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Background: Laser therapy has recently been proposed as a novel treatment for stress urinary incontinence
(SUI) due to offering several advantages. This study aimed to evaluate the safety and efficacy of laser
treatment of SUI by a meta-analysis.

Methods: The systematic review registration number is INPLASY202080001. A comprehensive search
to identify relevant studies was conducted using the PubMed, Embase, Cochrane Library, CNKI, VIP and
Wanfang databases with a cutoff date of 1 November, 2020. Outcome measures were extracted based on
subjective and objective indexes, including International Consultation on Incontinence Questionnaire-Short
Form (ICIQ-UI-SF), Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12), and
objective measurements “1-hour pad test” (1-hour test under standardized conditions). Score changes before
and after treatment were evaluated through meta-analysis. Subgroup analysis was performed according to
geographic region, type of urinary incontinence (UI), severity of Ul age, and body mass index (BMI).
Results: Sixteen published clinical research studies, involving 899 patients with SUI, were included in
this study. After laser treatment, the change in the ICIQ-SF score at 1, 2, and 6 months was -5.49 (95%
CL: -6.74—-4.24; 12=91%, P<0.01), -4.97 (95% CI: -6.24—-3.71), and -5.48 (95% CI: -6.15—4.81),
respectively. The improvement in 1-hour pad weight test results at 1, 3, and 12 months post treatment was
-5.59 (95% CI: -6.93—-4.25), -4.96 (95% CI: -6.73--3.20), and -5.82 (95% CI: -6.77—4.87), respectively.
The PISQ-12 score increased by 5.39 (95% CI: 1.20-9.58) following treatment. Subgroup analysis identified
the type and severity of Ul as the potential source of heterogeneity. Adverse effects were reported in 6 of
the 16 trials and affected only a small number of patients. Most adverse events were mild or moderate and
required no medical intervention or resolved in a few days.

Conclusions: Vaginal laser therapy appears to be a safe, effective, and minimally invasive treatment option
for SUI that can be well tolerated by patients.
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Intruoduction

Stress urinary incontinence (SUI) is defined as an
involuntary loss of urine during physical effort or exertion,
or upon sneezing or coughing (1). The prevalence of SUI
among middle-aged women is estimated to be 4-35% (2).
Based on the Stamey incontinence scoring system, SUI is
regularly categorized as mild (incontinence with coughing or
straining), moderate (incontinence with change in position
or walking), or severe (total incontinence at all times) (3).
The condition can co-exist with other types of urinary
incontinence (UI), or manifests as a symptom in other
diseases. For instance, mixed urinary incontinence (MUI)
is a combination of urge and SUI (4). Scilicet vulvovaginal
atrophy, a genitourinary syndrome of menopause (GSM),
can result in vaginal discomfort, which can include vagina
vestibule and dryness, a burning sensation, vulvovaginal
irritation, and irritative symptoms of the lower urinary
tract, such as urinary frequency, urgency, incontinence,
and recurrent urinary tract infections (5). SUI is related
to pelvic floor dysfunction, which sees altered metabolism
of the connective tissue, ultimately leading to insufficient
support of the urogenital tract from depleted collagen
production (6). Childbirth, trauma, or aging can result
in decreased collagen content due to the destruction and
reduced synthesis of collagen fibers in the pelvic floor (7).

Despite the availability of multiple treatments, such
as pelvic floor muscle training, behavioral therapies, and
surgery (8), there are limitations associated with these
treatments. For instance, patients are unlikely to comply
with a strict program of behavior modification and regular
pelvic floor exercises (9). In addition, the adverse effects
of transvaginal sling surgery may occur, including pain
with sexual intercourse, pain on voiding, which leads to
reluctance for patients to undergo surgical intervention (10).
Therefore, vaginal laser therapy as a novel, safe, effective,
well-tolerated, and minimally invasive treatment has become
more widely used in outpatient settings. The efficacy of
laser therapy for SUI treatment has been shown in several
studies. Despite the promising results presented in these
reports, their study populations were limited, which means
the efficacy of this form of therapy has yet to be confirmed.

With this background in mind, in order to further
explore the effectiveness and safety of vaginal laser therapy,
a single-arm meta-analysis was conducted in our study. This
research aims to strengthen the evidence base and offers a
valuable guide for physicians and clinicians treating these
patients, as well as a basis for future studies.
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In this study, we consolidate previously published
data, using subjective rating procedures International
Consultation on Incontinence Questionnaire-Short Form
(ICIQ-UI-SF) (11), Pelvic Organ Prolapse/Urinary
Incontinence Sexual Questionnaire (PISQ-12) (12) and
objective measurements “1-hour pad test” (1-hour test under
standardized conditions) (13) to assess the improvement
after laser therapy. In summary, our study was designed to
evaluate the efficacy and safety of vaginal laser therapy for
SUIL We present the following article in accordance with
the PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1440).

Methods
Search strategy

The systematic review registration number is
INPLASY202080001. The studies selected in this single-
arm meta-analysis, were obtained from the PubMed,
EMBASE, Cochrane Library databases, CNKI, VIP and
Wanfang. The literature search was conducted to identify
articles published from inception to November Ist,
2020, with no language restrictions, using the following
Medical Subject Headings (MeSH) terms and keywords:
[Urinary Incontinence, Stress] AND [(lasers) OR laser].
The reference lists of eligible articles were also reviewed
to identify studies that may have been omitted from the
database searches. Figure 1 depicts the flow chart of the
study selection.

Selection criteria

Types of patients

Women diagnosed with SUI based on the diagnostic
criteria of the International Continence Society without any
age and race limit. The exclusion criteria were as follows:
patients with pelvic organ prolapse stage > II; literature
reviews, comments, letters, pre-clinical, or basic research
experiments; duplicated publications; or studies without
sufficient data.

Types of interventions
Vaginal laser treatment including Erbium YAG laser and
CO, laser treatment.

Types of control
Patients were not randomized, and there was no control group.

Ann Palliat Med 2021;10(3):2736-2746 | http://dx.doi.org/10.21037/apm-20-1440


http://dx.doi.org/10.21037/apm-20-1440
http://dx.doi.org/10.21037/apm-20-1440

2738

Records identified through
database
searching(n=548): Pubmed(n=75),
Embase(n=368),CNKI(26),VI
P(22), Wanfang(57)

Y

Records after duplicates
removed (n=472)

Y

Records after screened title and

Wang et al. Laser therapy for SUI

abstract (n=76)

Y

Full-text articles d for

Records excluded(n=41)

eligibility(n=35)

Y

Studies included in quantitative
synthesis (meta-analysis) (n= 16)

\4

full-text articles excluded (n=19):

Not a clinical trial (5) Reviews (3) Incomplete
data (2)Combine with other
therapies (2) duplicated
participants (1) use intraurethral
laser (3) without outcomes of interest (3)

Figure 1 Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram of the screening and selection of

articles.

Types of outcome measures

The primary outcome was the change from baseline in the
amount of ICIQ-SF scores. The secondary outcomes were
the change scores of 1-hour pad test, frequency and nature
of adverse events.

Types of studies

The inclusion criteria for the meta-analysis were as follows:
prospective randomized or non-randomized clinical studies,
retrospective clinical studies, or pilot studies.

Data extraction

Candidate articles were independently screened by two
investigators by checking the titles and abstracts of the
studies. The following information was extracted from the
selected studies: first author; publication year; country of
origin; patient sample size; type of research; mean age of
patients; mean body mass index (BMI) of patients; type of
laser; type of UL therapy mode of laser; total number of
sessions; follow-up duration; assessment parameters; and
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adverse reactions. Discrepancies between the investigators
were resolved by consensus or the opinion of a third
investigator was sought.

Statistical analysis

The methods of evaluations for this study were: ICIQ-
SF and the 1-hour pad test. Standard mean differences
(SMDs) and 95% confidence intervals (Cls) were expressed
as the response indices of the efficacy of laser treatment.
A P<0.05 was considered to be statistically significant.
The heterogeneity of the included studies was assessed
using I’. Studies with an 1°<25% were considered as not
displaying heterogeneity. An I’ of 25-50%, 50-75%, and
>75% was considered to represent low, moderate, and high
heterogeneity, respectively. For cases of high heterogeneity,
a subgroup analysis was performed to identify the sources
of heterogeneity, based on geographic region, type of
Ul, severity of Ul, age, and BMI. The meta-analysis
was graphically represented by a forest plot, while the
publication bias was represented by the inverted funnel
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plot. Due to insufficient data, heterogeneities attributed to
menopausal status and the number of previous deliveries
(parity) were not able to be determined.

Results
Literature search

Overall, 75 articles from PubMed, 368 articles from
Embase, 26 articles from CNKI, 22 articles from VIP and
57 articles from Wanfang were originally selected for this
meta-analysis. Further screening for duplicated documents
reduced the number of articles to 472, before another 396
articles were excluded in accordance with the inclusion and
exclusion criteria. Furthermore, 19 articles were reviewed
and did not satisfy the eligibility criteria for this study, while
5 articles were not clinical trials. There were 3 reviews,
2 articles had incomplete data, 2 article combined laser
treatment with other therapies, 1 article had duplicated
participants, 3used intraurethral laser, and 3 did not report
outcomes of interest. Overall, 16 articles or abstracts were
finally included in this single-arm meta-analysis. One of
them was Chinese literature (14).

Study characteristics

A total of 899 cases were obtained from the 16 selected
studies. The main characteristics of these studies are
reported in Table 1.

The publication duration spanned across 5 years, from
2015 to 2020, with sample sizes ranging from 9-114
participants. Eight studies originated from Europe, 2
from South America and 2 from Asia, 1 from North
America. The study types included 2 retrospective studies
and 1 randomized controlled trial, with the others being
prospective cohort studies. The only RCT we identified
was a high-quality, low risk of bias study. Since the rest of
selected studies were non-randomized controlled trails,
which did not have a non-exposed group, the NOS scores
ranged from 6 to 7. They all had detailed descriptions in
the selection of patients and these findings. The summary
of laser therapies and the correlating durations are reported
in Tuble 2.

Two studies used external topic anesthesia, and 1 subject
underwent local estrogen pre-treatment. Out of 3 studies
that used CO, lasers, the rest used SMOOTH mood of
vaginal Erbium: YAG. The majority of therapies consisted
of 2-3 treatment sessions with a 1-month interval between
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sessions, while other studies involved 1-5 treatment
sessions. Follow-up time points were typically observed to
be at 1, 3, and 6 months after the last treatment. Follow-up
durations were up to 12 months or longer.

Meta-analysis

All selected studies showed data on the ICIQ-SF pre-
intervention value, and 8 studies reported the ICIQ-SF
value at 1 month post intervention. Five studies reported
the value at 2 months and 9 studies reported the value
at 6 months after intervention. (Kuszka et /. divided
different degrees of SUI into two groups. These two
groups represent two arms respectively in our study.)
As shown in Figure 2, the 6-month ICIQ-SF values
displayed no obvious asymmetry in the funnel plots,
which suggested that no publication bias was present. A
significant reduction in median ICIQ-SF scores between
baseline and post-intervention reflects the efficacy of laser
treatment. The difference in ICIQ-SF score was -5.49 (95%
Cl: —6.74—4.24; ’=91%, P<0.01) at 1 month, -4.97 (95%
Cl: -6.24—-3.71; ’=85%, P<0.01) at 3 months, and —5.48
(95% CI: -6.15—-4.81; I’=67%, P<0.01) at 6 months post
intervention (Figure 3).

The improvements in the 1-hour pad weight test
results also revealed the curative effect of laser therapy.
The changes at 1, 3, and 12 months were -5.59 (95%
Cl: -6.93—4.25; ’=85%, P<0.01), -4.96 (95% CI: -6.73~
-3.20; '=60%, P=0.08), and 5.82 (95% CI: -6.77—4.87;
I’=58%, P<0.09), respectively.

The PISQ-12 score improved from baseline to post-
intervention for SUT was 5.39 (95% CI: 1.20-9.58; I’=96%,
P<0.01).

Almost every indicator displayed significant
heterogeneity among these data. It is worth noting that
the one-arm meta-analysis was less stable compared the
two-arm meta-analysis, contributing to the high level of
heterogeneity observed in this study.

Subgroup analysis

Subgroup analysis was performed to identify the sources
of heterogeneity. Geographic region, laser type, Ul type,
severity, age, and BMI were evaluated as possible covariates.
Our findings led to the identification of UI type as the main
source of heterogeneity, followed by the mean age.

The change in ICIQ-SF score at 1 month after
intervention was -7.35 (95% CI: -7.69—-7.01; I’'=59%,
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Table 1 Baseline characteristics of selected studies

Wang et al. Laser therapy for SUI

Author, date Area Sample Type of study Age BMI Type of Ul Severity of SUI
Ere, 2020 (15) Turkey, Asia 82 Prospective cohort 53.72 [29-78] 26.4 [18.9-40.1] SUI + MUl  Mild to severe
Reisenauer, Germany, 33 Prospective cohort 51.9+9.8 26.0+5.1 SuUl + MUI Mild and
2019 (16) Europe moderate
Lin, 2019 (17) Taiwan, Asia 41 Retrospective cohort 45.9+7.2 22.8+3.6 Sul Mild and
moderate
Kuszka, 2020 (18) Germany, SuII32 Prospective cohort SUII 48+£13 SUIL 24+3 SuUl + MUI Mild
Europe suIll16 SUIII 48+7 SUII 272 Moderate
Peacher, 2018 (19) New York, 9 Prospective cohort 67.56+8.76 NR Sul Mild to severe
North
America
Lin, 2018 (20) Taiwan, Asia 31 Prospective cohort 48.43+12.75 21.97+2.12 Sul Mild
Gonzalez Isaza, Colombia, 161 Prospective cohort 53.38+5.1 NR Sul Mild to severe
2018 (9) South
America
Gambacciani, Italy, Europe 114 Prospective cohort 64.6+ 4.4 NR Sul Mild to severe
2018 (21)
Fistonic¢, 2018 (22) Croatia, 84 Prospective cohort 48 [41-54] 23 [21-26] Sul Mild to severe
Europe
Blaganje, 2018 (23) Slovenia, 56 Randomized controlled  39.95+6.36 23.54+3.66 Sul Mild to severe
Europe trial
Yi, 2018 (14) China, Asia 45 Prospective cohort 35.5+6.79 NR Sul Mild and
moderate
Lin, 2017 (24) Taiwan, Asia 30 Retrospective cohort 52.6+8.8 24.5+3.3 OAB + SUI  Mild to severe
Pardo, 2016 (25) Chile, South 42 Prospective cohort 46.5+11.11 NR Sul Mild to severe
America
Fistoni¢, 2016 (26) Croatia, 31 Prospective cohort 46.8+9.1 23.3+2.7 Sul Mild to severe
Europe
Gambacciani, Italy, Europe 19 Prospective cohort 60.9+8.1 NR Sul Mild to severe
2015 (27)
Fistoni¢, 2015 (28) Croatia, 73 Prospective cohort 47 [41-54] 23 [21-25] Sul Mild to severe
Europe

Values are expressed as mean =+ standard deviation or median [interquartile range]. BMI, body mass index; Ul, urinary incontinence; SUI,
stress urinary incontinence; MUI, mixed urinary incontinence; NR, not reported.

P=0.04) for SUT of all degrees of severity (from mild to very
severe), and -4.15 (95% CI: -4.98—3.31; I'=0%, P=0.38)
for SUI of only one degree (mild or moderate). At 3 months
after intervention, 3 sessions of laser treatments yielded a
change in ICIQ-SF score of -6.06 (95% CI: -6.45—-6.67;
I’=0%, P=0.42), and 1-2 sessions yielded a change in score
of =3.75 (95% CI: -4.48--2.91; 1’=0%, P=0.44). The
change in ICIQ-SF score at 6 months after intervention

© Annals of Palliative Medicine. All rights reserved.

was -6.73 (95% CI: -7.55--5.90; I'=0%, P=0.57) for SUI
of all degrees of severity (from mild to very severe), -4.20
(95% CI: ~4.95--3.45; I’=20%, P=0.29) for SUI for only
one degree (mild or moderate), and -5.39 (95% CI: -5.78-
-5.00; I’'=28%, P=0.25) for patients with combined SUI and
MUI or GSM (Figure 4).

The change in 1-hour pad test score at 1 month after
intervention was -6.40 (95% CI: -6.66—6.14; I’'=14%,
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Table 2 Summary of laser therapies and treatment duration for the selected studies
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Treatment  Follow-up time

Author, date Laser type Therapy mode sessions (months)
Ere, 2020 (15) Erbium:YAG 7 mm spot-size, 10.0 J/cm?, 250 ms, 1.6 Hz 1 6
Reisenauer, 2019 (16) Erbium:YAG  First phase: 25 J/cm?, 300 ps; second phase: 9 J/cm?, 1,000 ps 2 1,2,6
Lin, 2019 (17) Erbium:YAG  Three phases: 10.0 J/cm®, 1.6 Hz 3 6
Kuszka, 2020 (18) Erbium:YAG  First phase: 7 mm spot-size, 6 J/cm?, 1.6 Hz; second phase: 7 mm 5 2,4,10, 28

spot-size, 3 J/cm?, 1.6 Hz; third phase: 10 J/cm?, 1.6 Hz
Peacher, 2018 (19) Both First phase: 3 J/cm?, 7 mm spot-size, 6 J/cm; second phasecm: 1 2

3.7 mm spot-size, 10 J/cm?; CO, laser: dot power 30 watt
Lin, 2018 (20) CO, laser NP 4 12,24, 36
Gonzdlez Isaza, Erbium:YAG 7 mm spot-size, 6 J/cm?, 1.6 Hz 3 1,3,6,12,18, 24
2018 (9)
Gambacciani, Erbium:YAG 7 mm spot-size, 10 J/em?, 1.6 Hz 3 2-6
2018 (21)
Fistoni¢, 2018 (22) Erbium:YAG 10 J/cm?, 7 mm spot size 1 3
Blaganje, 2018 (23)  Erbium:YAG  First and second phase: 7 mm spot-size, 10 J/cm’ (upper part of 3 1

the vagina) and 6 J/cm’ (lower part of the vagina), 1.6 Hz; third

phase: 7 mm spot-size, 2.5 J/cm?, 1.6 Hz
Yi, 2018 (14) Erbium:YAG NP 2 1,3,12
Lin, 2017 (24) Erbium:YAG 6 J/cm?, 1.6 Hz 2 3-6
Pardo, 2016 (25) Erbium:YAG  First phase: 3 J/cm?, second phase: 6 cm?, third phase: 10 cm?. All 1 1,2,6

for 1.6 Hz
Fistoni¢, 2016 (26) Erbium:YAG 7 mm spot-size, 6 J/em?, 1.6 Hz 3 1,3,6
Gambacciani, Erbium:YAG NR 1 1,2-6
2015 (27)

Both, one group of Erbium:YAG, another group of CO, laser; treatment sessions at an interval of 4 weeks. NR, not reported.
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Figure 2 Funnel plot of ICIQ-SF at 6 months after intervention.
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P=0.31). for SUI of moderate and above severity. At
3 months after intervention, the change in score for SUI
with a severity greater than mild was -6.12 (95% CI: -7.93-
-4.30; ’'=0%, P=0.71).

Adverse events

Adverse effects were reported in 6 of the 15 included trials
(Table 3), with vaginal discharge observed in 4 of these
studies. Blaganje et 4/. reported 49/56 patients, other studies
only had less than 5 patients (23).

Furthermore, 2 studies reported de novo urgency in
2 patients, while weak pain was observed in 6 patients in
another trial. Lin er 4/. reported vaginal itching in 3 patients,
while increased vaginal discharge was observed in 3 subjects.
Vulva discoloration was exhibited by 5 patients, while
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Weight Weight
Study Mean MRAW 95%-Cl (fixed) (random)
C. Tamer Ere 2020 — 6.43 [-7.57,-529] 7.7% 11.5%
Christl Reisenauer 2019 — 550 [6.75,-425] 64% 10.8%
Kun-Ling Lin 2019 —&— -3.50 [4.75,-225] 6.4% 10.8%
Andrzej Kuszka 2019 arm1 5 -5.00 [6.38;-362] 53% 10.0%
Andrzej Kuszka 2019 arm2 —— -425 [-553,-297] 6.1% 10.6%
A. Peacher 2018 — 6.00 [-8.51,-349] 16% 51%
M.Gambacciani 2018 -5.20 [-564;-476] 516% 16.0%
Ivan Fistonic 2018 — -6.00 [-7.58;-442] 40% 8.8%
Nikola Fistonic 2016 — -7.00 [9.75;-425] 13% 4.4%
M. Gambacciani 2015 —= -7.00 [-8.04;-596] 94% 12.2%
Fixed effect model & -5.37 [-5.69; -5.06] 100.0% -
Random effects model < -5.48 [-6.15; -4.81] - 100.0%

Heterogeneity: ?= 67%, = 0.6874, ;l; <0.01

-5

0

5

Figure 3 Forest plot showing the changes in the median ICIQ-SF scores between baseline and 6 months post intervention. The size of

each square is proportional to the study’s weight. Horizontal lines indicate 95% CI. Diamonds indicate pooled incidence rate with its

corresponding 95% CI.

Weight Weight
Study Mean MRAW 95%-Cl (fixed) (random)
UlType =A
Ivan Fistonic 2018 —= -6.00 [-7.58;-442] 4.0% 8.8%
Nikola Fistonic 2016 — -7.00 [975;-425] 1.3% 4.4%
M. Gambacciani 2015 —n- -7.00 [-8.04,-596] 9.4% 12.2%
Fixed effect model < -6.73 .55;-5.90] 14.7 -
Random effects model < 5.90] 25.4Y%
UlType =B
C. Tamer Ere 2020 - 6.43 [-757,-529] 7.7% 11.5%
Christl Reisenauer 2019 o A 550 [6.75,-425] 6.4% 10.8%
A. Peacher 2018 — -6.00 [-8.51;-3.49] 1.6% 51%
M.Gambacciani 2018 8 520 [-564;-476] 51.6% 16.0%
Fixed effect model ¢ -5.39 [-5.78; -5.00] 67.4 --
Random effects model 6 -5.55 [-6.15; -4.95] 43.3
UlType=C
Kun-Ling Lin 2019 —B= -350 [4.75;-225] 6.4% 10.8%
Andrzej Kuszka 2019 arm1 —h— -5.00 [6.38;-362] 53% 10.0%
Andrzej Kuszka 2019 arm2 i -425 [-553,-297] 6.1% 10.6%
Fixed effect model <> -4.20 [-4.95; -3.45] 17.9% -
Random effects model <> -4.21 [-5.05; -3.37] 313
Fixed effect model ¢ -5.37 [-5.69; -5.06] 100.0% --
Random effects model < -5.48 [-6.15; -4.81] - 100.0%

Heterogeneity: I° = 67%, t° = 0.6874, p < 0.01
Residual heterogeneity: = 10%, p =6.35

0

5

Figure 4 Forest plot showing changes in the median ICIQ-SF scores for the different types of urinary incontinence between baseline and 6

months post intervention.
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Table 3 Summary of the adverse reactions reported in the selected studies
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Author, date Adverse reactions

Ere, 2020 (15) Not found
Reisenauer, 2019 (16)
Lin, 2019 (17) Not found

Kuszka, 2020 (18) 6 for weak pain, 1 for vaginal discharge

Lin, 2018 (20) Not found
Gonzalez Isaza, 2018 (9)  Not found
Gambacciani, 2018 (21)  Not found
Fistoni¢, 2018 (22) NR

Blaganje, 2018 (23)
Yi, 2018 (14) Not found
Lin, 2017 (24)

Pardo, 2016 (25) Not found
Fistoni¢, 2016 (26) Not found
Gambacciani, 2015 (27) 1 for burning

Fistoni¢, 2015 (28) 1 for de novo urgency

10 for vaginal discharge, spotting, burning sensation and/ or irritation for some days up to 4 weeks

49 for vaginal discharge, 2 for de novo urgency, 1 for increased vaginal dryness

3 for vagina itching, 3 for increased vagina discharge, 5 for vulva discoloration, 2 for abnormal vagina bleeding

The digits represent the number of patients. NR, not reported.

abnormal vaginal bleeding was reported in 2 patients. These
adverse reactions healed without medical intervention or
resolved within a few days after treatment. Essentially, most
patients reported a slight burning sensation during the
treatment. No significant adverse reactions were observed.

Discussion

Our findings clearly demonstrate the success of laser
therapy in treating SUI, despite its relative newness as a
form of therapy. The reviewed studies were predominantly
published in 2015, with some published as long as a decade
ago. The many approaches to SUI treatment, such as
behavioral therapy, pelvic floor muscle exercises, electric
stimulation, and pharmacological treatment, have inherent
limitations (8). Nevertheless, the Erbium and low-energy
CO, lasers are strongly absorbed in water and increase
the tissue temperature to 60-70 °C without causing tissue
removal. This leads to collagen denaturation, remodeling,
and neogenesis without ablation or irreversible tissue
damage (29,30). Laser therapy is a safe, effective, and
minimally invasive therapeutic option for SUI that has a
high compliance rate; it can also be applied to other Ul
types. In the vast majority of studies, the complications
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reported for laser therapy have been minor, transient, and
extremely low in frequency, highlighting laser therapy
as safe and well tolerated. Laser can induce collagen
contraction, new collagen formation, vascularization,
growth factor infiltration, restore elasticity, and lead to the
thickening of the vaginal epithelium (31). As evidenced in
this investigation, most of the studies were conducted with
the Erbium YAG Laser using SMOOTH® Technology.
This parameter setting was selected to avoid laser
penetration into underlying tissues and organs, while only
producing thermal and non-ablation effects, to achieve the
safest and most efficacious therapeutic regimen (15).
ICIQ-SF and 1-hour pad tests demonstrated a statistically
significant treatment effect in SUI improvement. Our results
showed that the ICIQ-SF maximum improvement occurred
at 6 months, with a maximum improvement in the 1-hour
pad test observed at 12 months. This illustrates that laser
treatment can also achieve enhanced long-term efficacy.
However, data on long-term efficacy were limited, with
only one study reporting follow-up durations of 12, 24, and
36 months, and another conducting follow-up visits at 12,
18, and 24 months (9,21). Gambacciani et 4/. treated 114
patients and suggested that the improvement of ICIQ-SF
scores diminished continuously at 18 and 24 months (21).
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Gonzilez Isaza et al. proposed that the curative effects of the
CO, laser were maintained after 36 months of observation
without any need for further reintervention (9). Evidence
that Er: YAG laser yielded similar improvement rates in
the 1-hour pad test, ISIQ-SE, and OABSS at 12 months
compared with sling procedures (TOT-TVT) has also
been reported (32). Therefore, further studies with robust
statistical analyses are required to establish the exact long-
term effect of laser treatment.

From the subgroup analysis, we identified the
scores that indicated enhanced improvement in patient
characteristics which has all degree severity (from mild
to very severe) than which has only one or two types of
UL This may be related to a lower baseline ICIQ-SF and
1-hour pad test in milder SUI cases, limiting the scope for
improvement. SUI patients also evidently benefited more
from laser treatment than MUI or patients with other UI
types (9,15,16,18,21,24,27). Statistical analyses of SUI and
patients with other Ul types or symptoms could not be
separately performed, due to the limited amount of clinical
information.

Kuszka et al. presented strong evidence that demonstrated
a strong dependency on initial incontinence severity in the
success of laser therapy (18). Patients were divided into
different groups, based on the degrees of SUI and laser
treatment was found to have almost no effect on severe SUI
(total incontinence at all times). We therefore selected mild
and moderate patients for two arms to underway meta-
analysis.

The subgroup analysis of ICIQ-SF at 3 months
revealed that 3 sessions of treatment achieved a greater
improvement compared to the results from 1 or 2 sessions.
While half of the selected studies showed that a more
appropriate protocol would comprise three or more
laser treatment sessions at monthly intervals, a trend in
improvement was not reported in trials when the number
of sessions exceeded three (9,17-19,21,22,24,27). Fistonic
et al. suggested that only a small improvement in the ICIQ-
SF score was achieved after a 1-month follow-up (26).
Therefore, some articles indicated a necessity for annual
maintenance treatments for the effects of laser treatment to
be sustained at a satisfactory level (15-17,19,21-27). Further
modification of the treatment plan is needed to optimise
and sustain the efficacy of laser therapy.

Apart from the ICIQ-SF and 1-hour pad test, changes
in PISQ-12 can also reflect the efficacy of laser therapy in
treating SUIs and improving the quality of women’s lives,
despite the sources of heterogeneity not being identified.
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Several studies proposed that age, menopause, and BMI
can be used as predictors of laser treatment efficacy for
SUIs (15,18,22,28). Despite the suggestion that patients
with a lower age or BMI displayed better improvement
in UI symptom relief, with less retreatment and longer
improvement duration, statistically significant effects of
BMI were not observed in our subgroup analysis (28). This
may be attributable to complex processes involving multiple
factors, such as the use of local estrogen (estriol) before
treatment in postmenopausal women, which can reduce
the risk of menopause (25). This finding suggests that pre-
treatment with local estrogen is a viable means of treating
late-postmenopausal women, and that weight management
should be promoted to achieve better outcomes (15).

To our knowledge, this is the first meta-analysis of
the clinical efficacy and safety of lasers in SUI treatment.
Moreover, the subjects in the studies included were from
various countries; thus, the sample was widely representative.
There are some limitations to the present study that should
be addressed. Only one randomized control trial (RCT) (23)
was identified, and the vast majority of the remaining cohort
studies undertook short-term follow-ups without control
groups. Also, small study populations limited the data integrity
of the study results. More randomized control trials should
be carried out to eliminate the influence of a placebo effect.
Furthermore, many patients were lost to follow-up due to the
rapid resolution of symptoms after one or two treatments,
thereby decreasing their motivation for continued study
participation (26). From this perspective, retention measures
need to be established and implemented to retain patient
participation (17,28). Fistoni¢ et a/. assumed no treatment
effect for all patients who were lost to follow-up through a
sensitivity analysis and were still able to achieve a statistically
significant curative effect (28). The study was designed as a
single-arm study, so we could not compare laser therapy to
other therapeutic methods. Moreover, the inconsistency in
the parameters used across the different studies, combined
with potential confounding factors, mean that further
research is necessary to confirm the accuracy of our findings.
Considering the lack of studies of consistent RCT data for
lasers in SUI, further trials are warranted. In addition, there
is no unified standard of the parameters for laser therapy,
effectiveness and safety in particular should be interpreted
with caution.

Conclusions

Vaginal laser therapy can improve the symptoms of
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women with SUL It appears to be an effective, safe, and
minimally invasive treatment option for SUI that can be
well tolerated. Our study demonstrated that both CO, and
Erbium: YAG laser therapy could be used to successfully
treat SUI and improve the quality of women’s lives (20). In
cases of severe SUI, surgery can be avoided or postponed
by using laser therapy. Further studies are necessary to
research the long-term results of vaginal laser therapy
in comparison to other treatments, including surgery or
muscle function exercise of SUL
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