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54  Abstract

55  Introduction and Hypothesis: Electrical nerve stimulation is a widely used treatment for

56  overactive bladder but there is no consensus regarding the best placement of electrodes or

57  protocols. We hypothesized that some non-implanted neurostimulation protocols would be

58  more effective compared to others for treating urinary symptoms and improving quality of life
59  among adults diagnosed with non-neurogenic overactive bladder. Methods: A systematic

60  review and meta-analyses of randomized clinical trials were performed in five electronic

61  databases: Pubmed/Medline, Lilacs, CINAHL, Web of Science, and PEDro. The main
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outcome was urinary symptoms - frequency, nocturia, urgency - and the secondary outcome
quality of life. Some protocols characteristics were extracted, as frequency, pulse width,
intensity, intervention time, and electrode placement. Results: Nine randomized controlled
trials were included. Tibial neurostimulation showed better results than sacral
neurostimulation for urge-incontinence (mean difference=1.25 episodes, 95% ClI, 0.12-2.38,
n=73). On the pooled analysis, the different neurostimulation protocols — intravaginal,
percutaneous tibial and transcutaneous tibial nerve stimulation — demonstrated similar results
for urinary frequency, nocturia, and urgency, as well as for quality of life. In general, effect
sizes from meta-analyses were low to moderate. The best reported parameters for
percutaneous tibial nerve stimulation were 20Hz frequency and 200us width, once a week.
Conclusions: There was evidence that tibial neurostimulation is more effective than sacral
neurostimulation for urge-incontinence symptoms among patients with non-neurogenic
overactive bladder. Overall, there was no superiority of an electrical nerve stimulation
electrodes placement and protocol over others considering urinary symptoms and quality of

life. Further studies with three-arm trials are necessary. PROSPERO: CRD4201810071.

Key words: Urinary Incontinence, Urge; Urinary Bladder, Overactive; transcutaneous

electrical nerve stimulation; quality of life.

Brief summary

This was a systematic review and meta-analysis of neuromodulation protocols to treat non-
neurogenic overactive bladder symptoms. Tibial neurostimulation showed to be more

effective than sacral neurostimulation for urge-incontinence symptoms.

Abbreviations
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OAB - Overactive bladder

QoL — Quality of life

ICIQ-OAB - International Consultation on Incontinence Questionnaire Overactive Bladder

I-QOL - Incontinence Quality of Life Instrument

OAB-q SF - Overactive Bladder Questionnaire Short Form

MD — mean difference

Introduction

Overactive bladder (OAB), according to the International Continence Society, is a complex
dysfunction encompassing symptoms of urgency, augmented urinary frequency, and nocturia,
which may also be associated with urinary incontinence [1]. Approximately two-thirds of
women and one-third of men develop urinary incontinence associated with OAB, affecting
quality of life (QoL) [2,3]. The first line treatment for OAB is cognitive behavioural therapy
and the second line treatment is the pharmacological management with anti-muscarinic or
agonist of B3-adrenoreceptor drugs [3], which lead to various negative side effects in several
systems such as the gastrointestinal, cardiac, neurological, urogynecological, and nasopharynx
[4,5] systems. Hence, due to their low tolerance and low adherence rates, the use of these

drugs is limited among older individuals.
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Current practice recommends the use of neurostimulation as non-pharmacological and
alternative treatment option for OAB particularly whether conventional treatment fails or if
the medications are not tolerated [3,6]. The detrusor overactivity can be supressed by two
different mechanisms, the first occurs by direct inhibition of bladder preganglionic neurons,
and the second by inhibition of interneuronal transmission in the afferent limb micturition
reflex [7]. Neurostimulation aims to inhibit the reflex activity of the detrusor muscle by
stimulating somatic afferent pathways capable to block the processing of visceral afferent
signals, therefore, electric stimulation of the nerve or dermatome blocks the afferent inputs
from bladder. The tibial nerve (L4-S3) divides the sacral roots with somatic afferent pudendal
nerve (S2-S4), providing inhibition of sensory processing spinal cord [3,5-8]. The mechanism
explaining why neurostimulation is effective for treating OAB is not fully understood.
Despite voiding control being mostly voluntary, various somatic and visceral afferent nerve
stimulations, including electrical stimulation, may awaken the primitive mechanism of
inhibitory modulation of the micturition reflex in the spinal cord [7]. Electrical superficial
electrodes, vaginal or anal probes stimulate motor efferent fibres of the pudendal nerve,
causing pelvic floor muscle contractions that inhibit detrusor contractions by activating A3
Mahoney reflex, which postpone the micturition desire [9].

Neurostimulation protocols for OAB can be transcutaneous, covering three possible
placement regions for the surface electrodes: over the sacrum in the region of the sacral nerve
roots [8], over the tibial nerve at the ankle [3,8], or intra-vaginal. It can also be percutaneous,
with needle electrodes inserted near the tibial nerve [8,10]. Preliminary evidence shows
neurostimulation to be a safe and cost-effective intervention for reducing urinary symptoms
and improving long-term QoL [3,6,11,12]. Studies comparing the use of neurostimulation to
placebo/sham treatment or with pharmacological treatment shows beneficial results for OAB

[3,5,6,8].
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This notwithstanding, the findings are inconclusive regarding the most appropriate
neurostimulation protocol considering different parameter settings such as frequency, pulse
width, and intensity, highlighting the absence of intervention parameters consensus [6,10,11].
The nonexistence of standardized protocols might compromise the effectiveness of OAB
treatment. The guideline from the American Urological Association classifies the use of
peripheral tibial nerve stimulation for non-neurogenic OAB as a third-line treatment with an
evidence strength of grade C [3]. Also, the sacral implanted neuromodulation is
recommended as a third line treatment for patients with severe refractory OAB symptoms
with an evidence strength of grade C. This is an invasive treatment as an implantable device is
placed on iliac crest and the electrodes are directly connected into S3-S4 levels [3]. Thus, it is
not the focus of the present study.

In addition, systematic reviews [6,10,11] and a guideline [3] suggest forthcoming
studies with higher levels of evidence, aiming at standardization of neurostimulation protocols
for OAB to improve health outcomes [3,6,10,11]. Therefore, considering the great usability
and wide variability of neurostimulation protocols for non-neurogenic OAB treatment, the
aim of the present study was to analyse current literature on the effectiveness of different
neurostimulation protocols for treating urinary symptoms and improving quality of life among

adults diagnosed with non-neurogenic overactive bladder.

Materials and Methods

Design
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This systematic review report is based on the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [13] and was registered at the

International Prospective Register of Systematic Reviews - PROSPERO (CRD4201810071).

Search strategy

Systematic searches were performed in five databases on 19/04/2020:
Pubmed/Medline (via National Library of Medicine), Lilacs, CINAHL with full text
(EBSCO), Web of Science (Thomson Reuters Scientific), and PEDro. A further manual
search of the included references was also conducted. The full search strategy is available as

supplementary material.

Inclusion Criteria

The inclusion criteria were: (1) adults aged over 18 with a diagnosis of non-
neurogenic OAB; (2) randomized clinical trials or quasi-randomized clinical trials comparing
different protocols of neurostimulation (e.g., frequency, pulse width, intensity, intervention
time, and electrode placement); (3) related to the primary outcomes nocturia, urinary
frequency, urgency, and urge-incontinence; and the secondary outcome QoL. The included
studies were articles published in English, Spanish, French, and Portuguese. Articles with
sacral neuromodulation implants were excluded.

Data extraction and quality assessment

After the database searches, titles were screened to identify duplicate publications

which were removed. KZ, IK, and BBHB screened titles to find potential studies for full
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reading and, in sequence, the three authors extensively read the available articles to select
those that met the eligibility criteria. Any disagreements were resolved by consensus. The
extracted information included authorship, year of publication, sample characteristics (age
and clinical diagnosis), instruments, neurostimulation protocol, results, and study limitations.

The methodological quality of the included studies was assessed by the Risk of Bias
tool from the Cochrane Collaboration [14]. Studies were classified as good quality (low risk
in all items); fair quality (high risk of bias for one domain or two criteria unclear); poor

quality (two or more criteria listed as a high or unclear risk of bias).

Data analysis

Data were analysed as continuous variables and presented as standardized mean
differences (SMD) and 95% confidence intervals to pool primary and secondary outcomes.
Meta-analyses were performed on Review Manager (RevMan®) [Computer program],
Version 5.3 (Copenhagen, The Cochrane Collaboration, 2014), comparing the different
neurostimulation protocols which were visually displayed in the forest plot. The data
heterogeneity was assessed through 12 statistics. If significant heterogeneity was identified
(12>50%), studies were pooled for meta-analysis using a random-effects model; if not a fixed-
effects model was chosen. The value of effect sizes was interpreted as follows, in accordance

with Cohen: effect size <0.5= small; effect size 0.5-0.8=moderate; effect size >0.8=large™.

Results

Flow of studies through the review
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The first literature search of electronic bibliographic databases retrieved 3024 titles:
757 were from Lilacs, 41 from PEDro, 388 from Web of Science, 1070 from
Pubmed/Medline, and 768 from CINAHL. After removing duplicates, 1944 studies were
screened by titles and abstracts and 29 were considered potentially relevant. After full reading
of the available articles, nine studies met the inclusion criteria; details from the search are
available in supplementary file 1. Four studies were added and, after manual screening of the
references from included studies, no further studies were selected. Thus, nine studies were
analysed in this systematic review. The flowchart of the selected studies is available in Figure

1.

[Insert Figure 1 here]

Characteristics of the included studies

Among the included studies, the countries that published the articles were: Brazil [16—
19] India [20], Turkey [21], Italy [22], the United Kingdom [23], and Spain [24]. The
publication years ranged from 2011 to 2020, demonstrating ongoing interest in this treatment
option. The studies included from 15 to 101 subjects (464 subjects in total). The average age
of participants in all studies ranged from 41.8 to 69.57 years. In addition to the diagnosis of
OAB, only one study included subjects with mixed urinary incontinence [16], which means a
diagnosis of non-neurogenic OAB associated with stress-related urinary incontinence. Seven

studies had a two-arm design [16,17,19, 21-24], while two had a three-arm design [18,20].

Methodologic quality of the included studies

10
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Five studies were considered of poor quality [16,19,21,22,24] and four of fair quality
[17,18,20,23] (Figure 6). Approximately 44.4% of the studies presented an unclear risk of
selection bias, 66.6% an unclear risk for performance bias, 55.5% an unclear risk for detection

bias, and 77.7% an unclear risk for reporting bias.

Effect of intervention

There was great variability in the adopted neurostimulation parameter settings, such as
frequency, pulse width, intensity, application time, and electrode placement. Neurostimulation
of the tibial nerve (transcutaneous or percutaneous) was investigated in all included studies.
Percutaneous stimulation was applied in four studies [21-24] intra-vaginal transcutaneous
neurostimulation was performed in three [16,21,22], and stimulation in the sacrum region in

three [17,19,20]. The treatment protocols are available in table 1.

[Insert Table 1 here]

Assessment Instruments

Several instruments were used to evaluate the outcomes of the studies (Table 1). The
most used instruments were a voiding diary [16,17,19,21-24] and the International
Consultation on Incontinence Questionnaire Overactive Bladder (IC1IQ-OAB) [17,18].
Regarding QoL, the most common instruments were the Incontinence Quality of Life
Instrument (1-QOL) [16,24], the Overactive Bladder Questionnaire Short Form (OAB-q SF)

[22,23], and the International Consultation on Incontinence Questionnaire Overactive Bladder

11
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(ICIQ-OAB) [17-19]. Other instruments were used to identify the symptoms of urgency in

subjects, and the perception of improvement (Table 2).

Intravaginal versus tibial neurostimulation

Three studies compared intra-vaginal with tibial neurostimulation regarding urinary
frequency and nocturia (Figure 2A and 2B). Results for urgency and urge-incontinence could
not be pooled as quality assessment showed high risk of reporting, detection, and performance

bias [21,22], and one study reported unclear risk also for selection bias [17].

[insert figure 2 here]

On pooled results, no significant differences were found between intravaginal and
tibial neurostimulation for urinary frequency [Mean difference (MD) -0.24 times a day,
95%CI -1.45 to 0.96, n=69] and for nocturia (MD 0.07 times that urinate during sleeping

hours, 95% CI -0.22 to 0.37, n=69).

Transcutaneous versus percutaneous tibial neurostimulation

Two studies compared transcutaneous with percutaneous tibial neurostimulation. One
of them reported no differences regarding urinary frequency, nocturia, urgency, urge-
incontinence, and voided volume [24]. On pooled results, no significant differences were
found for urgency (MD= 0.70 episodes per day, 95%CI -1.06 to 2.45, n=92), urinary
frequency found (MD= -0.66 times a day, 95%CI -1.50 to 0.17, n=92), and urge-incontinence

(MD= 0.25 episodes per day, 95%CI — 0.50 to 0.99, n=92) - Figures 3A and 3B. Considering

12
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the risk of bias, both studies showed a fair quality. Unclear bias risk was reported for
performance [23,24], detection [24] and reporting [23,24].

[insert figure 3 here]

Sacral versus tibial neurostimulation

Three studies compared the neurostimulation of the sacral nerve with the posterior
tibial nerve. One of them performed a three-arm trial, although it could not be pooled on
meta-analysis because it provided only the full score of OABSS and did not report specific
symptoms [20]. This study, which had a fair methodological quality and reported an unclear
risk for selection bias, found that simultaneous stimulation of sacral and tibial nerve was more
effective in relieving the symptoms of OAB when compared to sacral or tibial nerve
stimulation alone [20]. The other two studies were pooled (figure 4 A and 4B) [17,19].
Regarding the risk of bias, two were of fair quality and reported an unclear risk for selection
bias [17,19], performance bias, detection bias [19], reporting bias [19,20], and other biases

[17].

[insert figure 4 here]

One low-risk of bias RCT [17] and one high-risk of bias RCT [19] assessed urge

incontinence after sacral or tibial nerve stimulation and found better results to tibial nerve

compared to sacral stimulation (MD 1.25, 95%CI 0.12 to 2.38, n=73). Regarding urinary

frequency (MD 0.03, 95%CI -1.26 to 1.32, n=73), no differences were found.

Quality of life

13



304 Patient QoL was reported in all included studies. Regarding the different protocol
305 effects on QoL, none of the pooled results showed difference to favour any of the protocols
306  (Figure 5). When analysing table 2 that compared intra-vaginal nerve stimulation with tibial
307  neurostimulation, one study demonstrated improvement of QoL on OAB-q SF 6 (p=0.017)
308 and OAB-q SF13 scores (p=0.019) after tibial neurostimulation [22]. Another study that

309 showed significant results regarding QoL compared sacral nerve stimulation with tibial

310  neurostimulation, and both UDI-6 (p=0.048) and 11Q-7 (p=0.038) scores were improved [20].

311

312 Discussion

313

314 This systematic review and meta-analyses aimed to analyse current literature on the

315  effectiveness of different neurostimulation protocols for treating urinary symptoms and

316  improving quality of life among adults diagnosed with non-neurogenic OAB. Our results
317  showed no difference between protocols for urinary frequency, nocturia and quality of life.
318  But there was evidence for supporting the use of posterior tibial neurostimulation for

319  improving urge incontinence compared to sacral superficial nerve stimulation. This result
320 could be explained as the tibial nerve is more superficial in relation to sacral nerve roots, the
321  transcutaneous electrodes placed on tibial posterior muscle awake the inhibitory primitive
322 reflex in the spinal cord, arousing the inhibitory reflex on detrusor and normalizing the

323  bladder functioning [7].

324 Tibial neurostimulation was performed in all the included studies at the present this
325  systematic review. The percutaneous modality was applied in four studies [21-24], while the
326  other studies used transcutaneous application [13-16,18-20]. No differences were found in
327  the between-group analysis regarding percutaneous or transcutaneous tibial neurostimulation

328 application [19,20]. These results are consistent with previous reviews, which highlighted the

14



329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

effectiveness of tibial neurostimulation when compared to sham groups [6]. Similarly,
guidelines consider tibial neurostimulation the best treatment option for OAB in clinical
practice [3], as it presents analogous results to pharmacological treatment, without the
reported systemic side effects. In addition, previous authors reported that tibial
neurostimulation is a more comfortable, safer, and cost-effective treatment option [25].
Regarding urinary symptoms and QoL, tibial neurostimulation presented more positive effects
when compared to intra-vaginal application [18].

Three previous systematic reviews analysed the effects of neurostimulation protocols
for non-neurogenic OAB with sham/placebo groups but, unlike our study, did not compare
different neurostimulation protocols. A previous review involved findings with a moderate-to-
high risk of bias, showed that neurostimulation improved the non-neurogenic OAB in
children [26]. The second review found moderate quality evidence supporting the use of
percutaneous tibial neurostimulation; though, it included both trials and observational studies
[12]. The third review concluded that electrical stimulation appeared to be more effective than
no treatment and drug treatment for OAB [9]. The findings of our systematic review are
specific to non-neurogenic OAB in adults treated with neurostimulation and, in contrast to the
previous reviews, we focused on analysis of the most effective neurostimulation protocol.

Despite the lack of consensus regarding neurostimulation parameter settings, the data
presented herein are in accordance with the American Urology Association [29], which
suggests neurostimulation should be performed twice a week for 30 minutes, for 12 weeks
[3]. One trial with patients with neurogenic overactive bladder due to spinal cord injury also
suggests that transcutaneous tibial nerve stimulation improved urodynamic parameters,
generating similar results as those obtained with anticholinergics [30].

The results from this systematic review should be interpreted with caution, as most of

studies had flaws in their methodologies, especially the lack in blinding of participants and

15



354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

personnel and selective reporting, since most of studies did not publish their protocols. There
was a wide range of different protocols among studies, hindering the comparison between
different protocols.

As with any study of this nature, there is a potential bias in study selection. Five
studies were not fully available on the internet and, despite our efforts to contact the authors
to request these studies, we did not succeed. Another limitation was the absence of a clear
description of the neurostimulation protocols proposed by the authors. The strengths were the
inclusion of many languages; searches in five databases; no filters added in the searches; and
the investigation of intervention programs with distinct neurostimulation parameter settings
and protocols. Moreover, all included studies used reliable and reproducible assessment
methods for urinary symptoms and QoL. All the included studies presented low dropout rates,
which minimized the bias for observed effects and, consequently, provided more accurate
data regarding the effectiveness of the proposed treatments [27].

Thus, given the absence of standardized intervention protocols, we strongly suggest
further studies with a more rigorous methodological plan, with major sample sizes and a
clearer description of electrical stimulation parameters, preferably trials with a three-arm
design are necessary to investigate the optimisation of electrical neurostimulation parameters
for treating non-neurogenic OAB and to avoid loop inconsistencies [28]. In addition, we
recommend forthcoming studies that assess the comfort of neurostimulation modalities.
Multimodal studies are welcome specially if further studies explore the benefits and
effectiveness of the combination of neurostimulation with behavioural therapy for OAB.

In conclusion, the present study shows evidence for the use of tibial posterior
neurostimulation within a frequency of 20 Hz and 200us width once a week for treating urge-

incontinence in non-neurogenic OAB patients.
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Figure Legends

Figure 1. Flow-chart of study selection process in accordance with PRISMA guidelines.

Figure 2. Forest-plot of intra-vaginal versus tibial nerve electrical stimulation for urinary
symptoms (urinary frequency and nocturia).

Figure 3. Forest-plot of transcutaneous tibial nerve stimulation versus percutaneous tibial
nerve stimulation for urinary symptoms (urgency, urge incontinence, and urinary frequency).

Figure 4. Forest-plot of sacral versus tibial nerve stimulation for urinary symptoms (urinary
frequency and urge incontinence).

Figure 5. Forest plot comparing neurostimulation protocols for quality-of-life score.

Figure 6. Risk of bias
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