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Introduction: Hyperhidrosis (HH) refers to uncontrollable excessive sweating that has a significant
negative impact on the quality of life. The aim of this study was to compare the efficacy and
safety of the long-pulsed, 1064-nm Nd:YAG laser and aluminum chloride (ALCL,) 20% solution
in axillary HH treatment.

Methods: In this single-center, within-patient comparison clinical trial, 12 patients with axillary
HH were treated monthly for 3 to 4 consecutive sessions with the long-pulsed, 1064-nm Nd:YAG
laser system on one axilla, while the contralateral axilla was treated with ALCL, 20 % by the
patient. Treatment response was evaluated by comparing the area of sweating at the end of each
session and 6 months after treatment termination using the iodine starch test.

Results: Both treatments led to the reduction of HH from baseline with the mean area of sweating
reduced from 109.3 +36.6 to 38.3+19.8 and from 92.5+31.6 to 35.6+17.1 in laser- and ALCL -
treated axilla respectively (Both P<0.001). In the 6-month follow-up, the area of sweating was
60.6+29.2 in the laser-treated armpit and 78.3 +£23.6 in the ALCL,-treated side, which were 45%
and 14.4% lower compared to the baseline respectively. Adverse events were temporary, and
none caused each of the treatments to be discontinued.

Conclusion: The long-pulsed, 1064-nm Nd:YAG laser with hair reduction setting can stand as a
potential therapeutic option for axillary HH since it is as effective as ALCL,. The therapeutic effect
is superior in the long term for the laser; nevertheless, the beneficial effect of both treatments may
lessen the following treatment cessation.
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Introduction
Sweating is an essential process for regulating normal
body temperature. A healthy person produces an average
of about 0.5 L of sweat per day.' Hyperhidrosis (HH) refers
to the excessive production of sweat that is not justified in
the field of body temperature regulation process, and it
disrupts a person’s daily activities and impairs his typical
function.”

The most affected areas in primary HH are those with
a higher density of eccrine glands, such as the armpits,
palms, soles, and face.” The current first-line standard
treatment for HH is topical aluminum chloride (ALCL,)
hexahydrate antiperspirant (10%-20%).* However, in case
of shortcomings, other treatments are available, such as
anticholinergics,’ attenuated botulinum toxin injections,*
microwave technology,® and surgery.” Nevertheless,
current treatments are frequently unsatisfactory as they

may be transient, have partial efficacy or systemic side
effects, or in the case of surgery, may be associated with
significant morbidity. This has created an increasing need
for the development of new and effective therapies for
controlling excessive sweating.*

Laser therapy is a more recent method that has been
investigated for the treatment of HH. To date, little
research has been done on the specific effect of hair
removal lasers on the eccrine gland function and sweating
process, and the results are divergent.® While some
studies have reported HH following laser hair removal,’
others have indicated a reduction in sweating following
hair epilation.?

The long-pulsed Nd:YAG laser has been utilized to treat
various skin diseases such as vascular lesions,' scars,'!
skin rejuvenation,'? and infections including acral warts"?
or onychomycosis,'* although it is commonly used for hair
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removal as it targets the melanin chromophore within
the hair follicle. The long-pulsed Nd:YAG lasers have
recently been utilized to treat HH due to the potentially
damaging effect of heat generated in hair follicles on
adjacent germinative structures such as surrounding
sweat glands.®

In this study, we compare the treatment consequences
of the long-pulsed Nd:YAG laser and topical ALCL, on
primary axillary HH to provide an overview of the welfare
and adverse events of both treatment modalities.

Methods

Participants

The study was designed as a single-center, within-patient
comparison clinical trial, in which 12 patients above 18
years old were enrolled. Key inclusion criteria were at
least 6 months of visible, detectable, focal, exaggerated
axillary sweating without any apparent explanation,
with a bilateral and rather symmetrical distribution, that
interferes with daily activities. Patients should never
have undergone any surgical or sweat gland destructive
treatment for their HH or any injection or medication
in the past six months. Participants signed an informed
consent form to clarify their understanding of the
requirements and consequences of participation in the
study. The main exclusion criteria included current or
planned pregnancy, lactation, having any concomitant
disease (e.g., hyperthyroidism, Parkinson’s disease, and
lymphoma), or using medication (e.g., adrenomimetic
agents and cholinesterase inhibitors) that would be
associated with HH.

Pre-treatment Proceedings and Treatment Protocol

The patients were evaluated by a dermatologist and their
demographic data was recorded. Then, one armpit was
randomly assigned to the laser treatment and the other to
the ALCL, 20% solution.

The patients were treated monthly for 3 to 4 consecutive
sessions with the long-pulsed, 1064-nm Nd:YAG laser
system (Hyperion; Laseroptek Co., Korea) on one axilla.
The laser parameters were adjusted for hair reduction,
which included power of 30 J/cm?, pulse duration of 30
ms, spot size of 18 mm, and frequency of 1 Hz, along
with air cooling. The contralateral axilla was treated with
ALCL, 20% as follows: The patients were given a pre-
prepared ALCL, 20% solution and instructed to wash and
dry the area before application. The medicine was applied
to the area with a cotton ball at bedtime and was left for 6
to 8 hours. The area was washed thoroughly upon waking
up. The procedure was repeated every night for about 2
weeks (until clinical improvement) and then 3 times a
week.

Treatment Evaluation
The iodine starch test was used to map the areas of

perspiration, and the painted areas were photographed.
Before the examination, the patients were instructed to
rest for 15 minutes. The skin area was thoroughly cleaned
with soaked gauze and then dried. Both axillary regions
were painted with a 2% iodine alcohol solution. The area
was left to be dyed for 5 minutes and then a starch powder
was lightly dusted on the skin area using a cosmetic
brush. After 15 minutes, transparent graph paper was
placed over the painted area, and the area of sweating was
marked and measured. This test was performed before,
at the end of, and 6 months after the last laser session.
Treatment response was categorized as mild (decrease
in sweating by 0-25%), moderate (decrease in sweating
by 25-50%), good (decrease in sweating by 50-70%),
and excellent (decrease in sweating by 75-100%). The
participants were asked about their satisfaction with each
treatment and possible side effects at each monthly laser
session and 6 months after the end of the treatment.

Statistical Analysis
Statistical analysis was performed using SPSS version 24,
and the P value less than 0.05 was considered statistically
significant. The normality test was done with Shapiro-
Wilks. The continuous variables were described with
mean +standard deviation (SD) and the categorical
variables with frequency (percentage).

The independent sample t-test, paired t-test and chi-
square test were done for comparing variables.

Results

Twelve primary axillary HH patients with a mean age
of 36.6+£9.5 (23-52) years were enrolled in the study.
Seven (58.3%) of the patients were women and 5 (41.7%)
of them were men. The skin type in 7 (58.3%) patients
was III; it was IV in 3 (33.3%) patients, and it was V in 1
(8.3%) patient. Treatment results are shown in Table 1.
Both treatments led to a reduction in HH from baseline
with the mean area of sweating reduced from 109.3 +36.6
to 38.3+19.8 and from 92.5+31.6 to 35.6+17.1 in laser
and ALCL,-treated axilla respectively (Both P<0.001).

The mean reductions of the sweating area from baseline
in the laser-treated axilla and in the ALCL,-treated
armpit were 71.1+29.7 and 56.9+34.3 respectively, but
this difference was not statistically significant between
the treatment groups. In a 6-month follow-up, the areas
of sweating were 60.6+29.2 in the laser-treated armpit
and 78.3+23.6 in the ALCL,-treated site, which were 45%
and 14.4% lower compared to the baseline respectively (P
value=0.11).

Treatment response in the laser-treated area was
excellent in 4 (33%), good in 6 (50%), and moderate in
2 (17%) cases, while the response rate for the ALCL,-
treated armpit was excellent in 3 (25%), good in 5 (42%),
moderate in 3 (25%) and mild in 1 (8%) patient (P
value=0.698). All participants were satisfied with both
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Table 1. Comparisons of the Average Surface of the Axillary Sweating and Response Rate Based on the lodine Starch Test at Baseline, End of the Treatment,

and 6-Month Follow-up

ALCL -Treated Axilla Laser-Treated Axilla P value
Baseline 92.5+31.6 109.3+£36.6 0.241
Average surface of axillary End of the treatment 35.6+17.1 38.3+19.8 0.733
sweating (Mean +SD) 6-month Follow-up 78.3+23.6 60.6+29.2 0.118
P value <0.001 <0.001

treatments. Adverse events reported by the patients were
temporary and mild, and none of the adverse events
caused the discontinuation of each of the treatments
(Table 2). However, two patients in the ALCL,-treated
site needed short-term use of topical corticosteroids to
alleviate the irritation symptoms.

Discussion

Topical solutions comprising ALCL, are well-known
to be the first-line treatment for HH. The mechanism
suggested for their therapeutic effect is the mechanical
obstruction of the opening of sweat glands.”* However,
widening of acinar lumina along with atrophy and other
structural changes of the eccrine gland secretory cells
are other possible mechanisms.”® In a survey done by
Glent-Madsen and Dahl, 64 out of 65 patients achieved
excellent control of axillary HH with the application of
20% ALCL, in ethanol. 7 In another study by Flanagan
and Glaser, 21 out of 29 (72%) patients with moderate
to severe primary axillary HH achieved a Hyperhidrosis
Disease Severity Score<2 and were designated as
responders following the application of 15% ALCL, in 2%
salicylic acid gel base." In line with these findings, ALCL,
was proved to be an effective treatment for axillary HH in
our study. Three patients (25%) had an excellent response
by more than 75% reduction in axillary sweating, and
another five (42%) experienced more than 50% decrease
in perspiration (Table 1).

Despite the effectiveness of ALCL, preparations,
recurrence following the cessation of the treatment and
irritation are two important drawbacks. In one study,
36% of the patients reported moderate irritation and 14%
experienced severe irritation."” In our study, seven (58%)
patients reported mild to moderate stinging following
its application, although only two (16%) patients needed
topical corticosteroids to relieve their symptoms.
Nevertheless, the reappearance of sweating following
treatment termination was a remarkable point with the
area of sweating increasing from 35.6+17.1 to 78.3+23.6
after a 6-month follow-up. This is compatible with
previous studies that expressed the fact that although
ALCL, is an effective treatment, there is a need for
repeated use to maintain the therapeutic effect. Although
not statistically significant, the long-pulsed Nd:YAG laser
had a greater and more durable therapeutic effect than
ALCL, on axillary HH. Ten patients (88%) experienced a
good to excellent response by more than 50% reduction

Table 2. Adverse Events After the use of ALCL, and Long-Pulsed Nd:YAG
Laser for Axillary Hyperhidrosis

ALCL, Long-Pulsed Nd:YAG Laser
Pain during application 2 (16.6%) 11 (91.6%)
Irritation 7 (58.3%) 3 (25%)
Itching 8 (66.7%) 2 (16.6%)
Hair reduction 0(0) 12 (100%)

in sweating from baseline in the laser-treated site, and the
mean area of perspiration decreased from 109.3+36.6
to 38.27+19.8 by the end of the treatment. Although
the therapeutic effect diminished after 6 months, it
was still superior to ALCL, with the area of sweating
reduced by 45% and 14.4% from baseline for laser- and
ALCL,-treated sites, respectively (Figures 1 and 2).
Overall, the participants were satisfied with the outcome
of both treatments. The most common adverse effect
following long-pulsed Nd:YAG laser treatment was
pain experienced by almost all patients during the
laser procedure. Although all patients continued the
treatment, four of them (33.3%) described it to be severe
and hard to bear. Other adverse events were transient
and tolerated well by the patients. Evidence for the laser
treatment of axillary HH is scarce in the literature and
has been derived from a few studies with small sample
sizes and power.® There are theories regarding the effect
of hair removal lasers on sweating, although the actual
mechanism of action remains ambiguous. The fact
that the apocrine glands in the armpit are placed close
to the hair follicles and might be partially damaged by
hair removal laser treatment led to the theory of their
use for the treatment of HH.*® The long-pulsed, 1064-
nm Nd:YAG laser has been of particular interest among
laser-assisted hair removal systems due to its high safety
profile and acceptable efficacy. Data regarding the effect
of hair removal laser on sweating is controversial. In a
study conducted by Aydin et al,’ persistent axillary HH
occurred following hair removal with the long-pulsed,
1064-nm Nd:YAG laser. In their survey, two mechanisms
claimed to be responsible for the hyperfunction of sweat
gland, decreasing melanocyte-stimulating hormone and
stimulation of nerve fibers due to the thermal effect of the
long-pulsed Nd:YAG laser.

On the contrary, in a study by Goldman and Wollina,*!
the subdermal use of long-pulsed, 1064-nm Nd:YAG
laser in axillary HH resulted in a significant clinical
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Figure 1. Area of Sweating at Baseline (a), After 4-Month Use of ALCL3 (b)
and After 6-Month Follow-up (c) Based on the lodine Starch Test

improvement, and histological examination revealed a
variety of structural changes from mild microvesiculation
to the destruction of the eccrine glands. Goldman and
Wollina claimed that induction of plasma formation and
thermal heating are two main modes of action.

In another prospective case-control study of the long-
pulsed Nd:YAG 1064-nm laser, utilizing a modified
starch iodine test showed an improvement at 9 months;
however, no histologic changes were seen before and
after laser treatment.? This led to the conclusion that the
mechanism of action is impaired sympathetic cholinergic
transmission in the axilla prompted by laser heating.?

There were some limitations to our study. None of
the patients volunteered to perform a biopsy in order to
compare the microscopic effects of each treatment on
axillary sweat glands. In addition, the lack of statistically
significant differences between treatments may be due to
the small number of participants in this study, so further
studies with a greater number of cases might be needed to
evaluate the clinical relevance of these findings.

Conclusion

Our findings may assist in the recognition of potential
alternative therapeutic options for axillary HH. This
study indicates that the long-pulsed, 1064-nm Nd:YAG
laser with a hair reduction setting is as effective as ALCL,
in the treatment of axillary HH, with even superior
results in the long term. The therapeutic effect may
lessen following treatment cessation; nevertheless, along
with hair removal, patients still benefit from an overall
reduction in sweating from the baseline.
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