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Abstract This retrospective case-control study aimed to com-
pare 30 versus 40 W power of CO, laser for the therapy of
genitourinary syndrome of menopause (GSM).
Postmenopausal women with severe intensity of dyspareunia
and dryness were eligible to be included in this study. Primary
outcomes were dyspareunia and dryness. Secondary outcomes
were itching/burning, dysuria, frequency and urgency, Female
Sexual Function Index (FSFI), vaginal maturation value
(VMV), and Vaginal Health Index Score (VHIS). One laser
therapy was applied every month for 3 months. Outcomes
were evaluated at baseline and 1 month following the 3rd
therapy. Fifty (25 per group) women were included in this
study. In the 30-W group, mean improvement of dyspareunia,
dryness, itching/burning, FSFI, VMV, and VHIS was
6.1+1.7,60£19,59+2.0,16.6+6.7,29.9 £ 13.0, and
11.0 + 2.9, respectively (within group comparisons all
p < 0.001). In the 40-W group, mean improvement of
dyspareunia, dryness, itching/burning, FSFI, VMV, and
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VHIS was 6.1 £ 1.7, 6.5 £2.0, 5.2 £ 2.5, 14.8 £ 7.1,
25.0 £ 13.4, and 10.5 £ 4.1, respectively (within-group com-
parisons, all p < 0.001). Comparison between 30 and 40 W
revealed that mean improvement or presence of all GSM
symptoms and clinical signs was not statistically significant
different. CO, laser therapy may improve GSM symptoms
and clinical signs. This improvement did not seem to associate
to power of 30 or 40 W.

Keywords GSM - Laser power - Dyspareunia - Dryness -
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Introduction

Genitourinary syndrome of menopause (GSM) is a new term
for vulvovaginal atrophy (VVA), an old condition occurring at
menopause due to low levels of estrogen [1, 2]. However,
GSM defines better than VVA all the possible symptoms
and clinical signs from the lower genital (VVA) and urinary
tract system (LUTS) during menopause [1]. Thus, women
with GSM may present with one or more symptoms such as
dyspareunia, dryness, itching/burning, sexual dysfunction,
dysuria, urinary frequency, and urgency [1].

Recently, microablative fractional CO, laser (CO, laser)
(SmartXide2 VzLR, Monalisa Touch, DEKA, Florence,
Italy) administered intravaginally has been proposed for the
management of GSM [3-5]. This type of laser has a wave-
length of 10,600 nm that allows a superficial microablative
effect in soft tissues and a pulsed beam that protects the tissues
from possible overheating damage. The laser beam is pro-
duced in a fractional manner, creating small spots (called
DOTs) alternating parts of tissue treated and not treated [6].
The size of each DOT is set by the manufacturer at 200 pum.
Moreover, it has a DEKA pulse (D-pulse) mode that consists
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of two parts: (a) constant, high energy peak power, for rapid
superficial evaporation of the atrophic epithelium with low
water content and (b) lower peak power with longer emission
times that allows the energy heat to penetrate deeper in the
epithelium [6]. This D-pulse mode combined with DOTs re-
models the connective tissue via the production of heat shock
protein 47 and produces new collagen/fibroblasts and ground
matrix. Power (range 0.5-60 W), dwell time (range 100—
1000 us), and spacing between DOTS (range 100—
1000 wm) that define the quantity of energy; SmartStak pa-
rameter (range 1-5) that define the diffused energy inside the
tissue; and D-pulse mode are applicable to be selected from
the machine software [6].

CO, laser therapy may significantly improve symptoms
and clinical signs of GSM, as indicated by the current litera-
ture [7-17]. However, the therapeutic protocols of the avail-
able studies did not use the same power. Seven studies used
power of 30 W [7-10, 12, 14, 17], whereas four used 40 W
[11, 13, 15, 16]. Even though CO, laser efficacy seems to be
promising with either power in all studies consistently, a com-
parison of the two levels of power have not been evaluated
yet.

The aim of the current study was to assess whether the
power of the CO, laser results in differences of treatment
efficacy. In particular, we assessed objective and subjective
measurements of postmenopausal women with severe symp-
toms of GSM when the 30- or 40-W protocols were applied.
We compared these results on the basis to detect potential
outcome alterations between the two groups.

Material and methods

This study is a retrospective case-control study with prospective-
ly collected data, conducted in the urogynecological outpatient
clinic of a tertiary hospital. Specifically, data was derived from
two prospective studies, using intravaginal CO, laser
(SmartXide® VLR, Monalisa Touch, DEKA, Florence, Italy)
for the management of postmenopausal women with GSM.
These studies had the same inclusion-exclusion criteria, outcome
assessments, and procedures of CO, laser. However, the applied
power in the vaginal canal was different (30 or 40 W). Approval
was obtained from the Institutional Research Ethics Committee
for both studies, and all participants had signed informed con-
sents forms. All procedures were performed according to the
ethical standards of the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

Eligibility criteria for inclusion in the present study in-
volved postmenopausal women with severe intensity of
dyspareunia and vaginal dryness. Cases where sexual activity
was ceased for reasons different than severity of GSM symp-
toms or when dyspareunia and dryness were rated as absent or
mild or moderate were not considered for the current analysis.
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Three CO, laser therapies were applied at monthly inter-
vals. The settings and procedures of CO, laser and the meth-
odology of outcome assessments have been previously de-
scribed [9, 15, 16]. The use of 30 or 40 W power defined
the compared groups (30- and 40-W groups, respectively).
All other laser settings (i.e., dwell time (1000 us), smart stack
parameter (from 1 to 3), emission mode (D-pulse), spacing
(1000 um), density, and fluence were the same for both
groups.

Dyspareunia and dryness were considered primary out-
comes. All other GSM symptoms (i.e., itching/burning, dys-
uria, urinary frequency, and urgency), sexual function, and
assessments of clinical findings were considered secondary
ones. All outcomes were evaluated at baseline (before the
initiation of laser therapy) and 1 month following the 3rd laser
therapy.

Dyspareunia, dryness, and itching/burning were assessed
using a 10-cm Visual Analogue Scale (VAS 0-10). Zero de-
fined absence of symptoms, rates of >0 and <4 mild symptom
intensity, >4 and <8 moderate intensity, and >8 severe
intensity.

Sexual function was evaluated by the Female Sexual
Function Index (FSFI) [18, 19]. The FSFI evaluates desire,
arousal, lubrication, orgasm, satisfaction, and pain, as separate
domains [19]. A combination of these domains produces a
total score with a minimum value of 2 and a maximum of
36 [19]. Increase of scores defines improvement of sexual
function, while a threshold of 26.55 of the total FSFI score
differentiates women with and without sexual dysfunction
[18].

Dysuria, urinary frequency at daytime, nocturia, and urgency
were assessed by the International Consultation of Incontinence
Questionnaire-Female Lower Urinary Tract Symptoms (ICIQ-
FLUTS) [20]. Answers different than “1-6” or ““7-8”in question
5 of ICIQ-FLUTS (Filling domain) defined the presence of ab-
normal urinary frequency [20—22]. Answers different than “0” or
“1” in question 2 of ICIQ-FLUTS (Filling domain) defined the
presence of nocturia [20-22].

Clinical findings were evaluated using the Vaginal
Maturation Value (VMV) and Vaginal Health Index Score
(VHIS) [23]. VMV is calculated by the formula (1 x %superfi-
cial) + (0.5 x %intermediate) + (0 x %parabasal) [23], whereas
the threshold of 40 distinguishes atrophic from non-atrophic
vaginal smears [25]. VHIS includes five components (elastic-
ity, fluid volume, pH, and epithelial integrity) whereas each
one of these could receive values from 1 (worst) to 5 (best)
[23]. A score of 15 or lower defines vaginal atrophy [23].

Statistical analysis
Power calculation was performed for the mean improvement

of primary outcomes using data from two previously pub-
lished studies [8, 15]. Twenty-five participants per group were
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Table 1 Baseline characteristics
of the participants in the 30- and
40-W group

30-W group (n = 25) 40-W group (n = 25) p value
Age 56.3+5.1 56.8+3.6 0.7
Years since last period 8/5 6/2.5 0.1
BMI 24.2/6.2 24.4/5.3 0.9
Smokers 8/25 (68) 9/25 (64) 0.8
Dyspareunia 8.9/2 9/1.5 1.0
Dryness 8.912 9/2 1.0
FSFI (total score) 3.8/11.8 8.4/10.6 0.3
VMV* 0/10 10/30 0.1
VHIS* 75+1.6 77+19 0.8

Dysuria was present in four and three participants of the 30- and 40-W groups, respectively. Mean values were
calculated in these participants. For the comparisons, between-group 7 test for independent samples (for age and
VHIS) and non-parametric test of Mann-Whitney U (for years since last menstrual period, BMI, smokers,
dyspareunia, dryness, FSFI, and VMYV). Data are presented as mean + standard deviation (SD) or median/
interquartile range (median/IQR) or as percentages (% presented in the parentheses). Statistical significance
was set at 5% (p value <0.05),

BMI body mass index, F'SFI female sexual function index, VMV vaginal maturation value, VHIS Vaginal Health
Index Score

*VMV: percentages of parabasal epithelial cells, intermediate epithelial cells, and superficial epithelial cells were
quantified in the vaginal smear, followed by calculation of the formula ((1 x %superficial) + (0.5 % %intermedi-
ate) + (0 x %parabasal)) [22]; VHIS: calculated by adding the scores of the five components: elasticity, fluid
volume, pH, epithelial integrity, and moisture. Each component could receive a score from 1 (poorest) to 5 (best).
The sum of the five components could receive an upper bound score of 25 and lower bound of 5. A score of <15

defined the presence of vaginal atrophy [22]

required for 80% power of study, 5% level of significance, and
20% margin of error for a non-inferiority trial. Hence, 30-W
power would not be inferior to 40 W if a minimum clinically
important difference (MCID) of 2 cm between groups would
not be observed. Statistical analyses were performed on the
basis of within- and between-group comparisons. For contin-
uous variables, Wilcoxon signed-rank test for related paired
samples and ¢ test for independent samples were used for
within- and between-group comparisons, respectively, as ap-
propriate. For categorical variables, Fisher’s exact test (for
values <5) or chi-square was used for within- and between-
group comparisons. Adjustment for all possible confounding
factors (i.e., age, years since last period, body mass index
(BMI), smoking, GSM symptoms, total FSFI score, VMYV,
and VHIS at baseline) was performed using ANCOVA or
logistic regression (binary or multinomial) when the depen-
dent variable was continuous or categorical (with two or more
levels), respectively. Continuous variables are presented as
mean + SD or median/interquartile range (median/IQR) when
normally or abnormally distributed, respectively. Categorical
variables are presented as percentages (%). Analyses were
performed using the SPSS statistical software.

Results

Twenty-five participants per group were randomly selected by
a computer, from the preexisting databases. Baseline

characteristics of the two groups are presented in Table 1.
Statistically significant differences between the baseline char-
acteristics of the two groups were not detected. Twelve of the
40-W group participants have been included in the analyses of
a previously published study [16].

Mean improvement of continuous variables for both
groups are presented in Table 2. In within-group comparison,
statistically significant improvement of dyspareunia, dryness,
itching/burning, FSFI, VHIS, and VMV was observed for
both powers. In between-group comparison, improvement of
these outcomes was not statistically significantly different.
Adjustment for possible confounding factors did not change
the results. The MCID of 20% between the two levels of
power, as selected for this study, was not surpassed in any of
these outcomes.

The changes of categorical variables are presented in
Table 3. The observed alteration of the presence of
dyspareunia, dryness, itching/burning, dysuria, frequency, ur-
gency, sexual dysfunction, and atrophic values of clinical find-
ings at baseline and 1 month following the 3rd therapy was not
statistically significant different between the two groups.
Adjustment for possible confounding factors did not change
the results. In both groups, all participants at baseline had
severe dyspareunia, dryness, and sexual dysfunction. One
month following the 3rd therapy, severe dyspareunia disap-
peared in all participants of both groups, while normal sexual
function was resumed in 36% of the participants in both
groups. One month following the 3rd therapy, severe dryness
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Table 2 Comparison of
continuous outcomes within and
between groups at baseline and
1 month following the 3rd laser
therapy

30-W group 40-W group
Improvement  p value Improvement  p value p value
(n=25) (comparison of  (n =25) (comparison of  (comparison of
changes within changes within ~ changes between
group)b group)b groups)b
Dyspareunia 6.1 £1.7 <0.001 6.1 +1.7 <0.001 0.9
Dryness 60+19 <0.001 6.5+2.0 <0.001 0.4
Itching/burning 5.9 £2.0 <0.001 52+25 0.001 0.1
FSFI
Desire 12+0.8 <0.001 1.7+1.0 <0.001 0.06
Arousal 25+13 <0.001 24+14 <0.001 0.9
Lubrication 32+£19 <0.001 27+14 <0.001 0.3
Orgasm 26=+1.1 <0.001 28+1.7 <0.001 0.7
Satisfaction 22+1.1 <0.001 22+15 <0.001 0.9
Pain 39+1.1 <0.001 32+14 <0.001 0.07
Total 16.6 6.7 <0.001 148+7.1 <0.001 0.4
VMV 29.9+13.0 <0.001 25.0+13.4 <0.001 0.2
VHIS? 11.0£2.9 <0.001 10.5+4.1 <0.001 0.7

FSFI Female Sexual Function Index [17, 18], VMV vaginal maturation value, VHIS Vaginal Health Index Score

#VMV: percentages of parabasal epithelial cells, intermediate epithelial cells, and superficial epithelial cells were
quantified in the vaginal smear, followed by calculation of the formula ((1 x %superficial) + (0.5 % %intermedi-
ate) + (0 x %parabasal)) [22]; VHIS: calculated by adding the scores of the five components: elasticity, fluid
volume, pH, epithelial integrity, and moisture. Each component could receive a score from 1 (poorest) to 5 (best).
The sum of the five components could receive an upper bound score of 25 and lower bound of 5. A score of <15
defined the presence of vaginal atrophy [22]

®Data are presented as mean + SD. Analyses within group comparing the values before CO, laser application
(baseline) and 1 month following the 3rd CO, laser application were performed using Wilcoxon signed-rank test
of related samples. Analyses between the 30-W group and 40-W group were performed using ¢ test for indepen-
dent samples. Statistical significance was set at 5% (p value <0.05)

disappeared in 96 or 100% of the participants in the 30- or 40-
W group, respectively.

Adverse events in both groups included a related to the
laser-application irritation-burning sensation of mild intensity
at the introitus. The sensation started immediately after the
laser application, lasted for approximately 2 h, and resolved
spontaneously. Serious adverse events were not present in any
of the participants of either group. Vaginal infections of any
kind or worsening of symptoms was not found in any of the
participants.

Discussion

The results of this study confirmed previous published data,
regarding the statistically significant improvement of GSM
symptoms and clinical signs after three CO, laser therapies.
This improvement did not seem to associate to the level of 30-
or 40-W power. The MCID of 20% difference in mean im-
provement of outcomes was not exceeded in the comparison
of 30 versus 40 W. Moreover, the presence of GSM symptoms
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and atrophic values of clinical findings appeared to change
similarly for both powers.

Power is one of the three parameters of the CO, laser that
determines the quantity of the heat penetrating in the vaginal
mucosa, aiming to stimulate tissue rejuvenation. The other
two parameters are dwell time and spacing. The 30-W level
of power, with a given dwell time of 1000 ps and spacing of
1000 pum, have been evaluated in two histopathological stud-
ies, an ex vivo [24] and an in vivo [8]. The ex vivo indicated
that these parameters in combination to the SmartStak param-
eter 3 had the more pronounced ablative effect with an addi-
tional presence of activated fibroblasts [24]. The in vivo study
showed a thicker vaginal epithelium and increase of glycogen,
epithelial exfoliation, extracellular matrix components, and
blood vessels in the connective tissue [8]. Regarding the 40-
W power, published histopathological data are not available in
any peer-reviewed journal. The non-statistically different re-
sults of this study, between the 30 and 40 W of energy power
in symptom severity and clinical findings (VMV and VHIS),
indicated that 40 W probably produces a similar tissue effect.
Therefore, a difference of 10 W between the two levels of
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Table 3 Comparison of
categorical outcomes between
groups at baseline and 1 month
following the 3rd laser therapy

Baseline 1 month after the 3rd laser therapy

30-W group  40-W group  pvalue®  30-W group  40-W group  p value®

Dyspareunia
None 0/25 (0) 0/25 (0) 1.0 2/25 (8) 2/25 (8) 1.0
Mild 0/25 (0) 0/25 (0) 1.0 15/25 (60) 11/25 (44) 0.3
Moderate 0/25 (0) 0/25 (0) 1.0 8/25 (32) 12/25 (48) 0.3
Severe 25/25 (100)  25/25 (100) 1.0 0/25 (0) 0/25 (0) 1.0
Dryness
None 0/25 (0) 0/25 (0) 1.0 6/25 (24) 5/25 (20) 0.7
Mild 0/25 (0) 0/25 (0) 1.0 13/25 (52) 10/25 (40) 0.4
Moderate 0/25 (0) 0/25 (0) 1.0 5/25 (20) 10/25 (40) 0.1
Severe 25/25(100)  25/25 (100) 1.0 1/25 (4) 0/25 (0) 1.0
Itching/burning
None 7/25 (28) 12/25 (48) 0.2 16/25 (64) 17/25 (68) 0.8
Mild 0/25 (0) 0/25 (0) 1.0 7/25 (28) 6/25 (24) 0.8
Moderate 9/25 (36) 7/25 (28) 0.5 2/25 (8) 0/25 (0) 1.0
Severe 9/25 (36) 6/25 (24) 0.4 0/25 (0) 0/25 (0) 1.0
Dysuria®
Never 21/25 (84) 22/25 (88) 0.7 23/25(92) 23/25(92) 1.0
Occasionally 0/25 (0) 125 (4) 1.0 0/25 (0) 1/25 (4) 1.0
Sometimes 2/25 (8) 125 (4) 0.8 2/25 (8) 1/25 (4) 0.6
Most of the time ~ 2/25 (8) 125 (4) 0.8 0/25 (0) 0/25 (0) 1.0
All the time 0/25 (0) 0/25 (0) 1.0 0/25 (0) 0/25 (0) 1.0
Frequency” (urine times/day)
1-6 10/25 (40) 15/25 (60) 0.2 15/25 (60) 17/25 (68) 0.6
7-8 8/25 (32) 7/25 (28) 0.8 9/25 (36) 8/25 (32) 0.8
>9 7/25 (28) 3/25 (12) 0.2 125 (4) 0/25 (0) 1.0
Nocturia®
0 7/25 (28) 8/25 (32) 0.8 15/25 (60) 16/25 (64) 0.8
1 13/25 (52) 13/25 (52) 1.0 9/25 (36) 8/25 (32) 0.8
>2 5/25 (20) 4/25 (16) 0.7 1/25 (4) 1/25 (4) 1.0
Urgency®
Never 5/25 (20) 10/25 (40) 0.1 16/25 (64) 19/25 (76) 0.4
Occasionally 7/25 (28) 11/25 (44) 0.2 8/25 (32) 5/25 (20) 0.3
Sometimes 9/25 (36) 4/25 (16) 0.1 1/25 (4) 1/25 (4) 1.0
Most of the time ~ 4/25 (16) 0/25 (0) 0.1 0/25 (0) 0/25 (0) 1.0
All the time 0/25 (0) 0/25 (0) 1.0 0/25 (0) 0/25 (0) 1.0
FSFI >26.55 0/25 (0) 0/25 (0) 1.0 9/25 (36) 9/25 (36) 1.0
VMV >40° 0/25 (0) 0/25 (0) 1.0 9/25 (36) 11725 (44) 0.6
VHI >15% 0/25 (0) 0/25 (0) 1.0 21/25 (84) 18/25 (72) 0.3

FSFI Female Sexual Function Index [17, 18], VMV vaginal maturation value, VHI Vaginal Health Index

# Dysuria, frequency (urine times/day), nocturia, and urgency were calculated using the International Consultation on
Incontinence Questionnaires-Female Urinary tract symptoms (ICIQ-FLUTS). The threshold of 26.55 of the total
FSFI score differentiates women with and without sexual dysfunction [18]; VMV: percentage of parabasal epithelial
cells, intermediate epithelial cells, and superficial epithelial cells were quantified in the vaginal smear, followed by
calculation of the formula ((1 x %superficial) + (0.5 x %intermediate) + (0 x %parabasal)) [22]; VHI: calculated by
adding the scores of the five components: elasticity, fluid volume, pH, epithelial integrity, and moisture. Each
component could receive a score from 1 (poorest) to 5 (best). The sum of the five components could receive an
upper bound score of 25 and lower bound of 5. A score of <15 defined the presence of vaginal atrophy [22]

® Fisher’s exact test was used whenever values <5 were observed. All other analyses were performed using chi-
square test. Statistical significance was set at 5% (p < 0.05)
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power, under the same dwell time and spacing, may not con-
tribute to a different laser effect.

In dermatology, even though the CO, laser settings
allow power use of 10-30 W, the energy power usually
used is 10-20 W [25]. The concept of this level of
power lies in the lower intensity and duration of ad-
verse events [25]. The latter appears not to apply for
the vaginal mucosa. In our study, neither 30 nor 40 W
had different adverse events. The only potential adverse
event that occurred was a mild irritation-burning sensa-
tion at the introitus, with an approximate duration of
2 h. In another study using 30 W, a mild or moderate
pain lasting 2-3 days has been reported [14]. In other
studies, using either 30 or 40 W power, adverse events
did not occur in any of the participants [9, 11, 13].

Furthermore, the observed statistically significant
mean improvement of dyspareunia, dryness, and FSFI
in within-group comparison, is similar to the results of
previous studies for either powers [7, 9-14, 16, 17].
These studies [7, 9-14, 16, 17] had not restricted inclu-
sion criteria, while our study was designed to include
solitary severe cases of dyspareunia and dryness. The
inclusion of only severe cases could further explain
the low percentage of participants (8%) with absence
of symptoms following three laser therapies, which
was found in this study in either power. Another study,
including participants with moderate to severe intensity
of symptoms, reported a symptom-free rate of 34% [16].
However, a MCID of 20% of symptom severity was
observed in 98% (49/50) of the participants.
Furthermore, 36% of participants in both groups re-
sumed normal sexual function, despite the smaller pro-
portion of dyspareunia disappearance. The latter effect
likely indicates a positive impact of laser therapy in
women’s quality of life, as GSM symptoms mostly in-
terfere with sexual satisfaction, sexual spontaneity, inti-
macy, and relationship [26-28].

A further potential positive impact of laser therapy in
women’s quality of life is implied by the observed ameliorate
of LUTS in both powers. Although dyspareunia and dryness
are the most common and bothersome GSM symptoms
[29-32], presence of urgency and/or frequency at daytime
>8 times and/or nocturia more than 1 time has been also re-
lated to negatively impaired quality of life [21, 22]. The uri-
nary urge intensity has the greatest association with decreased
health-related quality of life and increased symptom bothering
[21]. In our study, presence of urgency decreased from 80 or
56% to 36 or 24% in the 30- or 40-W group, respectively.

Alternative medical approaches for the management of
GSM symptoms, such as local estrogens, have improvement
rates up to 90%, depending on symptoms and estrogen type
[33-38]. Moreover, symptom-free rates for VVA symptoms
and LUTS have been estimated to be 14-82% [35, 37, 39] and
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27-70% [35, 36], respectively. However, safety issues with
regards to the long-term use makes necessary the finding of
new therapeutic strategies (i.e., laser therapy). For laser thera-
py at other wavelengths than CO,, like the Erbium laser, im-
provement or success rates are not available in the current
literature.

A possible limitation of this study is its retrospective
design. However, data were prospectively collected,
sample size calculation was performed, and participants
were randomly selected by a computer. Another limita-
tion could be the relevant small sample size as calculat-
ed by a margin of error at 20%. The larger sample size
could possibly result in the detection of potential differ-
ences. However, there is lack of data of MCID regard-
ing dyspareunia, dryness, and sexual function of post-
menopausal women with GSM. A margin of error at
20% was regarded acceptable by all authors.
Additionally, this study has a relatively short follow-up
period. Hence, a comparison of the long-term efficacy
of 30 or 40 W could not be performed.

Conclusion

CO; laser therapy intravaginal administered may provide a
valid alternative therapeutic option for the management of
GSM. Three laser therapies may result in statistically signifi-
cant improvement of sexual function, GSM symptoms, and
clinical signs of postmenopausal women. The level of power
did not seem to affect the CO, laser effectiveness and safety.
Prospective randomized controlled trials with long-term fol-
low-up period and a more systematic variation of parameters
on a larger group of patients are needed.
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