a surveillance tool in a population at increased
risk of colon cancer

Polyp Per-polyp  Per-patient  Per-segment Per-patient
size sensitivity  sensitivity  specificity specificity
(%) (%) (%) (%)
>9 mm 100 100 99.8 100
6-9mm 33 33 98.7 95
<6 mm 19 32 94 83

total of 465 segments that were visualised both at con-
ventional colonoscopy and at CT colonography. For the
purposes of calculating polyp specificity per-segment,
only segments that were examined by both modalities
were considered (i.e. 465 segments). Patients who did
not undergo complete colonoscopy were not included in
the calculation of per-patient sensitivity and specificity.

A total of 52 polyps were detected at conventional
colonoscopy. There were 43 polyps smaller than 6 mm,
6 polyps of 6-9 mm, and 3 polyps larger than 9 mm
(Table 1). Polyps were present in 34 patients (41%), with
many patients having more than one polyp. Colonoscopy
did not detect any polyps in 48 patients (59%). A total of
80 patients (98%) did not have any polyps or masses
larger than 9 mm.

CT colonography detected all polyps larger than
9 mm. The sensitivity of CT colonography was 100, 33
and 19% for polyps larger than 9, 6-9 and smaller than
6 mm, respectively. Per-segment specificity was 99.8,
98.7 and 94%, respectively. On a per-patient basis, the
sensitivity of CT colonography was 100, 33 and 32% for
patients with polyps larger than 9, 6-9 and smaller than
6 mm, respectively. The respective per-patient specificity
was 100, 95 and 83% (Table 2).

CT colonography correctly identified 100% (72/72) of
patients without polyps larger than 9 mm. There was only
one false-positive finding of a polyp larger than 9 mm at
CT colonography (one rectal polyp which could not be
identified on repeat colonoscopy, and was thought to re-
present a bulbous fold). Retrospective analysis of this ab-
normality using 2D MPR and 3D endoluminal views failed
to clarify the lesion and would not have influenced inter-
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pretation of the 2D axial views. This patient did not have a
complete colonoscopy and was therefore not included in
calculation of per-patient specificity.

Twenty-nine percent of all polyps smaller than 1 cm
were adenomatous, and most of these (79%) were smaller
than 6 mm. Of the 43 polyps smaller than 6 mm detected
at conventional colonoscopy, 42 (98%) were retrieved. Of
these, 11 were adenomatous (26%) and 31 were hyper-
plastic (74%). All six of the 6-9-mm polyps detected at
colonoscopy were biopsied and retrieved. Three (50%) of
these were adenomas and three (50%) were hyperplastic
or consisted of inflammatory mucosal tags.

There were no histological features of severe dyspla-
sia in any of the polyps retrieved for histological exami-
nation. Interpretation times of CT colonography studies
were not formally recorded but most cases were read by
both reviewers in under 10 min.

Discussion

Colon cancer arises in a predictable fashion from precur-
sor adenomatous polyps. In an average-risk population ap-
proximately 50% of people over the age of 50 will have
colonic polyps, with half of these being adenomas [9].
Patients with adenomatous polyps are deemed to be at
increased risk of colon cancer, and will require regular
colonic surveillance following polypectomy according to
current guidelines [8]. However, compared to the small
percentage of patients at high risk of colon cancer (those
with previous colon cancer or those with a genetic predis-
position), patients with only one or two small tubular ade-
nomatous polyps are at only slightly increased risk of de-
veloping significant pathology in the early post-polypecto-
my period. Such patients comprise a significant proportion
of the surveillance workload for colonoscopists, and yet
most of these surveillance examinations will be normal.
Recently published screening and surveillance guidelines
have modified previously existing recommendations,
stressing that surveillance strategies should now be strati-
fied according to risk, such that patients with adenomas
larger than 1 cm or with multiple adenomas should under-
go colonoscopy every 3 years, while surveillance for pa-
tients with only one or two small tubular adenomatous
polyps can be deferred to every 5 years, or even longer [8].

CT colonography is a non-invasive test with high
sensitivity and specificity for polyps larger than 1 cm in
average-risk to high-risk patients. Although it has not
been incorporated into existing surveillance recommen-
dations, CT colonography is of potential benefit to in-
creased-risk patients by virtue of its strong negative pre-
dictive value. Previous studies have demonstrated im-
proved detection and characterisation of colonic polyps
using 2D MPR and 3D endoluminal views in addition to
2D axial views [18-21]; however, it has been our experi-
ence that reformatted 2D and 3D images prolong inter-

pretation times and are rarely required for the interpreta-
tion of CT colonography datasets.

In our study, we were able to demonstrate that using
the interpretation of 2D axial images only, CT colonog-
raphy had a high sensitivity and specificity for lesions
larger than 1 cm. The technique also had a high negative
predictive value for such polyps (100%), which would
have safely allowed avoidance of a colonoscopy for
patients with normal colons and deferred further colon
examination for a number of years.

Sensitivity for polyps smaller than 1 cm was poorer.
However, only 29% of polyps smaller than 1 cm in our
study were adenomas, and most of these (79%) were
smaller than 6 mm, of doubtful clinical significance.
None of these polyps contained any histological features
of severe dysplasia. In our own clinical practice, it is our
policy to report only small polyps for which the inter-
preter has a high degree of diagnostic confidence in
order to minimise unnecessary referral for colonoscopy,
leading to a high specificity for these lesions. It seems
reasonable to presume that very few of these small polyps
would pose any significant mortality risk in the interval
before their next surveillance examination, by that time
they should be of a size that would be readily detectable.

If CT colonography is to become a successful colon
surveillance tool it must be shown to be not only an accu-
rate technique, but also one that is widely available. The
use of 3D and MPR images in CT colonography requires
dedicated software and familiarity with these image-ma-
nipulation techniques. It has been recommended that radi-
ologists be trained in such techniques prior to interpreting
CT colonography studies in a clinical setting [22]. In a
busy department staffed by general radiologists, it may not
be practical to devote the effort to including CT colonogra-
phy in the routine work list. On the other hand, 2D axial
CT images are immediately familiar to most radiologists
and the method of “lumen tracking” for interpreting the 2D
axial image dataset is a readily accessible technique [17].

CT colonography performed in the manner we de-
scribe, using only 2D axial images, represents a test that,
like the barium enema, can be learned by most radiolo-
gists and should be available wherever there is a multi-
slice CT scanner. Studies can be readily performed and
interpreted by general radiologists within routine CT
work lists. CT colonography is generally well tolerated
by patients [23-25] and, in the context of a surveillance
programme, patient compliance could be expected to be
higher than for conventional colonoscopy. In addition,
recent experience with low-dose scanning indicates that
regular surveillance of patients using ultra-low-dose CT
colonography should be possible without significantly
compromising polyp detection [26].

Limitations of our study include the relatively small
number of polyps present that were larger than 6 mm,
despite the fact that we included patients at high risk of
colonic cancer in our study, such as those with a strong
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family history of colon neoplasia or a personal history
of colon cancer. Such patients were included in order to
ensure a polyp-rich surveillance population. Neverthe-
less, despite the small number of polyps, we were still
able to demonstrate a high negative predictive value for

By helping to triage patients into those for whom
colonoscopy can provide a major survival benefit and
those in whom further colon examination can be de-
ferred, CT colonography represents a powerful tool that
deserves inclusion in colon surveillance recommenda-

CT colonography. tions for patients at increased risk of colon cancer.
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