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Abstract: Background: Acne vulgaris is a prevalent skin condition that often leads to facial scarring, significantly
affecting patients’ quality of life. Laser therapies, particularly carbon dioxide (CO,) array laser and erbium-doped
yttrium aluminum garnet (Er:YAG) laser, are widely used for acne scar management. This study aimed to compare
the long-term efficacy and safety of these two laser systems for the treatment of acne scars. Methods: A retrospec-
tive analysis was conducted on 254 patients with acne scars who were treated between January 2021 and January
2024. Among them, 124 patients received CO, laser treatment, while 130 received Er:YAG laser treatment. Clinical
data encompassing demographics, scar improvement, inflammatory markers, and patient satisfaction, were col-
lected over one year. Evaluations were based on Extended Cook’s Corrected Acne Scarring (ECCA) scores, VISIA Skin
Analysis, and Dermatology Life Quality Index (DLQI). Results: Er:-YAG laser demonstrated significantly lower intraop-
erative pain (VAS: 3.12 + 0.23 vs. CO,: 3.19 + 0.21; P = 0.011) and shorter erythema resolution time (2.93 + 0.64
vs. 3.11 + 0.7 weeks; P = 0.029). Post-treatment INF-y levels were higher in the Er:YAG group (853.68 + 113.56
vs. 815.3 + 120.28 pg/mL; P = 0.009). CO, laser showed superior long-term scar reduction (ECCA), with the most
pronounced improvement observed at 12 months (39.84 + 3.26 vs. Er:YAG: 41.31 + 4.88; P = 0.005). VISIA analysis
revealed better outcomes for CO, laser in pore size (7.55 + 1.86 vs. 8.16 + 1.14; P = 0.002) and porphyrins (81.33 +
4.11vs. 83.24 +5.24; P = 0.001). Treatment efficacy favored CO,, with significantly lower ineffective response rates
(5.65% vs. 16.92%; P = 0.017), although persistent erythema was more common with CO, (6.45% vs. 0.77%; P =
0.035). At 12 months, DLQI improvement was superior greater in the CO, group (11.25 + 1.98 vs. 12.01 + 2.02; P
= 0.003). Conclusion: The CO, laser demonstrated superior long-term efficacy for reducing acne scars compared to
the Er:YAG laser, at the cost of increased persistent erythema. Conversely, the Er:YAG laser offered a better recovery
profile with fewer adverse reactions.
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Introduction cision in skin regeneration and scar remodeling
[6].

Acne vulgaris is a prevalent dermatologic con-

dition that frequently results in facial scarring,
affecting up to 40% of individuals with severe
forms of the disease [1, 2]. Acne scars can pro-
foundly affect patients’ quality of life, leading to
psychological distress and reduced self-esteem
[3]. Clinically, acne scar treatment poses signifi-
cant challenges due to varying scar morphology
and depth. To address this, multiple approach-
es including chemical peels, dermabrasion,
and advanced laser therapies have been devel-
oped [4, 5]. Among these, laser treatment has
emerged as the preferred option due to its pre-

For acne scar treatment, the carbon dioxide
(CO,) array laser and the erbium-doped yttrium
aluminum garnet (Er:YAG) laser are commonly
used [7]. The CO, laser, working at 10,600 nm,
is particularly effective due to its ability to pen-
etrate deeper into the skin layers. This advan-
tage makes it particularly suitable for treating
thicker scars, as it actively stimulates collagen
remodeling [8]. The CO, laser works by vaporiz-
ing damaged tissue and applying controlled
heat to induce thermal coagulation, thereby
promoting the skin’s natural healing processes

https://doi.org/10.62347/WTMW1778


http://www.ajtr.org
https://doi.org/10.62347/WTMW1778

CO2 vs. Er:YAG lasers for acne scars

[9]. However, the deep and intense nature of
this treatment usually leads to a longer recov-
ery time, with an increased risk of side effects
like prolonged redness and hyperpigmentation,
particularly in individuals with darker skin
tones.

On the other hand, the Er:YAG laser operates at
2940 nm and is known for its precision in tis-
sue removal with minimal heat spread [10].
This allows for more controlled treatment and
faster recovery. By targeting water in the skin,
the Er:YAG laser efficiently renews the surface
layers while protecting surrounding tissue from
heat damage [11], making it a better option for
patients concerned about recovery time or side
effects. However, its limited depth penetration
means it is less effective for treating deeper or
more resistant scars.

The choice between the CO, and Er:YAG lasers
depends on the type of scar and the patient’s
specific needs. With advances in laser technol-
ogy, the safety and precision of these two ther-
apies have been greatly enhanced. Neverthe-
less, more comprehensive comparative studies
are required to evaluate their long-term efficacy
in treating acne scars. Understanding the dis-
tinct advantages of each laser helps in select-
ing anoptimal treatment strategy for patients.

Most previous studies have focused on short-
term results, with limited data on the long-term
effects of laser treatments for acne scars. Our
study represents a key advancement by con-
ducting a comprehensive one-year retrospec-
tive analysis. We systematically compared long-
term efficacy and safety of CO, and ErYAG
lasers. Instead of focusing mainly on short-
term outcomes, we used the Extended Cook’s
Corrected Acne Scarring (ECCA) scores and
the VISIA Skin Analysis System to evaluate
changes in scar severity, skin texture, and ery-
thema. Additionally, we monitored cytokine
changes associated with immune responses,
providing a more comprehensive understand-
ing of treatment effects. These findings can
assist clinicians in selecting the optimal laser
treatment, ensurin effectiveness, patient safe-
ty, and comfort.

Patients and methods
Study design and ethical considerations
A retrospective analysis was conducted on 254

individuals with acne scars who underwent
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laser treatment at Wuhan No. 1 Hospital
between January 2021 and January 2024.
Ethical approval for this study was granted by
the Institutional Review Board and Ethics
Committee of Wuhan No. 1 Hospital.

Patients were divided into two groups based
on the type of laser treatment they received:
the Er:YAG Laser group (n = 130) and the CO,
Laser group (n = 124). Patient information was
collected from the hospital’'s case manage-
ment system, encompassing demographic
details, treatment protocols, levels of inflam-
matory factors, ECCA scores, VISIA scores,
treatment outcomes, adverse reactions, and
patient satisfaction.

Inclusion and exclusion criteria

Inclusion criteria: (1) age > 18 years; (2) diagno-
sis of acne scars in accordance with estab-
lished criteria [12]; (3) patients exhibited vari-
ous degrees of symptoms such as local tissue
thickening, changes in skin color at lesional
sites, hyperpigmentation or hypopigmentation,
uneven scar surfaces, and abnormal tissue
tension [13]; (4) scar duration exceeding 3
months; (5) complete medical records; (6) regu-
lar follow-up visits.

Exclusion criteria: (1) presence of other facial
inflammatory conditions; (2) history of hyper-
trophic scarring; (3) presence of photosensitive
skin disorders; (4) history of retinoid use [14];
(5) inability to tolerate laser treatment; (6) diag-
nosis of neurological disorders or abnormal
mental or cognitive status.

Therapeutic method

After selecting the treatment area, the patient’s
skin was thoroughly cleaned, and a topical
anesthetic cream, Compound Lidocaine Cream
(Approval No. H20063466, containing 25 mg
Prilocaine and 25 mg Lidocaine per gram,
Tongfang Pharmaceutical Group Co., Ltd.), was
applied. The laser area was then covered with
plastic wrap for approximately one hour.
Subsequently, the anesthetic was wiped off,
and the area was cleaned and disinfected with
75% alcohol.

For the Er:YAG laser group, a 2940 nm Er:YAG
laser (Lovelyll, Alma Lasers, Israel; Registration
No. 2013 3243839) was used.A 1l mm x 1. mm
spot size with an energy density of 100-1400
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mJ per pulse in a resurfacing mode, and a 4
mm x 4 mm spot size with a coagulation depth
achieved by 1400-1800 mJ per pulse were
used to gently ablate the surrounding scar tis-
sue into a smooth slope. Residual skin debris
was removed using saline-soaked cotton
swabs until the treated area appeared pink and
uniformly smooth, with a slight yellow tint.
Comprehensive facial treatment was per-
formed using a 7 mm x 7 mm spot size, a 5 Hz
pulse frequency, a medium pulse duration of
1400-1800 mJ per pulse, and a long pulse
width of 2000-2500 mJ per pulse in a fraction-
al mode.

For the CO2 laser group, the UltraPulse Encore™
system (Lumenis, USA) with DeepFX and
ActiveFX handpieces was used. DeepFX set-
tings included energy levels of 10-20 mJ, a den-
sity of 5%-10%, a frequency of 300 Hz, and a
time interval of 0.5 seconds. ActiveFX settings
involved energy levels of 100-175 mJ and a
frequency of 25-50 Hz. Depending on the
lesion’s size and shape, different Computeriz-
ed Pattern Generator (CPG) parameters were
selected, with dot patterns of 1-8, spot sizes of
grade 3-7, densities of 10%-100%, and a scan-
ning pattern delay of 0.1-0.3 seconds. The
handpiece was correctly focused at the lesion
distance and applied vertically to the treatment
area, scanning locally with the DeepFX hand-
piece first, followed by ActiveFX to extend the
coverage. Energy and density were increased
appropriately for more severe lesions.

Following the procedure, a 30-minute ice
therapy was administered. Patients were
instructed to apply Fluticasone Propionate
Cream (Timi, Approval No. H20103501, Hubei
Hengan Fulin Pharmaceutical Co., Ltd.) twice
daily, in the morning and evening, for three
days. Recombinant human epidermal growth
factor gel (Yifu, Approval No. S$20020111,
Guilin Huanowi Gene Pharmaceutical Co., Ltd.)
was applied for seven days. Post-procedure,
patients were advised to use sunscreen with a
sun protection factor (SPF) greater than 30.
Follow-up visits were scheduled every three
months for one year.

Basic information

Patient information was collected through the
hospital’s medical record system, including
age, gender, history of other diseases, educa-
tion level, duration of illness, grade according
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to the Qualitative Global Scarring Grading
System (GSS), and scar location.

The GSS evaluates the overall appearance and
quality of scars, categorizing them into four
severity grades [15].

Grade | (Mild): scars are nearly indistinguish-
able from normal skin, presenting with only
minor discoloration, flatness, soft consistency,
minimal abnormal vasculature, and no pain or
itching. They do not restrict movement or func-
tion. Grade Il (Moderate): scars show slight
color changes, with mild redness or hyper/
hypopigmentation, mild elevation, and a slight-
ly hardened but mobile consistency. Small ves-
sels may be visible, and there might be occa-
sional mild pain or itching, with minimal effect
on activity or function. Grade lll (Severe): scars
are clearly distinct from normal skin, with nota-
ble redness and pigment changes, significantly
raised hypertrophic characteristics, hardened
and less mobile texture, increased abnormal
vasculature with vessel dilation, and frequent
pain or itching. These scars may limit joint
movement or other functions. Grade IV (Very
Severe): scars display extreme color changes,
such as intense red/purple, dark, or fully depig-
mentation. They are highly hypertrophic, poten-
tially keloidal, very hardened or fixed, with
extensive vessel dilation and congestion, caus-
ing persistent severe pain or itching. These
scars significantly affect quality of life, severely
restrict movement, and may lead to disability or
long-term functional impairment.

Treatment process and short-term recovery

Following the initial treatment, patients were
asked to complete survey questionnaires to
assess several metrics: the Visual Analog
Scale (VAS) [16] for self-recorded pain intensity,
the duration until pain resolution, and the time
required for erythema to resolve. The timing
began immediately post-treatment.

The VAS was employed to measure the intensi-
ty of pain experienced by the patients. This
scale ranges from O to 10, where O indicates
no pain and no impact on sleep, a score of < 3
indicates mild pain that does not disrupt sleep,
scores of 4-6 indicate moderate pain that
affects sleep, and scores of 7-10 indicate
severe pain causing insomnia or pain-related
awakenings. Higher scores reflect greater pain
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intensity. The Cronbach’s alpha for the VAS was
0.79 [17]. The cost of each patient’s treatment
was recorded using the hospital case system.

Inflammatory factors

Prior to treatment and three months after treat-
ment, 5 mL of venous blood was drawn from
each patient. The venous blood samples were
processed using a refrigerated high-speed
centrifuge (TLD 12A, Hunan Xiangxi Scientific
Instrument Factory, China) at 3000 rpm for 10
minutes. The separated plasma was then
stored at -80°C. The levels of interleukin-4 (IL-
4) and interferon-gamma (INF-y) were mea-
sured using an automated biochemical analyz-
er (AU5811, Shanghai Kehua Bio-engineering
Co., Ltd.).

ECCA

The ECCA score was recorded at intervals of
three months, six months, and one year post-
treatment [18]. This scoring system effectively
classifies facial scars by both the characteris-
tics and distribution of the scars. The scar
score is calculated as a x b, where ‘a’ repre-
sents the nature of the acne scars, and ‘b’ indi-
cates the semi-quantitative value of scar den-
sity (scar count).

The ‘@’ value was determined by categorizing
scars based on their nature, evaluating the
severity, morphology, and progression of
lesions. The ‘b’ value measures scar density in
units of the forehead or one cheek, with O for
no scars, 1 for a few scars (< 5 scars), 2 for a
moderate number of scars (more than 5 but <
20 scars), and 3 for a large number of scars
(more than 20 scars).

VISIA

One year after treatment, the VISIA Skin
Analysis System (VISIA 7th Generation, Can-
field Scientific Inc., USA) was used to examine
and quantify skin characteristics in both gr-
oups, thereby assessing the effectiveness of
the treatment [19]. This assessment included
measurements of erythema, texture, pores,
and porphyrins. Erythema indicates conditions
such as acne, inflammation, and capillary dila-
tion. Texture refers to skin smoothness, high-
lighting the presence of scars or uneven areas.
Pores relate to the openings of sebaceous
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glands on the skin surface, reflecting the sever-
ity of acne scarring. Porphyrins are positively
correlated with acne lesions.

Treatment outcomes and adverse reactions

One year post-treatment, patient outcomes
and adverse reactions were recorded. An out-
come was classified as “significant” if there
was more than an 80% improvement in lesions,
with scars becoming smooth, visually uniform,
and their color closely resembling the surround-
ing normal skin. An outcome was deemed
“effective” if there was a 50% to 80% reduc-
tion in scar unevenness and notable reduction
in discoloration. An outcome was considered
“ineffective” if there was less than a 50%
improvement or resolution of lesions, with no
significant changes in scar texture or color.
Additionally, ineffective outcomes included
cases where new scars formed or there was
noticeable hyperpigmentation or depigmenta-
tion [20].

Patient satisfaction

The Dermatology Life Quality Index (DLQI) com-
prises ten questions designed to assess the
impact of skin problems on various aspects of
life, including symptoms and feelings, daily
activities, leisure, work or school performance,
personal relationships, and treatment, during
the previous week [21]. Patients respond to
these questions, yielding an overall score rang-
ing from O to 30. A higher score indicates more
severe disease. The DLQI demonstrated high
internal consistency reliability, with a Cron-
bach’s alpha of 0.91.

Statistical analysis

Statistical analyses were conducted using
SPSS 29.0 software (IBM Corp., Armonk, NY,
USA). Categorical data were summarized as fre-
quencies and percentages ([n (%)]) and ana-
lyzed using the chi-square test. Continuous
variables were first evaluated for normality with
the Shapiro-Wilk test. For normally distributed
data, means and standard deviations (M * SD)
were reported, while non-normally distributed
data were presented as medians and inter-
quartile ranges [median (Q1, Q3)]. The Wilcox-
on rank-sum test (also known as the Mann-
Whitney U test) was applied to compare non-
normally distributed continuous variables

Am J Transl Res 2025;17(8):6391-6402



CO2 vs. Er:YAG lasers for acne scars

Table 1. Comparison of demographic characteristics between the two groups

Er:YAG laser group

CO, laser group

Indicator (n = 130) (n = 124) t/x? P
Age (years) 26.58 + 4.12 26.51 +4.35 0.135 0.893
Female/Male 61 (46.92%)/69 (53.08%) 60 (48.39%)/64 (51.61%) 0.055 0.815
Body mass index (kg/m?) 23.08 +2.74 23.16 £ 2.65 0.257 0.798
Smoking history (Yes/No) 24 (18.46%)/106 (81.54%) 26 (20.97%)/98 (79.03%) 0.252 0.616
Drinking history (Yes/No) 30 (23.08%)/100 (76.92%) 31 (25%)/93 (75%) 0.129 0.72
Hypertension (Yes/No) 1(0.77%)/129 (99.23%) 2 (1.61%)/122 (98.39%) 0.002 0.967
Diabetes (Yes/No) 2 (1.54%)/128 (98.46%) 3(2.42%)/121 (97.58%) 0.003 0.957
Educational level (Junior college graduate/College graduate or higher) 69 (53.08%)/61 (46.92%) 75 (60.48%)/49 (39.52%) 1.418 0.234
Marital status (Married/Unmarried) 55 (42.31%)/75 (57.69%) 54 (43.55%)/70 (56.45%) 0.04 0.842
Ethnicity (Han/Other) 120 (92.31%)/10 (7.69%) 113 (91.13%)/11 (8.87%) 0.116 0.733
Course of illness 561+ 151 559+ 1.32 0.106 0.916
GSS grade 1.452 0.693

| class 27 (20.77%) 19 (15.32%)

Il class 31 (23.85%) 34 (27.42%)

Il class 26 (20%) 27 (21.77%)

IV class 46 (35.38%) 44 (35.48%)
Scar location 1.374 0.503

Cheeks 46 (35.38%) 52 (41.94%)

Forehead 37 (28.46%) 29 (23.39%)

Entire face 47 (36.15%) 43 (34.68%)

GSS: qualitative global scarring grading system.

between groups. A two-tailed p-value < .05 was
considered significant.

Results
Basic data

The mean age for the Er:-YAG group was 26.58
+ 4.12 years, while the CO, group had a mean
age of 26.51 + 4.35 years (t = 0.135, P =
0.893) (Table 1). The gender distribution
showed 46.92% female and 53.08% male in
the Er:YAG group compared to 48.39% female
and 51.61% male in the CO, laser group (x* =
0.055, P = 0.815). Body Mass Index (BMI) was
similar between the groups, with the Er:YAG
group averaging 23.08 + 2.74 kg/m? and the
CO, laser group 23.16 + 2.65 kg/m? (t = 0.257,
P = 0.798). Smoking and drinking histories did
not differ significantly, with smoking reported
by 18.46% in the Er:-YAG group and 20.97% in
the CO, group, and drinking history reported by
23.08% and 25% respectively (P > 0.05).

Likewise, there were no notable differences in
hypertension, diabetes prevalence, education-
al level, marital status, ethnicity, course of ill-
ness, GSS grade, or scar location between the
two groups. Hypertension and diabetes were
reported in minimal numbers across both
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groups without statistical significance (P >
0.05). The distribution of the qualitative global
scarring grading system and scar location were
also not significantly different, ensuring a bal-
anced foundation for subsequent analysis of
efficacy and safety outcomes.

Treatment process and short-term recovery

The cost of treatment was similar between
both groups, with the Er:YAG group averaging
8012.35 + 219.56 yuan versus 8035.56 =+
265.32 yuan for the CO, group (t = 0.758, P =
0.449) (Table 2). However, the VAS scores in-
dicated significantly less pain in the Er:YAG
group (3.12 + 0.23) compared to the CO, group
(3.19 + 0.21) (P = 0.011). Furthermore, pain
resolution time was shorter in the Er:YAG gr-
oup at 2.29 £ 0.12 hours compared to 2.34 +
0.15 hours in the CO, group (t = 2.631, P =
0.009). Shedding time was not significantly dif-
ferent between the groups, averaging 6.57
1.82 days for the Er:YAG group and 6.65
1.89 days for the CO, group (t = 0.327, P
0.744). Erythema resolution time was signifi
cantly shorter in the Er:-YAG group at 2.93 +
0.64 weeks compared to 3.11 + 0.7 weeks in
the CO, group (t = 2.198, P = 0.029). These
results suggest notable differences in patient
experiences regarding pain and recovery time

n+ +
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Table 2. Comparison of treatment cost and short time recovery between the two groups

Indicator Er:YAG laser group (n = 130)  CO, laser group (n = 124) t P

Cast (yuan) 8012.35 + 219.56 8035.56 + 265.32 0.758 0.449
VAS 3.12+0.23 3.19+0.21 2.553 0.011
Pain resolution time (h) 2.29+0.12 2.34+£0.15 2.631 0.009
Shedding time (d) 6.57 £ 1.82 6.65 + 1.89 0.327 0.744
Erythema resolution time (week) 2.93+0.64 3.11+0.7 2.198 0.029

VAS: Visual Analog Scale.

ns

==Er:YAG Laser group

==CO: group

44

Before treatment

After treatment

Figure 1. Comparison of IL-4 levels between the two groups before and

after treatment. IL-4: Interleukin-4. ns: no significant. ###: comparison of

before treatment and after treatment, P < 0.001.

1200

R %‘

m=Er:YAG Laser group

==CO: group

Before treatment

Figure 2. Comparison of INF-y levels between the two groups before and
after treatment. INF-y: Interferon-gamma. ns: no significant difference,
**P < 0.01. ###: comparison of before treatment and after treatment,

P < 0.001.
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After treatment

between the two laser treat-
ment modalities.

Inflammatory factors

Before treatment, IL-4 levels
were similar between the Er:YAG
(130.28 + 23.32 pg/mL) and
the CO, group (129.17 + 24.07
pg/mL; t = 0.374, P = 0.709)
(Figure 1). After treatment, IL-4
levels decreased in both grou-
ps, with the Er:YAG group show-
ing 62.29 + 13.33 pg/mL and
the CO, group showing 63.85 +
12.43 pg/mL, with no signifi-
cant difference (t = 0.96, P =
0.338). Conversely, INF-y levels,
which were initially compar-
able between groups (Er:YAG:
551.37 + 58.84 pg/mL vs. CO,:
552.34 + 62.37 pg/mL; t =
0.126, P = 0.9) (Figure 2), dis-
played a significant differen-
ce post-treatment. The Er:YAG
group showed an increase to
853.68 + 113.56 pg/mL, sig-
nificantly higher than 815.3 %
120.28 pg/mL in the CO, group
(t = 2.616, P = 0.009). These
results indicate a differential
effect on INF-y levels between
the two laser modalities.

ECCA

Prior to treatment, ECCA sco-
res were comparable between
the ErYAG group (87.23 +
23.41) and the CO, group
(85.23 + 24.25; t = 0.669, P =
0.504) (Figure 3). However,
three months post-treatment,
the CO, group exhibited a signifi-
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Er:YAG group (40.05 + 8.52) (t =
2.232, P = 0.027) (Table 3). In
terms of skin texture, the CO2
group again showed superior
results with a mean score of
4557 + 3.01 versus 47.12

5.21 in the Er:YAG group (t

([

2.916, P = 0.004). Regarding
pore visibility, the CO, treatment
yielded a lower score (7.55 %
1.86) compared to the Er:YAG
group (8.16 + 1.14) (t = 3.101,
P = 0.002). For porphyrins, the
CO, group also achieved better
outcomes, with a score of

Figure 3. Comparison of ECCA score between the two groups before and
after treatment. *P < 0.05, **P < 0.01. ECCA: Extended Cook’s Corrected

Acne Scarring score.

Table 3. Comparison of VISIA scores between the two groups

81.33 + 4.11 compared to
83.24 + 5.24 in the ErYAG
group (t = 3.242, P = 0.001).
These results suggest that the
CO, laser offers greater efficacy
in improving various skin attri-
butes related to acne scars.

Treatment effect

In the CO, group, 37.1% of

Er:YAG laser group

CO, laser group

patients experienced signifi-

Indicator (n=130) (n=124) ! P cant improvement, compared to
Erythema 40.05 + 8.52 38214393 2232 0.027 30.77% in the ErYAG group
Texture 4712 +5.21 4557 +3.01 2916 0.004 (Table 4). Additionally, the effec-
Pores 8.16 + 1.14 755+1.86  3.101 0.002 tive response rate was higher in
Porphyrins 83.24 + 5.24 81.33+4.11 3242 0.001 the CO, group at 57.26%, com-

VISIA: Visualizing Skin Imperfections and Attributes.

cantly lower ECCA score (61.41 + 15.81) com-
pared to the Er:YAG group (65.24 + 14.54) (t =
2.009, P = 0.046). This trend continued at six
months, with the CO, group achieving a more
pronounced reduction in scarring (48.76 *
6.51) compared to the Er:YAG group (51.32 £
6.47) (t = 3.149, P = 0.002). One year post-
treatment, the CO, group maintained superior
outcomes with a score of 39.84 + 3.26 com-
pared to 41.31 + 4.88 in the Er:YAG group (t =
2.841, P = 0.005). These results indicate that
the CO, laser was more effective in reducing
acne scars over the long term compared to the
Er:YAG laser.

VISIA

Erythema levels were significantly lower in the
CO, group (38.21 * 3.93) compared to the
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pared to 52.31% in the Er:YAG
group. Notably, the incidence
of an ineffective treatment res-
ponse was substantially lower in the CO, group,
with only 5.65% of patients reporting no
improvement, compared to 16.92% in the
Er:-YAG group. The comparison of treatment
effects between the Er:YAG Laser group and
the CO, Laser group revealed a significant dif-
ference in overall efficacy (x> = 8.105, P =
0.017). Overall, these results suggest that the
CO, laser provides more effective treatment
outcomes in the management of acne scars.
Facial images of a typical case are shown in
Figure 4.

Adverse reactions

The occurrence of blisters was negligible, with
0.77% in the Er:YAG group compared to 1.61%
in the CO, group (x*> = 0.002, P = 0.967) (Table
5). Hyperpigmentation was reported in 1.54%
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Table 4. Comparison of treatment efficacy between the two groups

Indicator Er:YAG laser group (n = 130) CO, laser group (n = 124) X2 P
Significant improvement 40 (30.77%) 46 (37.1%) 8.105 0.017
Effective 68 (52.31%) 71 (57.26%)

Ineffective 22 (16.92%) 7 (5.65%)

Figure 4. A patient with acne scars. A: Before treatment. B: After treatment.

Table 5. Comparison of adverse reactions between the two groups

Indicator Er:YAG laser group (n = 130) CO, laser group (n = 124) X2 P

Blisters 1 (0.77%) 2 (1.61%) 0.002 0.967
Hyperpigmentation 2 (1.54%) 4 (3.23%) 0.223 0.637
Itching 1 (0.77%) 3 (2.42%) 0.304 0.581
Persistent erythema 1 (0.77%) 8 (6.45%) 4.449 0.035
Scar hyperplasia 3(2.31%) 1 (0.81%) 0.208 0.648

of the Er:-YAG group and 3.23% of the CO, group
(x2 = 0.223, P = 0.637). ltching occurred in
0.77% of the Er:YAG patients and 2.42% of
those in the CO, group (x> = 0.304, P = 0.581).
A significant finding was the higher incidence of
persistent erythema in the CO, group (6.45%)
compared to the Er:YAG group (0.77%), with a x>
of 4.449 and a P-value of 0.035. Scar hyperpla-
sia rates were low in both groups, occurring
in 2.31% of the Er:YAG group and 0.81% of
the CO, group (x> = 0.208, P = 0.648). These
results suggest that while persistent erythema
was significantly more common in the CO, laser
treatment, other adverse reactions were rela-
tively infrequent and comparable between the
two groups.
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Dermatology Life Quality Index (DLQI)

The impact of laser treatment on the quality of
life in patients was evaluated using DLQI (Table
6). Prior to treatment, the Er:YAG laser group
exhibited a mean value of 16.52 + 2.35, which
was comparable to 16.81 + 2.15 in the CO,
group (t = 1.007, P = 0.315). At the 3-month
post-treatment assessment, the mean DLQI
value in the Er:YAG group decreased to 13.25 +
2.18, significantly lower than 14.02 + 2.25 in
the CO, group (t = 2.766, P = 0.006). By the
6-month post-treatment mark, the Er:-YAG gro-
up further declined to 12.24 + 2.20, while the
CO, group reduced to 11.58 + 2.01 (t = 2.500,
P = 0.013). At the 1-year post-treatment evalu-
ation, the Er:YAG Laser group had a mean value
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Table 6. Comparison of DLQI scores between the two groups

Indicator Er:YAG laser group (n = 130)  CO, laser group (n = 124) t P

Before treatment 16.52 + 2.35 16.81 + 2.15 1.007 0.315
3 months after treatment 13.25 +2.18 14.02 £ 2.25 2.766 0.006
6 months after treatment 12.24 + 2.20 11.58 £2.01 2.500 0.013
1 year after treatment 12.01 +2.02 11.25 +1.98 3.029 0.003

DLQI: Dermatology Life Quality Index.

of 12.01 £ 2.02, significantly higher than 11.25
+1.98 in the CO, group (t = 3.029, P = 0.003).
Initial improvements in patient quality of life
were observed with both treatments, but the
improvements from CO, laser therapy were
more enduring.

Discussion

In our study, we evaluated the long-term effica-
cy of CO, array laser and Er:YAG laser treat-
ments for acne scars. ECCA scores indicated
that the CO, laser was more effective in reduc-
ing acne scar severity. This aligns with earlier
research highlighting the CO, laser’s strengths
in penetrating deep into the skin and promot-
ing collagen remodeling [22]. Several reasons
could explain the superior performance of the
CO, laser. Operating at a 10,600 nm wave-
length, the CO, laser reaches deeper layers of
the skin, effectively removing scar tissue and
stimulating collagen production [23-25]. The
combination of deep penetration and tissue
coagulation likely contributes to more signifi-
cant skin tightening and smoother texture [26,
27]. In contrast, the Er:YAG laser, with a shorter
wavelength of 2940 nm, absorbs more superfi-
cially, limiting its impact on deeper scars but
enabling precise ablation with minimal lateral
thermal damage [28].

Improvements in skin texture, pore size, and
erythema, measures by the VISIA Skin Analysis
System, further support the CO, laser’s deeper
penetration capabilities. The dual benefit of
resurfacing and remodeling, driven by the CO,
laser’s coagulative and ablative action, played
a crucial role in treating moderate to severe
acne scars [29, 30]. Over the one-year follow-
up period, the consistent reduction in ECCA
scores in the CO, group underscores its effec-
tiveness in generating lasting changes within
the skin matrix.

However, the efficacy advantage comes with a
trade-off. Our study found a higher incidence of
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persistent erythema in patients with the CO,
laser treatment, likely due to its deeper pene-
tration and greater potential for collateral ther-
mal damage. This persistent erythema could
be attributed to prolonged inflammatory
responses and neovascularization induced by
the thermal injury, which are common with
more aggressive resurfacing methods. Previ-
ous research has shown that deeper laser
treatments, like CO, laser, tend to cause more
inflammation and require longer recovery times
[31]. In contrast, the Er:YAG laser works more
superficially, resulting in fewer cases of erythe-
ma and blistering. This is because it limits heat
spread into the surrounding skin tissue. Due to
these safety advantages, Er:YAG lasers are
especially useful for patients concerned about
prolonged recovery times or those with skin
types more prone to post-inflammatory hyper-
pigmentation [32].

Patients reported that the Er:-YYAG laser was
more comfortable and allowed for quicker
recovery compared to the CO, laser. Those
treated with Er:-YAG experienced less pain, and
their discomfort subsided faster. This may be
associated with the Er:YAG laser’s precise tar-
geting of tissue, minimizing heat spread and
thus reducing nerve irritation [33]. The faster
fading of erythema also suggests a quicker
short-term recovery with the Er:YAG laser [34].

Both treatments significantly reduced IL-4 lev-
els and increased INF-y levels. This shift from
an anti-inflammatory state toward a more
active immune response seems beneficial for
wound healing and scar remodeling. Our finding
aligns with earlier work showing these cytokine
changes are crucial for skin repair [35]. Despite
the CO, laser having a deeper effect on the
skin, the Er:YAG group exhibited a greater rise
in INF-y levels. This suggests that the Er:YAG
laser may promote a more controlled inflamma-
tory response, minimizing excessive cellular
stress while still supporting the body’s regen-
erative processes.

Am J Transl Res 2025;17(8):6391-6402



CO2 vs. Er:YAG lasers for acne scars

Patients in both groups started with similar
DLQI scores, indicating comparable quality of
life before treatment. Three months later, the
Er:YAG Laser group showed a greater reduction
in DLQI scores, suggesting a quicker initial ben-
efit. However, by six months and one year post-
treatment, the CO, group had much lower DLQI
scores, indicating a more sustained improve-
ment in their quality of life. This suggests a
more lasting improvement in their skin-related
quality of life. While these trends are promising,
further research is needed to confirm these
results and better understand the underlying
mechanisms.

Our findings highlight the need to personalize
acne scar treatment. Choosing between CO,
and Er:YAG lasers requires careful consider-
ation of factors like scar severity, the patient’s
pain tolerance, and their risk of pigmentation
changes. A balance must be sought between
achieving the best results and ensuring patient
safety and comfort. Ultimately, the aim is to
achieve excellent clinical outcomes with high
patient satisfaction.

While this study offers valuable insight into the
long-term outcomes of CO, and Er:YAG lasers
for acne scars, several limitations warrant con-
sideration. Our relatively small sample size lim-
its the statistical power and generalizability of
these findings. Since the majority of partici-
pants had lighter skin tones, it is hard to predict
the treatment response in dark-skinned peo-
ple. We acknowledge that patient-reported sat-
isfaction measures are inherently subjective,
potentially introducing bias. Although the one-
year follow-up provided meaningful long-term
data, extended observation could reveal addi-
tional delayed effects either beneficial or
adverse. Finally, potential influences from con-
current acne therapies, medications, or life-
style factors on healing and outcomes were not
systematically controlled. Future work should
prioritize larger, more diverse patient cohorts,
incorporate objective scar assessment tools,
and extend follow-up periods to strengthen
these observations.

Conclusion

CO, laser therapy delivers superior long-term
improvement for acne scars but carries a high-
er risk of prolonged redness. Conversely, Er:YAG
laser treatment is a safer alternative with faster
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recovery and fewer adverse events. Our evi-
dence supports a personalized approach to
clinical decision-making, carefully balancing
efficacy against potential complications. Future
studies should refine treatment protocols and
investigate combined approaches that benefits
of both laser systems. Such strategies could
enhance scar resolution while minimizing
unwanted effects. It would also be helpful to
include a broader range of patients, such as
those with different skin types and severe scar-
ring, to optimize laser treatment.
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