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Abstract
Introduction: Sacral neuromodulation (SNM) is an effective 
treatment in patients with overactive bladder syndrome or 
nonobstructive urinary retention when conservative treat-
ment fails. Several factors that could impact outcome with 
SNM have been studied. This systematic review investigated 
these predictive factors and their relevance for clinical prac-
tice. Methods: Systematic review according to the PRISMA 
guidelines was conducted. This review is registered in the 
PROSPERO register (CRD42015016256). Results: Seventy-
eight studies (of which 11 abstracts) were included. Females, 
younger patients, and a tined lead procedure tend to be pre-
dictive in successful SNM outcome. Factors that did not influ-
ence SNM outcome were prior back surgery, surgery for 
stress urinary incontinence, affective symptoms, and dura-
tion of complaints. Reduced detrusor contractility is associ-
ated with a lower success rate. The level of evidence of most 
studies (graded according to the Centre for Evidence-Based 

Medicine) was 3b. Conclusion: Even though this systematic 
review investigated predictive factors (gender, age, type of 
procedure, type of lead, and detrusor contractility), no gen-
eral consensus on predictive factors could be made. Most 
studies are small, retrospective, and involve a heteroge-
neous population. Therefore, prospective research in larger 
specific patient groups remains necessary to find predictors 
of SNM outcome. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Sacral neuromodulation (SNM) is an effective treat-
ment option in patients with lower urinary tract symp-
toms, when conservative treatment fails. Successful test 
stimulation is defined as a reduction of one or more mic-
turition symptoms of ≥50% compared to baseline, deter-
mined by voiding diaries. Following a successful test 
stimulation, permanent implantation of the implantable 
pulse generator is performed.
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In 2007, Van Kerrebroeck et al. [1] reported the long-
term results of SNM in a multicenter, worldwide clinical 
trial. Of the implanted patients, 68% with urgency urinary 
incontinence, 56% with urgency frequency (overactive 
bladder syndrome [OAB]-dry), and 71% with nonobstruc-
tive urinary retention (NOR) had a successful outcome 5 
years after initial implantation [1]. In addition, Siegel et al. 
[2] recently published data from the USA and reported 
success rates in OAB patients 5 years after implantation. Of 
the 340 subjects who completed the test stimulation, 272 
had an implant, of which 82% had a therapeutic success 
rate at 5 years [2]. A more recent prospective multicenter 
study evaluated the effectiveness and quality of life (QoL) 
of patients with OAB or NOR who were treated with SNM 
and showed a significant improvement of OAB symptoms 
and QoL during a 10-month follow-up [3].

In order to select the optimal candidates for SNM and 
to know who will achieve treatment success both in the 
short and long term, it is crucial to identify factors that can 
predict the treatment outcome. Although several predic-
tive factors for success in SNM have been identified, the 
test stimulation has been found to be the only reliable fac-
tor in predicting success [4]. Nonetheless, a more reliable 
selection of patients with highest chance or treatment suc-
cess (or highest chance of treatment failure) may be im-
proved by identifying additional factors that can predict a 
successful response. As predictive factors have been the 
subject of many studies, the goal of this review was to sort 
out which patient or technical factors potentially could 
represent a positive or negative prediction for success with 
SNM therapy (short and long term) in patients with OAB 
or NOR undergoing SNM test stimulation.

Methods

This systematic review was registered in PROSPERO under the 
number CRD42015016256.

Inclusion and Exclusion Criteria
A literature search for full-length original articles and abstracts 

was carried out, meeting the following inclusion criteria: (a) adults 
≥18 years; (b) diagnosis of refractory OAB; (c) or diagnosis of NOR 
not satisfied with clean intermittent self-catheterization or prob-
lematic clean intermittent self-catheterization, without other 
treatment options being successful or sufficient; and (d) published 
in English in a peer-reviewed journal. Primary endpoints were 
SNM success, both test evaluation and long-term success. Reviews, 
expert opinions, and comments were excluded. Since the focus of 
this review is on urinary complaints, we excluded patients with 
diagnosis of bladder pain syndrome or other pelvic pain. Also, 
studies regarding nonurinary indications for SNM (i.e., fecal in-
continence) were excluded.

Literature Search
PRISMA guidelines were used concerning preferred reporting 

items for systematic reviews. The following databases were 
searched: Medline (PubMed) and Cochrane (RCT). There was no 
date restriction on the searched articles, and the last search was 
dated 14 August 2020. MeSH terms, free hand terms and wildcards 
were used, the detailed query is listed in the online supplementary 
material (please see www.karger.com/doi/10.1159/000513937). 
These database searches were supplemented by hand searching the 
reference lists of eligible articles. Two authors (J.D. and C.d.R.) in-
dependently examined titles, abstracts, and full-text articles. Names 
of authors, institution, and journal of publication were not blinded.

Data Extraction
Population characteristics such as gender and age of patient 

groups have been noted, and the results of the study are summa-
rized. The main data items extracted from the articles were study 
characteristics such as type of study, sample size and methods of 
recruiting, setting, success rate, and adverse events (AEs). Later, a 
general classification was made based on all factors that were dis-
cussed in the articles: gender, age, duration of complaints, affective 
symptoms, history of surgery, technical factors, and urodynamics.

Two authors (J.D. and R.J.) independently performed the data 
extraction. Consensus was obtained in 85% of the manuscripts; the 
remaining 15% of disagreements were handled by discussion. 415 
abstracts were identified in the database search, and after removal 
of duplicates, 437 remained for screening on relevance. In the ref-
erence lists, an additional 22 articles were found. Eventually, 156 
full-text articles were assessed for eligibility, and 90 articles were 
excluded resulting in a final set of 67 articles, which were included 
in this review. Additionally, 11 abstracts published at internation-
al meetings were included. Errata would have been examined if 
articles have been retracted since publication; there were none. A 
flowchart of the selection process is depicted in Figure 1.

Results

Quality Assessment of the Included Literature
Level of evidence was stated per article as defined in 

publications of the University of Oxfords’ Centre for Ev-
idence-Based Medicine (CEBM) [5]. Risk of bias assess-
ment was performed according to the Cochrane Collabo-
ration guidelines (Table 1) [6].

Most articles described cohort study designs (70%). The 
remainder were case series and randomized controlled tri-
als (25 and 5%, respectively). In most studies, primary out-
come was a successful SNM test result defined as a ≥50% 
improvement in urinary symptoms. In 34 studies, test stim-
ulation success was the main outcome [7–40]. In 19 studies, 
both test stimulation outcome and permanent SNM out-
come were investigated [41–59]. In 14 studies, only perma-
nent SNM outcome was investigated [60–73].

In 15 studies, a percutaneous nerve evaluation (PNE) 
was performed and in 23, a tined lead procedure (TLP). 
In 19 studies, patients underwent either PNE or TLP. In 
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3 studies, it was unknown which procedure was used (Ta-
ble 2). In most articles, risk of bias domains was assessed 
as low risk or unclear risk (Fig. 2). A graphical summary 
of the results is depicted in Figure 3.

Gender
Fifteen studies investigated gender as a predictive fac-

tor in SNM outcome [7, 10, 13, 19, 23, 26, 27, 30, 37, 38, 
45, 49, 63, 64, 69]. In 9 studies, the patient population was 
heterogeneous with both OAB and NOR patients [10, 23, 
26, 30, 38, 45, 49, 64, 69]. Four out of 10 studies reported 
a higher chance of successful test stimulation in females 
in a mixed group of OAB and NOR patients [10, 23, 27, 
49]. However, 2 of these studies were conducted in the 
same study population [10, 23]. Three studies found less 
successful test stimulation outcomes in men: in one study, 
only in patients with NOR [7, 13, 38]. In 5 studies, gender 
did was not predictive in successful test stimulation out-
come [19, 26, 30, 37, 45].

Three studies reported on permanent SNM and found 
gender not to be a predictive factor [63, 64, 69]. Two of 
these studies included a heterogeneous group of patients 

with either OAB or NOR, and 1 study reported AEs at 
follow-up.

Age
Several studies reported on age as a predictive factor 

for SNM test success. In total, 32 studies and 4 abstracts 
were included [7, 8, 10, 13, 16, 19, 21–24, 26, 30, 31, 34, 
37–39, 43, 45, 49, 52, 55–60, 62, 63, 67, 68, 72, 74–77].

Overactive Bladder Syndrome
Twelve studies investigated age as a predictive factor 

in patients with OAB [8, 21, 22, 31, 34, 37, 43, 56, 57, 62, 
63, 72]. Five of these studies included only women [21, 34, 
56, 57, 72]. Two of these found younger age to be predic-
tive in successful test stimulation outcome [21] and long-
term outcome [57]. Eight studies reported on successful 
test stimulation of which 3 found a younger age predictive 
in successful test stimulation [8, 21, 22, 31, 34, 37, 43, 56]. 
In 2 other studies, age was not predictive in neither suc-
cessful test stimulation nor successful treatment with the 
implant [62, 63].
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Fig. 1. Flowchart of selection process ac-
cording to the PRISMA guidelines.
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Nonobstructive Urinary Retention
Four studies and 3 abstracts included patients with 

NOR [16, 19, 24, 60, 74, 75, 77]. Three studies reported 
on successful test stimulation of which one consisted of 
only men and reported that nonresponders were signifi-
cantly older when compared to responders [16]. One 
study reported on successful treatment at follow-up and 
found age not to be predictive [60]. Furthermore, 1 ab-
stract concluded that advanced age was correlated with 
failure of PNE test stimulation [77].

OAB and NOR
Twelve studies and 1 abstract reported on successful 

test stimulation outcome [7, 13, 23, 26, 38, 39, 45, 49, 55, 
59, 68, 76, 78] of which 6 studies also reported on long-
term outcome [45, 49, 55, 58, 59, 76]. Marcelissen et al. 
[45] investigated predictive factors for test stimulation 
outcome and AEs at long-term follow-up. They found 
younger age (<65 years) to be a predictor in successful 
PNE test stimulation, but this was not seen for the occur-
rence of AEs at follow-up [45]. Leong et al. [26] also found 
younger age to be predictive in successful test stimula-
tion. However, this was only seen in patients who re-
ceived TLP, and they did not report long-term outcomes.

Duration of Symptoms
In total, 11 studies and 3 abstracts were included [8, 12, 

16, 19, 21, 30, 52, 60, 62, 63, 72, 77, 79, 80]. These studies 
consist of small groups of patients who had complaints 
for only a couple of years.

Overactive Bladder Syndrome
Six studies reported on patients with OAB [8, 21, 62, 

63, 72, 79]. Two of these reported on outcome after test 

stimulation [8, 21] of which one found a shorter duration 
of complaints to be successful in test stimulation outcome 
[21]. In this study, women who developed OAB after 
stress incontinence surgery were included. They found 
that a test stimulation performed within 4 years of the 
stress incontinence procedure was positive in predicting 
successful test stimulation. The other 4 studies (of which 
one was an abstract) did not find duration of complaints 
to be predictive in successful treatment with SNM on long 
term [62, 63, 72, 79].

Nonobstructive Urinary Retention
Regarding NOR patients, 3 studies and 1 abstract were 

included [16, 19, 60, 77]. Two studies reported on suc-
cessful test stimulation [16, 19]. One found a longer dura-
tion of retention to be a negative predictor in successful 
test stimulation [19]. Furthermore, an abstract of Ghaz-
wani and Hassouna [77] found a negative correlation be-
tween duration of retention and a successful PNE test. 
One other reported on successful outcome on long term 
and did not find duration of complaints to be predictive 
[60].

OAB/NOR
Three studies and 1 abstract consisted of patients with 

either OAB or NOR [12, 30, 52, 80]. All reported on suc-
cessful test stimulation, and 2 studies found that longer 
lasting complaints resulted in a higher risk of a negative 
test stimulation [30, 80].

History of Surgery
Ten studies reported on prior spinal back surgery and/

or abdominal surgery [21, 30, 42, 46–48, 52, 57, 62, 63], 
one study on previous SNM surgery [7], and one on pre-
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Fig. 2. Risk of bias assessment (Cochrane).
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vious treatment with onaBoNT-A [58]. One abstract re-
ported on previous TUIP in men undergoing SNM.

Overactive Bladder Syndrome
Four studies included patients with refractory urinary 

urgency incontinence [21, 57, 62, 63]. All reported on test 
stimulation success and 2 also on success on long term. 
Sherman et al. [21] evaluated the response to SNM in 
women with refractory, urinary urgency incontinence af-
ter stress incontinence surgery. They found no difference 
between responders and nonresponders with respect to 
type of stress incontinence surgery [21]. Janknegt et al. 
[63] studied long-term effectiveness of SNM in 96 pa-
tients with OAB. Prior to study enrollment, these patients 
underwent 177 surgical procedures for the treatment of 

urinary problems. Surgical history did not appear to sta-
tistically influence the long-term results [63]. Further-
more, Ismail et al. [62] assessed functional outcomes of 
SNM in 34 patients with a median follow-up of 9.7 years. 
They did not find a history of incontinence surgery (i.e., 
sling, artificial urinary sphincter, and colpopexy) to be 
predictive in long-term outcome. High et al. [57] found 
previous hysterectomy to be associated with implantation 
while previous stress incontinence surgery, prolapse sur-
gery, and vertebral or disk surgery were not associated 
with implantation.

OAB/NOR
The remaining 8 studies and 1 abstract consisted of a 

heterogeneous group of patients. In 3 studies, patients 

Technical aspects (25 studies)

Technical factors with the number of studies
per factor and the outcome (in percentage)
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High stimulation parameters (2)
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Bilateral leads (1)

lntraoperative response (6)

f

Staged implant (1)

0 10 20 30 40 50 60 70 80 90 100
■ Positive predictor  ■ Negative predictor  ■ Not predictive

Urodynamic factors with the number of studies
per factor and the outcome (in percentage)

Urodynamics (21 studies)

Urethral sensation (1)

Volume/pDet at first DO (2)

UUI (2)

Functional bladder capacity (1)
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g
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Fig. 3. a-g Graphical summary of the result. 
SNM, sacral neuromodulation; PNE, per-
cutaneous nerve evaluation; TLP, tined 
lead procedure; UUI, urge urinary inconti-
nence.
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had undergone back surgery for different indications pri-
or to SNM test stimulation [30, 46, 47]. Arlen et al. [46] 
investigated a group of patients with OAB or NOR who 
had undergone previous spinal cord surgery. The most 
common indication for spinal cord surgery was disk dis-
ease. The authors conclude that patients with voiding 
dysfunction (OAB or NOR) following spinal surgery can 
be treated successfully with SNM, but success is less like-
ly in patients suffering from urgency incontinence [46]. 
This is in contrast to the results of Scheepens et al. [30] 
who investigated several factors and found intervertebral 
disk prolapse surgery to be a positive predictor of SNM 
test success. Another study from Bartley et al. [47] in-
cluded 560 patients of which 109 had prior back surgery. 
Indication for back surgery was only clear in 25 patients 
(bulging disk, spinal stenosis, trauma, and osteoarthritis). 
Regarding test stimulation and follow-up with the im-
plant (2.3 years), prior back surgery did not appear to 
impact clinical outcomes [47].

A study of Everaert et al. [42] investigated success rate 
and complications in 53 patients and found that patients 
with a history of incontinence surgery were more likely to 
be treated efficiently with the implant. Previous ona-
BoNT-A was studied in 1 study and was a negative pre-
dictor for successful implantation [58].

Affective Symptoms
In total, 7 studies evaluated affective symptoms as a 

predictive factor [11, 42, 45, 60, 63, 64, 69]. In 3 of these 
studies, the authors studied the presence of psychological 
factors prior to test stimulation as primary outcome and 
found no significant relationship between psychiatric his-
tory and SNM outcome [11, 45, 60]. In these 3 studies, 
several questionnaires were used as a screening tool (SCL-
90-R, PHQ, and HADS). In the other 4 studies, psycho-
logical factors were less well defined, and patients were 
not screened for psychological factors prior to test stimu-
lation [42, 63, 64, 69].

Overactive Bladder Syndrome
A study of Janknegt et al. [63] concluded that a psychi-

atric history in 96 OAB patients did not influence the 
long-term effectiveness with respect to the frequency of 
incontinent episodes.

Nonobstructive Urinary Retention
One study investigated whether psychologic preim-

plant screening was predictive in long-term success wom-
en with urinary retention. They used the Patient Health 
Questionnaire as psychologic preimplant screening and 

concluded that it did not correlate with long-term out-
come [60].

OAB/NOR
In 5 studies, a heterogeneous group of patients was in-

vestigated [11, 42, 45, 64, 69]. In 1 study, a difference in 
outcome between the test stimulation and implantation 
was significantly related to psychiatric disease in the his-
tory [42]. Another study of Marcelissen et al. [45] showed 
no relationship between psychological characteristics 
(measured by ABQ or SCL-90-R questionnaires) and 
both test and long-term outcome. However, a psychiatric 
history was found to be a positive predictor for the occur-
rence of AE with permanent SNM treatment. A study of 
Weil et al. [69] showed that patients with a previous his-
tory of psychological disorder had a lower median dura-
tion of therapeutic effect at follow-up.

Technical Procedure
Regarding the technical procedure, several articles 

were included. In total, 22 studies and 3 abstracts investi-
gated whether technical aspects can predict SNM out-
come [10, 13–15, 17, 25, 26, 29, 32–34, 41, 44, 50, 51, 53, 
54, 61, 65, 66, 68, 71, 81–83]. Factors that were studied 
were type of procedure/lead, length of test stimulation, 
intraoperative testing, and postoperative stimulation pa-
rameters. Four studies involved bilateral placed leads [15, 
17, 29, 53]. One of these was a randomized trial where the 
clinical effect of temporary unilateral versus bilateral 
stimulation was compared in a mixed group of OAB and 
NOR patients. Significant differences in test stimulation 
outcome in unilateral versus bilateral stimulation could 
not be demonstrated [29].

Motor versus Sensory Response
One abstract and 1 study investigated whether intra-

operative motor or sensory response is more predictive of 
successful test stimulation in patients with OAB [25, 82]. 
The authors found that a positive test stimulation is more 
likely when intraoperative lead placement results in posi-
tive motor response versus only sensory response. This is 
in contrast to what 2 others found in a mixed group of 
OAB and NOR patients. Peters et al. [54] performed a 
prospective study and found no difference in implantable 
pulse generator implantation rate or clinical outcome at 
follow-up. An abstract of Rasmussen et al. [83] retrospec-
tively reviewed their results for a successful test stimula-
tion in 103 patients of which 67 had bilateral leads. They 
did not find a statistically significant difference between 
sensory and motor responses [83]. Furthermore, Pizarro-
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Berdichevsky et al. [71] found that fewer toe responses 
(on each contact point) were associated with lead revi-
sion; however, no association between motor response 
(bellows and toe) and successful test stimulation was 
found. This is in line with the results by Morgan et al. [58] 
who also found no difference in test outcome and long-
term outcome between patients who had a motor re-
sponse on all 4 contact points versus <4 contact points.

Type of Procedure/Lead
Three studies investigated whether a permanent lead 

(i.e., used during test stimulation) resulted in better test 
stimulation outcome in a mixed group of OAB and NOR 
patients. Janknegt et al. [63] implanted a permanent elec-
trode (which was fixed to the sacrum) in 10 patients who 
failed a previous PNE test. Eighty percent showed a suc-
cessful test stimulation and received a definitive implant. 
These results are in line with 2 other studies where a per-
manent electrode (either fixed to the sacrum or tined) 
showed more successful test stimulation outcome [17, 
53]. Regarding lead migration, Siddiqui et al. [68] did not 
find a significant difference between the amount of revi-
sions in patients who received fascial anchors and tined 
leads. Vaganee et al. [51] reported significantly higher 
success rates in both test stimulation and at long-term 
follow-up when patients received a curved tined lead, 
when compared to patients who received a straight tined 
lead.

Several studies investigated test stimulation success 
rates in OAB and NOR patients and reported a higher 
success rate in patients who received TLP when com-
pared to patients who received PNE [10, 26, 34, 41, 57]. 
Marcelissen et al. [44] investigated 92 patients with OAB 
or NOR who received either TLP or PNE and found no 
significant difference in long-term success between the 2 
groups. Furthermore, another study of Kessler et al. [15] 
stated the prolonged testing using permanent (quadripo-
lar) leads is more reliable for accurate patient selection 
than the evaluation period of 4–7 days.

Intraoperative Testing and Positioning Lead
Two studies investigated whether the position of the 

electrode in the sacral foramen predicted test stimulation 
success or permanent SNM success [13, 61]. None found 
any correlation between the position (depth, angle, and 
deflection) and test and long-term success. Loss of effi-
cacy was associated with high stimulation parameters at 
time of implantation in 1 study [65]. Furthermore, 1 RCT 
found PNE without fluoroscopy was not inferior to PNE 
with fluoroscopy [39].

Urodynamic Parameters
In total, 16 studies and 3 abstracts investigated urody-

namic parameters in patients prior to test stimulation [7, 
9, 18, 20, 21, 28, 31, 34–37, 40, 57, 60, 70, 73, 74, 77, 84].

Detrusor Contractility
Three studies and 2 abstracts found that NOR patients 

with a reduced detrusor contractility had a lower chance 
of successful test stimulation [9, 18, 40, 77, 84]. Further-
more, De Ridder et al. [60] concluded that patients with 
Fowler’s syndrome benefitted significantly longer from 
SNM when compared to patients with idiopathic reten-
tion.

Detrusor Overactivity
Seven studies confirmed that the presence of detrusor 

overactivity was not correlated with successful test stimu-
lation [7, 28, 31, 34, 37, 57, 70].

Others
Two studies reported whether primary indication af-

fects successful conversion to implantation. Adelstein et 
al. [7] retrospectively reviewed their data of 127 patients 
with OAB, NOR, or fecal incontinence undergoing first-
stage SNM. All patients were tested with a curved lead. 
They found a positive association between urge urinary 
incontinence and progression to a definitive implant. 
Furthermore, they also found that patients with NOR 
were less likely to receive a definitive implant [7].

A study of Noblett et al. [73] found that success rates 
(at 12 and 24 months after implantation) between pa-
tients with less severe and more severe UI and/or UF 
symptoms did not statistically differ.

Discussion

Currently, the only reliable predictor for treatment 
success in SNM is test stimulation. Although various 
studies have evaluated predictive factors in patients with 
OAB or NOR, no consistent factors have been identified 
that can be used as an absolute selection criterion in clin-
ical practice.

The studies that were included in this review are het-
erogeneous which makes it difficult to comprehend the 
results and to form a general consensus on predictive fac-
tors of SNM success. Also, primary outcome among the 
studies was different: some studies focused on AEs at fol-
low-up, others reported on patient-reported outcome, 
and some evaluated outcome with voiding diaries.
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Several studies showed that patients with younger age 
and female gender tend to be more successful in SNM. 
The decrease in success rates in males over females may 
be due to the complex voiding dysfunction in men par-
tially owing to the influence of prostatic obstruction. 
There are no studies that confirm this statement. A pos-
sible explanation for a reduced success rate among older 
patients could be that they may have subtle changes in the 
bladder and neural control systems for the bladder. How-
ever, in most studies, age did not predict successful out-
come on the long term.

Several urodynamic parameters have been studied in 
order to find predictive factors. The presence of DO in 
patients with OAB did not seem to be a negative predictor 
according to several studies. Furthermore, an acontractile 
detrusor was found to reduce success rate in patients with 
NOR considerably [77, 84]. Most probably, a preserved 
detrusor contraction is obligatory, since SNM exerts its 
beneficial effect mainly via relaxing the pelvic floor and 
the external urethral sphincter rather than via direct stim-
ulation of the contraction of the detrusor muscle. How-
ever, there are no studies that confirm this statement.

After the introduction of the tined lead, studies report-
ed success rates with the use of a tined lead in patients 
who initially failed PNE [14, 44]. Interestingly, test stimu-
lation with TLP did not seem to be an independent pre-
dictor for success on the long term [44]. It seems that re-
garding test outcome, TLP provides a better patient selec-
tion when compared to PNE, but once implanted, no 
difference is seen in long-term outcome. Regarding type 
of lead, a prospective study with a 2-year follow-up 
showed that the use of a curved stylet was found to be a 
positive predictor for test success [51]. Even though there 
is only one study concluding this, the curved lead follows 
the curvilinear route of the sacral nerve roots which 
should result in a more precise position of the lead. A ran-
domized prospective crossover study showing lower am-
plitudes with a curved stylet confirms this statement [85]. 
The authors did not investigate implantation rates, but 
most probably, a curved lead will lead to a higher success 
rate. Another technical aspect such as the presence of 
perioperative motor response was found to be a positive 
predictor for a successful test stimulation. A possible rea-
son for this outcome could be that the motor response is 
more beneficial than a sensory perception since these 
muscle groups are innervated by the same nerves as those 
involved in improving urinary control in overactive blad-
der and refractory urgency incontinence. However, after 
implantation, patients rely on the sensation to ensure 
continuity of pelvic neuromodulation. This means that 

the sensory perception of the sacral afferent component 
plays an important role in the course of SNM. During test 
stimulation, preferably both motor and sensory respons-
es should be considered since neither of the 2 alone can 
predict successful outcome.

Several studies report a negative impact of lower uri-
nary tract symptoms in general on QoL and on mental 
health [86, 87]. Also, in the literature, an association is 
described between the overactive bladder and the pres-
ence of affective symptoms [88, 89]. Recent studies show 
that affective symptoms do not predict SNM outcome 
(both test stimulation and long term) [45, 60, 63]. The 
primary outcome of the studies included in this review 
was not homogeneous, which makes it difficult to com-
pare these results.

In our review, most studies did not find a longer dura-
tion of complaints to be predictive in test outcome and 
long-term outcome. Most probably, SNM facilitates res-
toration of structural changes that can occur in the un-
treated, underactive, and overactive bladder or allows to 
compensate [90]. One study stated that SNM restores the 
sensory and motor neural pathways of the lower urinary 
tract and that if a disorder is present for a longer time, 
restoration of the natural equilibrium (i.e., the normal 
balance) between the different reflexes is more difficult 
[30]. Since there are no studies that confirm this state-
ment, in our opinion, SNM remains a feasible treatment 
option in patients with both long and short duration of 
complaints.

Studies investigating prior back surgery or stress uri-
nary incontinence (SUI) surgery as a predictive factor ex-
pect neurological impairment on local level (bladder) or 
more central (spinal cord). It is possible that voiding dys-
function after stress incontinence procedures is the result 
of partial denervation of the external sphincter or the ure-
thra [91], and that these patients are ideal candidates for 
treatment with SNM [1, 92]. Regarding previous back or 
SUI surgery, no clear statements can be made. In most 
studies, patients underwent back surgery for different in-
dications. Also, in studies regarding prior SUI surgery, 
patients underwent different procedures which makes it 
difficult to compare all these results.

Conclusion

The results from the studies in this review are mixed 
and inconclusive because of the difference in patient pop-
ulation (gender, indication, and age), testing technique 
(type and duration), and primary outcome (test stimula-
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tion, long-term outcome, and AEs). Therefore, we could 
not make a general consensus on the possible factors lead-
ing to SNM success. Most studies were small and retro-
spective, and outcome measures differed between studies 
which limited the validity of the results. Furthermore, lev-
el of evidence of the included studies is low (3b), and pro-
spective studies with larger sample sizes should further 
investigate factors that are associated with SNM outcome.
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