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Abstract
Nowadays colorectal cancer (CRC) is the first most common neoplasm in men and the 

second most common one in women worldwide. Recently, virtual colonoscopy (VC) (or 
computed tomographic colonography, CTC) has proved to be a sufficiently sensitive and 
accurate method for CRC screening and diagnosis. The purpose of this retrospective 
investigation was to compare the diagnostic capacities of VC and optical colonoscopy (OC) 
in patients with colorectal neoplasms. Our study covered a total of 120 patients, 61 males 
and 59 females with colorectal lesions who underwent both VC and OC in St. Marina 
University Hospital of Varna between January, 2009 and December, 2015. We analyzed the 
indications for VC, its diagnostic value concerning tumour type, size, and localization. These 
indications included the following: a finishing procedure for viewing the colon; CRC staging 
and variability in anatomy and comorbidity, colonic postpolypectomy screening as well as 
non-invasive diagnostic modality. In 115 patients (in 95, 83% of the cases), VC detected 
colorectal lesions. A colon polyp was diagnosed in 94 patients (in 78, 33%) but a CRC - in 26 
ones (in 21, 67% of the cases). VC specificity and sensitivity was 94% and 98%, respectively. 
The results of OC and VC were comparable (p>0.05). VC proved to be an accurate diagnostic 
method for CRC and colon polyps. It could be successfully applied in recognizing the two 
pathologies relative to the lesion size (OR=1.209, 95% CI 1.115-1.312). Because of its high 
specificity and sensitivity, VC should find a broader application as a significant tool for CRC 
diagnosis, staging and screening. VC is non-invasive and painless diagnostic procedure. It is 
useful as complementary option to OC and in cases with contraindications for OC as well.

Keywords: Colorectal cancer; Colon polyp; Virtual colonoscopy; Optical colonoscopy.

Abbreviations used: CI: Confidence Interval; CRC: Colorectal Cancer; CTC: computed 
Tomographic Colonography; OC: Optical Colonoscopy; OR: Odds Ratio; ROC: Receiver 
Operating Characteristic; VC: Virtual Colonoscopy.

Introduction
Nowadays colorectal cancer (CRC) is the first most common neoplasm in men and 

the second most common one in women worldwide [1]. CRC incidence and mortality 
rates vary up to 10-fold worldwide, with distinct gradients across human development 
levels, pointing towards widening disparities and an increasing burden in countries in 
transition [2]. Generally, CRC incidence and mortality rates are still rising rapidly in many 
low-income and middle-income countries.

Recently, virtual colonoscopy (VC) (or computed tomographic colonography, CTC) 
proved to be a sufficiently sensitive and accurate method for CRC screening and diagnosis 
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[3, 4]. VC is developed in 1994 by Vining et al [5]. It is a new 
method of imaging the colon in which thin-section helical CT is 
used to generate high-resolution, two-dimensional axial 
images. Three-dimensional endoluminal images of the colon, 
simulating those obtained with conventional colonoscopy, are 
then reconstructed off-line [6]. This technique is an attractive 
alternative to existing screening tests for CRC, since it is 
relatively safe and minimally invasive (Fenlon). It allows the 
staging of CRC patients. A combination of early detection and 
adenoma removal remains the best method for reduction of 
CRC incidence and mortality rates [7].

The interest in VC has been renewed after a publication in 
the New England Journal of Medicine in 2015 [6-8]. This 
method warrants an almost 100% diagnostic success in 
detecting CRC and colon polyps. The patients with extensive 
and long-standing colitis have increased CRC risk. 
Differentiation between inflammatory stenosis in ulcerative 
colitis and CRC is the domain of endoscopy with biopsy while 
CTC is used as an adjunct in these patients in whom the colon 
can’t be endoscopically accessed [9]. On the other hand, VC 
does not require any intravenous administration of sedatives, 
analgesia, or recovery time [10] when evaluating the colon 
proximally to obstructive lesions as well as the extracolonic 
abdominal and pelvic organs. Between 1.5% and 9.0% of CRC 
patients have a second synchronous cancer, and 27%–55% 
have multiple coexistent adenomatous polyps. Recently, there 
is a rising interest in the diagnosis and management of the 
synchronous CRC [11-15]. Failure to identify a synchronous 
cancer before surgery results in curative resection failure and 
is associated with the added morbidity and mortality of a 
second surgical procedure as well as with an invasive, 
potentially metastasizing cancer in the remaining colon [16]. 
CTC is well-tolerated and more acceptable to patients than 
OC and improves CRC screening compliance [7].

The purpose of the present study is to retrospectively 
analyze the results of VC and OC applications in the diagnosis of 
CR tumours and to reveal the particular role of VC in this respect. 

Materials and Methods
Our study covered a total of 120 patients, 61 males and 59 

females with colorectal lesions who underwent both VC and 
OC in St. Marina University Hospital of Varna between January, 
2009 and December, 2015. We analyzed the indications for VC, 
its diagnostic value concerning tumour type, size, and 
localization. VC indications included the following: a finishing 
procedure for viewing the colon; CRC staging and variability in 
anatomy and comorbidity, colonic postpolypectomy screening 
as well as non-invasive diagnostic modality.

VC was performed when the following symptoms were 
present: abdominal pain, rectorhagia, anemia, constipation 
syndrome as well as if there was evidence of inherited 
predisposition. The contraindications for VC included active 
colon inflammation, e.g. diverticulitis, active stage of 
inflammatory bowel disease, toxic megacolon, acute 
abdominal pain, hernia acreta, as well as recent colorectal, 
abdominal or pelvic surgery.

Anatomical colon classification into six parts such as 
cecum, ascending colon and hepatic flexure, transverse colon 
and splenic flexure, descending colon, sigmoid colon, and 
rectum was used for the description of pathological lesions. 
The localization and morphology of the pathological findings 
were characterized. VC and OC specificity and sensitivity rates 
for colorectal lesions were comparatively calculated.

Preliminry patient’s preparation consisted in three enemas 
and oral laxative administration. A routine OC protocol was 
made use of. VC protocol included the following: 12 hours prior 
to the imaging test, 20 mL of contrast matter was given p.o.; 4 
hours before the test the patient drank iodine contrast 
(Ultravist®, Bayer) dissolved in 2 L of water. At VC initiation, gas 
was insufflated through the anus. First scanning was on 
abdominal position and the second one on the back with i.v. 
injection of contrast (3 flow 100 mL 60 sec later on). VC was 
performed with a 128 slash Dual Energy Siemens SOMATOM 
scanner. The PC software made two- and three-diomensional 
image reconstructions of the pathological sections (Fig. 1 and 
Fig. 2). Every examined study participant filled-in a questionnaire 
to assess his impressions with both methods - of VC and OC.

Fig.1:Two-dimensional image reconstruction of colon polyp by VC

Fig.2:Three-dimensional image reconstruction of the same colon 
polyp by VC
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Data were statistically analyzed using SPSS software ver. 23. 
Chi-squared test was used to comparatively evaluate the 
correlations between OC and VC in CR tumor diagnosis and 
discomfort from VC and OC as well. Independent samples test 
was applied for the comparative evaluation of VC values in CRC 
patients. VC specificity and sensitivity for discrimination 
between colon polyp and cancer by tumor size were assessed 
with receiver operating curve (ROC) analysis at a cut-off value 
of 3 cm. Diagnostic accuracy of tumor size was determined by 
obtaining the largest possible area under the curve (AUC). 
Odds ratios (ORs) with 95% confidence intervals (CIs) for 
caterogical outcomes were calculated using logistic regression 
model. Two-tailed p-values (<0.05) were considered significant. 

Results
In 115 patients (in 95,83% of the cases), VC was positive 

for colorectal lesions. A colon polyp was diagnosed in 94 
patients (in 78,33%) but a CRC - in 26 patients (in 21,67% of 
the cases).

CRC occurred most commonly in the age group between 
70 and 89 years but colon polyps did in the age groups 
between 60 and 79 years. Most patients were between 60 and 
90 years old (Fig. 3). There was no statistically significant 
difference between the patients’ groups of 30-50 years and 
above 80 years concerning the presence of colon polyp and 
CRC. The number of colon polyp patients was reliably greater 
than that of CRC ones (p<0.05) (Fig. 3).

Fig.3: Age distribution of the patients with colorectal lesions

The main complaints of patients with colorectal lesions 
were rectorhagia (in 25%), anemia (in 55, 5%), and abdominal 
pain (in 30% of the cases). 

The diagnostic capacity for additional pathological findings 
is a particular benefit of VC as demonstrated on Table1. 

Table.1. Distribution of additional findings
Additional findings n %

diverticulosis 18 15,00
hiatal hernia 11 9,17
colorectal polyp 9 7,50
dolichosigma 3 2,50
kidney tumour 1 0,83
adrenal gland tumours 1 0,83
peritoneal metasatses 1 0,83
inguinal hernia 1 0,83
umbilical hernia 1 0,83

Patient’s preferences of these diagnostic methods based 
on discomfort level during the procedures were indicated on 
Figure 4.

0 15 30 45 60 75 90 105

no difference

patients with less discomfort caused by VC in
comparison to OC

patients with more discomfort caused by VC in
comparison to OC

Fig.4: Patient’s opinion about discomfort level during VC and OC 
procedures

The analysis of the questionnaire about patient’s attitude 
to both methods showed that 85.83% of patients reported 
less discomfort while 12, 5% reported more discomfort caused 
by VC as compared to OC (Fig. 4). This difference was 
statistically significant (t=7.97, p<0.001).

Based on VC results, the therapeutic strategy was modified 
in 10% of our patients. Surgery was done in any CRC patients 
as CRC localization was proved in all of them. There was 
coincidence between intraoperative tumour localization, on 
the one hand, and OC and VC descriptions in 97% and in 96% 
of the cases, respectively. Data obtained by OC and VC were 
comparable (t=4.2, p<0.05). 

The statistically significant comparisons of VC values in 
CRC patients were demonstrated on Table 2.
Table.2. Comparison of VC values in CRC patients by independent 

samples test
Levene’s test for 

equality of variances
t-test for equality of means

F Significance t

Mean 
difference

Standard 
error 

difference

95% 
confidence 
interval of 
difference

lower upper
VC Equal 

variances 
assumed

18.288 0.001 2.210 9.714 4.395 0.139 19.289

Equal 
variances 
not 
assumed

2.210 9.714 4.395 -0.520 19.949

The results of ROC curve analysis indicated that usage of 
tumor size at appropriate cut-off values discriminated the 
patients with colon polyp and CRC (AUC=0.98, 95% CI: 0.97-
1.0, p<0,05) with sensitivity of 88.5% and specificity of 94.7% 
(Fig. 5). The blue curve presented the results from the 
comparison between CRC and colon polyp data as diagnosed 
by VC. It was close to 1.0 which represented these statistically 
significant high sensitivity and specificity rates for these 
pathologies. Tumor size was a positive predictive marker for 
malignancy. This method could be successfully used in 
recognizing the two pathologies relative to their lesion size 
(OR=1.209, 95% CI: 1.115-1.312). Therefore, VC was an 
accurate differential diagnostic method for CRC and colon 
polyps.
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Fig.5: ROC curve analysis of VC sensitivity and specificity for CRC

Discussion
Nowadays OC is considered the gold standard for 

diagnosis of colorectal pathology because of the possible 
biopsy examination of colon damage. However, its application 
is restricted in case of obstructive lesions and absent patient’s 
tolerance. As an invasive procedure, it requires sedation and 
takes a longer time [17]. Despite its efficacy and diagnostic 
value, small polyps <1 cm are missed in one third of the cases. 
The entire colon can’t be examined in 10% of the cases, which 
along with the risk of bleeding and colon perforation (in 0.1-
0.3% of the cases) necessitates better diagnostic methods for 
colorectal lesions.

The new and already approved method of VC provides 
minimal invasiveness and structural assessment of the entire 
colon [9] as well as fast imaging of the entire colon, no need 
of sedation, and a low risk of procedure-related complications. 
This technique is performed in symptomatic patients 
suspected of colorectal pathology and in patients with 
incomplete or contraindicated OC. VC can be applied in 
conjunction with a full OC to confirm diagnosis and staging 
with a low risk of complications compared to OC alone. Post-
procedure perforation in VC and OC amounts only to 0.03% 
and 0.009%, respectively [7]. VC is preferred in comorbid 
patients, too. In a systematic review and meta-analysis 
involving 49 studies and providing data about 11151 patients 
of which there are 414 CRC patients (3.71% of the cases), VC 
sensitivity for CRC is 96.1%. In a subgroup of 25 trials involving 
9223 patients, OC sensitivity for CRC is 94.7 % [10]. Therefore, 
VC is a highly sensitive diagnostic examination for CRC. VC 
sensitivity (of 98%) in our own study correlates with that in 
this meta-analysis.

VC capacity to detect a lesion increases with the size of 
this lesion. For lesions <5 mm, VC sensitivity is up to about 
50%. Many smaller lesions of the colon (<5 mm in size) are 
considered clinically insignificant. However, VC seems to be a 
relaible method for colorectal lesion screening and assessing. 
Besides it is preferred by the majority of the patients.

A randomized, controlled CRC screening study shows that 
sensitivity of fecal occult blood test, VC and OC is 64%, 77% 
and 80%, respectively [18]. Unwanted side effects such as 
vagal reactions are very rare, indeed.

CTC allows the accurate assessment of both colonic and 
extracolonic pathologies as a useful diagnostic tool in patients 
for whom complete OC is not achievable [19]. CTC is a valuable 
diagnostic tool for examining the entire colon and a good 
alternative compared to other CRC screening tests because of 
its high sensitivity values [20, 21], especially in colorectal 
lesions over 1 cm. [20, 22] CTC combined with OC provides a 
more accurate preoperative determination of CRC localization 
and invasion depth than OC alone [23].

Conclusion
Our results and literature data available convincingly 

demonstrate that because of its non-invasiveness, high specificity 
and sensitivity, VC can play a significant role in CRC diagnosis, 
staging and screening as well. This method is painless and thus it 
does not require any sedation. It is useful as complementary 
option to OC and in cases with contraindications for OC as well.
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