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ABSTRACT

INTRODUCTION: This meta-analysis aimed to determine the comparative effectiveness of
timed alarm device-assisted urotherapy vs. standard urotherapy alone in managing pediatric
daytime urinary incontinence (pDUI).

METHODS: A systematic literature search was performed in December 2021, with an
update search in July 2022. Comparative studies assessing the pDUI treatment effectiveness
of timed alarm device-assisted urotherapy vs. urotherapy alone were identified and evaluated
according to Cochrane collaboration recommendations. The assessed outcome includes pDUI
complete response and adherence rates. Relative risk (RR) with 95% confidence intervals (Cl)
was extrapolated. A random-effects model was used to pool effect estimates. Heterogeneity
was assessed with sensitivity and subgroup analysis performed according to study design and
comparative group characteristics. GRADE criteria were used to assess evidence certainty.
(PROSPERO CRD42022299173).

RESULTS: Four studies (three randomized controlled trials [RCTs] and one retrospective
cohort) with 635 cases were included. The pooled effect estimates of pDUI complete
response showed no differences between intervention groups (RR 1.20, 95% CI 0.81, 1.76).
Pooled effect estimates for treatment adherence were generated from two studies, which
showed significantly better adherence for the timed-alarm device group (RR 2.97, 95% Cl
|.46, 6.06). Significant interstudy heterogeneity was noted; the source is likely from the study
design and comparator device characteristics. The quality of evidence was assessed to be
of very low certainty.

CONCLUSIONS: Based on very low certainty evidence, timed alarm device-assisted uro-
therapy does not seem to have the advantage of complete treatment response over standard
urotherapy alone in managing pDUI; however, a timed-alarm device is likely able to improve
urotherapy treatment adherence.

INTRODUCTION

According to the International
Children’s Continence Society
(ICCS), daytime urinary inconti-
nence (DUI) is defined as intermit-
tent involuntary urine leakage dur-
ing the daytime wake period among
children aged five years old or older.'
A recent ICCS standardization docu-
ment for the treatment of DUI rec-
ommends that treatment modalities
be tailored according to the individ-
ual child’s condition.? Given that the
majority (>65%) of the DUI etiology
in children is determined to be func-
tional,® urotherapy is considered the
primary intervention after organic
and concomitant medical morbidi-
ties have been ruled out.? Specifically,
according to some studies, behavior-
al modification (timed voiding, avoid-
ance of urine holding, and optimizing
voiding posture) treated 40-45% of
DUl in children.*

Timed alarm devices, such as
alarm watches, are being suggested
to enhance pediatric (p) DUI treat-
ment.2¢ Notably, the suggested mech-
anism of action for the timed alarm
device is timed voiding reminders of
school-age children.” Prior studies have
shown the superiority of urotherapy
with a timed alarm device over stan-
dard urotherapy alone;®? however,
a recent study has shown no differ-
ence in treatment outcomes.'® Due
to inconsistent reported evidence, this
systematic review and meta-analysis
aimed to determine the comparative
effectiveness of timed alarm device-
assisted urotherapy vs. standard
urotherapy alone in managing DUI
among children.
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METHODS

The meta-analysis protocol was made in consultation
with a topic expert and review methodologist, and sub-
sequently registered priori at the PROSPERO registry
CRD42022299173. The meta-analysis was conducted
according to the Cochrane Collaboration recommen-
dation and reported in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.'"'?

Identification and evaluation of the
literature

A comprehensive literature search with no language
restriction was carried out initially in December 202 1;
an update search was conducted in July 2022 to identify
published medical literature of human studies on the use
of any timed alarm device in the management of pDUI.
The databases used were MEDLINE, EMBASE, Scopus,
and PubMed, while Googlescholar and Clinicaltrial.gov
were searched for grey literature and trial registry for
unpublished data. The platform/database-specific search
strategies are detailed in the Appendix (available at
cugj.ca). In addition, relevant Cochrane reviews and
studies that met our inclusion criteria were cross-ref-
erenced for potentially eligible records.

This meta-analysis included comparative studies, such
as randomized controlled trials (RCTs, prospective and
retrospective cohorts) that compare clinical outcomes
of the use of timed alarm device-assisted urotherapy
vs. standard urotherapy alone or with other non-timed
devices in the management of pDUI. Excluded studies
were non-comparative trials, reviews, commentaries,
non-assessment of clinical outcome response rate, and
adult population studies. The primary outcome con-
sidered in this meta-analysis was the post-intervention
response rate, specifically complete response, which
according to ICCS is defined as a 100% reduction in wet
days per week."? The secondary outcome assessed was
treatment adherence, defined by the individual studies.

The retrieved records from the databases were
imported into a systematic review software, Covidence
app.” Once duplicate records were removed, unique
records were independently evaluated by two of the
three reviewers (MR, NM, MEC). Records that either
reviewer flagged were retrieved for full-text and were
further reviewed to determine whether they met the
inclusion criteria. The full-text review was performed
independently by two other reviewers (MEC and NB)
who were knowledgeable in the principles of critical
appraisal. The risk of bias, quality of the design, execu-
tion, and data analysis of studies were assessed accord-
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ing to Cochrane Collaborative recommendations using
risk of bias for RCTs and ROBINS-I for non-RCT com-
parative studies.!*'"® Differences in the assessment were
resolved through consensus.

Data extraction, synthesis, and
measures of treatment effect

One reviewer extracted and summarized the study
characteristics and outcome assessment of the included
studies and these were counter-verified by another
(LKA). The RevMan5 program from www.Cochrane.
org was used to report the data outcome extracted
from the studies.'® Dichotomous data of the treatment
response rate per intervention group were extrapolated
as risk ratios (RR) with 95% confidence intervals (95%
Cl). Effect estimates were pooled using the inverse
variance (IV) method with the random-effects model.
The random-effects model meta-analyses were chosen
to provide a more conservative estimate by consid-
ering both the estimates of between-study variation
(e, study heterogeneity) and the small study sample
size.!?!7 Intention-to-treat analysis was applied to each
study, with all dropouts considered non-responders
and non-treatment adherents. When reported by the
studies, adverse events were summarized with detailed
descriptive analysis.

Assessment of heterogeneity, subgroup
analysis, publication bias, and GRADE
criteria

The Chi-squared statistical test for heterogeneity and the
overlap of Cls on the forest plot assessed the heteroge-
neity between different studies. A p-value of 0.10 was
used to show heterogeneity, and the I statistic of >40%
was used to identify substantial between-study varia-
tions.'? The source of heterogeneity among the study
characteristics was then determined by considering the
clinical and methodological characteristics of the included
studies. Subgroup analysis was performed according to
the study design and comparator device. A funnel plot
was generated to assess the possibility of publication bias.
Finally, the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) criteria was
used to assess the certainty of the synthesized evidence
from the meta-analysis.'®

RESULTS

The initial literature search from December 202 |
retrieved |06 records. An update search on July 2022
retrieved 292 from the same databases, PubMed, and
additional 200 records screened from Googlescholar



and registered trials from clinicaltrials.gov. From the
total of 398 records, |14 duplicates were removed,
and 284 records were screened for relevance.
Subsequently, 268 records were excluded based on
the relevance of the studies. The full-text article was
retrieved for the |6 studies. Upon full-text review,
|2 studies were excluded based on various reasons
detailed in Figure I.

CHARACTERISTICS OF THE INCLUDED
STUDIES

Four studies (three RCTs and one retrospective cohort)
with 635 cases (timed alarm device=232, control/com-
parator=403) were included for the meta-analysis.®'"?
Two studies were from Denmark,?®® one from the
UK," and one from Australia.'® One study compared
the timed alarm device (watch)-assisted urotherapy to
a control group of standard urotherapy with a similar
watch device but was not set for a specific time.'°
One study compared another device that set the alarm
when urine contacted the sensor in the diaper,'” while
two other studies used a timer watch and compared
it to standard urotherapy alone®” All enrolled patients
ranging from 5—15 years old in the included studies. The
followup period ranged from 3—24 months; most stud-
ies had a three-month treatment assessment. All studies
reported the treatment response as complete dryness,
and two studies further adapted the ICCS definition of
response and partial response.®'° Treatment adherence
was assessed by the same two studies.®'® Table | details
the included studies’ detailed characteristics.

TREATMENT EFFECT
The pooled effect estimates of complete response
showed no between-group differences (RR .20, 95%
Cl 081, 1.76). Subgroup analysis was performed accord-
ing to the study design. Pooled effect estimates from
RCTs showed no between-group difference (RR 1.27,
95% Cl 0.59, 2.71). Subgroup analysis considering only
the studies compared with standard urotherapy also
showed no between-group differences (RR .40, 95%
Cl10.92, 2.12) (Figure 2). Among the RCTs, there was
a noted significant inter-study heterogeneity; however,
when the subgroup was analyzed according to com-
parative group characteristics, inter-study heterogeneity
was not significant. The source of heterogeneity was
likely from the study design, with comparator device
characteristics as a confounder.

Pooled effect estimates for treatment adherence
were generated from two studies, which showed sig-
nificantly better adherence with the timed alarm device

vs. the comparator group (RR 2.97, 95% Cl 1.46, 6.06)
(Figure 3). Inter-study heterogeneity was borderline
significant; when the analysis was performed accord-
ing to per-protocol analysis without assuming lost to
followup patients as non-adherent, the heterogeneity
became insignificant (Supplementary Figure |; available
in the Appendix at cugj.ca).

Among the included studies, only one reported a
safety concern of using timed alarm devices, which
was described as tolerable to the families and had no
reported significant adverse effects.'®

Study quality, risk of bias, publication
bias, and GRADE criteria

Based on the risk of bias 2 tool, the included RCTs
were assessed as having some concerns and a high
risk of bias (Table 2). Most of the concemns for risk of
bias were due to a lack of detailed information on the
randomization process and allocation. The non-RCT
retrospective study included was assessed according
to ROBINS-I as having serious to critical risk of bias,
which was due to bias from confounder and selection
of participants to the intervention.

Publication bias based on the generated fun-
nel plot showed a likelihood of a small study effect
(Supplementary Figure 2; available in the Appendix at
cugjca.). Specifically, the small sample-sized RCT gave
significantly higher effect estimates for the timed alarm
device. Based on GRADE criteria, some to high con-

] [ Identification ]

Screening

Initial records identified
(December 2021)
Databases (n=106)

Total records identified (n=398)
MEDLINE (n=9)
EMBASE (n=21)

Records removed before
screening:
Duplicate records removed

((inctuded ) (

MEDLINE (n=16) Googlescholar screened (n=200) (n=114)

EMBASE (n=47) PubMed (n=40)

SCOPUS (n=43) Clinicaltrials.gov registers (n=22)
Records screened Records excluded for non-relevance
(n=284) (n=268)

Reports sought for retrieval

Reports not retrieved
(n=0)

(n=16)
|

Full-text assessed for
eligibility (n=16)

—

Included studies for
meta-analysis (n=4)

Studies excluded: (n=12)
Wrong condition and or
population (adult/enuresis) (n=5)
Single group study (n=3)
Review (n=2)
Wrong intervention (wetting
alarm diaper vs. urotherapy)
(n=1)
Wrong study design (cannot

group MNE vs. non-MNE)

(n=1)

Figure 1. PRISMA 2020 flow diagram for systematic reviews, which incuded searches of databases and registers only. Adapted
from Page MJ, et al. BMJ 2021;372:n71. For more information, visit: http: / /www.prisma-statement.org/.
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Timed alarm device Control/other device Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight IV, random, 95% CI 1V, random, 95% ClI
1.1.1 RCT
Caldwell (2021) 26 120 19 123 25.1%  1.40[0.82,2,40] T
Hagstroem (2010) 9 30 0 28 1.8% 17.77 [1.08, 291.82] —
Halliday (1987) 13 22 16 22 302%  0.81[0.53,1.25] —
Subtotal (95% Cl) 172 173 57.2%  1.27[0.59, 2.71] —_—
Total events 48 35
Heterogeneity: Tau’=0.26; Chi?=6.40, df=2 (p=0.04); 1’=69%
Test for overall effect Z=0.62 (P=0.54)
1.1.2 Non-RCT
Hagstroem (2008) 42 60 126 230 42.8%  1.28[1.04,1.57] - -
Subtotal (95% Cl) 60 230 42.8%  1.28[1.04,1.57] @
Total events 41 126
Heterogenetity: Not applicable
Test for overall effect Z=2.37 (p=0.02)
Total (95% Cl) 232 403 100.0%  1.20[0.81,1.76]
Total events 90 161
Heterogeneity: Tau?=0.08; Chi*=7.38, df=3 (p=0.08); I>’=59% + t t : } }
Test for overall effect Z=0.91 (p=0.36) ot 02 05 1 2 5 10
Test for subgroup differences: Chiz=0.00, df=1 (p=0.99), 1’=0% Favors [Control] - Favors [Timed alarm]

Figure 2A. Forest plot pooled effect estimates for outcome of complete response rate (CRR); comparison: timed alarm vs. control / other device; subgroup: study design (RCTs and non-
RCTs). Statistical method: Inverse variance with random-effect model (relative risk [RR] and 95% confidence interval [CI]). RCT: randomized controlled study.

Timed alarm device Control/other device Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight IV, random, 95% Cl 1V, random, 95% Cl
1.2.1 Compared to control
Caldwell (2021) 26 120 19 123 25.1% 1.40 [0.82, 2,40] -T=
Hagstroem (2008) 42 60 126 230 42.8%  1.28[1.04,1.57] =
Hagstroem (2010) 9 30 0 28 1.8% 17.77 [1.08,291.82]
Subtotal (95% Cl) 210 381 69.8%  1.40[0.92,2.12] 1o
Total events 77 145
Heterogeneity: Tau?=0.0; Chi?=3.46, df=2 (p=0.18); I’=42%
Test for overall effect Z=1.57 (p=0.12)
1.2.2 Compared to other device
Halliday (1987) 13 22 16 22 30.2%  0.81[0.53,1.25] —-
Subtotal (95% Cl) 22 22 30.2%  0.81[0.53,1.25] g
Total events 13 16
Heterogenetity: Not applicable
Test for overall effect Z=0.94 (p=0.35)
Total (95% Cl) 232 403 100.0%  1.20[0.81,1.76]
Total events 90 161
Heterogeneity: Tau?=0.08; Chi?=7.38, df=3 (p=0.08); I’=59% 5 65 0:2 1 é 2:0
Test for overall effect Z=0.91 (p=0.36) . iy .
Test for subgroup differences: Chi>=3.12, df=1 (p=0.08), =67.9% Favors [Control] - Favors [Timed alarm]

Figure 2B. Forest plot pooled effect esfimates for outcome of complete response rate (CRR); comparison: fimed alarm vs. control/ other device; subgroup: study design (control and other
device). Stafistical method: Inverse variance with random-effect model (relative risk [RR] and 95% confidence interval [CI]).

cerns of risk of bias, significant heterogeneity, and the
possibility of publication bias have downgraded the
evidence as very low certainty.'®

DISCUSSION

Standard urotherapy is recommended as the first-line
management of pDUI.? Furthermore, timed voiding is
an integral part of standard urotherapy that aims to
reduce urinary incontinence by preventing overflow
incontinence and improving bladder control among
toilet-trained children.? Although in the management
of adult DU, timed voiding was assessed to be highly
effective (with an 80% complete response rate),? this
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was reported to be less effective in pDUI, as most cases
are functional and non-organic.?®

Using a timed alarm device as a regular reminder for
timed voiding has been postulated to increase compli-
ance among pediatric patients.?® This meta-analysis find-
ing supports such postulation, as we showed approxi-
mately three times improved treatment adherence
among patients with timed alarm devices compared
to standard urotherapy alone.

Despite the improved adherence, we found no
significant difference in the pooled effect estimates for
the overall complete response rate between the treat-
ment groups. Standard urotherapy is highly effective in




Test for overall effect Z=3.24 (p=0.001)

Timed alarm device Control/other device Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight IV, random, 95% Cl 1V, random, 95% Cl
Caldwell (2021) 46 116 1 110 49.7%  3.97 [2.17,7.25] ——
Hagstroem (2010) 20 30 9 28 50.3%  2.07[1.14,3.76] ——
Total (95% Cl) 146 138 100.0%  2.86 [1.52, 5.40] -
Total events 66 20
Heterogeneity: Tau?=0.12; Chi?=2.25, df=1 (p=0.13); ’=55% 601 0:1 0 160

Favors [Control]  Favors [Timed alarm]

Figure 3. Forest plot pooled effect estimates for outcome of treatment adherence; comparison: timed alarm vs. control; subgroup: none. Statistical method: Inverse variance with random-

effect model (relative risk [RR] and 95% confidence interval [CI]).

Table 2. Study quality assessment according to risk of bias tool

ROBINS-I
Author (year) Study design | Biosduefo  Bias in selection | Bias in mea-  Bias due to Biosduefo | Biasin mea- | Bias in selection | Overall
confounding | of parficipants | surement of | departures missing data | surement of | of the reported | bias
info the study | interventions | from intended outcomes | result
interventions
Halliday (1987) RCT
Hagstroem (2008) | Retrospective | Serious Serious Low Serious Moderate | Moderate = Moderate Serious-
cohort critical
Hagstroem (2010) | RCT
Caldwell (2021) RCT
ROB-RCT
Author (year) Study design | Randomiza- | Deviafions Missing Measurement | Selection of | Other poten- | Overall bias

intervenfions | data

Halliday (1987) RCT Some Low concern | Low
concern concern
Hagstroem (2008) | Retrospective
cohort
Hagstroem (2010) | RCT Some Some concern | Low
concern concern
Caldwell (2021) RCT Low concern | Low concern | Some
concern

RCT: randomized controlled trial.

tion process | from intended | outcome

of the outcome | the reported | tial bias

result
Low concern | Low concern | Low Some
concern concern
Some Low concern | Some Some
concern concern concern
Low concern | Low concern | Low Some

concern concern

treating functional pDUI; however, as suggested by the
ICCS position statement on pDUI, when refractory
to standard urotherapy, pDUI patients need further
adjunctive pharmacological management and need to
be evaluated for neurogenic or anatomic etiology.?
Another plausible explanation for the noted equivo-
cal complete response rate between the two inter-
vention groups could be due to the placebo effect
of the control device. Among the studies that used
comparative devices, the control groups in Cadwell
et al'® and Halliday et al'” had better overall complete
response rates compared to studies in which only

standard urotherapy alone was used without placebo/
another device as control.>®

Limitations

Even with a sensitive search strategy and an extensive
search for evidence, the inherent limitation of this sys-
tematic review and meta-analysis is the limited amount
of available comparative studies that assess the differ-
ential effectiveness of timed alarm devices vs. standard
urotherapy alone. Although RCTs were included, the
methodological quality of these studies was assessed
have concern for risk of bias. Moreover, a significant
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inter-study variability and the possibility of publication
bias were noted, which further limited the certainty of
the generated evidence. Based on the GRADE criteria,
the evidence from available literature was determined
to be very low to be able to generate recommenda-
tions; however, from a clinical perspective, with the
recognized low to no adverse effect of a timed alarm
device, clinicians may consider adding these to stan-
dard urotherapy among pDUI patients identified as
refractory due to poor compliance. Furthermore, future
studies may consider identifying the pDUI subgroup
that could benefit from adding a timed alarm device.

CONCLUSIONS

Based on the available, very low-certainty evidence,
timed alarm device-assisted urotherapy does not
seem to have the advantage of complete treatment
response over standard urotherapy alone in managing
pDUI; however, a timed alarm device was determined
to improve treatment adherence to timed voiding.
Future studies may consider identifying a specific pDUI
subgroup that may render a complete DUI treatment
response for timed alarm devices.
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