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Background: Primary focal hyperhidrosis (PFH) is associated with autonomic nervous activity, and studies 
investigating this association in patients with PFH are very important. Heart rate variability (HRV) is a 
simple and noninvasive electrocardiographic test showing activity and balance in the autonomic nervous 
system, which consists of sympathetic and parasympathetic components. The aims of this study are to 
investigate associations between autonomic nervous activity and hyperhidrosis characteristics using HRV 
and to investigate the association between HRV findings and compensatory hyperhidrosis (CH) after 
sympathectomy. 
Methods: From March 2017 to March 2020, 105 subjects with PFH who underwent preoperative HRV 
tests and sympathectomy were analyzed. All subjects underwent bilateral thoracoscopic sympathectomy. 
T2 sympathectomy was conducted for craniofacial hyperhidrosis, and T3 sympathectomy was conducted 
for palmar hyperhidrosis. The following HRV parameters chosen to investigate the association between 
hyperhidrosis and autonomic nervous activity were measured by time and frequency domain spectral 
analysis: (I) time domain: standard deviation of normal-to-normal interval (SDNN) and square root of 
mean squared differences of successive normal-to-normal intervals (RMSSD), (II) frequency domain: total 
power (TP) of power spectral density, very low frequency (VLF), low frequency (LF), and high frequency 
(HF). HRV parameters were analyzed according to hyperhidrosis type (craniofacial vs. palmar type), sweat 
reduction, and CH after sympathectomy. In addition, the independent HRV parameters influencing CH 
after sympathectomy were investigated with multivariate analysis. 
Results: Craniofacial hyperhidrosis was significantly more prevalent in the old age group (P<0.001). 
Sweat reduction after sympathectomy was significantly more prominent in palmar hyperhidrosis (P=0.037), 
and CH after sympathectomy was more prominent in craniofacial hyperhidrosis (P<0.001). Palmar type 
patients exhibited significantly larger SDNN, RMSSD, TP, LF, and HF than craniofacial type patients (all 
P<0.001). There were no significant differences in any HRV parameters according to sweat reduction after 
sympathectomy. Low-degree CH was associated with significantly larger SDNN, RMSSD, TP, LF, and HF 
than high-degree CH (P<0.001, P<0.001, P=0.002, P=0.001, and P<0.001, respectively). Multivariate analysis 
showed that HF and age group were associated with CH after sympathectomy (P=0.007 and P=0.010, 
respectively).
Conclusions: This study shows that HRV can provide useful insight into the pathophysiology of PFH and 
enhance preoperative risk stratification of CH. Large-scale, prospective studies are required to determine the 
predictive value of HRV in patients at risk for subsequent CH after sympathectomy. 
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Introduction

Primary focal hyperhidrosis (PFH) is a common condition 
characterized as uncontrolled, excessive sweating in 
symmetric patterns in the hands, axillae, craniofacial region, 
and feet (1). The pathophysiology of PFH remains unclear, 
and various etiologies have been suggested (1,2). Minimally 
invasive thoracoscopic sympathetic blockade is widely 
accepted for severe PFH when other medical treatments 
fail (2,3). This procedure is usually conducted by bilaterally 
ablating the second and third thoracic sympathetic ganglia 
with sympathetic efferent to affected areas with or without 
other procedures (3-5). The outcomes of this procedure are 
highly satisfactory, but compensatory hyperhidrosis (CH) 
remains a devastating complication (4,6). The incidence 
of CH is very high, occurring in up to 98% of cases, and 
results in dissatisfaction with the treatment and regret (7,8). 
While many studies have tried to overcome CH, it remains 
problematic (4,9,10). 

PFH is associated with autonomic nervous activity 
(1,11-16). Heart rate variability (HRV) measures the 
physiologic variation in time intervals between consecutive 
instantaneous heart beats in milliseconds (17,18). HRV 
is a simple and noninvasive electrocardiographic test 
showing activity and balance of the autonomous nervous 
system, which consists of sympathetic and parasympathetic 
components (17-19). Because the second and third 
sympathetic thoracic ganglia innervating the heart are 
ablated in sympathectomy, most previous studies have 
investigated changes in HRV findings after sympathectomy 
(20-24). However, few studies about associations between 
autonomic nervous activities, PFH characteristics, and 
postoperative outcomes have been performed. In particular, 
the association between autonomic nervous activities 
and CH remains unknown (12,14,22). The aims of this 
study are to investigate associations between autonomic 
nervous activity and PFH characteristics using HRV and to 
investigate the association between HRV findings and CH 
after sympathectomy. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/jtd-20-2038).

Methods

Subjects and sympathectomy

From March 2017 to March 2020, all patients with PFH 
who underwent preoperative HRV tests and sympathectomy 
were reviewed. Inclusion criteria for this study were as 
follows: (I) PFH in the craniofacial region and hands, 
(II) no previous intrathoracic procedure, (III) no routine 
administration of medicines, such as antihypertensive 
drugs, (IV) no alcohol, caffeinated beverages, or smoking 
one day before HRV test, and (V) no apparent socio-
psychological problem. Data on subject characteristics, 
disease status, operative procedures, and postoperative 
outcomes were collected using medical chart reviews and 
telephone inquiries. The telephone inquiry questionnaire 
consisted of degree of sweat reduction, recurrence of sweat, 
and degree and localization of CH. Sweat reduction was 
presented as improvement and a recurrence or failure (no 
sweat reduction). The degrees of CH were presented as 
low (negligible and mild) and high (moderate and severe). 
Hyperhidrosis type was determined by chief complaint 
and all subjects underwent bilateral thoracoscopic 
sympathectomy. T2 sympathectomy was conducted for 
craniofacial hyperhidrosis and T3 sympathectomy was 
conducted for palmar hyperhidrosis (4). Postoperative 
outcomes in all subjects were routinely evaluated one month 
after sympathectomy. 

Measurement of HRV 

HRV tests were performed to investigate the association 
between PFH and autonomic nervous activity. HRV tests 
were conducted using the SA-3000P model (Medi-core, 
Seoul, Korea). Each subject was comfortably seated on a 
chair, electrodes were positioned on the bilateral wrists and 
left foot for five minutes to obtain HRV measurements. The 
subject was guided to breathe as usual during the HRV test. 
The following HRV parameters chosen for investigation 
of the association between hyperhidrosis and autonomic 
nervous activity were measured by time and frequency 
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domain spectral analysis (17,18): (I) time domain: standard 
deviation of normal-to-normal interval (SDNN) and square 
root of mean squared differences of successive NN intervals 
(RMSSD), (II) frequency domain: total power (TP) of power 
spectral density in range of frequencies between 0 and 0.4 Hz, 
very low frequency (VLF) of power spectrum range between 
0.0033 and 0.04 Hz, low frequency (LF) of power spectrum 
range between 0.04 and 0.15 Hz, and high frequency (HF) of 
power spectrum range between 0.15 and 0.4 Hz. 

Statistical considerations and ethical statement

All data are shown as mean ± SD. One sample t-test is 
used to determine an autonomic dominance in each group. 
Student’s t-tests were conducted to compare groups with 
continuous independent variables. The chi-square test was 
performed to investigate relationships between groups with 
categorical variables. To identify independent influencing 
parameters for CH, multivariate analysis was performed 
using the binary logistic regression test (backward method). 
The results were evaluated using the Statistical Package of 
Social Sciences version 22.0 (SPSS, IBM Corp., NY, USA) 
with 0.05 considered the value of significance. Participants 
gave informed consent before taking part and approval from 
Uijeongbu Saint Mary’s Hospital Ethics Committee was 
obtained for this study (approval number: UC20RISI0074). 
The study conformed to the provisions of the Declaration 
of Helsinki (as revised in 2013).

Results

A total of 105 ethnically Korean subjects were included in the 
study. The mean age of study subjects at sympathectomy was 
30.1 (±15.2) years and the mean observation period was 15.3 
(±7.7) months. Of included subjects, 61 were male and 44 were 
female. PFH types included 34 craniofacial and 71 palmar cases. 
The conventional procedure using two-port thoracoscopic 
sympathectomy was performed in all cases. Craniofacial 
hyperhidrosis was significantly more prevalent in the old 
age group (P<0.001). Sweat reduction after sympathectomy 
was significantly more prominent in palmar hyperhidrosis 
(P=0.037), and CH after sympathectomy was more prominent 
in craniofacial hyperhidrosis (P<0.001). The summarized clinical 
characteristics of study subjects are presented in Table 1.

Association between HRV parameters and PFH types

There were significant differences in some HRV parameters 

according to PFH type. Palmar PFH was associated with 
significantly greater SDNN (P<0.001), RMSSD (P<0.001), 
TP (P<0.001), LF (P<0.001), and HF (P<0.001). These 
findings suggest that autonomic nervous activities differ 
according to PFH type. Sympathetic nervous activation 
dominated in overall subjects (P<0.001) and in each 
hyperhidrosis type (both P<0.001), while autonomic nervous 
imbalance was increased in craniofacial type (P=0.002) 
(Figure 1 and Table 2). Comparisons of HRV parameters 
between craniofacial and palmar PFH are summarized in 
Table 2. 

Association between HRV parameters and sweat reduction 
after sympathectomy

The improved group and unchanged or recurrent group 
contained 100 and 5 subjects, respectively. Associations 
between sweat reduction and HRV parameters after 
sympathectomy were analyzed. There was no significant 
difference in HRV parameters according to sweat reduction 
after sympathectomy (Table 3). 

Association between HRV parameters and CH after 
sympathectomy

The low and high groups of CH contained 78 and 27 
subjects, respectively. CH after sympathectomy was more 
prominent in craniofacial type (P<0.001). Associations 
between CH and HRV parameters after sympathectomy 
were analyzed. Some parameters were significantly larger 
in the low degree of CH group (SDNN P<0.001, RMSSD 
P<0.001, TP P=0.002, LF P<0.001, and HF P<0.001) 
than in the high degree of CH group. Autonomic nervous 
balance differed according to degree of CH (P=0.033)  
(Table 4 and Figure 2). 

Multivariate analysis for the independent influencing 
factors of CH using HRV parameters

Univariate analysis showed that some time domain factors 
(SDNN, RMSSD) and frequency domain factors (TP, 
LF, and HF) were associated with degree of CH. To 
investigate the independent influencing factors for CH after 
sympathectomy, a multivariate analysis was conducted using 
a binary logistic regression test (backward method). Because 
HRV parameters are dependent on age and sex, covariates 
for a binary logistic regression test included significant 
factors in the univariate analysis, age groups, and sex. The 
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multivariate analysis showed that HF and age group were 
associated with CH after sympathectomy (P=0.007 and 
P=0.010, respectively) (Table 5). 

Discussion

Although the exact etiology of PFH has not been 
established, it is thought to be associated with autonomic 
nervous activity (1,11-16). However, associations between 
autonomic nervous activity and PFH remain unclear. 
Investigations of these associations are required to increase 
understanding of the characteristics of PFH (1,21). HRV 
is a physiologic phenomenon reflecting autonomic nervous 
activities (17-19). HRV is predictive for certain conditions, 
such as mortality after cardiovascular disease, and prognostic 
for many other diseases (17,18,25). While previous studies 
have investigated HRV in PFH, many aspects of HRV in 
PFH remain unknown, and its clinical usage in PFH is very 

Table 1 The overall clinical characteristics of the study subjects

Variables
Hyperhidrosis

P value
Craniofacial type (n=34) Palmar type (n=71)

Age (year) 48.2 (±8.3) 21.4 (±8.7) <0.001

Age group <0.001

Young group (≤30 years old) 2 60

Old group (>30 years old) 32 11

Sex 0.140

Male 16 45

Female 18 26

Level of sympathectomy <0.001

T2 34 0

T3 0 71

Sweat reduction 0.037

Improved 30 70

No changed or recurred 4 1

Degree of compensatory hyperhidrosis <0.001

Low 12 66

High 22 5
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1.00

0.00
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Craniofacial hyperhidrosis Palmar hyperhidrosis

Autonomic nervous activation

Sympathetic activation
Parasympathetic activation

Figure 1 Sympathetic nervous activation is more dominant 
in overall PFH and in each primary focal hyperhidrosis type. 
Sympathetic nervous activation and autonomic nervous 
unbalance are increased in craniofacial PFH. PFH, primary focal 
hyperhidrosis.
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Table 2 Comparisons of HRV parameters between craniofacial and palmar type 

Parameters
Primary focal hyperhidrosis type

P value
Craniofacial Palmar

SDNN (ms) 30.4±14.2 47.4±17.0 <0.001

RMSSD (ms) 21.4±12.5 44.5±22.5 <0.001

TP (ms2) 880.2±824.1 2,066.3±1,562.3 <0.001

VLF (ms2) 653.0±741.0 980.3±998.7 0.093

LF (ms2) 215.9±214.7 556.1±439.4 <0.001

HF (ms2) 110.4±113.2 616.5±715.7 <0.001

Autonomic dominance

Sympathetic 29 43 0.013

Parasympathetic 5 28

HRV, heart rate variability; SDNN, standard deviation of the normal-to-normal interval; RMSSD, square root of the mean squared 
differences of successive NN intervals; TP, total power; VLF, very low frequency; LF, low frequency; HF, high frequency. 

Table 3 Comparison of HRV parameters according to degree of sweat reduction after sympathectomy

Variables
Sweat reduction

P value
Improved Unchanged or recurrent

SDNN (ms) 42.5±17.9 29.3±15.4 0.109

RMSSD (ms) 37.7±22.6 24.8±17.8 0.215

TP (ms2) 1,721.5±1,488.7 896.9±862.0 0.223

VLF (ms2) 893.5±946.3 491.6±493.1 0.349

LF (ms2) 452.9±418.0 307.0±275.6 0.443

HF (ms2) 470.3±647.2 98.7±93.5 0.204

Autonomic dominance

Sympathetic 68 4 0.674

Parasympathetic 32 1

HRV, heart rate variability; SDNN, standard deviation of the normal-to-normal interval; RMSSD, square root of the mean squared 
differences of successive NN intervals; TP, total power; VLF, very low frequency; LF, low frequency; HF, high frequency.

limited (14,21,22,24). 
Despite the outstanding results of sympathectomy, CH 

remains the most devastating postoperative complication. 
CH has a considerable prevalence rate and is the main 
cause of dissatisfaction after sympathectomy (3,4,6,8). Many 
studies have investigated prevention of CH and suggested 
risk factors associated with CH (4,5,7,9,26). Extent, level, 
and total number of sympathectomy procedures as well 
as body mass index have been suggested to be associated 
with CH (4,5,7). However, CH is not well understood, and 

prevention of CH is essential to manage PFH (4,8). Because 
PFH and autonomic nervous activity are associated, an 
association between CH and autonomic nervous activity 
is also possible. Therefore, it is important to investigate 
potential associations using HRV. However, no study has 
used HRV to investigate CH. To the best of our knowledge, 
this is the first study of CH after sympathectomy using 
HRV tests. 

The present study showed that CH and PFH are 
definitively associated with autonomic nervous activities. 
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First, craniofacial PFH was more prevalent in the old age 
group. After sympathectomy, sweat reduction was more 
prominent in palmar type and CH was more prominent 
in craniofacial type PFH (4,7). HRV findings suggested 
that autonomic nervous activation differed according to 
PFH type. Sympathetic nervous activation and autonomic 
nervous unbalance were increased in craniofacial PFH. 
Second, sweat reduction was more prominent in the young 
group (4,7,9). However, there was no significant association 
between sweat reduction after sympathectomy and HRV 
findings. The association was likely not identified due to 
the high success rate of sympathectomy and small sample 
size. Third, some HRV parameters were associated with 

CH after sympathectomy. Only HF of HRV parameters 
and age group were included as significant independent 
influencing factors for CH after sympathectomy. HF 
reflects parasympathetic activity and is known as a 
‘respiratory’ band because it corresponds to NN variations 
caused by respiration regulation (17,18). Although sweating 
secretion is caused by sympathetic nervous activation 
innervating eccrine sweat glands, this finding shows that 
parasympathetic regulation or activity is involved in the 
pathogenesis of CH (1,2). HRV tests were helpful for 
prediction of CH after sympathectomy. 

This study has some limitations, including that it was 
conducted at a single center, was non-randomized, was 
retrospective, and included a small sample size for many 
parameters. In addition, the HRV test is influenced by 
various conditions that may result in statistical errors. We 
tried to minimize errors by using strict inclusion criteria. 

Conclusions

This study shows that HRV has the considerable 
potential to supply additional useful insight into the 
pathophysiology of PFH and enhance preoperative risk 
stratification of CH. Large-scale, prospective studies are 
required to determine the predictive value of HRV in 
patients at risk for subsequent CH after sympathectomy. 
HRV studies on PFH will enhance our understanding of 
the pathophysiology of PFH, sympathectomy outcomes, 
and CH mechanisms.

Table 4 Comparison of HRV parameters according to degree of compensatory hyperhidrosis after sympathectomy

Variables
Compensatory hyperhidrosis

P value
Low degree High degree

SDNN (ms) 45.7±17.3 31.0±15.3 <0.001

RMSSD (ms) 41.7±23.2 23.7±13.5 <0.001

TP (ms2) 1,901.9±1,541.5 1,047.8±1,038.1 0.002

VLF (ms2) 913.9±949.5 760.3±888.2 0.463

LF (ms2) 509.7±436.4 261.7±263.0 0.001

HF (ms2) 566.6±700.8 123.4±125.6 <0.001

Autonomic dominance

Sympathetic 49 23 0.033

Parasympathetic 29 4

HRV, heart rate variability; SDNN, standard deviation of the normal-to-normal interval; RMSSD, square root of the mean squared 
differences of successive NN intervals; TP, total power; VLF, very low frequency; LF, low frequency; HF, high frequency. 
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Figure 2 Sympathetic nervous activation dominated in both 
groups. Autonomic nervous unbalance is increased in the group 
with high degree of compensatory hyperhidrosis. 
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