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Abstract
Introduction and hypothesis Conservative treatment is recommended as first-line therapy for stress urinary incontinence (SUI).
We hypothesized that CO2 laser treatment would demonstrate safety and efficacy for women with SUI.
Methods A prospective, open-label, cohort study of 33 women (mean age 43 years) referred from a continence clinic after
urologist/urogynecologist assessment, with a verified stress urinary incontinence diagnosis based on urodynamic testing. The
participants completed three outpatient treatments with laser therapy and were subsequently evaluated at 1, 3 and 6 months. The
independent t and chi-square tests were used to assess changes in sanitary pad usage and SUI symptoms.
Results Sanitary pad usage decreased from a median of 12 per day at baseline to 7 at 1–3 months post-treatment (P < 0.0001) and
returned to 12 at 6 months post-treatment. Scores on the Urogenital Distress Inventory and the International Consultation of
Incontinence Questionnaire decreased (improved) significantly at 1–3 months post-treatment: from 45 ± 2 and 16 ± 4, respec-
tively, to 29.3 ± 14.7 and 8.15 ± 3.1, respectively (P < 0.0001). The scores returned to levels similar to baseline at 6 months after
treatment. Participants reported mild and transient side effects, with significant improvement in quality of life.
Conclusions Laser therapy can be an optional conservative treatment for women who seek minimally invasive non-surgical
treatment for the management of SUI. No serious adverse effects were reported though the sample size was not large, a possible
limitation of the study. Further large randomized control trials are needed to appraise the efficacy and safety of laser therapy for
stress urinary incontinence and to demonstrate the ultimate utility of this modality.
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Introduction

According to the International Continence Society and the
International Urogynecology Association, urinary inconti-
nence (UI) is defined as involuntary leakage of urine. The
prevalence of UI in women is estimated to reach 40% [1, 2].
UI is associated with several risk factors including older age,

vaginal births, high BMI, pelvic floor trauma, constipation,
chronic diseases and a history of pelvic floor surgery [2–4].

UI has an immense impact on quality of life, including
physical, social, economic and psychological aspects [1, 2].
The extent of impact of UI on quality of life depends on both
the frequency and the quantity of the leakage and the woman’s
experience of the symptoms [5]. Thus, reaching decisions re-
garding possible intervention depends on a patient’s willing-
ness and desire.

Stress UI (SUI) occurs from pressure on the bladder, such
as from coughing, sneezing, running or heavy lifting.
Management of SUI may include either conservative or sur-
gical treatment. According to the NICE guidelines, conserva-
tive treatment is offered initially, including pelvic muscle
training, electrical stimulation or biofeedback [6]. Though
these treatments can attain excellent results, the majority of
patients fail to improve to a sufficient level because of low
compliance [5, 6]. Following failure of conservative treatment
for SUI, surgical treatment may be offered. Surgical treatment
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options include mid-urethral slings, Burch colpo-suspension
and the autologous rectus fascial sling. Mid-urethral slings
have gained popularity and have been declared the operation
of choice in the past decade, especially because of the high
success rate and minimally invasive nature of the procedure.
Though reasonably effective in treating SUI, several compli-
cations may arise after surgical treatment including infection,
bleeding, pain, urethral or vaginal discharge, voiding dysfunc-
tion and mesh exposure [1, 3, 7–9]. These complications en-
hance patients’ reluctance to undergo surgical interventions.
In addition, public concern has increased regarding surgeries
that utilize mesh because of the unknown risk of long-term
complications. Based on their own investigation and on a
Cochrane systematic review [10], the US Food and Drug
Administration (FDA) has implemented stricter regulations
for the use of vaginal mesh implants and has removed a num-
ber of implants from the market [11].

As the future of mid-urethral slings remains uncertain, the
need for alternative treatment has become well recognized. In
the past few years, energy-based devices for treating SUI,
including laser- and radiofrequency- based devices, have
gained popularity. Several prospective open-label clinical case
series have assessed the efficacy and short-term safety of var-
ious modalities of laser treatment, with conflicting results.
Randomized controlled trials are noticeably lacking. Laser
treatment has been studied for treatment of various gyneco-
logical indications including genitourinary syndrome of men-
opause, vulvovaginal atrophy, SUI, vaginal rejuvenation or
tightening and vestibulo/vulvodynia, with varying efficacies
[12–28]. The effect of laser treatment at a histological level is
described as a local inflammatory response, leading to rapid
contraction of collagen fibers, shrinkage of the exposed tissue
and increased collagen and elastin production [29–32].

The aim of the current study was to evaluate the efficacy
and safety of CO2 laser treatment for women with SUI. We
hypothesized that CO2 laser treatment would demonstrate
safety and efficacy for women with SUI up to 6 months
post-treatment, as demonstrated by the absence of adverse
events and the reduction of symptoms.

Materials and methods

Study design and characteristics of the study
participants

This single-center, prospective, open-label, cohort study was
conducted between September 2017 and February 2019. The
local Helsinki ethics committee approval number was 0205–
16-RMB, and the clinicaltrials.gov registration number was
NCT02861391. Written informed consent was obtained
from all participants prior to screening. Similar pre-treatment
assessment and procedures were carried out for all

participants, including a urine culture, PAP smear,
urodynamic testing and a thorough gynecological
examination.

Patients were referred from the continence clinic after as-
sessment by a urologist or urogynecologist to participate in the
study screening process. The study included women ages 18–
52 years with a verified pure SUI diagnosis based on
urodynamic testing, cough test and patient history. Exclusion
criteria included mixed incontinence, pregnancy/up to 2 years
postpartum, recurrent urinary tract infections, pelvic inflam-
matory diseases, and vaginal surgery or an unexplained vag-
inal bleeding episode during the 9 months prior to initiation of
the study.

Study intervention

Women meeting the study eligibility criteria received three
outpatient treatments with the Lumenis Acupulse Systemwith
the FemTouch vaginal handpiece (cleared by the US FDA).
Laser therapy was delivered circumferentially to the entire
length of the vaginal mucosal surface. Each treatment took
up to 5 min to complete, and all participants completed all
three treatments. Neither pre- or posttreatment medications
were required. Study participants were requested to refrain
from vaginal intercourse or tampon use for a period of 14 days
following each treatment. The interval between treatments
was 4 weeks based on company specifications and previous
study history. All participants attended follow-up visits at 1, 3
and 6 months after completion of the treatment protocol. All
laser treatments were performed by a single doctor with pre-
vious training with laser devices.

Study outcomes

The primary outcomeswere changes in sanitary pad usage and
in scores on the Urogenital Distress Inventory (UDI6) and the
International Consultation of Incontinence Questionnaire
(ICIQ-UI). These are widely accepted, validated, global as-
sessment tools used in SUI studies. The maximal score in
ICIQ-UI is 21. This questionnaire accesses reasons for SUI,
incidence, frequency and the impact on daily lifestyle. A
higher score indicates more impact. The UDI6 questionnaire
comprises six questions about frequency, urgency, amount of
leakage, difficulty emptying the bladder and pain, which sums
to a total score of 0–75. A higher score indicates worse
symptoms.

All participants in the study filled the UDI6 and ICIQ-UI
during the screening visit (baseline), prior to the second and
third treatments, and at 1, 3 and 6 months after completing all
treatments. All participants underwent the cough test and
urodynamic testing before the first treatment and at the 3-
month follow-up visit. Adverse events were also recorded at
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each study interval. Pain was assessed on a 10-point visual
analog scale (VAS) immediately after each treatment.

Statistical analyses

SPSS for Windows version 18 (SPSS, Inc., Chicago, IL) was
used for data management and statistical analysis. The inde-
pendent t and chi-square association tests were used to com-
pare between independent groups of continuous and categor-
ical variables, respectively. All tests were two-sided and con-
sidered significant at the 0.05 level.

Group size was calculated by an a priori power analysis
aimed at 90% power. To allow a difference of 16 changes on
the UDI score following laser treatment, we used an effect size
of 16 based on minimal important differences [33] at a two-
sided significance level of 5% for each of the variables exam-
ined. Accordingly, for a sample size of 30 participants, we
recruited 35 participants, considering a loss to follow-up of
15%.

Results

Of the 67 women screened for the study, 35 were found eligi-
ble and willing to participate. Two participants were lost to
follow-up, and 33 women were included in the final analysis.
Demographic and clinical characteristics of the participants
are presented in Table 1. Their mean age was 43 years.

The baseline mean UDI-6 score was 45 ± 2, with a statisti-
cally significant improvement to 29 ± 15 (P < 0.0001) at
3 months post-treatment and a return to the baseline UDI-6
score 6 months post-treatment (Table 2, Fig. 1). These chang-
es were observed in all participants.

The baseline mean ICIQ-UI score was 16 ± 4. A statistical-
ly significant improvement to 8 ± 3 (P < 0.0001) was observed
at 3 months post-treatment and a return to baseline ICIQ-UI
score at 6 months post-treatment (Table 2, Fig. 1).

Median sanitary pad usage decreased significantly from 12
(range: 6–18) per day before study commencement to 7
(range: 2–10) per day at 3 months post-treatment
(P < 0.0001) and returned to the baseline frequency of 12
per day at 6 months post-treatment (Table 2, Fig. 1). At
6 months post-treatment, 80% of the participants contacted
the study team to inquire regarding an option for additional
treatments. Since additional treatments were not part of the
study protocol, these patients were referred to a parallel study.

Most participants (80%) reported a suction sensation dur-
ing internal laser treatment, and these same women reported a
stinging sensation during external laser treatment. Reported
treatment discomfort, assessed as pain, according to the VAS
did not exceed 3 during or after treatments. Immediate adverse
effects reported by the participants included a stinging sensa-
tion that lasted up to 13 min (70%), vulvar sensitivity that
lasted up to 3 days (30%) and untimely menstrual pain
(10%). No complications were reported during the 6-month
follow-up period. No vaginal or urinary tract infections were
reported during the study period.

Discussion

This study demonstrated improvement in urinary symptoms at
3 months following three CO2 laser treatments for all partici-
pants. This improvement is evident in the scores on question-
naires and in the decreased frequency of sanitary pad usage.
The median number of pads decreased significantly from 12
per day before study commencement to 7 per day at 3 months
post-treatment. These findings concur with other studies [24,
34–39]. The strength of the current study compared with

Table 1 Demographic and medical information

Number of patients 32

Age, years, median (range) 43 (32–51)

BMI, kg/m², mean (SD) 26.5 (3.2)

Number of deliveries, median (range) 3 (1–6)

Maximal birth weight, grams, mean (SD) 3792 (380)

Diabetes prevalence 0

Hypothyroidism prevalence 3

Previous non-surgical treatment for SUI 16

SD standard deviation, SUI stress urinary incontinence

Table 2 Outcomes following laser treatment

Pre-treatment After 1 treatment One month after 3
treatments

3 months after 3
treatments

6 months after 3
treatments

Positive cough test: number 25 – – 23 –

positive urodynamics, number 30 – – 19 –

Number of sanitary pads, median (range) 12 (6–18) 12 (5–16) 9 (2–12) 7 (2–10) 12 (7–18)

UDI-6 score, mean (SD) 45 (20) 43 (19) 33 (17) 29 (15) 45 (19)

ICIQ-UI score, mean (SD) 16 (4) 15 (4) 9 (4) 8 (3) 15.09 (4)
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previous studies is the homogeneous premenopausal popula-
tion. In addition, only patients with pure SUI were included
while patients with mixed incontinence were excluded.
Furthermore, all patients underwent pre- and post-treatment
urodynamic testing for treatment efficiency evaluation.
Studies regarding the effect of lasers on SUI complaints in
postmenopausal women are required.

Subjective improvement was demonstrated in quality of
life after the treatment session. In addition, a positive trend
was evident in urodynamic testing but not in stress tests. Two
previous studies comprised a total of 133 patients examined
the correlation between urodynamics and validated question-
naires, with inconsistent results. Follow-up periods lasted
6 months post-treatment, and improvement rates were 60%
in urodynamic testing and 80% according to subjective re-
ports, with a moderate decrease in treatment effect 6 months
post-treatment [40, 41]. Although the changes reported herein
were subjective, they are relevant, since the main purpose of
the treatment was improvement in quality of life.

Another encouraging finding of this study was that the
majority (80%) of participants asked for a follow-up treat-
ment. Their motivation to undergo more treatments is due to
the significant improvement in quality of life and the only
mild and transient side effects.

Previous studies of laser treatment for SUI generally in-
cluded short-term follow-up of up to 3–6 months post-treat-
ment. These studies comprised a total of 154 patients and
demonstrated temporary treatment effects, which were
sustained for a few months post-treatment with reported SUI
recurrence 6 months post-treatment [23, 24, 35, 36]. These
findings concur with those of the current study, specifically,
the recurrence of symptoms to levels similar to baseline, at
6 months post-treatment. Larger studies are needed to assess
the long-term sustained efficacy of laser treatment. Since the
reason for the the short-term effect remains a mystery, studies
including protocols with additional treatments may prove to

be beneficial and enable the establishment of a long-term
treatment program that may allow patients to plan ahead both
clinically with their physicians and financially with their fam-
ily and insurance. Notably, the FDA and the International
Urogynecology Association issued a warning about the use
of energy-based devices, such as radiofrequency and laser
treatment, to perform vaginal “rejuvenation,” cosmetic proce-
dures and non-surgical vaginal procedures. This is because the
safety and effectiveness of these treatments for long-term use
have not been established [42].

This study has a number of limitations. Due to the small
sample size, the findings may not reflect the true efficacy and
safety of the treatment. In addition, the lack of a sham laser
control group does not enable evaluating the placebo effect of
the treatment. Furthermore, the follow-up period was only
6 months post-treatment. Also, power calculations were based
on the Chinese language UDI-6 and the MID reported there.
Using the UDI-stress subscale in English might have been a
more precise method of evaluating change in SUI specifically
and has a set MID.

Conclusion

Laser therapy is an optional conservative treatment for women
who seek minimally invasive non-surgical treatment for SUI.
Its use is associated with only mild and transient adverse
effects.

In the current study, urinary symptoms after treatment with
CO2 laser were evaluated by urodynamic testing, question-
naires and sanitary pad usage. Statistically significant im-
provement at 3 months post-treatment was shown, and a re-
turn to baseline at 6 months post-treatment. Thus, further large
randomized control trials are needed to appraise the efficacy
and safety of laser therapy for stress urinary incontinence and
to demonstrate the ultimate utility of this modality.
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