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Technique of percutaneous sympathectomy.

Central Message

Percutaneous radiofrequency thoracic sympa-

thectomy had a positive impact on the quality

of life among patients with palmar hyperhidro-

sis and can be used as a minimally invasive

treatment.

Perspective Statement

Percutaneous sympathectomy using radiofre-

quency techniques has been used as an alterna-

tive to surgical procedure for twenty years, in a

few centers of hyperhidrosis around the world.

There are a few comparative studies showing

the superiority of surgical approach over the

percutaneous technique with regards to sweat

control. Our study demonstrated the equality

between the results of techniques.
The impact of upper thoracic percutaneous sympathectomy with radiofre-
quency on the quality of life (QOL) of patients with palmar hyperhidrosis was
evaluated. Thirty-six patients with palmar hyperhidrosis were selected for a
prospective observational study. Treatment consisted of percutaneous radio-
frequency thoracic sympathectomy of T3 and T4 ganglions in all cases. QOL
questionnaires were applied preoperatively, on the 1st postoperative (PO)
day, and on the 30th, 90th, 180th, and 360th PO days. Furthermore, compen-
satory hyperhidrosis (HDSSc) scale measures were used simultaneously, in
order to evaluate the rate and frequency of this side effect. The QOL ques-
tionnaire evaluation showed preoperative values of 83.94§ 4.74 (meaning
poor quality of life), decreasing to 24.61§ 2.86 on the 1st PO day,
25.14§ 3.12 on the 30th PO day, 31.28§ 4.42 on the 90th PO day,
32.97§ 4.54 on the 180th PO day, and 33.94§ 4.6 on the 360th PO day (all
postoperative results with values below 35 were considered optimal). Com-
pensatory hyperhidrosis (HDSSc) scale values were 1.14§ 0.35 on the 1st
PO day, 1.42§ 0.55 on the 30th PO day, 1.83§ 0.85 on the 90th PO day,
1.92§ 0.91 on the 180th PO day, and 1.92§ 0.91 on the 360th PO day
(meaning that hyperhidrosis was mainly unnoticed). Patients’ subjective satis-
faction was considered very good and the majority of patients would recom-
mend the treatment procedure. Percutaneous radiofrequency thoracic
sympathectomy had a positive impact on the quality of life of patients with
palmar hyperhidrosis, compared to the surgical treatment, with a low rate
and intensity of HDSSc and without other complications.
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INTRODUCTION
Sweating is a physiological process that increases during

physical activity and stress. Hyperhidrosis is a disorder of
excessive sweating in certain regions of the body, such as the
palms, soles, face, and axillae,1�3 with incidence ranging from
0.6 to 2.8%,4 causing significant discomfort for patients and
affecting patient quality of life (QOL).1,5�7 A possible etiology
is attributed to functional impairment in the sympathetic ner-
vous system, but the exact cause is still unknown.8,9

Treatment options include nonsurgical (eg topical agents,
iontophoresis, botulinum toxin A, tricyclic antidepressants and
anticholinergic agents)10�12 and surgical modalities (eg lipo-
suction and endoscopic sympathectomies)1,13�15. Despite
679/$�see front matter © 2018 Elsevier Inc. All rights reserved.
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many treatment options, severe hyperhidrosis has a higher
control rate through surgical sympathectomy; however, some
complications have been described.16�20

Thoracic sympathectomy can be performed not only by sur-
gical intervention but also with percutaneous sympathetic neu-
rolysis or radiofrequency ablation. Wilkinson was the first to
describe a percutaneous technique for radiofrequency thermo-
coagulation, for untreatable pain in the upper extremities.21,22

After some years, other authors began to use this procedure to
treat patients with palmar hyperhidrosis.23�25 Radiofrequency
therapy is a minimally invasive modality that uses electromag-
netic energy near the nerve tissue.26�28 Despite previous
results reports, none evaluated QOL as a systematic outcome.

Our purpose was to evaluate the impact of upper tho-
racic percutaneous sympathectomy with radiofrequency on
the QOL in patients with palmar hyperhidrosis, with a
long-time follow-up, using QOL questionnaires, scales, and
measurements of palmar temperature both before and after
the procedure.

METHODS
Patients diagnosed with palmar hyperhidrosis and treated at

S~ao Paulo State University Hospital between January 2013 and
March 2014 were selected for a prospective observational
cohort study. The inclusion criteria were age, between 18 and
45 years, and diagnosis of moderate or severe palmar hyperhi-
drosis. The exclusion criteria were secondary causes of hyper-
hidrosis (endocrine, neurological, and oncological conditions,
infection, drug use and/or abuse), body mass index (BMI)
greater than 28 kg/m2, concomitant or recent acute myocardial
infarction, recent surgery (less than 30 days), and/or clinical or
laboratory evidence of acute or chronic systemic infection,
renal or hepatic diseases, pregnancy, drug and alcohol abuse,
and other conditions that affect life expectancy.

The treatment consisted of percutaneous thoracic sympa-
thectomy of T3 and T4 ganglions, for all patients. A digital pal-
mar thermometer was employed to evaluate differences in
palmar temperature during the procedure (before and right
after the procedure) and after one year of follow-up.23,29�31

Preoperative and postoperative (1st day, 30th day, 90th day,
180th day, and 360th day after the procedure) evaluation was
performed using the Campos QOL questionnaire1 and the Der-
matology Life Quality Index (DLQI).32 The questionnaire
assesses the QOL of individuals with hyperhidrosis before and
after treatment. It presents values from 0 to 100, where 100
before treatment means very poor QOL and in the posttreat-
ment means that QOL was much worse. The DLQI is a vali-
dated tool that measures the degree of change in QOL after
treatment of dermatological disease that consists of 10 ques-
tions with five possible responses: very much, a lot, mild, a lit-
tle, and not at all (corresponding scores from 5 to 1—the
higher the score, the greater the impairment in QOL). During
the follow-up (one year later), the patients were submitted to a
subjective satisfaction questionnaire that consists of questions
that have three or four pre-established answers: patient
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satisfaction (very satisfied, satisfied, not satisfied), status of the
hand (dry, fairly dry, not dry), and the degree of compensatory
hyperhidrosis (HDSSc) (absent, mild, moderate, severe) that is
the most frequent complaint. Other questions referred to the
increase of QOL and whether the patient would recommend
the procedure to a friend, requiring the answer yes or no. The
Hyperhidrosis Disease Severity Scale (HDSS) was used to eval-
uate the disease (before and after the procedure) and also to
evaluate the HDSSc after the procedure. The scale analyzes the
impact of sweating on daily activities, ranging from 1 (never
noticed) to 4 (unbearable).33

The surgical protocol was the same in every patient and was
performed by the same neurosurgeon (FRR). The patients were
monitored (cardiac and oxygen saturation), draped, and placed
in the prone position in a surgical room, under local anesthe-
sia, to position the 5-mm active cannula of the radiofrequency
device to the right T3 sympathetic ganglion. The cannula had
to be pointed parallel to the ganglion, to apply the physical
principles of radiofrequency and optimize the thermic lesion
to the target,26�28 and the confirmation of the positioning was
made under continuous fluoroscopic guidance. Then, some
tests were performed using the electrode of the radiofrequency
device. The impedance was set between 200 and 400 V, pares-
thesia was observed with 50-Hz sensory stimulation at
0.3�0.5 V and no motor contractions were observed with
2-Hz motor stimulation at 1.3�1.5 V. After the neurophysio-
logical testing, 2 ml of 2% lydocaine was applied through the
cannula (Figure 1) and the patient was mildly sedated (midazo-
lam) to start radiofrequency thermal coagulation (80°C for
90 seconds). The same sequence was performed on the left T3
ganglion and bilaterally on T4 ganglions. Patients were moni-
tored for potential complications for 3 hours following the pro-
cedure and discharged on the same day.

The institutional Research Ethics Board approved this study;
all patients signed their informed consent before the proce-
dure. Descriptive statistics were presented as frequency, per-
centage, mean, and standard deviation. Data were represented
by mean and standard deviation (quantitative) for each
moment. To compare the different moments of evaluation,
normality tests of Shapiro-Wilks and Kolmogory-Smirnov
with the correction of Cramer-von Milses and Anderson-
Darling were applied. The comparison between means was
done by repeated measurements using Anova, followed by the
Duncan multiple-comparison test considering pre-operative as
a baseline in the case of normality. Otherwise, the same analy-
sis was used adjusting a gamma distribution followed by the
Wald multiple-comparison test. A P value of <0.05 was con-
sidered significant. Statistical analysis was performed with SAS
9.3 for Windows.

RESULTS
Between March 2013 and January 2014, 36 patients with

palmar hyperhidrosis were selected according to the inclusion
and exclusion criteria. The majority of patients were female
(26 patients—73%), with a mean age of 23.6 § 5.2 years
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Figure 1. Example of percutaneous sympathectomy. A. CT scan—the arrow displays the location of the ganglion. B. Positioning
the cannula through the patient’s skin. C. Antero-posterior intraoperative fluoroscopic view—exhibits the correct electrode posi-
tion. D. Lateral intraoperative fluoroscopic view—exhibits the cannula position (white arrow).
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(range from 18 to 42 years). According to their skin color, 75%
were white (27 patients) and the remaining were black. Every
patient had received previous clinical treatment: topical sub-
stances were used in 89%, botulinum toxin A in 11%, and
anticholinergic agents in 14%. Besides palmar hyperhidrosis,
34% of patients had concomitant axillar sweating, and 89%
had concomitant plantar hyperhidrosis. No cephalic hyperhi-
drosis was observed.

Serious complications were not observed during or after the
procedure (eg cardiac arrest, permanent bradycardia, Horner
syndrome, hemothorax, pneumothorax, atelectasis, motor defi-
cit, pulmonary edema) and pain in the first hours was the main
complaint, solved with ordinary painkillers. Palmar temperature
decreased at least 1°C during the procedure (average 34.1°C to
31.8°C) and after 12 months (mean 33.3°C) (Table 1).
364 Seminars in T
The HDSS and DLQI had a great improvement (Table 1), as
well as the Campos QOL questionnaire1 (Table 1). Results of
the HDSSc evaluation, measured by the HDSS, are also sum-
marized in Table 1.

The patients’ subjective satisfaction was high (Table 2); 92%
reported increase in QOL and 90% of them (32 patients)
would recommend the procedure.

DISCUSSION
Radiofrequency percutaneous sympathectomy has been per-

formed as an alternative to surgical procedure to treat hyperhi-
drosis for 20 years, in a few centers around the world.23�25

There are a few comparative studies demonstrating the superi-
ority of a surgical approach over the radiofrequency technique
with regards to sweat control. Our data, when analyzing QOL
horacic and Cardiovascular Surgery � Volume 30, Number 3



Table 1. Results of Scales, QOL Questionnaires, and Measurement of Temperature

Follow- up Preoperative First Day 1 Month 3 Months 6 Months 1 Year P value

HDSS1 3.64§ 0.54 1§ 0 1§ 0 1.08§ 0.28 1.61§ 0.64 1.64§ 0.64 <0.0001
DLQI2 39.58§ 4.46 10.58§ 0.87 10.56§ 0.81 11.83§ 2.75 12.75§ 2.78 13.17§ 3.26 <0.0001
QOL3 83.94§ 4.74 24.61§ 2.86 25.14§ 3.12 31.28§ 4.42 32.97§ 4.54 33.94§ 4.6 <0.0001
HDSSc# � 1.14§ 0.35 1.42§ 0.55 1.83§ 0.85 1.92§ 0.91 1.92§ 0.91 <0.0001
Temperature* 34.09§ 0.26 31.83§ 0.57 � � � 33.30§ 0.44 <0.0001
1Hyperhidrosis Disease Severity Scale (HDSS).
2Dermatology Life Quality Index (DLQI).
3Campos QOL questionnaire [1].
#Compensatory hyperhidrosis (HDSSc) was evaluated on the first postoperative day and the significant difference was between that moment and
the other postoperative days.
*Temperature was measured only before the procedure, on the first postoperative day, and one year later and the significant difference was
between the first moment and the other postoperative days.
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questionnaires and patients’ subjective satisfaction, were
slightly superior compared to other published studies. Purtulo-
glu et al25 had a success rate of 75% in a percutaneous tech-
nique and 95% in a thoracoscopic approach. We observed a
92% rate of success in our patients, considering the subjective
satisfaction and improvement of QOL. This high success rate
could be attributed to our choice of target for ablation (T3 and
T4 ganglions) and strict application of radiofrequency’s physi-
cal principle that consists in the positioning of the cannula tip
parallel to the ganglion.26�28

The choice of T3 and T4 ganglions, compared to that of other
studies which selected T2 and T3 or only T423�25 (patients com-
plain about moderate or severe compensatory or wet hands),
could explain our high success rate regarding hyperhidrosis
long-term control.17�19, 23�25 Some studies demonstrated that
dryness in the hands is better reached with two levels of ablation
and some studies attributed the intensity of HDSSc to more than
one level and both are related to satisfaction.13,19 Similarly, some
studies do not attribute the number of levels of ablation to
HDSSc.20 We believe that the cause of both is multifactorial.
Although the literature is inconclusive, we don't need to reach
higher ablation levels to obtain dry hands, it being possible to
reach good results simultaneously avoiding HDSSc.
Table 2. Results of Subjective Satisfaction Questionnaire

Very
Satisfied

Satisfied Not
Satisfied

Total

atient satisfaction 26 7 3 36
72% 20% 8% 100%

Dry Fairly dry Not dry Total

tatus of the hand 32 2 2 36
89% 5.5% 5.5% 100%

Absent Mild Moderate Severe Total

ompensatory
hyperhidrosis

28 4 3 1 36

78% 11% 8% 3% 100%
P

S

C
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Authors advocate the theory that recurrence of sweat would
be associated with another sympathetic ganglion adaptation
to preserve the function of the ablated ganglion.19 On the
other hand, the knowledge and application of physical
radiofrequency principles, optimizing the heat wave and
lesion area around the lateral portion of the cannula, and
not in its extremity, increases the efficacy of the
procedure.26�28 None of the papers found in the literature
described and were concerned with these physical princi-
ples, and Purtuloglu et al24,25 had described the target in
contact with the cannula’s extremity.

Palmar temperature measurement was obtained as objective
data to evaluate the procedure’s efficacy (effectiveness of the
nerve injury)23,29 and the values decreased after the procedure.
There are not many literature studies that employ palmar tem-
perature measurement to evaluate the efficacy of the procedure
for palmar hyperhidrosis29�31; however, these measurements
are difficult to perform since they must take into account
mainly the anesthesia and the temperature in the operating
room. In our study, there was no anesthesia and we kept the
room at a controlled temperature 26°C for at least 30 minutes,
for acclimatization of the patient, and the temperature mea-
surement was continuous during the procedure.

Our results using the radiofrequency technique showed a
decrease of 1°C after the lesion in the sympathetic chain,
which differs from other studies that showed a raise of at least
1°C.29�31 However, a recent study has demonstrated results
similar to ours, with a decrease in the temperature especially
at levels below T3,which could be attributed to a lower dener-
vation at these levels due to the sympathetic anatomy.31

Many adverse effects are associated with thoracic sympa-
thectomy1,16�20 but the main factor interfering in a patient’s
satisfaction is the HDSSc, with incidence ranging from 60 to
90%.16�20 This theory could explain our higher patient satis-
faction rate compared to the current literature data. Our data
demonstrated that HDSSc was absent in 78% in 12 months
and these results could be associated with our selected gangli-
ons for the procedure (T3 and T4), since some studies have
related a higher incidence of HDSSc in lesions above the T3
ganglion.18,19
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A possible limitation is the fact that our study is not a ran-
domized trial; there is no control group and no other tech-
nique for comparison. However, our study is a prospective
observational study with a long follow-up time, and shows
great and sustainable increase in patient QOL. As a result, tho-
racic percutaneous radiofrequency T3 and T4 ablation can be
used as a safe and effective option in the treatment of palmar
hyperhidrosis, being a minimally invasive procedure with satis-
factory results, compared to surgical sympathectomy. There-
fore, percutaneous radiofrequency thoracic sympathectomy
had a positive impact on QOL among patients with palmar
hyperhidrosis, with a low rate and intensity of HDSSc and
without other complications.

SUPPLEMENTARY MATERIAL
The following is the supplementary data to this article:

Video S1. Technique of percutaneous sympathectomy.
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