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Efficacy of ablative carbon dioxide laser in management of
xanthelasma palpebrarum
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Abstract

Objectives: The objective of the study is to evaluate the efficacy and safety of ablative carbon dioxide (CO,) laser in the
treatment of xanthelasma palpebrarum. Methods: This interventional study included 90 patients aged 18-65 years with
grade I-Ill xanthelasma. Patients with grade IV lesions and significant comorbidities were excluded. Baseline clinical and
biochemical evaluation was performed. Lesions were treated with ablative CO, laser using standardized parameters (60-90
mJ energy, 210 Hz frequency). Patients were followed up monthly for 3 months. Efficacy was assessed using five-point scale
score and patient satisfaction score. Results: Most patients were females (85.6%) and belonged to the 25-45-year age group
(54.4%). Upper eyelid involvement was predominant (97.8%). Progressive improvement in lesion clearance was observed with
> 75% clearance achieved in 56.7% patients at 3 months (p = 0.001). At the end of the study, 72.2% patients were very
satisfied. Common adverse effects included erythema, edema, and scabbing. Hypopigmentation was the most frequent com-
plication (65.6%), while recurrence occurred in 5.6% cases. Conclusion: Ablative CO, laser is a safe and effective treatment
modality for xanthelasma palpebrarum, offering good cosmetic outcomes with high patient satisfaction and low recurrence
rates.
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palpebrarum.

Resumo

Objectivo: Avaliar a eficacia e a seguranga do laser ablativo de CO, no tratamento do xantelasma palpebrarum.
Métodos: Este estudo intervencional incluiu 90 doentes com idades compreendidas entre os 18 e os 65 anos, apresentando
xantelasma de graus | a lll. Foram excluidos os doentes com lesdes de grau IV e comorbilidades significativas. Foi realizada
uma avaliagao clinica e bioquimica basal. As lesdes foram tratadas com laser ablativo de CO2, utilizando pardmetros padro-
nizados (energia de 60-90 mJ; frequéncia de 210 Hz). Os doentes foram acompanhados mensalmente durante trés meses.
A eficacia foi avaliada através de uma escala de pontuagcdo de 5 pontos e de um score de satisfacdo do doente.
Resultados: A maioria dos doentes era do sexo feminino (85,6%) e pertencia ao grupo etario dos 25 aos 45 anos (54,4%).
O envolvimento da pélpebra superior foi predominante (97,8%). Observou-se uma melhoria progressiva na eliminagdo das
lesbes, tendo sido atingida uma taxa de eliminagao superior a 75% em 56,7% dos doentes aos 3 meses (p = 0,001). No final
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do estudo, 72,2% dos doentes estavam muito satisfeitos. Os efeitos adversos comuns incluiram eritema, edema e formagéo
de crostas. A hipopigmentacao foi a complicagdo mais frequente (65,6%), enquanto a recidiva ocorreu em 5,6% dos casos.
Conclusoes: O laser ablativo de CO2 constitui uma modalidade de tratamento segura e eficaz para o xantelasma palpebra-
rum, proporcionando bons resultados estéticos, com elevado grau de satisfagdo do paciente e baixas taxas de recorréncia.

Palavras-chave: Ablativo. Hiperlipidemias. Laser de diéxido de carbono. Laserterapia. Recidiva. Resultados do tratamento.

Xantelasma palpebrarum.

Introduction

Xanthomas are yellowish lesions formed by the depo-
sition of lipid-laden macrophages within the skin, subcu-
taneous tissue, or tendons. They are widely recognized
as visible cutaneous indicators of underlying distur-
bances in lipid metabolism and are commonly associated
with dyslipidemias such as familial hypercholesterolemia
and hyperbetalipoproteinemia.’? In addition to primary
lipid disorders, xanthomas may also be seen in associ-
ation with systemic conditions including diabetes melli-
tus, hypothyroidism, nephrotic syndrome, and other
endocrine or metabolic abnormalities.*

Among the different clinical variants, xanthelasma
palpebrarum is the most frequently encountered type
and is characterized by soft, yellowish plaques occur-
ring over the eyelids, most often near the medial can-
thus. Although these lesions are benign and usually
asymptomatic, they are a common cosmetic concern
for patients due to their prominent facial location.
Furthermore, xanthelasma has been increasingly rec-
ognized as a potential marker of underlying dyslipid-
emia and an indicator of increased cardiovascular risk,
even in individuals without overt lipid abnormalities.>®
The condition is seen more commonly in middle-aged
adults, with a higher prevalence among females, and
often presents with bilateral involvement of the upper
eyelids.”

The management of xanthelasma palpebrarum
remains challenging, primarily because of its tendency
to recur and the need to achieve optimal cosmetic
results in the delicate periorbital region. Conventional
treatment options include surgical excision, chemical
cauterization using agents such as trichloroacetic acid,
cryotherapy, and electrosurgery. While surgical exci-
sion can be effective, it is not without limitations, par-
ticularly in patients with large or multiple lesions, as it
may result in scarring, eyelid deformity, or prolonged
healing time.%?

With advances in dermatologic technology, minimally
invasive energy-based modalities have gained popular-
ity for the treatment of xanthelasma palpebrarum.
Radiofrequency ablation and carbon dioxide (CO,)

laser therapy are among the most commonly used
techniques. Radiofrequency ablation works by deliver-
ing high-frequency electrical current to produce local-
ized thermal destruction of tissue, whereas ablative
CO, laser therapy achieves precise tissue vaporization
through selective absorption by water within the cells,
allowing controlled ablation with excellent hemosta-
sis.'®" These modalities offer the advantages of
reduced intraoperative bleeding, shorter procedure
time, and improved cosmetic outcomes compared to
conventional surgical approaches.

In cases of extensive, thick, or recurrent xanthelasma,
radiofrequency and CO, laser therapies have also been
used either alone or as adjuncts to surgical excision,
helping to reduce the number of treatment sessions
and enhance esthetic results.” Despite these advances,
recurrence continues to be a concern, particularly in
patients with persistent dyslipidemia or poorly con-
trolled metabolic disorders, emphasizing the impor-
tance of both effective lesion clearance and systemic
evaluation.'3

The present study was undertaken to evaluate the
efficacy and safety of ablative CO, laser therapy in the
management of xanthelasma palpebrarum. The study
focuses on assessing lesion clearance, number of
treatment sessions required, healing time, complication
profile, patient satisfaction, and recurrence rates.

Methods

This interventional study was conducted among clin-
ically diagnosed cases of xanthelasma palpebrarum.
A total of 70 patients were enrolled in the study, con-
ducted from July 2024 to December 2025. Patients
aged 18-65 years presenting with grade I-lll xan-
thelasma palpebrarum involving the upper and/or lower
eyelids and with no history of topical treatment for
xanthelasma in the preceding 6 months were included
in the study. Patients with Grade IV xanthelasma,
bleeding disorders, active herpetic infection in the peri-
orbital area, keloidal tendency, poor glycemic control,
a history of pacemaker implantation, or those receiving



anticoagulant or corticosteroid therapy were excluded
from the study. Demographic data and clinical details
were obtained using a structured pro forma. Prior to
treatment, a detailed clinical examination was per-
formed, recording site, size and grades of all lesions.
After ethics approval (SGRD/IEC/2024-381) and
informed consent, baseline investigations including
complete blood count, lipid profile, and viral markers
were carried out, along with digital photography of the
periorbital area of patients before the intervention. The
data were collected and compiled using a semi-struc-
tured interview schedule. The data were collected and
compiled in MS Excel sheet and analyzed using the
Statistical Package for the Social Sciences version 26.
Following assessment, xanthelasma lesions located on
the eyelids were treated using an ablative CO, laser.
The treatment area was cleaned with povidone-iodine,
and local anesthesia was administered through infiltra-
tion of 2% lignocaine around the lesion. Repeat treat-
ment sessions were performed when necessary.
Ablation was performed using a CO, laser in stamping
mode with surgical and scatter patterns. Laser param-
eters were set with energy range of 60-90 mJ, fre-
quency of 210 Hz, pulse duration of 2-3 ms, and a
period of 10 ms. The procedural endpoint was identified
by the appearance of uniform pinkish underlying der-
mis, indicating adequate ablation and disappearance
of characteristic yellowish plaques.

Patients were followed up monthly for 3 months to
assess lesion clearance, patient satisfaction, and occur-
rence of adverse effects such as hypopigmentation,
hyperpigmentation, scarring, ectropion, and recur-
rences. Post-procedure care included application of 2%
mupirocin ointment along with strict photoprotection for
1 week until re-epithelialization of the treatment area.

Treatment efficacy was assessed using a 5-point
scale:’®
— Score 0: No results
— Score 1: Mild results (< 25% clearing)

— Score 2: Moderate results (25-50% clearing)

— Score 3: Good results (50-75% clearing)

— Score 4: Excellent results (more
clearing).

Patient response to treatment was recorded monthly
using a patient satisfaction score (PSS), rated as
follows:'®
— 5 points: Very satisfied
— 4 points: Somewhat satisfied
— 3 points: Neither satisfied nor dissatisfied
— 2 points: Somewhat dissatisfied
— 1 point: Very dissatisfied.

than 75%
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Results

A total of 90 patients with xanthelasmas on the eyelid
were included in the study. All enrolled patients com-
pleted the 3-month follow-up period. Majority (85.6%)
of participants were female. 54.4% of patients were in
the 25-45 year age group and 8.9% were > 65 years
(Fig. 1). In 97.8% of patients, lesions were present on
the upper eyelid, whereas in 2.2% were present on the
lower eyelid. 98.9% of patients had two lesions,
whereas 1.1% had three lesions. In 42.2% of patients,
lesions were of grade 3, followed by grade 1 (28.9%)
and grade 2 (28.9%). 55.6% of patients were on statin
therapy (Table 1). Mean levels of total cholesterol,
low-density lipoprotein (LDL) cholesterol, and tri-
glycerides were 224.02 mg/dL, 141.36 mg/dL, and
161.4 mg/dL with elevation, respectively, in 70%, 56.7%,
and 52.2%.

There were statistically significant changes in clear-
ance at 3 months compared to 1 month. 35.6 % of
patients had 50-75% clearance at 1-month follow-up,
whereas at 3 months, 54.2% of patients had > 75%
clearance (Table 2 and Fig. 2 and 3). Table 3 describes
the follow-up findings after 15t week. 70% of the patients
developed erythema, 51.1% edema, 55.6% scabbing
while only 12.2% patients had pain lasting for 1 week
after CO, laser treatment. Hypopigmentation was
observed in 65.6% of patients but it resolved with
pimecrolimus 1% ointment in 56.7% patients.

At the end of 3 months, PSS with the results of the
procedure was very satisfied in 72.2%, whereas only
1.1% of patients were somewhat dissatisfied with the
results (Table 4 and Fig. 4).

In 5.6% of patients, a recurrence was observed
(Table 5). Total cholesterol, LDL, and triglyceride were
abnormal in 11.1%, 11.4%, and 8.8% of the patients who
had recurrence; however, this association was not sta-
tistically significant (Table 6).

Discussion

This study shows that the ablative CO, laser is an
effective treatment modality in the management of xan-
thelasma palpebrarum. The CO, laser emits infrared
radiation at a wavelength of 10,600 nm, which is strongly
absorbed by water within skin tissues. This property
allows precise vaporization of target tissue with excellent
hemostasis. Xanthelasma palpebrarum represents the
most frequent cutaneous xanthoma encountered in der-
matological practice and is often associated with under-
lying lipid abnormalities. This interventional study



Table 1. Demographic details of study patients

. treatment session
VELELIES Frequency Percentage

Age group
25-45 49 54.4
46-65 33 36.7
>65 8 8.9
Gender
Female 77 85.6
Male 13 14.4
Site of lesion
Lower eyelid 2 2.2
Upper eyelid 88 97.8
Number of lesion
2 89 98.9
3 1 1.1
Grade
1 26 28.9
2 26 28.9
3 38 42.2
Statin therapy
Yes 50 55.6
No 40 44.4

Table 2. Percentage of clearance at 1, 2, and 3 months

1 month 4(4.4) 53(58.9) 30(33.3) 3(3.3) 0.001
2 months 0(0) 60(66.7) 30(33.3) 0(0) 0.001
3 months 0(0) 1(1.1) 38 (42.2) 51 (56.7) 0.001

Table 3. Follow-up at 1-week post-treatment

Week 1 follow-up findings C0, laser (%)

Erythema 63 (70)
Edema 46 (51.1)
Scabbhing 50 (55.6)
Pain 11(12.2)

CO0,: carbon dioxide.

evaluated the clinical efficacy, safety profile, and patient
satisfaction associated with ablative CO, laser therapy
in patients with xanthelasma palpebrarum. 33.3% of
patients noticed good results after the first session,
whereas complete resolution after 3 sessions was
observed in 56.7% of patients. The most common side

Table 4. Patient satisfaction score after the last

Patient satisfaction score

0(0) 1(1.1) 6(6.7) 18(20.0) 65(72.2)

Time point

3 months

Table 5. Side effects after 3-month post-treatment

Hypopigmentation 59 65.6
Recurrence 5 5.6
Age group and frequency
>65
46-65
25-45
0 10 20 30 40 50 60
» Percentage m Frequency

Figure 1. Age group distribution of study patients.

effect was post-inflammatory hypopigmentation, which
was also the common finding in few other studies."'? In
our study, we added topical pimecrolimus for the reso-
lution though longer follow-up is required to determine
the complete resolution of this side effect.

Employing pulsed or ultrapulsed modalities at energy
parameters of 60-90 mJ per pulse, pulse widths of
2-3 ms, and a stamping technique applied until the
visualization of pink dermis, we acheived 90-100%
clearance in a single session, with recurrence rate of
3.8% in grade 2 xanthelasma and 10.5% in grade 3
lesions, which is lower than the recurrence rate reported
by Li et al. (50%)'” and Pathania and Chatterjee (20%).'®

In the current study, the majority of patients belonged
to the 25-45-year age group, with a clear female



G. Jangra et al. Efficacy of laser in xanthelasma

Table 6. Describes the recurrence of CO laser with cholesterol levels

Recurrence Total cholesterol
No

Yes 0 5
p-value 0.142

C0,: carbon dioxide; LDL: low-density lipoprotein.

mmm

0.74 0.257

Figure 2. Pre and post-treatment images of patients.

100%

80%
60%
40%
20%

0%

<25% 25-50% 50-75% >75%

m1 month = 2 month = 3 month

Figure 3. Percentage of clearance at 1, 2, and 3 months.

preponderance. This demographic pattern has been
consistently reported in earlier studies, suggesting that
hormonal influences, cosmetic awareness, and
health-seeking behavior may contribute to higher
reporting among females.® Similar age distribution and

= Hypopigmentation = Recurrence
65.6

70

60 59

50

40

30

20

10

5 5.6

o

Frequency Percentage

Figure 4. Side effects at 3-month post-therapy.

female predominance have been observed by Pathania
and Chatterjee, reinforcing that xanthelasma is most
frequently diagnosed in early to middle adulthood.!'8
A strong association between xanthelasma and dyslip-
idemia was evident in the present study. Mean levels
of total cholesterol, triglycerides, and LDL cholesterol
were elevated, while high-density lipoprotein choles-
terol remained within normal limits. These findings cor-
roborate previous reports indicating that xanthelasma
may serve as a visible marker of underlying lipid metab-
olism disorders, particularly hypercholesterolemia and
mixed dyslipidemia.>® The process of an increase in
permeability of vascular walls allows circulating lipopro-
tein to extravasate into the dermis. Monocytes and
macrophages play an essential role in engulfing lipid
particles and transforming them into lipid-laden foam
cells. Studies by Mourad et al. and Chatterjee similarly
documented abnormal lipid profiles in a substantial
proportion of patients with xanthelasma, underscoring
the importance of metabolic evaluation in these
patients.®'® Although 55.6% of patients in the present
study were receiving statin therapy, lesion persistence
suggests that xanthelasma may not regress despite



biochemical lipid control, as also noted in earlier
literature.® 1

Clinically, the upper eyelid was the most commonly
involved site,'3' with bilateral involvement and two lesions
being the predominant presentation. It seldom results in
functional issues such as impaired vision, and treatment
is typically pursued due to esthetic concerns. This distri-
bution pattern is in agreement with multiple published
studies, where the medial aspect of the upper eyelid has
been described as the most frequent site due to local
anatomical and vascular factors.> A higher proportion of
patients (42.2%) in the present study had grade 3 lesions,
indicating relatively advanced disease at presentation,
possibly due to delayed cosmetic consultation.

With respect to therapeutic outcomes, ablative CO,
laser therapy demonstrated progressive and significant
lesion clearance over time. At 1-month follow-up, only
3.3% of patients achieved more than 75% clearance;
however, this proportion increased markedly to 56.7%
at 3 months, as shown in Fig. 1. This delayed yet pro-
gressive improvement can be attributed to post-laser
tissue remodeling and re-epithelialization, a phenome-
non well documented with CO, laser resurfacing tech-
niques.'® Similar clearance rates have been reported
by Ullmann et al., who highlighted the efficacy of CO:
laser in achieving satisfactory cosmetic outcomes, par-
ticularly in larger or thicker lesions.!® Similar study con-
ducted by Wang et al. which used CO, as a modality
for large excision of xanthelasma lesions concluded
clearance rate of more than 99%.%°

Non-ablative treatment modalities are considered
better in minimizing post-treatment scarring as they
target only superficial epidermis while sparing deeper
dermal structures. This limited depth of penetration
results in controlled tissue damage and promotes favor-
able healing. Although ablative lasers such as CO,
lasers are widely utilized for treatment of xanthelasma,
several other modalities such as pulse dye laser have
been widely used in the past for treatment of xan-
thelasma palpebrarum. A study evaluating the use of
pulse dye laser demonstrated a clearance rate of
90-100% after four treatment sessions, with minimal
evidence of post-treatment scarring. Furthermore, no
recurrence was reported at the 2-month follow-up
period.?" Other non-ablative lasers such as Nd YAG??
and KTP?? lasers have also been employed.

Patient satisfaction was notably high in the present
study, with over two-thirds of patients reporting being
“very satisfied” at 3 months. High satisfaction scores
have been consistently associated with CO, laser ther-
apy due to precise tissue ablation, minimal bleeding,

and favorable cosmetic results.®'® Such outcomes are
particularly relevant for periorbital lesions, where
esthetic considerations are paramount.

Surgical incision, the oldest method for xanthelasma
treatment, is associated with a greater risk of scarring
and ectropion. In a study by Roux et al., involving mod-
ified blepharoplasty incision in xanthelasma, they
reported 4.2% scarring in 66 patients.>* Ullmann et al.
reported that lesions undergo re-epithelialization within
7-10 days with post-therapy erythema that resolves
after 3 months.® Raulin et al. reported persistent ery-
thema for 2-4 months with the use of Ultrapulsed CO,
laser in xanthelasma.?® Mild hypopigmentation that did
not significantly affect patient satisfaction affected
65.6% of patients, whereas in comparable studies, it
was lower, ranging from 13 to 24%.%25 Post-inflammatory
pigmentary changes are a recognized complication of
ablative laser procedures, especially in individuals with
darker skin phototypes.'®'2

Recurrence emerged out as a common outcome in
the treatment of xanthelasma despite variable treatment
options. In the present study, 5.6% patients had recur-
rence, lower than or comparable to earlier studies, rang-
ing from 9% to 40%, and depending on treatment
modality and follow-up duration.®'® Persistent dyslipid-
emia and incomplete lesion ablation are considered
major contributors to recurrence. However, in our study,
there is no correlation between xanthelasma recurrence
and abnormal cholesterol levels, as in the study by
Raulin et al., who concluded that recurrence is typically
due to incomplete vaporization of deep dermal foam
cells rather than patient’s systemic lipid status.?

Mourad et al. in 2015 demonstrated that CO, laser
required fewer treatment sessions with superior cosmetic
outcomes compared to TCA application and that frac-
tional CO, laser yielded better patient satisfaction than
super-pulsed CO, despite equivalent clearance rates."

Al-Kady et al. (2021) in a comparative interventional
prospective study involving 20 adult patients with xan-
thelasma, there was no statistical difference between
treatment with fractional CO, laser (10,600 nm) and 50%
TCA in which concerns safety, efficacy, and downtime.2®

A systematic review conducted by Cisneros, which
analyzed 50 studies on the treatment of eyelid xan-
thelasma from 1993 to 2022, none of the treatments
received a Grade A recommendation based on the
Scottish Intercollegiate Guidelines Network criteria.
However, ablative laser treatments (CO, 10600 nm and
Er: YAG 2940 nm), whether fractionated or not, received
a Grade B recommendation alongside with Q-switched
Nd: YAG 1064 nm laser, radiofrequency, and topical



TCA at 30-100% concentrations. Laser treatments, par-
ticularly CO, and Er: YAG, stand out as effective alter-
natives to surgery, despite potential side effects such
as pain, persistent erythema, eyelid inflammation,
dyschromia, and scarring.?’

Overall, the findings of the present study support
ablative CO, laser as an effective and well-tolerated
treatment modality for xanthelasma palpebrarum, offer-
ing high clearance rates, excellent patient satisfaction,
and a low recurrence rate when appropriately selected.

Limitations of this study are the relatively small sam-
ple size, the shorter follow-up period of 3 months, and
lack of documentation of size and depth of the lesions.
Further research with longer follow-ups and large sam-
ple size is required.

Conclusion

Ablative CO, laser is a safe, effective, and good ther-
apeutic alternative for xanthelasma palpebrarum, with
higher clearance rates, high patient satisfaction, and
lesser adverse effects. Based on the findings in this
study, its use is especially recommended in lesions of
redundant upper eyelids and those occupying large
surface area for a better cosmetic outcome.
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