
INTRODUCTION

Radical prostatectomy (RP) is effective for treating 
prostate cancer [1]. Despite significant surgical pro-
gresses, achieving optimal post-RP functional outcomes 
is still troublesome. Along with oncological outcomes, 

urinary continence (UC) and erectile function are clas-
sically reported as post-RP ‘trifecta’ [2]. Urinary incon-
tinence (UI) after RP is the most feared postoperative 
issue because of its huge negative effect on quality of 
life [3]. As RP remains an established option, the preva-
lence of post-RP UI is still significant [4]. Depending on 
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both the UC’s definition and the length of the follow-
up, 1% to 40% of patients may experience persistent UI 
after RP [4]. Several post-RP UI risk factors have been 
recognized, and identifying higher-risk patients is of 
major interest. Indeed, prevention of UI in the preop-
erative, intraoperative and postoperative setting may 
be applied to enhance UC recovery [5]. If conservative 
strategies would fail, patients should be properly coun-
selled for UI treatment.

In this narrative review we aimed at providing an 
overview of the currently available evidence relating 
to the prevention and management strategies of post-
RP UI.

MAIN BODY

1. Materials and methods
A comprehensive search strategy was performed on 

MEDLINE/PubMed database to identify relevant stud-
ies dealing with post-RP UI. Publications from the past 
10 years (2010 to January 2020) were typically selected, 

but highly-regarded older publications were included 
as well. We only included published articles in English 
in peer-reviewed journals. The search strategy included 
the following terms: urinary continence; urinary con-
tinence recovery; urinary incontinence; radical prosta-
tectomy; and prostate cancer. Resulting abstracts were 
scrutinized for relevance; the relevant studies were 
then summed-up after an interactive peer-review pro-
cess.

2.  Pathophysiology of post-radical 
prostatectomy urinary incontinence

Postoperative UI presents with a multifactorial ae-
tiology, thus including both anatomical and functional 
factors. Indeed, the primary reason for post-RP UI is 
the incompetence of the external sphincter leading to 
stress urinary incontinence (SUI) [6]. However, some 
patients can also develop overactive bladder (OAB) af-
ter surgery, which may often require pharmacotherapy 
[6,7]. Porena et al [8] found some degree of detrusor 
overactivity (DO) in up to 77% of cases after RP. Sur-
gical-related damage to anatomic structures or nerves, 
leading to levels of impairment of the urinary sphinc-
ters, is a crucial aetiological factor in post-RP UI. The 
external sphincter is a striatal muscle that is found 
above the membranous urethra (Fig. 1). Its fibres in-
sert on the anterior prostate, and are under voluntary 
control [9]. In addition, the internal sphincter is located 
at the level of the bladder neck (BN) and is made of 
smooth muscle fibres. The internal sphincter depends 
upon involuntary control; its function consists of main-
taining UC under exertion [6]. As for females, a sup-
portive system aids UC in men as well [10]. Its function 
is analogue to an hammock, as reported for women 
[11], since it provides a supplemental occlusive influ-
ence on the urethra, triggered by risen intra-abdominal 

Fig. 1. Axial section depicting external sphincter and its surround-
ings.

Pubo-
prostatic
ligaments

Dorsal
venous

complex

Levator ani
muscle

Neuro-
vascular

bundle

Endopelvic
fascia

Rhabdosphincter

Urethral lumen

Pubis

Rectum

EF EF

PPL

DF

LA LA

Prostate

U-V
anastomosis

EF EF

DF

PPL

LA LA

A B

Fig. 2. Male pelvic supportive complex before (A) and after (B) radical prostatectomy. PPL: pubo-prostatic ligaments, EF: endopelvic fascia, LA: 
levator ani muscles, DF: Denonvilliers fascia, U-V anastomosis: urethro-vesical anastomosis.
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pressure (Fig. 2). The male anterior supportive system 
includes the puboprostatic and pubovesical ligaments 
and the so-called tendinous arch of the endopelvic fas-
cia (EPF), which represents a thickened band of the 
EPF [12]. The posterior support comprises the perineal 
body, the Denonvillier’s retroprostatic fascia, the rec-
tourethralis muscle, and the pelvic diaphragm muscles 
complex [6]. The pudendal nerve supplies innervation 
to the external sphincter [6]. Although it mainly fol-
lows an extrapelvic route, anatomical evaluations have 
also revealed a limited intrapelvic track through the 
neurovascular bundles (NVBs) which may contribute 
in innervating the rhabdosphincter [13]. Indeed, a dam-
age to the NVB could be responsible for postoperative 
UI and NVB preservation during RP can lead to ear-
lier UC recovery [14].

3. Preoperative setting

1) Identification of the risk factors
Identifying preoperative predictors of  UI in RP 

candidates is crucial. This can provide a data-driven 
method to counsel patients about their expected time 
to UC recovery and may guide the clinician to apply 
preventative strategies even before surgery, and cer-
tainly in the intraoperative setting. Hence, there may 
now be sufficient evidence to build solid clinical models 
predicting UI after RP.

(1) Age
A large number of studies recognized age as a fun-

damental factor for estimating the risk of UI. Mandel 
et al [15] analysed data from 8,295 RP patients, finding 
that the 1-year UC rates worsened in older patients. 
These findings were confirmed in robot-assisted RP 
(RARP) series [16,17]. The higher likelihood of devel-
oping UI may be due to some specific features of the 
older subset of RP population, thus considering a pre-
existing benign prostate enlargement (BPE) and some 
functional or structural impairment of the bladder, 
urethra and supportive system [6].

(2) Body mass index
Higher body mass index (BMI) values have been 

extensively associated to worse postoperative UI out-
comes. Although a specific explanation for the rela-
tion between post-RP UI and obesity is not available 
[18], increased visceral adiposity has been associated 

with lower urinary tract symptoms (LUTS) in BPE-
patients, thus obese RP-candidates have a higher like-
lihood of being affected by pre-existing LUTS, which 
are related to post-RP UI outcomes [6]. The visceral fat-
cells secrete adipocytokines, which have a detrimental 
effect on the lower urinary tract due to both their 
potential to directly cause an increased sympathetic 
tone and their proliferative influence on prostatic cells 
[19]. Among 2,849 RP patients, high BMI levels were 
predictors of poorer UC outcomes at 6- and 12-month 
follow-up [20]. Worst UC-outcomes were identified for 
obese (BMI>30 kg/m2) men undergoing RARP at both 
12 and 24 months after surgery [21]. Conversely, Xu et 
al [22] showed comparable UC outcomes between obese 
(BMI>30 kg/m2) and non-obese RARP patients, arguing 
that RARP seemed to promote good functional out-
comes even in obese men.

(3) Comorbidities
General health impairment has demonstrated a 

negative influence on UC recovery. However, only few 
studies focused on this issue. Teber et al [23] showed 
a significant association between diabetes and lower 
rates of both early (e.g., 0–3 months) and late (e.g., 
12–24 months) postoperative UC recovery. Likewise, 
the Charlson comorbidity index was an independent 
predictor of 12-month UC rate in a cohort of 308 RARP 
patients [16]; with overall well-being having been de-
scribed as an independent predictor of immediate UC 
recovery after RP [24].

(4) Prostate surgery before radical prostatectomy
RP-candidates with a history of previous prostatic 

surgery were hypothesised to have a higher likeli-
hood of developing post-RP UI, due to both pre-existing 
LUTS [6] and the challenging RP procedure in this cat-
egory of patients [25]. Although several studies showed 
that previous transurethral resection of the prostate 
(TURP) did not influence post-RP UC outcomes, Tienza 
et al [26] showed a 6-fold higher risk of postopera-
tive UI in those who had already received TURP. In a 
RARP cohort, Gupta et al [27] found a 14%-UI rate vs. 
11.8% after 6 months, and 25% vs. 8% after 1 year for 
patients with or without previous TURP, respectively. 
The post-RARP UC outcomes after holmium laser 
enucleation of the prostate (HoLEP) were evaluated 
as well. Abedali et al [28] identified 27 RARP patients 
who previously underwent HoLEP who were matched 
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1:1 to RARP patients without any history of transure-
thral surgery; of HoLEP cohort, 27% patients reached 
strict UC (i.e., leak free, pad free) in contrast with 64% 
of matched controls; this comparison, however, did not 
reach significance (p=0.07). Suardi et al [25] investigat-
ed the functional outcomes of nerve-sparing open radi-
cal prostatectomy (ORP) following HoLEP. In their 1:1 
matched study, they failed to describe any significant 
difference on UC recovery between patients treated 
with RP after either HoLEP, TURP, or open simple 
prostatectomy.

(5) Prostate volume
The role of prostate volume (PV) on UC outcomes is 

controversial. Worst UC outcomes are expected with 
larger prostates because RP requires substantial ure-
thral damage or because postoperative UI can be as-
sociated with antecedent LUTS. In a cohort of 5,447 RP 
patients, Mandel et al [15] showed that postoperative 
short- (1 week–3 months) and long-term (6–12 months) 
UC was adversely affected by higher PVs. Conversely, 
in 3,067 men PV was identified as an irrelevant factor 
on 12 months post-RP UC recovery [29]. A number of 
other studies failed to identify any correlation between 
PVs and UC outcomes [30,31].

(6) Membranous urethral length
The membranous urethral length (MUL), typically 

measured with magnetic resonance imaging (MRI), 
may be correlated with post-RP UC recovery. A recent 
systematic review concluded that larger levels of pre-
operative MUL were related with a prompt return to 
UC [32]. In analyzing a large cohort of patients, pre-
operative MUL levels were found to be predictors of 
faster UC recovery post-RARP [31].

2) Preoperative preventative strategies
The typical strategy to prevent UI in RP-candidates 

is pelvic floor muscle exercise (PFME), this strengthen 
the pelvic floor muscles, hence possibly improving the 
urinary sphincters and/or the supportive system. It can 
be associated with biofeedback, which assists patients’ 
muscles contraction whilst being provided with either 
a sound or a visual feedback of the correct exercise. 
Chang et al [33] performed a meta-analysis including 
739 patients: they identified a significantly lowered 
UI-ratio 3 months post-RP for those who received pre-
operative PFME. No benefit was however observed 

at the 6-month assessment. A recent 22-trial-meta-
analysis showed significantly better outcomes for those 
trials where a preoperative PFME was performed [34]. 
A finer comprehension of its usefulness will however 
only be available when studies including standardized 
protocols of PFME will be carried out.

4. Intraoperative setting
Aiming at improving the postoperative UC outcomes, 

a range of surgical strategies have been proposed, and 
they are here summarized.

1) Bladder neck preservation
BN includes the internal sphincter which, as previ-

ously discussed, contributes to ensure UC. Different 
approaches have been described to obtain optimal BN 
preservation (BNP), including an anterior, lateral or 
antero-lateral approach [5], and all of them aim at 
carefully dissecting the bladder from the base of the 
prostate, allowing the preservation of the circular BN 
fibres (Fig. 3) [35]. RP-outcomes with and without BNP 
were compared in an randomized controlled trial (RCT): 
post-RP UC rates (e.g., wearing 1 safety pad or no-pad 
at all) at 12 months were 74.8% vs. 94.7% for those in 

**

Fig. 3. Lateral-approach bladder neck preservation technique, ac-
cording to Asimakopoulos et al [35]. The black line represents the 
estimated position of the bladder neck, whilst the white lines indi-
cate the lateral limits of the detrusor apron. The arrow represents the 
lateral dissection incision which is used to expose the bladder neck. A 
combination of blunt and sharp dissection is used to separate the de-
trusorial fibres from the prostate. *Anastomotic vein used as a land-
mark for the initial lateral dissection. Illustration by Stephan Spitzer, 
www.spitzer-illustration.com. Data from Asimakopoulos et al (BJU Int 
2012;110:1566-71) [35] with original copyright holder’s permission.
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the control vs. the BNP group, respectively [36]. Long-
term (e.g., mean 3.9 years) follow-up from the same co-
hort confirmed such trend [37]. Likewise, in a series of 
791 and 276 RARP patients respectively treated with 
and without BNP, the authors identified a significant 
association between BNP and time to UC recovery 
[38]. Finally, Ma et al [39] analyzed 13 trials, including 
1,130 cases and 1,154 controls, confirming that BNP 
facilitated the occurrence of early recovery levels and 
better 1-year UC outcomes. However, other studies did 
not confirm these data, thus hampering to draw a final 
conclusion on this approach [40].

2) Nerve-sparing approach
The penile innervation derives from the pelvic 

plexus, through the NVBs that run close to the pros-
tate (Fig. 1). Some branches of the NVBs supplying 
the rhabdospincter may be damaged during RP [9]. A 
systematic review including 13,749 patients concluded 
that significantly higher rates of UC recovery up to 6 
months after surgery were observed in men submitted 
to a NS approach as compared with those treated with 
a non-nerve sparing (NNS) approach. However, at the 
12-month follow-up this difference was not significant 
any longer [41]. Another 20-study-meta-analysis ad-
dressed the issue of functional outcomes after intra-
fascial or inter-fascial NS technique [42]. If compared 
with the inter-fascial technique, the intra-fascial ap-
proach was found to be associated with faster UC re-

covery at the 1-, 3-, and 6-month assessments, but not at 
the 12-month follow-up. Michl et al [43] compared long-
term UC outcomes in 18,427 patients who had received a 
primary bilateral NS (BNS) procedure; a primary NNS 
procedure; or a BNS intervention with subsequent 
resection of NVBs for positive surgical margins. This 
latter group was associated with better 12-month UC 
rates compared to the NNS group, possibly suggesting 
that a meticulous surgical approach, rather than solely 
the intent of sparing the NVBs, is associated with UC 
recovery.

3) Maximal urethral length preservation
An increased urethral length, arguably associated 

with higher levels of muscle tissue sparing, can pos-
sibly aid in rhabdosphincter’s functional rehabilitation. 
Schlomm et al [44] analysed 691 RP patients (e.g., 285 
treated without, and 406 with the maximal urethral 
length preservation [MULP] technique). Continence 
rates were respectively 50.1% in the MULP group and 
30.9% in the control group 1 week after catheter remov-
al, but no statistically significant difference was iden-
tified 12 months later. The group of Hakimi et al [45] 
intraoperatively measured the urethral stump length 
in 75 MULP technique-treated patients; a urethral 
stump length of >2 cm significantly predicted time to 
pad-free state. With the help of pre- and postoperative 
MRI, Kadono et al [46] recorded the location of the dis-
tal membranous urethra in 185 patients. These records, 

A B C

Urethral closure pressure Membranous urethra

Fig. 4. Chronological changes in terms of urethral positioning and length after radical prostatectomy [46]. (A) The figure represents the physi-
ologic preoperative membranous urethral positioning. The external sphincter is positioned towards a more cephalad position at 10 days (B) vs.1 
year after surgery (C). Data from Kadono et al (BJU Int 2018;122:456-62) [46] with original copyright holder’s permission.
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in terms of urethral positioning and length, were then 
analyzed taking into account the chronological changes 
in UC recovery. It was found that the distal membra-
nous urethra shifted proximally soon after RP and 
went back to the usual pre-RP location 1 year after RP 
(Fig. 4) [46]. In parallel, the sphincter’s function wors-
ened 10 days after RP, but recovered 12 months later. 
Maximal preservation of the urethral stump’s length 
was associated with the entity of displacement of the 
membranous urethra and impacted positively on UI 
after RP.

4) Endopelvic fascia preservation
The connective tissue sheet between the pelvic wall 

and organs is named EPF, which must be incised to 
approach the paraprostatic space [47]. This area, which 
is located laterally to the apex of the prostate and the 
rhabdosphincter, is crucial for UC, thus EPF-preserva-
tion was hypothesized to influence UC recovery (Fig. 
5). Takenaka et al [47] extensively described the EPF 
anatomical features on fresh cadavers and eventually 
assessed the clinical implications of EPF-preservation 
in 23 ORP patients. The one-, three-, six-, and nine-
month-post-RP-UC rates using the new technique were 
44%, 83%, 96%, and 100%, respectively. The influence of 
EPF-preservation in 151 RARP patients was assessed 
as well [14], with the level of EPF-preservation hav-
ing emerged to be the best predictor of UC recovery at 
6- and 12-month postoperatively. In another trial, 138 

RARP patients were subdivided in two groups with re-
gards to the adoption of the fascial sparing technique 
[48]. At the 12-month post-RP follow-up, UC rates were 
88.4% and 97.1% in the control group and the experi-
mental group, respectively (p=0.049). At the multivari-
ate analysis, EPF-preservation was found to be the 
only significant predictor of UC recovery.

5) Retzius-sparing approach
The Retzius-sparing approach allows the entire RP 

completion via the Douglas’s pouch, aiming at mini-
mizing surgical trauma whilst preserving regional 
anatomy (Fig. 6). Hence, the bladder is not dropped and 
the EPF and pubo-prostatic ligaments are preserved, 
thus improving urethral support [49]. In a recent RCT, 
120 patients were randomized to receive either Retzius-
sparing or standard RARP [50]. One week after cath-
eter removal, UC recovery was observed in 71% of sub-
jects undergoing Retzius-sparing variant vs. 48% in the 
standard RARP arm (p=0.01). A recent RCT confirmed 
the same findings [51]. A systematic review concluded 
that early UC recovery when using this technique as 
opposed to conventional RARP, is significantly en-
hanced [52].

6) Selective ligature of dorsal venous complex
Optimal dorsal vascular complex (DVC) manage-

ment, hence avoiding any damage to the rhabdosphinc-
ter’s fibres, could influence UC recovery (Fig. 7) [53]. 
The standard ‘‘ligate and cut’’ technique can result in 
an accidental sphincter’s damage, whilst the ‘‘cut and 
ligate’’ technique is instead thought to provide better 
anatomical control [54]. Therefore, to obtain prompt 

Retzius-sparing
approach

Conventional
approach

Fig. 6. Retzius-sparing technique; the prostate is approached from 
below the bladder, via the Douglas’s pouch.
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Usual
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Levator ani
muscle

Rectum

Fig. 5. Endopelvic fascia anatomy. The solid line represents the usual 
dissection plane, the dotted arrow shows the endopelvic fascia spar-
ing plane.
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UC recovery, the venotomies’ suture can be performed 
after DVC section, and in a selective way. Porpiglia et 
al [54] identified 60 patients who were divided into two 
groups; a standard ligature of DVC (e.g., ligature and 
subsequent section) was performed in group A; a selec-
tive DVC-ligature after its division was carried out in 
group B. A significant difference in terms of UC out-
comes was recorded between the 2 groups, e.g., 53% in 
group A vs. 80% in group B, after 3 months. In another 
trial, UC outcomes of 303 patients receiving DVC liga-

tion and eventual section were compared with those 
of 240 patients who received a selective DVC division 
with sequent ligature [55]. With respect to the whole 
ligation, the selective ligature technique was associated 
with earlier UC-recovery (61.4% vs. 39.6%, p<0.001).

7) Pubo-prostatic ligament preservation
The pubo-prostatic ligament is the most important 

supportive element between the pubis and the pros-
tate; in supporting the urethra the ligament concurs 
in maintaining UC (Fig. 8) [56]. Hence, the ligament 
section is expected to worsen the lack of urethral sta-

Fig. 7. Image depicting the division of the dorsal venous complex 
without its initial ligation in a robot-assisted laparoscopic prostatec-
tomy [53]. Illustration by Stephan Spitzer, www.spitzer-illustration.
com. Data from Power et al (BJU Int 2011;108:930-2) [53] with origi-
nal copyright holder’s permission.

Fig. 8. Puboprostatic ligaments anatomy [56]. Data from Wimpissing-
er et al (BJU Int 2003;92:681-4) [56] with original copyright holder’s 
permission. BW: bladder wall, Sy: pubic symphysis, PB: puboprostatic 
ligaments, EPF: endopelvic fascia.

Fig. 9. Anterior reconstruction [60]. (A) 
After ligating the dorsal venous com-
plex, the same stitch is used to perform 
the anterior suspension. (B) The needle 
is then secured to the pubic periosteum. 
(C) The suture is passed again through 
the urethra and then through the pubic 
periosteum. (D) Anterior reconstruction 
is eventually performed. Data from Hur-
tes et al (BJU Int 2012;110:875-83) [60] 
with original copyright holder’s permis-
sion.

A B

C D
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bility, thus negatively influencing UC-outcomes. Pubo-
prostatic ligament preservation was therefore proposed 
to hasten UC recovery, with some authors reporting 
an associated improvement of postoperative UC [57,58]. 
Indeed, data of 30 RARP patients treated with pubo-
prostatic ligament preservation showed an impressive 
80% UC recovery rate after catheter removal, and 
100% one month after surgery [58].

8) Anterior reconstruction
Walsh et al [59] proposed a technique based on ar-

ranging an anterior suspension stitch running through 
the urethra and then secured to the pubic periosteum 
(Fig. 9) [60]. In their cohort of 331 RARP patients, Patel 

et al [61] found that anterior reconstruction (AR) could 
improve functional outcomes at the 3-month assess-
ment in those who underwent AR-RARP; continence 
rates were however similar to those identified in the 
control group at the 6- and 12-month follow-up.

9) Posterior reconstruction
Rocco et al [62] described a technique based on the re-

construction of the posterior area of the rhabdosphinc-
ter, thus allowing the positioning of the sphincter in a 
more natural fashion. The tissue included in this area 
extends from the retrovesical peritoneum to the central 
tendon of the perineum (Fig. 10). Several RCTs investi-
gated the role of posterior reconstruction (PR) regard-

Fig. 10. Posterior reconstruction [60]. (A) The stitch is passed through the Denonvilliers’ fascia. (B) The suture is passed through the fascial planes 
around the rhabdosphincter. (C) The posterior aspect of the external sphincter is finally re-constructed, ready to perform the anastomosis. Data 
from Hurtes et al (BJU Int 2012;110:875-83) [60] with original copyright holder’s permission.

A B C

Table 1. RCTs comparing functional outcomes after reconstructive tecnhiques

Study (year)
Patient’s 
number

Study 
design

Surgical approach in 
the intervention arm 

Continence 
definition

Evaluation of 
continence

UC rates (intervention 
arm/control arm)

Level of 
evidence

Jeong et al 
 (2015) [65]

PR: 50
Control: 50

RCT PR
RARP

Complete: 0 pad
Social: 0–1 pad

EPIC 2 wk: 
  Complete: 24.0%/8.9%
  Social: 58.0%/37.8%

1b

Sutherland et al   
 (2011) [66]

PR: 47
Control: 47

RCT PR
RARP

0–1 pad EPIC and IPSS 3 mo: 63%/81% 1b

Koliakos et al 
 (2010) [67]

AR+PR: 23
Control: 24

RCT AR+PR
RARP

0 pad ICIQ-SF 7 wk: 65.2/33.3% 1b

Menon et al   
 (2008) [68]

AR+PR: 59
Control: 57

RCT AR+PR
RARP

0/0–1 pad Pad weighing 1 wk: 
  Complete: 20%/16% 
  Social: 54%/51%

1b

Hurtes et al 
 (2012) [60]

AS+PR: 39
Control: 33

RCT AS+PR
RARP

0/0–1 pad UCLA-PCI 1 mo: 26.5%/7.1% 
3 mo: 45.2%/15.4%

1b

Ogawa et al  
 (2017) [64]

3 layers-2 step 
PR: 24
Control: 24

RCT 3 layers-2 step PR
RARP

Urine leakage of  
<5 g in the 
1-hour pad test

Pad weighing 1 mo: 57%/26% 1b

Sammon et al   
 (2010) [69]

AR+PR: 46
Control: 50

RCT AR+PR
RARP

0–1 pad EPIC 1 mo: 42%/47% 1b

RCT: randomized clinical trial, UC: urinary continence, PR: posterior reconstruction, AR: anterior reconstruction, AS: anterior suspension, RARP: ro-
bot-assisted radical prostatectomy, EPIC: Expanded Prostate Cancer Index Composite questionnaire, IPSS: International Prostate Symptom Score 
questionnaire, ICIQ-SF: International Consultation of Incontinence Questionnaire – Short Form, UCLA-PCI: University of California-Los Angeles 
Prostate Cancer Index.
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ing UC recovery (Table 1) [60,63-69]. In a 21-study meta-
analysis, typical data showed a significant advantage 
associated with the PR in terms of postoperative UC at 
different time intervals (e.g., 3, 7, 30, and 90 days after 
catheter removal), but not at later follow-ups [70]. In 
another recent meta-analysis, PR-treated patients dem-
onstrated significantly improved UC recovery rates at 
1–4, 28–42, 90, 180, and 360 days following catheter re-
moval [63]. The original technique reported by Rocco et 
al [62] was a 2-layer/2-step, in which reconstruction was 
performed in two layers. Afterwards, some PR surgical 
variations have been suggested. A recent RCT exam-
ined the usefulness of a 3-layer/2-step RARP technique 
being carried out using peritoneum, in comparison 
with the standard RARP technique [64]; 48 patients 
were subdivided into 2 groups, being treated with ei-
ther the standard or the 3-layer technique. Four weeks 
after surgery, UC rates were higher in the experimen-
tal (57%) vs. the standard RARP group (26%).

10)  Combined anterior and posterior 
reconstruction

In an extensive prospective trial, Tan et al [71] re-
ported significant advantage for a complete reconstruc-
tion (CR) approach as compared with both AR and 
standard approaches. These results were confirmed in 
2 RCTs showing better outcomes for the CR compared 
to a standard technique (26.5%–65% vs. 7.1%–33%) at 
1-month follow-up (Table 1) [60,67]. Conversely, in a 
RARP series comparing patients treated with either 
CR, AR, or PR, no significant difference was observed 
at 1-month follow-up [68]. In their meta-analysis, Fi-
carra et al [40] showed a meaningful favour for CR 
at both 1- and 3 months after RARP, although no dif-
ference was detected 6 months after surgery. A novel 
CR approach was proposed by Porpiglia et al [72]: they 
reinforced the anastomosis using three posterior and 
two anterior tissue’s layers, in order to re-establish the 
peri-urethral tissue’s anatomy. Results were encourag-
ing, with UC rates of 94.4%, and 98.0% at 12, and 24 
weeks post-RARP, respectively. Based on the results 
of the RCTs [60,67-69], it seems that CR is associated 
with better UC outcomes 1 and 3 months after RARP, 
whereas long-term outcomes are scarcely supported by 
solid evidence.

11)  Comparison of open vs. robotic radical 
prostatectomy

Although the robotic technique has allowed the sur-
geon to face a more detailed anatomical perspective, re-
cent data would not seem to support RARP-superiority. 
Indeed, while previous series have shown a RARP-
associated shorter time-to-UC-recovery [5], recent ran-
domized and prospective studies did not confirm those 
findings. The first RCT comparing RARP vs. ORP 
failed to observe any benefit of one procedure over an-
other in terms of UC recovery at 6 and 12 weeks [73]. 
The eventual update on mid-term functional outcomes 
at 6, 12, and 24 months confirmed such a trend [74]. 
Specifically, UC scores based on the Expanded Prostate 
Cancer Index Composite did not differ significantly 
between RARP and ORP at 6 (88.68 vs. 88.45), 12 (90.76 
vs. 91.53) and 24 months post-RP (91.33 vs. 90.86) [69]. 
Herlemann et al [75] compared 755 RARP vs. 1,138 ORP 
patients and found better UC outcomes for ORP 1 year 
post-surgery but not beyond. Similarly, Ranasinghe 
et al [76] analyzed data from 10 online cancer support 
groups comparing 5,157 RARP vs. 579 ORP, and re-
ported no differences in UC outcomes. Finally, Haese et 
al [77] failed to show any clinically significant improve-
ment in terms of UC rates at 1-year assessment after 
RARP.

5. Postoperative setting

1) Role of postoperative length of catheterization
A number of studies [78-81] have associated a longer 

duration of postoperative catheterization with worst 
UC outcomes, with this conclusion resulting from non-
randomized, potentially biased studies. Hence no de-
finitive conclusions can be drawn regarding this issue.

2) Diagnostic work-up
History should identify possible features of urgency- 

or mixed-type UI and should include a bladder diary 
consisting in frequency of micturition; number of UI 
episodes; voided volumes; and 24-hour urinary output 
collection of related data. Validated tools, such as the 
OAB questionnaire, are considered reliable and useful 
to evaluate postoperative UC [82]. Due to its replicabil-
ity, the 24-hour pad test is the most accurate to quan-
tify UI [83]. A urinalysis test should also be performed 
in order to rule out any infection. Although its routinal 
adoption is considered controversial [84], urodynamic 
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investigation had been habitually used in the past to 
assess DO in candidates for corrective treatment.

3) Conservative strategies
Conservative care should be appraised before moving 

to invasive options; in this context patients should be 
examined on a regular basis to evaluate the improve-
ments. Indeed, UI status can last for more than 1 year 
after RP [85]. Fluid intake reduction, timed voiding and 
reduction of bladder irritants (e.g., coffee, hot spices) 
have been associated with improvement of post-RP uri-
nary symptoms and UC [86].

(1) Pelvic floor muscle exercise
The most established conservative option for dealing 

with post-RP UI is PFME. However, drawing a defini-
tive conclusion about the advantage of PFME for sur-
gery-related UI may be difficult due to the conflicting 
results provided by current evidences. In this context, 
there is large heterogeneity between trials regarding 
both PFME content/delivery (e.g., biofeedback, muscles 
targeted, and time of commencement of the training) 

and UC definition (e.g., 1 hour pad test, 24 hour pad 
test,  International Consultation on Incontinence Ques-
tionnaire (ICIQ), bladder diary, and number of pads/d) 
(Table 2) [34]. Over the past decade, several RCTs have 
been conducted to evaluate the effectiveness of PFME. 
Whilst some RCTs supported the benefits of PFME, 
a recent meta-analysis including 45 RCTs [87] did not 
support PFME as first line rehabilitative approach for 
UC recovery after RP. It is here suggested that the ap-
proach of deconstructing the details of PFME protocols, 
as described in a recent review by Hall et al [34], can 
aid in getting a better understanding of the usefulness 
of this strategy. In their analysis, preoperative PFME, 
use of biofeedback, and UC defined as no leakage were 
features associated with successful patient outcomes. 
We aim at this point to summarize the most recent 
RCTs on this topic. In a recent RCT, UC outcomes were 
evaluated in 60 patients after RP, 30 received PFME 
whilst the 30 controls did not receive any treatment 
[88]. The number of pads used during the first and in 
the six months after surgery was significantly lower 
in the experimental vs. the control group [88]. Another 

Table 2. Outcomes of pelvic floor muscle exercise after RP in relation to specific trial’s features [34]

Trial feature
Total number  

of patient
Trial’s  

number
Cumulative analysis of findings

 (RR, 95% CI)

Preoperative PFME PFME: 165
Control: 166

5 0.76 (0.63–0.92)

Postoperative PFME only PFME: 664
Control: 658

10 0.90 (0.79–1.02)

PFME only PFME: 457
Control: 462

5 0.94 (0.88–1.00)

PFME+BFB PFME: 372
Control: 362

10 0.73 (0.58–0.91)

Instructions focused on anal region only PFME: 190
Control: 197

5 0.64 (0.38–1.08)

Instructions involved urethral and anal region PFME: 626
Control: 617

9 0.90 (0.86–0.96)

Control group received no PFME instructions PFME: 514
Control: 512

7 0.85 (0.72–0.99)

Control group received some PFME instructions PFME: 315
Control: 312

8 0.84 (0.70–1.00)

Included all men postoperatively PFME: 509
Control: 500

11 0.84 (0.74–0.94)

Included only men with post-RP UI PFME: 320
Control: 324

4 0.82 (0.57–1.17)

Continence definition- no loss of urine allowed PFME: 374
Control: 369

7 0.85 (0.72–0.99)

Continence definition- some loss of urine allowed PFME: 455
Control: 455

8 0.82 (0.67–1.00)

RP: radical prostatectomy, RR: risk ratio, CI: confidence interval, PFME: pelvic floor muscle exercise, BFB: biofeedback, UI: urinary incontinence. 
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RCT allocated 97 men undergoing RP to a control 
group (n=47) in which a limited rehabilitation was per-
formed, or to a PFME group (n=50) [89]. In the experi-
mental group, interventions started 5 weeks before and 
were sustained for a 12-week period after RP. Controls 
showed a slower UC-recovery and encountered signifi-
cantly extra urinary leakage, as quantified by one-day 
pad weight, vs. the experimental group.

(2) Pharmacological treatment
DO may be a contributing factor to post-RP UI [90], 

hence the attempt to improve UC with antimuscarin-
ics. Over the last few years, several studies investigated 
their efficacy on post-RP OAB symptoms. One small 
RCT (n=27) found a significant decrease in urge UI 
with tolterodine 2 mg in comparison with no treatment 
in the early period after catheter removal [91]. Addi-
tionally, two large RCTs demonstrated earlier return to 
continence with solifenacin [92,93]. Two RCTs showed 
a significant effect of duloxetine, an antidepressant, 
in improving SUI after RP [94,95]. Although off-label 
in many European countries, duloxetine is currently 
recommended by the European Association Guidelines 
panel as an effective drug for postoperative SUI, al-
though its side effects should be adequately explained 
to the patient [96]. Gandaglia et al [97] prospectively as-
sessed a large cohort of RP patients, finding that those 
who were taking phosphodiesterase type 5 inhibitors 
(PDE5Is) presented with better UC recovery rates as 
compared with those left untreated. Conversely, other 
studies failed to show any benefits after PDE5Is in RP 
patients [98].

4) Surgical treatments
Surgical therapy for post-RP SUI is an option for pa-

tients with unsatisfactory improvements after conser-
vative management (Table 3).

(1) Male slings
Male slings (MS) are considered a feasible alterna-

tive to artificial urinary sphincter (AUS) in a number 
of cases of mild to moderate post-RP UI [96]. Different 
types of slings are available, and all of them are meant 
to appropriately reposition the urethra. A clear advan-
tage over AUS is that slings do not require patient’s 
manual dexterity and they are also cheaper [99]. Over-
all, slings are classified into adjustable and non-ad-
justable types. Furthermore, depending on the method 
of insertion, slings can be divided into retropubic and 
transobturator categories. Currently, there is a range 
of adjustable MS commercially available; therefore, it 
is difficult to express an opinion regarding the superi-
ority of one MS against another, due to significant het-
erogeneity of the available data and lack of long-term 
follow-up RCTs. In a recent meta-analysis [100], the 
recovery rate for the fixed slings varied between 8.3% 
and 87%. Although the overall complication rates were 
assessed in only a minority of studies, they were sig-
nificantly more frequent for adjustable vs. fixed slings. 
In both the fixed and the adjustable varieties, pain was 
regarded as the commonest issue, followed by urinary 
retention for fixed slings, and infection for adjustable 
slings [100]. In considering the complications associ-
ated with this surgery, it is important to identify their 
possible predictors. Among them, a history of previous 
pelvic radiotherapy, an increased UI severity, obesity, 
and previous UI surgery were all considered crucial 
to estimate the likelihood of complications [100]. Men 
failing sling treatment can eventually undergo salvage 
AUS placement [101].

(2) Artificial urinary sphincter
The AUS, with the most popular being the AMS800, 

is based on a pressure-regulating balloon located in the 
pre-vesical space and connected to an inflatable cuff 
which acts as an all-round urethral compression de-
vice, hence regulating urine passage. The control unit 

Table 3. Outcomes of AUS and slings for urinary incontinence after radical prostatectomy [4]

Surgical procedure Number of trial Overall number of patient Continence outcome

AUS 16 991 59%–96% (0–1 pad/d)
Slings 
  InVance
  AdVance
  Others (Remeex, Argus, TOMS)

15
4

16

677
416
903

16%–87% (cured)
9%–74% (cured)

17%–79% (cured)

AUS: artificial urinary sphincter.
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of this system is placed in the scrotum, allowing the 
patient to void the bladder. The AUS remains the most 
established surgery for dealing with post-RP UI, pre-
senting with the largest body of evidence and report-
ing long-term success ranging from 20% to 89%, hence 
being currently regarded as the best available option 
for patients suffering from moderate to severe UI [102]. 
However, due to the relatively high costs, the non-
negligible complication rates and the requirement for 
appropriate manual dexterity, the AUS may represent 
an unfeasible option for every single case with post-RP 
UI [99]. Another possible drawback is that occasional 
revisions may be required in some patients, with revi-
sion and explantation rates varying considerably in the 
range of 8% to 45% [4,102]. A large retrospective single-
institution study found a 5.5% rate of device infection 
[103]; prompt device removal is the standard manage-
ment of this complication [4]. Urethral erosion occurs in 
up to 8.5% (3.3%–27.8%) of implants [104]. As with any 
device, its components are susceptible to malfunction; 
the survival expectation of the AUS drops over time, 
with a 68-month median overall device’s longevity [103].

5) Alternative options

(1) Urethral bulking agents
Urethral bulking is a minimally invasive option 

based on increasing the juxtaposition of the tissues in 
both the internal and external sphincters. Several dif-
ferent agents (e.g., collagen, teflon, silicone, autologous 
tissues, hyaluronic acid) have been used. In a recent 
meta-analysis of 25 studies, the success rates varied 
widely from 13% to 100% [105]. Due to poor clinical 
evidence base, further research is required and this 
approach should therefore be considered when other 
more established treatments are contraindicated.

(2) Adjustable balloons
The Pro-Act system depends upon the compression 

force which is provided by two balloons that are lo-
cated bilaterally to the BN. Adjustable balloons appear 
to be a valid alternative for patients with mild to mod-
erate post-RP UI; however only small case series evalu-
ated it’s outcomes in post-surgical setting. A recent ret-
rospective single-institution study [106] focusing on 143 
patients who received a post-RP Pro-Act implantation 
showed that, after a median follow-up of 56 months, 
64% of patients showed levels of improvement, with 

daily pad use reduced by ≥50%, and 45% of patients 
either did not wear any pad or used only one “security” 
pad per day. The treatment was considered safe, as 
90.2% patients showed no complications.

(3) Intravesical onabotulinum toxin A injections
This treatment had been approved for OAB in 2014, 

following the results of several RCTs. However, there 
are limited data relating to their use in the post-RP 
population. In a retrospective series of 11 patients with 
post-RP OAB, Habashy et al [107] observed a resolu-
tion of urgency-UI in 45% after onabotulinum toxin A 
intradetrusorial injection. Further clinical trials should 
be carried out to shed more light on the usefulness of 
this approach.

CONCLUSIONS

RP remains a major cause of UI in men; therefore, 
during the preoperative assessment patients must 
be counselled concerning the risk of post-RP UI. Pa-
tient’s individual features should be well kept in mind, 
with the aim of better assessing the individual risk 
of UI. Over the last decade, the advances of surgical 
technique opened the way to the progress of multiple 
intraoperative techniques to improve UC outcomes 
after RP. PFME and pharmacotherapy are reasonable 
conservative approaches for post-RP UI, even if success 
rates using these techniques have been inconsistent. 
Several surgical procedures are currently available to 
treat post-RP UI. Out of these, AUS showed the longest 
record of safety and efficacy for patients with moder-
ate to severe UI. MS are an alternative approach, with 
intermediate data supporting their efficacy. Other less 
popular options, such as injectable agents or adjustable 
balloons, should only be considered when more estab-
lished options are contra-indicated. Further randomized 
trials should be carried out to compare the different 
options, and innovation in the field should continue to 
refine current techniques and produce novel, and pos-
sibly more effective, treatment approaches.

ACKNOWLEDGEMENTS

We would like to thank John Wiley & Sons, Inc. for 
providing permissions to reuse their images (Fig. 3, 4, 7, 
8, 9, and 10).



Nicolò Schifano, et al: Post-Radical Prostatectomy Incontinence Management

593www.wjmh.org

Conflict of Interest

The authors have nothing to disclose.

Author Contribution

Conceptualization: PC, NS. Methodology: PC, AS. Supervision: 
AS, FM. Writing – original draft: NS, PC. Writing – review & 
editing: FD, MT.

REFERENCES

1. Walsh PC, Partin AW, Epstein JI. Cancer control and quality 
of life following anatomical radical retropubic prostatectomy: 
results at 10 years. J Urol 1994;152(5 Pt 2):1831-6.

2. Eastham JA, Scardino PT, Kattan MW. Predicting an optimal 
outcome after radical prostatectomy: the trifecta nomogram. 
J Urol 2008;179:2207-10; discussion 2210-1.

3. Wang W, Huang QM, Liu FP, Mao QQ. Effectiveness of pre-
operative pelvic floor muscle training for urinary inconti-
nence after radical prostatectomy: a meta-analysis. BMC Urol 
2014;14:99.

4. Averbeck MA, Woodhouse C, Comiter C, Bruschini H, Hanus 
T, Herschorn S, et al. Surgical treatment of post-prostatecto-
my stress urinary incontinence in adult men: report from the 
6th International Consultation on Incontinence. Neurourol 
Urodyn 2019;38:398-406.

5. Capogrosso P, Sanchez-Salas R, Salonia A, Cathala N, Mom-
bet A, Sivaraman A, et al. Recovery of urinary continence 
after radical prostatectomy. Expert Rev Anticancer Ther 
2016;16:1039-52.

6. Heesakkers J, Farag F, Bauer RM, Sandhu J, De Ridder D, 
Stenzl A. Pathophysiology and contributing factors in post-
prostatectomy incontinence: a review. Eur Urol 2017;71:936-
44.

7. Pastore AL, Palleschi G, Illiano E, Zucchi A, Carbone A, 
Costantini E. The role of detrusor overactivity in urinary in-
continence after radical prostatectomy: a systematic review. 
Minerva Urol Nefrol 2017;69:234-41.

8. Porena M, Mearini E, Mearini L, Vianello A, Giannantoni A. 
Voiding dysfunction after radical retropubic prostatectomy: 
more than external urethral sphincter deficiency. Eur Urol 
2007;52:38-45.

9. Walz J, Epstein JI, Ganzer R, Graefen M, Guazzoni G, Kaouk 
J, et al. A critical analysis of the current knowledge of surgical 
anatomy of the prostate related to optimisation of cancer con-
trol and preservation of continence and erection in candidates 
for radical prostatectomy: an update. Eur Urol 2016;70:301-

11.
10. Haga N, Takinami R, Tanji R, Onagi A, Matsuoka K, Koguchi 

T, et al. Comprehensive approach for post-prostatectomy in-
continence in the era of robot-assisted radical prostatectomy. 
Fukushima J Med Sci 2017;63:46-56.

11. Ashton-Miller JA, DeLancey JO. Functional anatomy of the 
female pelvic floor. Ann N Y Acad Sci 2007;1101:266-96.

12. Kojima Y, Takahashi N, Haga N, Nomiya M, Yanagida T, Ishi-
bashi K, et al. Urinary incontinence after robot-assisted radi-
cal prostatectomy: pathophysiology and intraoperative tech-
niques to improve surgical outcome. Int J Urol 2013;20:1052-
63.

13. Narayan P, Konety B, Aslam K, Aboseif S, Blumenfeld W, 
Tanagho E. Neuroanatomy of the external urethral sphincter: 
implications for urinary continence preservation during radi-
cal prostate surgery. J Urol 1995;153:337-41.

14. van der Poel HG, de Blok W, Joshi N, van Muilekom E. Pres-
ervation of lateral prostatic fascia is associated with urine 
continence after robotic-assisted prostatectomy. Eur Urol 
2009;55:892-900.

15. Mandel P, Graefen M, Michl U, Huland H, Tilki D. The effect 
of age on functional outcomes after radical prostatectomy. 
Urol Oncol 2015;33:203.e11-8.

16. Novara G, Ficarra V, D'elia C, Secco S, Cioffi A, Cavalleri S, et 
al. Evaluating urinary continence and preoperative predictors 
of urinary continence after robot assisted laparoscopic radical 
prostatectomy. J Urol 2010;184:1028-33.

17. Mendiola FP, Zorn KC, Mikhail AA, Lin S, Orvieto MA, Za-
gaja GP, et al. Urinary and sexual function outcomes among 
different age groups after robot-assisted laparoscopic prosta-
tectomy. J Endourol 2008;22:519-24.

18. Wei Y, Wu YP, Lin MY, Chen SH, Lin YZ, Li XD, et al. Im-
pact of obesity on long-term urinary incontinence after 
radical prostatectomy: a meta-analysis. Biomed Res Int 
2018;2018:8279523.

19. De Nunzio C, Roehrborn CG, Andersson KE, McVary KT. 
Erectile dysfunction and lower urinary tract symptoms. Eur 
Urol Focus 2017;3:352-63.

20. Matsushita K, Kent MT, Vickers AJ, von Bodman C, Bern-
stein M, Touijer KA, et al. Preoperative predictive model of 
recovery of urinary continence after radical prostatectomy. 
BJU Int 2015;116:577-83.

21. Wiltz AL, Shikanov S, Eggener SE, Katz MH, Thong AE, 
Steinberg GD, et al. Robotic radical prostatectomy in over-
weight and obese patients: oncological and validated-func-
tional outcomes. Urology 2009;73:316-22.

22. Xu T, Wang X, Xia L, Zhang X, Qin L, Zhong S, et al. Robot-
assisted prostatectomy in obese patients: How influential is 



https://doi.org/10.5534/wjmh.200114

594 www.wjmh.org

obesity on operative outcomes? J Endourol 2015;29:198-208.
23. Teber D, Sofikerim M, Ates M, Gözen AS, Güven O, Sanli O, 

et al. Is type 2 diabetes mellitus a predictive factor for incon-
tinence after laparoscopic radical prostatectomy? A matched 
pair and multivariate analysis. J Urol 2010;183:1087-91.

24. Hatiboglu G, Teber D, Tichy D, Pahernik S, Hadaschik B, 
Nyarangi-Dix J, et al. Predictive factors for immediate conti-
nence after radical prostatectomy. World J Urol 2016;34:113-
20.

25. Suardi N, Scattoni V, Briganti A, Salonia A, Naspro R, Gallina 
A, et al. Nerve-sparing radical retropubic prostatectomy in 
patients previously submitted to holmium laser enucleation 
of the prostate for bladder outlet obstruction due to benign 
prostatic enlargement. Eur Urol 2008;53:1180-5.

26. Tienza A, Robles JE, Hevia M, Algarra R, Diez-Caballero F, 
Pascual JI. Prevalence analysis of urinary incontinence after 
radical prostatectomy and influential preoperative factors in a 
single institution. Aging Male 2018;21:24-30.

27. Gupta NP, Singh P, Nayyar R. Outcomes of robot-assisted 
radical prostatectomy in men with previous transurethral re-
section of prostate. BJU Int 2011;108:1501-5.

28. Abedali ZA, Calaway AC, Large T, Koch MO, Lingeman JE, 
Boris RS. Robot-assisted radical prostatectomy in patients 
with a history of holmium laser enucleation of the prostate: 
The Indiana University experience. J Endourol 2020;34:163-8.

29. Pettus JA, Masterson T, Sokol A, Cronin AM, Savage C, Sand-
hu JS, et al. Prostate size is associated with surgical difficulty 
but not functional outcome at 1 year after radical prostatec-
tomy. J Urol 2009;182:949-55.

30. Dommer L, Birzele JA, Ahmadi K, Rampa M, Stekhoven DJ, 
Strebel RT. Lower urinary tract symptoms (LUTS) before 
and after robotic-assisted laparoscopic prostatectomy: Does 
improvement of LUTS mitigate worsened incontinence after 
robotic prostatectomy? Transl Androl Urol 2019;8:320-8.

31. Kitamura K, China T, Kanayama M, Nagata M, Isotani S, 
Wakumoto Y, et al. Significant association between urethral 
length measured by magnetic resonance imaging and urinary 
continence recovery after robot-assisted radical prostatec-
tomy. Prostate Int 2019;7:54-9.

32. Mungovan SF, Sandhu JS, Akin O, Smart NA, Graham PL, 
Patel MI. Preoperative membranous urethral length mea-
surement and continence recovery following radical pros-
tatectomy: a systematic review and meta-analysis. Eur Urol 
2017;71:368-78.

33. Chang JI, Lam V, Patel MI. Preoperative pelvic floor muscle 
exercise and postprostatectomy incontinence: a systematic 
review and meta-analysis. Eur Urol 2016;69:460-7.

34. Hall LM, Neumann P, Hodges PW. Do features of randomized 

controlled trials of pelvic floor muscle training for postpros-
tatectomy urinary incontinence differentiate successful from 
unsuccessful patient outcomes? A systematic review with a 
series of meta-analyses. Neurourol Urodyn 2020;39:533-46.

35. Asimakopoulos AD, Mugnier C, Hoepffner JL, Piechaud T, 
Gaston R. Bladder neck preservation during minimally inva-
sive radical prostatectomy: a standardised technique using a 
lateral approach. BJU Int 2012;110:1566-71.

36. Nyarangi-Dix JN, Radtke JP, Hadaschik B, Pahernik S, Ho-
henfellner M. Impact of complete bladder neck preservation 
on urinary continence, quality of life and surgical margins 
after radical prostatectomy: a randomized, controlled, single 
blind trial. J Urol 2013;189:891-8.

37. Nyarangi-Dix JN, Tichy D, Hatiboglu G, Pahernik S, Tosev 
G, Hohenfellner M. Complete bladder neck preservation 
promotes long-term post-prostatectomy continence without 
compromising midterm oncological outcome: analysis of a 
randomised controlled cohort. World J Urol 2018;36:349-55.

38. Friedlander DF, Alemozaffar M, Hevelone ND, Lipsitz SR, Hu 
JC. Stepwise description and outcomes of bladder neck spar-
ing during robot-assisted laparoscopic radical prostatectomy. 
J Urol 2012;188:1754-60.

39. Ma X, Tang K, Yang C, Wu G, Xu N, Wang M, et al. Bladder 
neck preservation improves time to continence after radical 
prostatectomy: a systematic review and meta-analysis. Onco-
target 2016;7:67463-75.

40. Ficarra V, Novara G, Rosen RC, Artibani W, Carroll PR, 
Costello A, et al. Systematic review and meta-analysis of stud-
ies reporting urinary continence recovery after robot-assisted 
radical prostatectomy. Eur Urol 2012;62:405-17.

41. Reeves F, Preece P, Kapoor J, Everaerts W, Murphy DG, 
Corcoran NM, et al. Preservation of the neurovascular 
bundles is associated with improved time to continence after 
radical prostatectomy but not long-term continence rates: 
results of a systematic review and meta-analysis. Eur Urol 
2015;68:692-704.

42. Wang X, Wu Y, Guo J, Chen H, Weng X, Liu X. Intrafascial 
nerve-sparing radical prostatectomy improves patients' post-
operative continence recovery and erectile function: a pooled 
analysis based on available literatures. Medicine (Baltimore) 
2018;97:e11297.

43. Michl U, Tennstedt P, Feldmeier L, Mandel P, Oh SJ, Ahyai 
S, et al. Nerve-sparing surgery technique, not the preserva-
tion of the neurovascular bundles, leads to improved long-
term continence rates after radical prostatectomy. Eur Urol 
2016;69:584-9.

44. Schlomm T, Heinzer H, Steuber T, Salomon G, Engel O, Mi-
chl U, et al. Full functional-length urethral sphincter preser-



Nicolò Schifano, et al: Post-Radical Prostatectomy Incontinence Management

595www.wjmh.org

vation during radical prostatectomy. Eur Urol 2011;60:320-9.
45. Hakimi AA, Faleck DM, Agalliu I, Rozenblit AM, Chernyak V, 

Ghavamian R. Preoperative and intraoperative measurements 
of urethral length as predictors of continence after robot-
assisted radical prostatectomy. J Endourol 2011;25:1025-30.

46. Kadono Y, Nohara T, Kawaguchi S, Naito R, Urata S, Nakashi-
ma K, et al. Investigating the mechanism underlying urinary 
continence recovery after radical prostatectomy: effectiveness 
of a longer urethral stump to prevent urinary incontinence. 
BJU Int 2018;122:456-62.

47. Takenaka A, Hara R, Soga H, Murakami G, Fujisawa M. A 
novel technique for approaching the endopelvic fascia in ret-
ropubic radical prostatectomy, based on an anatomical study 
of fixed and fresh cadavers. BJU Int 2005;95:766-71.

48. Kwon SY, Lee JN, Kim HT, Kim TH, Kim BW, Choi GS, et al. 
Endopelvic fascia preservation during robot-assisted laparo-
scopic radical prostatectomy: Does it affect urinary inconti-
nence? Scand J Urol 2014;48:506-12.

49. Nyarangi-Dix JN, Görtz M, Gradinarov G, Hofer L, Schütz 
V, Gasch C, et al. Retzius-sparing robot-assisted laparoscopic 
radical prostatectomy: functional and early oncologic results 
in aggressive and locally advanced prostate cancer. BMC Urol 
2019;19:113.

50. Dalela D, Jeong W, Prasad MA, Sood A, Abdollah F, Diaz M, 
et al. A pragmatic randomized controlled trial examining the 
impact of the Retzius-sparing approach on early urinary con-
tinence recovery after robot-assisted radical prostatectomy. 
Eur Urol 2017;72:677-85.

51. Asimakopoulos AD, Topazio L, De Angelis M, Agrò EF, 
Pastore AL, Fuschi A, et al. Retzius-sparing versus standard 
robot-assisted radical prostatectomy: a prospective random-
ized comparison on immediate continence rates. Surg Endosc 
2019;33:2187-96.

52. Phukan C, Mclean A, Nambiar A, Mukherjee A, Somani B, 
Krishnamoorthy R, et al. Retzius sparing robotic assisted 
radical prostatectomy vs. conventional robotic assisted radical 
prostatectomy: a systematic review and meta-analysis. World 
J Urol 2020;38:1123-34.

53. Power NE, Silberstein JL, Kulkarni GS, Laudone VP. The 
dorsal venous complex (DVC): dorsal venous or dorsal 
vasculature complex? Santorini's plexus revisited. BJU Int 
2011;108:930-2.

54. Porpiglia F, Fiori C, Grande S, Morra I, Scarpa RM. Selective 
versus standard ligature of the deep venous complex during 
laparoscopic radical prostatectomy: effects on continence, 
blood loss, and margin status. Eur Urol 2009;55:1377-83.

55. Lei Y, Alemozaffar M, Williams SB, Hevelone N, Lipsitz SR, 
Plaster BA, et al. Athermal division and selective suture liga-

tion of the dorsal vein complex during robot-assisted lapa-
roscopic radical prostatectomy: description of technique and 
outcomes. Eur Urol 2011;59:235-43.

56. Wimpissinger TF, Tschabitscher M, Feichtinger H, Stackl 
W. Surgical anatomy of the puboprostatic complex with 
special reference to radical perineal prostatectomy. BJU Int 
2003;92:681-4.

57. Stolzenburg JU, Liatsikos EN, Rabenalt R, Do M, Sakelaro-
poulos G, Horn LC, et al. Nerve sparing endoscopic extra-
peritoneal radical prostatectomy--effect of puboprostatic liga-
ment preservation on early continence and positive margins. 
Eur Urol 2006;49:103-11; discussion 111-2.

58. Asimakopoulos AD, Annino F, D'Orazio A, Pereira CF, Mug-
nier C, Hoepffner JL, et al. Complete periprostatic anatomy 
preservation during robot-assisted laparoscopic radical pros-
tatectomy (RALP): the new pubovesical complex-sparing 
technique. Eur Urol 2010;58:407-17.

59. Walsh PC. Anatomic radical prostatectomy: evolution of the 
surgical technique. J Urol 1998;160(6 Pt 2):2418-24.

60. Hurtes X, Rouprêt M, Vaessen C, Pereira H, Faivre d'Arcier B, 
Cormier L, et al. Anterior suspension combined with poste-
rior reconstruction during robot-assisted laparoscopic pros-
tatectomy improves early return of urinary continence: a pro-
spective randomized multicentre trial. BJU Int 2012;110:875-
83.

61. Patel VR, Coelho RF, Palmer KJ, Rocco B. Periurethral sus-
pension stitch during robot-assisted laparoscopic radical 
prostatectomy: description of the technique and continence 
outcomes. Eur Urol 2009;56:472-8.

62. Rocco F, Gadda F, Acquati P, Carmignani L, Favini P, 
Dell'Orto P, et al. [Personal research: reconstruction of 
the urethral striated sphincter]. Arch Ital Urol Androl 
2001;73:127-37. Italian.

63. Cui J, Guo H, Li Y, Chen S, Zhu Y, Wang S, et al. Pelvic floor 
reconstruction after radical prostatectomy: a systematic re-
view and meta-analysis of different surgical techniques. Sci 
Rep 2017;7:2737.

64. Ogawa S, Hoshi S, Koguchi T, Hata J, Sato Y, Akaihata H, 
et al. Three-layer two-step posterior reconstruction using 
peritoneum during robot-assisted radical prostatectomy to 
improve recovery of urinary continence: a prospective com-
parative study. J Endourol 2017;31:1251-7.

65. Jeong CW, Lee JK, Oh JJ, Lee S, Jeong SJ, Hong SK, et al. Ef-
fects of new 1-step posterior reconstruction method on re-
covery of continence after robot-assisted laparoscopic prosta-
tectomy: results of a prospective, single-blind, parallel group, 
randomized, controlled trial. J Urol 2015;193:935-42.

66. Sutherland DE, Linder B, Guzman AM, Hong M, Frazier HA 



https://doi.org/10.5534/wjmh.200114

596 www.wjmh.org

2nd, Engel JD, et al. Posterior rhabdosphincter reconstruction 
during robotic assisted radical prostatectomy: results from a 
phase II randomized clinical trial. J Urol 2011;185:1262-7.

67. Koliakos N, Mottrie A, Buffi N, De Naeyer G, Willemsen P, 
Fonteyne E. Posterior and anterior fixation of the urethra 
during robotic prostatectomy improves early continence rates. 
Scand J Urol Nephrol 2010;44:5-10.

68. Menon M, Muhletaler F, Campos M, Peabody JO. Assessment 
of early continence after reconstruction of the periprostatic 
tissues in patients undergoing computer assisted (robotic) 
prostatectomy: results of a 2 group parallel randomized con-
trolled trial. J Urol 2008;180:1018-23.

69. Sammon JD, Muhletaler F, Peabody JO, Diaz-Insua M, 
Satyanaryana R, Menon M. Long-term functional urinary 
outcomes comparing single- vs double-layer urethrovesical 
anastomosis: two-year follow-up of a two-group parallel ran-
domized controlled trial. Urology 2010;76:1102-7.

70. Grasso AA, Mistretta FA, Sandri M, Cozzi G, De Lorenzis E, 
Rosso M, et al. Posterior musculofascial reconstruction after 
radical prostatectomy: an updated systematic review and a 
meta-analysis. BJU Int 2016;118:20-34.

71. Tan G, Srivastava A, Grover S, Peters D, Dorsey P Jr, Scott 
A, et al. Optimizing vesicourethral anastomosis healing after 
robot-assisted laparoscopic radical prostatectomy: lessons 
learned from three techniques in 1900 patients. J Endourol 
2010;24:1975-83.

72. Porpiglia F, Bertolo R, Manfredi M, De Luca S, Checcucci E, 
Morra I, et al. Total anatomical reconstruction during robot-
assisted radical prostatectomy: implications on early recovery 
of urinary continence. Eur Urol 2016;69:485-95.

73. Yaxley JW, Coughlin GD, Chambers SK, Occhipinti S, Sama-
ratunga H, Zajdlewicz L, et al. Robot-assisted laparoscopic 
prostatectomy versus open radical retropubic prostatectomy: 
early outcomes from a randomised controlled phase 3 study. 
Lancet 2016;388:1057-66.

74. Coughlin GD, Yaxley JW, Chambers SK, Occhipinti S, Sama-
ratunga H, Zajdlewicz L, et al. Robot-assisted laparoscopic 
prostatectomy versus open radical retropubic prostatectomy: 
24-month outcomes from a randomised controlled study. 
Lancet Oncol 2018;19:1051-60.

75. Herlemann A, Cowan JE, Carroll PR, Cooperberg MR. Com-
munity-based outcomes of open versus robot-assisted radical 
prostatectomy. Eur Urol 2018;73:215-23.

76. Ranasinghe W, de Silva D, Bandaragoda T, Adikari A, Ala-
hakoon D, Persad R, et al. Robotic-assisted vs. open radical 
prostatectomy: a machine learning framework for intelligent 
analysis of patient-reported outcomes from online cancer 
support groups. Urol Oncol 2018;36:529.e1-529.e9.

77. Haese A, Knipper S, Isbarn H, Heinzer H, Tilki D, Salomon G, 
et al. A comparative study of robot-assisted and open radical 
prostatectomy in 10 790 men treated by highly trained sur-
geons for both procedures. BJU Int 2019;123:1031-40.

78. Tilki D, Preisser F, Karakiewicz P, Shariat SF, Graefen M, 
Huland H, et al. The impact of time to catheter removal on 
short-, intermediate- and long-term urinary continence after 
radical prostatectomy. World J Urol 2018;36:1247-53.

79. Palisaar JR, Roghmann F, Brock M, Löppenberg B, Noldus 
J, von Bodman C. Predictors of short-term recovery of uri-
nary continence after radical prostatectomy. World J Urol 
2015;33:771-9.

80. Cormio L, Di Fino G, Scavone C, Maroscia D, Mancini V, 
Ruocco N, et al. Prognostic factors for anastomotic urinary 
leakage following retropubic radical prostatectomy and 
correlation with voiding outcomes. Medicine (Baltimore) 
2016;95:e3475.

81. Tiguert R, Rigaud J, Fradet Y. Safety and outcome of early 
catheter removal after radical retropubic prostatectomy. Urol-
ogy 2004;63:513-7.

82. Moore K, Allen M, Voaklander DC. Pad tests and self-
reports of continence in men awaiting radical prostatectomy: 
establishing baseline norms for males. Neurourol Urodyn 
2004;23:623-6.

83. Karantanis E, Fynes M, Moore KH, Stanton SL. Comparison 
of the ICIQ-SF and 24-hour pad test with other measures for 
evaluating the severity of urodynamic stress incontinence. Int 
Urogynecol J Pelvic Floor Dysfunct 2004;15:111-6; discussion 
116.

84. Arcila-Ruiz M, Brucker BM. The role of urodynamics in post-
prostatectomy incontinence. Curr Urol Rep 2018;19:21.

85. Xu AJ, Taksler GB, Llukani E, Lepor H. Long-term continence 
outcomes in men undergoing radical prostatectomy: a pro-
spective 15-year longitudinal study. J Urol 2018;200:626-32.

86. Goode PS, Burgio KL, Johnson TM 2nd, Clay OJ, Roth DL, 
Markland AD, et al. Behavioral therapy with or without bio-
feedback and pelvic floor electrical stimulation for persistent 
postprostatectomy incontinence: a randomized controlled 
trial. JAMA 2011;305:151-9.

87. Anderson CA, Omar MI, Campbell SE, Hunter KF, Cody 
JD, Glazener CM. Conservative management for postprosta-
tectomy urinary incontinence. Cochrane Database Syst Rev 
2015;1:CD001843.

88. Aydın Sayılan A, Özbaş A. The effect of pelvic floor muscle 
training on incontinence problems after radical prostatec-
tomy. Am J Mens Health 2018;12:1007-15.

89. Milios JE, Ackland TR, Green DJ. Pelvic floor muscle training 
in radical prostatectomy: a randomized controlled trial of the 



Nicolò Schifano, et al: Post-Radical Prostatectomy Incontinence Management

597www.wjmh.org

impacts on pelvic floor muscle function and urinary inconti-
nence. BMC Urol 2019;19:116.

90. Juszczak K, Ostrowski A, Bryczkowski M, Adamczyk P, Dre-
wa T. A hypothesis for the mechanism of urine incontinence 
in patients after radical prostatectomy due to urinary bladder 
hypertrophy. Adv Clin Exp Med 2019;28:391-5.

91. Mitropoulos D, Papadoukakis S, Zervas A, Alamanis C, Gian-
nopoulos A. Efficacy of tolterodine in preventing urge incon-
tinence immediately after prostatectomy. Int Urol Nephrol 
2006;38:263-8.

92. Shim M, Kim J, Park S, Choi SK, Lee SM, Huh KO, et al. The 
therapeutic effect of solifenacin succinate on the recovery 
from voiding dysfunction after radical prostatectomy in men 
with clinically localized prostate cancer: a prospective, ran-
domized, controlled study. Urology 2015;85:1123-9.

93. Bianco FJ, Albala DM, Belkoff LH, Miles BJ, Peabody JO, He 
W, et al. A randomized, double-blind, solifenacin succinate 
versus placebo control, phase 4, multicenter study evaluating 
urinary continence after robotic assisted radical prostatec-
tomy. J Urol 2015;193:1305-10.

94. Cornu JN, Merlet B, Ciofu C, Mouly S, Peyrat L, Sèbe P, et 
al. Duloxetine for mild to moderate postprostatectomy in-
continence: preliminary results of a randomised, placebo-
controlled trial. Eur Urol 2011;59:148-54.

95. Filocamo MT, Li Marzi V, Del Popolo G, Cecconi F, Villari D, 
Marzocco M, et al. Pharmacologic treatment in postprosta-
tectomy stress urinary incontinence. Eur Urol 2007;51:1559-
64.

96. Burkhard FC, Bosch JLHR, Cruz F, Lemack GE, Nambiar AK, 
Thiruchelvam N, et al. EAU Guidelines on urinary inconti-
nence in adults. Arnhem: European Association of Urology; 
2020.

97. Gandaglia G, Albersen M, Suardi N, Gallina A, Abdollah F, 
Castiglione F, et al. Postoperative phosphodiesterase type 5 
inhibitor administration increases the rate of urinary conti-
nence recovery after bilateral nerve-sparing radical prostatec-
tomy. Int J Urol 2013;20:413-9.

98. Honda M, Kawamoto B, Morizane S, Hikita K, Muraoka K, 

Sejima T, et al. Impact of postoperative phosphodiesterase 
type 5 inhibitor treatment on lower urinary tract symptoms 
after robot-assisted radical prostatectomy: a longitudinal 
study. Scand J Urol 2017;51:33-7.

99. Radadia KD, Farber NJ, Shinder B, Polotti CF, Milas LJ, 
Tunuguntla HSGR. Management of postradical prostatec-
tomy urinary incontinence: a review. Urology 2018;113:13-9.

100. Meisterhofer K, Herzog S, Strini KA, Sebastianelli L, Bauer 
R, Dalpiaz O. Male slings for postprostatectomy inconti-
nence: a systematic review and meta-analysis. Eur Urol Focus 
2020;6:575-92.

101. Ajay D, Zhang H, Gupta S, Selph JP, Belsante MJ, Lentz AC, et 
al. The artificial urinary sphincter is superior to a secondary 
transobturator male sling in cases of a primary sling failure. J 
Urol 2015;194:1038-42.

102. Tutolo M, Cornu JN, Bauer RM, Ahyai S, Bozzini G, Heesak-
kers J, et al. Efficacy and safety of artificial urinary sphincter 
(AUS): results of a large multi-institutional cohort of patients 
with mid-term follow-up. Neurourol Urodyn 2019;38:710-8.

103. Lai HH, Hsu EI, Teh BS, Butler EB, Boone TB. 13 years of 
experience with artificial urinary sphincter implantation at 
Baylor College of Medicine. J Urol 2007;177:1021-5.

104. Van der Aa F, Drake MJ, Kasyan GR, Petrolekas A, Cornu JN. 
The artificial urinary sphincter after a quarter of a century: a 
critical systematic review of its use in male non-neurogenic 
incontinence. Eur Urol 2013;63:681-9.

105. Nguyen L, Leung LY, Walker R, Nitkunan T, Sharma D, Seth J. 
The use of urethral bulking injections in post-prostatectomy 
stress urinary incontinence: a narrative review of the litera-
ture. Neurourol Urodyn 2019;38:2060-9.

106. Noordhoff TC, Scheepe JR, Blok BFM. Outcome and com-
plications of adjustable continence therapy (ProACT™) after 
radical prostatectomy: 10 years' experience in 143 patients. 
Neurourol Urodyn 2018;37:1419-25.

107. Habashy D, Losco G, Tse V, Collins R, Chan L. Botulinum 
toxin (OnabotulinumtoxinA) in the male non-neurogenic 
overactive bladder: clinical and quality of life outcomes. BJU 
Int 2015;116 Suppl 3:61-5.


