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Abstract

Context: Neuromodulation is considered in patients with non-neurogenic lower urinary tract
dysfunction (LUTD) not responsive to conservative treatment.
Objective: To systematically review the available studies on efficacy and safety of sacral
neuromodulation (SNM) and percutaneous tibial nerve stimulation (PTNS) in non-neurogenic
LUTDs not responsive to conservative treatments.
Evidence acquisition: A literature research was conducted in PubMed/Medline and Scopus,
restricted to articles in English, published between January 1998 and June 2017, with at least
20 patients and 6 mo of follow-up.
Evidence synthesis: Twenty-one reports were identified. Concerning SNM, the improvement
of �50% in leakage episodes ranged widely between 29% and 76%. Overall dry rate ranged
between 43% and 56%. Overall success/improvement rate in PTNS varied between 54% and
59%. Symptom improvement or efficacy in interstitial cystitis/bladder pain syndrome patients
appeared to be lower compared with other indications in both techniques. Safety data showed
fewer side effects in patients submitted to PTNS.
Conclusions: Neuromodulation gives good results and is a safe therapy for patients with
overactive bladder or chronic nonobstructive urinary retention with long-lasting efficacy.
Moreover, PTNS has been shown to have good success rates and fewer side effects compared
with SNM. These data have to be confirmed with long-term follow-up.
Patient summary: Sacral neuromodulation can improve low urinary tract symptoms in
selected patients; it appears to be a safe therapy for nonresponders to standard medical
therapies. Percutaneous tibial nerve stimulation (PTNS) is a less invasive technique that gives
good results in short time with fewer side effects. However, we must consider that PTNS has
not been tested in the long term and results are lower if compared with SNM.
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1. Introduction

Sacral neuromodulation (SNM) has been approved by the
US food and Drug Administration for overactive bladder
(OAB) syndrome (urinary urgency, urinary frequency,
nocturia, urgency urinary incontinence [UUI]) and chronic
nonobstructive retention (CNoUR) [1–3]. However, the
published data on effectiveness of SNM are scarce and
contradictory. Moreover, no long-term data from well-
designed studies are currently available [4–8].

Its use is indicated, in general, in patients who have failed
conservative standard measures. Recent studies indicate
that over 50% of individuals with OAB discontinue pharma-
cotherapy at 12 mo (regardless of the particular agent) due to
lack of efficacy or due to intolerable side effects [2–9].

The mechanism of action of SNM is still not totally
understood. Practically its function is based on mild
electrical stimulation of the sacral nerves that can modulate
neural reflexes that influence bladder and pelvic floor
behaviour.

Patients who have at least 50% improvement in the main
symptoms are considered to be a success and are candidates
for implantation of a permanent implantable pulse genera-
tor [10].

Percutaneous tibial nerve stimulation (PTNS) is an
alternative accepted neuromodulation therapy for non-
neurogenic lower urinary tract dysfunction (LUTD) [11]. The
believed working mechanism is that this approach can give
a neural access to target the sacral plexus from an
accessible, minimally invasive entry point into the nervous
system via the posterior tibial nerve [12–16]. Both techni-
ques have also shown beneficial effects in interstitial
cystitis/bladder pain syndrome (IC/BPS), and the simplicity
of the surgical technique and low patient morbidity
associated with it make this an attractive option before
cystectomy and urinary diversion [4–7].

Previous reviews have already demonstrated great
discrepancy in terms of outcomes, symptom assessment,
definition of cure/improvement, and range of treatments
received before SNM or PTNS. Moreover, severity of
symptoms was often not well described [17].

To try to clarify this situation and give the highest
evidence available for the performance of neuromodulation
in refractory LUTDs, we conducted a systematic review of
neuromodulation efficacy and safety outcomes in the
context of non-neurogenic LUTD management after a
minimum follow-up of 6 mo.

2. Evidence acquisition

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses statement [18,19].

A literature search was conducted on PubMed/Medline
and Scopus in June 2017. The search strategy included the
following terms: “sacral neuromodulation” AND “tibial
neuromodulation” AND “lower urinary tract symptoms”
AND “overactive bladder” AND “urinary retention” AND
“chronic pelvic pain” AND “painful bladder syndrome”.

For pragmatic reasons, we limited our search to
randomised and/or prospective trials and retrospective
studies, written in English, with at least 20 human adult
patients and 6 mo of follow-up, published between January
1998 and June 2017 (Supplementary material). To be
included, the studies had to assess the efficacy and/or
safety of the aforementioned techniques and/or predictors
of success.

Articles were first screened and selected based on their
abstract and then studied in detail. Two independent
researchers evaluated the articles and discussed eligibility
with one researcher, making the final decision. For every
paper, we evaluated the following aspects: study design,
baseline patient evaluation, reports of perioperative data,
study outcome criteria for efficacy and safety, follow-up,
drop-out rate (if applicable), ethics, and results. Efficacy and
safety results were reported for each paper and pooled
together according to each neuromodulation technique.
Results of the systematic review were analysed regarding
study methods, ethics, and outcome assessment in the
context of currently active clinical research recommenda-
tions provided by the fourth International Consultation on
Incontinence [20].

3. Evidence synthesis

3.1. Literature search results

The flow diagram is presented in Figure 1. Using the
aforementioned research strategy, 2302 studies were
identified. After applying the eligibility criteria, a total of
147 papers were assessed for eligibility.

Many studies included patients without preoperative
stratification for different types of incontinence. These
heterogeneous studies providing potentially confounding
results were excluded from our analysis. After a second
detailed selection, 21 papers reporting efficacy and/or
safety outcome of SNM and PTNS were identified and
included. The supplementary material shows the detailed
reasons for exclusion of particular studies.

3.2. Risk of bias assessment

For assessing the risk of bias, we evaluated each paper at
study and outcome level. At the study level, we evaluated
any bias in the selection of patients enrolled, with the
lowest risk in prospective randomised clinical trials with
adequate methods of randomisation that guarantees
concealment of the allocation of patients in each group;
we also evaluated the risk of bias linked to the blindness
towards the treatment of participants and personnel. At the
outcome level, we evaluated any detection bias linked to the
blindness of the outcome assessment, the completeness of
outcome data or, on the contrary, the possible effect of
missing data on the outcome measure, and the bias linked
to possible omission of data (Fig. 2).

For nonrandomised studies, we applied the ROBINS-I
tool to assess the methodological quality of observational
studies [21]. We evaluated the presence of baseline
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