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Abstract

Context: Controversy still exists regarding the balance of benefits and harms for the
different surgical options for neurogenic stress urinary incontinence (N-SUI).
Objective: To identify which surgical option for N-SUI offers the highest cure rate and
best safety without compromising urinary tract function and bladder management.
Evidence acquisition: A systematic review was performed under the auspices of the
European Association of Urology Guidelines Office and the European Association of
Urology Neuro-Urology Guidelines Panel according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement.
Evidence synthesis: A total of 32 studies were included. Overall, 852 neurourological
patients were surgically treated for N-SUI. The treatment offered most often (13/32
studies) was an artificial urinary sphincter (AUS; 49%, 416/852) and was associated with a
need for reintervention in one-third of patients. More than 200 surgical revisions were
described. Overall, 146/852 patients (17%) received concomitant bladder augmentation,
mainly during placement of an AUS (42%, 62/146) or autologous sling (34% of women and
14% of men). Following pubovaginal sling placement, dryness was achieved in 83% of
cases. A significant improvement in N-SUI was observed in 87% (82/94) of women
following placement of a synthetic midurethral sling. Efficacy after insertion of an
adjustable continence therapy device (ACT 40%, proACT 60%) was reported for 38/128
cases (30%). The cure rate for bulking agents was 35% (9/25) according to 2/32 studies,
mainly among men (90%). The risk of bias was highly relevant. Baseline and postopera-
tive cystometry were missing in 13 and 28 studies, respectively.
Conclusions: The evidence is mainly reported in retrospective studies. More than one
intervention is often required to achieve continence because of coexisting neurogenic
detrusor overactivity, low compliance, or the onset of complications in the medium and
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long term. Urodynamic data are needed to better clarify the success of N-SUI treatment
with the different techniques.
Patient summary: Our review shows that insertion of an artificial urinary sphincter for
urinary incontinence is effective but is highly associated with a need for repeat surgery.
Other surgical options may have lower continence rates or a risk of requiring intermit-
tent catheterization, which patients should be informed about before deciding on
surgery for their incontinence.

© 2021 European Association of Urology. Published by Elsevier B.V. All rights
reserved.
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1. Introduction

Neurogenic stress urinary incontinence (N-SUI) is often due to
sphincter underactivity, and/or pelvic floor weakness with or
without a concomitant open bladder neck. Despite the wide
range of surgical options for adult SUI treatment, no real con-
sensus has been reached regarding the optimal treatment in
neurourological patients [1,2]. One reason might be the often
concomitant presence of severe storage neurological lower
urinary tract dysfunction (N-LUTD) such as neurogenic detrusor
overactivity (NDO) and lower compliance, which may nega-
tively impact the success of any continence procedure and the
incidence of complications [3,4]. Furthermore, N-SUI surgery
may result in difficulty with intermittent catheterization (IC)
because of changes in the urethral anatomy. In a previous
systematic review on N-SUI, no data regarding urodynamics
or changes in bladder management (eg, interruption of IC regi-
men) were reported [1]. These results are considered of signifi-
cant importance for the safety of the upper urinary tract during
long-term follow-up in N-LUTD [5]. This information is impor-
tant for patient counseling and to prevent iatrogenic harm.

The aim of this systematic review was to determine
which interventions for N-SUI offer the greatest clinical
effectiveness and best safety profile without compromising
bladder function and management during follow-up.

2. Evidence acquisition

2.1. Study selection

Only neurourological adult patients as defined in the European
Association of Urology (EAU) guidelines on neurourology [4],
surgically treated for clinical and/or urodynamically proven N-
SUI, were considered. No restrictions on treatment type or
length of follow-up were applied (ie, minimally invasive or
major surgery, single or multiple interventions). Mixed popu-
lations (patients with neurological and non-neurological SUI)
were included if the eligible population accounted for �90% of
the cohort, or if data for them were reported separately. Case
reports or studies including fewer than ten patients, confer-
ence abstracts, reviews, and/or conference proceedings were
excluded. In the case of overlapping studies, only the report
with the most comprehensive information or the largest pop-
ulation was included.

2.2. Data extraction

The primary outcome was the rate of complete continence,
dryness, or any other definition of N-SUI cure as defined by
Please cite this article in press as: Musco S, et al. Efficacy and 
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authors and measured at any time during follow-up. Any
changes observed on urodynamics, a bladder diary (mean
bladder capacity, number of daily incontinence episodes),
pad tests (number of pad changes per day, volume or weight
of leakage per day or per hour), and/or any patient-reported
outcome measures (PROMs) used for N-SUI or quality of life
(QoL; ie, general health status or condition-specific ques-
tionnaires) were considered as secondary outcomes. Uro-
dynamic parameters assessed were: abdominal leak point
pressure (cough or Valsalva maneuver), urethral pressure
profile, and any other urodynamic parameters to measure
N-SUI (as defined by the authors); NDO (worsening of pre-
existing NDO or new-onset NDO), measured as the maxi-
mum storage detrusor pressure (Pdet) at involuntary con-
traction, or onset of first detrusor overactivity; any change
in cystometric capacity; reduced bladder compliance
(worsening of pre-existing or new onset); and detrusor leak
point pressure (DLPP). Difficulty performing IC after surgery
(eg, need for a transurethral or suprapubic indwelling cath-
eter), an increase in the number or a de novo requirement
for IC sessions, and new-onset or worsening autonomic
dysreflexia were considered as tertiary outcomes. Data
for any other adverse events reported by the authors were
also collected.

2.3. Literature searches

In 2016, a systematic review evaluating papers on surgical
outcomes for available current treatment options for N-SUI
for both female and male patients was published, which
included manuscripts from 1990 to 2013 [1]. An updated
systematic literature search was performed on May 29,
2020 in MEDLINE, EMBASE, and the Cochrane Library using
search terms defined using the Population, Interventions,
Comparisons, Outcomes, and Study design (PICOS)
approach. The following PICO was formulated: “What is
the most effective and safest surgical treatment for stress
urinary incontinence in neurourological patients?” The
search strategy is listed in the Supplementary material.
No restrictions were placed on time or the language of
publications. Cited references of all studies included and
any relevant review articles were also searched. The sys-
tematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [6].

Following deduplication, two review authors (S.M. and
H.E.) independently screened the titles and abstracts of
records identified for their eligibility. The full text of all
potentially eligible records was retrieved and screened
Safety of Surgical Treatments for Neurogenic Stress Urinary
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Table 1 – Baseline characteristics for studies on artificial urinary sphincters

Study LE FU (mo) N-SUI
patients, n (%) a

Women
Men

Mean
age (yr)

Underlying neurological condition Bladder management at baseline Concomitant
NDO or LC

Concomitant
Tx for NDO/LC

Light 1983 [17] 4 27.6 49 7 W 34.6 49 SCI 26 condom, 7 IC, 7 UIC, 1 SPC,
5 Credè, 3 previous
device, 1 diapers

20 NDO, 6 LC 26 antimuscarinic

42 M
Fulford 1997 [16] 4 120 34 (56) 9 W 26 b Mainly congenital – – 5 enterocystoplasty

25 M
Mor 2004 [14] 4 115 11 (92) 11 M 29 8 SCI, 2 SB 11 IC 11 NDO/LC 11 ileal cystoplasty
Ramsay 2007 [18] 4 – 11 (29) 11 M 57 6 SB, 2 SCI, 1 scoliosis, 1

sacral agenesis, 1 meningitis
– – 7 ileal and 2 cecum BA

Lai 2007 [12] 4 28.5 11 (5) 11 M 67.3 – – – –

Bersch 2009 [19] 3 95.9 51 14 W 38.7 41 SCI, 8 SB 10 Brindley, 5 Credè,
6 UIC, 30 IC

– –

37 M
Castro-Diaz 1997 [20] 4 39.8 16 (46) – 44.6 – – – 10 BA
Phé 2017 [13] 4 7.5 b 26 26 W 49.2 b 23 SCI, 3 SB 19 IC, 7 SV 16 NDO –

Costa 2013 [21] 3 115.2 54 (15) 54 W 57.2 c 29 SB, 23 SCI, 1 pelvic
irradiation, 1 undefined

– – 7 BA

Guillot-Tantay 2018 [22] 4 219.6 b 14 14 M 27.3 10 SB, 4 SCI 4 IC, 10 SV – 9 BA
Chartier-Kastler 2011 [23] 4 83 51 51 M 35 16 SB, 35 SCI 29 IC, 21 SV, 1 UIC – 11 BA
Khene 2018 [24] 3 65 SB –

Bulbar 252 b 38 38 M 23 25 SV, 13 IC 5 NDO, 9 LC
Bladder neck 192 b 27 27 M 19 10 SV, 17 IC 7 NDO, 10 LC

Tricard 2021 [25] 4 135.6 b 23 23 W 54 12 peripheral neuropathy,
6 SCI, 1 PD, 2 SB, 1 CVD, 1 meningitis

5 NDO –

LE = level of evidence; FU = follow-up; N-SIU = neurogenic stress urinary incontinence; SCI = spinal cord injury; SB = spina bifida; CVD = cerebrovascular disease; PD = Parkinson’s disease; IC = intermittent catheter; SPC =
suprapubic catheter; UIC = urethral indwelling catheter; SV = spontaneous voiding; NDO = neurogenic detrusor overactivity; LC = low compliance; Tx = treatment; BA = bladder augmentation.
a Percentage only given for data extracted from a mixed population.
b Median.
c Data extracted for the entire population.
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using a standardized form, linking together multiple
records for the same study in the process. Study character-
istics were extracted by one review author, and the second
review author checked the data extraction for accuracy. Any
disagreements were resolved via discussion or by consult-
ing a third review author (L.’ t.H.). A standardized data
extraction form was developed and piloted before its use.
In cases of any incompletely reported data, the study
authors were contacted. The protocol is available on PROS-
PERO (CRD42019150896; https://www.crd.york.ac.uk/
prospero).

2.4. Data synthesis

Outcomes were extracted from the studies included and are
reported as numbers or percentages. For studies with multi-
ple publications, only the most up-to-date or complete data
for each outcome were utilized. Quantitative synthesis was
not undertaken for nonrandomized studies. A priori, a fixed-
effects model was constructed to calculate pooled estimates
of the treatment effect across similar studies and their 95%
confidence intervals. If clinical or methodological heteroge-
neity was expected, then a random-effects model was
planned. If meta-analysis was inappropriate, a narrative syn-
thesis approach was used to summarize the results.

2.5. Risk of bias

An evaluation of the level of evidence, according to the
Oxford Centre for Evidence-Based Medicine 2011 criteria,
was performed for each full text included. A list of the most
important potential confounders for desirable or undesir-
able outcomes was developed a priori with clinical content
experts (EAU Neuro-Urology Guidelines Panel). The poten-
tial confounding factors were: underlying neurological dis-
ease, including ambulatory status; bladder management
before surgery (eg, indwelling or intermittent catheter,
spontaneous micturition); pattern of urodynamic N-LUTD
(eg, N-SUI only vs N-SUI plus NDO); any previous urological
intervention or procedure on the lower urinary tract; gen-
der; number of pregnancies and types of delivery for female
patients; and body mass index (BMI) at the time of surgery.
When possible, authors whose studies presented data in a
format not suitable for analysis were contacted and asked
for any missing figures. When the same sample of patients
was included in more than one study, only the most recent
publication was analyzed. A risk-of-bias summary was con-
ducted using RevMan v.4.2 software (Cochrane Collabora-
tion, Oxford, UK).

3. Evidence synthesis

3.1. Search results

After screening a total of 1065 records, 32 studies published
from 1983 to 2020 (1 prospective and 31 retrospective case
series) were included in the qualitative synthesis [7–
38]. Supplementary Figure 1 shows the PRISMA flow dia-
gram of the literature search and results.
Please cite this article in press as: Musco S, et al. Efficacy and 
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3.2. Study and patient characteristics

Overall, 852 patients surgically treated for N-SUI were
included (Tables 1–6). N-SUI was confirmed by urodynamics
in11/32 studies(35%).Themeanage rangedfrom23to 67.3yr,
and mean follow-up from 7.5 to 120 mo [7,9,11–39].

Cure was defined by the authors as dryness in 8/32
studies (25%) and as complete continence in 7/32 (22%).
Tables 2, 4, and 6 and Supplementary Tables 1 and 2 provide
further definitions.

The most common treatment offered was an artificial
urinary sphincter (AUS; 48%) which was described in 13 of
the studies, including 133 female (33%) and 267 male (67%)
patients [12–14,16–25].

The effectiveness and safety of sling surgery in women
were reported in nine studies, of which four included
patients undergoing autologous sling insertion [30–33]
and three included patients receiving synthetic tape place-
ment [26,28,29], while a further study compared autolo-
gous pubovaginal slings with retropubic synthetic slings
[11]. Results for male autologous slings for N-SUI were
described in two studies [27,34], while four reports related
exclusively to male synthetic slings [7,9,15,35].

Adjustable continence therapy devices (ACT and pro-
ACT) were described in 3/32 studies that included
50 women (39%) and 78 (61%) men [37–39]. Bulking agents
were evaluated in two studies that included 25 patients (3%)
in total, of whom only two were female (8%) [10,36].

3.3. Artificial urinary sphincter

Two out of 13 studies assessed AUS safety and efficacy in
neurourological patients who received an implant before
1982, when the 800-pump mechanism was introduced
[16,17]. Three studies (23%) included only women and six
(46%) included only men receiving an AUS (Tables 1 and 2).
Outcomes were not reported separately in studies that
included both genders. An alternative laparoscopic
approach instead of the open technique was described in
two studies and offered to 7/49 women (14%), for whom
there was one conversion to open surgery because of diffi-
culties with dissection [13,25]. The rate of any other previ-
ous incontinence procedures for female N-SUI ranged
between 33% and 54%.

The cure rate ranged from 22% to 100% in the AUS studies
[18–24]. A total of 62 patients (32%) underwent simultaneous
bladder augmentation in seven studies [13,14,16,18,21–
23]. During follow-up, new-onset or persistent NDO was
observed in 11 patients (8%) in four studies [13,17,20,23]. Eight
patients subsequently required bladder augmentation.

Overall, more than 200 surgical revisions were per-
formed, mainly because of mechanical failures. Erosion of
the AUS system was documented for 33 women (41%) and
19 men (26%) in two and three studies, respectively.

3.4. Female autologous slings

After pubovaginal sling (PVS) placement, complete conti-
nence was achieved in 83% of women over mean follow-up
Safety of Surgical Treatments for Neurogenic Stress Urinary
21), https://doi.org/10.1016/j.euf.2021.08.007
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Table 2 – Results for artificial urinary sphincters

Study Site of AUS implant Cure as defined by
the authors

Cured, n (%) Improvement as
defined by the authors

Improved
without cure, n (%)

Adverse events

Light 1983 [17] – Continence 32 (65) – – 12 infections, 15 mechanical failure,
29 surgical failure; 37 reintervention
in 26 patients (53%)

Fulford 1997 [16] Bulbar (M) Satisfactory, alive with
original or revised AUS

22 (65) Satisfaction, with
original AUS

4 (12) 4 died, 23 revised AUS

Bladder neck (W)
Mor 2004 [14] Bladder neck (81%) Fully continent 8 (72) – – 1 erosion, 1 revision
Ramsay 2007 [18] – Social continence (�1 pad) 11 (100) – – 1 replacement for cuff erosion
Lai 2007 [12] Bulbar (99%) – – Mean change in pads/d

(from 5.7 to 0.13)
– 1 infection, 1 cuff erosion, 1 urethral

atrophy, 4 surgical revisions or
removal, 1 no function at last follow-
up

Bersch 2009 [19] Bladder neck Pad-free and no leakage
during videourodynamics

36 (70) subjective continence 10 (19) 4 (8%) explantation, 18 revisions in
total

Castro-Diaz 1997 [20] – Continence 14 (87) – – 1 revision
Phé 2017 [13] – Pad-free 15 (58) Revision-free 15 (58) 5 (19%) definitive AUS removal,

9 surgical revisions
Costa 2013 [21] Proximal urethra Fully continent 49 (91) Social continence – –

Guillot-Tantay 2018 [22] Bulbar (29%) Fully continent 7 (50) Revision-free 3 (21) 3 (21%) explants, 8 (57%) revised
from 1 to 5 times

Bladder neck (71%)
Chartier-Kastler 2011 [23] Bladder neck Fully continent 30 (59) Moderate incontinence 11 (22) 5 infections, 5 erosions,

13 mechanical failure, 1 urethral
stenosis, 1 fibrosis around the cuff,
3 pump problems (independent of
mechanical problems)

Khene 2018 [24] Fully continent Improved continence
Bulbar 9 (24) 10 (37) 62 reoperations in 35 patients (92%)

pts
Bladder neck 6 (22) 6 (22) 36 reoperations in 25 patients (92%)

Tricard 2021 [25] – Fully continent 16 (70) Improved continence 4 (17) 8 explants (34.8%) in 7 patients
16 revisions (69.6%) in 11 patients

AUS = artificial urethral sphincter.
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Table 3 – Baseline characteristics for studies on sling procedures for females with N-SUI

Study LE Intervention FU (mo) N-SUI
patients (n)

Mean
age (yr)

Underlying neurological
condition

Bladder management
at baseline

Concomitant
NDO/LC

Concomitant or
previous Tx for NDO/LC

Fontaine 1997 [30] 4 Autologous FR PVS 28.6 21 27 9 SB, 3 sacral agenesis,
1 sacral lipoma, 6 SCI,
1 myelitis, 1 vascular
myelopathy

3 UIC, 18 IC 21 LC 21 concomitant ileum
bladder augmentation,
2 AM

Athanasopoulos 2012 [31] 4 Autologous FR PVS 52 33 37 12 SCI, 21 SB - 22 NDO 7 AM, 14 BA, 3 myectomy
20 LC

Chancellor 1994 [32] 4 Autologous FR PVS 24 14 45 6 SCI, 4 MS, 3 diabetes,
1 stroke

14 UIC – 8 ileal BA, 2 gastroplasty,
2 SP tube, 4 ureteral
reimplantation

Schmidbauer 1988 [33] 4 Autologous FR PVS 30.6 12 (30%) a 55 4 SB, 3 pelvic surgery,
4 sacral nerve lesion, 1 PD

12 IC – 2 bladder augmentation

Losco 2015 [26] 4 TOT 62.4 27 56 27 SCI 11 IC, 4 UIC, 7 SPC, 5 SV 6 NDO 6 previous BoNTA Tx
Abdul-Rahman 2010 [28] 4 Retropubic TVT 119.33 12 53 12 SCI 9 IC 3 SV 1 NDO 1 AM
El-Azab 2014 [11] 3 TVT vs PVS 48 35 26 NDO No previous or

concomitant surgery
TVT 20 17 SCI, 3 SB 5 IC
Autologous PVS 20 16 SCI, 4 SB 11 IC

Sakalis 2018 [29] 3 Retropubic TVT, TOT, MiniARC 46.7 21 TVT, 12 TOT, 5 MiniARC 56 38 SCI 12 IC, 9 UIC, 13 SPC, 4 SV 21 NDO 17 simultaneous and
14 previous BoNTA Tx,
1 anterior vaginal repair

N-SUI = neurogenic stress urinary incontinence; LE = level of evidence; FU = follow-up; TOT = transobturator tape; TVT = transvaginal tape; FR = fascia rectus; PVS = pubovaginal sling; CMG = cystometrogram; NDO =
neurogenic detrusor overactivity; LC = low compliance; Tx treatment; LMN = lower motor neuron; SB = spina bifida; SCI = spinal cord injury; UIC = urethral indwelling catheter; IC = intermittent catheter; SPC = suprapubic
catheter; SV = spontaneous voiding; AM = antimuscarinics; BA = bladder augmentation; BoNTA = botulinum neurotoxin A.
a Percentage only given for data extracted from a mixed population.
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Table 4 – Results for sling procedures for females with N-SUI

Study Cure as defined by the authors Cured, n (%) Secondary outcome of
success

Improved, n (%) Other results reported p value Adverse events

Fontaine 1997 [30] Dry night and day 18 (85) Dry only during the day 2 (10) Functional urethral length 0.001 2 unsolved febrile UTIs,
1 bladder augmented
perforation, 40%
unsolved hydronephrosis

No difficulty catheterizing
Athanasopoulos 2012 [31] No urethral leakage 25 (75) 1 daily pad only if

improvement >50%
5 (15) Mean VLLP from

54.37 to 97.23
NA 1 vesicovaginal fistula,

1 urethral stricture,
1 sling erosion, 5 febrile
UTIs, 4 unsolved
hydronephrosis

Chancellor 1994 [32] Continence 14 (100) Resolution of CPP or AD CPP: 11 (78) AD: 2 (14) 1 retroperitoneal
hematoma, 9 fever,
1 temporary high PVR
(once daily IC)

Schmidbauer 1988 [33] Dryness 9 (75) - –

Losco 2015 [26] Dryness 22 (81) Improved and happy 1 (4) 2 started IC
Abdul-Rahman 2010 [28] Dryness 7 (78) Improvement 2 (22) –

El-Azab 2015 [11] No urine leak during cough or Valsalva at
250 ml bladder filling

PVR <150 ml, not
performing IC after surgery

UDI-6 &modified IIQ-7

TVT 16 (80) 8 (40) From 13 to 8 on UDI-6 7 started IC,1 mesh
erosion

From 19 to 7.5 on IIQ-7
PVS 17 (85) 0 From 24 to 5 on UDI-6 9 started IC

From 13.5 to 3 on IIQ-7
Sakalis 2018 [29] 0 or 1 safety pad per 24 h Fewer pads per 24 h than

used before
26 improved on ICIQ <0.01 2 vaginal bleeding,

1 pelvic hematoma
resolved surgically,
3 converted from UIC to
SPC, 1 partial removal
because of AD onset,
1 extrusion

Retropubic TVT 11 (52) 2 (9) –

TOT 6 (50) 3 (25) 1 tape removal for
vaginal extrusion

MiniARC 3 (60) 1 (20)

TOT = transobturator tape; TVT = transvaginal tape; PVS = pubovaginal sling; PVR = postvoid residual; CPP = chronic pelvic pain; AD = autonomic dysreflexia; NDO = neurogenic detrusor overactivity; UIC = urethral
indwelling catheter; IC = intermittent catheter; SPC = suprapubic catheter; BoNTA = botulinum toxin A; VLLP = Valsalva leak point pressure; ICIQ = International Consultation on Incontinence Questionnaire; UDI =
Urogenital Distress Inventory; IIQ = Incontinence Impact Questionnaire; NA = not applicable; UTI = urinary tract infection.
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Table 5 – Baseline characteristics for studies on sling procedures for females with N-SUI

Study LE Intervention FU (mo) N-SUI patients, n Mean
age (yr)

Underlying neurological
condition

Bladder management
at baseline

Concomitant
NDO/LC

Concomitant Tx for
NDO/LC

Herschorn 1992 [34] 4 Marlex or rectus
fascial sling

34.3 2 Marlex 27 10 SB, 3 SCI 11 IC, 2 UIC 13 LC 5 sigmoid + 8 ileal BA,
12 bladder neck tapering,
5 ureteral procedures for
VUR

11 rectus sling
Vainrib 2015 [15] 4 Advance 24.7 14 31 11 SCI, 3 SB 12 IC, 2 SV 1 NDO 1 antimuscarinics

Virtue
Groen 2012 [7] 4 Advance 12 20 23 12 SB, 8 SCI 19 IC (2 via

continent stoma), 1 SV
4 NDO, 6 LC 2 Botox injection,

1 enterocystoplasty
Pannek 2017 [9] 4 RAS, TOT – 13 TOT, 3 RAS 53,5 16 SCI 9 IC, 2 UIC,

2 SPC, 3 SV
4 NDO 2 antimuscarinics

Wu 2017 [35] 4 Polypropylene mesh + cardiovascular patch 36.9 14 (30%) a 59,5 3 SCI, 4 SB, 3 pelvic fracture,
4 previous pelvic surgery

– 5 NDO –

Daneshmand 2003 [27] 4 Autologous puboprostatic fascial sling 14.25 12 37,1 9 SCI, 3 SB 12 IC 10 high Pdet/LC 8 ileum, 2 colon
augmentation

LE = level of evidence; RAS = retropubic adjustable sling; TOT = transobturator sling; NDO = neurogenic detrusor overactivity; LC = low compliance; Pdet = storage detrusor pressure; Tx = treatment; BA = bladder
augmentation; SCI = spinal cord injury; SB = spina bifida; IC = intermittent catheter; UIC = urethral indwelling catheter; SV = spontaneous voiding; SPC = suprapubic catheter; VUR = vesicoureterorenal reflux.
a Percentage only given for data extracted from a mixed population.

Table 6 – Results for male sling procedures

Study Cure as defined
by the authors

Cured, n (%) Secondary outcomes for success Improved,
n (%)

Other results reported p value Adverse events

Herschorn 1992 [34] Pad free 9 (69) <2 pads/d 2 (15) – – 2 bladder neck narrowing, 2 Marlex
erosion, 1 bladder stone, 1 wound
infection, 7 symptomatic UTI, 3 lost
bowel movements, 1 rediversion

Vainrib 2015 [15] Satisfaction and continence 4 (29) Rare episodes of N-SUI 1 (7) Change in mean ALLP 0.106 –

Groen 2012 [7] VAS 10 for continence 8 (40) VAS >5 with decrease in pad use 5 (25) Change in VAS score 0.008 3 hematoma, 3 difficulty with IC
Change in daily pad use NA
Change in ICIQ score <0.001

Pannek 2017 [9] Pad-free 9 (56) TOT Improved > 50% or if pads
used instead of condoms

1 (6) Change in daily pad use
(from 3.1 to 1.6)

NA 1 difficulty on IC, 5 required
reintervention (3 after TOT and
2 after RAS)

TOT
Wu 2017 [35] GRA (very satisfied) 10 (71) – – Change in Stamey score 0.702 2 simple revisions, 5 repeat

procedures, 5 mesh infections
Daneshmand 2003 [27] Dryness 8 (67) Minimal leakage between ICs 2 (17) No IC difficulties – 1 chronic diarrhea due to

enterocystoplasty

ALLP = abdominal leak-point pressure; VAS = Visual Analog Scale; TOT = transobturator sling; GRA = Global Response Assessment; N-SUI = neurogenic stress urinary incontinence; IC = intermittent catheter; ICIQ =
International Consultation on Incontinence Questionnaire; NA = not applicable; UTI = urinary tract infection; RAS = retropubic adjustable sling.
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ranging from 24 to 52 mo in 5/32 studies [11,30,31,32,33]
(Tables 3 and 4).

In women with neurogenic mixed urinary incontinence,
bladder augmentation was the main concomitant treatment
offered with autologous PVS placement [30–33]. According
to El-Azab et al [11], patients receiving a PVS required IC
following treatment.

Only one study reported PVS erosion in one patient;
vesicovaginal fistula and urethral stenosis were also
described in one patient each (9%) [31].

3.5. Female synthetic tapes

A significant improvement in N-SUI was achieved in 87% of
women treated with transobturator tape (TOT) (42%), retro-
pubic (53%), and single-incision (5%) sling approaches
[11,26,28,29] (Tables 3 and 4). Of those, 65 (79%) were
dry at mean follow-up ranging from 3.5 to 10 yr.

A need to commence IC after N-SUI surgery by patients
with spontaneous voiding before surgery was described in
two studies for 2/27 (7%) and 7/20 (35%) women who
underwent a TOT or retropubic transvaginal tape (TVT)
procedure [11,26].

One vaginal mesh exposure each after TVT and TOT was
reported in two studies [11,29].

3.6. Male autologous slings

Amelioration of N-SUI was seen in 21/23 men (91%) after
autologous fascial sling procedures (Tables 5 and 6), and 17
(74%) were cured according to the authors’ definition in two
studies [27,34]. None of the studies used validated tools
and/or urodynamics to objectify the outcomes.

The majority of men were on an IC regimen before
surgery (91%) and underwent bladder augmentation
(78%) during autologous tissue repair. No difficulty in cathe-
terizing after fascial sling placement was observed.

3.7. Male synthetic slings

Improved continence was described for 48/78 men (65%), of
whom 39 (50%) were considered “cured” [7,9,15,35]
(Tables 5 and 6). Only one study described a case in which
concomitant cystoplasty was performed together with
placement of suburethral tape [7]. A mean reduction of
two pads/d was observed in two studies defining inconti-
nence as the number of pads used daily [7,9]. The main
reason for failure was new onset or worsening of NDO and/
or low bladder compliance, which occurred in 14/34 men
(41%) treated with synthetic meshes [7,15].

In two studies, difficulty with IC after surgery was
observed in 4/36 patients (11%), which was resolved in
two cases by changing to an alternative IC type [7,9]. Inter-
estingly, Wu et al [35] reported that for patients with
spontaneous voiding before surgery, the mean maximal
flow rate decreased from 15.8 � 6.01 to 10.6 � 5.53 ml/s
after surgery.

Synthetic tape–related complications were found in 3/4
studies [7,9,35]. According to Herschorn and Radomski [34],
Please cite this article in press as: Musco S, et al. Efficacy and 
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Marlex mesh was no longer used after the first two patients
as erosion occurred in both patients. In a study that included
patients receiving a retropubic adjustable sling (RAS) or TOT
tension-free sling, the authors reported two major compli-
cations that required mesh removal after RAS.

3.8. Adjustable continence therapy

Sixteen patients out of 50 women (ACT device) and 78 men
(proACT device) were cured (12%) over mean follow-up
ranging from 1.4 to 3.16 yr (Supplementary Table 1). One
out of three studies included only men [37]. In the two
studies that included both genders, outcomes were not
reported separately. An improvement of >50% was
described for 22/128 patients (17%) [8,37,38]. No urody-
namic follow-up was reported. A high proportion of
patients were established on IC before treatment (82%)
[8,38].

Device reimplantation was required in 35/128 patients
(27%). Specifically, in 34/102 patients a second reimplanta-
tion was for balloon infection (19%), migration (30%), per-
foration (15%), or urethral (18%) or cutaneous exposure
(18%) [8,39].

3.9. Bulking agents

Two studies reported outcomes after injection of the bulk-
ing agents GAX-collagen [10] and polydimethylsiloxane
(Macroplastique) [36] (Supplementary Table 2). Hamid
et al [36] observed failure for 8/25 patients (32%), of whom
two had NDO at baseline. Bennett et al [10] reported that
among the four patients with failure after repeated injec-
tions, no increase in abdominal leak point pressure was
observed compared to those who were cured. No significant
adverse events were reported in either study.

3.10. Risk of bias

The risk of bias and confounding was highly relevant since
no RCTs were found and outcomes were not analyzed with
regard to concomitant treatments. Baseline urodynamics
was described in 19/32 studies. Postoperative cystometry
and data on the detrusor pressure during filling cystometry
was missing in 28/32 studies (87%). Baseline demographics
and clinical data such as underlying neurological disease
and bladder management were missing in 19/32 studies.
Parity was described in only three of the 19 studies includ-
ing women [12,13,29]. In addition, BMI as a possible factor
that can negatively influence treatment success was con-
sidered in only three studies [13,31,35]. Supplementary
Figure 2 summarizes the risk-of-bias assessments.

3.11. Discussion

3.11.1. Main findings

This is an updated qualitative analysis of the largest number
of studies published in the literature evaluating surgical
outcomes of available current treatment options for N-SUI
in both females and males [1]. In particular, the efficacy and
Safety of Surgical Treatments for Neurogenic Stress Urinary
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safety of AUS, slings, bulking agents, and adjustable conti-
nence therapy were evaluated mainly in adults with spina
bifida (30%) or a spinal cord injury (50%). It is well known
that the major concern regarding N-SUI treatment is possi-
ble worsening of intradetrusor pressure due to obstruction
by the surgical approach, which may put patients at higher
risk of upper urinary tract impairment. Currently, despite
the wide range of surgical modalities for treating N-SUI in
adults, the international guidelines still recommend the use
of an autologous sling for women and an AUS implant for
men as the treatment of choice [3,4]. Nonetheless, the
quality of the evidence remains low and is mainly based
on retrospective case series [1,2]. In addition, there is a
paucity of head-to-head comparative studies regarding
the benefits and harms of N-SUI interventions.

N-SUI frequently coexists with other N-LUTD conditions
such as NDO, reduced compliance, and/or detrusor under-
activity. Thus, simultaneous approaches (eg, antimuscari-
nics, IC, botulinum toxin A injection, bladder augmentation)
are often necessary to achieve complete urinary continence
in patients with N-SUI. Unfortunately, only four studies
(13%) reported the change in Pdet values during involuntary
contractions and/or DLPP in patients with persistent or de
novo NDO and/or reduced compliance [9,15,19,34]. In the N-
SUI setting it is important to consider current conventional
treatments as recommended by guidelines [3,4]. Specifi-
cally, despite the high cure rate and clinical improvement
after AUS, and considering women who have previously
undergone other types of incontinence procedure, patients
must be conscious of the high rate of early complications
that may occur, especially when major reconstructive sur-
gery is concomitantly offered to both genders (�30%), and
the frequent need for revision surgery because of prosthesis
malfunction, repair of urethral lesions, or resolution of new
onset or worsening of NDO in the medium and long term. It
is still to be determined whether different surgical
approaches (eg, laparoscopy vs open) can reduce the risk
of perioperative bladder or vaginal injury, especially for
women who have undergone previous pelvic surgery
[21,25]. The choice of whether to place a cuff on the bladder
neck in both men and women should be considered, espe-
cially when AUS is combined with enterocystoplasty
[23]. When cystoplasty for NDO is not offered during or
before AUS, it should be taken into account that almost 6% of
patients may subsequently require bladder augmentation
[13,17,23]. Thus, careful evaluation of baseline urodynamic
characteristics is required before surgery to select the best
AUS implant and/or surgical technique.

A higher rate of patients treated with a fascial sling had a
concomitant bladder augmentation (�50% women; �100%
men) in comparison to patients treated with an AUS
because of baseline neurogenic mixed incontinence. Con-
sidering the use of synthetic slings, mesh exposure after
midurethral synthetic tape was observed in approximately
2% of women [11,29].

Abdul-Rahman et al [28] found that nine women who
were using IC before retropubic TVT continued with the
same bladder management, with no complications after 10-
yr follow-up.
Please cite this article in press as: Musco S, et al. Efficacy and 
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The only published systematic review on surgical treat-
ments of N-SUI by Farag et al [1] included studies retrieved
via a search between 1990 and 2013. The authors concluded
that despite the recent adoption of synthetic slings for N-
SUI treatment, particular care is needed, as patients often
have reduced bladder sensation, commonly perform IC, and
thus would seem to be at risk of mesh extrusion. However,
they highlighted that there is a paucity of evidence in the
literature to support this assumption [1]. It is therefore
interesting that El-Azab et al [11] reported comparable
success rates after pubovaginal fascial sling (85%) and trans-
vaginal synthetic tape (80%) procedures. Nonetheless, the
authors found that a synthetic sling was safer in women not
performing IC at baseline (75% vs 45%), with a significantly
lower risk of commencing de novo IC after surgery (60% vs
100%) [11].

Experience with implantation of an ACT device for
females and a ProACT device for males was mainly reported
for patients with spinal cord injury who were already
managing their incontinence with IC (�80%)
[8,38,39]. Despite the advantages of this technique, which
is minimally invasive and is adjustable on the basis of the
clinical response, the complication rate including reinter-
vention ranged between 30% and 65% over medium-term
follow-up, which is high compared to other anti-inconti-
nence procedures [8,37–39].

Bulking agents were proposed as a first-line treatment in
two studies, mainly for men. Unfortunately, despite the use
of different materials and the low incidence of adverse
events, the cure rate was similarly low in both case series
(approx. 35%) [10,36].

3.11.2. Implications for research

We agree with Reuvers et al [2], who suggested that it is
urgent to identify and use standardized measures, both for
research and clinical practice, in order to compare treat-
ment outcomes in terms of definition of cure, failure,
patient-reported outcome measures (PROMs), and specific
adverse events which can occur in this population.

It would be interesting to identify different urodynamic
parameters that could direct us to one particular type of N-
SUI treatment for a specific patient. To that end, future
studies should evaluate the impact of various urodynamic
parameters that not only predict the success of treatment
for N-SUI but also limit the risk of de novo NDO and/or
worsening of any urodynamic parameters that can be con-
sidered as a risk factor for upper urinary tract deterioration
and/or damage [5].

3.11.3. Implications for practice

Managing N-SUI is still a therapeutic challenge and may
require a combination of treatment modalities because of
coexisting NDO or reduced compliance. More than one
intervention may be required to achieve continence
because of complications or failure in the long term. Accord-
ing to Farag et al [1], the rate of complications and reinter-
ventions after AUS in NLUTD was 32% � 27% and 51% � 25%,
respectively, which is significantly higher than for patients
with non-neurourological SUI [1].
Safety of Surgical Treatments for Neurogenic Stress Urinary
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Regarding the use of slings, although data are promising
in terms of efficacy and safety, this approach was mainly
offered to patients already managing their SUI with IC.
Furthermore, the implication of the type of NLUTD (eg,
mixed incontinence with NDO and/or low compliance) is
unclear. Considering patient selection criteria, our findings
suggest that patients with spina bifida, who often have an
open bladder neck and poor bladder compliance, mainly
received an autologous fascial sling rather than a synthetic
sling with concomitant bladder augmentation. Conversely,
it is unclear which approach (transobturator vs retropubic)
for female and male patients should be recommended for
individuals unwilling to perform IC afterwards.

Despite their safety, bulking agents showed low efficacy
in terms of cure, with only temporary amelioration, mainly
in men (35%) [10–36].

Furthermore, it is worth mentioning that only one study
reported data on the impact on QoL, and the definition of
cure varied widely among authors. Moreover, only 7/32
studies reported pad-test baseline data, so no comparison
of success rates according to the severity of N-SUI between
different techniques can be made. What is clear, however, is
the need for rigorous preoperative and postoperative
patient evaluation to be able to effectively tailor treatment
options to clinical and urodynamic parameters. Sharing of
international outcome data and international prospective
multicenter studies would also significantly improve the
worldwide paucity of data for this patient population.

3.11.4. Strengths and limitations

Our study gives a clear overview of all the urinary param-
eters and definitions of success or cure used to report on
outcomes of surgical interventions for N-SUI and we hope it
will start a dialogue for future consensus on this topic.
Unfortunately, despite our attempt to offer an updated
overview of the evidence on all surgical treatments for
N-SUI, only retrospective and poor-quality studies could
be included. Thus, no meta-analysis could be performed.
Indeed, significant data heterogeneity was found. Overall,
the studies were small and did not allow subgroup analysis.
Considering this, we intentionally a priori excluded studies
with a sample size of fewer than ten patients, but in light of
our findings, this criterion could be interpreted as a limita-
tion of our search strategy since almost half of the studies
included (44%) had a small sample size (�15). Finally, the
risk of bias and confounding was substantial, and more
reliable evidence is urgently required. In particular, urody-
namic data are needed to better clarify the success of N-SUI
treatment among the different techniques.

4. Conclusions

Multiple concomitant or delayed procedures to achieve
continence or resolve complications are often needed.
Despite the high cure rate and clinical improvement after
AUS, the high incidence of complications and the frequent
need for further surgery to revise the prosthesis, repair
urethral lesions, or resolve new-onset or worsening NDO
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must be discussed before surgery, especially with young
adults. It is still unclear which approach (transobturator vs
retropubic), material, or tape positioning should be recom-
mended to reduce the need for IC after surgery. Patients
suffering from mild N-SUI and those unwilling to undergo
more invasive procedures, especially men, could benefit
from bulking agents or adjustable continence therapy.
Finally, to engage patients in a shared decision-making
process and offer individual tailored treatment, wide use
of standardized outcome measurements, including QoL, is
strongly recommended.
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