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ABSTRACT

Objectives: Endoscopic thoracic sympathectomy may be complicated by the onset
of disabling compensatory sweating (CS). The objective of this case series is to
report the 2-year outcomes after robotic sympathetic trunk reconstruction
(STR) for the reversal of CS in patients who had undergone endoscopic thoracic
sympathectomy.

Methods: We prospectively followed-up a total of 23 patients who had undergone
robotic STR because of intolerable CS between October 2017 and January 2021. A
visual analog scale ranging from o to 10 (with 10 indicating the highest degree) was
used to assess the severity of CS at different anatomical locations, thermoregula-
tory alterations, and gustatory hyperhidrosis. Measurements were performed
before STR and at 6-month and 2-year follow-up.

Results: The mean age of the study participants was 43.3 = 7.8 years, and 20 (87%)
were men. The reversal procedure was performed after a mean of 19.6 £ 7.8 years
from endoscopic thoracic sympathectomy. In all patients, nerve defects were suc-
cessfully bridged using sural nerves (mean length, 9.7 cm on the right and 9.8 cm on
the left). No cases of Horner syndrome were noted. At 6 postoperative months, the
severity of CS decreased significantly at all body surface areas. The observed im-
provements were effectively maintained at 24 post-STR months. There was no ev-
idence of either recurrent hyperhidrosis at the primary site or transition of CS to
other anatomical locations. Similar improvements were evident for thermoregula-
tory alterations and gustatory hyperhidrosis.

Conclusions: Robotic STR is safe and effective in reversing intolerable CS after
endoscopic thoracic sympathectomy. (JTCVS Techniques 2023;21:251-8)

Before ETS reversal 3y 6m after ETS reversal

Before sauna

Adter dry sauna
(70°C, 10 mins)

Thermograms obtained before and after 10 minutes
in a sauna.

CENTRAL MESSAGE

Robotic sympathetic trunk
reconstruction is safe and effec-
tive in reversing intolerable
compensatory sweating after
thoracic sympathectomy.

PROSPECTIVE

At 6 postoperative months, robotic STR was
effective in reducing the severity of CS at all sites.
The observed improvements were effectively
maintained at 24 post-STR months. There was
no evidence of either recurrent hyperhidrosis at
the primary site or transition of CS to other
anatomical
were noted for thermoregulatory alterations
and gustatory hyperhidrosis.
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Abbreviations and Acronyms
CS = compensatory sweating
ETS = endoscopic thoracic sympathectomy
ICS = intercostal space
STR = sympathetic trunk reconstruction
VAS = visual analog scale

Endoscopic thoracic sympathectomy (ETS) is a clinically
feasible therapeutic option for patients with primary
regional hyperhidrosis who are refractory to standard med-
ical treatment.” Unfortunately, this procedure can be beset
by the onset of compensatory sweating (CS), thermoregula-
tory alterations, and gustatory hyperhidrosis.” Of them, CS
is the most commonly reported adverse effect—affecting up
to 80% of patients undergoing operation.”” Although se-
vere CS following ETS can compromise quality of life, cur-
rent therapeutic options remain limited and poorly
effective.””

Theoretically, the restoration of nerve continuity through
the reconstruction of the previously interrupted sympathetic
trunk represents an ideal solution to reverse symptoms in
patients who develop intolerable post-ETS CS. As of
2010, some authors have reported the clinical feasibility
of sympathetic trunk reconstruction (STR) accomplished
through thoracotomy or video-assisted thoracoscopy.'*'?
However, there has been limited adoption of surgical
approaches for the treatment of CS in daily practice. This
can be attributed to the fact that clinical outcomes remain
uncertain and adverse effects are still unpredictable.

In 2019, we described for the first time the safety and
feasibility of robotic STR with sural nerve grafting with a
pilot study that involved 7 patients.' In the current case se-
ries, we sought to expand our previous findings by
describing the 2-year outcomes of 23 patients who had

2017/10~2021/1
Robotic Thoracic STR

undergone robotic STR for the reversal of CS. With this
aim, a visual analog scale (VAS) was used to assess the
severity of CS at different anatomical locations, thermoreg-
ulatory alterations, and gustatory hyperhidrosis. Measure-
ments were performed before STR and at 6-month and
2-year follow-up.

MATERIALS AND METHODS
Study Patients

Eligible participants for this study were patients who underwent robotic
thoracic STR at Chang Gung Memorial Hospital between October 2017
and January 2021. Exclusions included subjects who received STR for rea-
sons other than CS and those who failed to complete the outcome question-
naire. Ultimately, the final study sample comprised 23 patients. A study
flowchart is provided in Figure 1. The research protocol complied with
the tenets of the Helsinki Declaration and was granted ethical approval
by the local institutional review board (approval No.. CGMH IRB-
202100928B0, approval date: June 24, 2021). Patients provided informed
written consent for publication of study data.

Preoperative Survey

A detailed medical history—with a special focus on the clinical symp-
toms before and after ETS as well as the technique applied to interrupt the
continuity of the sympathetic trunk—was collected from all participants.
The physical examination was aimed at detecting the presence or absence
of the Horner syndrome, the anatomical distribution of CS, and the relative
temperature of the upper and lower extremities. An exercise-limited car-
diac stress test was performed in patients with a history of exercise limita-
tions. During the preoperative phase, all candidates for robotic STR met an
experienced psychiatrist for a detailed psychological evaluation. Patients
were deemed unsuitable for STR if they met the following criteria: inability
to pass the psychological assessment, presence of unrealistic expectations
on STR outcomes, and history of sympathectomy performed with nonsur-
gical techniques (including thermal ablation, stereotactic interventions, or
chemical injections) that did not allow assessing the extent of the existing
damage. After a detailed explanation of the potential risks inherent to STR,
including the reappearance of symptoms that originally required reversal
surgery and the potential occurrence of injuries to the sympathetic chain,
all patients provided written informed consent. Patients were informed
on the potential risk of direct or traction injuries to the stellate ganglion,
which were expected to lead to transient or permanent symptoms typical
of Horner syndrome.

No Response to
questionnaire
n=4

A

Study Group

n=29

Y

Y

n=23

Indication other than CS
n=2

FIGURE 1. Flow of patients through the study. STR, Sympathetic trunk reconstruction; CS, compensatory sweating.
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Surgical Technique

The detailed STR procedure has been previously described. Following
the induction of general anesthesia and intubation with a double-lumen
endotracheal tube, the patient was placed in the left semiprone position.
Carbon dioxide was subsequently insufflated (pressure: 6-8 mm Hg) to pro-
mote the formation of an artificial pneumothorax. After the creation of suit-
able thoracic ports, a 30° angled thoracoscope was positioned in the
seventh intercostal space (ICS) along the posterior axillary line. The right
robotic arm was placed in the fifth ICS along the posterior axillary line
(medially to the scapula), whereas the left robotic arm was positioned in
the ninth ICS along the posterior axillary line. The assistant port was placed
either in the sixth or seventh ICS along the midaxillary line, and a da Vinci
Xi robotic cart (Intuitive Surgical) was subsequently docked. Upon
entering the thoracic cavity, pneumolysis was initially performed to expose
the previous sympathectomy site, including the proximal and distal stumps
as well as the affected intercostal nerve(s). While this procedure was being
performed, a microsurgeon began harvesting the sural nerve according to
the measured nerve defect. Coaptation was performed starting from the
proximal sympathetic stump to the distal sural nerve using 8-0 nylon su-
tures. After the graft passed underneath the intercostal nerves, its redundant
segments were cut and reserved for the contralateral side. The proximal su-
ral nerve was coapted to the distal sympathetic stump, and the graft was
fixed to the intercostal nerves in a side-to-side fashion (Figure 2 and
Video 1). Upon completion of the entire procedure, hemostasis was care-
fully accomplished, and a 20Fr chest tube was inserted. The patient was
then turned to the right semiprone position and prepared for an additional
STR using the same technical approach. After all the procedure done, the
patient turned back to the supine position and extubate carefully.

Definition of QOutcomes and Follow-up Schedule

Patients were followed-up on an outpatient basis or through telephone
and Internet interviews every 6 months after robotic STR. The severity
of CS at different anatomical locations—including chest, back, abdomen,
buttocks, thighs, calf, and feet—was examined before and after reversal
surgery using a VAS ranging from O to 10, with 10 indicating the highest
degree. Thermoregulatory alterations, gustatory hyperhidrosis, and the
presence of excessive hand dryness were investigated. We also invited pa-
tients to participate in a sauna test both before and after their reversal

VIDEO 1. After docking, pneumolysis was carried out at the site of pre-
vious endoscopic thoracic sympathectomy, including the proximal and
distal stumps as well as the affected intercostal nerves. The proximal and
distal stumps were thoroughly examined and dissected until a healthy
boundary was identified. We subsequently measured the defect length,
starting from the proximal stump, through a passage underneath the
involved intercostal nerve, until the distal stump was reached. Although
this procedure was being performed, a microsurgeon began harvesting
the sural nerve according to the measured defect. Coaptation was per-
formed starting from the proximal sympathetic stump to the distal sural
nerve using 8-0 nylon sutures. After the graft was passed underneath the
intercostal nerves, its redundant segments were cut and reserved for the
contralateral side. The proximal sural nerve was coapted to the distal sym-
pathetic stump, and the graft was fixed to the intercostal nerves in a side to
side fashion. Video available at: https://www.jtcvs.org/article/S2666-
2507(23)00201-8/fulltext.

surgery. Each patient was instructed to wear a swimsuit and enter a dry
sauna room heated to 70 °C for 10 minutes, with medical staff waiting
nearby in case of an emergency. Thermographic images of both the anterior
and posterior body surfaces were captured using an infrared camera (FLIR
ONE Pro thermal camera for iOS; P/N 435-0006-01) before and immedi-
ately following the sauna challenge.

FIGURE 2. The right sympathetic trunk was reconstructed using a sural nerve graft that was coapted to the involved intercostal nerves in a side to side
fashion. The arrow indicates the sural nerve graft. T2ZICN—T6ICN, T2—T6 intercostal nerves; PS, proximal stump; DS, distal stump.
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Statistical Analysis

Continuous data are expressed as mean = SD, whereas categorical
variables are given as counts and percentages. Differences in VAS
values measured before STR and at 6-month and 2-year follow-up
were analyzed with the Wilcoxon matched-pairs signed-rank test.
Due to multiple comparisons, the Bonferroni adjustment was applied
to control for type I error. All calculations were performed using
SPSS version 22.0 (IBM-SPSS Inc), with all tests 2-sided at a
2.5% level of significance.

TABLE 1. General characteristics of the study patients

RESULTS
Patient Demographic Characteristics

A total of 23 patients (20 men and 3 women; mean age:
4277 £ 6.6 years) were included in the study (Table 1).
Two participants underwent ETS for facial blushing,
whereas the remaining 21 were treated for primary palmar
hyperhidrosis. The levels at which ETS for primary hyper-
hidrosis was previously performed were as follows: left T2

Case Age Smoking Indication ETS to Operating  Nerve defect  Nerve defect Postop
No. Sex (y) history for ETS ETS level STR (y) time (h) (right, cm) (left, cm) LOS (d)
1 F 59 No PPH T2-T4 25 9.5 7 7 2
2 M 49 Yes PPH T2-T3 24 13 6 7 2
3 M 37 No Facial blushing T2-T3 2 10.5 8 10 1
4 F 44 No PPH Right T2—T6 22 11.5 13 18 1
Left T2—T9
5 M 41 No PPH Right T2—T4 20 8 10 8 4
Left T2—T3
6 M 31 No PPH T2-T4 16 7 12 12 2
7 M 48 No Facial blushing T2-T3 21 7 9 10 3
8 M 33 Yes PPH T2—-T4 4 7 10 14 4
9 M 45 Yes PPH T2-T3 23 7.5 10 10 3
10 M 35 No PPH T2-T3 14 8.5 6 10 5
11 M 38 Yes PPH T2-T3 23 10.5 10 10 4
12 M 44 No PPH T3 23 8.5 8 7 5
13 M 40 No PPH Right T3-T4 27 6.5 9 9 4
Left T3
14 M 40 Yes PPH Right T2-T3 23 7.5 9 7 4
Left T3
15 M 37 No PPH Right T2 17 10 9 9 3
Left T34
16 M 44 No PPH Right T2-T3 22 10 9 3 5
Left T2
17 F 44 No PPH Right T2-T3 30 8 9 13 2
Left T2-T3
18 M 41 No PPH Right T2 19 8 7 7 3
Left T2
19 M 57 No PPH Right T2-T6 27 7.5 13 15 5
Left T2-T5
20 M 43 No PPH T2-T3 27 8 13 6 3
21 M 42 No PPH T2-3 23 8 12 12 2
22 M 46 No PPH Right T2-3 18 7.5 13 11 4
Left T2
23 M 43 No PPH T3 1.5 7 10 10 3
Mean - 42.7 - - 19.6 8.5 9.7 9.8 32
SD - 6.6 - - 7.8 1.7 2.2 33 1.2
ETS, Endoscopic thoracic sympathectomy; STR, sympathetic trunk reconstruction; Postop, postoperative; LOS, length of stay; F, female; PPH, primary palmar hyperhidrosis;
M, male.
254 JTCVS Techniques « October 2023
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TABLE 2. Visual analog scale scores (range, 0-10, with higher scores indicating greater severity) (n = 23)

Statistically significant

Site Pre-STR Post-STR, 6 mo Post-STR, 24 mo difference
Compensatory sweating
Chest 9.4 +0.9 6+24 48 +24 &
Back 93+0.8 6.1 £2.6 47 +£2.7
Abdomen 7.1+3 45+£29 37+£29 &
Buttocks 6.1 +2.8 44+32 3.6+23 &
Thighs 6.4+28 46+29 39427
Calves 57+£29 3.7+£3.1 33+£29 &
Feet 53+38 4435 34428
Other ETS-related symptoms
Thermoregulation 8.8+ 1.6 48 £2.7 3+27 i
Hand dryness 6.4 +35 52+35 24+25 T
Gustatory sweating 73+29 4.4 +27 34+£3 e

STR, Sympathetic trunk reconstruction; ETS, endoscopic thoracic sympathectomy.
(P <.025).

m=3), T2-T3 (n=10), T2—-T4 (n =3), T2-T5(n = 1),
T3 (n = 4), T3—T4 (n = 1); right T2 (n = 2), T2—-T3
(m=11), T2-T4 (n = 4), T2-T6 (n = 2), T3 (n = 2),
and T3—T4 (n = 1). The remaining patient initially received
T2 + T3 sympathectomy followed by secondary sympa-
thectomy surgery (clipping on T5—T9 on the left side and
T5—T6 on the right side). The mean interval from ETS to
robotic STR was 19.6 £ 7.8 years.

Perioperative Results

The mean operating time was 8.5 &£ 1.7 hours. No conver-
sion to open technique was required, and intraoperative
complications did not occur. No patient received a second

*Pre-STR vs post-STR at 6 months. {Post-STR at 6 months vs post-STR at 24 months

surgery. Postoperative complications included pneumo-
thorax (n = 1) and leg wound dehiscence (n = 1). The
former was managed conservatively, whereas the latter
was treated with wound debridement and primary closure
under local anesthesia. Postoperative Horner syndrome
was not observed in any patients. The mean length of post-
operative hospital stay was 3.2 + 1.2 days.

Postoperative Follow-up

Table 2 and Figure 3 summarize the VAS scores measured
before STR as well as at 6-month and 2-year follow-up for
the following variables: site-specific CS, thermoregulatory
alterations, hand dryness, and gustatory hyperhidrosis.

12 -
10 A
8 * . * * * * .
6 *
4 4
2
) Chest CS Back CS Abdomen CS Buttocks  Thighs CS Calves CS Feet Thermoregulation Hand Gustatory
CS CS over- sweating
dryness

Il Pre-STR M Post-STR 6m [ Post-STR 24m

FIGURE 3. Distribution of visual analog scale (range, 0-10, with higher scores indicating greater severity) scores for compensatory sweating at different
anatomical sites and thermoregulatory alternations measured at 3 distinct time points (pre-sympathetic trunk reconstruction (STR), post-STR at 6 months,

and post-STR at 24 months). CS, Compensatory sweating.
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Before ETS reversal

Before sauna

After dry sauna
(70°C, 10 mins)

3y 6m after ETS reversal

N

FIGURE 4. Thermograms obtained before and after 10 minutes in a sauna. Before sympathetic trunk reconstruction (STR), a high skin temperature was
evident over an anhidrotic area following the sauna test (A versus B). After STR, the skin temperature distribution was more uniform and did not change

significantly before and after the sauna test (C versus D). ETS, Endoscopic thoracic sympathectomy.

In general, 6-month assessments revealed that robotic
STR was effective in reducing the severity of CS at all sites.
The observed improvements were not only effectively sus-
tained but also continued to progress up to 24 months post-
STR, demonstrating the successful reinnervation of the
sympathetic pathway. Similar trends were noted for thermo-
regulatory alterations and gustatory hyperhidrosis. Figure 4
shows the comparative images obtained from a patient who
entered a thermal scanning room before (panels A and C)
and after (panels B and D) spending 10 minutes in a sauna.
Before STR, staying in a sauna produced 2 clearly distinct
thermal regions (Figure 4, B). Conversely, the post-sauna
image taken after STR (Figure 4, D) revealed an improved
heat balance without any distinguishable thermal zone.

DISCUSSION

Robotic STR for CS reversal has been described for the
first time in 2016 and successfully applied to 3 patients.'*
To our knowledge, this is the largest case series to date re-
porting the clinical outcomes of robotic STR. By applying a
thorough follow-up protocol, we were able to demonstrate
that the benefits conferred by STR were durable and sus-
tainable over time. Similar trends were evident for other
ETS-related adverse effects, including thermoregulatory al-
terations and gustatory hyperhidrosis. Notably, none of the
study patients developed recurrent primary hyperhidrosis.

256 JTCVS Techniques « October 2023

Collectively, our results demonstrate the robotic STR
should be considered as a viable therapeutic option for pa-
tients who require reversal of thoracic sympathectomy.

In the realm of peripheral nerve reconstruction, nerve
grafting has been a widely utilized surgical method for
several decades.'” The primary function of the grafted nerve
is to act as a conduit or scaffold, facilitating axonal regen-
eration and reestablishing connections between severed
nerve segments. Theoretically, following successful nerve
coaptation, nerve signals can traverse the graft, originating
from healthy stumps and reinnervating receptors
throughout the body, thereby restoring sympathetic func-
tion. Axonal regeneration typically occurs at an estimated
rate of 1 mm/day."” Consequently, it takes a significant
amount of time for nerve signals to reach various end tar-
gets, making it unsurprising to observe consistent improve-
ments at the 2-year mark compared with 6 months.

Prior studies published over the past 2 decades have
shown that thoracoscopic STR is clinically feasible; howev-
er, our approach was found to outperform the results of this
traditional technique. Several possible explanations may be
advanced, including the quality of nerve coaptation. Due to
inherent instrument limitations, nerve coaptation during
thoracoscopy is performed using tissue glues (ie, without
resorting to suturing).'"'? In this scenario, the quality of
coaptation might vary widely and is largely unpredictable.
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FIGURE 5. Proximal sympathetic nerve stump. A, A healthy nerve stump (arrow) should be soft, pliable, fresh bleeding, and mushrooming over the fas-
cicles. B, Histology findings of a specimen from the proximal stump, showing healthy ganglions and nerve fibers (arrow).

Robot-assisted microsurgery offers an ideal solution to
circumvent these issues through an unparalleled suturing
ability, which can successfully be implemented even within
limited anatomical spaces.'® This can be obtained by
leveraging the benefits of tremor filtering and the use of ar-
ticulated microinstrumentation to optimize the quality of
nerve coaptation. Another important advantage lies in the
accurate identification of healthy proximal stumps. Ideally,
a nerve stump should be soft, pliable, fresh bleeding, and
mushrooming over the fascicles and the ganglion
(Figure 5). In our institution, robotic STR is accomplished
through a collaborative multidisciplinary approach that in-
volves 2 distinct teams specializing in thoracic surgery
and plastic and reconstructive surgery (microsurgery sub-
specialty), respectively. Such a combination may have re-
sulted in an increased attention to fine surgical details,
which eventually offered sustained clinical benefits.
Although robotic STR appears safe and clinically
feasible for the reversal of CS in patients who had previ-
ously undergone ETS, it is important to acknowledge
certain limitations within our research. First, like many
nonclinical trial studies, we encountered the issue of
missing data. In our current report, approximately 15%
(n = 4) of the patients were excluded from the analysis
due to either complete (n = 2) or partial (n = 2) absence
of questionnaire data. One patient, who initially demon-
strated a positive 6-month outcome, unfortunately died
1.5 years after surgery due to a work-related injury. Another
patient exhibited favorable results at the 2-year mark but
lacked 6-month outcome data. As for the remaining 2 pa-
tients with entirely missing information, we received no up-
dates from them since their discharge from the hospital. We
cannot dismiss the possibility that these individuals experi-
enced poor outcomes, so excluding them from the analysis
may lead to an overestimation of our treatment results.

Second, the sample size was relatively limited and did not
allow performing subgroup analyses with the goal of iden-
tifying patients who were most likely to benefit from the ro-
botic procedure. Third, this study was solely based on a
subjective evaluation that relied on a simple VAS tool.
Theoretically, it would have been interesting to include a
validated instrument for assessing sweating—like the Hyper-
hidrosis Disease Severity Scale.'” However, per protocol,
this scale has been designed for primary hyperhidrosis
and it is not intended for use in patients with CS; therefore,
most published studies in the field have resorted to nonstan-
dardized questionnaires for outcome assessment.'*“’ The
future development and validation of an objective scale
for CS should work to address this limitation.

CONCLUSIONS

Robotic STR is safe and effective in reversing intolerable
CS after ETS. The results of STR are persistent and can be
effectively maintained over time without any recurrence of
CS at the primary sites.

Webcast @

You can watch a Webcast of this AATS meeting presentation
by going to: https://www.aats.org/resources/robotic-sympa
thetic-trunk-reconstruction-for-compensatory-sweating-
after-thoracic-sympathectomy.

Robotic Sympathetic Trunk
Reconstructio”. 1ur “ompensatory
Sweating After “ho ~cic .'ympathectomy
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