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2. ABSTRACT:

Objective: To objectively assess continuous exosomatic electrodermal activity without
external stimuli in primary hyperhidrosis patients, before and after sympathectomy and
compare it with responses to clinical investigation questionnaires.

Method: In a prospective study, 28 participants were divided into two groups. The first
group consisted of 18 patients with palmoplantar hyperhidrosis who underwent
sympathectomy on the fourth and fifth costal arches, bilaterally and sequentially. The
second group, serving as a control, consisted of 10 patients. The assessment involved
2 self-explanatory questionnaires; the control group completed the questionnaires once,
while the sympathectomy group completed them before surgery, one day and 30 days
later. Sweating was objectively evaluated by measuring electrodermal activity (EDA)
using the MP36R biosensor from Biopac Systems Inc. USA. This was done by carrying
out measurements before surgery, on the first postoperative and on the thirtieth
postoperative using an exosomatic technique and a constant electrical flow.
Measurements were taken sequentially from the hands and feet, for 5 uninterrupted
minutes at each site, after 10 minutes of rest, in a comfortable sitting position, without
external stimuli, and in an air-conditioned environment. The study also collected
anthropometric, clinical, and surgical data, and no significant sociodemographic
differences were observed between the groups.

Results: In the group that underwent thoracic sympathectomy, there was a significant
improvement in quality of life and a reduction in palmar and plantar sweating, as
assessed by the questionnaires. Electrodermal activity showed significantly higher
levels in the hands and feet of patients with hyperhidrosis compared to the control group
during the preoperative assessment. After surgery, there was a reduction in
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electrodermal activity in the hands, and 100% of the sample analyzed showed a
decrease in sweating. As for the evaluation of the feet, 67% of the patients reported a
reduction in sweating, and 44% showed a statistically significant decline in EDA.
Conclusion: Continuous exosomatic electrodermal activity without external stimuli is a
suitable method for assessing patients with palmoplantar hyperhidrosis, with
appropriate clinical correlation compared to the questionnaire's answers quantifying
sweating and quality of life.

Keywords: primary hyperhidrosis, thoracic sympathectomy, electrodermal activity,
excessive sweating

3. INTRODUCTION

Primary hyperhidrosis (HH) is characterized by excessive sweating unrelated to
external triggers or body temperature regulation (1). It is often associated with
dysfunction of the sympathetic nervous system (SNS) (2). This condition most
commonly affects the palms of the hands, soles of the feet and axilla, but can also be
present on the face, trunk, and other parts of the body. Increased sweating can lead to
embarrassment and have a negative impact on a person’s social and psychological
well-being (3), causing distress and reducing the quality of life (QoL) for those affected.
Diagnosis is primarily based on clinical assessment, using questionnaires to measure
sweating and evaluate its impact on the patient's QoL. The only definitive treatment is
surgery, however, symptoms can be managed with the use of medications such as
oxybutynin (4,5).

Video-assisted thoracoscopic thoracic sympathectomy (VATS) is considered one
of the best treatment options for localized forms of HH due to its effectiveness and
safety (6). The level of intervention in the sympathetic chain is the main factor
influencing these results (7).

It is essential to evaluate the degree of sweating and QoL when investigating the
disease.(8) Patients are typically given simple, easy-to-understand questionnaires to
assess the intensity of sweating in the main affected areas of the body using scales like
the Hyperhidrosis Disease Severity Scale (HDSS) (9). These questionnaires also help
to relate the volume of sweating to the repercussions on the interviewees' routine
activities (10). Questionnaires are cost-effective and non-invasive; however, they rely on
the patient's personal interpretation and cognitive abilities, which can introduce
subjectivity.(11,12).

The objective methods for quantifying sweat already described in the literature
are not commonly used in medical practice. Some of the best-known objective methods
include transepidermal sweat dosage and pad glove (which quantifies sweat transferred
to a specific type of glove) (13). However, the variability and lack of specificity of the
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measurements, complex techniques, short measurement times, and the cyclical nature
of HH, make it challenging to use these measurements in clinical practice.

The EDA represents the electrical properties of the skin, which result from
sympathetic activity and cause the release of sweat. This alters the concentration of
salts in the cells and creates an electrical potential (14,15). This tool has been
extensively used in psychological and behavioral studies as well as evaluating stress
responses (16). There are 2 methods for measuring EDA: exosomatic (involving the
application of an external electric current) and endosomatic (without an external electric
current) (17). Both techniques have been used in the past to study patients with HH,
yielding different results (18). However, the continuous measurement of EDA by
exosomatic technique and without external stimulus (EDAcw) has not been used to
study patients with HH undergoing sympathectomy.

In 2008, Tronstad et al. introduced a portable, non-invasive instrument capable of
continuously measuring exosomatic EDA. This device was connected to a computer
system and represented a significant advancement in medical research (19).

The aim of this study was to prospectively analyze the application of the
exosomatic technique without external stimulus, with the use of a portable device to
continuously measure EDA in individuals with palmoplantar HH before and after surgical
treatment, and compare it with data from individuals without the disease. Additionally,
the study correlated these findings with established clinical diagnostic methods such as
HDSS and QoL.

4. CASUISTRY AND METHOD

From January 2023 to January 2024, a prospective study was conducted
involving 28 participants. The study measured the intensity of sweating in 18 patients
with palmoplantar HH who had undergone VATS, and 10 individuals without HH, using
EDAcw. The study was approved by the Human Research Ethics Committee of the
Federal University of Santa Catarina - UFSC (CAAE: 43287321.8.0000.0121), and all
participants provided informed consent.

The participants were divided into 2 groups: the sympathectomy group, which
comprised 18 (64.3%) patients with palmoplantar HH who had undergone bilateral
sympathectomy, and the control group, which consisted of 10 (35.7%) individuals
without HH and without surgical intervention. Both groups had similar demographic
characteristics, with a majority of female patients (72.2% versus 80.0%), who were in
their third decade of life (25 versus 22.5 years) and with a body mass index of less than
25 (23.1 versus 22.1Kg/m2).

Patients in the sympathectomy group underwent bilateral sympathectomy (right
side followed by the left side) on the fourth and fifth costal arches (R4/R5). The
procedure involved using monopolar electrocautery without a direct approach to the
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thoracic ganglion. The surgery was performed under general anesthesia, with
orotracheal intubation using a double-lumen tube, and non-invasive cardiovascular
monitoring was conducted. Incisions of 0.5 - 1.0 cm were made in the fifth intercostal
space, in the anterior axillary line to pass the optical system, and in the third intercostal
space, in the middle axillary line, to introduce the electrocautery after local infiltration
with Ropivacaine. The procedures were carried out by the same team throughout the
study period, using a standardized surgical technique.

All patients except one were discharged on the first day after surgery. The
remaining patient was discharged on the second postoperative day due to a residual
pneumothorax and the need for pleural drainage. Compensatory hyperhidrosis (CH)
was mild to moderate in ten patients (565.6%), severe in one patient (5.5%), and absent
in seven patients (38.9%).

The participants underwent a clinical assessment, completed questionnaires, and
had their EDAcw measured on different occasions. The control group underwent these
assessments once, while the sympathectomy group underwent them on three
occasions: before surgery, one day after, and 30 days after the operation. The same
investigator conducted all assessments.

To measure the intensity of palmar and plantar HH, we used the Hyperhidrosis
Disease Severity Scale (HDSS), which is graded numerically from 1 to 4, representing
the lowest to the highest intensity of sweating.

To assess QolL, we used the quality of life questionnaire (20). The patients
completed the QoL assessments independently, without any influence from the doctor.
The preoperative QoL was categorized into five satisfaction levels based on the total
points obtained from the questionnaire: very poor (total score > 84), poor (total score 69
to 84), good (total score 52 to 68), very good (total score 36 to 51), and excellent (total
score 20 to 35). After the surgery, the QoL assessment was repeated thirty days
post-operatively. The QoL assessment was repeated and the patients were also
classified into one of five different levels of satisfaction, according to their score: much
worse (total score)> 84; slightly worse (total score 69 to 84); unchanged (total score 52
to 68); slightly better (total score 36 to 51); and much better (total score 20 to 35).

For the assessment of EDAcw, we used the MP36R biosensor from Biopac
Systems Inc. USA before and after the surgery. To measure EDAcw we used the
exosomatic technique with a constant electrical flow of 0.5 Voltz. Disposable electrodes
were placed on the thenar and hypothenar regions of the hands and the middle third of
the medial surface of the feet. Measurements were taken after 10 minutes of rest, in a
comfortable seated position, on the right and left hands followed by the right and left
feet, sequentially, for 5 uninterrupted minutes in each location, without any specific
stimulus, in a quiet environment with a temperature of between 210C to 230C and air
humidity of 60% to 65%. The electrophysiological signals captured were digitized and
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transmitted to a computer system via a USB cable for analysis using the AcqKnowledge
software. The control group underwent electrodermal measurements only once.

EDA was estimated in two ways: through mean skin conductance (MSC) and
skin conductance area (SCA) in the hands and feet at three different times: before
surgery, on the first postoperative day, and on the thirtieth postoperative day.

First, we analyzed the responses to the QoL and HDSS questionnaires and
measured the average EDAcw and area in the control group and the sympathectomy
group during each period analyzed (pre-surgery, first day after surgery, and thirtieth day
after surgery). Then, we individually studied EDAcw in the subgroups of patients with
improved sweating on the hands, followed by the group with significant improvement in
sweating on the feet, the group with a slight improvement in sweating on the feet, the
group with maintained sweating on the feet and finally the group with worsening
sweating on the feet after surgery.

Statistical analysis of data

We first conducted a statistical analysis on the clinical data, followed by an
analysis of the responses to the questionnaires (HDSS and Qol), and, finally, an
examination of the EDA data.

We used the The Shapiro-Wilk test to check for normality of the data. Numerical
variables were described using measures of central tendency and dispersion, while
categorical variables were described using absolute and relative frequencies. The
Student's t-test was used to analyze independent samples, and the Mann-Whitney test
to analyze the difference between groups. The Wilcoxon and Friedman tests were
employed to compare two and three different moments, respectively. We considered
p-value of < 0.05 to indicate statistical significance. All data was analyzed using the R
programming language version 4.2.1

5. RESULTS
The answers to the questionnaires and the EDA measurements are shown in Table 1.

Table 1: The answers to the questionnaires (QoL and HDSS) and measurement of the EDA in
the control group and the sympathectomy group in each period analyzed (preoperative, first day
after surgery and thirtieth day after surgery).

Group Control Sympathectomy

Variables Before Surgery 1 Day After 30 Days After

Surgery Surgery
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Quality of life - 87,5 (80,8 — 93,3) - 22,5 (20,8 — 28,5)
HDSS
Hands 1 4,0 (3,0-4,0) - 1,0 (1,0-1,0)
Feet 1 3,0 (3,0-4,0) - 2,0 (1,0-2,3)
EDA (average)
Hands 5,15 (2,0-2,8) 11,3 (6,6 — 13,3) 0,3 (0,2-0,5) 1,3 (0,4 —3,9)
Feet 2,35 (1,6-1,9) 11,2 (5,9-12,4) 0,3 (0,2-0,5) 1,2 (0,4-3,7)
EDA (area)
Hands 186,3 (53,2 — 390,7) | 388,4 (284,3 —630,2) 5,6 (1,1 -17,9) 96,1 (20,0 — 130,0)
Feet 24,95 (10,8 — 156) 352,1 (278,7-647,7) 6,2 (1,3-18,4) 92,9 (18,0-128,6)

a Values expressed as median and interquartile range (P25-75); b Wilcoxon test; c values expressed as mean and standard deviation; d paired t-test.

HDSS = Hyperhidrosis Disease Severity Scale

- Clinical assessment:

We observed that the intensity of sweating on the hands, as measured by the
HDSS before surgery, was highest in the sympathectomy group (4.0) and decreased to
a minimum level postoperatively, a value similar to that of the control group [z = -3.804;
p < 0.001].

For the feet, the average HDSS was 3.0 preoperatively and improved to 2.0 [z =
-3.007; p < 0.01] after surgery, even surpassing that of the control group.

Furthermore, there was an improvement in the patient's QoL after surgery.
Patients reported very poor QoL before surgery, and after sympathectomy, they showed
significant improvement [z = -3.726; p < 0.001].

- Electrodermal activity analysis (EDA)

EDA in the hands:

The average intensity of EDAcw in the hands of the 18 patients who had surgery is
shown in Table 1 and illustrated in Figure 1. The study found statistically significant
differences in EDAcw levels at three observation times: on the preoperative period, on the
first day after the surgery, and on the thirtieth day after the sympathectomy. The comparative
evaluation revealed differences between each moment; there was a difference between the
preoperative period and the 1st PO day (p < 0.001), between the preoperative period and the
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30th PO day (p = 0.02), and between the 1st PO day and the 30th PO day (p < 0.01).

Figure 1: mean skin conductance in the hands of 18 patients with palmar hyperhidrosis.

MSC - Hands

== Before Surgery 1st PO == 30th PO

MSC - uS/cm2
o

Patients

MSC = mean skin conductance 1st PO = first postoperative 30th PO = thirtieth postoperative day

The intensity of EDAcw in the hands, as measured by area, is described in Table 1
and illustrated in Figure 2. A statistically significant difference was observed among the three
observation times [x2(2) 28.444; p < 0.001]. When comparing each time point, differences
were found between the preoperative period and the 1st PO day (p < 0.001), between the
preoperative period and the 30th PO day (p = 0.01), and between the 1st PO day and the
30th PO day (p = 0.01).

Figure 2: skin conductance area in the hands of 18 patients with palmar hyperhidrosis.
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per square centimeter.

In the sample analyzed, only one patient (patient 12) experienced a slight
decrease in sweating and showed a much smaller reduction in MSC between the
preoperative period (13.6uS) and the 30th postoperative day (10.5uS), i.e. a 23%
reduction in the intensity of EDAcw one month after surgery. The other 17 patients
showed a reduction of approximately 97% in MSC over the same period. When we
examined patient 12’s sweating using SCA, we found no significant difference between
the measurements taken before the surgery (527.7uS/cm2) and 30 days after
(456.7uS/cm2). However, there was a noticeable decrease in EDA in the 1st PO,

indicating that the surgical procedure was performed correctly.

EDA in the feet:

The average intensity of EDAcw in the feet of the 18 patients who had surgery showed
a statistically significant difference between two of the three observation times [x2(2) 10.941;
p < 0.01], which were between the preoperative period and the 1st PO day (p < 0.01) and
between the preoperative period and the 30th PO day (p = 0.02). However, no significant
difference was noted between the 1st PO and the 30th PO (p = 0.61).

The patients reported divergent results in terms of reduced plantar sweating after
sympathectomy. Out of 18 participants who underwent surgery, 8 reported significantly
reduced sweating. In these patients, the mean intensity of the EDAcw showed a statistically
significant difference between the preoperative period and the 1st PO day (p = 0.05) and
between the preoperative period and the 30th PO day (p = 0.02). However, there was no
difference between the 1st PO and the 30th PO (p = 0.60), as shown in Figure 3. There was

no statistically significant difference in the area of the EDAcw in this group.

Figure 3: mean skin conductance in the feet of 8 patients with plantar hyperhidrosis and significant decrease in sweating.
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Figure 4: skin conductance area in the feet of 8 patients with plantar hyperhidrosis and significant decrease in sweating.
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per square centimeter.

Of the remaining 10 patients, 4 reported a slight reduction in sweating. The mean
EDAcw intensity and the EDAcw per area in this group showed no statistically significant

difference between the three observation times [x2(2) 2.000; p = 0.37], as shown in Figure 5.

Figure 5: mean skin conductance in the feet of 4 patients with plantar hyperhidrosis and slight decrease in sweating.
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For the 5 patients who did not show any clinical change in plantar sweating, the
intensity of EDAcw measured by MSC showed no statistically significant difference between

the three observation times [x2(2) 5.200; p = 0.07], as shown in Figure 6.

Figure 6: mean skin conductance in the feet of 5 patients with plantar hyperhidrosis and no change in sweating.
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Only one patient reported an increase in post-operative plantar sweating and there
was no clinical correlation with EDAcw measurement, as its measurements decreased in the

post-operative period.

6. DISCUSSION

HH is a disease with a significant psychosocial impact on patients' lives, directly
affecting their QoL and mental health. Patients who undergo sympathectomy have
shown considerable improvement in the QoL (21). The results of this study confirm the
correlation between sympathectomy and a significant enhancement in patients' QoL
post-surgery.(22)
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Decreasing in sweating is observed in approximately 70% of patients undergoing
medical treatment (23,24), however, surgical sympathectomy is the only definitive
treatment for the disease, resulting in an improvement in 90% of cases of palmoplantar
HH (25). Since the 1990s, VATS has emerged as one of the best therapeutic options for
localized HH (26). In our study, 97% of patients showed significant improvements, with
only 1 patient not achieving satisfactory results.

The enhancement in patient's QoL is the most important outcome of surgical
treatment. It is directly related to the control of sweating and the intensity of
compensatory hyperhidrosis (CH)(27), with the level of intervention in the sympathetic
chain being the most relevant technical aspect for a satisfactory result .

The present study assessed VATS at the level of the 4th and 5th costal arches,
and the post-operative analysis showed a significant reduction in palmoplantar sweating
in practically all of the sample studied. Nicolini et al. , in a review article, pointed to a
trend towards intervention at this level, mainly for treating palmar HH, which has been
reaffirmed in several other studies (28).

In the context of plantar HH, VATS has shown inconsistent results. In a
retrospective multicenter study, Chen et al. reported a 29.3% improvement in plantar
sweating with thoracic sympathectomy (29), involving different surgical techniques. In
another study, 40 patients underwent sympathectomy to treat HH. Approximately 45%
of the patients had an decrease in plantar sweating, 32% maintained stable sweating,
and around 22% experienced a worsening condition (30). This present study indicated
an overall improvement in symptoms in roughly 66% of the patients. While VATS is not
specifically targeted at plantar sweating, a significant percentage of patients may
experience improvement.

The objective assessment of sweating was carried out using the EDAcw
following the guidelines of the Society for Psychophysiological Research (31) to prevent
possible extrinsic and intrinsic factors that could bias the results. The levels of EDAcw
were significantly higher in the hands and feet in the group with HH compared to the
group without HH, showing a strong clinical correlation. In a study by Manca et al. (32),
EDA was analyzed using the endosomatic technique in 10 participants with HH and 10
without HH, aged between 26 and 50. They found that the group with HH exhibited
more sympathetic responses and a shorter response latency time after sensory
stimulation.

EDA is an objective measure of sympathetic activity in the eccrine sweat glands.
Its electrophysiological origin is in the thermoregulatory center of the hypothalamus, but
it is influenced by the entire cerebral cortex, especially the limbic system (33). Dooren et
al. (34) evaluated the EDA of 17 participants in 16 dermatomes simultaneously for 3
minutes at each site, showing the relationship between this measurement and the
density of the sweat glands and their level of stimulation. In a comparative study,
Machado-Moreira et al. (35) found that it increased earlier than sweat levels, in 4


https://doi.org/10.1101/2024.06.16.24309007

medRxiv preprint doi: https://doi.org/10.1101/2024.06.16.24309007; this version posted June 18, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

dermatomes of 14 participants, in response to an increase in body temperature,
suggesting that this measurement precedes the presence of sweat.

Skin conductance (SC) is the key electrophysiological measurement analyzed in
EDA. It can be obtained using exosomatic or endosomatic techniques, depending on
whether or not an electrical current needs to be applied. This measurement is classified
as skin conductance level, which represents slow and gradual variations in SC and is
considered the baseline or “background” level of sympathetic activity, and skin
conductance response or skin sympathetic response, which involves a sudden increase
in the amplitude of skin conductance that can occur spontaneously (non-specific) or due
to a specific stimulus (specific) (36).

Regarding the effects of thoracic sympathectomy on EDA, Lefaucheur et al. (37)
showed a decrease in the amplitude of sympathetic responses in the hands on the side
submitted to sympathectomy, as well as on the non-operated side. This suggests a
neural plastic change at the central level of synaptic connections after surgery.
However, there were no significant changes in the feet. On the other hand, Lewis et al.
(38) did not find significant differences in EDA after VATS in 26 patients with HH.

In the present study, using the EDAcw, we detected a significant reduction in SC
measurements in the hands and feet. This reduction was more pronounced on the first
postoperative day compared to the thirtieth day, suggesting a neural plastic modification
throughout the sympathetic chain after thoracic sympathectomy that changes over time.

EDAcw measurements have proven to be effective in assessing sympathetic
activity in the sweat glands and, consequently, the intensity of sweating, in a sensitive
and accurate manner. Therefore, EDAcw can be considered a valuable tool for
objectively evaluating patients with HH. The new instruments capable of measuring
EDAcw in a continuous and simple way in various clinical scenarios and interfacing with
a computer system make it possible not only to assess it in real time but also to store
the data in a cloud. This enables review of the obtained measurements and analysis of
other electrophysiological measurements. These features can contribute to a better
understanding of the pathophysiology of HH and facilitate the classification and
determination of the therapeutic approach, especially in relation to the different thoracic
sympathectomy techniques.

7. CONCLUSION
Continuous electrodermal activity without external stimulus (EDAcw) proved to

be a sensitive and efficient objective measure for evaluating patients with primary HH
who underwent VATS in G4.

8. REFERENCES


https://doi.org/10.1101/2024.06.16.24309007

medRxiv preprint doi: https://doi.org/10.1101/2024.06.16.24309007; this version posted June 18, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

10.

I1.

12.

13.

14.

15.

16.

All rights reserved. No reuse allowed without permission.

Hornberger J, Grimes K, Naumann M, Anna Glaser D, Lowe NJ, Naver H, et al
Recognition, diagnosis, and treatment of primary focal hyperhidrosis. ] Am Acad Dermatol.
agosto de 2004;51(2):274-86.

Ghandali E, Hosseini SM, Moghimi HR, Khademi-Kalantari K, Talebian Moghadam S,
Baghban AA, et al. Intra tester reliability of sympathetic skin responses in subjects with
primary palmar hyperhidrosis. ] Bodyw Mov Ther. outubro de 2020;24(4):57—-62.

Parashar K, Adlam T, Potts G. The Impact of Hyperhidrosis on Quality of Life: A Review of
the Literature. Am J Clin Dermatol. margo de 2023;24(2):187-98.

Wolosker N, Teivelis MP, Krutman M, de Paula RP, Kauffman P, de Campos JRM, et al.
Long-term results of the use of oxybutynin for the treatment of plantar hyperhidrosis. Int J
Dermatol. 2015;54(5):605—11.

Wolosker N, Teivelis MP, Krutman M, de Paula RP, de Campos JRM, Kauffman P, et al.
Long-term results of oxybutynin treatment for palmar hyperhidrosis. Clin Auton Res Off J
Clin Auton Res Soc. dezembro de 2014;24(6):297-303.

Milanez de Campos JR, Kauffman P, Gomes O, Wolosker N. Video-Assisted Thoracic
Sympathectomy for Hyperhidrosis. Thorac Surg Clin. agosto de 2016;26(3):347-58.

Ishy A, de Campos JRM, Wolosker N, Kauffman P, Tedde ML, Chiavoni CR, et al.
Objective evaluation of patients with palmar hyperhidrosis submitted to two levels of
sympathectomy: T3 and T4. Interact Cardiovasc Thorac Surg. abril de 2011;12(4):545-8.
Burckhardt CS, Anderson KL. The Quality of Life Scale (QOLS): Reliability, Validity, and
Utilization. Health Qual Life Outcomes. 23 de outubro de 2003;1:60.

Varella AYM, Fukuda JM, Teivelis MP, Campos JRMD, Kauffman P, Cucato GG, et al.
Translation and validation of Hyperhidrosis Disease Severity Scale. Rev Assoc Medica Bras
1992. dezembro de 2016;62(9):843-7.

de Campos JRM, da Fonseca HV'S, Wolosker N. Quality of Life Changes Following Surgery
for Hyperhidrosis. Thorac Surg Clin. novembro de 2016;26(4):435-43.

Keller SM, Bello R, Vibert B, Swergold G, Burk R. Diagnosis of palmar hyperhidrosis via
questionnaire without physical examination. Clin Auton Res Off J Clin Auton Res Soc.
junho de 2009;19(3):175-81.

Dobosz L., Stefaniak T, Halman J, Piekarska A. Differences in subjective and objective
evaluation of hyperhidrosis. Study among medical students. Postepy Dermatol Alergol.
outubro de 2020;37(5):700-4.

Miotto A, Honda PAA, Bachichi TG, Holanda CS, Neto EE, Perfeito JAJ, et al. Comparative
study of transepidermal water loss in patients with and without hyperhidrosis by
closed-chamber measurer in an air-conditioned environment. Einstein Sdo Paulo. 30 de
outubro de 2018;16(4).

Caruelle D, Gustafsson A, Shams P, Lervik-Olsen L. The use of electrodermal activity
(EDA) measurement to understand consumer emotions — A literature review and a call for
action. J Bus Res. 1° de novembro de 2019;104:146-60.

Sakiyama BYP, Monteiro TV, Ishy A, Campos JRM de, Kauffman P, Wolosker N.
Quantitative assessment of the intensity of palmar and plantar sweating in patients with
primary palmoplantar hyperhidrosis. J Bras Pneumol Publicacao Of Soc Bras Pneumol E
Tisilogia. 2012;38(5):573-8.

Kong Y, Posada-Quintero HF, Chon KH. Sensitive Physiological Indices of Pain Based on
Differential Characteristics of Electrodermal Activity. IEEE Trans Biomed Eng. outubro de
2021;68(10):3122-30.


https://doi.org/10.1101/2024.06.16.24309007

medRxiv preprint doi: https://doi.org/10.1101/2024.06.16.24309007; this version posted June 18, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

17. Boucsein W. Electrodermal Activity [Internet]. Boston, MA: Springer US; 2012 [citado 26
de margo de 2024]. Disponivel em: https://link.springer.com/10.1007/978-1-4614-1126-0

18. Schestatsky P, Callejas MA, Valls-Solé J. Abnormal modulation of electrodermal activity by
thermoalgesic stimuli in patients with primary palmar hyperhidrosis. J Neurol Neurosurg
Psychiatry. janeiro de 2011;82(1):92—6.

19. Tronstad C, Gjein GE, Grimnes S, Martinsen @G, Krogstad AL, Fosse E. Electrical
measurement of sweat activity. Physiol Meas. 1° de junho de 2008;29(6):S407—15.

20. Kamudoni P, Mueller B, Salek MS. The development and validation of a disease-specific
quality of life measure in hyperhidrosis: the Hyperhidrosis Quality of Life Index
(HidroQOL®©). Qual Life Res Int J Qual Life Asp Treat Care Rehabil. abril de
2015;24(4):1017-27.

21. Wolosker N, Yazbek G, de Campos JRM, Munia MA, Kauffman P, Jatene FB, et al. Quality
of life before surgery is a predictive factor for satisfaction among patients undergoing
sympathectomy to treat hyperhidrosis. J Vasc Surg. maio de 2010;51(5):1190-4.

22. Lima SO, Neto JM, Fontes LM, Galrdao de Almeida Figueiredo MB, Santos JM, Santana VR.
Evaluation of quality of life (QOL) of young patients with primary hyperhidrosis (PH)
before and after endoscopic thoracic sympathectomy (ETS). J Am Acad Dermatol. maio de
2023;88(5):¢197-201.

23. Wolosker N, de Campos JR, Kauffman P, Neves S, Yazbek G, Jatene FB, et al. An
alternative to treat palmar hyperhidrosis: use of oxybutynin. Clin Auton Res Off J Clin
Auton Res Soc. dezembro de 2011;21(6):389-93.

24. Wolosker N, Teivelis MP, Krutman M, de Paula RP, Schvartsman C, Kauffman P, et al.
Long-Term Efficacy of Oxybutynin for Palmar and Plantar Hyperhidrosis in Children
Younger than 14 Years. Pediatr Dermatol. 2015;32(5):663-7.

25. Louzada ACS, da Silva MFA, Portugal MFC, Teivelis MP, Jerussalmy CS, Amaro E, et al.
Nationwide Cross-sectional Analysis of Endoscopic Thoracic Sympathectomy to Treat
Hyperhidrosis Over 12 years in Brazil: Epidemiology, Costs, and Mortality. Ann Surg. 1° de
fevereiro de 2023;277(2):e483-7.

26. Ribas Milanez de Campos J, Kauffman P, Wolosker N, Munia MA, de Campos Werebe E,
Andrade Filho LO, et al. Axillary hyperhidrosis: T3/T4 versus T4 thoracic sympathectomy
in a series of 276 cases. J Laparoendosc Adv Surg Tech A. dezembro de
2006;16(6):598—603.

27. Hamilton NN, Tedde ML, Wolosker N, Aguiar WWS, Ferreira HP da C, Oliveira HA de, et
al. A prospective controlled randomized multicenter study to evaluate the severity of
compensatory sweating after one-stage bilateral thoracic sympathectomy versus unilateral
thoracic sympathectomy in the dominant side. Contemp Clin Trials Commun. setembro de
2020;19:100618.

28. Nicolini EM, Costa V de O, Montessi J, Rodrigues G de A, Cangussu VV, Reis AFM, et al.
Video-assisted thoracic sympathectomy: literature review. Rev Col Bras Cir. 27 de maio de
2019;46(2):e2157.

29. Chen J, Liu Y, Yang J, Hu J, Peng J, Gu L, et al. Endoscopic thoracic sympathicotomy for
primary palmar hyperhidrosis: A retrospective multicenter study in China. Surgery.
dezembro de 2019;166(6):1092-8.

30. Wolosker N, Ishy A, Yazbek G, De Campos JRM, Kauffman P, Puech-Ledo P, et al.
Objective evaluation of plantar hyperhidrosis after sympathectomy. Clinics.
2013;68(3):311-5.


https://doi.org/10.1101/2024.06.16.24309007

medRxiv preprint doi: https://doi.org/10.1101/2024.06.16.24309007; this version posted June 18, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

31.

32.

33.

34.

35.

36.

37.

38.

All rights reserved. No reuse allowed without permission.

Boucsein W, Fowles DC, Grimnes S, Ben-Shakhar G, roth WT, Dawson ME, et al.
Publication recommendations for electrodermal measurements. Psychophysiology. agosto de
2012;49(8):1017-34.

Manca D, Valls-Solé J, Callejas MA. Excitability recovery curve of the sympathetic skin
response in healthy volunteers and patients with palmar hyperhidrosis. Clin Neurophysiol.
outubro de 2000;111(10):1767-70.

Posada-Quintero HF, Chon KH. Innovations in Electrodermal Activity Data Collection and
Signal Processing: A Systematic Review. Sensors. 15 de janeiro de 2020;20(2):479.

Van Dooren M, De Vries JIG (Gert J, Janssen JH. Emotional sweating across the body:
Comparing 16 different skin conductance measurement locations. Physiol Behav. maio de
2012;106(2):298-304.

Machado-Moreira CA, Barry RJ, Vosselman MJ, Ruest RM, Taylor NAS. Temporal and
thermal variations in site-specific thermoregulatory sudomotor thresholds: precursor versus
discharged sweat production. Psychophysiology. janeiro de 2015;52(1):117-23.

Tronstad C, Amini M, Bach DR, Martinsen OG. Current trends and opportunities in the
methodology of electrodermal activity measurement. Physiol Meas. 28 de fevereiro de
2022;43(2):02TRO1.

Lefaucheur JP, Fitoussi M, Becquemin JP. Abolition of sympathetic skin responses following
endoscopic thoracic sympathectomy. Muscle Nerve. maio de 1996;19(5):581-6.

Lewis DR, Irvine CD, Smith FC, Lamont PM, Baird RN. Sympathetic skin response and
patient satisfaction on long-term follow-up after thoracoscopic sympathectomy for
hyperhidrosis. Eur J Vasc Endovasc Surg Off J Eur Soc Vasc Surg. margo de
1998;15(3):239-43.


https://doi.org/10.1101/2024.06.16.24309007

medRxiv preprint doi: https://doi.org/10.1101/2024.06.16.24309007; this version posted June 18, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Table 1: The answers to the questionnaires (QoL and HDSS) and measurement of the EDA in
the control group and the sympathectomy group in each period analyzed (preoperative, first day
after surgery and thirtieth day after surgery).

Group Control Sympathectomy
Variables Before Surgery 1 Day After 30 Days After
Surgery Surgery
Quality of life - 87,5 (80,8 — 93,3) - 22,5 (20,8 — 28,5)
HDSS
Hands 1 4,0 (3,0-4,0) - 1,0 (1,0 — 1,0)
Feet 1 3,0 (3,0-4,0) - 2,0 (1,0-2,3)
EDA (average)
Hands 5,15 (2,0-2,8) 11,3 (6,6 — 13,3) 0,3(0,2-0,5) 1,3 (0,4 —3,9)
Feet 2,35 (1,6-1,9) 11,2 (5,9-12,4) 0,3 (0,2-0,5) 1,2 (0,4-3,7)
EDA (area)
Hands 186,3 (63,2 - 390,7) | 388,4 (284,3 —630,2) 56(1,1-17,9) 96,1 (20,0 — 130,0)
Feet 24,95 (10,8 — 156) | 352,1(278,7-647,7) 6,2 (1,3-18,4) 92,9 (18,0-128,6)

a Values expressed as median and interquartile range (P25-75); b Wilcoxon test; ¢ values expressed as mean and standard deviation; d paired t-test.

HDSS = Hyperhidrosis Disease Severity Scale
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Figure 1: mean skin conductance in the hands of 18 patients with palmar hyperhidrosis.
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Figure 2: skin conductance area in the hands of 18 patients with palmar hyperhidrosis.
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Figure 3: mean skin conductance in the feet of 8 patients with plantar hyperhidrosis and significant decrease in sweating.
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Figure 4: skin conductance area in the feet of 8 patients with plantar hyperhidrosis and significant decrease in sweating.
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Figure 5: mean skin conductance in the feet of 4 patients with plantar hyperhidrosis and slight decrease in sweating.
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Figure 6: mean skin conductance in the feet of 5 patients with plantar hyperhidrosis and no change in sweating.
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