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Abstract

Aims: This study aims to describe the effects of radical prostatectomy (RP) on
bladder function by performing a systematic review of urodynamics study
findings before and after RP.

Methods: This systematic review was conducted in accordance with the
PRISMA guideline and registered on PROSPERO (CRD42020206844). A sys-
tematic search was conducted using PubMed, Cochrane, and Embase. Studies
were included if they involved men who underwent RP and had urodynamics
study performed preoperatively, postoperatively, or both. Studies that included
only subgroups of patients based on symptoms were excluded. Three hundred
and four articles were screened, with 20 articles included. A qualitative ana-
lysis was performed.

Results: The rate of baseline bladder outlet obstruction (BOO) pre-RP was
19%-67%. All six studies with comparative data pre- and postoperatively de-
monstrated a decrease in the rate of patients with equivocal or clear obstruc-
tion. The baseline rates of detrusor overactivity (DO) varied widely from 11% to
61.2%. Six of eight studies with 6 months or more follow-up showed an im-
provement in the rates of DO ranging from 3.0% to 12.5%. The rate of de novo
DO ranged from 0% to 54.5%. Four studies reported an increased rate of im-
paired bladder contractility and two of three studies showed a worsening rate
of impaired bladder compliance following RP. This review is limited by the
absence of level I/II studies.

Conclusions: Urodynamics study shows that BOO is improved following RP
in most patients. RP resolves DO in some patients and cause de novo DO in
others. The net effect is a reduced overall rate of DO in most studies. Bladder
compliance and contractility may be impaired after RP.
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1 | INTRODUCTION

Prostate cancer is the second most common cancer diag-
nosed in men with one in seven men diagnosed with
prostate cancer in their lifetime."* Cancer-specific survival is
as high as 95%-97% following radical prostatectomy (RP) for
organ-confined prostate cancer,” resulting in a large cancer
survivorship cohort. Treatments for prostate cancer can
impair the quality of life (QOL) for patients, with most re-
search focusing on incontinence and erectile dysfunction.”
Lower urinary tract symptoms (LUTS) following RP is less
frequently studied” despite nearly half of men with localized
prostate cancer reporting LUTS pretreatment.”

Research has previously shown the rate of overactive
bladder (OAB) to be 55.8% in men with newly diagnosed
prostate cancer.” Men with LUTS due to benign prostate
hyperplasia (BPH) are more likely to seek medical atten-
tion, undergo investigations, and be diagnosed with prostate
cancer.”” It is important to address both LUTS and prostate
cancer in wholistic patient management. Radiation therapy
can be associated with worsening LUTS and bladder func-
tion as it does not address the bladder outlet obstruction
(BOO) caused by concurrent BPH, and can also result in
radiation cystitis.” In theory, RP should improve LUTS by
relieving BOO and this has been demonstrated pre-
viously.'”"" However, another study has demonstrated
worsening bladder function following RP."* Counseling of
patients in regard to prostate cancer treatment need to take
into account oncological as well as QOL outcomes includ-
ing continence, erectile function, and bladder function. It is
important to elucidate the baseline bladder dysfunction rate
in men who have localized prostate cancer, as well as the
impact of treatment on these symptoms, which may be the
initial reason for these men seeking medical attention.”*

The most objective method to determine the
changes to bladder dysfunction following RP is using a
urodynamics study. This study aims to describe the
effects of RP on bladder function by performing a
systematic review of urodynamics findings before and
after RP. This study excluded studies that only performed
urodynamic studies on symptomatic patients, which may
bias the outcome. The results of this study will assist
the clinician in the counseling of patients in regard to the
effect of surgical treatment of prostate cancer on bladder
function outcomes postoperatively.

2 | METHODS

This systematic review was conducted in accordance with
the PRISMA guideline. The review protocol was registered
at  PROSPERO (https://www.crd.york.ac.uk/prospero/):
registration number (CRD42020206844).

The study population includes men who underwent ur-
odynamics study before or after RP. There is no study
comparing the urodynamics study findings between RP and
a comparison group such as active surveillance or radio-
therapy patients. Therefore, the impact of RP on bladder
function is determined by comparing urodynamic findings
before and after treatment. This study excluded patients who
underwent urodynamics study based on symptoms such as
LUTS and incontinence as these confounders can introduce
bias on the effect of RP on bladder function. The primary
outcome assessed in this study is the rates of BOO, detrusor
overactivity (DO), impaired bladder compliance, and im-
paired bladder contractility. The formula used to define each
of the four outcomes listed was varied across studies. Given
the heterogeneity across studies included, a quantitative
analysis combining the rates of outcomes was not performed,
and a descriptive qualitative analysis is reported.

A systematic search was conducted using PubMed,
Cochrane library, and OVID Embase on July 1, 2020.
The search protocol, inclusion and exclusion criteria are
detailed in Figure 1. The search was independently
performed by two investigators. Abstracts were screened
to identify articles to be included based on the inclusion
and exclusion criteria listed in Figure 1. Full-text articles
were reviewed if eligibility to be included in the review
was not able to be ascertained from the abstract. Dis-
crepancy between investigators were resolved following a
discussion to reach a consensus. Risk of bias assessments
were performed individually by two investigators
using the National Heart, Lung, and Blood Institute
Study Quality Assessment Tools."” Data were collected
into an electronic data collection form, and included
baseline demographics data, method of prostatectomy,
baseline disease characteristics, patient-reported outcome
measures (PROMs) data, baseline urodynamics data,
follow-up urodynamics data including the timing of
urodynamics study in relation to RP. Some articles re-
ported urodynamic findings in subgroups, and for articles
that reported the number of patients in each subgroup,
mean data were able to be combined and reported.

3 | RESULTS

A total of 304 articles were screened to assess for eligibility,
with 20 articles included'®"*'* (Figure 1). Two of the
articles came from the same cohort of participants and
therefore were analyzed together as one study. Three of the
articles came from the same author, although the number
of patient and years of inclusion varied between the three
articles there may be some overlap of patients included. The
final number of studies included was 19, with 11 observa-
tional studies, 7 pre-post studies, and 1 case series.
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FIGURE 1 Results of search strategy using PubMed, Embase, and Cochrane

All studies included in this review were either level 3 or 4
evidence. On the risk of bias assessment, 8 articles were
rated as good and 11 articles were rated as fair.

31

| Baseline demographics

The number of patients included in each study ranged
from 16 to 111 (Table 1). The sum total of patients in-
cluded in this systematic review was 1160. The mean age

of patients ranged from 61.9 to 72.1. The mean prostate
volume ranged from 21 to 52.6 ml

Preoperative records of LUTS and PROMs were
poorly reported with only five studies reporting symp-
toms preoperatively. In one study, 63.1% of men reported
voiding symptoms preoperatively.'®

Eleven studies included patients treated with open
radical prostatectomy (ORP), three studies reported re-
sults after robot-assisted radical prostatectomy (RARP),
one study after laparoscopic radical prostatectomy (LRP),
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and four studies had a mixture of approaches to prosta-
tectomy. Other intraoperative and pathological factors
are poorly reported in most studies. Two studies included
men who had adjuvant or salvage radiotherapy.

Symptom scores for LUTS were poorly reported
following prostatectomy in the included studies with
only two studies reporting changes in PROMs post-
RP.'!71%30 Kitta et al.'' found an improvement in QOL
scores on International Prostate Symptom Score (IPSS)
post-RP, which corresponded to the 51% decrease in the
rate of BOO and 3% decrease in the rate of DO on ur-
odynamics."' However, the overall IPSS score remain
unchanged. Another study by Song et al.”’ found the
overall ICS-male questionnaire score to be improved by
3 years post-RP. This study found the voiding symptoms
to be improved following RP, but the storage symptoms
were worse, resulting in no change in the QOL scores.”
The PROMs findings were once again consistent with the
urodynamics findings of decreased rate of BOO by 29.2%
and increased rate of DO by 13.4% at 36 months post-
RP.?° Urinary incontinence rates varied greatly between
the different studies ranging from 87% incontinence at
6 months to 2.3% at 12 months postoperatively.”**’

3.2 | Bladder outlet obstruction

The baseline rate of equivocal or obstructed bladder
outflow on the pressure-flow study was reported in six
studies and ranged from 19% to 67%, median 47.5%
(Table 2).'071#15:162430° A]] six studies demonstrated a
decrease in the rate of patients with equivocal or clear
obstruction following RP (Table 3), based on indices such
as the bladder outlet obstruction index (BOOI). Two
further studies did not report on the rate of men with
obstruction but reported a drop in the mean BOOI
following RP.”>?” Of the five studies with follow-up
urodynamics study at 6 months or longer postoperatively,
the rate of BOO improvement was 20%-59.3%. Two
studies reported rates of de novo BOO to be 3% and
12.7%.'*** The same studies reported rates of de novo
resolution of BOO to be 22.2% and 17.5%, respectively.

3.3 | Detrusor overactivity

The rate of baseline DO before RP was reported in 13
studies, ' !#14716:20.22724.27.29.30 There was a wide variability
in the reported rates of DO ranging from 11% to 61.2%, with
a median of 25%. Of these 13 studies, 10 studies reported
postoperative rates of DQ,'"!#1%16:20.22:24.26.29.50 The timing
of the postoperative urodynamics study ranged from 3 to
4 days post-catheter removal to 36 months postoperatively.

The range of changes in the absolute rate of DO varied
between —7.0% and 56.2%, with a median of —3.0%. Pre-
vious studies have demonstrated that OAB and DO fol-
lowing transurethral resection of the prostate gland can
take up to 6-12months to recover.”** As such it is im-
portant to focus on the eight studies with 6 months or more
follow-up.'~'#1920202%30 Gix of these studies (75%) showed
an improvement in rates of DO postoperatively ranging
from —3.0% to —12.5%. Giannatoni et al.'* reported an in-
itial increase in the rate of DO by 9.1% at 8 months fol-
lowing RP but with longer follow-up at 36 months, the rate
of DO decreased by 4.9%. The remaining two studies
showed an increase in DO by 56.2% and 13.4%, respec-
tively.”>*’ Both of these studies were on patients that un-
derwent ORP, which have a higher rate of postoperatively
vesicourethral anastomotic stenosis (VUAS) 2%

Five studies reported on the rate of resolution of DO,
which ranged from 0% to 87.5%."'"****?%*° The study by
Mucciardi et al.,”® which showed no resolution of DO
following RP, also reported the highest rate of de novo
DO at 54.5% at 12 months. Mucciardi et al.”® reported on
a study cohort of retropubic ORP and a rate of VUAS of
12%. Although these patients were excluded from sub-
sequent urodynamics studies, the rate is considerably
high and raises concerns regarding the presence of sub-
clinical VUAS in this cohort, which may contribute to
their higher rates of DO following RP. Post-RP data were
not provided to evaluate the possibility that BOO could
have led to the high DO rates. Five other studies with
urodynamics 6 months or less following RP reported rates
of de novo DO to be 0%-15.9%.'"'>102%2727

3.4 | Bladder compliance

Four studies reported baseline rates of impaired bladder
compliance before RP, with rates varying from 3% to
37.1%, median 22.5%.'%'2151530 Three out of these
four studies reported on follow-up bladder com-
pliance.'*'*'>'® Two studies showed the worsening rate
of impaired bladder compliance by 6% at 6 months and
8% at 12 months, respectively.''>'® Giannatoni et al.
reported an initial increase in the rate of impaired blad-
der compliance by 17% at 8 months, but on longer follow-
up found a decrease in the rate of impaired bladder
compliance by 9% at 36 months compared with baseline.
Seven studies reported on mean bladder compliance
without specifically reporting on the rates of impaired
bladder compliance. All these studies had repeat
urodynamics study performed at 12months or less
following RP. Five out of seven studies showed a decrease
in the mean bladder compliance at the latest follow-up
urodynamics study, supporting the other studies that
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demonstrate bladder compliance is affected adversely by

4
g8s . < RP. Kadono et al.'” specifically looked at the rate of de
53 B 2 P y
®wEE =B - novo impaired bladder compliance immediately after RP
a . o Q > p p y
= g %'-“-’ % 5 and found 52.4% of men to have de novo impaired or
© = ° E poor bladder compliance following RP.
8
Q =
% S E & - =
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= EZEST E 3.5 | Bladder contractility
S 52 2 - . .
g =& 9 Rates of impaired bladder contractility at baseline was
] = =1 3’ = p y
s § = g . .
5 £=2 8% ] reported in five studies and ranged from 4% to 60%,
P g
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. 4 & median 35.3%."%'*?%*"* Four studies reported bladder
'é g S & contractility to be worse initially following RP.'*'*2%7
-g § = *0?3 The increase in the rate of impaired bladder contractility
8 ranged from 20.5% to 27%. Only two studies provided
o
g g & long-term data about impaired contractility followin
= < s g p g
§°§ s g % prostatectomy. One 2gound contractility worsened by
273 = g b 26.4% at 12 months.”” Another study found impaired
ooEE e g contractility to be initially worse by 20.5% at 8 months but
ko) g then improved by 13.8% compared with baseline at
! § ) 36 months.”
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M| e £ 3.6 | Maximum cystometric
5. E g 3 § capacity (MCC)
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5 g 58 SxE5258x 58 cally significantly lower following RP.'***** The range of
o 222828 g82 5 g change of mean MCC within the first 3 months varied
QB 2 2 from +6.7ml to —140.4ml. Of the seven studies that
g &y tested for statistical significance in the change of MCC at
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& g = E 53 8 to be statistically lower following RP, one study found
E = g E é - é MCC to be statistically increased following RP and four
SRR g § 8 study found MCC to be not statistically different com-
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g 54 g pared with preoperative findings.'"-'*'#20-232%-30
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"y 5 5 &
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'E 22 % Lower urinary tract symptoms are common in men di-
2 5 ¥ agnosed with localized prostate cancer. One study re-
g5z 8 p y
= w0 " g 2 b; ported a LUTS rate of 50.1% in Japanese men and 46.9%
§ g 58 2 é 2 2 in American men,’ which is higher than the 36.6% and
"é E « g é é T ES 25.5% reported in the general population, respectively.”*
S 8 . .
S " 6% g Other large studies of prostate cancer patients have
- é % = § shown similar findings with the ProtecT study group
m é § = g reporting baseline rates of frequency and nocturia to be
s 9 . 5
2 5 528 33% and 22%, respectively.”” The CEASAR study has
: - § 5 5 found the rates of urinary frequency to be 19%-24% in



YAO ET AL.

Jeurou -
fsoon- Wi LEY——2

men with localized prostate cancer.”® Patients with LUTS
are more likely to seek medical care, which exerts a
potential selection bias on patients who are diagnosed
with prostate cancer.”® Clearly, this is not a causal
relationship between the two processes, but the man-
agement of the combination of LUTS due to benign
obstruction in the presence of localized prostate cancer is
of great significance. The impact of treatment on LUTS
should be discussed in the counseling of patients for
the treatment of localized prostate cancer.

Preoperative LUTS in men with localized prostate
cancer are likely due to concurrent BOO from BPH
commonly found in older men.’”** By removing the
prostate gland, RP relieves BOO as demonstrated by an
improvement in the rates of BOO on urodynamics study
across all studies.'®1>1>16:2439 However, the detrusor
changes secondary to BOO may not completely resolve
following relief of BOO with RP. De novo BOO from
VUAS can also develop postoperatively. Rates of VUAS
are poorly reported in the majority of the studies included
in this review. One study did report the rate of VUAS to
be 12% in their series of ORP,”® which is within the range
of de novo BOO reported in other studies.'”** The risk of
VUAS is lower following RARP compared with
ORP.**** There is no trial directly comparing BOO
found on urodynamics study in RARP versus ORP.
However, the only study in this review involving a pure
RARP cohort reported a low rate of BOO at 12 months of
only 3%." Conversely, radiotherapy following prosta-
tectomy can cause obliterative endarteritis, tissue ne-
crosis and fibrosis, resulting in VUAS or urethral
stricture.*"** In a small series of men treated with salvage
radiotherapy following RP, a high rate of BOO (43.8%)
was found following both treatments.'’

Transurethral resection of the prostate (TURP) and
Holmium laser enucleation of the prostate improves
symptoms of OAB in the majority of patients by relieving
BOO."*** Despite relieving BOO, OAB can be persistent
in 20%-38% of men even after a year following TURP.*"**
RP effectively alleviates BOO in most patients and
therefore the improvement in DO is expected to be si-
milar to those following TURP. However, the reduction
in DO following RP is modest at best with large varia-
bility in effect size. Kleinhans et al.”* reported a rate of
resolved DO following RP that is not dissimilar to rates
reported for TURP.”"*>** Conversely, Mucciardi et al.*
showed no resolution of DO and 54.5% rate of de novo
DO instead. The relationship between RP and changes to
bladder dysfunction postoperatively appears to be more
complex than TURP. VUAS and subsequent persistent or
de novo BOO may play a role in persistent or de novo DO
post-RP. It has also been previously hypothesized that de
novo DO following RP may be related to decentralization

of the bladder due to its mobilization during prosta-
tectomy, bladder denervation due to lesion of branches of
the pudendal nerve, devascularisation during surgery or
inflammatory changes resulting from the operation,
geometric bladder wall alteration, and stress urinary in-
continence triggering the urethrovesical reflex.'>*"*>*"
Studies in TURP have found age and maximum bladder
capacity to be predictors of persistent OAB and DO
postoperatively.”"** Similar studies should be conducted
to determine factors that may predict persistent DO fol-
lowing RP, such as nerve-sparing prostatectomy, which
has been demonstrated to correlate with early return of
urinary continence.

It is important to screen for symptoms of OAB pre-
operatively so that the patient can be carefully counseled
regarding the possible postoperative outcomes. RP can
resolve DO in some patients and cause de novo DO in
others, and in many cases, the net effect is a small im-
provement in rates of DO at 6-12 months following RP.
Post-prostatectomy stress urinary incontinence (PPI) can
be made worse with concurrent DO.* It is important to
identify these patients postoperatively as treatment of
their OAB and DO may improve their urinary function
and QOL. This is demonstrated in a study on RARP pa-
tients by Matsukawa et al.”" which found de novo OAB
rate identified using Overactive Bladder Symptom Scores
to be 37.8%, and postoperative continence rate to be sig-
nificantly worse at 3 months compared with OAB-free
group (8% vs. 79.7%, respectively).

Bladder compliance appears to be adversely affected
by RP, and de novo impairment can occur in half of the
men undergoing RP.'” Studies have shown persistently
higher rates of poor bladder compliance post-RP even at
6-12 months.'”">'® Similarly, bladder contractility ap-
pears to be impaired post-RP'”'*?*?” and can persist at
12 months.”® Giannantoni et al.'> found bladder com-
pliance and contractility to be worse at 8 months fol-
lowing RP, but both improved at 36 months. MCC also
appears to be impaired within the first 3 months follow-
ing RP,""**** but studies have shown that this can re-
cover at 6-12months post-RP.'"'%?*?*?° This suggests
that the effect of RP on bladder compliance, contractility,
and capacity may be reversible, although further studies
are required to validate this finding. The authors hy-
pothesize the likely mechanism behind de novo impaired
bladder compliance, contractility, and capacity to be si-
milar to that proposed for de novo DO.

This systematic review is limited by the low level of
evidence in the current literature. None of the studies
had a non-prostatectomy comparison group. Many stu-
dies had a low number of participants, and most were of
average quality. Many studies did not report on all the
outcome measures examined in this review. Some
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studies reported only a combined mean value, which is
not useful for clinical interpretation. There is no stan-
dardized definition of abnormal urodynamics findings
with different studies adopting different methods to
define abnormal outcomes. For example, Kadono et al."’
used Schafer grades, Dubbleman et al."” used the ure-
thral resistance parameter, and Song et al.”’ used
Abrams-Griffiths formula to define BOO. As a result,
there is a wide variability in the outcomes across dif-
ferent studies, and further large multicentre prospective
comparative studies to elucidate the relationship be-
tween RP and postoperative DO is needed. Randomized
controlled trials in the setting of localized prostate
cancer are difficult to conduct as treatment options have
significantly different risk profiles, and patients often
have their own preferences.’” Even a large multicenter
prospective case series may be challenging to conduct as
they involve “healthy” patients without the usual clin-
ical indication for urodynamics testing. Urodynamics
testing is not comfortable and in the authors' experience
compliance with these studies is generally poor. For
now, a systematic review of the current available lit-
erature will help clinicians with counseling of patients
in regard to potential changes to LUTS beyond PPI after
RP. Another limitation of this systematic review focus-
ing on urodynamics findings is that urodynamics study
does not detect all patients with bladder dysfunction.
Studies have shown a good correlation between symp-
toms questionnaires and urodynamic findings, but not
all symptoms reported translate to findings on ur-
odynamic studies.” There may also be an overdiagnosis
of BOO on urodynamics study as vesicourethral ana-
stomotic narrowing following RP that is just large en-
ough to not cause clinically significant obstruction may
become obstructed on urodynamics study with the
presence of a transurethral transducer. Unfortunately,
PROMs were poorly reported in conjunction with ur-
odynamics findings. The authors recommend that fu-
ture studies on urodynamics post-RP should be done in
conjunction with PROMs outcomes.

5 | CONCLUSION

BOO and secondary DO are common in men diagnosed
with localized prostate cancer. Urodynamics study shows
that BOO is improved following RP in most patients. RP
resolves DO in some patients and causes de novo DO in
others. The net effect is variable and most studies show a
small reduction in the overall rate of DO less than ex-
pected following relief of BOO, suggesting impact of RP
on DO is likely multifactorial. Bladder compliance and
contractility may be impaired after RP, although this may

recover in the long term. Further studies are required to
delineate the mechanism of bladder dysfunction follow-
ing RP and factors that predict recovery of bladder
function postoperatively.
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