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Abstract

Purpose Prospective evaluation of independent risk fac-

tors for failure of the retrourethral transobturator sling

suspension (RTS) with special attention on sphincter

function and surgical technique.

Methods A total of 189 patients with postprostatectomy

stress urinary incontinence (SUI) were treated with RTS

(AdVance� sling) in a prospective clinical study with a

mean follow-up of 20.8 months. Eleven patients were lost

to follow-up. Uni- and multivariate analyses were per-

formed to identify independent risk factors for RTS failure.

The success rate was defined as cured (no pad use or one

dry ‘security’ pad) or improved (one to two pads and pad

reduction C50%).

Results At a mean follow-up of 20.8 months, the overall

success rate was 73.1%. Multivariate analysis revealed that

weak residual function and incomplete closure of the

sphincter (OR, 29.0), no elongation of the coaptive

sphincter zone (OR, 26.9), no sling tunnelling (OR, 22.6)

and use of resorbable sutures with a small number (B4) of

stitches (OR, 8.4) are significant predictors for RTS failure.

Conclusions Preoperative selection of the patients with

regard to residual sphincter function and a special attention

on better sling fixation may increase RTS efficacy.

Keywords Male sling failure � Risk factors for sling

failure � Functional sling suspension � Postprostatectomy

incontinence � Retrourethral transobturator sling �
Advance sling

Abbreviations

RTS Retrourethral transobturator sling

SUI Postprostatectomy stress urinary incontinence

AR Adjuvant pelvic radiotherapy

PVR Postvoid residual urine

EUS External urethral sphincter

AUR Acute postoperative urinary retention

ROC Receiver operating characteristic

AUC Area under the receiver operating characteristic

curve

Introduction

In recent years, several minimally invasive slings for

treatment of postprostatectomy stress urinary incontinence

(SUI) were introduced. The retrourethral transobturator

sling suspension (RTS), (AdVance�, American Medical

Systems, Minnetonka, USA), was introduced in 2006

[1–3]. RTS failure occurs in 20–45.5% [4–7]. Several

factors are accused to have a negative impact on sling

efficacy: e.g. continence status [5, 6, 8], pelvic irradiation,

adjuvant pelvic radiotherapy (AR) and previous urethral

stricture surgery [6, 8, 9], previous invasive incontinence

therapy, residual sphincter function and surgical technique
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of RTS placement [1, 3, 5]. However, they have not been

clearly evaluated.

Detailed knowledge of predictors for RTS failure could

optimize counselling of patients considering RTS proce-

dure and improve clinical outcome.

The aim of this study was to identify independent risk

factors for RTS failure.

Patients and methods

Between February 2006 and December 2009, 189 consec-

utive patients with SUI who underwent RTS were evalu-

ated in a prospective, sequential clinical study. Eleven

patients were excluded from the analysis due to lost to

follow-up. A detailed description of inclusion and exclu-

sion criteria can be found elsewhere [5].

All patients completed appropriate consented forms.

Data were collected according to the database approved by

the local institutional review board.

Patients were evaluated by two independent investiga-

tors who did not perform RTS implantations.

Preoperatively, demographics, comprehensive medical

history, history of AR, surgery for urethral or bladder neck

stenosis, previous incontinence therapy, uroflowmetry,

postvoid residual urine (PVR), daily pad use, 1-h pad test,

urodynamics and urethroscopy were performed. The

impact of SUI on quality of life was assessed by ques-

tionnaires (Incontinence Quality of Life Scale (I-QOL) and

Incontinence Questionnaire-Urinary Incontinence Short

Form (ICIQ-UI SF)).

Residual sphincter function, coaptive response, closure

of EUS and coaptive sphincter zone [3, 10] were eval-

uated by the ‘repositioning test’ [5, 11]. The closure of

the sphincter was assessed as incomplete if the lumen of

the membranous urethra was not completely occluded

during manual midperineal repositioning. The elongation

of the coaptive sphincter zone is described as increase in

the functional lengths of the urethra due to coaptive

response of the sphincter during manual midperineal

repositioning and additional active sphincter closure. The

sphincter with still-remaining good residual sphincter

function showed autonomous voluntary contractions in

concentric manner with duration for at least a few

seconds.

The ICS classification [12, 13] was used for the evalu-

ation of incontinence severity. To assess the influence of

severe incontinence on RTS, outcome patients with mild

incontinence (1–2 pads) were opposed to them with mod-

erate (3–5 pads) and severe incontinence ([5 pads).

RTS implantation was performed according to the

previously described surgical technique [1, 5, 14] by two

high-experienced and two less experienced surgeons (\25

procedures). For better sling fixation, the sling was fixed to

the urethral bulb with at least four stitches of nonresorbable

sutures along the midline beginning at the middle part of

the sling instead of using long-term resorbable sutures at

the distal border and the middle part of the sling. In

addition, the sling arms were tunnelled subcutaneously to

ensure better early grip and to prevent early postoperative

sling slippage (Fig. 2).

Postoperatively, urethral catheter was removed routinely

on day 2 or 3. Patients with acute urinary retention (AUR)

(PVR [ 150 ml) were re-catheterized. In all cases, catheter

was removed without further treatment within 12 weeks

(PVR B 50 ml).

Postoperatively, patients were scheduled at 4 weeks, 3

and 6 months as well as every 6 months thereafter. At

follow-up visits, evaluation of daily pad use, 1-h pad test,

PVR, uroflowmetry, I-QOL and ICIQ-UI SF questionnaires

were performed. Patients who were not able to come to the

hospital were all followed by using standardized ques-

tionnaires which were sent to them by mail.

The success rate was defined as cured (no pad use or one

dry ‘‘security’’ pad) or improved (1–2 pads and pad

reduction C50%) [5]. All other cases were defined as a

failure.

The SPSS� statistical software for Windows (v. 17.0,

SPSS Inc., Chicago, IL, USA) was used for data analysis.

The Mann–Whitney and Chi-square tests were performed

to compare the success and failure groups by demographic,

clinical, surgical and follow-up variables. Statistically

significant independent variables of the univariate analysis

were included for multivariate assessment by bivariate

logistic regression. For entering and removing of explan-

atory variable, the significance level was considered\0.05

and \0.10, respectively. The goodness of fit of the final

model was assessed using the Hosmer–Lemeshow test. The

ability of the final model to predict the risk of RTS failure

was assessed using probabilities on the receiver operating

characteristic (ROC) curve.

Results

The overall success rate was 73.1% (133 of 178

patients). The mean follow-up was 20.8 ± 9.8 months

(12–43 months). Pre- and postoperative data are listed in

Table 1.

Between success and failure groups were no significant

differences for age, body mass index, type of prostate

surgery, time interval between prostate surgery and sling

implantation, previous treatment of incontinence, history of

bladder neck stenosis, severity of incontinence, daily pad

use, urine loss in 1-h pad test, maximal flow rate, type of

anaesthesia, AUR and hospitalization time.
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Table 1 Comparison of patient characteristics between success and failure groups

Success (n = 133) Failure (n = 45) P value

Preoperative data

Mean age ± SD (years) 70 ± 6.2 69 ± 6.7 0.762

Mean ± SD body mass index (kg/m2) 28.8 ± 15.9 27.7 ± 3.1 0.768

No. of prostate surgery (%)

Retropubic RP 122 (92) 43 (96) 0.394

TURP 8 (6) 2 (4)

TURP & HIFU 2 (1.5) 0

Adenomectomy 1 (0.5) 0

Mean ± SD time interval between prostatic surgery

and sling implantation (months)

45.8 ± 40.1 44.9 ± 36 0.822

No. of adjuvant radiotherapy after RP (%) 16 (12) 11 (24.4) 0.032

No. of previous treatment of incontinence (%)

Bulking agents 6 (13.3) 19 (14.3) 0.225

Stem cells 11 (8.3) 1 (2.2) 0.134*

Duloxetine 30 (22.6) 13 (28.9) 0.321

Pelvic floor exercises 97(72.9) 34(75.6) 0.912

Other sling 1 (0.8) 2 (4.4) 0.153*

Artificial urinary sphincter 4 (3.0) 1 (2.2) 0.799*

No. of bladder neck stenosis (%) 21 (15.8) 6 (13.3) 0.101

No. of activity of external urinary sphincter (EUS) (%)

Weak EUS function 24 (18.0) 24 (53.3) 0.001

Incomplete EUS closure 19 (14.3) 20 (44.4) 0.001

Weak EUS function & incomplete EUS closure 15 (11.3) 29 (64.4) 0.001

No elongation of coaptive EUS zone 29 (21.8) 26 (57.8) 0.001

No. of severity of incontinence (%)

Mild (1–2 pads) 22 (16.5) 2 (4.4) 0.089

Moderate (3–5 pads) 57 (42.9) 25 (55.6)

Severe ([5 pads) 54 (40.6) 18 (40.0)

Mild (1–2 pads) 22 (16.5) 2 (4.4) 0.04

Moderate (3–4 pads) & severe ([5 pads) 111 (83.5) 43 (95.6)

ICS grade 1 9 (6.8) 1 (2.2) 0.459

ICS grade 2 15 (11.3) 3 (6.7)

ICS grade 3 39 (29.3) 13 (28.9)

ICS grade 4 69 (51.9) 28 (62.2)

Mean ± SD no. of pads/day 5.10 ± 2.88 6.32 ± 4.27 0.105

Mean ± SD 1 h pad test (g) 170.6 ± 170.5 170.7 ± 139.3 0.276

Mean ± SD Qmax (ml/s) 23.8 ± 12.4 20.6 ± 11.5 0.217

Intraoperative data

No. of type of anaesthesia (%)

General 32 (24.1) 17 (37.8) 0.122

Spinal 78 (58.6) 23 (51.1)

Suture materials

No. of nonresorbable (%) 56 (42.1) 6 (13.3) 0.001

Mean ± SD sutures stitches 3.3 ± 1.3 2.7 ± 1.1 0.016

No. of nonresorbable and C4 stitches 76 (57.1) 5 (11.1) 0.002

Experience of the surgeon

No. of learning curve \25 slings (%) 22 (16.5) 19 (42.2) 0.001

No. of sling tunnelling (%) 104 (78.2) 20 (44.4) 0.001
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Preoperative severity of incontinence had no influence

on success (P = 0.089). However, grouping them in mild

(1–2 pads) versus moderate (3–5 pads) and severe ([5

pads) incontinence groups revealed significant difference

between success and failure groups (P = 0.04).

AR, moderate and severe incontinence, weak EUS

function, no elongation of the coaptive zone and incom-

plete closure of EUS were found to be significant preop-

erative risk factors for failure by univariate analysis.

In the univariate assessment, using nonresorbable sutures,

more stitches, surgeon’s experience ([25 RTS), sling tun-

nelling and a combination of nonresorbable sutures with at

least four stitches had a significant influence on success rate.

AUR was observed in 20% (27 of 133 patients) in the

success group and in 9% (4 of 45 patients) in the failure

group. However, this difference was not significant

(P = 0.083).

Significant changes in urine loss (1-h pad test:

169.3 ± 162.4 vs. 21.3 ± 59.2, P \ 0.001 and daily pad

use: 5.4 ± 3.3 vs. 1.7 ± 2.4, P \ 0.001) were observed.

ICIQ-UI SF score decreased (16.6 ± 3.8 vs. 9.5 ± 8.9,

P \ 0.001) and I-QOL score increased significantly

(54.6 ± 18.1 vs. 81.1 ± 23.6, P \ 0.001).

The results of multivariate analysis are presented in

Table 2. Although AUR had no significant influence on

success in univariate analysis, it has been included in the

logistic regression model due to its importance. A few vari-

ables such as sutures materials and number of stitches as well

as EUS function and closure were grouped as one variable to

increase the number of observations and to give a reliable

estimation. Based on the outcome from the logistic regression

analysis, use of resorbable sutures and small number of stit-

ches (\ 4 stitches), no sling tunnelling, weak function and

incomplete closure of EUS as well as no elongation of the

coaptive sphincter zone were identified to be significant

independent risk factors for RTS failure (Table 2).

The ROC curve was generated using computed proba-

bilities from the final model to estimate its power in pre-

dicting RTS failure (Fig. 1). The ROC area (AUC) was

0.96 (95% CI, 0.93–0.99).

Discussion

Reported RTS failure rates are between 9.3% and 45.5%

[3–8, 15]. A history of AR has been assumed to be risk

factor for failure in a few studies [3, 8, 11, 16]. Type of

prostate surgery, a history of urethral surgery due to

bladder neck stenosis or urethral stricture, previously

Table 2 Multivariate analysis—independent risk factors for RTS

failure

Variable P value OR 95% CI

Adjuvant radiotherapy after RP

No irradiation* 0.315 0.3 0.06–2.46

Irradiation

Preoperative severity of incontinence

Mild (1–2 pads)* 0.241 0.2 0.01–3.04

Moderate (3–5 pads) & severe

([5 pads)

Sutures materials and number of stitches

Resorbable & \4 stitches* 0.037 8.4 1.13–63.28

Nonresorbable & C4 stitches

Experience of the surgeon

Learning curve \25 slings* 0.176 0.2 0.02–1.98

Learning curve C25 slings

Use of the sling tunnelling

No sling tunnelling* 0.007 22.6 2.35–216.99

Sling tunnelling

EUS function and closure

Weak function & incomplete closure* 0.001 29.0 4.34–194.69

Strong function & complete closure

Ability of elongation of coaptive EUS zone

No elongation* 0.002 26.9 3.26–223.12

Elongation

Postoperative acute urinary retention (AUR)

No AUR* 0.253 4.1 0.35–49.14

AUR

RTS retrourethral transobturator sling suspension, RP radical prosta-

tectomy, EUS external urinary sphincter

* Reference outcome

Table 1 continued

Success (n = 133) Failure (n = 45) P value

Postoperative data

Mean ± SD Qmax (ml/s) postoperatively 18.6 ± 8.5 20.5 ± 10.5 0.323

No. of postoperative acute urinary retention (%) 27 (20.3) 4 (8.9) 0.083

Mean ± SD hospitalization time (days) 4.7 ± 0.6 4.7 ± 0.6 0.973

Mean ± SD follow-up (months) 23.5 ± 8.3 12.9 ± 9.8 0.001

No number, SD standard deviation, RP radical prostatectomy, TURP transurethral resection of the prostate, HIFU high-intensity focused

ultrasound, ICS International Continence Society

* Fisher exact test
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invasive incontinence treatment and a short learning curve

have been discussed to affect RTS outcome. Selection of

patients with only mild and moderate SUI [5–9] and urine

loss\200 g in the 24-h pad test [8] may increase the RTS

efficacy. Considering the underlying mechanism of RTS

action, coaptive response, sufficient residual function and

closure of EUS are assumed to be important predictors for

success [1, 3, 10, 15].

However, studies concerning evaluation of independent

risk factors for RTS failure are lacking.

In this study, we prospectively evaluated RTS outcome

in a large group of patients (n = 178) with special focus on

sphincter function and surgical technique to identify inde-

pendent risk factors for failure.

On multivariate logistic regression analysis, resorbable

sutures and small number of stitches (\4 stitches), no sling

tunnelling, weak function and incomplete closure of EUS

as well as no elongation of the coaptive sphincter zone are

independent risk factors predicting RTS failure. The

logistic regression model shows excellent discriminative

ability in prediction of probabilities for RTS failure. The

AUC value allows prediction of RTS failure in 96% of all

cases.

At follow-up visits, several patients reported physical

activity in the first 6 weeks followed by SUI recurrence. In

these cases, RTS may be caused by sling slippage.

Therefore, high rates of RTS failure at short-term follow-

up [4, 7] may be associated with early postoperative

physical activity resulting in sling slippage [2, 14, 17].

Based on this knowledge, we improved the surgical tech-

nique with special focus on better sling fixation using

nonresorbable sutures instead of resorbable sutures with at

least four stitches [14]. In addition, the technique of sling

tunnelling was introduced as shown in Fig. 2 [5]. In the

presented study, we were able to confirm that sling tun-

nelling and using nonresorbable sutures with at least four

stitches are independent predictors for success.

In addition, our data suggest that careful preoperative

patient selection should be performed with special attention

to sufficient residual EUS function and coaptive response,

complete closure and ability for elongation of the coaptive

sphincter zone. These data support recent discussion [1–3,

10].

Recently reported [8] association of previous surgery for

urethral stenosis with RTS failure is not confirmed by our

data. It could be explained by superior importance of the

ability for complete closure and elongation of the coaptive

sphincter zone for outcome. For this subgroup, further

studies are needed.

In the univariate analysis, severity of incontinence,

experience of the surgeon and AR showed a significant

negative impact on success rate. However, there was no

significance by logistic regression analysis. Impact of

incontinence severity was found to be significant in a few

studies [6–8], whereas no correlation was identified in

other publications [4, 5]. Additionally, RTS outcome

affected by AR was suggested [4–6, 8]. The number of

patients in most of these studies was too small to show

significant difference. Our group [16] reported about a

lower success rate in patients with AR by univariate

analysis. The present data indicate that patients with suf-

ficient residual sphincter function and coaptive sphincter

zone can benefit from RTS placement.

In contrast to univariate assessment, experience of the

surgeon is found not to be predictive for failure by multi-

variate analysis. One explanation may be that the surgical

technique itself and the EUS function appear to be superior

Fig. 1 Receiver operating characteristic (ROC) curve for prediction

of RTS failure

Fig. 2 Subcutaneous tunneling of the sling arms for better fixation
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in prediction of RTS failure. In addition, the less experi-

enced surgeons performed sling implantation together with

a high-experienced surgeon.

AUR had no influence on RTS outcome in uni- and

multivariate analyses. These data support previously

reported results [1, 2, 5, 11].

Limitations of the study are empirical information about

postoperative patient’s physical activity, possible overes-

timation of ability of the model to predict RTS failure

using original sample, unique data of only one centre, small

number of observations in categories of some variables and

qualitative evaluation of sphincter function.

Conclusion

Preoperative assessment of sphincter function, coaptive

response, closure and elongation of the coaptive sphincter

zone, a focus on better sling fixation using sling tunnelling

and nonresorbable sutures with at least four stitches may

increase the efficacy of RTS outcome. Patients with

incomplete closure and low function of the external ure-

thral sphincter as well as missing elongation of the coaptive

sphincter zone are at risk for worse RTS outcome.
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