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Introduction

Overactive bladder (OAB) is a chronic syndrome defined as 
urinary urgency, frequency and nocturia with or without urge 
incontinence (1). The prevalence of OAB is about 16% in the 
European and American adult and it increases with age and 
is approximately 30% in women over the age of 65 years (2). 
With such a prevalence, OAB affects millions of people on 
their quality of life and medical expenditure (3,4). 

Currently, the anticholinergic/muscarinic drugs (ACDs) 

are the mainstay for the treatment of OAB. Though they 
have pronounced ability to improve the symptoms of a big 
amount of patients with OAB, the drug discontinuation is 
high with a mean rate of 84% at 12 months, as a result of its 
systemic anticholinergic side effects, insufficient response 
and enduring costs (5,6).

Given the limitation mentioned above, there is a growing 
requirement for other therapy methods that had less side 
effect, less costs and same therapeutic effect as ACDs. 
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Neuromodulation seems to be that very alternative therapy 
option which is efficient in the treatment of lower urinary 
tract syndromes with less absolute side effects observed (7,8). 
Although the specific mechanism of neuromodulation has 
not been explained clear totally, two potential mechanisms 
are considered to be possible: activate the afferent fibers 
and lead to inhibition at a spinal or a supraspinal level; and 
activate the efferent fibers to the striated urethral sphincter 
which releases detrusor reflexively (9). 

Tibia l  nerve st imulat ion (TNS) i s  one sort  of 
neuromodulation that stimulates the sacral segments of 
S2/S3 which contains the spinal center of bladder control 
(10,11). Since firstly introduced in 1999, TNS has shown 
significant clinical efficiency of controlling voiding frequency, 
nocturia, urgency episodes and incontinence episodes 
and improving quality of life for patients with OAB (12).  
Sherif et al. found that both OnabotulinumtoxinA and TNS 
were effective to refractory idiopathic OAB but TNS had 
less side effects (13). 

Recently, some randomized controlled trails (RCTs) 
compared the efficiency of TNS and ACDs for the 
treatment of OAB but their outcomes varied a lot (14-19).  
Thus, we performed this meta-analysis to compare the 
efficiency and tolerance between TNS and ACDS for the 
treatment of OAB. We present the following article in 
accordance with the PRISMA 2020 reporting checklist 
(available at http://dx.doi.org/10.21037/apm-21-339).

Methods

Search strategy

We performed an extensive search of the database of 
PubMed, Embase, the Cochrane Library, and Web of 
Science up to November 3, 2020. Besides, we searched 
the references of selected articles and reviews to obtain 
more potentially relevant studies, and we contacted the 
corresponding author to obtain the unclear and available 
data at the same time. As the data was extracted from the 
open-sourced studies rather than proprietary domains, 
there is no need to obtain an IBR approval in the current 
work. We formulated the search strategy according to the 
Participant, Intervention, Comparison, Outcome and Study 
(PICOS) framework. The search strategies are as following: 
((tibial nerve stimulation OR TNS) OR (percutaneous tibial 
nerve stimulation OR PTNS) OR (transcutaneous tibial 
nerve stimulation OR TTNS)) AND (Anticholinergic drugs 
OR antimuscarinic drugs OR (solifenacin OR tolterodine 

OR oxybutynin OR imidafenacin OR propiverine OR 
fesoterodine OR trospium OR darifenacin)) AND 
(overactive bladder OR overactive urinary bladder OR 
bladder, overactive OR OAB)

Inclusion and exclusion criteria

Studies fulfilled the following criteria were involved in our 
meta-analysis: (I) patients experienced OAB; (II) studies 
comparing the effects of TNS and ACDs; (III) outcomes 
reporting evaluation of the indexes including: frequency, 
urgency, urge incontinence and nocturia before and after 
treatment; (IV) English literature; (V) RCT.

Repeat publications, sample size <10, reviews, superficial 
abstracts and those without sufficient data to estimate the 
outcome were excluded.

Selection of studies

Two authors (SC Xiong and L Peng) respectively screened 
the title, abstract and results and keywords of each study. 
Together, we discussed all of included studies to eliminate 
discrepancies. Then, full texts were screened to further 
evaluate if the study had met the inclusion criteria and failed 
to meet the exclusion criteria.

Quality assessment

The quality levels of the enrolled RCTs were assessed 
according to the Cochrane Collaboration bias appraisal tool. 
The methodological quality of each trial was assessed based 
on the following items: (I) random sequence generation; 
(II) allocation concealment; (III) blinding of participants 
and personnel; (IV) blinding of outcome assessment; (V) 
incomplete outcome data; (VI) selective reporting; (VII) 
other bias. Each item was assessed with low risk, high risk 
or unclear. 

Data extraction

Two individual investigators (YX Shao and L Peng) 
extracted the required data using a standard form. We 
extracted the following characteristics: name of the first 
author, publication year, the study design, the dosage and 
the frequency of treatment patients received, treatment 
duration, the incidence of side effects, the discontinuation 
because of an adverse events (AEs), the baseline and 
outcome micturition per day, urgency episodes, urge 
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incontinence episodes per day, nocturia per night, Patien 
Global Impression of Improvement questionnaire (PGI-I), 
Overactive Bladder questionnaire Short Form 6 items 
(OAB-q SF 6) and Overactive Bladder questionnaire Short 
Form 13 items (OAB-q SF 13). At the same time, the 
authors of original studies were requested for authentic 
information when we imputed the missing or vague 
information based on the methods of Cochrane Handbook.

Statistical analysis

The pooled effects were expressed as the mean differences 
(MDs) for continuous outcomes and odds ratios (ORs) for 
dichotomy variable with 95% CIs. The heterogeneity of 
the enrolled studies was assessed according to Higgins I2 
and the Cochrane’s Q-statistic test (20). When there was no 
conspicuous heterogeneity (P>0.1 or I2≤50%), a fixed model 
(Mantel-Haenszel method) was used; otherwise, a random 
model (DerSimonian-Laird method) was applied (21,22). A 
two-sided P<0.05 were considered statistically significant. 

By removing each study sequentially, sensitivity analyses 
were performed to evaluate the stability of the final results. 
All these are dealt with Review Manager 5.3.

Results

Characteristics of individual studies

Figure 1 displayed the study selection process. Based on the 
inclusion and exclusion criteria, a total of 139 articles were 
retrieved in initial search, and 6 studies (14-19) including 
291 OAB patients were finally enrolled in the current meta-
analysis and all the studies included were RCTs. Table 1 
list the characteristics of the included studies in the meta-
analysis. The treatment duration of 3 studies (14,15,18) 
was 12 weeks, two (16,17) was 3 months and one (19) was  
6 weeks. The therapeutic methods of TNS were once a week 
for 30 min in the most of studies (14,16-18) except 2 studies 
(15,19) in which it was twice a week for 30 min. The choice 
of ACDs varied: oxybutynin in one study (15), solifenacin 

Records screened
(n=139)

Records excluded
(n=128)

Full-text articles excluded
(n=5)

No aim outcomes (n=4)
Insufficient data (n=1)

Full-text articles assessed for eligibility
(n=11)

Studies included in qualitative synthesis
(n=6)

Studies included in quantitative 
synthesis (meta-analysis)

(n=6)

Records identified through PubMed, 
Embase, the Cochrane Library and Web 

of Science database searching
(n=136)

Additional records identified through 
other sources

(n=13)

Records after duplicates removed
(n=139)

Figure 1 PRISMA flowchart of study selection.
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succinate in 2 studies (18,19) and tolterodine in 3 studies 
(14,16,17). The gender of patients was mixed in only one 
study (16), in which 96% and 92% patients were female in 
the TNS group and ACDs group respectively. Besides, all of 
the patients were female in the other studies (14,15,17-19).

Quality assessment

For the quality assessment of the included RCTs, Figure S1  
showed that 4 RCTs (15-18) described their methods of 
randomization and 2 RCTs (14,19) did not show their 
specific methods of randomization. Thus, we appraised 
those RCTs without stating their methods of randomization 
as unclear risk of adequate sequence generation. Only 
two RCT (17,18) mentioned allocation concealment and 
other RCTs (14-16,19) did not make mention of allocation 

concealment. Blind methods were not adopted in all of the 
studies. Therefore, all RCTs were considered with high risk 
of blinding of participants and personnel. As we did not 
detect any risks regarding to other bias, we judged all the 
included RCTs with low risk of other bias.

Outcomes

As revealed in Figure 2A, five studies assessed the scores of 
micturition. The pooled MD for micturition was –0.75 (95% 
CI: –1.78 to 0.28, P=0.16), which indicated that TNS had no 
statistically significant better effect on reducing micturition. 
Figure 2B revealed details of 3 studies mentioning nocturia. 
The pooled MD was −1.11 (95% CI: −2.93 to 0.72, P=0.23), 
indicating no statistically significant difference between two 
interventions. Figure 2C showed studies comparing TNS 

Table 1 Characteristics of the included studies in meta-analysis

Author Year Country Gender
Intervention/
comparison

No.
Mean age ± 

SD
Treatment 
protocol

Follow-
up

Comparable index

Vecchioli 2013 Italy Female PTNS 16 66.7±8.8 Twice/week for 
30 min

6 weeks Micturition, nocturia, 
urge incontinence, 

voided volume, AEs, 
OAB-qSF 6, OAB-
qSF13 and PGI-I

Solifenacin 
succinate

14 66.3±9.7 5 mg/day 40 days

Vecchioli 2018 Italy Female PTNS 34 60±7 Once/week for 
30 min

12 weeks AEs, OABSS, OAB-q 
SF 6, OAB-q SF 13 

and PGI-I
Solifenacin 
succinate

27 62±7.25 5 mg/day 12 weeks

Peters 2009 America Mixed PTNS 41 57.5±15.2 Once/week for 
30 min

12 weeks Micturition, nocturia, 
urge incontinence, 
urgency, voided vol 

and AEs
Tolterodine 43 58.2±11.3 4 mg/day or 

2 mg/day if 
intolerance

90 days

Preyer 2015 Austria Female PTNS 16 57.4±9.5  Once/week for 
30 min

3 months Micturition, urge 
incontinence and AEs

Tolterodine 16 55.8±16.2  2 mg/day 3 months

Kızılyel 2015 Turkey Female PTNS 10 41.00±14.49 Once/week for 
30 min

12 weeks Micturition, nocturia, 
urge incontinence and 

OABSS
Tolterodine 10 36.30±6.11 4 mg/day 12 weeks

Manríquez 2016 Chile Female TTNS 34 54.5±16.5 Twice/week for 
30 min

12 weeks Micturition, urgency, 
urge incontinence and 

AEs
Oxybutynin 30 53±13.25 10 mg/day 12 weeks

SD, standard deviation; PTNS, percutaneous tibial nerve stimulation; TTNS, transcutaneous tibial nerve stimulation; AEs, adverse events; 
PGI-I, Patien Global Impression of Improvement questionnaire; OAB-q SF 6, Overactive Bladder questionnaire Short Form 6 items; OAB-q 
SF 13, Overactive Bladder questionnaire Short Form 13 items; OABSS, Overactive Bladder Symptom Score.

https://cdn.amegroups.cn/static/public/APM-21-339-supplementary.pdf
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with ACDs in terms of urge incontinence. The pooled 
MD for urge incontinence was –1.11 (95% CI: –1.66 to 
–0.55, P<0.001), indicating a significant stronger power in 
TNS for reducing urge incontinence. In terms of urgency 
and voided volume, Figure 2D,E displays meta-analysis 
comparing TNS with ACDs. The pooled MDs were –0.57 
(95% CI: –1.93 to 0.79, P=0.41) and 11.61 (95% CI: –3.95 
to 27.18, P=0.14) respectively, which indicated that there 
was no statistically significant difference between the two 
interventions on decreasing urgency and increasing voided 

volume.
As displayed in Figure 3A,B, the pooled MDs for change 

of OAB-qSF 6 and OAB-qSF13 were -0.13 (95% CI: –0.51 
to 0.26, P=0.52) and –0.20 (95% CI: –0.61 to 0.21, P=0.34) 
respectively, indicating no statistically significant difference 
on the effect of improving OAB-qSF 6, OAB-qSF13. In the 
assessment of PGI-I (Figure 3C), the pooled MD was –0.46 
(95% CI: –0.84 to –0.08, P=0.02), which indicated that 
TNS had a better power on the effect of improving PGI-I 
than ACDs. 

Figure 2 Forest plot for the changes of micturition per day, nocturia per night, urgency episodes per day, incontinence episodes per day and 
voided volume each time. TNS, tibial nerve stimulation; ACD, anticholinergic drug.

A

B

C

D

E
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Sensitivity analysis was conducted, and when ruling out 
the study of Peters 2009 and Preyer 2015 respectively, the 
pooled MDs of change of micturition were –1.39 (95% CI: 
–1.94 to 0.83, P<0.001) and –1.32 (95% CI: –1.85 to 0.79, 
P<0.001), which meant TNS might have a better effect in 
improving micturition compared with ACDs.

Safety assessment

With regard to safety profile, there was no severe adverse 
event in the current study. The incidence of any side effects 
is 11.1% and 33.7% in the TNS cohort and the ACDs 

cohort respectively and most of the side effects were mild 
or moderate, including dry mouth and constipation in the 
ACDs group and puncture pain in the TNS group. As 
shown in Figure 4, the incidence of discontinuation because 
of an AE was compared between the TNS group and ACDs 
group and the relevant OR was 0.13 (95% CI: 0.03 to 
0.51, P=0.003), indicating that TNS had significantly less 
discontinuation because of an AE than ACDs.

Discussion

TNS and ACDs are both efficient on improving OAB 

Figure 3 Forest plot for the changes of PGI-I, OAB-q SF 6 and OAB-q SF 13. PGI-I, Patien Global Impression of Improvement 
questionnaire; OAB-q SF 6, Overactive Bladder questionnaire Short Form 6 items; OAB-q SF 13, Overactive Bladder questionnaire Short 
Form 13 items; TNS, tibial nerve stimulation; ACD, anticholinergic drug.

A

B

C

Figure 4 Forest plot for meta-analysis of discontinuation because of an adverse event. TNS, tibial nerve stimulation; ACD, anticholinergic 
drug.
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symptoms (12,23).  Several  systemic reviews have 
demonstrated the efficiency and safety of TNS in the 
treatment of OAB (11,24,25). Over the past decade, two 
meta-analyses have shown that TNS had significant better 
improvements on the symptoms of OAB comparing with 
sham treatment (26,27). However, due to the lack of 
enough studies, these two meta-analyses had no sufficient 
efficiency to show any superiority on improving OAB 
symptoms between TNS and ACDs. To the best of our 
knowledge, the present meta-analysis is the first head to 
head meta-analysis directly comparing TNS and ACDs in 
the treatment of OAB.

In this meta-analysis, all of the included studies were 
RCTs, which had a relatively higher level of evidence 
comparing with non-RCTs. Because most of the included 
patients were not refractory patients of OAB and some of 
them were naïve to treatment, the outcomes might slightly 
be influenced by the resistance to ACDs. We found that 
TNS had a comparable effect on the improvement of 
urgency, micturition, nocturia and voiding volume and 
better improvement of urge incontinence compared with 
ACDs. When ruling out the study of Peters 2009 or Preyer 
2015, the sensitivity analysis even showed that TNS had 
a better effect of the decrease of micturition over ACDs 
(16,17). All of the included RCTs have demonstrated that 
short term TNS had significant effect on the improvement 
of OAB. However, all of the included studies did not assess 
the duration of TNS and studies evaluating the long-term 
therapy of TNS seem to be rare so far. MacDiarmid et al.  
offered an additional 9 months of TNS treatment for 
the patients, who were randomized to TNS group in the 
Overactive Bladder Innovative Therapy Trail and have 
already received 12 weeks of TNS therapy, to evaluate the 
sustained theraputic efficacy (28). They found evidences 
that TNS had statistically significant OAB symptoms 
improvement in terms of frequency, urge incontinence, 
nocturia and voided volume from 12 weeks to 12 months, 
which means that TNS had a durable and long-term effect 
on the OAB therapy. 

Except for comparing the improvements of symptoms, 
we also included commonly used questionnaires, involving 
PGI-I, OAB-q SF 6 and OOAB-q SF 13, to assess the impact 
of OAB symptoms on patient’s quality of life (QoL) and 
the patient impression of improvement. Our meta-analysis 
found that TNS had comparable effect on improving OAB-q 
SF 6 and OAB-q SF13 and better effect on improving 
PGI-I than ACDS. Vecchioli et al. used the Overactive 
Bladder Symptom Score (OABSS) questionnaire to evaluate 

the improvements in OAB symptoms and they found that 
TNS had a greater effectiveness than solifenacin (18).  
Souto et al. evaluated patients at weeks 0, 12, and 24 
with other forms, including International Consultation 
on Incontinence-OAB (ICIQ-OAB), questionnaires 
International Consultation on Incontinence-Short Form 
(ICIQ-SF) and Symptom bother and they found TNS was 
more effective for improvement of clinical symptoms of 
OAB and QoL (29). 

The tolerance of ACDs was poor for patients with OAB, 
due to the systemically anticholinergic side effects including 
dry mouth, constipation, dizziness, visual blurriness, 
headache, diarrhea and fatigue. Gopal et al. used a large 
administrative database involving 29,369 patients with 
lower urinary tract symptoms to assess the discontinuation 
of ACDs. They found that the discontinuation was high 
with a rate of 54–71% in different class of medication at 
6 months and the median time for overall discontinuation 
was short about 4.76 months (30). Generally, TNS had rare 
side effects and the common side effects contain puncture 
pain, swelling, hematuria, headache, leg cramps, vasovagal 
response and intermittent foot/toe pain (16,31,32). In our 
meta-analysis, the incidence of any side effect is 11.1% 
and 33.7% in the TNS cohort and the ACDs cohort 
respectively and the discontinuation because of an AEs in 
the ACDs cohort was significantly higher than that of TNS 
cohort. In other words, the tolerance of TNS is better than 
that of ACDs, and this tolerance could even be much better 
if we adopt transcutaneous TNS (TTNS), which abandons 
the traditional needle and uses the superficial electrode 
to stimulate the nerve, making it less invasive and more 
tolerable (15).

Though the efficiency and side effects are the most 
important factors influencing the option of therapeutic 
methods, the cost of treatment also influences the 
preference of patients. However, there was no information 
about the cost in the included studies. Chen at al compared 
the cost-effectiveness of TNS and extended release 
tolterodine for the treatment of OAB (33). They found 
that the incremental cost-effectiveness ratio for every 
100 patients in the TNS cohorts was $70,754 per quality 
adjusted life-year gained compared with the extended 
release tolterodine cohorts, which means that TNS was not 
cost-effective compared with extended release tolterodine. 
However, these data refer to a single antimuscarinic drug 
and perhaps can’t be generalized to all. Thus, the cost-
effectiveness of TNS and ACDs still needs to be assessed 
further.
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Although our meta-analysis showed that TNS had 
comparable therapeutic effects on the improvement of most 
OAB symptoms and pointed out some superiority of TNS 
over ACDs on the assessment of urge incontinence and 
PGI-I, there were some limitations worth mention. Firstly, 
all of the included RCTs were not blinded, which may lead 
to some unavoidable biases influencing the results of this 
meta-analysis. Secondly, the dosage, variety, frequency, 
duration and cycle of TNS and ACDs varied a lot in 
different studies and these variations could also be found 
in the baseline information and measurement parameters. 
Thirdly, all of the studies only assessed the short-time 
efficiency of TNS and ACDs and the long-term effect needs 
to be assessed in the subsequent follow-up. Besides, the 
included RCTs can’t provide detailed information about if 
patients had previously failed ACDs therapy before entry to 
the RCTs. Patients previously failing ACDs therapy or not 
may respond to the ACDs therapy differently. Therefore, 
more high-quality RCTs with large scale and long-time 
follow-up are strongly necessary to evaluate the efficiency 
of TNS and ACDs.

Conclusions

In this meta-analysis, we confirm that TNS has comparable 
therapeutic effects on the improvement of OAB symptoms 
including micturition, nocturia, urgency and voiding 
volume but has better effect on urge incontinence compared 
with ACDs. Compared with patients receiving ACDs, those 
receiving TNS have a similar improvement of QOL scores 
regarding OAB-q SF 6 and OAB-q SF13 but had better 
impression on the improvement of OAB in terms of PGI-I. 
Besides, we also found that TNS, with less discontinuation, 
might be more tolerable compared with ACDs. TNS may 
be an alternative option of ACDs for the treatment of OAB.
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Figure S1 Risk of bias for randomized controlled trials.
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