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Background: To compare postoperative satisfaction, compensatory hyperhidrosis, and the quality of life
between thoracoscopic T3 and T4 sympathectomy for the treatment of hand sweating.

Methods: From December 2010 to October 2014, 192 consecutive patients with hand sweating underwent
a thoracoscopic bilateral sympathectomy with different planes (T3/T4). The patients were randomly
divided into two groups, the T3 and the T4 groups, for those who underwent thoracoscopic T3 and T4
sympathectomy, respectively. All patients underwent double-lumen intubation during the thoracoscopic
bilateral sympathectomy. The patients were followed up with by telephone for postoperative evaluation on
the safety and effectiveness of the procedure, and the two groups (T3 versus T4) were compared to each
other for any potential differences.

Results: All of the patients’ sweating symptoms improved after the procedure. The incidence of
compensatory hyperhidrosis and palm dryness in the T4 group was lower than that in the T3 group (P<0.05).
The satisfaction rate and the rate of improvement in sweating and the incidence of palm moisture in the T4
group were higher than those in the T3 group (P<0.05).

Conclusions: Thoracoscopic T3 and T4 sympathectomy are safe and effective methods for the treatment
of hand sweating. Lowering the sympathetic chain resection plane can increase patients’ satisfaction

and enhance improvements in sweating. It can also reduce the incidence of long-term compensatory

hyperhidrosis and palm dryness, but it also increases the incidence of palm moisture.
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Introduction

Primary hyperhidrosis (PH) is a disease with the primary
symptoms being excessive sweating in the palms as
well as in the armpits and pedals that are not secondary
to metabolic disease (such as hyperthyroidism and
hypermetabolism) or other systemic disease. It can have a
severe negative impact on patients’ work and daily life (1).

In recent years, with the development of thoracoscopic
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minimally invasive surgery (2), thoracoscopic bilateral
sympathectomy has been proven to be a safe and effective
treatment (3). However, some patients suffer a common
complication after surgery, namely compensatory
hyperhidrosis (CH). It has been found that the occurrence
of CH has a close relationship with the plane of
sympathectomy. Specifically, the lower the plane is, the less
likely CH is to occur (4-6). Currently, there is extensive
clinical research exploring the treatment of PH to minimize
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Table 1 Demographic, baseline disease characteristics, and follow-up duration

Group Number of patients

Age (years) Armpit sweating Pedal sweating

The severity of hand sweating Follow-up (months)

(male/female) Mild Moderate Severe mean + SD
T3 88 (41/47) 214 21 64 0 46 42 33.6+3.1
T4 104 (46/58) 22.8 32 81 0 54 50 31.8+2.9
postoperative complications and improve patients’ Surgical methods

satisfaction. Here, we report a comparative study of
thoracoscopic T3 and T4 sympathectomy for the treatment
of hand sweating, where 192 patients from December
2010 to October 2014 underwent thoracoscopic bilateral
sympathectomy and achieved satisfactory results.

Methods
Clinical data

A total of 192 consecutive patients with PH in our hospital
were involved in this study. The patients included 88 males
and 104 females, and the age range was 15 to 42 years old
at the time of surgery, with 75% of them being between 16
to 30 years old. Patients’” primary symptoms were excessive
sweating in the palms, armpits, and the pedals. In some
severe cases, the patients have flushing hands and dripping
sweat. The inclusion criteria for patients were as follows: (I)
aged from 14 to 45 years old; (I) severe sweating symptoms
causing considerably negative impact on patient’s work and
daily life; (III) suffering from PH for a long time, and having
poor response to drug therapy. Patients whose sweating was
caused by metabolic diseases such as hyperthyroidism or
hypermetabolism, tuberculosis, and other systemic diseases,
were excluded from the study. According to the PH
classification proposed by Lai et al. (7,8), the distribution of
the patients was as follows: Grade I (mild, palm skin moist),
0 cases; Grade II (moderate, obvious palm skin sweating
which can wet a layer of handkerchief), 100 cases; Grade
III (severe, sweat dripping on both hands), 92 cases. Among
the patients, 53 had armpit sweating, and 145 had pedal
sweating. The duration of disease ranged from 5 to 20 years
(an average of 13 years) (9). Patients all had preoperational
examinations such as a chest X-ray, electrocardiogram and
so on, and underwent the double-lumen intubation during
thoracoscopic bilateral sympathectomy. There were no
statistically significant differences in gender, age, degree of
hand sweating, and postoperative follow-up between these
two groups. Details are shown in Table 1.
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The double-lumen endotracheal intubation was used for
general anesthesia, and patients” heart rate, blood pressure,
and oxygen saturation were monitored during surgery. The
position of patients was 30°-45° half sitting, with 90° arm
outreach, and a thermometer placed in the palm to measure
the temperature before and after surgery. Two small incisions
of about 0.5 cm were made, one in the 3" intercostal space of
the anterior axillary line and the other in the 5" intercostal
space of the midaxillary line, and a 30°, 5-mm needle-type
thoracoscopy was decided upon for the exploration of the
thoracic cavity. The upper rib (the 2" rib) is typically used as
a marker point to find the T3-T4 sympathetic chain. Eighty-
eight cases in the T3 group underwent T3 sympathetic
chain + Kuntz fiber (bypass fiber) neurotomy, and 104 cases
in the T4 group underwent T4 sympathetic chain + Kuntz
fiber (bypass fiber) neurotomy. In order to entirely remove
the traffic nerve bundle (Kuntz bundle), tissues of small size
along the ribs (about 1.5 to 2.0 cm) were thermally ablated
in both groups. After the surgery, the catheter was inserted
and then pulled out after complete re-expansion of the lung,
followed by a suturing of the incisions. The same procedure
was performed on the other side. A chest X-ray was
performed the first day after surgery to exclude the possibility

of hemorrhage or pulmonary atelectasis.

Post operation follow-up

All cases were to be followed up by telephone after operation
for more than 12 months. In total, 180 cases were followed
up, and the follow-up rate was 93.8%. The content of the
follow-up was as follows: (I) controlling of sweating after
operation; (II) time and extent of post-operative sweating; (I1I)
time, extent, and locations of compensatory hyperhidrosis.

Statistical processing

The y test was used to compare the two groups (T3 versus
T4) with SPSS 13.0 statistical software.
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Table 2 Incidence and severity of CH

Table 3 Patients’ satisfaction and quality of life

Huang et al. A comparative study of thoracoscopic sympathectomy

Group Group T3 Group T4 P value Group Group T3 Group T4 P value
CH Very satisfied 23.9% (21/88)  85.6% (89/104) 0.01
1 month 45.5% (40/88) 46.2% (48/104)  0.11 Satisfied 69.3% (61/88)  11.5% (12/104) 0.01
6 months 43.2% (38/88) 38.5% (40/104)  0.08 Not satisfied 2.27% (2/88) 2.9% (3/104) 0.34
12 months 34.1% (30/88) 24.0% (25/104)  0.03 Palm dryness 69.3% (61/88)  40.4% (42/104)  <0.01
Severity of sweating Palm moisture 0 9.6% (10/104)  <0.01
Mild 50.0% (20/40) 64.6% (31/48) 0.07 Armpit sweating ~ 16.7% (4/24) 46.9% (15/32) 0.03
Moderate 37.5% (15/40) 20.8% (10/48)  0.04 improved
Severe 12.5% (5/40)  14.6% (7/48) 0.24 Pedal sweating 46.9% (30/64) 51.9% (42/81) 0.11

CH, compensatory hyperhidrosis.

Results
Improvement of band sweating and the occurrence of CH

The surgical success rate of both groups was 100%, and
sweating was improved qualitatively after the surgery in all
patients. There was no occurrence of severe complications
during or after the surgery. Compensatory hyperhidrosis
(CH) was the main non-severe postoperative complication.

The incidence rate of CH in the T3 group at 1 month,
6 months, and 12 months after surgery was 45.5%, 43.2%,
and 34.1%, respectively. The rate in the T4 group was
46.2%, 38.5%, and 24.0%, respectively. While the incidence
rates of CH in these two groups were comparable at
1 month and 6 months, the rate at 12 months was
significantly lower in the T4 group than that in the T3
group (P<0.05). Hyperhidrosis can be classified into three
categories based on severity (mild, moderate, severe),
with varying negative impact on the patients’ life. Mild
hyperhidrosis had a negligible impact on patients’ normal
activities and daily life. Moderate hyperhidrosis reduced
patients’ satisfaction of the surgery and had a noticeably
negative impact on the patients’ daily life and emotional
well-being. Severe hyperhidrosis posed a substantially
negative impact on the patients’ life. There was no
statistically significant difference between these two groups
in the proportion of patients with mild and severe CH,
while the proportion of patients with moderate CH was
significantly lower in the T4 group compared to the T3
group (P<0.05). Details are shown in Table 2.

In addition to CH, non-severe pneumothorax was
observed after the surgery in a small portion of the patients,
and it could be managed with either thoracentesis or
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improved

conservative treatment. Specifically, 5 patients developed
unilateral pneumothorax as indicated by postoperative
chest X-ray, and the pneumothorax was resolved with
thoracentesis. Moreover, 2 patients developed a mild
bilateral pneumothorax, which was resolved with
conservative treatment (10).

Patients’ satisfaction and quality of life

In terms of postoperative satisfaction, the satisfaction
rate in the T4 group was significantly higher than that in
the T3 group (either very satisfied or satisfied, P<0.05).
The incidence of palm dryness in the T4 group was also
significantly lower than that in the T3 group (P<0.05).
Patients in the T4 group had a significantly higher rate
of armpit sweating than those in the T3 group (P<0.05).
There was no statistically significant difference in the
improvement of pedal sweating between these two groups
(P>0.05). Details are shown in Table 3.

Discussion

Primary hyperhidrosis is characterized by abnormal
hyperactivity of the sympathetic nervous system that
controls the sweating glands in the hands. Such abnormal
hyperactivity leads to the hypersecretion from the sweating
glands, which usually becomes more severe when the
patient is excited; however, its specific pathogenesis is still
unclear (11). Although hand sweating has no significant
impact on patients’ health, it poses a negative social impact
on patients’ daily life, work, educational activities, and
social interaction, which will severely impair the patients'
emotional wellness. Therefore, there has been a strong
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desire to develop an effective and safe treatment for patients
of the disease.

For many years, traditional conservative treatments like
botulinum injections have been proven ineffective and have
significant side effects. Endoscopic thoracic sympathectomy
now is considered the only effective treatment for PH. It
has been proven to be stable and persistent and has achieved
very good curative effects and social benefits (12).

Current studies are mainly focused on the different
cutting planes of T2-T4 of sympathetic nerve chains, all of
which can effectively treat PH. However, the probability
and extent of CH and the impact on patients’ life varies with
the cutting plane. Traditional T2 sympathectomy may result
in severe CH and palm dryness, so the numbers of patients
who undergo such surgery are decreasing gradually (13).

In this study, we compared the effectiveness and safety
of thoracoscopic sympathectomy with different cutting
planes (T3 and T4) for the treatment of hand sweating. T3
or T4 sympathectomy was performed on patients who were
divided into two groups, with one group receiving T3 and
the other group receiving T4 sympathectomy. The success
rates of surgery in both groups (13 and T4) were 100%,
and the sweating symptoms were qualitatively improved
in all patients. There were no severe complications
during or after the surgery, while the main non-severe
postoperative complication was compensatory hyperhidrosis
(CH). Currently, the mechanism of CH after video-
assisted thoracic surgery (VATS) is still unclear, but the
occurrence of compensatory sweating is closely related to
the sympathetic chain cutting, which has an impact on the
sympathetic nervous system (14). Some studies have shown
that the sweating in other parts of the body after surgery
is caused by the damage of the reflex arc between the
sympathetic nerve and the hypothalamus during the surgery,
which can result in sweating control disorder. The key to
avoiding this is to retain as much tension in the sympathetic
nerves of the head as possible. This is a convincing
theoretical hypothesis for compensatory sweating, which
has been confirmed by many clinical research studies (15).

Some studies have found that lowering the sympathetic
cutting plane can reduce the incidence of compensatory
hyperhidrosis. The study here shows that there was no
statistically significant difference in the incidence of
compensatory hyperhidrosis between these two groups at
1 month and 6 months, but the incidence rate in the T4
group was significantly lower than that in the T3 group
at 1 year. Also, while there was no statistically significant
difference in the incidence of mild or severe compensatory
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hyperhidrosis between these two groups, the incidence of
moderate compensatory hyperhidrosis in the T4 group was
lower compared to that in the T3 group. This indicates that
while lowering the sympathetic cutting plane cannot reduce
the incidence of short-term compensatory hyperhidrosis, it
can reduce long-term CH.

The results also demonstrate that in these two groups,
the remission rate of armpit sweating in the T4 group was
higher than that in the T3 group, which indicates that the
T4 sympathectomy is preferred for patients with armpit
sweating. There was a statistically significant difference in
the incidence of palmar moisture between these two groups,
with a higher incidence in the T4 group than in the T3
group. Therefore, we would recommend T3 sympathetic
chain cutting for the patients with severe hand sweating
in order to reduce the incidence of palm moisture and to
ensure treatment results.

In conclusion, thoracoscopic T3 and T4 sympathectomy
are safe and effective methods for treating PH. Lowering
the sympathetic chain cutting plane can reduce the
incidence of long-term compensatory hyperhidrosis. For
patients with excessive sweating, T4 sympathectomy is
recommended, while for patients with severe hand sweating,
T3 sympathectomy is recommended to ensure positive
results of treatment.
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