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Fractional CO2 laser and adjunctive
therapies in skin of color

melasma patients
Carey Kim, MD,a,b Jia C. Gao, BS,a,b Janet Moy, MD,a,b and Hyun Soo Lee, MDc,d

New York and Valhalla, New York
Background: Ablative lasers have long been considered an unfavorable option for melasma in patients
with skin of color and continue to be underutilized.
Objective: To evaluate the safety and outcomes of ablative fractional CO2 lasers on refractory melasma in
patients with skin of color.
Methods: A retrospective chart reviewof 12patients froma single-center dermatologyclinic. The study included
refractory melasma patients receiving ablative fractional CO₂ laser therapy alone or with laser toning and/or
tranexamic acid (TXA).AvalidatedmodifiedMelasmaAreaandSeverity Index (mMASI) scoring scalewasused to
assess disease severity at baseline and approximately 1 month after each treatment session.
Results: Among the 12 patients, 41.7% patients showed[50% reduction in mMASI scores with 33.3% of
patients showing statistical significance (P\ .05). The CO₂ laser therapy with the TXA cohort showed the
largest decrease in the mean mMASI scores and the CO₂ laser with laser toning showed the lowest decrease
in scores. Patients who started on oral TXA earlier, after their initial ablative laser session, showed better
clinical improvement.
Limitations: Retrospective study design with short follow-up period and a small sample size.
Conclusion: Ablative CO2 laser treatment may be a reasonable option for refractory melasma in patients
with skin of color, though future research is needed. ( JAAD Int 2022;8:118-23.)
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INTRODUCTION
Melasma is an acquired hyperpigmentation con-

dition that is common in darker skin types and Asian
women of childbearing age.1 Several etiologic fac-
tors have been identified, including UV and visible
light exposure, hormonal changes from exogenous
hormone use or pregnancy, and genetic predisposi-
tion; however, the pathogenesis of melasma remains
unclear.2,3 Although otherwise asymptomatic and
without known associated conditions, melasma
can cause considerable physical and psychosocial
distress.4
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Many treatment options are available for mel-
asma, but with mixed results and high rates of
adverse events and recurrence. First-line treatment
for melasma involves topical therapies, which can be
safe and effective, but noticeable improvement re-
quires long periods of diligent use.5,6 Laser- and
light-based therapies have become an alternative
and adjunctive treatment option, especially in pa-
tients with refractory melasma.

The safety and efficacy of intense pulsed light, Q-
switched lasers, and nonablative fractional lasers for
melasma have been well described in many studies
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and systematic reviews.7,8 These lasers have wide
ranges of efficacy as single and combined treat-
ments, often with minimal side effects but high
recurrence rates.9 Laser toning, which is a low
fluence multipass technique commonly using Q-
switched Nd:YAG lasers, showed modified
Melasma Area and Severity Index (mMASI) score
CAPSULE SUMMARY

d Various nonablative lasers have been
described to treat recalcitrant melasma;
however, efficacy and safety studies of
ablative CO2 lasers on patients with skin
of color are limited.

d Clinicians may consider ablative CO2

lasers in refractory cases of melasma in
darker skin types.
improvements of 21% to 75%
with no adverse events in a
12-patient study treated with
10 weekly sessions.10

Combination laser toning
and intense pulsed light
treatment of mixed-type mel-
asma showed an average
mMASI score decrease of
59.35% with no subsequent
dyspigmentation.11 Another
study combining laser toning
with oral tranexamic acid
(TXA) found superior

mMASI score reductions when compared with
laser-only treatments.12 However, few studies using
ablative fractional lasers for melasma have been
conducted because of the risk of posttreatment
dyspigmentation, particularly in patients with skin
of color.8 Although laser parameters and adjunctive
therapies appropriate for skin of color have been
described to mitigate some of the risks of dyspig-
mentation, ablative lasers have long been considered
an unfavorable option and continue to be under-
researched and underutilized.13,14

Ablative fractionated lasers, including CO2 and
erbium:YAG lasers have been reported to improve
melasma with limited side effects. A split-face study
of 30 patients showed MASI reductions in patients
treated with CO2 lasers with and without TXA.15

Treatments that combine CO2 lasers with long-term
skin lightening topicals had treatment benefits of up
to 12 months posttreatment.16 Greater reductions in
MASI scores and Melanin Index were observed with
fractional CO2 lasers compared with Q-switch
1064 nm Nd:YAG lasers with no significant adverse
events in both treatment groups.17 A case report of a
skin type V patient unresponsive to nonablative
fractional laser treatment showed improvements
after 7 sessions over 10 months with ablative CO2

laser treatment.18 Findings using ablative lasers have
been promising; however, the paucity of studies in
patients with skin of color continues to limit its use.

Herein, the authors evaluated the safety and
efficacy of an ablative fractional CO2 laser (eCO2
Lutronic) on refractory cases of melasma in patients
with skin of color by retrospective review of medical
records and photographic analysis. The authors
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describe the treatment plans, laser settings, and
concomitant therapies used for patients with skin
of color and report the clinical outcomes and
associated adverse events.

MATERIALS AND METHODS
We conducted a retrospective chart review of 12
ealth and Social Security de Clinica
ación. Copyright ©2022. Elsevier 
patients selected from a
single-center dermatology
clinic at Metro Dermatology.
Patients over 18 years of age
with refractory melasma and
Fitzpatrick skin type III to IV,
who received ablative frac-
tional CO₂ laser therapy
alone or with laser toning
and/or TXA from January
2010 to December 2020
were included in the study.
Refractory melasma was
defined as minimal or no
response after 3 to 5 laser toning sessions and a
TXA dosage of 325 mg twice daily.

The exclusion criteria were as follows: less than
18 years of age, completion of chemical peels or laser
procedures related to melasma lesions within
3 months before starting CO₂ laser therapy, or
concomitant use of topical skin lightening therapies.
Patients with incomplete clinical data or missing
clinical photos were further excluded.

Assessments were done using electronic medical
records, and accompanying patient photos were
extracted from the Canfield digital photography
system. A validated mMASI scoring scale was used
to assess disease severity at baseline, approximately
1 month (average, 35 days) after each treatment
session, and at posttreatment follow-up if any side
effects were observed. Investigators completed an
mMASI training module to ensure reliability and
accuracy between the 2 independent blinded raters
(C.K., J.G.).

Laser procedures were performed by an experi-
enced dermatologist (H.L.) using Lutronic eCO₂
fractional laser and Lutronic PicoPlus and Spectra
toning lasers. Settings for the Spectra laser were 1 J/
cm2, 8 mm, 10 Hz, 3 to 4 passes, and for the PicoPlus
was 0.3 to 0.5 J/cm2, 10 Hz, 3 to 4 passes.

RESULTS
Among the 12 patients who received CO₂ laser

therapy, 10 patients completed adjunctive laser toning
and/or TXA (Table I). The 4 cohorts of patients
received the following therapies: 4 received fractional
CO₂ alone, 2 received fractional CO₂with laser toning,
2 received fractional CO₂ with TXA, and 6 received
lKey.es por Elsevier en septiembre 15, 
Inc. Todos los derechos reservados.



Abbreviations used:

TXA: tranexamic acid
mMASI: modified Melasma Area and Severity

Index
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fractional CO₂ with laser toning and TXA. Patients 2
and 12 completed 2 types of treatments and were
included in 2 treatment cohorts. Nine of 12 patients
(75%) showed some improvement in mMASI scores
and 5 of 12 (41.7%) patients showed[50% reduction
in mMASI scores, with 4 of these patients (33.3%)
showing statistical significance (Fig 1). All patients
with more than 1 laser session showed improvements
(P\.05). Laser toning was completed with a mean of
2.8 weeks after the CO₂ laser procedure, and TXA
patients were on medication for a mean of 12 weeks
when posttreatment mMASI scores were evaluated.

Patients were stratified based on treatment types
to show any differences in treatment efficacy among
the 4 cohorts (Table II). Fractional CO₂with TXA had
a superior outcome and fractional CO₂ with laser
toning performed the worst based on absolute
changes in average mMASI scores. Only the cohort
treated with fractional CO₂ alone had a[50%mMASI
score reduction. The patient treated with fractional
CO₂ and laser toning who started TXA earlier (patient
7) had a greater mMASI score reduction of 1.35
compared to a mean of 0.75 in patients who started
on TXA 2 weeks later (patients 4 and 5).

Complications were uncommon with CO₂ laser
therapy and resolved within the next follow-up visit
for 1 patient. Patient 1 experienced facial swelling for
several days after the procedure and was prescribed
Epiceram with subsequent resolution after 1 week.
The laserparametersweremodifiedduring the second
session from 24 mJ, 50/cm to 22 mJ, 75/cm with no
future complications. Patient 6 had exacerbation of
hyperpigmentation during the 1-month postproce-
dure visit and was subsequently lost to follow-up.

DISCUSSION
Topical medications are considered first-line treat-

ment for melasma with lasers reserved for refractory
or severe cases of melasma.5 We evaluated the
outcomes and adverse effects of ablative lasers in
conjunction with adjunctive therapies in patients
with skin of color with melasma.

Themajority of patients (75%) in our study showed
improved melasma with at least 1 session of CO₂ laser
therapy. More than half of the patients with improve-
ments had[50% reduction in mMASI scores and 4 of
these patients showed statistically significant de-
creases in melasma severity. Patients treated with a
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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combination of CO₂ and laser toning showed wors-
ening in mMASI scores. Interestingly, the addition of
TXA in the treatment protocol of patients treated with
both lasers had a protective effect and produced
improved mMASI scores. The CO₂ laser therapy with
the TXA cohort showed the greatest absolute de-
creases in the mean mMASI scores.

Prior studies describing ablative laser parameters
in darker skin types were reviewed and adjusted in
our patient population to improve tolerability,
reduce risks of scarring and dyspigmentation, and
optimize efficacy.19 Themajority of patients included
in this study tolerated ablative laser treatment well.
One patient experienced transient swelling which
resolved within a week of onset, and an additional
patient had worsening hyperpigmentation and was
lost to follow-up. There were no other incidents of
permanent scarring, dyspigmentation, or other re-
ported adverse events.

Earlier administration of oral TXA was associated
with better posttreatment mMASI scores.
Concomitant administration of oral TXA has been
known to play a complementary role in laser-based
melasma treatments.15 However, outcomes relative
to the timing of oral TXA administration in conjunc-
tion with laser therapy have not been reported. The
patient who started on oral TXA at the same time as
their initial laser treatment showed better clinical
improvement than patients who were prescribed
oral TXA at later dates. Earlier administration of oral
TXA appears to improve the clinical outcomes of
patients concomitantly treated with CO₂ and toning
lasers in melasma patients with skin of color.

The study limitations are that it is a single-center
study, has a limited sample size, and a short follow-up
period. However, the average onset of postinflamma-
tory hyperpigmentation after ablative fractional CO₂
treatment is 7 to 14 days; therefore, hyperpigmenta-
tionas a sideeffectwould likelydevelopwithin the 30-
day follow-up period.20 The scorers used clinical
images taken approximately 30 days after the initial
ablative laser treatment with periods ranging between
21 and 41 days. The patients selected for the study
were managed with intention-to-treat rather than a
head-to-head comparison of treatment modalities.

In cases of refractory melasma, providers may
consider a trial of ablative CO2 laser treatment as it is
well-tolerated and shows robust improvement for
patients with skin of color. Its use in conjunctionwith
oral TXA is promising, but further studies with
combination ablative lasers are still required.
Equally important, once remission is achieved,
maintenance therapy with skin lightening topicals
and preventative iron oxide-containing sunscreens
are essential to minimize future recurrences.
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 15, 
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Table I. Patient demographics with treatment characteristics and results

Participant Age, sex

Fitzpatrick

skin type

Laser type (no.

of sessions)

CO₂ laser

parameters

TXA treat-

ment

(duration)

Initial

mMASI

score

Posttreatment

mMASI score Complications

1 54 y, F III CO₂y (2) 24 mJ, 50/cm No 2.15* 0.5* Swelling
CO₂y 22 mJ, 75/cm No 0.75 0.6 No

2 51 y, F III CO₂y (3) 22 mJ, 75/cm Yes (7 wk) 6.7* 3.55* No
CO₂y then laser toningz (1) 24 mJ, 75/cm Yes (11 wk) 3.7 2.75 No
CO₂y 24 mJ, 75/cm Yes (16 wk) 3.05 1.95 No

3 59 y, F IV CO₂y (1) 22 mJ, 100/cm Yes (2.4 wk) 6.45 5.25 No
4 66 y, F III CO₂y (1) then laser toningz (1) 28 mJ, 50/cm Yes (2 wk) 2.7 2.1 No
5 53 y, F III CO₂y (1) then laser toningz (1) 24 mJ, 100/cm Yes (1 wk) 0.9 1.8 No
6 35 y, F III CO₂y (1) then laser toningz (1) 22 mJ, 75/cm Yes (4.9 wk) 0.75* 1.95* Hyperpigmentation
7 47 y, F III CO₂y (1) then laser toningz (1) 26 mJ, 50/cm Yes (4 wk) 2.1 0.75 No
8 61 y, F IV CO₂y (1) 50 mJ, 50/cm No 1.65* 0.6* No
9 65 y, F IV CO₂y (1) then laser toningz (1) 26 mJ, 50/cm Yes (16 wk) 7.2 5.55 No
10 57 y, F III CO₂y (1) 24 mJ, 75/cm No 3.45 2.25 No
11 61 y, F III CO₂y (1) then laser toningz (1) 24 mJ, 100/cm No 3.75 4.2 No
12 48 y, F III CO₂y (2) then laser toningz (1) 24 mJ, 75/cm No 0.6 0.75 No

CO₂y 30 mJ, 50/cm No 1.05* 0.3* No

*P\ .05.
yLutronic eCO2.
zLutronic PicoPlus/Spectra.
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Fig 1. Clinical outcomes of patients with melasma based on individual CO2 laser sessions.
mMASI, Modified Melasma Area and Severity Index.

Table II. Patient characteristics and treatment results based on treatment types

Data Fractional CO₂ alone

Fractional CO₂ 1 laser

toning

Fractional

CO₂ 1 TXA

Fractional CO₂ 1 laser toning

1 TXA

Number of patients 4 2 2 6
Number of total sessions 5 2 3 6
Sex
Male 0 0 0 0
Female 3 (100%) 2 (100%) 2 (100%) 6 (100%)

Age, y (mean 6 SD) 55.0 6 4.74 54.5 6 6.50 55.0 6 4.00 52.8 6 10.6
Fitzpatrick skin type
III 2 2 1 5
IV 1 0 0 1

mMASI score
Pretreatment
(mean 6 SD)

1.81 6 1.064 2.18 6 2.23 5.40 6 2.04 2.89 6 2.38

Posttreatment
(mean 6 SD)

0.850 6 0.792 2.48 6 2.44 3.58 6 1.65 2.48 6 1.64

P value .144 .911 .296 .735
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