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Focal Hyperhidrosis

Effective Treatment With Intracutaneous Botulinum Toxin

Markus Naumann, MD; Uta Hofmann, MD; Ilka Bergmann, MD;
Henning Hamm, MD; Klaus V. Toyka, MD; Karlheinz Reiners, MD

Objective: To evaluate the effect of intracutaneous in-
jections of botulinum toxin type A on excessive focal hy-
perhidrosis.

Design: Therapeutic before-and-after trial over 4
months.

Setting: Neurological and dermatological university de-
partments.

Patients: Eleven patients with excessive axillary, pal-

r, or plantar hyperhidrosis fulfilling the following cri-
teria; (1) local and systemic drug therapy had failed to
improve their symptoms; (2) the patients were severely
disabled with respect to their occupation and social ac-
tivities; and (3) a successful treatment by botulinum toxin
would obviate the need for destructive surgical proce-
dures.

Interventions: Three mouse units of botulinum toxin

(Botox) per 4-cm? skin area was injected intracutane-

ously in 16 axillae, 8 palms, and 2 soles.

Main Outcome Measures: Reduction of hyperhidro-
sis as documented by the Minor iodine-starch test and
gravimetrical assessment of local spontaneous sweat pro-
duction measured over 1 minute.

Results: In all patients, botulinum toxin completely abol-

ished sweating in the injected areas (P<.001) within 3
to 7 days. No relevant adverse effects occurred and no
clinical recurrence of hyperhidrosis was observed within
the follow-up period of up to 5 months. Occasionally,
subclinical reactivation of sweat gland function was ob-
served 4 months after treatment.

Conclusions: Intracutaneous botulinum toxin seems
preferable to any hitherto used conservative or surgical
procedures and may become the therapy of choice in
pathological focal hyperhidrosis.
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OCALIZED idiopathic hyper-
hidrosis is a common disor-
der of sweating. The patho-
genesis is unknown. The
preferred sites of sweating

to return some years after sympathec-
tomy," and the procedure may be compli-
cated by pneumothorax and severe com-
pensatory hyperhidrosis in other parts of
the body.? Surgery of the axillary vault may
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are at the axillae, palms, and soles. In
excessive cases, sweat runs down the
trunk or drips from the hands and feet,
a condition that is usually regarded as
unacceptable in professional and private
life. Profuse sweating leads to skin mac-
eration, which may cause secondary
infections.

Treatments include systemic anti-
cholinergic drug therapy; topical applica-
tion of acids, aldehydes, and metal salts,
eg, aluminium chloride; and iontopho-
resis. If these measures prove ineffective,
invasive or surgical treatments, such as
sympathetic blockade, transthoracic sym-
pathectomy, and excision or curettage of
the most active sweating areas, are cur-
rent alternatives. However, sweating tends
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produce excessive scar formation and fo-
cal paresthesias or anesthesia.

Botulinum toxin is a potent neuro-
toxin that bloc ' i o
{Earlier studies have shown its ef-
fect in reducing sweat production in
normal volunteers.*> After our success-
ful botulinum toxin treatment of exces-
sive palmar hyperhidrosis in a single pa-
tient,® we studied the therapeutic effects
of botulinum toxin in patients with vari-

ous types of focal sweating.

— T

Intracutaneous injections of botulinum
toxin abolished clinically disturbing hy-
perhidrosis in all patients. The treatment
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PATIENTS AND METHODS

We treated 11 adult patients (10 women and 1 man;
mean=SD age, 30.5+9.0 years) with pathological fo-
cal hyperhidrosis that was unresponsive to any prior
topical or systemic drug therapy. The duration of hy-
perhidrosis was 10.8+6.0 (mean+SD) years. The hy-
perhidrosis was axillary alone in 7 patients, palmar
alone in 2 patients, axillary and palmar in 1 patient,
and palmar and plantar in 1 patient. All patients were
severely disabled by occupational or social conse-
quences of excessive sweating. In total, 16 axillae, 8
palms, and 2 soles were treated. A trial with botuli-
num toxin was offered before invasive procedures
were performed. The results of neurological and der-
matological examinations of all patients were unre-
markable except for focal hyperhidrosis. The pa-
tients were instructed about the procedure and gave
their written informed consent.

Before and 2, 4, 12, 16, and 20 weeks after the
botulinum toxin injections, the area of hyperhidro-
sis was visualized by the Minor iodine-starch test
(Figure 1). In this test, an iodine solution (2 g of
iodine in 10 mL of castor oil and alcohol to 100 mL)
is painted over the area of skin to be tested. After it
has dried, fine rice or potato starch powder is ap-
plied. Sweat causes the mixture to turn dark blue.’

Also, in 10 patients, the hyperhidrosis was quan-
tified gravimetrically before and 2 weeks after the
botulinum toxin injections by measurement of spon-
taneous sweat secretion according to the protocol of
Reinauer et al.” Briefly, the respective hyperhidrotic
area was blotted dry and then brought into contact
with copy paper (Xerox) for 1 minute. The amount
of sweat secreted during this collection period was
then determined as weight increase.

The identified hyperhidroti
with a pen and subdivided into squar

‘tZHﬁEeEFZyap ilized botulinum toxin, type A
Tm;rg-a.n, Irvine, Calif; 100 mouse units [MU]),
was diluted in 5 mL of sterile 0.9% saline. Portions.of;

0.15 mI(3 MU were distributed intracutaneously over,
the area of 4 cm’ from a single inserti
To screen lor morphological alterations, a small

axillary skin biopsy was performed in 1 patient be-
fore and 8 weeks after the botulinum toxin injec-
tion. Hematoxylin-eosin staining was used to assess
the morphological appearance of the sweat glands,
and an immunocytochemical study using an anti-
body to protein gene product 9.5 (PGP9.5), a pan-
axonal marker, was performed to visualize sweat gland
mnervation.

success was documented by the Minor test and quanti-
tatively by measurement of spontaneous sweat secre-
tion. In 1 patient, axillary reinjection of botulinum toxin
was necessary after 2 weeks because of a small, persis-
tent area of sweating. The mean+SD dosage for axillary
sweating was 35+8 MU (range, 20-52 MU) of botuli-
num toxin per side; for palmar sweating, it was 367 MU
(range, 28-46 MU) per side; and for plantar sweating, it
was 42 and 48 MU. The beginning of the botulinum toxin

action was noticed by the patients 2.8+0.7 days (mean+SD)
(range, 2-4 days) after injection. Sweating completely
stopped 5.2x1.4 days (range, 3-7 days) after injection.
The area of hyperhidrosis documented by the Minor test
decreased from 46.4+9.8 cm? (mean+SD) before treat-
ment to greatly reduced or no visible sweating 2 weeks
after injection (Figure 1, Band D). Quantitatively, sweat-
ing significantly declined from 10438 mg/min
(mean+SD) before the botulinum toxin injection to16+15
mg/min 2 weeks after the injection (P<.001, paired t test)
(Figure 2). There was no evidence of compensatory hy-
perhidrosis in other areas after treatment. Despite a clear
reduction of the hyperhidrosis, the patients with axil-
lary hyperhidrosis did not notice a significant improve-
ment of unpleasant odor after treatment.

Injection of botulinum toxin was well tolerated in
the majority of patients, and there were few adverse ef-
fects (those that did occur were mild). Injection was mod-
erately painful in the axillary area in 4 of 16 patients and
in the palmar area in 6 of 8 patients. After injection, small,
painless hematomas were seen in the axillary area in 3
of 16 patients, in the palmar area in 2 of 8 patients, and
in the plantar area in 1 patient. No clinical decrease of
hand grip force or other hand muscle weakness was ob-
served after palmar injections. No gait impairment oc-
cured with plantar injections. Within the follow-up pe-
riod of up to 20 weeks (range, 12-20 weeks), no clinical
hyperhidrosis could be discovered in 8 of 11 patients.
However, 16 weeks after injection, small areas of clini-
cally inapparent restored axillary sweating were ob-
served with the Minor test in 3 patients, all of whom were
successfully reinjected 4 weeks later.

Histological examination of an axillary skin biopsy
specimen before and 2 months after botulinum toxin treat-
ment revealed no major differences in the morphologi-
cal features of the sweat glands as seen on hematoxylin-
eosin stains (not shown) and no alterations in the sweat
gland innervation on protein gene product 9.5 immu-
nohistochemical studies (Figure 1, E and F).

B COMMENT S

Intracutaneous injection of botulinum toxin was highly
effective in abolishing focal hyperhidrosis. Except for a
few self-experiments in volunteers*® and a recent case
report from this group,® to our knowledge there are no
reports in the literature on the efficacy of botulinum toxin
injections on various excessive focal sweating disor-
ders, such as axillary, palmar, or plantar hyperhidrosis.

Long-term studies of disorders with muscular hy-
peractivity, such as dystonia or spasticity, indicate that
the duration of botulinum toxin action at the neuromus-
cular junction is about 3 months on average.” Botuli-
num toxin applied to sweat glands appears to have a
longer-lasting clinical effect. In gustatory sweating, which
frequently occurs after posttraumatic misdirection of the
regenerating parasympathetic fibers to the sweat glands,
botulinum toxin treatment abolished sweating for more
than 12 months.'® This finding is in agreement with our
experience in a large group of patients with gustatory
sweating in whom a single injection had an anhidrotic
effect that lasted at least 6 months." In the present study,
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Figure 1. Axillary hyperhr’dmsa’sbefme botulinum toxin fnjecron documented by the Minor iodine-starch test. A, No visible sweating after treatment. B, Palmar

hyperhidrosis before (C) and after treatment (D). No major differences in nerve fiber ramification can be seen after treatment (F) compared with before treatment.
E Panaxonal marker protein gene product 9.5. Nerve fibers are indicated by arrows in parts E and F.

no clinical recurrence was observed within 16 weeks af-
ter injection, although at that time a clinically inappar-
ent slight sweat production could be visualized by the
Minor test in 3 patients, all of whom were reinjected 20
weeks after the first treatment.

At present, it is unclear why the action of botuli-
num toxin in the autonomic synapses of sweat glands lasts
much longer than in the neuromuscular synapses. There
are 2 mechanisms limiting the duration of synaptic ac-
tion of botulinum toxin. First, botulinum toxin type A
acts by cleaving a protein (SNAP-25) involved in the fu-
sion of acetylcholine-containing vesicles with the plasma
membrane.'? The rate of resynthesis of SNAP-25 could
be higher in neuromuscular synapses than in choliner-
gic sympathetic nerve endings. Second, at the neuromus-
cular junction, botulinum toxin application is followed
by axonal sprouting and consecutive reinnervation of

muscle fibers.”” To date, it is unknown whether sprout-
ing also occurs in sympathetic nerve endings after the
administration of botulinum toxin. Longer denervation
effects are also seen when botulinum toxin is injected into
partially reinnervated tissue, as in gustatory sweating or
hemifacial spasm. There is, however, no evidence for a
preexisting denervation or reinnervation of sweat glands
in idiopathic hyperhidrosis.

While the action of botulinum toxin on motor nerve
terminals, with subsequent atrophy of muscle fibers, has
been investigated extensively, little is known about the
effect of botulinum toxin on autonomic nerve fibers and
their end organs.'® Based on our histological findings,
nerve fiber degeneration and sweat gland atrophy do not
appear to be major components of botulinum toxin ac-
tion. Even in hereditary autonomic neuropathy with an-
hidrosis, the morphological appearance of sweat glands
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Figure 2. Spontaneous sweat secretion before and after botulinum toxin
injection in 7 patients with axillary (solid lines) and 3 patients with palmar
(dotted lines) sweating. The asterisk indicates P<.001.

was normal."* However, the long-term effects of botuli-
num toxin on sweat glands remain to be established.

Interestingly, patients with axillary sweating did not
notice a significant reduction of unpleasant odor after
botulinum toxin injection, despite a marked decline of
sweat production. This observation can be explained by
the different transmitters involved in the innervation of
eccrine and apocrine sweat glands.'® Sweat-producing ec-
crine sweat glands are innervated by cholinergic sympa-
thetic nerve fibers, which are blocked by botulinum toxin.
Apocrine sweat glands, however, are supplied by adren-
ergic sympathethic nerve fibers, which remain unaf-
fected by botulinum toxin.

An optimal effect that lasts for at least 4 months with-
outadverse effects holds promise that this novel therapy
may become the treatment of choice for focal hyperhi-
drosis that is unresponsive to any other local or sys-
temic drug therapy. The botulinum toxin (Botox) that
we used in our study is currently being evaluated as an
orphan drug in the United States. In particular, it has not
been sufficiently tested in pregnancy. Therefore, at this
stage, it must not be given to women of childbearing age

without contraception, to pregnant women, or to women
during the lactation period.

In conclusion, intracutaneous administration of botu-
linum toxin is a novel, safe, and simple treatment for many
patients with focal hyperhidrosis. It carries the poten-
tial to replace current invasive surgical procedures.
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