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Background: Primary focal hyperhidrosis is a com-
mon condition that gives rise to functional and emo-
tional problems and may disturb professional and social
life. Recently, low-dose intracutaneous injections of botu-
linum toxin A have been shown to induce a temporary
anhidrosis, with relapses occurring usually after 4 to 6
months.

Objective: To evaluate the short- and long-term effec-
tiveness and possible adverse effects of high-dose botu-
linum toxin therapy in the treatment of axillary hyper-
hidrosis.

Design: In an open study, patients with focal hyper-
hidrosis were treated with intracutaneous injections of

Main Outcome Measures: Reduction of sweating as
assessed by the Minor iodine-starch test and planimetry
of hyperhidrotic areas. Patients were interviewed at the
end of follow-up about their satisfaction with this treat-
ment.

Results: Within 6 days, all patients reported cessation
of excessive sweating. The mean + SD area of excessive
sweating identified by the Minor iodine-starch test de-
creased from 19.27 + 11.95 em? to 0.25 + 0.61 cm?
(P<.001). The mean follow-up was 10.0 + 2.8 months
(range, 5-15 months). Four patients (17%) reported a re-
turn of axillary hyperhidrosis after 7 to 10 months. All

atients who experienced rela

Jresponse to a second treatment. The only adverse ef-

inum toxin A (Botox; Allergan Inc, Irvine, Calil).
inum toxin A was use

once per axilla. Patients were observed for up to 15

monthg.

Settings: University medical center.

Patients: Twenty-four patients with axillary hyperhi-
drosis were treated. Their ages ranged from 19 to 58 years
(mean  SD, 34.8 + 12.4 years).

fects reported were temporary pain and burning during
the injections. No muscular weakness, insensitivity, or
systemic reactions were observed.

Conclusions: High-dose botulinum toxin A seems to he
as sale as low-dose botulinum toxin A in the treatment

of axillary hyperhidrosis. The preliminary data suggest

a lower rate of relapse.

—
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RIMARY HYPERHIDROSIS is a dis-

thesized as a single-chain molecule of
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order of excessive sweating

caused by a dysfunction of the

neuroexocrine interplay be-

tween the nervous system and
eccrine glands. It may cause considerable
social, psychological, and occupational
problems. Most often, the condition in-
volves the palms, soles, and axillae, where
the eccrine sweat glands are concentrated.
These glands are innervated by choliner-
gic fibers from the sympathetic nervous sys-
tem. Acetylcholine is the most effective su-
dorific neurotransmitter.'

For editorial comment
see page 539

Botulinum toxin A is one of 7 neu-
rotoxins produced by Clostridium botuli-
num that exert their paralytic activity at the
neuromuscular junction by inhibiting the
release of acetylcholine. The toxin is syn-

about 150 kd and modified in a 2-step pro-
cess. The resulting molecule consists of a
light chain acting as a zinc endopepti-
dase and a heavy chain that provides cho-
linergic specificity and promotes light-
chain translocation across the endosomal
membrane of synapses. After internaliza-
tion of the whole molecule, the disulfide
bond is cleaved. The light chain inter-
feres with SNAP-25, a 25-kd synaptosome-
associated protein that is involved in ace-
tylcholine release.?

Botulinum toxin A is approved in
many countries to treat spasticity, includ-
ing blepharospasm, but there are several
potential new indications.” There are 2 dif-
ferent preparations on the German mar-
ket: Botox (Allergan Inc, Irvine, Calif [dis-
tributed by Merz & Co, Frankfurt am
Main, Germany]) and Dysport (Ipsen
Pharma, Rheinbeck, Germany). These 2
preparations are distinct because of dif-
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PATIENT AND METHODS

PATIENTS

Twenty-four patients with focal axillary hyperhidro-
sis that did not respond to other nonsurgical treat-
ments were treated with botulinum toxin A (14
women and 10 men). Their ages ranged from 19 to
58 years (mean * SD, 34.8 + 12.4 years). All patients
had focal hyperhidrosis since childhood. Patients
younger than 18 years of age, pregnant women, and
patients with symptomatic hyperhidrosis were ex-
cluded, as were patients with contraindications listed
in the Botox user leaflet. Informed consent was ob-
tained from all patients after full written and oral ex-
planation of the study was provided.

METHODS

All patients underwent a pretreatment evaluation con-
sisting of a clinical examination, objective quantifi-
cation of sweat production, and photodocumenta-
tion of sweat production. Hyperhidrotic areas were
evaluated by the Minor iodine-starch test.!” In this
test, 2 g of iodine and 4 g of potassium iodide in 100
mL of alcohol is painted over the skin area. After it
dries, a fine starch powder is applied. Sweat causes
the starch powder to turn dark blue. In all cases, the
iodine-starch test made it very easy to discern the ex-
act location of excess sweating in the axillary skin
(Figure).

For each axilla, 200 U of botulinum toxin A (Bo-
tox) was diluted with 4.0 mL of 0.9% sterile physi-
ological saline without preservative. The toxin was
injected in amounts of 0.05 t0 0.1 mL (5-10 U) strictly
intracutaneously using a 30-gauge needle. For the ax-
illary region, 16 to 32 injections were given. No an-
algetic therapy was necessary. We started with single-
site treatment. Three days after the initial injections,
the second axilla was treated the same way.

Patients were reexamined between 5 and 15
months later (mean + SD, 10.0 + 2.8 months). The
Minor iodine-starch test was used to assess the clini-
cal antisudorific activity. In 22 patients, the area of
sweating was also assessed by planimetry.

A relapse was defined as a remarkable increase
of sweating as experienced by the patient and an in-
crease in hyperhidrotic area greater than 25% as de-
termined by the Minor iodine-starch test.

STATISTICAL ANALYSIS

A paired t test was performed to compare the area of
excessive sweating (Minor iodine-starch test) as as-
sessed by planimetry before and after treatment. P<.05
was considered statistically significant.

ferent vehicles, dilution schemes, and potency testing.
Most studies suggest that 1 U of Botox is equivalent to 3
to 5 U of Dysport.

The use of botulinum toxin A to inhibit hyperhi-
drosis is based on observations in healthy volunteers per-
formed in the mid-1990s.** Preliminary clinical studies

e,

Fatient with axillary hyperhidrosis before (top) and 5 days after (bottom)
botulinum toxin A therapy. Results of the Minor iodine-starch test showed
that hyperhidrosis accurred before and hypohidrosis after treatment.

demonstrated that this toxin can be used both safely and
effectively to treat focal hyperhidrosis. The effect is longer
lasting than any of the nonsurgical treatments used for
focal hyperhidrosis.®'* The major drawback of this treat-
ment is that it must be repeated several times to be ef-
fective. Most relapses occur between 4 and 6 months af-
ter initial treatment.%'" In previous studies, botulinum
toxin A has been used as a low-dose therapy in which
20 to 100 U are applied per area (palm, sole, or axilla).
Repeated application may induce specific antibodies that
can reduce the efficacy of this treatment by immunore-
sistance.'*!

In the present study, we investigated the efficacy and
safety of high-dose botulinum toxin A in patients with pal-
mar and axillary hyperhidrosis. We also wanted to find out
if a higher initial dose would prolong its anhidrotic effect.

— T

Intracutaneous injections of botulinum toxin A were well
tolerated by all patients. Mild pain was experienced dur-
ing the injections. Burning sensations were reported to last
up to 1 hour. The development of hematomas was not ob-
served. Allergic or systemic adverse effects did not occur.
Muscular power and sensations of the axillary region re-
mained unchanged. None of the patients developed com-
pensatory hyperhidrosis on other parts of the body.

In each of the 24 patients, hyperhidrosis was relieved
during the first 6 days, with anhidrotic areas developing
at the sites of botulinum toxin A injections. Minor iodine-
starch test results showed that each injection produced
an area of anhidrosis with a diameter of 1.2 to 1.9 cm.
The mean + SD pretreatment area of increased sweating
was 19.27£11.95 cm?; posttreatment it was 0.25+0.61
cm®. The difference reached significance (P<.001).
Four of the 24 patients reported a partial relapse of ax-
illary sweating after 7 (n=2), 8 (n=1),and 10 (n = 1)
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Review of Botulinum Toxin A Therapy for Focal Hyperhidrosis*
No. of Patients or
Healthy Volunteers Areas Treated

Study and Disease Follow-up Relapse Relapse Rate (No. of Areas Treated)

Bushara et al,* 1996 7 Healthy volunteers 6-8 mo Axillary relapses after 6 mo 100% Within 6 mo Axilla (5) and dorsum

of the hand (2)

Cheshire* 1996 1 Healthy volunteer Almost 1y £ 3 (5 Forearm

Schnider et al,® 1997 11 Patients with palmar 13 wk 3/11 after 13 wk 23% Within 13 wk Palms (11)
hyperhidrosis

Glogau,® 1998 12 Patients with axillary ~ 4-7 mo Relapses after 5 mo Axillae (24)
hyperhidrosis

Heckmann etal,'” 1998 6 Patients with axillary 3 mo No relapse 0% Within 3 mo Axillae (6)
hyperhidrosis

Heckmann et al,** 1998 12 Patients with axillary 12 mo Relapses after 3 (n = 1), 25% Within 12 mo Axillae (12)
hyperhidrosis 4(n=1),and 7 (n=1) mo

Naumann et al,' 1998 11 Patients with focal Up to 5 mo No clinically relevant relapse 0% Clinically relevant  Axillae (16), palms (8),
hyperhidrosis within 5 mo and soles (2)

Naumann et al,'’ 1998 20 Patients with axillary ~ 3-4 wk Axillae (8) and palms (32)
hyperhidrosis

Shelly et al,® 1998 4 Patients with palmar 12 mo Relapses after 4 (n = 1), 100% Within 12 mo Palms (8)
hyperhidrosis 7(n=2),and 12 (n=1) mo

Odderson® 1998 2 Patients with axillary 4 wk Relapses after 11 wk (n = 1) 100% Within 2 mo Axillae (4)
hyperhidrosis and2mo (n=1)

Present study 24 Patients with axillary Upto15mo  Relapses after 7 (n = 2), 17% Within 15 mo Axillae (48)
hyperhidrosis 8(n=1),and 10 (n=1) mo

*Ellipses indicate data not available.

months. We performed the Minor iodine-starch test
again, the results of which showed a reduced intensity of
sweating. These patients received a second botulinum
toxin A treatment with the same efficacy as the initial
treatment and experienced no additional adverse effects
or relapses of hyperhidrosis (mean follow-up, 10
months).

In interviews at the end of the follow-up period, all
patients reported complete satisfaction with the local re-
sponse to botulinum toxin A treatment and none re-
ported experiencing any long-term adverse effects.

— .

Many treatments for hyperhidrosis have been de-
scribed, but treatment of this condition still poses a di-
lemma for physicians.'®!” Topical agents, such as alumi-
num chloride, may cause irritation and are only effective
in the mildest cases. lontophoresis with tap water may
provide relief, especially for palmar hyperhidrosis, but
the application of this treatment is relatively time-
consuming and its effects temporary. The major advan-
tage of using iontophoresis with tap water is that it is safe
and easy to use at home, which provides independence
for the patient.’™!* Systemic anticholinergic agents fre-
quently have unacceptable adverse effects. Sympathec-
tomy often fails to cure palmar and axillary hyperhidro-
sis, and complications may include surgical risks, Horner
syndrome, pneumothorax, pneumonia, and compensa-
tory hyperhidrosis after years of treatment. The positive
response rate of sympathectomy as a treatment for upper-
limb hyperhidrosis is about 90%, with complete satis-
faction reported by about 70%; no significant differ-
ences in the outcomes of axillary and palmar hyperhidrosis
have been reported.”** Recently, liposuction has been

described as an additional surgical treatment for axil-
lary hyperhidrosis because it has none of the disadvan-
tages of traditional excision techniques.**

Physicians began using botulinum toxin A to in-
hibit hyperhidrosis only recently.** Previous studies have
shown that a minimal dose of 50 U of botulinum toxin
Ais necessary to induce anhidrosis of the axilla in healthy
volunteers.” To relieve palmar hyperhidrosis, 35 U of Bo-
tox'' and 100 U of Botox or 120 U of Dysport® were shown
to be effective. To relieve axillary hyperhidrosis, 36 U of
Botox," 50 U of Botox,? or 400 U of Dysport'® were shown
to be effective (Table). The injections are easy to ad-
minister and minimally invasive. Disadvantages of this
therapy include pain and burning sensations during in-
Jections and, as reported in the literature but not ob-
served in our patients, reversible and local numbness and
muscle weakness.

Our results show that intradermal, high-dose botu-
linum toxin A injection, 200 U per axilla, is an effective
and safe therapy for axillary hyperhidrosis that results
in no severe adverse effects, nor have systemic adverse
effects been observed with this high-dose therapy. The
dosage used is within the range of other therapeutic
applications and far below the median lethal dose of
3000 U2

Evaluation with the Minor iodine-starch test showed
that each 5- to 10-U injection produced an area of anhi-
drosis with a diameter of 1.2 to 1.9 cm? within 6 days. This
is comparable t0 0.1 to 1.0 U producing a 1.0- to 1.5-cm?
anhidrotic area on the forearm of a healthy volunteer.*

We observed a marked reduction in sweating, as
demonstrated with Minor iodine-starch test results, and
a significant decrease of the area of excessive sweating
(from 19.27 em? 10 0.25 cm? per axilla; P<.001). The high-
dose treatment used in the present study was as safe as
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the low-dose treatment. Our findings, although prelimi-
nary, show a maximal effect for 15 months.

Only 4 relapses (17%) had occurred after 7 to 10
months. Heckmann et al* observed relapses of axillary
hyperhidrosis after 3, 4, and 7 months in 25% of pa-
tients. Recently, in a review of botulinum toxin A treat-
ment for focal hyperhidrosis, Odderson® reported an an-
hidrotic response lasting 2 to 8 months for axillary
sweating and 13 weeks to 12 months for palmar sweat-
ing.”* The high-dose treatment used in the present study
decreased the relapse rate by about 50% and induced long-
lasting relief for up to 15 months, findings that have not
yet been reported in the literature.

When relapses occur with high-dose botulinum toxin
A therapy, they occur later than relapses with low-dose
therapy. Published studies report that patients showed
relapses with low-dose botulinum toxin A therapy at 5.2
+ 3.3 months (mean = SD) (n = 8), whereas patients
showed relapses with high-dose therapy at 8.0 = 1.4
months (Table).

The mechanisms responsible for the prolonged re-
lapse-free interval for high-dose botulinum toxin A therapy
are not yet clear. It may be that the functional depletion
of sudorific nerves is more complete than in low-dose treat-
ment, and reconstitution requires a longer period.*

Since neutralizing antibodies have been described
in patients treated with deep injections of botulinum toxin
A, which may account for a secondary nonresponse, 23
the exact intracutaneous injection technique is a crucial
point. Indeed, there are no published data on the devel-
opment and frequency of botulinum toxin A antibodies
in patients treated for focal hyperhidrosis. Our patients
who experienced relapse did respond to a second treat-
ment as well as to initial treatment.

The available data seem to indicate a tendency to-
ward fewer and later relapses in patients who receive high-
dose botulinum toxin A therapy. Although it is too early
to make final conclusions regarding the long-term out-
come of our patients, our preliminary findings suggest
that the use of high-dose botulinum toxin A therapy may
be not only beneficial to patients but cost-effective as well.

Botulinum toxin A therapy appears to be an effec-
tive alternative to other treatments for axillary hyperhi-
drosis. Further studies are needed to determine the op-
timal dose and frequency of injections and the rate of
development of neutralizing antibodies.

Accepted for publication September 28, 1999.
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