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Abstract
Prostate cancer is one of the most common neoplasms in elderly males in Europe and is rapidly becoming 
a major health burden throughout the world. Radical prostatectomy is a first-line treatment in the case 
of organ-confined prostate cancer and in selected cases of locally advanced disease. Recent studies have 
suggested that the urinary bladder wall thickness (BWT) is an important predictor of an overactive bladder 
(OAB). This article focuses on a hypothesis for the mechanism of urine incontinence in patients after radical 
prostatectomy due to urinary bladder hypertrophy. To verify the possible influence of changes in the urinary 
bladder structure on urine incontinence development, we designed an experiment in which patients with 
prostate cancer were qualified for radical prostatectomy. Our hypothesis that urinary bladder hypertrophy 
influences urine incontinence development in patients after radical prostatectomy may provide an insight 
toward the prevention and control of urine incontinence after surgery by oral pharmacotherapy or intravesical 
onabotulinumtoxinA injections in pre-radical prostatectomy mode.
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Introduction

Prostate cancer is the most common neoplasm in elderly 
males in Europe and is a major health burden, especially 
in countries with a higher proportion of elderly men in the 
general population. Epidemiological data suggests that the 
highest incidence of this cancer can be found in Northern 
and Western Europe (approx. 200 cases per 100,000 men). 
Moreover, a continuous increase of prostate cancer mor-
bidity can be observed in Eastern and Southern Europe.1 
Radical prostatectomy is a first-line treatment in the case 
of organ-confined prostate cancer. Additionally, surgi-
cal treatment should be considered an option in all pa-
tients with locally advanced disease. The goal of radical 
prostatectomy in any approach is the eradication of the 
disease while preserving continence and, whenever pos-
sible, potency.2 However, some groups of patients require 
an adjuvant therapy (e.g., radiotherapy) after radical pros-
tatectomy due to the onset of poor prognostic factors, as 
well as in cases of biochemical recurrence. Despite this, 
the 10-year survival of patients after radical prostatec-
tomy is very high, reaching survival rates of 95–100%. 
Radical prostatectomy is associated with postoperative 
complications (e.g., erectile dysfunction, urinary incon-
tinence, etc.). Most of the patients who experience uri-
nary incontinence after radical prostatectomy often have 
stress urinary incontinence. However, in some cases, the 
post-surgical urinary incontinence can also manifest due 
to urgency caused by the development of an overactive 
bladder (OAB), which is defined as urge urinary inconti-
nence. Recent clinical observations suggest that men can 
also develop OAB after radical prostatectomy. Moreover, 
due to storage lower urinary tract symptoms (LUTS) (fre-
quency, urgency, etc.), many patients with OAB usually 
reduce fluid intake and limit daily activity to avoid the 
discomfort of the symptoms.3 These facts significantly 
affect the quality of  life of patients who receive radical 
prostatectomy treatment.

The hypothesis

We hypothesized that urinary bladder hypertrophy 
influences urine incontinence development by causing 
OAB in patients with prostate cancer after radical pros-
tatectomy. The primary outcome of the study is defined 
as an increased incidence of OAB with or without urge 
urinary incontinence in patients after radical prostatec-
tomy, which is characterized by increased urinary bladder 
weight and wall thickness. The secondary outcome is that 
urinary bladder outlet obstruction (BOO) increases the 
risk of OAB with or without urge urinary incontinence 
in patients after radical prostatectomy.

Evaluation of the hypothesis

Radical prostatectomy  
and urinary incontinence

Radical prostatectomy remains the standard treatment 
of choice in the cases of organ-confined prostate cancer 
and in selected cases of locally advanced prostate cancer.4 
The radical prostatectomy procedure consists of remov-
ing the prostate gland and seminal vesicles, ideally with 
negative surgical margins. Thus, radical prostatectomy 
is associated with an increased risk of developing urinary 
incontinence. Urinary incontinence after radical prosta-
tectomy represents a troublesome issue in some patients. 
Many factors determine urinary incontinence after radical 
prostatectomy, including anatomical and biological factors. 
The pathophysiology of post-surgical urinary incontinence 
is  multifactorial. Excluding anatomical determinants 
(e.g., changes in the urethral sphincter complex and/or 
structures related to the membranous urethra, damage 
to neural components, etc.), some biological factors have 
been defined. Several clinical features seem to be crucial 
predictors of post-prostatectomy urinary incontinence, 
including age, body mass index (BMI), comorbidity index, 
lower urinary tract symptoms, and prostate volume. Uri-
nary incontinence in patients after radical prostatectomy 
is primarily due to urethral sphincter incompetence and 
weakness, known as stress urinary incontinence.5–7  Urge 
urinary incontinence, in some cases, can also be due to uri-
nary bladder dysfunction, which leads to pure urge urinary 
incontinence or mixed urinary incontinence, exacerbating 
co-existing stress urinary incontinence. Previous studies 
suggest that an onset of detrusor overactivity after radical 
prostatectomy seems to be a significant biological risk fac-
tor, which is related to urinary incontinence after surgery.7 
An overactive bladder negatively impacts quality of  life 
and often requires pharmacotherapy. A study by Blaivas 
et al. revealed that about 20% of men who developed OAB 
symptoms were previously treated for prostate cancer.8 
Another study by Porena et al. observed detrusor over-
activity in patients after radical prostatectomy in about 
2–77% of cases during urodynamic testing.9 Boettcher 
et al. found that patients after radical prostatectomy and 
radiotherapy had OAB 3 years after the therapy in approx. 
13% and 30% of cases, respectively.10 The data suggests 
that patients with prostate cancer after radical prostatec-
tomy are at a higher risk of developing OAB. Hosier et al. 
revealed that OAB and storage LUTS are quite common 
in patients after radical prostatectomy.11 Additionally, ad-
juvant or salvage radiotherapy increases the risk of OAB 
in patients primarily treated with radical prostatectomy. 
In about 4% of cases, detrusor overactivity leads to urge 
urinary incontinence in patients after radical prostatec-
tomy. In about 42% of cases, detrusor overactivity is also 
associated with mixed urinary incontinence after radical 
prostatectomy.12 The results from Song et al. showed that 
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more than 51% of patients presented with detrusor over-
activity at a 3-year follow-up after radical prostatectomy.13 
It  is well-known that radical prostatectomy may affect 
proper innervation and vascularization of the urinary blad-
der, thus causing a functional alteration of the urinary 
bladder, such as detrusor overactivity and/or decreased 
urinary bladder compliancy.

Considering the number of factors that potentially af-
fect urinary continence after radical prostatectomy, it can 
be inferred that post-prostatectomy urinary continence 
is an unpredictable and clinically demanding condition. 
Thus, the proper evaluation of these potential factors in pa-
tients after radical prostatectomy is crucial in predicting 
the risk and severity of urinary incontinence development. 
A better understanding of the etiopathogenesis of urinary 
incontinence in relation to radical prostatectomy will en-
able physicians to more thoroughly inform patients about 
the risks associated with urinary incontinence, along with 
potential treatment options for the symptoms they are 
experiencing.

Bladder outlet obstruction  
and overactive bladder

Benign prostate enlargement is  a  common urological 
problem mainly seen in older men, causing LUTS, such as 
nocturia, frequency, urgency, etc. It is known that BOO, 
depending on the severity and duration of the obstruction, 
leads to structural changes in the urinary bladder. A signifi-
cant proportion of patients with benign prostate enlargement 
require treatment due to the discomfort caused by LUTS. 
In patients with benign prostate enlargement, about 60% 
of symptomatic patients and 52% of asymptomatic patients 
experience urinary BOO. Although urodynamics is an in-
vasive, expensive and time-consuming procedure, it still 
remains the most valuable test for making a final diagno-
sis of urinary BOO. Therefore, new methods of evaluat-
ing urinary BOO are required. So far, the following clini-
cal factors were defined as predictors for urinary BOO:  
1. International Prostate Symptom Score (IPSS) >19 points;  
2. maximal urine flow (Qmax) <15 mL/min; and 3. post-void 
residual volume >100 mL. In addition, a study by Güzel et al. 
suggested that the urinary bladder wall thickness (BWT) 
increases simultaneously with increasing urinary BOO.14 
The authors of this study showed that the measurement 
of BWT is a simple, fast and reproducible procedure predict-
ing the severity of urinary BOO. Hakenberg et al. revealed 
that men with LUTS and benign prostate enlargement pre-
sented with a moderate increase in BWT.15

Based on clinical experience, many patients with pros-
tate cancer have co-existing benign prostate enlargement 
with or without BOO. Thus, this relationship may predis-
pose a patient to develop OAB and urinary incontinence, 
especially following radical prostatectomy. Therefore, 
it is crucial to identify obstructed patients who seem to be 
at a higher risk of developing post-prostatectomy storage 

LUTS, especially urge urinary incontinence, which is due 
to OAB development.

Urinary bladder ultrasonographic features 
may predict overactive bladder

Ultrasonography is  crucial in  diagnosing functional 
urinary bladder disorders. The BWT parameter is use-
ful in OAB diagnosis. Previous studies have revealed that 
an increased BWT is a predictor of detrusor overactiv-
ity in patients diagnosed with OAB.16 An increased BWT 
seems to be a consequence of increased intensity of de-
trusor muscle contractions against a competent urethral 
sphincter, ultimately leading to urinary bladder hypertro-
phy. Yang and Huang reported that a thickened urinary 
bladder wall is common in women with lower urinary tract 
symptoms.17 A study by Khullar et al. found the average 
BWT to be 5 mm.18 This mean value was important in the 
creation of a sensitive screening method for diagnosing 
detrusor overactivity in  symptomatic women without 
urinary bladder outflow obstruction. A study by Ali et al. 
suggested that an evaluation of BWT in ultrasonography 
is a very sensitive and specific technique for a diagnosis 
of detrusor overactivity.19 The sensitivity and specificity 
of this test amount to about 91.9% and 86.1%, respectively.

Study design

To test the hypothesis, we have decided to conduct an ex-
periment to investigate the effect of urinary bladder struc-
tural changes and urinary BOO on OAB and urinary incon-
tinence development in patients after radical prostatectomy. 
The study is designed for patients with prostate cancer who 
qualified for radical prostatectomy. Currently, the study is 
still ongoing. Before surgery, each patient is strictly evalu-
ated for OAB and BOO. After that, all patients are assigned 
to one of the following study groups: group 1 – patients with 
no OAB symptoms and without BOO; group 2 – patients 
with no OAB symptoms and with BOO; group 3 – patients 
with OAB symptoms and with BOO; and group 4 – patients 
with OAB symptoms and without BOO. Additionally, as 
a reference experimental group (control group), we enrolled 
30 healthy, young volunteers with no OAB symptoms and 
without benign prostate enlargement or BOO. All patients 
with prostate cancer who qualified for radical prostatec-
tomy are evaluated. Before surgery, the patients fill in the 
IPSS questionnaire, which assesses LUTS. Overactive blad-
der symptoms are analyzed using King’s questionnaire, as 
well as 2 different OAB symptom scores (OABSS) designed 
by Blaivas et al. and Homma et al.20–22 Each patient under-
goes a transabdominal ultrasonographic evaluation of the 
prostate and urinary bladder structure. The width (W), 
height (H), length (L), and volume of the prostates are re-
corded. In each patients the ultrasonography is done when  
normal desire to void is achieved. The BWT and detrusor 
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muscle thickness (DWT) are measured in the sagittal plane 
in the anterior bladder wall. The means of 3 measurements 
of BWT and DWT are calculated. The urinary bladder 
weight – Ultrasound Estimated Bladder Weight (UEBW) 
– is also estimated. Ultrasound Estimated Bladder Weight 
is calculated from the urinary bladder surface area (SA), 
BWT and specific gravity of the urinary bladder wall (δ), 
using the following formula: UEBW = SA × BWT × δ.22–24 
The urinary bladder wall has a specific gravity of 1 g/cm3. 
After ultrasonography, each patient undergoes uroflow-
metry with post-void residual estimation. The same pro-
cedures are carried out in healthy subjects, as control, for 
the exclusion of benign prostate enlargement, BOO and 
OAB symptoms. Based on the protocol described above, all 
patients are divided into aforementioned 4 study groups. 
The study is going to be continued until each experimental 
group includes at least 30 patients. The study has been ap-
proved by the Local Ethical Committee of Ludwik Rydygier 
Collegium Medicum in Bydgoszcz, Nicolaus Copernicus 
University in Toruń, Poland..

The inclusion criteria for the patients in the study are 
as follows: 1. adult men over 40 years of age with prostate 
cancer who qualified for radical prostatectomy; 2. the con-
trol group comprised of 30 healthy men aged 20–40 years 
without any urological conditions and with no LUTS. 
The exclusion criteria are as follows: 1. neoadjuvant (any 
time before) or adjuvant radiotherapy or brachytherapy 
(within the follow-up period of 12 months); 2. macroscopic 
infiltration of the urinary bladder (pT4); 3. neurological de-
ficiencies (e.g., stroke, spinal cord injury, multiple sclerosis, 
Parkinson’s disease, etc.) which would cause an inability 
to control the urinary bladder; 4. urethral strictures; 5. pre-
vious surgery, such a transurethral resection of the prostate 
(TURP) or adenomectomy, performed within 12 months 
prior to radical prostatectomy; 6. any form of constant 
catheterization (an indwelling catheter, clean intermit-
tent catheterization); 7. any bowel dysfunction (especially 
constipation, irritable bowel syndrome (IBS), etc.); and 
8. taking a medication affecting urine production (e.g., 
diuretics).

After the initial evaluation prior to surgery, the control 
evaluation is set for 1, 3, 6, 9, and 12 months postopera-
tively in groups 1–4 in order to define LUTS after radical 
prostatectomy in relation to pre-surgical patient clinical 
features.

Our study was entitled “Effects of urinary bladder hyper-
trophy on urge urine incontinence after radical prostatec-
tomy” and was registered at the website https://clinicaltri-
als.gov (ID number: NCT03061760).

Implications

The possible impact of urinary bladder hypertrophy 
on OAB with or without urge urinary incontinence in pa-
tients after radical prostatectomy may point at potential 

new methods for the prevention and control of OAB and 
urinary incontinence after surgery. Some possible methods 
are oral pharmacotherapy or intravesical onabotulinum-
toxinA injections in pre-prostatectomy mode in the cases 
of patients with urinary bladder hypertrophy.

Consequences of the hypothesis

The data and evidence presented in this paper support 
the idea that fluctuations in BWT can predict the develop-
ment of OAB. Thus, we hypothesized that urinary bladder 
hypertrophy influences the development of urine inconti-
nence in patients with prostate cancer after radical pros-
tatectomy through the occurrence of OAB. This provides 
a better method of classification of patients with a higher 
risk of developing urge urinary incontinence after radical 
prostatectomy.

In conclusion, it would be beneficial to conduct further 
studies to confirm whether urinary bladder hypertrophy 
is a sensitive predictor of OAB and/or urge urinary inconti-
nence in the general population, as well as in patients after 
radical prostatectomy.
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