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Background. Focal hyperhidrosis mostly a�ects the axillae, hands, feet, and face. For the management, several techniques are used. 
�e aim of this study was to investigate the e�ects of direct current administration on the hyperhidrosis disease severity scale 
(HDSS) in patients with axillary hyperhidrosis that have various HDSS scores. Design and Setting. Original article, University 
Hospital. Methods. Sixty patients with primary axillary hyperhidrosis were inquired about the HDSS scores and the scores were 
noted at the onset and at the end of the 10th application. One month a�er the last session, HDSS scores were also inquired. At 
the end of 1-month follow-up, the patients whose HDSS scores rose a�er the 10th session were accepted as nonresponder. For the 
current delivery, a new iontophoresis application module (Sweat CureR) designed by Dr. Karakoc was used. Results. Direct current 
application decreased axillary sweat intensity by 70% at both sides, and lowered the HDSS by about 1.5 degree. Major reduction in 
sweat intensity was in the patients with low HDSS scores (75%). Negative correlation was found between initial HDSS scores and 
median values of decreased sweat intensity (� = −0.317, � = 0.022). Minimal temporary side e�ects including skin irritation and 
one or more vesicle formation were inspected in 29 patients and, the permanent punctual pigmentation was observed only in one 
patient. Conclusions. Decrease in axillary hyperhidrosis is satisfactory for these patients. Since iontophoresis application has bene�cial 
e�ect and minimal side e�ects, it should be recommended to the patients before advanced management or surgical techniques.

1. Introduction

Hyperhidrosis, a disorder of excessive sweat, may be focal, 
involving speci�c areas of the body, or generalized, involving 
the entire body. Focal hyperhidrosis most commonly a�ects 
the axillae, hands, feet, and face [1]. Altogether, some 3% of 
the population su�ers from hyperhidrosis, and 51% of these 
from focal axillary hyperhidrosis [2]. Axillary hyperhidrosis 
is most common a�er the onset of puberty, when the axillary 
apocrine glands begin proliferation [3]. For the management 
of focal hyperhidrosis several techniques are used [4–7]. 
E¥cacy of direct current administration namely iontophoresis 
had been proven for palmoplantar hyperhidrosis in several 
studies [8–12]. However, this technique is not recommended 
for axillary hyperhidrosis [1]. For patients with moderate to 
severe hyperhidrosis, the committee recommends starting 

treatment with topical aluminum chloride, and, if ine�ective, 
trying iontophoresis or botulinum toxin A injections. Further 
interventions, such as surgery, should be reserved for patients 
who do not respond to less invasive interventions [2, 13].

A subjective scale introduced by the Canadia Hyperhidrosis 
Advisory Committee, the Hyperhidrosis Disease Severity Scale 
(HDSS), allows patients to characterize the severity of their 
hyperhidrosis on a scale from 1 to 4. �is scale is useful for 
assessment of relative improvement with therapy [7].

2. Objective

�e aim of this study was to investigate the e�ects of direct 
current administration on the hyperhidrosis disease severity 
scale (HDSS) in patients with axillary hyperhidrosis that have 
various HDSS scores.
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3. Patients and Methods

A�er the approval of our study protocol by local ethic com-
mittee (ethics committee number 2011/12), 60 patients with 
axillary hyperhidrosis were enrolled in the study. Dermatology 
and endocrinology departments examined patients and eval-
uated whether their complaints were about primary or sec-
ondary hyperhidrosis and, the selected patients with primary 
axillary hyperhidrosis were directed to iontophoresis applica-
tion. Having examined axillary areas of patients against to 
contraindications of iontophoresis, 10 sessions were planned 
for each one and signed informed consents were taken. 
Demographic parameters and clinical features of patients were 
noted. �e Hyperhidrosis Disease Severity Scale (HDSS) was 
chosen to measure disease severity in the proposed treatment 
algorithms. It is a disease-speci�c scale for hyperhidrosis that 
provides a qualitative measure of the severity of the patient’s 
condition based on how it a�ects daily activities [1]. Patients 
were inquired about the HDSS scores and the scores were 
noted at the onset and at the end of the 10th application. One 
month a�er the last session HDSS scores were also inquired 
by calling the patients. At the end of 1-month follow-up, the 
patients whose HDSS scores rose in comparison with the 10th

session were accepted as non-responder. For the axillary ion-
tophoresis applications, we used a new iontophoresis applica-
tion module designed by Dr. Karakoc (SweatCureR; Patent 
Number: TR 2012 10825 B) that delivers the direct current to 
one of the axillary areas in connection to the electrotherapetic 
current stimulator (Figures 1 and 2). Iontophoresis applica-
tions had performed at 1st, 3rd, and 5th days of week days for 
10 sessions within one month. Iontophoresis application took 

20 min for one side and, one session was totally 40 min for 
both sides. Current density was adjusted to tolerable limits for 
each patient and changed with patient’s comfort but restricted 
by a maximum 7 mA. �is schedule was slightly changed for 
some patients who had skin irritation a�er any session.

Statistical analyses were performed using Statistical 
Package for the Social Sciences (SPSS) for Windows. Number 
and percent values of the patients were calculated for each 
demographic parameter and category and, median value of 
decreasing rate (%) in sweat intensity were determined accord-
ing to HDSS categories. Pearson correlation test was used to 
investigate a relationship between HDSS and sweat intensity 
reduction. Decrease in HDSS score was correlated with the 
reduction of sweat intensity and, 80% reduction was accepted 
2 degrees fall while 50% reduction was 1 degree fall in HDSS 
scores.

4. Results

Demographic features and clinical history of patients are sum-
marized in Table 1. �e mean age of patients was found 
29.3 ± 9.3 year. �e mean initial HDSS scores were similar for 
both gender and found as 3.7 ± 0.6 and 3.6 ± 0.6 for men and 
women, respectively. Majority of the patients (88.1%) com-
pleted 10 sessions and declared the reasonable reduction in 
sweat intensity at the end of the 10th session and one month 
a�er the last session (Table 2). One patient did not complete 
10 sessions and was excluded from the study. We demonstrated 
that direct current application decreased axillary sweat inten-
sity by about 70% at both sides, and lowered the HDSS by 
about 1.5 degree. Most reduction in sweat intensity was in the 
patients with low HDSS scores (75%) (Table 3). A negative 
correlation was found between initial HDSS scores and median 
values of decreased sweat intensity (� = −0.317, � = 0.022). 
Minimal temporary side e�ects including skin irritation and 

Figure 1:  New iontophoresis application module for axillary 
hyperhidrosis designed by Karakoc (Sweat CureR, Patent Number: 
TR 2012 10825 B).

Figure 2: Illustration of iontophoresis application module to treat 
axillary hyperhidrosis. Arm overlies the module during operation.

Table 1: History of patients with axillary hyperhidrosis.

Male (30) Female (29) Total (59)
Age (year) 29.3 ± 9.3 27.1 ± 8.9 31.5 ± 9.5
HDSS 3.7 ± 0.6 3.6 ± 0.6 3.7 ± 0.5
Palmar hyperhidrosis 18 (30.5%) 9 9
Plantar hyperhidrosis 17 (28.8%) 6 11
Familial hyperhidrosis 25 (42.4%) 11 14
Onset at childhood 19 (32.2%) 10 9
Onset at adolescent 7 (11.9%) 3 4
Herediary disease 
history 22 (37.3%) 10 12

Table 2:  E�ectiveness of iontophoresis application on axillary 
hyperhidrosis.

Male Female Total
Responders 25 27 52 (88.1%)
Nonresponders 5 2 7 (11.9%)
Total 30 29 59 (100%)
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one or more vesicle formation were inspected in 29 patients 
during the treatment period and, the permanent punctual 
pigmentation on the armpit was observed only in one patient.

5. Discussion

Sweating is a physiological and vital process. �e basic dis-
tinction is made between two types of sweating: thermoregu-
latory and emotional sweating. Most of the sweat glands are 
of the eccrine type. �ey produce a thin secretion that is hypo-
tonic to plasma. Eccrine sweat glands are distributed all over 
the body; their highest density is in the axillary region, on the 
palms of the hands, and on the soles of the feet [2, 14].

Majority of minimal temporary side effects were healed 
by using topical dexpanthenol cream without any defects. 
During iontophoresis applications, only vesicles or irritated 
points on the armpit were covered with parafilm coated silk 
adhesive plasters in order to prevent further irritation and 
eliminate pain sensation.

Of course, quantitative measurements are superlative than 
the subjective evaluation of sweat intensity with HDSS scores 
declared by the patients. However, when sweat intensity is 
measured at any time, it may not reflect the patient’s relief or 
severity of disease due to fluctuations of sweat production 
throughout day time. Hence, HDSS can be reliable parameter 
for the self-assessment of patients in their daily life.

Unfortunately, iontophoresis is not recommended for 
axillary hyperhidrosis because of ineffectiveness and difficul-
ties on the axillary area [2]. �omas et al. showed that only 
4 of the 17 patients (24%) deemed the treatment successful 
and reported an adequate clinical response, while 6 (35%) 
reported clinically inadequate improvement, and 7 (41%) 
reported no change or worsening of their symptoms [3]. 
Conversely, if this technique is used more correctly its effec-
tiveness is nearly the same as the effectiveness for palmar 
hyperhidrosis. By using new iontophoresis application mod-
ule (Sweat CureR) to deliver direct current to one side of 
axillary areas with a current stimulator, 88% of patients were 
treated successfully and reduction of sweat intensity was 
found at about 67%.

From our results, decreases in axillary hyperhidrosis and 
HDSS are satisfactory for the patients with axillary hyperhi-
drosis. Since this iontophoretic application has beneficial effect 
and minimal side effects, it should be recommended to the 
patients before advanced management or surgical techniques. 
Algorithms for the management of axillary hyperhidrosis must 
include this application for all levels of axillary hyperhidrosis 
a�er the topical aluminum chloride application.

6. Conclusion

It can be said that iontophoresis treatment is a safe and easy 
method for the treatment of axillary hyperhidrosis.
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�e data used to support the findings of this study are available 
from the corresponding author upon request. 

Conflicts of Interest

�e authors declare that they have no conflicts of interest.

Funding

�e financial support for this study was provided by the inves-
tigators themselves.

References

 [1]  N. Solish, V. Bertucci, A. Dansereau et al., “A comprehensive 
approach to the recognition, diagnosis, and severity-based 
treatment of focal hyperhidrosis: recommendations of the 
canadian hyperhidrosis advisory committee,”  Dermatologic 
Surgery, vol. 33, no. 8, pp. 908–923, 2007.

 [2]  T. Schlereth, M. Dieterich, and F. Birklein, “Hyperhidrosis—
causes and treatment of enhanced sweating,” Deutsches 
Aerzteblatt International, vol. 106, no. 3, pp. 32–37, 2009.

 [3]  L. �omas, S. Fatah, and A. J. Carmichael, “Tap water iont op-
horesis may be ineffective for axillary hyperhidrosis,” Clinical 
and Experimental Dermatology, vol. 40, no. 3, pp. 337–338, 
2015.

 [4]  M. Connolly and D. de Berker, “Management of primary 
hyperhidrosis: a summary of the different treatment modalities,” 
American Journal of Clinical Dermatology, vol. 4, no. 10,  
pp. 681–697, 2003.

 [5]  I. �omas, J. Brown, J. Vafaie, and R. A. Schwartz, “Palmoplantar 
hyperhidrosis: a therapeutic challenge,” American Family 
Physician, vol. 69, no. 5, pp. 1117–1120, 2004.

 [6]  H. W. Walling and B. L. Swick, “Treatment options for 
hyperhidrosis,” American Journal of Clinical Dermatology,  
vol. 12, no. 5, pp. 285–295, 2011.

 [7]  A. B. Stashak and J. D. Brewer, “Management of hyperhidrosis,” 
Clinical, Cosmetic and Investigational Dermatology, vol. 7,  
pp. 285–299, 2014.

 [8]  Y. Karakoc, E. H. Aydemir, M. T. Kalkan, and G. Unal, “Safe 
control of palmoplantar hyperhidrosis with direct electrical 
current,” International Journal of Dermatology, vol. 41, no. 9, 
pp. 602–605, 2002.

 [9]  Y. Karakoc, E. H. Aydemir, and M. T. Kalkan, “Placebo-
controlled evaluation of direct electrical current administration 
for palmoplantar hyperhidrosis,” International Journal of 
Dermatology, vol. 43, no. 7, pp. 503–505, 2004.

[10]  E. H. Aydemir, M. T. Kalkan, and Y. Karakoc, “Quantitative effect 
of anodal current in the treatment of primary hyperhidrosis by 

Table 3: Effectiveness of iontophoresis application on HDSS scores.

Initial HDSS N Decrease in sweat intensity (median%)
2 3 75.0
3 10 72.5
4 39 65.0
Total 52 70.0



BioMed Research International4

direct electrical current,” International Journal of Dermatology, 
vol. 45, no. 7, pp. 862–864, 2006.

[11]  R. Gunathilake, “Tap water iontophoresis versus glycopyrrolate 
iontophoresis,” Australian Family Physician, vol. 42, no. 7,  
p. 441, 2013.

[12]  E. Hölzle, “Tap water iontophoresis,” Hautarzt, vol. 63, no. 6, 
pp. 462–468, 2012.

[13]  J. W. Saenz, R. W. Sams, and B. Jamieson, “FPIN's clinical 
inquiries,” Treatment of Hyperhidrosi American Family 
Physician, vol. 83, no. 4, pp. 465–466, 2011.

[14]  K. Sato, W. H. Kang, K. Saga, and K. T. Sato , “Biology of sweat 
glands and their disorders. I. normal sweat gland function,” 
Journal of the American Academy of Dermatology, vol. 20,  
no. 4, pp. 537–563, 1989.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

