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Abstract
Background: Different types of lasers, both ablative and non-ablative, are used to treat 
acne scars. Non-ablative lasers stimulate dermal fibroblasts to make new collagen 
(NdYAG and Diode lasers), while ablative lasers target water and vaporize injured scar 
tissue. Aim: This work aims to determine the efficacy and safety of fractional CO2 laser 
in the management of patients with acne scars. Methodology: A systematic search was 
performed over different medical databases to identify Dermatology studies, which 
studied the outcome of the CO2-laser group versus the Non-CO2-laser group of acne 
scar patients. We conducted a meta-analysis process on improved observer assessment, 
and satisfied patient assessment as primary outcomes, and on post-inflammatory 
hyperpigmentation (PIH) as a secondary outcome. Eight studies were identified 
involving 288 patients, with 144 patients in the CO2-laser group, and 144 patients in the 
Non-CO2-laser group. Our meta-analysis process showed revealed a highly significant 
increase in improved observer assessment in the CO2-laser group compared to the 
Non-CO2-laser group (p=0.016). But, there was a non-significant difference regarding 
both satisfied patient assessment and PIH (p>0.05) respectively. Conclusion: To 
conclude, fractional CO2 laser had a significant contribution in improving observer 
assessment along with clinical improvement, but PIH is still the most common side 
effect of laser therapy, and further studies are needed to assess the safety of CO2 laser 
in the management of patients with acne scars.
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Introduction
Acne is the most common skin disorder, and practically every 
teenager suffers from it to some extent. This condition, however, 
is not restricted to a specific age range. [1] It’s so common that 
we think of it as a natural part of the developing process. It 
occurs in boys with the age of 16 years-17 years up to 95%-
100% and in girls of these ages; the recurrence percent is 83%-
85%. [2] Acne usually clears itself between the ages of 23 and 
25; however, it can last up to 40 years in 1% of men and 5% 
of women. [3] Even though acne heals on its own after a few 
years, and we can’t ignore it. Because untreated acne can leave 
unsightly scars on the skin. Acne develops when the sebaceous 
glands of the skin become clogged, and the condition worsens 
when infection and microbial elements are added to it. [4]

Inflammatory acne can result in a variety of scars. These 
scars have a negative impact on the patient’s social and 
relationship life. Acne scars are caused by the aberrant creation 
or breakdown of collagen that happens throughout the healing 
process. Collagen degradation occurs at the dermal level in the 
majority of cases (80%-90%), resulting in atrophic scarring. 
Hypertrophic or keloid scars are more commonly caused by an 
increase in collagen production. [5] Ice pick scars (60%-70%), 

boxcar scars (20%-30%) and rolling scars (15%-25%) are the 
three types of atrophic acne scars. [6] Various approaches for 
classifying acne severity have been offered. [7] The Goodman 
and Baron Quantitative Global Acne Scarring Grading System 
(GBGS), which ranges from 0 to 84 points, is a clinically useful 
and straightforward system for grading the severity of acne 
scars. It is based on scar count (1-10, 11-20,>20), scar shape 
(atrophic, macular, boxcar, hypertrophic, keloidal), and scar 
severity (mild, moderate, severe). [8]

Chemical peels, dermal abrasion/microdermal abrasion, laser 
treatments, punch methods, and combined therapies for atrophic 
scars: silicone gel, intralesional steroid therapy, cryotherapy, and 
surgery for hypertrophic scars and keloids are different methods 
of treatments. [9] Different types of lasers, both ablative and 
non-ablative, are used to treat acne scars. Non-ablative lasers 
stimulate dermal fibroblasts to make new collagen (NdYAG and 
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Diode lasers), while ablative lasers target water and vaporize 
injured scar tissue (carbon dioxide laser, Erbium YAG laser). [10] 
This work aims to determine the efficacy and safety of fractional 
CO2 laser in the management of patients with acne scars.

Study Methodology
Our review came following the (PRISMA) statement 
guidelines. [11]

Study eligibility
The included studies should be in english, a journal published 
article, and a human study describing acne scar patients. The 
excluded studies were either animal or non-english studies or 
articles describing children. 

Study identification
Basic searching was done over the pubmed, cochrane library, 
and google scholar using the following keywords: fractional 
CO2 laser, acne scars.

Data extraction
Comparative studies, clinical trials, and Randomized Controlled 
Trials (RCTs), which studied the outcome of the CO2-laser 
group versus the Non-CO2-laser group of acne scar patients, 
will be reviewed. Outcome measures included improved 
observer assessment, and satisfied patient assessment as primary 
outcomes, and Post-Inflammatory Hyperpigmentation (PIH) as 
a secondary outcome.

Study selection
We found 150 records, 100 excluded because of the title; 50 
articles are searched for eligibility by full-text review; 22 articles 
cannot be accessed; 11 studies were reviews and case reports; 9 
were not describing the functional outcome. The studies which 

met all inclusion criteria were 8 studies.

Statistical analysis
Pooled Odds Ratios (OR), Proportions (%), with 95% Confidence 
Intervals (CI) assessed, using a statistical package (MedCalc, 
Belgium). The meta-analysis process was established via I2-
statistics (either the fixed-effects model or the random-effects 
model), according to the Q test for heterogeneity. 

The included studies were published between 2011 and 2020. 
Regarding patients’ characteristics, the total number of patients 
in all the included studies was 288 patients, with 144 patients 
in the CO2-laser group, and 144 patients in the Non-CO2-laser 
group, while their average follow-up time was (6.3) months. 
The mean age of all patients was (28.1 years) [Table 1]. Our 
meta-analysis included 8 studies comparing 2 different groups 
of patients; with a total number of patients (N=288) [Table 2].

Each outcome was measured by
Odds Ratio (OR):

• For improved observer assessment. 

• For satisfied patient assessment. 

• For PIH. 

Concerning the primary outcome measures, we found 6 studies 
that reported improved observer assessment. I2 (inconsistency) 
was 0%, Q test for heterogeneity (p=0.886), so fixed-effects 
model was carried out; with overall OR=2.12 (95% CI=1.149 
to 3.924). The fixed-effects model of the meta-analysis process 
revealed a highly significant increase in improved observer 
assessment in the CO2-laser group compared to the non-CO2-
laser group (p=0.016) [Figure 1]. We found 5 studies that 
reported satisfied patient assessment. I2 (inconsistency) was 
0%, Q test for heterogeneity (p=0.620), so fixed-effects model 

Table 1: Patients and study characteristics.

N Author
Number of patients Age Follow-up time

Total CO2-laser group Non-CO2-laser group (average years) (average months)
1 Asilian et al. [12] 64 32 32 26.5 9
2 Hedelund et al. [13] 26 13 13 33 9
3 Azzam et al. [14] 20 10 10 28 6
4 Manuskiatti et al. [15] 48 24 24 29.5 8
5 Mohammed [16] 28 14 14 22.7 6
6 Reinholz et al. [17] 28 14 14 28.6 3
7 Abou Eitta et al. [18] 20 10 10 33.2 3
8 Kaçar et al. [19] 54 27 27 23.9 ---

Table 2: Summary of outcome measures in all studies.

N Author

Primary outcome Secondary outcome
Improved observer assessment Satisfied patient assessment Rate of PIH

CO2-laser group Non-CO2-laser 
group CO2-laser group Non-CO2-laser 

group CO2-laser group Non-CO2-laser 
group

1 Asilian et al. 28 24 26 24 0 10
2 Hedelund et al. --- --- --- --- 0 0
3 Azzam et al. --- --- 3 2 2 0
4 Manuskiatti et al. 13 11 12 14 10 7
5 Mohammed 5 3 12 9 2 9
6 Reinholz et al. 4 1 --- --- --- ---
7 Abou Eitta et al. 10 10 7 8 --- ---
8 Kaçar et al. 11 6 --- --- --- ---
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meta-analysis process revealed a non-significant difference in 
post-inflammatory hyperpigmentation in the CO2-laser group 
compared to the Non-CO2-laser group (p>0.05) [Figure 3].

Discussion
This work aims to determine the efficacy and safety of fractional 
CO2 laser in the management of patients with acne scars. The 
included studies were published between 2011 and 2020. 
Regarding patients’ characteristics, the total number of patients 
in all the included studies was 288 patients, with 144 patients in 

was carried out; with overall OR=1.18 (95% CI=0.614 to 2.27). 
The fixed-effects model of the meta-analysis process revealed a 
non-significant difference in satisfying patient assessment in the 
CO2-laser group compared to the non-CO2-laser group (p>0.05) 
[Figure 2].

Concerning the secondary outcome measure, we found 5 
studies that reported post-inflammatory hyperpigmentation. I2 
(inconsistency) was 77.5%, Q test for heterogeneity (p=0.004), 
so random-effects model was carried out; with overall OR=0.42 
(95% CI=0.0465 to 3.906). The random-effects model of the 

Figure 1: Forest plot (improved observer assessment).

Figure 2: Forest plot (satisfied patient assessment).
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the CO2-laser group, and 144 patients in the non-CO2-laser group, 
while their average follow-up time was (6.3) months. The mean 
age of all patients was (28.1 years). Our meta-analysis included 
8 studies comparing 2 different groups of patients; with a total 
number of patients (N=288). Concerning the primary outcome 
measures, we found 6 studies that reported improved observer 
assessment. Using the Fixed-effects model of the meta-analysis 
process revealed a highly significant increase in improved 
observer assessment in the CO2-laser group compared to the 
non-CO2-laser group (p=0.016) which came in the agreement of 
Tatlıparmak et al. [20]

Tatlıparmak et al. reported that, after an average of five 
treatments, there was a considerable reduction in scars and a 
much higher rate of pleased patients compared to baseline. The 
number of treatments and clinical improvement was found to 
have a favorable relationship. [20] On the other hand, our result 
came in disagreement with Cho et al. study who reported that 
follow-up three months following the final laser treatment, 27 
(25.5%) of the 100 patients showed moderate improvement, 
61 (57.5%) patients showed significant improvement, and 12 
(11.3%) patients showed near-total improvement. The mean 
clinical improvement grades were 2.64-0.76 for FPS, 2.60-0.68 
for CO2 FS, and 2.94-0.83 for FPS+CO2 FS, based on clinical 
photography assessment. There were no significant differences 
in mean values amongst laser devices (p=0.249). [21]

Concerning the primary outcome measures, we found 5 studies 
that reported satisfied patient assessment. Using Fixed-effects 
model of the meta-analysis process revealed a non-significant 
difference in satisfying patient assessment in the CO2-laser 
group compared to the non-CO2-laser group (p>0.05) which 
came in the agreement of  Cho et al.; van Drooge et al.; 
Hedelund et al.; Zhang et al. [22-25] Cho et al. reported that overall 
patient satisfaction was measured in surveys. Four of the eight 
patients (50.0%) were slightly satisfied after treatment with 
carbon dioxide fractional laser systems, two (25.0%) were very 

satisfied, one (12.5%) was slightly satisfied, and one (12.5%) 
was unsatisfied. Overall, there was no significant difference in 
satisfaction scores between the two groups (P>0.05). [22]

Van Drooge et al. reported that the total POSAS score did not 
differ significantly between the observer (p>0.05) and patient 
parts of the scale, according to statistical analysis. [23] Hedelund 
et al. reported that patients were satisfied with their treatments, 
and satisfaction levels at 1 month, 3 months, and 6 months after 
surgery were similar (P>0.05). The scar texture was rated as 
mild to moderately improved by the patients, and the evaluation 
scores did not alter significantly over time. [24] Zhang et al. who 
reported that, with fractional CO2 laser therapy, acne scars can 
be improved clinically. [25] 

Concerning the secondary outcome measure, we found 5 
studies that reported post-inflammatory hyperpigmentation. 
Using the Random-effects model of the meta-analysis process 
revealed a non-significant difference in post-inflammatory 
hyperpigmentation in the CO2-laser group compared to the 
Non-CO2-laser group (p>0.05) which came in the agreement of 
Boen et al.; Davis et al. [26,27] Boen et al. reported that in 29% 
of patients, post-inflammatory hyperpigmentation occurred, and 
all patients had persistent erythema. Davis et al. reported that in 
dark-skinned people, PIH is still the most common side effect 
of laser therapy.

Conclusion
To conclude, fractional CO2 laser had a significant contribution 
in improving observer assessment along with clinical 
improvement, but PIH is still the most common side effect of 
laser therapy, and further studies are needed to assess the safety 
of CO2 laser in the management of patients with acne scars.
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