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Abstract
Introduction and hypothesis  To evaluate the efficacy and safety of a single carbon dioxide (CO2) laser maintenance treat-
ment in women previously treated successfully with laser for stress urinary incontinence (SUI), who have demonstrated a 
decline in treatment effect.
Methods  Women aged 40–70 years who experienced temporary significant improvement in symptoms following CO2 laser 
treatments for SUI were randomized to either the treatment group or the sham treatment control group. Cough test results, 
1-h pad weights and scores on the Urogenital Distress Inventory (UDI6), the International Consultation of Incontinence 
Questionnaire (ICIQ-UI) and the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12) were obtained 
at baseline and 3 and 6 months.
Results  Of 183 women screened, 131 were included in the final analysis. Demographic characteristics and baseline meas-
ures in the outcome tests were similar between the groups. Statistically significant improvements were demonstrated in the 
study compared to the control group at 3 months post-treatment in positive cough test (44.4% vs. 79.4%, P = 0.002), mean 
pad weight test (2.3 g ± 1.3 vs. 5.6 ± 1.1, P < 0.001), mean UDI-6(24.7 ± 12.1 vs. 45.1 ± 13.6 SD, P = 0.004), mean ICIQ-UI 
(16.5 ± 4.3 vs. 10.3 + 3.8, P = 0.003) and mean PISQ-12 (21.3 ± 6.8 vs. 36.6 ± 7.5, P = 0.003). However, values at 6 months 
post-treatment were similar to those at baseline.
Conclusions  Our results suggest that a single maintenance laser treatment for reducing symptoms of SUI is transiently 
effective, well tolerated and safe. This treatment modality provides alternative non-surgical therapy for women with SUI.
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Introduction

The reported prevalence of stress urinary incontinence (SUI) 
is 30%–65% worldwide [1–3]. The substantial effect of SUI 
on quality of life represents a considerable economical and 

psychological burden [4, 5]. Current non-surgical treatments 
include physical therapy, lifestyle modifications and pessary 
application [3, 6]. These options offer temporary improve-
ment in symptoms and lack efficacy in women with severe 
symptoms [6]. Surgical treatment with suspension surgery 
or the use of mid-urethral slings offers high and long-term 
efficacy at a risk of surgical complications [4–9].

Previous case series have demonstrated mixed results 
regarding the potential efficacy of laser therapy for treating 
pelvic organ prolapse, genitourinary syndrome of meno-
pause and sexual function, and several studies that utilized 
sub-optimal methodology have demonstrated mixed results 
regarding the potential efficacy of CO2 laser for treatment of 
SUI [10–17]. The main flaw of most studies regarding laser 
use for benign gynecological indications is the prominent 
lack of a control or sham group.
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While most studies reported significant treatment efficacy, 
long-term follow-up was not available, and the few studies 
that reported 6–12-month follow-up demonstrated a decline 
in treatment effect to baseline level [14, 16, 18]. Only a few 
studies reported objective evaluation of symptoms measured 
with urodynamic testing and the cough test [19].

To date, no data have been published regarding the effi-
cacy and safety of adjuvant treatments. Furthermore, the 
European Society of Sexual Medicine, the International Uro-
gynecology Association and the International Continence 
Society state that it is too early, based on the current research 
of laser-based treatments, to make any decisive recommen-
dations regarding the role of lasers in treatment of benign 
gynecological pathologies. In addition, the lack of RCTs 
with proper design and analysis for safety endpoints and 
short- and long-term benefits is quite prominent [20, 21]. 
To further emphasize the uncertainty regarding the safety 
and efficacy of laser treatments in the field of gynecology, in 
July 2019 the Food and Drug Administration (FDA) issued 
warnings regarding the required caution in interpreting laser 
study results and other vaginal rejuvenation procedures in 
addition to claims of false marketing made against several 
commercial laser companies [22].

This study aims to evaluate the efficacy and safety of a 
single laser maintenance treatment in women previously 
treated successfully with laser for SUI who experienced a 
decline in treatment effect in the setting of a RCT.

Materials and methods

Study design and participants

This was a double-blinded, prospective RCT conducted 
between June 2019 and February 2020. The trial ended 
after the completion of recruitment and the follow-up 
period. The trial was approved by the local ERB and was 
registered in clini​caltr​ials.​com prior to patient recruitemnt 
(NCT04111952; https://​clini​caltr​ials.​gov/​ct2/​show/​NCT04​
111952). All the women who participated in the study 
signed written informed consent forms.

Study inclusion criteria were age 40–70 years, previous 
treatment with CO2 laser due to SUI at the laser clinic in a 
tertiary medical center and a temporary significant improve-
ment in symptoms following the treatments based on mini-
mal important differences of both the Urogenital Distress 
Inventory (UDI6) and the Pelvic Organ Prolapse/Urinary 
Incontinence Sexual Questionnaire (PISQ-12) [23–25]. 
Women were referred from the continence clinic after 
assessment by an urogynecologist that included a urine cul-
ture, Pap smear, cough test and pad test, in addition to a thor-
ough gynecological examination. Exclusion criteria included 
the following: pregnancy, current or recurrent urinary tract 

infections or pelvic inflammatory disease, previous vaginal 
surgery (including surgery for the treatment of SUI), mixed 
urinary incontinence, treatment with systemic or vaginal 
estrogen/DHEA/testosterone (or herbal substances that 
may contain hormonal derivatives) and unexplained vaginal 
bleeding prior to the initiation of the study.

Study intervention

Women who met the study eligibility criteria were rand-
omized using a computerized randomization scheme by the 
research coordinator (block size of 8); randomization results 
were sealed in an opaque envelope and the treating physician 
was notified regarding the randomized treatment prior to the 
therapy session. Allocation was to one of two groups: (1) 
study group with a single laser treatment; (2) control group 
with a single sham laser treatment. The Lumenis AcuPulse 
System using the FemTouch vaginal hand piece (cleared by 
the ministry of health in the country where the study was 
conducted for benign gynecological indications) was used 
during the study. Laser therapy was delivered circumferen-
tially to the entire length of the vaginal epithelial surface. 
Laser settings were set to an energy level of 12.5 m joules 
and a density of 10%. The duration of treatment was up to 
5 min. Treatment performance was undertaken by a single 
physician who was blinded to any patient information and 
did not converse with the patient before, during or after the 
treatment. Pain was evaluated during and after the treatment 
according to a 10-point visual analogue scale. The partici-
pants were instructed to refrain from vaginal intercourse 
and tampon use for 14 days following treatment. They were 
evaluated 3 and 6 months after completion of the allocated 
treatment.

Study outcomes

The primary outcomes were changes in cough test results, 
1-h pad weight test results and scores on the UDI6, PISQ-12 
and International Consultation of Incontinence Question-
naire (ICIQ-UI). These questionnaires are widely accepted, 
validated, global assessment tools that have been commonly 
used in SUI studies. The ICIQ-UI accesses reasons for SUI, 
incidence, frequency and impact on daily lifestyle. The 
maximal score is 21, and a higher score indicates substan-
tial impact. The UDI6 questionnaire comprises six ques-
tions regarding urinary frequency, urgency, amount of leak-
age, difficulty emptying the bladder and pain. The range of 
scores is 0–75; a higher score indicates worse symptoms. 
The PISQ-12 questionnaire evaluates the impact of incon-
tinence on sexual function. The range of scores is 0–48; a 
higher score indicates a substantial negative impact of symp-
toms. All the participants filled the questionnaires during the 
screening visit (baseline) and 3 and 6 months post-treatment. 

http://clinicaltrials.com
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All the participants underwent a cough test and a pad weight 
test before the treatment and during the 3- and 6-month fol-
low-up visits. Adverse events were recorded at each study 
interval. Pain was assessed based on a 10-point visual ana-
logue scale (VAS) following each treatment.

Statistical analyses

The study data were organized and analyzed using the 27th 
version of SPSS for Windows (SPSS, Inc., Chicago, IL). 
Independent groups of continuous variables and categorical 
variables were compared based on the independent t- and 
chi-square of association tests, respectively. All tests were 
two sided and were considered significant at a 0.05 level. 
Sample size was based on previous studies that demonstrated 
the minimal important difference of each of the abovemen-
tioned questionnaires including the UDI-6 entailing an MID 

of 14.4 points and the PISQ-12 entailing an MID of 10.6 
points, thus requiring a sample size of 54 patients in each 
group to reach statistical significnace [23–25].

Results

Of the 183 women screened for the study, 134 were found 
eligible and willing to participate, of whom 131 were 
included in the final analysis. Three women from the study 
group, and none from the control group, were lost to fol-
low-up because of COVID-19 restrictions and regulations 
(Fig. 1). Demographic and basic medical characteristics did 
not differ between the groups (Table 1). The mean age of the 
women in the study group was 51.8 ± 3.5 years compared to 
52.3 ± 3.9 years in the control group. The respective mean 
BMI values were 26.5 ± 4.2 and 27.4 ± 3.8 kg/m2.

For the study and control groups, baseline values were 
similar for the positive cough test (79.3% and 79.4%, respec-
tively, P = 0.66) and the mean 1-h pad weight (5.6 ± 1.1 and 
5.8 ± 1.2, respectively, P = 0.72).

The baseline UDI-6, ICIQ-UI and PISQ-12 scores were 
similar in both groups (51.3 ± 3.4 vs. 52.4 ± 10.9, 9.4 ± 3.2 
vs. 8.9 ± 3.4, 40.8 ± 7.6 vs. 41.4 ± 6.9, P = 0.57/0.61/0.53, 
resectively) (Table 2).

Statistically significant improvement was demonstrated in 
the study compared to the control group at 3 months post-
treatment in the objective measures of positive cough test 
(44.4% vs. 79.4%, P = 0.002) and the mean 1-h pad weight 
(2.3 ± 1.3 vs. 5.6 ± 1.1, P < 0.001). Significant improvement 
was also observed in the study compared to the control group 
in the UDI-6, ICIQ-UI and the PISQ-12 scores (24.7 ± 9.1 
vs. 45.1 ± 10.6, P = 0.004; 16.5 ± 3.3 vs. 10.3 ± 2.8, 
P = 0.003; and 21.3 ± 6.8 vs. 36.6 ± 7.5, P = 0.003, respec-
tively) (Table 3).

At 6 months post-treatment, the positive cough test and 
mean 1-h pad weight results and the results of the three ques-
tionnaires were similar in the study and control groups and 
were similar to baseline scores (Table 4).

Fig. 1   Flowchart of patient enrollment to the study. COVID-19, 
corona virus disease of 2019

Table 1   Demographic and 
medical information of the 
participants in the study

Study group (n = 63) Control group (n = 68) P value

Age, mean (SD) 51.8 ± 3.5 52.3 ± 3.9 0.78
Post-menopausal women, no. (%) 7 (11.1) 9 (13.2) 0.37
BMI, mean (SD) 26.5 ± 4.2 27.4 ± 3.8 0.69
Number of deliveries, median (range) 3 (1–5) 3 (1–5) 0.85
Diabetes, prevalence (%) 11 (17.4%) 13 (19.1%) 0.56
Hypothyroidism, prevalence (%) 9 (14.2%) 10 (14.7%) 0.63
Hypertension, prevalence (%) 13 (20.6%) 15 (22.0%) 0.51
Hyperlipidemia, prevalence (%) 18 (28.5%) 18 (26.4%) 0.58
Time from previous laser treatments, 

months, mean (SD)
6.2 (0.3) 6.3 (0.2) 0.82
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No serious adverse events were encountered during the 
study. No adverse events were reported in the control group. 
In the study group, a suction sensation during laser treatment 
was reported by 92% of the women. This sensation was not 
associated with a sense of inconvenience or pain. Immediate 
adverse effects reported by the women included a stinging 
sensation that lasted up to 2 min (38%), local sensitivity 
that lasted up to 2 days (45%) and lower abdominal cramp-
ing (8%).

Discussion

This RCT compared an additional treatment with a CO2 
laser as opposed to a sham laser in women for whom suc-
cessful laser treatment for SUI was followed by recurring 
symptoms. Our results were measured by two objective tests 
(the cough test and pad weight) and three subjective tests 
(UDI-6, ICIQ-UI and PISQ12 questionnaire scores). All the 
assessments showed significant improvements in symptoms 
at 3-month follow-up visits, which were no longer apparent 
at 6-month follow-up.

These results align with our study of 33 women that 
showed recurrence of SUI symptoms at 6 months follow-
ing CO2 laser treatment [14]. Moreover, our results con-
cur with previous studies that investigated the safety and 
efficacy of Er:YAG laser treatment on SUI. Those studies 
also demonstrated a treatment effect on SUI symptoms at 3 
months post-treatment, with recurrence of SUI at 6 months 
post-treatment. [16–18, 22–26]. Furthermore, the tempo-
rary and short-term effects of CO2 laser treatment have 
been demonstrated in studies for various other gynecologi-
cal indications [27–30], thus supporting the temporariness 
of the effects, regardless of the indication for treatment.

Our results might suggest a correlation between the 
number of treatments and the length of treatment effect. 
However, due to the lack of proper studies on the effect of 
maintenance laser treatments, other interpretations should 
be considered. Our results suggest that our treatment might 
be valuable for women who accept the short-term nature 
of its benefits.

Since the reason for the shorter effect cannot be cur-
rently concluded, the optimal regimen for maintenance 
laser treatments cannot be determined. Further RCTs are 
required to assess the efficacy and safety of additional 

Table 2   Comparisons between 
the study and control groups 
for the cough test, pad weight 
test and total scores on the 
UDI6, ICIQ-UI and PISQ-12 
questionnaires prior to laser 
treatment

Study group (n = 63) Control group (n = 68) Odds ratio (confi-
dence interval)

p value

Positive cough test; n, (%) 50 (79.3) 54 (79.4) 0.99 (0.76–1.34) 0.66
Pad weight (g); mean (SD) 5.6 (1.1) 5.8 (1.2) 0.96 (0.64–1.45) 0.72
UDI-6; mean (SD) 51.3 (13.4) 52.4 (10.9) 0.97 (0.59–1.55) 0.57
ICIQ-UI; mean (SD) 9.4 (3.2) 8.9 (3.4) 1.05 (0.51–2.29) 0.61
PISQ-12; mean (SD) 40.8 (7.6) 41.4 (6.9) 0.98 (0.68–1.40) 0.53

Table 3   Comparison between 
the study and control groups 
of the cough test, pad weight 
test and total scores on the 
UDI6, ICIQ-UI and PISQ-12 
questionnaires at 3 months post-
treatment

Study group (n = 63) Control group (n = 68) Odds ratio (confi-
dence interval)

P value

Positive cough test; n, (%) 28 (44.4%) 54 (79.4%) 0.56 (0.29–0.83) 0.0015
Pad weight(g); mean (SD) 2.3 (1.3) 5.6 (1.1) 0.41 (0.15–0.80) < 0.0001
UDI-6; mean (SD) 24.7 (9.1) 45.1 (10.6) 0.54 (0.28–0.97) 0.004
ICIQ-UI; mean (SD) 16.5 (3.3) 10.3 (2.8) 1.60 (1.01–2.64) 0.003
PISQ-12; mean (SD) 21.3 (6.8) 36.6 (7.5) 0.58 (0.32–0.96) 0.003

Table 4   Comparison between 
the study and control groups 
of the cough test, pad weight 
test and total scores on the 
UDI6, ICIQ-UI and PISQ-12 
questionnaires at 6 months post-
treatment

Study group (n = 63) Control group (n = 68) Odds ratio (confi-
dence interval)

P value

Positive cough test; n (%) 48 (76.1%) 54 (79.4%) 0.95 (0.71–1.37) 0.27
Pad weight(g); mean (SD) 5.2 (1.4) 5.7 (1.2) 0.91 (0.55–1.46) 0.48
UDI-6; mean (SD) 49.8 (10.5) 52.9 (11.8) 0.94 (0.60–1.48) 0.35
ICIQ-UI; mean (SD) 8.8 (3.6) 8.6 (3.1) 1.03 (0.44–2.25) 0.64
PISQ-12; mean (SD) 39.7 (6.6) 41.5 (7.2) 0.96 (0.68–1.35) 0.51
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maintenance laser treatments and the optimal regimen 
of treatment, including the number of treatments and the 
time interval between treatments. More work is needed to 
evaluate whether laser treatment efficacy decreases after 
additional treatments.

Long-term treatment safety requires further evaluation 
as well. The majority of adverse events previously reported 
were considered local, mild and self-limiting [18, 27, 28]; 
however, long-term sequelae have been reported [27, 28]. 
Information is lacking regarding the effect of additional 
maintenance treatments on the rate of adverse events. Our 
study results demonstrate no difference in the short-term 
adverse event rates between the study and placebo groups, 
suggesting that a single additional maintenance laser treat-
ment for SUI is a safe procedure. In addition, the rate of 
short-term mild adverse events was similar to that of the 
same group of women in their previous laser treatments [14]. 
Further research is required to evaluate the rate of long-
term adverse events following repeated treatment sessions, 
especially in the setting of repeated treatments 2–3 times 
yearly (every 3–6 months) and even more if the symptoms 
require a more intensive treatment regimen. These specu-
lated risks may include chronic irritation of both the vaginal 
and cervical tissue that may lead to discharge and potential 
damage to daily function including sexual function, possible 
local malignant effects and perhaps a higher susceptibility 
to human papilloma virus.

From a cost-effectiveness point of view, it is important to 
mention that laser treatments for gynecological indications 
are not reimbursed or recognized by health care service pro-
viders in the country where the study was conducted. Aver-
age pricing among facilities and physicians that offer these 
services in the country where the study was conducted is 
around $3000 US for the preliminary three laser treatments 
and $1000 US for any additional maintenance treatments. 
Thus, the cost of continuing treatment may weigh on patients 
who experience the typical deterioration 3–6 months after 
each maintenance treatment session.

The strengths of the current study include a randomized-
sham controlled trial design, which included only women 
who had previously experienced significant improvement in 
SUI symptoms after laser treatment. In addition, the current 
study utilized both objective and subjective evaluation tools 
to determine changes after laser treatment. Cough test results 
and pad weight were evaluated by a single gynecologist who 
was blinded to the study intervention allocation.

Study limitations include the heterogeneity of the study 
group, which comprised both pre- and post-menopausal 
women. Therefore, the results of our study should be inter-
preted with caution regarding CO2 laser treatment in popula-
tions of younger women. In addition, because all the study 
participants had had experience with sensations around 
laser treatment sessions, and though most participants in 

both their past and current treatments did not report any 
overt pain or discomfort during the treatments, there is still 
a possibility that the women in the sham group could have 
felt some sensation differences that could have led to bias in 
study results. An additional limitation to the study is the fact 
that women using local or systemic estrogen were excluded; 
thus, the study results may not be generalizable for the pop-
ulation of women being co-treated with local or systemic 
estrogen and laser.

Our results suggest that a single maintenance laser treat-
ment for reducing symptoms of SUI in women for whom 
laser treatment previously showed a temporary significant 
improvement is a transiently effective, well-tolerated and 
safe procedure. This treatment modality provides alterna-
tive non-surgical treatment for women with this condition. 
Further research is warranted to establish the optimal regi-
men, including the timing and quantity of maintenance laser 
treatments, and to further assess long-term safety profiles.
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