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Introduction

Although endoscopic thoracic sympathectomy (ETS) hasbeenan  locally or orally,>® botulinum toxin,

Background Endoscopic thoracic sympathectomy (ETS) is an effective treatment for
primary hyperhidrosis. However, compensatory sweating (CS) may occur in many
patients. Sympathetic nerve reconstruction (SNR) can be used to counteract severe
CS, but the studies on the effects of SNR are few.

Patients and Methods Nineteen out of 150 SNR patients were contacted by employ-
ing a long-term questionnaire. In this questionnaire, different kinds of sweating were
evaluated using a four-graded symptom analysis and the visual analog scale before ETS,
after ETS, and after SNR.

Results The mean age of the 16 male and 3 female patients at the SNR was 32 years.
The mean follow-up was 87 months. According to the long-term questionnaire, the
benefit was either excellent (4 patients, 21%), good (3 patients, 15.8%), or reasonable (7
patients, 36.8%) in 14 patients (73.8%), while the benefit was questionable in 1 patient
(5.3%). For three patients (15.8%), no benefit was found, and in one patient (5.3%), the
situation had deteriorated.

Conclusions Improvement in the side effects of ETS after SNR was found in nearly 75%
of the patients. This indicates that SNR can be considered as an alternative treatment for
patients with severe CS after ETS that is unresponsive to conservative treatment.

The conservative treatment methods for CS related to ETS
include the use of anticholinergic agents administered either
7 or regional abdominolum-

accepted treatment for primary hyperhidrosis, compensatory
sweating (CS) is reported to occur in 68 to 99% of the patients
after ETS."™ In 13 to 55.9% of the cases, the CS is reported as
strong or very strong.">** In 43.3% of the patients, CS caused
limitations in patients’ daily lives. At least those patients whose
CS is severe or very severe should be regarded as candidates for
some kind of treatment for CS. However, no report exists dealing
with the exact number of patients who have been treated
medically or surgically for CS.
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bar iontophoresis (RALI).2

When conservative treatment after ETS fails, the only
method is surgical sympathetic nerve reconstruction (SNR)
using either a sural® or an intercostal nerve graft.'® There are
only a few studies reporting the results of SNRs, one of which
is a case report.” Not only the reports on SNR are few but also
the long-term results after SNR are even more scarce. There-
fore, we conducted the present study and report our long-
term results of SNR.
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Endoscopic Sympathetic Nerve Reconstruction

Patients and Methods

Study Population
Records on 150 patients treated for severe side effects of ETS with
SNR were reviewed retrospectively. The inclusion criteria for
participation in the study were successfully performed SNR and
response to the long-term follow-up questionnaire. To the
patients who did not respond to the first questionnaire sent
via e-mail, the questionnaire was resent two more times (three
questionnaires/patient). To those patients whom the question-
naire was sent by regular post, it was posted only once because
the addresses proved incorrect in all cases. For the Japanese
patients, the questionnaire was translated into Japanese, but for
all other patients, the questionnaire was written in English.

For 16 (10.7%) patients, SNR could not be performed ade-
quately, and they were therefore excluded. In four of them, the
planned procedure could not be performed due to severe
adhesions (two patients) or too many sympathetic ganglia
destroyed in the primary operation (> 3 ganglia when intercos-
tal nerve was used as a nerve graft; two patients). The latter
situation made the operation impossible because the nerve graft
was not long enough for reconstruction. In addition, in 12 cases,
the third or fourth intercostal nerve could be connected only to
the proximal part of the sympathetic nerve without connecting
it to the distal part of the sympathetic nerve. In these cases, no
sympathetic nerve connection was achieved below the third or
fourth sympathetic ganglion.

Nineteen patients responded to the long-term follow-up
questionnaire and these results were analyzed.

Surgical Procedure

The surgical procedure was conducted using a video-assisted
thoracoscopic technique under a single-lumen tube general
anesthesia. The patients were placed supinely with both arms
abducted. Two intercostal ports between the third and fifth
ribs were used to gain access to the chest. A third, anteriorly
placed port was applied when needed. The procedure was
started on the right side. After CO, gas insufflation into the
thoracic cavity with less than 12 mm Hg of pressure to deflate
lung, the pleural space was inspected using a 7 to 10 mm
thoracoscope, and pleural adhesions were cut when needed.
The proximal and distal parts of the previously operated
sympathetic nerve were exposed and cut to get florid ends
of the nerve. Either the sural or the intercostal nerve was used
as a free graft in the original direction; it was placed between
the proximal and distal parts of the exposed sympathetic
nerve, and fibrin glue was applied onto the contact surfaces of
the sympathetic and the sural or intercostal nerve. The
intercostal nerve was harvested using the same ports during
thoracoscopy. The pleural space was opened below the costal
margin, and third or fourth intercostal nerve was dissected
free laterally as much as needed. The required length of
intercostal nerve was evaluated using a dissector in an
open position. When adequate length of intercostal nerve
was achieved, it was cut both laterally and medially. When the
sural nerve was used, a 20 to 30 cm segment of the sural nerve
was harvested from either the left or right calf using two or
three small incisions. The sural nerve was used in the first 50
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cases and, thereafter, the intercostal nerve was applied. The
main reason for the use of the intercostal nerve was that it
could be taken using the same ports that were employed in
the operation itself.

Data Collection

The 19 patients who responded to the long-term follow-up
questionnaire were asked about the following aspects: sex, age at
ETS and SNR as well as at the time of filling in the questionnaire,
and the reason(s) for ETS. In addition, the following psychologi-
cal and physical symptoms were analyzed and scored from 1to 4
(1 = normal, 2 = mild, 3 = moderate, and 4 = severe) before
ETS, after ETS, and at 3, 6, and 12 months after SNR as well as at
the time of taking the questionnaire: hand sweating (HSW),
facial sweating (FSW), underarm sweating (USW), general
sweating (GSW), blushing, social phobia, and trembling of the
hands. We have also used these symptom-analysis methods
previously, and they are included in Davidson’s Brief Social
Phobia Scale and the Leibovitz Quality of Life Scale.'’"'3 In
addition, fatigue (none, mild, moderate, or severe) and energy
level (normal, mildly lowered, moderately lowered, or severely
lowered) after ETS and SNR were analyzed. Finally, the visual
analog scale (VAS) (0 = best possible situation and 100 = worst
possible situation)' was recorded before ETS, after ETS, and at
the time of taking the questionnaire after SNR, concerning the
following symptoms: HSW, FSW, USW, GSW, blushing, social
phobia, trembling of the hands, and gustatory sweating. Finally,
the same VAS was used to analyze general well-being before ETS,
after ETS, and after SNR.

In addition, the ganglia destroyed during ETS, the upper
and lower ganglia between which the SNR was performed,
and the interval between ETS and SNR were identified.
Finally, the used nerve graft (either sural or intercostal)
was identified.

Evaluation of Data

The definition of the benefit of SNR is shown in =Table 1.
In brief, the benefit was determined using the effect of SNR

on CS, energy level, and general well-being after SNR.

Statistics

The chi-square test was used for statistical comparisons between
the results of the sural and intercostal nerve, between the
number of destroyed ganglia (one vs. more), and between the
short (maximum of 12 months) and long (> 12 months)
intervals from ETS to SNR. A p < 0.05 was considered as
statistically significant.

Ethics

This study was approved by the Ethical Committee of Sym-
patix Clinique.

Results

The mean age of 16 male and 3 female patients at the time of
SNR was 32 years (16-49 years). The mean interval between
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Table 1 Definition of the benefit of SNR

Excellent benefit

Significant decrease in CS (VAS value diminished by at least 40) and either significant increase in energy level
(at least two grades) or significant improvement in general well-being (numerical value diminished by at least 40)

CS normalized

Good benefit

Significant decrease in CS

Significant increase in energy level

Significant improvement in general well-being

Energy level normalized without significant decrease in CS

Reasonable benefit

Moderate decrease in CS (at least 20)

Minor decrease in CS (at least 10) and minor increase in energy level (at least one grade)

Questionable benefit

Minor decrease in CS (at least 10)

Minor increase in energy level (at least one grade)

Negative benefit

No changes in CS, energy level, and general well-being

Abbreviations: CS, compensatory sweating; SNR, sympathetic nerve reconstruction; VAS, visual analog scale.

the ETS and SNR was 39 months (6-144 months). The mean
follow-up time was 87 months (6-180 months). For all of
these 19 patients, the SNR could be performed as planned.

The primary reason for ETS was HSW in eight, blushing
(associated with HSW in one and both FSW and HSW in one)
in six, FSW in two, FSW and HSW in two, and USW in one case.
The destroyed ganglia, the interval between ETS and SNR, the
nerve graft applied, and the benefit of SNR are shown
in =Table 2.

Among the 19 patients who responded to the long-term
follow-up questionnaire, the benefit was either excellent
(4 patients, 21%), good (3 patients, 15.8%), or reasonable
(7 patients, 36.8%) in 14 patients (73.7%), while the benefit
was questionable in 1 patient (5.3%). For three (15.8%)
patients, there was no benefit, and one patient (5.3%) found
the situation after the SNR worse (permanent Horner
syndrome). The energy level or fatigue had improved in
11 out of the 19 patients (57.9%), with a severely lowered
energy level having normalized in four patients (36.4%) and
moderate fatigue in one patient (9.1%). The reasons for
excellent or good benefit among patients with the long-
term questionnaire are presented in ~Table 3.

Excellent or good benefit was found more often when an
intercostal nerve graft was used (81.8%) as opposed to the
sural nerve (62.5%), and when only one ganglion had been
destroyed as opposed to several destroyed ganglia (80 vs.
69%). Similarly, excellent or good benefit was more likely
with a short interval between ETS and SNR as opposed to a
long one (80 vs. 72.7%). However, no statistically significant
differences were found in any of these three parameters.
This is probably due to the small number of patients in the
different categories.
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According to the results of our long-term questionnaire,
the primary symptom(s) that had led to ETS did not recur
after SNR. Fate of HSW, FSW, blushing, and social phobia,
which were the primary reasons for ETS, are shown
in =Tables 4 and 5.

There was one (5.3%) complication after SNR among the 19
patients included. This patient developed permanent Horner
syndrome.

Comment

Our results from the long-term questionnaire show that
approximately 75% of the patients benefited from SNR after
a mean of 87 months and that in seven (50%) of these, the
improvement was significant. In most of the patients with
significant improvement in side effects, the general well-
being improved as well. This indicates that SNR can be
considered as a potential treatment option for patients
with severe side effects from ETS which are unresponsive
to conservative treatment.

To diminish the occurrence and severity of CS after ETS,
endoscopic sympathetic block (ESB) was developed.'> However,
the occurrence of CS between ESB and ETS is controversial, some
authors reporting adverse effects to be less frequent after
ESB'>1° than after ETS, while some studies'”"'® have not found
any differences in the occurrence of CS. Therefore, the selection
of the lowest effective level of sympathectomy may be more
important than the method used to diminish severe adverse
effects after these procedures.'®-2° However, only ESB is thought
to be a reversible operation if severe CS develops. This means
that unclipping is possible only after ESB, and it is the primary
method after ESB when too severe CS is encountered. The
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Table 2 Destroyed gangliain ETS, mean interval (months) between ETS and SNR, the nerve graft used, and the benefit of SNRin 19
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patients
Patient Destroyed Interval between Graft Benefit of SNR
number ganglia ETS and SNR
1 T2,T3 29 S Worsening
2 12,13 24 S Good
3 T2,T3,T4,T5 48 S Good
4 T2,T3 48 S Excellent
5 13,74 12 S Negative
6 13,74 Unknown S Negative
7 T3 12 S Excellent
8 T3 Unknown S Good
9 T13,T4 168 IC Questionable
10 T3 84 IC Excellent
11 T3 96 IC Negative
12 T2 Unknown IC Good
13 12,13 24 IC Excellent
14 T2,T3 48 IC Good
15 T3,T4 8 IC Good
16 13,74 36 IC Excellent
17 13,74 6 IC Good
18 T2,13,T4 12 IC Excellent
19 T3 120 IC Good

Abbreviations: ETS, endoscopic thoracic sympathectomy; S, sural nerve; IC, intercostal nerve; SNR, sympathetic nerve reconstruction.

Table 3 Reasons for excellent (four patients) or good® benefit in seven patients who completed the long-term questionnaire

Excellent benefit

Patient 1 EL normalized Patient 2 EL normalized
GSW from 100 to 60 GSW from 80 to 20
GUSW from 70 to 20 GUSW from 60 to 30
GWB from 90 to 20 GWSB from 90 to 30
Patient 3 EL normalized Patient 4 Fatigue normalized
GSW from 100 to 60 EL normalized
GWB from 100 to 20 GSW from 100 to 60
GWB from 90 to 20
Good benefit
Patient 1 EL normalized Patient 2 GSW from 70 to 30
GSW from 80 to 70 GUSW from 100 to 50
GWB from 90 to 30
Patient 3 GSW from 90 to 30
GUSW from 40 to 20
GWB from 100 to 20

Abbreviations: CS, compensatory sweating; EL, energy level; GSW, general sweating; GUSW, gustatory sweating; GWB, general well-being.
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Table 4 Fate of HSW (11 patients) and FSW (4 patients) that led
to ETS

HSW Before ETS | After ETS | After ETS reversal
Patient 1 70 0 20

Patient 2 80 10 0

Patient 3 70 100 20

Patient 4 80 30 30

Patient 5 100 20 20

Patient 6 50 50 30

Patient 7 70 100

Patient 8 90 10 0

Patient 9 80 50 10

Patient 10 | 80 0 0

Patient 11 | 60 10 20

FSW Before ETS | After ETS | After ETS reversal
Patient 1 80 0 10

Patient 2 80 100 100

Patient 3 80 0 0

Patient 4 70 10 30

Abbreviations: ETS, endoscopic thoracic sympathectomy; FSW,

facial sweating; HSW, hand sweating.

Notes: One patient could have many symptoms before ETS. Figures
derived with the visual analog scale (0 = the best possible situation and
100 = the worst possible situation).

unclipping should be performed during the first month, since
according to animal models, permanent damage occurs by the
30th day.21 This is also our policy when too severe CS after ESB is
encountered."’ In the study by Lin et al,'® up to 80% of the

Table 5 Fate of blushing (six patients) and social phobia (four
patients) that led to ETS

Blushing Before ETS After ETS After ETS
reversal

Patient 1 100 30 30

Patient 2 100 0 0

Patient 3 60 30

Patient 4 100 50 40

Patient 5 90 30 40

Patient 6 100 30 30

Social phobia Before ETS After ETS After ETS
reversal

Patient 1 80 70 20

Patient 2 100 50 40

Patient 3 60 60 30

Patient 4 80 10 30

Abbreviation: ETS, endoscopic thoracic sympathectomy.

Notes: One patient could have many symptoms before ETS. Figures
derived with the visual analog scale (0 = the best possible situation and
100 = the worst possible situation).
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unclipped patients recovered after the second procedure. In the
study by Sugimura et al,'® 48% of the unclipped patients reported
a substantial decrease in their CS. In the early (unclipping before
6 months after ESB) and the late groups (unclipping after 6
months), 67 and 37%, respectively, of the unclipped patients
reported a substantial decrease in their CS.

In the study by Stefaniak et al,2 47% of the patients reported
areduction in CS after unclipping, but these patients declared
an increase in their overall sense of illness, probably because
they experienced the recurrence of their initial suffering. The
new operation in the study by Stefaniak et al® included both-
sided T6-9 block. This resulted in partial and transient,
nonsignificant diminishing of the symptom. RALI resulted
in the most immediate and sustained 43.5% reduction in CS,
but it demands repeated procedures and can lead to burns
that heal slowly.® Our results after SNR compared favorably
with the above-mentioned results—in fact, they performed
somewhat better. However, SNR is more invasive and de-
manding than other treatment methods for CS. All conserva-
tive methods should therefore be exhausted before SNR is
considered. Conservative methods include the reduction of
overweight, topical application of aluminum salts, a subcuta-
neous injection of botulinum toxin, and orally administered
anticholinergic medications including glycopyrrolate and
oxybutynin. A topically applicated form of glycopyrrolate is
also available.

Although the most frequent severe adverse effect after a
sympathetic procedure is CS, there are also other complaints,
including gustatory sweating, loss of energy level, and fatigue.
In the present study, the energy level increased or fatigue
decreased in 57.9% of the patients after the SNR according to
the long-term questionnaire. In fact, in 45.5% of the question-
naire respondents, the energy level or fatigue normalized. To
our knowledge, this is the first study reporting the effect of
SNR on energy level.

Our success rate was somewhat better than the one reported
in the study by Haam et al.'® Approximately 75% of our patients
benefited from SNR, while the corresponding figure in the study
by Haam et al'® was 52%. We used a free sural or intercostal
nerve graft in the original direction, while Haam et al'® applied a
pedicled intercostal nerve graft in the reverse direction. This may
have influenced the differences between our results and those of
Haam et al.'® Another difference between our study and the
study by Haam et al'® was that all of our operated patients had
undergone an ETS procedure, while 4 of the 19 (21%) patients in
the study by Haam et al'® had previously undergone an ESB
procedure. We have also performed reversal operations on some
ESB-operated patients in our earlier series, but our results have
not been encouraging (data not presented). However, 75% of the
previously ESB-operated patients in the study by Haam et al'®
benefited from SNR. Therefore, this aspect seems not to be very
important in explaining the detected differences between our
study and the study by Haam et al.’® We have only one patient
who developed the Horner syndrome. Due to extensive scarring,
we tried to go as high as up to the fresh nerve, which in such
cases is very near to the Th I ganglion. In the case with Horner
sign, we just have approached the critical point in the sympa-
thetic chain too closely.
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Although most of our patients experienced some relief after
SNR, for some the SNR had no effect on the side effects suffered
after ETS. The reasons for this are unknown. Possible explana-
tions include a too long interval between the ETS and SNR, too
heavy adhesions after ETS, and too extensive nerve damage in
the primary ETS procedure leading to a long bypass operation.
Finally, the nerve graft selected (sural or intercostal nerve) may
have influenced this phenomenon. In most of the cases, the
operative documents could not be found. This makes it impossi-
ble to check the above-mentioned aspects. However, in most of
the 19 patients who responded to the long-term questionnaire,
the number of destroyed ganglia in ETS, the interval between
ETS and SNR, as well as the nerve graft used could be identified.
Although we found clinically significant differences in certain of
the above-mentioned aspects favoring an intercostal nerve graft,
only one destroyed ganglion in the primary operation and a
short interval between ETS and SNR, no statistically significant
differences were found. This was probably due to the small
number of patients in the different categories. The intercostal
nerve is easy to harvest at the same pot as the lesion and its
quality are better due to its tenacity and rounder form than the
sural nerve. It also has clearly less side effects: only an insignifi-
cant slight transient paresthesia on the flank. In some cases, it
can even be used as a vascular pedicled graft.

Some patients redevelop their primary symptoms after
unclipping, and this may be the main reason for dissatisfac-
tion after unclipping, although the side effects are dimin-
ished. In the study by Sugimura et al,'® control of the
hyperhidrosis or blushing was well maintained in 25 and
53% of the early and late groups, respectively. Some patients
may indeed have the fear after SNR that their primary
symptom(s) will recur while the CS and other side effects
improve. In the present study, we did not find such an effect in
the long-term questionnaire group, since their blushing, FSW,
HSW, or social phobia did not return. The most probable
cause for this is our surgical method, in which the previously
destroyed ganglia were bypassed. However, some patients
found that their hands were sweating to a degree during
exercise (data not presented), whereas before the SNR, they
had been too dry. This was observed in the VAS scores where
the patients with dry hands gave the worst value before SNR
and reported no more problems with their hands afterward.
However, some patients still had dry hands after SNR, and in
such cases, the VAS values were still the worst possible.

Our study has several limitations. The most important one is
that we could reach only 19 out of 150 (12.7%) patients, which
can cause bias. However, dropouts occurred unselectively and
the backgrounds of included and excluded cases did not differ
from each other. In addition, among 45 patients whose results
were obtained from other datasets previously (27 patients with
another questionnaire and 18 with a free-form e-mail message),
the results were similar when compared with those obtained
with our long-term questionnaire (data not presented). These
results are in line with our perception on what the results of SNR
at our clinic are. However, we could not use these 45 patients in
the analysis due to different datasets because this could have
caused bias. The patients were operated on at various private
clinics during the time when patient records were, in most of the
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cases, destroyed. This was probably the most important factor
for dropouts. In addition, after a long period, the patients’
addresses (e-mail, postal) had changed in many cases and we
could not locate them. In addition, our long-term questionnaire
was retrospective, which may have prevented us from identify-
ing some important aspects. Finally, our long-term questionnaire
was translated only into English and Japanese, which may have
caused some bias related to understanding the questions and
may be one reason for the quite low response rate. However, the
questions were made as simple as possible to be better under-
standable. A positive sign is that the questionnaire was compiled
and the follow-up survey performed by an independent person
was not involved in the patients’ care.

In conclusion, we found improvement in the side effects of
ETS after SNR in 75% of the evaluated patients in the long
term. For 50% of these, the improvement was remarkable.
This indicates that SNR can be considered as an alternative
treatment option for patients with severe side effects from
the ETS procedure that are unresponsive to conservative
treatment. A prospective study remains to be performed to
identify the risk factors for the worse than expected results of
SNR in some patients.

Disclosure
The authors have no conflict of interest or financial ties to
disclose.
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