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1  |  INTRODUC TION

Hyperhidrosis is a frustrating chronic autonomic disorder with 
frequent recurrences. Its overall and self-reported prevalence is 
17.9% and 10.2%, respectively.1 Hyperhidrosis may be primary, 
usually focal and bilateral, or secondary which is generalized.2

Focal hyperhidrosis is usually idiopathic and localized to the palms, 
soles, axilla, or craniofacial areas. Primary hyperhidrosis may be an 
autosomal dominant genetic disorder with incomplete penetrance. 
About 31.5%–65% of patients in different studies had a positive 
family history.3,4 Generalized hyperhidrosis is usually related to 

a drug or systemic condition.5 Axillary hyperhidrosis (AH) is in-
creased and excessive sweating localized to the armpits beyond 
what is necessary for thermal regulation.6 It may range from slight 
dampness to severe dripping. Sweating is a physiological condi-
tion necessary for thermoregulation, excretion, and microbial de-
fense.7 However, its excess may lead to an exacerbation of many 
localized skin conditions, an embarrassment due to staining of 
clothes or a foul odor at times, depression, and socially anxiety 
with a lowered quality of life.4 It is essential to know the causes, 
mechanisms of production, and effects of hyperhidrosis to be able 
to manage it effectively.
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Abstract
Background: Axillary hyperhidrosis characterized by excessive sweating in the axil-
lary regions is a frustrating chronic autonomic disorder leading to social embarrass-
ment, impaired quality of life and usually associated with palmoplantar hyperhidrosis. 
Identifying the condition and its cause is central to the management.
Aim: The aim of this article is to discuss treatment options for axillary hyperhidrosis.
Methods: Comprehensive literature search using PubMed and Google Scholar was 
performed to review relevant published articles related to diagnosis and treatment of 
axillary hyperhidrosis.
Results: Treatment modalities for axillary hyperhydrosis vary from topical and sys-
temic agents to injectables, newer devices and surgical measures. None except for 
physical measures using devices or surgery, which destroys the sweat glands to re-
move them, is possibly permanent and most are associated with attendant side effects.
Conclusion: Several treatments including medical and surgical option are available for 
the treatment of axillary hyperhydrosis. Patient education is important component 
of its management. Individualized approach of management is necessary for optimal 
outcome of treatment.
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2  |  THE SWE AT GL ANDS

There are three types of sweat glands in the axilla: eccrine, apocrine, 
and apoeccrine glands. (Figure 1) Eccrine glands become functional 
soon after birth. Apocrine glands start to function only under hormo-
nal stimulation at puberty. The total number of sweat glands in an indi-
vidual vary from two to four million with a higher concentration in the 
palms, soles, and axillae.8 The innervation of the eccrine glands is via 
cholinergic and sympathetic postganglionic unmyelinated C-fibers.8,9

These are under the control of the hypothalamus. Acetylcholine is the 
primary neurotransmitter,10 with little contribution of norepinephrine 
stimulating the adrenergic terminals.11 This is different from all other 
postganglionic sympathetic fibers, which release norepinephrine. 
Cholinergic stimulation of muscarinic receptors initiates sweat pro-
duction. The apocrine glands are innervated by postganglionic sym-
pathetic nerves with norepinephrine is the primary neurotransmitter 
and thus they respond to emotional sweating.12 Sweat glands in the 
axilla are activated by emotional and thermosensitive stimuli which 
activate the hypothalamic sweat centers. The center in charge of emo-
tional sweating is controlled by the cortex and different from the other 
sweat centers, which receive inputs from thermosensitive stimuli. It is 
postulated that primary hyperhidrosis is due to an abnormal central 
control of emotional sweating.13 The effect of acetylcholinesterase is 
reduced when the sweating increases.11 The effect of neuropeptides 
such as vasoactive intestinal polypeptide, substance P, nitric oxide, 
and calcitonin gene-related peptide have been implicated in causing 
cutaneous vasodilatation14 and sweating. All except substance P have 
been known to exacerbate sweat rate.15 The central sudomotor effer-
ent pathway is shown in (Figure 2).

3  |  MANAGEMENT

Central to managing hyperhidrosis is diagnosing the condition, 
identifying the cause, and addressing it. The diagnostic criteria 

of hyperhidrosis include excessive sweating lasting for at least 
6 months without any cause, with at least two more criteria: age of 
onset less than 25 years, cessation of sweating during sleep, bilat-
eral, relatively symmetrical pattern of sweating with at least one 
episode a week or a positive family history.16 The Hyperhidrosis 
Disease Severity Scale (HDSS) helps to gauge the impact of the 
disorder in the patient's life, plan the treatment modality, and 
gauge the response to treatment and to get disability compensa-
tion. (Box 1)17

Treatment options are safe and effective (Table 1), and however, 
there is no cure.2 Treatment decisions should be according to the pa-
tient and the quality of evidence available for a particular treatment. 
General advice to be given is shown in Box 2.2

4  |  TOPIC AL TRE ATMENTS

Topical therapies are the first-line treatment of AH17 because of 
their ease of use, clinical, and cost-effectiveness.

4.1  |  Antiperspirants

Patients with a low HDSS score benefit from the use of antiper-
spirants. These may be sprays, gels, or wipes. Prescription antiper-
spirants contain aluminum chloride hexahydrate in concentrations 
ranging from 6.25% to 40% in an ethanol vehicle. In a case series, 
15% solution was as effective as a 20% and was better tolerated. 
Lower strengths are less effective and used for those with a sensi-
tive skin.19 The aluminum ions are said to precipitate mucopolysac-
charides, which damage the epithelial cells of the duct, which plug 
the lumen. They mechanically block the sweat gland openings and 
prevent sweat release.20 The plugs are dislodged with more sweat 
production, making reapplication necessary after 6–8 h. They are 
used on a dry skin while sleeping.18 They may cause skin irritation 
which is mild and transient.2 In one study, treatment-limiting irrita-
tion was found in 26% of patients.21 One of the most common ad-
verse effects of the chloride formulation is itching and stinging. In a 
series of 691 patients, 70%, 21%, and 9% patients had mild, moder-
ate, and severe pruritus, respectively.19

Other compounds such as aluminum chloride, a partially neutral-
ized form found in cosmetics and aluminum zirconium tetrachloro-
hydrex (AZT) a newer compound with claims of less skin irritation 
is being used. Aluminum chloride is less effective than aluminum 
hexahydrate.22,23 Many over-the-counter (OTC) clinical-strength an-
tiperspirants contain AZT. This compound reduces the production 
of HCl on the skin by 80% and is hence less irritating. Its blockage of 
the sweat ducts, however, is more superficial than AH.

In a study, a clinical-strength OTC antiperspirant was on an av-
erage 34% more effective than a 6.5% aluminum chloride topical.22

Newer vehicles such as salicylic acid 4% have also been used as a ve-
hicle for aluminum chloride. It enhances the absorption of aluminum 

F I G U R E  1  Types of sweat glands in the axillary region
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chloride and has additional antiperspirant effects.22 Recently, a low-
residue thermophobic foam formulation containing 20% aluminum 
sesquichlorohydrate has been tested for AH.24

4.2  |  Topical anticholinergics

Glycopyrrolate 1%–2% spray or solution has been used with vary-
ing degrees of success. Formulation with 2% strength has shown to 
be superior to the 1% ones. It can be applied twice daily or once at 

night. Xerostomia, urinary hesitance, and mydriasis have been re-
ported as side effects. It is not very promising in AH as shown in a 
study of 35 patients using 1% glycopyrrolate in cetomacrogol cream 
BP who failed to show any consistent results with this drug after 
using it once daily for 1 month.25,26

Glycopyrronium tosylate (GT) 2.4% cloth is a US FDA-approved 
treatment for primary AH for patients 9 years and above of age.27 A 
study by Hebert AA et al. (4-week double-blind plus 44-week open 
label) concluded that a once daily GT application for up to 48 weeks 
was an effective and well-tolerated treatment option for AH in 

F I G U R E  2  Central sudomotor efferent 
pathway
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pediatric patients between ten to 15 years of age. Mild anticholiner-
gic side effects may be seen.27

Oxybutynin used as a 3% gel has a relatively long half-life of up to 
84 h and hence has a longer duration of action than aluminum com-
pounds. It is known to exert its action on remote sites such as exert-
ing its effects for overactive bladder when used in the axilla. Higher 
concentrations of 10% are now being tried. Mild and transient anti-
cholinergic side effects may be observed.28,29 Transdermal patches 
with a surface area of 39 cm2, impregnated with 36 mg oxybutynin, 
applied twice a week, have been investigated as a treatment option.2

Umeclidinium bromide has also been investigated as a topical 
agent.23 Formaldehyde, tannic acid, and glutaraldehyde are not com-
monly used because they are irritating.17

4.3  |  Topical botulinum toxin

Topical botulinum toxin type-A non-covalently coupled with a trans-
port peptide was used in a randomized, double-blind, vehicle-controlled 
study which showed a 65% reduction in sweat production.30

4.4  |  Cryotherapy

Topical cryotherapy using a surface nitrous oxide cryoprobe applica-
tor has also been tried with the rationale of freeze-damaging the 
sweat glands. The results are encouraging and side effects included 
a small area of necrosis.31

4.5  |  Newer topicals

Lipid nanoparticle-delivered myricetin, a flavonoid that inhibits the 
SNARE complex, has been shown to reduce sweating after skin ap-
plication. A subcutaneous injection is more effective because topical 
application of myricetin causes its oxidation by enzymes on the skin.32

A phase three, double-blind, randomized-controlled study using 5% 
sofpironium bromide gel applied to the axillae once daily at night for six 
weeks in 281 Japanese patients, demonstrated its efficacy and safety.33

5  |  SYSTEMIC TRE ATMENT

Oral medication is reserved for treatment-resistant cases or general-
ized hyperhidrosis.

5.1  |  Anticholinergics

These are the most used oral medications. However, one-third of 
patients discontinue treatment due to side effects. They are not US 
FDA approved.18 The dose is gradually escalated to improve toler-
ability. Adverse effects include drying of secretions, hyperthermia, 
orthostatic hypotension, dizziness, drowsiness, and blurred vision.34

They are contraindicated in patients with pyloric stenosis, paralytic 
ileus, and myasthenia gravis.35

Glycopyrrolate is the most used drug. It is a quaternary amine, and 
since it has limited ability to cross the lipid membranes and has fewer 
side effects. The starting dose is one to two mg daily.35 A recent open 
label single arm study concluded that low-dose glycopyrrolate, 2 mg 
daily for 6 weeks is a cost-effective, safe, and efficacious treatment re-
ducing the HDSS score by two points.36 Oxybutynin is a tertiary amine 
and is lipid permeable. It is started at a dose of 2.5 mg daily and escalated 
to 10–15 mg daily.35 Bornaprine also a tertiary amine has also been stud-
ied in the dose of 2–4 mg and found to be effective.23 Methantheline 
bromide is approved for the use in AH in Germany. In a randomized, 
placebo-controlled trial, it was found to be effective and safe in AH.37

5.2  |  Alpha-Adrenergic agonists

Clonidine, an alpha-2 adrenergic agonist, reduces sympathetic out-
flow and reduces sweating due to paroxysmal localized hyperhi-
drosis.18 It is given in the dose of 0.1 mg twice daily. It can cause 
hypotension.38

5.3  |  Calcium channel blockers and other drugs

These agents inhibit the calcium-dependent acetylcholine release 
and help to reduce sweating.18 Other potential oral drugs are 
beta-blockers and benzodiazepines which reduce anxiety-related 
hyperhidrosis.18

5.4  |  Injectable treatments

Botulinum toxin (BTX) acts by blocking the acetylcholine at the neu-
romuscular synapse. OnabotulinumtoxinA is a US FDA-approved 
treatment for severe, primary AH. All three formulations of BTXA, 
ona, abo, and inco and rimabotulinumtoxin (BTXB) are also used. 
BTXB exhibits a quicker onset of action but a shorter duration.39

Some of the contraindications to the use of BTX are neuromuscular 
disorders, allergy to any of the components of the toxin, pregnancy, 

BOX 1 HDSS17

Ask the patient to rate the severity of the hyperhidrosis

Is your sweating never noticeable and does not interfere with 
daily activities?

Is your sweating tolerable but sometimes interferes with daily 
activities?

Is your sweating barely tolerable and frequently interferes with 
daily activities?

Is your sweating intolerable and always interferes with daily 
activities?
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and lactation.18 Injections are at the subdermal level and not more 
than 400 units of onabotulinum should be injected over a 4-month 
period. One mouse unit of onabotulinum is equivalent to three of 
abo and 40 of rimabotulinumtoxin.39,40

In a randomized parallel-group placebo-controlled trial with on-
abotulinumtoxin A in 320 patients, 94% achieved an endpoint of 
greater than or equal to 50% reduction in axillary sweating from the 
baseline and 82% maintained this endpoint at week 16.13 Repeat dos-
ing after axillary sweat-reduction period of around 5 months is safe 
with potentially increased or equal efficacy.41 Other studies have also 
shown an efficacy of greater than 90%, with greater improvement 
within the first 22 weeks but effects lasting only 4–9 months.18

Injection site pain is common and axillary itching, headache, 
and shoulder muscle soreness are less reported transient adverse 
effects.42 Recently, a novel approach for drug delivery of onabotu-
linumtoxin A has been applied to diminish the pain feeling relating 
to the injection. Agamia et al showed that 75 units of BoNTA to the 
dermis on the right-sided palms assisted by fractional CO2 laser was 
clinically equivalent to 50 units of injection on the left side of 30 
adults patients with idiopathic palmar hyperhidrosis.43 Moreover, it 
has been shown that repetitive therapy with botulinum toxin injec-
tions results in a significant reduction in perspiration and improved 
quality of life.44 A 5-year follow-up of 75 patients suffered.

Who were injected intra-dermal botulinum toxin type-A for AH 
demonstrated significant improvement of quality of life (QoL) as-
sessed by the modified Dermatology Life Quality Index (DLQI).45

6  |  DE VICE-BA SED TRE ATMENTS

6.1  |  Microwaves

Microwave thermolysis is used for the treatment of hyperhidrosis. 
MiraDry® is a US FDA-approved device for this.2 It provides long-
term efficacy with minimal transient side effects of local inflamma-
tion. Usually, two but sometimes several treatment sessions may 
be needed.46,47 The treatment efficacy is 72.5%–90% after 1-year 
follow-up compared to 90% with surgical treatments.47,48 A rand-
omized, blinded clinical study revealed that treatment efficacy was 
stable from 74% at 3 months to 69% at 12 months in the group 
treated with the microwave technology.47 The treatment is per-
formed under tumescent anesthesia and entails fibrosis of the sweat 
glands caused by the microwaves.49

6.2  |  Iontophoresis

Tap water iontophoresis is a safe and cost-effective US FDA-
approved treatment for palmoplantar hyperhidrosis, and special 
axillary electrodes have been developed for its use in AH.50 The 
treatment uses galvanic current through undamaged skin im-
mersed in liquid. There are various theories proposed to suggest 

TA B L E  1  Treatment options in axillary hyperhidrosis

Topical Antiperspirants Aluminum chloride 
hexahydrate

Aluminum chloride

Aluminum zirconium 
tetrachlorhydrex

Aluminum 
sesquichlorhydrate

Anticholinergics Glycopyrrolate

Glycopyrronium 
tosylate

Oxybutin

Umeclidinium bromide

Botulinum toxin

Cryotherapy Nitrous oxide 
cryoprobe 
applicator

Newer agents Myricetin

Sofpironium bromide

Miscellaneous Formaldehyde

Tannic acid

Glutaraldehyde

Systemic Anticholinergics Glycopyrrolate

Oxybutynin

Bornaprine

Methantheline 
bromide

Alpha adrenergic 
agonists

Clonidine

Calcium channel blockers Diltiazem

Miscellaneous Beta-blockers

Benzodiazepine

Injectables Botulinum Toxin A Onabotulinum toxin

Abobotulinum toxin

Incobotulinum toxin

Botulinum Toxin B Rimabotulinum toxin

Devices Microwaves

Iontophoresis

Radiofrequency

Photodynamic therapy

Lasers 1064 nm and 1320 nm 
Nd:YAG

924 nm and 975 nm 
diode

Ultrasound

Jet nebulization Botulinum toxin

Surgical Excision/curettage/
liposuction or 
combination

Sclerotherapy

Sympathectomy
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the mechanism of action of this treatment from reduction in the 
pH due to H+ ion accumulation, sympathetic nerve stimulation 
blockage, interference with the electrochemical gradient of sweat, 
blockage of sweat secretion, and flow by a hyperkeratotic plug.51–53

Usually, a current of 15–20 mA is used for 20- to 30-minute ses-
sions three to four times a week. Maintenance treatments are 
done every one to four weeks after anhidrosis is achieved in six 
to fifteen treatments.54,55 Tap water can be replaced by aluminum 
chloride, anticholinergic agents, or botulinum toxin to achieve bet-
ter results. Saline proved to be more effective than tap water in 
a study.56 Patients who are pregnant, have metal implants, pace-
makers or have epilepsy cannot take the treatment.18 Transient 
vesiculation, redness, paresthesia, and discomfort are the side 
effects.57,58

6.3  |  Radiofrequency

Microneedle radiofrequency (MNRF) is a promising modality for the 
treatment of AH. Abtahi-Naeini B et al. in their single-blind sham-
controlled study concluded that there was a positive therapeutic ef-
fect with the use of fractionated MNRF technology on HDSS and 
that the treatment may be repeated after a year. Relapse signifi-
cantly correlated with body mass index.59 The mechanism of action 
is by ablation of the eccrine glands by heating the hypodermis. In 
a case report, a 29-year-old lady was treated with recalcitrant bi-
lateral AH with fractionated MNRF with a clear reduction of sweat 
glands seen in her post-treatment biopsy samples compared to the 
baseline.60

6.4  |  Photodynamic therapy

The use of a topical liposomal eosin hydrogel activated with intense 
pulsed light (IPL) showed to be a safe treatment for AH. Twenty 
patients were treated in one axilla with a 400 nm filter and 20 ms 
duration with IPL once weekly for 4 weeks and reported a 90.1% 
decrease in hyperhidrosis in the treated axilla.2

6.5  |  Lasers

In a randomized-controlled half-side comparison study with 21 pa-
tients treated with five cycles of a long-pulsed 800-nm diode laser, 
laser epilation did not reduce the sweat rates significantly more than 
on the untreated contralateral side. The results were more of a pla-
cebo effect rather than a direct therapeutic effect of the laser.61 In 
another prospective case-controlled randomized pilot study, a long-
pulsed Nd:YAG 1064-nm laser was used at hair reduction settings. 
Treatments were done at monthly intervals on one axilla with the 
other acting as a control. Though there were no histological dif-
ferences between the two sides pre- and post-treatment, statisti-
cally significant differences were seen subjectively and objectively 
between the treated and non-treated sides for at least 9 months.62

Subdermal laser procedures using 1064 and 1320 Nd:YAG lasers 
and 924-nm and 975-nm diode lasers have been used as they cause 
microvesiculation, desquamation, or vaporization of the sweat 
glands.63 Another study involving 17 patients using subdermal 
Nd:YAG laser for AH reported significant clinical improvement.64

Side effects include edema, burns, hair reduction, decreased sensa-
tion, and pain.64 A study in which 1064-nm Nd:YAG laser was used 
found AH to increase after treatment.65

Laser lipolysis with 300 mm fiber showed a mean sweat reduc-
tion of 72% and another showed a mean sweat reduction of 93% 
with 600 mm fiber.2

6.6  |  Ultrasound

Micro-focused ultrasound plus visualization is an effective and well-
tolerated treatment for AH. Results of two randomized, double-
blind, sham-controlled pilot studies reported high levels of patient 
satisfaction in terms of reduction in baseline sweat reduction. 
Patients only reported minor transient discomfort during the proce-
dure but no pain. Results persisted for at least a year.66 Vibration of 
tissues resulting in thermal injury to the eccrine glands is the postu-
lated mechanism of action.67

6.7  |  Jet nebulization

To circumvent the pain associated with intra-dermal injections, a 
medical device, JetPeel™-3, was used for the transdermal delivery 
of botulinum toxin.68

7  |  SURGIC AL MANAGEMENT

Surgery is advised when other conventional therapies fail. Local sur-
gical approaches consist of excision, curettage, liposuction, and/or 
a combination of these. Conservative excision called “Shelly proce-
dure” scores over radical excision which may lead to scarring and 
restricted arm movement. Liposuction and curettage using a cannula 

BOX 2 General advice to patients with Axillary 
hyperhidrosis2,18

Wear loose-fitting cotton clothing

Stay in a cool environment

Supplement for lost electrolytes and minerals in the sweat

Avoid triggers such as spicy foods, alcohol, crowded areas, and 
emotional triggers

Underarm liners, pads, or dress shields may be used

Relaxation techniques should be discussed to cut down on the 
psychological impact
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eliminates the axillary sweat glands almost completely.69 It does not 
cause scarring but may lead to seroma, brachial plexus injury, pain, 
hemorrhage, hair loss, and even compensatory hyperhidrosis.69

A study on 43 patients with axillary bromhidrosis treated with a 
local surgical excision yielded good results in improving the malodor 
and reducing sweat production with complications of skin necrosis 
in two and hematomas in three patients only. The quality of life im-
proved in all patients after the surgery.70

In a series of 12 cases of axillary osmidrosis ablation of axillary 
apocrine glands by minimal subdermal shaving using sclerotherapy 
with absorbable ethanol was performed. The results of this simple 
technique showed good objective improvement with no complica-
tions of hematoma or seroma formation.71

Thoracoscopic sympathetic surgery has been evaluated to de-
termine the optimal level of sympathetic trunk interruption by clip-
ping and to assess postoperative compensatory sweating, patients 
satisfaction, and QoL, showing that thoracoscopic R3 to R4 clipping 
appears to be a safe and effective treatment for primary palmar 
and/or AH.72 Surgical options could be offered based on each pa-
tients’ condition even in younger age groups as an analysis of 639 
adults and adolescences patients who underwent Video Assisted 
Thoracoscopic Sympathectomy (VATS) manifested that adolescent 
patients could benefit from VATS performed as the same level of 
adult patients.73

7.1  |  Sympathectomy

This is the last resort when all other therapies have failed. A meta-
analysis of articles on open versus closed surgery of axillary os-
midrosis concluded that closed surgery was safer but less effective 
than open surgery.74 The most dreaded long-term complication of 
sympathectomy is compensatory hyperhidrosis, seen in up to 98% 
patients. Preferred patients are those younger than 25 years of age, 
those with a body mass index of less than 28 kg/m2 and do not have 
bradycardia or nocturnal sweating.75 The T3-T4 ganglia are targeted 
with endoscopic sympathectomy in AH. It is effective in 66.7%–
100% patients,75 but its effectiveness decreases with time.76

In a comparative study between two levels of sympathectomy T3-
T4 versus T4 in 64 patients followed up for 1 year, success was seen 
in all patients with an improvement in the quality of life in all that 6-
month and 1-year follow-up. The compensatory hyperhidrosis, how-
ever, was significantly increased in the T3-T4 group compared to the 
T4 group at both intervals. In fact, 100% patients with the two-level 
surgery had compensatory hyperhidrosis compared to only 42.4% in 
the single level T4 group. Single level T4 video-assisted thoracoscopic 
sympathectomy proved superior to a two-level T3-T4 one.77

7.2  |  Adjunctive therapies

The International Hyperhidrosis Society's website http://www.
sweathelp.org is an educative platform for patients suffering from 

hyperhidrosis. Clothing and bedsheets that can wick-away moisture 
may also be useful adjuvants to the overall management.25

8  |  CONCLUSION

AH is a chronic autonomic disorder resulting in social embarrass-
ment and impaired quality of life. The condition is usually asso-
ciated with palmoplantar hyperhidrosis. Diagnosis the cause is 
important in its management. Several treatment options including 
topical therapy, systemic therapy, injectables, newer devices, and 
surgical procedures are available for the treatment of AH. Patient 
education is important aspect of the management. Individualized 
approach of management is necessary for optimal outcome of 
treatment.
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