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Abstract 
Objective: To evaluate the histological modifications of the vaginal mucosa after repeated microablative fractional CO2 lasers treatments.  As secondary objectives we evaluated the clinical effects associated with repeated microablative fractional CO2 lasers treatments using validated questionnaires.
Design: Prospective intervention study.
Setting:  Division of Gynecology and Obstetrics, Urogynecology Unit, IRCCS San Raffaele Scientific Institute
Sample: 15 postmenopausal women complaining of genitourinary syndrome of menopause symptoms.
Methods: one cohort of patients submitted to at least two previous laser treatment cycles in the past years.
Main outcome measures: Vaginal Health Index (VHI), Visual Analog Scale (VAS), Female Sexual Function Index (FSFI), Urinary Distress Inventory-6 (UDI-6), International Consultation on Incontinence Questionnaire – Urinary Incontinence (ICIQ-UI) and 5-point Likert scale. Moreover an histological examinations were carried out on all samples. 

Results: At 4 weeks after the last treatment VHI score and all FSFI items resulted significantly increased compared baseline. We observed a statistically significant decrease both in frequency and severity for all urinary symptoms after the follow up. 
We observed a statistically significant increase in the number of epithelial cell layer with a consequent increase in epithelial thickness, in the number of glycogen filled cells, and in the number of papillae, after the laser treatment.
No signs of fibrosis were observed since neovascularization was observed in each single woman.
Conclusions: This is the first study demonstrating the histological persistency of efficacy in repeated annually laser treatment cycles, with tissue changes always leading to regenerative results without any sign of fibrosis. 
Main text
Introduction
Genitourinary syndrome of menopause (GSM) is a common condition affecting postmenopausal women and defined by North American Menopause Society and the International Society for the Study of Women’s Sexual Health as. ‘a collection of symptoms and signs associated with a decrease in estrogen and other sex steroids involving changes to the labia majora/minora, clitoris, vestibule/introitus, vagina, urethra and bladder.1
Signs and symptoms of GSM can be present in more than half of postmenopausal women and with a significant impact on social and sexual life. Hoewever, its real prevalence may be underestimated; many women do not speak freely about it with their doctor for fear and embarrasmnent On the other hand, health care providers rarely ask questions about problems related to changes at the genitourinary level. 2,3
Treatment options for the GSM can be various and individualized depending on the type, the severity of symptoms and on patients’ preferences. They include hormonal and non-hormonal treatments. The latter seems to be less effective in the long run, while hormonal therapies maintain a good efficacy on vaginal trophism despite being contraindicated in some cases. 4,5,6
However, a strong limiting factor of the available treatments in real life is a not satisfactory long-term patients’ adherence and compliance. As described in the EMPOWER survey, carried out in North America on 1858 post-menopausal women, only 50% of them started some form of treatment and, among them only 7% were currently using the prescribed therapies. 7
In light of this scenario, different researchers have explored the possibilities of using energy-based devices, in particular laser technologies with a proven regenerative and curative efficacy in atrophic and dystrophic skin conditions, also for GSM.8,9. The two most used and reported lasers in GSM are the Er:YAG and the microablative fractional CO2 Laser.  The latter is a widely and worldwide used therapeutic option for GSM11,12; it is the most well-documented energy-based device in literature13for its safety12 and efficacy.14, 15
Microablative fractional CO2 Laser, in fact, is able to restore all the changes determined in the vaginal wall by the estrogen drop after menopause12
	Our group previously reported histological and ultrastructural analyses on bioptic vaginal samples from postmenopausal women treated with microablative fractional CO2 laser (MonaLisa touch™, Deka, Florence, Italy), showing a significant increase in the epithelial thickness and an evident increase in the amount of glycogen in the intermediate and superficial cells, restoring their natural shedding on the mucosal surface.16, 17 
In concordance with these histological changes, many authors have reported a significant improvement,   with a high consistency, in all GSM symptoms, 16-17, 18  in sexual function 15-17, urinary symptoms 19-20 and even changes on vaginal microbiota21 after a standardized treatment protocol of 3 sessions of MonaLisa Touch (MLT) laser performed at monthly intervals. The clinical safety and efficacy of MLT have been confirmed up to 24 months. 22,23 
However, researchers and national authorities have expressed some concern about unwanted tissue modifications, such as fibrotic reaction, on a long term basis or if repeated cycles of MLT had proposed to postmenopausal women. So far no data are available to reassure about this aspect. 
For this reason, we decided to design and carry out this study aiming to assess the long-term histological (and clinical) effects of MLT procedure for the management of GSM in postmenopausal symptomatic women after yearly repeated cycles of treatment. 
Methods 
This is a prospective study carried out in the Urogynecology and Menopause Unit at IRCCS San Raffaele Hospital, Milan, Italy between January 2020 and January 2021. The study protocol was registered and published on clinical trials with the ID NCT04868812.
After the ethical commitment aproval was obtaied and a written consent was signed, we recruited 15 postmenopausal women followed up by our outpatient clinic and previously treated for their GSM symptoms with at least 2 yearly cycles of 3 sessions of MLT at monthly intervals, with the last one performed 12 months before inclusion in the study. 
Aim of the study:
The Primary objective of our study was to evaluate the histological modifications of the vaginal mucosa after repeated MLT treatments at a minimum of 3 years since they first started this treatment. We evaluated the histological effect of this treatment by assessing the following findings in each woman: 
1) the vaginal epithelial thickness, evaluated from biopsies taken at recruitment and one months after the last MLT procedure. Epithelial thickness was always measured by averaging three measurements 150 micrometers from each other and considering as significant a 20% increase in epithelial thickness at the end of the treatment cycle compared to baseline. 
2) the number of connective tissue papillae. 
3) the amount of glycogen stained by Periodic Acid and Schiff reagent (PAS reaction) in suprabasal, intermediate and superficial epithelial cells. 
4) the thickness of the subepithelial reticular layer of connective tissue (rich in collagen III) in the mucosal lamina propria. 
5) the thickness of the deeper dense connective tissue (rich in collagen I). 
6) the number of small vessels in the subepithelial connective tissue, small vessels inside papillae included.
In addition, in order to evaluate the safety of repeated laser treatments, particular care was paid to evaluate any finding of fibrosis.
	As secondary objectives we evaluated the clinical effects associated with repeated MLT treatments using the following tools: 
· Vaginal Health Index (VHI) for the objective measurement of vaginal atrophy severity 
· Visual Analog Scale (VAS) for the subjective measurement of vaginal atrophy severity for  
· Female Sexual Function Index (FSFI) for female sexual function
· Urinary Distress Inventory-6 (UDI-6) and the International Consultation on Incontinence Questionnaire – Urinary Incontinence (ICIQ-UI) for the evaluation of urinary symptoms
· 5-point Likert scale to assess the impact of GSM symptoms on quality of life (QoL)

After a preliminary evaluation, including medical history and physical examination, each woman was assessed at baseline (T0) and one month after the last treatment with the above-mentioned tools. 
MLT procedure was performed using dedicated vaginal handpieces. Laser setting was always as follows: power 30 Watt, dwell time 1000 μs, dot spacing 1000 μm and the smart stack parameter from 1 to 3. The transvaginal probe was gently inserted up to the end of the vaginal canal and then withdrawn and rotated at specific intervals determined by markers designed on the probe itself, in order to provide a complete treatment of the vaginal canal. A treatment cycle included 3 laser sessions (one every 4 weeks). The procedure was performed in our outpatient clinic, without requiring any specific preparation,  by three expert Urogynecologists of our Unit. Women were instructed to avoid any concomitant vaginal treatment thoughout the study period. 
[bookmark: _Toc39588423][bookmark: _Toc39592274]Histological Analysis 
Histological examinations were carried out on all patients at baseline (T1) and one month after the last laser treatment (T5).  Vaginal biopsies were first processed and then analyzed at the light microscope. Four staining procedures were used: Hematoxylin-Eosin, Trichrome Masson, Periodic Acid-Shiff reagent, and immunohistochemistry for CD34.

Light microscopy
Mucosal biopsies were immediately immersed in a 4 % paraformaldehyde/Sodium phosphate 0.1 M buffer solution for 24h and then processed (dehydration, paraffin embedding and sectioning) for light microscopy.
Particular care was used in the step of biopsy samples embedding, in order to ensure that the section plane in the microtome cutting step would be orthogonal to the epithelial surface. This for evoiding incorrect measurements of the thickness of the epithelium in the case of obliquous sections. 
Sections of each sample were stained with: Hematoxylin and Eosin (H&E) for general view, papillae identification and evaluation, and epithelial thickness measurements (Figures 1, 2), Masson Trichromic for the identification of Collagen (reticular and fibrillar collagen both in loose and in dense connective tissue) (Figures 3, 4), Periodic Acid - Schiff reagent (PAS) for glycogen staining (Figures 5, 6), and immunohistochemical (IHC) procedure for the demonstration of CD34-positive (CD34+) cells (endothelial cells and stem cells committed for differentiation to endothelial cells) in order to evaluate blood vessels in the connective tissue and inside newly formed papillae (Figures 7, 8). 
In order to better understand and emphasize the functional role of papillae in increasing metabolic exchanges between connective tissue and epithelium, we have reported the comparison with the staining methods used (Figures I,L,M,N)
[bookmark: _Toc32935669][bookmark: _Toc34210990]For morphological observations, we used a Carl Zeiss Axiophot light microscope provided with high aperture plan-apochromatic objectives (5x, 10x, 20x, 63x oil imm.) and a 5 Mb digital camera Nikon DS-Fi2. The dimensions of recorded images were 2560x1920 sq pixels, representing the size of the windows used for selection of representative areas, IHC results included. A computerized image analysis was performed using ImageJ, a software distributed by NIH, considered a highly reliable standard for morphometric evaluations.
Statistical analysis
This is the first study to evaluate long term laser effects on vaginal histology. Because of the shortage of data in literature sample size was calculated on feasibility. We defined as success an epithelial thickness increase of at least 20% at the end of the treatment compared to baseline. Considering the recruitment of 15 patients a success rate of 90% is expected, with an accuracy of 13%. 
Statistical Package for Social Science (SPSS) version 21.0 was adopted to perform data analysis. 
Continuous variables were expressed as mean ± standard deviation (SD) or as median and interquartile range (IQR), as appropriate. Categorical variables were expressed as number (n) and rate (%). Paired sample T Test was adopted for analysis of parametric continuous variables, while the Wilcoxon Test was adopted for not parametric continuous variables. A p-value < 0.05 was considered statistically significant.
Each woman enrolled in this study signed an informed consent for treatment of personal data at the entry visit. The study was conducted according to the Declaration of Helsinki and it was approved by Ethical Committee of San Raffaele Hospital.
Results

In this study we enrolled 15 postmenopausal (mean age  62.00 ± 6.77 SD years) women complaining of GSM symptoms submitted to at least two previous laser treatment cycles in the past years, with the last CO2 Vaginal Laser cycle received 12 month before recruitment. Basal characteristics of the general study population are described in Table 1. A total of 13 women, enrolled in this study, completed the MLTtreatment and returned to the 4-week follow up. Two women dropped out withdrawing their consent because scared to come to hospital during the COVID 19 pandemic emergency. All patients were in spontaneous menopause without ever using hormonal replacement therapy (HRT). 10 patients out of 13 were sexually active, 3 patients were smoker and 2 patients had gynecological surgery in the past. 

Changes in VHI, VVA Symptoms
Prevalence of Atrophic Vaginal Condition and of VVA symptoms at baseline and after 4 weeks after the laser treatment are reported in Table 2. At 4 weeks after the last treatment VHI resulted significantly increased compared baseline. 
For what concern VVA-related symptoms assessed with Visual Analogue Scale we haven’t observed any statistically significant difference between T0 and T1 measurement, except for loss of air/water from the vagina which resulted decreased after the laser treatment.

Changes in Sexual Function
At baseline 10/13 women (77.0 %) were sexually active; after a complete MLT cycle three women remained sexually inactive for personal choice.  
Table 3 show differences of the FSFI Score at baseline and at 4 weeks after last laser treatment. At T1 all FSFI items (but Arousal) increased significantly.

Urinary Distress
Prevalence of urinary distress assessed with the Urinary Distress Inventory (UDI-6) and the International Consultation of Incontinence Questionnaire Short Form (ICIQ-SF) at baseline and 4 week after the last laser treatment are reported in Table 4. We observed a statistically significant decrease both in frequency and severity for all urinary symptoms after the follow up. 

Histological features
Table 5 shows the objective morphometric data on structural modifications of vaginal mucosa, both in the epithelium layer and in the lamina propria, at baseline (T0) and at 4-week follow up (T1). 
Data were obtained by averaging at least three measurement of the epithelium  taken 150 µm apart and calculating the associated standard deviation. 
After laser treatment, we observed a statistically significant increase in the number of epithelial cell layer with a consequent increase in epithelial thickness (Table 5 and Figures 1A, 1B, and 2A, 2B), in the number of glycogen filled cells (Table 5 and Figures 2A, 2B) and in the number of papillae (Table 5 and Figures 1A, 1B, 1C,1D, and 2A, 2B, 2C, 2D).
In the after-treatment evaluation of the lamina propria, we observed an overall improvement and, in particular, an increase int the thickness of the reticular collagen and in the number of vessels (Table 5 and Figures 1C, 1D and 2A, 2B, 2C, 2D). All morphological modifications observed after laser treatment resulted statistically significant. 
No signs of fibrosis were observed since neocvascularization was observed in each single woman.
Adverse Effects
No adverse effects were reported by any single woman in our population.

Discussion
This is the first study showing long-term results, both histological and clinical, of  microablative CO2 laser in the treatment of Genitourinary Syndrome of Menopause. Significant improvement was observed in our population with an excellent safety profile in terms of absence of  epithelial or lamina propria damages or clinical side effects. 
CO2 laser thecnology creates microscopic perforations through which the thermal effect induce the production of heat shock proteins. These stimulate the Transforming Growth Factor beta (TGF-) in activating:
· fibrocytes to fibroblasts, inducing therefore the synthesis of the extracellular matrix components, such as collagen, elastin, glycosaminoglycans, proteoglycans and multiadhesive glycoproteins;
· sequential delivery of cytokines in the microenvironment 24-25.
As a consequence we also observed an increase in the epitelial thickness and cells maturation (glycogen synthesis and release) .

In previous studies we have already reported short time histological and ultrastructural analyses on bioptic vaginal samples from postmenopausal women treated with fractional CO2 laser. Vaginal samples were observed both one hour26 and two months after treatment.16
Histological modifications were also related to an improvement of both vaginal and urinary symptoms16. Previous histological studies on laser treatment provided only morphological evaluations with no statistical correlation between measuraments 16,17,27.
In 2019, however,  an ICS/ISSVD best practice consensus document attributed as important limit of laser treatment the short term follow up in the available pubblications 28, despite both Sokol 18 and Athanasiou 21 reported safety and efficacy of CO2 laser at 12 month follow up and patients satisfaction was reported at 24 month 22,23. 
Strengths
Our study is the first one including women with GSM:
· submitted to annualy cycles of 3 lasers for the last 2-3 years;
· with a primary aim and a power calculation for numerosity focused on histological changes;
· with a particular attention to any adverse histological effect such as fibrosis;
· with a correlation of histological changes with clinical outcome for GSM symptoms. 
Main findings and Interpretation
Our findings showed that on entry many women still presented a relatively good trophism, in terms of epithelial thickness and vascularization, secondary to previous CO2 laser treatments.
However, after an addictional laser cycle, we furtherly oserved:
· an increase both in the thickness of the squamous stratified epithelium and  in the amount of glycogen inside epithelial cells, shedding on the vaginal surface (p< 0.0001), 
· active fibroblasts contributing to the formation of new collagen and other components of the highly permeable extracellular matrix in the connective tissue of the lamina propria,
· numerous connective tissue papillae, containing many blood capillaries, projecting in the underside of epithelium, 
· a continuous uninterrupted basal lamina PAS positive between basal layer of epithelium and connective tissue of lamina propria.
All the statistical significant results for histological changes in theepithelium and in the lamina propria (after CO2 laser treament compared to baseline) are shown in table 5.  In particular, in the lamina propria were the thickness of reticular collagen, the thickness of dense collage and the number of blood vessels were significantly increased (p< 0.05) demonstrating evident improvement in full structural and related functional aspects – without any sign of fibrosis - both in the epithelial and in the connective tissue compartments, . 
These microscopic evidences strongly support the fractional CO2 laser effectiveness in restoring atrophic vaginal mucosa, even after repeated cycles of treatment.
Clinically, the histological modifications observed were related to a significant improvement in all GSM symptoms (vaginal, sexual and urinary complaints) since the first laser application. 
Objectively, we observed a significant improvement in vaginal health (measured with the VHI) with an increase in total elasticity, lubrication and trophism. This determined a significant improvement in sexual function, evaluated with the FSFI. In fact, in consistency with what previously reported by Pieralli et al. and Salvatore et al. 12,20, each doamin and the total score of this questionnaire resulted statistically increased at the end of the laser treatment compared to baseline
Lower urinary tract symptoms were evealuated with two valideted tools such as the UDI-6 and the ICIQ-UI, with a significant improvement after 3 laser sessions, as previously reported by others.19,20
Finall, VVA symptoms, measured with a 10-point scale, resulted improved although not with a statistical significance. This is not surprising for two main reasons: because, as indicated above,
· women enrolled in this study presented a condition at recruitment that still benefited of presious years’ laser treatment,
·  patients’ numerosity. This is certainly a limitation however this study was powered to demonstrated histological changes by at least 20 % increase in the epithelial layer (before and after laser treatment) and not clinical changes.
Limitations.
A limitation of this study is that only 13 out of the 15 patients, that we originally planned to recruit, were considered for analysis. The reason for this is the difficulty in carrying out this study an  Italian region, like Lombardy, that was dramatically devastated by the Covid pandemic emergency. Nevertheless our primary aim was addressed by histological significant changes, as hypothesized, after laser treatment compared to baseline.  

Conclusions
This is the first study demonstrating the histological persistency of efficacy in repeated annually laser treatment cycles, with tissue changes always leading to regenerative results without any sign of fibrosis. A concomitant improvement in sexual and urinary function was also observed. 
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