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One of the annoying complications of radical prostatectomy is urinary incontinence.
Post-prostatectomy incontinence (PPI) causes a significant impact on the patient’s
health-related quality of life. Although PPI is stress urinary incontinence caused by
intrinsic sphincter deficiency in most cases, bladder dysfunction and vesicourethral
anastomotic stenosis can induce urine leakage also. Exact clinical assessments, such
as a voiding diary, incontinence questionnaire, pad test, urodynamic study, and ure-
throcystoscopy, are necessary to determine adequate treatment. The initial manage-
ment of PPI is conservative treatment including lifestyle interventions, pelvic floor
muscle training with or without biofeedback, and bladder training. An early start of
conservative treatment is recommended during the first year. If the conservative treat-
ment fails, surgical treatment is recommended. Surgical treatment of stress urinary
incontinence after radical prostatectomy can be divided into minimally invasive and
invasive treatments. Minimally invasive treatment includes injection of urethral bulk-
ing agents, male suburethral sling, and adjustable continence balloons. Invasive treat-
ment includes artificial urinary sphincter implantation, which is still the gold standard
and the most effective treatment of PP1. However, the demand for minimally invasive
treatment is increasing, and many urologists consider male suburethral slings to be
an acceptable treatment for PPI. The male sling is usually recommended for patients
with persistent mild or moderate incontinence. It is necessary to improve our under-
standing of the pathophysiologic mechanisms of PPI and to compare different proce-
dures for the development of new and potentially better treatment options.
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INTRODUCTION

Prostate-specific antigen (PSA) has been widely used
throughout the world as a marker for the diagnosis of pros-
tate cancer (PCa). The advent of PSA screening has reduced
the rate of advanced PCa and has increased the detection
rate of early stages of PCa [1-3]. In addition, owing to the
development of minimally invasive techniques and ad-
vanced instruments for surgery, such as laparoscopy and
robotic surgery, the rate of radical prostatectomy, which is
the standard-of-care option for localized PCa, has surged.
As a result, interest has been increasing in urinary incon-
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tinence, which is one of the most devastating complications
after radical prostatectomy. The prevalence of post-prosta-
tectomy incontinence (PPI) varies from 1 to 87% [4,5], ac-
cording to the definition, timing of evaluation, surgical
technique, preoperative condition of the patients, and the
individual who carries out the evaluation (physician or pa-
tient). The temporal trend in the incidence of PPI is de-
creasing [6] as a result of improvements in surgical techni-
ques, but the number of patients with PPI is likely to in-
crease owing to the surge in the number of radical prosta-
tectomy procedures performed. In addition, PPI can be as-
sociated with significant psychosocial stress and poor
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health-related quality of life [7,8]. The treatment options
for PPI vary, according to the cause of urinary incontinence
and the degree of invasiveness of management. The aim of
this review is to summarize the current trends in the man-
agement of PPI.

PATHOGENESIS

In most cases, PPI is caused by a dysfunction of the sphinc-
ter, which can result from rhabdosphincter injury during
the apical dissection; from damage caused by the place-
ment of large, deep sutures for the vesicourethral anasto-
mosis; or as a result of denervation caused by injury to the
neurovascular bundles. Most patients with intrinsic
sphincter deficiency complain of stress urinary incon-
tinence (SUI) [9]. Bladder dysfunction, such as detrusor
overactivity, impaired bladder compliance, and impaired
detrusor contractility, owing to bladder denervation dur-
ing surgery may also be present as the sole diagnosis or cou-
pled with intrinsic sphincter deficiency [10]. Bladder outlet
obstruction (BOO) caused by vesicourethral anastomotic
stenosis can induce urine leakage or urgency incontinence
as well as urinary retention [11]. Therefore, we should not
overlook the fact that patients with PPI complain of not on-
ly SUI but also urgency with urgency incontinence.

RISK FACTORS

Known factors affecting continence are age [12]; neuro-
vascular bundle resection [13]; medical comorbidities, par-
ticularly diabetes mellitus [14]; body mass index [15]; pros-
tate volume [16]; and previous radiation treatment [17].
Numerous specific surgical techniques, such as periure-
thral suspension, lateral prostatic fascia preservation,
bladder neck preservation, and posterior urethral re-
construction, have been introduced in attempts to improve
urinary continence after radical prostatectomy [18,19].
However, different results have been reported about each
risk factor for PPI, and those factors are not yet well
defined.

EVALUATION AND TIMING OF MANAGEMENT

There are no clear data on the timing of the evaluation of
PPI. The majority of patients complain of incontinence im-
mediately after urethral catheter removal, but SUI after
radical prostatectomy gradually improves over time [20],
and many physicians first observe patients without active
treatment at the beginning of SUI treatment. Most inves-
tigators agree that the time required to evaluate the exact
degree of continence is at least 1 year [21]. Lepor and Kaci
[22] reported a continued recovery of continence for up to
24 months postoperatively, from 80.6% at 3 months to
95.2% at 12 months and plateauing at 98.5% at 24 months.
However, because PPI can be caused by bladder dysfunc-
tion or BOO and the symptoms of some patients persist be-
yond the first postoperative year, an early evaluation and
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the selection of adequate treatment for PPI can improve the
patient’s quality of life.

Initial clinical assessment includes taking a medical his-
tory, physical examination, postvoid residual urine, urine
analysis, voiding diary, incontinence questionnaire for
subjective assessment, and pad test [23]. Concerning in-
continence questionnaire instruments, a simple and short
questionnaire, such as the International Consultation on
Incontinence Questionnaire-Short Form, which is recom-
mended by the European Association of Urology, has been
found to be useful in outpatient clinics [24]. Although a pad
test is a simple test and may be a useful method for quanti-
fying urine loss in incontinent patients, the sensitivity and
specificity of the standard 1-hour pad test are not high [25],
and the test could be replaced by simply asking the patients
whether or not they are continent [26].

After the initial clinical assessment, noninvasive or con-
servative management can be started. Early noninvasive
treatment has a significant positive impact on the early re-
covery of continence. Mariotti et al. [27] reported that the
group who received a noninvasive physical treatment with
biofeedback and pelvic floor electrical stimulation that be-
gan 7 days after a catheter removal showed a significantly
lower urine leakage weight than did a control group.
Usually, conservative management may be tried for peri-
ods of up to 6 to 12 months. If the noninvasive treatment
fails, a specialized clinical assessment, such as urodynamic
study (UDS) and urethrocystoscopy is indicated, especially
before a surgical treatment for PPI. The accurate method
for determining the cause of incontinence after prostatec-
tomy is UDS. Urethrocystoscopy is performed to identify
the vesicourethral anastomotic stenosis and anatomic po-
sition of the external sphincter.

The timing of surgical intervention for the treatment of
PPI is not clear either. According to several reports, the
time between prostatectomy and surgical treatment for
PPI was at least 12 months, with an average of 41.5 to 52.8
months [28-31]. Some studies have evaluated the effect of
early surgical intervention for PPI. Early injection (mean
23 days postoperatively) of a periurethral bulking agent
showed better results than treatment at a mean of 26
months postoperatively [32]. Surgical intervention may be
recommended for patients who have severe, unimproved,
or continuous incontinence for 3 months at 6 months after
radical prostatectomy.

MANAGEMENT OF STRESS INCONTINENCE

1. Conservative management

Conservative or behavioral management is generally rec-
ommended during the first year after prostatectomy [33].
Pelvic floor muscle training (PFMT) is the most commonly
used conservative management and is a first-line treat-
ment that is used to restore pelvic floor or bladder function
after radical prostatectomy. Treatment regimens are not
yet standardized, however. Generally, PFMT is a pelvic
floor muscle (PFM) contraction with various positions
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(lying, sitting, and standing) using tools (biofeedback, pel-
vic floor electrical stimulation) to increase the strength and
endurance of the pelvic floor. Repeated contractions are
thought to improve urinary control, through an increased
support for the detrusor muscle and urethral sphincter
[34]. For the accurate contraction of the PFM, the patient
must learn the technique by use of specialized methods.
Floratos et al. [35] reported that PFMT, using intensive
verbal instructions and electromyographic biofeedback,
showed objectively 91% of the overall continence rate at 6
months. If the patient did not receive instructions for
PFMT, the effect was significantly lower [36]. The
long-term effects of early postoperative biofeedback-PFMT
are reported to be a continence rate of 96.1% among pa-
tients at postoperative month 12 [37]. In a prospective
randomized controlled trial among patients with PPI for
at least 1 year, PFMT with or without biofeedback and pel-
vic floor electrical stimulation resulted in improvement in
incontinence episodes [38]. However, PFMT cannot be ap-
plied to every patient after radical prostatectomy, because
patients need to be motivated and have their pelvic floor
neurologically intact. Additionally, PFMT has limited ben-
efit in patients with severe urinary incontinence.
Behavioral management, such as reduction of bladder irri-
tants, reduction of fluid intake, timed voiding, and bladder
training, have also been recommended [39], but not enough
evidence is available yet.

2. Pharmacologic treatment

An effective pharmacologic treatment with acceptable
side-effects is needed to compensate for the gap between
conservative management and surgical management.
Although currently there is no pharmacologic treatment
approved for SUI in men, some studies of the effect of dulox-
etine in male SUI, which was proved to be an effective and
safe treatment for women with SUI, have been reported.
Duloxetine, a combined serotonin/norepinephrine reup-
take inhibitor, increases the activity of the striated ure-
thral sphincter and the effects on the excitability of pu-
dendal motor neurons by stimulating the Onuf’s nucleus
[40,41]. Filocamo et al. [42] made a comparison between
PFMT and duloxetine with PFMT only in the treatment of
PPI and demonstrated a facilitative effect of duloxetine on
early continence recovery. In a randomized, placebo-con-
trolled, double-blind trial, which included 31 patients, 80
mg of duloxetine daily for 3 months was effective in the
treatment of incontinence symptoms and improved quality
of life in patients with mild to moderate PPI [43]. Larger
studies investigating the efficacy and side effects of dulox-
etine are needed before widespread use of pharmacologic
treatment.

3. Injection therapy

Various substances (collagen, Teflon, silicone macro-
particles, autologous fat, autologous chondrocytes, and
dextranomer/hyaluronic acid copolymer) have been used
for decades as bulking agents. Injection of urethral bulking
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agents in the urethral submucosa works by adding bulk,
increasing coaptation at the level of the bladder neck and
distal sphincter, and increasing the urethral lumen’s re-
sistance to flow. These are minimally invasive, cheaper
treatment modalities for PPI, after conservative treat-
ment, that do not limit future antiincontinence surgery
[44]. Problems with these agents include the need for multi-
ple injections, deterioration of effect over time, and modest
success rates with low cure rates. The collagen injection
success rates for PPI range from 36 to 69%, with 4 to 20%
of patients reporting being dry [45-48]. Agents currently
used include dextranomer/hyaluronic acid copolymer
(Deflux), pyrolytic carbon microspheres (Durasphere), and
polydimethylsiloxane (Macroplastique). These new agents
show a slower migration without compromising the other
organs, and short-term data are good. However, sat-
isfactory long-term results required reinjections, and a
high rate of complications occurred in some cases [49-51].
Bugel et al. [562] reported that Macroplastique injection
showed a rapid deterioration after initial improvements,
with success rates of 40% at 1 month and 26% at 12 months.
Recently, autologous fibroblasts and myoblasts were in-
troduced to reconstitute the deficient urethral sphincter,
and their effects and safety have been reported [53].

Injection therapy may be useful for short-term improve-
ment in patients with PPI who are in too poor of health for
invasive surgical treatments.

4, Sling surgery
Interest in the male suburethral sling procedure, which is
based on the concept of passive external urethral com-
pression, as a treatment option for PPI has been recently
revived. Although long-term outcomes are unknown, the
sling, which is used as a permanent material instead of a
resorbable material, performs reasonably well in the inter-
mediate term. Sling surgery is adequate for patients with
mild to moderate degrees of SUI who have not had previous
radiation therapy, who have adequate detrusor con-
tractility, or who demand a less invasive procedure or a
nonmechanical device, as opposed to a device such as the
artificial urinary sphincter (AUS) [54]. The advantages of
sling surgery compared with the AUS include no mechan-
ical parts, no need for manual dexterity or device training,
a cognitive status that enables activating and deactivating
the urethral cuff, immediate efficacy, and reduced overall
cost. Whereas reported revision rates owing to recurrent
incontinence are quite low, longer follow-up is needed be-
fore definitive comparisons to the AUS can be made.
Several techniques for sling surgery have been introduced.
Three representative sling designs, which differ in the mate-
rials used, the methods of fixation, and the position of the
support, are the bone-anchored sling (BAS), the trans-
obturator sling, and the adjustable retropubic sling.
BAS systems: The BAS compresses the bulbar urethra
with a silicone-coated polypropylene mesh by attaching the
sling to the inferior pubic rami with bone screws. The BAS
improves continence by causing a degree of urethral ob-
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struction and allowing for a better transmission of in-
tra-abdominal pressure to the bulbar urethra [55]. The rep-
resentative BAS is the InVance male sling (American
Medical Systems, Minnetonka, MN, USA). The InVance
sling uses a synthetic mesh positioned under the bulbar
urethral via a perineal incision. It is attached to the pubic
bone on both sides of the urethra by three miniature tita-
nium screws.

Several large prospective studies have demonstrated
sustained efficacy of the InVance sling with 3 to 5 years of
follow-up. Carmel et al. [55] reported a case series of 45 men
with PPI treated with the InVance sling. At an average of
36 months, 76% of patients were successfully treated. In
a study with 42 patients, Giberti et al. [56] reported a cure
rate of 62%; 8% of patients were improved, and 30% of pa-
tients had a failed treatment after an average 41 months
of follow-up. Morbidity was minimal, but short-term peri-
neal pain occurred in 16 to 19% of patients, resolving by 3
months postoperatively. Guimaraes et al. [57] reported in-
termediate-term results of up to 4 years with the InVance
sling. Their cure rate was 65% and the improvement rate
was 23% after a mean follow-up of 28 months in 62 men with
PPL

Success rates of BAS were relatively consistent in sev-
eral studies, at 40 to 88%, and adverse events included
acute urinary retention, infection of the perineal incision,
urethral erosion, abnormal postoperative pain or para-
esthesia, de novo detrusor overactivity or urinary urgency,
and early loosening of one of the bone screws [58].

Transobturator sling: The effect of transobturator sling
suspension for male urinary incontinence was initially re-
ported in 2007 [59]. The retrourethral transobturator sling
is passed ‘outside-in’ through the obturator foramen and
the polypropylene mesh is sutured in place on the ventral
surface of the bulbar urethra. The AdVance sling (American
Medical Systems, Minnetonka, MN, USA), a kind of retro-
urethral transobturator sling, is designed for the re-
location of the proximal urethra, under the bladder neck,
with minimal extrinsic compression of the urethra. The
success rate of the AdVance sling varied from 54 to 80% af-
ter 1 year of follow-up in the prospective cohort studies
[60-63]. In the mid-term evaluation of the AdVance sling
at a mean follow-up of 21 months, 62% of patients were
cured, 16% were improved, and 22% showed no signs of im-
provement [64]. The investigation of urodynamic changes,
which are associated with the AdVance sling, showed im-
provement of Valsalva leak point pressure, but the de-
trusor voiding pressure, postvoid residual urine volume,
and maximal flow rated remained relatively unchanged
[65]. A study about the complications of the AdVance sling
showed that it was a safe treatment option, with the main
postoperative complication being transient acute urinary
retention (21.3%) and rare severe complications, such as
explantation (0.9%), transection (0.4%), wound infection
(0.4%), and perineal pain (0.4%) [66].

On the other hand, the inside-out transobturator male
sling with polypropylene mesh (Gynemesh PS, Ethicon,
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Somerville, NJ, USA) has also been used for the treatment
of PPI. Leruth et al. [31] reported after a median follow-up
of 24 months that 49% of patients were cured, 3% were im-
proved, and 16% were not improved.

Adjustable retropubic sling systems: Two adjustable
slings have been introduced, with the potential advantages
of postoperative tightening or loosening: the REMEEX
(Neomedic Inc., Terrasa, Spain) and the Argus (Promedon
SA, Cordoba, Argentina).

The REMEEX system is a readjustable suburethral sling
that is passed through the retropubic space; it is composed
of a monofilament polypropylene mesh connected via two
monofilament traction threads to a suprapubic mechanical
regulator (varitensor). The regulator is a permanent sub-
cutaneous implant over the abdominal rectus fascia, which
is 2 cm above the pubis. Additionally, implant adjustment
is possible, via an eternal manipulator. In a multicenter
European study with 51 patients with a mean follow-up pe-
riod of 32 months, 33 patients (64.7%) were cured.
Twenty-five of these cured patients needed no pads; the
other eight patients needed only small pads or sanitary
napkins. Almost all patients needed at least one readjust-
ment of the sling under local anesthesia. The sling had to
be removed in three cases owing to urethral erosion and in-
fection of the regulator. Intraoperative bladder perforation
occurred in five patients, and mild perineal hematomas
were seen in three patients. Perineal discomfort or pain
was common and was treated with oral pain medication
[67].

The Argus suburethral sling consists of a silicone foam
pad, which is placed under the bulbar urethra (attached to
the retropubically passed silicone column), and that is fixed
over the rectus fascia with silicone washers. Two radio-
paque silicone washers allow regulation of the desired
tension. In a cohort of 48 patients with a mean follow-up
of 7.5 months, Romano et al. [68] showed a cure rate of 73%
and an additional 10% improvement rate. Three urethral
perforations during surgery were reported, and the sling
had to be removed in five patients. Seven patients had acute
urinary retention, and except for one patient, in which the
sling needed to be loosened, it resolved spontaneously. No
severe complications were seen. Hubner et al. [69] reported
101 cases with a mean follow-up of 2.1 years. In that study,
79.2% of patients were considered to be dry, and the incon-
tinence quality of life scale improved from a mean of 28.8
to 63.2 points after Argus sling placement. Dalpiaz et al.
[70] reported mid-term complications after the placement
of the Argus sling at a median follow-up of 35 months.
Overall, 24 patients (83%) experienced complications, in-
cluding acute urinary retention (35%) and removal of
the sling (35%) owing to urethral erosion, infection,
system dislocation, urinary retention, and persistent
pain. Furthermore, 27% of patients complained of sig-
nificant perineal pain.

5. Adjustable continence balloons
Adjustable continence balloons, which are one of the most
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recent treatments, create passive compression of the ure-
thra by two balloons located on either side of the urethra.
The ProACT (Uromedica, Plymouth, MN, USA) is an ad-
justable continence therapy option and is a minimally in-
vasive modality with a cost that is remarkably less than
that of the AUS. The ProACT implantation is performed
under general or spinal anesthesia through a perineal
incision. The balloons are placed, one on each side of the
urethra, right above the pelvic floor at the former level of
the prostate after radical prostatectomy. Fluoroscopic
guidance or transrectal ultrasound is used for visualization.
Tubing runs from each balloon to titanium ports placed on
the back of the scrotum. The balloons are filled with sterile
water through these ports. At 1 month and thereafter, the
balloons are refilled with 1-ml increments of this solution
(maximum of 8 ml) until continence is reached. Postoperative
readjustment is very simple, and only local anesthesia is
necessary.

Prospective single-center study to evaluate the results
of ProAct demonstrated a decrease in the median 24-hour
urinary leakage (352.5 vs. 11 ml, p<0.001), a decrease in
the median number of pads used per day (4.75 vs. 2.25,
p=0.001), and an overall dry rate of 50% [71].

Of the 170 patients reported by Hubner and Schlarp [72],
one-third became pad free. The mean number of post-
operative adjustments of the balloon was 3 to 5, with some
patients requiring 6 to 8 refillings. Although the success
rate approximates the male sling surgery, the benefit must
be weighed against the frequent need for balloon refilling
and the high complication rate. The most common peri-
operative complications were urethral or bladder perfo-
ration, necessitating termination of the implant on the per-
forated side. Other complications were temporary urinary
retention and device explantation as the result of balloon
failure, infection, erosion, or migration. The ProACT sys-
tem is not recommended for patients with prior external
beam radiation therapy, because of a higher complication
rate and an unsatisfactory success rate [73].

6. AUS

The AUS is, despite the new surgical treatment options,
still the gold standard and the most effective long-term sur-
gical treatment of male incontinence. The AUS consists of
three components: the cuff, which goes around the prox-
imal bulbar urethra; the pump, which goes inside the scro-
tum; and the reservoir (balloon), which holds the fluid for
the device. A 4.5-cm cuff was the first cuff size, with the in-
troduction of a 4.0-cm cuffin 1994. Currently, a 3.5-cm cuff
is also available. Hudak and Morey [74] reported that the
3.5-cm cuff has become the predominant size, which is used
for primary and revision AUS placement.

AUS has the largest body of literature reporting long-term
success. The success and high patient satisfaction rates
seem to outweigh the need for periodic revision, high cost,
and surgical invasiveness. The success rate of the AUS pro-
cedure is still the best, when compared with that of all other
available surgical treatment options for PPI. The success
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TABLE 1. Results of artificial urinary sphincter implantation in
patients with post-prostatectomy incontinence

Author No. Follow-up (yr) Success rate (%)
Montague [81] 66 3.2 75
Gousse et al. [80] 71 7.7 59
Lai et al. [79] 218 3.1 69
Kim et al. [78] 124 6.8 82
Trigo Rocha et al. [82] 40 4.5 90
Yang et al. [77] 19 1 68.4

rates for AUS range from 59 to 90% [75-82] (Table 1).
Continence rates with the AUS can vary with the definition
of continence, the method of evaluation, and the length of
follow-up. Nevertheless, high subjective rates of sat-
isfaction, from 87 to 90%, are consistently reported, even
without total continence [83,84].

A potential downside of the AUS is the need for periodic
revisions. Revision and explantation rates, owing to me-
chanical failure, urethral atrophy, infection, and erosion,
vary considerably among the studies, with reports of 5 to
45% and 7 to 17%, respectively [80,82]. Lai et al. [79] re-
ported that 270 patients underwent AUS implantation,
with an infection rate of 5.5%, cuff erosion rate of 6%, and
an atrophy rate of 9.6%. Overall, 25% of patients required
revision at 5 years. In another long-term report, Kim et al.
[78] reported that 36% of patients required surgical re-
vision or removal within 10 years, and most events oc-
curred within the first 48 months. Revisions include re-
placement of the malfunctioning part, cuff replacement, re-
positioning or downsizing owing to urethral atrophy, and
a second or tandem cuff or transcorporal cuff placement.
An increased revision rate was reported for patients who
received pelvic radiation but was not found in a recent ser-
ies, and previous radiation therapy is therefore not a con-
traindication for AUS implantation [75]. AUS also showed
improvement in preoperative urodynamic abnormalities
in patients with PPI and concomitant urodynamic bladder
dysfunction, such as detrusor overactivity, hypersensitivity,
and mild loss of compliance [85].

MANAGEMENT OF URGENCY INCONTINENCE

In some patients suffering from urgency incontinence after
radical prostatectomy, anticholinergic treatment is recom-
mended as the first-line treatment for early PPI, within the
first 6 to 12 months. Leach et al. [86] reported urodynamic
findings in a large population of men with PPI. A total of
56% of patients had high pressure bladder dysfunction,
such as detrusor overactivity and poor compliance, which
contributes to the urinary incontinence. Overall treatment
results demonstrated a significant decrease in pad score for
men treated with anticholinergic treatment only, and 4.7%
had total continence. Conservative noninvasive manage-
ment, including lifestyle interventions, PFMT with or
without biofeedback, and bladder training, may be helpful
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to improve urgency incontinence. However, the data for the
conservative treatment options are much weaker for men
with postprostatectomy overactive bladder and SUI than
for women.

CONCLUSIONS

Incontinence following prostatectomy is still the most
feared complication for men. Conservative therapy is rec-
ommended as an early management of PPL. If conservative
therapy fails, surgical therapy options are recommended.
For severe or persistent incontinence, AUS is still the gold
standard of treatment and is associated with high con-
tinence and high patient satisfaction rates. In recent years,
numerous minimally invasive treatment options with dif-
ferent success rates have been investigated. The patient
demand for minimally invasive treatment options is high,
and often, poorer results are accepted by the patients in or-
der to avoid AUS. Therefore, slings can be recommended
for patients with persistent mild or moderate incontinence.
Also, slings can be used for patients who prefer a less in-
vasive treatment even if the patients have severe
incontinence. In the future, it will be necessary to improve
our understanding of the pathophysiologic mechanisms of
male PPI to develop new and potentially better treatment
options.
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