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Abstract
Background: Periorbital dark circles (PDC) is one of the most common cosmetic issues 
in today's society. Only moderate degree of improvement has been achieved by vari-
ous available treatment options. The present study aimed to compare the clinical ef-
ficacy of carboxytherapy and fractional CO2 laser therapy in the management of PDC.
Methods: In this split face study, 30 patients with bilateral PDC aged between 23 
and 52 years were recruited who underwent carboxytherapy (n = 30) on PDC of one 
side of the face and fractional CO2 laser therapy (n = 30) on the PDC of other side. 
The entire treatment comprised of four sessions of each therapy with an interval of 
2 weeks each time. The assessment was based on both subjective methods (patients' 
satisfaction and physician's judgment) and objective method (based on digital stand-
ard photographs). The degree of improvement from the patient's point of view (pa-
tient satisfaction) and physician's point of view (physician satisfaction) was assessed 
in different therapy sessions in comparison with the improvement after first session.
Results: The study included 30 patients with mean age of 38.22 ± 8.3 years. The mean 
disease duration was 45 ± 12.3 months. After the second therapy session, patients' 
satisfaction was remarkably better in the fractional CO2 laser therapy group than the 
carboxytherapy group, over the time. According to the physician satisfaction, the im-
provement rate was higher after the second and sixth weeks in the fractional CO2 
laser therapy group than the carboxytherapy group; whereas in other sessions, there 
were no statistically significant differences. There were no significant side effects 
observed in either group post-treatment each time.
Conclusion: Fractional CO2 laser therapy is a better option to treat PDC than car-
boxytherapy. Also, mild side effects (including erythema, pain, and discomfort) were 
reported in both groups; with no significant difference between the groups.
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1  |  INTRODUC TION

Periorbital Dark Circles (PDC), bilateral homogenous pigmentation 
in the periorbital region of the face, are one of the most common 
issues related to beauty. It can affect a person of any gender and any 
age group. The pigmentation gets worse with aging.1,2

Generally, PDC is categorized as primary (idiopathic) and sec-
ondary, which can be caused by systemic or local factors, including 
familiar or ethnic tendency, specific anatomic characteristics, post-
inflammatory hyperpigmentation secondary to atopic or allergic con-
tact dermatitis, periorbital edema, superficial location of vasculature 
and shadowing due to skin laxity, tear trough depression, medica-
tions, systemic diseases, fatigue, smoking or excessive sun exposure,3 
which lead to excessive production of skin pigments in that region.4–6

Numerous treatment options routinely employed to correct PDC 
are topical whitening medications, chemical peeling, carboxyther-
apy, laser therapy, injectable fillers, autologous fat transplantation, 
and blepharoplasty.7

The PDC management is very challenging and it's a resistant 
condition to treat. Fractional CO2 lasers has been recently used as 
one of the most effective tools for treating PDC, which breaks the 
connection of melanosomes of melanocytes, melanophages, and 
keratinocytes.8

There are very limited number of studies to show the efficacy of 
fractional laser therapy and carboxytherapy.

Hence, we decided to evaluate and compare the efficacy of car-
boxytherapy and fractional CO2 laser therapy in the management 
of PDC.

2  |  METHODS

In this study, we recruited 30 patients with bilateral PDC. According 
to the study of Hassan et al., comparing the efficacy of fractional 
CO2 laser against microneedling + TCA 10% in PDC treatment,8 the 
sample size was estimated to 30 subjects.

The exclusion criteria included cases under the age of 18 years, 
patients who had been treated with topical medication, laser ther-
apy or surgery in the past 6 months for PDC, patients with known 
history of allergy to fractional CO2 laser or carboxytherapy tech-
niques, pregnant women and cases receiveing immunosuppressive 
drugs for other dermatoses.

Sub-cutaneous or intradermal injection of pure carbon dioxide 
at the volume of 5 ml was administered to the PDC of one side of 
patient's face as carboxytherapy and fractional CO2 laser therapy 
was employed to the PDC of other side of the same person. The 
duration of complete treatment in each of the intervention groups 
was 6 weeks. Each case underwent four sessions of each treatment 
at an interval of 2 weeks.

Evaluation of the treatment efficacy was based on both ob-
jective and subjective variables. Patient Global Assessment and 
Physician Global Assessment scales (poor = 0–25%, fair = 25%–50%, 
good = 50%–75%, Excellent = 75%–100%) were employed. Objective 
evaluation was based on improving the severity of skin lesions (the 
darkness of the skin) by viewing serial images taken from the affected 
areas (Photo-documented). In the initial assessment (screening), be-
fore beginning the treatment process, the patients' PDC were pho-
tographed by a digital camera (Canon EOS). During the subsequent 
follow-ups (weeks 2, 4, and 6), the intensity of the pigmentation was 
compared with the first session. After completing the period of the 
treatment, the patients were followed up for 1 month. Patients were 
also evaluated for any complications after treatment.

Treatment Satisfaction Questionnaire for Medication (TSQM) 
was used as a standard questionnaire to evaluate the side effects, 
efficacy, and harmlessness of the treatment, and level of patient sat-
isfaction until the end of the treatment process. Dermatology Life 
Quality Index (DLQI) was recorded in the questionnaire for each pa-
tient in order to evaluate patient's quality of life. DLQI was scored 
from 0 to 30 (no effect  =  0–1, minor effect  =  2–5, moderate ef-
fect = 6–10, large effect = 11–20, extremely large effect = 21–30).

The study was approved by ethic committee of Mazandaran 
University of Medical Sciences. Written consent was obtained from 
all the patients.

2.1  |  Statistical analysis

Categorical data are presented as numbers and percentages. Mean 
and standard deviations are provided for the results of continuous 
variables. Fisher's exact test, Pearson correlation, Chi-Square test, 
and independent t-tests were used for statistical analysis. Repeated 
measurement test was used to evaluate changes over time. A p 
value ≤ 0.05 was considered statistically significant. Statistical analy-
ses were conducted using the SPSS software (version 22.0).

Patient's global assessment

Visiting / following 
up times

Therapeutic responses

Excellent 
(75%–100%) Good (50%–75%)

Fair 
(25%–50%)

Poor 
(0%–25%)

Session 1 0 0 17 (56.66%) 13 (43.33%)

Session 2 0 5 (16.66%) 12 (40%) 10 (33.33%)

Session 3 2 (6.66%) 16 (53.33%) 8 (26.66%) 4 (14.33%)

Session 4 3 (10%) 20 (66.66%) 3 (10%) 4 (14.33%)

TA B L E  1  Patient's global assessment 
in CO2 fractional laser for the treatment 
of PDC
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3  |  RESULTS

The mean age of the patients was 38.22 ± 8.3 years with a minimum 
age of 23 and a maximum age of 52 years. The mean disease du-
ration was 45 ± 12.3 months with a minimum duration of 6 months 
and a maximum duration of 20 years. A total of 83.3% of patients 
were married. The results of patient global assessment and physician 
global assessment are shown in Tables 1–4.

Patient Global Assessment (PtGA) at the weeks 2, 4, and 6 in the 
fractional CO2 laser therapy group and carboxytherapy group had 
no significant difference (p > 0.05) (Tables 1 and 2).

The independent t-test showed that Patient Global Assessment 
(PtGA) at week 2 and Patient satisfaction (Pts) at weeks 2 and 6 in 
the fractional CO2 laser therapy group were significantly better than 
carboxytherapy (p < 0.05; Table  5). In the repeated measurement 
test, the time factor was effective in both groups, meaning that 
during the time the PGA in both groups was significantly reduced. 
There was an interaction between time and groups, meaning that 
the decrease in PGA over time in the fractional CO2 laser therapy 
group was significantly different from the carboxytherapy group 
(p < 0.001). Also, in relation to Ps, this test showed that Ps in both 
groups decreased significantly over time, and there was a significant 
difference between the rate of Ps decrease over time in the two 
groups and fractional CO2 laser therapy group decreased more and 
faster in Ps over time. Fisher's Exact test was used to evaluate the 
relationship between the two groups and the type of complication, 
which showed that there was no significant relationship between 
the two variables (p > 0.05; Table 6). The independent t-test showed 
that patients' satisfaction with the DLQI and TSQM questionnaires 
in the fractional CO2 laser therapy group was significantly higher 
than the carboxytherapy group (p < 0.05; Table 7).

4  |  DISCUSSION

Periorbital dark circles is one of the most common cosmetic issues 
in today's society and can affect a person of any gender and any 
age group. In this study, 30 patients with PDC included, they were 
treated with carboxytherapy on PDC of one side of face whereas 
PDC of the other side of face was treated with fractional CO2 laser 
therapy.

Carboxytherapy technique improves tissue blood flow, in-
creases skin elasticity and collagen deposition in the skin, reduces 
fat accumulation and even improves skin lesions after liposuction.9,10 
Fractional CO2 laser therapy has recently been used as an effective 
treatment for PDC, although, some patients discontinue the treat-
ment due to side effects.11,12

As both Co2 laser and carboxytherapy could have an effect on 
periorbital edema and skin laxity that exacerbates the appearance 
of vasculature,13 we decided to compare the efficacy and safety of 
these treatment modalities on PDC.

Our study found fractional CO2 laser to have superior results 
compared with carboxytherapy.

A study by Zamanian et al. compared the efficacy of fractional 
CO2 laser therapy with a combination therapy of microneedling and 
10% trichloroacetic acid (TCA) to eliminate infraorbital dark circles. 
The above study also found fractional CO2 laser therapy to have su-
perior results than the 10% microneedling plus TCA. Patients in the 
laser therapy group were more satisfied with the treatment proto-
col.9 In the present study, the efficacy and satisfaction of patients in 
the fractional CO2 laser therapy group was higher than the carboxy-
therapy group and results were concordant with Zamanian's study. 
The scales of PGA, PtGA, and PtS were based on the DLQI question-
naire and had similar results in both studies.

Augustyniak et al.14 had employed non-ablative fractional laser 
(NAFL) therapy to treat PDC. They reported significantly improve 
flexibility of the patients periorbital skin. In the present study, the ef-
ficacy and satisfaction of patients in the fractional CO2 laser therapy 
group was higher than the carboxytherapy group and results were 
concordant with Augustyniak's study. The scales of PGA, PtGA, and 
PtS were based on the DLQI questionnaire, and had similar results 
in both studies.

Bae-Harboe et al. studied the efficacy of fractional CO2 laser 
therapy against blepharoplasty to tighten the skin around the eyes 
and to treat PDC. According to them, fractional CO2 laser therapy is 
an effective method with the least side effects against conventional 
blepharoplasty to treat PDC,15 similar to our study where fractional 
CO2 laser was found to be more efficacious than carboxytherapy.

Manuskiatti et al. studied the role of CO2 lasers, Q—switched 
alexandrite lasers, flashlamp—pumped pulsed dye lasers and Er: 
YAG lasers in the management of melasma and PDC. They found 
a significant improvement and 75%–100% of patients experienced 

Patient's global assessment

Visiting / following 
up times

Therapeutic responses

Excellent 
(75%–100%) Good (50%–75%)

Fair 
(25%–50%)

Poor 
(0%–25%)

Session 1 0 0 14 (46.66%) 16 (53.33%)

Session 2 0 3 (10%) 16 (53.33%) 11 (36.66%)

Session 3 4 (13.33%) 15 (50%) 6 (20%) 5 (16.66%)

Session 4 5 (16.66%) 18 (60%) 3 (10%) 4 (14.33%)

TA B L E  2  Patient's global assessment 
in carboxytherapy for the treatment of 
PODC
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4  |    ZAHERI et al.

clearing of periorbital hyperpigmented lesions. All the patients 
responded to the combination therapy of CO2 lasers with YAG 
Lasers. Four patients experienced side effects and discontinued 
the treatment. In their study, the combination therapy of lasers 
had extraordinary results in the treatment of PDC, telangiecta-
sia, and melasma.16 In the present study, physician's assessment 

correlated with patient's satisfaction. The outcome was superior 
in the fractional CO2 laser therapy group than the carboxyther-
apy group and the results were concordant with the study by 
Manuskiatti et al.

To our knowledge, this is the first study to compare effective-
ness of fractional CO2 laser therapy and carboxytherapy for PDC. 

Physician's global assessment

Visiting / following up 
times

Therapeutic responses

Excellent 
(75%–100%)

Good 
(50%–75%)

Fair 
(25%–50%)

Poor 
(0%–25%)

Session 1 0 2 (6.66%) 18 (60%) 10 (33.33%)

Session 2 0 10 (33.33%) 12 (40%) 8 (26.66%)

Session 3 2 (6.66%) 14 (46.66%) 10 (33.33%) 4 (13.33%)

Session 4 9 (30%) 12 (40%) 5 (16.66%) 4 (13.33%)

TA B L E  3  Physician's global assessment 
in CO2 fractional laser for the treatment 
of PODC

Physician's global assessment

Visiting / following up 
times

Therapeutic responses

Excellent 
(75%–100%)

Good 
(50%–75%)

Fair 
(25%–50%)

Poor 
(0%–25%)

Session 1 0 3 (10%) 17 (56.66%) 12 (40%)

Session 2 0 10 (33.33%) 12 (40%) 8 (26.66%)

Session 3 3 (10%) 14 (46.66%) 9 (30%) 4 (13.33%)

Session 4 8 (26.66%) 15 (50%) 4 (13.33%) 3 (10%)

TA B L E  4  Physician's global assessment 
in carboxytherapy for the treatment of 
PODC

Carboxytherapy Fractional CO2 laser

p-ValueMean
Standard 
deviation Mean

Standard 
deviation

PtGA-Base 3.80 0.54 3.70 0.65 0.655

PtGA-2 3.68 0.62 2.51 0.85 0.032

PtGA-4 2.85 0.72 2.28 0.71 0.052

PtGA-6 2.50 0.68 2.23 0.46 0.056

P-value 0 0

PtS-0 3.85 0.90 3.9 0.69 0.45

PtS-2 3.62 0.29 2.34 0.53 0.045

PtS6 2.60 0.57 2.20 0.64 0.05

P-value 0 0

TA B L E  5  Mean and standard deviation 
of patient's global assessment and 
patients' satisfaction scores over time 
separately

Fractional CO2 laser Carboxytherapy

p-ValueNumber Percent Number Percent

Discomfort 5 16.666% 3 10.00% 0.602

Erythema 3 10.00% 2 6.666%

Edema 1 3.33% 0 0.00%

Others 2 6.66% 4 13.33%

TA B L E  6  Number and percent of 
complications in each group
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However, studies with a larger sample size and longer follow-up are 
required to confirm the results of the present study.

5  |  CONCLUSION

Though it's a challenge to treat PDC, our study suggests that frac-
tional CO2 laser therapy is a better treatment option with minor side 
effects compared with carboxytherapy. Larger studies are required 
to confirm our observations.

5.1  |  Limitation

One-month follow-up is very limited for laser treatment in a disorder 
like PDC; however, we were unable to follow the patients more, due 
to lack of cooperation of the patients.
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