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Abstract Background Endoscopic thoracic sympathectomy has been accepted as the most
effective treatment for palmar hyperhidrosis (PH). However, there is a debate regarding
the surgical techniques in terms of effectiveness, recurrence, and reversibility. In this
study, sympathetic chain disruptions were compared in terms of whether the clipping or
ablation technique had an effect on the long-term outcomes of patients who underwent
thoracic sympathectomy for primary PH.
Patients andMethods All patients whounderwent video-thoracoscopic sympathectomy
for PH between May 2008 and October 2011 were included. Single-port bilateral
sympathectomy was performed depending on the sweat distribution. As a standard
approach, rib-based terminologywas used to describe theblockade level of the sympathetic
ganglia, and single-level R3 sympathectomy (between R3 and R4) was performed in all
patients. The type of sympathectomy was changed. Monopolar electrocautery was first
performed and 5-mm clips were then used for nerve disruption. Both techniques were
evaluated and compared in terms of effectiveness, reversibility, and recurrence.
Results Cauterization of the sympathetic chain was applied in 28 (47%) (Group A)
patients and clipping in 32 (53%) patients (Group B). CH was the most common adverse
effect and was observed in 43 (71.6%) patients (Group A, 71.4%; Group B, 71.8%;
p ¼ 0.8). The success rate was 93% for Group A and 100% for Group B (p ¼ 0.15). The
satisfaction rate for Group A was 83% and for Group B was 86% (p ¼ 0.77). In Group A
two patients (7%), and in Group B three patients (9%) requested reversibility because of
severe compensatory hyperhidrosis. Overly dry hands were the other most common
side effect and were identified in 12 (25%) patients. Recurrences were observed in 11
patients in Group A and 4 patients in Group B (19 vs. 6%; p ¼ 0.01). The mean follow-up
time was 33 � 10.5 months (range, 13–53 months).
Conclusion Both clipping and cauterization are highly effective for the treatment of
PH. The methods are comparable in terms of effectiveness and side effects despite the
fact that the recurrence rate was higher in the cauterization group. Potential reversibili-
ty of compensatory sweating was not observed in our series. Identification of ideal
candidates for surgery and education of patients about the permanent side effects of
sympathectomy might make these techniques more convenient.
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Introduction

Primary palmar hyperhidrosis (PH) is an idiopathic condition
that may cause social, emotional, and professional inconve-
nience. Eccrine sweat glands are responsible for the develop-
ment of PH and are innervated by the sympathetic nervous
system. Increased sympathetic activity that occurs spontane-
ously or because of an abnormal central response to increased
temperature or emotional changes may result in excessive
sweating.1 Conservative treatment of PH, such as medication
(anticholinergic drugs), Botox, or iontophoresis, usually pro-
vides temporary benefits, and these nonsurgical treatments
are not without associated side effects.2,3

Surgical treatment of PH (video-thoracoscopic sympathec-
tomy) has proven itself in terms of efficiency and reliability.4,5

However, patient dissatisfactionwith sympathectomy has led
to reconsideration of the surgical approach. It is well estab-
lished that compensatory hyperhidrosis (CH) influences pa-
tients’ satisfaction and quality of life. The surgerywas evolved
to increase patient satisfaction and presently has a high
success rate and fewer side effects.6 Limited sympathetic
chain disruption under the R2 ganglion level has been
recommended for patients with palmar and palmoaxillary
sweating to reduce CH.7 There is a debate regarding the best
surgical technique for sympathectomy in terms of whether
interruption with electrocautery or blockade with clips
should be performed, despite the fact that both the methods
have good results if the level of division is correct. Although
controversial, the potential reversibility of clipping makes
this method more favorable than cauterization. In this study,
sympathetic chain interruption techniqueswere compared in
terms of efficiency, recurrence, and reversibility.

Patients and Methods

Between May 2008 and September 2011, all patients who
underwent thoracic sympathectomy for PH were enrolled in
this study. Patients with facial flashing and isolated axillary
hyperhidrosis were excluded. All surgical procedures were
performedwith the patients in the semi-sitting position with
arms abducted under general anesthesia with double-lumen
endotracheal intubation. Single-stage, bilateral, uniport vid-
eo-thoracoscopy was performed with the placement of a
thoracoscopic port (11-mm trocar) on the anterior axillary
line of the third intercostal space. A 5-mm, 30-degree thor-
acoscope was used for visualization. The type of sympathetic
chain interruption has changed because of the popularity of
the clipping technique. Monopolar electrocautery was used
successfully for ablation of the sympathetic ganglia in thefirst
30 patients (47%), and blockade of the sympathetic chainwith
titanium clips was performed in the remaining 36 patients
(53%). For sympathectomy, with reference to the rib level, the
overlying parietal pleura was incised between the R3 and R4
levels over the sympathetic chain. The sympathetic chainwas
clipped or cauterized on the top of the third rib and on the
bottom of the fourth rib (►Fig. 1). A small-bore catheter was
inserted for reexpansion of the lungs, and the patients were
then extubated in the operating room. In three patients, chest

tubes were inserted for serious apical pleural adhesions. All
patients, excluding one with air leakage, were discharged
within 24 hours. All surgical procedures were performed by
the same surgical team.

Data Collection
Clinical charts were reviewed for patient demographic data,
family history, and prior treatment modalities. The patients
were contacted by telephone and, if possible, outpatient visits
to assess operative outcomes such as degree of compensatory
sweating, persistent complications, and recurrence. Patient
satisfaction was evaluated using a questionnaire form
(►Table 1). The results were analyzed using a 5-point satis-
faction scale (►Table 2). SPSS version 17 was used for
statistical evaluation (Statistical Package for Social Science,
SPSS Inc., Chicago, Illinois, United States). Continuous varia-
bles were expressed as the mean � standard deviation and
compared by student t-test. Categorical variables were ex-
pressed by number and frequencies (percent). The chi-square
test was used to compare proportions. All results were
considered to be significant at p values of less than 0.05.

Results

Of the 66 patients who underwent R3 sympathectomy oper-
ations, 60 were enrolled in this study. The patients comprised
36 (60%) females and 24 (40%) males with a mean age of
24.10 � 6.21 years (range, 15–43 years). PH accompanied by
axillary hyperhidrosis was present in 38 (63%) patients, and
plantar hyperhidrosis was present in 58 (97%) patients. A
familial history was present in 25% of the patients. Approxi-
mately, 83% of patients were referred to endocrinology and
metabolism clinics and 97%were admitted to a dermatologist
before the thoracic surgery. Alternative medical treatments,

Fig. 1 R3 sympathectomy.
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such as iontophoresis, botulinum toxin injection, and alumi-
num-based topical antiperspirant agents were applied to 95%
of the patients; however, the results were unsatisfactory
because of the inadequate or temporary benefits of these
methods. The mean procedure time was 45 minute (range,
30–75 min). There were no major operative complications.
Conversion to thoracotomy was not required. The patients
were divided into two groups according to the type of
interruption (►Table 2). Cauterization of the ganglia was
applied in 28 (47%) patients (Group A), and clipping was
applied in 32 (53%) patients (Group B). The success rate was
93% for Group A and 100% for Group B (p ¼ 0.35). Two
patients underwent reoperations for early recurrences (with-
in the first week) of PH; both were in Group A. CH was the
most common side effect, in 43 (71.6%) patients (Group A,
71.4%; Group B, 71.8%; p ¼ 0.8). The reflex sweating wasmild
in 28%, moderate in 47%, and severe in 26% of the patients
with CH.

The satisfaction ratewas 85% in the series (83% for Group A
and 86% for Group B [p ¼ 0.77]). Group A scored 7.3 points on
the satisfaction scale, and Group B scored 7.8 points (p ¼ 0.3).
Two patients (7%) in Group A and three (9%) patients in Group
B requested reversal because of severe compensatory sweat-
ing. In patients with severe CH, removal of the clips and
anticholinergic drugs were applied. The clips were removed
respectively at weeks 4, 7, and 13. The anticholinergic drugs
could be used for only up to 3 weeks because of serious side
effects such as urine retention, sexual dysfunction, blurred
vision, and excessive drying of themouth. Bothmethodswere
unsuccessful in controlling the side effects. Overdrying of the
hands was the second most common side effect, being
identified in 12 (20%) patients. This side effect required
continuous hydration of the hands with a lotion or cream.

Recurrence of PH was observed in 15 (25%) patients;
however, the amount of sweating did not require reoperation.
It was well tolerated and took the form of moistened hands,

Table 2 Characteristics and comparison of the techniques

Variables All patients
N ¼ 60

Group A
n ¼ 28

Group B
n ¼ 32

p value

Age, mean � SD 24.1 � 6.2 24.7 � 7.4 23.6 � 5 0.5

Gender 0.35

Female 36 (60%) 18 18

Male 24 (40%) 10 14

Body mass index 25.13 25.43 24.86

Sweating region 0.17

Hand 22 (37%) 8 14

Hand and axilla 38 (63%) 20 18

Complications (pneumothorax) 6 (10%) 3 3 0.85

Compensatory hyperhidrosis 43 20 23 0.8

Mild 12 (28%) 7 (59%) 5 (41%)

Moderate 20 (46%) 8(40%) 12 (60%)

Severe 11 (26%) 5 (45%) 6 (55%)

Request for reversibility 5 (8%) 2 3 0.7

Satisfaction level 7.6 7.2 7.8 0.3

Recurrence 15 (25%) 11 4 0.01

Abbreviation: SD, standard deviation.

Table 1 The 5-point satisfaction scale and the patients’ distributions

Level of satisfaction Point All patients
N ¼ 60 (%)

Group A
n ¼ 28

Group B
n ¼ 32

Very satisfied 10–9 39 (65) 17 22

Satisfied 8–7 12 (20) 8 4

Neither satisfied nor dissatisfied 6–5 – – –

Dissatisfied 4–3 4 (7) 3 1

Very dissatisfied 2–0 5 (8) 2 3
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forearms, and armpits. In Group A, the recurrence rate was
higher (19 vs. 6%; p ¼ 0.01). Pneumothorax was the only
surgical complication, being identified in six patients (10%). A
chest tube was required in three patients. The mean follow-
up time was 33 � 10.8 months (range, 13–53 months).

Discussion

Since the first description of sympathectomy in the 1920s,
surgical treatment of PH has evolved. Initially, the risk of
surgery was thought to outweigh the potential benefits for
this benign condition; therefore, surgical treatment was not
as popular as it is today. Advances in video-thoracoscopic
surgery have significantly facilitated and universalized tho-
racic sympathectomy for treatment of idiopathic PH.8 Studies
of the surgical treatment of PH have shown that VATS
sympathectomy is very effective to stop excessive sweating
when the interruption level was T2 and T3 or T4.9 However,
some serious side effects of the surgery led to modification of
the technique. CH is the most common side effect in the
literature, with an incidence of 3 to 98%, and is usually near
80%. There is a trend toward fewer interruptions and lower-
level blockade on the chain to increase patient satisfaction
with a lower incidence of side effects and complications.10,11

For example, severe compensatory sweating was more com-
mon in T2 than in T3 and T4 sympathectomies.12 In our
department, single level (R3) sympathectomy has been per-
formed as the surgical treatment for PH since 2008. In our
series, CH was the most common side effect, being identified
in 71% of the patients. Horner syndrome and cardiac side
effects did not appear in our series. Avoidance of higher
sympathetic ganglia, such as T1 and T2, can help to prevent
the occurrence of these side effects.

It is well established that success rates and patient
satisfaction are very high in patients who undergo VATS
sympathectomy.13 Disruption of the sympathetic ganglia
by electrocautery is highly effective for relief of PH, but it is
irreversible in the event of severe compensatory sweating.
Theoretically, clipping the sympathetic chain has the po-
tential for reversibility by removing the clips. Therefore,
the clipping technique has become more popular. In our
clinic, electrocautery ablation was performed with high
success rates. Serious side effects such as severe CH led us
to use clipping due to the potential reversibility of the
technique.

When compensatory sweating is moderate or severe,
management is difficult and usually unsuccessful. In cases
of intolerable compensatory sweating, topical or systemic
anticholinergics can be used with variable success, but the
results are usually unsatisfactory. To revert the blockade
effects, removing the clips by a reoperation is feasible;
therefore, clipping is more attractive not only to patients
but also to surgeons. The optional time for clip removal is
controversial, but may be considered to be “as soon as
possible” following the appearance of intolerable CH.
However, severe CH can be well tolerated after surgery
because of the pleasure of cessation of the PH. The patient
and the surgeon may hope for spontaneous recovery of CH

and postpone the surgery for clip removal. Lin et al reported
that the clips should be removed 2 weeks after clipping,
whereas Reisfeld suggested that clip removal may be applied
within 6months.3,14 In a study by Sugimura et al, clip removal
resulted in a substantial decrease in CH in 48% of the patients,
and no relationshipwas found between clip removal time and
reversibility of the side effects.11 However, in recent studies
by Loscertales et al and Candas et al, clipping the sympathetic
chain resulted in irreversible changes. The sympathetic
nerves were degenerated within 2 days, and no regeneration
was observed in the long term, even when the clips had been
removed.15,16 Sural nerve reversal was promising for intoler-
able CH17; however, technical difficulties in reconstruction of
the nerve prevent wide implementation of the technique.
Therefore, nerve grafting is difficult to accept as a treatment
option.18 In our study, severe CH was observed in 11 (18%)
patients, 5 of whom required reversal of the sympathectomy.
In three patients, the clipswere removed at weeks 4, 7, and 14
after the sympathectomy. No benefit from removal of the
clips was observed at the short- or long-term follow-up.
Although the request for reversal of the surgery is rare, there
is no effective treatment option for patients with severe CH.

A standardized approach to evaluating the factors that
affect patient satisfaction is necessary.19 Cauterization and
clipping techniques are performed with similar success rates
and a high satisfaction level. In a review by Kopelman and
Hashmonai, neither surgical technique nor limiting or lower-
ing the blockade level affected postoperative CH.12 In a study
by Li et al, limiting the extent of sympathectomy using blood
flow and palmar temperature resulted in high success and
satisfaction rates (100 and 92%, respectively), and the inci-
dence of mild CH was 12%, moderate CH was 8%, and severe
CH was 6%.10 Although intolerable CH is unavoidable, it is not
common and can be further reduced by careful patient
preparation and the use of a standardized surgical ap-
proach.20 In our series, according to the satisfaction scale,
85% of patients were satisfied, whereas the success rate was
98%. The satisfaction score was 7.2 for Group A and 7.8 for
Group B (maximum score, 10) (p ¼ 0.3). The surgical tech-
nique used did not affect the satisfaction rate. In this study,
nine (15%) patients were dissatisfied. The reason for dissatis-
faction was severe CH in six patients, moderate CH in two
patients, and overly dry hands in one patient. Severe CH
occurred in 5 of 28 (18%) patients in Group A and 6 of 32 (19%)
patients in Group B (p ¼ 0.8). Both types of interruption had
similar results in terms of the satisfaction rate and severity of
CH. Even if most of the patients were very satisfied with the
sympathectomy, an unhappy minority (9%) regretted the
surgery, and reversibility of the side effects seems to be a
remote possibility.

Recurrence of PH may depend on the reinnervation of the
sympathetic chain due to insufficient blockade or interrup-
tion of the ganglia.5 PH may recur early if the correct level of
division is not achieved. In our series, two patients underwent
reoperations in the early postoperative period because of
unilateral persistent sweating. Both patients were in Group A,
and a wider disruption (R2) was applied to the sympathetic
ganglia. In the long-term follow-up, mild upper lip sweating
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symptoms recurred in 15 (25%) patients; however, no patient
required reoperation. Recurrences were found in 11 patients
in Group A and 4 in Group B (p ¼ 0.01). The cauterization
group was more than likely to experience recurrence despite
total disruption of the sympathetic chain. In an expert
consensus document, Cerfolio et al stated that to prevent
regrowth of the sympathetic chain, sufficient separation is
necessary. Therefore, the ablation technique was not recom-
mended.5Of the 28 patients in Group A, 11 (40%) experienced
recurrence in the form of moistened hands, forearms, and
armpits. In our opinion, recurrence depends not only on the
technique, but also on timing. The patients were followed up
for 13 to 53 months. Recurrence was observed frequently in
patients operated onpreviously an average of 37months after
the surgery. Finally, recurrencewasmost common in Group A
and increasedwith time. This type of sweating did not reduce
patients’ satisfaction; on the contrary, moistened hands were
considered better than overly dry hands. Interestingly, CH
continued in patients with recurrence.

Our study had some limitations. It was retrospective in
design using data collected prospectively; therefore, random-
ization was not possible. Few patients were included in each
group. Nevertheless, both cauterization and clipping were
performed at a single center by the same surgical teamusing a
standardized technique.

In conclusion, superiority of clipping to cauterization was
not demonstrated. Both surgical techniques were comparable
in terms of effectiveness and side effects. The recurrence rate
was higher in the cauterization group, with no reduction in
the satisfaction level. The reversibility of these procedures in
cases of intolerable CH is controversial and not corroborated.
Patients who undergo transection or resection of the sympa-
thetic chain have no option of reversibility, whereas blockade
with clipping gives some hope to both the surgeon and the
patient. Thus, it appears that ideal candidate selection and
informing patients about the serious side effects of the
procedure are paramount in the surgical treatment of PH.
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