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Abstract
Objectives: Uncontrolled vulvar lichen sclerosus (VLS) is often associated with
distressful symptoms of genital itch, irritation, and pain and can lead to a patho-
logical process including anatomical changes, scarring, and an elevated risk of
cancer in the genital area. First‐line topical corticosteroid as monotherapy is fre-
quently not adequate to fully suppress disease activity and control symptoms. This
study evaluated the efficacy of fractional CO2 laser treatments as adjunctive ther-
apy where recalcitrant VLS had been improved, but not adequately controlled,
with topical corticosteroid treatment. Outcomes were evaluated up to 12months
after a series of CO2 laser treatments delivered via a fractional handpiece.
Materials and Methods: Women with a diagnosis of VLS supported by histologic
findings on biopsy and/or clinical signs on physical examination received up to
five monthly laser treatments. Subjects maintained existing topical corticosteroid
and any exogenous hormone treatment during the study. Investigators assessed
severity (0 = not present, 1 =mild, 2 =moderate, or 3 = severe) of clinical signs and
architectural changes present before adjunctive study interventions and at follow‐
up visits. Subjects reported the presence of clinical symptoms and impact on
quality of life on 4‐ or 5‐point Likert scales. The validated Female Sexual
Function Index (FSFI) was used to assess changes in sexual function. Four
subjects were biopsied before adjunctive laser treatment and at follow‐up.
Results: Twelve females, 11 postmenopausal, with a mean age of 57 ± 10 years
received three to five monthly CO2 laser treatments. Significant improvement in
all prominent clinical signs and architectural changes were reported at the 3‐ and
6‐month follow‐ups after the treatment series. Significant improvement was
maintained at the 12‐month follow‐up, with 89% of subjects showing at least one‐
point improvement in elasticity compared to baseline; 86% in lichenification; 88%
in sclerosis; and 80% in whitening and parchment‐like skin. Labial fusion and the
extent of disease improved in 50% of patients. Ulcerations present in three sub-
jects at baseline resolved after treatment. Subjects reported 86% improvement in
dyspareunia and 83% in skin tearing. Quality of life improved significantly after
treatment (p< 0.01). The 6‐month follow‐up FSFI showed significant improve-
ment in sexual function compared to baseline (p< 0.05), with a mean point im-
provement of 4.5. Histology findings after treatment showed some positive
improvement, as a decrease in dermal hyalinized zone thickness. There were no
treatment complications or adverse events related to the treatment.
Conclusions: Fractional CO2 laser treatment outcomes showed improvement in
predominant clinical signs and architectural changes in VLS recalcitrant to to-
pical corticosteroid treatment. Adjunctive laser treatment relieved symptoms and
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improved quality of life as well as sexual function. Fractional CO2 laser treatment
may provide an advanced treatment modality for the management of recalcitrant
VLS with improved patient care and sustainable outcomes. Further study in a
larger population and with CO2 laser treatment to both vulvar tissue and the
vaginal canal should be explored.
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fractional CO2 laser, sexual dysfunction, topical corticosteroids, vulvar dermatoses, vulvar lichen
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INTRODUCTION

Vulvar lichen sclerosus (VLS) is a chronic, progressive,
inflammatory, epithelial disorder commonly affecting the
vulva, perineum, and perianal areas. The term “VLS” is
preferred to the previous nomenclature, “kraurosis vulvae,”
“vulvar dystrophy,” “white spot disease,” “lichen sclerosus
et atrophicus,” or “guttate scleroderma.”1 Although the
disease affects women of all ages, most cases are diagnosed
in postmenopausal women.2 Patchy, thin, glistening,
porcelain‐white plaques may be present, accompanied by
purpura, hyperkeratosis, fissures, erosions, or ulcerations.3

Disease progression may lead to architectural changes, in-
cluding reabsorption of the labia minora, clitoral fusion,
stenosis of the introitus, and posterior fourchette adhesions,
as well as the development of vulvar intraepithelial neo-
plasia/squamous cell carcinoma.1,4 VLS etiology remains
largely unknown. Several studies suggest that its origin is
multifactorial with various etiologies including genetic,
autoimmune, hormonal, local, and infectious.4 VLS is
known to be a debilitating disease having significant ne-
gative impact on quality of life due to symptoms of itch,
pain, tearing of the vulvar skin, dyspareunia and, in some
cases, dysuria and restriction of micturition. VLS patients
often also suffer from significantly reduced sexual activity
and satisfaction.1,5,6

Thus, the goals of VLS treatment are to alleviate
symptoms, prevent or possibly reverse architectural change,
minimize the risk of developing vulvar intraepithelial neo-
plasia/squamous cell carcinoma, and prevent or improve
sexual dysfunction.1,7,8 Topical application of potent or ul-
trapotent topical corticosteroids, most commonly clobetasol
propionate ointment, is currently the mainstay of medical
treatment, followed by a prolonged management phase.9,10

Topical corticosteroid as monotherapy is typically success-
ful in patients who are diagnosed in the early stages of VLS
and receive adequate long‐term management.1,9

Notwithstanding the efficacy of first‐line corticoster-
oid treatment, particularly in early or mild disease,
management of VLS remains complex. Challenges arise
for a variety of reasons, including the following:

– In certain patients, VLS symptoms are not adequately
controlled, and clinical signs of active VLS are not
optimally suppressed, despite adequate treatment with
topical corticosteroids.

– Throughout the chronic disease course of VLS,
symptoms frequently relapse, often becoming re-
fractory to corticosteroid therapy.

– Ongoing application of topical corticosteroids to the
anogenital area requires long‐term patient compliance
and close monitoring by a medical provider to balance
symptom control and suppression of the underlying
disease with the risks of topical corticosteroid overuse.11

– Partially compliant or noncompliant patients may
suffer from a higher relapse rate and increased rate of
complications.12

– Many patients are diagnosed at later stages with ar-
chitectural changes that do not improve with medical
therapies.

– VLS is associated with sexual dysfunction and a sig-
nificant burden on quality of life.5

The need for second‐line or adjunctive therapies to
augment topical corticosteroid standard‐of‐care is well re-
cognized. Medical providers have explored various therapies
to address symptoms and active disease. Published accounts
reflect variable success in treating recalcitrant VLS with
medical therapies, such as intralesional corticosteroids, to-
pical calcineurin inhibitors, oral or topical retinoids, and
immunosuppressors.1,2,10 Surgical modalities are currently
the main treatment of architectural changes arising from
chronic VLS.2

An ideal adjunctive therapy for VLS would augment
topical corticosteroid therapy to achieve and maintain re-
mission in recalcitrant cases and address architectural
change as a means to improve sexual dysfunction. Studies
on fractional carbon dioxide (CO2) laser as a treatment
modality for other vulvovaginal conditions suggest its po-
tential efficacy in treating recalcitrant VLS. In these studies,
vaginal treatment with fractional CO2 laser has been shown
to reconstitute normal vaginal flora,13 drive collagenogen-
esis and tissue remodeling,14 and alleviate symptoms of
vaginal atrophy.15 Fractional CO2 resurfacing has also been
shown to be successful in achieving remission in patients
with severe hyperkeratotic VLS that is unresponsive to to-
pical corticosteroids. Following CO2 laser treatment, these
patients' VLS became manageable with topical corticoster-
oid treatment.16 Significantly, CO2 laser has also been suc-
cessful in treating clitoral phimosis caused by VLS.17

This study assesses the long‐term outcome and safety
profile of fractional CO2 laser therapy as adjunctive
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treatment in patients with VLS whose disease was re-
calcitrant to standard topical corticosteroids. It provides a
comprehensive evaluation of patient symptoms, clinical
disease activity, architectural change, and psychosexual
well‐being.

MATERIALS AND METHODS

Adult females with a diagnosis of VLS, supported by his-
tologic changes on biopsy (hyperkeratosis, epidermal atro-
phy, lichenoid dermal inflammation, and elastic fiber loss
thickness) and/or clinical signs on physical examination, and
recalcitrant to topical corticosteroid treatment were eligible
for enrollment at four clinics in the United States. Re-
calcitrant VLS was defined as reflecting inadequate symp-
tomatic and/or clinical improvement despite treatment with
topical corticosteroids of an adequate potency (e.g., clobe-
tasol propionate 0.05% ointment or other ultrapotent corti-
costeroids) and a sufficient duration (12weeks of use) or lack
of disease control with corticosteroid maintenance therapy.
Subjects maintained existing topical corticosteroid and any
exogenous hormone treatment during the study. Topical
corticosteroid treatment was not with held before or after the
laser treatment. History of vulvar or gynecological malig-
nancy, unexplained vaginal bleeding, pelvic organ pro-
lapse >Stage 2, and pregnancy excluded subjects from
participation. Study participants received up to five monthly
fractional CO2 laser treatments and were evaluated at the
6‐week and 3‐, 6‐, and 12‐month follow‐ups after the treat-
ment series. The study was approved by an Institutional
Review Board, and all study participants provided written
informed consent.

Device description

Subjects were treated with a fractional CO2 laser (CO2RE
®

laser system; Candela Corporation) emitting light at a wa-
velength of 10.6 µm, which is readily absorbed by water in
the tissue. The CO2 gas tube is radiofrequency‐excited and
air‐cooled. The system has a programmable two‐axis scan-
ning laser beam that allows the physician to select the density
coverage from a selection of predetermined patterns of
various sizes, based on the skin area to be treated and clinical
indication. The laser system has six different treatment
modes, including a non‐fractionated resurfacing mode
(classic mode), a cutting mode (surgical mode), and four
different ablative treatment modes (mid, light, deep, and
fusion modes), coagulating at depths of up to 900 µm with
deep mode.18 A disposable fractional handpiece specifically
designed for vulvar treatment (CO2RE Intima external
handpiece) was used with the ablative deep mode and/or
fusion mode. Fusion mode is a combination of mid mode
and deep mode, with deep mode targeting the mid dermis
and intending to remove aged tissue and stimulate new
collagen, while mid mode targets the epidermis and

uppermost dermis and is intended to increase coverage for
treating pigment. Deep mode delivers a core 150 µm beam
having 30–70mJ per channel. This yields fluence from 170 to
396 J/cm2. Fusion mid mode delivers energy in an annulus
(ring) having an area of 0.518mm2, which surrounds the
core beam. The energy in the ring ranges from 45–128mJ,
yielding a fluence range between 8.1 and 24.8 J/cm2. Within
the operating range of fusion mode, the depth of ablation
correlates almost linearly with fluence.

Study procedure

Before the first treatment, the anogenital region was ex-
amined for evidence of any signs of active infection, atypical
nevi, tears, or lesions. Affected treatment sites included labia
majora, interlabial sulci, labia minora, vestibule, clitoral
hood, perineum, and perianal region. Topical anesthetic gel
(compound tetracaine/lidocaine or BLT cream [compound
benzocaine, lidocaine, tetracaine]) was applied to the vulvar
area for 15–30minutes before treatment. The external
handpiece was used to administer a single‐pass laser ex-
posure with the ablative deep mode and/or fusion mode. As
treatment discomfort can last for several days, the use of
cold compresses applied to the area and an over‐the‐counter
pain medication, such as acetaminophen, were re-
commended to relieve discomfort. Subjects were advised
against sexual activities for 7 days following treatment.
There was not a washout period before CO2 treatment or a
window immediately after treatment in which the existing
topical corticosteroid therapy was withheld.

Punch biopsies of affected anogenital skin were taken
before adjunctive laser treatment and at posttreatment
follow‐up appointments to assess histological findings of
VLS, only in enrolled subjects who voluntarily con-
sented. The tissue specimens were evaluated for the fol-
lowing histologic findings: hyperkeratosis (scale of 1–4),
atrophy (present or not present), acanthosis (present or
not present), lichenoid dermal inflammation (scale of
1–4), dermal hyalinized zone thickness (measured in
mm), elastic fiber loss thickness by elastin stain (mea-
sured in mm), and basement membrane thickness by
periodic acid–Schiff stain (scale of 1–4).

Investigator assessments

Investigators assessed severity (0 = not present, 1 =mild,
2 =moderate, or 3 = severe) of clinical signs and archi-
tectural changes at all study visits. The list of clinical
signs and architectural changes was generated through
international expert consensus for inclusion in an adult
vulvar lichen sclerosus severity scale.19 Clinical signs in-
cluded fissures, whitening, parchment‐like skin, extent of
the disease, erosion, ulceration, hyperkeratosis, excoria-
tions, lichenification, loss of elasticity, sclerosis, and tel-
angiectasia. Architectural changes included clitoral hood
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fusion, labial fusion, narrowing of the introitus, anterior
changes/fusion anteriorly below the clitoris, and forma-
tion of posterior commissure bands.

Subject assessments

VLS symptoms (itch, pain unrelated to intercourse, su-
perficial dyspareunia, skin tearing, or external bleeding
with intercourse) and impact on quality of life and sexual
function (desire to have sexual intercourse decreased due
to physical appearance or self‐esteem) were self‐reported,
using 4‐ or 5‐point Likert scales,19 at all study visits.

The validated Female Sexual Function Index (FSFI)
was also used to assess changes in sexual function.20 The
FSFI assesses domains of sexual function, including de-
sire, arousal, lubrication, orgasm, satisfaction, and pain,
in addition to providing an overall score regarding sexual
function. The aggregated FSFI score is a sum of weigh-
ted answers for each of the 19 items in the questionnaire,
with a maximum score of 36.0 (high level of sexual
functional) and a minimum score of 2.0 (low level of
sexual functional). Subjects completed the questionnaire
at baseline or before first treatment, and at the 3‐ and
6‐month follow‐up visits.

Subjects also completed Satisfaction Questionnaires,
according to a pre‐defined scale (2 = very satisfied,
1 = satisfied, 0 = uncertain, −1 = dissatisfied, −2 = very
dissatisfied) at the 6‐week and 3‐, 6‐, and 12‐month
follow‐up visits.

Safety assessments

A visual analog scale from 0 (no pain) to 10 (worst pos-
sible pain) was used to measure discomfort associated
with treatment.21 Immediate posttreatment tissue re-
sponses and adverse events were reported.

Statistical analysis

The Wilcoxon signed‐rank test for paired data was used
to analyze the differences between baseline and follow‐up
scores. Statistical significance was set at p< 0.05.

RESULTS

Twelve females (mean age 57 ± 10 years, range 39–73
years; mean weight 168 ± 35 lbs; Fitzpatrick skin type
I–IV; and 83% Caucasian) were enrolled and treated.
Eleven subjects were postmenopausal (mean years post‐
menopause 9.8 ± 6.4; range, 2–21 years). The mean FSFI
at baseline was 13.9 ± 10.1 (range, 2–33). Before laser
treatment, all 12 subjects exhibited clinical signs of
whitening, parchment‐like skin, and labial fusion. Most

subjects (92%, 11/12) had loss of elasticity as well. Li-
chenification and sclerosis were present in 75% (9/12) of
subjects. Ten subjects exhibited narrowing of the in-
troitus and/or formation of posterior commissure bands/
fourchette webs (83%, 10/12). Nine subjects had perianal
involvement (75%, 9/12), and eight subjects demon-
strated clitoral hood fusion (67%, 8/12). Seven subjects
(58%, 7/12) displayed hyperkeratosis and/or telangiecta-
sia. Six subjects (50%, 6/12) presented with anterior
changes (fusion anteriorly below the clitoris). Fissures
and/or erosions were present in six subjects (50%, 6/12);
three subjects (25%, 3/12) demonstrated ulcerations; and
two subjects had mild excoriation (17%, 2/12). The extent
of disease was primarily moderate (58%, 7/12) or severe
(33%, 4/12), with one subject experiencing mild disease
(8%, 1/12).

Clinical symptoms of superficial (introital) dyspar-
eunia affected 83% (10/12) and skin tearing 67% (8/12) of
the subjects. Itch affected six subjects (50%, 6/12), and
seven subjects (58%, 7/12) experienced pain (i.e., burning,
soreness, discomfort) unrelated to intercourse. A de-
crease in sexual function was reported in 58% (7/12) of
the subjects. All 12 subjects reported that VLS had ne-
gatively impacted their quality of life, with 67% (8/12)
reporting that they had been strongly affected.

Treatments

All 12 subjects underwent three to five monthly treatments
with fractional CO2 laser using the Intima external frac-
tional handpiece and single‐pass laser pulses with a re-
petition rate of 0.5–1 second. Treatment parameters were
selected according to severity of the condition in the var-
ious vulvar areas (Table 1). Various square pattern sizes
were tailored to each patient's anatomy, focusing on se-
lected treatment areas, while avoiding areas that were not
intended for treatment. Treatment parameters included
deep mode with energy level of 50–65mJ; fractional cov-
erage of 5% and/or fusion mode with energy level of
50–70mJ; and fractional coverage of 25%–30% and ring
energy of 78.5–94.4mJ. A total of 57 sessions were con-
ducted (10 subjects had five treatments, 1 subject had four
treatments, and 1 subject had three treatments). The mean
duration was 8.4 ± 3.3minutes with an average of
120 ± 46 pulses applied at each treatment session.

Subjects reported discomfort associated with treatment
on a 10‐cm visual analogue scale of 0 = no pain to 10=worst
possible pain. Mean discomfort/pain level was 2.6 ± 2.5.
Subjects reported mostly none to minimal discomfort (range,
0–2.5) during treatment (61%, 35/57 treatments).

Mild to moderate erythema and edema were present
immediately following treatment. Side effects were lim-
ited to one case of severe erythema and one case of mild
pinpoint bleeding immediately following treatment that
resolved without intervention. No adverse events related
to the treatment were observed during the study.
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Investigator assessments

Nine of the 12 treated subjects were assessed at the 6‐week
follow‐up, 11 subjects at both the 3‐ and 6‐month follow‐
ups, and 10 subjects at the 12‐month follow‐up. One subject
missed the 6‐week follow‐up; one subject missed the
12‐month follow‐up; one subject missed the 6‐week and
the 3‐ and 12‐month follow‐ups; and one subject missed the
6‐week and 6‐month follow‐ups but provided her self‐
assessments remotely at the 6‐month follow‐up.

Investigators assessed the severity of clinical signs and
architectural changes at all study visits. The extent of dis-
ease was moderate to severe in most subjects (11/12) at
baseline and improved in 50% (5/10) of subjects assessed at
the 12‐month follow‐up. All prominent VLS clinical signs
and architectural changes present at baseline demonstrated
significant improvement at the 3‐, 6‐, and 12‐month follow‐
ups after the treatment series. Mean severity scores and the
percentage improvement for each parameter at each end-
point are shown in Figures 1 and 2, respectively.

Subjects showed highly significant improvement
(p<0.01) in elasticity at all follow‐up visits. Improvement of
at least 1 point was observed in all subjects at the 6‐week and
3‐month follow‐up visits and in 90% (9/10) and 89% (8/9) of
subjects at the 6‐ and 12‐month follow‐up visits, respectively.
Whitening and parchment‐like skin showed significant im-
provement (p<0.05) at the 6‐week follow‐up visit in 78%
(7/9) of subjects and highly significant improvement
(p<0.01) at the 3‐, 6‐, and 12‐month follow‐up visits in 82%
(9/11), 82% (9/11), and 80% (8/10) of subjects, respectively.
Sclerosis and lichenification demonstrated significant im-
provement (p<0.05) at all follow‐up visits, with slightly
different rates of improvement. Sclerosis improved in 86%
(6/7), 78% (7/9), 75% (6/8), and 88% (7/8) of subjects, while

lichenification improved in 83% (5/6), 100% (8/8), 100%
(8/8), and 86% (6/7) of the subjects at the 6‐week, and 3‐, 6‐,
and 12‐month visits, respectively. One case of worsening in
sclerosis and one case of lichenification that were not present
at baseline were observed at follow‐ups.

Improvement in labial fusion was seen in 44% (4/9), 36%
(4/11), 55% (6/11), and 50% (5/10) of subjects at the 6‐week
and 3‐, 6‐, and 12‐month follow‐up visits, respectively, with
significant improvement (p<0.05) at the 3‐, 6‐, and
12‐month follow‐up visits. The severity of formation of
posterior commissure bands/fourchette webs showed sig-
nificant improvement (p<0.05) at the 6‐week follow‐up and
highly significant improvement (p<0.01) at the 3‐, 6‐, and
12‐month follow‐up visits, with at least 1‐point improvement
observed in 75% (6/8), 90% (9/10), 89% (8/9), and 80% (8/10)
of subjects, respectively. Improvement in narrowing of the
introitus was observed in 57% (4/7) of subjects at the 6‐week
follow‐up, 89% (8/9) at both the 3‐ and 6‐month follow‐ups,
and 88% (7/8) at the 12‐month follow‐up, with highly sig-
nificant improvement (p<0.01) at the 3‐ and 6‐month
follow‐ups and significant improvement at the 12‐month
follow‐up (p<0.05). Examples of improvement in promi-
nent VLS clinical signs and architectural changes present at
baseline are shown in Figures 3–5.

Clinical signs and architectural changes that were less
prominent at baseline also tended to improve with laser
treatment. By the 12‐month follow‐up, telangiectasia im-
proved in all six subjects, and fissures improved in 80%
(4/5). One subject developed mild fissures at the 12‐month
follow‐up. Erosions improved in 60% (3/5) of subjects,
while one subject had 1‐point worsening (mild to moder-
ate). Improvement in hyperkeratosis was observed in 67%
(4/6) of subjects, with one case of worsening (mild
to moderate). Improvement in anterior changes (fusion

TABLE 1 Treatment parameters administered to the various affected vulvar areas

Deep mode parameters Fusion mode parameters

mJ
Fractional
coverage (%) Pattern size (mm) mJ Ring (mJ)

Fractional
coverage (%) Pattern size (mm)

Labia majora 50–65 5 4.5 × 4.5, 7.8 × 7.8 50–70 78.5–92.1 25, 30 2.6 × 2.6, 2.7 × 2.7,
5.2 × 5.2, 7.8 × 7.8

Intralabial sulci 50–60 5 4.5 × 4.5, 7.8 × 7.8 60–70 89.7–92.1 30 2.6 × 2.6, 5.2 × 5.2

Labia minora 50–60 5 4.5 × 4.5, 7.8 × 7.8 60–70 89.7–94.4 30 2.6 × 2.6, 5.2 × 5.2

Vestibule 50–65 5 4.5 × 4.5, 7.8 × 7.8 60–70 89.7–92.1 30 2.6 × 2.6, 5.2 × 5.2

Introitus 50–65 5 4.5 × 4.5, 7.8 × 7.8 60–70 89.7–94.4 30 2.6 × 2.6, 5.2 × 5.2

Clitoral hood 50–65 5 4.5 × 4.5, 7.8 × 7.8,
1.2 × 1.2

50–70 78.5–92.1 30 2.6 × 2.6, 5.2 × 5.2,
7.8 × 7.8

Perineum 50–65 5 4.5 × 4.5, 7.8 × 7.8 60–70 89.7–92.1 30 2.6 × 2.6, 5.2 × 5.2

Hymen 60 5 4.5 × 4.5 60–70 89.7–92.1 30 2.6 × 2.6, 5.2 × 5.2

Peri‐rectal 65 92 30 2.6 × 2.6

Lateral labia majora
(outside)

65 5 1.2 × 1.2
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anteriorly below the clitoris causing urethral occlusion) was
seen in 83% (5/6) of subjects. Perianal involvement de-
monstrated improvement in 75% (6/8) of subjects. Clitoral
hood fusion improved in 57% (4/7) of subjects. Two
monthly treatments with the fractional CO2 laser com-
pletely resolved mild excoriation present in two subjects at
baseline. Likewise, mild to severe ulcerations that were
present in three subjects at baseline were not observed after
three to four treatments.

Progression of treatment outcome as an average
across the clinical signs and the architectural changes
present at baseline is shown in Figure 6. For those clin-
ical signs present at baseline (baseline score >0 on

severity scale), an average severity grade was calculated
at each endpoint to evaluate overall treatment outcome,
as follows:

Average severity grade Sum of all severity grades

(0, 1, 2, or 3) for each individual parameter of

clinical signs present at baseline for each

subject/Number of grades



A similar calculation was done for architectural changes
present at baseline.

FIGURE 1 Mean scores for prominent vulvar lichen sclerosus clinical signs and architectural changes at baseline (pretreatment) and at the 3‐, 6‐,
and 12‐month follow‐ups, after three to five monthly CO2 laser treatments

FIGURE 2 Percentage improvement in prominent vulvar lichen sclerosus clinical signs and architectural changes at the 3‐, 6‐, and 12‐month
follow‐ups, after three to five monthly CO2 laser treatments
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Disease severity gradually decreased during the laser
treatment series and was sustained through the 6‐month
follow‐up. Improvements decreased slightly between the
6‐ and 12‐month follow‐up intervals.

Subject assessments

Self‐reported symptoms of superficial dyspareunia and skin
tearing or bleeding with intercourse showed a marked re-
duction (p<0.05) after treatment, with 86% (6/7) and 83%
(5/6) of subjects reporting improvement at the 12‐month
follow‐up, respectively (Figure 7). At least 1‐point im-
provement in itching was reported for 75%–83% of subjects
over all follow‐up visits, with 75% (3/4) of subjects experi-
encing improvement at the 12‐month follow‐up. Pain un-
related to intercourse improved in all subjects at the 6‐week
(5/5 subjects), 3‐month (6/6), and 6‐month (7/7) follow‐up
visits and in 80% (4/5) of subjects at the 12‐month follow‐up.
One subject reported 1‐point worsening at the 3‐, 6‐, and 12‐
month follow‐up visits, and one subject (previously reported
as improved) reported worsening at the 12‐month follow‐up
visit.

Subjects reported that VLS had moderate to strong
(negative) impact on both quality of life and sexual
function at baseline, with mean scores of 3.4 ± 1.0 and
3.7 ± 0.8, respectively. There was significant improve-
ment in quality of life after one treatment and in sexual
function after two treatments. Improvement continued
with treatment, with the greatest impact reported at the
12‐month follow‐up, where mean scores improved to 0.8
for quality of life and to 0.5 for sexual function
(Figure 8).

Subjects completed the FSFI questionnaire at baseline
or before first treatment, and at the 3‐ and 6‐month
follow‐up visits. At baseline, the overall FSFI score was
low (mean = 13.9 ± 10), with a minimum of 2 and a
maximum of 33. Improvement in FSFI was reported by
55% (6/11) of subjects at the 3‐month follow‐up. At the 6‐
month follow‐up, there was significant mean improvement
(p< 0.05) of 4.5 points compared to the overall FSFI score
pretreatment. Most subjects (92%, 11/12) reported im-
provement by the 6‐month follow‐up visit.

Most subjects reported satisfaction with treatment
outcome during the study. At the 12‐month follow‐up,
50% (5/10) of subjects reported “very satisfied,” with an
additional 30% (3/10) reporting “satisfied.”

HISTOLOGICAL CHANGES

Punch biopsies were obtained from labium majus, labium
minus, or the perianal region of four subjects before treat-
ment and at posttreatment follow‐up appointments. Baseline
biopsies of histological markers of VLS showed mild hy-
perkeratosis, epidermal atrophy, lichenoid dermal in-
flammation, and elastic fiber loss thickness, as well as mild

Marked improvement in clitoral hood fusion 

Improvement in vaginal opening
Marked improvement in
labial fusion 

Marked improvement in
labial fusion 

(A)

(B)

FIGURE 3 (A) 47‐year‐old female presented with severe labial and
clitoral hood fusion, moderate narrowing of the introitus, moderate
whitening, parchment‐like skin, and lichenification. Perirectal fissure
was observed. (B) At the 6‐month follow‐up after five CO2 laser
treatments, there was a marked improvement in labial fusion and
clitoral hood fusion, as well as improvement in the vaginal opening and
in whitening, parchment‐like skin, and lichenification
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basement membrane thickening. Posttreatment biopsies
were taken from one subject at the 3‐month follow‐up and
from two subjects at the 6‐month follow‐up. Histology
findings after treatment showed a slight reduction in base-
ment membrane thickness at the 6‐week follow‐up, and a
reduced dermal hyalinized zone at the 6‐month follow‐up
(Figure 9). The histological findings of the dermal hyalinized
zone correlate to clinical signs of scarring and tissue re-
sorption. A decrease in this histologic finding implies clinical

improvement. Improvement in elastic fiber loss thickness
and hyperkeratosis was not observed.

One additional subject was biopsied at the 6‐week
follow‐up. This biopsy was taken early due to a sig-
nificant flare of vulvar irritation and itch. The pathology
showed psoriasiform dermatitis with candidiasis. There
was no significant improvement or worsening of histo-
logic VLS findings for this subject. The subject's flare of
symptoms resolved with nystatin ointment.

FIGURE 4 (A) 47‐year‐old female
presented with moderate labial fusion and
posterior commissure bands along with mild
whitening, sclerosis, parchment‐like skin, and
lichenification. (B) At the 6‐month follow‐up
after four CO2 laser treatments, there was
improvement in whitening, sclerosis,
parchment‐like skin, and lichenification, as well
as a 1‐grade improvement in labial fusion and
posterior commissure bands
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FIGURE 5 (A) 51‐year‐old female
presented with moderate labial fusion and
ulceration on the right labium and mild
hyperkeratosis, lichenification, whitening,
parchment‐like skin, and sclerosis. The left
labium minus was reabsorbed and significantly
smaller than the right. (B) At the 6‐month
follow‐up after four CO2 laser treatments, there
was improvement in ulceration, hyperkeratosis,
lichenification, whitening, and parchment‐like
skin. Labial fusion did not show improvement
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DISCUSSION

Management of VLS can be challenging and complicated.
It must, over decades of a woman's life, comprehensively
address multiple facets of the disease, including symptoms,
clinical signs of disease activity, risk for developing vulvar
intraepithelial neoplasia/squamous cell carcinoma, archi-
tectural changes, and psychosexual well‐being. While the
standard treatment of topical corticosteroids is successful in
many VLS cases, especially those diagnosed early, there is a
subset of patients with recalcitrant VLS who suffer from

persistent symptoms, intermittent flares, and complications,
notwithstanding diligent treatment.12 There are a number
of factors that may cause VLS to be recalcitrant to stan-
dard therapy, including, among others, innate disease ex-
tent or degree of severity, late‐stage diagnosis, and
noncompliance with treatment. Multiple second‐line and
adjunctive treatments have been employed to treat re-
calcitrant VLS, with varying levels of success. Current
second‐line and adjunctive medical treatments may im-
prove persistent symptoms and clinical signs of active lichen
sclerosus but will not reverse existing scarring and

FIGURE 6 Average severity grades (with standard error of the mean bars) at each endpoint for those architectural changes (top line) and clinical
signs (bottom line) that were present at baseline (baseline score >0). †For subjects not treated at study visit TX4 or TX5 (optional), values for
assessments were carried over from TX3. **p < 0.01 (Wilcoxon signed‐rank test for paired data); ***p < 0.001 (Wilcoxon signed‐rank test for
paired data)

FIGURE 7 Mean self‐assessment scores (with standard error of the mean bars) of superficial dyspareunia and skin tearing during study. †For
subjects not treated at study visit TX4 or TX5 (optional), values for assessments were carried over from TX3. *p < 0.05 (Wilcoxon signed‐rank test
for paired data)

STEWART ET AL. | 147



architectural changes and, thus, are unlikely to improve
sexual function and sexual self‐esteem.

One particularly promising adjunctive treatment for
recalcitrant VLS is fractional CO2 laser therapy. The CO2

laser is one of the most widely used lasers in the derma-
tology field, offering treatment for a wide range of indica-
tions.22 Laser irradiation by fractional CO2 laser involves a
micro‐ablative action that stimulates the production of heat
shock proteins that transform the growth factors involved
in the activation of fibroblasts and neocollagenesis.14,23

Previous studies have shown that fractional CO2 laser

treatment of vaginal tissue promotes collagen and elastin
growth, mucosa remodeling, submucosal vascularity, and
clinical improvement in the symptoms of vaginal atrophy
and urinary incontinence.14,24–26

Early studies with ablative CO2 laser treatments for the
treatment and management of VLS showed some success
but were associated with treatment complications and pro-
longed healing of several weeks.27,28 More recent case studies
have shown positive outcomes in achieving remission with
fractional CO2 laser and subsequent maintenance with to-
pical corticosteroid treatment.16,29 A 2017 literature review

FIGURE 8 Mean self‐assessment scores (with standard error of the mean bars) for impact of vulvar lichen sclerosus on decrease in sexual
function and quality of life during the study. †For subjects who were not treated at study visit TX4 or TX5 (optional), values for assessments were
carried over from TX3. *p < 0.05 (Wilcoxon signed‐rank test for paired data); **p< 0.01 (Wilcoxon signed‐rank test for paired data)

(A) (B)

FIGURE 9 (A) Pretreatment histology of a 73‐year‐old woman showing hyperkeratosis, atrophy, elastic fiber loss, basement membrane thickening,
and dermal hyalinized thickness of 0.4mm. (B) At the 6‐month follow‐up, histology showed a reduced hyalinized zone with a dermal thickness of
0.25mm. Hyperkeratosis and atrophy were still present, and basement membrane thickening remained unchanged (hematoxylin and eosin stain)
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of light and energy‐based devices in gynecology described the
impact of fractional CO2 laser on restoring the epithelial
structure and included several reports of successful treatment
of lichen sclerosus with fractional CO2 laser.

30 The data re-
viewed showed that subjective symptom resolution of lichen
sclerosus was significant, while treatment complications were
minimal. Furthermore, histological evaluations before and
after the laser treatment in two patients demonstrated
curative tissue changes, and tissue appearance was main-
tained throughout the 6‐month posttreatment follow‐up
period.

Given that long‐term use of topical corticosteroids is
considered the standard of care for VLS, this study utilized
fractional CO2 laser therapy as an adjunctive treatment for
recalcitrant VLS. All subjects maintained existing pre‐study
topical corticosteroid and any exogenous hormone
treatment throughout the study.

As a threshold matter, the results of this study show
that as an adjunct to topical corticosteroids, fractionated
CO2 laser treatment was both safe and well tolerated. The
studied treatment improved the symptoms and clinical
signs of the disease, architectural changes arising over the
course of chronic disease, and the subjects' psychosexual
well‐being. Symptoms of itch, pain unrelated to sexual
intercourse, skin tearing, and superficial dyspareunia im-
proved with treatment. Treatment also resulted in statis-
tically significant improvement in all prominent clinical
signs (elasticity, sclerosis, lichenification, whitening, and
parchment‐like skin) and architectural changes (labial
fusion, formation of posterior commissure bands/four-
chette webs, and narrowing of the introitus) at the 3‐, 6‐,
and 12‐month follow‐ups. The extent of the disease im-
proved in 50% (5/10) of subjects at the 12‐month follow‐
up. Clinical signs (fissures, erosions, hyperkeratosis, and
telangiectasia) and architectural changes (clitoral hood
fusion and anterior changes) that were less prominent
before treatment also improved with laser therapy. There
was complete resolution of ulceration and excoriations in
some cases. Overall, improvements in most of the stan-
dardized clinical signs and symptoms of VLS were main-
tained out to 12months after treatment.

In a few cases, however, the improvement in clinical signs
of VLS and architectural change waned between the 6‐ and
12‐month follow‐up intervals. Similar diminishment of clin-
ical improvement between the 6‐ and 12‐month follow‐up
intervals was also reported in another vulvar laser study. In
that study, following a series of three monthly fractional
CO2 treatments to the vulvar skin and the vaginal canal of
postmenopausal women with vulvovaginal atrophy, there
was a slight decrease between the 6‐ and 12‐month follow‐up
intervals in mean vaginal health index (VHI) for changes in
vaginal elasticity, fluid volume, vaginal pH level, epithelial
integrity, and moisture.24

Quality of life was improved significantly after a single
fractional CO2 laser treatment, with greatest improvement
reported at the 12‐month follow‐up. There was high sa-
tisfaction with treatment outcome, and subjects commented

on a return to various life activities, such as horseback riding
and the ability to orgasm naturally. The mean FSFI score
before treatment was very low, with most subjects (11/12)
experiencing sexual dysfunction, indicated by FSFI score
≤26.55.31 Significant improvement in FSFI (mean, 4.5
points) was reached at the 6‐month follow‐up (p<0.05),
correlating to self‐reported improvement in symptoms of
superficial dyspareunia and skin tearing during the same
period. Sexual function showed the greatest improvement at
the 6‐ and 12‐month follow‐ups compared to baseline. Al-
though FSFI was not assessed at the 12‐month follow‐up in
this study, FSFI improvements were sustained in an earlier
study at the 12‐month follow‐up following fractional CO2

treatments to the vulvar skin and the vaginal canal of
postmenopausal women with vulvovaginal atrophy.24 The
similarities in the two studies support further study of
combined CO2 laser treatment of both the vulvar tissue and
the vaginal canal in patients with VLS, with the aim of
greater impact on sexual function.

In previous studies, fractional CO2 laser treatments
have been shown to induce tissue remodeling with neo-
formation of collagen and elastic fibers on atrophic
skin14 and a more irregular, thicker epidermis, as well as
a decrease in the hyalinization zone of lichen sclerosus.32

In our study, histological assessment also showed a mild
decrease in the dermal hyalinized zone and in basement
membrane thickness with fractional CO2 laser treatment.
Hyperkeratosis and atrophy that were present in baseline
and 6‐month posttreatment biopsies had improved in
severity on clinical examination.

In contrast to the clearly evident improvements in the
areas of symptoms, clinical signs, architectural changes,
and resulting psychosexual well‐being in this study, his-
tological evaluation did not reveal substantial changes
posttreatment. Baseline pathology showed subtle histolo-
gic disease consistent with lichen sclerosus, and histology
from biopsies taken after treatment were essentially simi-
lar. These results are unsurprising, given that the studied
laser treatments were additive to an ongoing regimen of
topical corticosteroids. Previous studies have established
that treatment with topical corticosteroids can resolve
pathognomonic histologic findings.33 It is expected that
the subtle histologic findings before and after treatment in
our subjects are a consequence of the ongoing topical
corticosteroid treatment. Hence, standardized measure-
ments of clinical signs and symptoms may be a more
practical tool to measure treatment outcome over time.

The incidence of VLS is most prevalent in post-
menopausal women with a predilection for atrophy resulting
from the hypoestrogenic state of vaginal tissue.31 Combining
fractional CO2 treatment to the vaginal canal with that of
the external vulvar regions has been shown to restore
parameters of vaginal health, particularly for women with a
recent postmenopausal status.24 Although the current study
evaluated fractional CO2 treatment solely to vulvar regions
as adjunctive treatment to potent topical corticosteroid
therapy, VLS patients may also benefit from fractional CO2
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treatment to the vaginal canal. Previous clinical findings re-
port a diminishing effect of fractional CO2 laser treatment on
atrophied vaginal tissue beyond the 12‐month follow‐up,
which suggests that a retreatment interval of 12–18months
may be beneficial to sustain improvement.15 In this pilot
study, patients received up to five monthly treatments, while
in an earlier, case study report of four patients with VLS,
patients underwent five to seven monthly fractional CO2

sessions and remained free of clinical signs at 6months after
treatment.32 Two of the subjects had a single maintenance
treatment after 6months, and three subjects had subsequent
intravaginal CO2 treatment for atrophy typical of meno-
pause.32 As VLS usually requires ongoing, long‐term, man-
agement to maintain remission, clinical studies with a larger
sample size should explore these treatment concepts.

CONCLUSION

Fractional CO2 laser treatment as adjunctive therapy to
topical corticosteroids in VLS patients recalcitrant to
standard corticosteroid monotherapy resulted in im-
provement across multiple facets of the disease. Treat-
ment improved patient symptoms, predominant clinical
signs, and architectural changes. It also improved quality
of life and sexual function with long‐term sustainable
results. As such, adjunctive fractional CO2 laser may
provide medical providers with a valuable tool to en-
hance VLS disease management over the course of
chronic disease. Further study in a larger population and
with combined CO2 laser treatment of both vulvar tissue
and the vaginal canal should be explored.
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