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Introduction: Tranexamic acid (TXA) is a promising treatment modality for melasma. Microneedling 
(MN) and fractional carbon dioxide (CO2) laser were reported to enhance TXA transepidermal de-
livery.

Objectives: To compare efficacy and safety of topical TXA alone or in combination with either frac-
tional CO2 laser or MN for treatment of melasma.

Methods: Thirty females with facial melasma were divided randomly into 3 equal groups after ex-
cluding pregnant and lactating women and those using oral contraceptives or other hormonal therapy. 
Patients of group A were treated with fractional CO2 laser and those of group B were treated with 
MN (4 sessions, 3 weeks apart for both) with immediate topical application of TXA 5% solution after 
sessions and daily application of 5% TXA cream for both groups. Patients of group C were treated 
by topical daily application of TXA 5% cream. Evaluation was done by modified melasma area and 
severity index scores (mMASI), patient satisfaction and dermoscopy.

ABSTRACT
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Introduction

Melasma is an acquired, chronic, recurrent hyperpigmen-

tary disorder [1]. It is clinically characterized by symmetric 

light-brown to bluish-gray macules and patches, with irreg-

ular, sharp borders [2].

The etio-pathogenesis of melasma is complex and not com-

pletely understood. It appears that this disorder is an interplay 

of various internal and environmental factors, which may be 

responsible for triggering, maintaining or relapsing lesions [3].

Tranexamic acid (TXA) prevents blood loss by acting 

as a plasmin inhibitor. It’s administered to prevent the ab-

normal fibrinolysis by preventing the plasminogen activator 

from converting plasminogen to plasmin. Moreover, plas-

min elevates α-melanocyte-stimulating hormone, which ac-

tivates melanin synthesis in melanocytes. TXA is thought to 

block melanogenesis and its efficacy in melasma and other 

light-induced pigmentary disorders might be through its 

anti-angiogenic and antimelanogenetic properties [4].

In comparison with other laser modalities, the fractional 

lasers have more advantage. With this modality, the recovery 

is faster and the risk of complications such as hyperpigmen-

tation, hypopigmentation and scarring is lower. Fractional 

carbon dioxide (CO2) laser is a hopeful potential therapeutic 

modality for melasma [5].

Skin microneedling (MN) or percutaneous collagen in-

duction by needles, is a minimally invasive procedure that 

uses short fine needles to puncture the skin and stimulates 

fibroblast release of growth factors and collagen production. 

Long-term improvement of recalcitrant melasma after MN 

has been reported, however, the exact mechanism that pro-

motes skin lightening is not known [6].

Both fractional CO2 laser and MN have been used to 

increase the transepidermal delivery of several topical drugs 

with promising results. Both of them may add a beneficial 

effect to the topical TXA for treating facial melasma [7,8].

Objectives

This work aimed to compare the efficacy and safety of topi-

cal TXA alone or in combination with either fractional CO2 

laser or MN for the treatment of melasma.

Methods

The study was conducted on 30 patients with facial melasma 

who were collected from the Outpatient Clinics of Derma-

tology and Venereology Department- Tanta University Hos-

pitals. The approval was obtained from institutional review 

board-research Ethics Committee of Faculty of Medicine, 

Tanta University (approval code: 33006/03/20) and fulfilled 

all the ethical aspects required in human research. All pa-

tients signed an informed written consent before joining 

the study.

Only those patients not using any facial topical treatment 

for melasma within the preceding 8 weeks to incorporation 

in the study were included. Patients receiving hormonal 

treatment, oral contraceptives, systemic retinoids, anticoagu-

lants, antiplatelets or chemotherapeutics were also excluded, 

in addition to pregnant females, lactating mothers and those 

with hypersensitivity to TXA or photosensitivity. Patients 

with blood disorders, other dermatological or systemic dis-

eases causing hyperpigmentation (eg chronic liver, kidney 

or thyroid diseases) and those with unrealistic expectations 

were also excluded from the study.

All patients underwent a thorough history taking and 

clinical examination to assess Fitzpatrick skin phototype. Le-

sional examination and melasma pattern detection was done 

by Wood light and dermoscopy (dermalite 4, DL4, 3Gen. 

San Juan Capistrano, magnification x10) performed at fixed 

facial points per patient (guided by anatomical landmarks).

Patients were randomly divided into 3 equal groups. 

Patients of group A were treated with fractional CO2 laser 

(4 sessions, 3 weeks apart) and immediate topical applica-

tion of TXA 5% solution after session (Kapron® 500 mg/5 

mL ampoules, Amoun Pharmaceutical Company, diluted 

to produce 5% TXA solution) with daily night application 

of topical 5% TXA cream thereafter. Fractional CO2 la-

ser sessions were on the following parameters: power 8-10 

W (according to the skin type, performed using CO2 laser 

[SmartXide Dot®-DEKA], spacing 1000 μm (5.3% density), 

dwell time 400 μs, and stack 1). Patients of group B were 

treated with MN (also 4 sessions, 3 weeks apart) and im-

mediate topical application of TXA 5% solution with daily 

topical night application of 5% TXA cream. The dermapen 

Results: Statistically significant improvement of mMASI was reported in all studied groups with a 
significantly better improvement in patients of groups A and B than those of group C, meanwhile the 
difference between groups A and B was statistically insignificant.

Conclusions: Topical TXA is a safe and fairly effective treatment modality for facial melasma. Com-
bining TXA with either fractional CO2 laser or MN yielded significantly better improvement than 
when used alone. Fractional CO2 laser carries the risk of post-inflammatory hyperpigmentation in 
patients with skin types III and IV and requires meticulous patient selection.
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used was Dr. Pen ULTIMA-A1 device, 12 needles with needle 

length adjusted according to the skin thickness and site of 

melasma lesion (0.25-1 mm). The pen was placed perpendic-

ular to the skin, and the technique includes a combination of 

horizontal, vertical, and oblique 4-5 passes. The end point 

was the appearance of erythema with pinpoint bleeding.

Patients of group C were treated only by topical daily 

night application of 5% TXA cream for 12 weeks. TXA 

cream was prepared as: white soft paraffin (13.5 gm), cetyle 

alcohol (13 gm), tween 80 (10 gm), propylene glycol (8 gm), 

TXA (5 gm) and water to complete 100 gm.

All included patients were instructed to avoid sun expo-

sure as much as possible and to apply a proper daily sun-

screen (SPF +50) throughout the treatment period.

Digital photographs were taken at base line, at the end 

of treatment then at follow up (after 3 months of treatment 

end) to assess treatment efficacy and recurrence. Scoring of 

melasma was done by using the modified melasma area and 

severity index score (mMASI). Assessment of treatment effi-

cacy was done through physician evaluation (three derma-

tologists were asked to calculate mMASI score before and 

after completion of the treatment to assess percentage of im-

provement. Finally the minimum rate on which the three in-

vestigators agreed was considered as the investigator’s view 

in the study), patient satisfaction (patients were asked at the 

end of treatment to rate the overall satisfaction comparing 

with the pretreatment condition using the following grades: 

very satisfied (≥ 75% improvement), satisfied (50%-74%), 

slightly satisfied (25%-49%), and not satisfied (0%-24%). 

Side effects were reported throughout the treatment period 

and during follow up.

Statistical Analysis

Data were fed to the computer and analyzed using IBM 

SPSS software package version 20.0 (IBM Corp). Quali-

tative data were described using number and percent. The 

Kolmogorov-Smirnov test was used to verify the normality 

of distribution. Quantitative data were described using range 

(minimum and maximum), mean, standard deviation, me-

dian and interquartile range (IQR). Significance of the ob-

tained results was judged at the 5% level. The sample size 

was not estimated prior to the beginning of the study which 

is considered as a limitation of the present study.

Results

Age and clinical data of patients of studied groups are sum-

marized in Table 1.

Regarding the percentage of improvement of mMASI 

score in the three studied groups, patients of groups A and 

B showed statistically significant higher percentage of im-

provement in mMASI score than those of group C (P = 0.039 

and 0.011, respectively), while the difference between groups 

A and B was statistically insignificant (Table 1).  Figures 1-3 

show the clinical and dermoscopic results of some of the in-

cluded patients in the three studied groups (representing the 

average response to the treatment).

Regarding the degree of patients satisfaction, a statisti-

cally significant better degree of patient’s satisfaction was 

detected in groups A and B than group C, while the differ-

ence between groups A and B was statistically insignificant, 

(P value between A and C and between B and C is < 0.001, 

0.006, respectively) (Table 1).

Regarding the recurrence of melasma, 3 patients in group 

A (37.5%), 2 patients of group B (20%) and 5 patients in 

group C (50%) showed recurrence of their melasma within 

3 months after stoppage of treatment with statistically insig-

nificant difference among the studied groups (Table 1).

Regarding the side effects, post inflammatory hyperpig-

mentation was reported in 3 patients (30%) of group A in 

the form of transient post laser hyperpigmentation of the 

facial skin which improved before the time of next session. 

Dryness and transient irritation were reported in only one 

patient (10%) in group A, 2 patients (20%) in group B and 

only one patient in group C (10%). No statistically signifi-

cant difference was detected among the studied groups re-

garding side effects of treatment (Table 1).

Discussion

Results of the present study showed that the use of fractional 

CO2 laser for drug delivery of TXA in group A resulted in 

a statistically significant improvement in facial melasma (P 

= 0.035). Thirty percent of patients of group A yielded very 

significant improvement and 50% of them yielded marked 

improvement of facial melasma. Several previous studies 

reported that fractional CO2 laser has beneficial thera-

peutic effect in melasma [9,10]. It has been stated that the 

development of fractional resurfacing has led to improve-

ments in melasma treatment with decreased incidence of 

post-inflammatory hyperpigmentation [11]. Moreover, TXA 

can also inhibit tyrosinase activity and combat melanin syn-

thesis [12].

Trelles et al reported that melasma patients who under-

went combined treatment with CO2 laser and long-term 

topical lightening cream (Kligman formula) showed the 

greatest improvement than those treated by either methods 

solely and were able to maintain treatment benefits up to 

12-month post-treatment [13].

El Sinbawy et alevaluated the effect of fractional CO2 la-

ser on facial melasma clinically and microscopically in eleven 

melasma patients treated by two sessions of fractional CO2 

laser one month apart and they concluded that repeated ap-

plication of low energy fractional CO2 laser on melasma skin 

may result in long lasting improvement due to its destructive 
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It should be noted that in the present study, 20% of pa-

tients of group A (treated by fractional CO2 laser and 5% 

TXA) showed no improvement and that could be attributed 

to the refractory nature of melasma, multiplicity of aggra-

vating factors in some cases and skin type of Egyptian pa-

tients (mostly Fitzpatric III, IV and V) [16,17]. It has been 

previously mentioned that Q-switched Nd:YAG laser toning 

is thought to be significantly more effective than low power 

fractional CO2 in the treatment of melasma when used sep-

arately [16].

effect on melanocytes. No scarring or post inflammatory hy-

per or hypopigmentation was reported [14].

Tawfic et al assessed the combination of fractional CO2 

and TXA in melasma treatment and they found that the de-

gree of improvement was higher on the side receiving frac-

tional CO2 laser combined with intradermal injection of TXA 

than on the side receiving fractional CO2 laser alone [15].

Qu et alfound that low-power fractional CO2 laser com-

bined with topical TXA solution is a comparatively effective 

and safe method for melasma treatment [9].

Table 1. Demographic data, clinical evaluation, treatment response and patient satisfaction  
of patients of the three studied groups.

Group A  
(N = 10)

Group B  
(N = 10)

Group C  
(N = 10)

Test of 
significance P

Sex
 Male, N (%)
 Female, N (%)

-
10(100)

-
10(100)

-
10(100)

- -

Age (years)
 Range
 Mean (SD)

34-50
41.7(5.46)

37-50
44.2(4.96)

27-50
39.3(6.8)

F = 1.8 0.19

Duration of melasma in years
Range
Mean (SD)

3-15
10(4.16)

5-15
8.3(3.6)

3-13
9.9(3.4)

H= 2.2 0.33

Skin type, N (%)
• III
• IV
• V

2(20)
3(30)
5 (50)

2(20)
4(40)
4 (40)

2 (20)
6 (60)
2 (20)

χ2= 2.5 0.7

Melasma type, N (%)
• Epidermal
• Dermal
• Mixed

2(20)
2(20)
6 (60)

3(30)
2(20)
5 (50)

2 (20)
2 (20)
6 (60)

χ2= 20.82 0.96

Percentage of improvement in mMASI 
score
Range
Mean (SD)

0-88
51.5(31.4)

27-83
58.7(19.1)

20-50
32.2(8.5)

Hd=7.4 0.025

Significance between groups P1 = 0.620a, P2 = 0.039 b,  P3 = 0.011 c

Patients satisfaction, N (%)
• Not satisfied
• Satisfied
• Slightly satisfied
• Very satisfied

2 (20)
1 (10)
5 (50)
2 (20)

1 (10)
2 (20)
4 (40)
3 (30)

2 (20)
8 (80)

0
0

χ2= 19.1 0.001

Significance between groups P1 = 0.693 a, P2 = 0.001 b, P3 = 0.006 c

Recurrence, N (%)
• No
• Yes

5(62.5)
3(37.5)

8(80)
2(20)

5(50)
5(50)

χ2= 1.98 0.37

Side effects, N (%)
• No
• Post inflammatory 

hyperpigmentation
• Dryness, transient irritation

6 (60)
3 (30)

1 (10)

8(80)
0

2(20)

9(90)
0

1(10)

χ2= 5.3 0.2

mMASI = modified melasma area and severity index scores; SD = standard deviation.
Group A = fractional CO2 laser + topical 5% tranexamic acid; Group B = microneedling + topical 5% tranexamic acid; Group C = topical 
5% tranexamic acid. 
a level of significance for comparing group A and group B; b: level of significance for comparing group A and group C; c level of significance 
for comparing group B and group C; dKruskal Wallis test.
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Figure 1. Fifty years old female patient with facial melasma treated by fractional CO2 laser plus topical 5% tranexamic acid. (A,A1)

Before treatment. (B,B1) Very significant improvement after 1 months from the last treatment session. (C,C1) After 3 months of follow 

up (with no recurrence).  (D) Dermoscopic picture of melasma showing pigmented network (red arrow) and hyper vascularity (black 

arrow). (D1) Very significant dermoscopic improvement after treatment showing the decrease in intensity of pigmentation.

In the present study, hyperpigmentation occurred as a 

side effect with fractional CO2 laser sessions in 30% of pa-

tients of group A and this suggests that the fractional CO2 

laser is not always an optimal choice for treatment of facial 

melasma especially in patients of skin types IV and V and 

that meticulous patient selection and strict sun avoidance 

are key factors for improvement. A previous study reported 

that fractional CO2 laser could increase TXA absorption in 

porcine skin, but when applied to humans, the risk of post 

inflammatory hyperpigmentation should be considered [18].

Delgado and Torre concluded that the use of fractional 

CO2 laser in treatment of melasma for skin types IV to VI is 

risky. They claimed that in the best-case scenario in the long 

term, it will end up the same as the starting point, but there 

is a high possibility that it may worsen the condition [19].

This variation in the percentage of improvement among 

patients of group A in the present study, could be attributed 

to variations in patient skin type, type of melasma, season 

in which sessions were done, habitual sun exposure and ad-

herence to sunscreen. The percentage of improvement was 

excellent in lighter skin color, epidermal type of melasma 

and with minimal sun exposure. On the other side, there was 

no or less improvement in dark skin color, dermal type of 

melasma and when sessions were done in summer. So proper 

patient selection must be kept in mind when using fractional 

CO2 laser in facial melasma treatment.

The current study showed that the use of MN for drug 

delivery of TXA in group B (treated by MN and 5% TXA) 

resulted in a statistically significant improvement of facial 

melasma (P = 0.005), and that result was similar to many 
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Figure 2. Forty-three year old female patient with malar melasma treated by microneedling plus topical 5% tranexamicacid. 

(A,A1) Before treatment. (B,B1) Marked improvement after 1 month from the last treatment session. (C,C1)  Recurrence of me-

lasma after 3 months of follow up. (D) Dermoscopic picture of melasma showing melanin pigment (red arrow). (D1) Dermoscopic 

picture after treatment showing the decrease in intensity of pigmentation.

previous studies which assisted the pleasant effect of MN in 

treatment of melasma [10,20,21].

Based on low-quality evidence, MN may play a role in 

the treatment of melasma through facilitation of delivery of 

topical therapies to the epidermis and dermis, and one an-

cillary benefit of this approach being the very low risk of 

postinflammatory hyperpigmentation [22].

Lima et al concluded that MN alone, without the ad-

dition of any active medication, can cause lightening of 

skin stains in patients with recalcitrant melasma. Through 

their histological findings, it was found that MN therapy 

promotes the proliferation of fibroblasts and helps in su-

perior dermal neocollagenesis, decreases the contact of the 

melanocytes with melanogenic stimuli and improves the pro-

tection against UVR owing to epidermal thickening [2].

Moreover, MN can provide a minimally invasive means 

of painless delivery of therapeutic molecules through the skin 

barrier with precision and convenience. Physically opening 

micro tunnels for drug delivery with MN involves a different 

mechanism of action than lasers and is not accompanied by 

the risk of post inflammatory hyperpigmentation [21].

A split face comparative study of safety and efficacy of 

MN with TXA versus MN with vitamin C in the treatment 

of melasma concluded that improvement was more with 

TXA than with vitamin C, although not statistically signif-

icant [23].
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Figure 3. Forty-four year old female patient with facial melasma treated by 5% topical tranexamic acid cream. (A,A1) Before 

treatment. (B,B1) Moderate improvement after 1 month from the end of treatment. (C,C1) Recurrence of melasma after 3 

months of follow up. (D) Dermoscopic picture of melasma showing pigmented network (red arrow), deep melanin pigment 

(yellow arrow) deposition and hypervascularity (black arrow). (D1) Dermoscopic picture after treatment showing the decrease 

in intensity of pigmentation.

Saleh et al used TXA with MN versus MN alone in treat-

ment of melasma, they concluded that although MN alone 

produced significant lightening effect, topical TXA com-

bined with MN achieved more satisfactory results [24].

Farshi and Mansouri concluded that both MN and me-

soneedling are effective in decreasing melanin content in the 

epidermal melasma lesions [25].

On the other hand, Mekawy et al compared both frac-

tional CO2 laser and MN for delivery of TXA in the treat-

ment of melasma, they found that both methods were equally 

effective and safe in treatment of facial melasma [10].

In the present study, MN was safe in melasma treat-

ment without side effects as hyperpigmentation that hap-

pened with fractional CO2 laser. The irritation and dryness 

that happened occasionally in group B was mostly due to 

TXA cream.

In the present study both fractional CO2 laser and MN 

were equally effective in TXA delivery and melasma treat-

ment with no statistically significant difference in either the 

percentage of improvement or patient satisfaction. Mean-

while, MN can be preferable in melasma treatment than 

fractional CO2 laser which carries the risk of hyperpigmen-

tation in patients with darker skin complexion.

The present study also showed that application of daily 

TXA cream 5% in group C (treated by 5% TXA cream only) 

improved facial melasma significantly (P = 0.005).

The role of topical TXA in melasma has been studied in 

several previous researche. Similar to the present work, most 
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All patients in the current study were re-evaluated af-

ter 3 months from the end of the study to detect the per-

centage of the recurrence. Thirty percent in group A, 20% 

in group B and 50% in group C experienced recurrence 

during follow-up. It should be taken in consideration that 

recurrence can be considered as a role in different treatment 

modalities of facial melasma and appropriate maintenance 

therapy should be selected to avoid relapse of melasma after 

improvement [33].

Lueangarun et al studied 4mg/mL intradermal TXA in-

jection for treatment of melasma. They found significant ef-

ficacy at16th week; however, melasma recurrence occurred 

during the 48-weeks of follow-up, so they concluded that 

maintenance therapy and sun protection should be consid-

ered for patients with melasma [34].

In general, pretreatment and post-treatment topical reg-

imens in conjunction with laser, light treatments and other 

treatment protocols help to reduce the risk of rebound 

hyper-pigmentation, post-inflammatory pigmentation, 

and increase the longevity of the lightening effect on me-

lasma [35].

Conclusions

Topical TXA is a safe and fairly effective treatment modality 

for facial melasma. Combining TXA with either fractional 

CO2 laser or MN yielded significantly better improvement of 

melasma than when it is used alone. No significant difference 

regarding mean mMASI reduction, degree of improvement, 

or the level of patients satisfaction was detected between 

MN and fractional CO2 laser when combined with topical 

TXA for melasma treatment. MN is more recommended in-

stead of CO2 fractional laser as a combination with TXA 

in melasma treatment due to the similar efficacy but more 

favorable side-effect profile. Fractional CO2 laser carries the 

risk of post-inflammatory hyperpigmentation when used in 

melasma treatment, so proper patient selection with ade-

quate parameters must be kept in mind.
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