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Purpose: Transcutaneous electrical neural stimulation (TENS), as a non-invasive modality, has been clinically used as an al-
ternative treatment for children with overactive bladder (OAB). We conducted a pooled analysis to explore the effect of TENS
on OAB.

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-analysis guideline was followed in this study. The
MEDLINE, Embase, and Cochrane Central Register of Controlled Trials databases, as well as the reference lists of the re-
trieved studies, were used to find trials relevant for assessing the use of TENS to treat OAB.

Results: Of the 246 records identified, 8 publications were analyzed in our study. Our analysis found that TENS resulted in a
greater decrease of wet days/wk, daily voiding frequency, daily incontinence episodes, and daily number of voids than was ob-
served in the control group. Furthermore, TENS-treated patients showed similar visual analogue scale (VAS) scores to patients
in the control group, demonstrating that the application of TENS did not increase patients’ discomfort and pain. TENS had a
relative advantage in the number of partial responses, but no clear differences were found in frequency of no response or a full
response compared to the control group. In urodynamic testing, TENS led to obvious improvements in average voided vol-
ume and maximum voided volume in children with OAB.

Conclusions: TENS had a remarkable effect on the improvement of urodynamic indexes and objective OAB symptoms with-
out a significant increase in VAS scores for children with OAB.

Keywords: Transcutaneous electrical nerve stimulation; Child; Urinary bladder, Overactive; Randomized controlled trial;
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INTRODUCTION

Pediatric overactive bladder (OAB), which involves spontaneous
or provoked detrusor contractions, can be detected during uro-
dynamic testing if the childs bladder is full, in accordance with
the specifications of the International Children’s Continence So-
ciety; this condition may cause frequency, urinary urgency, in-
continence, and nocturia, with major impacts on daily life [1-3].
A recent study reported that OAB occurs in 15%-20% of chil-
dren, with a higher prevalence in boys; however, its prevalence
declines with age, from 23.0% at age 5 to 12.2% at age 13 [4,5].

Currently, our understanding of the etiology and pathophysi-
ology of OAB is incomplete, which is reflected by the lack of ad-
equate treatment. Studies have found that in 42% to 70% of chil-
dren with OAB, standard urinotherapy with a timer watch is ef-
fective [6,7]. However, 2%-4% of children discontinue medica-
tion because of its low efficacy and associated side effects [8].
Transcutaneous electrical neural stimulation (TENS) is a non-
pharmacological, noninvasive modality that has been clinically
used as an alternative treatment for children with OAB [9]. Its
advantages—including its noninvasive and painless nature, as
well as a lack of adverse reactions and drug interactions—are
expected to make TENS a more predominant choice of treat-
ment modality. However, due to limitations in the the quantity
and quality of previously published analyses, there is still insuffi-
cient evidence to demonstrate the efficacy of TENS by a pooled
analysis of randomized controlled trials (RCTS).

Therefore, we performed this meta-analysis to evaluate the
effect of TENS treatment in children on urodynamic indexes
and objective OAB symptoms.

MATERIALS AND METHODS

Protocol
The Preferred Reporting Items for Systematic Reviews and Me-
ta-analysis guideline was followed in this study [10].

Sources and Search

The MEDLINE (through June 2019), Embase (through June
2019), and Cochrane Central Register of Controlled Trials data-
bases, as well as the reference lists of the retrieved studies, were
used to find trials that were relevant to the effects of TENS treat-
ment in children on urodynamic indexes and objective OAB
symptoms. We screened and included studies in our meta-anal-
ysis if the trials met the eligibility criteria. The search items were
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as follows: (“transcutaneous electric nerve stimulation” or
(“transcutaneous” and “electric” and “nerve” and “stimulation”
or “transcutaneous electric nerve stimulation” or (“transcutane-
ous” and “electrical” and “nerve” and “stimulation”) or “transcu-
taneous electrical nerve stimulation”) and (“urinary bladder,
overactive” or (“urinary” AND “bladder” and “overactive”) or
“overactive urinary bladder” or (“overactive” and “bladder”) or
“overactive bladder”). Two authors independently screened the
documents for inclusion. All disagreements were resolved by
consensus of the authors.

Quality Assessment

We used the Cochrane risk of bias tool [11] to evaluate the
quality of each study. The quality items were selective outcome
reporting, blinding, allocation concealment, incomplete out-
come data, random sequence generation, and other sources of
bias. A graph summarizing the risk of bias was generated based
on discussions among the authors, as shown in Fig. 1. Then, in-
dividual studies were assessed in line with principles derived
from the Cochrane Handbook for Systematic Reviews of Inter-
ventions v5.10 [12]. Every article was evaluated with a grade of
A (satisfied almost all of the quality criteria), B (partially satis-
tied or fuzzy), or C (barely satisfied). All reviewers indepen-
dently assessed whether each study fit the criteria, and then ex-
tracted the data from the selected studies.

246 Articles were identified including:
MEDLINE: 142 articles
EMBASE: 97 articles
Cochrane controlled trials register: 7 articles

Based on titles and abstracts,
208 Articles were excluded

[ 38 Relevant articles were included ]

No outcomes of interest: 9 articles
——————————————| Notvalid comparison: 13 articles
Not RCT: 7 articles

[ 9 Relevant articles were included ]

2 Articles contain a similar RCT
and 1 article were excluded

‘

8 Articles with 8 RCTs were included to
investigate the efficacy of transcutaneous
electrical nerve stimulation in pediatric
overactive bladder.

Fig. 1. Risk of bias summary and graph. RCT, randomized con-
trolled trial.
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Data Extraction
One author read the articles and extracted the following data:
general information on the study (e.g., the name of the first au-
thor, publication date, country, and the study design), the char-
acteristics of the patients (e.g., age), the interventions per-
formed in the different groups (e.g., TENS or placebo, nerve
stimulation scheme, and duration), and data on outcomes, in-
cluding wet days/wk, visual analogue scale (VAS) scores, aver-
age voided volume (AVV), maximum voided volume (MVV),
the number of patients with no response (or a partial or full re-
sponse), daily voiding frequency, daily incontinence episodes,
and daily number of voids. All the extracted data were checked
by another author.

The main outcome of interest for this study was wet days/
week. The secondary outcomes investigated to assess effective-
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ness were VAS scores, the numbers of patients with no response
(or a partial or full response), daily voiding frequency, daily in-
continence episodes, and daily number of voids. MVV and
AVV were used as outcomes of urodynamic testing to assess
the effectiveness of TENS treatment.

A VAS was used for pain assessment, in accordance with
common practice in clinical medicine. The basic method is to
use a scale with a length of about 10 cm, marked with 10 scale
markers on one side, with the ends marked as “0” and “10,” re-
spectively. On this scale, 0 refers to no pain, and 10 corresponds
to the most severe (unbearable) pain.

Statistical Analysis and Meta-Analysis
RevMan ver. 5.1 [12] was used to perform a meta-analysis of
continuous and dichotomous data. The mean difference (MD)

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Risk of bias graph

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

B Low risk of bias
B Undlear risk of bias
B High risk of bias

Fig. 2. Flowchart of the study selection process.
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with a 95% confidence interval (CI) [13] was employed to com-
pare continuous data, while the odds ratio (OR) with a 95% CI
was used to compare dichotomous data among various groups.
The I* test and Mantel-Haenszel chi-square test were employed
to evaluate statistical heterogeneity; on this basis, we chose a
fixed-effects model if P>0.05, and otherwise used a random-
effects model. This meta-analysis did not require ethical ap-
proval or patient consent, since all data were obtained from
previously published articles.

RESULTS

Study Selection Process, Search Results, and
Characteristics of the Trials

We found 246 papers by searching MEDLINE, Embase, and
the Cochrane Central Register of Controlled Trials databases.
Of these papers, 208 were excluded based on the abstract ac-
cording to the inclusion and exclusion criteria. Twenty-nine
articles were excluded because they did not provide useful data,
and 1 article was excluded because it described an experiment.
Eight papers described RCTs [14-21] evaluating the effects of
TENS treatment in children on urodynamic indexes and objec-
tive OAB symptoms. Details on the studies and characteristics

Table 2. Quality assessment of individual study

of the patients are shown in Table 1. The study selection process
is depicted in Fig. 2.

Risk of Bias in the Studies

All 8 of the studies included in our meta-analysis followed a
randomization process. Five papers [14,15,18,19] had an appro-
priate calculation of the number of patients. Two studies [19,20]
did not specify a blinding protocol, with a Jadad score of B (Ta-
ble 2). Fig. 1 presents a graphical summary of the risk of bias.

0 -
0.1 PR
= [b
s »r f 9
) H \
RS) h i
\[_,__1/ 03 F ! ‘.‘
2] ! \
P8
04 - A
0.5 I ! E I : I |
0.01 0.1 1 10 100

Fig. 3. Funnel plot of publication bias. OR, odds ratio; SE, stan-
dard error.

sllgeiton Allocation 1 Loss to Calanlkiiton Statistical Levelof ITT
Study sequence Blinding of sample . . .
. concealment follow-up . analysis quality analysis
generation size

Hagstroem et al. A A A 2 Yes  Student t-test; Mann-Whitney rank-sum test; A No

(2009) [21] Fisher exact test; chi-square test; Wilcoxon signed
ranks tests

Lordélo et al. A A B 2 No Student t-test; Mann-Whitney rank-sum test; A No
(2010) [20] Fisher exact test; chi-square test

Sillén et al. A A A 7 Yes Mann-Whitney U-test; Fisher exact test; A Yes
(2014) [19] Wilcoxon signed ranks tests

Patidar et al. A A B 3 Yes Wilcoxon signed rank test; Kolmogorov-Smirnov A No
(2015) [18] test; Mann-Whitney U-test;

Boudaoud et al. A A A 0 No Wilcoxon signed rank test; Mann-Whitney U-test; A No
(2015) [17] Fisher exact test

De Paula etal. A A A 0 No Mann-Whitney test; Fisher exact test A No
(2017) [16]

Borch etal. A A A 0 Yes ANOVA; chi-square test; Student ¢-test A No
(2017) [15]

Borch etal. A A A 13 Yes ANOVA; chi-square test; Student ¢-test A Yes
(2017) [14]

A, almost all quality criteria met: low risk of bias; B, one or more quality criteria met: moderate risk of bias; I'TT, intention-to-treat; ANOVA, analysis

of variance.
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No evidence of publication bias was found (Fig. 3). No uniform
intervention period, frequency, intensity, pulse duration, or
nerve stimulation scheme was found across the 8 studies (Table
1), and this variation automatically introduced considerable
heterogeneity into the analysis. The quality assessment of indi-

Primary Outcomes
Wet days/week
Three papers with 86 patients (TENS group, 43 patients; control

vidual studies is shown in Table 2.

TENS Control Mean Difference Mean Difference
Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
1.1.1 Wet days / week
Hagstroem S 2009 -3 153 13 05 077 12 351% -3.50[-4.44,-2.56) 2009 ——
PaulaL 2016 -5.71 1.45 8 -285 1.64 8 282% -2.86[4.38,-1.34] 2016 ——
Borch L2017 -2.64 083 22 121 1.72 23 36.7% -1.43[2.21,-065) 2017 —
Subtotal (95% CI) 43 43 100.0% -2.56 [-3.99,-1.13] -
Heterogeneity: Tau*=1.30; Chi*= 11.49, df= 2 (P = 0.003); F= 83%
Test for overall effect: Z= 3.50 (P = 0.0005)
1.1.2 Visual Analogue Scale
Hagstroem S 2009 5 24 13 6.3 1.52 12 269% -1.30[-2.86,0.26) 2008 —=—T
Lordelo P 2010 10 5.2 21 9 586 16 12.3% 1.00[-2.53,4.53] 2010 I B —
Paula L 2016 8 2 8 6 1 8 27.0% 2.00[0.45, 3.55) 2016 —
Borch L2017 97 15 22 83 14 23 338% 1.40[0.55,2.25) 2017 ——
Subtotal (95% CI) 64 59 100.0% 0.79[-0.72, 2.29] <
Heterogeneity: Tau*=1.55; Chi*=10.77, df=3 (P=0.01); F=72%
Test for overall effect: Z=1.03 (P =0.31)

-10 -5 0 ' 10

TENS Control

Fig. 4. Forest plots showing changes in wet days/wk and visual analogue scale scores. TENS, transcutaneous electrical neural stimula-
tion; SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom.

TENS Control Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
1.2.1 Maximum voided volume
Hagstroem S 2009 0 15 13 -5 20 12 16.9%  5.00[-8.95,18.95] 2009 =
Lordelo P 2010 50 25 21 20 15 16 17.2% 30.00[17.03,42.97) 2010 ==
Boudaoud N 2015 588 23 11 241 888 9 16.6% 34.70[19.92,49.48] 2015 e
Patidar N 2015 74 30 21 355 17 16 16.4% 38.50(23.20,53.80) 2015 I
Borch L2016 30 23 12 10 10 12 16.8% 40.00([25.81,54.19] 2016 I
Borch L2017 61 27 22 66 27 23 16.2% -5.00[-20.78,10.78) 2017 =
Subtotal (95% CI) 100 88 100.0% 23.96[9.22, 38.71] -
Heterogeneity: Tau®= 284.60; Chi*= 31.25, df=5 (P < 0.00001); F=84%
Test for overall effect. Z=3.19 (P = 0.001)
1.2.2 Average voided volume
Hagstroem S 2009 17 7 13 -3 2 12 17.2% 20.00([16.03,23.97) 2009 -
Lordelo P 2010 15 13 21 5 7 16 16.9% 10.00(3.47,16.53) 2010 -
Patidar N 2015 21 12 21 55 6 16 17.0% 15.50[9.59, 21.41] 2015 -
Boudaoud N 2015 81.4 181 11 -3 7.36 9 16.0% 84.40(72.67,96.13] 2015 —
Borch L2016 20 17 12 -30 7 12 16.3% 50.00([39.60,60.40) 2016 ——
Borch L2017 37 18 22 3B 15 23 16.4% 1.00[-8.70,10.70) 2017 -
Subtotal (95% CI) 100 88 100.0% 29.64[12.80, 46.47] ~
Heterogeneity: Tau*= 424.15; Chi*=172.87, df=5 (P < 0.00001); F=97%
Test for overall effect: Z= 3.45 (P = 0.0006)

400 -50 0 50 100

TENS Control

Fig. 5. Forest plots showing changes in maximum voided volume and average voided volume. TENS, transcutaneous electrical neural

stimulation; SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom.
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group, 43 patients) reported data on wet days per week. As shown
in Fig. 4, TENS led to a greater decrease in wet days per week
(MD, -2.56; 95% CI, -3.99 to -1.13; P=0.0005).

Outcomes of Urodynamic Testing

Maximum voided volume

Six papers with 188 patients (TENS group, 100 patients; control
group, 88 patients) analyzed changes in MVV. A random-ef-
fects model showed a statistically significant difference in MVV
(MD, 23.96; 95% CI, 9.22-38.71; P=0.001) (Fig. 5). This result
implies that MVV showed significant improvement after TENS
treatment in pediatric OAB patients.

Average voided volume

Six papers with 188 patients (TENS group, 100 patients; control
group, 88 patients) analyzed changes in AVV. A random-effects
model showed a statistically significant difference in AVV (MD,
29.64; 95% CI, 12.80-46.47; P=0.0006) (Fig. 5). This result im-
plies that AVV showed significant improvement after TENS
treatment in pediatric OAB patients.

Secondary Outcomes

Visual analogue scale scores

To evaluate changes in VAS scores, 4 RCTs with 123 patients
(TENS group, 64 patients; control group, 59 patients) were ana-

1.3 No response TENS

Control

Odds Ratio

Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% Cl _Year M-H. Random, 95% CI
Hagstroem S 2009 5 13 10 12 195% 0.13[0.02,0.82] 2009 —_——
Sillen U 2014 7 30 5 32 235% 1.64 [0.46,5.88] 2014 —T
Patidar N 2015 0 21 12 16 132% 0.01[0.00,017] 2015
Boudaoud N 2015 5 11 3 9 19.9% 1.67[0.27,10.33] 2015 N B
Borch L 2017 8 22 15 23 239% 0.30[0.09,1.03] 2017 —
Total (95% CI) 97 92 100.0% 0.33[0.08, 1.47] =R
Total events 25 45
Heterogeneity: Tau?= 2.02; Chi*= 15.38, df = 4 (P = 0.004); F= 74% I t t i
o ~ 0.005 0.1 1 10 200
Test for overall effect Z=1.45 (P = 0.15) TENS Control
1.4 Partial response  ypng Control 0Odds Ratio 0Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed. 95% CI
Hagstroem S 2009 8 13 1 12  31% 17.60([1.71,181.29) 2009
Lordelo P 2010 8 2 5 16 26.8% 1.35[0.34,5.36] 2010 —
Sillen U 2014 8 30 3 32 16.2%  3.52[0.83,14.81] 2014 S
Patidar N 2015 702 4 16 231% 1.50[0.35, 6.40] 2015 — T
Boudaoud N 2015 1 1 0 9 36%  2.71[0.10,74.98] 2015
Borch L2017 6 22 5 23 271% 1.35[0.34,5.28] 2017 —
Total (95% CI) 118 108 100.0%  2.28[1.21,4.30] -
Total events 38 18
Heterogeneity: Chi*= 4.75, df= 5 (P = 0.45); F= 0% I t t {
s M 0.005 0.1 1 10 200
Test for overall effect: Z= 2.56 (P = 0.01) TENS Control
1.5 Fullresponse  ygyg Control 0Odds Ratio 0Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% Cl _Year M-H. Random, 95% CI
Hagstroem S 2009 0 13 1 12 92% 0.28[0.01,7.67] 2009
Lordelo P 2010 12 2 0 16 105% 43.42[2.30,819.09) 2010 _—
Sillen U 2014 16 30 13 32 21.4% 1.67[0.61,4.57] 2014 —=
Patidar N 2015 14 21 0 16 105% 63.80(3.34,1216.97] 2015 B
Boudaoud N 2015 5 11 6 9 16.3% 0.42[0.07,2.58] 2015 —_—
Paula L 2016 6 8 2 8 13.7% 9.00[0.94, 86.52] 2016 e —
Borch L2017 8 22 3 23 18.4% 3.81[0.86, 16.94] 2017 T
Total (95% CI) 126 116 100.0% 3.43[0.98, 12.03] Racaag
Total events 61 25
H - V- J— . B e - - R - : : : :
Heterogeneity: Tau®*=1.65; Chi*=16.53, df=6 (P = 0.01); F=64% 0.005 o1 1 10 200

Test for overall effect: Z=1.92 (P = 0.05)

TENS Control

Fig. 6. Forest plots showing the numbers of patients with no response, a partial response, and a full response. M-H, Mantel-Haenszel;
CI, confidence interval; df, degrees of freedom.
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lyzed. The MD was 0.79 (95% CI, -0.72 to 2.29; P=0.31) (Fig.
4). This result indicated that TENS treatment did not cause ob-
vious pain and discomfort in pediatric OAB patients.

Numbers of patients with no response, a partial response, and a
full response

Five RCTs with 189 patients (TENS group, 97 patients; control
group, 92 patients) included data on the number of patients
with no response. There was no significant difference in the
number of patients with no response (OR, 0.33; 95% CI, 0.08-
1.47; P=0.15) (Fig. 6).

Six RCTs with 226 patients (TENS group, 118 patients; con-
trol group: 108 patients) included data on the number of pa-
tients with a partial response. Forest plots showed that the
TENS group had a larger number of patients with a partial re-
sponse than the control group (OR, 1.35; 95% CI, 0.34-4.30;
P=0.01) (Fig. 6).

Six RCTs with 242 patients (TENS group, 126 patients; con-
trol group: 116 patients) included data on the number of pa-
tients with a full response. Forest plots showed no significant
difference between the TENS and control groups in the number
of patients with a full response (OR, 3.34; 95% CI, 0.98-12.03;
P=0.05) (Fig. 6).
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Daily voiding frequency and daily incontinence episodes

Two RCTs enrolling 87 patients (TENS group, 43 patients; con-
trol group, 44 patients) contained data on daily voiding fre-
quency and daily incontinence episodes. Forest plots showed
that the TENS group had a visually notable reduction in daily
voiding frequency (MD, -0.70; 95% CI, -1.00 to -0.41; P<
0.00001) and daily incontinence episodes (MD, -0.82; 95% ClI,
-1.16 to -0.47; P <0.00001) (Fig. 7).

Daily number of voids

Two RCTs included data on the daily number of voids in 74 pa-
tients (TENS group, 42 patients; control group, 32 patients).
Forest plots showed that the TENS group had significantly few-
er daily voids than the control group (MD, -3.16; 95% CI, -3.61
to -2.71; P<0.00001) (Fig. 7).

DISCUSSION

Over time, increasingly many studies have investigated the use
of TENS to treat children clinically diagnosed with OAB, as it is
considered to be an effective, noninvasive, and easy-to-use
treatment modality [22]. It has a few reported side effects, such
as skin reactions under adhesive electrodes, and very few con-

TENS Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl Year IV, Fixed, 95% CI
1.6.1 Voiding frequency daily
Hagstroem S 2009 -1 05 13 -0.25 0.25 12 92.4% -0.75[-1.06,-0.44] 2008 .
Sillen U 2014 13 2 3! 12 23 32 76% -010[1.17,0.97] 2014 I
Subtotal (95% CI) 43 44 100.0% -0.70[-1.00,-0.41] ¢
Heterogeneity: Chi*=1.31, df=1 (P = 0.25); F= 24%
Test for overall effect: Z= 4.66 (P < 0.00001)
1.6.2 Incontinence episodes daily
Hagstroem S 2009 -1 05 13 0 05 12 77.2% -1.00[-1.39,-0.61] 2008 .
Sillen U 2014 18 14 30 16 15 32 228% -0.20[-0.92,052] 2014 ==
Subtotal (95% CI) 43 44 100.0% -0.82[-1.16,-0.47] ¢
Heterogeneity: Chi*= 3.64, df=1 (P = 0.06); F=73%
Test for overall effect: Z= 4.65 (P < 0.00001)
1.6.3 Number of voids daily
Lordelo P 2010 301 21 0 05 16 83.8% -3.00[-3.49,-2.51] 2010 ]
Patidar N 2015 -5 25 21 -1 07 16 16.2% -4.00[-5.12,-2.88] 2015 ==
Subtotal (95% CI) 42 32 100.0% -3.16[-3.61,-2.71] ¢
Heterogeneity: Chi*= 2.55, df=1 (P=0.11); F=61%
Test for overall effect: Z=13.73 (P < 0.00001)

-10 -5 0 5 10

TENS Control

Fig. 7. Forest plots showing changes in daily voiding frequency, daily incontinence episodes, and daily number of voids. TENS, trans-
cutaneous electrical neural stimulation; SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom.
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traindications, especially in children [23]. However, due to the
limited number of children with OAB, large-scale data analysis
still has yet to be conducted to establish the clinical and urody-
namic criteria for the use of TENS to treat pediatric OAB.

We conducted this meta-analysis of 8 RCTs including 266
participants to evaluate the effects of TENS treatment in chil-
dren on urodynamic indexes and objective OAB symptoms.
Our study found that TENS led to a greater decrease of wet
days/week (P=0.0005), daily voiding frequency (P <0.00001),
daily incontinence episodes (P <0.00001), and daily number of
voids (P <0.00001) compared with the control group. Further-
more, patients treated with TENS had similar VAS scores to pa-
tients in the control group, which showed that TENS treatment
did not significantly increase patients” discomfort and pain.
Compared with the control group, TENS was relatively advan-
tageous in terms of the number of patients with a partial re-
sponse, but no obvious differences were found in the numbers
of patients with no response or a full response. In urodynamic
testing, TENS led to obvious improvements in MVV and AVV
for children with OAB compared to the control group. In brief,
TENS had an appreciable effect on the improvement of urody-
namic indexes and objective OAB symptoms without a signifi-
cant increase of pain and discomfort.

In Table 1, we summarized all RCTs and present the different
parameters of electrical stimulation used to treat lower urinary
tract symptoms in children. The parameters of electrical stimu-
lation were clearly different across the studies, and the range of
parameters was often wide. The frequency of electrical stimula-
tion ranged from 10 to 20 Hz, but 2 studies [24,25] showed that
a higher frequency of the current led to significant improve-
ments in patients’ quality of life. Most studies reported a rela-
tively consistent pulse duration of 200 ms, although this stan-
dard was not completely uniform. The intensity of electrical
stimulation varied widely (up to 40 mA) and was defined in
some studies as variable, depending on the tolerance of each
child. However, previous studies on electrical stimulation of the
bladder have shown that a shorter duration of electrical stimu-
lation did not significantly change the process of contraction,
and a lower frequency of electrical stimulation did not increase
the effect of stimulation [26,27]. Different treatment regimens
in terms of the frequency, duration of each treatment, and total
duration of treatment seem to affect outcomes, giving the im-
pression that the longer the treatment, the better.

Theoretically, the pathophysiological mechanism of detrusor
overactivity is complicated, mainly due to the interaction of fac-
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tors related to the peripheral nervous system and central ner-
vous system [28]. Imbalances or interruptions of signals in reg-
ulatory pathways may lead to overactivity of the detrusor mus-
cle. The mechanisms of the above neural regulatory pathways
are not well understood [29]. Neuromodulation may lead to a
rebalancing of the inhibitory and excitatory functions of the
central nervous system, which controls the systolic and diastolic
functions of the detrusor muscle of the bladder. Stimulation of
the posterior tibial nerve results in depolarization of the afferent
fibers of the sacral and lumbar vertebrae, which suppresses
bladder contractile activity. Afferent stimulation, mainly by
means of the direct pathway of the sacral cord, exerts a central
inhibitory effect on preganglionic bladder motor neurons [30].

The immediate effect of electrical nerve stimulation is
achieved by directly stimulating a nerve or muscle, which af-
fects the process of nerve transmission within the context of
nerve regulation, but no immediate response occurs in patients
without neuropathologic dysfunction. Electrical stimulation of
the lower urinary tract has been shown to induce chemical
changes capable of increasing adrenergic reactions and leading
to detrusor relaxation [31]. At the same time, electrical stimula-
tion can also reduce cholinergic reactions, change the content
of other neurotransmitters (e.g., nitric oxide and serotonin),
and increase the content and concentration of endorphins or
enkephalins in cerebrospinal fluid [31]. This may also explain
why TENS did not increase pain and discomfort in patients
with OAB compared with the control group.

Compared with adults, the theoretical advantage of electrical
nerve stimulation in children lies in the greater plasticity of the
central and peripheral nervous systems, which have the poten-
tial to be reshaped. A growing body of evidence suggests that
lower urinary tract dysfunction in adults is intrinsic and long-
lasting, and electrical stimulation of the nerves therefore does
not work as well as in children [32,33].

To summarize, TENS had a remarkable effect on the im-
provement of urodynamic indexes and objective OAB symp-
toms without a significant increase in pain and discomfort for
children with OAB. In the future, TENS may become the main-
stream treatment of children with OAB, and more large-scale
clinical studies are needed to explore the safety of this method.

However, some limitations of our meta-analysis should be
discussed. First, there was no uniform definition of the criteria
used to determine the intervention period, frequency, intensity,
pulse duration, or nerve stimulation scheme. Second, this meta-
analysis only included 8 trials, with relatively few subjects. How-
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ever, all of the included studies aligned with our inclusion crite-
ria, and we are of the opinion that these limitations do not have
a major impact on the results. Nonetheless, there is still a need
for additional high-quality trials to provide more evidence.

In conclusion, TENS had a remarkable effect on the im-
provement of urodynamic indexes and objective OAB symp-
toms without a significant increase in pain and discomfort for
children with OAB.

AUTHOR CONTRIBUTION

- Conceptualization: CY, ZZ

- Formal Analysis: HC, YY, ZX

- Investigation: WJ, GZ

- Methodology: CY, W], GZ, ZZ

- Project Administration: CY; ZZ

- Writing - Original Draft: HC, YY, ZX

- Writing - Review & Editing: CY, W], GZ, ZZ

REFERENCES

1. Nevéus T, von Gontard A, Hoebeke P, Hjalmas K, Bauer S, Bower
W, et al. The standardization of terminology of lower urinary tract
function in children and adolescents: report from the Standardisa-
tion Committee of the International Childrens Continence Society.
J Urol 2006;176:314-24.

2. Rawashdeh YE Austin P, Siggaard C, Bauer SB, Franco I, de Jong
TP, et al. International Children’s Continence Society’s recommen-
dations for therapeutic intervention in congenital neuropathic
bladder and bowel dysfunction in children. Neurourol Urodyn
2012;31:615-20.

3. Austin PE Bauer SB, Bower W, Chase J, Franco I, Hoebeke P, et al.
The standardization of terminology of lower urinary tract function
in children and adolescents: update report from the standardiza-
tion committee of the International Children’s Continence Society.
Neurourol Urodyn 2016;35:471-81.

4. Kajiwara M, Inoue K, Kato M, Usui A, Kurihara M, Usui T. Noc-
turnal enuresis and overactive bladder in children: an epidemio-
logical study. Int ] Urol 2006;13:36-41.

5. Chung JM, Lee SD, Kang DI, Kwon DD, Kim KS, Kim SY, et al.
Prevalence and associated factors of overactive bladder in Korean
children 5-13 years old: a nationwide multicenter study. Urology
2009;73:63-7; discussion 68-9.

6. Mulders MM, Cobussen-Boekhorst H, de Gier RP, Feitz WE Kort-
mann BB. Urotherapy in children: quantitative measurements of

Int Neurourol J March 31, 2020

Cui, et al. « Transcutaneous Electrical Nerve Stimulation INJ

daytime urinary incontinence before and after treatment according
to the new definitions of the International Children’s Continence
Society. ] Pediatr Urol 2011;7:213-8.

7. Hagstroem S, Rittig S, Kamperis K, Djurhuus JC. Timer watch as-
sisted urotherapy in children: a randomized controlled trial. ] Urol
2010;184:1482-8.

8. Barroso U Jr, Tourinho R, Lordélo P, Hoebeke P, Chase J. Electrical
stimulation for lower urinary tract dysfunction in children: a sys-
tematic review of the literature. Neurourol Urodyn 2011;30:1429-
36.

9. De Gennaro M, Capitanucci ML, Mosiello G, Zaccara A. Current
state of nerve stimulation technique for lower urinary tract dys-
function in children. ] Urol 2011;185:1571-7.

10. Moher D, Liberati A, Tetzlaff ], Altman DG; PRISMA Group. Pre-
ferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. ] Clin Epidemiol 2009;62:1006-12.

11. Alejandro J. Randomised controlled trials. London: BMJ Publish-
ing Group; 1998.

12. Higgins JP, Green S, editors. Cochrane handbook for systematic re-
views of interventions. version 5.3.0 [Internet]. The Cochrane Col-
laboration, 2011 [updated 2011 Mar; cited 2019 Jun 10]. Available
from: wwwcochrane-handbookorg.

13. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177-88.

14. Borch L, Hagstroem S, Kamperis K, Siggaard CV, Rittig S. Transcu-
taneous electrical nerve stimulation combined with oxybutynin is
superior to monotherapy in children with urge incontinence: a
randomized, placebo controlled study. ] Urol 2017;198:430-5.

15. Borch L, Rittig S, Kamperis K, Mahler B, Djurhuus JC, Hagstroem
S. No immediate effect on urodynamic parameters during transcu-
taneous electrical nerve stimulation (TENS) in children with over-
active bladder and daytime incontinence-A randomized, double-
blind, placebo-controlled study. Neurourol Urodyn 2017;36:1788-
95.

16. De Paula LIDS, de Oliveira LE, Cruz BP, de Oliveira DM, Miranda
LM, de Moraes Ribeiro M, et al. Parasacral transcutaneous electri-
cal neural stimulation (PTENS) once a week for the treatment of
overactive bladder in children: a randomized controlled trial. J Pe-
diatr Urol 2017;13:263.1-€263.¢6.

17. Boudaoud N, Binet A, Line A, Chaouadi D, Jolly C, Fiquet CE, et
al. Management of refractory overactive bladder in children by
transcutaneous posterior tibial nerve stimulation: A controlled
study. ] Pediatr Urol 2015;11:138.e1-el0.

18. Patidar N, Mittal V, Kumar M, Sureka SK, Arora S, Ansari MS.
Transcutaneous posterior tibial nerve stimulation in pediatric over-

www.einj.org 93



INJ Cui, et al.  Transcutaneous Electrical Nerve Stimulation

active bladder: a preliminary report. J Pediatr Urol 2015;11:351.e1-
eb.

19. Sillén U, Arwidsson C, Doroszkiewicz M, Antonsson H, Jansson I,
Stalklint M, et al. Effects of transcutaneous neuromodulation
(TENS) on overactive bladder symptoms in children: a random-
ized controlled trial. ] Pediatr Urol 2014;10:1100-5.

20. Lordélo P, Teles A, Veiga ML, Correia LC, Barroso U Jr. Transcuta-
neous electrical nerve stimulation in children with overactive blad-
der: a randomized clinical trial. ] Urol 2010;184:683-9.

21. Hagstroem S, Mahler B, Madsen B, Djurhuus JC, Rittig S. Transcu-
taneous electrical nerve stimulation for refractory daytime urinary
urge incontinence. ] Urol 2009;182(4 Suppl):2072-8.

22. Quintiliano F, Veiga ML, Moraes M, Cunha C, de Oliveira LE,
Lordelo P, et al. Transcutaneous parasacral electrical stimulation vs
oxybutynin for the treatment of overactive bladder in children: a
randomized clinical trial. ] Urol 2015;193(5 Suppl):1749-53.

23. Humphreys MR, Vandersteen DR, Slezak JM, Hollatz P, Smith CA,
Smith JE, et al. Preliminary results of sacral neuromodulation in 23
children. ] Urol 2006;176:2227-31.

24. Bower WE Moore KH, Adams RD. A pilot study of the home ap-
plication of transcutaneous neuromodulation in children with ur-
gency or urge incontinence. ] Urol 2001;166:2420-2.

25. Clarke MC, Chase JW, Gibb S, Hutson JM, Southwell BR. Improve-
ment of quality of life in children with slow transit constipation af-
ter treatment with transcutaneous electrical stimulation. ] Pediatr
Surg 2009;44:1268-72; discussion 1272.

26. De Bock E De Wachter S, Wyndaele JJ. Can the use of different pa-

94 www.einj.org

rameters and waveforms improve the results of intravesical electri-
cal stimulation: a pilot study in the rat. Neurourol Urodyn 2009;
28:246-50.

27. De Bock E, De Wachter S, Wyndaele JJ. Influence of nerve transsec-
tions and combined bladder filling on intravesical electrostimula-
tion-induced bladder contraction in the rat. Eur Urol 2009;56:527-
32.

28. Fall M, Lindstrém S. Electrical stimulation. A physiologic approach
to the treatment of urinary incontinence. Urol Clin North Am
1991;18:393-407.

29. Evans SN, Castleden CM. Neurological disorders in the ageing
population and their urological implications. Br ] Urol 1998;82
Suppl 1:71-8.

30. Sundin T, Carlsson CA, Kock NG. Detrusor inhibition induced
from mechanical stimulation of the anal region and from electrical
stimulation of pudendal nerve afferents. An experimental study in
cats. Invest Urol 1974;11:374-8.

31. Bower WE Yeung CK. A review of non-invasive electro neuro-
modulation as an intervention for non-neurogenic bladder dys-
function in children. Neurourol Urodyn 2004;23:63-7.

32. Fitzgerald MP, Thom DH, Wassel-Fyr C, Subak L, Brubaker L, Van
Den Eeden SK, et al. Childhood urinary symptoms predict adult
overactive bladder symptoms. ] Urol 2006;175(3 Pt 1):989-93.

33. Kuh D, Cardozo L, Hardy R. Urinary incontinence in middle aged
women: childhood enuresis and other lifetime risk factors in a Brit-
ish prospective cohort. ] Epidemiol Community Health 1999;53:
453-8.

Int Neurourol J March 31,2020



