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Abstract Objective: To determine the role of computed tomography-virtual cys-
toscopy (CT-VC) in the detection and evaluation of bladder cancer, compared to
standard conventional cystoscopy (CC).

Patients and methods: Twenty-five patients with a clinical presentation of a blad-
der mass(es) were selected from an outpatient urology clinic between May 2011 and
August 2012. All patients were then assessed using multi-slice CT of the bladder, CT-
VC and CC. The results were then compared amongst axial CT images, multiplanar
reconstruction (MPR) images, CT-VC and CC, and compared with the pathological
results.

Results: Forty lesions were found at CC in the 25 patients. MPR images had a
greater sensitivity for detecting small masses of 65 mm, and for identifying the loca-
tion of the masses, especially basal (100%), than had axial images. The diagnostic
results varied significantly (P = 0.031 and 0.039) between CC and axial images.
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The difference was slightly significant (P = 0.063) for MPR images and was not sig-
nificant (P = 0.99) for virtual images.

Conclusions: Compared to CC, CT-VC was much less invasive, but it was not
possible to take a biopsy and provide tissue for histopathology, and it could not
depict flat lesions or mucosal colour changes. Therefore, CT-VC could be considered
for bladder mapping before CC, in the follow-up of patients with superficial transi-
tional cell carcinoma after transurethral resection of the tumour, in combination
with urine cytology, and for patients in whom CC is difficult or contraindicated.

ª 2013 Production and hosting by Elsevier B.V. on behalf of Arab Association of
Urology.
Introduction

Urinary bladder carcinoma is a common malignancy,
with a worldwide age-standardised incidence rate of
10.1 per 100,000 for men and 2.5 per 100,000 for women
[1]. In Egypt, bladder carcinoma is the most prevalent
malignancy among Egyptian males (19%), causing
15.6% of cancer-related deaths. In Egyptian females,
bladder cancer is the seventh common malignancy
(3.8%), causing 3.7% of cancer-related deaths [2].

Because of this high incidence, reliable techniques for
diagnosis are needed. Conventional cystoscopy (CC) re-
mains the standard method for the diagnosis of bladder
cancer, while CT and MRI are used mainly for assessing
related extravesical pelvi-abdominal manifestations.

With commercially available software, virtual-reality
imaging, which was developed as a result of advances in
three-dimensional (3D) computer-rendering techniques
with rapid image acquisition, allows interactive intralu-
minal navigation through any hollow viscus, imitating
conventional endoscopy. This technique has been ap-
plied to many organs, including the colon, stomach
and bladder, the last being referred to as virtual cystos-
copy (VC) [3]. VC provides many advantages, as it offers
the precise localisation of a lesion due to its wide field of
view, and the detection of extravesical anatomical land-
marks [4]. Despite the fact that no biopsy can be taken
from the bladder mass, and that the sensitivity of VC
for detecting small masses (<5 mm) is lower, it could
still be very useful and of benefit to patients with bladder
masses, comparable with the results of CC [5]. Thus the
main aim of the present study was to determine the
diagnostic potential and the role of CT-VC for
detecting and evaluating bladder cancer, compared to
standard CC.

Patients and methods

Between May 2011 and August 2012, 25 patients (21
men and four women, median age 64 years, range 57–
71) presented to our urology department and were se-
lected to be included in a prospective study. The criteria
for selection were that the patients complained of gross
painless haematuria and had a bladder mass(es)
suspected clinically after a DRE in men or on a vaginal
examination in women, and/or radiologically by pelvi-
abdominal ultrasonography, or a history of bladder
carcinoma.

All radiological investigations were done in the radi-
ology department. Multi-slice CT of the abdomen and
pelvis and multi-slice CT-VC were conducted as follows.
For all CT examinations we used a 16-MDCT scanner
with a helical thickness of 0.625 mm. Preparation in-
cluded the insertion of a Foley catheter into the urinary
bladder to drain residual urine. The bladder was then
filled with 150–400 mL of room air through the Foley
catheter, according to the capacity of the bladder and
patient’s tolerance. Images were taken with the patient
both supine and prone. The axial CT slice images were
transferred to a workstation. Multiplanar reconstruc-
tion (MPR) images were obtained in the transverse,
coronal and sagittal planes; these images were produced
in <1 min. VC images were then obtained using the vol-
ume-rendering technique. The first step towards surface
rendering was segmentation, through which stereoscopic
images were generated of the inner wall of the bladder
cavity, from the original axial images, similar to those
visualised using an endoscope. For this method we used
the threshold technique, which extracted the region of
interest on basis of the set of thresholds. On the moni-
tor, three windows simultaneously displayed the overall
view (the 3D picture), the local view (the virtual image),
and the nearest CT imaging slice, with the camera posi-
tioned as indicated. The virtual camera had three func-
tions, simulating the translations and rotations of a
real endoscope. It can be advanced along the z-axis, ro-
tated around the z-axis and pivoted around the x-axis.

The images, for axial, MPR and virtual views, were
interpreted prospectively, both separately and in combi-
nation. The size, number, location and morphological
features of the lesions were evaluated. Tumour size
was classified into those with a diameter of 65 mm, 6–
10 mm and >10 mm. The lesions were described as ses-
sile, polypoid, or areas of wall thickening. A lesion was
characterised as sessile when it was connected by a
broad base to the bladder wall. If it was connected by
a narrow stack, and projecting into the bladder cavity,
then it was defined as a polypoid lesion. An area of wall



Table 1 A comparison between axial CT supine and prone imaging findings vs CC findings.

Findings, n (%) CC Axial CT supine P Axial CT prone P CT-VC P

Mass(es)

Present 25 (100) 23 (92) 24 (96) 25 (100)

Absent 0 2 (8) 1 (4) 0

Number of masses 40 33 36

One 17 (68) 19 (76) 0.5 18 (72) 0.28 18 (72) 0.63

Two 5 (20) 1 (4) 0.13 3 (12) 0.63 4 (16) 0.63

Three 0 1 (4) 0.99 1 (4) 0.99 0 –

Four 2 (8) 1 (4) 0.99 1 (4) 0.99 2 (8) –

Five 1 (4) 1 (4) 1 (4) 1 (4) –

Location

Basal 12 (30) 9 (27) 0.28 11 (31) 0.99 11 (28) 0.99

Dome 4 (10) 4 (13) 4 (11) 4 (10)

Right lateral 16 (40) 13 (39) 0.28 13 (36) 0.45 16 (41)

Left lateral 8 (20) 7 (21) 0.45 8 (22) 8 (21)

Morphology

Polypoid 13 (32) 11 (33) 0.63 13 (32) 0.99 13 (33)

Sessile 25 (63) 22 (67) 0.38 25 (63) 0.69 25 (64)

Irregular wall thickening 2 (5) 0 (0) 0.5 2 (5) 0.5 1 (3)

Size (mm)

65 10 (25) 4 (12) 0.031* 4 (11) 0.039* 9 (23)

6–10 6 (15) 4 (12) 0.5 5 (14) 0.99 6 (16)

>10 24 (60) 25 (76) 0.99 27 (75) 0.55 24 (61)

* Significant.
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thickening was defined when there were no associated
distinct masses. The time required to interpret the
images was �10 min.

The findings of CT-VC (including axial, MPR and
virtual images) and those of CC, which were taken as
the reference standard, were then compared. The histo-
logical diagnoses were then correlated with these find-
ings. The interval between CT-VC and CC was
<7 days. Data were checked, coded, entered and ana-
lysed using commercially available software. McNe-
mar’s test for categorical data was used to test the
significance of differences amongst the urinary bladder
findings of axial CT supine images, axial CT prone
Table 2 The sensitivity (%) and specificity (%) of axial CT supine

Findings Axial CT supine

Sensitivity Specificity

Location of mass

Basal 75 100

Dome 100 100

Right lateral 81 100

Left lateral 88 100

Morphology

Polypoid 85 100

Sessile 88 100

Irregular wall thickening 0 0

Size (mm)

65 40 100

6–10 67 97

>10 83 87
images, MPR images and CT-VC, respectively, and with
the findings of CC, with P < 0.05 considered to indicate
significant differences.

Results

The number, location, morphology and size of the blad-
der masses are shown in Table 1. The results showed
that imaging with the patient both supine and prone
was necessary to avoid missing lesions that could be hid-
den within the residual urine. Two lesions located on the
base of the urinary bladder and one on the left lateral
wall were detected only on prone images.
and prone image findings compared with CC findings.

Axial CT prone MPR

Sensitivity Specificity Sensitivity Specificity

92 100 100 100

100 100 100 100

81 100 81 100

100 100 100 100

100 100 100 100

88 100 96 100

0 0 0 0

56 97 67 97

67 97 83 97

92 87 96 93



Figure 2 An MPR image of the urinary bladder showing a

suspected soft-tissue lesion within the diverticulum.

Figure 1 An axial CT image of the urinary bladder showing a

small bladder diverticulum at the right lateral bladder wall, with

no masses detected.
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Axial CT films, either supine or prone, had a low sen-
sitivity (40% and 56%, respectively) for detecting
masses of 65 mm. However, there were three masses
which were >10 mm on axial images and had a main
extravesical component, so on CC they appeared to be
<10 mm because only the intraluminal component of
the mass was visible on CC. Also, axial films failed to
detect two areas of irregular wall thickening that were
detected on CC (Table 1).

The sensitivity of MPR images was greater for iden-
tifying small masses of 65 mm (67%) than was that of
axial films (40% and 56%, Table 2). Also, MPR images
had a greater sensitivity for identifying the location of
masses, especially basal masses (100%), than had axial
films (75% and 92%; Table 2). However, MPR images
also failed to detect two areas of irregular wall thicken-
ing that were detected on CC. CT-VC detected 39
lesions in the 25 patients, and all were confirmed with
CC. Thirteen (33%) lesions were polypoid, 25 (64%)
sessile and one was an area of bladder wall thickening.
Eleven lesions were basal, four in the dome, 16 on the
right lateral wall and eight on the left lateral wall. Seven
patients had multiple lesions of the urinary bladder; four
patients had two lesions, two had four lesions, and one
had five lesions. The mean (range) size of the lesions de-
tected was 18 (3–90) mm. Nine (23% of the total) lesions
detected on CT-VC had a diameter of 65 mm, six (16%)
were 6–10 mm, and 24 (61%) were >10 mm in diame-
ter. CT-VC failed to detect only one lesion, a basal irreg-
ular wall thickening of <5 mm, as it was masked by the
Foley catheter and detected only on CC. CT-VC was
highly sensitive for detecting small masses, including
those of 65 mm (90%) and 6–10 mm (100%). CT-VC
was also highly sensitive for identifying the location of
masses, either in the dome (100%), base (92%), right lat-
eral (100%) or left lateral (100%), and their morphol-
ogy, either polypoid (100%), sessile (100%) or
irregular wall thickening (50%), compared with CC
and with axial and MPR images. Table 1 also shows a
comparison between the CT-VC and CC findings.

The diagnostic results differed significantly
(P = 0.031 and 0.039, McNemar test) between CC
and axial images. The difference was slightly significant
(P = 0.063) for MPR images and was not significant
(P = 0.99) for CT-VC images. These results showed
the advantage of CT-VC over MPR imaging, and espe-
cially over axial imaging, for detecting small bladder
masses of 65 mm.

An example case is given in Figs 1–3, showing images
from a 61-year-old man who presented with haematuria
and pyuria, with a history of previous CC and ureteros-
copy, a left JJ stent, and an accidentally discovered blad-
der mass, for which he had a transurethral resection.
There was no mass detectable on a DRE.

Discussion

Urinary bladder carcinoma is considered the ninth most
common cancer worldwide [6]. Various diagnostic meth-
ods have been developed to diagnose bladder cancer,
including ultrasonography, CT and MRI. The emer-
gence of virtual endoscopy increased the options for
evaluating bladder cancer. The volumetric data obtained
with CT (or MRI) can be rendered by computer to gen-
erate 3D images, and by using commercially available
software, intraluminal navigation through any hollow
viscus is feasible [7]. In the present study we determined
the diagnostic potential and the role of CT-VC for
detecting and evaluating bladder cancer, compared to
standard CC.

We used air to distend the urinary bladder, as the
high attenuation gradient between air and the mucosa
increases the contrast between the bladder wall and
the lumen, producing ideal conditions for acquiring



Figure 3 CT-VC of the bladder showing a diverticulum at the right lateral bladder wall, with a well-defined sessile mass within the

diverticulum �9 mm long (that was confirmed by CC); the biopsy showed TCC Grade 2.
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virtual images. Others [8–11] have assessed CT-VC using
the air-filled bladder technique. However, this technique
is relatively invasive because urethral catheterisation is
associated with a risk of infection, although minimal
(1–2%), when compared with CC. Also, examining the
patient both supine and prone can carry another risk
of increased radiation exposure. However, radiation
exposure is restricted to the bladder region, and there-
fore it might not be considered to be an important fac-
tor. Also Tsili et al. [12] used low tube current and
time settings for air-filled CT-VC to reduce the radiation
risk. However, Nambirajan et al. [13] and Kim et al. [14]
used CT-VC after injecting the patient with iodinated
contrast material, which is considered less invasive than
techniques using air to fill the bladder, because catheteri-
sation is unnecessary. The images are taken in one posi-
tion, and hence the radiation dose can be half of that
used in CT-VC of an air-filled bladder. Also, it can be
done as part of the CT urography, allowing a detailed
assessment of the whole urinary tract. However, it has
limitations, such as possible allergies to contrast media
and unsuitability for uraemic patients. Another limita-
tion of using contrast media is the presence of artefacts
on virtual images that could affect image quality, if there
is insufficient mixing of urine and contrast material, as
in cases of bladders with marked trabeculation.
For the size (depth) of the mass, the present study
showed a sensitivity of 100% for detecting bladder
masses, including those of 5–10 mm, by CT-VC in all
cases, and 90% sensitivity for assessing masses of
65 mm. Many studies have reported different results.
Narumi et al. [8] found the detection and characterisa-
tion of masses of <10 mm to be difficult using a 3D dis-
play of helical CT data, while Fenlon et al. [15] reported
that all of the bladder masses detected at CC were visu-
alised at CT-VC, and reported that all tumours of
<10 mm were identified, although this group did not re-
port how many of their masses were <5 mm. In their
study, Song et al. [16] showed that VC is a practical
method for detecting bladder masses of >5 mm, but
for lesions of 6 5 mm the detection rate was 60%.
Kim et al. [17] reported an excellent agreement between
VC and CC, with a high sensitivity and specificity, and
their detection rate for lesions of <5 mm was 88%. Tsili
et al. [12] detected all 30 bladder lesions in 24 patients,
but that study included only four lesions of <5 mm,
while Constantine et al. [11] detected 18 lesions on
CT-VC, of 20 lesions with a diameter of 65 mm on
CC. These different results might be attributed to the
different types of CT scanners used, different parame-
ters used during the CT examinations, and variable lev-
els of experience in the interpretation of VC.
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The present study shows that when using a combina-
tion of axial, MPR and virtual images, the evaluation is
optimised, increasing the efficacy of the techniques,
especially for detecting small lesions. Virtual imaging
was better than MPR and axial source imaging for
detecting the bladder lesions, as it was in the study by
Kim et al. [14] and Constantine et al. [11]. In the present
study the use of MPR and virtual imaging enabled the
detection of three small tumours not seen on axial
images. Constantine et al. [11] reported that the use of
MPR and virtual imaging detected 11 small tumours
that were not detected on axial images. Also, VC al-
lowed an assessment of a large volume of data that im-
proved the appreciation of 3D structures over that
revealed with two-dimensional images.

In the present study there were no significant compli-
cations related to VC. To our knowledge, only one com-
plicated case was reported in English, and was related to
catheter removal at CT-VC. The absence of clinical
complications confirmed the safety of the technique.
Some disadvantages of VC were apparent during the
study. VC cannot depict mucosal colour changes (like
leucoplakia), that can be detected only on CC. This
was also reported by Song et al. [16] and Heinz-Peer
et al. [18]. In addition, the calcifications associated with
masses were seen only on the axial and MPR images,
but not on the virtual images, due to the threshold selec-
tion optimised to detect soft-tissue abnormalities. The
same finding was reported by Song et al. [16]. The pres-
ent study was our experience with CT-VC, but other
studies with more patients will be needed to evaluate
the effectiveness of the procedure. The main limitations
to the study included cost, as virtual endoscopy requires
specialised software and hardware that are expensive,
and the inability to identify the origin and nature of
the bladder masses.

In conclusion, compared to CC, CT-VC is much less
invasive, with minimum discomfort and risk for the pa-
tients, especially in that there are no requirements for
anaesthesia. It can be used to image the bladder in sev-
eral planes and provides intraluminal viewing of the
bladder from any angle. However, it is not possible to
take a biopsy and thus provide tissue for histopathol-
ogy. Also, it cannot be used to depict areas of irregular
thickening in bladder mucosa. Therefore, it cannot to-
tally replace the standard CC. In our opinion, the value
of CT-VC could be in bladder mapping before CC, in
the follow-up of patients with superficial TCC after
transurethral resection of the tumour (combined with
urine cytology) to lessen the frequency of follow-up
CC, and cases in which CC is difficult to perform or is
contraindicated.
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