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ABSTRACT

Objective: Assessed the usefulness of virtual cystoscopy performed with multidetector computed tomography (CT) in
patients with different urinary bladder pathologies compared to the conventional cystoscopy.

Materials and Methods: Eighteen patients with different bladder pathol ogies, which consisted of 11 tumors, 3 diverticula,
2 trabecular changes and 2 stones, were assessed with conventional cystoscopy and virtual CT cystoscopy. The results of
virtual CT cystoscopy were compared with the findings of conventional cystoscopy. We determined the detection rate and
positive predictive value of CT imaging based virtual cystoscopy in the diagnosis of urinary bladder lesions.

Results: CT scanning was well tolerated by all patients, and no complications occurred. Images in 16 (88%) of the 18
virtual cystoscopic examinationswere either of excellent or good quality. All tumors except one, 2 trabecular changes and
2 stoneswere characterized with similar findingsin the both of methods. The massesranged from 0.4to 7.0 cmin diameter.
While conventional cystoscopy could not evaluate interior part of the diverticulum, virtual CT cystoscopy could demon-
strate clearly within it. There were no false-positive findingsin our series.

Conclusion: Virtual CT cystoscopy is a promising technique to be used in the detection of bladder lesions. It should be
considered especially at the evaluation of bladder diverticula. In the future, it may be possible or even advantageous to
incorporate into the imaging algorithm for evaluation of bladder lesion.
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INTRODUCTION isastandard diagnostic approach for urinary bladder
evaluation, its primary indication is the diagnosis of

Bladder pathologies are consisted of the im- lower urinary tract disease, sings, and symptoms that

portant group of genitourinary tract diseases. Themost may be related to the urinary tract are evaluated us-
common complaints in bladder disease are micro- ing cystoscopy to directly visualizelower urinary tract

scopic and macroscopic hematuria, disuriaand other anatomy and macroscopic pathology. However, this
voiding symptoms. All these symptoms may be re- procedure has drawbacks, including its high costsand

lated to inflammatory, neoplastic, stones, neurologic, an invasiveness that may lead to iatrogenic bladder
obstructive or congenital abnormalities. Urogram, injury and urinary sepsis. CT isusually recommended
sonography (US), computed tomography (CT), mag- asauseful radiologic approach for assessing bladder
netic resonant imaging (MRI) and some other radio- disease, but CT has low sensitivity for detection of

logical modality have been used for along timein all small bladder lesions. For CT to depict asmall blad-
these pathol ogies. However, conventional cystoscopy der lesion, optimal imaging conditions, including
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adequate bladder distention and thin-slice scanning,
must be satisfied. Therefore, negativefindingson CT
warrant performance of conventional cystoscopy in
patients with bladder pathology (1-4).

Recently, three-dimensional computer-ren-
dering technigues with rapid image acquisition have
led to the devel opment of virtual-reality imaging. With
commercialy available software, virtual reality im-
aging allows interactive intraluminal navigation
through any hollow viscus, simulating conventional
cystoscopy. Thistechnique of virtual endoscopy has
been applied to many organs, including the colon,
bronchus, stomach, and bladder (3-6).

Currently, most authors have been studied
with virtual cystoscopy about the bladder tumor. Few
reports are found in the literature regarding different
bladder pathol ogy such asdiverticulum or inflamma-
tory pseudotumor based virtual cystoscopy of the uri-
nary bladder (7,8).

The purpose of this study wasto evaluatethe
usefulness of virtual cystoscopy using avolume ren-
dering algorithm performed with multidetector CT
in patients with different urinary bladder pathology
compared with the gold standard that is, conventional
cystoscopy and to determine the modality’s detection
rate and positive predictive value.

MATERIALSAND METHODS

Eighteen patients (mean age 56 * 11 years,
range 40 to 72 years) were referred from the urology
department because of the different urinary bladder
disease, which consisted of 11 tumors, 3 diverticula,
2 trabecular changes and 2 stones for this study. We
carried out both conventional and virtual cystoscopy
in al patients. Time interval between conventional
and CT cystoscopy ranged from zero to 7 days. Each
patient had various clinical histories. Most of the pa
tients presented painless hematuria or dysuria. Con-
ventional cystoscopieswere carried out with unaware
of virtual cystoscopic findings. The conventional cys-
toscopies were performed with rigid 21F cystoscope
(Storz, Germany) with afield of view of 30 degrees
in al patients under general or local anesthesia. Vir-
tual cystoscopic examinations were started with ob-
taining adequate bladder distention in supine posi-
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tion. Helical CT was performed with 4 channel CT
scanner (Somatom Sensation 4, Siemens Medical
Systems, Erlangen, Germany), in single breath hold,
with 1 mm collimation, 1 mm reconstruction interval
and 3 mm thickness. Other scanning parameterswere
as follows: 1 mm reconstruction interval, mAs 153,
and 120 kV, feed/rotation 5 mm. The scanning time
wasonly 8-12 second. Prior to the scan, adequatefill-
ing of the bladder with approximately 250-450 mL
of air was required. At the same time, 1V 100 mL
contrast medium was administered in all patients by
apower injector at arate of 2.0-2.5 mL/sfor possible
extravesical invasion of the tumor or some other pa-
thology. The patients were then turned to the prone
position, and CT of the bladder was repeated with
use of the same parametersafter arepeated scout view
was obtained. Additional bladder distention with ap-
proximately 80-120 mL of air was hecessary in some
of the patients, since repositioning led to leakage of
some of the insufflated gas from the bladder.

Thedatawere downloaded to an independent
workstation (Leonardo; Siemens Medical Systems)
equipped with software for interactive intraluminal
navigation. Using multiplanar reformation from
source images, a central observation point was de-
fined in the middle of the lumen of the bladder. The
camerafor virtua cystoscopy was placed in the cen-
ter of the bladder lumen and thereafter was advanced
to each quadrant in turn. When a possible abnormal -
ity was discovered, it was fully evaluated from vari-
ous angles.

The number, location, and size of the tumors
wereindividually determined and noted after cystos-
copy for later comparison with the results of CT im-
aging-based virtual cystoscopy. The virtual and con-
ventional cystoscopic findings for each patient were
documented on separate worksheets. The number,
size, location, and morphol ogic features of the masses,
mucosal thickness, trabeculations and diverticulaand
other luminal pathol ogy werealso noted in both meth-
ods. On transverse section and virtual CT images
obtained with the patients in both supine and prone
positions, each mass lesion was characterized as a
focal polypoid lesion, asessile mass, or wall thicken-
ing. A discrete lesion was considered polypoid, if it
wastaller rather than wider, while asessile masswas
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defined as a lesion when it was wider at the base. A
lesion was characterized as wall thickening when
there was elevation of the bladder wall without adis-
crete mass. The quality of each CT image was aso
evaluated in terms of the residua urine, which may
obscure the bladder mucosa, and the degree of dis-
tention. Complications due to CT cystoscopy were
recorded.

Three radiologists (HA,MH,OT) blinded to
the findings of conventional cystoscopy, indepen-
dently interpreted the images prospectively, and any
discrepant readings were resolved by consensus. The
resultsof virtual CT cystoscopy were compared with
the findings of conventional cystoscopy, which is
considered the standard. The lesions that were not
prospectively identified at CT cystoscopy were ret-
rospectively evaluated for visibility ontransverseand
virtual images. The pathology report in each patient
with bladder tumor was also reviewed for further cor-
relation. Using conventional cystoscopy as the gold
standard, we analyzed them to determine the detec-
tion rate of CT imaging-based virtual cystoscopy in
the diagnosis of urinary bladder lesions.

RESULTS

CT scanning was well tolerated by all pa-
tients, and no complication occurred. Images in 16
(88%) of the 18 virtual cystoscopic examinationswere
of excellent or good quality, with adequate bladder
distention and minimum residual urine. Imagesin 2
examinations were suboptimal due to either moder-

ate residual urine or inadequate bladder distention.
Tumoral lesions were seen in one of them. However,
in other patient, a smaller-than-4 mm polypoid tu-
moral lesion could not be detected.

On conventional cystoscopy, 11 tumorswere
found in 18 patients. These masses ranged from 0.4
to 7.0 cmin diameter (mean, 1.5 cm). Out of 11 poly-
poid lesions, 8 were larger than 5 mm, and 3 were 5
mm or smaller. Eight out of the polypoid lesionswere
larger than 5 mm, and 3 were 5 mm or smaller. One
of the polypoid lesions was calcified. Six out of the
11 lesionswerelocated on the lateral wall (Figures-1
and 2); 2 on the posterior wall; 2 on the anterior wall
and 1 in the bladder neck. All lesionswere diagnosed
astransitiona cell carcinomain the pathol ogy reports.
All these tumors had been described by the virtual
cistoscopy with nearly similar findingsin size local-
ization and surface of the tumor except one lesion,
whichwas smaller than 5 mm 90% of thetumorswere
diagnosed by virtual cystoscopy as compared to con-
ventional cystoscopy. Mucosal thickness and
trabeculations were also seen in the virtual CT cys-
toscopy and the appearance was similar in both mo-
dalities (Figure-3). Bladder stone could not differen-
tiate the tumor or polyp without adjustment of the
lowest and highest point of the density value in the
volume-rendering method in two patients (Figure-4).

Three diverticula were diagnosed, but the
interior of the diverticula could not be evaluated by
conventional cystoscopy. Their lumens were easily
detected by virtual cystoscopy. In three diverticula,
virtual CT cystoscopieswere superior to conventional

1

Figure 1 — 50-year-old man with transitional cell carcinoma obtained in area toward left wall shows polypoid lesion. A) Coronal
multiplanar reconstruction section. B) Virtual CT cystoscopy appearance. C) Conventional cystoscopy. Viegetative surface of the tumor
was clearly identified in virtual CT cystoscopy. Surrounding mucosal surface appears normal both of the conventional and virtual CT

cystoscopy.
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Figure2—60 year-old man with primary urinary bladder céncer. A) Transverse section. B) Virtual CT cystoscopy appearance.
C) Conventional cystoscopy. Virtual CT cystoscopic image focused on polyp with 12 mm located near left urethral orifice. Internal

urethral orifice can be identified only polyp with 12mm located near |eft urethral orifice. Internal urethral orifice can be identified in
lower midportion.
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Figure 3— 71 year-old man with trabecul ation because of the prostate hypertrophy. A) Coronal multiplanar reconstruction image.
B) Magnified virtual CT cystoscopy appearance. C) General trabecular appearance of mucosal surface in virtual CT cystoscopy.
Virtual CT cystoscopy shows mucosal thickness and trabeculation similar with the conventional cystoscopy.
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Figure 4 — 55 year-old man with solitary bladder stone. A) Transverse section. B) Virtual CT cystoscopy appearance. C) Conventional
cystoscopy. Sone could be easily differentiated from the surrounding tissue in virtual CT cystoscopy appearance after the adjustment

threshold value of density.

cystoscopy in demonstration of theinterior of the di-
verticula (Figure-5).

Transverse section and virtual CT images
were complementary in lesion detection and charac-
terization. Although areas of wall thickening and tra-
beculation were seen on the virtual images, they were
more conspicuous on thetransverse views. However,
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the lobulated morphologic characteristics of a small
polypoid lesion were better depicted on the virtual
image. There were no false-positive findings in our
series. The presence of every lesion seen at virtual
cystoscopy was confirmed at conventional cystos-
copy. Virtual cystoscopy time, including catheter
placement, was approximately 20-25 minutes. Con-
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Figure 5—45 year-old men with virtual CT cystoscopic images of bladder wall diverticulum. A) Sagittal multiplanar reconstruction
image. B) Mirtual CT cystoscopy appearance of the neck of the diverticulum. C) Interior appearance of the diverticulum. Diverticulum
could be evaluated both of the multiplanar reconstruction images and virtual CT cystoscopy, but could not in the conventional cystos-

copy.

sidering conventional cystoscopy to bethe gold stan-
dard, we found the following diagnostic values for
the identification of bladder lesions on virtual cys-
toscopy. In 17 out of 18 patients (94.4%), lesionswere
detected by using virtual CT cystoscopy.

COMMENTS

Severa imaging techniques are available for
use in the detection of bladder pathology. US, uro-
gram, CT, MRI and conventional cystoscopy could
be used in the bladder disease. Conventional cystos-
copy was accepted asagold standard in bladder (3,5).
However, there are several disadvantages of the con-
ventional cystoscopy. It is often difficult to perform
adequately when exploring the anterior bladder wall
or a diverticulum cavity. Primary intradiverticular
carcinomas are rare, but diagnosis is often difficult
with conventional method (6,9,10,11). Thereare some
contraindications for the conventional cystoscopy
such as bacteriuria, acute cystitis, urethritis, prostati-
tis, obstructive prostatic hypertrophy, and stricture or
rupture of the urethra. Marked hematuria is another
factor that limitsthe technical success of cystoscopy,
thereby decreasing its reliability. On the other hand,
cystoscopy is performed in genera or local anesthe-
siaanditisaninvasive and uncomfortable procedure
for patients, and complications such as infections,
uretral or bladder perforation, scarring, and stricture
of the urethra have been observed (3,6,12-14).

Virtual endoscopy is a recently developed
noninvasive method to detect tumors protruding from
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the walls of hollow organs. A promising advantage
of thisimaging modality isthat views not possiblein
conventional endoscopic examination can be created.
The volumetric data obtained with helical CT or MR
imaging are computer-rendered to generate three-di-
mensional images, and with commercially available
software, intraluminal navigation through any hollow
viscusispossible. There are two main techniquesfor
the reconstruction of virtual image. One of them is
volume rendering and the other is surface-rendering
agorithm. Of the different three-dimensional render-
ing techniquesavailable, the perspective volumeren-
dering provides more information because the entire
data set is incorporated (15-19). We used a volume-
rendering algorithm in this study.

Virtual endoscopy has been most widely ap-
plied to imaging of the colon and many investigators
report its feasibility in the depiction of colorectal
polyps (20,21). After the first report of virtual cys-
toscopy, inthe study by Vining at a., there have been
alot of studies on the utility of virtual cystoscopy of
the bladder. The urinary bladder is a good candidate
for virtual cystoscopy because of its simple luminal
morphology, itsrelatively small volume, and the ab-
sence of involuntary peristalsis. Therefore, a virtual
cystoscopic rendering of the bladder takesashort time
to navigate and does not require great skill on the
part of the operator (4-6,18). On the other hand, ac-
cording to a study by Kim et al., virtual cystoscopy
was found superior than multiplanar reconstruction
and source CT imagesfor lesion detection in the con-
trast material-filled bladder (22). However, most stud-



Virtual CT Cystoscopy

ieswere performed in bladder tumor and previous stud-
ieshavefocused solely on known bladder lesion. There
have been no enough studies on different pathol ogies.
We carried out this study on different bladder patholo-
gies and evauated the capabilities of virtual cystos-
copy, such as diverticula, trabeculation and stone.

Asaminimally invasive procedure, virtual CT
cystoscopy provides many advantages as compared to
conventional cystoscopy. The virtud CT cystoscopy
images could be stored in file and the lesion could be
compared in follow up period with based images. The
size of atumor is measured objectively. Accessto the
anterior bladder wall or thelumen of adiverticulumis
not restricted in virtual cystoscopy because various
software reconstruction tools can be used and the tu-
mor can be easily detected (23). Patientswith asevere
urethral stricture or marked prostatic hypertrophy, who
may be poor candidates for conventional cystoscopy,
can safely undergo virtual CT cystoscopy. It is also
indicated for patientswho are at risk of complications
such ashemorrhage, perforation, infection, or pain, and
for the examination of young patients (3,5,6). In our
group, diverticulawere very well examined by virtual
CT cystoscopy while conventional cystoscopy could
not evaluate the interior of lesions. However, we had
somedifficultiesin bladder stone using virtual cystos-
copy. It was very difficult to differentiate the polyp
without setting the threshold density value. This aso
showed us that axial images and virtual cystoscopy
images should be evaluated together.

Two technigues have been used to obtain the
CT source datafor reconstructed virtual cystoscopic
images, scanning the bladder that has been filled with
either air or contrast material. Both methods have
some advantages and disadvantages when compared
with one another. Most previous studies have been
chosen to scan the air-filled bladder. However, vir-
tual cystoscopy of the air-filled bladder isinherently
invasive because catheterization is required to intro-
duce air into the bladder. Supine and prone examina-
tion is another disadvantage of the air-filled bladder
method. On the other hand, filling the bladder with
IV contrast material has been easily achievedin many
studies. In thismethod, thereis no need for examina-
tion in prone and supine position. Therefore, this
means |esser radiation and cost (3,22). However, urine

152

and contrast could not be mixed properly with this
method for virtual cystoscopy. Thisisone of thedis-
advantages. Secondly, 1V contrast application is man-
datory and thisisanother difficulty. Waiting for blad-
der filling and inadequate distention is another dis-
advantage. In addition to these disadvantages, pos-
sible scheduling problems may arise in a busy CT
practice because of the repeated patient positioning
and scanning required (3,4,5). In our study, like many
others, we used air-filled bladder for virtual cystos-
copy. If there is dready a Foley catheter inside the
bladder, the air-filled bladder method might be pref-
erable. However, when there is no catheter and a1V
contrasted examination has already been planned, the
second method can be used for virtual cystoscopy.
Virtual cystoscopy has several limitations. A
major limitation is that it is unable to depict flat le-
sions, which appear as subtle mucosal color changes
on conventional cystoscopy. However, various fac-
torsinfluence the detection of sessilelesions, includ-
ing the method used to acquire the CT data, interac-
tive navigational skill of the operator, attenuation-
coefficient ranges used for voxel categorization, and
degree of bladder distention. Sessile lesions usually
have an irregular surface that must be minutely de-
picted on virtual cystoscopy. So if the examination
parameter is appropriate and distention is adequate,
sessilelesionsalso could be easily detected. Secondly,
the differentiation between small tumors and inflam-
matory swelling of the mucosa could be difficult, es-
pecially in patients with unsatisfactory bladder fill-
ing. Inflammatory swelling of the mucosathus could
be misdiagnosed as a tumor, or small tumors could
be missed on virtual cystoscopy. Insufficient disten-
tion of the bladder may also cause the mucosa to
wrinkle. Third, mucosal thickening secondary to fi-
brosis cannot be distinguished from a neoplasm. Of
course, one faces a similar problem on conventional
cystoscopy because biopsy is often required to deter-
mine whether a bladder lesion is inflammatory, fi-
brotic, or neoplastic. A fourth disadvantage of virtual
cystoscopy isthat it lacksthe ability to providetissue
for histologic evaluation, an ability that is possible
on conventional cystoscopy and biopsy. Fifth, it is
difficult to visuaize the lumen of the urethra as is
routinely done with conventional cystoscopy. How-
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ever, it wasreported that urethracould a so be evalu-
ated by virtual cystoscopy (24).

Inconclusion, virtual CT cystoscopy isaprom-
ising technique for tumor and some other bladder le-
sions, such as diverticula. Virtua CT cystoscopy is
likely superior to demonstrate the interior part of the
diverticulum. Adeguate bladder distention and analy-
sis of virtual images are required for optimal evaua-
tion. This minimally invasive method can be of value
for screening, primary diagnosis and surveillance of
bladder lesions. Virtua CT cystoscopy may be indi-
cated as a clinical routine when conventional cystos-
copy is contraindicated or restricted in feasibility and
interpretation or there isrisk of hemorrhage, perfora-
tion, or pain especialy inyoung patients. In thefuture,
it may be possible or even advantageous to incorpo-
rateinto theimaging agorithm for evaluation of blad-
der lesionthrough continued devel opment and advance-
ment of hardware and software. To determinetheclini-
cal vaueof virtua CT cystoscopy inthedifferent blad-
der pathology, however, larger prospective studiesin
the generd patient population are necessary.
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EDITORIAL COMMENT

CT-cystoscopy has been shown to be avery
accurate technique since it is able to detect lesions
larger than 0.5 cm and is able to show mucosal ab-
normalities as small as2 mm.

CT-cystoscopy can be obtained either with
gas-filled bladder or with contrast-material-filled
bladder. Usually the sensitivity of this technique is
higher for the detection of polypoid lesions in com-
parison with sessilelesions. In our institution we rou-
tinely evaluate the axial images together with virtual
images since this combination, allows a significant
increase in the overall sensitivity of this technique.

Virtual cystoscopy can aso be obtained us-
ing magnetic resonance imaging (MR-cystoscopy).
MR-cystoscopy has some advantages over CT-cys-
toscopy since there is no need for bladder catheter-
ization or intravenous injection of contrast material,
but has lower spatial resolution (better for lesions
larger than 1 cm in diameter).

In this report, 18 patients with bladder pa-
thol ogieswere evaluated by CT-cystoscopy using dis-
tension of the bladder with gas after bladder cath-
eterization. All patients were evaluated in both prone
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and supine position. The size of detected lesions
ranged from 0.4 to 7.0 cm in diameter and there were
no false-positive findings.

Bladder tumors can be noninvasively diag-
nosed using CT-cystoscopy or M R-cystoscopy, since
both give comparable views to conventional cystos-
copy. Virtua cystoscopy is helpful in cases where
conventional cystoscopy isinconclusive or cannot be
performed. One of the strengths of this technique is
to add diagnostic information to conventional cys-
toscopy in the evaluation of bladder diverticula. Tu-
mor within bladder diverticulum with narrow lumen
can be easily demonstrated by virtual endoscopy.

Our goal for the future is to improve spatial
resolution of CT-cystoscopy, reduce theradiation dose
to the patient and provide useful information in order
to alow conventiona cystoscopy guided by the ct-
cystoscopic findings.
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