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Abstract

Aim: Thoracic sympathectomy is indicated in patients with upper extremity hyperhidrosis. The success of
dorsal thoracic sympathectomy is judged by the rates of relief of hyperhidrosis, recurrence, and compensatory
hyperhidrosis. We studied robotic selective sympathectomy (RSS) directed at the division of the preganglionic and
postganglionic rami without interruption of the sympathetic chain.

Methods: During RSS, the preganglionic and postganglionic sympathetic fibers and communicating rami to
intercostal nerves 2, 3, and 4 are divided. The sympathetic chain is left intact.

Results: Forty-seven patients underwent RSS. RSS was performed in a staged fashion with the more symptomatic
side first, followed by the contralateral side after at least four weeks. Mean operative time was 67 + 13 min for
unilateral RSS. There was no conversion to thoracotomy. The mean increase in ipsilateral palmar temperature was
1.2 £ 0.3 °C. Median hospital stay was three days (range 1-4 days). Complications included transient heart block
after sympathectomy on the second side in 1/47 (2%) and transient partial Horner's syndrome which resolved in
two weeks in 1/47 (2%). There was no permanent Horner's syndrome. Relief of hyperhidrosis was seen in 98%
of patients. At a mean follow up of 28 + 6 months, 46/47 (98%) patients were free of sustained compensatory
hyperhidrosis.

Conclusion: RSS is associated with excellent relief of hyperhidrosis and the lowest reported rate of compensatory
hyperhidrosis.
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INTRODUCTION

Surgery on the sympathetic nervous system is characterized by the evolution of indications and techniques
which have correlated with the evolution and greater understanding of the physiology and anatomy of this
complex part of the nervous system' "

Presently, hyperhidrosis is the most important established indication for sympathectomy. Historically,
surgical sympathectomy for hyperhidrosis has been associated with three areas of controversy: (1) the
surgical approach; (2) the technique of sympathectomy; and (3) the extent of sympathectomy.

Many surgical approaches have been described: (1) the posterior thoracic approach; (2) cervical
supraclavicular approach; (3) transthoracic approach; (4) trans-axillary approach; (5) thoracoscopic
approach; and (6) robotic thoracoscopic approach. Sympathectomy can be accomplished by:
ganglionectomy, clipping, or ablation of the dorsal sympathetic chain.

The extent of sympathectomy correlates with the incidence of complications. Clearly, more limited
sympathectomy has been associated with lower rates of compensatory hyperhidrosis. Although there is no
definite consensus, it has been suggested that highest success rates occur when interruption is performed
for T3 and T4 for palmar hyperhidrosis. T4 and T5 interruption is recommended for palmar and axillary,
palmar, axillary, and pedal hyperhidrosis. T3 interruption has been recommended for craniofacial
hyperhidrosis™".

Selective postganglionic sympathectomy represents a more directed approach to sympathetic denervation
of the upper extremity””. In this procedure, the sympathetic trunk and ganglia are left intact and only
the postganglionic rami, which accompany the intercostal nerves 2, 3, and 4 to the upper extremity, are
divided selectively. Friedel et al.*” reported a success rate of up to 95% and a compensatory hyperhidrosis
rate of 2.5% after performing selective postganglionic sympathectomy or ramicotomy. Recently, Coveliers
and colleagues reported a series of patients who underwent robotic simultaneous bilateral selective dorsal
postganglionic ramicotomy using a surgical robot”**"'. Although postganglionic ramicotomy has been
used for more than 20 years, most surgeons have abandoned the technique because studies have found a
significantly higher recurrence rate in comparison with sympathectomy[%_”]. It has been suggested that
the historic results with ramicotomy may have been in part due to the limitations of the visualization and
instrument technology, and the fact that the preganglionic fibers were left intact.

Given the theoretical advantage of reducing compensatory sweating by limiting the extent of
sympathectomy, we have reasoned that the division of both the preganglionic and postganglionic rami
communicantes from the sympathetic trunk to the upper extremity without targeting the trunk itself may
be a more effective technique for “selective sympathectomy”.

This paper outlines the technique of robotic selective sympathectomy (RSS) and the early results.

METHODS
Technique

A left-sided double lumen tube is used and the lung on the side of the procedure is isolated. The patient is
placed in a lateral decubitus position.
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Bring Robot In This Direction Bring Robot In This Direction

Figure 1. Port placement during robotic selective dorsal sympathectomy. A: right chest; and B: left chest

The robot is brought over the patient’s head. We use both da Vinci (Intuitive Surgical Mountainview, CA) Si
and Xi robots. For clarity, we refer to the robotic arms not by arm number but in reference to the surgeon’s
hands. An 8-mm port (#1) is placed in the sixth intercostal space in the midaxillary line [Figure 1A and B],
A second port (#2) is placed in the third intercostal space in the anterior axillary line. The camera arm
with a 30° down-viewing binocular camera is introduced through Port #1. For approach to the sympathetic
chain in the right chest Port #2 is used by the right robotic arm, and for the left-sided sympathetic chain
Port #2 is used by the left robotic arm. A third port (#3) is placed in the fifth intercostal space in the
posterior axillary line. For approach to the sympathetic chain in the right chest Port #3 is used by the left
robotic arm, and for the sympathetic chain in the left chest Port #3 is used by the right robotic arm. Carbon
dioxide insufflation can be used with the port-based technique. Carbon dioxide is used to retract the lung
away from the posterior chest wall. If carbon dioxide insufflation is not used, an auxiliary 10-mm port is
placed in the sixth intercostal space in the anterior axillary line. A retractor (Endopaddle Retract Covidien,
Inc., Norwalk, Conn. USA) is passed through this port and used to retract the lung medially. In the right
chest, the right robotic arm with the robotic hook cautery is positioned through Port #2, and the left
robotic arm with the robotic DeBakey forceps is positioned through Port #3. In the left pleural space, the
right robotic arm enters the pleural space through Port #3 and the left robotic arm enters the pleural space
through Port #2. The sympathetic chain is identified. The ribs are counted and electrocautery marks are
placed away from the sympathetic ganglia in order to specify the position of ganglia #2, #3, and #4 [Figure 2].
The portion of the sympathetic chain between ganglia #4 and #5 overlying rib #5 is identified and dissected
with the hook cautery. The sympathetic chain is encircled and lifted with a rubber atraumatic vascular loop.
The postganglionic fibers (RCG) can be identified easily as the fibers emanating from the chain towards the
distal portion of the ribs. These fibers are divided using electrocautery. The preganglionic fibers entering
the sympathetic chain are also divided and the chain is elevated. Dissection is carried to the level of the
second sympathetic ganglion. Following the division of the preganglionic and postganglionic fibers, the
sympathetic chain is elevated and all posterior attachments to the ribs are severed using electrocautery.
This maneuver disconnects the rami interganglionares that are communicating fibers between the ganglia.
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Figure 2. Intraoperative photograph during left robotic selective sympathectomy depicting Ribs 2-4 (R2, R3,and R4), the PRE and Post
rami, the Trunk, and an ICV. During “selective sympathectomy” preganglionic and postganglionic rami are divided, and the trunk is left
intact. PRE: preganglionic; Post: postganglionic; ICV: intercostal vein; Trunk: sympathetic trunk

Following completion of the highly selective sympathectomy, a flexible drain is positioned posteriorly in
the pleural space and brought out through Incision #1. On-Q subpleural catheters are placed traversing T2-
T8, as has been described elsewhere in this book for pain control. All patients are extubated and returned
to the recovery room.

Video of the procedure can be seen at https://youtu.be/$NvIznv4Qrg.

All patients underwent division of R2, R3, and R4 preganglionic and postganglionic rami.

Data analysis

The data were prospectively accrued and retrospectively analyzed. Data points analyzed included
indications for operation, patient age and sex, preoperative and postoperative Hyperhidrosis Disease
Severity Scale [Table 1], operative time, palmar temperature measurements, morbidity, death, compensatory
hyperhidrosis, and gustatory sweating.

Compensatory hyperhidrosis was defined as the presence of new sweating, which was not present
preoperatively, in a different part of the body. The presence of compensatory hyperhidrosis and gustatory
hyperhidrosis was based on the subjective reporting of the patient.

Relief of symptoms, satisfaction with the operation, and occurrence and intensity of compensatory sweating
were evaluated using a standard questionnaire and the Hyperhidrosis Disease Severity Scale. Further follow
up was conducted at three months and at one, two, and three years after the operation. At the time of follow
up, relief of symptoms, satisfaction with the operation, and occurrence and intensity of compensatory
sweating were evaluated using a standard questionnaire and the Hyperhidrosis Disease Severity Scale.

RESULTS

In total, 102 patients underwent RSS. In 55 patients, RSS was performed in a simultaneous bilateral fashion.
In 47 patients, RSS was performed in staged fashion with the more symptomatic side first, followed by the
contralateral side after at least four weeks. These patients are the subject of this study. In all patients, the
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Table 1. Hyperhidrosis disease severity scale

Sweating is never noticeable and never interferes with daily activities
Sweating is tolerable and sometimes interferes with daily activities
Sweating is barely tolerable and frequently interferes with daily activities
Sweating is intolerable and always interferes with daily activities

O 0O ® >

indication was axillary and palmar hyperhidrosis. Mean operative time was 67 + 13 min for unilateral RSS.
There was no conversion to thoracotomy. The mean increase in ipsilateral palmar temperature was 1.2 + 0.3 °C.
Median hospital stay was three days (range 1-4 days). Chest tube was removed on the first postoperative
day (POD#1) in 43/47 (92%) patients and the second postoperative day (POD#2) in 4/47 (8%) patients.
There were no bleeding complications. Complications included transient heart block after sympathectomy
on the second side in 1/47 (2%) and transient partial Horner’s syndrome that resolved in two weeks in 1/47
(2%). There was no permanent Horner’s syndrome.

Whereas all patients had a score of D preoperatively, at a mean follow up of 28 + 6 months, 46/47
patients had a score of A. The overall sustained resolution of hyperhidrosis was 98%. In one patient (2%),
hyperhidrosis recurred in the first operated side after three months.

Compensatory hyperhidrosis was seen in 19/47 (40%) patients after selective dorsal sympathectomy of
the dominant upper extremity. The contralateral selective dorsal sympathectomy was delayed until the
resolution of the transient compensatory hyperhidrosis, which occurred within four weeks in all patients.
Transient compensatory hyperhidrosis was seen in 21/47 (45%) after selective dorsal sympathectomy of the
contralateral upper extremity. This resolved in 46/47 patients within five weeks after the procedure. At a
mean follow up of 28 + 6 months, 46/47 (98%) patients were free of sustained compensatory hyperhidrosis.
One patient (2%) experienced compensatory hyperhidrosis affecting the anterior abdomen and lower chest.
There was no gustatory sweating in this group of patients.

DISCUSSION

The success of dorsal thoracic sympathectomy is judged by: (1) high rate of relief of hyperhidrosis; (2) low
rate of recurrence; and (3) low rate of compensatory hyperhidrosis and gustatory hyperhidrosis.

Invariably, surgical procedures achieve symptomatic relief but are associated with compensatory
hyperhidrosis in 50%-97% of patients"*™*, Compensatory hyperhidrosis, which occurs on the trunk
and lower extremities following sympathectomy and gustatory hyperhidrosis and refers to facial
sweating associated with eating or olfactory sensation of hot spicy food, is a significant complication
of sympathectomy. As a result, several studies have attempted to determine whether limiting the extent
of sympathectomy can impact the incidence of these two complications” . However, the results have
been inconsistent and randomized trials have not been performed. In 2000, Furlan et al.*" reviewed
published series after sympathectomy. They reported a compensatory hyperhidrosis rate of 52.3%,
gustatory hyperhidrosis rate of 32.3%, phantom hyperhidrosis of 38.6%, and Horner’s syndrome in 2.4%
of patients. In 2200 patients undergoing ablation of T2 ganglion for palmar sweating and T3-T4 ganglia
for axillary sweating, Lin and associates showed successful sympathectomy in 99% of patients”. However,
compensatory hyperhidrosis was noted in 88% of patients. From these studies, a number of conclusions
can be reached: (1) longer extent of dorsal thoracic sympathectomy is associated with greater risk of
compensatory hyperhidrosis; (2) the severity of compensatory hyperhidrosis is decreased with staging of
dorsal sympathectomy with unilateral sympathectomy accomplished a few weeks apart versus bilateral
sympathectomy at the same setting; (3) the extent of compensatory hyperhidrosis is decreased with
selective ramicotomy; and (4) incidence of Horner’s syndrome is lower with transthoracic approach when
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Sympathetic Chain

Figure 3. Sympathetic chain from T1 to T5. PreG fibers from the spinal cord synapse within the SG and PostG fibers travel with the
intercostals nerves. The RCA connect the corresponding spinal nerves with the ganglia of the sympathetic chain. The RCG connect
within the sympathetic chain with the RCA and proceed to the peripheral organs. PreG: Preganglionic; SG: sympathetic ganglion; PostG:
postganglionic; RCA: rami communicantes albi; RCG: rami communicantes grisei

sympathectomy is performed by dissection versus diathermy of the T2 ganglion or when sympathectomy is
limited to below the T2 ganglion.

Landmark studies by Wittmoser and later by Friedel have determined the ideal extent of sympathectomy.
Friedel et al.”” studied three possible techniques for selective sympathectomy: (1) thoracic resection of
the sympathetic chain including T2-T4 ganglia and intervening trunk. They referred to this technique as
interganglionare. They concluded that this technique results in compensatory hyperhidrosis in the majority
of patients. With this technique, Horner’s syndrome is seen in a smaller percentage of patients compared
to thermal ablation. The shortcoming of this technique is the possibility of leaving the postganglionic RCG
with resultant less than complete sympathectomy [Figures 3 and 4]; (2) division of the preganglionic rami
communicantes albi (RCA) [Figure 5]; and (3) division of preganglionic, and postganglionic fibers as well
as RCG and RCA for T2-T4 [Figure 6].

Using the technique of selective sympathectomy with the division of the postganglionic RCG for T2-
T4, these authors showed relief of axillary hyperhidrosis in all of their patients. Furthermore, with this
technique, they did not report any patients with Horner’s syndrome. Finally, this technique has resulted in
the lowest reported rate of compensatory hyperhidrosis (16%).

It has been postulated that limiting the extent of sympathectomy or sympathicotomy may decrease the
rate of compensatory hyperhidrosis. The thoracic sympathetic chain is composed of both nerve bodies of
the second sympathetic neuron as well as postganglionic axons from nerve bodies from other levels that
travel within the chain. Microscopic examination of what macroscopically appears as a ganglion in the
sympathetic chain reveals a combination of nerve bodies as well as communicating axons from other nerve
bodies that travel up and down the chain. Based on this understanding, division of a single macroscopic
ganglion does not result solely in the removal of the nerve bodies to that specific level, but also results
in the division of the axons from nerve bodies from other levels which travel through the chain. This
realization may explain the variability of the extent of sympathectomy when the chain is divided or specific
macroscopic ganglia are removed.
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Figure 4. Classic gangliectomy sympathectomy. PreG: Preganglionic; PostG: postganglionic; RCA: rami communicantes albi; RCG: rami
communicantes grisei
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Figure 5. Preganglionic sympathectomy. PreG: Preganglionic; PostG: postganglionic; RCA: rami communicantes albi; RCG: rami
communicantes grisei

Selective postganglionic sympathectomy represents a more directed approach to sympathetic denervation
of the upper extremity. In this procedure, the sympathetic trunk and ganglia are left intact and only the
rami that accompany the intercostal nerves 2, 3, and 4 to the upper extremity are divided selectively.

Friedel et al.”” reported a success rate of up to 95% and a compensatory hyperhidrosis rate of 2.5% after
performing selective postganglionic sympathectomy or ramicotomy by thoracotomy. However, subsequent
studies with longer follow up showed that the results were transient and that the long-term compensatory
hyperhidrosis rate with this technique was 60%-70%, comparable to other techniques. It has been suggested
that the lack of sustained results with this technique was the result of poor visualization of the rami,
incomplete ramicotomy, and division of only the postganglionic rami.
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Sympathetic Chain

Selective Dorsal Sympathectomy
Transection of T2, T3, T4, PreG, Post G, RCA, RCG

Figure 6. Selective dorsal sympathectomy with division of both preganglionic and postganglionic rami. PreG: Preganglionic; PostG:
postganglionic; RCA: rami communicantes albi; RCG: rami communicantes grisei

Selective sympathectomy is not easily accomplished with conventional video-assisted thoracic surgical
techniques. The improved dexterity and three-dimensional visualization used with robotic technology makes
robotics ideal for selective dorsal thoracic sympathectomy. Using robotic technology and taking advantage
of the three-dimensional high resolution magnified view and improved instrument maneuverability in
the confined space, Coveliers et al.****' reported a series of patients who underwent simultaneous bilateral
selective dorsal postganglionic sympathectomy who after a two-year follow up had a 96% rate of relief of
hyperhidrosis and a 7.2% rate of compensatory sweating.

Given the theoretical advantage of reducing compensatory sweating by limiting the extent of
sympathectomy, we have reasoned that the division of both the preganglionic and postganglionic
rami communicantes from the sympathetic trunk to the upper extremity without targeting the trunk
itself may be a more effective technique for “selective sympathectomy”. Furthermore, as compensatory
hyperhidrosis after sympathectomy is believed to result from redirection of sympathetic activity to other
parts of the body, and has been shown to be related to the extent of sympathectomy, staged bilateral
robotic sympathectomy of one upper extremity followed by the other may result in even lower levels of
compensatory hyperhidrosis.

In this study, patients with combined axillary and palmar hyperhidrosis underwent RSS in a staged fashion.
The staged approach was chosen to allow for the transient compensatory hyperhidrosis to dissipate before
further interruption of the sympathetic flow. In addition, given the morbidity associated with the robotic
ports, a staged bilateral approach was chosen to obviate bilateral thoracic pain. Presumably due to the use
of three robotic ports, optimal pain management necessitated longer hospital stay.

The use of robotic technology adds more ports and results in greater morbidity, longer operative times,
and greater cost. These shortcomings may be offset by greater accuracy of dissection and lower rates of
compensatory hyperhidrosis.
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A randomized, prospective trial comparing this approach with other conventional approaches needs to be
performed to further validate the results.

In conclusion, robotic technology has the potential of accomplishing highly selective dorsal preganglionic
and postganglionic sympathectomy with accuracy. This technique may decrease the incidence of post
sympathectomy compensatory hyperhidrosis and Horner’s syndrome.
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