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Abstract
Computed tomography (CT) colonoscopy is a well-es-
tablished technique for evaluation of colorectal cancer. 
Significant advances have been made in the technique 
of CT colonoscopy since its inception. Excellent results 
can be achieved in detecting both colorectal cancer 
and significant sized polyps as long as a meticulous 
technique is adopted while performing CT colonoscopy. 
Furthermore, it is important to realize that there is a 
learning curve involved in interpreting these studies 
and adequate experience is essential to achieve high 
sensitivity and specificity with this technique. Indica-
tions, contraindications, technique and interpretation, 
including potential pitfalls in CT colonoscopy imaging, 
are reviewed in this article. Recent advances and the 
current role of CT colonoscopy in colorectal cancer 
screening are also discussed.
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INTRODUCTION
Colorectal cancer is a common malignancy associated with 
significant morbidity and mortality. It is the third most com-
mon cancer diagnosed in both sexes in the United States 
and it is estimated that 101 700 new cases of  colon cancer 
and 39 510 new cases of  rectal cancer will be diagnosed 
in 2011. The lifetime risk for developing colorectal cancer 
is about 5%. Furthermore, colorectal cancer is the second 
leading cause of  cancer-related deaths in the United States 
and is expected to cause about 49 380 deaths during 2011[1].

However, the encouraging fact is that the death rates 
from colorectal cancer have been dropping in both men 
and women for more than two decades. Apart from ma-
jor advances in treatment, the two key reasons contribut-
ing to this decline in death rates from colorectal cancer 
are early detection and treatment of  polyps before they 
have become malignant, as well as detection of  malignant 
tumors at earlier stages, which has a significantly better 
prognosis compared to later stages. The 5-year survival 
rate of  stage 1 colorectal cancer is 74%, whereas for stage 
4, it drops to 6%[2].

The principle of  colorectal cancer screening is based 
on the fact that most colorectal adenocarcinomas develop 
from pre-existing adenomas via numerous molecular and 
genetic steps, the adenoma-to-carcinoma sequence theo-
ry[3-7]. Fortunately, it is estimated that there is a long time 
interval of  10 to 15 years for the development of  colorec-
tal carcinoma from normal colon and almost 5 years 
for the development of  adenoma from normal colon[3]. 
Hence, by diagnosing and removing the polyps before 
they become malignant, it may be possible to potentially 
prevent invasive colorectal cancers. It has been reported 
that colonoscopy and polypectomy decrease the incidence 
of  colorectal cancer by 76%-90%[4].
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Apart from histology (villous has greater malignancy 
potential compared to tubular adenomas), polyp size is a 
crucial factor in determining the risk of  malignancy[5]. Only 
about 1% of  adenomas less than 1 cm in diameter turn ma-
lignant, whereas this risk rises to 10% in adenomas measur-
ing 1-2 cm in diameter and more than 40% in those greater 
than 2 cm[6]. However, since there is a small risk of  high 
grade dysplasia (up to 4.8%) in polyps of  6-9 mm, other 
authors have suggested that polypectomy be performed 
for polyps of  all size in order to reduce the risk of  devel-
oping colorectal carcinoma. 

Hence, the success of  any diagnostic test as a colorec-
tal cancer screening tool lies in its ability to accurately di-
agnose polyps measuring 1 cm and more as well as detect 
early colorectal cancers. 

Optical colonoscopy has been the standard test for 
evaluation of  the colon, with an excellent sensitivity and 
specificity for diagnosis of  colorectal cancer and polyps. 
However, it is an invasive test and carries the risk of  sig-
nificant complications, such as perforation. Apart from its 
invasive nature, other issues such as cost, availability and 
patients’ experience led to the introduction and develop-
ment of  diagnostic imaging methods for evaluating the 
colon and rectum. 

Traditionally, double contrast barium enema (BE) has 
been the workhorse for imaging the colon and rectum in 
patients with suspected colorectal cancer. As colorectal 
cancers were more common in the rectum and sigmoid 
colon, it was common practice to perform a flexible sig-
moidoscopy (which is quicker, safer and technically easier 
than colonoscopy) and the rest of  the colon was evaluated 
by a BE. However, the sensitivity of  a BE was shown to 
be low, even for polyps greater than 1 cm[7-9]. In prospec-
tive studies, BE was reported to have a sensitivity of  48% 
for polyps greater than or equal to 1 cm and this fell even 
lower to 41% for polyps between 6 to 9 mm[8,9]. The ACR 
pushed DCBE for a decade and its use did not impact the 
low compliance of  the US population to ACS colorectal 
cancer screening guidelines. Improving CRC screening 
compliance and the limited use and declining volume of  
BE necessitated a more robust imaging technique for 
colorectal cancer evaluation 

Computed tomographic colonography (CTC) was first 
introduced by Vining[10] in 1994 as an alternative imaging 
method for evaluation of  the colon. In this technique, he-
lical computed tomography (CT) data is used to produce 
three dimensional images and hence simulates a virtual 
endoluminal view; hence, also called virtual colonoscopy. 
High sensitivity rates for colorectal cancer can be obtained 
by this method. In a recent meta-analysis, Pickhardt et al[11] 
reported that the pooled sensitivity of  CT colonography 
for colorectal cancer was about 96% compared to 95% 
seen in optical colonoscopy. It has to be noted that this 
excellent sensitivity for colorectal cancer was achieved in 
spite of  including studies from five different continents 
with considerable variability in CT colonography tech-
niques and technologies [using both single and multidetec-
tor CT (MDCT) scanners][11,12]. This underlines the excel-
lent potential of  CT colonoscopy as a screening tool for 
colorectal cancer on a universal basis[12].

With regards to colonic polyps, the sensitivity of  CTC 
is dependent on the size of  the polyps. The sensitivity 
and specificity for CTC in diagnosing polyps larger than 
1 cm is 93% and 97% respectively. However, both the 
sensitivity and specificity reduces to 86% for polyps mea-
suring between 6 to 9 mm[11,13]. Although its sensitivity is 
reduced in small sized polyps, the risk of  malignancy in a 
polyp less than 1 cm in diameter is less than 1%[14].

Besides being an excellent screening tool for colorec-
tal cancer, it is minimally invasive, less time consuming 
and does not require sedation. Furthermore, it offers 
staging information, which is not possible with either 
optical colonoscopy or a BE. Complications of  colonic 
tumors, such as obstruction, perforation and fistula, can 
be readily visualized with CTC. Finally, it also highlights 
the presence of  any significant extra colonic pathology, 
which may significantly alter the management[15-17].

INDICATIONS AND 
CONTRAINDICATIONS FOR CTC
CTC is an established test for screening asymptomatic 
individuals for early detection of  colorectal cancer. Both 
the American College of  Radiology and American Can-
cer Society have approved CTC for colorectal cancer 
screening in patients older than 50 years old, those with 
a positive fecal occult blood test or individuals at moder-
ate risk with a personal history of  adenoma or colorectal 
cancer or with family history of  adenoma or cancer in a 
first degree relative[18-20]. High risk individuals with heredi-
tary non polyposis colorectal cancer are better evaluated 
with OC as there is a high pretest probability of  identi-
fying polyps/tumors in this group and hence biopsy or 
polypectomy may be performed at the same sitting.

Patients with failed or incomplete colonoscopy (5%- 
10%), those who are reluctant to undergo OC or those 
who may be at an increased risk with OC can be evalu-
ated by CTC (Figures 1 and 2)[21,22]. CTC has been used 
in the evaluation of  patients presenting with obstructing 
colonic neoplasms and rarely in inflammatory bowel dis-
ease[23-25]. However, CTC is contraindicated in the pres-
ence of  any acute inflammatory condition of  the bowel, 
such as acute inflammatory bowel disease or diverticulitis, 
due to the increased risk of  perforation following insuf-
flation of  colon[26-28].

CTC TECHNIQUE
CT colonography is based on a helical, thin-section 
CT of  the cleansed and distended colon. In general, a 
MDCT scanner is superior to single detector row CT for 
performing CTC as it allows acquisition of  multiple thin 
sections, superior multiplanar reconstructions and faster 
imaging time[14]. A 16 slice CT scanner or higher is rec-
ommended for CTC, but it can be performed even with 
an 8 slice scanner, although this will be of  lesser quality. 
It is important to keep the radiation dose to as low as 
reasonably possible, while maintaining diagnostic quality. 

Based on a recent survey involving 34 different institu-
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tions, Liedenbaum[29] reported that the median effective 
radiation dose per institution was 5.7 mSv for screening 
protocols and 9.1 mSv for daily practice (CTC in non-
screening population). It has been estimated that a typical 
CTC may be associated with a 0.14% life time cancer risk 
for a 50 years old, but this risk can be significantly reduced 
by a factor of  5-10 times by optimizing the CT protocol[30]. 
Indeed, low dose CTC can be successfully performed by 
reducing the milli-ampere-seconds level and using auto-
mated dose reduction software[31-33]. 

 Apart from proper CT protocol, other factors critical 
for performing a successful CTC study includes achiev-
ing a clean, well distended bowel and achieving adequate 
experience in interpreting the imaging datasets obtained, 
which have been well described before[34,35].

Numerous cathartic agents, including magnesium ci-
trate, sodium phosphate, picolax and polyethylene glycol, 
have been used for cleaning the bowel in CTC[36-38]. Fecal 
tagging with oral contrast agents such as barium or iodin-
ated contrast is commonly used in CTC to overcome the 
disadvantage of  residual fluid and feces, which may occur 
in spite of  an adequate bowel preparation regimen[39,40]. 
The contrast tags the feces, allowing it to be differenti-
ated from polyps. Furthermore, it also tags residual fluid, 
which helps to detect the polyps submerged in fluid as 
filling defects against the high attenuation background of  
contrast tagged residual fluid. It can also coat the polyps, 
especially the villous ones. Furthermore, the high density 
of  the tagged fluid permits electronic subtraction soft-
ware to be effective.

CTC without using laxatives has also been used by 
some authors wherein the bowel cleansing is performed 
digitally, using advanced software[39-45]. Although this of-
fers a great option, especially for the frail patients, this has 
to be balanced against the greater diagnostic accuracy that 
is likely to be achieved with a more rigorous bowel prepa-
ration. Further research on its diagnostic accuracy com-
pared to CTC performed with cathartic bowel preparation 
is required before this can become a routine practice. 

It is vital that either the radiologist or the radiology 
technician ensures that the bowel is adequately distended 
when the study is being performed. This way, it may be 
possible to perform any additional sequences deemed 
necessary to ensure a complete CTC study, whilst the pa-
tient is still on the table[46]. It is important to realize that 
rectal catheters may hide lesions in the lower rectum or 
anus and hence it may be better to remove the catheter or 
at least deflate the balloon after the supine scan and then 
do the prone scan. 

Bowel insufflation is usually achieved either by carbon 
dioxide (CO2) introduced through automated delivery 
systems or room air insufflation[47,48]. CO2 causes less dis-
comfort than compared to room air and the automated 
system allows greater control in terms of  flow rate, total 
volume administered and maintaining intracolonic pres-
sure[47,48]. In general, about 2-4 L of  gas is insufflated but 
this is highly variable and hence monitoring intracolonic 
pressure (maximum of  25 mmHg) is a better option. 

CTC is usually performed with the patient scanned 
in the supine and prone position, but in some patients, 
decubitus scans may be required[46,49]. It is vital to get a 
scout view prior to each scan to ensure that adequate 
colonic distension is maintained. Obtaining scans with 
the patient in different positions has a few advantages - 
Thirdly, it is useful to differentiate feces (which will be 
mobile) from true polyps (which are usually fixed). There 
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Figure 1  A 58-year-old man underwent computed tomography colonos-
copy for a failed optical colonoscopy due to sigmoid stricture. Computed 
tomography colonography was performed which showed a 1.5 cm cecal mass 
(arrow). Patient underwent right hemicolectomy and pathology confirmed cecal 
carcinoma. Failed optical colonoscopy is one of the most common indications 
for virtual colonoscopy.

B

A H
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Colonic polyp

Figure 2  A 62-year-old man had a failed optical colonoscopy and under-
went computed tomography colonoscopy. A: 3D volume rendered image of 
computed tomography (CT) colonoscopy demonstrated a diaphragmatic hernia 
containing transverse colon (arrow), which was the reason for the failed optical 
colonoscopy; B: A 3 dimensional volume rendered image of the CT colonoscopy 
(B) also shows a 1.5 cm polyp (arrow) in the ascending colon.
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are two exceptions to this rule: polyps with long stalks 
may still be mobile and feces may be adherent to bowel 
wall and appear as a fixed lesion but usually these can be 
identified by careful attention to 2D and 3D images. Also, 
change in posture helps to displace residual fluid so that 
the entire colon can be assessed using different data sets 
(Figure 3). Thirdly, obtaining multiple datasets provides 
an opportunity to obtain all segments of  the colon well 
distended at least on one or more sequences.

It is usually performed without using an intravenous 
contrast media but this practice is variable across in-
stitutions[50-55]. However, it is still reasonable to do non 
contrast enhanced CTC in a screening population as the 
chances of  identifying significant extracolonic pathology 
in them is low[14].

SAFETY
CTC is a safer technique than optical colonoscopy. Bassett 
et al reported just a single perforation out of  5306 CTCs 
performed at the National Naval Medical Center. Simi-
larly, other authors have reported a very low incidence of  
colonic perforation following CTC (0.05%-0.06%)[50-55]. 
This complication is much lower than optical colonos-
copy which is reported to have a risk of  perforation in 
0.1%-0.2%[53].

Data interpretation
2D and 3D imaging in CTC complement each other[54-57]. 
3D interpretation is useful for detecting polyps, particu-
larly those on the folds (Figure 4)[54-57]. On the other hand, 
2D interpretation helps to confirm whether the lesion 
identified on a 3D image is a true polyp or just a lipoma, 
adherent feces or a prominent fold (Figure 5). Also, mea-
suring polyp size, which is crucial for management, can 
sometimes be challenging and in most cases it would be 
useful to measure it both on 2D and 3D views to get a 
true size estimate or even volume measurement[58,59].

However, various pitfalls have been described whilst 
interpreting 2D and 3D imaging of  CTC studies[51,56,60]. 

Polyps on a fold, as well as flat and carpet lesions can be 
missed on 2D interpretations. Similarly, annular masses 
may be mistaken for under distension or even completely 
missed on 3D images by the inexperienced reader. Fur-
thermore, extrinsic lesions and impacted diverticula may 
lead to pseudo lesions on 3D evaluation but these can be 
easily confirmed on 2D imaging[56]. With increasing expe-
rience, one may then become a primary 2D or 3D reader, 
using the other data set to solve problems. 

Also, When using oral fecal tagging, it is important 
to realize that sometimes the contrast (be it barium or 
iodinated contrast) may be too dense such that polyps 
submerged in tagged residual fluid may still not be visible 
unless the window width and level is adjusted accordingly. 

Recent advances in 3D visualization have resulted 
in new 3D tools, such as virtual dissection, panoramic 
views, unfolded, cube projections and translucency ren-
dering[61-64]. These have been designed with an idea to 
reduce time (eliminating need for bidirectional study as 
in virtual dissection) and increase specificity by assigning 
different colors for tissues of  different attenuations such 
as feces and polyps (Translucency rendering). 
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Figure 3  A 53-year-old female underwent computed tomography colo-
noscopy. An 8 mm polyp (arrow) is seen in the ascending colon. Note the fluid 
in dependent position which potentially obscures pathology. Using different 
positions including supine, prone and decubitus positions causes fluid to shift 
position, thereby allowing a more thorough evaluation.
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Figure 4  A 64-year-old man with nonspecific abdominal pain. Computed 
tomography colonoscopy showed a 1 cm polyp (arrow) on the fold in ascending 
colon which was missed on the initial 2D review.
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Figure 5  A 72-year-old male underwent computed tomography colonos-
copy. There is an 8 mm polyp in descending colon (long arrow), which is easily 
detected in the 3D view. Note that there is another ‘’polyp’’ like lesion (short 
arrow). This was shown to be a fecal material by correlating with the 2D view. 
False positives for polyp are one of the pitfalls of 3D review but this can be eas-
ily overcome by complementing 3D with 2D review.

Ganeshan D et al . Virtual colonoscopy



However, recent studies indicate that use of  advanced 
techniques such as virtual dissection can allow for short 
learning curves and improve detection rates, even for in-
experienced readers[65].

It is also possible to track the visualized 3D endolumi-
nal surface so that any areas which may have been missed 
initially can be re-interrogated, thereby reducing potential 
misses[66]. Computer-aided detection (CAD) systems are 
currently available in most CTC workstations. It can be 
helpful to increase the sensitivity of  the radiologists, espe-
cially when they are relatively new to this technique[67].

REPORTING CTC STUDIES
Following a standardized, structured reporting for CTC 
is useful in many ways. It helps patients and physicians to 
decide a management plan and also ensures consistency 
while comparing CTC studies and reports performed at 
different institutions, an increasingly common phenome-
non. Furthermore, it helps when it becomes necessary to 
evaluate or audit the quality of  the CTC study, the quality 
of  interpretation and to calculate cost-effectiveness with 
regards to patient outcome. Finally, this can help create 
an excellent database which would be an invaluable tool 
for the education of  radiologists worldwide. 

In 2005, a standardized reporting scheme, “C-RADS-
CT Colonography Reporting and Data System”, was put 
forward by the working group on virtual colonoscopy[68]. 
They proposed that the report should include lesion size, 
number, morphology, location, attenuation and recom-
mendations for lesion surveillance. 

It would also be very useful to create and save a 3D 
map and multiplanar reconstructed digital images high-
lighting the polyp locations in each segment such that the 
endoscopist can use it as a road map while performing the 
optical colonoscopy.

Training issues
Every diagnostic imaging tool is only as good as the radi-
ologist who interprets it. Clearly, the sensitivity and speci-
ficity of  CTC in the hands of  experts are significantly 
higher than those who are less trained in this procedure. 
Hence, it is important to ensure high standards in the in-
terpretation of  CTC and to meet this goal several training 
and accreditation course are advocated by various expert 
panels, including the American College of  Radiology[69,70].

Similarly, it would be very useful to educate CT tech-
nicians to look for issues such as collapsed segments of  
bowel at the time of  scan so that additional images in de-
cubitus views may be obtained in the same sitting, which 
can help to obviate the need for a future repeat study or 
optical colonoscopy[71]. Likewise, it may be useful to teach 
technicians to identify obvious colorectal tumors so that 
a staging scan of  the chest can also be performed at the 
same time.

CONCLUSION
CTC is an excellent diagnostic tool for a comprehen-

sive evaluation of  the entire colon. Recent studies have 
confirmed that when CTC is properly performed and 
evaluated, a high diagnostic accuracy can be achieved for 
clinically significant polyps and colorectal cancer. This 
has resulted in CTC being approved for colorectal cancer 
screening and surveillance by the American Cancer Soci-
ety, the American College of  Radiology and the US Multi-
Society Task Force on colorectal cancer[18-20,71,72]. However, 
CTC is not currently reimbursed for routine colorectal 
cancer screening in the United States and this has undeni-
ably reduced its widespread use in this part of  the world.
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