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Abstract

Background: Colonoscopy is the reference standard for the detection of colorectal cancer but it is an invasive
technique and has the risk of bowel perforation and bleeding. Unlike colonoscopy, sedation is not required in
computed tomography colonography and requires additional reassurance endoscopy. The objectives of the study
were to compare the diagnostic performance of computed tomography colonography against colonoscopy for a
diagnosis of colorectal cancer.

Methods: Data regarding any polyp ≥10 mm diameter (ø) and < 10 mm ø but suspicious polyps of computed
tomography colonography (n = 318), colonoscopy (n = 318), and surgical pathology (n = 77) for symptomatic
colorectal cancer patients were collected and analyzed. Lesion ulceration, extramural invasion, and/ or lesion
shouldering was considered as a suspicious polyp. Beneficial scores for decision making of curative surgeries were
evaluated for each modality. The cost of diagnosis of colorectal cancer was also evaluated.

Results: Either of diagnosis showed polyps ≥10 mm ø in 27 patients and polyps of 50 patients were < 10 mm ø but
suspicious. Therefore, a total of 77 patients were subjected to surgery. With respect to surgical pathology,
sensitivities for computed tomographic colonography and colonoscopy were 0.961 and 0.831. For detection of ≥10
mm ø polyp, benefit score for computed tomographic colonography and colonoscopy were 0–0.906 diagnostic
confidence and 0.035–0.5 diagnostic confidence. For polyps, ≥ 10 mm ø but not too many large polyps,
colonoscopy had the risk of underdiagnosis. For < 10 mm ø but suspicious polyps, < 0.6 mm ø and < 2.2 mm
polyps could not be detected by computed tomographic colonography and colonoscopy, respectively. The
computed tomographic colonography had less cost than colonoscopy (1345 ± 135 ¥/ patient vs. 1715 ± 241 ¥/
patient, p < 0.0001) for diagnosis of colorectal cancer.

Conclusion: Computed tomographic colonography would be a non-inferior alternative than colonoscopy for a
diagnosis of colorectal cancer.

Level of evidence: III.
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Background
Colorectal cancer is the fourth most common cancer in
China [1]. High red and processed meat intake in the
Chinese population is responsible for colorectal cancer
[2]. Several methods are available for the diagnosis of
colorectal cancer but it is usually made by colonoscopy
[3]. Colonoscopy is the reference standard for the detec-
tion of colorectal cancer [4] but it is an invasive tech-
nique and has the risk of bowel perforation and bleeding
[5]. Sedation is also required which increases the risk es-
pecially in old aged patients [6]. Sedation is not required
in computed tomography colonography [7]. Computed
tomography colonography has a high sensitivity for large
polyps in asymptomatic [8] and symptomatic [9] popula-
tion but it images outside the organ [10], requires add-
itional reassurance endoscopy to biopsy lead to increases
the cost and burden of the diagnosis [11], and requires
quality assurance for radiologists [12]. However, the study
suggested that computed tomography colonography has
the same sensitivity to colonoscopy for the detection of
colorectal cancer [4] but has an issue of the small effect
and the large variability in the study which may have type-
II errors [13]. Large benign colorectal precursor mass le-
sions of invasive malignant cancers present challenges in
both computed tomography colonography and colonos-
copy [8]. In short, detection of colorectal cancer is critical
irrespective of symptoms and age.

The objectives of the retrospective study were to com-
pare diagnostic performance, cost, and safety of com-
puted tomography colonography against colonoscopy for
the diagnosis of colorectal cancer considering surgical
pathology as a reference standard in symptomatic
patients.

Methods
Study population
From 15 January 2019 to 1 November 2019, a total
of 326 patients were available at the department of
gastroenterology of the Xiantao First People’s Hos-
pital Affiliated to Yangtze University, Xiantao, Hubei,
China and the Renmin Hospital of Wuhan Univer-
sity, Wuhan, Hubei, China who had symptom(s) sug-
gestive of colorectal cancer such as abdominal pain,
rectal bleeding, and/ or change in bowel habits, need
whole-colon examinations, and performed both com-
puted tomography colonography and colonoscopy.
Among them, five patients have known diagnosis of
ulcerative colitis and three patients were undergone
whole-colon examinations in the last 6-months.
Therefore, the data of these patients were not in-
cluded in the analyses and data of 318 symptomatic
patients suggestive of colorectal cancer were in-
cluded in the analysis (Fig. 1).

Fig. 1 Study flow chart. ø: Diameter
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Computed tomographic colonography
All patients have injected 20mg intravenous hyoscine
(Buscopan, Sanofi, Berkshire, UK) before the examin-
ation. Intravenous contrast was administered on demand
and computed tomographic colonography was per-
formed as per international guidelines for good clinical
practice under a single breath-hold of the patient using a
multidetector instrument (GE Healthcare, New York,
USA). Patients were scanned both supine and prone po-
sitions by radiologists (minimum of 3-years of experi-
ence in abdominal imaging) of institutes. Images
acquired using 0.125 cm collimation, 0.1 cm reconstruc-
tion interval, 119 kVp, and 51–74 mAs fixed tube
current-time product or 28–290 mA tube current modu-
lation. The examinations involved identification of colo-
rectal neoplasia (any polyp 10 mm or more in diameter
(ø) and polyps less than 10mm ø but suspicious).

Colonoscopy
It was performed using video endoscopes (RetroView™
Colonoscopes EC34-i10T, PENTAX Medical, New Jersey,
USA) after bowel preparation under midazolam/ fentanyl
sedation. Gastroenterologists or colorectal surgeons (mini-
mum of 3-years of experience) of institutes performed the
colonoscopy. The examinations were performed as per
the institutional protocol and detected lesions were evalu-
ated by biopsies (performed by pathologists, a minimum
3-years of experience of institutes).

Image analysis
Colonoscopy performed after computed tomographic
colonography. Lesion ulceration (Fig. 2), extramural inva-
sion (Fig. 3), and/ or lesion shouldering (Fig. 4) was con-
sidered as a suspicious polyp (as directed by the internal-
institutional guideline for colorectal cancer). Image ana-
lyses performed by radiologists (minimum of 7-years of
experience in abdominal imaging) of institutes.

Surgery
Patients who had polyp 10 mm ø or more and polyps
less than 10 mm ø but suspicious in either of modality
were subjected to endoscopy (performed by endosco-
pists, a minimum 3-years of experience of institutes) fol-
lowing biopsies (performed by pathologists, a minimum
3-years of experience of institutes). Histologically (per-
formed by pathologists, a minimum 3-years of experi-
ence of institutes, after the computed tomographic
colonography and colonoscopy) confirmed suspicious
polyps and 10 mm ø or more polyps (due to symptoms)
were removed by colorectal surgeons (minimum of 3-
years of experience) of institutes.

Benefit score analysis
Benefit score analysis for each diagnosis modality for de-
tection of 10mm and more ø polyps was calculated as per
Eq. 1 and that for less than 10mm ø but suspicious polyps
were calculated a were calculated as per Eq. 2 [14]:

Benefit score ¼ True positive≥10 mmØpolyp
Total numbers of patients diagnosed

−ð False−positive≥10 mmØpolyp
Total numbers of patients diagnosed

� Level of diagnostic confidence above which decision of surgery was taken
1−Level of diagnostic confidence above which decision of surgery was taken

Þ

ð1Þ

Benefit score ¼ True positive < 10 mmØbut the suspicious polyp
Total numbers of patients diagnosed

−ðFalse−positive < 10 mmØbut the suspicious polyp
Total numbers of patients diagnosed

� Level of diagnostic confidence above which decision of surgery was taken
1−Level of diagnostic confidence above which decision of surgery was taken

Þ

ð2Þ

Cost
The cost of diagnosis of colorectal cancer with com-
puted tomographic colonography (is not of diagnostic

Fig. 2 Lesion ulceration of male patients aged 51 years. a: Computed tomographic colonography, the white circle indicates lesion ulceration. b.
Colonoscopy, the black circle indicates lesion ulceration

sha et al. BMC Medical Imaging           (2020) 20:51 Page 3 of 8



colonography and colonoscopy to confirm the positive
result of computed tomographic colonography prior to
surgery) and colonography was calculated.

Adverse events
Any reported adverse effects after diagnosis procedures
including hospitalization were noted.

Statistical analysis
InStat, GraphPad, San Diego, CA, USA was used for stat-
istical analyses. The sample size was calculated at 80% of
power and a 5% level of confidence. The Fischer exact test
was performed for categorical data [4]. Mann-Whitney U-
test was used for continuous data [3]. The results were
considered significant at a 95% level of confidence.

Results
Demographic parameters
The average age of patients was 65.12 ± 7.28 years and
183 (58%) patients were women. The enrolled patients
had symptoms like abdominal pain, rectal bleeding,
and/ or change in bowel habits. Patients reported one
or more than one symptom suggestive of colorectal

cancer and needed whole-colon examinations
(Table 1). All patients had performed radiological
diagnosis within 2-weeks after recommendation by the
respective consultant(s).

Diagnostic performance
Either diagnosis showed polyps 10mm ø and more in 27
patients and polyps of 50 patients were less than 10mm ø
but suspicious. Therefore, a total of 77 patients were sub-
jected to surgery and surgical pathology (Table 2).
With respect to surgical pathology, sensitivities for

computed tomographic colonography and colonoscopy
were 0.961 and 0.831 and accuracies were reported in
Table 3.

Benefit score analysis
For detection of 10 mm ø or more polyp, benefit score
for computed tomographic colonography and colonos-
copy were 0–0.906 diagnostic confidence and 0.035–0.5
diagnostic confidence. For polyps 10 mm ø or more but
not too many large polyps, colonoscopy had a risk of un-
derdiagnosis (Fig. 5). For less than 10mm ø but suspi-
cious polyps, computed tomographic colonography

Fig. 3 52 years old female patient with colonic extramural invasion. a: Computed tomographic colonography, the white circle indicates colonic
extramural invasion. b. Colonoscopy, black circle indicates colonic extramural invasion

Fig. 4 Colon lesion shouldering of 53 years old female. a: Computed tomographic colonography, the white circle indicates lesion shouldering. b.
Colonoscopy, the black circle indicates lesion shouldering
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could detect 0.6–9.99 mm ø polyps while colonoscopy
could detect 2.2–9.99 mm ø polyps. Less than 0.6 mm ø
and less than 2.2 mm ø suspicious polyps could not be
detected by computed tomographic colonography and
colonoscopy, respectively (Fig. 6).

Cost
The computed tomographic colonography had less
cost than colonoscopy (1345 ± 135 ¥/ patient vs.

1715 ± 241 ¥/ patient, p < 0.0001) for diagnosis of
colorectal cancer (Fig. 7).

Adverse events
An unplanned hospital admission within a month oc-
curred in two patients due to bowel perforation. No
death was reported within 3-months after diagnosis.

Discussion
The computed tomographic colonography had high sen-
sitivity for colorectal polyps, high accuracy for polyps
≥10mm ø and polyps < 10mm ø but suspicious polyps,
and less cost than colonoscopy. The results of the study
were consistent with the SIGGAR trial [3, 4]. The com-
puted tomographic colonography would be an alterna-
tive method than colonoscopy for detection of colorectal
cancer.
The study reported that colonoscopy had underdi-

agnosis and computed tomographic colonography
had overdiagnosis for polyps ≥10 mm ø. The results
of the study were in line with the SIGGAR trial [3,
5, 15]. The different morphological characteristics of
lesions and inadequate bowel preparation reduce the
sensitivity of colonoscopy [16]. Extracolonic abnor-
malities detected by computed tomographic colono-
graphy would lead to overdiagnosis of colorectal
cancer [17]. Endoscopy and contrast agents may
overcome the overdiagnosis of computed tomo-
graphic colonography.
The cut-off for suspicious polyps for computed

tomographic colonography was 0.6 mm ø and that for
colonoscopy was 2.2 mm ø. The results of the study
agreed with the statement of the second ESGAR con-
sensus [18]. The use of endoscopy and contrast
agents with computed tomographic colonography and
inadequate bowel preparation were responsible for
these results [4]. Evidence-based guidelines are needed
for the threshold value of suspicious polyps in colo-
rectal cancer.
Computed tomographic colonography was cost-

effective than colonoscopy for a diagnosis of colorec-
tal cancer. The results of the study were consistent
with the SIGGAR trial [3] and a randomized con-
trolled trial [19]. Biopsies and cytopathology would

Table 1 Demographic parameters and clinical conditions of
diagnosed patients

Parameters Value

Patients 318

Age (years) Minimum 30

Maximum 75

Mean ± SD 65.12 ± 7.28

Gender Male 135(42)

Female 183(58)

Ethnicity Han Chinese 292(92)

Mongolian 23(7)

Tibetan 3(1)

Symptoms Abdominal pain 201(63)

Rectal bleeding 53(17)

Change in bowel habit 278(87)

Anemia 171(54)

Weight loss 151(48)

Route of referral Gastroenterology 205(64)

Colorectal surgical clinic 85(27)

Geriatrics 28(9)

Continuous data are presented as mean ± SD and categorical data are
presented as frequency (percentage)

Table 2 Performance of diagnostic methods

Parameters Surgical
pathology

Computed
tomographic
colonography

Colonoscopy

Patients 77 318 *p-value 318 *p-value

Polyp ≥10mm ø 25(32) 27(8) 0.863 23(7) 0.859

Polyps < 10 mm ø
but suspicious

49(64) 47(15) 41(13)

Non suspicious
and < 10 mm ø
polyps

3(4) 239(75) ** < 0.0001 247(78)** < 0.0001

Inconclusive
results

0(0) 5(2) 0.588 7(2) 0.354

Data are presented as frequency (percentage)
*Respect to surgical pathology
Lesion ulceration, extramural invasion, and/ or lesion shouldering was
considered as suspicious polyp
The Fischer exact test was used statistical analysis
A p < 0.05 was considered significant
**Significant difference with respect to surgical pathology
ø: Diameter

Table 3 Accuracies of diagnostic methods

Parameters Computed tomographic
colonography

Colonoscopy

For polyp ≥10 mm ø 0.926 0.920

For polyps < 10 mm ø but
suspicious

0.959 0.837

Lesion ulceration, extramural invasion, and/ or lesion shouldering was
considered as suspicious polyp
ø: Diameter
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lead to an increase in the cost of colonoscopy [20].
The cost for diagnosis of colorectal polyps in follow-
up after curative surgery is also required to consider
to reach any conclusion.
Two patients reported bowel perforation and

hospitalization after diagnosis. Colonoscopy is re-
sponsible for the perforation of the bowel and un-
planned hospitalization [5]. The results of the study
were consistent with the SIGGAR trial [3]. Com-
puted tomographic colonography would be safe than
colonoscopy.
Several limitations of the study reported, for example,

retrospective reviews and lack of randomized trial but in

diagnostic performance study, randomized trials are dif-
ficult to design. The extracolonic abnormalities detected
by computed tomographic colonography did not report
and discuss. The methods adopted for diagnosis after
curative surgeries and costs for the same were not re-
ported. In the long-term, follow-up acceptability and
psychologic consequences of patients for colonoscopy
are higher than the computed tomographic colonogra-
phy [15] because of lifetime burden of the computed
tomographic colonography [11] but data regarding ac-
ceptability, psychologic consequences, and inter-and in-
terobserver’ agreements of the diagnosis methods did
not discuss.

Fig. 5 Beneficial score analysis for the diagnosis of 10 mm in diameter or more sized polyps. ø: Diameter

Fig. 6 Benefit score analysis for less than 10 mm in diameter but suspicious polyps. Lesion ulceration, extramural invasion, and/ or lesion
shouldering was considered as a suspicious polyp. ø: Diameter
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Conclusions
Computed tomographic colonography had high sensitiv-
ity, high accuracy (for polyps ≥10mm in diameter and
polyps < 10mm in diameter but suspicious polyps), less
cost, and safe than colonoscopy for a diagnosis of colo-
rectal cancer in symptomatic patients. Computed tomo-
graphic colonography had 0.6 mm in diameter and
colonoscopy had a 2.2 mm in diameter threshold for sus-
picious polyps. Computed tomographic colonography
would be a non-inferior alternative than colonoscopy for
the diagnosis of colorectal cancer. A large randomized
trial is required including postoperative follow-up data
for diagnosis of colorectal cancer to state hypothesis
clearly. The results of the current study help to the
health services regarding the detection of colorectal can-
cer for Medicare beneficiaries.
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