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ORIGINAL ARTICLE

Carbon dioxide laser versus erbium:YAG laser in treatment of epidermal verrucous
nevus: a comparative randomized clinical study

Mai Abdel Raouf Osmana and Ahmed Nazmi Kassabb

aLecturer of Dermarology and Laser at Dermatology Unit – Medical Laser Applications, National Institute Of Laser Enhanced Sciences (NIlES)
Cairo University, Egypt; bAssistant Professor of Otorhinolaryngology at ENT Unit – Medical Laser Applications, National Institute Of Laser
Enhanced Sciences (NIlES) Cairo University, Egypt

ABSTRACT
Background: A verrucous epidermal nevus (VEN) is a skin disorder that has been treated using different
treatment modalities with varying results. Ablative lasers such as carbon dioxide laser (CO2) and erbium:yt-
trium–aluminum–garnet (Er:YAG) laser have been considered as the gold standard for the treatment of
epidermal nevi.
Objective: To evaluate and compare the efficacy, postoperative wound healing and side effects of pulsed
CO2 laser and Er:YAG laser for the treatment of verrucous epidermal nevi.
Materials and methods: Twenty patients with localized VEN were randomly divided into two groups.
Group 1 was administered CO2 laser and group 2 underwent Er:YAG laser treatment. A blinded physician
evaluated the photographs and dermoscopic photomicrographs for the efficacy and possible side effects.
All patients received one treatment session and were followed up over a 6-month period.
Results: Both lasers induced noticeable clinical improvement, but there were no significant differences
between two lasers in treatment response, patient satisfaction, duration of erythema and side effects. The
average time to re-epithelialization was 13.5 days with CO2 and 7.9 days with Er:YAG laser (p< .0005). No
scarring was observed in Er:YAG laser group and no lesional recurrence was detected in CO2 laser group
since treatment.
Conclusion: Apart from re-epithelialization, both lasers showed equivalent outcomes with respect to treat-
ment response, patient satisfaction, side effects and complications.

ARTICLE HISTORY
Received 28 September 2016
Accepted 25 October 2016
Published online 14 Novem-
ber 2016

KEYWORDS
Verrucous epidermal nevus;
CO2 laser; Er:YAG laser

Introduction

Epidermal nevi (EN) are hamartomas defined by hyperplasia of
any part of the epidermis, including adnexal structures such as
the pilosebaceous unit and apocrine or eccrine glands. Although
the reasons for their development are poorly understood, it
appears likely that the disease is a mosaic disorder resulting from
a postzygotic mutation (1).

Verrucous epidermal nevus (VEN) is the most common type of
EN, typically appears as verrucous papules that coalesce to form
well-demarcated papillomatous plaques that are skin colored to
brown. These tumors can be located anywhere, including the
head, trunk or extremities. They are usually present at birth or
infancy and may enlarge slowly during childhood (2,3).

The extent and distribution of the VEN as well as the presence
or absence of inflammation determines its subtype: localized VEN,
inflammatory linear verrucous epidermal nevus (ILVEN), nevus
unius lateralis, systematized VEN and ichthyosis hystrix (4).

The treatment of VEN is notoriously difficult and has proven
challenging. Many different therapeutic modalities have been
attempted with various therapeutic results. Topical agents (topical
calcipotriol, topical and intralesional steroids, topical 5-fluorouracil,
topical podophyllin dithranol, topical 13-cis-retinoic acid), have
usually been ineffective with a high recurrence rate. Destructive
methods including, surgical excision, electrofulguration, cryosur-
gery and dermabrasion, achieve more definitive results but also
tend to produce postoperative scarring. Recent advances in laser

technology have increased the ease, precision and safety of such
treatment, which we believe can now be done on a routine basis
by physicians with basic laser skills (5,6).

CO2 laser devices emit light in the infrared spectrum at a wave-
length of 10,600 nm. Water vaporized from tissue is the main
chromophore in this modality, in a process that succeeds in
destroying tissue and coagulating surface vessels. The Er:YAG laser
is a laser system operating at 2940 nm, corresponding to the peak
absorption of water in the infrared region. Er:YAG laser absorption
in water is 10-fold higher than that of the CO2 laser. Therefore,
precise ablation is possible (7,8).

The objective of this study was to evaluate and compare the
efficacy, postoperative wound healing and side-effect profiles of
ablative CO2 laser and Er:YAG laser for the treatment of verrucous
epidermal nevi.

Materials and methods

Twenty patients with localized verrucous epidermal nevi were
enrolled in this study. All the patients were recruited from
National Institute of Laser Enhanced Sciences, Cairo University.
Exclusion criteria were as follows: lost to follow up, missing data
or uncertain diagnosis. Written and signed informed explanatory
consent was obtained from all the patients before enrollment.
This clinical study was conducted in accordance with the
Declaration of Helsinki in 1975.
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Treatment protocol

The area to be treated was first cleaned with an antiseptic solution,
and then, the lesion was anesthetized with a local anesthetic 5%
lidocaine cream (EMLA, AstraZeneca) to minimize pain or discomfort.

Patients were randomly assigned to one of two groups. Group 1
(n¼ 10) treated with pulsed CO2 laser (Deka, SmartXide, Italy), while
group 2 (n¼ 10) treated with pulsed Er:YAG laser (Fotona Xs
Dynamics, Slovenia). The CO2 laser was calibrated to 1.5–2.5 W
power, 5–10Hz frequency, exposure time 0.30–0.60 s. The Er:YAG
laser settings were as follows: fluence 250–300mJ, spot size 7mm
in diameter and frequency 5–7Hz. In both lasers, complete nevus
tissue destruction was undertaken for the area assigned for treat-
ment at a single session. Depending on nevus characteristics and
thickness of lesions, the physician made 4–12 passes with the
beam until destruction seemed complete according to visual
inspection. However, Er:YAG laser-treated areas needed additional
passes than CO2 laser-treated areas. The resulting necrotic debris
was wiped away using saline-soaked gauze between laser passes.
The partially desiccated tissue remaining from the final laser pass
was left intact as a biologic wound dressing. The ablation was
stopped after all of the epidermal nevi were removed and normal
pinkish smooth dermis became visible, which was the desired end
point. During Er:YAG laser procedure, pinpoint bleeding sites were
compressed intermittently with saline-soaked gauze for hemostasis.
Treatments were given in an operating room, and all patients wore
protective glasses. Wound care after both treatments consisted of
daily application of an antibiotic cream (fusidic acid) until re-epithe-
lialization was achieved. Occlusion with a nonadherent dressing
was applied and removed the next day.

All patients received one treatment session and were followed
up on postoperative days 3 through 14, and at 1, 2 and 3 months.
To detect recurrent lesions, patients were followed up for three
more months (6 months after laser treatment).

Treatment evaluation

Clinical effectiveness and complications of CO2 laser and Er:YAG
laser treatments were evaluated both subjectively and objectively
by macroscopic photographs and dermoscopic photomicrographs,
respectively.

All patients were photographed at baseline and at 1, 2 and 3
months using identical camera settings (Cyber-shot, DSC-HX5V,
Sony Corp, Tokyo, Japan). Dermoscopic photomicrographs of the
patients were taken before treatment and during the follow-up
visits using a dermoscope (Dermlite P Pro HR, 3 Gen (CA, USA),
magnification �15) connected to a camera (Cyber-shot, DSC-
W710, 16.1 Megapixels, Sony Corp, Tokyo, Japan) equipped with
an optical zoom (�5).

A blinded physician compared the nevus area with pretreat-
ment photographs and photomicrographs. The percentage of
remission or disappearance of the nevus in the treated area in
comparison with baseline was assessed, with response defined as
nil or poor if remission was 25% or less, moderate if between 25%
and 50%, good if between 50% and 75%, and excellent if greater
than 75%.

The patient’s level of satisfaction was also recorded on a four-
point scale as follows: not very satisfied, moderately satisfied, sat-
isfied or very satisfied at 3 months follow-up. Adverse events or
recurrences after treatment were also recorded.

Statistical analyses

Metric variables are presented in means ± SD as well as min, max,
and range in the case of erythema and re-epithelization and

presented graphically in the form of box plots. Categorical varia-
bles are presented in counts and percentages and displayed
graphically in the form of clustered bar charts. Statistical analysis
was done using unpaired t-test for metric variables, and Fisher’s
exact test or Mann–Whitney U-tests for categorical ones. p values
less than .05 were considered significant. Analysis was done using
IBM SPSS v. 22.

Results

The current study included 20 patients with localized verrucous
epidermal nevi. Patients were randomly divided into two groups:
group 1 treated with CO2 laser and group 2 treated with Er:YAG
laser. All patients completed the treatment protocol and were fol-
lowed through the end of the study. The demographic data of
included patients and the clinical characteristics of VEN lesions are
shown in Table 1.

According to the physician’s assessment, which was done by
comparing the clinical photographs and dermoscopic photomicro-
graphs of patients at baseline and 3 months after laser session
therapy, both laser treatments yielded a greater response in
removal of VEN. However, there was no significant difference
between both laser modalities (p¼ .436) (Figure 1,2). Patient satis-
faction corresponded to physician’s evaluation (Table 2). No statis-
tically significant difference in patient satisfaction between CO2

and Er:YAG laser groups was seen (p¼ .393).
Concerning re-epithelialization, there was a high significant dif-

ference between both groups (p< .0005) as the average time for
healing was 13.5 days (range, 12–14 days) in CO2 laser group and
7.9 days (range, 7–10 days) in Er:YAG laser group. Postoperative
erythema was observed in all patients (100%), lasting an average
of 6.8 weeks (range, 4–12 weeks) in CO2 laser group and 4.8
weeks (range, 3–8weeks) in Er:YAG laser group. However, this dif-
ference was not significant (p¼ .06). The intensity of erythema
was more profound in CO2 laser group than Er:YAG laser group
(Figures 3 and 4).

Hyperpigmentation was seen in 20% of patients treated with
CO2 laser and 10% of patients treated with Er:YAG laser (average
duration of 11.5 and 9 weeks, respectively). All patients experienc-
ing postinflammatory hyperpigmentation (PIH) had darker skin
tones (skin phototypes IV–V). PIH in all cases resolved completely
with the use of topical bleaching cream. Transient hypopigmenta-
tion was observed in 30% patients treated with CO2 laser and
10% of patients treated with Er:YAG laser (average duration of
14.3 and 12 weeks, respectively). Repigmentation occurred with
time, with a cosmetically excellent result.

Table 1. Demographic data of the patients and clinical characteristics of VEN
lesions.

characteristics Group1 (CO2 laser) Group 2 (Er:YAG laser)

Age, mean ± SD 23.40 ± 9.288 25.10 ± 5.238
Sex, n (%)

Male 5 (50%) 6 (60%)
Female 5 (50%) 4 (40%)

Fitzpatrick skin
phototype, n (%)

III 5 (50%) 4 (40%)
IV 4 (40%) 5 (50%)
V 1 (10%) 1 (10%)

Anatomic location,
n (%)

Face 4 (40%) 4 (40%)
Neck 4 (40%) 3 (30%)
Chest 2 (20%) 2 (20%)
Forearm 0 (0%) 1 (10%)

Size (cm) 5.15� 1.31 5.55� 1.39
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Atrophic scarring was noted in 20% of patients treated with
CO2 laser, although none developed hypertrophic scars or keloids.
Patients who developed atrophic scars had lesions located on the
neck region. No scarring was observed in Er:YAG laser group. At
6-month follow-up, no lesional recurrence was detected in CO2

laser group since treatment. Whereas 3 of 10 patients (30%) in
Er:YAG laser group had recurrences of skin lesions (Table 3).

Discussion

Although ablative CO2 laser and Er:YAG laser treatment of epider-
mal nevi have gained popularity among cutaneous laser surgeons,
studies comparing their effectiveness, relative side effects and
complications have not been performed. Therefore, this study was
conducted to compare the efficacy, postoperative wound healing
and side-effect profiles of these two techniques for the treatment
of localized verrucous epidermal nevi.

All patients in the current study showed significant improve-
ment regardless of treatment modality. However, no statistically
significant difference in treatment response between CO2 and
Er:YAG laser groups was seen. In CO2 laser group, an excellent
and good response was observed in 80% and 20% of patients
respectively. Whereas in Er:YAG laser group, an excellent, good

and moderate response was observed in 60%, 30% and 10% of
patients, respectively. The high degree of patient satisfaction
reported after treatment with each of the two systems, however,
indicates an equivalent clinical effect. Besides, both treatments
were well tolerated.

In the present study, the resulting wounds healed differently,
as the CO2 laser wound showed longer term erythema and
delayed re-epithelialization.

Even though the difference in the incidence of pigmentary
changes (hyperpigmentation and hypopigmentation) between
both groups was not statistically significant (p¼ .99 and p¼ .582,
respectively), there was a trend toward the CO2 laser having a
higher incidence of pigmentary changes than the Er:YAG laser. In
the CO2 laser group, there was a clear relationship between the
development of atrophic scarring and the anatomic location of
nevi that was the neck region. We hypothesize that the relative
decrease in adnexal structures on the neck along with a decrease
in vascularity in the neck region is responsible for the increase of
side effects (9). Six months after treatment, the overall rate of
recurrence was 30% in Er:YAG laser group, while no recurrence
was detected in CO2 laser group.

These aforementioned findings could be attributed to the fact
that the penetration of the Er:YAG laser beam is limited and the

Figure 1. (A) a 29-year-old female patient with epidermal verrucous nevus at baseline, (B) clinical appearance 3 months after CO2 laser treatment; (C) a 3-year-old
male patient at baseline (D) clinical appearance 3 months after Er:YAG laser treatment.
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pulse energy is concentrated into the ablative process with min-
imal adjacent thermal diffusion. The ratio of ablation to thermal
damage in the dermis is higher for the Er:YAG laser than the CO2

laser. This minimizes tissue damage thus decreasing postoperative
morbidity and allowing shorter postoperative recovery compared
to CO2 laser. This shorter recovery period, however, came at the
expense of decreased fibroplasia and less improvement together
with the increased risk of lesional recurrence, although equiva-
lency was demonstrated with a larger number of passes (10–13).

CO2 laser treatment has been applied to epidermal nevi in
many studies. Michel et al. (14) achieved excellent results when
treating five patients with linear epidermal nevi. Boyce and Alster
(15) reported the pulsed CO2 laser treatment of three patients
with epidermal nevi. In one of the three patients (33.3%), minimal
recurrence was noted in the resurfaced area 12 months after treat-
ment. Ten to 14 days was required for re-epithelialization in those
patients, which was consistent with our finding. Alam and Arndt
(5) also presented a case report to evaluate the efficacy of pulsed
CO2 laser on VEN. Healing was complete in 10 days. Residual

erythema diminished over the ensuing month. The patient was
delighted with the outcome and has not had recurrence in the 9
months since treatment. Another study was done by Alonso-
Castro et al. (7) on 20 patients (15 with epidermal nevi and 5 with
ILVEN) to evaluate CO2 laser treatment effectiveness and patient
satisfaction after long-term follow-up. In contrast to the present
results, they reported good response (>50% reduction in lesion
size) in 50% of cases and excellent (>75% reduction) in 30%.
A greater resistance to treatment was observed in patients with
ILVEN (only 40% had a good response). However, the side effects
were in accordance with the present study, hypopigmentation
(25% of patients) and scarring (20%).

Our Er:YAG laser results were comparable to those of Park
et al. (16). Their study demonstrated that after a single Er:YAG
laser treatment, successful elimination of the verrucous epidermal
nevi was observed in 15 out of 20 patients. Five patients (25%)
showed a relapse within 1 year after the treatment. Postoperative
healing time was 7 to 10 days. Erythema occurred in all patients
after the laser treatment and subsided in 2 months.
Postinflammatory hyperpigmentation occurred in two patients
(10%). One patient (5%) experienced transient hypopigmentation.
No other adverse effects, including scarring, were observed.

Pearson and Harland (10) presented their study on a group of
6 subjects with epidermal nevi treated with pulsed Er:YAG laser.
All six patients had excellent cosmetic results at follow-up ranging
from 6 to 60 months. On the contrary to the present results,
hypopigmentation was observed in two patients (33%), scarring in
two patients (33%) and recurrence in one patient (17%).

Kozarev (17) documented the benefit of Er:YAG laser treatment
of linear epidermal nevus in a 22-year-old female patient. The
treated areas re-epithelialized within 2 weeks, leaving small ery-
thematous patches. Three months after treatment, no recurrence

Figure 2. Dermoscopic photomicrographs of epidermal verrucous nevus shows the presence of closely packed hypochromic areas at the periphery or in the middle of
the lesion with several comedo-like openings (arrows) (Original magnification �15). (A) at baseline, (B) three months after CO2 laser treatment; (C) at baseline,
(D) three months after Er:YAG laser treatment.

Table 2. Treatment response and patient satisfaction.

CO2 laser group Er:YAG laser group

Treatment response
4:excellent >75% 8 (80%) 6 (60%)
3:good 50–75% 2 (20%) 3 (30%)
2:moderate 25–50% 0 (0%) 1 (1%)
1:nil or poor <25% 0 (0%) 0 (0%)

Patient satisfaction
4:very satisfied 8 (80%) 6 (60%)
3:satisfied 2 (20%) 2 (20%)
2:moderately satisfied 0 (0%) 2 (2%)
1:not very satisfied 0 (0%) 0 (0%)
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was seen with any pigmentary changes. Consequently, there was
no scarring.

CO2 laser doubtless produces effective intraoperative hemosta-
sis with excellent lesional visualization compared to Er:YAG laser.
However, unfavorable scarring remains a potential complication of
CO2 laser treatment. There is a relatively narrow margin of safety
when treating epidermal nevi. If treatment is inadequate, they will
recur. If the physician goes too deep, unacceptable scarring will
develop. Thus, physician experience is a highly relevant variable.

Figure 3. Graph shows mean time of re-epithelialization (in days) in CO2 laser group and Er:YAG laser group.

Figure 4. Graph shows mean time of erythema (in weeks) in CO2 laser group and Er:YAG laser group.

Table 3. Postoperative healing time and side effects.

Postoperative healing time and side effects
CO2 laser
group

Er:YAG laser
group

Reepithelialization, days, mean ± SD 13.50 ± 0.707 7.90 ± 1.101
Erythema, weeks, mean ± SD 6.80 ± 2.530 4.80 ± 1.874
Hyperpigmentation, n (%); weeks, mean ± SD 2 (20%) 1 (10%)
Hypopigmentation, n (%); weeks, mean± SD 3 (30%) 1 (10%)
Scarring, n (%) 2 (20%) 0 (0%)
Acneiform papules n(%) 0 (0%) 0 (0%)
Recurrence, n (%) 0 (0%) 3 (30%)
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The physician must decide when to end an ablative laser proced-
ure, as no fixed criteria have been established. In this study, the
end point of treatment occurs when all epidermal nevi were
removed and the normal dermis became visible (15).

A limitation of the current study might include short follow-up,
since the natural history of epidermal nevi suggests that long-
term recurrences may occur.

Conclusions

Based on our results, Er:YAG laser ablation of localized verrucous
epidermal nevi has a comparable clinical improvement with CO2

laser. However, the rate of lesional recurrence is higher in Er:YAG
laser. The latter has substantial advantages when treating local-
ized VEN. It resulted in faster healing, less persistent erythema,
fewer pigmentary changes and no scarring compared with the
CO2 laser. Moreover, Er:YAG laser ablation is of special value in all
critical anatomic sites, especially the neck and nonfacial skin. As a
final note, additional long-term comparison studies between CO2

and Er:YAG laser treatment of VEN are warranted to delineate fully
the advantages and disadvantages of each technique.
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