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ABSTRACT:

Computed tomographic (CT) colonography comprises thin-section CT scanning of the prepared, gas-
distended colon, acquired in more than one patient position. The test is widely available internationally
and is highly sensitive for colorectal cancer, including significant polyps and early colorectal cancers
(SPECC). In this article, we will discuss the basic technique of CT colonography, its diagnostic
performance, the challenge of detecting serrated polyps and handling of diminutive polyps. Since CT
colonography permits a detailed assessment of polyp morphology, radiologists must communicate
their descriptions of the CT appearances of larger polyps accurately and using widely-accepted
terminology. This allows services to plan their resection strategy for these larger lesions in timely
fashion and ensure availability of appropriate staff and equipment for that patient. Close collaboration
between all members of the multi-disciplinary team will ensure that all patients have access to high-

quality colonic imaging services.



INTRODUCTION:

Radiological technigues have been used to diagnose colorectal cancer (CRC) for over 100 years!2.
With the advent of CT scanning,? radiologists became able to both detect and stage CRC reliably,
particularly by insufflating gas to distend the bowel and improve tumour vizualisation.*® Yet it was a
far more flamboyant display that truly ignited wider interest. Inspired by flight simulator computer
games,® Dr David Vining fused 3-dimensional data from newer helical CT scanners? with virtual reality
computer modelling to create a “virtual colonoscopy”, allowing radiologists to “fly through the body”.
The resulting images (of a particularly tolerant colleague, Dr David Gelfand) were presented to the
radiological and gastroenterological communities as a 3D rendered video to the sound of Wagner's
“Flight of the Valkyries”, and CT colonography (CTC) as recognised today was born.® Accelerated by
early reports of excellent diagnostic performance,®1° the technique disseminated rapidly, driven by
vast improvements to CT scanning hardware and image reconstruction software. Currently, over
100,000 CTC examinations are performed each year in England alone!!. In this article, we will
describe the modern practice of CTC, what it entails for patients undergoing the test, its diagnostic
performance, main benefits and downsides, and specific aspects relevant to early diagnosis of colonic

neoplasia.

CTC TECHNIQUE

CTC comprises three key aspects: (a) some form of bowel “preparation” (not necessarily involving
purgation); (b) colonic gas insufflation; and (c) image acquisition in more than one patient position.12
Most would now regard oral contrast administration, to label or “tag” any residual stool, as an
essential prerequisite for competent practice.!? It is this aspect of CTC that precipitates more
confusion among clinicians and patients than any other. Faecal tagging is a fundamental aspect of
modern CTC, and must always be administered; whereas cathartics can be reduced or even omitted
entirely in some cases (Figure 1)13. The confusion arises because the most commonly used faecal
tagging agent, Gastrografin (sodium diatrizoate/meglumine diatrizoate, Bayer plc, Newbury, UK), also
has a laxative effect, thereby providing a convenient and simple means to both cleanse and tag the
colon using a single agent. Yet patients must still be warned that they may experience abdominal

cramping and diarrhoea#%; and that a tube will be inserted into their rectum through which gas



(almost always carbon dioxide, at least in the UK6) will be machine-insufflated. Scans are performed
with the patient supine and prone (or using decubitus positioning if preferred or limited by patient
mobility) to allow redistribution of insufflated gas and any retained fluid or stool, thereby improving
visualisation of the entire circumference of the colonic surface. Nonetheless, CTC can be employed
reliably in the older, frailer patient; the average age of patients having CTC in England is over 70, and
a quarter are over 80.11 Despite this, serious complications are rare!”18 and the procedure is

extremely well-tolerated?®2° and safe.

DIAGNOSTIC ACCURACY

Considerable research effort has been concentrated on establishing the diagnostic accuracy of CTC.
Regarding detection of established colorectal cancer, the literature is relatively clear; two meta-
analyses have shown that CTC is approximately 96% sensitive for CRC,2%22 not significantly different
from colonoscopy (which was 95% sensitive in one of these analyses??). In support, a recent further
systematic review has shown that identification of (initially undetected) CRC in the three-year period
following CTC is rare — only occurring in 4.4% of cases.?® Since adenomas typically take many years
or even decades to transition to carcinoma,?* these are likely to be due to missed CRC at the index

CTC examination, entirely consistent with approximately 95% sensitivity for cancer.

Regarding large (1cm+) polyps, CTC correctly identifies approximately 85-90% of individuals with at
least one such polyp (i.e. per-patient sensitivity)2:25; and approximately 75-80% of any given 1cm+
polyps (i.e. per-polyp sensitivity).825 The discrepancy is because individuals may have multiple 1cm+
polyps; finding only one of these is enough to define a CTC examination as positive, even if other
polyps are missed — therefore, per-polyp sensitivity is (by definition) lower than per-patient. Small (6-
9mm) polyps are more difficult to detect at CTC, with per-patient and per-polyp figures of 70-80%38
and 60-70%2%25 respectively. Clearly, the remit of the SPECC programme is to improve detection and
management of significant polyps and early cancers — implying an emphasis on larger lesions, which
are more likely to be histologically advanced. Therefore, it is particularly relevant that a UK pragmatic
randomised trial, SIGGAR, found no significant difference in detection rates of a composite end point

of colorectal cancer and large (1cm+) polyps between colonoscopy and CTC.2¢



SPECIFIC ISSUES FOR SIGNIFICANT POLYPS AND EARLY COLORECTAL CANCERS (SPECC)

Although the diagnostic accuracy data outlined above show that CTC has excellent diagnostic
sensitivity on average, early cancers may be harder to detect. This might mean that, for SPECC in
particular, the performance of CTC might be poorer than the meta-analyses and randomised trial
outlined above, which derive from “all-comers”. Perhaps the most pertinent data for early lesions
derive from screening populations, since asymptomatic individuals have earlier stage tumours.2” Both
UK?28 and US?° data show that screen-detected cancers are smaller, less bulky, and subjectively less
conspicuous at CTC than those presenting with colorectal symptoms. Does this mean they are more
likely to be missed at CTC? Most studies would suggest not. The largest cohort series from
asymptomatic screenees found that CTC was again over 90% sensitive for 1cm+ polyps.30:31
Furthermore, in a Dutch randomised screening trial of CTC vs. colonoscopy??, initial screening
colonoscopy detected more advanced neoplasia on a per-attendee basis (although the two were
equal on a per-invitee basis, due to superior uptake of CTC), which was largely because small (6-
9mm) polyps found at index CTC were not resected immediately, but instead kept under follow-up.
Once these were included, CTC outperformed colonoscopy on a per-invitee basis and was its equal
on a per-attendee basis.3? Therefore, it is unlikely that SPECC lesions harbour a particular problem

for detection by CTC.

DETECTION OF SERRATED NEOPLASIA

The serrated pathway is increasingly recognised as an important route to colorectal carcinogenesis,
estimated to account for 20-30% of colorectal cancer.34 Historically, flat or non-polypoid lesions have
been regarded as an Achilles heel for CTC, which found fewer than half of them in some early
studies.?>36 This is, at least partly, because of under-recognition of their existence and clinical
importance during the early years of CTC development. Just as Western endoscopists had to adapt
and improve detection of serrated neoplasia in response to the experience of Japanese
endoscopists,3” so must CTC radiologists. The issue is not purely due to obsolete technology — even

with modern equipment, the recent Japanese National CTC trial reported only a 65% sensitivity for



1cm+ non-polypoid neoplasms®® (versus 90% for 1cm+ neoplasia overall). Furthermore, there was a
significantly lower detection rate of high-risk (large or histologically-advanced) serrated polyps in the
Dutch randomised screening trial.3® However, with optimised technique and image scrutiny, flat polyps
can be depicted by CTC. For example, re-analysis of the images from the US multicentre ACRIN
6664 screening trial showed that most flat polyps were reliably visible in retrospect, with the same
sensitivity as polypoid lesions.*° There are clear cues to help detection of serrated neoplasms at CTC
— in particular, surface coating by oral contrast tagging material.*14? There is no doubt that serrated
neoplasms can be extremely challenging for CTC, but with meticulous attention to patient preparation,

colon distension and image scrutiny, they can be found (Figure 2).43

HANDLING DIMINUTIVE POLYPS

Although rarely confused with a SPECC lesion, diminutive polyps (i.e. 5mm or less) nonetheless
present a dilemma to both radiologists and referring clinicians. This is not usually problematic, as CTC
has <50% sensitivity for these polyps. However, there is conflicting guidance regarding what to do
when a diminutive polyp candidate has been identified by a meticulous radiologist. Some authorities
recommend that radiologists should report diminutive lesions if they are seen with confidence (and
particularly if multiple),'? whereas others argue that they should be ignored.** One major difficulty with
referring all patients with diminutive polyps for colonoscopy is that CTC has very poor specificity for
neoplasia at this size — most such “polyps” will either be hyperplastic (and therefore clinically
irrelevant) or complete false-positives,*®> meaning the patient is subjected to endoscopy for no ultimate
benefit. For example, in one series the false-positive rate fell from 12% to only 4.2% when a 5mm+
reporting threshold was adopted.é It is important to recall that the clinical risk of diminutive polyps is
small — indeed, the risk of advanced neoplasia in patients in whom their largest polyp is <5mm is
below 4%, little over half that of an average-risk screenee.*® The risk of high-grade dysplasia or
carcinoma, arguably the most important aspects of advanced neoplasia, is even smaller, at 0.7%.47
Therefore, even if diminutive polyps are not reported, a normal CTC means that the patient has been
successfully stratified as lower risk than a randomly selected member of the screening-age
population. In our opinion, it makes no logical sense to refer these individuals for endoscopy —

colonoscopic capacity is finite, and would be better used to improve its provision for higher risk



individuals (for example, those testing positive in the Bowel Cancer Screening Programme). We must
avoid the perverse situation in which an endoscopist would have a greater chance of detecting
advanced neoplasia in the person accompanying the patient to the hospital than in the patient
themself. Furthermore, such an over-conservative referral threshold hugely increases healthcare
costs and has extremely poor cost-effectiveness, estimated at over $460,000 per life-year gained in

one US analysis*® — well over commonly applied thresholds in the UK.50

LESION CHARACTERISATION AND THERAPEUTIC STRATEGY

As the preceding paragraphs emphasise, CTC is primarily regarded as a tool for detection of
colorectal neoplasia, rather than their characterisation. However, there are important morphological
clues that may aid in therapeutic decision-making, beyond the obvious ability of CTC to depict remote
metastases. For example, CTC can reliably determine when a carcinoma is not an early lesion — for
example, transgressing the muscularis propria (denoting a T3 stage) and therefore unequivocally
requiring full oncological resection (or palliation). Indeed, systematic review shows that studies in
which the colon was distended with rectal contrast (whether using gas or positive iodinated contrast
medium) reported more accurate T staging than those in which conventional, unprepared CT was
performed.5! More subtly, the shape of a CTC-detected mass can help distinguish between T1 and T2
CRCs; the former being arc-shaped and the latter square or trapezoidal,>? although the reliability of
this distinction is imperfect. Just as endoscopists recognise the importance of the Paris classification
in their overall assessment of the risk of high-grade dysplasia or submucosal invasion (i.e. carcinoma)
in any given lesion, CTC permits radiologists to provide useful morphological characterisation using
the same descriptors. For example, a large Australian study identified polyp morphology (Paris
Classification 0-lla+llc), non-granular surface and Kudo pit pattern type V as being risk factors for
invasive cancer®s; of these three parameters, CTC can provide two (clearly being unable to resolve
the pit pattern!), and radiologists should be encouraged to do so in their clinical reports (Figure 3).54
Although management will ultimately be determined by the colonoscopic assessment, a detailed
description at CTC permits the endoscopist to be forewarned of what they are likely to find, and so

tailor their approach (for example, ensuring availability of an experienced interventional endoscopist



with access to sufficient time in the endoscopy room, their favoured equipment, and optimised patient

preparation).

SUMMARY

CT colonography is widely-used, with excellent diagnostic accuracy for clinically-relevant polyps, and
provides an alternative means of whole-colon investigation for many patients, particularly those less
able to tolerate optical colonoscopy. Serrated polyps and diminutive lesions need careful handling, but
with close dialogue between colonoscopists and radiologists, the two tests can be employed in
complementary fashion. Radiologists should be encouraged to provide as much morphological
information as possible, particularly for larger SPECC lesions, thereby helping assist pre-colonoscopic

risk stratification and procedural planning.



FIGURE LEGENDS

Figure 1 — The importance of faecal tagging. Endoluminal three-dimensional image (A) shows only a
pool of fluid and no polyp (arrow). The corresponding two-dimensional image (B) shows a 12mm

pedunculated polyp (arrow) bathed in tagged (hyperdense) fluid (asterisks).

Figure 2 — Caecal sessile serrated lesion (SSL) with conventional type dysplasia depicted on supine
(A) and prone (A) CTC, showing the characteristic coating with dense oral contrast medium.

Corresponding endoluminal (C) and narrow-band imaging (NBI) colonoscopy (D) images.

Figure 3 — A proximal sigmoid 22mm granular type laterally-spreading tumour (LST-G) of the nodular
mixed subtype with a dominant nodule shown by CTC (A) with colonoscopic correlation (B).
Appropriate description of the lesion permitted this patient to be identified as having a complex lesion

requiring careful scheduling for a specialist interventional endoscopist given its size and subtype.
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