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Fractional CO2 laser for treatment of stress urinary incontinence
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A B S T R A C T

Objectives: To evaluate the impact of trans-vaginal fractional CO2 laser treatment on symptoms of stress
urinary incontinence (SUI) in women.
Study design: Women clinically diagnosed with SUI preferring non-surgical treatment were recruited to
the study. Fractional CO2 laser system (MonaLisa T, DEKA) treatments were administered trans-vaginally
every 4–6 weeks for a total of three treatments. Response to treatment was assessed at baseline (T1), at 3
months after treatment completion (T2) and at 12–24-month follow-up (T3) using the Australian Pelvic
Floor Questionnaire (APFQ). The primary outcome was changes in reported symptoms of SUI. Secondary
outcomes assessed included bladder function, urgency, urge urinary incontinence (UUI), pad usage,
impact of urinary incontinence on quality of life (QOL) and degree of bothersome bladder.
Results: Fifty-eight women were recruited and received the study treatment protocol. Eighty-two percent
of participants reported an improvement in symptoms of SUI at completion of treatment (mild to no SUI)
(p = <0.01). Treatment effect waned slightly when assessed at follow-up. Nevertheless, 71% of
participants reported ongoing improvement in SUI symptoms at 12–24 months (p < 0.01). All secondary
outcome measures were improved after treatment compared to baseline.
Conclusions: This study suggests that fractional CO2 laser is a safe, feasible, and beneficial treatment for
SUI and may have a role as a minimally-invasive alternative to surgical management.
© 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Urinary incontinence (UI), defined as the complaint of any
involuntary leakage of urine, affects nearly 40% of women; stress
urinary incontinence (SUI) accounts for approximately half of all UI
[1]. UI significantly impacts on quality of life, affecting the
woman’s physical, mental, social and sexual well-being and
leading to avoidance of intimacy, depression and social isolation
[2–4]. In addition, the economic impact of UI was estimated to be
$710 million in 1998 and was projected to be $1.6 billion by 2009 in
Australia [5].

Surgical options for SUI include trans-vaginal insertion of a
mid-urethral sling (MUS) and the more invasive, traditional
gold-standard Burch colposuspension procedure, requiring an
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abdominal approach  (laparotomic or laparoscopic). With similar
success rates of 74–90% and similar longevity, the choice of one
procedure over the other often depends on surgical training,
experience, and preference [6]. A systematic review suggests
MUS to be a superior surgical treatment, which has rapidly
become the procedure of choice for SUI due to shorter operating
time and quicker patient recovery; there are nevertheless
inherent surgical risks applicable to both procedures, including
bleeding, infection, bladder and urethral injury, voiding
dysfunction and pain [7].

In 2016, the US Food and Drug Administration (FDA) reclassified
the use of mesh kits in urogynaecology as Class III medical devices
requiring pre-market approval [8]. The resultant media attention
and class actions against manufacturers of these devices has
resulted in the withdrawal of most pelvic organ prolapse (POP)
mesh devices from the market [9]. Thus, there is strong public
interest in and a clinical need for a minimally-invasive, non-
hormonal, effective treatment for SUI.
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fractional micro-ablative laser therapy has been shown to be a
potential non-surgical treatment alternative for SUI [10,11]. The
subclinical thermal tissue effect from the laser beam induces
human dermal fibroblasts to initiate an inflammatory healing
cascade, stimulating de novo collagen and elastin synthesis
resulting in a thicker vaginal epithelium with larger diameter,
glycogen-rich epithelial cells [12–14].

The aim of this study is to evaluate the change in SUI symptoms
after trans-vaginal fractional micro-ablative CO2 laser in women at
baseline, compared to follow-up at 3 months and 12–24 months
post-treatment.

Materials and methods

This is a prospective observational study on women with SUI
symptoms who were treated with trans-vaginal fractional CO2

laser. The study received Human Research Ethics approval from
Bellberry Limited (Application ID: 2016-04-293). All participants
provided informed, written consent; participants were not
compensated for their participation.

Study population

During 2014–2017, all women aged 18 years or more being
treated by a single gynaecology consultant at FBW Gynaecology
Plus were invited to participate in the study. Inclusion criteria were
no/unsatisfactory response to conservative treatments and a
preference for non-surgical management of bothersome SUI
symptoms. The women also demonstrated a positive cough test
and urethral hypermobility on ultrasound. All women that
participated were offered urodynamic studies and encouraged
to continue with topical oestrogen therapy and pelvic floor muscle
exercises. Women with �stage II pelvic organ prolapse quantifica-
tion system (POPQ) score, acute or recurrent urinary tract
infections, pregnancy, current malignancy, known cervical dyspla-
sia or undiagnosed abnormal uterine bleeding were excluded. All
participants were asked to complete the bladder function section
of the Australian Pelvic Floor Questionnaire (APFQ) (Appendix A) at
Fig. 1. Changes in stress incontinence symptoms in women who underwent fractional CO
24-month post-treatment (T3; n = 36).
baseline (T1), 3 months after third treatment (T2), and at 12–24
months’ follow-up (T3). The APFQ is a validated self-administered
pelvic floor questionnaire utilised for quantification of clinical and
research outcomes [15]. The primary outcome of this study is to
describe the change in self-reported SUI symptoms based on
question 6 of APFQ.

The secondary outcomes were bladder function, urgency, urge
incontinence, pad usage, quality of life, degree of bothersome
bladder score as assessed by APFQ. Improvement of SUI was
calculated based on severity scoring 0-3. Bladder function score
was calculated by adding all 15 questions in the bladder subsection
of APFQ, with maximum score of 45. Scores 0–11.25 was normal
bladder function, 11.26–22.5 was mild bladder dysfunction, 22.6–
33.75 was moderate bladder dysfunction, and 33.76–45 was severe
bladder dysfunction. Questionnaires were distributed to partic-
ipants and collated by practice staff; the identity of individual
respondents remained blinded to the investigators.

Intervention

The intervention was carried out at the FBW Gynaecology Plus
office. Participants were pre-treated with topical anaesthetic
cream at the level of vestibulum. After 10 min, they were treated
with trans-vaginal fractional micro-ablative CO2 laser system
(MonaLisa Touch, SmartXide2 V2LR, DEKA, Italy) using the
following settings: power 40 W, dwell time 1000 ms, DOT spacing
700 mm, SmartStak parameter 3 and D-pulse mode. The laser beam
was emitted from a 90� vaginal probe gently inserted up to the
level of the bladder neck, then rotated and withdrawn in order to
provide treatment of the anterior lower one third of the vagina and
external urethral meatus. Each patient also received three total
vaginal length laser treatments with a 360-degree probe as per
Salvatore et al. [15]. Three treatments were delivered at intervals of
4 to 6 weeks.

Patients were advised to abstain from vaginal intercourse for 5
days after laser application and avoid heavy lifting (>1 kg) for 6
weeks. Participants with a past history of genital herpes were given
antiviral prophylaxis 2 h prior to laser treatment.
2 laser at pre-treatment (T1; n = 58), 3 months post-treatment (T2; n = 55), and 12–
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Statistical analysis

Power analysis showed that a sample size of 29 participants
would be required to achieve 5% significance, 80% power. Wilcoxon
signed-rank tests were used to detect differences for the primary
and all secondary outcomes. The threshold for statistical signifi-
cance was set at 0.05. Data were analysed using IBM SPSS software,
version 21.0 (IBM, Chicago, Illinois)

Results

Fifty-eight women were recruited to the study with an average
age of 57.4 �11.4 years (30–85 years); 45 (77.6%) were postmeno-
pausal, 44 (75.9%) women were on vaginal oestrogen and 33
(56.9%) women underwent urodynamic studies, which confirmed
SUI. There were 54 women who were followed-up at 3 months (T2)
and 36 at 12–24 months (T3).

In relation to the primary outcome (question 6 of APFQ), Fig. 1
illustrates the reduction in SUI symptoms reported by women at
follow-up (T2 and T3) compared to baseline (T1). At T1, all 58
participants reported frequent or daily SUI symptoms. At T2, 80%
(44 of 55) reported an improvement in SUI symptoms, which
included 45.5% (25 of 55) participants reporting no SUI symptoms,
16.4% (9 of 55) participants reported frequent symptoms, 3.6% (2 of
55) reported daily symptoms. These changes were also reflected in
the median score reduction for Q6 (p < 0.01).

At T2 (3 months); 27 of the 36 women (75%) that returned
reported SUI symptoms ‘not more than occasionally,’ including 10
of the 36 (27.8%) (T3) who reported no symptoms. These women
also had a negative cough test at the time of clinical examination.
The remaining 9 of the 36 (25%) women experienced a return of
occasional SUI symptoms.

Similar results were demonstrated for secondary outcomes of
bladder function (APFQ questions 1–15), urge incontinence (APFQ
question 5) and bothersome bladder (APFQ question 15). Normal
bladder function increased from 31% (18 of 58) at T1 to 72.2% (39 of
54) at T2. This trend decreased to 69.4% (25 of 36) at T3. There was
an overall improvement in participants’ urge incontinence scores
from T1 to T2, with an increase in the number of patients reporting
“never” leaking urine when they rush to the toilet from T1 to T2
(19% to 60%, p < 0.01); this trend decreased slightly to at T3 (44.4%,
p < 0.01). There was an improvement in the participants’ degree of
bothersome bladder from T1 to T2; more women reported “not at
all (bothersome)” from T1 to T2 (3.4% to 50%, p < 0.01); this trend
reduced at T3 (36%, p = 0.01). The results are summarised in Table 1.

Women lost to follow-up were contacted to offer review. Upon
phoning 22 of the 58 patients to arrange the 12-month follow-up, 5
participants reported no further SUI symptoms (cured) and 3
Table 1
Outcomes for women who underwent fractional CO2 laser at pre-treatment (T1) comp

APFQ Improvement % (n) Median T1 M

Primary outcome
Stress incontinence 6 80 (55) 2 1

Secondary outcomes
Bladder Function 1-15 67 (54) 1 0
Urge incontinence 5 79 (55) 2 0
Urgency 4 65 (55) 2 1
Wearing pads 10 54 (55) 2 0
Impact of urinary leakage on QOL 14 63 (55) 1 0
Degree of bothersome bladder 15 56 (54) 2 1

APFQ = Australian Pelvic Floor Questionnaire.
STD = Standard deviation.
p < 0.05 as statistically significant.
Differences were assessed by Wilcoxon sign-rank testing.
participants reported 50–60% improvement of their SUI symptoms
which they deemed manageable. There were another 14 women
who did not improve after 3 sessions of CO2 laser treatment, 4 of
whom opted for MUS surgery and some women desired to avoid
surgery by undergoing autologous cell therapy, such as platelet-
rich plasma (RegenPRP1).

There were no serious adverse events as a result of the
treatment protocol. Out of 58 participants, 3 (5.4%) participants
noticed a change in vaginal discharge diagnosed as thrush, which
resolved with treatment; 2 (3.4%) participants reported symptoms
of urinary tract infections (both of these patients had previous
history of post-coital UTIs) and were treated with appropriate
antibiotics; 1 (1.7%) participant developed a recurrence of genital
herpes and required antiviral therapy.

Comments

This study describes the change in prevalence of SUI symptoms
before and after fractionated CO2 laser to treat both pre- and post-
menopausal women with SUI. The study showed that following 3
treatments at 4–6-week intervals, SUI symptoms improved in 80%
of participants at 3 months (p < 0.01) and that these benefits
persisted in 75% of participants at 12 months (p < 0.01).

SUI is a significant condition affecting women with their
physical, mental and social well-being [1,2]. Women who seek
non-surgical treatment are presented with a limited range of low-
risk treatment options, such as pelvic floor muscle strengthening
and vaginal pessaries [17]. For women who are sexually active,
vaginal pessaries can pose coital problems. In addition, pessaries
can be problematic for women with severe vaginal atrophy and
mobility issues, as the need for regular examinations can be
traumatising, painful and requiring concomitant topical oestrogen
therapy.

Topical oestrogen therapy has been shown to provide modest
treatment benefits for women experiencing UI, mostly improving
urinary urgency and frequency related symptoms [18]. Recent
literature suggests that topical oestrogen does not increase
incidence of oestrogen-dependent malignancies, cardiovascular
or thromboembolic complications [19]. However, women with a
personal history of these conditions, especially breast cancer, are
often advised to avoid any hormonal treatment and many others
still decline, leaving them with few alternatives for management of
their SUI. Furthermore, topical oestrogen benefits only last while
the product is being applied, which requires patient compliance.

Since the 1990s, surgical management of SUI has shifted from
the more invasive traditional Burch colposuspension to increasing
use of the MUS, due to shorter operating time and fewer
complications (except for bladder injury) with improved outcomes
ared to 3 months after treatment (T2) and 12–24 months after treatment (T3).

edian T2 p-value Improvement % (n) Median T1 Median T3 p-value

 <0.01 75 (36) 2 1 <0.01

 <0.01 87.5 (36) 1 0 <0.01
 <0.01 63 (36) 2 1 <0.01
 <0.01 45 (36) 2 1 <0.01
 0.01 46 (36) 2 0 0.01
 <0.01 44 (36) 1 0 0.01
 <0.01 45 (36) 2 1 <0.01
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[7]. Furthermore, recent FDA statements, TGA withdrawal of mesh
products, class actions, and media focus on mesh in urogynaeco-
logical procedures has seen a strong public reaction against mesh.
There is a 2.4–9.8% risk of mesh erosion after MUS insertion with
higher erosion rates after use of transvaginal mesh in POP surgery
[20–23].

Trans-vaginal fractionated CO2 laser treatment has been shown
to improve vaginal tissue health in women with vaginal atrophy
[12]. Since 2014, a growing number of studies have been published
exploring the use of trans-vaginal laser treatment for gynaecogical
conditions such as SUI, mixed UI (MUI) and genitourinary
symptoms of menopause (GSM) [16,25]. Salvatore et al. first
published a pilot study of 50 women with GSM who were
dissatisfied with topical oestrogen therapy. Following three
treatments with fractional CO2 laser, the outcomes were assessed
with the Vaginal Health Index Score (VHIS) and Short Form-12
Quality of Life (SF-12 QOL) survey. They found significant
improvements in the symptoms and impact of GSM on QOL by
all measures assessed at 12 weeks [15]. Behnia-Willison et al.
showed in a study treating 102 women with GSM with fractional
CO2 laser having improvements up to 24 months by colposcopic
examinations and responses to APFQ [24].

Regarding use of laser for UI, Ogrinc et al. recruited 175 women
with symptoms of SUI or MUI. Their treatment protocol included
an erbium-doped yttrium-aluminium-garnet (Er:YAG) laser to
deliver both non-ablative full circumferential vaginal and frac-
tionated anterior vaginal wall treatment; this significantly
improved symptoms in 77% of women with SUI and 34% of
women with MUI [26]. Two other prospective cohort studies using
Er:YAG laser to treat SUI showed similar positive results [26,27].

This study builds on data from other prospective cohort studies
showing that Er:YAG vaginal laser treatment was able to
significantly improve symptoms of SUI short-term (up to 12
months) as assessed by the International Consultation on
Incontinence Questionnaire (ICIQ) and the Incontinence Severity
Index (ISI) [27]. Similarly, Isaza et al. demonstrated long-term
benefits up to 36 months after CO2 laser for women with mild SUI
and GSM [28]. Hence, the treatment poses minimal risks and this
study also adds to data demonstrating a good safety profile with
trans-vaginal use.

The purpose of this study was to include women who were still
symptomatic after first line conservative treatment, including
pelvic floor exercises and vaginal oestrogen therapy, and desired to
have an alternative non-surgical therapy. Whilst a blinded RCT
would be ideal, data from this observational study suggests that
fractionated CO2 laser treatment of the vagina results was able to
produce comparable outcomes to MUS procedures, with ongoing
improvement of SUI symptoms at 12–24 months. It is most likely
that maintenance CO2 laser therapy is required. Due to individual
ageing pattern and menopause effect and uncertain treatment
intervals after T3, further studies are required.

Limitations of the study include the study design and attrition
rate. We experienced a high attrition rate for responses from T1
(n = 58) to T3 (n = 36), which introduces a possibility of attrition
bias and can weaken the strengths of our findings. At T2, all
patients attended follow-up but 3 patients did not complete the
data. At T3, there was 62% of women who attended follow-up.
Another limitation was our primary outcome being based on a
subjective measure reported by the participants and objective
cough test and bladder neck funnelling by the treating specialist;
only 33 participants agreed to undergo urodynamic studies. The
remaining participants declined this test due to invasiveness and
social circumstances, such as cost and insurance cover. There were
4 participants who underwent urodynamics and surgical manage-
ment which had resolved their SUI symptoms. Another limitation
is that this is an uncontrolled study and subjected to the usual
biases. In addition there are well known placebo effects with the
use of new medical devices. However, the strength of this study is
the potential to develop a another non-surgical treatment option
for symptomatic SUI. The first line treatment includes oestrogen
cream for vaginal atrophy, pelvic floor muscle training, and
lifestyle optimisation. The second line treatment includes CO2 laser
treatment +/- platelet-rich plasma (PRP). Then third line treatment
would be surgery.

In summary, micro-ablative fractional CO2 laser treatment
appears to be a promising, non-surgical, non-hormonal, minimally
invasive, durable, low risk treatment option for women with SUI.
The safety this treatment modality and the reduced prevalence as
per self-reported SUI symptom reduction from baseline suggests a
possible alternative for women with SUI who are unwilling to
accept the inherent risks of MUS and Burch colposuspension, or
whose medical comorbidities exclude surgical treatment. Further
research should compare the use of fractionated CO2 laser with
placebo and/or established treatments, as well as determine
whether booster treatment is required to sustain improvements in
SUI symptoms longer term.
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Appendix A. Australian Pelvic Floor Questionnaire – Bladder
Function Items

Questionnaire item Response options

APFQ1. How many times
do you pass urine in the
day?

(0) Up
to 7

(1) Between
8-10

(2) Between
11-15

(3) More
than 15

APFQ2. How many times
do you get up at night to
pass urine?

(0) 0–
1

(1) 2 times (2) 3 times (3) More
than 3
times

APFQ3. Do you wet the
bed before you wake up
at night?

(0)
Never

(1)
Occasionally–
less than once
per week

(2)
Frequently–
once or more
than per week

(3)
Always–
every
night

APFQ4. Do you need to
rush or hurry to pass
urine when you get the
urge?

(0)
Never

(1)
Occasionally

(2) Frequently (3) Daily

APFQ5. Does urine leak
when you rush or hurry
to the toilet? i.e. You
can’t make it in time?

(0)
Never

(1)
Occasionally–
less than once
per week

(2)
Frequently–
more than
once per
week

(3) Daily

APFQ6. Do you leak urine
with coughing,

(0)
Not at
all

(1)
Occasionally

(2) Frequently (3) Daily
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(Continued)

Questionnaire item Response options

sneezing, laughing or
exercising?

APFQ7. Is your urinary
stream (urine flow)
weak, prolonged or
slow?

(0)
Never

(1)
Occasionally–
less than once
per week

(2)
Frequently–
more than
once per
week

(3) Daily

APFQ8. Do you have a
feeling of incomplete
bladder emptying?

(0)
Never

(1)
Occasionally–
less than once
per week

(2)
Frequently–
more than
once per
week

(3) Daily

APFQ9. Do you need to
strain to empty your
bladder?

(0)
Never

(1)
Occasionally–
less than once
per week

(2)
Frequently–
more than
once per
week

(3) Daily

APFQ10. Do you wear pads
because of urinary
leakage?

(0)
None-
never

(1) As a
precaution

(2) When
exercising/
during a cold

(3)
Always

APFQ11. Do you limit your
fluid intake to decrease
leakage?

(0)
Never

(1) Before
going out/
socially

(2)
Moderately

(3) Daily

APFQ12. Do you have
frequent bladder
infections?

(0) No (1) 1–3 per
year

(2) 4–12 per
year

(3) More
than once
per
month

APFQ13. Do you have pain
in your bladder or
urethra when you
empty your bladder?

(0)
Never

(1)
Occasionally–
less than once
per week

(2)
Frequently–
more than
once per
week

(3) Daily

APFQ14. Does the urine
leakage affect your
routine activities like
recreation, socialising,
sleeping, shopping,
etc.?

(0)
Not at
all

(1) Slightly (2)
Moderately

(3)
Greatly

APFQ15. How much does
the bladder problem
bother you

(0)
Not at
all

(1) Slightly (2)
Moderately

(3)
Greatly
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