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Background: Bladder urothelial carcinoma is an alarming urologic malignancy. Complex factors like modelling and local staging
can affect treatment strategy. However, local staging, particularly the muscle invasion status, significantly influences decisions
regarding treatment strategies. Therefore, this study aims to evaluate the novel advances of three-dimensional (3D) ultrasound (US)
imaging to assess local staging in comparison with conventional cystoscopy.
Methods: Forty-three patients with painless haematuria and conventional cystoscopy findings of bladder mass underwent 3D US
virtual cystoscopy. All specimens from conventional cystoscopy were processed histologically.
Results: Out of 43 participants, 18 (41.9%) patients proved to have invasive urothelial carcinoma by histopathology. The 3D US had
a sensitivity of 97.5% and a specificity of 100%; however conventional cystoscopy was accurate in only 53.5% of the studied cases.
Furthermore, in the case of malignant ulcers, mural extension into both the submucosal and the muscle layers was more readily
appreciated in multiplanar images.
Conclusion: 3D US updates are promising for use in bladder tumour modelling and local staging; however, they can be of value in
evaluating mural and extramural tumour extent and have proven accuracy.
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Introduction

Urothelial carcinoma (UC) is the most common histologic sub-
type of urinary bladder cancer; however, accurate local staging of
these tumours is crucial for the best management. Traditionally,
local staging relied on a biopsy obtained during conventional
cystoscopy (CC), representing the gold standard for diagnosing
and managing some bladder carcinoma cases with a reported

sensitivity of 87% in detecting bladder neoplasm. Its notable
disadvantage is the lack of information about the mural and the
extravesical extensions[1,2].

Conventional ultrasound (US) is usually the initial examina-
tion requested in cases of painless haematuria; however, it
showed poor diagnostic value (from 26 to 80%) in the mapping
of the bladder wall or the evaluation of extravesical mass
extension[3].

However, with the increasing accuracy of the computed
diagnostic modalities and techniques, other imaging modalities,
such as multi detector CT and MRI, play an essential role in the
multidisciplinary care of patients with this disease[4].

As an office-based modality, the latest three-dimensional (3D)
US updated technology would be emerging as a noninvasive
imaging procedure for evaluating urinary bladder neoplasia to
visualize the bladder cavity, urinary bladder wall-layers, and
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extravesical environment, which mainly depends upon the
updates in the beam-former, which enable the US transducer
beam to be focused with greater precision. This technology will
produce less noise and better contrast resolution[3,4].

Consequently, an image of the entire structure can be pro-
duced, sliced, rotated through different planes, and viewed from
many angles. It is possible for the operator to ‘peel away’ layers of
a 3D image by using the cut mode to see the mass extension into
the urinary bladder wall or its extension into the extravesical
environment. Moreover, the entire volume can be stored and
reviewed by the operator and other staff after the examination[5].
Moreover, this approach is highly applicable to the urinary
bladder, owing to its small volume, simple luminal morphology,
and absence of peristalsis, which may make it an ideal intra-
abdominal organ for 3D US virtual endoscopic navigation
(Fig. 1), as there is a considerable contrast gradient seen between
the bladder lumen and its wall. Herein, the surface rendering
algorithm can usually display sufficient detail of the urinary
bladder cavity and wall, revealing a cystoscopy-like image.
Furthermore, this would help in more accurate staging and
overcome the low sensitivity of conventional US, which would
influence decisions regarding treatment strategy.

The main aim of this research was to evaluate the potential
value of the recent advances in the office-based 3D US virtual
cystoscopy (VC) in modelling and staging bladder tumours in
comparison with conventional cystoscopy with a correlation to
the final histopathology report.

Patients and methods

This work is a prospective collaboration agreement study
between the urology, uroradiology, and histopathology depart-
ments that had the approval of institutional ethics committees.
Our study involved 43 patients, including 36 males and seven
females, aged 36–72 years old, referred to the diagnostic imaging
department from the outpatient urology clinic at Al-Azhar
University Hospital from January to October 2021. All patients
were referred clinically with haematuria and bladder masses,
including dysuria in four patients. The evaluation of general and
local examinations of all patients, included previous medications,
and full laboratory reports, including urine analysis and renal
function tests, were obtained. Inclusion criteria include patients
attended the hospital during the study period for urinary bladder
mass lesions and accepted to participate in the study and mana-
ged by the same team. Cystourethroscopy: The KARL STORZ
cystoscopy set (Germany) was used. Biopsy specimens were
obtained by trans-urethral approach from the urinary bladder
tumours through a combined trans-urethral resection bladder
tumour using a resectoscope for 37 patients and a cold cup biopsy
forceps for 6 patients. The cold cup biopsy forceps was applied to
avoid cautery artifact diagnostic challenges in pathology.
Multiple bladder biopsies were obtained from various locations
in the bladder with presented muscularis propria. Exclusion cri-
teria included all patients with cold cp biopsies lackingmuscularis
propria and trans-urethral resection bladder biopsies containing
marked artifacts seen at pathology examination. All patients were
prepared after obtaining complete informed consent and were
instructed before our procedure. Anticoagulants and drugs like
aspirin were stopped 3–7 days before. However, antibiotic pro-
phylaxis was maintained by quinolones. The first dose (500mg of

ciprofloxacin) was administered intravenously upon initiation of
anaesthesia, while the second dose was administered 12 h later.
Ten patients were administered general anaesthesia, while the
remaining patients (33/43) underwent biopsies under spinal
anaesthesia. A video system for documentation of findings was
obtained, including inspection of the entire urethra, prostate, and
bladder neck, followed by bladder pathology mapping.

3D US imaging

All patients with bladder masses detected by CC were referred
within 2–3 days to the Uroradiology Department to identify the
morphology and the mural and extramural tumour extent where
the 3D US VC was performed on a fairly full bladder (average of
200 ml of urine), mainly to assess the pattern of the intravesical
component, the depth of the mass lesion within the urinary
bladder wall, and any extravesical extension. The 3D US VC was
performed using an up-to-date Resona-6 US machine (USA-
China Corporation). If Foley’s catheter was inserted and not
complicated, we closed it to stop urine flowwith a clamp to allow
the fair collection of urine within the urinary bladder before our
3D volume acquisition. Otherwise, retrograde filling of the
bladder was performed through the catheter. All patients were
examined in the supine position.

The study time was 7–10 min. The entire bladder and lesions
were scanned with a 3D US volume scan displayed in surface-
rendered images in all planes, adjusted in thin tomographic slices,
which were necessary to assess the extent of a mass lesion.

All acquired volumes of images, including the whole field, were
reviewed in transverse, coronal, sagittal, or free axis planes and
surface rendering and then transferred to a nearby workstation
and stored for further processing and interpretation.

All images within the volume range were prospectively inter-
preted blindly and compared to the histopathological results of
the cystoscopy biopsy. Each image slice has definite image posi-
tion information. Reformatted rendered images and volume-free
planes (apart from axial, transverse, and oblique planes) were
used to detect lesion extensions at the entire bladder layer and
extravesical environment. They were used to assess tumour
invasion into adjacent structures and assess lymphadenopathy.

The bladder walls were divided into six segments: the anterior,
posterior, right lateral, left lateral walls, superior (dome), and
inferior (base). The size, location, and morphology of the lesions
were assessed.

Computed tomography (CT) andMRI: After the release of the
histopathology results, further radiological investigation was
conducted for the invasive lesions (18/43), where MRI imaging
was performed for 7 patients, and CT examinations were
requested for 13 patients (2 patients experienced both CT and
MRI investigations) to detect tumour extension and metastasis of
the histologically proven invasive tumours with clinical oncology
consultation for the metastatic cases. Radiological examination
was performed by the authors using remote examination and
consultation aided by a teleradiology software system when
indicated supervised by a telehealth technology expert.

All surgical procedures were done by the same team with the
same level of competence (consultants with >5 years’ experience)
and the same was assured for the radiological examination of all
studied cases.

Mohamed et al. Annals of Medicine & Surgery (2023) Annals of Medicine & Surgery

5366



Histopathology

All specimens were obtained during urinary bladder cystoscopy.
Sections on hematoxylin and eosin-stained slides were examined
histologically, and tumour type and grade were classified
according to the WHO (2016) and stage according to American
Joint Committee on Cancer guidelines as follows: cases of non-
invasive, low-grade UC, and cases of high-grade invasive UC,
with different histologic variants.

Data analysis

Cystoscopy is considered the reference standard. We indepen-
dently completed detailed forms regarding the number and
location of bladder tumours found at the 3D US and the biopsy-
histopathology results; the latter was blind to the 3D US results.
Findings from CC and the 3D US were correlated with histo-
pathology results and with conventional cystoscopy using SPSS
version 22, where the frequencies and percentages have been
calculated for descriptive variables. A t-test was used for corre-
lation. A P value of less than 0.05 was considered significant.
Estimates for sensitivity / specificity were calculated from the
cross tabulation of binary test results and the gold standard. They
are presented with the exact 95% CIs. This work comes in line
with the STROCSS guidance[6,7].

Results

This study included 43 patients, with 36males (83.7%) and seven
females (16.3%). The patient ages ranged from 34 to 77 years,
with a mean of 66.9 years.

The total number of lesions detected by conventional cysto-
scopy only showed an accurate diagnosis in 23 out of 43 cases
(53.4%) correlated with the histopathologic diagnosis performed
and confirmed by at least three independent expert histopathol-
ogists using a static telepathology technique after quality assur-
ance of the prepared slides done by histologists and pathologists.

The number of lesions according to the morphological
description by 3D US VC is listed in Table 1.

Furthermore, of the 43 patients enroled in the study who
presented with urinary bladder masses, 17 patients (94.4%) were
approved as invasive by 3D US VC; however, out of 18 instances
approved by histopathology. In addition, visual invasion eva-
luation could be demonstrated by 3D US VC, either mucosal or
involving both the submucosa and/or the muscle layers, by
combining rendered volume images and multiplanar virtual

images. Two (11.1%) of 18 invasive bladder neoplasms revealed
extravesical extension. One (5.5%) of 18 invasive bladder neo-
plasms revealed neoplasms smaller than 1 cm, proved mural
extension into the submucosal layer by 3D US, and was con-
firmed by histopathology. Three cases were demonstrated by 3D
US VC as malignant ulcers; all of them proved mural extension
into both the submucosal and the muscle layers and were more
readily appreciated on 3D US multiplanar images (Table 2).

The 3D US had a sensitivity of 97.5% and a specificity of
100%. In 5/43 cases, post-resection oozing (bleeding) was
observed; however, after applying adequate haemostasis at the
resection site using a ball loop or cauterizing loop, no extensive
bleeding was observed.

Figure 1 describes the normal urinary bladder dissection
anatomy, as seen by the new advances in 3D US machines.
Figure 2 shows a big neoplastic mass of the urinary bladder,
limited to the mucosal layer. Figures 3, 4 show different types of
malignant bladder masses, ulcers, and variable invasion patterns.

Discussion

Cystoscopy is the primary modality used to diagnose urinary
bladder carcinoma cases because it confers low risk by helping the
urologist take biopsy specimens and resect papillary-looking
tumours during the same procedure. Nevertheless, UC staging is
based on how far cancer has penetrated the tissues of the bladder
and whether cancer has extended beyond the bladder. The
inability of conventional cystoscopic procedures to provide pre-
cise visualization of the bladder mass and the degree of mass
extension necessitates further support by additional diagnostic
modalities[8,9]. However, cystoscopic procedures remain the
prevailing standard for mass visualization.

Ultrasonography of the abdomen and pelvis is traditionally the
primary radiologic approach to assessing haematuria. However,
the sensitivity of the US in detecting bladder tumours is low in
some patients with small tumours or sometimes tumours located
on the bladder dome or anterior wall[10].

In addition, conventional US is an operator dependent method
and occasionally limited in assessing tumour extension and sur-
rounding structures. Although it is helpful in the initial evaluation
of haematuria, it is not routinely used at present for the evalua-
tion or staging of UC and 3D US is another operator dependent
diagnostic tool but the usefulness of 3DUSwas demonstrated in a
large variety of clinical applications trying to limit the US pro-
cedure errors, indicating its role and importance in medical
imaging and more accurate diagnosis. Hence, 3D US is necessary

Table 1
Demographic and morphologic distribution of cases by 3D US VC

Morphological appearance No. lesions in VC, n (%)

Polypoidal mass 0
Sessile mass 38 (88.4)
Malignant ulcer 3 (7.0)
Wall thickening 1 (2.3)
Blood clot 1 (2.3)
Sex No. patients, n (%)
Male 36 (83.7)
Female 7 (16.3)
Age Mean range

66.9 (34–77)

3D, three dimensional; US, ultrasound; VC, virtual cystoscopy.

Table 2
Accuracy of the 3D US VC and the histopathological results in the
evaluation of mural invasion by the bladder mass

Stage
Cases diagnosed
by 3D, n (%)

Cases diagnosed by
histopathology, n (%) P

Invasion (stageT1,T2,T3)
Total 17/43 (39.5) 18/43 (41.8)

< 0.05

Submucosal 10/17 (58.8) 11/18 (61.2)
Muscle layer 5/17 (29.4) 5 (27.7)
Extravesical 2/17 (11.8)3 2 (11.1)
Noninvasion (Ta, Tis) 26/43 (60.5) 25 (58.2)

3D, three dimensional; US, ultrasound; VC, virtual cystoscopy.
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for urology to surmount the limitations of conventional (2D)
ultrasonography[11,12]. In modern 3D volume transducers, the
beamforming is digital, enabling the US beam to focus more
precisely. The amount of accurate beam focusing at the correct
depth can receive a composite US image from a subject and
consequently leads to less noise and better contrast resolution[11].
According to some previously published studies, conventional 2D
US imaging tool has been extended to the three-dimensions
technique in an attempt to overcome the limitations of the former
one and to allow visualization of the actual 3D anatomy with
accurate repositioning of the transducer for optimal monitoring
of tumour progression and accurate volume delineations and
measurements[4,5]. Therefore, the previously published com-
parative study[13], including the 3D US, multidetector CT, and
multiparametric MRI, was mainly concerned with the initial
information about the urinary bladder mass, whether invasive or
noninvasive.

In this study, we present the recent advances in computed 3D
US imaging technology, which would change the main concept of
US as an office-based hand-dependent technology regarding
lesion detectability and accuracy. Furthermore, 3D US volume
rendering and sectional techniques were used for image

processing to interpret UC and the degree of mass extension. This
approach agrees with most of the authors who preferred utilizing
this technique, which provides excellent urinary bladder mass
details[14,15]. In addition, the availability of layer peeling and the
cut mode in the recent high-technology office-based machines
allows accurate estimation of the degree of mass range within the
bladder wall and/or the extravesical environment.

The results of previous studies on the 3D US stated that VC
allows the assessment of the localization and morphology of
bladder masses[9,16]; however, it is less precise than scored in the
present study using the new updated technology.

In our study, 35 out of 43 (81.4%) bladder lesions were
transitional cell carcinoma. Squamous cell carcinoma ranked
second (7 out of 43; 16.3%), followed by an atypical blood clot (1
out of 43; 2.3%).Moreover, 17 cases (39.5%) of the 43 approved
mural extensions, while histopathological results reported 18
cases (41.9%). Nevertheless, the ability of 3D US VC in the
detection of tumour invasion proved effective in 94.4% of cases
compared to histopathological investigations. The 3D US
detectability of UC less than or equal to 1 cm was 7%, whereas
masses greater than 1 cm were 100%, compared to CC and
histopathology. This result is relatively more imposing in accu-
racy and image quality than reported before.

A

B

Figure 1. Three-dimensional ultrasound virtual cystoscopy normal anatomy of the
urinary bladder (UB), showing its cavity and wall composition details. (A)
Arrowheads = mucosal and muscle layers. Arrow = submucosal layer. The right
ureteric outlet = short arrow. (B) A magnified image showing the bladder wall-
layers. Arrows = mucosal and muscle layers. Asterisk = submucosal layer.

A

B

Figure 2. (A) Three-dimensional ultrasound virtual cystoscopy revealing a big
mass at the anterior wall of the urinary bladder, limited to the muscle layer, not
reaching the submucosal (asterisk) or the muscle layers (arrow), with some
blood clots (BC) within the bladder cavity. (B) Low-grade, noninvasive urothelial
carcinoma with a mild degree of cellular pleomorphism. (H&E, low power).
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Formerly, Abrol et al.[17] found that combining evaluated
virtual rendered images with multiplanar images could provide
valuable information for the mural and extraluminal mass
extensions, such as mural and extravesical invasion, distal uret-
eral obstruction, and pressure of the neighbouring organs.

However, Vernuccio et al.[4] in 2021 agreed that 3DUSVC is a
valuable screening tool that can direct the surgeon to an appro-
priate area for biopsy. If normal, it may obviate the need for
conventional cystoscopy and biopsy and could be helpful for the
surveillance of known tumours.

On the other hand, two studies on multi detector CT (n = 20
and n = 121) comparing the urothelial and excretory phases of
patients with confirmed urinary bladder cancers revealed that
during the excretory phase, the intraluminal contrast material
could obscure the small tumours and prevent evaluation of early
tumour enhancement in dedicated urothelial phases[6,7]. The
unenhanced phase is used to detect high-attenuation calcifica-
tions, stones, and blood clots. When the bladder is not filled with
contrast material, a thin and enhancing bladder wall can be
appreciated against low-attenuation urine in this urothelial
phase. In detecting primary and recurrent urothelial carcinomas,
CT urography has been reported to have an accuracy as high as
95% regarding local staging[18–20].

Multiparametric MR urography, on the other hand, is
increasingly being used for staging bladder UC. MRI’s high
spatial resolution and soft-tissue contrast can make it possible to
delineate tumours from the normal detrusor muscle of the blad-
der wall. Most of the references concluded thatMRI is considered
the imaging modality of choice in the local staging of UC, having
an accuracy of 94% up to 98% in advanced stages[20,21]. Its high
spatial resolution with soft-tissue contrast makes it capable of
distinguishing the neoplastic process from the normal detrusor
muscle of the urinary bladder wall. MRI has better diagnostic
accuracy for diagnosing perivesical tumour involvement thanCT.

According to our research, VC has numerous advantages.
First, it is inexpensive, office-based, and proven superior in
evaluating the mucosal surface of the bladder helping the
operator to navigate the mucosal surface, submucosal andmuscle
layers, and the extravesical environment in various projections
and provide interactive navigation, allowing the urosurgeon to
make more confident decisions in the same setting. Second, its
capability for the local staging of UC, 3D US VC can be used as a
diagnostic investigation for evaluating the entire urinary tract and
bladder, according to our practice. Third, 3D US VC needs short
training for those interested in the field to improve the value of
conventional US images and allow the utilization of the most
extensive workstation data. Finally, 3D US VC helps assess
urinary bladder areas that are difficult to determine using con-
ventional cystoscopy, such as the anterior bladder neck and
sometimes the bladder base.

Therefore, 3D US VC can play an essential role in the local
staging of UC, having the advantages of being an office-based
machine and being inexpensive to examine. Even though CT and
MRI remain preferable modalities for diagnosing and staging UC
in some centres, both have been increasingly used in local staging.
However, machines’ progress in differentiating early tumour
stages remains challenging.

The bladder cold cup biopsies are usually 2–3mm in diameter and
can contain up to superficial parts of muscularis propria depending
on anatomical part of the urinary bladder and the operator skill[22].
However Invasive urothelial carcinoma may present (cystoscopically
and grossly) as a polypoid, sessile, ulcerated fungating and/or infil-
trative lesion[23,24], Histopathological examination still the corner-
stone in reaching out the most accurate diagnosis[22,25]. Different
histological tumour types were reported according to the 2016
WHO[26], urinary bladder tumours classification by the authors
histopathologists the correlated with the radiological features.

On histopathology, there are four defined layers for the urinary
bladder wall: the urothelium (lines the bladder lumen); sub-
mucosa (the vascular lamina propria ); the muscularis propria
(important prognostic landmark if the tumour invades) ; and the
outermost serosal[27,28].

On the imaging, three separate bladder wall-layers might be seen:
the inner layer (including the mucosa and the submucosal layers
together); the muscularis propria; and the perivesical fat, where the
tumour invasion into the muscle may be not accurately seen[10,29].

The 3D sonography appears comparable to CT scans andMRI
using in providing VC for investigating and evaluating bladder
cancer.

The drawbacks and limitations of such a study include that
cases in the present study were primarily subjected to conven-
tional cystoscopy and received to evaluate tumour modelling and
staging; second, adequate bladder filling was essential to evaluate
the depth of the bladder wall invasion; and third, 3D US cannot

A

B

Figure 3. (A) Three-dimensional ultrasound virtual cystoscopy shows a relatively
small mass at the right lateral wall of the urinary bladder, which, despite being small,
has a central invasion into the submucosal layer (arrow). (B) High-grade urothelial
carcinoma with squamous differentiation and tumour cell necrosis (arrows) (H&E).
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take tissue biopsy for histopathologic assessment, an ability that
is available on conventional cystoscopy. The number of partici-
pants in this study was small; however, more participants in
multicentered studies are highly recommended for the future
studies with comparing results between the different teams
ensuring the same level of competence of each study team.

Conclusion

The results of our study suggest that 3D US VC updates are
promising for additional tool used in bladder tumour modelling
and local staging, can be of value in evaluating mural and
extramural tumour extent, and can be proven accurate.

A

B

Figure 4. (A) Three-dimensional ultrasound free axis thin sectional planes showing the urinary bladder cavity (UB) and the left ureter (LU) in one plane, demonstrating
an infiltrative bladder mass (M), having a relatively large extravesical exophytic extension (arrows) and significant infiltration and permeation into the left ureter. (B)
High-grade invasive urothelial carcinoma infiltrating the muscle layer (H&E).
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However, it cannot completely replace conventional cystoscopy,
and histopathology is still fundamental for assessing tumour type,
grade, and stage. Further multicenter studies withmany cases and
studying the effect of other factors (such as obesity) are
recommended.
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