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Abstract
Background: The study aimed to assess the efficacy and safety of parasacral neuromodulation (PNS) versus tibial n®
stimulation (TNS) for patients with overactive bladder (OAB).

Methods: Databases including PubMed, Embase, clinicalTrial.gov, and Cochrane Library Central Register of Controlled Trials
were systematically searched from January 1, 1999 to September 9, 2022. The improvements in a 3-day voiding diary were
set as the primary outcomes. Then, the scores of overactive bladder-validated 8-question awareness tool (OAB-V8), King’s
health questionnaire (KHQ), and international consultation on incontinence questionnaire overactive bladder (ICIQ-OAB) were also
evaluated.

Results: Five articles (4 randomized controlled trials [RCTs] and 1 prospective study) including 255 OAB patients were enrolled.
Two kinds of neuromodulations had similar performances in the micturition (mean difference [MD] = 0.26, 95% confidence interval
[Cl]: —0.51 to 1.04, P = .50), urgency episodes (MD = -0.16, 95% ClI: -0.64 to 0.31, P = .50), incontinence episodes (MD = 0.09,
95% Cl: -0.41 to 0.59, P =.72), as well as in the nocturia episodes (MD = 0.04, 95% ClI: -0.45 to 0.52, P = .89). Furthermore,
there was no difference regarding ICIQ-OAB scores (P = .83), KHQ (P = .91), and OAB-V8 scores (P = .83). Importantly, included
studies reported no adverse events in the 2 groups.

Conclusion: TNS and PNS had similar effectiveness for the treatment of OAB, moreover, without any identified adverse events
in both groups. However, well-designed RCTs are stilled needed to verify our results.

Abbreviations: ICIQ-OAB = international consultation on incontinence questionnaire overactive bladder, KHQ = King’s health
questionnaire, OAB = overactive bladder, OAB-V8 = overactive bladder-validated 8-question awareness tool, PNS = Parasacral

nerve stimulation, TNS = tibial nerve stimulation.
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1. Introduction

Patients with overactive bladder syndrome (OAB) usually pres-
ent urinary urgency and increased daytime micturition and/or
nocturia, with or without urinary incontinence.l! Based on a
real-word study, the prevalence of OAB is about 17% and which
increases gradually with age.’) OAB is not life-threatening, but
it alters life styles and may have a significant impact on the life
quality, sexual function, and social interaction of patients.?*!
After failed conservative and behavioral therapies, antimus-
carinics such as solifenacin are the mainstream treatments for
OAB, but high costs and side effects reduce patient adherence to
these drugs and ultimately limit their benefits to a wider range
of patients with OAB.>78 Under this circumstance, patients
tend to choose a more cost-effective and less invasive approach.

By modulating the sacral plexus and inhibiting detrusor
muscle hyperactivity, physiotherapeutic treatment through
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electrostimulation of the tibial®* and parasacral nerves!!!-3!
has proven an effective alternative to treat OAB symptoms in
adult and infant patients. Both 2 neuromodulations target S2
to S4 nerves which correspond to the main bladder parasym-
pathetic innervation, but the locations of electrodes in the 2
groups are different. With regard to tibial nerve stimulation
(TNS), whose electrodes are usually located near the medial
malleolus, covering the path of the tibial nerve to innervate S2
to S4 nerves.'"¥ Regarding parasacral nerve stimulation (PNS),
electrodes are positioned over the parasacral region on the
level of S3.1'"" Although TNS and PNS have been proven effec-
tive and well-accepted,!'"-!3'4 it is unclear who has better effec-
tiveness and safety profile for patients with OAB. Therefore,
we conducted a meat-analysis to compare the safety and effec-
tiveness of TNS versus PNS in treating patients with OAB and
provide a better clinical reference for urologists when making
a decision.
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2. Materials and Methods
2.1. Study selection

The ethic approval of this study was not necessary because the
included studies were open-sourced. The study was performed
in line with the PRISMA guidelines.!'! Databases including
PubMed, Embase, clinicalTrial.gov, and Cochrane Library
Central Register of Controlled Trials were systematically
searched from January 1, 1999 to September 9, 2022 to find
the studies comparing the PNS and TNS for OAB. Each data-
base was searched using the following formula: (Overactive
bladder OR Overactive urinary bladder OR Overactive detru-
sor) AND (Tibial neuromodulation OR Tibial nerve stimula-
tion OR Posterior tibial nerve stimulation) AND (Parasacral
neuromodulation OR Parasacral nerve stimulation). Last, ref-
erence list of related studies was carefully checked for eligible
articles.

2.2. Inclusion criteria and exclusion criteria

Study selection was conducted in line with the PICOS princi-
ple. Comparable studies (randomized controlled trial [RCT],
retrospective study, and prospective study) evaluated the effi-
cacy and safety of PNS versus TNS for patients with OAB
were selected. There were no limitations regarding status
and language. But a study should be excluded if other third-
line treatment such as type A botulinum toxin injection was
involved. Additionally, a study design of case report, proto-
col, comment, and an article without adequate data were also
excluded.

2.3. Study selection and data extraction

First, we identified the eligible studies according to the estab-
lished inclusion and exclusion criteria. Subsequently, the base-
line information, treatment protocol, OAB symptom scores at
last visit, and complications were collected to perform down-
stream analyses. Last, all authors double-checked included data.
If there was a disagreement, a discussion was performed in our
team to draw a conclusion.

2.4. Outcomes

The amount of micturition in 24 hour, the number of urgency
episodes and incontinence episodes in 24 hour, and the average
nocturia episodes were primary outcomes to assess the effec-
tiveness of PNS versus TNS. Then, overactive bladder-validated
8-question awareness tool (OAB-V8), King’s health question-
naire (KHQ) (incontinence impact domain), and international
consultation on incontinence questionnaire overactive bladder
(ICIQ-OAB) scores were compared to evaluate patients’ life
quality and OAB symptom improvements. Last, complications
such as bleeding, discomfort, and pain over the treated area
were recorded.

2.5. Quality assessment

The quality of RCTs and prospective studies was evaluated in
line with the Cochrane handbook guideline.!'! The domains of
risk of bias were judged as low, high, or unclear risk according
to the scores.

2.6. Data analysis

All statistical analyses were performed using the Review
Manager 5.3 (Cochrane Collaboration, Oxford, UK). All
included data were continuous parameters, and their mean
differences (MDs) with 95% confidence intervals (CIs) were
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calculated. I* test was performed to identify heterogeneity
among studies. IF I* values <50%, the fixed-effect model was
used, otherwise the random-effect method was used. Funnel
plot was constructed to assess the publication bias of primary
outcomes.

3. Results

3.1. Study characteristics

Following the study selection process in Figure 1, a total of 374
articles were initially identified, but 350 records were excluded
according to the established inclusion and exclusion criteria.
Subsequently, 8 articles were selected for qualitative synthe-
sis after removal of noncomparative articles.l'’->* However, 2
study protocols???* and 1 comment?*! with inadequate data
were excluded. Eventually, a total of § trials (4 RCTs and
1 prospective study)!'2!l with 255 patients were enrolled.
The characteristics of each study included were presented in
Table 1. Notably, the study by Barroso et al!'’”! compared the
efficacy and safety of 2 kinds of neuromodulations in chil-
dren, but others 4 studies focused on adults. Table 2 showed
the treatment protocol in each study. It should be noted that
the treatment protocols in each study were not consistent.
Importantly, the quality assessment showed a low risk in all
studies (Fig. S1, Supplemental Digital Content http://links.
lww.com/MD/H628).

3.2. Evaluation of effectiveness and safety profile

The amount of micturition in 24 hour was provided in 4 stud-
ies,l'211 and the number of urgency episodes was presented
in 3 studies.!'$2%2!1 But only 2 studies had data regarding the
number of incontinence episodes in 24 hour and nocturia epi-
sodes.l'”181 No statistical differences were noted in the mictu-
rition (MD =0.26, 95% CI: -0.51 to 1.04, P =.50), urgency
episodes (MD =-0.16, 95% CI: -0.64 to 0.31, P = .50), incon-
tinence episodes (MD = 0.09, 95% CI: -0.41 to 0.59, P = .72),
as well as in the nocturia episodes (MD = 0.04, 95% CI: -0.45
to 0.52, P =.89) in the 2 groups (Fig. 2). Moreover, none of
publication bias regarding primary outcomes was identified
(Fig. S2, Supplemental Digital Content http://links.lww.com/
MD/H629).

With regard to patients’ life quality, 4 articles!"?" contained
the data on ICIQ-OAB scores, 2 studies!'*?% presented the data
on KHQ scores, and 3 articles!!*!! assessed OAB-V8 scores.
Comparable pooled results were observed in terms of ICIQ-
OAB scores (MD =-0.09, 95% CI: -0.90 to 0.73, P =.83),

374 articles identified through
comprehensive search

350 recodes excluded based
on title and abstract

¥

24 studies potentially relevant
and assessed for eligibility

Details of exclusion
+  Review (n=10)
+  Non-comparative study (n=4)

L 4 *  Meeting (n=1)
Studies included in qualitative * Other topic (n=1)
synthesis
(n=8)

| Protocol (n=2)
Comment (n=1)

A 4
Studies enrolled for meta-
analysis
(n=15)

Figure 1. PRISMA flowchart of study selection.
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The baseline information of included studies.

Study Design Group N (F/M) Age (yrs) Follow-up
Barroso (2013) p Tibial 22 (15/7) 8.4+38 3 mon
Parasacral 37 (25/12) 75+28
Devi (2014) RCT Tibial 15 (9/6) 42.8 +8.12 4 wks
Parasacral 15 (10/5) 43.6 +7.56
Jacomo (2019) RCT Tibial 25 (25/0) 66 (65-73) 1 mon
Parasacral 25 (25/0) 66.5 (62.5-75.75)
Mallmann (2020) RCT Tibial 25 (25/0) 63.28 + 9.80 6 wks
Parasacral 25 (25/0) 59.68 + 10.27
Padilha (2021) RCT Tibial 33 (33/0) 415+13.8 6 wks
Parasacral 33 (33/0) 420+171
P = prospective, RCT = randomized controlled trail.
The treatment protocol in each included study.
Current and
Study Group Protocol pulse width Type Location Stimulator
Barroso (2013) Tibial Once wkly, 30min/ 20 Hz, 400 ps Needle electrodes 2 fingers cephalad to the medial malleolus ~ 608E electrical current stimulator
session (NKL Electronic Products, Brazil)
Parasacral 3 times wkly, 10 Hz, 700 us  Superficial electrodes ~ Parasacral region cover S2 and S3 nerves ~ Dualpex 961 Uro, Quark® Medical
20 min/session Products
Devi (2014) Tibial 6 times wkly, 10 Hz, 200 us  Superficial electrodes Proximal to the medial malleolus -
20 min/session
Parasacral 6 times wkly, 20 10 Hz, 200 us  Superficial electrodes  Parasacral region cover S2 and S3 nerves -
minutes/session
Jacomo (2019) Tibial  Twice awk, 30min/ 10 Hz, 200 ps  Superficial electrodes Below the left medial malleolus DUALPEX 961s (Quark, Brazil)
session
Parasacral  Twice a wk, 30min/ 10 Hz, 700 us ~ Superficial electrodes  Parasacral region cover S2 and S3 nerves DUALPEX 961s (Quark, Brazil)
session
Mallmann (2020) Tibial 3 times perwk, 20 Hz, 300 ps Silver spike point The medial region of the right ankle -
20 min/session electrodes
Parasacral 3 times per wk, 20 20 Hz, 300 ys ~ Superficial electrodes Bilteral sacral roots (parasacral region) -
minutes/session
Padilha (2021) Tibial  Twice awk, 20min/ 10 Hz, 200 ys ~ Superficial electrodes ~ One electrode positioned immediately pos- TENS Vif 993 (Quark Medical)
session terior to the medial malleolus and another
approximately 10 cm superior to it
Parasacral Twice a wk, 20min/ 10 Hz, 200 s~ Superficial electrodes  Electrodes positioned side by side symmet- TENS Vif 993 (Quark Medical)

session

rically, approximately 4 cm apart, at the
S3 level

KHQ scores (MD =0.98, 95% CI: -16.28 to 18.25, P =.91),
and OAB-V8 scores (MD =-0.55, 95% CI: -5.56 to 4.46,
P =.83) in the TNS and PNS groups (Fig. 3).

Regarding the safety profile, no complications were identified
or reported in the included studies.

4. Discussion

Although the PNS and TNS are well accepted, the priority of 2
kinks of neuromodulations remains unclear. Therefore, the first
meta-analysis was performed to shed some light on the topic.
Based on the current data, TNS and PNS presented compara-
ble efficacy regarding micturition (P =.50), urgency episodes
(P =.50), incontinence episodes (P =.72), as well as in the noc-
turia episodes (P =.89). Furthermore, both 2 kinds of neuro-
modulations significantly improved the patients’ life quality.
Importantly, good safety profile of 2 types of neuromodulations
was found.

In the field of urology, neuromodulation was applied to tar-
get and modulate the innervation system that controls lower
urinary tract. Tibial nerve (TN), a distal branch of the sciatic
nerve, that originates from the pelvis (L5-S3 spinal roots) and
descends towards the lower limbs.*’! Modulation of the TN

provides retrograde stimulation to the sacral plexus, which
drives bladder relaxing and contraction, and improves bladder
rhythm.®! Previous comparative studies have proved TNS an
effective, acceptable, and noninvasive approach for OAB in both
adults and children.?*28! The results found that the patients in
TNS group presented a higher response rate and had better
improvement regarding frequency, nocturnal voiding, urgency,
and urge incontinence. Additionally, Iyer et al reported that
TNS provided continuous therapeutic effects in a 9-year fol-
low-up.?! Furthermore, a review showed that TNS was helpful
in sexual function.* But it should be mentioned that the major
complications of TNS (pain and infections at the puncture site)
should be concerned and managed carefully despite with a low
incidence. In regard to PNS, due to its noninvasive nature, it is
more popular in children with OAB. Superficial electrodes of
PNS were generally positioned at parasacral region to modulate
S2 to S3 nerves.”?! Veiga et al reported that patients underwent
twice-weekly sessions or three times weekly of PNS had the
same improvements of OAB symptoms.BY Many studies have
proven PNS an effective approach for OAB,'-31-331 which was
in line with our results, but it should be kept in mind that PNS
had limited effects on enuresis and constipation.®3) More studies
are needed to further investigate this topic. Based on the results
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TNS PNS Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Voiding frequency in 24 h
Devi (2014) 69 22 15 67 1.9 15 27.7% 0.20[1.27,1.67] —
Jacomo (2019) 7.2 273 25 B.57 368 25 186% 063[-1.17,2.43) I e
Mallmann (2020) 7 267 25 7.3 325 25 221% -0.30[-1.95,1.35) —
Padilha (2021) 85 27 33 g 3 33 31.6% 050([-0.88,1.88) T
Subtotal (95% CI) 98 98 100.0% 0.26 [-0.51, 1.04] -

Heterogeneity: Chi*= 0.73, df= 3 (P=0.87), F= 0%
Testfor overall effect: Z= 0.67 (P = 0.50)

1.1.2 Number of urgency episodes in 24 h

Devi (2014) 068 11 15 073 13 15 304% -0.05[-0.91,0.81]
Jacomo (2019) 077 1.2 25 151 241 25 202% -0.74[-1.80,0.32
Padilha (2021) 07 1.4 33 0.7 1.4 33 49.4% 0.00[-0.68,0.68]
Subtotal (95% Cl) 73 73 100.0% -0.16[-0.64,0.31]

Heterogeneity: Chi*=1.44, df=2 (P = 0.49); F=0%
Test for overall effect: Z= 0.68 (P = 0.50)

1.1.3 Number of urge incontinence episodes in 24 h

Jacomo (2019) 08 137 25 213 328 25 128% -1.33[2.72 0.08) —
Padilha (2021) 06 14 33 03 07 33 872% O0.230[-0.23, 083 !
Subtotal (95% Cl) 58 58 100.0% 0.09][-0.41, 0.59]

Heterogeneity: Chi*= 4.58, df=1 (P =0.03), F=73%
Testfor overall effect Z=0.36 (P=0.72)

1.1.4 Night time micturition frequency

Barroso (2013) 1.43 1.21 22 144 119 37 59.0% -0.01[-0.64,062]
Jacomo (2019) 1.51 1.29 25 141 1.45 25 41.0% 0.10[-0.66, 0.86]
Subtotal (95% Cl) 47 62 100.0% 0.04[-0.45, 0.52]

Heterageneity: Chi*= 0.05, df=1 (P =0.83), F=0%
Testfor overall effect: Z=0.14 (P = 0.89)

YN
Favours [TNS] Favours [PNS]

Figure 2. Forest plot for the changes of primary outcomes. PNS = parasacral nerve stimulation, TNS = tibial nerve stimulation.

TNS PNS Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.1.11CIQ-OAB score
Barroso (2013) 23 31 22 25 31 37 18.0%  -0.20[-1.84,1.44]
Jacomo (2019) 395 3.07 25 595 412 25 131%  -2.00[-4.01,0.01]
Mallmann {2020) 482 142 25 472 1.38 25 40.6% 0.10[-0.68, 0.88]
Padilha (2021) 4 27 33 3.4 2 33 28.3% 0.60 [-0.55,1.75] 3
Subtotal (95% Cl) 105 120 100.0% -0.09[-0.90,0.73]

Heterogeneity: Tau®= 0.27, Chi*=4.96, df=3 (P=0.17); F= 39%
Test for overall effect: Z=0.21 (P=0.83)

2.1.2 KHQ domain (urinary incontinence impact)

Mallmann (2020) 5067 6.82 25 57.36 638 25 56.0% -6.69[10.35,-2.03 =
Padilha (2021) 323 M7 33 212 233 33 434% 1110232 2452 T
Subtotal (95% Cl) 58 58 100.0% 0.98[-16.28, 18.25) -

Heterogeneity: Tau®= 133.04, Chi*=6.28, df=1 (P = 0.01), F= 84%
Test for overall effect: Z=0.11 (P = 0.91)

2.1.3 0AB-V8

Devi (2014) 6.8 227 15 6 1.81 15 34.5% 0.80 [-0.67, 2.27)

Mallmann {2020} 1472 18 25 1982 149 25 352% -510[6.02,-4.18] u
Padilha {2021} 106 88 33 74 52 33 303% 320[-0.32,6.72]

Subtotal (95% Cl) 73 73 100.0%  -0.55[-5.56, 4.46]

Heterogeneity: Tau®= 18.35; Chi*= 57,70, df= 2 (P =< 0.00001); F= 97%
Test for overall effect: Z=0.21 (P=0.83)

il il Il [l
-50 -25 0 25 50
Favours [TNS] Favours [PNS]
Figure 3. Forest plot for life quality scores. Tibial nerve stimulation, ICIQ-OAB = International consultation on incontinence questionnaire overactive bladder,
KHQ = King’s health questionnaire, OAB-V8 = overactive bladder-validated 8-question awareness tool, PNS = parasacral nerve stimulation, TNS = tibial nerve
stimulation.
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of the current study, electrical stimulation including PNS and
TNS could be considered as home treatments due to its simplic-
ity, practicability of operation, and low risk and incidence of
adverse effects. Several studies have proposed that the benefits
of neuromodulation would diminish after the treatment period,
necessitating the use of continuous application for better clinical
outcomes.!">?l Therefore, home-based neuromodulation may be
preferable to a large number of medical appointments.

Unfortunately, limited data were established on the adult
sexual function after PNS. Moreover, a pooled result regarding
evident cost-effectiveness can’t be performed due to insufficient
data between 2 groups. At present, there is no evidence that lon-
ger stimulation durations produce better results and the optimal
intervention protocol or schedule for both types of neuromodu-
lations has not been determined.* More studies are needed to
investigate these topics.

The study had several limitations. First, only 5 articles
could be eventually selected, and the final number of patients
was 255. Second, only 1 study focused on children, and it
was difficult to perform subgroup analyses regarding gender
and age. Therefore, prospective studies with a larger sample
size should be considered in the future to verify the current
findings.

5. Conclusion

The current pooled results supported that TNS is as effective as
PNS for the treatment of OAB, moreover, without any reported
adverse events in both groups. However, prospective studies
with a larger sample size should be conducted to verify our
findings.
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