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INTRODUCTION

Colorectal cancer (CRC) is a major cause of cancer-related 
morbidity and mortality worldwide, being the fourth most 
common cause of cancer death and the third most common 
cancer globally.1 The major risk factors for CRC are obesity, 
alcohol consumption, cigarette smoking, and a sedentary life-
style, and this cancer is more prevalent in Western countries.2 
However, CRC is also increasingly affecting Asian populations. 
The overall prevalence and incidence of CRC are reported 
to be lower in Asian than in Western populations, although 
Asian countries, especially China, Japan, and Korea, have the 

highest number of prevalent cases.3 It is widely accepted that 
most CRCs develop from preexisting adenomatous colon 
polyps through the adenoma-to-carcinoma sequence, a multi-
step process that takes many years to complete, during which 
a sequential accumulation of genetic mutations occur. The 
transformation from normal epithelium to hyperproliferative 
mucosa can eventually result in the formation of carcinoma.4,5 
For this reason, colorectal adenomatous polyps are the opti-
mal target lesions for strategies to prevent CRC.6 The currently 
available screening tests for CRC are stool-based tests (e.g., 
stool DNA tests, guaiac-based fecal occult blood test [FOBT], 
and immunochemical FOBT) and structural examinations 
(e.g., flexible sigmoidoscopy, optical colonoscopy [OC], dou-
ble-contrast barium enema, and computed tomography [CT] 
colonography [CTC], also known as virtual colonoscopy). 
The colon capsule endoscopy is another technique that al-
lows the evaluation of the whole colon; however, it is not an 
accepted method for CRC screening.7 Colonoscopy is widely 
accepted as the gold standard for the detection of CRC and 
has the advantage of being both diagnostic and therapeutic 
because biopsy and resection of polyps or early cancer can be 
performed during the same procedure. Although OC has a 
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high accuracy in detecting colorectal lesions, it is an invasive 
technique with a risk of bowel perforation and bleeding. CTC 
is a good alternative to colonoscopy for CRC screening, as 
it is a safe and minimally invasive technique that allows the 
evaluation of the whole colon, including in cases in which OC 
is not possible to perform;8 however, some limitations of CTC 
remain a problem. For example, the total amount of ionizing 
radiation delivered to patients is a concern, although techno-
logical improvements, including the implementation of image 
reconstruction algorithms and reduction in tube current, have 
contributed to reducing the associated radiation exposure.9 
Several studies have shown that CTC is comparable to OC in 
terms of accuracy in detecting polyps and CRC; however, it 
also presents advantages over OC, such as the certainty of a 
complete examination and the identification of additional ex-
traluminal pathology. The purpose of this review was to com-
pare OC and CTC in the detection of colorectal lesions, both 
in asymptomatic average-risk patients and symptomatic high-
risk patients.

MATERIALS AND METHODS

To identify all studies that compared OC and CTC in terms 
of accuracy in detecting colorectal lesions, a comprehen-
sive literature search was conducted in electronic databases 
(PubMed/MEDLINE, Google Scholar, Embase, and Cochrane 
Library), according to the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-analyses) guidelines,10 with-
out any restrictions with respect to the publication year. Lists 
of synonyms for CTC and colonoscopy were produced and 
combined using the Boolean operator “OR”, and the search 
results were combined using the Boolean operator “AND”. All 
types of observational studies that compared CTC and OC 
for the screening and detection of colorectal polyps, CRC, 
and advanced neoplasia, both in asymptomatic average-risk 
patients and symptomatic high-risk patients, restricted to 
articles written in English, were included in the review. Arti-
cles not reporting a comparison between the two techniques, 
meta-analysis articles, case reports, letters to the editor, and 
commentaries were excluded. With respect to the details of 
the two procedures, OC is usually performed by introducing 
a flexible endoscope through the anus after adequate lubrica-
tion and digital inspection of the perianal and rectal regions. 
Correct endoscope manipulation by the endoscopist in OC 
allows the exploration, in a retrograde sense, of all segments 
of the large intestine until the cecum is reached.11 Meanwhile, 
CTC uses volumetric CT data produced by a helical CT scan-

ner to generate three-dimensional images displayed in a cine 
loop, combined with advanced imaging software to generate 
two-dimensional and three-dimensional images of the colon 
and rectum. The patient is placed in the left lateral position, 
and the colon is gently insufflated with air by inserting a Foley 
catheter in the rectum, according to patient tolerance. Scan-
ning is performed in the prone and supine positions to obtain 
video sequences similar to those in OC, in two-dimensional 
and three-dimensional reconstructions. Bowel preparation is 
required for both CTC and OC. Although good bowel prepa-
ration is essential in both procedures, OC has a disadvantage 
in that the presence of excessive residual fluid hinders the 
advancement of the colonoscope, whereas CTC does not have 
this problem. Furthermore, intravenous contrast enhance-
ment in CTC could differentiate residual fluid from colorectal 
diseases and CRC from inflammatory pathologies, and several 
studies have shown that intravenous contrast improves the de-
tection of colonic lesions with CTC.12

RESULTS

The search yielded 1,085 articles, of which 75 were excluded 
for being duplicates. Two authors independently reviewed 
the remaining articles by first reading the titles and abstracts. 
Articles that were not pertinent (not comparing OC and CTC 
in the detection of colorectal lesions) or not written in English 
were further excluded. A total of 48 potentially relevant papers 
were identified, which were retrieved as full-text articles. The 
reference lists of the final selection of articles were manually 
checked to identify other relevant papers. Any disagreement 
was resolved by consensus with a third author (Fig. 1). A total 
of 18 articles were included in this review. Table 1 reports the 
characteristics of the included studies: publication year, type of 
study, number and mean age of the patients included in each 
study, and whether the patients underwent the procedures 
in a screening setting. The results are expressed in two ways: 
individual polyp detection (per-polyp) and patient detection 
(per-patient). Table 2 reports the per-polyp sensitivity, clas-
sified according to the size of each polyp detected with CTC 
and OC, from the studies included in this review. In particular, 
information on sensitivity was collected for both CTC and OC 
from each study, using the following thresholds: ≤5, 6–9 mm, 
and ≥10 mm. The overall sensitivity is also reported. Table 3 
shows the overall per-patient sensitivity, specificity, positive 
predictive value, and negative predictive value of CTC and OC 
for the detection of colorectal lesions.
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Fig. 1.  Study selection flowchart according to preferred reporting items for systematic reviews and meta-analyses (PRISMA). CT, computed tomography; CTC, com-
puted tomography colonography; OC, optical colonoscopy.

Lists of synonyms
(Colonography or CT-Colonography or

computerized tomographic colonography or CTC
or Virtual Colonoscopy or Virtual Colonography)

and
(Colonoscopy or Optical Colonoscopy or

Conventional Colonoscopy or OC)

Articles identified through literature searching in
PubMed, Embase, Cochrane

(n=1085)

Articles screened
(n=1010)

Articles assessed for elegibility
(n=48)

Articles included in the review
(n=18)

Duplicated articles removed
(n=75)

Articles excluded
-For title and abstract (n=866)
-Not English-written (n=96)

Articles excluded
-No full text retrieved (n=3)
-No data available (n=27)

Table 1.  Characteristics of the Included Studies

Study Type of study No. of patients Mean age, years (range) Screening setting

Munikrishnan et al. (2003)13 Single-center, prospective 80 68 (29–83) No

Singh et al. (2015)14 Single-center, prospective 50 - No

Laghi et al. (2002)15 Single-center, prospective 66 61 (30–84) No

Macari et al. (2002)16 Single-center, prospective 105 58 (49–79) No

Graser et al. (2009)17 Single-center, prospective 311 60.5 (50–81) Yes

Iannaccone et al. (2003)18 Single-center, prospective 158 64 (50–80) No

Fenlon et al. (1999)19 Single-center, prospective 100 62 (50–77) No

Yee et al. (2001)20 Single-center, prospective 300 62.6 (25–90) No

Pickhardt et al. (2003)21 Multicenter, prospective 1253 57.8 (40–79) Yes

Pineau et al. (2003)22 Single-center, prospective 206 59.3 (38–83) No

Ginnerup Pedersen et al. (2003)23 Single-center, prospective 148 60 (25–86) No

Devir et al. (2016)24 Single-center, prospective 31 45 (38–74) Yes

Gluecker et al. (2002)25 Single-center, prospective 51 60 (50–75) No

Hoppe et al. (2004)26 Single-center, prospective 100 66 (20–91) No

Chaparro Sánchez et al. (2007)27 Single-center, prospective 50 62 (25–83) No

Johnson et al. (2003)28 Single-center, prospective 703 64 (50–84) No

Spinzi et al. (2001)29 Single-center, prospective 99 - No

Cotton et al. (2004)30 Multicenter, prospective 615 61 No
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Table 2.  Per-polyp (%) Sensitivity of Computed Tomography Colonography and Optical Colonoscopy

Study
Computed tomography colonography Optical colonoscopy 

Overall ≤5 mm 6–9 mm ≥10 mm Overall ≤5 mm 6–9 mm ≥10 mm
Munikrishnan et al. (2003)13 76 53 83 100 - - - -
Singh et al. (2015)14 97.5 - - - 92.68 - - -
Laghi et al. (2002)15 57.6 24 84.6 92.8 - - - -
Macari et al. (2002)16 21 12 53 100 - - - -
Graser et al. (2009)17 70.1 59.2 90.2 93.9 95.9 94.6 92.7 100
Iannaccone et al. (2003)18 70 51 83 100 - - - -
Fenlon et al. (1999)19 71 55 82 91 - - - -
Yee et al. (2001)20 69.7 59.1 80.1 90 - - - -
Pickhardt et al. (2003)21 91.5 85.7 92.6 92.2 88.1 90 89.5 88.2
Pineau et al. (2003)22 63.6 29.4 75 87.5 - - - -
Ginnerup Pedersen et al. (2003)23 81 - 71 83 87 - 100 70
Devir et al. (2016)24 83.3 87.5 75 91.7 - - - -
Gluecker et al. (2002)25 22 4 33 82 - - - -
Hoppe et al. (2004)26 43 25 50 71 94 - - -
Chaparro Sánchez  et al. (2007)27 - 15 75 75 - - - -
Johnson et al. (2003)28 57.8 - 54 63 - - - -
Spinzi et al. (2001)29 58 56 - 62 - - - -
Cotton et al. (2004)30 39 7.6 22.7 52 98 97 99 96

Table 3.  Per-patient (%) Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of Computed Tomography Colonography and Optical Colo-
noscopy

Study
Computed tomography colonography Optical colonoscopy 

Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV
Munikrishnan et al. (2003)13 97 98 96 98 - - - -
Singh et al. (2015)14 97.56 100 100 93.75 92.68 100 100 83.3
Laghi et al. (2002)15 93.7 94.1 - - - - - -
Macari et al. (2002)16 32.5 97.7 93 85.3 - - - -
Graser et al. (2009)17 84.1  47.4 48.2 83.6 97.3 59.8 58.5 97.5
Iannaccone et al. (2003)18 96 96.6 94.1 97.7 - - - -
Fenlon et al. (1999)19 82 84 82 84 - - - -
Yee et al. (2001)20 90.1 72 83.3 82.5 - - - -
Pickhardt et al. (2003)21 88.7 79.6 - - 92.3 - - -
Pineau et al. (2003)22 61.8 70.7 61.8 70.7 - - - -
Ginnerup Pedersen et al. (2003)23 91 97 - - - - - -
Devir et al. (2016)24 83 95 95 83 - - - -
Gluecker et al. (2002)25 - - - - - - - -
Hoppe et al. (2004)26 73 88 79 86 - - - -
Chaparro Sánchez et al. (2007)27 75 89 - - - - - -
Johnson et al. (2003)28 - - - - - - - -
Spinzi et al. (2001)29 57.8 92.6 86.7 - - - - -
Cotton et al. (2004)30 39 90.5 - - 99 100 - -

NPV, negative predictive value; PPV, positive predictive value.
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DISCUSSION

Colonoscopy and CTC are both highly accurate structural 
examinations that allow the inspection of the whole colon and 
are valid options for CRC screening. In particular, colonos-
copy is considered the reference standard for the detection of 
colorectal polyps or CRC, despite being an invasive procedure 
associated with complications such as bleeding and perfora-
tion. Although OC is an accurate examination, it may miss 
10–20% of colorectal polyps and 5% of colorectal tumors.31,32 
Furthermore, 10–15% of colonoscopies (22–33% in older pa-
tients)9 fail to be completed even if performed by experienced 
endoscopists, for several reasons (e.g., in cases of an abnor-
mal colonic shape or length or in the presence of obstructing 
colonic tumors or stenosis); thus, in these cases, CTC is per-
formed to evaluate the nonvisualized parts of the colon.33 Mag-
gialetti et al.9 evaluated the role of CTC in patients who had 
previously undergone an incomplete OC and found that CTC 
allowed the complete evaluation of the nonvisualized parts of 
the colon in these patients, increasing the diagnostic yield of 
lesions in that part of the colon and allowing the assessment 
of extracolonic findings. In fact, one of the main advantages 
of CTC is that extracolonic findings can be simultaneously 
obtained, although they are prognostically relevant in only a 
few cases (2–5%). CTC also offers the advantage of identifying 
the precise segmental location of colorectal tumors, which is 
not always possible with colonoscopy because of the difficulty 
in identifying anatomical landmarks. Correct preoperative 
localization of CRC is important in determining the adequate 
treatment during surgical planning, especially for laparoscopic 
procedures. Furthermore, CTC guarantees accurate tumor 
staging.14

Offermans et al.34 compared CTC and OC in terms of local-
ization of colorectal lesions, using the surgical location to de-
termine the segmental localization. They found that the error 
rate of CTC in segmental localization was lower than that of 
OC, especially when the neoplasms are located in the descend-
ing colon and cecum. CTC also has an established role in the 
preoperative evaluation of patients with occlusive CRC, allow-
ing the visualization of the proximal colon. Several studies 
have reported that when an occlusive CRC is detected, 1.5–9% 
of patients have a synchronous cancer and 27–55% have coex-
isting polyps.15 However, few studies have focused on the ac-
curacy of CTC in diagnosing synchronous colonic lesions. In a 
recent study, Flor et al.35 showed that the per-patient sensitivity 
and specificity of CTC in detecting synchronous lesions ≥6 
mm were 93% and 98%, respectively; those in detecting syn-
chronous adenomatous lesions were 89% and 100%, respec-
tively; and those in detecting synchronous CRC were 94% and 

100%, respectively. They concluded that CTC is a highly accu-
rate procedure for detecting synchronous colonic lesions in 
patients with occlusive CRC. The detection of synchronous le-
sions is crucial for establishing the correct surgical manage-
ment plan and avoiding subsequent reoperation. In addition, 
CTC has received considerable attention since its introduction 
in 1994, but has emerged only in recent years as a potential 
screening examination with high accuracy for the detection of 
colorectal lesions and a comparable diagnostic yield to colo-
noscopy for colorectal neoplasia but with a lower risk of com-
plications.36 The sensitivity and specificity of CTC have im-
proved during the past few years, owing to important advances 
in CT technology, especially in terms of imaging in multiple 
sections.  In fact, single-section CTC has a low sensitivity for 
the detection of lesions <10 mm and flat lesions and a high 
false-positive rate because of its inability to differentiate fecal 
material from polyps. The use of multidetector-row CT scan-
ners that allow thinner section collimation has improved pol-
yp detection through better bowel distension and fewer respi-
ratory artifacts, due to faster data acquisition, and has 
decreased the false-positive rate.16 Another important concern 
is radiation exposure during CTC, which may lead to in-
creased radiation-related risks of cancer and death. The radia-
tion dose can be decreased by using low-dose protocols and 
new dose modulation techniques, by increasing the section 
collimation and pitch, and by decreasing the kilovolt or milli-
ampere-second values.16,17 Macari et al.16 and Iannaccone et 
al.18 reported that lower-dose multidetector-row CTC ensured 
substantial dose reduction while maintaining good sensitivity 
and specificity for the detection of colorectal lesions >6 mm 
and excellent sensitivity and specificity for lesions >10 mm. 
One of the first studies to compare CTC and OC for the detec-
tion of colorectal lesions was conducted by Fenlon et al.,19 who 
found that CTC and OC had a similar ability in detecting le-
sions >6 mm, although they admitted that the diagnostic ac-
curacy in their study may have been overestimated because 
they included only high-risk patients. Yee et al.20 conducted 
the first large study on CTC as a screening test for colorectal 
lesions in asymptomatic average-risk patients and symptomat-
ic high-risk patients. They found that the performance of CTC 
was comparable between the two groups. On the basis of their 
results, the authors affirmed that CTC is a valid screening ex-
amination in patients with a low risk of CRC. Meanwhile, Van 
Gelder et al.37 reported that CTC and OC had similar ability in 
identifying colorectal lesions in patients with a high risk of 
CRC. Furthermore, Kim et al.36 and Pickhardt et al.21 reported 
that CTC is comparable to OC in terms of the detection of 
clinically relevant lesions. They recommended CTC as the 
preferred screening strategy because it seems to achieve the 
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same goals as colonoscopy (prevention and detection) but uses 
fewer resources and has a lower rate of complications. Graser 
et al.17 showed that high-resolution, low-dose CTC was com-
parable to OC in terms of sensitivity and may be considered 
an alternative screening test to colonoscopy. However, they 
also compared CTC and OC with sigmoidoscopy and FOBT. 
They concluded that for patients who refused full bowel 
preparation or either CTC or OC, sigmoidoscopy should be 
preferred over stool tests and fecal immunochemical tests 
should be preferred over FOBT. Therefore, on the basis of data 
reported in the literature, CTC and OC have a similar diag-
nostic accuracy and have no important differences in the de-
tection of colorectal lesions in symptomatic high-risk patients. 
However, it must be emphasized that the performance of CTC 
is highly dependent on the size of the lesions and CTC has 
shown poor performance in detecting individual lesions <5 
mm, although the prevalence of malignancy in diminutive 
polyps is extremely small (approximately 0.25%) and the prob-
ability of degeneration is very low.22 Ginnerup et al.23 reported 
that CTC and OC have similar overall detection rates for col-
orectal lesions >6 mm. Devir et al.24 and Gluecker et al.25 
showed that CTC has good sensitivity and specificity for the 
detection of colorectal lesions >10 mm, although its accuracy 
in detecting polyps decreased as the size of the lesions de-
creased. These results are similar to those reported by Pineau 
et al.,22 Laghi et al.,15 and Hoppe et al.26 Additionally, Chaparro 
Sánchez et al.27 found that the sensitivity of CTC for the detec-
tion of colorectal lesions was highly variable and dependent on 
the lesion size: sensitivity was greater for larger lesions and 
considerably lower for lesions <5 mm. Flat lesions are difficult 
to detect with CTC because the conspicuity of flat lesions on 
three-dimensional endoluminal imaging is diminished, fre-
quently resulting in false-negative findings.14 Flat polyps are 
more likely to be missed than sessile or pedunculated polyps, 
as flat polyps do not or only slightly alter the colonic contour. 
In several studies, flat lesions detected with conventional colo-
noscopy were missed with CTC; thus, flat lesions remain a di-
agnostic challenge for CTC.15,25 However, the detection of 
these lesions is important because 15–30% of CRCs originate 
from serrated polyps rather than from adenomatous polyps; 
therefore, preventive strategies must target not only adenomas 
but also all premalignant conditions.38 Ijspeert et al.39 conduct-
ed the first study that compared the detection rate of high-risk 
sessile serrated polyps (SSPs) between CTC and OC. They 
showed that flat SSPs with dysplasia located in the proximal 
colon were often not detected with CTC, probably because of 
the tendency of SSPs to flatten during the distension of the co-
lon, called the “disappearing phenomenon”, especially if they 
are flat and located in the cecum or in the ascending colon. 

However, not all literature data confirm the similarity of CTC 
and OC in terms of diagnostic accuracy, sensitivity, and speci-
ficity for the detection of colorectal lesions, and there are con-
troversial results across different studies. Johnson et al.28 re-
ported a lower sensitivity of CTC in the detection of colorectal 
lesions than that reported in previous studies, which was 
probably because previous studies were based on cohorts with 
a high lesion prevalence. In addition, Spinzi et al.29 reported 
that CTC had poor sensitivity in detecting colorectal polyps 
and did not always detect neoplastic lesions or flat lesions. 
Cotton et al.30 concluded that the diagnostic accuracy of CTC 
is significantly inferior to that of OC and that CTC needs to be 
improved for widespread clinical application. However, data 
reported in the literature might have been influenced by vari-
ous factors, and the discrepancies among various studies may 
be attributable to differences in bowel preparation, endosco-
pist and radiologist experience, scanning techniques, endo-
scopic measurement of lesions, and segmental localization. In 
terms of the preference of patients for CTC or OC, the litera-
ture reports heterogeneous data. Most patients may prefer 
CTC for CRC screening for reasons such as greater tolerability, 
less invasiveness, less fear of the procedure, reduced lower air 
insufflation, and lower risk of complications.40 Nevertheless, 
the use of premedication in OC has drastically changed the 
opinion of patients because it allows them to avoid experienc-
ing pain, discomfort, and embarrassment by sleeping through 
the procedure.41

CONCLUSIONS

Colonoscopy is widely accepted as the gold standard for the 
detection of colorectal polyps and CRC and has the advantage 
of being both diagnostic and therapeutic; however, CTC is 
a better modality than OC for the visualization of the whole 
colon, detection of synchronous lesions, and accurate localiza-
tion of tumors. The diagnostic accuracy of CTC has increased 
over time owing to improvements in scanning techniques, 
making it a valuable clinical screening method for colorectal 
neoplasms. It is widely accepted that the accuracy of CTC 
is comparable to that of colonoscopy for polyps >10 mm, 
acceptable but not equal to that of colonoscopy for lesions be-
tween 5 and 9 mm, and poor for lesions <5 mm.
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