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Abstract

Background: Fractional carbon dioxide (CO2) lasers are today considered the most effective and efficient
treatment for many vulvovaginal disorders, providing mini-invasive procedures without side effects. Previous
studies demonstrated the efficacy of fractional CO2 lasers in vulvar lichen sclerosus (VLS), a chronic skin
disorder characterized by itching and painful lesions. Complications include pain, sexual and/or urinary dys-
function, with a negative quality of life, and an increased risk of squamous cell carcinoma. A definitive VLS
treatment is still lacking.
Objectives: This is a prospective, single-center study aimed at evaluating the effect of fractional microablative
CO2 laser treatment on women affected by VLS.
Materials and methods: Patients with histologically confirmed VLS underwent three fractional microablative
CO2 laser treatments, 4 weeks apart, on the genital affected areas. Clinical and VLS-related symptoms, side
effects, and patient satisfaction index were assessed and recorded for all the patients using the visual analog
scale (VAS).
Results: Data from a total of 70 patients were included, paired at different time points and analyzed. VLS-
related symptoms and other relevant parameters (pH, vaginal introitus discomfort, dyspareunia, vaginal dryness,
itching, and burning) showed a statistically significant improvement ( p < 0.001) after the first laser treatment
and kept improving after second and third sessions. According to VAS, the two most common symptoms,
vaginal introitus discomfort and dyspareunia, went from (mean – standard deviation) 8.2 – 2.3 and 8.3 – 2.2,
respectively, at baseline, to 3.6 – 2.6 and 3.8 – 2.6, respectively, 1 month after the last treatment. Vaginal
dryness, itching, and burning were significantly improved as well. Most patients declared to be very satisfied
with the results of the treatment. A total of 62.8% of the women expressed a satisfaction score ‡8 on a scale
from 0 to 10.
Conclusions: Fractional microablative CO2 laser treatment seems to be safe and effective to treat VLS and
improve VLS-related symptoms.
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Introduction

Vulvar lichen sclerosus (VLS) is a chronic inflam-
matory skin disease of the anogenital area. It can occur

at any age, with a peak among premenarche and postmeno-
pausal women.1 VLS mostly involves the labia minora and
the internal part of the labia majora, the interlabial sulcus, the
clitoris, the vestibule, the perineum, and the perianal region,
while rarely the vaginal mucosa is affected.2 Clinically, the

most common features are represented by ivory white pap-
ules or plaques with a waxy consistency or epidermal wrin-
kles with a ‘‘cigarette paper’’ appearance. Scarring typically
occurs later in the course of disease with bruising and ulcer-
ation.3 Changes in anatomical morphology can lead to sig-
nificant distortions of the architecture, resorption of the labia
minora, phimosis of the clitoris, narrowing or stenosis of the
introitus, and mechanical recurrence of the posterior fork.4

Depigmentation or hyperpigmentation may also be present.
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The most common symptoms are itching, often intracta-
ble and manifesting mainly during the evening and night
hours, burning, dysuria, pain during defecation, dyspar-
eunia, and chronic vulvar pain.5 Moreover, the scarring of
the foreskin, through the decrease or loss of sensitivity of
the clitoris and the significant reduction of vulvar tropism,
negatively affects the quality of life (QoL) and sexual
function, causes discomfort in the couple, compromises
psychological well-being, and consequently leads to sec-
ondary anorgasmia.6 Long-term persistent VLS has been
also associated with a higher risk of vulvar cancer, partic-
ularly squamous cell carcinoma.7 Therefore, diagnosis and
treatment of VLS at the earliest possible stage are manda-
tory to reduce symptoms and complications.

To date, the first-line treatment of VLS is represented by
topical ultrapotent steroids,8–10 aimed at alleviating symp-
toms and delaying relapses of the disease. Subdermal in-
jection of steroids has also proved to be a valid alternative to
topical steroids, with the advantage of injecting the steroid
directly into the dermis, knowing precisely the amount of
drug administered in the target tissue.8 However, chronic
use of high-potency topical steroids tends to worsen skin
atrophy over time, exacerbating lichen symptoms, mani-
festing contact sensitization, and creating a greater risk of
secondary infection.11 Further, resistance to treatment usu-
ally occurs in severe disease, manifesting itself with signs of
hyperkeratosis. In these cases, ultrapotent corticosteroid
therapy may be ineffective.

Recently, many alternative treatment options have been
proposed.12 Among them, fractional carbon dioxide (CO2)
lasers seem to be a promising successful treatment for
VLS.13 The delivery of CO2 laser energy in a controlled way
has proven to promote neoangiogenesis, to induce the for-
mation of glycogen and to increase the production of col-
lagen in the lamina propria, thus improving the sclerosis and
atrophy typical of VLS.14,15

Accordingly, the purpose of this prospective study is to
assess the efficacy of the fractional CO2 laser on the life of
women diagnosed with VLS, evaluating parameters, in-
cluding extension, symptoms, and clinical VLS signs, pa-
tient satisfaction, and treatment tolerance.

Materials and Methods

Patient selection

This was a prospective study on adult women affected by
VLS, clinically suspected and histologically confirmed,
conducted at the Department of Obstetrics and Gynecology
of State Hospital of the Republic of San Marino, in the
period between May 2013 and September 2020. Information
was collected using an electronic database and included the
following: demographic data, clinical features and severity
of VLS, medical history, presence of comorbidities, previ-
ous treatments, and current therapies.

Exclusion criteria included the following: female <18
years of age; pregnancy or breastfeeding; active urinary
infection; presence of genital tract infection, lesion, or ab-
scess; vaginal and/or vulvar neoplasia; use of topical or
systemic drugs in the previous 2 months before or during the
study period; contraindications to the use of laser (e.g., ac-
tive viral, bacterial, or fungal infections); decompensated
psychiatric disorders; alcohol or drug addiction; chronic

systemic diseases; unsigned informed consent; or uncertain
diagnosis of vulvar disease.

The study was carried out according to the Declaration of
Helsinki and an informed consent was signed by all the
enrolled patients.

Study protocol

The study protocol consisted of three sessions of frac-
tional CO2 laser treatment, 4 weeks apart, using a device
equipped with a scanning system and appropriate probes for
vulvovaginal treatment (SmartXide2 V2LR by DEKA,
Florence, Italy).13

According to the extension and severity of the condition,
treated areas included external genitalia (such as vulva and
clitoris), internal genitalia (especially at the level of the
vaginal intake), and the perianal area.

Laser settings were chosen based on the target area; for
vaginal treatment, parameters included the following: power
40 W, dwell time 1000 ls, spacing 1000 lm, smart stack 2,
corresponding to a fluence of 113 J/cm, which averages an
ablation depth of 250 lm; for vaginal introitus treatment,
power 25–30 W, dwell time 1000 ls, spacing 1000 lm,
smart stack 1, corresponding to a fluence of 35–42 J/cm2,
which averages an ablation depth of 75–100 lm; for the
vulva, clitoris, and perianal area, power 20–25 W, dwell
time 1000 ls, spacing 1000 lm, smart stack 1, correspond-
ing to a fluence of 35–42 J/cm2, which averages an ablation
depth of 75–100 lm.

The SmartStack function represents an energy multiplier.
A number of emissions are therefore repeated on the same
microablation zone (Dermal Optical Thermolysis, DOT)
before the scanner moves to the next zone. The dwell time is
the time in which the laser emission is delivered over each
single microzone of thermal damage (DOT) before moving
on to the next, while the spacing is the distance between two
adjacent microzones (DOTs).

All patients were evaluated at baseline (pretreatment),
after each laser session and 1 month after the last session of
treatment, assessing pH, dyspareunia, vaginal introitus pain,
vaginal dryness, burning, and itching. Patients assessed the
severity of their symptoms using the visual analog scale
(VAS), from 0 (no pain/discomfort) to 10 (maximum
pain/discomfort).

A questionnaire assessed the satisfaction of patients
concerning treatment results after each laser session and at
follow-up, based on a 10-point scale ranging from 0 to 10
(0—totally unsatisfied; 10—totally satisfied).

Statistical analysis

A paired Student’s t-test was used to compare the paired
data collected at different time points. The Wilcoxon
signed-rank test was also performed for confirmation. A p-
value <0.05 was considered statistically significant.

Results

Study population

A total of 70 females were enrolled. Mean age [–standard
deviation (SD)] at baseline was 60.2 – 8.2 years (range, 41–
84 years). Most subjects were already on menopause (n = 64,
91.4%).
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The most common comorbidity was found to be hyper-
tension (n = 18, 25.7%), followed by hypercholesterolemia
(n = 17, 24.3%) and hypothyroidism (n = 15, 21.4%). Sub-
jects also reported gastrointestinal disorders (n = 25, 35.7%),
insomnia (n = 16, 22.9%), mood swings (n = 11, 15.7%),
recurrent vaginitis (n = 5, 7.1%), and hemorrhoids (n = 5,
7.1%). Nine patients (12.9%) had a previous cancer diag-
nosis (four breast ductal carcinomas, three lymphomas, one
meningioma, and one rhinopharyngeal cancer), out of whom
one was still under hormonal therapy (Table 1).

Previously, VLS treatments included the following: top-
ical corticosteroids (n = 70, 100%), topical vitamin E (n = 35,
50%), retinoids (n = 26, 37.2%), and antihistamines (n = 5,
7.1%).

Based on clinical evaluation, VLS most commonly in-
volved the clitoris (n = 43; 61.4%), followed by the anal area
(n = 23; 32.9%), vagina (n = 19; 27.1%), and vestibular-
vulvar area (n = 11; 15.7%); two patients presented dystro-
phy and two hyperkeratosis in the vulvar area. The most
frequent lesions were represented by atrophy (70%, n = 49),
erythema (20%, n = 14), and fissures (10%, n = 7).

Genitourinary syndrome affected 69 patients (98.6%),
stress urinary incontinence was referred by 21 patients
(30.0%), and 8 subjects (11.4%) presented vaginal prolapse,
out of whom one case was classified as grade 2 and the other
seven as grade 1.

Among reported symptoms, the most common was vag-
inal introitus discomfort (n = 66, 94.3%), followed by dys-
pareunia (n = 61, 87.1%), vaginal dryness (n = 63, 90.0%),
itching (n = 45, 64.3%), and burning (n = 44, 62.9%)
(Table 2).

Lichen sclerosus-related and other
genitourinary symptoms

Both pH and all lichen sclerosus-related symptoms ana-
lyzed in the study (dyspareunia, vaginal introitus discom-
fort, vaginal dryness, itching, and burning) showed a
statistically significant improvement ( p < 0.001) at follow-
up, as shown in Figs. 1–4.

Mean (–SD) pH measured before laser treatment was
6.9 – 1.0 and decreased to 6.1 – 0.7 after three laser treat-
ments. Using VAS, the vaginal introitus discomfort went
from 8.2 – 2.3 at baseline to 3.6 – 2.6 at follow-up, and
dyspareunia went from 8.3 – 2.2 to 3.8 – 2.6 after the com-
pletion of treatment. Vaginal dryness, itching, and burning
were significantly improved as well: the vaginal dryness
score lowered from 7.7 – 2.2 to final 3.3 – 2.4; itching im-
proved from 6.8 – 2.6 to 2.3 – 2.6; and burning reduced from
6.9 – 2.4 to 2.3 – 2.3. Scores recorded at baseline and after
each treatment for the abovementioned parameters and
symptoms are shown in Table 3.

Side effects

No significant discomfort or side effect was reported,
neither during laser treatment nor immediately after or at the
follow-up visit.

Subject satisfaction

The mean final satisfaction index was 8.0 – 1.3 and 62.8%
of the subjects giving a score ‡8. Only two patients declared
to be slightly unsatisfied (score: 5) because of higher ex-
pectations. The satisfaction index improved with the number
of received laser treatments: after one single laser session,
the mean satisfaction index reported was 6.5 – 2.0, while
after two sessions it was raised to 7.3 – 1.6.Table 1. Demographic and Anamnestic Data

of Female Subjects (n = 70) Included in the Study

Age (average – SD, years) 60.2 – 8.2
Age range (years) 41–84
Menopause (n, %) 64; 91.4
Comorbidities (n, %)

Hypertension 18; 25.7
Hypercholesterolemia 17; 24.3
Hypothyroidism 15; 21.4
Osteoporosis 5; 7.1
Gastroenteric disorders 3; 4.3
Diabetes 1; 1.4
Migraine/headache 1; 1.4
Von Willebrand 1; 1.4
Previous cancer diagnosis 9; 12.9

Other disorders (n, %)
Insomnia 16; 22.9
Mood swings 11; 15.7
Vaginitis 5; 7.1
Hemorrhoids 5; 7.1
Gastrointestinal disorders, including: 25; 35.7

Colitis 7; 10.0
Gastritis 6; 8.6
Reflux 5; 7.1
Constipation 4; 5.7
Diarrhea 2; 2.9
Hiatal hernia 1; 1.4

SD, standard deviation.

Table 2. Genitourinary Evaluation

at Baseline (n; %)

VLS 70; 100
Genitourinary syndrome 69; 98.6
Stress urinary incontinence 21; 30.0
Prolapse 8; 11.4
Recurrent cystitis 7; 10.0

VLS-related alterations
Clitoris (itching, burning) 43; 61.4
Anal area (itching, fissures) 23; 32.9
Vaginal disorders or fissures 19; 27.1
Vestibulo-vulva disorders 11; 15.7

VLS lesions
Atrophy 49, 70
Erythema 14, 20
Fissures 7, 10

VLS-associated symptoms
Vaginal introitus discomfort 66; 94.3
Dyspareunia 61; 87.1
Vaginal dryness 63; 90.0
Itching 45; 64.3
Burning 44; 62.9

VLS, vulvar lichen sclerosus.
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Discussion

VLS is a chronic inflammatory condition whose etio-
pathogenesis is still unknown, although evidence suggests a
multi-factorial disease.16 A genetic predisposition, as well
as hormonal and immunological alterations, has been im-
plicated.17 Moreover, many systemic disorders have also
been associated with VLS,18 including cardiovascular dis-
eases and thyroid dysfunction,19 as confirmed by our study.

VLS is difficult to treat, as the involution of the tissues of
the genitalia is full thickness, involving the dermoepidermal
structures, the corpora cavernosa, blood vessels, and con-
nective tissue. Consequently, women progressively manifest
disabling signs and symptoms, which negatively affect the
QoL as well as sexual activity. The goal of treatment is to
relieve symptoms, reduce anatomical alterations due to
complications, and avoid malignant transformation.13 The
topical medical therapy recommended by all the guidelines
is represented by steroids.8–10 However, the relapsing and
refractory nature of the disease has led to the search of
alternative or complementary treatments to control signs and
symptoms for longer period. Among them, fractional CO2

laser has shown promising results in women who do not
respond to traditional management with steroids, who do not
want to take medical therapy for too long, who have side

effects or complications, or who are unable to continue
taking it.13 In the past, lasers were niche procedures due to
their costly nature and the need for dedicated surgical fa-
cilities. However, advances in microfractionated laser
technology, with minimal surface ablation, together with the
thermal effect on cells, have increased the potential use of
this therapeutic approach, becoming an outpatient practice.

According to our study, fractional CO2 laser significantly
reduced all the symptoms reported by our patients, for ex-
ample, dyspareunia, vaginal introitus discomfort, vaginal
dryness, itching, and burning, thus representing an alterna-
tive effective treatment for VLS patients. Many of the pa-
tients we recruited, together with VLS, had also associated
genitourinary syndrome of menopause, but this latter con-
dition was not an exclusion factor for the study. Indeed, the
improvement of both the diseases demonstrated a further
advantage and confirmation of the effectiveness of the
treatment.

Recently, Gardner and Aschkenazi20 reported satisfactory
results in 31 patients affected by VLS using vulvovaginal
fractional microablative CO2 laser. Moreover, in a pro-
spective study on 27 symptomatic postmenopausal women
diagnosed with VLS, Baggish21 also reported pain and
itching cessation in 88.9% of women and improvement in
skin color, elasticity, and vascularity in 96.3% of them after

FIG. 1. Lichen sclerosus-related symptoms at baseline and at follow-up.

FIG. 2. A 67-year-old fe-
male with severe VLS with
itching and burning lesions
(a). The patient performed
three fractional microablative
CO2 laser treatments, 4
weeks apart (b) with im-
provement of vulvar skin le-
sions after the last session of
treatment (c) and mainte-
nance of the results 3 months
later (d) with an increase in
superficial vascularity and
reduction of ivory white le-
sions. CO2, carbon dioxide;
VLS, vulvar lichen sclerosus.
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three sessions of fractional CO2 laser treatment at intervals
of 4–6 weeks. None of the patients had previously under-
gone any other treatments.

Pagano et al.22 showed a significant improvement in
vulvar itching, dryness, superficial dyspareunia, and sensi-
tivity after two microablative CO2 fractional laser cycles in
40 VLS women and suggested it as an alternative strategy to
relieve pain and sexual discomfort in women with resistant
VLS.

Balchander and Nyirjesy23 demonstrated a reduction in
itching, dyspareunia, vaginal pain, and dysuria in 72.5% of
40 women with refractory VLS, not responding to standard
treatment protocols, treated with fractional CO2 laser. They
also found a need for fewer corticosteroid applications to
keep the obtained results.

Other studies regarding the use of CO2 lasers in women
with VLS showed conflicting data and results. Lee et al.24

obtained improvement in five patients with severe, symp-
tomatic, and hyperkeratotic VLS patients, resistant to topical
corticosteroids: four patients underwent fractional CO2 laser
treatment and one ablative CO2 laser therapy. However, the
treatment was reported as painful and needed prophylactic
analgesia; moreover, all the patients continued to apply
clobetasol 0.05% ointment to maintain clinical remission.
Origoni25 also underlined that Lee’s findings were ques-
tionable since patients’ symptoms were not measured ob-
jectively and the patients had not stopped steroid treatment.

Based on our experience,26,27 the effectiveness of a
fractional CO2 laser treatment depends on the chosen
parameters: different anatomical sites show different thick-
nesses and textures; thus, modulating the parameters (power,
dwell time, spacing, and smart stack) is essential to obtain
the best results, avoiding side effects.

In agreement with most of the literature data,20–23 in our
study, the laser treatment was tolerated by almost all the
women and significantly improved their QoL, through
amelioration in color, elasticity, and moisture of the skin
and mucosa after three cycles of laser treatment.

The mechanism of action of microfractionated CO2 laser
treatment in VLS is still unclear. One of the hypothesized
mechanisms is the capability of microfractional laser to
induce the absorption of light energy by the water molecules

FIG. 3. A 54-year-old female with VLS before (a) and
after (b) fractional microablative CO2 laser treatments. The
labia minora and majora fusion as well as the hooding of the
clitoris was still present, but the painful and burning
symptoms solved.

FIG. 4. A 57-year-old female with VLS before (a) and
after (b) fractional microablative CO2 laser treatments: a
great reduction of the ivory plaques in the paraclitoral area,
with resolution of itching, was obtained.

Table 3. pH and Vulvar Lichen Sclerosus-Related Symptom Scores at Baseline and After

Fractional Carbon Dioxide Laser Treatment (Mean – Standard Deviation)

pH p
Vaginal introitus

discomfort p Dyspareunia p

Baseline 6.9 – 1.0 8.2 – 2.3 8.3 – 2.2
FW-UP Tx1 6.6 – 0.9 <0.001 6.2 – 3.0 <0.001 6.4 – 2.7 <0.001
FW-UP Tx2 6.3 – 0.9 <0.001 4.7 – 2.9 <0.001 4.8 – 2.8 <0.001
FW-UP Tx3 6.1 – 0.7 <0.001 3.6 – 2.6 <0.001 3.8 – 2.6 <0.001

Vaginal
dryness p Itching p Burning p

Baseline 7.7 – 2.2 6.8 – 2.6 6.9 – 2.4
FW-UP Tx1 5.8 – 2.3 <0.001 4.6 – 3.4 <0.001 4.8 – 3.0 <0.001
FW-UP Tx2 4.4 – 2.5 <0.001 3.3 – 2.9 <0.001 3.5 – 2.6 <0.001
FW-UP Tx3 3.3 – 2.4 <0.001 2.3 – 2.6 <0.001 2.3 – 2.3 <0.001

FW-UP Tx1, follow-up after first laser treatment; FW-UP Tx2, follow-up after second laser treatment; FW-UP Tx3, follow-up after third
laser treatment.

786 FILIPPINI ET AL.



present in the epidermis, thus determining the ablation of the
epidermis and the superficial dermis. Consequently, the la-
ser could improve the processes of epithelial repair and re-
epithelialization reducing atrophy.26–28 At the same time,
the subsequent transfer of energy to the underlying con-
nective tissue could induce biostimulation mechanisms that
stimulate neoangiogenesis, induce the formation of glyco-
gen, and increase the production of collagen in the lamina
propria, as it has been shown in many scleroatrophic con-
ditions.29–31 Low-dose fractional CO2 laser has also been
involved in remodeling the collagen fiber through the acti-
vation of procollagen I and III and the induction of cyto-
kines such as tumor necrosis factor (TNF) alpha, TNF
beta-1, interleukin 1-beta, and metalloproteinases.32,33

The limitations of our study, despite the number of pa-
tients treated being rather representative, comprise the lack
of a control group, a nonrandomized design, a subjective
evaluation of symptoms, and above all the possibility of
generating a placebo effect. In fact, the results obtained
regarding the reduction of the impact on the life of the
patients could be attributed to some biases since not being a
double-blinded study, and given a strong dependence on
subjective scores, it could have induced the patients to in-
crease the desire to cooperate knowing they were about to
be cured. However, we made a careful selection of the pa-
tients with a scrupulous clinical evaluation.

Conclusions

The fractional microablative CO2 laser can provide a
treatment option for women with VLS who do not respond
to traditional management with steroids. Further studies
could be useful to assess the best physical parameters of the
laser treatment, for example, the most effective energy dose,
the interval and frequency between the various sessions, and
the therapeutic effect of any additional treatments, to better
treat our patients.
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7. Corazza M, Borghi A, Gafà R, Ghirardi C, Ferretti S. Risk
of vulvar carcinoma in women affected with lichen scler-
osus: results of a cohort study. J Dtsch Dermatol Ges 2019;
17:1069–1071.

8. Lewis FM, Tatnall FM, Velangi SS, et al. British Asso-
ciation of Dermatologists guidelines for the management
of lichen sclerosus, 2018. Br J Dermatol 2018;178:839–
853.

9. Kirtschig G, Cooper S, Aberer W, et al. Evidence-based
(S3) guideline on (anogenital) lichen sclerosus. J Eur Acad
Dermatol Venereol 2017;31:e81–e83.

10. Lee A, Bradford J, Fischer G. Evidence-based (S3) guide-
line on (anogenital) lichen sclerosus. JEADV. 2015;29:e1–
e43. J Eur Acad Dermatol Venereol. 2017;31:e57–e58.

11. Abraham A, Roga G. Topical steroid-damaged skin. Indian
J Dermatol 2014;59:456–459.

12. Borghi A, Corazza M. Novel therapeutic approaches and
targets for treatment of vulvar lichen sclerosus. Curr Pharm
Biotechnol 2021;22:99–114.

13. Krapf JM, Mitchell L, Holton MA, Goldstein AT. Vulvar
lichen sclerosus: current perspectives. Int J Womens Health
2020;12:11–20.

14. Salvatore S, Leone Roberti Maggiore U, Athanasiou S,
et al. Histological study on the effects of microablative
fractional CO2 laser on atrophic vaginal tissue: an ex vivo
study. Menopause 2015;22:845–849.

15. Zerbinati N, Serati M, Origoni M, et al. Microscopic and
ultrastructural modifications of postmenopausal atrophic
vaginal mucosa after fractional carbon dioxide laser treat-
ment. Lasers Med Sci 2014;30:429–436.

16. Singh N, Ghatage P. Etiology, clinical features, and diag-
nosis of vulvar lichen sclerosus: a scoping review. Obstet
Gynecol Int 2020;2020:7480754.

17. Fergus KB, Lee AW, Baradaran N, et al. Pathophysiology,
clinical manifestations, and treatment of lichen sclerosus: a
systematic review. Urology 2020;135:11–19.

18. Hu J, Hesson A, Haefner HK, Rominski S. The prevalence
of self-reported medical comorbidities in patients with
vulvar lichen sclerosus: a single-center retrospective study.
Int J Gynaecol Obstet 2021;153:340–343.

19. Virgili A, Borghi A, Cazzaniga S, et al. New insights into
potential risk factors and associations in genital lichen
sclerosus: data from a multicentre Italian study on 729
consecutive cases. J Eur Acad Dermatol Venereol 2017;31:
699–704.

20. Gardner AN, Aschkenazi SO. The short-term efficacy and
safety of fractional CO2 laser therapy for vulvovaginal
symptoms in menopause, breast cancer, and lichen scler-
osus. Menopause 2021;28:511–516.

21. Baggish MS. Fractional CO 2 laser treatment for vaginal
atrophy and vulvar lichen sclerosus. J Gynecol Surg 2016;
32:309–317.

22. Pagano T, Conforti A, Buonfantino C, et al. Effect of res-
cue fractional microablative CO2 laser on symptoms and
sexual dysfunction in women affected by vulvar lichen
sclerosus resistant to long-term use of topic corticosteroid:

FRACTIONAL CO2 LASER FOR VULVAR LICHEN SCLEROSUS 787



a prospective longitudinal study. Menopause 2020;27:418–
422.

23. Balchander D, Nyirjesy P. Fractionated CO2 laser as
therapy in recalcitrant lichen sclerosus. J Low Genit Tract
Dis 2020;24:225–228.

24. Lee A, Lim A, Fischer G. Fractional carbon dioxide laser in
recalcitrant vulval lichen sclerosus. Australas J Dermatol
2016;57:39–43.

25. Origoni M. Fractional carbon dioxide laser in recalcitrant
vulvar lichen sclerosus. Australas J Dermatol 2017;58:
e157–e158.

26. Filippini M, Luvero D, Salvatore S, et al. Efficacy of
fractional CO2 laser treatment in postmenopausal women
with genitourinary syndrome: a multicenter study. Meno-
pause 2020;27:43–49.

27. Filippini M, Del Duca E, Negosanti F, et al. Fractional CO2
laser: from skin rejuvenation to vulvo-vaginal reshaping.
Photomed Laser Surg 2017;35:171–175.

28. Salvatore S, Nappi RE, Parma M, et al. Sexual function
after fractional microablative CO2 laser in women with
vulvovaginal atrophy. Climacteric 2015;18:219–225.

29. Brightman LA, Brauer JA, Anolik R, et al. Ablative and
fractional ablative lasers. Dermatol Clin 2009;27:479–
489vi-vii.

30. Perino A, Calligaro A, Forlani F, et al. Vulvo-vaginal at-
rophy: a new treatment modality using thermoablative
fractional CO2 laser. Maturitas 2015;80:296–301.

31. Salvatore S, Leone Roberti Maggiore U, Origoni M, et al.
Microablative fractional CO2 laser improves dyspareunia
related to vulvo- vaginal atrophy: a pilot study. J Endometr
Pelvic Pain Disord 2014;6:150–156.

32. Farkas JP, Richardson JA, Burrus CF, Hoopman JE, Brown
SA, Kenkel JM. In vivo histopathologic comparison of the
acute injury following treatment with five fractional abla-
tive laser devices. Aesthetic Surg J 2010;30:457–464.

33. Pereira AN, De Paula Eduardo C, Matson E, Marques MM.
Effect of low-power laser irradiation on cell growth and
procollagen synthesis of cultured fibroblasts. Lasers Surg
Med 2002;31:263–267.

Address correspondence to:
Maurizio Filippini, MD

Department of Obstetrics and Gynecology
State Hospital of Republic of San Marino

Via Scialoja, 1, Borgo Maggiore
San Marino 47893

Republic of San Marino

E-mail: mfilippini@omniway.sm

Received: April 22, 2021.
Accepted after revision: September 2, 2021.

Published online: December 7, 2021.

788 FILIPPINI ET AL.


