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Fractionated Carbon Dioxide Laser for the
Treatment of Vulvar Lichen Sclerosus
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OBJECTIVE: To estimate the efficacy of fractionated car-

bon dioxide (CO2) laser therapy for vulvar lichen sclerosus.

METHODS: We conducted a prospective, double-blind,

randomized, sham-controlled, trial conducted in a clinic

specializing in vulvar disorders. The study participants

were 40 women with active vulvar lichen sclerosus

confirmed with biopsy who were abstaining from topical

and systemic treatments for at least 4 weeks before

enrollment. Women were randomized in a 1:1 ratio to

receive either five sham laser treatments or five fraction-

ated CO2 treatments in a 24-week period. Study partic-

ipants, treating clinicians, and the evaluating pathologist

were blinded. The primary endpoint was the change in

the histopathology scale score between pretreatment

and posttreatment biopsies. We estimated 20 per group

for 80% power to detect a 40% reduction in the histo-

pathology scale score with up to 10% attrition. A second-

ary endpoint was the change in the validated CSS

(Clinical Scoring System for Vulvar Lichen Sclerosus).

RESULTS: From November 2018 to June 2020, 40 women

were randomized to participate in the trial, and 37

women (19 fractionated CO2, 18 sham) were included

in an intention-to-treat (ITT) analysis. Three women were

excluded from the ITT analysis because they did not have

posttreatment biopsies and, therefore, a posttreatment

histopathology scale score could not be obtained. There

was a 0.20 reduction (improvement) in histopathology

scale score from baseline in the active treatment group

(95% CI 21.1, 0.80, P5.74) and a 0.1 increase from base-

line in the sham treatment group (95% CI 20.90, 1.0,

P5.91). The change in histopathology scale score

between the active and sham arm was not statistically

significant (95% CI 21.14, 1.06, P5.76).

CONCLUSION: Fractionated CO2 is not an effective

monotherapy treatment for vulvar lichen sclerosus.
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Vulvar lichen sclerosus is a chronic cutaneous dis-
order affecting approximately one in 70 women.1

Presenting symptoms may include intense pruritus,
pain, burning, and severe dyspareunia. The typical
lesions are white plaques and papules, often with areas
of ecchymosis, excoriation, and ulceration, with
destruction of the vulvar architecture. Four to seven
percent of women with vulvar lichen sclerosus
develop vulvar carcinoma.2 The histopathologic
changes of vulvar lichen sclerosus are distinctive,
making biopsy a very useful diagnostic tool.3

Although there is no known cure, the current gold
standard treatment of topical ultrapotent corticoste-
roids help to resolve symptoms, prevent further vul-
var scarring, reverse underlying histopathologic
inflammation, and decrease the risk of malignant
transformation.4–6 Although treatment with topical
corticosteroids is effective, these medications have
the potential for serious local and systemic side
effects, including dermal thinning, skin atrophy,
superimposed infections, rebound dermatitis, and
adrenal insufficiency.7 Additionally, adequate treat-
ment requires compliance with a regimen of long-
term corticosteroid use. Even though the aforemen-
tioned side effects are uncommon, these concerns
have prompted interest in alternative interventions.

Recently, fractionated carbon dioxide (CO2) laser
has been proposed for the management of vulvar
lichen sclerosus. This type of laser has a wavelength
of 10,600 nm allowing a superficial microablative
effect in soft tissues, as well as a pulsed beam, which
protects tissues from possible damage due to over-
heating. The laser beam is delivered to the tissue in
a fractional manner, creating small spots (150–200
micrometers) alternating parts of tissue treated and
not treated (Fig. 1). The microablation stimulates re-
modeling of the connective tissue through the produc-
tion of heat shock protein 47 and produces new
collagen or fibroblasts and ground matrix.8

Multiple small, noncontrolled studies and case
series have indicated fractionated CO2 therapy as a
promising treatment modality to treat vulvar lichen
sclerosus.9–18 These studies suggest that FxCO2 treat-
ment may stimulate protein synthesis, accelerate tis-
sue reconstruction, and decrease lichenification.
Furthermore, the clinical manifestations of lichen scle-
rosus, such as intense vulvar pruritus and burning,
appear to improve. However, none of these studies

were blinded or placebo-controlled. In many of the
studies, topical corticosteroids were used either con-
currently or immediately before laser treatment. In
addition, a number of these studies did not measure
histologic changes before and after laser treatment
and relied instead on subjective reporting and clinical
observation. The current study evaluates the efficacy
of fractionated CO2 as a monotherapy treatment for
vulvar lichen sclerosus in a randomized, blinded,
sham-controlled trial.

ROLE OF THE FUNDING SOURCE

The authors had access to relevant aggregated study
data and other information (such as study protocol,
analytic plan and report, validated data table, and
clinical study report) required to understand and
report research findings. The authors take responsi-
bility for the presentation and publication of the
research findings, have been fully involved at all
stages of publication and presentation development,

Fig. 1. A study participant with the classic features of
lichen sclerosus, including lichenification, hypo-
pigmentation, ecchymosis, fissures, and scarring. The par-
ticipant’s right side has been treated with the fractionated
CO2 laser, and the dots are visible.

Mitchell. Carbon Dioxide Laser for the Treatment of Vulvar Lichen
Sclerosus. Obstet Gynecol 2021.
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and are willing to take public responsibility for all
aspects of the work. All individuals included as
authors and contributors who made substantial intel-
lectual contributions to the research, data analysis,
and publication or presentation development are
listed appropriately. The role of the sponsor in the
design, execution, analysis, reporting, and funding is
fully disclosed. The authors’ personal interests, finan-
cial or nonfinancial, relating to this research and its
publication have been disclosed.

METHODS

Institutional Review Board approval was obtained
from Advarra IRB (Pro00024516) on March 1, 2018,
and the study was listed on www.clinicaltrials.gov
(NCT03665584). There was no formal patient and
public involvement in this research. Partial funding
for this study was obtained from the Gynecologic
Cancer Research Foundation, a nonprofit U.S. corpo-
ration. El.En Group, Florence, Italy, the manufacturer
of the laser used in this study provided additional
funding and supplied the laser used in the study. El.
En Group had no role in the analysis and interpreta-
tion of data, in the writing of the report, or in the
decision to submit the article for publication.

Women with a diagnosis of biopsy-proven active
vulvar lichen sclerosus were recruited from a database
of a center that specializes in the treatment of vulvar
disorders. Women in the database were contacted by
a clinical researcher by email or phone. At that time,
the eligibility of each woman was determined using
the inclusion and exclusion criteria. Women who
were eligible were offered screening visits for the trial.
Additionally, new patients with lichen sclerosus who
presented to the center during the recruitment phase
of this trial were offered inclusion in the trial if they
met eligibility requirements. The study timeline con-
sisted of a 4-week (minimum) washout period, a

2-week screening period, a 24-week treatment period,
and an 8-week posttreatment period. For the washout
period, participants were required to stop all topical
corticosteroids, topical immunosuppressants, and any
other medications used to treat vulvar lichen sclero-
sus. In the screening period, a 4-mm punch skin
biopsy was collected from each patient to confirm the
diagnosis of active lichen sclerosus and to rule out the
diagnoses of lichen planus, psoriasis, and vulvar
intraepithelial neoplasia. A vulvoscopy was per-
formed at the screening visit and after the 24-week
treatment period to rule out vulvar carcinoma or
vulvar intraepithelial neoplasia. All eligible patients
were randomized to receive either five sham treat-
ments (FxCO2 with very minimal laser energy emit-
ted) or five active treatments of FxCO2 (with laser
energy emitted). Using photo documentation as a
guide, a repeat biopsy was performed adjacent to
the original biopsy site 8 weeks after the final
treatment.

Randomization was performed by a research
assistant who input all study variables into the website
www.sealedenvelope.com. Randomization was a 1:1
ratio of active to sham treatment.

The FxCO2 treatment was performed at baseline
and then repeated at 4 weeks intervals for a total of
five treatments, using a protocol recommended by the
laser’s manufacturer (Table 1). The laser’s settings
were set by a research associate and these setting were
obscured so that the treating physician could not see
them. The sham treatment was intentionally designed
to deliver a very small amount of laser energy to this
tissue. There is a patient awareness shared on vulvar
lichen sclerosus social media groups that fractionated
CO2 produces visible spots on the skin and creates
smoke and odor from skin vaporization. The amount
of energy used in the sham group was enough to cre-
ate the spots, smoke, and odor so that both the

Table 1. Power Setting for Fractionated Carbon Dioxide Treatments

Treatment (n) Power (watts) Dwell Time (microseconds) Spacing (micrometers) Smartstack (n)

Active treatment arm
1 18 800 1,200 1
2 20 900 1,100 1
3 22 1,000 1,000 1
4 24 1,000 1,000 1
5 26 1,000 1,000 1

Sham treatment arm
1 4 400 1,500 1
2 4 400 1,500 1
3 4 400 1,500 1
4 4 400 1,500 1
5 4 400 1,500 1
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patients and investigator remained blinded, but not
strong enough to affect the pathologic process.

The primary efficacy endpoint was improvement
in the histopathologic changes of vulvar lichen
sclerosus in biopsy specimens obtained during the
screening period and after the 24-week treatment
period. The histopathologic changes were evaluated
by a blinded expert gynecologic pathologist (D.H.),
who quantified the severity of the changes on a 0- to 6-
point histopathology scale.19 This histopathology
scale quantifies the loss of rete pegs, the amount of
dermal homogenization, and the amount of chronic
inflammation. A secondary endpoint was the change
from baseline in the CSS (Clinical Scoring System for
Vulvar Lichen Sclerosus), a validated instrument that
assesses both an investigator’s impression of the sever-
ity of disease and a patient’s impression of the severity
of her symptoms.20 The patients’ subjective section of
the CSS is scored from 0 to 40 and is the total of the
four domains: pruritus, soreness, burning, and dyspar-
eunia. The clinicians’ objective section of the CSS is
scored from 0 to 12 and is the sum of six domains:
fissures, erosions, hyperkeratosis, agglutination, steno-
sis, and atrophy.

A sample size calculation was performed before
the onset of the study. Because lichen sclerosus is a
premalignant condition that causes permanent
changes in vulvar anatomy, a minimal improvement
in the histopathology scale score would not be
clinically significant. As such, it was decided that the
study should be powered to show a 40% reduction in
the histopathology scale score from baseline (pre) to
completion of treatment (post). Therefore, assuming a
40% reduction in histopathology scale score with
mean change of 20.40 in the active treatment group
and 20.24 in the sham treatment group, the mean
difference of 20.16 between two group with SDs of
0.17 for both groups, and a sample size of 36 (18 per
each group) would provide 80% power with a two-
sided significance level of 0.05. Considering an esti-
mated 10% dropout rate and 30% would be ineligible,
a total of 50 participants was estimated to be recruited
for this trial.

Duration of symptoms was determined by the
study coordinator who queried each participant as to
when their symptoms started. For those participants
who were asymptomatic at the time of diagnosis, the
length of time since histopathologic confirmation of
lichen sclerosus was used as the duration of symp-
toms. The analysis of study outcomes was based on
generalized linear models for histopathology scale
score, patient CSS, and physician CSS. Changes over
time in the histopathology scale scores and CSS

(differences between second (for histopathology scale
scores) and third (for patient CSS and physician CSS)
from the baseline) between treatment and control
groups were also assessed (difference-in-difference
method). Study outcomes were modeled with regres-
sion models using SAS procedure PROC GLM.
Results of the PROC GLM models are reported as
means and the 95% CIs. All statistical analysis was
performed using SAS 9.4.

RESULTS

This study was conducted between November 2018
and June 2020. A total of 305 women with vulvar
lichen sclerosus from a patient database were screened
for eligibility. As shown in Figure 2, 50 women met
initial inclusion criteria and agreed to participate in
the study. Ten women did not have active disease
on examination or pretreatment biopsy and were,
therefore, excluded before treatment. Forty women
were randomized: 20 were assigned to receive FxCO2

laser and 20 were assigned the sham laser. We per-
formed an intention-to-treat (ITT) analysis for all
women enrolled in the study and a per protocol anal-
ysis of the women who completed the entire study.
Three women were not included in the ITT analysis
because they did not have posttreatment biopsies at
the end of their participation in the trial. One partic-
ipant in the sham arm withdrew consent after two
treatments because of a severe exacerbation of her
symptoms and did not consent to an early termination
biopsy, one participant in the sham arm was lost to
follow-up after only one treatment, and one partici-
pant who was randomized to the active treatment arm
withdrew voluntarily before receiving any treatments
because of a severe exacerbation of symptoms after
stopping steroids. Two additional women were
excluded from the per protocol analysis because they
had missed two or more treatments because of coro-
navirus disease 2019 (COVID-19) travel restrictions
and office closures and, therefore, they did not com-
plete the entire trial. As such, 37 women were
included in the ITT analysis and 35 women were
included in the per protocol analysis (Table 2).

The histopathology scale ranges from 0 to 6. In the
ITT analysis, shown in Table 3, the histopathology
scale score before treatment in the sham group was
4.3 and the histopathology scale score in the fraction-
ated CO2 treatment group was 4.2 (P5.89). There was
a 0.2 reduction (improvement) in histopathology scale
score from baseline in the active treatment group (95%
CI 21.1, 0.8, P5.74) and a 0.1 increase from baseline
in the sham treatment group (95% CI 20.90, 1.0,
P5.91). The change in histopathology scale score
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between the active and sham arms was not statistically
significant (20.2; 95% CI 21.14, 1.06, P5.76). In the
per protocol analysis, there was a 0.10 reduction
(improvement) in histopathology scale score from base-
line in the per protocol active treatment group (95% CI

21.0, 0.90, P5.90) and a 0.1 increase from baseline in
the per protocol sham treatment group (95% CI 20.9,
1.1, P5.91). The change in histopathology scale score
between the active and sham arms was not statistically
significant (20.2; 95% CI 21.14, 1.06, P5.80).

Fig. 2. CONSORT (Consolidated
Standards of Reporting Trials) dia-
gram.

Mitchell. Carbon Dioxide Laser for the
Treatment of Vulvar Lichen Sclerosus.
Obstet Gynecol 2021.

Table 2. Demographics of the Study Participants

Variables

Treatment

All (n535) Active (n517) Sham (n518)

Age (y) 59 (51–64) 59 (55–64) 59 (50–65)
Race

Black 1 (3) 1 (6) 0 (0)
White 31 (89) 14 (82) 17 (94)
Other* 3 (9) 2 (12) 1 (6)

Years with symptoms 8 (4–13) 5 (2–10) 10 (5–13)

Data are median (interquartile range) or n (%).
P-values based on Wilcoxon-rank sum test for age and years with symptoms and Fisher exact test for race.
* Other includes Spanish, Brazilian, and Hispanic.
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For the secondary endpoints of the CSS, in the
ITT population there was a 7.10-point reduction
(improvement) in the patients’ CSS from baseline in
the active arm (95% CI 213.2, 21.1, P5.02) and a
4.80-point reduction in the sham treatment group
(95% CI 29.50, 20.20, P5.04), but the difference
between the active and sham treatment groups was
not statistically significant P5.60. In the physicians’
12 point CSS, there was a 0.70 increase (worsening)
in the active (95% CI 20.80, 2.1, P5.36) and a 0.30
reduction in the sham treatment group (95% CI 21.7,
1.2, P5.70). Neither treatment group had a statisti-
cally significant change in the physicians’ CSS from
baseline to the end of the study. Additionally, the
difference in the physicians’ CSS between the two
treatment arms was not statistically significant
(P5.36). The results of the CSS in the per protocol
population were similar to the ITT population and
can be found on Table 3. Other than complaints of
transient, mild discomfort, no adverse events were
reported.

DISCUSSION

This study showed that there was no meaningful
improvement in the histopathologic changes of vulvar
lichen sclerosus with fractionated CO2 laser therapy

compared with sham treatment, indicating that frac-
tionated CO2 is not an effective monotherapy for vul-
var lichen sclerosus. An additional significant finding
is that women in both the active treatment arm and
sham treatment arm experienced a statistically signif-
icant improvement in symptoms of vulvar lichen scle-
rosus, illustrating a large placebo effect and
highlighting the need for randomized, controlled trials
to obtain meaningful data for the treatment of vulvar
lichen sclerosus.

In many studies, fractionated CO2 has been
shown to be an effective treatment for genitourinary
syndrome of menopause (formerly known as vulvo-
vaginal atrophy). Specifically, randomized, controlled
studies of fractionated CO2 have shown to signifi-
cantly improve the symptoms of genitourinary syn-
drome of menopause, such as vaginal dryness and
dyspareunia.21,22 Additionally, fractionated CO2 has
been shown to improve the histopathologic changes
of genitourinary syndrome of menopause, including
increasing submucosal vascularity, collagen deposits
and elastin fibers.23 However, in the vast majority of
cases there is only mild inflammatory changes associ-
ated with genitourinary syndrome of menopause. In
contrast, the inflammatory process in vulvar lichen
sclerosus, which is most likely of autoimmune

Table 3. Results of the Primary and Secondary Outcome Measures

Outcome Treatment

Per Protocol Intention-To-Treat

Pretreatment Posttreatment
Post–Pre
Treatment Pretreatment Posttreatment

Post–Pre
Treatment

Primary
outcome

Total n535; Active n517; Sham n518 Total N537; Active n519; Sham n518

Biopsy HS
score

Active
treatment

4.4 (3.7–5.1) 4.3 (3.6–5.0) 20.1 (21.0 to
0.9)

P5.90

4.2 (3.5–4.9) 4.1 (3.4–4.7) 20.2 (21.1 to
0.8)

P5.74
Sham

treatment
4.3 (3.6–5.0) 4.3 (3.7–5.0) 0.1 (20.9 to 1.1)

P5.91
4.3 (3.6–5.0) 4.3 (3.6–5.0) 0.1 (20.9 to 1.0)

P5.91
P* P5.78 P5.94 0.80 P5.89 P5.56 P5.76

Secondary
outcomes

Total n535; Active n517; Sham n518 Pretreatment: Total N537; Active n519; Sham n518
Posttreatment: Total n535; Active n518; Sham n518

Patients’ CSS Active
treatment

24.3 (19.8–
28.8)

17.5 (13.0–22.0) 26.8 (213.2 to
20.4)
P5.04

24.7 (20.5–
29.0)

17.6 (13.2–22.0) 27.1 (213.2 to
21.0)
P5.02

Sham
treatment

25.1 (20.7–
29.5)

20.3 (15.9–24.7) 24.8 (211.1 to
1.4)

P5.13

25.1 (20.8–
29.5)

20.3 (16.0–24.7) 24.8 (29.5 to
0.2)

P5.04
P* P5.79 P5.37 P5.66 P5.90 P5.39 P5.60

Providers’ CSS Active
treatment

7.5 (6.5–8.6) 8.4 (7.3–9.4) 0.8 (20.7 to 2.3)
P5.27

7.8 (6.8–8.8) 8.4 (7.4–9.5) 0.7 (20.8 to 2.1)
P5.36

Sham
treatment

9.1 (8.0–10.1) 8.8 (7.8–9.8) 20.3 (21.7 to
1.2)

P5.70

9.1 (8.0–10.1) 8.8 (7.8–9.8) 20.3 (21.7 to
1.2)

P5.70
P* P5.04 P5.56 0.29 P5.08 P5.65 P5.36

HS, histopathology scale; CSS, Clinical Scoring System for Vulvar Lichen Sclerosus.
Data are mean (95% CI) unless otherwise specified.
* P for difference between groups.
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etiology, is incredibly robust. The intense inflamma-
tion process can cause severe induration, lichenifica-
tion, fissures, erosions, severe scarring, and malignant
transformation. Our study demonstrated that fraction-
ated CO2 does not have the ability to reverse the
intense inflammation of vulvar lichen sclerosus.

The results of our study contrast with several
studies that have shown fractionated CO2 to be ben-
eficial for women with vulvar lichen sclerosus. How-
ever, there are significant methodologic flaws in
previous studies that must be noted. Pagano et al per-
formed a prospective, nonrandomized, noncontrolled,
nonblinded study of 40 women with vulvar lichen
sclerosus treated with fractionated CO2.15 Thirty-
seven of the 40 women also were treated for genito-
urinary syndrome of menopause with the laser. They
reported a statistically significant improvement in the
patients’ symptoms of pruritis, dryness, and dyspareu-
nia, but it is unclear whether the improvement in
symptoms was related to treatment of vulvar lichen
sclerosus or genitourinary syndrome of menopause,
or both. Additionally, it is possible that this improve-
ment was due entirely to placebo effect, as our study
also showed that women who received the sham treat-
ment had a statistically significant improvement in
subjective symptoms as measured by the CSS.
Another study by Balchander and Nyirjesy was a ret-
rospective study of 40 women with vulvar lichen scle-
rosus treated with fractionated CO2. As in the Pagano
study, the majority of participants were also treated
for genitourinary syndrome of menopause, in this
study with both fractionated CO2 and topical estra-
diol. Additionally, 38 of the 40 remained on cortico-
steroids throughout the treatment period.16 It is
unclear whether the improvement in vaginal pain,
itching, dyspareunia, and dysuria that they found
was related to treatment of the vulvar lichen sclerosus,
genitourinary syndrome of menopause, or both, or
was due to placebo effect, or the effects of the corti-
costeroid and estradiol or both. Lastly, Baggish pub-
lished a retrospective case series of 27 women with
biopsy-proven lichen sclerosus treated with three to
four treatments of fractionated CO2, with power set-
tings similar to our study. He describes that, “visible
improvement of the vulvar skin was seen in 26/27
patients, while 24/27 women have had no further itch-
ing or any sort of vulvar discomfort or pain.”17 Unfor-
tunately, there was no independent corroboration of
these observations nor any objective data such as post-
treatment histopathology or an evaluation of post-
treatment photos by an independent clinician. It
should be noted that, in all of the studies described
above, the patients paid for their treatments—typically

$500 or more per treatment. As such, there is a con-
cern for confirmation bias in the form of elevation of
commitment bias for the investigators and cognitive
dissonance bias of the patients in all of these studies.

Nonablative neodymium:yttrium aluminum gar-
net laser treatment has also been studied for vulvar
lichen sclerosus. Bizjak-Ogrinc and colleagues con-
ducted a randomized, nonblinded study that com-
pared 20 women who used corticosteroids and had
three fractional neodymium:yttrium aluminum garnet
laser treatments to 20 women who used corticoste-
roids alone. Pretreatment and posttreatment biopsies
were obtained and showed no statistical difference in
inflammation between groups.18

In contrast to the aforementioned studies that
have examined fractionated CO2 for vulvar lichen
sclerosus, our study is prospective, randomized,
double-blind, and sham controlled. To ensure blind-
ing, the sham treatment we chose was designed to
deliver a very small amount of laser energy to this
tissue to produce visible spots on the skin and creates
smoke and odor from skin vaporization, but not
strong enough to affect the pathologic process. Blind-
ing is especially important because, as our results
demonstrated, there is a very strong placebo effect
in this type of study, evidenced by a statically signif-
icant increase in the patients’ subjective symptom
improvement in the sham treatment arm.

Another strength of our study is use of underlying
histopathologic changes as the primary endpoint. The
underlying inflammation in vulvar lichen sclerosus
causes significant morbidity beyond subjective symp-
toms, including both vulval scarring and a significant
risk of malignant transformation. As such, any treat-
ment that only improves symptoms, but does not
reverse underlying histopathologic changes is inade-
quate. It is important to emphasize that ultrapotent
corticosteroids, the current gold standard treatment
for, do reverse the histopathologic changes of vulvar
lichen sclerosus, thereby reducing additional scarring
and decreasing the risk of malignant transformation.
Because ultrapotent corticosteroids are readily avail-
able, any new treatment for vulvar lichen sclerosus
must show also reduction in underlying histopatho-
logic changes. As such, the U.S. Food and Drug
Administration has recently indicated that improve-
ment in histopathologic changes must be the primary
endpoint in any investigational new drug application.
The use of the CSS, a validated tool designed
specifically for vulvar lichen sclerosus, as a secondary
endpoint is also a strength of the study. As it measures
both the patient’s subjective symptoms and objective
clinician finding, if it is used in a blinded study,
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meaningful data regarding improvement or progres-
sion of vulvar lichen sclerosus can be obtained.

Another strength of our study was the elimination
of confounding variables. Specifically, there was a
treatment washout period and active vulvar lichen
sclerosus was confirmed by histopathology at the
onset of the study in all study participants. Addition-
ally, no fractionated CO2 treatments were adminis-
tered for the treatment of genitourinary syndrome of
menopause during the study. The specific energy set-
tings used in the study were optimized for the treat-
ment for vulvar lichen sclerosus. Additionally, the
number of treatments in this study (five) was standard-
ized and of a significant quantity to ensure that effi-
cacy could be demonstrated.

One weakness of this study was its relatively small
sample size. However, an a priori sample size
calculation determined that the selected sample was
large enough to demonstrate a clinically meaningful
difference in the primary endpoint (histopathologic
changes of vulvar lichen sclerosus). An additional
limitation of this study is that rater bias was potentially
introduced as several different (blinded) clinicians
participated in scoring the physicians’ section of the
CSS. An additional weakness was the relatively
racially homogenous population, which may affect
applicability in non-White populations of women
because the effects of fractionated laser treatments
on different Fitzpatrick skin types can be variable.24

Another weakness is the variability in patient
population in regard to prior treatments for lichen
sclerosus. Some of the women had never received
treatment for their vulvar lichen sclerosus, others had
used corticosteroids but were noncompliant with
treatment regimens (or had adverse reactions to
steroids), and others had used corticosteroids but
continued to be symptomatic. However, as mentioned
in the Methods section, all women had to have active
vulvar lichen sclerosus on biopsy to qualify for
participation in the treatment phase of the trial and
10 women were excluded after they had signed
informed consent because their biopsies did not
confirm active vulvar lichen sclerosus.

Despite previously optimistic results in well-
designed clinical trials of fractionated CO2 for genito-
urinary syndrome of menopause, and in noncon-
trolled case series for vulvar lichen sclerosus, our
study failed to show any significant benefit of mono-
therapy of fractionated CO2 for vulvar lichen sclero-
sus. There may be a role for fractionated CO2 as an
adjuvant therapy along with topical ultrapotent corti-
costeroids in vulvar lichen sclerosus. To adequately
study this, however, will require additional well-

designed studies that include a sham-placebo arm, as
our study demonstrated a large placebo effect.
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