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Abstract
Objective  We aimed to investigate compensatory hyperhidrosis (CH) and recurrence based on an online survey of patients 
who underwent endoscopic thoracic sympathicotomy(ETS) for palmar and/or axillary hyperhidrosis.
Methods  We enrolled 231 patients who underwent ETS for palmar and/or axillary hyperhidrosis from January 2008 to April 
2021. Patients responded to an online questionnaire regarding CH and recurrence, their electronic medical records were 
reviewed. Logistic regression was performed to find the risk factors related to CH and recurrence.
Results  The median time of survey from surgery was 20 months. Although 94% of patients were satisfied with the surgery, 
86.1% experienced CH; of them, it was severe in 30.7%. Three months after surgery, there was no long-term change in the 
severity of CH. The development of CH showed a close relationship with age of 20 years or more (OR: 2.73). Recurrence 
occurred in 44(19.0%) patients, and the use of anti-adhesive agents was a significant preventive factor against recurrence 
after ETS (OR: 0.42).
Conclusions  We observed that CH and recurrence after ETS for palmar and/or axillary hyperhidrosis were relatively com-
mon. Age at the time of surgery was associated with CH, and the use of anti-adhesive agents showed to lower the risk of 
recurrence after ETS.

Keywords  Hyperhidrosis · Compensatory hyperhidrosis · Recurrent hyperhidrosis · Endoscopic thoracic sympathicotomy · 
Online survey

Endoscopic thoracic sympathicotomy (ETS) with inter-
ruption of the sympathetic chain is the treatment of choice 
for patients with primary hyperhidrosis [1]. Despite the 
successful outcome of ETS, compensatory hyperhidrosis 
(CH), which produces subjective and objectively increased 
sweating in other body segments that did not have hyperhi-
drosis prior to surgery, is a well-known side effect. Recur-
rence after surgery, which occurs with re-sweating on the 
affected area, is also common cause of dissatisfaction among 
patients who underwent ETS [2]. Therefore, other treatment 

modalities have been introduced and explored to avoid or 
manage CH and recurrent hyperhidrosis [3,4].

The rate of CH after ETS has been shown to range from 3 
to 100% [1,5,6]. Previous studies evaluating the risk factors 
related to CH have paid particular attention to the level of 
sympathicotomy, age, body mass index, sympathetic gan-
glion excitability, or type of surgery [7–11]. Meanwhile, the 
recurrence rate of hyperhidrosis after ETS has been reported 
to range from 0 to 65% [12,13]. To investigate the possible 
factors causing recurrence, previous studies focused on the 
strategy and completeness of surgery [1].

In this study, we aimed to investigate the incidence, sever-
ity, distribution, and temporal aspect of CH based on an 
online survey of patients who underwent ETS for palmar 
and/or axillary hyperhidrosis. Moreover, we also analysed 
our surgical strategy in detail to identify possible preventive 
factors for recurrence after ETS.
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Methods

Study population and design

An online survey questionnaire request was sent to patients 
who previously underwent ETS for palmar and/or axil-
lary hyperhidrosis at our institution between January 2008 
and April 2021. Informed consent was received via an 
online process; then, their electronic medical records were 
reviewed. A text message, which explained the purpose 
of the study, was sent via U-severance 3.0 Information 
Technology Service Management in our institution. This 
study was approved by the Institutional Review Board of 
our institution (Approval No. 3–2021-0018). Of the 826 
eligible patients, 248 (30.0%) patients consented to partici-
pate in the study and answered the online questionnaire. 
Of the 248 respondents, 231 (93.1%) patients answered all 
the questions appropriately, and as such, they were finally 
included in this study.

Online survey

The online survey was performed using Google Forms, 
and code numbers were used to avoid disclosing patients’ 
names or other personally identifiable information. The 
questionnaire contained 35 questions in 6 sections: demo-
graphic variables, preoperative treatment, current sta-
tus of palmar and/or axillary hyperhidrosis, concurrent 
hyperhidrosis (e.g., gustatory or plantar), compensatory 
hyperhidrosis, and recurrence after surgery. To assess the 
severity of hyperhidrosis, we used the Hyperhidrosis Dis-
ease Severity Score (HDSS) [14]. The HDSS has only one 
question with four options; hence, it is an easy method 
to assess the severity of hyperhidrosis. Additionally, this 
method has been validated in other studies, and it is the 
most commonly used assessment tool for hyperhidrosis 
[15]. The four scores in HDSS were as follows:

(1) HDSS 1: My sweating is never noticeable and never 
interferes with my daily activities.

(2) HDSS 2: My sweating is tolerable but sometimes 
interferes with my daily activities.

(3) HDSS 3: My sweating is barely tolerable and fre-
quently interferes with my daily activities.

(4) HDSS 4: My sweating is intolerable and always 
interferes with my daily activities.

We reviewed participants' electronic medical records to 
have more precise information in terms of the quality of 
life and complications, such as recurrence or compensa-
tory hyperhidrosis. When there was a discrepancy between 
the online answers and medical records, we prioritized the 
information on the medical records to minimize possible 

biases from patients. However, respondents who had sur-
gery prior to 2019 did not have sufficient data due to lim-
ited information.

Surgery

Under general anaesthesia, all patients underwent ETS using 
a bilateral simultaneous two-portal video-assisted thoraco-
scopic surgery (VATS). From January 2008 to July 2014, 
R3 or R4 clipping was performed. However, our institution 
had adopted a new approach starting in November 2014, 
whereby it shifted to R4 or R4-R5 sympathicotomy as the 
principal surgical strategy. Patients were put in a semi-seated 
position and two 3 mm incisions were made on each side; 
one for the thoracoscope at the 4th intercostal space (ICS) 
on the mid-axillary line, and another for instruments at the 
3rd ICS on the anterior axillary line. After the installation of 
carbon dioxide gas, sympathicotomy was performed. The 
transection range was extended by about 2 cm, laterally 
along the surface with continuity from the sympathicotomy 
lesion, to complete the interruption of the potential bypass 
nerve fibers. We routinely conducted the operation on the 
right side first to view the imbalanced innervation of the 
heart by bilateral sympathetic nerves. In addition, we started 
using anti-adhesive agents beginning in September 2018, 
after observing severe lung adhesion around the sympathico-
tomy area of patients who revisited for a second surgery due 
to recurrence. The same procedure was performed on the 
left side. To prevent visceral pleural adhesion at the sym-
pathicotomy site, we sprayed an anti-adhesive barrier agent 
(hyaluronic acid, InterBlock, BioPlus Company, Seongnam, 
South Korea) onto the sympathicotomy site, using a long-
dispensing needle. This measure was taken because we 
firmly believe that visceral pleural adhesion after sympa-
thicotomy may be a dominant contributing factor to recur-
rence. After the completion of ETS, a 10-Fr chest tube was 
placed in the pleural cavity, while inflating the lungs, and 
the chest tube was removed once the air ceased to escape. 
Postoperative routine chest radiography was obtained in all 
patients prior to extubation in the operating room to detect 
signs of pneumothorax. Most patients were discharged on 
the same day or the following day.

Statistical analysis

All continuous variables were analyzed after testing the nor-
mality using the Shapiro–Wilk test. Continuous variables 
were expressed as the median and interquartile ranges, or 
the mean and standard deviation. Categorical variables 
were indicated as counts or percentages of patients in the 
group. Mann–Whitney test or two-sample t-test was used to 
analyse continuous variables, and the Chi-square test or the 
Fisher’s exact test was used to analyse categorical variables. 
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To analyse the temporal change of CH, we used the Fried-
mann test by comparing the proportion of patients in differ-
ent HDSS scores by three time periods (1 month, 3 months, 
and 12 months). Post-hoc analysis was done through the 
Bonferroni method. Logistic regression was performed to 
find risk factors related to CH and recurrence. Age, which 
was a continuous variable, was transformed to categorical 
variables with the cut-off of 20 after analyzing its relevance 
in CH and receiver operating characteristic curve. R package 
version 4.0.5 was used for statistical analysis, and a p-value 
of less than 0.05 was defined as statistically significant.

Results

The general outcome of surgery

Of the 231 patients who were enrolled in this study, half of 
them (52.8%) were male and the median age was 23 years 
[interquartile range (IQR): 19–28]. The median time of 
the survey from surgery was 20 months (IQR: 13 -38.5). 
More than three-quarters of patients (n = 188, 81.4%) had 

received other treatments before surgery; 34 (14.7%) of 
them had tried more than three treatment methods. Table 1 
shows the preoperative treatments and the main reason for 
surgery. The most frequent treatment prior to surgery was 
topical use of aluminium chloride solution (68.0%), fol-
lowed by herbal medicine (33.8%), botulinum toxin injec-
tion (18.2%), oral medication (16.5%), and iontophoresis 
(10%). Sixteen percent of patients chose surgery due to 
substantial inconvenience related to their jobs requiring 
heavy use of hands; for example, a physical therapist, a 
music performer, or a technician.

Within two weeks of surgery, 82 patients (35.5%) 
reported CH, 9 (3.9%) patients complained of severe post-
operative pain, and 43 (18.6%) experienced dry hands. 
Most patients were discharged within 1 day after surgery, 
and there was no Horner syndrome and no major adverse 
events (Table 2). When patients were asked about their sat-
isfaction regarding to the quality of life after surgery, 94% 
replied that they were content with surgery; the median 
satisfaction score was 5 out of 5 (IQR: 4–5) (Fig. 1). The 
median degree of current perspiration at their axilla or 
hands was 10% (IQR: 5.0–30.0) when the preoperative 
degree was considered as 100%.

Table 1   Preoperative experience of patients

Number of preoperative treatments No %

None 43 18
One 85 37
Two 69 30
Three and more 34 15

Type of preoperative treatments No % of total

None 43 18.6
Aluminum Chloride solution 157 68.0
Herbal medicine 78 33.8
Botox 42 18.2
Oral medication(eg. Oxybutin) 38 16.5
Iontophoresis 23 10.0
Surgery 7 3.0
Others 1 0.4

Reason for surgery No % of total

Failure of other treatments 117 50.6
Difficulty of maintaining previous treatments 113 48.9
Side effects of others 15 6.5
Inconvenience related to jobs 37 16.0
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Compensatory hyperhidrosis

A total of 199 (86.1%) patients had CH after ETS, and 
among them, 71 (30.7%) experienced severe CH, with 
HDSS of 3 or more. Figure 2 describes the areas that were 
frequently affected by CH. In brief, the areas affected by 

CH were as follows: upper back (24.7%), thigh (14.8%), 
chest (13.4%), and face (11.1%). In a comparison between 
patients with and without CH, there were less young 
patients aged 20 years or under in the CH group. How-
ever, there was no long-term difference between those with 
and without CH with respect to the palmar and/or axillary 
sweating grade and patients’ satisfaction score for surgery 
(Table 2 and 3).

After one month of surgery, 23.1% (46/199) of those 
with CH reported HDSS of 3 or more. The proportion of 
those with HDSS of 3 or more increased over time; 30.2% 
(60/199) at around three months, and 31.7% (63/199) at 
around the 1-year mark. The temporal change was signifi-
cant between one month and three months, but the differ-
ence was not as prevalent between three months and one 
year. Based on this, we could assume that CH manifests 
within the first three months after surgery (Table 4 and 
Fig. 3).

The risk factors included patients’ demographic vari-
ables (body-mass index, age, gender, height, weight, heart 
rate), the level of sympathicotomy, concurrent plantar or 
gustatory hyperhidrosis, and the use of an anti-adhesive 
agent in surgery. Multivariable analysis with logistic 
regression revealed that an age of 20 years or more (OR: 
2.73 [95% CI 1.27–5.85], P = 0.010) may be a significant 
risk factor for the occurrence of CH (Table 5).

Table 2   Treatment outcome of patients who underwent ETS for axilla or palmar hyperhidrosis

IQR Interquartile range, CH compensatory hyperhidrosis, ETS endoscopic thoracic sympathicotomy

Total (N = 231) Non-CH group 
(N = 32)

CH Group 
(N = 199)

P-value Non-
recurrence 
(N = 187)

Recurrence (N = 44) P-value

Early results(within 
2 weeks)

Postoperative Com-
plication

 CH, No. (%) 82 (35.5) 2 (6.3) 80 (40.2)  < 0.001 69 (36.9) 13 (29.5) 0.39
 Severe Pain, No. 

(%)
9 (3.9) 2 (6.3) 7 (3.5) 0.36 6 (3.2) 3 (6.8) 0.38

 Dryness, No. (%) 43 (18.6) 5 (15.6) 38 (19.1) 0.81 36 (19.3) 7 (15.9) 0.67
Long-term results
  Satisfaction score, 

median(IQR)
5 (4.0–5.0) 5 (4.0–5.0) 5 (4.0–5.0) 0.47 5 (4.0–5.0) 3.5 (3.0–5.0)  < 0.001

 Current sweating 
grade of primary 
lesion, %, median 
(IQR)

10 (5.0–30.0) 15 (10.0–25.0) 10 (5.0–30.0) 0.38 10 (3.0–20.0) 40 (30.0–70.0)  < 0.001

Recurrence 0.81 1.00
 No 187 (81.0) 27 (84.4) 160 (80.4) 27 (14.4) 6 (13.6)
 Yes 44 (19.0) 5 (15.6) 39 (19.6) 160 (85.6) 38 (86.4)

Operation to survey 
time, months, 
median(IQR)

20 (13–38.5) 16.5 (11–21.5) 21 (13–40) 0.028 20 (13–34) 32 (20.8–44.3) 0.002

Fig. 1   The satisfaction score of patients; Patients’ satisfaction of 
endoscopic thoracic sympathectomy in five categories; very good, 
good, moderate, poor, and very poor
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Recurrence after surgery

A total of 44 (19.0%) patients experienced recurrence of 
palmar and/or axillary hyperhidrosis. There was no differ-
ence between the recurrence and non-recurrence groups with 
respect to the demographic variables and preoperative char-
acteristics of hyperhidrosis. However, the recurrence group 
received more clipping than sympathicotomy, and there were 
fewer patients with R4 and R5 sympathicotomy in terms of 
the level of surgery (Table 5). The non-recurrence group also 
had more patients treated with an anti-adhesive agent. There 
was no difference in the early postoperative outcome, but 
patient’ long-term satisfaction was lower in the recurrence 
group (5[IQR 4–5] vs. 3.5[IQR 3–5], P < 0.001). Also, the 
current degree of palmar and/or axillar sweating was sig-
nificantly higher in the recurrence group (10[IQR 3–20]% 
vs 40[IQR 30–70]%, P < 0.001) (Table 2 and 3). Further-
more, multivariable analysis with logistic regression found 
that anti-adhesive agent (OR: 0.42 [95% CI 0.197 – 0.895], 
P = 0.025) was the only significant factor in reducing recur-
rence of hyperhidrosis (Table 5).

Discussion

The present study demonstrated the actual experiences of 
patients who underwent ETS at our institution. Based on 
an online survey regarding CH and recurrence, we were 
able to observe and analyse post-ETS problems of CH and 
recurrence. First, we were able to review how patients were 
treated before surgery. In this study population, 18% of 

patients had no previous treatment, and about half of them 
(45%) had received multiple prior treatments before ETS. 
Among preoperative modalities, herbal medicine accounted 
for 33.8%, representing a unique clinical characteristic of 
South Korea and neighboring eastern Asian countries. We 
also found that some patients were looking for surgery pri-
marily due to problems related to their jobs. This is mean-
ingful as it suggests that many hyperhidrosis patients are 
active members of the working group.

To the best of our knowledge, the potential effect of age 
on CH has not been investigated in previous studies. Leider-
man and colleagues reported better outcomes of sympathico-
tomy in older patients; however, this was mainly about the 
improvement in main lesions, not about CH [16]. If age plays 
a vital role in CH, as we suggested in this study, it could 
guide patients to have surgery as early as possible. Vascon-
selos-Castro et al. reported a good surgical outcome in 23 
patients under the age of 19 years [17]. Therefore, younger 
age can be an indication of better outcome in terms of symp-
tom improvement and reduced risk of CH development.

To understand the process of CH, several previous studies 
attempted to track the pattern or severity of CH through vari-
ous time periods. Chiou et al. reported that CH occurred at 
the median time of 8.2 weeks after surgery [18]. Our finding 
is in agreement with this because the severity of CH did not 
change after 3 months in this study. However, Bryant et al. 
described that the frequency of clinically bothersome CH 
peaked at one year postoperatively [6]. This was not verified 
in this study due to insufficient data after 1 year; future stud-
ies are warranted to further investigate the temporal aspects 
related to CH. The recurrence of hyperhidrosis after ETS 

Fig. 2   Regional distribution of 
compensatory hyperhidrosis 
(CH); The regional distribution 
of compensatory hyperhidrosis 
by number of areas involved
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Table 3   Patient characteristics and operative data of patients who underwent ETS

CH Compensatory hyperhidrosis, IQR interquartile range, SD standard deviation BMI body-mass index, HR heart rate, CVA cerebrovascular 
accident, GH gustatory hyperhidrosis, PH plantar hyperhidrosis, ETS endoscopic thoracic sympathicotomy

Total Non-CH group 
(N = 32)

CH group (N = 199) P-value Non-recurrence 
(N = 187)

Recurrence (N = 44) P-value

Demographic vari-
ables

Gender 0.71 0.50
 Female 109 (47.2) 14 (43.8) 95 (47.7) 86 (46.0) 23 (52.3)
 Male 122(52.8) 18 (56.2) 104 (52.3) 101 (54.0) 21 (47.7)

Age, years, 
median(IQR)

23 (19–28) 19.5 (18–24) 23 (20–29) 0.004 22 (19–27) 23 (19–28.3) 0.75

Age 20 or more, No, 
(%)

162 (70.1) 18 (56.2) 144 (72.4) 0.041 130 (69.5) 32 (72.7) 0.72

BMI, kg/
m2,median(IQR)

22 (20–24) 21 (20–23) 22 (20–24) 0.09 22 (20–24) 21 (20–24) 0.58

Height, cm, 
mean ± SD

168.1 ± 8.5 167.3 ± 8.1 168.3 ± 8.5 0.55 168.0 ± 8.4 168.0 ± 8.9 0.87

Weight, kg, 
median(IQR)

61.6 (53.0–72.0) 59.9 (50.7–68.7) 62.6 (53.3–72.0) 0.19 63.5 (53.0–72.0) 57.3 (52.5–68.9) 0.31

HR, bpm, 
median(IQR)

72 (64–82) 72 (61.8–81.3) 72 (64.5–81.5) 0.92 73 (64–82) 70 (64–77) 0.20

Smoking history,No.
(%)

0.14 0.21

 No 214(92.6) 32 (100.0) 182 (91.5) 171 (91.4) 43 (97.7)
 Yes 17(7.4) 0 (0.0) 17 (8.5) 16 (8.6) 1 (2.3)

Preoperative charac-
teristics

CVA history, No. (%) 1 (0.4) 0 (0.0) 1(0.5) 1.00 1 (0.5) 0 (0.0) 1.00
Heart disease, No. (%) 2 (0.9) 0 (0.0) 2(1.0) 1.00 2 (1.0) 0 (0.0) 1.00
Hyperhidrosis distri-

bution
0.28 0.20

Palmar, No. (%) 115 (49.8) 20 (62.5) 95(47.7) 92 (49.2) 23 (52.3)
Palmar + axillar, No. 

(%)
112 (48.5) 12 (37.5) 100(50.3) 93 (49.7) 19 (43.2)

Axillar only, No. (%) 4 (1.7) 0 (0.0) 4(2.0) 2 (1.1) 2 (4.5)
Concurrent GH, 

No.(%)
0.49 0.84

 No 180 (77.9) 27 (84.3) 153 (76.9) 145 (77.5) 35 (79.5)
 Yes 51 (22.1) 5 (15.7) 46 (23.1) 42 (22.5) 9 (20.5)

Concurrent PH, 
No.(%)

1 1.00

 No 12 (5.2) 1 (3.1) 11 (5.5) 10 (5.3) 2 (4.5)
 Yes 219 (94.8) 31 (96.9) 188 (94.5) 177 (94.7) 42 (95.5)

Operative variables
Strategy of surgery 0.37  < 0.001
 Clipping 11 (4.8) 0 (0) 11 (5.5) 4 (2.1) 7 (15.9)
 Sympathicotomy 220 (95.2) 32 (100) 188 (94.5) 183 (97.9) 37 (84.1)

Level of surgery 0.05 0.004
 R3 9 (3.9) 0 (0.0) 9 (4.5) 3 (1.6) 6 (13.6)
 R4 106 (45.9) 21 (65.6) 85 (42.7) 89 (47.6) 17 (38.6)
 R4 and R5 116 (50.2) 11 (34.4) 105 (52.8) 95 (50.8) 21 (47.8)

Use of Anti-adhesive 
agent, No. (%)

0.10 0.002

 No 74 (32.0) 6 (18.8) 68 (34.2) 51 (27.3) 23 (52.3)
 Yes 157 (68.0) 26 (81.2) 131 (65.8) 136 (72.7) 21 (47.7)
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Table 4   HDSS score of 
compensatory hyperhidrosis in 
different postoperative periods

HDSS Hyperhidrosis disease severity score, NA not available

HDSS score number of patients (%) Pairwise compari-
son, P-value

1 2 3 4 NA 1 month 3 months

Postoperative 
Period, no 
(%)

1 month 68 (29.4) 75 (32.5) 39 (16.9) 7 (3.0) 10 (4.2) ref  < 0.001
3 months 44 (19.1) 83 (35.9) 48 (20.8) 12 (5.1) 12 (5.1)  < 0 001 ref
1 year 42 (18.2) 69 (30.0) 48 (20.8) 15 (6.5) 22 (9.5)  < 0.001 0.12

Fig. 3   The temporal change of 
HDSS score in Compensatory 
Hyperhidrosis (CH); HDSS: 
Hyperhidrosis disease severity 
score[14], NA: not available. 
The proportion of compensatory 
hyperhidrosis severity using 
HDSS which measured in three 
different periods; 1 month, 
3 months, and 12 months

Table 5   Univariate and multivariable analysis for compensatory hyperhidrosis and recurrence

PH plantar hyperhidrosis, GH gustatory hyperhidrosis, R3 the third level of rib, R4 the 4th level of rib, R5 the 5th level of rib

Variables Compensatory hyperhidrosis Recurrence after surgery

Univariate analysis Multivariable analysis Univariate analysis Multivariable analysis

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Male 0.92 (0.44–1.93) 0.830 1.09 (0.56–2.11) 0.800
Body-mass index 1.14 (1.00–1.30) 0.053 1.01 (0.91–1.12) 0.860
age ≥ 20 2.22 (1.05–4.72) 0.038 2.73 (1.27–5.85) 0.010 1.17 (0.56–2.43) 0.676
Height 1.01 (0.97–1.06) 0.600
Weight 1.03 (0.99–1.06) 0.120
Heart rate 1.01 (0.98–1.04) 0.580 0.98 (0.96–1.01) 0.282
Concurrent PH 0.53 (0.07–4.25) 0.550 1.19 (0.25–5.62) 0.834
Concurrent GH 1.69 (0.62–4.64) 0.300 0.74 (0.32–1.72) 0.493
Sympathicotomy (ref. 

clipping)
0.12 (0.03–0.42)  < 0.001** 0.318 (0.041–2.50) 0.282

Level R4 (ref. Level R3) 0.10 (0.02–0.42) 0.002* 0.392 (0.041–3.73) 0.422
Level R4 and R5 (ref. 

Level R3)
2.36 (1.08–5.16) 0.032 2.08 (0.938–4.63) 0.070 0.11 (0.03–0.48) 0.003* 0.583 (0.056–6.07) 0.654

Anti-adhesive agents 0.33 (0.12–0.90) 0.031 0.38 (0.143–1.02) 0.050 0.34 (0.18–0.67) 0.002* 0.42 (0.197–0.895) 0.025
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has also been a problem, deterring patients from surgery. 
The recurrence rate has been reported to vary from 0% to as 
high as 65% [12,13]. Since an online survey is highly sub-
jective – and thus, based on patients’ judgement, the recur-
rence rate could be overestimated in this study. Moreover, 
the subjectivity of the survey is further fuelled by the fact 
that there is no clear definition of recurrent hyperhidrosis; 
as such, the recurrence rate reported in this study (19.0%) 
requires further assessment and confirmation.

To the best of our knowledge, reasons for recurrence 
include inadequate surgery due to variation in the anatomy 
of the sympathetic chain, failure of surgical technique, or 
intense pleural adhesion [1]. The incidence of pleural adhe-
sion was highly reported in patients who had unsuccess-
ful previous sympathetic surgery [19–25]. In agreement 
with these assumptions, we discovered that the benefit of 
using anti-adhesive agents is to prevent recurrence. Possible 
explanations for recurrent sympathetic activity after surgery 
are varied and unclear; the development of alternate neuro-
anatomic pathways, the impact of incomplete surgery, and 
sympathetic nerve regenerations were suggested [22–24]. 
It is our impression, albeit without specific data support, 
that adhesive tissues and fibrosis could assist the sympa-
thetic neural tissues in recovering their electric conductions. 
Though we still do not understand the precise mechanism, 
improving surgical procedures for long-term outcomes is 
always meaningful.

Other than the related issues of CH and recurrence, this 
study has illuminated the benefits of an online survey for the 
future healthcare. As most hyperhidrosis patients are of the 
age to be a part of the working group, it would not be easy 
for them to visit the hospital regularly during normal work-
ing hours. The online survey, however, still allowed them to 
report their experiences and condition to healthcare profes-
sionals. Southwick et al. reported the benefits of a patient-
initiated online survey for providing meaningful feedback 
and improving patient care [26]. With the recent shift in 
the clinical environment due to the COVID-19 pandemic, 
this type of patient-healthcare interaction – or telemedicine 
– would increasingly provide convenience to patients, allow-
ing them to be able to share their experiences and condi-
tions more easily. This would also help clinicians to better 
decipher on how best to strategize in providing healthcare 
to patients, further improving patient care, especially in the 
aspects of patients’ quality of life.

The present study has several limitations. First, there is a 
non-response bias. If there is a significant difference between 
respondents and non-respondents, it could impact the out-
come of this study. However, many studies utilizing online 
surveys have explained that a low response rate does not nec-
essarily mean non-response bias because non-respondents 
were quite similar in their substantive responses [27–29]. 
If we add the data from interviews of non-respondents, it 

will complement the result of this study. Second, this is a 
retrospective study based on an online survey questionnaire, 
and as such, there may be recall bias and subjective bias that 
can affect the responses and analysis. Though we tried to 
minimize the recall bias by reviewing participants' medical 
records, it was not sufficient, especially among patients who 
had surgery before 2019 (n = 79, 34.2%) who did not have 
systematic data of their hospital visits. Another limitation 
is that only 32 patients did not have CH, and 44 patients 
reported recurrence; therefore, some factors may not be well 
considered.

Despite these limitations, this study provides valuable 
information that can be helpful in identifying and preventing 
CH and recurrence after ETS. We concluded that patients 
aged 20 years or more had a greater risk of developing CH 
after ETS for palmar and/or axillary hyperhidrosis. In addi-
tion, we also found that an application of anti-adhesive 
agents may serve to prevent recurrence after ETS.
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