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Abstract: Objective: As acne scars remain challenging to treat. This study compared the safety and
efficacy of two carbon dioxide (CO2) laser systems for acne scars treatment. Methods: Between 2022
and 2024, 88 patients were treated for acne scars using either the ProScan applicator, delivering dual
fractional CO2 ablative (10,600 nm) and nonablative (1570 nm) lasers, or the LiteScan applicator,
which delivers ablative CO2 (10,600 nm) laser alone. Clinical efficacy was assessed using the Echelle
d'Evaluation Clinique des Cicatrices d'acne (ECCA) scale. Results: Both groups showed significant
improvements in ECCA scores post-treatment (p < 0.001, Wilcoxon Signed-Rank Test). However,
the percentage change in scores from baseline to post-treatment did not differ significantly between
the groups (p > 0.05, Wilcoxon Rank-Sum Test). Adverse effects were mild and transient, resolving
within a few days, with no significant differences between the groups (p > 0.05, Chi-square test).
Limitations: This study is limited by its retrospective design and the absence of a control group.
Conclusion: Both laser systems demonstrated high efficacy and safety in treating acne scars, with
significant post-treatment improvement in scar severity.

Keywords: acne scars; ECCA; dermatological laser therapy; fractional laser resurfacing; nonablative
laser

Introduction

Acne vulgaris is one of the most common inflammatory skin conditions.(1-7) It primarily affects
the face but can involve the chest, back, and shoulders.(1) Due to its relapsing and persistent nature,
acne may qualify as a chronic disease as defined by the World Health Organization and the U.S.
Centers for Disease Control and Prevention.(8) A major consequence of acne is the formation of scars,
affecting up to 95% of patients.(9,10) Scarring is a consistent reminder of past episodes and has a
profound impact on quality of life, undermining self-confidence and provoking emotional
distress.(6,8,11,12) In fact, the psychological and functional burden associated with acne scarring is
comparable to that of debilitating chronic diseases such as asthma and epilepsy.(8) Acne scars result
from disruptions in the wound-healing process. Typically, this process begins with inflammation,
followed by proliferation and tissue remodeling.(6,10) These phases involve migrating various cell
types into the wound, angiogenesis, and reforming the extracellular matrix (ECM). (13-15) When this
process is disrupted, an imbalance between collagen production and degradation occurs. Excessive
collagen production produces hypertrophic or keloid scars, while insufficient collagen production
produces atrophic scars.(6,12,16-18) Most acne scars are atrophic, whereas hypertrophic or keloid
scars are less common.(10,12) Due to the variety of scar types, their three-dimensional aspect and
their evolution over time, the assessment of acne scars is a challenge that can hinder clinical
management. Among the various grading systems used, the Echelle d'Evaluation Clinique des
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Cicatrices d'acne (ECCA) scale is a quantitative validated framework, with high interobserver
reliability.(19) The ECCA grading scale categorizes six specific scar types, each assigned a semi-
quantitative score (0—4) and a weighting factor (15-50) to reflect their severity and clinical impact.
The overall scar grade is calculated by multiplying the semi-quantitative score by the weighting
factor. Two subgrades are defined: one for four atrophic characteristics (V-shaped, U-shaped, M-
shaped, and superficial elastolysis) and another for two hypertrophic/keloid characteristics
(hypertrophic inflammatory and keloid scars). The total score, referred to as the Global ECCA Score,
is obtained by summing the subgrades and ranges from 0 to 540.(20)

A wide range of effective methods for reducing acne scars are available depending on the type
of scar, its location, and the depth of the lesions [6], [10]. The primary focus is on delivering treatments
with minimal side effects, enabling patients to quickly resume their daily activities.(6) Energy-based
devices are an attractive non-invasive alternative that offers an effective, low-risk therapy for most
types of atrophic acne scars.(6,10,12,21) Ablative lasers deliver high energy to the skin, superheating
water molecules in the epidermis and vaporizing skin cells in a peeling effect. Below the vaporization
zone, thermal damage stimulates skin cells to produce new collagen. Non-ablative lasers deliver
energy into the dermis creating thermal coagulation without destroying the overlying epidermis,
resulting in fewer side effects and shorter recovery. However, clinical improvement may be
moderate. Fractional technology creates pixelated zones of thermal damage, known as Micro
Thermal Treatment Zones (MTZs), which consist of affected tissue columns surrounded by intact
tissue. The surrounding unaffected tissue promotes rapid repair through epidermal stem cell
regeneration and  fibroblast-driven = neo-collagenesis, leading to  effective  skin
remodeling.(10,12,18,22-25) Despite the wide range of lasers available, acne scars remain challenging,
and research into new strategies continues. Combination approaches have been proposed to optimize
clinical outcomes [12], with several studies suggesting that the use of multiple laser wavelengths may
improve results. (6) One of the main fractional ablative laser devices currently used for acne scars is
the Carbon dioxide (CO2) laser, emitting a 10,600 nm beam. (12)

This study presents a retrospective comparison of acne scar treatment outcomes using two COz
laser systems.

Materials and Methods

Consecutive patients (216 years) attending the San Luca Clinic (Tirana, Albania) for laser-based
treatment of acne scars were included in the analysis and prospectively followed up for 6 months
between April 2022 and March 2024. Patients with an active local infection at the treatment site,
photo-aggravated skin disease, a cultured epithelial autograft at the treatment site, unstable
epithelium within a few weeks of injury, or ongoing/within 1 month of completion of isotretinoin
treatment were excluded from the study.

Following initial confirmation of patient eligibility, patient records were anonymized before
data analysis. Patient demographics, treatment outcomes, and treatment safety information were
extracted from the database.

CO: Laser Devices
Alma Hybrid Platform with ProScan Applicator

The ProScan scanning applicator (Alma Hybrid, Alma Lasers Ltd.) enables the emission of
ablative (10,600 nm) and nonablative (1570 nm) wavelengths in a dual side-by-side fractional manner
in a desired ratio. In this study a ratio of 1:1 was used that indicates that each beam of CO2 ablative
laser is followed by a beam of 1570 nm of nonablative laser, making 50% of the pixels CO2 and 50%
1570 nm. The settings of each beam includes power (measured in Watts), pulse duration (measured
in milliseconds), and energy (m]), which are derived from multiplying these two parameters. The
density of the beams that determines the amount of pixels/cm? is also customizable. In this study,
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the 10,600 nm mode was employed at a pulse duration of 1.6-1.8 msec and a power setting of 22-30
Watts, and the 1570 nm mode at a pulse duration of 4 msec and a power setting of 10-12 Watts.

Alma Pixel CO: Platform with LiteScan Applicator

The LiteScan applicator (Alma Pixel CO2, Alma Laser Ltd., Israel) enables minor ablation
achieved with extensive coagulation. In this study, the applicator was employed at a pulse duration
of 1.6-1.8 msec and a power setting of 20-27 Watts.

Procedure and Follow-Up

All laser procedures were performed by the same surgeon. After disinfecting the target area,
local anesthesia (lidocaine 100 mg/50 ml) was applied. Laser parameters were first set to the lowest
possible setting and gradually adjusted to suit the size and thickness of the scar. Following treatment,
the site was cleaned with antiseptics.

Efficacy Assessment

The physician evaluated the acne scars using the ECCA grading scale(20), based on
semiquantitative, weighted assessments of the scars, before the treatment and again at the follow-up
visits, six to twelve months after the final treatment session. In addition, the physician compared
photographs taken before the treatment and at the follow-up visit using identical settings.

Clinical efficacy was assessed by comparing the Global ECCA score before and after treatment
and evaluating the percentage change in the score, calculated using the formula (Global ECCA score
before treatment— Global ECCA score after treatment) / Global ECCA score before treatment) x 100.

Safety Assessment
Device and procedure-related adverse events were documented.
Statistical analysis

The analysis was performed using R version 4.3.3. Statistical significance was defined as p <0.05.
Descriptive statistics provide a summary of the dataset. Continuous variables are reported as mean
+ SD, and categorical variables as frequencies and percentages. Due to the non-parametric nature of
the data, the choice of statistical tests was adjusted to ensure reliable analysis. The Wilcoxon Signed-
Rank Test was used to compare ECCA Global scores before and after treatment within each group.
For comparative analysis, the Wilcoxon Rank-Sum Test was used to assess differences in efficacy
between groups. The Chi-square test was used to evaluate differences in the incidence of adverse
events between groups.
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Results

All patients included in this analysis underwent laser treatment for acne scars. In total, 45
procedures were performed with the Hybrid laser device (Alma Hybrid/ProScan), and 43 procedures
were performed with the Pixel CO: laser device (Alma Pixel CO2/LiteScan). The distribution of
patients’ age, gender, treated body area, number of treatment sessions, and skin type is presented in
Table 1.

Table 1. Descriptive Statistics.

Characteristic Alma Hybrid/ProScan Alma Pixel CO2/LiteScan
Patients 45 43

Age (years)* 31.11 (7.95) 30.19 (7.45)
Treatment Sessions* 4.16 (1.36) 4.23 (1.39)
Gender**

F 33 (73.3) 19 (44.2)
M 12 (26.7) 24 (55.8)
Body Area **

back 1(2.2) 3(7.0)
chest 1(2.2) 2 (4.7)

face 43 (95.6) 38 (88.4)
Skin Type **

2 26 (57.8) 4(9.3)

3 16 (35.6) 30 (69.8)

4 3(6.7) 7 (16.3)

5 0 2 (4.7)

* Mean (SD); ** Frequency (%).
Clinical Efficacy

All 88 patients completed the treatments and returned to follow up visits, and overall
improvement was achieved with both ablative and combined ablative and non-ablative laser
modalities after an average of four sessions. Figure 1 and Figure 2 represent the aesthetic
improvement observed following the Hybrid/ProScan and CO:/LiteScan treatments, respectively.
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Figure 1. Improvement of acne scars following Hybrid/ProScan treatments. Shown are representative acne

scars at Baseline (Left) and at least 6 months following treatment (Right).
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Figure 2. Improvement of acne scars following COz/LiteScan treatments. Shown are representative acne scars
at Baseline (Left) and at least 6 months following treatment (Right).

In the ProScan-treated group, the mean percentage change in Global score was 69.4% + 18.3
(mean + SD), whereas in the LiteScan-treated group, the mean percentage change in Global score was
64.7% +11.1 (mean + SD). The statistical analysis demonstrated significant differences in Global scores
before and after treatment for both groups, with p-values <0.001 (Wilcoxon Signed-Rank Test). In the
ProScan group, the mean Global score decreased from 194 + 80.3 (mean + SD) at baseline to 60.6 + 44.6
(mean + SD) after the treatment, and in the LiteScan group, the mean Global score decreased from
162 £ 50.6 (mean + SD) at baseline to 59 + 31 (mean + SD) after treatment. The results are presented in
Figure 3 and Figure 4.
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Figure 3. Comparison of mean Global ECCA score at baseline and after treatment in the Hybrid/ProScan
group. *** p-value < 0.001.
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Figure 4. Comparison of mean Global ECCA score at baseline and after treatment in the CO2/LiteScan group.
*** p-value < 0.001.

Comparative outcomes between groups: Visible improvements in acne scar severity were
observed after 7-8 weeks in the Hybrid/ProScan group, while results in the CO2/LiteScan group
appeared after approximately 3 months. The statistical analysis revealed no significant difference in
the percentage change in ECCA Global scores from baseline to post-treatment between the groups,
with p-value >0.05 (Wilcoxon Rank-Sum Test). The median percentage change was 66.7% (IQR: 55.3
—88.7%) in the Hybrid/ProScan group and 61.1% (IQR: 58.1 - 71.8%) in the CO2/LiteScan group. Figure
5 presents the results.
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Figure 5. Comparison of the proportion of change in ECCA Global scores between groups from baseline to post-

treatment.
Safety assessment

No unanticipated adverse events (AEs) were reported in either treatment group. Anticipated
treatment reactions observed in some patients were mild and transient erythema or post-
inflammatory hyperpigmentation (PIH), which resolved within a few days. The frequency of these
anticipated treatment reactions was calculated for both treatment groups. In the Hybrid/ProScan-
treated group, the frequency was 15.56%, with 7 out of 45 participants experiencing side effects, while
in the COz/LiteScan-treated group, the frequency was 16.28%, with 7 out of 43 participants. A Chi-
square test indicated no statistically significant difference between the treatment groups in terms of
side effects occurrence (p-value > 0.05). Recovery time was shorter in the Hybrid/ProScan-treated
group, with the treatment generally being more tolerable and less painful compared to the
CO/LiteScan-treated group.

Discussion

This study demonstrates the high efficacy and safety of both laser devices in the treatment of
acne scars, with significant improvement in post-treatment scar grading compared to baseline.
Treatment with the Alma Hybrid/ProScan showed better improvement than the Pixel CO:/LiteScan,
but the difference was not statistically significant. Nevertheless, the improvement in the hybrid group
was evident after a much shorter period of time. There were no AEs, and only mild and transient
anticipated side effects were observed, with a low frequency in both groups and an even lower
frequency in the Hybrid group, although not statistically significant. However, the recovery time was
shorter, and the treatment was more tolerable in the Hybrid group than in the CO2 group for the same
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CO:laser mode parameters. This suggests a potential trend toward improved safety and efficacy with
the Hybrid device, but further research is needed to substantiate these observations.

Improvement rates for acne scars treated with ablative laser resurfacing, as measured by the
ECCA scale, can vary, typically ranging from 40% to as high as 75%. While higher rates of
improvement are possible, they may be associated with a greater likelihood of adverse events. For
example, Dai et al. (2023) investigated the comparative efficacy and safety of Nd:YAG picosecond
lasers (P-MLA) and ablative fractional 2940-nm Er:YAG lasers (AF-Er) in a controlled, split-face study
with ECCA percent reductions recorded at 39.11% for picosecond lasers and 43.73% for ablative
fractional lasers.(26) Similarly, Ding et al. (2023) achieved a 60% improvement in 68 patients with
facial acne scars treated with fractional CO: laser.(27) Additionally, Zhang et al. (2023), in a
randomized split-face design, evaluated thirty-three Asian patients treated for acne scars and
reported ECCA score reductions of 56.4% for Microplasma Radio Frequency technology and 59.2%
for the fractional CO: laser system.(28) Yuan et al. (2023) compared the effects of different fluences
and densities in fractional CO:z laser treatment of acne scars in 20 patients. Using the ECCA grading
scale, results showed up to 75% improvement with higher densities or fluences. However, side effects
were more pronounced and lasted longer in patients treated with higher densities or fluences.(29) In
the current study, the improvements in ECCA scores (mean 69.4% and 64.7% for LiteScan and
ProScan, respectively) are relatively high compared to those reported in the literature. Given the high
safety profile demonstrated by both devices with no associated adverse events, these improvement
rates are remarkable.

An exaggerated wound-healing response is closely associated with acne scarring.(30) Wound
repair includes re-epithelialization, angiogenesis, and remodeling of the ECM - a dynamic network
of macromolecules and proteolytic enzymes that, along with cells such as fibroblasts, endothelial
cells, and keratinocytes, form the skin.[14] Dysregulated ECM remodeling is considered to be a
fundamental cause of scarring.(11,14) The ECM participates in wound healing go through direct and
indirect interactions with growth factors such as fibroblast growth factor, vascular endothelial
growth factor, epidermal growth factor, bone morphogenetic proteins, and transforming growth
factor-3 (TGF-f3),(14,31) with the latter playing a central role in ECM remodeling. (14,30-33) TGF-f3
regulates the production of several ECM components, including collagens, the most abundant
proteins of the ECM. Collagens form a relaxed network of cross-linked, long-chain fibers that provide
the strength and elasticity of normal tissue.(14) It has been suggested that TGF-3 promotes a
compensatory recovery of collagen I over collagen III, thereby increasing the ratio of type I to type III
collagen.(34) A low ratio of collagen I to collagen III in scarless fetal skin suggests that an adequate
level of collagen III is critical to prevent scarring. Consistent with these findings, Moon et al. (2019)
observed an elevated ratio of collagen I to collagen III, along with substantially higher levels of TGF-
1, in patients prone to acne scarring compared to those not prone to scarring. They proposed that
these factors, leading to an unbalanced configuration of the ECM, may be at the root of atrophic acne
scarring.(11) Restoring the dermal matrix to resemble unwounded tissue could improve scar quality,
enhancing tensile strength and elasticity.(14,31) Ablative fractional resurfacing facilitates deep skin
remodeling by penetrating to the low reticular dermis. It may reduce aberrant wound healing
through the regulation of cytokine and growth factor secretion, promoting proper ECM
organization.(35,36) The fractional pattern, characterized by the creation of Micro ThermalMicro
Thermal zones (MTZs), supports re-epithelialization and collagen remodeling by stimulating the
adjacent unaffected skin.(21,25,32) Histological evidence from multiple studies has shown
modulation of cytokines and other extracellular matrix components, including collagen remodeling,
following fractional ablative CO: laser treatment.(37-39) Specifically, in the case of acne scars, the
fractional CO: laser is well-established as an effective treatment, with numerous studies validating
its efficacy.(18,27,40-45) In recent years, research efforts have mainly focused on optimizing
treatment parameters,(25,29) and exploring combination strategies with CO: laser to further enhance
efficacy and safety.(32,46,47)
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The Hybrid ProScan handpiece used in this study combines an Ablative Fractional Laser (AFL)
and a Non-Ablative Fractional Laser (NAFL) in a single modality. The combination of ablative and
non-ablative lasers is recognized as an effective approach for improving cosmetic outcomes. This
dual-energy technique utilizes the precision and efficacy of ablative laser to target deep tissue and
stimulate robust collagen remodeling alongside the gentler effects of non-ablative laser, which
support skin healing. Such synergistic effects have been widely documented across various
dermatological conditions.(48-50) Specifically for the treatment of acne scars, Kim et al (2009), in a
split face comparative study, used a non-ablative 1,064-nm Nd:YAG laser treatment following an
AFL CO: laser treatment on one facial half and AFL CO: laser treatment on the contralateral facial
half in twenty subjects with mild to severe acne scars. Results showed that the combination of AFL
treatment with NAFL treatment produced superior scar improvement with fewer complications than
AFL treatment alone.(51) Recent advances in laser technology have further refined this concept by
enabling the seamless integration of AFL and NAFL within a single device. This innovation not only
preserves the proven benefits of combining these wavelengths in one treatment but also enhances
treatment efficiency, safety, and convenience. For example, Belletti et al. (2023), in a pilot study,
demonstrated that a dual-wavelength laser combining CO2and 1540 nm effectively improved facial
atrophic acne scars. Patients reported excellent to slight improvements, minimal side effects, short
downtime (5.8 + 0.5 days), and a low risk of scarring or hypopigmentation.(52) Similarly, Naranjo
and Lopez (2024) demonstrated in 16 patients that a multimodal CO2 and 1570 nm laser system
effectively improved facial acne scars. Reductions were observed in scar volume (47.0 + 7.9% mm?)
and affected area (43.2 + 8.6% mm?). Additionally, high satisfaction and no serious adverse reactions
were reported.(53)

In this study, both the Hybrid and CO: Pixel devices provided safe treatment options. Although
the Hybrid laser device exhibited a slightly lower frequency of post-treatment reactions compared to
the CO: Pixel, the difference was not statistically significant. However, the Hybrid group experienced
shorter recovery times, and the treatment was generally more tolerable and less painful compared to
the Pixel group. While definitive conclusions about a superior safety profile for either device cannot
be drawn, this study adds to the existing evidence supporting the efficacy of combining AFL and
NAFL energies for treating acne scars. Based on previous research indicating a high safety profile for
these treatments, we hypothesize that larger study groups will be necessary to more effectively
investigate potential safety differences, particularly due to the low incidence of treatment side effects.

Limitations

Limitations of this study include its retrospective design and the absence of a control group.
Despite these limitations, statistically significant improvements in scarring were observed in both
treatment groups, indicating that both devices are effective. However, further well-controlled, long-
term studies are necessary to assess the safety, tolerability, and efficacy of laser-based therapies for
the treatment of acne scarring. Future research should also incorporate objective measures to evaluate
treatment outcomes more accurately and compare the performance of each device.

Conclusions

This study demonstrates that fractional CO: laser devices provide safe and effective treatment
options for the treatment of acne scars. Statistically significant improvements were observed in both
groups following treatment with two different CO: laser systems. The incorporation of non-ablative
fractional laser as part of the treatment may enhance both safety and efficacy, warranting further
investigation in future research.
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