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Effects of lower thoracic sympathicotomy on plantar hyperhidrosis
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Background: The purpose of this study was to investigate whether performing lower thoracic
sympathicotomy (LT'S) from T10 to T12 affects plantar hyperhidrosis in patients with palmo-plantar (PP) or
palmo-axillary-plantar (PAP) hyperhidrosis.

Methods: Between January 2015 and January 2020, all consecutive patients with primary hyperhidrosis
who underwent bilateral thoracoscopic sympathicotomy and met the inclusion criteria were included.
Sympathicotomy was performed using one of the following two methods: the conventional upper thoracic
vs. expanded thoracic sympathicotomy. In the expanded thoracic sympathicotomy, we expanded the level of
sympathicotomy ranging from RS to R12 in addition to the conventional upper thoracic sympathicotomy (R3
or R4). In cases of the expanded thoracic sympathicotomy, we defined the LTS as a sympathicotomy of the
levels ranging from R10 to R12, which are related to plantar hyperhidrosis.

Results: A total of 103 subjects with PP (71 cases) or PAP (32 cases) hyperhidrosis were included. Palmar
or axillary hyperhidrosis in all patients were alleviated after sympathicotomy. There was no difference in
sweating decrease or CH according to the hyperhidrosis types or sympathicotomy techniques. In addition,
no-LTS was performed in 77 cases and LTS was performed in 26 cases. In the no-LTS group, there were 65
and 12 cases of low and high degrees of CH, respectively. In the LT'S group, there were 22 and four cases of
low and high degrees of CH, respectively. There was no significant difference in CH between the no-LT'S
and LTS groups (P=0.981). Improvement in plantar hyperhidrosis in the no-LT'S group was observed in 29
of 77 cases, while improvement in plantar hyperhidrosis in the LT'S group was observed in 16 of 26 cases.
The addition of LTS lead to significant improvement in plantar hyperhidrosis (P=0.034).

Conclusions: Performing LTS is a safe and feasible procedure that improved plantar sweating more so
than it did in cases that did not undergo L'T'S. Therefore, we cautiously suggest that adding L'T'S helps in the
treatment of plantar hyperhidrosis combined with palmar hyperhidrosis. Further studies on L'T'S are needed
to validate these findings and will be helpful in establishing management guidelines.
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Introduction (1,2). Eccrine sweat glands are considered to be associated

Primary hyperhidrosis (PH) is a disorder characterized with PH (1). Many patients suffer from PH, which adversely

by excessive and uncontrollable sweating, which typically affects quality of life (3). Recently, thoracoscopic thoracic

involves the craniofacial regions, palms, axillae, and soles sympathetic blockage has been accepted as the most
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effective treatment modality for PH that is refractory to
conservative treatment (1,3,4). Usually, the upper thoracic
sympathetic levels ranging from T2 to T5 by various
methods are blocked according to the hyperhidrosis type,
patient condition, and surgeon preference (5-7). Although
palmar hyperhidrosis is a predominant form of PH, plantar
hyperhidrosis also occurs in >50% of cases (1,8,9). When
upper thoracic sympathetic blockage is performed for
palmar hyperhidrosis accompanied by plantar hyperhidrosis,
there is sometimes an improvement in plantar hyperhidrosis
(10-12). Many studies have investigated the effect of
upper thoracic sympathectomy on plantar hyperhidrosis
(4,7,9,13,14). However, the results vary across studies for
unclear reasons (4,12-15). The lower thoracic sympathetic
nerves from T10 to 12 innervate the legs and feet (16,17).
The effect of lower thoracic sympathetic blockage from
T10 to T12 on plantar hyperhidrosis remains unknown.
There is no consensus regarding the management of plantar
hyperhidrosis combined with palmar hyperhidrosis (8,11-
13,18,19). It is unknown whether thoracic sympathectomy
alone is sufficient in patients who have both palmar and
plantar hyperhidrosis (8,11-13,18,19). However, this is an
important question to address, as plantar hyperhidrosis
is frequently accompanied by other forms of PH (8,20).
Therefore, the aim of the present study was to investigate
whether adding lower thoracic sympathicotomy (LTS)
from T10 to T12 improves plantar hyperhidrosis in
patients with palmo-plantar (PP) or palmo-axillary-plantar
(PAP) hyperhidrosis. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/jtd-20-2437).

Methods
Study participants and procedures for sympathetic blockage

From January 2015 to January 2020, all consecutive
patients with PH who underwent bilateral thoracoscopic
sympathicotomy and met the inclusion criteria were
included (Figure 1). The inclusion criteria for this study
were as follows: (I) PP or PAP hyperhidrosis; (II) no
previous sympathetic blockage; (III) no further treatment
of plantar hyperhidrosis after sympathicotomy; (IV) no
systemic disease related to PH; and (V) response to the
telephone questionnaire surveys. The medical records
were retrospectively reviewed, Telephone questionnaire
surveys were also performed to collect clinical data
on subjects, hyperhidrosis characteristics, operative
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procedures, and postoperative outcomes. The telephone
survey addressed sweating symptoms, such as decrease
or recurrence of sweating in the affected regions and
compensatory hyperhidrosis (CH) (degree, localization,
time of onset) after sympathicotomy. The degree of
sweating after sympathicotomy was characterized by a
decrease (improvement) or failure (no change or recurrence
of sweating). CH was characterized by low (none and mild)
or high (moderate and severe) degrees. Sympathicotomy
was performed using one of the following two methods:
the conventional upper thoracic vs. expanded thoracic
sympathicotomy. During conventional upper thoracic
sympathicotomy, R3 or R4 sympathicotomy were
performed using electrocauterization. When the level of
sympathicotomy included both R3 and R4, we considered
these cases as R3 sympathicotomy. In the cases of expanded
thoracic sympathicotomy, patients were put under general
anesthesia with single lumen endotracheal anesthesia
in the prone position, underwent a 5-mm, two-port
endoscopic sympathicotomy using a CO, gas insufflation
via the sixth intercostal space on the mid-axillary line and
the seventh intercostal space on the post-axillary line (2).
We expanded the level of sympathicotomy ranging from
R5 to R12 in addition to the conventional upper thoracic
sympathicotomy (level of R3 or R4). In cases of expanded
thoracic sympathicotomy, we defined lower thoracic
sympathicotomy (LTS) as sympathicotomy of R10 through
R12 related to plantar hyperhidrosis. All the patients
underwent sympathicotomy using the thoracoscopic
technique. Gustatory hyperhidrosis was not evaluated. The
initial postoperative outcomes were routinely evaluated one
month after sympathicotomy, and all the telephone surveys
were performed in June 2020.

Statistical analysis

All results are presented as means = SDs. Continuous
independent variables were analyzed using Student’s t tests,
while categorical variables were analyzed using the chi-
square test. The results were analyzed using the Statistical
Package of Social Sciences version 22.0 (SPSS, IBM Corp,
NY, USA). P values <0.05 were considered statistically
significantly.

Ethical statement

Informed consents were given before study and this study
was approved by the Uijeongbu Saint Mary’s Hospital
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Figure 1 Flowchart of patient selection.

Ethics Committee (Approval number: UC20RISI0108). We
confirm that the study conformed to the provisions of the
Declaration of Helsinki (as revised in 2013).

Results

A total of 103 subjects with PH were included in the study.
The mean age of the study subjects was 22.1 (£9.0) years at
the time of surgery and the mean duration of observation
was 33.8 (x18.1) months. Sixty-four of participants were
male, and 39 were female. There were 71 cases of PP and
32 cases of PAP hyperhidrosis. We divided the subjects into
two groups according to the addition of LTS (no lower
thoracic sympathicotomy (no-LTS) vs. lower thoracic
sympathicotomy (LTS) groups). LT'S was performed in 26
of 103 cases. There were no postoperative mortalities or
major complications. The overall clinical characteristics of
the study subjects are presented in Tible 1.

Sweating decrease in the hands or axillae according to the
byperbidrosis type and the techniques of sympathicotomy

R3 or R4 sympathicotomy with or without LTS
were performed for hyperhidrosis. Palmar or axillary
hyperhidrosis in all patients were completely alleviated after
sympathicotomy. There were no cases of recurrence during
the observation periods. Therefore, there was no difference
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in sweating decrease according to the hyperhidrosis type or
the sympathicotomy technique (7zble 1).

CH after sympatbicotomy according to the byperbidrosis
type and the sympathicotomy techniques (level of
sympathicotomy and LTS)

We classified the degree of CH into low (none and
mild) and high (moderate and severe) degrees. In PP
hyperhidrosis, there were 63 and 8 cases of low and
high degree of CH, respectively. In PAP hyperhidrosis,
there were 24 and 8 cases of low and high degree of
CH, respectively. There was no significant difference in
CH according to the hyperhidrosis type (Zable I). In R3
sympathicotomy, there were 62 and 12 cases of low and
high degree of CH, respectively. In R4 sympathicotomy,
there were 25 and 4 cases of low and high degree of CH,
respectively. There was no significant difference in CH
between R3 and R4 sympathicotomy (P=0.760) (7able 2).
In addition, LTS was performed in 26 cases, while it was
not performed in 77 cases. In case in which LTS was not
performed, there were 65 and 22 cases of low and high
degree of CH, respectively. In cases in which LTS was
performed, there were 12 and 4 cases of low and high
degree of CH, respectively. There was no significant
difference in CH between the no-LTS and LTS groups
(P=0.981) (Tuble 2).
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Table 1 The overall clinical characteristics of the study subjects
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Hyperhidrosis
Variables P value
Palmoplantar type (n=71) Palmo-axillary-plantar type (n=32)
Age (year) 21.5 (+8.8) 23.3 (+9.6) 0.358
Sex 0.088
Male 48 16
Female 23 16
Level of sympathicotomy 0.346
R3 53 21
R4 18 11
Sympathicotomy technique 0.346
No-LTS 55 22
LTS 16 10
Sweating decrease in the hands or axillae N/A
Decrease 71 32
Failure 0 0
Compensatory Hyperhidrosis 0.075
Low degree 63 24
High degree 8 8
LTS, lower thoracic sympathicotomy.
Table 2 Compensatory hyperhidrosis after sympathicotomy according to the techniques of sympathicotomy
Compensatory hyperhidrosis
Technique of sympathicotomy P value
Low High
Level R3 62 12 0.760
R4 25 4
Lower thoracic sympathicotomy No 65 12 0.981
Yes 22 4
Plantar byperbidrosis after sympatbicotomy according to Discussions

the hyperhbidrosis type and the sympatbicotomy technique

We did not add LTS in cases of R4 sympathicotomy.
Therefore, we did not analyze the effects of LT'S on plantar
hyperhidrosis according to the sympathicotomy levels (R3
vs. R4). Improvement of plantar hyperhidrosis in the no-
LTS group was observed in 29 of 77 cases. Improvement
of plantar hyperhidrosis in the LTS group was observed
in 16 of 26 cases. The addition of L'TS led to a significant
improvement in plantar hyperhidrosis (P=0.034) (1able 3).

© Journal of Thoracic Disease. All rights reserved.

Although palmar hyperhidrosis is a the most common
form of PH, plantar hyperhidrosis frequently accompanies
palmar hyperhidrosis (1,8,9). There is no consensus
regarding the management of plantar hyperhidrosis
combined with palmar hyperhidrosis (8,11-13,18,19). The
leg and foot are innervated by the efferent sudomotor
fibers coming from the ipsilateral segments from T10 to
L4 (16,17). Recently, lumbar sympathectomy is accepted as
an effective treatment for plantar hyperhidrosis (16-18,21).
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Table 3 Plantar hyperhidrosis after thoracic sympathicotomy according the techniques of sympathicotomy

Plantar hyperhidrosis
Technique of sympathicotomy P value
Improvement Failure
Lower thoracic sympathicotomy No 29 48 0.034
Yes 16 10

However, the chief complaint in patients with PH is usually
palmar hyperhidrosis. In addition, thoracic surgeons are not
typically familiar with the lumbar and retroperitoneal areas.
Furthermore, lumbar sympathectomy is a relatively difficult
procedure with a higher complication rate than that of
thoracic sympathectomy. Although the reasons are not clear,
upper thoracic sympathectomy has been shown to variably
decrease plantar hyperhidrosis. Therefore, upper thoracic
sympathectomy alone is usually performed in patients with
palmar hyperhidrosis combined with plantar hyperhidrosis
(18,19,22). Although T10-T12 thoracic sympathetic nerves
are related to plantar sympathetic innervation, the effect
of thoracic sympathectomy from T10 to T12 on plantar
hyperhidrosis remains unknown (16). To the best of our
knowledge, this study is the first to evaluate the effect of
LTS from T10 to T'12 on plantar hyperhidrosis.

Because the leg and foot are innervated by efferent
sudomotor fibers coming from the T10-L4 ipsilateral
segments, we assumed that LTS from T10 to T12 would
improve plantar hyperhidrosis. It is relatively easy to add
LTS on T10-12 during the conventional upper thoracic
sympathectomy in patients with both palmar and plantar
hyperhidrosis. In addition, it is important to investigate
the effect of LT'S on plantar hyperhidrosis. Therefore, we
investigated whether I'T'S (T'10-T'12) in patients with PP or
PAP hyperhidrosis affects plantar hyperhidrosis. Previously,
our group published the paper “New Sympathicotomy
for Prevention of Severe Compensatory Hyperhidrosis in
Patients With Primary Hyperhidrosis” (2). In that study, we
performed full-expanded sympathicotomy, which expanded
the levels of sympathicotomy beyond R8 to the R9 through
R12. We found LTS to be a safe and feasible procedure.

This study included 103 patients who underwent bilateral
thoracoscopic sympathicotomy for PP or PAP hyperhidrosis.
All the patients experienced an improvement in sweating
in the hands or axillae after sympathicotomy. The decrease
in sweating and CH did not differ according to the type of
hyperhidrosis or the sympathicotomy technique. There was
improvement in plantar hyperhidrosis in 29 of 77 patients
in the no-L'T'S group, and in 16 of 26 patients in the LTS
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group. Therefore, adding LTS provided a significant
improvement in plantar hyperhidrosis compared to cases in
which LTS was not performed (no-LTS group). It is well
established that R3 sympathicotomy is more effective in
treating palmar hyperhidrosis than is R4 sympathicotomy,
because R3 sympathicotomy provides a wider sympathetic
blockage to the upper limbs than R4 one (16).
Although sympathectomy on T10-T12 cannot block all of
the sudomotor nerves that innervate the leg and foot, their
sympathetic blockage decreased sweating (compared to
cases in which LT'S was not performed), which supported
our hypothesis (17). It remains unclear why upper thoracic
sympathectomy can improve plantar hyperhidrosis (4).
We believe that the association between the upper and
lower thoracic sympathetic nerves may explain the effect of
upper thoracic sympathectomy on plantar hyperhidrosis.
Although adding LTS improved plantar hyperhidrosis, the
addition of L'T'S alone is not sufficient treatment for plantar
hyperhidrosis because it does not offer full sympathetic
blockage (9,14).

This study has several limitations. This was a single-
centered, retrospective study with a small number of
subjects. We did not include any objective measures of
sweating, and the subjects were not randomized according
to sympathicotomy or hyperhidrosis types. In addition,
there was no defined sympathetic chain at the T11-T12
levels in some cases, in which blind electrocauterization was
performed. Despite these limitations, we strictly applied our
inclusion criteria to reduce bias.

Conclusions

Adding LTS is a safe and feasible procedure that improves
sweating control in patients with plantar hyperhidrosis
without any major postoperative complications. We
cautiously suggest that LTS is helpful to reduce additional
treatment for plantar hyperhidrosis in patients with
concurrent palmar hyperhidrosis. Regardless, further studies
on LTS are needed to substantiate our findings and help
to establish management guidelines. Studies on LTS will
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also enhance our understanding of the association between
palmar and plantar hyperhidrosis, the pathophysiology of
plantar hyperhidrosis, and the mechanisms by which plantar
sweating decreases after upper thoracic sympathectomy.
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