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ABSTRACT
Objective: Hyperhidrosis (excessive sweating) is associated with significant quality-of-life burden yet is
often undertreated. With limited FDA-approved treatments, health care providers must determine opti-
mal treatment among approved and off-label options. Key objectives of this review were to reassess,
update, and expand a previous systematic review of commonly used treatment options for primary
hyperhidrosis, including consideration of aluminum and zirconium compounds.
Methods: We performed a qualitative systematic review of efficacy, health-related quality of life, satis-
faction, and safety of interventions, replicating and expanding the strategy outlined in a previous sys-
tematic review, with the addition of studies utilizing a within-patient design. We performed a critical
appraisal of identified studies to determine risk of bias (RoB) and strength of evidence (SOE).
Results: A total of 32 studies were eligible for critical appraisal. Only three studies – two clinical trials
of glycopyrronium cloth (2.4%) and one trial of botulinum toxin A injections in axillary hyperhidrosis
were rated as “low” RoB; both had SOE ratings of “moderate” for use in axillary hyperhidrosis – the
highest rating included in this review.
Conclusions: Optimal treatment choice depends on several factors, including understanding the qual-
ity of evidence regarding each treatment’s efficacy and safety (considerations of convenience and cost
are beyond the scope of this review). In hyperhidrosis, as in other clinical conditions, treatment deci-
sions should be patient centered. At this time, because of the quality of evidence, only imprecise esti-
mates of effect are possible for hyperhidrosis treatments included in this review, and statements
about comparative effectiveness are not possible.
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Introduction

Primary hyperhidrosis is characterized by excessive sweating
beyond what is necessary for thermal homeostasis1. It is an
idiopathic condition (in contrast to secondary hyperhidrosis)
that is estimated to occur in 4.8% of the U.S. population
(�15.3 million people) and most commonly affects the axil-
lary, palmar, and plantar regions of the body1,2.

The negative impact of primary hyperhidrosis on quality
of life is well established; sufferers experience embarrassment
and negative effects on social and emotional health, with a
disease impact similar to or greater than that of psoriasis or
eczema1–4. Even so, many hyperhidrosis patients go years
without seeking the help that could be afforded from pre-
scription treatments. Many rely on over-the-counter products
and employ coping strategies such as frequent showering or
carrying around towels and sets of extra clothing5. In a sur-
vey conducted by the International Hyperhidrosis Society,
nearly half (48.9%) of patients waited a decade or longer
before seeking medical help for their excessive sweating2.

The lack of patient engagement in seeking medical help
is not due to a lack of available treatment options. A diverse
array of interventions has been used for the treatment of

primary hyperhidrosis, including topical, oral and injectable
prescription treatments as well as medical device therapies6.
Specific treatment choices may be impacted by the focal
area affected and intrinsic patient factors; however, given the
limited number of FDA-approved treatment options for
hyperhidrosis, health care providers are left to determine for
each patient what might be the optimal treatment course
among the approved and off-label choices available to them.
Aside from prescription-strength antiperspirants, only two
pharmacological agents have been approved by the FDA for
the treatment of hyperhidrosis7–9.

This underscores how instructive a critical evaluation of
the hyperhidrosis treatment evidence base becomes for prac-
ticing physicians trying to narrow down the best treatment
decisions within a broad range of therapeutic options. Most
patients and many clinicians are either unaware of the
important connection between the quality of scientific stud-
ies and the reliability of the reported results, or they focus
on the reported results and fail to consider the strength of
the evidence (SOE) before making treatment decisions10. The
reason for emphasizing evidence quality is that benefits and
harms that patients may experience with various treatment
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choices can be more accurately predicted when evidence is
at the lowest risk of bias (RoB).

A systematic review first reported by Wade et al.11 and
subsequently in Wade et al.12 examined relevant evidence
available in the scientific literature through July 2016 for pri-
mary hyperhidrosis treatments. However, several aspects of
that analysis, including the lack of special consideration for
those studies utilizing within-patient designs or with large
response rates, the exclusion of aluminum/zirconium com-
pounds commonly used for hyperhidrosis treatment, and the
interim FDA approval of a new hyperhidrosis drug, warrant
further exploration.

Here, we performed a qualitative systematic review of effi-
cacy, health-related quality of life, satisfaction, and safety of
commonly used interventions in the treatment of primary
hyperhidrosis based on the strategy outlined by Wade
et al.12. The key objectives of this review are to provide a
comprehensive literature appraisal that includes the most
recently published studies as well as a critical reassessment
of studies evaluating hyperhidrosis treatments via within-
patient designs and those with large response rates.
Evidence summaries are presented to assist decision-makers
in choosing optimal treatment strategies for patients seeking
treatment for primary hyperhidrosis across a range of
focal areas.

Methods

Eligibility criteria

The protocol for this systematic review was registered in
PROSPERO International Prospective Register of Systematic
Reviews (crd.york.ac.uk/prospero/index.asp identifier
CRD42018104063). Clinical trials were eligible for inclusion.
Eligibility was based on the Cochrane PICO annotation sys-
tem13: population (patients with primary hyperhidrosis

involving axillae, palms, soles or head without age restric-
tion), intervention (four interventions used in the treatment
of primary hyperhidrosis of the head, axilla, palms and soles
in children and adults – see Figure 1), comparator (placebo,
no treatment or any of the commonly used treatments listed
above), outcome (efficacy, safety and quality of life outcomes
using a variety of tools reported in the literature). Non-
English language studies were excluded. Treatments eval-
uated include aluminum and zirconium compounds, anticho-
linergics (topical and systemic), botulinum toxin, and medical
device therapies designed to alter the function of sweat pro-
duction or damage eccrine glands (iontophoresis, curettage,
laser therapy, microwave, fractional needle radiotherapy and
ultrasound; Figure 1).

Search strategy and study selection

The following databases were searched: MEDLINE, Embase,
the Cochrane Database of Systematic Reviews (CDSR) and
Cochrane Central of Controlled Trials (CENTRAL). Studies
were identified (1) by reviewing and assessing those included
in two related publications by Wade et al. of the same search
strategy and results11,12, (2) by performing an updated data-
base search for studies published after the search date of 12
January 2016 used in the Wade et al. analysis, and (3) via
PubMed and Embase searches for studies on aluminum/zir-
conium compounds. Search dates, terms and PubMed trans-
lations can be found in Supplementary Materials (p. 79).

Two investigators developed inclusion and exclusion crite-
ria for study eligibility and agreed upon study inclusion.
Studies considered were those studies from the Wade et al.
analysis that met our inclusion criteria for critical appraisal,
relevant studies obtained through database searches using
the Wade et al. search terms (but published after the Wade
et al. search date of 12 January 2016 and meeting our

Figure 1. Hyperhidrosis treatment options and sites evaluated.
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criteria), relevant studies of aluminum/zirconium salts (which
were outside the scope of the Wade et al. analysis), and rele-
vant studies identified via hand searches of retrieved study
reference lists.

Trial quality was assessed in Wade et al.12 using a modi-
fied version of the Cochrane Risk of Bias tool. The Cochrane
Risk of Bias tool requires that a finding of high or uncertain
RoB in any review domains renders the overall study as at
high or uncertain RoB14. Our assessment is that this standard
is quite stringent and insufficiently contextual, which may
result in the exclusion of results that are possibly reliable.
For example, though studies using the “within-patient”
design were included in the overall conclusions in Wade
et al.12 (despite being considered to be at high RoB), the
Cochrane tool cannot account for the fact that this study
design has unique strengths due to protections against con-
founding effects and has merit for both subjective and
objective outcomes. Also, many of the studies identified in
Wade et al.12 reported large response rates, yet were not
identified in that prior analysis as warranting special consid-
eration, though such studies – even if they are not random-
ized and well controlled – may provide valid data15.

For the reasons stated above, studies using a within-
patient study design and rated by Wade et al. as at high or
uncertain RoB and passing a Delfini critical appraisal were
included. In addition, studies rated by Wade et al.12 as being
at high or uncertain RoB were retained in this current review
if they reported large response rates (defined as 40% or
greater). Finally, searches for studies on topical formulations
of aluminum and zirconium were also conducted, as these
were not considered by Wade et al.

Studies not meeting inclusion criteria were rejected fol-
lowing title and/or abstract review; full text was retrieved for
studies selected for consideration for inclusion. All studies

were found in PubMed and hand searches of retrieved study
reference lists.

Evidence evaluation and grading

Critical appraisals were performed for all efficacy studies
selected for inclusion and rated for RoB. Each eligible study
was assessed for RoB using tools created by Delfini Group
based on standard evidence-based medicine principles and
have been used by many groups – the tools are freely avail-
able at www.delfini.org. With rare exception, critical appraisal
findings were documented only sufficiently to reach a grade;
for example, if a lethal threat to validity was found, that
threat was considered enough to reach a rating of "high risk
of bias" and render documentation of further threats
unnecessary.

However, in some studies with very large response rates,
despite being rated as at high RoB, the validity and clinical
usefulness were taken into consideration; in these instances,
an explanation for any such exceptions was provided.

Wade et al.12 was assessed for validity and clinical useful-
ness using a Delfini critical appraisal tool developed for
assessing quality of data (http://www.delfini.org/
delfiniTools.htm#catool).

All studies considered for inclusion in Wade et al.12 were
reevaluated for potential critical appraisal in this analysis
(note that in Wade et al.12, findings were summarized
regardless of whether the study was rated as at high or
unclear RoB). Key findings regarding efficacy, quality of life,
satisfaction and safety were summarized narratively. The RoB
ratings for individual clinical trials were assigned by Delfini
as “Low,” “Moderate,” Borderline’, “High” and “Unclear”
(Figure 2). For strength of evidence (SOE) classification, rank-
ings assigned by Delfini for synthesized evidence were

Figure 2. Flowchart on methodology used for assigning RoB and SOE ratings.
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“High,” “Moderate,” “Borderline,” “Low,” and “Unclear”
(Figure 2).

Results

Of 191 studies eligible for screening, 159 were excluded
because they had insufficient information to appraise, were
at a high RoB, were superseded by a more recent study, or
existed as a poster with no corresponding manuscript. A

total of 32 studies were eligible for critical appraisal for valid-
ity and clinical usefulness, and all 32 met critical appraisal cri-
teria and were included in the present analysis (Figure 3).

Overall summary of findings

Only three studies – a report of two clinical trials of glycopyr-
ronium cloth (2.4%)16 and one trial of botulinum toxin A
injections for the treatment of axillary hyperhidrosis17 were

Figure 3. Systematic review flowchart.

38 M. E. STUART ET AL.



rated as being at “low” RoB. The overall SOE for most inter-
ventions for efficacy was weak with a large degree of hetero-
geneity in elements such as the study size, population
studied, therapeutic interventions, study duration, endpoints
reported, and effect sizes. SOE of pharmacological treatments
and medical device interventions used to treat different
types of hyperhidrosis are reviewed and summarized by focal
region and type of intervention in Figure 4 and briefly dis-
cussed below (detailed descriptions of individual trials

appear in the following section, “Individual Treatment
Summaries”)16–45. Efficacy and safety findings, including
effect size estimates for pharmacological treatments and
medical device interventions are summarized in Tables 1–5.

Efficacy findings – strength of evidence ratings
An overall summary of SOE with respect to efficacy out-
comes is provided below. Of note, many of the studies had

Figure 4. Overall summary of SOE ratings and evidence synthesis for unique studies identified for appraisal (n¼ 32)�.
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very small sample sizes (N< 50), which may lead to reporting
of inflated treatment effect estimates46, and calls into ques-
tion whether there was sufficient statistical power to detect
significant differences between groups.

Axillary hyperhidrosis (23 studies): SOE ratings for topical
glycopyrronium cloth (2.4%) and botulinum toxin A injec-
tions were “moderate” – the highest rating of any thera-
peutic agents included in this review. A “borderline to
moderate” rating was assigned to liposuction curettage. The
SOE rating for topical botulinum toxin A and laser treatments
was “low to borderline.” The SOE rating was “low” for topical
aluminum chloride and topical oxybutynin chloride 10% gel.
SOE ratings were “low” for botulinum toxin administered via
iontophoresis, microwave thermolysis, microfocused ultra-
sound and fractionated microneedle radiofrequency
(Figure 4).

Palmar hyperhidrosis (12 studies): The highest SOE rating
for pharmacological treatments for palmar hyperhidrosis was
“borderline,” achieved by botulinum toxin A injections. The
SOE rating for tap water iontophoresis was “borderline to
moderate.” The SOE rating was “low” for topical aluminum
chloride, topical oxybutynin chloride 10% gel, and dry ionto-
phoresis (Figure 4).

Plantar hyperhidrosis (1 study): The SOE rating was “low”
for topical oxybutynin chloride 10% gel (Figure 4).

Facial hyperhidrosis (1 study): The SOE rating for topical
2% glycopyrrolate-impregnated cotton pads was “low”
(Figure 4).

Safety findings
The majority of trials did not provide sufficient evidence to
draw firm conclusions about safety. Some studies provided
few safety details and in others there was no mention of
adverse events. In addition, the short duration of many stud-
ies did not allow for sufficient follow-up for reporting
adverse events. The overall SOE for safety was rated as “low”
for all interventions except glycopyrronium cloth 2.4%16,20

and botulinum toxin17, which were rated “borderline.” These
were larger trials of higher methodological quality and lon-
ger duration (up to 48 weeks for glycopyrronium cloth 2.4%
and up to 26 weeks for botulinum toxin A). Although safety
information reported in the reviewed studies is included
here, readers are directed to other sources for more com-
plete safety details.

Table 1. Summary and risk of bias for aluminum salt studies.
Study and intervention(s) HH population and design Risk of bias Key results/critical appraisal findings

Flanagan et al.19 a

20% topical aluminum chloride
hexahydrate (AC) vs. botulinum
toxin A (BTX-A) injections

Axillary
Single-center, 12-week, randomized,

parallel, open-label, study N¼ 50
(n¼ 25 AC, n¼ 25 BTX-A for
4 weeks); cross over at week 4
allowed for AC patients dissatisfied
with treatment

Borderline to high 33.3% HDSS response rate (�2 grade improvement) in
AC-treated patients at week 4 vs. 91.7% in BTX-A
group; 33.3% of AC-treated patients were “very
satisfied” at week 4 vs. 87.5% of patients in BTX-A
group

Large cross-over (allowed at week 4) from AC to BTX-A
therapy (71%)

Safety: >50% of subjects treated with AC reported
stinging, itching and redness, and >25%
reported pain

Flanagan and Glaser18

Aluminum chloride (15% aluminum
chloride (AC) in 2% salicylic acid
gel base (compared to baseline)

Axillary
Prospective, open-label, uncontrolled,

single-arm study (N¼ 30); 12-
week duration

High 72% HDSS responders; 75% somewhat or very satisfied
with treatment compared to baseline

Safety: moderate to severe redness (14.3%) moderate to
severe itching (28.6%), absent to mild pain (92.9%)
and moderate pain (7.1%); 2 subjects did not
complete trial due to moderate-to-severe axillary
irritation (redness, itching, burning)

Goh21

Topical aluminum chloride
hexahydrate 20% W/W ethanol
(AC) applied to one palm

No treatment applied to other palm

Palmar
Small (N¼ 12), W/P, single author,

assessor-blinded, 6-week study

Unclear Approximately, two-thirds likely to experience drier
palms within 24 h of AC treatment, lasting for
1–2 days

Weekly mean skin vapor loss difference averaged 16.4 g
water/m2/h over 4 weeks; all patients reported
treated palms to be drier than untreated palms the
following morning after starting treatment, and that
sweating returned within 2 days of stopping
treatment

Safety: 1 out of 4 experienced a stinging sensation after
application; one patient dropped out due to
intolerable side effects

Scholes et al.22

20% aluminum chloride applied with
a brush for 1 week

Axillary
One case series from two

dermatology clinics (N¼ 65)

High Authors state that 64/65 patients had “excellent control
of sweating”; however, statements appear to be
authors’ interpretation from comments received from
42 patients from one clinic who completed a
questionnaire 12 months after the study had
concluded

Safety: 29 experienced some irritation (described as
“minor” by authors, but 28 subjects reported relief
following application of 1% hydrocortisone cream on
the morning after treatment)

Abbreviations. AC, Aluminum chloride; AE, Adverse event; BTX-A, Botulinum toxin A; HDSS, Hyperhidrosis Disease Severity Scale; W/P, Within patient.
aSOE considered for aluminum chloride body of evidence only.
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Comparative efficacy and safety findings
There is insufficient evidence to draw firm conclusions regarding
the comparative efficacy and safety of commonly used therapies
included in this review for the treatment of axillary, palmar,
plantar, and facial hyperhidrosis. Therefore, clinicians and
patients will need to consider the SOE regarding benefits and
harms for each intervention along with important contextual
elements when making treatment decisions.

Individual treatment summaries

Pharmacological treatments
Efficacy and safety findings for each included pharmaco-
logical intervention (aluminum salts, anticholinergics, and
botulinum toxin) are summarized in Tables 1–3.

Aluminum salts. It has been proposed that the metal ions in
aluminum salts reduce sweating by damaging epithelial cells

along the lumen of the sweat duct, thereby creating a plug
that obstructs sweat glands47. Four studies were included
that investigated aluminum salts for the treatment of axillary
and palmar hyperhidrosis (no studies were identified for zir-
conium compounds). Of these four studies, three studies
with aluminum salts were identified via the database
search18,19,21 and were rated as at “unclear,” “borderline to
high” or “high” RoB, respectively, but with large response
rates. The fourth study22 was identified using a hand search
of retrieved study reference lists and was rated at “high”
RoB, but with a large response rate. SOE for efficacy, quality
of life, and patient satisfaction for aluminum salts (aluminum
chloride hexahydrate) for treatment of both axillary and pal-
mar hyperhidrosis was “low.”

In axillary hyperhidrosis, two trials18,19 provided striking
inconsistencies in Hyperhidrosis Disease Severity Scale
(HDSS) response rates for aluminum chloride (33% vs. 72%,
Table 1). Data for palmar hyperhidrosis were limited to one
small, within-patient study of limited duration and lacked the

Table 2. Summary and risk of bias for anticholinergic agents.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

Glaser et al.16

Topical 2.4% glycopyrronium tosylate
(GT) pre-moistened cloth vs.
vehicle (same appearance and
excipient content with exception
of GT)

Axillary
Two distinct 4-week, randomized,

double-blind, vehicle-controlled
clinical trials in patients� 9 years
of age (N¼ 697)

Low Nearly 75% of patients achieved a �50% reduction
from baseline in axillary sweat production and 59%
achieved a �2-point reduction in HDSS score by
week 4 with GT (pooled results)

�60% of patients had �4-point improvement on
Axillary Sweating Daily Diary Item 2, indicating a
clinically meaningful improvement in disease severity,
and 58.1% rated their condition as much better
(Patient Global Impression of Change) with GT

Safety: AEs occurring in �5% in either pooled group
included dry mouth (24.2% GT vs. 5.6% vehicle),
application site pain, mydriasis, oropharyngeal pain,
and headache; local skin reactions were reported in
30.8% GT vs. 30.3% vehicle and were predominantly
mild to moderate in severity

Glaser et al.20

Topical 2.4% glycopyrronium tosylate
(GT) pre-moistened cloth

Axillary
A 44-week observational open-label

extension trial (N¼ 550) for those
who completed the two trials
described in Glaser 2018

N/A (used for
safety only)

N/A for efficacy
Safety: results were consistent with the findings in prior

studies, with no new or unexpected findings; AEs
were dry mouth (16.9%), blurred vision (6.7%),
application site pain (6.4%), nasopharyngitis (5.8%)
and mydriasis (5.3%)

Long-term efficacy outcomes collected and supported
findings in the two double-blind trials

Hyun et al.24

2% topical glycopyrrolate-
impregnated cotton pads (not
commercially available) vs. placebo

Facial
Randomized, double-blind, placebo-

controlled study for 9 days
investigated in subjects aged
20–66 years with facial
hyperhidrosis (N¼ 39)�Reevaluated based on W/P design:
drug/placebo split application in
two halves of forehead)

Moderate Compared with the placebo-treated sides, topical
glycopyrrolate-treated sides showed a reduction in
the rate of sweat production at the forehead of
36.68 ± 11.41% on day 10 (p<.025)

Safety: one patient reported transient headache
following treatment

Artzi et al.23

Topical oxybutynin chloride 10% gel
vs. placebo

Axillary, palmar, plantar
W/P, placebo-controlled comparison

(2� daily application) with
randomization for 4 weeks in
adults (N¼ 61)�Newly identified relative to
Wade et al.12

Moderate (LRR) Palmar hyperhidrosis patients are likely to experience
25% to <50% sweat reduction as assessed by the
minor starch-iodine test

Approximately, three quarters (axillary), two thirds
(palmar), and half (plantar) of patents reported a 1-
point change in HDSS

A 2-point HDSS change was reported by 9.5% (axillary),
8.3% (plantar), and 5% (palmar)

Approximately, three quarters of patients reported
moderate to high satisfaction

Safety: Approximately, half of patients with axillary
hyperhidrosis treated with oxybutynin 10% gel
reported erythema and/or pruritus; patients have
reported dry mouth, erythema, itching, a “sticky” feel
and inconvenience of use

Abbreviations. AE, Adverse event; GT, Glycopyrronium tosylate; HDSS, Hyperhidrosis Disease Severity Scale; LRR, Large response rates; W/P, Within patient.
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Table 3. Summary and risk of bias for botulinum toxin type A studies.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

Lueangarun et al.26

Topical botulinum toxin type A
liposomal cream (not commercially
available) vs. Vehicle�Newly identified relative to
Wade et al.12

Axillary
W/P, randomized, double-blind,

vehicle-controlled 8-week trial in
patients ages 18–50 (N¼ 20)

Moderate (LRR) Potential for small short-term benefits of BTX-
A cream based on reduced sweat
production, expert panel assessments of
iodine starch test, HDSS, and patient
satisfaction

Safety: no AEs (including local skin reactions)
were observed in either treatment arm

Budamakuntla et al.25

Botulinum toxin A injections vs.
subcutaneous curettage (appears
also in Table 4 for curettage
results)�Newly identified relative to
Wade et al.12

Axillary
W/P, open-label, 3-month

comparative study of efficacy and
safety of botulinum toxin A
injections and subcutaneous
curettage in adults (N¼ 20)

Moderate (LRR) Large decrease in sweat rate consistent with
HDSS score decrease

After BTX-A injections, mean HDSS decreased
1.75 points at month 3 (p<.0001) and by
1.35 points at month 6 (p<.0001)

After suction curettage, mean HDSS decreased
1.70 points at month 3 (p<.0001) and 1.20
points at month 6 (p<.0001)

Safety: after toxin injections no patients
reported pain or other AEs; after the
suction-curettage procedure, 2 had bruising
which resolved in 3 days; one had a painful
bridle (fibrosis) formation in the surgical site
persisting for 2–3 months

Montaser-Kouhsari et al.27 a

Botulinum toxin A injections, 250MU
(per side) vs. botulinum toxin A
administered by iontophoresis�New study identified from
reference review

Axillary
W/P, randomized trial comparing

botulinum toxin A injections to
botulinum toxin A administered by
iontophoresis over
6 months (N¼ 11)

Moderate (LRR) Iontophoresis of BTX-A reduced sweat
production (gravimetry) by 73%, 22%, and
32% after 1 week, 1 month, and 6 months,
respectively; injection reduced sweat
production by 84%, 76%, and 50%,
respectively

At month 6, all but one of the injection
groups reported being very satisfied; for
iontophoresis, no participant reported being
very satisfied, 9 reported being satisfied,
and 2 reported dissatisfaction

Safety: no AEs other than pain were reported.
Pain perception (VAS score 0–100) was
significantly lower in with iontophoresis vs.
injection (15.0 vs. 20.0, p<.05)

Yamashita et al.33

Botulinum toxin A 60 U in right palm
injections vs. no treatment�Reevaluated based on W/P design

Palmar
W/P, non-randomized, 6-month

clinical trial in adults (N¼ 27)

Moderate (LRR) Quantity of sweat on the treated hand
decreased to approximately one-fifth at one
month after injection. Sweat quantity
increased slightly over time but remained
less than half at 6 months after injection;
significant difference was observed when
compared to before injection.

Safety data were not presented; authors note
“very little effect on grip strength”

Schnider et al.32

Botulinum toxin A injections (BTX-A;
Dysport) 120 units vs. placebo
(saline)�Reevaluated based on W/P design

Palmar
W/P, randomized, double-blind, 13-

week comparison in adults with
socially handicapping palmar
hyperhidrosis (N¼ 11)

Moderate (LRR) Mean sweat reduction of 40% from baseline
(digital images) and a 40% improvement
using a visual analog scale were reported at
8 weeks (p�.002) with BTX-A; neither the
objective measurement nor the subjective
rating showed a statistically significant
reduction of sweating in the placebo-
treated palms

Safety: no serious AEs; 3 patients reported
minor handgrip weakness in the BTX-A-
treated hand, and 3 reported injections
were more painful in BTX-A-treated hands
vs. placebo

Lowe et al.30

Botulinum toxin A injections (BTX-A)
vs. placebo (normal saline)�Reevaluated based on W/P design

Palmar
W/P, randomized, 28-day comparison

in adults ages 18–80 (N¼ 19
each group)

Moderate (LRR) Patients experienced a decrease in sweat
production of approximately two thirds with
BTX-A injections and about one third with
placebo at 28 days; 17/17 rated the
treatment as successful in the BTX-A-treated
palm vs. 2/17 with placebo (p<.0001)

Safety: no major AEs reported; 4 patients
reported AEs (hand or finger numbness of
short duration, pain in hand)

Glogau28

Topical botulinum toxin A (200 U)
combined with proprietary
transport peptide (not
commercially available) vs. vehicle�Reevaluated based on W/P design

Axillary
W/P, randomized, vehicle-controlled

4-week trial (N¼ 12)

Moderate (LRR) Week 4 gravimetric sweat reduction was
65.3 ± 21.5% (BTX-A) vs. 25.3 ± 66.2%
(vehicle; p<.05); minor’s iodine starch
consistent with large response rate in BTX-A
group

Safety: no systemic AEs were reported. Local
AEs (n¼ 4) occurred in vehicle-treated
axillae and included mild folliculitis,
tenderness, erythema, and eczema

(continued)
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use of standardized scales to measure reduction in sweat
production21.

Anticholinergics. Anticholinergics reduce sweat production
by blocking acetylcholine, the chemical messenger that trig-
gers sweat glands to produce perspiration48. Topical formula-
tions include glycopyrronium tosylate (GT) pre-moistened
cloth (QBREXZA7, FDA-approved for use in primary axillary
hyperhidrosis), two compounds not commercially available
(glycopyrrolate wipes and glycopyrrolate-impregnated cotton
pads), and oxybutynin chloride gel. This review includes five
studies focused on topical anticholinergics across a range of
focal regions (Table 2). Of note, no studies assessing the effi-
cacy of oral anticholinergic drugs were found to meet our
inclusion criteria.

Two reports, representing three studies, of GT in primary
axillary hyperhidrosis were included: Glaser et al. reported
two studies16 rated at “low” RoB and with large response
rates, and Glaser et al. reported an observational open-label
extension phase of those studies for safety20. Based on these
trials, approximately three-fourths of patients met the
response criteria (defined as �50% reduction in axillary
sweat production) within one month of starting treatment.
One within-patient study of facial hyperhidrosis from the
Wade et al.12 review, reevaluated in the current review was

rated as “moderate” RoB24. This trial reported a reduction in
the rate of sweat production at the forehead of
36.68 ± 11.41% on day 10 (p<.025). A fifth study (palmar and
plantar regions) was obtained from the database search for
updates23, and was rated at “moderate” RoB with large
response rates.

The highest quality of evidence (“moderate” for efficacy,
quality of life, and satisfaction), representing the largest stud-
ies to date in patients with axillary hyperhidrosis, evaluates
topical GT pre-moistened cloth: two trials (N¼ 697) demon-
strated that most patients will experience a meaningful
reduction in axillary sweating at 4 weeks. In those trials, the
most commonly reported treatment-emergent adverse
events were dry mouth, application site pain, mydriasis, oro-
pharyngeal pain, and headache, and two serious adverse
events were reported with GT (mydriasis and dehydration)16.
A 44-week open-label extension study is the longest clinical
safety trial available for topical GT and found that no new
safety signals emerged, with demonstrated consistency
across efficacy outcomes20. The remaining studies evaluating
the use of topical anticholinergics consist of “low” SOE for
efficacy, quality of life, satisfaction, and safety.

Typical anticholinergic-related adverse events that have
been reported by patients in studies of anticholinergics
include dry mouth, urinary retention, constipation, blurred

Table 3. Continued.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

Ibrahim et al.29

Onabotulinumtoxin-A injections vs.
suction-curettage

(appears also in Table 4 for curettage
results)�Reevaluated based on W/P design

Axillary
W/P, randomized, comparative study

(unblinded) in adults 18–65 with
6-month follow-up (N¼ 20)

Moderate (LRR) At month 3, toxin injections decreased sweat
production by 72.1% vs. 60.4% for suction-
curettage, p¼.29

Duration of effect was �6 months
Toxin injections resulted in a larger decrease in

HDSS than suction-curettage by 0.80 points
(month 3; p¼.0002) and 0.90 points (month
6; p¼.0017)

Safety: after toxin injections, none of the 20
patients reported discomfort or adverse
reactions; after suction-curettage, patients
reported axillary discomfort for about a
week; 3 patients in the suction-curettage
group reported hyperpigmentation

Naver et al.31

Botulinum toxin A injection vs. no
treatment�Reevaluated based on W/P design

Axillary; palmar
W/P, unblinded study comparing

treated vs. non-treated axilla
(n¼ 13), and/or palms (n¼ 19)
(N¼ 28 total); 1-year follow-up

Borderline (LRR) Consistent pattern of improvement in all
outcomes

Sweating disappeared in 8/13 (axillary) and 5/
19 (palmar) or was markedly reduced in
another 5/13 (axillary) and 10/19 (palmar)

Duration of effect was 2 to 5 months
Safety: reduced finger grip in two-thirds of

palmar patients; 2 patients with intense
pain from injection

Heckmann et al.17

Botulinum toxin A injection vs.
placebo�Reevaluated based on W/P design

Axillary
W/P, multicenter, randomized,

placebo-controlled, 2-week study
(26-week follow-up) (N¼ 145)

Low (LRR) Large (approximately 88%) decrease in mean
rate of sweat production at week 2 in
botulinum toxin A treated group; at week
24, sweat production was reduced by
approximately 65% (open label after
2 weeks)

Safety: no major AEs reported during first
14 weeks. Temporary adverse effects
included headache in 4 patients, muscle
soreness of the shoulder girdle in 2,
increased facial sweating in 1, and axillary
itching in 1

Abbreviations. AE, Adverse event; BTX-A, Botulinum toxin A; HDSS, Hyperhidrosis Disease Severity Scale; LRR, Large response rate; W/P, Within patient.
aSOE considered for botulinum toxin A injection body of evidence only.
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Table 4. Summary and risk of bias for medical devices that alter eccrine glands.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

Fatemi Naeini et al.35

Fractionated microneedle
radiofrequency (FMR) vs. sham�Reevaluated based on W/P design

Axillary (severe)
W/P, single-blind,
sham control (N¼ 25); three sessions

of FMR (1MHz) at 3-week intervals

Moderate HDSS scores (mean ± SD) at week 21 went from 3.46 at
baseline to 1.87 ± 0.61 (FMR) and 3.38 ± 0.49 (control)
(p<.001)

More than three quarters of patients achieved a 1- or 2-
point decrease in HDSS score (week 21)

80% of patients reported >50% satisfaction at the end
of the study (week 21)

Safety: most common side effects were erythema (68%)
and pinpoint bleeding (56%)

Bechara et al.34

Laser vs. untreated�Reevaluated based on W/P design

Axillary
W/P, randomized, half-side-controlled

trial (N¼ 21); 5 cycles of an 800-
nm diode laser

Moderate Significant reduction in sweat rate was observed on the
laser-treated side (median 89mg/min vs. 48mg/min;
p<.001) and the untreated contralateral side (median
78mg/min vs. median 65mg/min; p¼.04)

No significant difference was found between the treated
and untreated sides (p¼.10)

Safety: no serious complications during laser treatment
were reported; one instance of axillary skin
depigmentation was observed that resolved during
the 12-month follow-up

Nestor and Park36

Microfocused ultrasound plus
visualization vs. sham�Reevaluated based on W/P design

Axillary
Two W/P, randomized, double-blind,

sham-controlled pilot studies
(N¼ 14 and N¼ 20)

Moderate Study 1: �50% of patients achieved a �50% reduction
in gravimetric sweat production (day 120)

Study 2: HDSS response (day 60) was 67% (micro-
focused ultrasound plus visualization) vs. 0% (sham)
(p¼.005)

Study 2: HDSS response maintained (month 12)
Safety: AEs were found to be mild; most common

(>80%) were axilla tenderness or soreness
Microwave thermolysis
Suh et al.38

Microwave thermolysis
Included for analysis of Safety only�New study identified from

reference review

Axillary
Case report of a thin, healthy male

patient diagnosed with transient
median and ulnar neuropathy
following microwave treatment for
the treatment of axillary
hyperhidrosis

Safety only Patient reported numbness and weakness in the first
and second fingers and decreased ability to abduct
his left arm

Symptoms resolved at six months after intensive
physical therapy

Chang et al.39

Microwave thermolysis
Included for analysis of safety only�Newly identified relative to

Wade et al.12

Axillary
Case report of a thin, healthy female

patient diagnosed with median
and ulnar nerve injury following
microwave treatment for the
treatment of axillary hyperhidrosis
(level 5 microwave for 1.5 s at a
size of 140� 80mm2)

Safety only Patient experienced severe swelling, numbness and
inability to raise her left arm immediately following
treatment

Palmar skin was noted to be discolored
Sensory and motor deficits had not resolved at the 6-

month follow-up

Liposuction curettage
Budamakuntla et al.25

Subcutaneous curettage vs.
botulinum toxin A injections

(appears also in Table 3 for
botulinum toxin results)�Newly identified relative to
Wade et al.12

Axillary
W/P, open-label, 3-month

comparative study of efficacy and
safety of botulinum toxin A
injections and subcutaneous
curettage in adults (N¼ 20)

Moderate (LRR) The mean percent reduction in the resting sweat rate
(gravimetry, weighed filter paper) 3 months after
BTX-A injections was 80.32% and 3 months after the
suction-curettage was 79.79%, p¼.2072

After botulinum toxin A injections, mean HDSS score
decreased 1.75 points at month 3 (p<.0001) and by
1.35 points at month 6 (p<.0001)

After suction curettage, mean HDSS score decreased
1.70 points at month 3 (p<.0001) and 1.20 points at
month 6 (p<.0001)

Safety: after toxin injections no patients reported pain
or other AEs; after the suction-curettage procedure, 2
patients had bruising which resolved in 3 days; one
patient had a painful bridle (fibrosis) formation in the
surgical site which persisted for 2–3 months

Ibrahim et al.29

Suction curettage vs.
onabotulinumtoxin-A injections

(appears also in Table 3 for
botulinum toxin results)�Reevaluated based on W/P design

Axillary
W/P, randomized, comparative study

(unblinded) in adults 18–65 with
6-month follow-up (N¼ 20)

Moderate (LRR) At month 3, toxin injections decreased sweat
production by 72.1% vs. 60.4% for suction-curettage,
p¼.29

Duration of effect was �6 months
Safety: after toxin injections, none of the 20 patients

reported discomfort or adverse reactions; after
suction-curettage, patients reported axillary
discomfort for about a week; 3 patients in the
suction-curettage group reported hyperpigmentation

Tronstad et al.37 a

Tumescent suction curettage vs.
curettage only�Reevaluated based on W/P design

Axillary
W/P, unblinded, half-side comparison

randomized, controlled trial in
adults (N¼ 22); 12-month
follow-up

Moderate Five patients withdrew or did not meet for any follow-
up examination; 17 subjects analyzed

Significant reduction in sweating after both
interventions lasting� 12 months was found per skin
conductance, gravimetry and visual analogue scale
scoring

(continued)
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Table 4. Continued.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

Significantly better effect of tumescent suction
curettage than curettage only; curettage reductions
were approximately 40%, 30%, 35%; gravimetric
measurements were reported as significantly lower at
6 (p<.05) and 12 months (p<.01) vs. before
treatment but effect size estimates not possible from
Figure 2. Safety: no infections requiring systemic
antibiotics or hematoma after one week; one patient
receiving suction with curettage experienced
postoperative neuropathic pain, lasting through the
observational period; no scarring was observed

Abbreviations. AE, Adverse event; HDSS, Hyperhidrosis Disease Severity Scale; LRR, Large response rate; W/P, Within patient.
aSOE considered for tumescent suction curettage body of evidence only.

Table 5. Summary and risk of bias for iontophoresis studies.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

Dahl41

Tap water iontophoresis vs. Sham�Reevaluated based on W/P design

Palmar
W/P, double-blind, randomized single

center trial in adults (N¼ 11); 3-
months duration

Moderate Iontophoresis-treated patients achieved a median
reduction in sweating compared to the untreated
side of 38% (p<.01) after a median number of 10
treatments of 4mA of direct current compared to the
untreated side (baseline sweating was not reported)

6 patients continued maintenance treatment every
second week and achieved an 81% (median)
reduction at 3 months (p<.05)

Satisfaction: not assessed.
Duration of effect: 2 weeks
Safety: no AEs (e.g. soreness, erythema) reported

Karakoc et al.42

Direct electrical current based on tap
water iontophoresis vs. placebo�Reevaluated based on W/P design

Palmoplantar
W/P, blinded, interrupted time-series

study with objective measurement
by non-blinded assessors (N¼ 15);
5 weeks duration

Moderate Significant change only with direct current iontophoresis
treatment (baseline sweating rate approximately 3 g/
h and post-treatment sweating rate <0.5 g/h, i.e.
more than 80% reduction), but not with alternating
current sham treatment suggesting that direct
electrical current iontophoresis for palmoplantar HH
is effective in reducing sweat intensity

Stolman40

Tap water iontophoresis (electrode
exposed to 90 V and 12–12mA
direct current) vs. control hand
with tap water and no electrode�Reevaluated based on W/P design

Palmar
W/P, unblinded, placebo controlled,

3-week study in adults (N¼ 18)

Borderline “Marked reduction” in sweating of the treated hand was
reported by 15/18 treated subjects compared to no
reduction in the untreated hand

Objective assessment by starch-iodine imprint confirmed
subjective reports; 2 subjects did not improve
subjectively or by starch-iodine imprint

Safety: 3 patients experienced slight and transient
vesiculation of the skin; 12 patients reported redness
for several hours after treatment; 2 patients reported
intermittent hand tingling sometimes lasting
several days

Na et al.44

Non-standard “dry-type”
iontophoretic device (dry hand-
held iontophoresis device;
5–15mA direct current)�Reevaluated based on W/P design

Palmar
W/P, unblinded, 2-week trial in adults

18–34 years of age (N¼ 10)

Borderline Patients treated with 5–25mA for 30min daily for
1 week, then every other day for 1 week with dry-
type iontophoresis reported a sweat reduction of
33–51% (average 42.7% reduction in treated palm vs.
1.8% in untreated palm) of baseline

Duration of effect: 2 weeks (end of study)
Safety: no major AEs; erythema, mild local burning and

dark lines were reported (no numbers or
percentages reported)

Choi et al.45

Dry iontophoresis
Included for analysis of safety only�Reevaluated based on W/P design

Palmar
(N¼ 23)

Safety only N/A for efficacy
Safety: two subjects dropped out after experiencing

pruritic erythematous macules and asymptomatic
hyperpigmented linear streaks on the treated left
hands during the first week of treatment; the pruritic
erythematous macules were relieved by application
of a topical steroid agent for a week, and the
asymptomatic hyperpigmented linear streaks
disappeared spontaneously after discontinuing the
electric device

Safety: two cases of mild local adverse effects
were noted.

Kim et al.43

Tap water iontophoresis vs. sham
Palmar
Randomized, single-blind (patients

only) controlled trial in adults and

High 85–90% of patients receiving iontophoresis may achieve
grade 2 or 3 (mild or moderate) improvement on the
starch-iodine test at 2 and 3 weeks compared to

(continued)

JOURNAL OF DRUG ASSESSMENT 45



vision, impaired taste, rapid heart rate and heart palpitations.
An unproven causal association between oral anticholinergic
drugs (tertiary amines) and dementia has been reported in
elderly patients receiving long-term, high-dose therapy for
indications other than hyperhidrosis49. Other sources with a
focus on anticholinergic safety should be consulted for
detailed safety information.

Botulinum toxin. Botulinum toxin reduces sweating by
blocking nerve signals responsible for producing perspir-
ation50, and onabotulinum toxin A (BOTOX8) is FDA-
approved for treatment of severe axillary hyperhidrosis. Ten
studies on the efficacy and safety of botulinum toxin in
hyperhidrosis treatment are included in this review (six in
axillary hyperhidrosis, three in palmar hyperhidrosis, and one
in both; Table 3). The literature search yielded more studies
for botulinum toxin type A injections than for any other
treatment; studies evaluated use of botulinum toxin A in
both axillary and palmar hyperhidrosis. The evidence for the
efficacy of botulinum toxin type B studies did not meet our
inclusion criteria.

Specifically, two studies in axillary hyperhidrosis25,26 were
both rated at “moderate” RoB and with large response rates.
Another axillary study17 was obtained from Wade et al. and
was rated as “low” RoB with large response rates. The axillary
study by Montaser-Kouhsari et al.27 was excluded by Wade
et al. as not relevant but was included in this review because
we disagreed with that assessment and was rated as
“moderate” RoB with large response rates. The remaining six
studies are of a within-patient design and were included in
Wade et al. but are reevaluated here28–33 all were rated at
“moderate” RoB with large response rates with the exception
of Glogau et al., which was rated at “borderline” RoB.

Although results vary across studies, there is sufficient evi-
dence to conclude that botulinum toxin A injections are
effective in reducing sweat production in the axillae by more
than 50% for 6 months or longer. The study of highest qual-
ity for botulinum toxin17 (n¼ 145) reported a nearly 90%
decrease in mean rate of sweat production at two weeks;
the rate was reduced to approximately 65% at 24 weeks
(open label after 2 weeks), with nearly all (98%) subjects stat-
ing they would recommend this therapy.

There is insufficient evidence to draw firm conclusions
regarding the safety of botulinum toxin A injections for treat-
ment of axillary hyperhidrosis. Data from short-term, follow-

up studies and other reports suggest that patients are likely
to experience injection-site pain, which is at times severe;
other non-severe adverse events have been reported. In the
double-blind, placebo-controlled study with injectable botu-
linum toxin A17, transient adverse effects included headache,
muscle soreness of the shoulder girdle, increased facial
sweating, and axillary itching.

The use of topical botulinum toxin A has also been
studied to a limited extent in axillary hyperhidrosis. Although
no commercial formulation is currently available, evidence
from two trials suggests that topical application of botulinum
toxin A may provide short term sweat reduction (sweat pro-
duction was reduced by approximately 20% to more than
50% at 2 weeks), lasting approximately 6 weeks with accept-
able patient satisfaction26,28. In addition, there is insufficient
evidence to draw firm conclusions regarding the safety of
topical application of botulinum toxin A for the treatment of
axillary hyperhidrosis.

Evidence to support the use of botulinum toxin A injec-
tions for the treatment of palmar hyperhidrosis is more lim-
ited, but suggests that patients may achieve a reduction of
approximately 25–50% or more in palmar sweating for three
weeks to six months30–33 (Table 3). There is insufficient evi-
dence to draw conclusions regarding the safety of botulinum
toxin A injections for the treatment of palmar hyperhidrosis.
Reported adverse events across the palmar trials include
hand pain, finger numbness, thumb and finger weakness,
excessively dry hands, indigestion/heartburn and slight tran-
sient reduction of power of finger grip lasting 2–5 weeks.
There is uncertainty about major or long-term adverse
events. Efficacy, quality of life, and patient satisfaction were
rated as borderline; SOE for safety was rated as low.

Medical device treatments

Medical devices used to treat primary hyperhidrosis are
designed to alter eccrine glands (curettage, laser therapy,
microwave, fractional needle radiotherapy and ultrasound
therapies) or affect their function (iontophoresis). This review
includes 15 studies on these devices, nine in axillary and six
in palmar hyperhidrosis. Efficacy and safety findings for each
included medical device are summarized in Tables 4 and 5.
There is insufficient evidence to draw conclusions regarding
the efficacy and safety of curettage, laser therapy, fractio-
nated microneedle radiofrequency, microwave therapy or

Table 5. Continued.
Study and intervention HH population and design Risk of bias Key results/critical appraisal findings

�Newly identified relative to
Wade et al.12

children �13 years of age
(N¼ 29); 2 weeks of treatment
with 6-week follow-up

approximately 30% of patients receiving sham
treatment at week 2 and 15% of sham treatment
patients at week 3

Mean sweat secretion rate at week 2 decreased by
91.8% in the iontophoresis group vs. 39.1% in the
sham group. At 3 weeks, the respective decreases in
the mean secretion rate were 85% and 18.0%

Duration of effect: 3 weeks
Safety: one subject reported localized erythema of both

hands. No major AEs; larger, longer studies are
needed to adequately assess safety

Abbreviations. AE, Adverse event; HDSS, Hyperhidrosis Disease Severity Scale; LRR, Large response rate; W/P, Within patient.
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ultrasound therapy compared to other available therapies for
the treatment of axillary hyperhidrosis.

Fractionated microneedle radiofrequency
Fractional microneedle radiofrequency (FMR) is a recently
developed, minimally invasive method for delivering thermal
energy to the interface between the epidermis and subcuta-
neous tissue. This technology uses rapid penetration with
microneedles, which causes irreversible thermolysis of apo-
crine and eccrine sweat glands without destroying the epi-
dermis. One single-blind, within-patient, right-left comparison
study in axillary hyperhidrosis was included in the present
analysis35 (moderate RoB). Efficacy, quality of life, patient sat-
isfaction, and safety SOE were rated as “low” (Table 4).

Lasers
Evidence from one within-patient, unblinded, randomized
trial evaluating five cycles of an 800 nm diode laser com-
pared to no treatment in adults with axillary hyperhidrosis
was included in the present analysis34. A significant decrease
in sweating rate was observed on both the laser-treated sites
and the untreated sides. Post-treatment biopsy results were
not consistent with tissue destruction. Efficacy, quality of life,
and patient satisfaction were rated as low to borderline, and
safety SOE was rated as “low” (Table 4).

Micro-focused ultrasound
Micro-focused ultrasound waves cause vibration of tissues
resulting in heating and destruction of axillary sweat glands.
Two randomized, within-patient, double-blind, sham-con-
trolled pilot studies of micro-focused ultrasound plus visual-
ization in axillary hyperhidrosis were included in the present
analysis36. Efficacy, quality of life, patient satisfaction, and
safety were rated as having “low” SOE (Table 4).

Liposuction curettage
Liposuction curettage is performed at the dermal–subcutane-
ous interface using a liposuction device and a sharp, rasping-
type cannula to damage the sweat glands. Three studies
evaluating curettage were included in the present ana-
lysis29,25,37 (Table 4), two of which were comparator studies
of curettage and botulinum toxin29,25 (studies also are
included in Table 3 for botulinum toxin arm). Efficacy, quality
of life, and patient satisfaction were rated as “borderline” to
“moderate”; safety was rated as having “low” SOE. There is
sufficient evidence to conclude that liposuction curettage for
the treatment of axillary hyperhidrosis is effective in reducing
sweat production by 30% to over 80% for 6 months or
more25,29,37. There is insufficient evidence to draw conclu-
sions regarding long-term safety of subcutaneous curettage
for the treatment of axillary hyperhidrosis but limited short-
term evidence suggests that patients should expect to
experience axillary discomfort, soreness or pain. Other
reported adverse events include dysesthesias, hyperpigmen-
tation, “bothersome” scar formation, focal hair loss,

subcutaneous fibrotic bridles, seromas, wound infection,
bleeding, hematoma and skin necrosis.

Microwave thermolysis
Microwave therapy devices (e.g. miraDry, FDA-cleared for
treatment of primary axillary hyperhidrosis) focus heat at the
skin-subcutaneous tissue interface causing irreversible therm-
olysis of apocrine and eccrine sweat glands. This review
included two case reports for evidence synthesis of safety
data38,39 (Table 4); no studies met criteria for efficacy evalu-
ation. Efficacy, quality of life, patient satisfaction, and safety
were rated as having “low” SOE. Suh et al.38 and Chang
et al.39 each present a case report for ulnar and median
nerve injury following microwave thermolysis, and in one
patient39, significant sensory and motor deficits had not
resolved at the 6-month follow-up.

Iontophoresis
Iontophoresis typically delivers electrical current (15–20mA)
through tap water to treat hyperhidrosis but very limited evi-
dence suggests it can be performed “dry.” While the mech-
anism of action is not known, hypotheses include inhibition
of nerve transmission, as well as inhibition or obstruction of
sweat flow by altering pH or ion deposition in sweat ducts.
This review includes seven studies on the use of iontophor-
esis to treat hyperhidrosis: six in palmar hyperhidrosis (four
tap water iontophoresis40–43, two dry iontophoresis44,45 and
one in axillary hyperhidrosis27 comparing the effect of botu-
linum toxin solution administered via iontophoresis to
injected botulinum toxin; all had large response rates.

Tap water iontophoresis
Based on evidence from four trials, there is sufficient evi-
dence (SOE rating of “borderline to moderate”) to conclude
that tap water iontophoresis for the treatment of palmar
hyperhidrosis is effective in producing a clinically meaningful
reduction in sweat production (reported reductions of
30–90% after 1–4 weeks of treatment and lasting several
weeks to several months) with acceptable patient satisfac-
tion27,40–43. Reduction in sweating maybe maintained by
repeat treatments every few days to 2 weeks. No valid evi-
dence was found regarding the use of tap water iontophor-
esis for the treatment of axillary or plantar hyperhidrosis.

There is insufficient evidence to draw conclusions regard-
ing the safety of iontophoresis for the treatment of palmar
hyperhidrosis but limited short-term evidence suggests that
patients are likely to experience minor discomfort. Reported
adverse events include transient tingling, erythema and ves-
iculation of the skin. There is uncertainty about major or
long-term adverse events. Efficacy, quality of life, and patient
satisfaction were rated as “borderline” to “moderate,” while
safety SOE was rated as “low.”
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Dry iontophoresis
Based on the two studies included in the present analy-
ses44,45 efficacy, quality of life, patient satisfaction, and safety
SOE were rated as “low.”

Combined drug therapy and iontophoresis
Based on the single study included in the present analysis27

(axillary hyperhidrosis), the evidence for combining drug
therapy with iontophoresis is inconclusive.

Regardless of the type of iontophoresis used, there is
insufficient evidence to draw conclusions regarding the effi-
cacy, satisfaction and safety of iontophoresis compared to
other available therapies for the treatment of palmar
hyperhidrosis.

Discussion

This report provides an evidence-based review of commonly
used interventions for the treatment of primary hyperhidro-
sis. The efficacy and safety evidence provided in this review
can be used to optimize treatment strategies for patients suf-
fering from primary hyperhidrosis. To make optimal deci-
sions, healthcare providers and patients should be informed
of not only a study’s results, but also the quality of evidence
supporting the results. Considering the quality of the evi-
dence when examining the results of studies is important
because bias tends to favor the treatment being studied,
and lower quality studies are more likely to report inaccurate
results; highly biased studies may distort results by more
than 50%51–53. Shared decision-making and the use of deci-
sion support materials (often called patient decision aids)
improve decision-making around many different preference-
sensitive clinical choices. The SOE information included in
this review, together with summarized efficacy and safety
data, will be helpful in creating decision support materials,
which have been shown to improve shared decision-making
discussions54,55.

A key aspect of this analysis was a critical appraisal of
studies of aluminum/zirconium compounds, as this was not a
component of the prior Wade et al. analyses (no studies of
zirconium salt compounds met our inclusion criteria). In add-
ition, evidence from studies with large response rates and/or
those that used a within-patient design were considered.
Overall, there was a lack of high-quality of evidence to sup-
port use of treatments for primary hyperhidrosis; the SOE
was highest for topical glycopyrronium cloth (2.4%) and
botulinum toxin A injections for the treatment of axillary
hyperhidrosis, which increases our confidence in the reliabil-
ity of reported results for these two interventions. There
were more studies identified in axillary hyperhidrosis than in
other regions of the body (Figure 4).

Although there were only two studies investigating top-
ical glycopyrronium cloth for the treatment of axillary hyper-
hidrosis, they were of “moderate” quality with large groups,
good designs and execution for both efficacy and safety, and
reported consistent results. In these two key clinical trials for
glycopyrronium cloth, most treatment-emergent adverse

events were transient and reversible. Anticholinergic side
effects are a potential risk with glycopyrronium cloth treat-
ment, and Glaser et al.16 noted that patients who do not
wash their hands following application may inadvertently
transfer the drug to another body area such as the eyes.
Authors concluded that unilateral ophthalmologic events of
mydriasis and blurred vision were most likely due to local
exposure, whereas anticholinergic side effects such as dry
mouth and urinary hesitation were likely a result of sys-
temic exposure.

With respect to botulinum toxin A, the cumulative
amount of reliable data relevant to treatment of axillary
hyperhidrosis increases confidence in the results. Some stud-
ies for botulinum toxin A injections and topical treatments
were of “low to borderline” quality, and most clinical trials
reviewed did not provide sufficient evidence to draw firm
conclusions about safety due to lack of reporting, small sam-
ple size, limitations of study design, and short study dur-
ation. Even when safety evidence is of low quality, reported
adverse events and serious adverse events along with the
quality of the evidence provide valuable information to
healthcare providers and patients. We found two case stud-
ies of patients diagnosed with severe median and ulnar
nerve injury following microwave thermolysis whose symp-
toms either did not resolve at a 6-month follow-up or
resolved only after intensive physical therapy for
6 months38,39.

In addition to considerations of efficacy and safety,
patients should also be made aware of the differences
between treatment modalities that may affect their treat-
ment choices (e.g. potential discomfort or pain, ease of appli-
cation, inconvenience, cost, and ease of adherence). Patients
should be provided with information sufficient to assist them
in making informed decisions that satisfy their personal
healthcare needs, values and preferences.

Another critical aspect of this analysis was a thorough
evaluation of studies that utilized a within-patient design (in
keeping with the most commonly used terminology in Wade
et al.; many other synonyms exist). In this review, all but one
of the studies using within-patient design were also shown
to have large response rates. For the context of this analysis
using hyperhidrosis studies, an understanding of the
strengths of within-patient trials compared to trials utilizing
a between-group design is particularly important, as the
within-patient design is frequently encountered in studies of
hyperhidrosis and allows comparison of treatments involving
right and left axillae, palms or soles within the same patient.

When evaluated with criteria used for between-group tri-
als, the within-patient design is likely to be rated as “at high
risk of bias” for several reasons, including that they tend to
be characterized by small populations and frequently lack
randomization and blinding. In traditional between-group tri-
als, such as RCTs, selection and bias are key considerations
when assessing a study for RoB. However, for many dermato-
logical conditions, including primary hyperhidrosis, within-
patient designs may in fact have certain advantages in terms
of establishing balanced study groups (i.e. those with bal-
anced baseline clinical and demographic characteristics). In

48 M. E. STUART ET AL.



within-patient trials, selection bias may be reduced because
one side of the body is compared to the opposite side in
the same person, and demographic and clinical prognostic
variables are similar or equal. For example, potential differen-
ces in age, sex, genetics, laboratory values, comorbidities and
other prognostic variables are presumably less of a threat to
validity using a within-patient design because there is only
one body with two comparison sites. We found very little
evidence in the medical literature regarding the strengths
and weaknesses of the within-patient study design as there
is little guidance available on critical appraisal of such stud-
ies. To facilitate our review, we developed a list of considera-
tions (as distinguished from criteria), which is provided in
Supplementary Materials (p. 81).

Some of these considerations were derived from a brief
literature review, consideration of crossover-design studies,
general considerations, and our knowledge of study bias and
how it may affect reported results. Further well-designed and
executed studies comparing outcomes from within-patient
studies to outcomes from between group designs for the
same conditions and treatments will be required to under-
stand how within-patient studies might differ from between-
group studies in terms of validity considerations. If the
strength of the within-patient study design is confirmed,
fewer study subjects would be required which would result
in lowered exposure and inconvenience to study subjects,
reduced study costs and minimized distortion of results due
to bias.

Conclusions

Optimal treatment choice depends upon understanding the
quality of the evidence regarding each treatment’s efficacy
and safety (considerations of convenience, cost, etc. may
also be important but are beyond the scope of this review).
In this systematic review, we evaluate the efficacy, health-
related quality of life, satisfaction, and safety of commonly
used interventions in the treatment of primary hyperhidro-
sis of the head, axilla, palms, and soles in children and
adults. Information provided in this review will be of use to
patients and other decision-makers. We also provide
detailed information about the quality of the hyperhidrosis
evidence in addition to the reported results of
included studies.

In hyperhidrosis, as in other clinical conditions, treatment
decisions should be patient centered. At this time, because
of the quality of evidence, only imprecise estimates of effect
are possible for most commonly employed treatments for
hyperhidrosis, and statements about comparative effective-
ness are not possible.
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