
Feasibility and effectiveness of image-guided
percutaneous biopsy of the urinary bladder

Selim Reha Butros, Colin James McCarthy, Ali Devrim Karaosmanoğlu,
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Abstract

Purpose: To evaluate the indications, technique, results,
and complications of image-guided percutaneous biopsy
of the urinary bladder.
Methods: This retrospective study included 15 patients
(10 male, 5 female) who underwent image-guided percu-
taneous biopsy of the urinary bladder between January
1999 and December 2013. The medical records, imaging
studies, procedural details, and long-term follow-up of
each patient were reviewed in detail to assess the
feasibility of percutaneous bladder biopsy.
Results: Ten patients had focal bladder masses and 5
patients had asymmetric or diffuse bladder wall thicken-
ing. Eleven patients had either negative or unsatisfactory
cystoscopies prior to the biopsy. Percutaneous biopsies
were performed under computed tomography guidance
in 12 patients and ultrasound in 3 patients. All proce-
dures were technically successful and there were no
procedural complications. Malignancy was confirmed in
8 patients, among whom 6 had transitional cell carci-
noma, 1 cervical cancer, and 1 prostate cancer metasta-
sis. Seven patients had a benign diagnosis, including 3
that were later confirmed by pathology following surgery
and 2 patients with a false-negative result. The overall
sensitivity was 80% and accuracy was 87%.
Conclusions: Image-guided percutaneous biopsy of the
urinary bladder is a safe and technically feasible proce-
dure with a high sensitivity and accuracy rate. Although
image-guided bladder biopsy is an uncommon proce-
dure, it should be considered in selected cases when more
traditional methods of tissue sampling are either not
possible or fail to identify abnormalities detected by
cross-sectional imaging.
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Bladder cancer is the second most common genitouri-
nary malignancy in the United States. Approximately
75,000 new cases of bladder cancer were diagnosed in the
United States in 2013, with an estimated 16,000 deaths
[1]. Globally, bladder cancer results in approximately
150,000 annual deaths. Genetic, chemical, and environ-
mental exposures are all risk factors associated with the
development of bladder cancer [2].

The standard diagnostic evaluation of bladder tumors
often begins with urine cytology, followed by cystoscopy
and sometimes cross-sectional imaging [3–6]. Cystoscopy is
an effective method in the work-up of patients with sus-
pected bladder cancer as it provides direct visualization of
the mass, allows for tissue sampling and detection of addi-
tional lesions that may not have been previously identified
[4]. While the reported sensitivity of cystoscopy for detect-
ing bladder tumors is up to 87% [7, 8], there are limitations
including potential blind spots (i.e., bladder neck, base, and
diverticula) and inability to detect serosal or submucosal
lesions [9]. Inability to access the bladder in a retrograde
fashion due to urethral strictures and severe patient
comorbidities that preclude sedationor anesthesia are other
potential factors that may hinder a safe cystoscopy.

Current imagingmodalities provide the opportunity of
focal lesion biopsies in various abdominal as well as deep
pelvic organs to allow a diagnosis to be made in a safe and
effective manner [10, 11]. In situations where bladder tu-
mors are not readily accessible for biopsy by cystoscopy,
alternative methods for acquiring tissue samples such as
computed tomography (CT) or ultrasound (US)-guided
percutaneous biopsy may be performed. The purpose of
this study was to evaluate the indications, technique,
diagnostic accuracy, and complications of image-guided
percutaneous biopsy of the bladder.
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Methods

A retrospective, HIPAA-compliant study was performed
with institutional review board approval and waiver of
informed consent. The interventional radiology elec-
tronic database was used to identify all patients who
underwent image-guided percutaneous biopsy of the
urinary bladder in our department from January 1999 to
July 2014, which revealed 15 patients (10 male, 5 female)
with a mean age of 68.7 years ± 10.9 (range, 46–
85 years). The electronic medical records and the imag-
ing studies of the patients were reviewed. The tumor
location and size, the biopsy technique, results and
complications, and long-term follow-up results were
recorded.

All biopsies were performed as outpatient procedures
with either CTorUS guidance undermonitored conscious
sedation. The choice between US and CT-guided biopsy
was based upon operator preference as well as visibility
and accessibility of the tumor by each modality. Patients
were instructed to stay off anticoagulant or antiplatelet
medication prior to the procedure per societal guidelines
[12]. All patients had normal coagulation parameters.
Patients were not administered prophylactic antibiotics
prior to the procedure in accordance with societal and
institutional guidelines [13]. Technical success was defined
as the ability to obtain adequate tissue specimen via a
percutaneous biopsy to achieve a pathological diagnosis.
For each procedure, a standard departmental protocol
was followed which includes placement of a 17-gage
coaxial needle (Coaxial Temno EvolutionTM CareFusion,
McGaw Park, IL) into the lesion through which 22-gage

fine needle aspirates (FNA) (Chiba Biopsy Needle, Cook
Incorporated, Bloomington, IN), and 18-gage (Coaxial
Temno EvolutionTM CareFusion, McGaw Park, IL) core
biopsy specimens are obtained. Passes through the coaxial
needle were repeated until satisfactory amount of tissue
was obtained. Both fine needle aspiration and core sam-
ples were obtained for 13 patients. The remaining two
patients had core biopsy only. The specimens were then
sent to pathology for analysis. An onsite pathologist was
not routinely present during the biopsy. Four patients had
placement of a Foley catheter at the time of the biopsy to
distend the bladder and displace overlying bowel loops,
thus facilitating a safe trajectory for the biopsy needle or
helped localize the lesion by outlining the lesion in an
otherwise collapsed bladder wall (Fig. 1).

For patients who did not undergo surgery, follow-up
imaging and clinical notes were reviewed to confirm
stability of lesions with a benign biopsy result. Patho-
logical results in patients with subsequent surgery were
reviewed and correlated with the biopsy results.

Results

Eleven patients had history of prior malignancy includ-
ing bladder cancer (n = 7), prostate cancer (n = 2),
cervical cancer (n = 1), and pancreatic cancer (n = 1).
The remaining 4 patients did not have prior history of
malignancy. Eleven patients had microscopic hematuria,
and only two had urine cytology suggestive of transi-
tional cell carcinoma (TCC) prior to the biopsy. The
bladder abnormality was detected by CT in 11 patients,
by magnetic resonance imaging (MRI) in 1 patient, and

Fig. 1. Patient with history of bladder cancer. Axial T2-
weighted MRI scan A obtained for surveillance demonstrates
a polypoid lesion along the right lateral bladder wall (arrow).
Cystoscopy was not possible due to severe urethral stricture
in this patient. Percutaneous biopsy was performed under CT

guidance (B), which showed benign stromal elements. Given
history of bladder cancer and imaging findings that were
discordant with the pathology results, a decision was made to
proceed with radical cystectomy. Final diagnosis was transi-
tional cell carcinoma.
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by both CT and MRI in 3 patients. Ten patients had a
focal bladder mass of which two were in a diverticulum.
Four patients had asymmetric bladder wall thickening
and one patient had diffuse bladder wall thickening. The
mean tumor size in patients with a focal mass was
3.3 cm ± 1.7 (range, 1.2–6 cm). The mean wall thickness
in patients with wall thickening, measured perpendicular
to the point of greatest thickness, was 2.6 cm ± 0.8
(range, 1.6–3.5 cm).

Eleven patients (73%) underwent cystoscopy prior to
percutaneous biopsy, which did not reveal a lesion to
target for biopsy in 5 patients (Fig. 2). Two patients had
lesions within bladder diverticula that while clearly
identified by CT, they were technically challenging to
biopsy by cystoscopy. Three patients (20%) underwent
percutaneous biopsy after cystoscopic biopsy-yielded
benign results, despite clinical and imaging feature sug-
gestive of malignancy. Four patients (27%) did not un-
dergo cystoscopy due to the serosal appearance of the
bladder abnormality by imaging and were referred di-
rectly to percutaneous biopsy. All imaging guided per-
cutaneous biopsies were technically successful. CT
(n = 12) or US (n = 3) was used for imaging guidance.
The patient demographics and procedure details are
summarized in Table 1.

A pathological diagnosis of malignancy was achieved
in 8 patients, including TCC (n = 6), cervical cancer
(n = 1) and prostate cancer metastasis (n = 1). Seven
patients had a benign diagnosis. Three of these patients
had pathological confirmation following the surgery.

Two patients had regression of the abnormality on fol-
low-up imaging and thus was considered true negative.
The remaining two patients, however, had a false-nega-
tive result. Both patients had prior history of bladder
cancer. One was admitted 11 months following the
biopsy for urinary tract infection and had a repeated
transurethral bladder resection, which confirmed TCC.
The patient subsequently underwent a partial cystec-
tomy. The other patient underwent radical cystectomy
1 month following the biopsy due to the high clinical
suspicion and discordance of imaging and cystoscopy
findings with that of the biopsy result. Suspicion for
TCC was confirmed by surgical pathology. With these
two false-negative results, the overall sensitivity of the
study was 80% and the accuracy was 87%.

The average follow-up for the 15 patients was
24.7 months (range, 2–144 months). There were no
procedure-related minor or major complications. On
follow-up imaging studies, present in all of the patients,
there was no evidence of tract seeding or evidence of
other procedure related complications, including bladder
leak.

Discussion

The majority of bladder malignancies represent TCC.
Because these are mucosal-based tumors, cystoscopy is
the preferred method of establishing diagnosis in patients
with suspected bladder malignancy [14, 15]. Cystoscopy
provides direct visualization of the lesion and allows for

N = Number of pa�ents

Cystoscopy

Yes (N=11)

Technical failure 
(N=2)

Severe urethral 
stricture (N=1)

Unable to access os�um 
of the diver�culum (N=1)

Need for repeat biopsy 
(technically challenging 
cystoscopy for tumor in 

diver�culum) (N=1)

Benign biopsy result 
by cystoscopy (N=3)

No tumor seen by 
cystoscopy (N=5)

No (N=4)
Tumor serosal on 

cross sec�onal 
imaging

Fig. 2. Flow chart demonstrating indications for percutaneous biopsy in patients with preceding cystoscopy. N number of
patients.
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assessment of possible synchronous lesions. However,
cystoscopy is limited in its ability to detect serosal or
submucosal lesions such as infiltrative disease or drop
metastases [16]. The false-negative rate of white light
cystoscopy has been reported to approach 30% in some
series [17]. In these situations, percutaneous biopsy may
be an alternative diagnostic tool to help in establishing a
diagnosis for bladder abnormalities detected by imaging.
The results of our study suggest that image-guided per-
cutaneous biopsy is safe and can provide a reasonable
diagnostic alternative to cystoscopy.

Despite our small cohort, the sensitivity rate in our
study is comparable to the reported rates in literature for
cystoscopy. It should also be kept in mind that the
majority of our patient population consisted of a selected
group of challenging patients, among which a significant
portion underwent prior negative work-up by cystos-
copy. Our series also demonstrates how percutaneous
biopsy may be helpful in targeting lesions that are lo-
cated in well-recognized blind spots in cystoscopy. Five
of our patients had inconclusive cystoscopies without a
lesion identified to target for biopsy, and two others were

in bladder diverticula both of which proved technically
challenging to obtain samples by cystoscopy.

We had two false-negative results, which could either
be explained by under sampling or by mis-sampling. It is
worth noting that these patients had history of bladder
cancer and had prior negative cystoscopies. These cases
underscore the importance of close follow-up in patients
with suspected bladder malignancy to ensure manage-
ment of these patients be based on imaging and clinical
findings and not solely based on the percutaneous biopsy
results or cystoscopic examination. The imaging abnor-
malities should be approached even more cautiously in
patients with a history of bladder cancer.

Few studies have investigated the role of image-gui-
ded percutaneous biopsy of the urinary bladder. Gani
et al. included 8 patients who had US-guided bladder
biopsies in a series of 159 patients undergoing percuta-
neous abdominal or pelvic organ biopsy [18]. However,
no specific detail on bladder biopsies was given, as the
main goal of the study was to use the US guidance and
cost-effectiveness of abdominal tumor biopsies. The lack
of literature on image-guided percutaneous biopsy can be

Table 1. Patient demographics, lesion characteristics, details of the procedure, pathologic results, and long-term follow-up of each patient

Patient Age
(years)/
gender

Prior
cancer
history

Lesion
morphology

Lesion
size
(cm)

Imaging
guidance

Percutaneous
biopsy
result

Clinical/surgical
follow-up

Tumor stage/grade
(if applicable)

1 49/M Prostate Focal mass 2.2 CT Benign Partial cystectomy. Surgical
pathology: hematoma

2 77/M Bladder Asymmetric
wall thickening

2 CT Benign Stable lesion on 6 month f/u CT

3 62/F Cervical Asymmetric
wall thickening

3.5 CT Cervical cancer
metastasis

Pelvic exenteration for cervical
cancer

Stage IIIC cervical cancer

4 75/M Bladder Asymmetric
wall thickening

3.4 CT TCC Chemotherapy Grade 3 transitional cell
carcinoma (TCC)

5 75/M Bladder Focal mass 1.7 CT TCC Partial cystectomy. Surgical
pathology: TCC

pT1, Grade 3, transitional cell
carcinoma (TCC)

6 71/M Prostate Focal mass 3.5 US Prostate cancer
metastasis

Hormonal therapy Gleason grade 3 + 5, pT3
prostate carcinoma

7 70/F Bladder Focal mass 2.1 CT Benign Laparoscopic biopsy. Surgical
pathology: focal fibrosis

8 83/F Pancreas Focal mass 5 US TCC Partial cystectomy. Surgical
pathology: TCC

Papillary transitional cell car-
cinoma, grade 3/3, consistent
with urachal origin

9 65/M Bladder Focal mass
(diverticulum)

6 US TCC Chemotherapy Transitional cell carcinoma,
grade 3/3, with focal squa-
mous differentiation

10 65/M None Focal mass
(diverticulum)

5.5 CT TCC Chemotherapy Not recorded

11 46/F None Focal mass 1.2 CT Benign Resolved on pelvic MRI 5 months
later

12 74/M Bladder Focal mass 3.9 CT Benign * Repeat cystoscopy 11 months
later. Pathology: TCC

Stage pT2b, grade 3/3
transitional cell carcinoma

13 64/M Bladder Focal mass 2.3 CT Benign * Radical cystectomy due to high
clinical suspicion. Surgical
pathology: TCC

Grade 3, pT2 transitional cell
carcinoma (TCC)

14 70/M None Diffuse wall
thickening

2.5 CT TCC Radical cystectomy. Surgical
pathology: TCC

Grade 3 transitional cell
carcinoma (TCC)

15 85/F None Asymmetric
wall thickening

1.6 CT Benign Repeat cystoscopy 7 months later.
Pathology: chronic florid cystitis

M male, F female, CT computed tomography, US ultrasonography, TCC transitional cell carcinoma, MRI magnetic resonance imaging
* Patients with a false negative result
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partially explained by the widespread use of cystoscopy
as the gold standard of work-up of patients with bladder
lesions.

Potential complications of percutaneous bladder
biopsy include hematuria, extraperitoneal or intraperi-
toneal hemorrhage, urinoma, and cystitis, which should
be taken into account during pre-procedure planning.
Tumor seeding along the biopsy tract albeit small is also
a potential risk reported in a variety of malignancies.
There were no minor or major procedure-related com-
plications in this series.

This study has several limitations. It is a retrospective
study that evaluates a relatively small number of pa-
tients, which prevents drawing firm conclusions with re-
spect to the role and accuracy of image-guided
percutaneous biopsy of the urinary bladder. The biopsy
technique, although similar, was not entirely standard
among the different operators involved. The follow-up
methods and duration also differed in each patient.
There was no pathological confirmation of the nature of
the lesion in every patient.

The findings of this study suggest that image-guided
percutaneous biopsy of the urinary bladder may have a
role for selected patients with bladder abnormalities and
should be considered when cystoscopic evaluation of
bladder abnormalities is unsuccessful. Cystoscopy and/or
biopsy remain the gold standard for the diagnosis of
bladder cancer [19].
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