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Introduction Despite improvements in surgical techniques and implementation of minimally invasive pro-
cedures, male stress urinary incontinence affects a substantial number of patients after prostatic surgery.
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In response to increasing demand of optimal treatment modality, new alternatives to artificial urinary
sphincter have recently been introduced. This review summarises the therapeutic surgical options with

their outcomes in management of postprostatectomy stress incontinence.

Material and methods We performed a literature review by searching the PubMed, Web of Science and
Embase databases for articles published from January 2000 until April 2015 based on clinical relevance.
Results Artificial urinary sphincter is currently considered the “gold standard” treatment of male stress
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INTRODUCTION

Stress urinary incontinence (SUI) has been defined
by the International Continence Society as the invol-
untary leakage of urine on effort or exertion, sneez-
ing, or coughing [1]. In men this type of incontinence
most commonly occurs after prostatectomy for be-
nign or malignant disease. Despite improvements
in surgical techniques and implementation of mini-
mally invasive procedures, the reported prevalence
of post radical prostatectomy (RP) SUI varies wide-
ly, ranging 4-50% in contemporary series [2, 3, 4].
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urinary incontinence. Although the new devices in this group have recently been investigated, the AMS 800
remains the only widely used implant. Male slings and adjustable continence devices, achieve the social
continence rates up to 60%. Periurethral injections of bulking agents, have limited efficacy of male stress
incontinence. Argus sling and ProACT are both associated with substantial explantation rates. Stem cell
therapy is a promising option but still requires additional testing.

Conclusions The development of new alternatives to artificial urinary sphincter is constantly progressing.
Although recently introduced minimally invasive treatment options have not yet surpassed the outcomes

of the artificial urinary sphincter they should continue to be evaluated and compared against the gold standard.

On contrary, the prevalence of SUI following trans-
urethral resection of the prostate (TURP) and hol-
mium laser enucleation of the prostate (HoLEP)
is much less common (approximately 1%) [5]. How-
ever, TURP performed in the setting of prior exter-
nal beam irradiation or brachytherapy can result
in particularly high incontinence rates of up to 18%
[6]. The observed discrepancy in the published post
radical prostatectomy SUI rates results from differ-
ences in definition of incontinence used by different
authors, data collection methodology, and evaluation
outcomes (patient versus surgeon-reported conti-
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nence). Although small degree of SUI may not affect
patient’s well-being, moderate-to-severe post pros-
tatectomy incontinence negatively impacts men’s
quality of life [7, 8]. The most common mechanisms
of SUI after radical prostatectomy include a direct in-
jury to the urethral sphincter itself, as well as, to ad-
jacent supportive tissues and nerves [9, 10]. Whereas
after TURP urinary incontinence is most likely due
to the pre-existing abnormalities of bladder func-
tion rather than direct sphincter injury [11]. Im-
provements in urinary leakage may occur spontane-
ously or with conservative measures within the first
12 months after prostatic surgery. However, manage-
ment of persistent incontinence is often challenging
and may be frustrating for both a patient and his
doctor, and as a consequence, it can negatively affect
doctor-patient relationship.

Initial management of male SUI consists of pel-
vic floor muscle training, biofeedback and electri-
cal stimulation. Should conservative approach fail,
surgical interventions become inevitable. Currently
there have been several competitive products avail-
able for operative treatment of male SUI. This paper
summarises indications, technical and surgical as-
pects, risk factors, reported complications and chal-
lenges of different treatment modalities offered to
men with post prostatectomy stress urinary incon-
tinence.

MATERIAL AND METHODS

A comprehensive search strategy was applied
for PubMed, Web of Science and Embase electron-
ic databases from January 2000 until April 2015.
We selected all human research articles published
in English, not classified as case report, review, edi-
torial, comment, letter, or news. The search strat-
egy included the following terms: “male urinary
incontinence”, “urinary stress incontinence”, “post
prostatectomy”, “post-prostatectomy”, prostatec-
tomy”, “TURP”, “HoLEP”, “treatment”, “subu-
rethral sling”, “suburethral slings”, “transobtura-
tor tape”, “transobturator tapes”, “transobturator
suburethral tape”, “trans-obturator tape”, “artificial
urinary sphincter”, “artificial urinary sphincters”,
“artificial genitourinary sphincter”, “artificial geni-
tourinary sphincters”, “bulking agents”, “augmen-

tation agents”.
RESULTS AND DISCUSSION

The search for relevant papers was performed inde-
pendently by 2 reviewers, in duplicate. The search
strategy yielded 1478 citations. 1332 of these were
excluded after screening titles and abstracts and fur-

Primary search results
Pub Med: 505 items
‘Web of Science: 585 items
Embase: 388 items
Total: 1478
Exclusion of irrelevant
publications — 1332 items
h
| 146 items
Removal of 49 duplicates D SR————
Y
| 97 articles

Figure 1. Flow diagram of study selection.

ther 49 items as being duplicated. Eventually, this
overview was based on the text of the remaining 97
studies (Figure 1).

Bulking agents

Intramural urethral bulking agents (synthetic or au-
tologous) injections are one of the latest treatment
methods of the MSUI [12-18]. The aim of this ap-
proach is to increase the intraurethral pressure and
thus enhance the continence. For this reason the
U.S. Food and Drug Administration (FDA) has ap-
proved the use of bovine glutaraldehyde cross-linked
collagen (Contigen; CR Bard, Covington) in 1993.
It was generally well tolerated by patients and had
relatively low complication rates [12, 15, 16, 17].
However, the long term treatment outcomes of this
method proved unfavourable [15, 17]. Moreover,
in order to maintain the therapeutic effect several re-
peat injections are often required. The most common-
ly used bulking agent substances have generally small
volume of distribution, and, do not migrate to other
organs [13, 16]. However, the use of Teflon was with-
held after animal studies found that it migrated into
the lymph nodes, the brain, the spleen and the lungs
[16]. The early treatment failure rates with bulking
agents approach 70%, and increase even further with
time despite repeat treatments [12-16]. Another com-
plication of this technique is the development of local
inflammation, which can lead to so-call frozen urethra
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[13, 16]. Bulking agents, despite its minimal invasive-
ness, can only be offered to narrow cohort of patients
with only mild urinary incontinence.

Stem cell therapy

To date, only few studies have examined the efficacy
of autologous adult-derived stem cells for the man-
agement of MSUI in human patients. Mitterberger
et al. reported results of his study from 2008 where
41 of the 63 male patients (65%) with SUI after radi-
cal prostatectomy were continent 12 months follow-
ing injection of autologous myoblasts and fibroblasts
[18]. In addition, a significant improvement in qual-
ity of life scores, the thicknesses of the urethra and
the rhabdosphincter, as well as, the increased con-
tractility of the rhabdosphincter were observed after
a period of 1-year. Further confirmatory data regard-
ing the benefit of muscle-derived stem cells applica-
tion for treatment of MSUI have been reported by
Cornu et al. [19]. In addition to MDSCs, adipose-de-
rived stem cells (ADSCs) have also been investigated
for treatment of MSUI [20, 21]. The encouraging
preliminary results were evidenced by both func-
tional and imaging studies. Table 1 summarises the
clinical studies of autologous mesenchymal-derived
stem cells in men with SUI after prostatic surgery.

Tape procedures

Tape procedures were first used in 1958 to treat
male incontinence post radical prostatectomy. John
L. Berry was the first who used acrylic prosthesis,
which he implanted between the bulbar urethra and
bulbospongiosus muscles just below the urogenital
diaphragm. The aim of this procedure was to im-
prove the urinary continence via supporting, elonga-
tion and pressing onto the urethra. In his study dat-
ing 1961 Berry [22] reported successful treatment
outcomes achieved in 45% of his cases.

Currently used tape procedures in the treatment
of urinary incontinence vary in terms of tape fix-

ing method. Bone anchored male slings (BAMS), for
example, are fixated to the bone [23]. Clinical trials
assessing BAMS (InVance tape) treatment success
rates (no need to use pads) reported results between
36% and 65% [23, 24]. The highest rates of success-
ful BAMS treatment were reported by Madjar [25].
During 12 months of follow-up 86% of subjects were
considered cured (0-1 pads/day), significant improve-
ment was reported in the remaining 14%. However,
others reported BAMS treatment failure rates rang-
ing between 15% and 60% [23, 24]. The exceptionally
high treatment failure rates (85%) have been con-
sistently reported in men who underwent radiation
therapy. Ultimately, high rates of treatment compli-
cations (pelvic pain within first 3 months (<76%),
infections (15%), increased post voiding residual
urine volume (12%), infections and trauma to the
pubic bones (5%)), contributed to declining popular-
ity of BAMS systems [23, 24, 25]. Additionally, they
have been superseded by the novel and more effica-
cious treatment options.

New tape generations were subsequently introduced
and designed to allow modification of either under
or overcorrection of tension. The Argus and Reemex
tapes are examples of such adjustable sling systems.
Argus Adjustable System consists of thick silicone-
foam pad just under the bulbar urethra, which is
connected with two silicone cone columns. After bul-
bar preparation (bulbospongiosus muscle remains
intact), and freeing up the crural roots of the cor-
pora cavernosa, two slings are placed: first in the
region of the bulbar urethra and second around the
incision site just above the pubic symphysis. They
allow for moving silicone cone columns into the su-
prapubic region. The silicone rings are placed over
the columns and then attached to the fascia of the
rectus abdominis muscle. This allows to attain high
leak point pressure during surgery (maximal 45 cm
H,0), and further adjustment if needed [26].

The Reemex sling is similarly applied [27, 28].
A polypropylene mesh located under the bulbar
urethra is connected with bilateral longitudinal

Table 1. Clinical studies of autologous mesenchymal-derived stem cells for male stress urinary incontinence.

Author [reference] Numbe.r of male Grade of MSUI Stem cell source Harvesting Tissue Duration Morbidity
patients of follow-up
Mitterberger [17] 63 Severe MDSCs Biceps muscle 12 months No
Cornu [18] 12 ND MDSCs Deltoid muscle 12 months UTlin 3 men
Yamamoto [19] 3 Moderate ADSCs Anterlorv\;aatl)ldommal 6 months No
Gotoh [20] 1 ND ADSCs Anterior abdominal 12 months No

wall

MSUI — male stress urinary incontinence; ND — not described; MDSCs — muscle-derived stem cells; ADSCs — adipose-derived stem cells; UTI — urinary tract infection
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silicone fortifications, which extend towards the me-
chanical regulator located subcutaneously on fascia
of the rectus abdominis muscle in the suprapubic
region. The mesh is connected to monofilament
traction threads, which are connected to so-called
“Varitensor”. It allows for continuous tension ad-
justment if needed.

The studies examining the efficacy of the Argus
tape treatment of moderate to severe urinary in-
continence have reported 79% success rates, and
in 38.6% tape tension readjustment was needed [27].
The Reemex tapes have similar efficacy (up to 83%)
[28]. The most commonly reported treatment com-
plications include chronic pelvic pain (15%), trauma
to the bladder (about 10%), infections and erosions
necessitating tape removal (8-12%) [26, 27]. Explan-
tation rates for Argus tape due to complications may
be as high as 15.8% [27].

Another type of tape treatment of MSUI is the Ad-
Vance (American Medical Systems) transobturator
sling system device. It consists of polipropylene mesh
sling with two single-use needle passers. During the
AdVance system implantation the bulbocavernosus
muscle is dissected and moved aside so the urethral
bulb could be exposed [29]. The mesh sling is posi-
tioned over the proximal urethral bulb and the in-
troducer needle is passed through the stab incision
reaching the external obturator muscle and obtura-
tor membrane. The mesh sling is sutured and both
sling ends are pulled simultaneously to achieve ap-
propriate tension. Incontinence cure rate defined as
no pad usage has reached 73.7% in studies assess-
ing efficacy of this method [29]. The most commonly
reported treatment complications include postop-
erative urinary retention (21%), infections (0.8%),
chronic pelvic pain (0.4%) [29].

Virtue (Coloplast) is the latest achievement among
all currently used male slings. It is the hybrid
of previously described sling methods. It consists
of 5.5 x 7 cm suburethral propylene mesh sling,
and four arms. There are two transobturator and
two pre-pubic arms [30]. The Virtue system covers
relatively large surface of the urethra and addition-
ally moves it proximally. In the studies with mini-
mum 12-month follow-up the objective improvement
of urinary incontinence evaluated with 24-hour pad
weight test with more than 50% reduction of symp-
toms was achieved in 79.2% of patients [30].

ProACT System

ProACT (Uromedica) is another treatment option
of MSUI, which has been in use since 2001. It con-
sists of two adjustable silicone elastomer implants,
similar to those used in artificial urinary sphinc-

ters (AMS 800, ZSI 375). Each device contains two
balloons attached to a titanium port. The balloons
are placed periurethrally at the bladder neck just
proximal to the external sphincter [31]. Adjustment
of balloon pressure can be facilitated via percutane-
ous injection. The efficacy of this treatment, mea-
sured as usage of 0-1 pads daily, has been reported
as high as 67%. This, however, often requires balloon
pressure re-adjustment. The most commonly occur-
ring complications of this method include urethral
erosions, infections or balloon malpositioning requir-
ing device explantation in up to 18% of cases [31].

Artificial urinary sphincters
AMS 800

The AMS 800 (American Medical Systems, USA)
is the most renowned artificial urinary sphincter,
which has been implanted to almost 150,000 patients
during last 40 years. Scott, Bradley and Timm were
the first to perform the artificial urinary sphinc-
ter implantation in 1972 [32]. It consists of three
components: one is a circular cuff placed around
the urethra, second is a pump-valve piece within
in the scrotum and the third is a small fluid filled bal-
loon. The entire system is internally connected via
silicone catheters and filled with isotonic solution as-
certaining that no air bubbles are present. The cuff
is typically being placed around the urethral bulb
or the bladder neck. The cuff size is selected based
on the intraoperatively measured urethral diameter.
The pump-valve is placed in the most convenient
position within the scrotum allowing for device self-
re-adjustment if required. The fluid filled container
sits in the abdominal wall, peritoneal cavity, or space
of Rezius nearby the bladder. The operative time can
range between 40 and 90 minutes [33, 34].

Artificial urinary sphincter implantation is the
gold standard treatment of stress urinary incon-
tinence due to the internal sphincter dysfunction
(ISD) following radical prostatectomy [2, 3, 8, 33,
34]. Although the procedure itself has been well
standardised, and the latest released AMS 800 rep-
resents the sixth device generation, the operative
risk with both early and late complications remains
high. Infection at the site of the incision further
leading to device removal is one of the most com-
monly reported. It typically occurs in 1.8% to 10%
of all cases [34]. The risk can be even greater if pre-
disposing factors such as diabetes mellitus co-exist.
Artificial urinary sphincter cuff erosion is another
serious treatment complication [33, 34]. It can de-
velop on average 20 months after the surgery [33].
The risk has been reported as 9% [33, 34]. The de-
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Table 2. Outcomes, complications, advantages and disadvantages of different procedures used in surgical treatment of stress
urinary incontinence in men

1-year

3-year

5-year

10-year

Technique  success successrate successrate success I\F/Iae”cuhraen(l;a;I Complications (%) Expla;;t)anon Advantages Disadvantages
rate (%) (%) (%) rate (%) ° °
Low effectiveness
Bulkin Minimally Repeat injection often needed
3 entsg 12-69 - - - - TUR:3 - invasive Local inflammation
8 technique Limited to mild urinary
. _incontinence only
Stern cell Minimally Short follow-up
thera 65 - - - - UTI:25 - invasive Small sample size and number
Py . _technique _of studies available
Infection:2-15 :
. Relatively easy . . .
Erosion:0-3 implantation Perineal pain commonly occurring
BAMS 16-87 - - - - Perineal pain:76 0-17 P . Low effectiveness in many
Well established .
De novo urgency/ technique studies
OAB:0-14
Infection :3-8 Relatively eas
Erosion:12 im Iantayﬁon v Tape tension readjustment
Argus 17-79 2.1years: 69 - - - Persistent 15-35 P . often required
; . Well established : . )
perineal pain: 15 - Perineal pain commonly occurring
TUR8 technique
' ) Relatively easy ) )
. L : . Tape tension readjustment often
Reemex 42-83 32months: _ _ _ Infec_t'lo.n.Z 6 |mp|antat‘|qn required
64 Erosion:4 Well established ; . .
- Perineal pain commonly occurring
) _technique )
Infection- 0.6-0.8 Relatively eas
39months: Chronic perineal im Ianta\{'ion v
AdVance 9-56 60 - - - pain:0.4-10 0.6-0.9 Wepll established High rates of urinary retention
3.9years: 42 TUR:9-21 technique
, “Mild dysuria:14 , 4
79.2 -rlw—gecraes;vsere
—reduc- ) Short follow-up
) ) of prolonged Relatively easy )
Virtue tion - - - - . - . . Small sample size and number
retention implantation . ;
of symp- and no severe of studies available
toms
) _adverse events. )
Short follow-up
. . . Pressure Repeat balloon pressure
ProACT 35-71 20mé37nths. SGmé)gthsA - :;r]rzascigghgl 3 8-58 adjustment re-adjustment often needed
’ within the circuit Mild to moderate urinary
. _incontinence patients preferable
Long history
Infection:2-10 Stnrct):e ;zadrket Complex multipart design
AMS Erosion:2-17 reliab%e data Expensive
800 82-95 69-81 59-85 73 8-45 Urethral 4-47 Hi ) Complex implantation technique
. ighly effective ) }
™ atrophy:22 Relatively high rate of adverse
" Dual cuff system
TUR:1-32 - events
Contrast medium
_within the circuit
Simplified one-piece
device £ )
Relatively easy Xpensive
Infection:5-8 imolantation Relatively high rate of adverse
z51375 73-94.2 - - - - o 11 b events
Erosion:2-11 Cuff pressure .
! Sparse reliable data
readjustment ; )
g Studies with short follow-up only
possible post-op
_Highly effective
Easy implantation
Low risk of urethral
erosion
L Low rate Expensive
ELc::vLj_re 89-97 - - - 15 IEnrfscitgg.ndB 22-28 of technical issues  Sparse reliable data
’ Cuff pressure Studies with short follow-up only
readjustment
possible post-op
_Highly effective
Easy implantation
Low cost
Pressure
_ . _ . Infection :2-10 . readjustment High rate of adverse events
puC 7392 39-79 3.5-89 Erosion:2.3-6.8 46411 Optional High rates of device explantation

self-catheterisa-
tion with no cuff
deflation

S.C — success rate; BAMS — Bone Anchored Male Slings; AMS 800 TM — American Medical System 800 TM, ZSI 375 — Zephyr Surgical Implants 375, PUC — Periurethral
Constrictor; TUR — transient urinary retention; OAB — overactivit. Success has been defined as use of 0 to 1 pads after the procedure
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vice must be explanted should this occur. The next
large group of complications, which is normally in-
dependent of neither the operator nor the patient,
incudes technical issues affecting the sphincter part
of the device. The mean time of these occurring
is roughly 68.9 months postoperatively [33, 34].
The exact fault relates to either specific part mal-
function of the permeability of the entire system.
In spite of all aforementioned treatment draw-
backs, artificial urinary sphincters help to control
urinary incontinence symptoms in 85% to 95%
of patients post radical prostatectomy, who ad-
mit both achieving social continence (1 pad/day),
as well as, quality of life improvement [33, 34]. Com-
parison of outcomes, complications, advantages and
disadvantages of AMS 800 versus other devices and
methods used for surgical treatment of stress uri-
nary incontinence in men is presented in Table 2.

ZSI 375 artificial urinary sphincter

In 2007, Swiss brand ZEPHYR Surgical Implants
(Geneva, Switzerland) patented their own artifi-
cial urinary sphincter — ZSI 375. Compared to AMS
800 this product significantly differs in terms of
its design. The two-part device composition (cuff
and pump connected via kink-resistant tubing)
eased off the ZSI 375 implantation process in terms
of technical difficulty, as well as, operative time
compared to AMS 800. As there is no third part
of device which otherwise would be left in the ob-
turator fossa, the risk of damage to either the blad-
der or to the intestine is minimised. Although it is
a one-piece implant it still requires filling in with
saline solution and ascertaining that no air was left
within the circuit. It is hugely advantageous that
cuff pressure can be postoperatively adjusted by re-
filling the amount of solution present within the cir-
cuit. This can be achieved percutaneously through
the scrotal skin. The device is usually activated
6 to 8 weeks post-op. This method remains effective
at one year following implantation in 79% of cases
(0-1 pad/day) [35]. Infection at the site of incision
is one of the most commonly reported complica-
tions. According to Staerman et al. [35] the fre-
quency is 8.3%. Urethral erosion is also among the
most significant complications of this technique
necessitating device re-implantation (rate: 11.1%).
The erosion results from local ischaemia caused
by the cuff pressure. It appears to be more prevalent
among patients after radiation therapy. The cuff
pressure is typically between 60 and 80 cm H,0, oc-
casionally, however, is can be as high as 90-100 cm
H,O. At times the device can be faulty or damaged,
which occurs approximately in 8-45% cases [35].

FlowSecure artificial urinary sphincter

The FlowSecure (RBM, UK.) artificial urinary
sphincter is a new prosthesis for the management
of urinary incontinence due to the intrinsic urethral
sphincter deficiency. It has been designed and devel-
oped by Professors Craggs M. D. and Mundy A. R.
from Great Britain in 2006 [36]. This sphincter
is filled with saline, therefore both ultrasound scan
and, in some cases, MRI are adequate radiograph-
ic techniques for its evaluation [36, 37]. Similarly
to the ZSI 375 this is a one-piece device composed
of two fluid-filled reservoirs, sphincter cuff and
pump. The reservoirs are placed in the paravesi-
cal space, a cuff surrounds the urethral bulb and
a control pump with a self-sealant port is placed
in patient's scrotum. Montes et al. presented 9 cases
of men with stress incontinence due to radical pros-
tatectomy treated with FlowSecure artificial uri-
nary sphincter [36]. The patients were followed for
the minimum period of 12 months. In two patients
devices had to be removed for technical reasons.
Excellent results were obtained in the remainder
of cases. In another study by Rodriguez et al. 100
patients with stress urinary incontinence of various
aetiologies were looked at [37]. The implantation
period was ranging between 38 and 47 minutes. The
mean hospital stay was 4.3 days. Overall, socially
satisfactory continence was achieved in 89 patients
(1 pad/day). The adverse events reported were: early
infections (8%), late infections secondary to pres-
surization procedures (5%), perforation of the pump
at pressurization (9%), other mechanical failures
(6%). No erosions were noted, however, the FlowSe-
cure implants had to be removed in 28 men [37].

Periurethral Constrictor

The Periurethral Constrictor (PUC) (Silimed, Bra-
zil) urethral sphincter was first introduced in 1996
by Dr. Fabio Vilar for the treatment of urinary incon-
tinence caused by the external urethral sphincter de-
ficiency in children. These are also one-piece devices
consisting of two integral components. The sphinc-
ter cuff is permanently connected with an injection
port via 20 cm long silicone tubing. The puncturing
port is implanted subcutaneously at the iliac fossa.
The device is activated 6 to 8 weeks after implanta-
tion. The mechanism of action of the PUC is based
on the hydrostatic pressure effect induced by the
saline solution within the cuff on the urethral bulb.
The reported efficacy of PUC in post prostatectomy
MSUI was 86% after one year of follow-up and 73.3%
after 42 months [38, 39]. However, the frequency
of the PUC explantation due to complications (ero-
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sion, infection) can be as high as 41.07% [40]. Despite
all the limitations PUC has also some advantages.
These are low cost, simple and easy to install design,
easy cuff pressure self-adjustment mechanism.

CONCLUSIONS

Despite improvements in surgical techniques stress
urinary incontinence in men after operative treat-
ment of prostate diseases is relatively common.
If noninvasive management fails, surgical treatment
is a recommended option. AUS remains the gold
standard for management of MSUI as it has the best
short-, intermediate- and long-term outcomes. How-
ever, new minimally invasive procedures, such as the
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