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Hyperhidrosis is the production of sweat above and beyond normal physiological needs,
regardless of the ambient temperature, and it affects >4% of the population. In addition, a
poll showed up to 21% of the population is bothered on a daily basis by their amount of
underarm sweating. Despite the large number of patients who suffer from hyperhidrosis,
there are relatively few effective nonsurgical treatment options. A new, nonsurgical, lasting
treatment for axillary hyperhidrosis has now been developed using microwave technology
to eliminate sweat glands.
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Hyperhidrosis is characterized by the abnormal produc-
tion of perspiration beyond that which is needed to

regulate body temperature. It can affect the axilla, palms,
soles, back, forehead, chest, and groin. Some patients suffer
from multiple areas of hyperhidrosis. Sweat is produced
through 2 types of sweat glands, eccrine and apocrine. There
is also a combination of the 2 glands known as the apoeccrine
gland. Eccrine glands produce the clear odorless fluid that we
typically associate with sweat. They are the only true sweat
gland in humans, and are abundant throughout all skin sur-
faces, except the vermilion border of the lips, labia minora,
clitoris, glans penis, inner aspect of the prepuce, external
auditory canal, and nail beds. The greatest number is located
on the palms, soles, and axillae. They are located primarily at
the dermal-subcutaneous junction and are composed of the
secretory gland, a coiled duct, and the intradermal duct that
travels through the dermis to connect to the spiraled intra-
epidermal duct (acrosyringium) (Fig. 1).1,2 The major func-
tion of the eccrine glands is to produce the hypotonic solu-
tion known as sweat, which facilitates evaporative cooling.

Cholinergic nerves of the sympathetic nervous system inner-
vate eccrine glands, producing acetylcholine, which acts on
the plasma membrane of pale cells, beginning the metabolic
process leading to sweat formation. Both thermal and emo-
tional factors prominently stimulate sweating. Apocrine
glands, in contrast, are found only in the axilla, anogenital
region, external auditory canals, and eyelids, and uncom-
monly on the face and scalp.3,4 They produce a viscous sub-
stance that is released intermittently and is acted on by bac-
teria, which results in a characteristic odor. They are also
located at the level of the lower dermis or subcutaneous fat.

Symptoms of Hyperhidrosis
Although heat is usually responsible for an increase in sweat-
ing of the hair-bearing surfaces of the body, emotional stimuli
control sweating of the palms and soles, as well as, in some
patients, the axillae. There is evidence that patients with pal-
mar and plantar hyperhidrosis have overstimulation of the
sympathetic nerves. During sleep, hyperhidrotic individuals
sweat normally.5 In addition, patients with axillary hyperhi-
drosis usually do not have bromhidrosis (abnormal sweat
odor).

There are different ways to measure hyperhidrosis. The
hyperhidrosis disease severity scale (HDSS) was developed
by the International Hyperhidrosis Society to quantify de-
grees to which underarm sweating alone bothers patients.
Patients are rated on a 4-point scale regarding tolerability of
sweating, and interference with daily activities (Table 1). A
multispecialty working group on the recognition, diagnosis,
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and treatment of primary focal hyperhidrosis developed con-
sensus criteria for the diagnosis consisting of hyperhidrosis
for � 6 months, plus 2 of the following: bilateral and sym-
metric occurrence, impairment of daily activities, � 1 epi-
sode per week, age of onset � 25 years, family history, and
cessation during sleep.6

Treatment Options
Topicals
There are several topical medications available to reduce
sweating. A 12%-20% solution of aluminum chloride can be
applied to the affected areas at night, beginning with once or
twice a week and gradually increasing to nightly. The alu-
minum temporarily occludes the sweat ducts. This can be
effective but can also cause irritant contact dermatitis,
especially in the axillae, which often limits its use. Patients
also complain that the solution works for awhile, and then
seems to lose its efficacy. If 20% aluminum chloride is not
effective, occlusion with plastic wrap at night for 2-3
nights a week can be performed. There is a less common
topical consisting of 0.1% formalin in which a patient can
soak several times a week. Alternatively, 2%-10% glutar-
aldehyde or 10% tannic acid in 70% alcohol can be
painted on the involved areas daily.7 However, each of
these solutions must be compounded, and it can be diffi-
cult to find compounding pharmacies that can create these
solutions for patients.

A new topical formulation containing 15% aluminum
chloride and 2% salicylic acid gel showed 75% of 30 patients
were somewhat or very satisfied with treatment. Mean HDSS
scores decreased from 3.3 at baseline to 2.12 by week 12.8

The medication was applied once nightly for 1 week and then
twice daily for the remaining 11 weeks. The nonalcohol gel
base is less irritating than alcohol bases.9 Topical anticholin-
ergics, such as 2% glycopyrrolate, may also be of benefit.10 In
addition, for palmar and plantar hyperhidrosis, one can use
tap water iontophoresis, which theoretically works by plug-
ging the pores of the sweat gland or by a complex mechanism
involving changes in reabsorption of sodium.11

Oral Anticholinergics
For those in whom topicals are ineffective, oral anticholin-
ergics can be used alone or in combination with topicals.
These oral anticholinergics include glycopyrrolate and pro-
pantheline bromide.12 However, few controlled studies have
been done. Side effects from oral glycopyrrolate and propan-
theline bromide include dry mouth, dry eyes, loss of urinary
bladder sphincter control, and reduction of gastrointestinal
peristalsis. Other oral medications that have been used in-
clude paroxetine and clonidine.13

Surgery
Surgical methods can be used to eradicate the sweat glands
directly or to denervate the sympathetic flow to the upper
torso and head. For resistant localized axillary hyperhidrosis,
direct excision of the sweat glands under visualization has
been performed. However, it is not uncommon for eccrine
sweat glands outside the original hyperhidrotic area to over-
compensate gradually after surgery with increased sweat-
ing.14 Liposuction with tumescent anesthesia using a blunt or
specialized cannula to rasp the underside of the dermis has
also been used.15-17 As with any liposuction procedure, pa-
tients will have some swelling and discomfort, and will re-
quire healing time. As a last resort, patients can undergo an
endoscopic transthoracic sympathectomy, whereby the lum-
bar and supraclavicular sympathetic ganglia (the second to
fourth thoracic ganglia) are ablated or clamped. The most

Figure 1 Eccrine and apocrine glands and their location in the skin. (Miramar Labs, Inc.)

Table 1 Hyperhidrosis disease severity scale

“How Would You Rate the Severity of Your
Hyperhidrosis?”

1 My sweating is never noticeable and never interferes
with my daily activities

2 My sweating is tolerable but sometimes interferes with
my daily activities

3 My sweating is barely tolerable and frequently
interferes with my daily activities

4 My sweating is intolerable and always interferes with
my daily activities
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common side effect from endoscopic transthoracic sympa-
thectomy surgery is compensatory hyperhidrosis of the lower
portion of the body (below T4).18

Devices
Lasers and other devices have also been recently used to
attempt to treat primary axillary hyperhidrosis. A long-
pulsed neodynium yttrium aluminum garnet (Nd:YAG) laser
at hair reduction settings showed improvements in subjective
and objective measures of sweating up to 9 months, but with
no differences in histology of the axillary skin.19 A long-
pulsed 800-nm diode laser was used to treat 21 patients on 1
axilla only but failed to show a significant sweat reduction
compared with the untreated side.20 Invasive use with the
1320-nm laser for subdermal ablation has shown to give
satisfactory improvement in 1 patient.21

Injections
Injections of botulinum toxin type A have been shown to
decrease axillary hyperhidrosis for 6-9 months, but treat-
ment for palmar and plantar hyperhidrosis is less effective,
and treatments need to be performed indefinitely to maintain
results.22

Microwave Technology for
Treatment of Hyperhidrosis
Given the paucity of treatments for primary axillary hyperhi-
drosis that are effective, lasting, and have no side effects, a
new treatment involving microwave energy was developed
for the nonsurgical reduction of sweating. Microwaves lie in
the electromagnetic spectrum between infrared waves (such
as carbon dioxide lasers) and radiowaves (radiofrequency
devices) at 104-105 �m (Fig. 2). Microwaves travel at the

speed of light and are used to transmit information or power.
They are commonly used for cell phones, wireless routers,
radar, and heating, such as in a microwave oven. Microwaves
heat substances through a process called dielectric heating.
Electric dipole molecules rotate in response to microwaves in
an attempt to align with the alternating electromagnetic field.
Rapid movement causes frictional heat. Water has a high
dipole moment, which means it is highly absorbent for mi-
crowaves, whereas fat has a low dipole moment and absorbs
microwaves poorly (Fig. 3). As the microwaves are preferen-
tially absorbed by high-water-content tissue, this leads to
localized heating. Microwaves were first introduced for med-
ical use in the 1970s in the form of surgical coagulation
devices.

The microwaves can penetrate to depths where eccrine
glands are found. This depth is achieved by the use of an

Figure 2 Electromagnetic spectrum with location of microwaves. (Miramar Labs, Inc.)

Figure 3 Electric dipole rotation. (Miramar Labs, Inc.)
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antenna that preferentially targets the skin–adipose interface,
where most eccrine glands reside. There is an extremely
dense network of sweat glands in the axillae (�50,000), and
their depth can vary from 2 to 5 mm below the skin surface,
depending on the patient’s skin thickness. The microwave
energy is concentrated along the dermal–adipose, creating a
focal energy zone. At the same time, continuous hydrocer-
amic cooling prevents thermal conduction of heat superfi-
cially. The heat at the dermal–adipose energy zone leads to
thermolysis of the eccrine glands (Fig. 4).

The miraDry (Miramar Labs, Sunnyvale, CA) device con-
sists of a console, handpiece, and a single-use disposable
bioTip (Fig. 5). The console contains the proprietary com-
puter software, a chiller and pump, and a vacuum pump. The
handpiece contains 4 antennae, covers a 10 � 30-mm zone
of therapy per treatment cycle (several cycles are involved in
1 full axillary treatment), and allows the active cooling to
protect the epidermis and dermis. The bioTip uses the vac-
uum pump to lift the skin away from underlying structures,
such as nerves, and stabilizes the skin during the therapy
cycle. It is sterilized to protect the patient and prevent con-
tamination of the equipment. There are 5 energy settings that

determine the volume and depth of treatment. The power is
constant across all energy settings. A higher energy setting
allows the heat to be delivered over a longer period. There-
fore, time is used to adjust the energy levels delivered. The
miraDry device has a frequency of approximately 5800 MHz
(5.8 GHz). Two hours before treatment, patients are in-
structed to take 800 mg of ibuprofen with food. This is to
help with posttreatment edema and tenderness. Treatments
require first shaving 4 days before the procedure and clean-
ing the axillae on the day of treatment with alcohol, and
then measuring the size of the vault. The axillary vault size
is determined by the amount and distribution of the sweat
as seen visually or through a starch–iodine test. During a
starch–iodine test, iodine is painted on the clean axillae,
and starch is brushed over the area lightly. After several
minutes, the sweat that is produced will mix with the
starch and iodine, turning the hyperhidrotic surface area
black in color (Fig. 6). The starch–iodine mixture is re-
moved before treatment.

After wiping the area with alcohol, the axillary vault is
measured. Grids of varying size from 60 to 120 mm are
supplied, and the largest length of vault size is marked with a

Figure 4 Microwave energy concentrated along dermal–fat interface with cooling to prevent thermal conduction of heat
superficially. (Miramar Labs, Inc.)
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pen. An oval template, conforming to the measured size, is
then applied to the vault using alcohol swabs. This template
delineates the treatment zones (10 � 30 mm) with handpiece
alignment lines and tick marks to guide treatment of the
entire vault, and the sites for injection of anesthesia (Fig. 7).

After application of the grid, anesthetic consisting of 50%
of 1% lidocaine plain and 50% of 1% lidocaine plus epineph-

rine is used to anesthetize the dermis, with injections spaced
approximately every 1 cm. The lidocaine with epinephrine is
used to increase the amount of lidocaine that can safely be
used, as the upper limits for toxicity are 4 mg/kg for plain
lidocaine and 7 mg/kg for lidocaine with epinephrine. De-
pending on the size of the axillary vault, some patients need
up to 25 mL per axilla. For time savings, a separate assistant

Figure 5 The miraDry console, handpiece, and bioTip. (Miramar Labs, Inc.)

Figure 6 Starch–iodine test showing darkening where sweat is abundant before treatment and lack of darkening after
treatment. (Miramar Labs, Inc.)
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can anesthetize the second axillary vault while the practitio-
ner begins the treatment on the first anesthetized axilla.

Each application of the bioTip over the treatment zone
allows for the vacuum action to pull the skin away from the
underlying structures, followed by application of the appro-
priate energy. It is recommended that the first 3 treatment
zones most superior (closest to the distal portion of the raised
upper arm) should be treated at a level of 1 (lower energy) to
prevent overheating of the thinner-skinned areas and under-
lying nerve structures. The remaining treatment zones (closer
to the trunk) can be treated at a level of 1-3 for the first full
treatment. In subsequent treatments, higher levels can be
used if the skin is thicker and the patient experiences a nor-
mal posttreatment course. Each treatment zone takes approx-
imately 45 seconds to treat (less time for level 1, more time
for level 5), leading to a total treatment time of approximately
25 minutes per axilla after anesthesia.

After treatment, patients are given 2 ice packs wrapped in
gauze to place under the axillae for 20 minutes, and they are
instructed to take 400 mg of ibuprofen with food every 4-6
hours while awake for 3 days, unless contraindicated. The
patient should reuse the ice packs every 3-5 hours, as needed
for comfort. Instruct the patient to place gauze between the
ice pack and the skin so that it is not in direct contact with the
skin. If the ice pack is in direct contact with the skin, it could
lead to skin damage. Most patients experience mild edema
and discomfort for 3 days, with a sensation described as
“having a softball under their arm.” This is normal. Rarely,

patients will develop edema outside of the treatment area,
often in the dependent portion of the underarm and upper
chest. This will resolve over several days with the aforemen-
tioned posttreatment care. It is also recommended to rest the
arms for 3 days (limiting activities). Other common side ef-
fects include redness from the device suction, bruising at the
injection sites, temporary bumps or lumpiness in the axilla,
partial underarm hair loss, and altered sensation in or around
the treatment area.

Patients are scheduled for a second treatment 3 months
after the initial treatment. A study by Drs. Chi-Ho Hong and
Lupin on 31 patients showed 90% efficacy persisting after 12
months. Efficacy was defined as a drop in HDSS from 3 or 4
to a 1 or 2. Patient satisfaction was also rated as 90% at 12
months after the treatments. The average patient’s sweat was
reduced by 82%.23 Histology data show sweat gland necrosis
at 11 days post treatment and reduction of sweat glands 6
months after treatment (Fig. 8). Further follow-up on these
patients showed � 100% efficacy and � 100% patient satis-
faction results at 18 months (Fig. 9).24

Conclusions
The treatment of primary axillary hyperhidrosis can be re-
warding using noninvasive microwave technology. Because
the microwaves preferentially target the region of skin where
the sweat glands reside, leading to localized thermolysis
of the sweat glands, patients can now benefit from permanent

Figure 8 Histologic data showing normal sweat glands, sweat gland cells with necrosis, and absence of sweat glands at
6 months. (Samples provided courtesy of Dr. Kushikata.)

Figure 7 Placement of the temporary treatment grid, administration of local anesthesia, and positioning of the hand
piece for the MiraDry treatment. (Miramar Labs, Inc.)
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targeted sweat reduction. The microwave treatment has been
shown to be safe and effective in �6000 procedures to date.
Further clinical trial and practice experience will lead to
tighter parameters, which will likely decrease minor side ef-
fects and increase patient satisfaction.
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Figure 9 Long-term efficacy (green bar) and patient satisfaction after 2 microwave treatments for axillary hyperhidrosis.
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