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Introduction

In premenopausal women, estradiol levels fluctuate be-
tween 10 and 800 pg/mL over the menstrual cycle. Fol-
lowing menopause, the levels decrease to below 30 pg/
mL, causing the vaginal wall to become thinner, prone to 
petechiae, pale, less elastic and dry. The vagina can nar-
row and shorten and the introitus may constrict. These 
changes underlie the genitourinary syndrome of meno-
pause (GSM), formerly known as vulvovaginal atrophy, 
manifested clinically as a constellation of symptoms that 
include vaginal burning, dryness, itching, dyspareunia, 
and lower urinary dysfunction 1, 2). Furthermore, changes 

in the vaginal wall flora and pH leave post-menopausal 
women more prone to urinary-tract infections 3). GSM-as-
sociated symptoms can adversely affect women’s sexual 
function and lower their quality of life 4), and while they 
affect 20% to 45% of midlife and older women, only a mi-
nority seek help 5). 
	 In recent years, laser treatments, including fractional 
CO2 laser and erbium:YAG (Er:YAG), have emerged as ef-
fective and safe treatment options for GSM symptoms in 
post-menopausal women. Fractional CO2 laser treatments, 
usually consisting of three laser treatments provided in 
monthly intervals, have been shown to improve GSM 
symptoms at the completion of the treatment protocol or 
at 4 weeks following the final laser treatment 6-8).
	 Recently, a panel of experts has conducted a review 
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Background and Aim: We have previously reported improvement of clinical symptoms of genitourinary 
syndrome of menopause (GSM) at 3 and 6 months following three CO2 laser treatments. The current pa-
per presents the results of long term follow up at 12, 15- and 18-months post laser treatment.
Methods: Twenty subjects (mean age 60.65 ± 6.34 years) who had completed the core study participated 
in follow-up. Subjects were evaluated at 12, 15, and 18 months following final laser therapy. An optional 
maintenance treatment was offered during Month 12 and Month 15 to those women who failed to in-
crease their Vaginal Health Index Score (VHIS) by more than 34% from their individual baseline, or if the 
subject desired an additional treatment. At each study visit, VHIS and vulvovaginal atrophy (VVA) symp-
tom severity were recorded. Sexual function was assessed using the Female Sexual Function Index (FSFI).
Results: Fifteen subjects were eligible for a single maintenance treatment (N = 2, at 12 months, and N = 
13 at 15 Months). The mean VHIS (± standard deviation) remained significantly improved at 12 months 
following their last laser treatment (16.3 ± 4.5 vs. Baseline 12.4 ± 4.0; p < 0.05) and at the 15- and 
18-months follow up visits as well (16.9 ± 4.6 and 17.1 ± 4.6, respectively; p < 0.05 compared to Baseline). 
Almost all VVA symptoms were significantly improved at 12 months following the third treatment com-
pared to Baseline and this improvement was sustained at 15 and 18 months. At the 12 Months visit, the 
total FSFI score increased significantly (N = 15, 24.4 ± 6.9; p < 0.05), and at the 15- and 18-month fol-
low-up visits, the total FSFI remained significantly higher than Baseline (22.2 ± 6.7, 25.8 ± 6.6).
Conclusion: Fractional CO2 laser treatments are effective in alleviating symptoms of VVA and sexual 
dysfunction in post-menopausal women, and that effects are sustained over the long-term. 
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of literature and extensive discussions on the available 
data concerning the effectiveness and safety of ener-
gy-based technologies for the treatment of GSM symp-
toms including reduction of vaginal laxity, improvement 
of sexual function and alleviation of stress urinary incon-
tinence. The panel concluded that for patients with 
mild-to-moderate medical conditions, the treatments are 
safe, effective, and well tolerated 9).
	 As with any emerging medical field, data is still 
needed regarding the long-term efficacy and safety of 
these treatments 10, 11), accordingly, some studies assessing 
the effects of laser therapy in GSM for longer than 3 
months have been published. Samuels and colleagues 
have shown that at 12 months of follow-up, the vaginal 
health improvement achieved after 3 fractional CO2 treat-
ments was maintained 12, 13).I have previously reported the 
results of a prospective study in 28 healthy post-meno-
pausal women with VVA-related symptoms that were 
treated with fractional CO2 laser 3 times, in 4-week inter-
vals 14). In the study, the mean vaginal health index score 
(VHIS) was significantly improved (13.89 ± 4.25 vs. Base-
line 11.93 ± 3.82; p < 0.05) one month following the ini-
tial laser treatment and further improved at 3 and 6 
months following all three laser treatments (16.43 ± 4.20 
and 17.46 ± 4.07, respectively). Almost all VVA symptoms 
were significantly improved at the first visit following ini-
tial treatment. Further significant improvement in VVA 
symptoms was noted at 3 and 6 months. Following laser 
therapy, the Female Sexual Function Index (FSFI) score 
increased significantly (22.36 ± 10.40 vs. Baseline 13.78 ± 
7.70; p < 0.05) and remained significantly higher than 
baseline at the 3- and 6-month follow-up visits.
	 The current paper presents the results of 12, 15 and 
18 months of follow-up post third laser treatment, con-
ducted in 20 of the above-mentioned core study.

Materials and Methods

Study Design

This was a follow-up study of a prospective trial of post-
menopausal women presenting with VVA-related symp-
toms. The follow-up was conducted between June 2017 
and April 2018 at the Center of Women’s Health and 
Wellness, Lawrenceville, New Jersey USA. The protocol 
was approved by Schulman Institutional Review Board. 
Specific written informed consent to participate in the fol-
low-up was obtained from all subjects.

Study Population

The follow-up was conducted on 20 patients out of the 
28 who have completed the core study. None of the sub-
jects who declined to participate in the follow-up was 
due to safety reasons. All 20 women completed the fol-
low-up study. 

	 Main inclusion criteria for the core study, as previ-
ously reported 14), were: sexual activity or desire for sexu-
al activity, menopausal status, and one or more VVA-relat-
ed symptoms (e.g. dryness, itching, burning, dysuria or 
dyspareunia). Women that had VHI scores below 5 (Glo-
ria Bachmann’s Vaginal Health Index (VHI) 15), systemic 
steroid or hormonal use in previous three months, active 
genital infection, recurrent urinary tract infections, abnor-
mal Pap smears, or pelvic organ prolapse (POP) > II, 
were excluded.

Study Protocol and Procedure

Subjects were seen at three visits at 12, 15, and 18 
months following the third laser and final treatment of 
the core study (14, 17, and 20 months after Baseline). The 
protocol included optional maintenance treatments at the 
Month 12 and Month 15 visits in cases in which: 1) indi-
vidual patient score of VHIS at the time of the FU visit 
was less than 34% increase from the individual baseline 
or 2) subject desired additional treatment.
	 Subjects were asked to refrain from using vaginal 
lubricants seven days prior to treatment. The treatment of 
the vaginal canal, when applicable, was provided by the 
FemTouch™ handpiece of the Lumenis AcuPulse™ sys-
tem. The FemTouch™ handpiece was inserted into the 
vagina and the fractional CO2 laser energy was transmit-
ted through the handpiece along the vaginal canal in a 
retrograde manner. Treatment settings were determined 
by the physician, based on the degree of vaginal atrophy 
and varied at 7.5, 10 or 12.5 mJ. 
	 Following treatment, subjects were instructed to 
avoid heat exposure in the treated area and refrain from 
sexual activity up to 72 hours. Subjects were asked to 
document the timing of resumed sexual activity after the 
procedure.

Data Collection

Demographic data and medical history data collected 
during the core study were verified and updated. At each 
study visit, vaginal health was assessed by the investiga-
tor and a VHIS consisting of five vaginal parameters: Elas-
ticity, Secretion/fluid volume, Vaginal pH, Integrity of the 
epithelium, and Lubrication/moisture of the vaginal wall, 
was recorded. VVA symptom severity was self-evaluated 
by study participants on a 10cm visual analogue scale 
(VAS).
	 Subjects were asked to rate treatment discomfort / 
pain immediately after treatment in the following catego-
ries: insertion of the probe into the vagina, movement of 
the probe inside the vagina and laser irradiation inside 
the vagina. The rating was based on a pain VAS where 
the extreme left indicates “no pain” and extreme right in-
dicates “intolerable pain”.
	 The FSFI, a questionnaire designed to measure sex-
ual functioning in women with a specific focus on sexual 
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arousal, orgasm, satisfaction, and pain during the 4 weeks 
preceding study visit 16) was collected at each visit. In ad-
dition, “sexual downtime”, defined as the period of time 
following the procedure during which the subject could 
not have sexual intercourse, was reported by the subjects 
at treatment visits following procedures.
	 The subject’s overall satisfaction level with the treat-
ment procedure and outcome were assessed after each 
treatment, using a 5-point Likert scale where 0 represents 
“very dissatisfied” and 4 represents “very satisfied”.

Statistical Analysis

All statistical analyses were performed using SAS® version 
9.4 (SAS Institute, Cary NC, USA) software. Statistical tests 
performed were two-sided. The level of significance is 
0.05. All p-values are nominal.
	 Descriptive statistics (frequency – count and propor-
tion, mean, standard deviation, minimum, median and 
maximum) are presented for the background variables 
and study variables.
	 The Baseline for assessments of change in the fol-
low-up study was the Baseline of the core study, prior to 
any laser treatment. The changes from baseline in the 

VHIS, subject assessment of VVA symptoms and FSFI 
were evaluated using repeated measures analysis of vari-
ance models, where the changes were modelled (individ-
ually) as a function of respective baseline values and visit 
number (categorical).
	 No sample size calculation was performed for the 
follow-up study.

Results

Demographic and Baseline Characteristics of Study Popu-
lation
	 20 of the 28 women who completed the core study 
agreed to participate in the follow-up study, and all of 
them completed 18 months of follow-up (counted from 
the third treatment of the core study). Demographic and 
other baseline characteristics are presented in Table 1.

Maintenance Treatments

In total, 15 subjects were eligible for a maintenance treat-
ment; 14 subjects based on visit VHIS that was less than 
34% increase from her individual Baseline and 1 subject 
based on her elective desire for an additional treatment. 

Fig. 1: ‌�Data is presented as mean ± standard error. 
*Significantly different from baseline, p < 0.05.

Characteristic N = 20

Age (years) 60.65 ± 6.34

Mean body mass index (kg/m2) 26.12 ± 4.75

Previous Vaginal Deliveries 60% (12/20)

Time Since Last Spontaneous Menstrual Bleeding (months) 106.15 ± 66.94

Data are presented as mean ± standard deviation (continuous variables) or % (n/N) (categorical variables).

Table 1: Demographic Characteristics of The Study Population
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At the 12-months visit, treatment was provided to 2 sub-
jects and at the 15-months visit, to an additional 13 sub-
jects. Each of the 15 subjects received a single mainte-
nance treatment. The energy and density were selected 
based on the VHIS evaluated at the visit.
The treatment settings were: 

• ‌�Energy [10 mJ] and density 10% - provided to 12 
subjects. 

• ‌�Energy [12.5 mJ] and density of 10%- provided to 3 
subjects.

Subject assessment of procedure-related pain and discom-
fort showed low pain scores, the maximal mean score was 
3.1 ± 3.2, for movement of the probe. In fact, the majority 
of women felt no discomfort following the procedure. Ad-
verse events (AE) reported during the study were of mild 
to moderate severity and were all unrelated to the proce-

dure. One severe event of 'fracture in right ulnar’ was re-
ported and classified as unrelated to the procedure. 
	 The majority of women felt no discomfort at all, fol-
lowing the procedure. Those that reported any discom-
fort, reported alleviation within2 weeks after the proce-
dure or less.

Change from Baseline in VHIS and VVA  
Symptoms

For the twenty subjects in this follow-up study, the mean 
VHI (± standard deviation) was significantly improved at 
12 months after the third laser treatment (16.3 ± 4.5 vs. 
Baseline 12.4 ± 4.0; p < 0.05) (Table 2). Additionally, this 
score remained significantly improved at the 15- and 
18-months follow up visits (16.9 ± 4.6 and 17.1 ± 4.6, re-
spectively; p < 0.05.) (Figure 1).

Baseline 12MFUb 15MFUc 18MFU

VHIS 12.4 ± 4.0* 16.3 ± 4.5* 16.9 ± 4.6* 17.1 ± 4.6*

Vaginal itchinga 1.2 ± 2.0* 0.8 ± 1.2* 0.6 ± 1.1* 0.4 ± 0.6*

Vaginal burninga 1.8 ± 2.6* 0.6 ± 0.9* 0.6 ± 0.9* 0.4 ± 0.7*

Vaginal drynessa 4.7 ± 3.1* 2.3 ± 2.2* 2.0 ± 2.0* 1.5 ± 1.6*

Dyspareunia (Pain during intercourse)a 5.8 ± 3.4* 2.9 ± 2.8* 3.0 ± 2.6* 2.0 ± 2.4*

Dysuria (Pain/stinging during urination)a 1.3 ± 2.4* 0.6 ± 1.2* 0.5 ± 0.8* 0.2 ± 0.4*

Data is presented as mean ± standard deviation. aData is measured on a VAS scale (range 0–10). b 2 subjects were treated 
at the 12MFU visit; c 13 subjects were treated at the 15MFU visit; *Significant change from baseline (p < 0.05) according to 
SAS Mixed model
MFU: months of follow-up after the third laser treatment.

Fig. 2: ‌�Data measured on a VAS scale (range 0–10), is presented as mean ± standard error. 
*Significantly different from baseline, p <0.05.

Table 2: VHI Score and VVA Symptoms
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Figure 1: VHIS During the Long-Term Follow-Up

-Attached As a Separate File-

VHIS improvement was noted in subjects who received 
maintenance treatments as well as those who did not, 
with no significant difference between the two groups 
(Table 3).
	 VAS scoring of VVA symptoms by visit is presented 
in Table 2 and Figure 2. VVA symptoms such as vaginal 
burning, vaginal dryness and dyspareunia were signifi-
cantly improved at the 12, 15 and 18 months follow up 
visits. At the 12 Months visit, significant improvements 
were noted in vaginal burning, vaginal dryness, dyspa-
reunia and dysuria. Vaginal itching also improved, and 
this improvement was sustained at the 18 months fol-
low-up visit.

Figure 2: VVA Symptoms

-Attached As a Separate File-

Sexual Function (FSFI) and Sexual Downtime

The effects of CO2 laser treatment on VVA symptoms was 
also measured with the FSFI. 15 of the 20 follow-up study 
subjects provided FSFI information, of which 11 had a 
maintenance treatment during the follow-up. The mean 
Baseline score of FSFI (± SD) was 16.2 ± 7.9 (Table 4). 
At the 12 Months visit, the total FSFI score increased sig-
nificantly (24.4 ± 6.9; p < 0.05), and at the 15- and 
18-month follow-up visits, the total FSFI remained signifi-
cantly higher than Baseline (22.2 ± 6.7, 25.8 ± 6.6). Simi-
larly, increases in all FSFI sub-domains from Baseline re-
mained statistically significant during the follow-up visits 
excluding ‘Arousal at month 15’. However, by month 18, a 
significant improvement was noted in this symptom as 
well. 
	 At the Month 18 visit, 90% of patients (18 patients) 
were satisfied with the procedure, one patient was dissat-
isfied and the other very dissatisfied.

Discussion

As was the case for the core study, the present study was 
a relatively small study, with no control group. However, 
results were consistent across study participants lending 
them credibility. Selection-bias is a concern with any 
long-term follow-up. It may be claimed that subjects who 
are satisfied with their results are more inclined to volun-
teer to participate in study extensions. However, in this 
specific case, an opposing view may also by applicable, 
as subjects who wanted additional treatments due to un 
sustained satisfaction with results of the first treatment se-
ries may also be motivated to participate in the follow-up. 
Thus, it is unclear in what direction selection-bias affect-
ed the results, if at all.

	 The core study was a prospective, open-label sin-
gle-arm study in 28 healthy post-menopausal women 
with VVA-related symptoms that were treated with 3 frac-
tional CO2 laser treatments. In the study, a significant im-
provement in VHIS was detected early and sustained at 3 
and 6 months following the third treatment 14). The cur-
rent is a follow-up study that recruited 20 of the 28 par-
ticipants of the core study and included visits at 12, 15 
and 18 months following the third laser treatment of the 
core study. During the current study, 15 of the 20 partici-
pants received maintenance treatments. Here, a sustained 
statistically-significant improvement of VHIS from Base-
line was observed. The patient-reported assessment of 
VVA symptoms showed an improvement during the core 
study, and this improvement was also sustained over the 
long-term follow-up reported here. Finally, the improve-
ment in sexual function observed during the core study 
was sustained over the long-term evaluated here.
	 These results are in-line with the mode of action of 
fractional CO2 lasers, which is based on remodeling of 
the vaginal connective tissue without causing damage to 
surrounding tissue. Rather than a superficial short-term 
symptom-alleviation, it seems like the CO2 laser treatment 
leads to profound regenerative effects of the vaginal wall. 
A preclinical study in a porcine model 17) showed that 

Table 4: FSFI Total and Domain Scores

Table 3: ‌� Adjusted Mean (± standard error) Change from 
Baseline of VHIS total by visit 

12MFUa 15MFUb 18MFU

Treated subjects  
(N = 15)

3.2 ± 0.8* 3.4 ± 0.8* 4.0 ± 0.8*

Not treated subjects  
(N = 5)

5.7±1.3* 7.5 ± 1.3* 6.5 ± 1.3*

* ‌�Significantly change from baseline (p < 0.05) according to SAS 
Mixed model

a 2 subjects were treated at this visit; 
b 13 subjects were treated at this visit 

Baseline 12MFUa 15MFUb 18MFU

Total Score 16.2 ± 7.9* 24.4 ± 6.9* 22.2 ± 6.7* 25.8 ± 6.6*

Desire 2.7 ± 1.2* 3.4 ± 1.0* 3.4 ± 0.8* 3.5 ± 1.1*

Arousal 3.0 ± 1.4* 4.2 ± 1.2* 3.6 ± 1.6 4.4 ± 1.2*

Lubrication 2.3 ± 1.6* 4.2 ± 1.2* 3.7 ± 1.4* 4.4 ± 1.3*

Orgasm 3.0 ± 2.0* 4.4 ± 1.5* 3.9 ± 1.7* 4.7 ± 1.2*

Satisfaction 3.2 ± 1.8* 4.4 ± 1.3* 4.2 ± 1.0* 4.8 ± 1.3*

Pain 2.1 ± 1.3* 3.8 ± 1.5* 3.3 ± 1.6* 4.0 ± 1.6*

Data is presented as mean ± standard deviation; a2 subjects were 
treated at this visit; b9 subjects were treated at this visit; *P < 0.05
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treatment with a microablative fractional CO2 laser caused 
slight thermal denaturation in the vaginal mucosa without 
excessive hemorrhaging, vesicle formation or erythema 
that recovered 30 days following treatment. The energy 
supplied caused superficial ablation of the epithelium, 
contraction of collagen and neocollagenesis. By Day 30, 
clear regenerative effects were observed, treated areas 
showed an increase in collagen and elastic fibers on the 
lamina propria, as well as neovascularization. Over-ex-
pression of HSP70 was observed, suggested by the au-
thors as the underlying trigger of neocollagenesis, as 
HSPs are known to play key roles in the coordinated ex-
pression of growth factors that supports cellular activities 
including cell proliferation and stimulation of cellular me-
tabolism. A histological examination of a punch biopsy 
from a post-menopausal woman treated once with CO2 
fractional laser, showed that the onset of structural chang-
es in the epithelium and connective tissues of the vaginal 
wall was already evident immediately following treatment 18). 
The structural changes included, among others, vasculo-
genesis, formation of papillae and neocollagenesis in the 
connective tissues and thickening and desquamation of 
cells in the epithelium at the mucosal surface. These find-

ings shed new light on the timeline of the process lead-
ing to the thicker epithelium, new vascularized papillae 
and connective tissue with evidence of new formation of 
thin collagen fibers and fibroblasts supporting renewal of 
the extracellular matrix, which were previously observed 
in women following a series of CO2 laser treatments 19-21).
	 The results of the current follow-up study are in-line 
with observations previously made with fractional CO2 la-
ser treatments of post-menopausal women with VVA or 
genitourinary syndrome of menopause (GSM)-related 
symptoms
	 In accordance with previous findings 22), fractional 
CO2 laser therapy was found to be safe and well-tolerated 
in our study, with minimal AEs reported, all unrelated to 
laser treatment.
	 In conclusion, the results suggest that fractional CO2 
laser treatments are safe, well-tolerated and effective in 
alleviating symptoms of VVA and sexual dysfunction in 
post-menopausal women, and that effects are sustained 
over the long-term. Further clinical studies that are 
well-controlled are needed to evaluate the long-term effi-
cacy and safety of fractional CO2 laser treatment.
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