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GENERAL INTRODUCTION 

The anatomy of the sympathetic nervous system was fairly well described by the end 
of the 18th century, unlike the comprehension of its function. The first steps in under-
standing the physiology of the system were made in 1852 by Claude Bernard, who 
remarked that section of the cervical sympathetic trunk resulted in increased skin 
temperature of the ipsilateral side of the head associated with more active circula-
tion.1 
 It took more than 60 additional years until the anatomy and functional concepts of 
the ‘involuntary’ (autonomous) nervous system were mapped and clarified by Gaskell. 
The beginning of sympathetic surgery was based on these initial observations and on 
the evolving understanding (and early misunderstandings) of the physiology of the 
sympathetic system. 2-3 

THE AUTONOMIC NERVOUS SYSTEM (ANS) 

The autonomic nervous system consists of motor neurons that innervate smooth and 
cardiac muscle as well as glands, in order to make adjustments to ensure optimal sup-
port for body activity. The stability of the internal environment depends largely on the 
ANS and operates via subconscious, involuntary control.  
 The two divisions of the ANS are the sympathetic and the parasympathetic nervous 
system (Fig. 1). Generally, they serve the same visceral organs but cause opposite ef-
fects. The sympathetic nervous system mobilizes the body during extreme situations 
whereas the parasympathetic performs maintenance activities and conserves body 
energy also referred to as the D-activities: digestion, defecation and diuresis. 
 The sympathetic division is the ‘fight or flight’ system response to threat, involving 
the E-activities: exercise, excitement, emergency and embarrassment. It promotes 
adjustments during exercise: blood flow to organs is reduced, flow to muscles is in-
creased. 
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Fig. 1  
 
The sympathetic outflow arises from spinal cord segments T1 through L2. The sympa-
thetic neurons constitute the lateral horns of the spinal cord. Preganglionic fibres pass 
through the white rami communicantes and enter the sympathetic chain (paraverte-
bral) ganglia. Postganglionic fibres innervate the numerous organs of the body a pre-
ganglionic fibre follows one of three pathways upon entering the paravertebral gan-
glia: 
 It synapses with the ganglionic neuron within the same ganglion, ascends or de-
scends the sympathetic chain to synapse in another chain ganglion or passes through 
the chain ganglion and emerges without synapsing. 
 Postganglionic axons enter the ventral or dorsal rami via the grey rami communi-
cantes. These fibres innervate sweat glands and erector pili muscles. Rami communi-
cantes are exclusively associated with the sympathetic division. (Fig. 2) 
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Fig. 2 
 
The sympathetic division has the major control over blood pressure and keeps a blood 
vessel in a continuous state of partial constriction called sympathetic or vasomotor 
tone. 
 It constricts blood vessels and causes blood pressure to rise as needed and prompts 
vessels to dilate if blood pressure is to be decreased. 
 
The parasympathetic division normally dominates activity levels of the heart and the 
digestive and urinary systems by maintaining parasympathetic tone. Whereas the 
parasympathetic division slows the heart, the sympathetic division can override these 
effects during times of stress. 
 
The sympathetic division regulates many functions/activities not subject to parasym-
pathetic influence. The adrenal medulla, sweat glands, erector pili muscles, kidneys 
and most blood vessels receive sympathetic innervation only. 
 The sympathetic division controls the thermoregulatory responses to heat, release 
of renin from the kidneys and metabolic effects. 
 Sympathetic activation is long-lasting because, firstly, Nor Epinephrine (NE) is inac-
tivated more slowly than Acetylcholine (Ach), secondly, NE is an indirectly acting neu-
rotransmitter using a second messenger system (effects are exerted more slowly) and 
thirdly, NE and epinephrine are secreted into the blood by the adrenal medulla and 
remain there until destroyed by the liver. 
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The hypothalamus is the main integratory centre of ANS activity. Subconscious cere-
bral input via limbic lobe connections influences hypothalamic function. Other controls 
come from the cerebral cortex, the reticular formation and the spinal cord. 

Sympathetic surgery 

Before 1990 sympathetic surgery was performed in small numbers only and for variety 
of diagnoses such as epilepsy, toxic goiter, idiocy, exophthalmos, glaucoma, angina 
pectoris, spastic paralysis and hypertension. All these indications nowadays are con-
sidered obsolete. Current indications are peripheral vascular occlusive disease, Ray-
naud’s disease and phenomenon, cord injury, pain and hyperhidrosis.4-5 
 For these latter diagnoses, there has been an exponential increase in sympathetic 
surgery due to improved optics and instrumentation for thoracoscopy rendering the 
operation far less invasive. Endoscopic thoracic sympathectomy (ETS) has major ad-
vantages compared to open surgery. Significant magnification, improved light and 
better visualisation simplified the procedure leading towards less pain and shorter 
hospitalisation (day care).6 
 A variety of techniques such as resection, clipping, transection or ablation of the 
sympathetic chain or rami communicantes have emerged.  
 In spite of these advances, ETS has remained far from perfect with many reasons 
for patient dissatisfaction for the most common indications such as hyperhidrosis and 
vasospastic diseases.7 
 Failure to alleviate symptoms or recurrence of symptoms occurs in 2% for palmar 
hyperhidrosis, 30% for axillary hyperhidrosis and 50% of the cases for craniofacial and 
plantar hyperhidrosis.8 
 
Complications of ETS include Horner syndrome (0-5%), pleural space issues such as 
bleeding, pneumothorax and effusion or brachial plexus injury, intercostal neuralgia 
and postoperative pain (0-6%)9. 
 
Other reasons for patient dissatisfaction are development of expected new symptoms 
such as compensatory, gustatory and phantom sweating or development of unpredict-
able, idiosyncratic symptoms such as bradycardia, heat intolerance, cold sensitivity, 
fatigue or sexual dysfunction.10-11 
 
There is very little evidence-based data regarding ETS since most studies are from 
single centres and from retrospective studies. Many controversies remain such as type 
and level of ablation for maximal alleviation of symptoms and minimal complications 
or side effects. 
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 The technique of sympathectomy has been modified over the century with a trend 
to minimize the extent of surgery: from open to endoscopic approaches; from resec-
tion of ganglia to thermo-ablation, thermo-transection and clipping.12-13 
 In our search for the right operation technique we used the Da Vinci® robot to 
enable us to easily identify the sympathetic chain, sympathetic ganglia and rami com-
municantes (ganglion oriented technique). We chose to perform ramicotomies leaving 
the sympathetic chain intact and performing thus a more selective operation.14 The 
rationale was to improve the success rate by opting for a ganglion oriented technique 
instead of a rib oriented technique and minimise the side effect of compensatory 
sweating by disrupting the sympathetic system in a more selective way at the level of 
the rami communicantes without transecting the sympathetic chain.15 
 In the thesis we evaluate our results for the two most important indications for 
ETS: upper limb hyperhidrosis and vasomotor diseases. Additionally, we propose and 
evaluate the new technique of robotic selective postganglionic thoracic sympathecto-
my. 

AIM OF THE THESIS 

The aim of the thesis is to develop the technique of postganglionic thoracic sympa-
thectomy using the Da Vinci® robot and evaluate the outcome of the intervention and 
effect on the most frequent and cumbersome side effect: compensatory sweating. 

OUTLINE OF THE THESIS 

In chapter 2 and 3 we investigate the long-term effects of ETS in the management of 
upper limb ischemia. In chapter 2 we provide an overview of the available evidence in 
the international literature resulting in evidence based recommendations regarding 
ETS for primary and secondary Raynaud’s Disease/Phenomenon. 
 In chapter 3 we evaluate the long-term results of ETS in the management of upper 
limb ischemia treated in our hospital between January 1994 and May 2009 for long-
term success, morbidity and overall patient satisfaction. 
 In chapter 4 we retrospectively review the long-term morbidity, success and overall 
patient satisfaction rate in patients operated in our department for hyperhidrosis or 
facial blushing. As mentioned before, ETS is frequently being used in the management 
of patients with hyperhidrosis and excessive blushing. 
 After performing the review on the long-term results we concluded that the suc-
cess rate and overall patient satisfaction of ETS are too low. Gossot and all proposed 
the technique of ramicotomy to minimalize the side effects of compensatory sweating 
which is the main reason for dissatisfaction. Unfortunately with this technique there 
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was a high recurrence rate. We postulated that this could be due to the limitations of 
classical endoscopy. Robotic surgery could be the solution to a better performance of 
the ramicotomy. In chapter 5 we compare endoscopic and robotic assisted sympathec-
tomy. 
 Using the Da Vinci® robot we developed the technique of robot-assisted T2-T5 
ramicotomy and evaluated the feasibility of this operation in a porcine model as is 
described in chapter 6. 
 In chapter 7 we describe the technique of robotic selective postganglionic efferent 
sympathectomy in a clinical setting. 
 In chapter 8 we analyse the first series of 55 patients with hyperhidrosis who un-
derwent robotic selective sympathectomy. 
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ABSTRACT 

Background: Thoracic sympathectomy is used in the management of a variety of upper 
limb disorders. We have analyzed the evidence for thoracic sympathectomy in the 
management of digital ischemia. 
Methods: We reviewed the English literature between 1980 and 2010. Our analysis 
included reports with the clinical end points of relief, recurrence of symptoms or heal-
ing of ulcers, or both. Primary Raynaud disease (PRD) and secondary Raynaud phe-
nomenon (SRP) were analyzed separately. 
Results: An initial postoperative positive effect was reported in 92% of PRD patients 
and in 89% of SRP patients. 
Long-term beneficial effect was 58% for PRD and 89% for SRP. Ulcer healing or im-
provement was achieved in 95%. 
Conclusions: The available evidence suggests that thoracic sympathectomy has a role 
in the treatment of severe PRD and SRP, albeit with better results in SRP patients than 
in PRD patients. In case of digital ulceration, thoracic sympathectomy may maximize 
tissue preservation or prevent amputation. (J Vasc Surg 2011; 54:273-7.) 
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INTRODUCTION 

Reports of the long term effects of thoracic sympathectomy (TS) and/or endoscopic 
thoracic sympathectomy (ETS) in the management of upper limb ischemia are incon-
sistent, resulting in the lack of consensus and evidence based recommendations re-
garding this surgical intervention.1-3 This article provides an overview of the available 
evidence in the international literature. 

METHODS 

We have systematically reviewed the English literature between 1980-2010 using a 
Medline and Embase search. Keywords used were: digital, finger, upper limb, hand, 
ischemia, vascular occlusive disease, Raynaud, ulcer, emboli, Buerger, sympathectomy. 
We also examined the Cochrane database and reference list of relevant studies. Stud-
ies lacking clinical endpoints: relief or recurrence of symptoms and/or healing of ulcers 
were excluded. Systematic reviews, small case series (n≤5) and letters (to the editors) 
were also excluded from further investigation. Owing to potential differences in out-
comes between the underlying disorders, we divided the patients into two groups; 
Primary Raynaud’s Disease (PRD) and Secondary Raynaud’s Phenomenon (SRP) and 
analyzed them separately. 

RESULTS 

Thirteen retrospective and five prospective studies were included.4-21 There were no 
randomized controlled trials. Only one study was randomized, but lacked a control 
group.11 One article provided data on ulcer healing only.14 In total 728 procedures were 
performed on 580 patients with upper limb ischemia. Short-term follow up data re-
garding relief or recurrence of symptoms was available for 469 procedures, long-term 
follow-up data for 399 procedures. Outcomes of 123 patients with ulcerations could be 
analyzed.  

Primary Raynaud`s Disease: 

Nine studies reported outcomes of (E)TS for PRD. A total of 155 Procedures were per-
formed on 114 patients. Post-operative data was available for 151, long-term results 
for 111 procedures. Initial improvement after (E)TS was reported in 92% of cases, long-
term benefits in 58%. (E)TS was unsuccessful in alleviating symptoms in 42% of proce-
dures (table I).  
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Table I. Clinical outcome Primary Raynaud`s Disease 

Study, year 
Procedures 
(pts) 

Type
Mean 
FU 
 

FOLLOW UP 
Short term <18m Long term > 18m 
NA E B S W NA E B S W 

Prospective studies           

Claes, 1994 18 (9) ¥ ETS 
NA (4-
48m) 

0 18 0 0 0 0 0 6 12 0 

Magneas, 
1987 

13 (10) TS 
3,9y (1-
5y) 

0 13 0 0 0 0 2 11 0 0 

Retrospective studies           

Thune, 2006 19 (19)# ETS 
40m 
(7-
114m) 

4 10 1 4 0 19 NA 

Matsumoto, 
2002 

20 (20)# ETS 
62,5m 
(NA) 

0 18 1 1 0 0 5 14 1 0 

Cartier, 
1999 

5 (4) ¥ ETS 
NA 
(NA) 

0 5 0 0 0 1 2 0 2 0 

Claes, 1993 7 (7) ETS 
NA 
(24-
60m) 

0 7 0 0 0 0 0 2 5 0 

Adams, 
1992 

12 (6) ETS 
13m 
(1-
20m) 

0 2 9 1 0 12 NA 

Van de Wal, 
1985 

35 (25) TS 
8,9y (2-
16y) 

0 0 31 4 0 4 0 18 12 1 

Welch, 1984 26 (14) ¥ TS 
NA (up 
to 17y)

0 0 26 0 0 8 0 4 14 0 

TOTALS 155 (114)   4 
73/151
(49%) 

68/151
(43%) 

10/151
(8%) 

0 
(0%)

44
9/111
(8%) 

55/111
(50%) 

46/111 
(41%) 

1/111 
(1%) 

¥ = outcomes given in number of patients, if possible converted to number of procedures 
# = total number of procedures available, not specified for PR and SR separately, therefore assumed as 
unilateral. 
Pts = patients / FU = follow up / NA = not available / y = years / m = months / TS = thoracic sympathectomy / 
ETS = endoscopic thoracic sympathectomy / E = Excellent or symptom free / B = Better / S = Same / W = 
Worse 

Secondary Raynaud`s Phenomenon. 

Seventeen articles reported outcomes of (E/P)TS for SRP. A total of 511 procedures 
were performed on 449 patients. Post-operative data was available for 318, long-term 
results for 288 procedures. Initial improvement after (E/P)TS was experienced by 89% 
of patients. Although the number of patients with an excellent effect decreased, there 
was at the end of follow-up a sustained improvement in 89% of procedures (table 
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Ulcer healing 

Twelve studies (n=123) provided data on ulcer healing. All studies reported an overall 
positive effect. Ulcer healing was achieved in 81%, improvement in 14% and sympa-
thectomy had no effect in 2% of patients (table III). Even when the ulcerations did not 
completely heal there was good demarcation of the necrotic areas which allowed max-
imal preservation of viable tissue.8,14  
 
Table III. Ulcer healing 

Study, year 
Procedures 
(pts) 

Type
Mean FU 
(range) 

n pts with
ulceration

Healing Improved No effect No data 

Prospective studies      
Gabrhelik, 2009 50 (50)* PTS At 7d & 90d 3 3 0 0 0 
Khan, 2008 17 (17)* TS NA (up to 48m) 11 10 0 1 0 
Claes, 1994 28 (14) ETS NA (4-48m) 5 5 0 0 0 
Magneas, 1987 37 (34) TS 3,9y (1-5y) 11 11 0 0 0 
Retrospective studies      
Thune, 2006 52 (34) ETS 40m (7-114m) 8 8 0 0 0 
Lee, 2006 18 (17) ETS NA (6-72m) 12 4 7 1 0 
Matsumoto, 2002 54 (28) ETS 62,5m (NA) 7 7 0 0 0 
De-Giacomo, 2002 20 (15) ETS 33m (3-71m) 11 5 6 0 0 
Cartier, 1999 11 (10) ETS NA (NA) 6 0 4 0 2 
Claes, 1993 12 (12) ETS NA (24-60m) 5 5 0 0 0 
Dunant, 1985 42 (36) TS NA (8-12m) 36 36 0 0 0 
Welch, 1984 44 (28) TS NA (up to 17y) 8 6 0 0 2 
TOTALS 385 (295)   123 100(81%) 17(14%) 2(2%) 4(3%) 
* = number of procedures not available, presumed as unilateral in all patients 
Pts = patients / FU = follow up / NA = not available / n = number / Y = years / m = months / d = days / TS = 
thoracic sympathectomy / ETS = endoscopic thoracic sympathectomy / PTS = percutaneous radiofrequency 
thoracic sympathectomy 

Complications and side effects. 

Table IV shows the total incidence of adverse effects of surgical sympathectomy of all 
18 included studies. Two studies did not show any adverse effects,7,14 Others reported 
that almost all patients experienced side effects.17,21 Although side effects frequently 
occurred, most patients found them only a minor nuisance and did not regret the op-
eration 4,6  
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Table IV. Complications / adverse effects  

Complication / adverse effect 
TS ETS PTS 
n = 430  n = 713  n = 50  

Thorax: conservative¥ 42 16  0 
Thorax: intervention§ 26  8  1  
Neurologic: transient¶ 48* 12  0 
Neurologic: permanent‡ 59* 4  0 
Compensatory sweating NA 307  0 
Wound healing disorders∆ 45  0 0 
Rib fracture 2  0 0 
Atrial fibrillation 0 1  0 
Dry hands 0 17  0 
Stuffy nose 7  0 0 

¥ = Pneumothorax, pleural effusion, pneumonia, atelectasis; treatment: conservative and medication 
§ = pneumothorax, hemothorax, pleural effusion; treatment: thoracocentesis, drainage or re-thoracotomy 
¶ = Horner syndrome, neuralgia, diaphragm/phrenic nerve paresis, eyelid droop, vocal cord paralysis 
‡ = Horner syndrome, phrenic nerve paresis/paralysis, neuralgia, scapula alata, eyelid droop, vocal cord 
paralysis 
∆ = wound infection or wound healing disorders not otherwise specified. 
* = Linder15 reported Horner syndrome in almost all patients, however no number of patients available. 
NA = not available, studies report CS without giving an objective number or percentage 
 

DISCUSSION  

In 1862, Maurice Raynaud published his thesis “Local asphyxia and symmetrical gan-
grene of the extremities”. In this study, he described a condition triggered by cold or 
emotional stress characterized by a typical tricolor phenomenon consisting of a pale, 
cyanotic and hyperemic phase.22 Thomas Lewis further divided this phenomenon in 
Primary Raynaud`s Disease(PRD) and Secondary Raynaud`s Phenomenon(SRP).23 PRD is 
idiopathic, SRP is related to an underlying disease. We found a widely diverse array of 
terms to define the disorders that caused ischemia of the upper extremity. We advo-
cate the use of the above mentioned classification to improve uniformity.  
 In total, 5 studies were prospective. One study was randomized, but did not have a 
control group.11 The remaining studies were retrospective. It is clear that there is a 
need for randomized controlled trials in order to provide more solid, evidence based, 
recommendations. Three studies gave information about the number of patients in-
cluded but didn’t mention the total number of procedures, we assumed all procedures 
were unilateral.11-13 Five articles described their outcomes to the total of patients, 
rather than procedures. If conversion to the total of procedures was impossible we 
assumed that they were all unilateral. In half of the reviewed studies (9/18), a thoraco-
scopic approach was performed, in 8 studies the sympathetic chain was removed via 
an open technique and in one study percutaneous radiofrequency sympathectomy was 
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performed. The extent of sympathectomy differed substantially among the reviewed 
articles ranging cranially from the grey rami of C6 to caudally T5.16,5 Nevertheless, the 
majority authors performed a sympathectomy at the level of T2 to T4. Several studies 
pointed out that the second and third thoracic ganglia are responsible for the sympa-
thetic innervation of the hand and that an extension of the sympathectomy beyond 
these ganglia provided no additional benefit in obtaining the desired reduction of the 
sympathetic tone of the hand.25 Three series performed sympathectomy in addition to 
other interventions. Dunant9 performed a first rib resection and thereafter TS. Mag-
neas16 combined a similar surgical intervention, neurovascular decompression, with TS. 
El-Samadoni10 designed a 5-stage intervention protocol for intra-arterial recreational 
drug injection users, who were included in the study. Follow up ranged from 3 days up 
to 17 years, eight articles did not provide the mean follow- up, and one study did not 
mention the range of follow-up. Data collection with objective measurements was 
obtained in 9 papers. Six series utilized Doppler technology, thermographic equipment, 
standardized questionnaires or Visual Analogue Scales (VAS). In three articles, frequen-
cy of oral analgesics intake or frequency of vasospastic attacks were assessed. The 
other studies did not describe the method of post-operative data collection. In two 
series, when the patients’ palms were noted to be warm and dry post-operatively, this 
was taken as sufficient evidence to claim a satisfactory clinical response to sympathec-
tomy. Obviously, these subjective endpoints constitute a major risk for interpretive 
bias.  
 Another major point of discussion is the conflicting presentation of adverse effects. 
Claes7 and Lee14 reported no post-operative adverse affects, whereas compensatory 
sweating (CS) is reported in up to 86% of cases by Matsumoto17 and almost all patients 
acquired Horner’s syndrome in Welch’s publication.20 We can only assume that in 
some reports adverse effects were not a main focus and therefore under-reported. 
This is supported by a recent literature review reporting CS in 45-98.6% of cases and 
Horner`s syndrome in 0-6.9%.26 Most authors described the total number of adverse 
effects without distinguishing between the indication for surgical sympathectomy. Our 
outcomes concerning the adverse effects are therefore the combined data of all in-
cluded patients and procedures of all 18 studies.  
 The long-term effect of (E)TS in the management of PRD is heavily debated. A de-
crease in effect over time is reported in all of the reviewed articles, with a recurrence 
of symptoms in almost all cases. Recurrence of symptoms typically begins at 6 months 
after sympathectomy. The cause of this loss of effect is the subject of debate: incom-
plete surgical sympathectomy, re-innervation of the sympathetic pathways or hyper-
sensitivity of the noradrenergic receptors regulating the pre-capillary sphincters react-
ing on very small amounts of circulating catecholamines, all have been implicated as 
factors precipitating recurrence of symptoms.2,17  
 We found an excellent long-term effect in 8% of patients with PRD and another 
50% of the operated patients claimed a beneficial effect of sympathectomy. Although 
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the positive effects were marginal, none of the patients regretted the surgical inter-
vention4,7 The long-term effect of TS is better in patients operated for SRP with 31% 
having excellent results and 58% having a beneficial effect. This difference with PRD 
could be explained by the more objective endpoints for patients with SRP (tissue loss 
and ulcers) versus the more subjective endpoints of pain and the tricolor phenomenon 
in the majority of the cases of PRD, since in 95% of the patients treated for digital ul-
ceration complete healing or significant improvement was achieved. In line with this 
hypothesis, Maga27 and Leesman28 reported a discrepancy between patient’s symp-
toms and objectively measured variables regarding PRD. Another explanation is that 
sympathectomy for SRP is frequently performed after tissue loss due to embolisation 
or thrombosis of digital arteries whereby temporary (6 months) vasodilatation of the 
skin arterioles apparently enhanced the tissue oxygenation enough for wound healing. 
After healing, less oxygenation is required and a increase in sympathetic tone has no 
clinical consequences on the healed wound. 
 In summary, despite the many shortcomings in study design, lack of uniformity in 
terminology and surgical procedures, and absence of hard endpoints, there seem to be 
benefits of TS in the setting of upper extremity ischemia. In particular, in the manage-
ment of digital skin ulceration, maximizing tissue preservation or prevention of ampu-
tation was frequently reported. TS appears to have solid long-term results in the 
treatment of SRP, contrary to PRD were the benefit was limited to the first six-months 
post-operatively in most cases. Nevertheless, due to the minimal invasiveness and low 
reported incidence of major complications or adverse effects, thoracoscopic sympa-
thectomy remains a therapeutic option in the treatment of severe Primary and Sec-
ondary Raynaud`s Disease/Phenomenon. 
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ABSTRACT 

Introduction: The aim of our study was to evaluate the long-term results of Endoscopic 
Thoracic Sympathectomy (ETS) in the management of upper limb ischemia (ULI).  
Methods: We retrospectively reviewed the records of all consecutive patients who 
underwent ETS for ULI between January 1994 and May 2009. A standardized question-
naire was used to evaluate the long-term success, morbidity and overall patient satis-
faction.  
Results: Thirty-five patients (20 female, mean age 49 years (range 23-79)) underwent 
bilateral (n=9) and unilateral (n=27) ETS procedures, respectively. Six patients had 
Primary (idiopathic) Raynaud Disease. Twenty-nine patients had upper limb ischemia 
secondary to systemic disorders (n=12), embolic disease (n=10), occlusion of the arter-
ies of the arm (n=5) or hypothenar hammer syndrome (n=2). Tissue loss at time of 
surgery was present in nineteen patients. In 11 cases additional surgical interventions 
were combined with ETS. Conversion to open thoracic sympathectomy was needed in 
4 patients. One patient died of stroke during the admission, which was not related to 
the surgical intervention. Short-term beneficial effects were reported by 12 patients 
(63%). Eleven of the 35 patients experienced a total of 13 complications or adverse 
effects, whereof 11 were minor or transient. Limb salvage was unsuccessful in three 
patients because of major amputations (n= 2) or severe functional impairment (n=1). 
Necrotectomies or minor amputations without functional impairment were performed 
in 9 patients. Medium or long term follow up (mean 98 months (range 18-198) was 
available in 19 out of 22 living patients (86%). Long-term beneficial effects were re-
ported by 10 (53%). Overall patient satisfaction was 56%. Compensatory sweating was 
experienced by 11 patients (58%).  
Conclusion: Although the long-term efficacy of ETS in our study was moderate (53%), 
due to its low invasiveness ETS is a valuable option in the management of ULI.  
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INTRODUCTION 

Endoscopic thoracic sympathectomy (ETS) is widely used in the management of pa-
tients with hyperhidrosis.[1-3] Vasospastic and ischemic disease of the upper limb is a 
less common indication for surgery on the thoracic sympathetic chain.[4, 5] Short term 
results and side effects are well-known and have been reported extensively in litera-
ture. Long-term follow up of the results and side effects are rare. [5] Compensatory 
sweating (CS) is the most frequently occurring side effect. It varies in level, extent and 
intensity and plays a major role in patient`s dissatisfaction with the operation. CS 
seems to be unavoidable, untreatable and is often considered to be the price that 
patients have to pay for the treatment of their (ischemic) complaints.[6-9] We retro-
spectively surveyed the long term results of patients with upper limb ischemia (ULI) 
who were managed by ETS in our department from January 1994 to May 2009. The 
aim of our study was to evaluate the long-term success, overall patients’ satisfaction 
and morbidity, in particular CS. 

METHODS 

Data collection: Medical charts of all patients undergoing ETS for treatment of ULI in a 
single center from January 1994 to May 2009 were reviewed. Collected data included 
patient`s age and gender, indication for surgery, whether the procedures were unilat-
eral or bilateral, operation time, length of hospital stay, peri-operative complications 
and side effects. All patients underwent routine office follow up at 6 weeks. To evalu-
ate the long-term results a questionnaire was performed by telephone. To standardize 
patient response, the questionnaire was designed to include single words or numbers 
or categorical options rather than free text. [Appendix 1] We integrated the Hyperhidrosis 
Disease Severity Scale (HDSS) in our questionnaire. This is a validated disease specific 
scale that provides a qualitative measure of the effect of patient`s symptoms on their 
daily activities. [10,11] The effect of symptoms on daily activities is graded in order of 
severity from 1 to 4; (1) sweating is hardly noticeable and never interferes with daily 
activities; (2) sweating is tolerable and sometimes interferes with daily activities; (3) 
Sweating is barely tolerable and frequently interferes with daily activities; (4) sweating 
is intolerable and always interferes with daily activities  
 Operative technique: Endoscopic Thoracic Sympathectomy, both unilateral and 
bilateral, was preferably performed in a single stage procedure under general anesthe-
sia. Airway and Low-volume-high-frequency mechanical ventilation was secured by 
endotracheal intubation using a single or double-lumen tube. Patients were placed in a 
lateral, prone or supine position depending of the surgical procedure or preference of 
the attending surgeon. The procedure was performed through three or four thoraco-
scopic trocars; one of 10mm in diameter was placed in the 5th intercostal space at the 
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mid-axillary line and two 5mm trocars in the 4th intercostal space at the anterior and 
posterior axillary line. If necessary an additional 5mm trocar was placed. We used a 30◦ 
videothoracoscope (Olympus, Hamburg, Germany) and electro cautery. The mediasti-
nal pleura opened and the sympathetic chain was identified. We resected by diather-
my the sympathetic trunk from T2 to T4. A 16 French chest tube was inserted into the 
chest during closure and removed 24 hours postoperative. 

RESULTS 

Between January 1994 and May 2009 a total of 45 sympathectomies were performed 
on 35 patients in 9 bilateral and 27 unilateral procedures. All patients were referred to 
our department after conservative treatment was unsuccessful. Our study population 
consisted of 15 males and 20 females with an average age at the time of surgery of 49 
years (range 23-79). Six patients had Primary (idiopathic) Raynaud Disease. Twenty-
nine patients had ULI secondary to systemic disorders (N=12), embolic disease (N=10), 
occlusion of the arteries of the arm (N=5) or hypothenar hammer syndrome (N=2). 
Tissue loss at time of surgery was present in nineteen patients; none of these patients 
had Primary Raynaud Disease. [Table 1] Mean procedure duration was 93 minutes (range 
35-340). Conversion to open thoracic sympathectomy was needed in 4 patients, due to 
suboptimal visualization (n=3) and venous hemorrhage (n=1). Eleven procedures were 
combined with additional surgical interventions. [Table 2] The average hospital stay was 
11 days (range 2-57). Eight patients experienced postoperative neuralgia, of which four 
could not be managed during the admission. Four patients were seen after discharge 
in the outpatient clinic by an anesthesiologist because of persistent neuralgia, of those 
only two patients had prolonged complaints of neuralgia (>6 months). Four patients 
had a delayed removal of their chest tube (> 24 hours postoperative) and are therefore 
considered as having a prolonged pneumothorax. Although it deviated from our post-
operative protocol, it had no clinical consequences. The length of hospital stay was not 
prolonged by the delayed removal of the chest tubes in either of cases. One patient 
noticed a slight ptosis after the ETS procedure.[table 3] Limb salvage was unsuccessful in 
three patients because of major amputations (N= 2) or severe functional impairment 
(N=1, loss of all fingers at the level of the proximal interfalangeal joints). Necrotecto-
mies or minor amputations or without severe functional impairment were performed 
in 9 patients.[table 1] During the follow up period 13 patients died. One patient died dur-
ing the admission due to a stroke, which could not be attributed to the ETS. One pa-
tient could not be traced because he emigrated, one patient did not want to partici-
pate and in one case the interview was unreliable due to a language barrier. Follow up 
data was therefore available in 19 cases (54% of the total cohort, 86% of all living pa-
tients). [table 5] Mean follow up was 93 months (range 18-198 months). Postoperative 
beneficial effects were reported by 12 patients (63%). During the follow up period 11 
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patients (58%) reported a change of complaints over time. Nine patients reported a 
deterioration of their complaints. In four cases the symptoms became more severe, 
three patients had less complaints and in two cases the complaints returned to their 
pre-operative level. Two patients reported an improvement of their symptoms. Long-
term beneficial effect of ETS was reported in 10 cases (53%). Patient satisfaction was 
consistent with 56%. CS was reported by 11 patients (58%) and graded using the Hy-
perhidrosis Disease Severity Scale. Three patients graded theirs CS as barely tolerable, 
five as tolerable and three as never noticeable. Four patients experienced a change in 
intensity of their CS. In 2 cases each there was respectively an improvement or deteri-
oration of their CS. 
 
Table 1: patient characteristics.  

     Limb salvage 

Indication Patients M /F ETS Procedures Tissue 
loss§ 

Major 
amputation 

Minor 
amputation 

Primary Raynaud disease 6 2 / 4 9 7* 0 0 0 

Secondary ischemia 29 13 / 16 36 29 19 3 9 

Systemic disorders¥ 12 4 / 8 18 12 7 1 5 

Emboli, stenosis or aneurysms 
proximal 

10 5 / 5 11 10 8 1 3 

Arterial occlusion of the arm 5 2 / 3 5 5 4 1 1 

Hypothenar hammer syndrome 2 2 / 0 2 2 0 0 0 

TOTAL 35 15 / 20 45 36 19 3 9 

ETS = Endoscopic Thoracic Sympathectomy, F = Female, M = Male, § = necrosis or ischemic ulcers at time of 
sympathectomy, * = One bilateral sympathectomy performed in two unilateral procedures, ¥ = scleroderma, 
CREST syndrome, polyartritis nodosa, M. Sjögren, etc 
 
Table 2: additional surgical interventions in 35 patients 

Combined surgical interventions Number 

Lost to follow up:  

ETS + amputation / necrotectomy 4 

ETS + revascularisation 2 

ETS + trombectomy (2x) + revascularisation (2x) 1 

Follow up:  

ETS + first rib and cervical rib resection 2 

ETS + first rib resection 1 

ETS + skin biopsy 1 

TOTAL 11 

ETS = Endoscopic Thoracic Sympathectomy 
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Table 3: Complications / adverse effects experienced in 35 patients 

Complications / adverse effects Number Intervention 

Inter costal neuralgia: 8 

Oral or local analgetics /  
cryoablation or intercostal block  
of intercostals nerves 

managed during admission 4 

Complaints <3 months 2 

prolonged complaints > 3months 2 

Prolonged pneumothorax§ 4 Delayed removal chest tube¥ 

Partial Horner syndrome / ptosis 1 none 

TOTAL 13  

§ = more than 24 hours, ¥ = without clinical consequences, i.e no delayed discharge. 

DISCUSSION 

ETS is considered a safe and effective treatment for hyperhidrosis palmaris and axil-
laris.[1-3] However, this is frequently offset by the development of disturbing side ef-
fects, especially compensatory sweating. In the long term the side effects can seriously 
reduce patient satisfaction and be a cause of regretting the operation.[3,6,9] Although 
our recent summary of evidence suggest that there could be a benefit of ETS in the 
management of ULI, solid evidence based recommendations are still lacking up to this 
date.[5] We studied retrospectively the data of 35 patients who had undergone an ETS 
between 1994 and 2009 in the management of ULI. 
 The lost to follow up of the total cohort was 46% and mainly due to mortality (13 
patients = 37%). The majority of patients died years after their sympathectomy and it 
is therefore highly unlikely that the thoracic sympathectomy is related to their deaths. 
Besides the death of one patient during the admission, three patients died in the first 
year (2, 3 and 4 months). In all three cases progression of their underlying disease was 
the cause of death, not the recent surgical intervention. This high mortality rate in our 
study population can partially be explained by the relative old age of these 13 individ-
uals (mean 59 years, range 36-79) compared to the mean age of the total study popu-
lation (49 years). Furthermore we assume that the overall health of patients suffering 
from ischemic complaints is worse compared to an age-controlled group and with it 
the life expectancy should be adjusted. 
 In 10 patients the digital ischemia was due to peripheral embolisation from more 
proximal arterial pathology (costoclavicular compression, aneurysms of the subclavian 
artery, stenosis of subclavian artery or an aortic coarctation). Another 5 patients had 
an occlusion of the brachial and or ulnar/radial artery. In these cases often the thoracic 
sympathectomy was performed in addition to arterial revascularisation or angioplasty 
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to create a maximal vasodilatation of the capillaries to limit the extend of skin necrosis 
and ischemia of the fingers. 
 For upper limb ischemia or vasospastic disorders 53% of patients reported a long-
term beneficial effect of thoracic sympathectomy. Nine patients (47%) reported a 
deterioration of their complaints over time. This phenomenon of diminishing of the 
effect of ETS is not uncommon. Incomplete surgical sympathectomy, reinnervation of 
the sympathetic pathways or hypersensitivity of the noradrenergic receptors regulat-
ing the precapillary sphincters reacting on very small amounts of circulating catechol-
amines have all been implicated as factors precipitating recurrence of symptoms. [12,13]  

There was a relative high incidence of neuralgia and postoperative chest pain (8 pa-
tients = 23%) probably caused by the 10 mm diameter trocart at the fifth intercostal 
space. It is a bothersome adverse effect not uncommon after thoracic sympathectomy. 
Nicholson et al [4] reported a similar incidence. However it`s in the vast majority merely 
a temporary nuisance. Only two patients suffered a prolonged period of pain. All other 
patients could be managed with oral analgetic and / or cryo-ablation of the intercostal 
nerve. None of the patients reported pain during the interview. Reducing the size of 
the trocars would possible reduce the incidence of chest pain.  
 The incidence and severity of compensatory sweating in literature varies, it is re-
ported up to 93-97%. [6,9,14] We used the validated Hyperhidrosis Disease Severity Score 
to establish the long-term incidence and severity of CS. In our study CS was reported 
by 11 patients (58%) One female had complaints of sweating that she attributes to hot 
flushes as part of the menopause she`s currently going through and not as a side effect 
of the operation. In 3 cases (27%) the compensatory sweating was barely tolerable 
(HDSS 3). Thirty-six percent off patients experienced a change in severity of the CS. In 
two cases the CS deteriorated and in 2 cases there was an improvement. The two pa-
tients who suffered from deterioration all described their CS still as tolerable (HDSS 2), 
although debated in literature our results suggest that there is a change severity of CS 
in time. Compensatory sweating is a frequently occurring side effect with a strong 
impact in the social domain and probably strongly affecting patient satisfaction.  
 Our results (63% short term and 53% long term benefit) of the ETS in the treatment 
of ischemia of the upper extremity are less favorable than those described in the liter-
ature. [5] Several possible factors can be identified. In the first place only the outcomes 
of small cohorts are available in literature. It is well know that only small differences in 
patient characteristics can produce substantial changes in percentages in small co-
horts. Furthermore we used subjective endpoints and an interview to determine the 
long-term results. This can result in bias due to errors in recollection of complaints at 
time of surgery. On the other hand, objective long-term analyses also do have limita-
tions. Maga et al [15] and Leesman et al [16] reported a discrepancy between patient 
symptoms and objectively measured variables. 



 

34 

CONCLUSION 

Although the long-term efficacy of ETS in the management of upper limb ischemic 
disorders in our study was 53%. Its minimal invasive character makes ETS worthwhile 
in the management of upper limb ischemic disorders especially in addition to prior 
revascularization or angioplasty. 
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APPENDIX (1) QUESTIONAIRE: 

  
1) Symptoms of reduced blood flow to the arms, hand and fingers can occur in several ways. What 
symptoms did you experienced before the operation? (Multiple answers possible) 
  □ Skin discoloration of finger(s) and / or hand 
  □ Pain in the finger(s) and / or hand 
  □ Poor healing wounds / ulcers on finger(s) or hand 
2) Where did you experience these symptoms? 
  □  [number] .......... finger(s) of the left hand 
  □  [number] .......... finger(s) of the right hand 
3) Did the symptoms occurred continuous or paroxysmal? 
  □ Continue (proceed  to question 5) 
  □ Paroxysmal 
4) How often did you suffer from these attacks 
  □ daily 
  □ weekly 
  □ monthly 
5) The aim of the operation was to reduce your symptoms. To what extent did this actually happened? 
  □ Excellent effect, I had no complaints 
  □ Good effect, I had fewer complaints compared to before surgery 
  □ No effect, I had the same complaints compared to before surgery 
  □ Negative effect, I had more complaints compared to before surgery 
6) Did the complaints have returned / got worse over the years? 
  □ No, the complaints are still at the same level as just after surgery (proceed to question 8) 
  □ Yes, the symptoms have returned / worsened over the years 
7) Your current symptoms are compared prior to operation? 
  □ Less intense 
  □ Same 
  □ More severe 
8) Did you noticed any side- or adverse effect(s) of the operation? 
  □ Yes 
  □ No (proceed to question 10) 
9) Which side- or adverse effect(s) of the operation did you experienced? 
 .......................................................................................................................... 
10) Had the operation had the expected result? 
  □ Yes 
  □ No 
11) One of the major side effects of thoracic sympathectomy is compensatory sweating. The ability to 
sweat on the operated side of  your body can be impaired due to the surgery. The unaffected side of the 
body can produce more sweat as a compensatory mechanism. Was this the case in your situation? 
  □ Yes, on the unaffected side I tend to sweat more compared to prior to surgery 
  □ No, I do not sweat more on my unaffected side after I had surgery (proceed to question 13) 
12) Did you noticed any change in severity of compensatory sweating? 
  □ No, it is still at the same level compared to the postoperative period 
  □ Yes, I`m now sweating more compared to the postoperative period 
  □ Yes, I`m sweating less compared to the postoperative period 
13) How can you best describe the overall pattern of sweating? 
  (1) My sweating is hardly noticeable and never interferes with daily activities 
  (2) My sweating is tolerable and sometimes interferes with daily activities 
  (3) My Sweating is barely tolerable and frequently interferes with daily activities 
  (4) My sweating is intolerable and always interferes with daily activities 
14) Are you satisfied with the current situation regarding the complaints for which you had surgery? 
  □ Yes, I`m satisfied 
  □ No, I`m not satisfied 
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INTRODUCTION 

Endoscopic thoracic sympathectomy (ETS) is widely used in the management of pa-
tients with palmar hyperhidrosis. Less common indications for ETS are hyperhidrosis 
axillaris and facial blushing. Although short term-results and side effects of this proce-
dure have been reported extensively in literature, data about long term-follow up are 
scarce. 
 Compensatory sweating (CS), varying in level, extent and intensity, is the most 
frequently occurring side effect and plays a major role in patients’ satisfaction rates. 
 CS is often considered the price that patients pay after surgery for hyperhidrosis, as 
it appears to be unavoidable and untreatable. We retrospectively surveyed the long-
term results of patients operated on for upper limb hyperhidrosis as well as facial 
blushing or sweating in our department between 1994 and 2006. 
 The aim of the study was to evaluate long-term morbidity, success and overall 
patient satisfaction rates with ETS. 

PATIENTS AND METHODS 

Operative technique 

Bilateral ETS was performed as a single, two-stage procedure. General anesthesia using 
single-lumen tube endotracheal intubation and low volume-high frequency ventilation 
technique was applied in all patients. Patients were placed in a lateral decubitus posi-
tion. Three thoracoscopic ports, one of 10-mm diameter situated in the 5th intercostal 
space at the mid axillary line and two 5 mm ports in the 4 th intercostal space at the 
anterior and posterior axillary line. 
 A 30° videothoracoscope (Olympus, Hamburg, Germany) was introduced via the 5th 
intercostal port. Using electro cautery, the mediastinal pleura was opened and the 
sympathetic chain identified. The sympathetic chain was transected and removed from 
the level of T2 toT4 for palmar and axillary hyperhidrosis. In case of facial blushing or 
excessive sweating, we additionally removed the lower one third of the stellate gangli-
on. A 16-Fr drainage tube was left in the thoracic cavity. Patients were then turned to 
their other side for the identical contralateral procedure. 

Data collection 

Data of all patients undergoing ETS for either upper limb hyperhidrosis or facial blush-
ing and sweating in our hospital between January 1994 and December 2006 were ret-
rospectively reviewed. Approval and individual consent were waived. Technical and 
clinical variables abstracted for analysis included indication for surgery, patient age 
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and gender, operation time, perioperative complications, initial clinical efficacy, length 
of hospital stay and side effects, especially compensatory sweating. All patients un-
derwent routine office follow-up at 6 weeks. A standard questionnaire inquiring about 
relief of symptoms, satisfaction with the operation, side effects and the occurrence 
and intensity of compensatory sweating was sent out in January 2008 (Appendix 1). 
The patients who did not respond to our questionnaire were contacted by telephone 
and interviewed by an independent observer in March and April 2008.  
 To standardize patient response, the questionnaire was designed to include single 
words or categorical options rather than free text. The first 10 questions were graded 
from 0-10 using a Visual Analogue Scoring technique (VAS). This 10 point scale was 
divided in two categories. From 0 to 5 is classified as negative and from 6-10 as a posi-
tive answer.  
 We also used the Hyperhidrosis Disease severity scale (HDSS) to evaluate the inten-
sity of CS. The HDSS is a validated disease-specific scale that provides a qualitative 
measure of the effect of patients’ symptoms on their daily activities (23, 24). The effect 
of symptoms on daily activities is graded in order of severity from 1 to 4: (1) sweating 
is never noticeable and never interferes with daily activities; (2) sweating is tolerable 
and sometimes interferes with daily activities; (3) sweating is barely tolerable and 
frequently interferes with daily activities; (4) sweating is intolerable and always inter-
feres with daily activities. Data are expressed as percentages or numbers. Descriptive 
statistics were computed with SPSS software, version 14.01. (SPSS Inc, Chicago, IL, 
USA). The means, standard deviations, and Chi- square tests were used as appropriate. 
All p values less than 0.05 were considered statistically significant. 

3 RESULTS 

From January 1994 until December 2006 we performed bilateral sympathectomies in 
73 patients. All patients had been referred to our centre and had previously undergone 
unsuccessful conservative treatment such as topic agents, oral medication, iontopho-
resis, botox injections or psychological treatment. Seventy-three questionnaires were 
sent out. Fifty-eight replies to questionnaires were received (85%). Four patients were 
contacted by telephone and were interviewed, 11 patients couldn’t be reached be-
cause of a change of address 
 We operated 28 men and 45 women. The mean age was 30 (15-58) years. Forty-
seven (64%) patients had hyperhidrosis palmaris/axillaris as the primary complaint. 
Facial blushing or rubeosis was the main concern of 26 patients (36%). Three patients 
suffered from combined facial blushing and hyperhidrosis palmaris (4%), one patient 
had facial blushing and axillary sweating. Ten patients had isolated axillary sweating 
(14%) and 19 patients combined palmar and axillary hyperhidrosis (26%) (Table 1). 
  



 

40 

Table 1.: Patient characteristics 

 Blushing Hyperhidrosis 

Age:  
 15-35 y 
 35-55 y 
 55-85 y 
 
Medication: 
 
Comorbidity:  
 Hypertension 
 Other heart disease 
 Diabetes 
 
Lifestyle : 
 Nicotine 
 Alcohol  

 
16 (62%) 
9 (35%) 
1 (3%) 
 
12 (46%) 
 
 
2 (8%) 
2 (8%) 
2 (8%) 
 
 
9 (35%) 
13 (50%) 

 
 36 (77%) 
11 (33%) 
0 
 
12 (26%) 
 
 
1 (2%) 
2 (4%) 
0 
 
 
12 (26%) 
13 (28%) 

 
There was no perioperative mortality or major intraoperative complication. Median 
procedure duration was 90 (60-100) minutes, there were no conversions to open thor-
acotomy. The average hospitalisation was 4.28 days (1-11 days). Three patients devel-
oped full or partial Horner syndrome. Seven patients had a pneumothorax requiring 
tube drainage and 6 experienced chest wall pain for longer than three months. Com-
pensatory sweating occurred in 43 patients. Five patients with facial blushing were 
already depressed preoperatively; one patient had a permanent brachial plexus lesion 
after the operation and one patient suffered from palpitations postoperatively. 
 In 69% of responders to the questionnaire the operation had the expected long-
term result. Although 56% of the responders are satisfied with their current condition 
compared to preoperative condition, 42% of the patients are frequently avoiding social 
contact because of CS. 
 Long-term CS was evaluated using the Hyperhidrosis Disease Severity Scale (Table 
2a and b). Thirty-two percent reported no compensatory sweating, 47% experienced 
mild CS, 16% moderate and 5%(3 patients) severe CS.  
 When CS was present, it appeared in half of the patients within one month postop-
eratively. The extent and intensity of CS did not change with time in 77 % of patients 
and stabilized during the 18 months following the operation in all. From our observa-
tion, CS occurred most frequently at the axillae, trunk and groin. 
 At 6 weeks, ETS was effective in 91% of patients treated for hyperhidrosis and in 
81% of those operated on for facial blushing. 
 In the long run, the treatment efficacy was 68% for hyperhidrosis and 71 % in the 
rubeosis group.  
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Table 2a.: Hyperhidrosis Disease Severity Scale 

Scale  Number of 
patients  

 Percent 
  

No compensatory sweating 20 32% 

Compensatory sweating is tolerable 29  47%  

Compensatory sweating is hardly tolerable 10  16%  

Compensatory sweating is intolerable 3  5%  

Total 62  100% 

P>0.05 
 
Table 2b.: Indication and HDSS 

Indication No CS* CS is tolerable CS is hardly 
tolerable 

CS is intolerable  

Rubeosis 
Hyperhidrosis Palmaris/axillaris 

5 (21%) 
15 (39%) 

13 (54%) 
16 (42%)  

5 (21%) 
5 (13%) 

1 (4%)  
2 (5%) 

Total 20 29 10 3 

P>0.05 
 
Although there was a tendency to greater long-term satisfaction rates in those treated 
for hyperhidrosis compared to excessive blushing, this difference did not reach statisti-
cal significance (table 3). 
 
Table 3.: Short-and long-term results, long-term satisfaction 

 Short-term result 
N=73 

Long-term result 
N=62 

Long-term satisfaction 
N=61 

Indication Success No success Success No success Satisfied Not satisfied 

Rubeosis 21 (81%) 5 (19%) 17 (71%) 7 (29%) 10 (42%) 14 (58%) 

Hyperidrosis 
Palmaris/ axillaris 

43 (91%) 4 (9%) 26 (68%) 12 (32%) 24 (65%) 13 (35%) 

Overall  64 (88%) 9 (12%) 43 (69%) 19 (31%) 34 (56%) 27 (44%) 

P>0.05 
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Table 4: results questionnaire  

Pt.  

post- 
operative 

Change 
effect 

Long- 
term 

FU 
(m) 

exp. 
result 
result 

CS 
Change 
CS 

HDSS Satisfaction 

1 Better Yes Better 198 Yes No - (1) Yes 

2 Better Yes Worse 177 No Yes Better (1) No 

3 Excellent No Excellent 173 Yes Yes None (3) Yes 

4 Same Yes Worse 164 No Yes Worse (3) No 

5 Better No Better 157 Yes Yes None (3) Yes 

6 Better Yes Worse 139 No Yes Worse (2) No 

7 Same No Same 96 No No - (1) No 

8 Better No Better 94 Yes No - (1) Yes 

9 Same Yes Better 92 Yes Yes None (1) No 

10 Same Yes Worse 88 No Yes None (2) No 

11 Same Yes Better 86 No Yes None (2) Yes 

12 Same No Same 81 Yes Yes None (2) No 

13 Same No Same 78 No Yes Better (1) No 

14 Better No Better 57 Yes No - (2) Yes 

15 Excellent Yes Same 56 Yes Yes None (2) Yes 

16 Better Yes Same 52 Yes No - (1) Yes 

17 Excellent No Excellent 35 Yes No - (1) Yes 

18 Excellent Yes Better 27 Yes No - (1) Yes 

19 Better Yes Better 18 Yes No - (1) Yes 

CS = Compensatory sweating, exp. = expected, FU = follow up, m = months, Pt = patient, - = not applicable 
HDSS = hyperhidrosis Disease Severity Scale: 
(1) sweating is hardly noticeable and never interferes with daily activities 
(2) sweating is tolerable and sometimes interferes with daily activities 
(3) Sweating is barely tolerable and frequently interferes with daily activities 
(4) sweating is intolerable and always interferes with daily activities 

4 DISCUSSION 

ETS is considered a safe and effective treatment for hyperhydrosis. However, patient 
satisfaction is frequently offset by the development of disturbing side effects, especial-
ly compensatory sweating (3; 11-14). The long-term side effects can seriously reduce 
patient satisfaction and cause regrets about the operation. Although short-term data 
are widely available in the literature, reports on the long-term outcome are scarce.  
 Besides their main complaints, our two different indication groups, those treated 
for upper limb (palmar and, or axillary) hyperhidrosis and those treated for excessive 
facial blushing (rubeosis) or sweating, were remarkably similar. Although there were 
no operative deaths, significant adverse events were encountered such as partial or 
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full Horner’s syndrome, pneumothorax, prolonged chest wall pain and even partial but 
persistent brachial plexus apraxia, in one patient.  
 Horner’s syndrome may be due to direct damage to the stellate ganglion or indirect 
damage due to diffusion of monopolar high frequency current, thermal injury or exces-
sive traction on the nerve. Our results are comparable to those described in earlier 
reports (1;3;4). To avoid Horner’s syndrome, it is recommended to use scissors instead 
of heat-producing diathermy for transection of the lower one third of the Stellate gan-
glion (1;3;4-6). In our series, we encountered a surprisingly high incidence of persistent 
neuralgic chest pains, probably caused by our using of a 10 mm diameter trocar at the 
fifth intercostal space. Reducing the size of the trocars could possibly reduce the inci-
dence of chest wall pain. The brachial plexus lesion was probably attributable to poor 
positioning of the patient and undue traction to the arm during the operation. 
 The incidence of compensatory sweating reported in the literature varies between 
60% to 98% and its intensity varies greatly (21, 25-27). In our study, using the validated 
Hyperhydrosis Disease Severity Score, CS (HDSS 2-4) occurred in the long term in 68% 
of which 21% graded their sweating as hardly tolerable or intolerable (CSSS 3-4). Our 
results indicate that in the majority of patients (77%), there is very little change in 
location and severity of CS over time and that after 18 months the CS is stabilized and 
permanent in all cases.  
 Thus, compensatory sweating is a frequently occurring side effect with a heavy 
impact in the social domain and a strong negative effect on patient satisfaction rates.  
 As ETS has been shown to be effective in preventing excessive sweating with short 
term success rates reported of more than 95% (1;3;5;20), in our series the long-term 
treatment efficacy of ETS declined from an initial success rate of 91% to 68% in the 
upper extremity hyperhidrosis group.  
  We observed that with time there is often a recurrence of hand and/or axillae 
sweating that restores the sweat production to physiological or just above physiologi-
cal levels but never to preoperative levels. The long-term satisfaction rate of the upper 
limb hyperhidrosis group (65%) is approximately the same as their long-term efficacy 
rate (68%) and therefore seems to be minimally affected by the occurrence of CS. 
 The success rate for rubeosis declined far less, from 81% to 71%. We noticed that a 
recurrence of symptoms seems to have less impact in the excessive blushing group as 
a recurrence of gradual reddening of the face and/or neck apparently is less problem-
atic for patients than the red flushing experienced before the operation. Owing to the 
prominent psychological component in and rubeosis, breaking the vicious circle of 
physiological ‘excessive’ blushing and psychological agitation might be sufficient to 
achieve a sustainable result. Disturbingly, however, we also noticed a shift of the pa-
tient’s attention towards the side effects of the procedure, mainly CS, whereby some 
tend to ‘forget’ their initial complaints of rubeosis. Obviously, this phenomenon nega-
tively affects long-term satisfaction rates: only 42% are satisfied in the long run and 
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more than half indicate avoiding social contact or experience discomfort in the social 
domain, even after a successful operation. 
 Apparently, ETS performed at the level of the lower 1/3 of the stellate ganglion and 
T2 induces more CS, thereby reducing the quality of life postoperatively. Sweating is 
essential for regulation of body temperature and is vital to our survival,however, ex-
cessive sweating may cause serious professional, psychological, and social burdens to 
many patients.  
 
In conclusion, ETS appears a safe treatment for upper limb hyperhydrosis with ac-
ceptable long-term results. For excessive blushing, however, long-term satisfaction 
rates are severely hampered by a high incidence of disturbing compensatory sweating. 
ETS should only be indicated in patients with unbearable symptoms refractory to non-
surgical treatment. The patient information must include the long-term substantial risk 
for sever CS and regret of the procedure. 

APPENDIX (1) 

 
Our Questionnaire 
 
1- Was the operation successful? (yes/no)  
2- Are you satisfied with your current condition? (not satisfied, very much satisfied)  
3- Is there excessive sweating in other parts of your body than the part treated by sympathectomy.  
  (yes/no) 
4- When did you notice excessive sweating after operation? ( weeks, months, years)  
5- In the course of time does excessive sweating became worse? (weeks, months, years) 
6- Did excessive sweating after the operation disappear? (No, Yes: weeks, months, years)  
7- Please note if any other undesirable symptoms were caused by the operation( drop of eyelid, pain, 
 other)? 
8- Do you avoid any of the following situations because of excessive sweating? Shaking hands, meeting  
 people, parties etc.…(No situation, many situations)  
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ABSTRACT 

Background: The objective of this study was to compare the efficacy of the Da Vinci® 
robotic system using both the three-dimensional view (3D) and two-dimensional (2D) 
view options with traditional manually assisted laparoscopic techniques in performing 
standardized exercises. 
Methods: To evaluate surgical efficiency in the use of robotically assisted and manual 
laparoscopic surgery for standardized exercises six, last-year medical students without 
any surgical experience were selected. The exercises consisted of placing rings over 
receptacles, grasping a free hanging suture and cutting three pieces of it, running a 
suture, and performing a surgical knot. Each student performed the exercise twice. The 
median times needed for completion of the exercises and the median number of er-
rors in performing the tasks were noted. 
Results: The unexperienced students performed the standardized tasks significantly 
quicker and with fewer errors when assisted by the Da Vinci® robot in the 3D optical 
display mode, as compared with traditional manually assisted laparoscopic surgery. 
Even when the 2D mode was selected, a significant advantage favoring the Da Vinci® 
robotic system was seen both in time and efficacy for most exercises. When the 3D 
and 2D modes were compared, time differences in favor of the 3D mode remained, 
but a significant difference in efficacy favoring 
the 3D mode was seen only in one exercise (exercise 2: suture cutting). 
Conclusions: The Da Vinci® robotic system permits standardized minimal invasive sur-
gical exercises to be performed quicker and more efficiently than traditional minimally 
invasive techniques. Therefore, with the aid of this robotic system, difficult laparoscop-
ic interventions may become easier to perform, and indications for minimal invasive  
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INTRODUCTION 

More than 15years after the introduction of minimally invasive techniques in the field 
of general surgery it cannot be said that most gastrointestinal operations are per-
formed routinely in this way. In fact, during the year 2000, fewer than 3% of the colec-
tomies in the United States were performed laparoscopically [6] despite the well-
known advantages of minimally invasive surgery for the patients. The main reason, of 
course, is that most of the more advanced surgical procedures are difficult to perform 
in a minimally invasive setting and involve a steep learning curve. Problems inherent to 
the actual minimally invasive surgical techniques such as the limited degrees of free-
dom and subsequent limited motion of the straight laparoscopic instruments, two-
dimensional (2D) vision, and poor ergonomics for the surgeon are responsible for this 
learning curve. In recent years, robotic systems have been designed to overcome these 
 problems. The Da Vinci® robotic system (Intuitive Surgical, Mountain View, CA, 
USA) has two components. The surgeon sits at a console looking at an enlarged three 
dimensional 
 (3D) binocular display of the operative field while manipulating instrument control-
lers positioned under the display. Movements of these ‘‘joy sticks’’ are transferred to 
the robotic arms mounted on a three armed patient side cart. Two of these arms hold 
surgical instruments, the third arm contains the optic system consisting of an endo-
scope with two optical channels and two three-chip cameras. The surgical instruments 
are articulated at the distal end so as to mimic the motion of the surgical hand and 
obtain seven degrees of freedom. The computer allows motion scaling, in which 
movements of the manipulators at the console are transmitted to the robotic arms 
with a 3:1 or 5:1 reduction. A normal eye–hand–target up lining, and subsequently a 
more natural operative feeling should be ensured by an electronic alignment between 
the instrument tips viewed on the display and the instrument controllers at the con-
sole. Although 3D visualization is the prime option for the system, this feature can be 
changed to 2D if desired. It is hoped for that by using this system difficult minimal 
invasive procedures will be easier to perform. Only two studies have been published 
comparing the use of classic laparoscopic surgery with the use of robotically assisted 
laparoscopic surgery in performing standardized tasks [5, 8]. These studies however, 
used, a different type of robotic system (the Computer Motion Zeus Surgical Robotic 
System; Computer Motion, Goleta,CA, USA) that worked in two dimensions only. In the 
study published by Garcia-Ruiz et al. [5], no benefit was seen in either speed or preci-
sion when the robot was 
 used to perform various tasks. However, this probably was a biased study because 
all the participants had extensive training in laparoscopic surgery. A Dutch study by Nio 
et al. [8] showed that people without any surgical experience using the Zeus robot 
could perform certain exercises equally or more precisely, although somewhat more 
slowly than individuals performing classic laparoscopic surgery. Neither of these stud-
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ies no clear benefit in using a robotic system to perform certain minimally invasive 
surgical exercises. To investigate the efficiency of the Da Vinci® system, we undertook 
a similar 
 study, selecting six medical students without any surgical experience to perform a 
number of standardized exercises using this system with both the 3D and 2D options, 
and then comparing the results with the data for classic laparoscopic techniques. 

MATERIAL AND METHODS 

Six medical students without any surgical experience were chosen to perform four 
different exercises using either robotic assistance or classical laparoscopic techniques. 
The Da Vinci® robotic system was used with both the 3D and 2D options. The partici-
pants of course, were, in control of the robotic instrument’s holding arms, but did not 
need to move the optic arm. When the exercise was performed in the laparoscopic 
black box, the camera was controlled always by the same observer, a surgeon experi-
enced in laparoscopic surgery. The instruments used in the black box were very similar 
to the robotic instruments. Downscaling by the robot was set at 3:1 for every exercise. 
All the exercises were explained to the participants, who could try them once before 
the actual experiment began. All the participants performed the four exercises twice: 
first with the aid of the robot in the 3D mode, then with the robot in the 2D mode, and 
finally assisted manually. All the procedures were recorded on videotape for analysis 
by an independent observer. The time necessary to perform the exercise and all fail-
ures were noted. 

Exercises 

The Chamberlain models (Intuitive Surgical), used for demonstrations 
and hands-on training for the Da Vinci® system, were used for all the exercises. 
 
Exercise 1 
Situation: The Chamberlain spike (mountains) model with one ring 
Task: Grasp the ring from the spike and put it over another (always the same) spike. 
Only one hand is needed 
Failures: Dropping or misplacing the ring 
 
Exercise 2 
Situation: Free-hanging end of a suture (no horizon or other background) 
is attached to the clip holder of the Chamberlain model 
Task: Grasp suture with clamp in one hand and cut a 1-cm piece off, then three subse-
quent pieces 



 

51 

Failures: Failure to grasp suture in one attempt; cutting in the wrong plane or at the 
wrong distance 
 
Exercise 3 
Situation: The Chamberlain model with the metal rings 
Task: Pass a suture through four rings (hand over hand) in a circle, always through the 
same rings 
Failures: Missing the ring; dropping the suture 
 
Exercise 4 
Situation: The Chamberlain model with a small left anterior descending artery fully 
exposed 
Task: Pass a suture around the artery and tie a square knot 
Because we found it hard to define mistakes or errors in tying a knot, only the time 
necessary to complete a full square knot was recorded. 
Statistical analysis 
For each exercise, the time necessary to perform the task was noted. A repeated 
measures analysis of variance was used to compare the different times necessary for 
doing the exercises. Significance was defined as a p value less than 0.05. 
For the first three exercises, the previously established errors were counted. To com-
pare the difference in the number of errors between the various exercises, the Fried-
man test was used. A p value less than 0.05was considered significant. 

RESULTS 

All the students accomplished the different tasks. The results are shown in Tables 1 
and 2.  
 Table 1 depicts the mean time needed to perform each exercise as well as the 
standard deviation. The mean number of failures for each task and their standard 
deviation are noted in Table 2. 
 From these figures, it is clear that every exercise was performed more quickly and 
with significantly fewer errors when assisted by the Da Vinci® robot in the 3D mode, as 
compared with classic laparoscopic methods performed in the black box. Less time was 
needed to perform ‘‘easy’’ exercises such as the ring-grasping task (example 1) with 
the 3D Da Vinci® robot than with manual laparoscopic techniques (median, 9.5 ±8.7 s 
vs 19.0 ±5.7 s; p < 0.05).  
 The Da Vinci® robot also shortened the time required for the suture grasping and 
cutting exercise (median, 27.5 ±7.9 s vs 64.0 ±19.7 s; p < 0.05). This difference was 
even more pronounced for the ‘‘difficult’’ tasks such as the suture-passing test. For this 
test, a median time of 60.5 ±39.2 s was required with the aid of the 3D Da Vinci®, as 
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compared with 356.50 ±112.61 s for the procedure performed in the laparoscopic 
black box (p < 0.00001). For the knot tying exercise the comparative times were 51.0 
±23.2 s versus 184.5 ±55.0 s; p < 0.00001). 
 Errors such as unintentional dropping of rings or misplacement of rings (exercise 1), 
bad grasping of a suture (exercise 2), or dropping of the suture or inaccurately passing 
the suture through the rings (exercise 3) occurred significantly more with the manually 
assisted laparoscopic technique than with the 3D Da Vinci®–assisted method. Because 
the students started by doing the exercises with the aid of the Da Vinci® robot in the 
3D mode, then changed to the 2D mode, and finally performed the exercises manually, 
no learning curve in favor of robotically assisted techniques could responsible for these 
results. 
When used in the 2D mode, the Da Vinci® robot system retained its accuracy in per-
forming the different tasks. Significantly fewer errors were seen for all the exercises 
when the Da Vinci® was used in the 2D mode than when the manually assisted laparo-
scopic technique was used (exercise 1: median, 0.0 ±0.389 faults vs 2.25±1.13 faults; p 
< 0.01; exercise 2: median, 4 ±3.49 faults vs 8.00 ±4.41 faults; exercise 3: median, 2.00 
±1.90 faults vs 38.00 ±12.19 faults). Also significantly less time was needed to perform 
three of the four exercises with the Da Vinci® robot in the 2D mode than with classical 
laparoscopic techniques. Only for the relative simple exercise 2 (grasping and cutting 
of a hanging suture with no horizon or background) was no time difference was seen 
(median, 68.0 s ±26.7 s vs 64.0 ±19.7 s) between the Da Vinci® 2D and the manual 
laparoscopic method. However, a significant time difference for the performance of 
this exercise between use of the 3D (median, 27.5±7.9 s) and 2D (median, 68.0 ± 26.7 
s) Da Vinci® modes. 
 When the 2D and 3D Da Vinci® modes were compared for the different tasks as-
sisted by the robot, the differences were not as great. In two of the four exercises, 
significantly less time was needed to perform the different tasks with the aid of the 3D 
mode (exercise 2: suture-grasping and cutting median, 27.5±7.9 s vs 68.0 ±26.7 s and 
exercise 4: knot-tying median, 51.0 ±23.2 s vs 82.6 Å} 23.0 s), whereas for exercise 3 
(suture passing through rings), a shorter time was needed to accomplish the exercise 
with the Da Vinci® in the 3D mode (median, 60.5±39.5 s vs 90.5 ±29.0 s). However, this 
difference failed to reach statistical significance. In both this exercise and exercise 1, 
no difference was seen in the median numbers of errors whether they were performed 
with the 3D or the 2D mode (exercise 3 median, 2.0 ± 1.6 faults vs median, 2.0 ±1.9 
faults; exercise 1: median, 0.00 ±0.45faults vs 0.00 ± 0.39 faults). 

DISCUSSION 

Robotically assisted endoscopic surgery has been introduced in cardiac surgery [1, 10, 
11], but it is slowly finding its way into other surgical disciplines. Several reports show 
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that it is feasible and safe in urology [9], gynecology [3, 4], and general surgery [2, 7]. 
Theoretically, many features of laparoscopic surgery make this technique very suitable 
for robotic technology. Robotic systems should especially improve the limited degrees 
of freedom with classic laparoscopic instruments and the poor ergonomics for the 
surgeon, which increase fatigue and pose a heavy burden on the surgeon during longer 
procedures. 
Some robotic systems have been evaluated in clinical and experimental settings, main-
ly for cardiac [10] and gynecologic procedures [4]. These studies made use of camera-
holding robots (e.g., the AESOP system; Computer Motion, Goleta, California USA) or 
prototypes of the ZEUS robotic system (Computer Motion) with a 2D vision. Although 
procedures could be performed safely, no clear benefit was seen from the assistance 
of a robot system in either time or performance efficacy. Only two other studies have 
used an experimental setting to compare manual surgery with robotically assisted 
laparoscopic surgery in the performance of basic standardized tasks [5, 8]. Both studies 
made use of the Computer Motion Zeus Surgical Robot system (Computer Motion) 
with a 2D view only. 
 
Table 1. Mean time needed to perform the various exercises in seconds 

Exercise Da Vinci® 3D Da Vinci® 2D Manual p value 

1 (ring grasping) 9.5±8.7 12.0 ±3.6 19.0±5.7 vs<0.05  

2 (suture cutting) 27.5±7.9 68.0±26.7 64.0±19.7 vs<0.05  

3 (suture passing) 60.5±39.2 90.5±29.0 356.5±112.6 vs<0.05  

4 (knot tying) 51.0 ±23.2 82.6 ± 23.0 184.5 ±55.0 vs<0.05 

 
Table 2. Median failures noted in the performance of exercises 

Exercise Da Vinci® 3D Da Vinci® 2D Manual p value 

1 (ring grasping) 0.01 ±0.45_ 00.0 ±0.39 2.25±1.13 vs_<0.05 

2 (suture cutting) 0.00 ±0.39 4.00±3.49 8.00 ±4.43 vs__<0.05 

3 (suture passing) 2.00 ±1.60 2.00±1.92 38.00±12.19 vs_<0.05  

 
In this study we evaluated the efficiency and the time needed for certain standardized 
tasks performed by manually assisted (classic) laparoscopic surgery and with the help 
of the Intuitive Surgical Da Vinci® robot system. Both the 3D and 2D view modes were 
used to evaluate specifically whether this depth perception facilitated the perfor-
mance of the different exercises. To avoid any bias resulting from previous experience 
in any of the surgical techniques, only medical students who had no experience at all in 
open, minimally invasive, or robotically assisted surgery were selected to perform the 
different tasks. Although the Chamberlain model used for the exercises is used in 
demonstration programs of the Da Vinci® robotic system, the tasks performed were 
standard tasks encountered in any minimally invasive training program with an in-
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creasing level of difficulty, especially those designed for robotical surgery. In the first 
exercise, only one hand was needed to grab the ring and place it over a spike. From a 
free-hanging suture wire, three equally long pieces had to be cut using both hands 
against a blank background in exercise 2. In exercise 3, the subject pass a suture tradi-
tionally hand over hand while also passing it through four consecutive rings. Finally in 
exercise 4, a square knot had to be tied. From this experiment it is clear that inexperi-
enced test persons perform standard exercises quicker and more precisely with the aid 
of the 3D Da Vinci® robot than by using manually assisted laparoscopic techniques. 
 Especially for the more difficult exercises in this study, this difference was striking, 
adding to the hypothesis that robots can be especially useful for interventions in which 
subtle movements and optical magnifications are crucial. No clear time advantage was 
noted when standardized tasks were performed with the assistance of the Zeus robotic 
system using a 2D optical sytem in the two other published experimental studies. In 
fact, for the simplest exercise (bead dropping) in the study by Nio et al. [8], a signifi-
cantly longer time was noted when the task was performed with the assistance of the 
robot. For the other tasks, no time difference was seen. Garcia-Ruiz et al. [5] noted 
statistically shorter operating times in favor of manually assisted laparoscopic suturing, 
but this time difference disappeared when smaller sutures (6-0 and 7-0) where used. 
However, as stated before, their results could be biased as a result of the important 
expertise in traditional laparoscopic surgery the participants in their study had already 
acquired. More important than being faster, our inexperienced students performed 
the different tasks with significantly fewer errors when assisted by the Da Vinci® robot 
in the 3D mode. Nio et al. [8] also found a difference in failures favoring the robotically 
assisted performance for most of their exercises, showing that whatever system is 
used, control of the instruments is facilitated by the robotic system. Interestingly, 
working with the aid of the Da Vinci® system in the 2D mode, the students still per-
formed the tasks significantly more quickly and with fewer errors than when these 
tasks were performed in the traditional laparoscopic way. The more natural eye– 
hand–surgical field up lining, the magnification of the operative field, and certainly the 
use of the articulated instruments of the Da Vinci® system seem to offer a distinct 
advantage for the performance of these standardized tasks, as compared with tradi-
tional laparoscopic surgery. When the performance of the students aided by the Da 
Vinci® system in the 3D mode was compared with that of the students assisted by 
robot in the 2D mode, time differences in favor of the 3D mode were seen in the more 
difficult exercises needing both hands for performance of the exercise, but no differ-
ences were noted in the accuracy by which the tasks were performed. 
 When asked, however, the students, without exception, claimed to be more at 
ease with the 3D vision mode. The 3D view of the Da Vinci® system therefore seems to 
be more important for performing certain tasks more quickly and more easily, but in 
this experiment, it offered no additional benefit over the 2D mode in terms of efficacy 
in performance. The complete loss of tactile sensation often is quoted as one big dis-
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advantage of working with robotic systems. However, in the relatively simple tasks of 
the current study, this was no cause of major concern. In the knot-tying exercise, no 
knot broke because of excessive force exerted by the robotic arms. The superior visibil-
ity compensated more than enough for the loss of tactile sensation. Nevertheless, 
from our clinical experience with robotically assisted bowel surgery, we observe that 
extreme care must be used to avoid involuntary tearing of the bowel wall. 
 In conclusion, from this experimental study, it is clear that people without any 
surgical experience can learn to perform standardized tasks more easily and more 
accurately with the aid of the Da Vinci® robotic system, as compared with traditional 
manually assisted laparoscopic techniques. These robotic systems are likely to make 
complex minimally invasive procedures more accessible for more surgeons. 
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ABSTRACT 

Purpose: To evaluate the feasibility of robot-assisted thoracoscopic T2-T5 ramicotomy 
(Highly selective dorsal sympathectomy) 
Methods: In 5 pigs a robot-assisted thoracoscopic T2-T5 ramicotomy was performed, 
followed by T2-T5 sympathectomy 10 minutes later.  
Ramicotomy and sympathectomy times, core (oesophageal) and surface (left front 
paw) temperatures were monitored and recorded. 
Results: The procedure was successfully completed in all 5 animals. In all cases the 
sympathetic chain remained intact. No major hemorrhage occurred. The mean operat-
ing time for T2-T5 ramicotomy from incision until transection of last efferent ramus 
was 34 minutes (range 32-40 min).  
After completion of the ramicotomy a total T2-T5 sympatectomy was performed, with 
a mean duration of 7 minutes (4-12). Mean Core temperature before operation was 
37.6°C (36.7°-38.0°) Mean Surface temperature before operation was 34.2° (33.3°-
35.5°). Ten minutes after completion of the ramicotomy, temperatures stabilized. 
Mean post ramicotomy core temperature was 37.4°C (36.3°C-38°C) and mean post 
ramicotomy surface temperature was 35.4°C (33.9°C-37°C). Mean post sympatectomy 
temperatures were: Core 37.3°C (36.1°C-38°C) and Surface 35.8° (33.8°C-37.1°C) 
Conclusion: Computer-assisted thoracoscopic T2-T5 ramicotomy is feasible and effec-
tive in a porcine model. Our results suggest that selective ramicotomy is just as effec-
tive in raising surface temperature as sympathectomy.  
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INTRODUCTION 

Primary palmar hyperhidrosis is caused by the excessive secretion of the eccrine sweat 
glands. The etiology is unknown. Endoscopic thoracic sympathectomy at T2-T4 is a well 
established minimally invasive, safe and effective treatment for this disorder 
(1;2).Complications such as Horner syndrome, radial paresthesia, dysesthesia of the 
arm and hyperesthesia/pain at the incision site/thorax are relatively rare (2.4%-8.4%) , 
whereas complications related to videoassisted thoracoscopic technique (pneumotho-
rax, hematothorax, chylothorax ) also incidentally occur. However, the most frequent 
side effect is compensatory hyperhydrosis (89%). Gustatory sweating (38%) and phan-
tom sweating (38 %) are also fairly common. Compensatory hyperhydrosis seems to be 
quite acceptable to most of the patients, severe compensatory sweating though can 
result in a dramatically decreased quality of life in such a way that even a successful 
outcome of the operation may result in a patient regretting the intervention due to the 
severe compensatory sweating.(5-7) 
  
In order to limit the incidence of compensatory hyperhydrosis some surgeons don’t 
divide the sympathetic nerve bundle but only perform a ramicotomy (transection of 
the rami communicantes). This technique shows the lowest rate of compensatory 
hyperhydrosis and the lowest rate of Horner’s syndrome. However, a selective thoracic 
ramicotomy is not easily accomplished by conventional thoracoscopy and questions 
have been raised concerning the effectiveness of this technique.(8;8;9;14;15) 
 We postulate that computer assisted instrumentation could significantly facilitate 
selective thoracic ramicotomy and reduce operating time comparable to that of classic 
endoscopic sympathectomy. The da Vinci ® three-dimensional optical imaging system 
enhances visualisation and the endo-wrist technology promotes telemanipulation of 
soft tissue structures in a relatively inaccessible working space. The immediate effec-
tiveness of surgery of the thoracic sympathectic nervous system can be monitored by 
measuring the ipsilateral hand temperature during the actual operation. A +1ºC in-
crease in hand temperature in the first minutes after sympathectomy is an indication 
for a successful intervention.(16;17) 
 
The aim of this study was to examine the feasibility of robot assisted thoracoscopic T2-
T5 ramicotomy (highly selective dorsal sympathectomy). This procedure has the poten-
tial of providing relief to patients with upper extremity hyperhydrosis and significantly 
lowering the rate of debilitating compensatory sweating. 
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METHODS 

Five female Yorkshire pigs weighing a mean 92 kg, (range 82-98) were obtained from a 
single vendor and underwent a 5-day preoperative conditioning period. All animals 
underwent the same operative procedure in 5 consecutive experiments. Experiments 
were conducted using the guidelines published in the Guide for the Care and Use of 
Laboratory Animals ( NIH publication 85-23, revised 1985). The study protocol was 
approved by our institution’s Animal Care and Use committee. 
 
The animals were sedated with intravenous fentanyl (5 μg/kg) and ethomidate (0.25 
mg/kg) before endotracheal intubation. A mixture of intramuscular ketamine (10 
mg/kg), midazolam ( 0.2 mg/kg), and atropine (0.01 mg/kg) was administered, and 
general anesthesia was continued with intravenous fentanyl (5 μg/kg/h), midazolam 
(0.125 mg/kg/h) and pancuronium ( 0.20 mg/kg/h) and inhaled isoflurane (2.4%) . Tidal 
Volume was initially set at 15 mL/kg and respiratory rate was 17 per minute. These 
initial parameters were modified after serial blood gas measurements to keep the 
pCO2 between 25 and 35 mmHg and the pH within normal limits. There was no selec-
tive single lung ventilation but high frequency, low volume ventilation. Right-sided 
jugular venous and carotid arterial accesses were obtained prior to the procedure. The 
electrocardiogram, blood pressure, blood gasses, urine output and transcutaneous 
oxygen saturation were monitored throughout the entire procedure. 
 
At operation ramicotomy and sympathectomy times, core (esophageal) and surface 
(left front paw) temperatures were monitored. The pigs were placed in a left supine 
position. A 12-mm port was introduced in the 9th intercostal space of the left thorax , 
and the 0° robot thoracoscope was introduced. Under direct visualization 2 5-mm 
dissecting ports were inserted in the 5th and 6th intercostal space . An additional 12-
mm port was placed into the 8th intercostal space for a fan retractor. After insertion of 
the thoracoscope in the left thoracic cavity the pleura overlying the sympathetic chain 
was opened from the second rib on towards the 6 th rib. The sympathetic chain runs 
parallel to the spine at the level of the costovertebral joint of the rib and connects the 
different ganglia from which the rami communicantes efferentes originate and run 
together with the ribs. The lung was then gently retracted by the fan retractor. The 
sympathetic chain was identified and all the efferent rami communicantes from T2 to 
T5 were interrupted and removed 2 cm laterally. Great care was taken to preserve the 
integrity of the sympathic chain. After completion of the ramicotomy the various tem-
perature variables were observed for a 10-minute period. A complete T2-T5 sympa-
thectomy was then performed with temperatures continuing to be monitored. 
 The pigs were euthanized afterwards with an overdose of potassium chloride, and 
an autopsy was performed. 
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RESULTS 

The procedure was successfully completed in all 5 animals. In all cases the sympathetic 
chain remained intact during ramicotomy. No major hemorrhage occurred. The mean 
operating time for T2-T5 ramicotomy from incision until transection of last efferent 
ramus was 34 minutes (range 32-40). Ramicotomy increased the surface temperature 
significantly from 34.2° (33.3°-35.5°) before the operation to 35.4°C (33.9°C-37°C) (p = 
0.043, Wilcoxon-Paired Rank test (two sided)) at ten minutes when temperatures had 
stabilised. Mean Core temperature before operation was 37.6°C (36.7°-38.0°) and 
decreased with 0.2º C to 37.4°C (36.3°C-38°C) after ramicotomy. 
 
After completion of the ramicotomy a total T2-T5 sympatectomy was performed, with 
a mean duration of 7 minutes (range 4-12 min). Mean post sympatectomy tempera-
tures were: Core 37.3°C (36.1°C-38°C) and Surface 35.8° (33.8°C-37.1°C) (p = 0.08). (Fig. 
1 and Fig. 2)  
 

Fig. 1: left front paw temperature before operation, 10 minutes after ramicotomy and 10 minutes after 
subsequent sympathectomy.  
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Fig. 2: Ratio 0f surface temperature to core temperature before operation, 10 minutes after ramicotomy and 
10 minutes after subsequent sympathectomy. 

DISCUSSION 

Surgery of the sympathic nervous system has a long history and is characterized by an 
evolution in indications correlating with the evolution in surgical techniques and the 
understanding of the physiology and anatomy of the sympathetic nervous system. The 
optimal technique has remained a subject of controversy because the conventional 
endoscopic thoracic sympathectomy and sympathicotomy procedures often result in 
over dryness of the enervated area and irreversible compensatory hyperhydrosis.(14) 
Criteria for a successful thoracic sympathectomy are: a high rate of hyperhydrosis 
relief combined with a low rate of recurrence, and a low rate of compensatory and 
gustatory hyperhydrosis. 
 The technique of dividing sympathetic rami communicantes whilst preserving the 
thoracic sympathetic ganglia and nerve chain (ramicotomy) was first introduced by 
Wittmoser, which was later reported by Gossot. Gossot reported a lower rate of com-
pensatory sweating but a higher recurrence rate (5%) in an 11-month follow up 
study.(15) The outcome could be improved by broadening the area of resection to 2 
cm laterally of the sympathetic cord. A longer section of the rami communicantes is 
removed, which includes abberant connections and sometimes the kuntz nerve. An 
additional advantage to this procedure is a residual relative humidity of the hands post 
ramicotomy, thus avoiding over-dryness of the hands. (14) Drawbacks to thoracoscopic 
ramicotomy are a longer operating time and an increased possibility of accidental 
injury to the intercostal vessels. Ramicotomy is thus not easily accomplished by con-
ventional thoracoscopy.(8;9;14;15) Ramicotomy is a more selective and physiological 
treatment of essential hyperhydrosis than sympathectomy or sympathicotomy. 
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The enhanced visualization of the da Vinci® three-dimensional optical imagining sys-
tem combined with the improved agility of the endo-wrist system promotes the tele-
manipulation of soft tissue structures in a relatively inaccessible working space.(14;19) 
By using the advantages of the daVinci® and by broadening the area of transection to 2 
cm laterally of the sympathetic cord we overcome the drawbacks mentioned before 
and aim to make robotic ramicotomy accepted as the method of choice for the treat-
ment of essential hyperhydrosis. 
 
We chose to perform the procedure only at the left sympathetic chain in the porcine 
models due to anatomical reasons: the pig has an accessory apical right bronchus, 
which prevents adequate thoracoscopic exposure of the right sympathetic chain. Mean 
operating time from incision until transection of last efferent ramus for a robot assist-
ed T2-T5 ramicotomy was 34 minutes (32-40), this is comparable with times for unilat-
eral thoracoscopic sympathectomy T2-T5.  
 We measured the temperature of the surface of the left front paw as a parameter 
for the immediate effectiveness of the operation. In humans, an increase of 1°C in the 
hand temperature indicates a successful intervention. The correlation between a rise 
in temperature at the innervated areas and the relief of hyperhydrosis at those areas 
can be explained knowing the three physiological functions of the sympathetic nerve 
system: the vasomotoric, the sudomotoric and the pylomotoric function. By transect-
ing the efferent rami communicantes the sympathetic function is inhibited resulting in 
vasodilatation of the superficial arterioles to the skin causing an increase in local sur-
face temperature, a decrease in core temperature, and a decrease in sweat produc-
tion. 
 This is congruent with our results. The increase of the mean surface temperature 
by 1.2°C from 34.2°C (33.3°C-35.5°C) to 35.4°C (33.9°C-37°C) is significant (p =0.0043) 
using the Wilcoxon-Paired Rank test (two-sided) and suggests a successful interven-
tion. Considering that the maximum possible increase of surface temperature is the 
surface temperature after sympathectomy (i.e. tss-tspre=100%) , the skin temperature 
after ramicotmy rises with 76% (57, 87, 60, 77 and 100%) 
 This is even further evident when the decrease of core temperature is also taken 
into account by examining the mean Surface temperature/ mean Core temperature 
ratio. The ratio post ramicotomy rises by 5% from 90% to 95%. (Fig. 2) After ramicoto-
my, we observed an evolution of the temperature towards a plateau within the first 5 
minutes. That is why we measured the post ramicotomy temperature after 10 minutes 
After the ramicotomy we completed the intervention and performed a T2-T5 sympa-
thectomy by removing the nerve chain and ganglia. Interestingly, we noticed an addi-
tional increase in surface temperature of 0.4°C from 35.4°C (33.9°C-37°C) to 35.8° 
(33.8°C-37.1°C)(p=0.08,Wilcoxon-Paired Rank Test(two-sided)). (Fig.1) The mean Sur-
face temperature/ mean Core temperature ratio increased by an additional 1% (96%). 
(Fig.3) This tendency towards a rise in the surface temperature of the palms post 
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ramicotomy and upon completion of the sympathectomy could suggest that there 
could be still some degree of residual humidity in the palms. This could indicate that 
ramicotomy is a more selective and physiological treatment of essential hyperhydrosis 
than sympathectomy or sympathicotomy because it may prevent over-dryness of the 
enervated zones. The long term recurrence rate of hyperhidrosis, the incidence of 
compensatory sweating, the incidence of Horner syndrome and postoperative pain 
could not be determined in this porcine model and will be examined in a prospective 
clinical study. 
 In conclusion, robot-assisted thoracoscopic T2-T5 ramicotomy is feasible in a por-
cine model. Our results suggest that selective ramicotomy is feasible and equally effec-
tive in raising surface temperature as sympathectomy or sympathicotomy. The use of 
the da Vinci® robot enables us to perform this operation, which is not easily accom-
plished by conventional thoracoscopy, in a safe and controlled manner within a rea-
sonable operation time. More prospective clinical data is to be collected to make com-
puter assisted thoracoscopic ramicotomy accepted as the method of choice for the 
treatment of disabling essential hyperhydrosis. 
 
 

 
Fig. 3: Percentage change in the ratio of the surface/core temperature ratio as compared to that preopera 
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ABSTRACT  

Selective postganglionic efferent sympathectomy for hyperhidrosis is associated with 
excellent relief of hyperhidrosis and a low rate of compensatory hyperhidrosis. How-
ever, this technique can be difficult using conventional videoendoscopic techniques. 
We have performed this technique using robotic technology in 55 patients. There has 
been complete relief of hyperhidrosis in 53/55 (96%) patients, partial relief in 2/55 
(4%) patients and a compensatory hyperhidrosis rate of 7%.  

INTRODUCTION 

The surgical management of hyperhidrosis is controversial. Controversies include the 
appropriate surgical approach, ganglionectomy vs. selective postganglionic efferent 
sympathectomy (SPES), and the extent of the sympathectomy. Presently, ganglionec-
tomy using video-assisted thoracic surgery is the most common surgical procedure for 
patients with upper extremity hyperhidrosis. This technique is associated with excel-
lent relief of symptoms. However, compensatory hyperhidrosis (CH) is seen approxi-
mately 50-97% of patients who undergo this technique (1-5). Historically, Friedel and 
colleagues have reported relief of hyperhidrosis with an astoundingly low rate of CH 
(2.5%) using SPES (6-8). This procedure is difficult using conventional video-assisted 
thoracic surgical procedures. The difficulty stems from 2D visualization and limited 
instrument maneuverability. Robotic surgical systems have the advantage of high-
definition magnified 3D visualization and increased instrument maneuverability in a 
confined space. In this paper, we describe the technique of robotic selective postgan-
glionic efferent sympathectomy.  

METHODS 

Fifty-five patients underwent robotic SPES. The indication for this operation was hy-
perhidrosis of the upper extremity refractory to medical management. The contraindi-
cation was previous surgery on the thoracic sympathetic chain.  
The operation is performed under general anesthesia. The patient is positioned in 
lateral decubitus position with the affected side up. A temperature probe is placed 
intraoperatively on the ipsilateral hand and the temperature is recorded pre and post 
division of the postganglionic rami. A temperature increase of at least 0.8 degrees 
Celsius is indicative of successful SPES. The operation is performed in two phases: 
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Phase I: VAT Entry 

Three, 2cm incisions are used. A line is drawn connecting the tip of the scapula to the 
costal arch. Incision #1 is placed 1/3 the distance superiorly from the costal arch in the 
intercostal space. Incision #2 is located at the anterior axillary line 2 interspaces supe-
rior to incision #1. Incision #3 is located at the anterior axillary line 2 interspaces supe-
rior to incision #2. A fourth, 1cm incision (Incision #4) is placed at the anterior axillary 
line 1 interspace inferior to incision #1. This incision is used intraoperatively for a lung 
retractor (Endopaddle Retract; Auto Suture, Covidien incorporated, Mansfield, MA) 
and postoperatively for chest tube placement. The lung retractor is placed in incision 
#4 and is used to retract the lung medially away from the chest wall. 

Phase II: Selective postganglionic efferent sympathectomy (SPES)  
(Videos 1 and 2) 

The robot is brought in from over the head of the bed at a 30-45 degree angle to the 
longitudinal axis. The camera port is placed in incision #2 (Endoeye videoscope, Olym-
pus America, Inc, Center Valley, PA). With the patient in the right lateral decubitus 
position, the right robotic arm is placed in incision #1 and the left robotic arm is placed 
in incision #3. The robotic endograsper is placed in the left arm and robotic hook cau-
tery is placed in the right arm. The sympathetic chain and its surrounding anatomy are 
identified. Ribs 2, 3, and 4 are marked with electrocautery. The pleura immediately 
overlying the sympathetic chain is dissected from the 2nd to the 4th rib (Figure 1). The 
postganglionic rami from T2-T4 are identified and divided 2cm laterally in all patients 
(Figure 2). If present, accessory fibers and the nerve of Kuntz are divided. Upon com-
pletion of the procedure, the robot arms are removed from the patient and a 16 
French chest tube is placed in incision #4. Incisions are closed and selective thoracic 
sympathectomy is repeated in a similar fashion on the contralateral side. After com-
pletion, the patient is extubated in the operating room. 
 

 
Figure 1. Intraoperative photograph depicting pleural dissection thereby exposing the underlying sympathet-
ic chain.  
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Figure 2. Intraoperative photograph depicting division of the T2 postganglionic efferent ramus. Robotic hook 
cautery is used to divide the ramus. The asterisk marks the site of division.  

RESULTS 

All patients had simultaneous bilateral robotic thoracic highly selective sympathecto-
my. There were 25 males and 30 females. Mean age was 31.4 +/- 10.5 years. Preopera-
tively, all patients (55/55, 100%) had intolerable hyperhidrosis of the upper extremities 
which affected their daily activities (Hyperhidrosis Disease Severity Score D). Indica-
tions for sympathectomy were palmar hyperhidrosis in 36/55 (65%) patients, axillary 
hyperhidrosis in 7/55 (13%) patients, and combined axillary and palmar hyperhidrosis 
in 12/55 (22%) patients.  
 Mean operative time was 84.3 +/- 40.1 (bilateral) minutes. There was no conver-
sion to thoracotomy.  
 Median increase in temperature of the ipsilateral hand was 0.8 degrees Celsius 
after division of the efferent postganglionic fibers.  
 Complications included transient unilateral Horner’s syndrome seen in 1/55 (1.8%) 
patients, unilateral dysesthesia of the right hand in 1/55 (1.8%) patients, transient 
unilateral isolated ptosis in 1/55 (1.8%) patients, and bradycardia in 2/55 (3.6%) pa-
tients. There was no permanent Horner’s syndrome.  
 Median hospital stay was 1 day (1-4 days). There was no mortality. 
 At a mean follow up of 21 +/- 12 months, 53/55 (96%) patients had complete reso-
lution of their initial hyperhidrosis symptoms. In 2/55 (4%) patients, there was partial 
resolution of their initial hyperhidrosis symptoms. Compensatory hyperhidrosis was 
seen in 4/55 (7%) patients.  
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ABSTRACT 

Introduction: The surgical management of hyperhidrosis is controversial. One of the 
controversies is whether to perform a ganglionectomy versus a selective sympathec-
tomy in patients with hyperhidrosis. Selective sympathectomy has resulted in the low-
est rates of compensatory hyperhidrosis. Robotic surgical systems with their high defi-
nition magnified 3D view and increased maneuverability in a confined space facilitate 
the technique of selective sympathectomy. We present a case series of patients un-
dergoing selective postganglionic sympathectomy using robotic technology. 
 
Methods: This study is a case series analysis of patients who underwent robotic selec-
tive sympathectomy from July 2006 to November 2011. The operation was performed 
on a video-assisted thoracoscopic surgery (VATS) platform. The robot was used for 
pleural dissection and division of the efferent postganglionic sympathetic fibers. The 
success of sympathectomy was assessed by intraoperative temperature measurement 
of the ipsilateral upper extremity, and scoring of the symptomatic nature of hyperhi-
drosis based on the Hyperhidrosis Disease Severity Scale (HDSS). The HDSS was re-
peated at 3 months, 1, 2, and 3 years.  
 
Results: There were 110 sympathectomies performed in 55 patients. Bilateral sympa-
thectomy was performed in all patients. There were 25 men and 30 women. Mean age 
was 31.4 +/- 10.5 years. Mean operative time was 84.3 +/- 40.1 (bilateral) minutes. 
There was no conversion to thoracotomy. Complications included transient unilateral 
Horner’s syndrome in 1/55 (1.8%) patients, unilateral dysesthesia of the right hand in 
1/55 (1.8%) patients, transient unilateral isolated ptosis in 1/55 (1.8%) patients, and 
bradycardia in 2/55 (3.6%) patients. There was no permanent Horner’s syndrome. 
There was no mortality. Median hospital stay was 1 day (range 1-4 days). All patients 
had simultaneous bilateral sympathectomy. All patients had immediate relief of hy-
perhidrosis, which was sustained at a mean follow up of 21 +/-12 months. The results 
of sympathectomy were the same for both upper extremities in all patients. Compen-
satory sweating was seen in 4/55 (7.2%) patients.  
 
Conclusion: Robotic thoracoscopic selective sympathectomy is an effective, feasible, 
and safe procedure with excellent relief of hyperhidrosis and low rates of compensato-
ry sweating and complications.  
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INTRODUCTION 

Hyperhidrosis is defined as excessive sweating in response to heat or emotional stimuli 
beyond physiological need. The cause of this disease is unknown, but it is theorized to 
be a result of over activity of the central sympathetic nervous system.  
 Management of hyperhidrosis includes nonsurgical and surgical therapy. Surgical 
management of hyperhidrosis is associated with a number of controversies. Contro-
versies include the appropriate surgical approach, ganglionectomy versus selective 
postganglionic sympathectomy, and the extent of the sympathectomy.  
 Presently, video-assisted thoracoscopic surgery is the most common approach. 
Using this approach, the most preferred technique is to excise the 2nd and 3rd ganglia 
for palmar hyperhidrosis and the 2nd, 3rd, and 4th ganglia for axillary hyperhidrosis [1-3].  
 Success rates are generally higher for palmer hyperhidrosis with a rate of 95-97% 
[4-6]. Axillary hyperhidrosis is alleviated in approximately 60-80% [4-5] of cases and 
facial flushing in approximately 75% of cases [7]. However, a number of complications 
result from sympathectomy for hyperhidrosis syndromes. Compensatory hyperhidrosis 
is seen in 50-97% of cases [8-12]. Gustatory sweating is reported in 32-49% [5,8,13] of 
patients. Horner’s syndrome is seen in 1-2.4% of patients [4,8,13].  
 Historically, in terms of compensatory hyperhidrosis the best results to date have 
been reported by Friedel and colleagues (2.5%) and were obtained with transthoracic 
selective sympathectomy [4, 14-15]. As opposed to ganglionectomy, this technique 
divides the efferent postganglionic fibers, which emanate from the 2nd, 3rd, and 4th 
sympathetic ganglia and travel to the upper extremity. [4, 16-17]. Selective postgangli-
onic sympathectomy is cumbersome using conventional videoendoscopic techniques. 
The difficulties are due to the 2D visualization and restricted instrument maneuverabil-
ity.  
 Robotic surgical systems have the advantage of magnified high-definition 3D visual-
ization and increased instrument maneuverability in a confined space; and therefore 
may facilitate selective postganglionic sympathectomy. We present a case series of 
patients undergoing selective postganglionic sympathectomy using robotic technology.  

METHODS 

This study is a case series analysis of patients who underwent robotic selective sympa-
thectomy from July 2006 to November 2011. Indication for sympathectomy was persis-
tent hyperhidrosis with no apparent cause for greater than 6 months despite medical 
management. Patients with palmar, axillary, and combined palmar and axillary were 
included in this study. Contraindication to selective sympathectomy was previous sur-
gery on the sympathetic chain.  
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 Preoperatively, patients were seen in clinic and given a score from A-D based on 
the Hyperhidrosis Disease Severity Scale (Table 1). 
 
Table 1. Hyperhidrosis Disease Severity Scale 

A sweating is never noticeable and never interferes with daily activities

B sweating is tolerable and sometimes interferes with daily activities

C sweating is barely tolerable and frequently interferes with daily activities

D sweating is intolerable and always interferes with daily activities

Operative technique 

The operation is performed on a video-assisted thoracic surgery (VATS) platform. The 
robot is used for pleural dissection and division of the efferent postganglionic sympa-
thetic fibers. The operation is performed in two phases.  

Phase I: Set-up and Entry 
An intraoperative temperature probe is placed on the palmar surface of the ipsilateral 
upper extremity. The temperature is recorded pre and post division of the sympathetic 
fibers. A temperature increase of at least 0.8 degrees Celsius is used as the indicator 
for successful division of the fibers. General anesthesia is used and the patients are 
placed in lateral decubitus position with the affected side up. Three, 2cm incisions are 
used. A line is drawn connecting the tip of the scapula to the costal arch. Incision #1 is 
placed 1/3 the distance superiorly from the costal arch in the intercostal space. Inci-
sion #2 is located at the anterior axillary line 2 interspaces superior to incision #1. Inci-
sion #3 is located at the anterior axillary line 2 interspaces superior to incision #2. A 
fourth, 1cm incision (Incision #4) is placed at the anterior axillary line 1 interspace 
inferior to incision #1. This incision is used intraoperatively for a lung retractor (Endo-
paddle Retract; Auto Suture, Covidien incorporated, Mansfield, MA) and postoperative-
ly for chest tube placement (Figure 1). The lung retractor is placed in incision #4 and is 
used to retract the lung medially away from the chest wall.  
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Figure 1. Incisions for port placement and robot positioning for robotic thoracic selective sympathectomy. 
Numbers 1,2, and 3 indicate incisions, and CT indicates incision 4 for the chest tube. 
 

Phase II: Robotic Selective Dorsal Sympathectomy 
The robot is brought in from over the head of the bed at a 30 degree angle to the lon-
gitudinal axis. The camera port is placed in incision #2 (Endoeye videoscope, Olympus 
America, Inc, Center Valley, PA). The right robotic arm is placed in incision #3 and the 
left robotic arm is placed in incision #1. The robotic endograsper is placed in the left 
arm and robotic hook cautery is placed in the right arm. The sympathetic chain is iden-
tified. Ribs 2, 3, and 4 are marked with electrocautery. The pleura immediately overly-
ing the sympathetic chain is dissected from the 2nd rib to the 4th rib. The postganglionic 
rami from T2-T4 are divided 2cm laterally in all patients (Figure 2). If present, accessory 
fibers and the nerve of Kuntz are divided. Upon completion of the procedure, the ro-
bot arms are removed from the patient and a 16 French chest tube is placed in incision 
#4. Incisions are closed and selective thoracic sympathectomy was repeated in a simi-
lar fashion on the contralateral side. After completion, the patient is extubated in the 
operating room.  
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Figure 2. Intraoperative photograph depicting division of the left T3 postganglionic nerve arising from the 
sympathetic chain.  

Data analysis 

The data was prospectively accrued and retrospectively analyzed. Data points analyzed 
included indications for surgery, patient age and gender, operative time, palmar tem-
perature measurements, morbidity, mortality, compensatory hyperhidrosis, and gusta-
tory sweating. 
 Follow up was conducted at 3 months, 1, 2, and 3 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 question-
naire and the Hyperhidrosis Disease Severity Scale.  

RESULTS 

There were 110 sympathectomies performed in 55 patients. All patients underwent 
simultaneous bilateral robotic thoracic highly selective sympathectomy. There were 25 
males and 30 females. Mean age was 31.4 +/- 10.5 years. All patients (55/55, 100%) 
had a preoperative Hyperhidrosis Disease Severity Score of “D”. Indications for sympa-
thectomy were palmar hyperhidrosis in 36/55 (65%) of patients, axillary hyperhidrosis 
in 7/55 (13%) of patients, and combined axillary and palmar hyperhidrosis in 12/55 
(22%) patients.  
 Mean operative time was 84.3 +/- 40.1 (bilateral) minutes. There was no conver-
sion to thoracotomy.  
 The median increase in temperature of the ipsilateral hand was 0.8 degrees Celsius 
after division of the efferent postganglionic fibers.  
 Complications included transient unilateral Horner’s syndrome seen in 1/55 (1.8%) 
patients, unilateral dysesthesia of the right hand in 1/55 (1.8%) patients, transient 
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unilateral isolated ptosis in 1/55 (1.8%) patients, and bradycardia in 2/55 (3.6%) pa-
tients. There was no permanent Horner’s syndrome.  
 Median hospital stay was 1 day (1-4 days). There was no mortality.  

Overall results 

All (55/55, 100%) patients had a sustained reduction in symptoms. The results of sym-
pathectomy were the same for both upper extremities in all patients. Compensatory 
sweating was seen in 4/55 (7.2%) patients. Gustatory sweating was seen in 1/55 (1.8%) 
patients. Figure 3 illustrates the preoperative and postoperative Hyperhidrosis Disease 
Severity Scale for all patients (n= 55). Whereas all patients had a score of “D” preoper-
atively, at a mean follow-up of 21 +/- 12 months, there were 34/55 (62%) patients with 
a score of “A”, 17/54 (31%) with a score of” B”, and 4/55 (7%) had a score of” C”. 
 

 
Figure 3. Graph depicting preoperative and postoperative Hyperhidrosis Disease Severity Scale for all pa-
tients.  

Palmar Hyperhidrosis 
In the subgroup of patients with palmar hyperhidrosis, all patients (36/36, 100%) had a 
sustained reduction of symptoms. Compensatory sweating was seen in 3/36 (8.3%) 
patients. Gustatory sweating was seen in 1/36 (2.8%) patients. Figure 4 illustrates the 
preoperative and postoperative Hyperhidrosis Disease Severity Scale for patients with 
palmar hyperhidrosis (n=36). Whereas all patients had a score of “D” preoperatively, at 
a mean follow-up of 21 +/- 12 months, there were 21/36 (58%) patients with a score of 
“A”, 13/36 (36%) with a score of “B”, and 2/36 (6%) with a score of “C”. 
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Figure 4. Graph depicting preoperative and postoperative Hyperhidrosis Disease Severity Scale for palmar 
hyperhidrosis.  

Axillary Hyperhidrosis 
In the subgroup of patients with axillary hyperhidrosis, all patients (7/7, 100%) had a 
sustained reduction of symptoms. There were no patients with compensatory or gus-
tatory sweating. Figure 5 illustrates the preoperative and postoperative Hyperhidrosis 
Disease Severity Scale for patients with axillary hyperhidrosis (n=7). Whereas every-
body had a score of “D” preoperatively, at a mean follow up 21 +/- 12 months, there 
were 4/7 (57%) patients with a score of” A” and 3/7 (43%) patients with a score of” B”. 
There were no patients with a score of “C” or “D”.  

 
Figure 5. Graph depicting preoperative and postoperative Hyperhidrosis Disease Severity Scale for axillary 
hyperhidrosis.  
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Palmar and Axillary Hyperhidrosis 
In the subgroup of patients with palmar and axillary hyperhidrosis, all patients (12/12, 
100%) had a sustained reduction in symptoms. Compensatory sweating was seen in 
1/12 (8.3%) patients. There were no patients with gustatory sweating. Figure 6 illus-
trates the preoperative and postoperative Hyperhidrosis Disease Severity Scale for 
patients with palmar and axillary hyperhidrosis (n=12). Whereas everybody had a score 
of “D” preoperatively, at a mean follow-up of 21 +/-12 months, there were 6/12 (50%) 
patients with a score of “A”, 2/12 (17%) patients with a score of “B”, and 4/12 (33%) 
patients with a score of “C”. 
 

 
Figure 6. Graph depicting preoperative and postoperative Hyperhidrosis Disease Severity Scale for palmar 
and axillary hyperhidrosis.  

DISCUSSION 

In 1920, Kotzareff reported sympathectomy for the treatment of hyperhidrosis [8, 18]. 
The thoracoscopic approach was described by Hughes in 1942 [8, 19].  
 Presently, the operative management of upper extremity hyperhidrosis is associat-
ed with a number of controversies. Controversies include the surgical approach, gan-
glionectomy vs. selective sympathectomy, and the extent of sympathectomy. Reported 
surgical approaches have included transthoracic, transaxillary, supraclavicular, para-
vertebral, and thoracoscopy.  
 The thoracoscopic approach was devised as a way to avoid the morbidity associat-
ed with a thoracotomy. Presently, video-assisted thoracoscopic sympathectomy is the 
most commonly performed technique and is considered to be safe and effective [20-
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23]. Most commonly using this technique, ganglionectomy is performed with removal 
of ganglia T2-T3 for palmar hyperhidrosis, and T2-T4 for axillary hyperhidrosis.  
 The major complications for thoracic sympathectomy are compensatory hyperhi-
drosis in 50-97% of cases [8, 9-12], gustatory sweating in 32-49% [5,8,13] of cases, 
phantom sweating in 4-48% of cases [24-26], and Horner’s syndrome in 1- 2.4% range 
of patients [4,8,13]. Compensatory hyperhidrosis can result in a dramatically dimin-
ished quality of life to such an extent that even with relief of hyperhidrosis, many pa-
tients regret undergoing surgery [22, 27-34].  
 While the most commonly performed procedure entails the removal of the sympa-
thetic ganglia, some authors have advocated selective division of the sympathetic 
postganglionic fibers which supply the eccrine glands of the upper extremity. Using this 
technique, Friedel and colleagues have reported a success rate of 85-95% for palmar 
hyperhidrosis, 60-80% for axillary hyperhidrosis, and a compensatory hyperhidrosis 
rate of 2.5% [4]. These authors have suggested that the sympathetic chain is com-
prised of ganglia as well as postganglionic fibers that travel up and down the chain. 
Division of the chain and ganglionectomy therefore can disrupt the postganglionic 
sympathetic fibers that innervate portions of the body other than the upper extremity 
(Figure 7). Division of the postganglionic sympathetic fibers traveling with intercostals 
2, 3, and 4 represents a more specific sympathectomy directed at the upper extremity 
(Figure 8). Selective division of the postganglionic sympathetic fibers is difficult using 
conventional videoendoscopic technique. The difficulty arises from 2D visualization 
and the limited maneuverability of the conventional videoendoscopic instruments. 
Robotics provides high definition 3D magnified visualization of the surgical field. In 
addition, robotic instruments facilitate complex maneuvers in a confined space. We 
reason that based on these properties, robotics may facilitate selective postganglionic 
sympathectomy. 
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Figure 7. Diagram of the sympathetic chain from T2-T4. Preganglionic fibers arise from the spinal cord and 
synapse via ganglia within the sympathetic chain to postganglionic fibers. A mixture of ganglia and intergan-
glionic nerve fibers comprise the sympathetic bundle.  
 

 
Figure 8. Diagram of the sympathetic chain from T2-T4 demonstrating selective postganglionic sympathec-
tomy. The dotted line indicates the line of transection. 
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 In this case series, selective postganglionic sympathectomy was performed with 
few complications and no mortality. All patients experienced initial postoperative re-
duction in hyperhidrosis which was sustained at a mean follow up of 21 +/- 12 months. 
Success rates were greater in patients with isolated palmar and isolated axillary hyper-
hidrosis. At the time of follow-up, 94% of patients with isolated palmar hyperhidrosis 
had an HDSS score of A or B and 100% of patients with isolated axillary hyperhidrosis 
had an HDSS score of A or B. In patients with combined axillary and palmar hyperhi-
drosis, at the time of follow-up, 67% patients had a HDSS score of A or B. In this group 
of patients, 33% had a score of C denoting sweating that was barely tolerable.  
 Compensatory hyperhidrosis was seen in only 4/55 (7%) patients. Interestingly, the 
majority of these patients had palmar hyperhidrosis 3/4 (75%). The lower rate of com-
pensatory hyperhidrosis seen in patients who underwent postganglionic sympathec-
tomy is clarified by examination of the anatomy of the sympathetic chain. The sympa-
thetic chain is comprised of 4 different sympathetic nerve fibers: 1) the rami communi-
cantes albi which connect the corresponding spinal nerve with the ganglia of the sym-
pathetic chain, 2) the rami communicantes grisei which emanate from the ganglia and 
proceed to the peripheral organs, 3) the rami interganglionares which connect the 
different ganglia of the sympathetic chain and finally, 4) the splanchnic nerves which 
pass through the ganglia without being changed and synapse with their second ganglia 
in the body of organs. Enlarged areas of the chain that are visualized on gross inspec-
tion and commonly referred to as ganglia are in fact comprised partially of ganglia and 
partially of rami interganglionares connecting the various ganglia within the sympa-
thetic chain. In addition, the spinal segments do not supply the corresponding gangli-
on, but also supply other ganglia several segments above and below the corresponding 
spinal level (Figure 7). Therefore, removal of these enlarged areas which is commonly 
referred to as ganglionectomy not only removes the ganglia corresponding to the spi-
nal level but disrupts communication within the sympathetic chain. It is hypothesized 
that it is this disruption that results in high compensatory hyperhidrosis with the tech-
nique of ganglionectomy. The postganglionic efferent nerves (rami communicantes 
grisei) which innervate the eccrine glands of the upper extremity emanate from the 
sympathetic chain and follow intercostal nerves 2, 3, and 4. Therefore selective divi-
sion of these postganglionic fibers results in denervation of the eccrine glands without 
affecting postganglionic fibers to other segments. A more selective denervation of 
upper extremity eccrine glands is thought to result in decreased rates of compensatory 
hyperhidrosis. 
 Limitations of this study include short follow-up and small number of patients. The 
cost analysis of the robotic procedure was not performed and will be a subject of fur-
ther study in the future. The claims in this article are based on prospectively accrued, 
retrospectively analyzed data. A randomized, prospective trial comparing selective 
ramicotomy robotic approach to other conventional approaches needs to be per-
formed to further validate our results.   
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SUMMARY AND CONCLUSIONS 

This thesis describes the outcome of sympathetic surgery in the thoracic cavity and 
consists of two parts and a pivotal general article comparing robotic surgery to endo-
scopic surgery. The first three articles describe the long-term outcome of endoscopic 
thoracic sympathectomy for the indications of digital ischemia, hyperhidrosis and ex-
cessive facial blushing. 
 In the last three articles the focus is on the use of the Da Vinci® robot to perform a 
more selective thoracic sympathectomy and the results of this innovative technique 
for the most common indication of hyperhidrosis. 

Part 1: Long-term results of endoscopic thoracic sympathectomy 

Chapter 2 provides a summary of the available evidence in the international literature 
of the long-term effects of thoracic sympathectomy (TS) and/or endoscopic thoracic 
sympathectomy (ETS) in the management of upper limb ischemia.  
 Only eighteen studies were included, none of them randomized controlled trials.  
 Despite the many shortcomings in study design, lack of uniformity in terminology 
and surgical procedures and absence of hard endpoints of the available evidence, 
there seems to be benefits of TS in the setting of upper extremity ischemia. In particu-
lar, in the management of digital skin ulceration, maximizing tissue preservation or 
prevention of amputation was frequently reported.  
 TS appears to have solid long-term results in the treatment of Secondary Raynaud’s 
Phenomenon, contrary to Primary Raynaud’s Disease, were the benefit was limited to 
the first six-months post-operatively in most cases. Nevertheless, due to the minimal 
invasiveness and low reported incidence of major complications or adverse effects, 
thoracoscopic sympathectomy remains a therapeutic option in the treatment of severe 
Primary and Secondary Raynaud`s Disease/Phenomenon. 
 In chapter 3 we evaluate our long-term results of Endoscopic Thoracic Sympathec-
tomy (ETS) in the management of upper limb ischemia (ULI) over a period of 15 years. 
End points of this retrospective study in thirty-five patients are long-term success, 
morbidity and overall patient satisfaction. 
 Long-term beneficial effects were reported in 53%, overall patient satisfaction was 
56% and the cumbersome side effect of Compensatory sweating was experienced by 
11 patients (58%).  
 Although the long-term efficacy of ETS in the management of upper limb ischemic 
disorders was moderate in our study, we still consider ETS worthwhile in the manage-
ment of upper limb ischemic disorders due to its minimal invasive character, especially 
in addition to prior revascularization or angioplasty. 
 



 

89 

The most common indication for ETS is sweating of the armpits and hands. ETS can 
also be used in the management of Excessive blushing. In chapter 4 we report the 
long-term morbidity, success and overall patient satisfaction rates in patients operated 
in our department for either upper limb hyperhidrosis or facial blushing and sweating 
between January 1994 and December 2006. 
 We performed bilateral thoracoscopic sympathectomies in 73 patients without 
perioperative mortalities.  
 The initial success rate was 88% but patient satisfaction rate was only 56%. CS was 
present in 42 patients (68%). Long-term satisfaction rates per initial indication group 
were 42% for facial blushing and 65% for hyperhidrosis (n.s.), and CS was present in 
79% vs 61%, respectively. Long-term satisfaction rates of ETS are severely hampered 
by a high incidence of disturbing compensatory sweating especially in patients treated 
for facial blushing.  
 ETS appears a safe treatment for upper limb hyperhydrosis with acceptable long-
term results. 
 For excessive blushing, however, long-term satisfaction rates are severely ham-
pered by a high incidence of disturbing compensatory sweating. ETS should only be 
indicated in patients with unbearable symptoms refractory to non-surgical treatment. 
The patient information must include the long-term substantial risk for sever CS and 
regret of the procedure. 
 
Because of this substantial risk for severe CS we decided to perform a more selective 
transection technique of the sympathetic system than the technique used until then: 
the rib oriented removal of the second, third and fourth thoracic sympathectic gangli-
on. 
 We introduced the technique of selective postganglionic sympathectomy where 
the rami communicantes of the 2nd-4th ganglion are transected. Gossot et al. already 
described this technique but they decided it was too difficult to perform thoracoscopi-
cally. 
 By using the 3D vision, the magnification and the endowrist system of the Da Vinci® 
robotic system we managed to perform this operation in a standardized and reproduc-
ible way with excellent results. 
 In Chapter 5 we describe how we established already in 2003 that the Da Vinci® 
robotic system permits standardized minimal invasive surgical exercises to be per-
formed quicker and more efficiently than traditional minimally invasive techniques. 
We think that with the aid of this robotic system, difficult endoscopic interventions 
may become easier to perform, and indications for minimal invasive surgery may be 
expanded. Therefore we started to use the Da Vinci® robot to perform the selective 
postganglionic sympathectomy. 
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Part 2: Robotic selective postganglionic thoracic sympathectomy  

Before using this new robotic technique in patients we evaluated the feasibility in a 
swine model. In chapter 6 we conclude that robot-assisted thoracoscopic T2–T5 
ramicotomy is feasible and effective in a swine model. The use of the DaVinci robot 
enables us to perform this operation, which is not easily accomplished by conventional 
thoracoscopy, in a safe and controlled manner within a reasonable operation time. 
 In chapter 7 we describe the technique of Robotic transthoracic selective postgan-
glionic efferent sympathectomy for hyperhidrosis and the result of this technique in 55 
patients. 
 There has been complete relief of hyperhidrosis in 53/55 (96%) patients, partial 
relief in 2/55 (4%) patients and a compensatory hyperhidrosis rate of 7%.  
 In chapter 8 the success of bilateral selective postganglionic thoracic sympathec-
tomy using robotic technology for the treatment of hyperhidrosis was assessed in 55 
patients by intraoperative temperature measurement of the ipsilateral upper extremi-
ty, patient interviews, and scoring of the symptomatic nature of hyperhidrosis based 
on the Hyperhidrosis Disease Severity Scale.  
 In thesis we demonstrate that the technique of transecting the rami communicates 
without transecting the sympathetic chain (ramicotomy) is easily feasible using the Da 
Vinci® Robot. There is an excellent relief of hyperhidrosis and a low rate of compensa-
tory sweating and complications. 
 Robotic thoracoscopic selective sympathectomy is a ganglion-oriented technique 
where the upper five ganglia of the sympathetic chain are identified and exposed. This 
probably explains the high rate of immediate success compared to less accurate rib 
oriented techniques. 
 The low rate of compensatory sweating is probably due to the fact that by leaving 
the sympathetic chain intact there is less disruption of the Sympathetic nervous sys-
tem, causing less compensatory sweating.  
 Nevertheless there is still place for a randomized controlled trial comparing classi-
cal thoracoscopic sympathectomy with selective thoracoscopic sympathectomy for the 
indication of hyperhidrosis. 
 In overall conclusion, Robotic thoracoscopic selective sympathectomy is an effec-
tive, feasible, and safe procedure with excellent relief of hyperhidrosis and low rates of 
compensatory sweating and complications. 
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Chapter 10  
 
Samenvatting en Conclusie 
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SAMENVATTING EN CONCLUSIE 

De thesis behandelt de resultaten van chirurgie op de thoracale sympaticusketen en 
bestaat inhoudelijk uit twee delen en een scharnierartikel waarin de vergelijking wordt 
gemaakt tussen robot en endoscopische chirurgie. 
 De eerste drie hoofdstukken beschrijven de lange termijn resultaten van de endo-
scopische thoracale sympathectomie voor ischemie van de hand, overmatig zweten en 
blozen. 
 In hoofdstuk 5 tot en met 7 werken we een nieuwe techniek uit waarbij we een 
meer selectieve thoracale sympathectomie uitvoeren met behulp van de Da Vinci® 
robot voor de meest voorkomende indicatie van overmatig zweten. 

Deel 1: Lange termijn resultaten van de endoscopische thoracale 
sympathectomie 

Hoofdstuk 2 is een samenvatting van het beschikbare bewijs in de internationale lite-
ratuur over de lange termijn resultaten van thoracale sympathectomie (TS) en /of 
endoscopische thoracale sympathectomie (ETS) in de behandeling van ischemie van 
hand, vingers of arm. 
 We konden 18 studies includeren waaronder geen enkele gerandomiseerde studie. 
 Ondanks de vele tekortkomingen in studie opzet, gebrek aan eenduidige benaming 
van de chirurgische procedures en afwezigheid van harde eindpunten in de beschikba-
re studies, lijkt er toch een indicatie te zijn voor thoracale sympathectomie bij ischemie 
van de arm, hand of vingers. In het bijzonder voor de behandeling van ulceratie van de 
vingers, waarbij maximaal weefselbehoud kan worden bekomen of zelfs amputatie 
voorkomen. 
 Thoracale sympathectomie lijkt goede lange termijn resultaten te hebben bij de 
behandeling van secundair Raynaud fenomeen, in tegenstelling tot de primaire ziekte 
van Raynaud, waarbij het resultaat in de meeste gevallen beperkt blijft tot de eerste 6 
maanden. 
 De endoscopische thoracale sympathectomie blijft echter wel een reële therapeu-
tische optie in de behandeling van ernstige primaire en secundaire Ziekte/fenomeen 
van Raynaud omwille van de minimale invasiviteit en het weinig voorkomen van com-
plicaties. 
 
In hoofdstuk 3 evalueren we de lange termijn resultaten van endoscopische thoracale 
sympathectomie (ETS) voor ischemie van vingers, hand en arm over een periode van 
15 jaar op onze afdeling. 
 Eindpunten van deze retrospectieve studie in een 35 patiënten was lange termijn 
succes, morbiditeit en patiënttevredenheid. 
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 Succes op lange termijn werd bij 53% van de patiënten vastgesteld, 56% was tevre-
den en 11 patiënten hadden last van compensatoir zweten (58%). 
 Hoewel de lange termijn resultaten van ETS voor ischemische aandoeningen van 
het bovenste lidmaat matig waren in onze studie, beschouwen we ETS wel waardevol 
omwille van het minimale invasieve karakter van de ingreep, zeker in aanvulling op 
revascularisatie of angioplastiek. 
 
De meest voorkomende indicatie voor ETS is zweten van handen en of oksels. Een 
andere indicatie is overmatig blozen. 
 In hoofdstuk 4 bestuderen we de lange termijn morbiditeit, succes en patiëntte-
vredenheid na operatie voor hand, okselzweten en of overmatig blozen op onze afde-
ling tussen januari 1994 en december 2006. We voerden bij 73 patiënten een bilaterale 
endoscopische thoracale sympathectomie uit zonder perioperatieve mortaliteit. Vroe-
ge succes was 88%, maar patiënttevredenheid was enkel 56%. We zagen bij 42 patien-
ten CS (68%). Lange termijn tevredenheid was 42% bij de groep blozers en 65% voor de 
groep met hyperhidrosis (n.s.), CS was aanwezig bij respectievelijk 79% en 61% .  
 De lange termijn tevredenheid met ETS is laag door een hoge incidentie van com-
pensatoir zweten voornamelijk bij de patienten behandel voor overmatig blozen. ETS 
lijkt een veilige behandeling te zijn voor oksel-en handzweten met aanvaardbare lange 
termijn resultaten. Voor overmatig blozen echter worden de lange termijnsresultaten 
syterk negatief beinvloedt door storende CS. ETS is daarvoor enkel aangewezen bij 
sterk invaliderende klachten resistent aan niet chirurgische behandeling. De patiënt 
moet duidelijk vooraf geinformeerd worden over het aanzienlijke risico op ernstige CS 
en spijtoptanten. 
 
Omwille van dit aanzienlijke risico op CS zijn op zoek gegaan naar een meer selectieve 
techniek om de sympaticusketen door te nemen dan het rib georiënteerde verwijde-
ren van heel de sympaticusketen van het tweede tot en met het vierde thoracale gan-
glion. 
 We introduceerden de selectieve postganglion sympathectomie waarbij enkel de 
rami communicantes werden doorgesneden. Gossot et al. hebben deze techniek reeds 
beschreven maar oordeelden dat deze te moeilijk was om thoracoscopisch uit te voe-
ren. 
 Door gebruik te maken van het 3 dimensionele zicht, de vergroting en het ‘en-
dowrist’ systeem van de Da Vinci® robot zijn we er in geslaagd om deze operatie op 
een gestandaardiseerde en reproduceerbare manier uit te voeren met uitstekende 
resultaat. 
 
In hoofdstuk 5 beschrijven we hoe we al in 2003 tot de conclusie zijn gekomen dat de 
Da Vinci® robot het mogelijk maakt om gestandaardiseerde chirurgische oefeningen op 
een snellere en efficiëntere manier uit te voeren dan klassieke minimaal invasieve 
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technieken. Wij denken dat met de hulp van deze robot moeilijke endoscopische pro-
cedures makkelijker worden om uit te voeren, en indicaties voor minimaal invasieve 
chirurgie zullen toenemen.  
 Wij zijn dan ook de Da Vinci® robot beginnen gebruiken om de selectieve postgan-
glion sympathectomie uit te voeren 

Deel 2: Robot geassisteerde selectieve postganglion thoracale sympathectomie 

Alvorens deze nieuwe techniek bij mensen uit te voeren hebben we de haalbaarheid in 
een varkensmodel bestudeerd. In hoofdstuk 6 stellen we dat de robot geassisteerde 
thoracoscopische T2-T5 ramicotomie haalbaar is met goed resultaat in een varkens-
model. De Da Vinci® robot heeft het ons mogelijk gemaakt deze operatie, die niet 
makkelijk uitvoerbaar is met conventionele thoracoscopie, op een veilige en gecontro-
leerde wijze binnen een redelijk tijdsbestek uit te voeren. 
 
In hoofdstuk 7 beschrijven we de techniek van robot transthoracale selectieve post-
ganglion sympathectomie voor hyperhidrose en het resultaat hiervan bij 55 patiënten. 
 We hebben in 53/55 (96%) patiënten een compleet resultaat en bij 2/55 (4%) een 
gedeeltelijke afwezigheid van overmatig zweten bekomen. Enkel bij 7% was er sprake 
van storen compensatoir zweten. 
 
In hoofdstuk 8 evalueren we het succes van bilaterale selectieve post ganglion thora-
cale sympathectomie met behulp van de Da Vinci® robot voor de behandeling van 
hyperhidrosis door middel van intra-operatieve temperatuurmeting van de ipsilaterale 
handpalm, interviews met patiënten en de Hyperhidrosis Disease Severity Scale 
(HDSS). 
 
We tonen in deze thesis aan dat doornemen van de rami communicantes zonder het 
doornemen van de sympaticusketen (zogenaamde ramicotomie) makkelijk haalbaar is 
met de Da Vinci® robot. Er is een uitstekende resultaat wat betreft de afname van 
zweet en een laag voorkomen van compensatoir zweten en complicaties. 
 
Robot thoracoscopische selectieve sympathectomie is een ganglion georiënteerde 
techniek waarbij de 5 meest craniale ganglia van de thoracale sympathicus worden 
geïdentificeerd en vrij gelegd. Dit verklaart waarschijnlijk het hoge percentage onmid-
dellijk succes in vergelijking met minder accurate rib georiënteerde technieken. 
 Het lage voorkomen van compensatoir zweten is waarschijnlijk het gevolg van het 
intact laten van de sympaticusketen waarbij er minder verstoring is van de sympathi-
cus en dus mogelijk minder compensatoir zweten. 
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 Dit neemt echter niet weg dat er nog nood is aan een gerandomiseerde gecontro-
leerde trial waarbij klassieke thoracoscopische sympathectomie wordt vergeleken met 
selectieve thoracoscopische sympathectomie voor de indicatie van hyperhidrosis. 
Robot thoracoscopische selectieve sympathectomie is een effectieve, haalbare en 
veilige procedure met goede resultaten en lage incidentie van compensatoir zweten of 
andere complicaties. 
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In Januari 2004 heb ik voor het eerst voet in een Nederlands ziekenhuis gezet. Het was 
in het Elisabethziekenhuis in Tilburg en ik was aangenomen als CHIVO vaatchirurgie. Al 
tijdens het sollicitatiegesprek werd me duidelijk gemaakt dat promoveren in Neder-
land een must is, maar dat ze daar wel voor zouden zorgen. Die ‘ze’ was mijn opleider 
dr. Dennis van Berge Henegouwen. Zonder Dennis was dit proefschrift er nooit geko-
men en zonder dit proefschrift zou ik in de ogen van Dennis toch altijd een spatje op 
mijn CV hebben gehad. Daarom is Dennis ook de eerste persoon die ik dank, niet al-
leen om me de morele verplichting te hebben opgelegd dit proefschrift te schrijven, 
maar vooral om zijn tijd en energie in mijn vervolgopleiding tot vaatchirurg te hebben 
gestoken. Dennis, bedankt! 
 
Toen ik dan ook in 2006 staflid op de afdeling vaatchirurgie in het VUmc werd, was het 
geen probleem dat ik geen proefschrift had, het was ook niet erg dat het onderwerp 
dat ik in m’n hoofd had (iets met diabetische voet en onder de knie PTA) niet zo vlotte, 
op een paar jaar zou ik er wel een maken in het VUmc. Prof.dr. Jan Rauwerda en 
Prof.dr. Willem Wisselink hebben me onder hun vleugels genomen en na een gesprek 
met Prof.dr. Gert-Jan Tangelder waren we er snel uit: de thoracale sympaticus en 
vooral de endoscopische thoracale sympathectomie, want daar was nog weinig over 
geweten. Nadat Willem me mee had genomen naar een robot congres in Chicago, zag 
ik het licht en werd het opzet van mijn proefschrift duidelijk: Ik zou de robot gebruiken 
om een selectievere sympathectomie te kunnen uitvoeren. Jan, Willem en Gert-Jan, 
bedankt voor jullie steun en inzet om dit proefschrift over een toch wel wat merk-
waardige onderwerp tot een goed einde te brengen. 
 
De volgende die ik bedank is dr. Farid Garaghozoloo. Na zijn voordracht op het eerder 
aangehaalde robot congres zijn we aan de praat geraakt en hij is het die me het idee 
heeft gegeven de robot te gebruiken voor de selectieve sympathectomie. 
 
Enkele jaren later hebben we wederom op een Amerikaans robot congres besloten om 
een multicentrisch onderzoek op te zetten, wat geresulteerd heeft in twee artikelen 
van deze thesis. Mijn dank gaat ook naar dr. Mark Meyer, medewerker van Farid, die 
een substantiële bijdrage heeft geleverd om de trans-Atlantische samenwerking tot 
een goed einde te brengen. 
 
De volgende die ik moet bedanken is dr. Kakkhee Yeung. Zij heeft me al die jaren ge-
steund met dit onderzoek door haar positieve insteek en haar connecties die tot diep 
in het dieren lab reiken. Ook tijdens de verdediging van de thesis blijft ze me steunen 
als paranimf en zij heeft ook mee gezorgd voor de ongetwijfeld super leuke feestavond 
daarna. 
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Ook prof.dr. Jan Blankensteijn dank ik om op het juiste moment het duwtje in de rug 
te geven dat ik nodig had om tot een volgende publicatie te komen. 
 
Mijn dank gaat ook naar mijn collega en kamergenoot dr. Arjan Hoksbergen voor de 
morele steun, praktische tips en het luisterende oor.  
 
Drs. Hillian Nederhoed, bedankt voor de morele steun en het medeleven met ‘een 
promoverende collega’. 
 
Drs. Frank Hoexum : mijn dank is groot, jouw niet aflatende inzet en werklust hebben 
een onmisbare bijdrage aan dit proefschrift geleverd.  
 
Drs. Sadiq Atif , dank voor je inzet en het doorspitten van de patiëntendossiers. 
 
Prof.dr. Miguel Cuesta en dr. Rick Paul, dank voor jullie interesse in de vorderingen 
van het proefschrift en het aanleveren van artikels over sympathectomie. 
 
Mijn dank gaat ook naar prof.dr. Guy Hubens om me te betrekken bij zijn onderzoek 
naar de Da Vinci robot, hiermee heeft hij reeds 12 jaar geleden de basis voor dit proef-
schrift gelegd. 
 
Overige leden van de promotiecommissie, prof.dr. F. Moll, Mr. John Thompson, prof. 
dr. P. Van Schil, dr. P Vriens, prof.dr. C. Wittens en prof.dr. C. Zeebregts. Dank voor 
de tijd en moeite die u genomen heeft om mijn proefschrift te lezen en de bereidheid 
zitting te nemen in de promotiecommissie.  
 
Paranimfen Kakkhee en Marius, dank dat jullie me ook op het moment van mijn ver-
dediging willen bijstaan. 
 
Ik dank ook mijn ouders Ida en Hugo voor de steun die ze al die jaren steeds onvoor-
waardelijk hebben gegeven aan al mijn acties en ondernemingen. 
 
Mijn broer Roel, dank dat ik met jou nooit over mijn onderzoek hoefde te praten maar 
dat we regelmatig samen konden genieten van lichte versnaperingen in een Knokse 
(strand) bar. 
En mijn broer Jan dank ik om zijn oprechte interesse die hij in mijn onderzoek heeft 
getoond vaak onder het genot van wederom lichte versnaperingen. 
Lieve Benedicte, Geraldine, Amelie, Louise en Nathan: mijn dankbaarheid is niet in 
een paar regels te vatten: jullie maken het allemaal de moeite waard. 
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