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INTRODUCTION 
 
Rationale. The autonomic nervous system (ANS) is part of the peripheral 
nervous system and contains afferent and efferent limbs. The ANS comprises 
sympathetic, parasympathetic, and enteric branches. While also influenced by 
stress hormones through the humoral pathway, internal organs, such as the 
heart, lungs, pancreas, and gastrointestinal tract, are predominantly under 
ANS control. Furthermore, the ANS regulates, mostly unconsciously, various 
other end organs and glands, urination, sexual arousal, pupillary response, 
sweat gland activation, and blood vessel function through vasoconstriction 
and dilatation. These last two tasks give rise to the fact that when the efferent 
activity of the ANS is disturbed, sweating, blushing, or vascular spasms may be 
the consequence. Through afferent activation of the ANS, provoked by, 
among others, pain, sensory information from internal organs or blood vessels 
is conveyed to the central nervous system. Here, efferent pathways can be 
activated following complex neural interactions at multiple levels in the brain. 
The distortion of the signal transmission through the afferent pathway caused 
by an underlying ailment of an organ or vessel can prompt the ANS to 
inadequately set a series of unfavorable events in motion. The topic of this 
thesis is the evaluation of surgical interference, afferent and efferent, in the 
sympathetic branch of the ANS, often as a “last-resort” strategy for severe 
complaints refractory to conventional therapies. 
 

For a long time, the sympathetic nervous system and its various functions were 
considered an enigma. Galen, and later Vesalius, mentioned the system as a 
common vagosympathetic trunk. In 1744, Eustachius described the separation 
of the vagus nerve from the sympathetic trunk for the first time.1 Bernard 
founded the basis of understanding of the physiology of the system in 1852.2 
Although the function of the ANS has slowly become better understood, 
options for interventions were initially very limited.3 The first sympathectomy, 
attempting to treat epilepsy, was performed cervically by Alexander in 1889.4 
After successfully performing a ganglionectomy in the treatment of lower limb 
ischemia, Adson et al. devised a way to perform an ablation of the sympathetic 
chain through a rather difficult posterior approach, requiring the resection of 
ribs in the paravertebral gutter.1,5 This technique never gained wide 
acceptance. It was followed by supraclavicular access, developed by Telfort in 
1935, a procedure that also faced serious drawbacks.6 Hughes described the 
thoracoscopic approach for the first time in 1942, and in 1978, Kux et al. 
described the first series of 55 patients with excellent results after endoscopic 
thoracic sympathectomy (ETS) for hyperhidrosis.7,8 Video-assisted thoracic 
surgery (VATS) was introduced in the early 1990s, making surgical access more 
feasible. In the late 1990s, several larger studies using multiportal VATS 
sympathectomy for hyperhidrosis consistently testified to the improved 
quality of life, in conjunction with a high success rate.9,10 Recent further 
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optimization and technical miniaturization led to standardized and 
reproducible single-port VATS techniques, allowing for bilateral treatment in 
one session, requiring only a single-lumen tracheal tube while minimizing 
postoperative discomfort.11,12 
 
Historically, ETS consisted of a true sympathectomy by removing a segment of 
the sympathetic nerve, often including multiple ganglia, sometimes with 
adverse consequences. Therefore, it was hypothesized that reducing damage 
to the ganglia may reduce side effects by leaving crucial inhibition loops 
intact.13-15 As a sequel to this presumption, more recently, sympathicotomy was 
introduced, a technique only transecting (thus not resecting a part of) the 
sympathetic nerve at a certain costal or 'rib' (R) level, striving to spare the 
ganglia.16 
 
Definitions describing the results, methods, nomenclature, and surgical 
instruments vary widely in the literature. To facilitate effective, optimal care 
and comparable results, uniformity is paramount in both surgical practice and 
terminology. The overall aim of this thesis is to explore the safety and efficacy 
of a standardized single-port sympathicotomy, applied for a variety of diseases 
mediated by the sympathetic nervous system, through evaluation of 
indications and short- and long-term results. 
 

PART I – HYPERHIDROSIS IN ADULTS 

The human body internally builds up thermal energy through metabolism and 
muscle activity and externally through environmental effects. In an intricate 
system called thermoregulation, body heat is lost by changing the 
combination of radiation (10%), conduction, and convection (35%), although 
most heat (55%) dissipates by evaporation of liquid on the surface of the skin.17 
Thus, sweating is required to counter this buildup of heat. Hyperhidrosis, or 
excessive sweating, is characterized by sweating beyond what is needed for 
physiological thermoregulation.18 It may develop secondary to psychological 
causes or a variety of medical disorders, but it is mostly cryptogenic or so-
called primary, without an identifiable underlying medical disorder. Although 
general primary hyperhidrosis exists, it is usually focused on one or more 
distinct body sites. This primary focal hyperhidrosis (PFH) is usually severe and 
symmetrical and affects the palms of the hands, axillae, and feet.19 An 
increasing prevalence is observed over time, ranging from 0.6% in 1977 to 
almost 5% in the recent literature.20 
 
The pathophysiology of PFH has not yet been fully elucidated. However, PFH 
does not increase the absolute quantity of sweat produced. Furthermore, the 
sweat glands of patients with PFH are not macro- or microscopically 
atypical.21,22 The disease might be a distortion in the signal innervating them. 
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Sympathetic hyperactivity of otherwise healthy eccrine sweat glands has been 
suggested, which may be involuntarily triggered by stimuli, such as emotions 
or heat, or without any perceived stimuli.23,24 PFH equally affects men and 
women, and in the large majority of patients, starts between childhood and 
adolescence.25-29 The disorder has a genetically hereditary component, 
clinically evident by familial clustering.30 Severe PFH usually causes feelings of 
shame and low self-esteem resulting in withdrawal from social activities, 
adversely affecting relational and professional development.8,31-33 Moreover, 
constant excessive skin moisture can lead to recurring skin infections.34 
 
The field of treatment options for PFH most often recommends a stepwise 
approach with topical antiperspirants, botulinum toxin injections, 
iontophoresis, and systemic medication, including oxybutynin and 
glycopyrrolate, ending with the choice to undergo ETS.35-37 Nonsurgical 
treatment options have proven helpful to offer temporary relief of PFH. 
However, these treatments require a high level of adherence due to their 
temporary effect, and the necessity for repeated application strains health care 
resources. While local surgery has achieved acceptable results by removing 
eccrine sweat glands, by its invasive nature, this strategy is only able to relieve 
axillary PFH. 38 With the advent of ETS, local surgery has become obsolete. In 
severe and intolerable cases of PFH, where nonsurgical therapies have an 
unsatisfactory effect, ETS may offer a permanent result. 
 
Chapter 2 introduces the surgical method shaped and altered by ongoing 
experience until it has become a standardized and reproducible technique, 
requiring only single-port access. Immediately effective, short-term results are 
presented. In Chapter 3, we evaluate the long-term results of this technique in 
patients with palmar or axillary PFH. Moreover, we identify which patient 
groups benefit most from the procedure. In Chapter 4, we refer to an invited 
review to provide our vision of the current status of thoracoscopic 
sympathicotomy for palmar hyperhidrosis and facial blushing. Furthermore, 
the specific approach of the Hyperhidrosis Expert Center in Groningen, the 
Netherlands is shared. 
 
PART II – HYPERHIDROSIS IN CHILDREN 

Little has been published about the results and prognosis of thoracoscopic 
sympathicotomy in children. In addition, the few existing studies are 
contradictory. The typical onset of symptoms in PFH is during puberty, an age 
at which the influence of a disease affecting social challenges is thought to be 
maximal; thus, many young patients seek treatment. Chapter 5 summarizes 
the results of the standardized bilateral, one-stage, single-port 
sympathicotomy in children up to 16 years of age in treating intolerable palmar 
and axillary PFH. Chapter 6, consisting of three subchapters, reports an 
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original article published by Vasconcelos-Castro et al. and the following 
correspondence with the editor. 
 
PART III – FACIAL BLUSHING 

Facial blushing, an uncontrollable reddening of the face, neck, and upper chest 
in reaction to real or perceived social attention, is physiological. In patients with 
social phobias or anxiety disorders, 50% report facial blushing as a prominent 
symptom.39,40 However, severe facial blushing may not be the result but the 
cause of social phobias or anxiety by creating avoidance behavior. It may 
profoundly influence a patient’s social, relational, and professional quality of 
life. The sympathetic nervous system mediates facial blushing; thus, 
sympathetic surgery may be performed to treat the condition. In Chapter 7, 
we investigate the success rate, perioperative complications, and side effects 
of staged single-port thoracoscopic sympathicotomy in treating severe facial 
blushing. 
 

PART IV – RAYNAUD’S PHENOMENON 

Raynaud's Phenomenon (RP), a vasospastic disorder, is characterized by 
discoloration of the extremities, provoked by emotional stress or cold.41 In 
addition, RP may greatly influence the quality of life.42 Conventional treatment 
primarily consists of a variety of vasodilatory drugs, which are not effective in 
all patients and can induce unacceptable side effects. Modifying the 
sympathetic component of RP through single-port sympathicotomy in 
patients resistant to all other conventional therapies is considered a potentially 
promising therapeutic option. 
 
In Chapter 8, patients serve as their own controls, as they received a unilateral 
left-sided sympathicotomy. The effects on hand perfusion were evaluated 
using a cooling and recovery procedure, laser speckle contrast analysis 
(LASCA), and questionnaires. The twelve-month follow-up data for patients 
reported in Chapter 8 are described in Chapter 9. 
 
PART V – SPLANCHNIC DENERVATION IN CHRONIC PANCREATITIS 

Chronic pancreatitis provokes inflammatory-induced structural changes in 
the pancreas, causing a loss of pancreatic function and chronic severe visceral 
pain in up to 90% of patients. Post-infection, this severe pain remains 
continuously present in up to 50% of cases.43-46 Abstinence from alcohol, 
nonsteroidal anti-inflammatory drugs, opioids, and heterogeneous forms of 
endoscopic and open abdominal procedures are insufficient to alleviate this 
pain for some patients.47 When symptoms prove to be refractory, interventions 
to impede afferent signals traveling from the celiac plexus to the central 
nervous system offer a potential solution for palliative treatment. This 



introduction   | 17 

intervention can be done at the level of the major and minor splanchnic nerves, 
most commonly receiving branches from the fifth through tenth thoracic 
sympathetic ganglia. Several techniques are available for this purpose in the 
form of endoscopic ultrasound-guided celiac plexus blocks and computed 
tomography (CT)-guided percutaneous radiofrequency splanchnic ablation. 
Although promising, drawbacks include the lack of visual control in a region 
with great anatomical variability, where nerve lesions must be made in 
proximity to blood vessels.48,49 However, thoracoscopic splanchnotomy allows 
precise treatment under continuous visualization. The excellent results with 
the single-port access ETS prompted us to adopt this technique for splanchnic 
denervation. In Chapter 10, we report the first series of single-port VATS 
splanchnotomies to palliate chronic pancreatitis. 
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ABSTRACT 
 
Background: Primary palmar and/or axillary focal hyperhidrosis is a frequent 
disorder characterized by excessive sweating beyond physiological needs, 
often leading to a substantial impairment of quality of life. Over the years 
several minimally invasive surgical treatments have been described, however 
results vary, and due to a lack of uniform surgical approach, technique and 
nomenclature are often difficult to compare. In this prospective study we 
sought to evaluate the safety and effectiveness of our standardized technique 
of single-port, one-stage bilateral thoracoscopic sympathicotomy.  
 
Methods: On a prospective basis a hundred consecutive patients with severe 
or intolerable primary hyperhidrosis underwent one-stage bilateral single-port 
thoracoscopic sympathicotomy. Primary outcome was measured in pre- vs. 
post-operative Hyperhidrosis Disease Severity Scale scores. Location and 
extent of compensatory hyperhidrosis, and satisfaction with the procedure 
were registered.  
 
Results: A significant reduction in mean Hyperhidrosis Disease Severity Scale 
score (3.69 ± 0.47 preoperatively vs. 1.06 ± 0.34 postoperatively) (p<0.001) was 
observed. In 97 (97%) out of the 100 enrolled patients a >80% reduction in 
sweat production was achieved. Compensatory hyperhidrosis was seen in 27 
patients (27%). It was rated as mild by 21 patients (78%) and as moderate by 6 
(22%) of these patients. No severe compensatory hyperhidrosis was reported. 
Major complications, such as intraoperative bleeding, infections, and Horner’s 
syndrome were not observed.  
 
Conclusions: Highly selective sympathicotomy at well-defined levels with a 
one-stage bilateral single-port transaxillary thoracoscopic approach is a safe 
procedure, with excellent and reproducible immediate results in the treatment 
of primary palmar and/or axillary hyperhidrosis.  
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BACKGROUND 
  
Primary hyperhidrosis (PHH) is characterized by excessive sweat secretion 
beyond the need for physiological thermoregulation without an underlying 
systemic condition. PHH tends to begin around the mid second to early third 
decade of life, affects men and woman equally and has a focal and often 
symmetric character.1 It typically affects hands, feet and axillae, although 
combined palmar-axillary and craniofacial forms are relatively common as well.  
 
Severe palmar and/or axillary focal PHH leads to feelings of shame and low self-
esteem resulting in withdrawal from social activities, negatively affecting 
relational and professional development.2-4 Although PHH is considered a 
benign disorder, it may have a deleterious impact on health related quality of 
life (HR-QoL). The reality that the latter has been underestimated until very 
recently is supported by the increasing reported prevalence in the literature, 
growing from 0.6% in 1977 to a recent 4.6% of the general population.1,5,6 This 
observation substantiates that we might be looking at the tip of the iceberg 
called PHH. Non-surgical treatment modalities, like topical solutions, 
iontophoresis and botulinum toxin injections have proven to be temporarily 
successful in the treatment of PHH.  
 
However, non-surgical treatment modalities strain health care resources 
because of their temporary relief and demand a high level of patient 
compliance due to the need for repetitive administration. And while 
acceptable results have been achieved with local surgery that aims at the 
eccrine-gland level, 7 these strategies are quite invasive and by nature only able 
to relieve axillary PHH.  
 
Minimal invasive endoscopic thoracic sympathectomy (ETS) has become a 
well-established treatment modality and first-line treatment in palmar PHH. 
Large series have shown success rates of 71-100% following conventional ETS 
for all forms of PHH with improved quality of life and treatment satisfaction of 
93-95%.8,9 Recent experience is obtained with even less-invasive surgery and 
single-port access techniques. Since results, methods, nomenclature and used 
instruments vary widely, we sought to study the feasibility of our standardized, 
one-stage bilateral, single-port sympathicotomy.  
 
METHODS 
 
Patients 
In the present study we assessed a consecutive cohort of a hundred patients, 
suffering from severe or intolerable palmar and/or axillary PHH, who 
underwent a one-stage bilateral, single-port thoracoscopic sympathicotomy 
at our University institution. A diagnosis of primary focal hyperhidrosis was 



|   Chapter 2 28 

made according to the diagnostic criteria described by Hornberger et al.10 
These state that ‘focal, visible, excessive sweating for at least 6 months without 
secondary cause’ has to be present, combined with at least two of the following 
characteristics: bilateral and relative symmetric sweating, frequency of at least 
one episode per week, impairment of daily activities, age at onset <25 years, 
positive family history and finally cessation of sweating during sleep. The HDSS 
questionnaire (Table 1) was used for adequate selection of patients 
preoperatively and for quantification of the effect of sympathicotomy, 
postoperatively. A 1-point improvement in HDSS score is associated with a 
50% reduction in sweat production; a 2-point improvement constitutes an 
80% reduction.11 A preoperative HDSS score of !3, classifying hyperhidrosis as 
severe or intolerable, was mandatory to qualify for surgery. Informed consent 
was obtained from all participants.  
 

Table 1. Hyperhidrosis Disease Severity Scale.11  
‘How would you rate the severity of your sweating?’ PHH Severity 
 
1 

 
‘My sweating is never noticeable and never interferes 
with my daily activities’. 

 
Mild 

2 ‘My sweating is tolerable but sometimes interferes 
with my daily activities’. 

Moderate 

3 ‘My sweating is barely tolerable and frequently 
interferes with my daily activities’. 

Severe 

4 ‘My sweating is intolerable and always interferes with 
my daily activities’. 
 

Intolerable 

 
Assessments for quantifying the social impact and dermatologic 
manifestations of severe or intolerable PHH (HDSS score of !3), was 
performed with the Skindex-29,12 a well-validated psychometric dermatologic 
HR-QoL questionnaire. The value of the Skindex-29 has been thoroughly 
evaluated, with multiple studies into cut-offs and the interpretation of its 
scores. 13 The Skindex-29 consists of 30 items related to the impact of PHH on 
everyday life on a five-point response scale. Twenty-nine out of the 30 items 
are assigned to three scales, separating scores into impact on emotions, 
functioning and symptoms. Main parameters affecting post-operative 
satisfaction with the therapy were recorded, such as incidence and location of 
Compensatory Hyperhidrosis (CHH). Moreover, overall patient satisfaction of 
the performed sympathicotomy was measured using a five-point satisfaction 
scale. The following grading was used: very satisfied, satisfied, neither satisfied 
nor dissatisfied, somewhat dissatisfied, or very dissatisfied. Chest X-ray and 
routine blood and urine testing were performed prior to surgery to exclude 
gross pulmonary or pleural abnormalities and infections.  
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The HDSS was repeated at 2-weeks follow-up to quantify obtained results. 
Preoperative patient data are presented in Table 2. Patients were prescribed 
analgesic medication (Paracetamol 4 dd 1000 mg / Tramadol 3 dd 50 mg / 
Diclofenac 3 dd 50 mg) starting 2 hours after the procedure, and continuing 
for one week post-operatively.  
 

Table 2. Preoperative Patient Data (n=100) 
Variable (a) Value 
 
Age (y) 

 
31.1±10.0 

Gender  
    Male 49 (49) 
    Female 
 

51 (51) 

Intervention  
    Primary thoracic intervention 99 (99) 
    Re-thoracic intervention after congenital cardiac     
    surgery through a left thoracotomy. 

1 (1) 

    
 Form of PHH 
    Isolated Palmar 

 
 

25 (25) 
    Isolated Axillary 37 (37) 
    Combined Palmar and Axillary 38 (38) 
  
HDSS Classification  
    Class 1 (mild) 0 (0) 
    Class 2 (moderate) 0 (0) 
    Class 3 (severe) 31 (31) 
    Class 4 (intolerable) 
 

69 (69) 

(a) Data are presented as mean±standard deviation or number (%). HDSS = Hyperhidrosis 
Disease Severity Scale.  

 
Surgical technique  
In 2011 we reported on bilateral single-port thoracoscopic sympathicotomy 
with the VasoView® device.14 In this preliminary study, the patient was 
positioned on the left side with the arm flexed over the head to expose the 
axilla. After a right-sided sympathicotomy the patient was repositioned on the 
right side and prepped and draped again to undergo a left-sided 
sympathicotomy. Improving operative time and patient safety, we adopted the 
beach-chair or semi-fowler’s position, originally developed in the 1980s for 
orthopedic shoulder arthroscopy procedures. Patients were seated at a 45° 
angle above the horizontal plane with appropriate padding and with their head 
secured in a headrest. The bilateral axillary exposure achieved in this way allows 
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for a one-stage bilateral procedure while the obtained angle helps folding the 
collapsing lung not only in dorsal, but also in caudal direction, facilitating a 
complete view of the surgical field. This can be of help in sympathicotomy of 
R5 where the downwards-folded lung allows for easier access to the fifth rib.  
 
General anesthesia was administered, and single lung ventilation was obtained 
using a double lumen endotracheal tube (53 patients), or single lumen 
endotracheal tube (3 patients) with unilateral blocker (EZ-blocker Inc, Delft, 
The Netherlands). In time we switched to a single lumen endotracheal tube, 
performing the sympathicotomy during short pauses in ventilation in the last 
46 patients of the cohort. Following local infiltration with bupivacaine, a 6 to 7 
mm incision was made in the right anterior axillary line. After deflation of the 
lung, a 5 mm inner diameter trocar was inserted through the third intercostal 
space just posterior to the major pectoral muscle. CO2 insufflation was 
initiated when collapse of the lung proved to be insufficient. A 5 mm scope 
(Karl Storz, Tuttlingen, Germany) and cautery hook were then introduced. The 
first and second rib as well as the sympathetic chain running along the neck of 
the ribs were identified. The part of the sympathetic chain overlying the rib was 
transected by diathermy on a high costal level, sparing the sympathetic 
ganglia. A R3 sympathicotomy was performed for isolated palmar PHH and a 
R3-R5 sympathicotomy for axillary or combined palmar/ axillary PHH. In all 
cases the transection was extended 2 cm laterally over the rib to transect 
accessory nerve fibers. Active search for the presence of Kuntz’s nerve was 
performed and transected when present. The surgical procedure was 
completed by inspection of the collapsed lung for parenchymal damage and 
insertion of an 8 French thoracic drain through the same access port. Re-
insufflation and recruitment of the collapsed lung was done under direct 
vision. The thoracic drain was removed under positive end expiratory pressure. 
A thoroughly placed subcutaneous string suture ensured airtight incision 
sealing. The skin was closed with an intracutaneous suture. The same 
procedure was then repeated on the left side. Operation time, level of 
sympathicotomy and duration of hospital stay were recorded and presented in 
Table 3.  
 
Statistical analysis  
Continuous variables were expressed as mean ± standard deviation. 
Categorical variables were expressed as percentages. Pre- and postoperative 
HDSS score comparisons were performed using the paired samples t-test. 
Data were displayed in a box-and-whisker plot. All calculations were performed 
using a commercially available statistical package (IBM SPSS Statistics for 
Windows, Version 20.0. Armonk, NY: IBM Corp). Statistically significant 
differences were established at p < 0.05.  
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Results 
 
Operation time and hospital stay  
Mean operative time was 47 minutes for a bilateral sympathicotomy in beach-
chair position. A significant reduction in mean operative time was achieved 
compared to the staged procedure (74 ± 12 vs. 47 ± 18, p<0.001).14 The average 
hospital stay was 1.15 (1–6) days, allowing for 45 (45.0%) day-care based 
procedures.  
 
Complications and postoperative pain  
Complications, such as intraoperative bleeding, infections, and Horner’s 
syndrome were not observed. Conversion to a thoracotomy or placement of 
extra ports was not required in any patient. A post-operative pneumothorax 
was seen in four patients (4%), requiring drainage using a pleural catheter in 
three patients. All patients fully recovered and were discharged the day after, 
following chest X-ray examination and drain removal. Postoperative pain 
requiring analgesics for longer than one week (standard prescription) was 
recorded in thirteen patients (13%) with only three patients (3%) requiring 
more than paracetamol at two-week follow-up (17.3 ± 6.1 days).  
 
Pre- and postoperative HDSS scores  
Pre-operative thirty-one patients (31%) reported a HDSS score of 3 (severe 
symptoms) and sixty-nine patients (69%) reported a HDSS score of 4 
(intolerable symptoms). Post-operative at two-week follow-up ninety-six 
patients (96%) were in HDSS class 1 (no or mild symptoms), and three patients 
(3%) were in HDSS class 2 (moderate symptoms). One patient (1%) remained 
in HDSS class 4, due to only right-sided success. Mean HDSS score pre-
operative was 3.69 ± 0.47 and mean post-operative HDSS 1.06 ± 0.34 

Table 3. Surgical Data (n=100) 
Variable (a) Value 
  
Operative Time (min) 47±18 
  
Duration of Hospital stay (days) 1.15±0.67 
     Day-care 45 (45) 
     Non day-care 55 (55) 
  
Level of sympathicotomy  
    R3 25 (25) 
    R3-R5 75 (75) 

(a) Data are presented as mean±standard deviation or number (%).  
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(P<0.001). Ninety-seven patients (97%) reported post-operative a !2-point 
reduction in HDSS associated with an 80% reduction in sweat production. Two 
patients (2%) had a 1-point reduction in HDSS associated with a 50% reduction 
in sweat production. In one case (1%) the HDSS score was not affected by the 
intervention.  
 
Compensatory hyperhidrosis and patient satisfaction  
After two weeks of follow-up (17.1 ± 6.3 days) CHH was seen in twenty-seven 
patients (27%) and was not dependent on the level of sympathicotomy. When 
asked to rate the severity of their CHH it was rated as mild by twenty-one 
patients (78%) and as moderate by six patients (22%). No severe or intolerable 
CHH were reported. Affected body areas were abdominal in two patients 
(7.4%), feet in three patients (11.1%), legs/groin in five patients (18.5%), and lower 
back in seventeen patients (63.0%). Distribution of CHH severity was not 
related to affected body areas. It is of interest to note that 25 of the 27 patients 
(93%) suffering from CHH scored at follow-up HDSS class 1 ‘my sweating is 
never noticeable and never interferes with my daily activities’. Two patients 
suffering from CHH reported a HDSS class 2 ‘my sweating is tolerable but 
sometimes interferes with my daily activities’. High satisfaction rates were 
observed; eighty-nine patients (89%) were very satisfied, ten patients (10%) 
were satisfied with the post-operative result. One patient (1%) was unsatisfied 
with the procedure because of unilateral success. No patient regretted having 
undergone the procedure.  
 
Skindex-29 data  
Preoperative Skindex-29 data are shown in Table 4. The Skindex-29 dataset 
was incomplete for three patients and these scores were excluded. These data 
clearly shows the negative impact on quality of life of patients with severe and 
intolerable PHH; sixty-five patients (67.0%) have a severe overall score and 
thirteen patients (13.4%) have a moderate overall score. Average scores on 
seven individual questions particularly stand out providing an illustrative 
picture on emotional stress and impact on social functioning (See Table 5).  
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Table 4. Preoperative Skindex-29 scores (n=97) 
  

Skindex-29 domains (a) 
 

 Symptoms Emotions Functioning Overall 
 19.5±17.1 57.7±18.5 54.2±18.2 46.8±14.7 
Severity (b)     
   Little (< 
Mild) 

84 (86.6) 4 (4.1) 5 (5.2) 8 (8.2) 

   Mild 2 (2.1) 9 (9.3) 8 (8.2) 11 (11.3) 
   Moderate 8 (8.2) 7 (7.2) 2 (2.1) 13 (13.4) 
   Severe 3 (3.1) 77 (79.4) 82 (84.5) 65 (67.0) 
 
 (a) Domain and Overall scores are expressed on a 100-point scale; higher scores indicate 
lower quality of life levels, presented as mean±standard deviation. 
(b) Anchor-based cut-off scores, Prinsen et al., 13 presented as number (%). 

 
 

 
DISCUSSION  
 
Various HR-QoL instruments have been described for impact measurement 
and intervention-effect quantification in PHH, including the Short Form 36 
(SF-36), and a proposed disease specific questionnaire 9. The sensitivity of a 
general HR-QoL instrument like the SF-36 is however limited by good general 
health status of this young, otherwise healthy population. Since hyperhidrosis 
specific QoL questionnaires often lack repeated validation and are not 
frequently used in the context of surgical intervention thus hindering 
comparison of results, we opted for the Skindex-29, a well-validated 
psychometric dermatologic questionnaire. In the present study, in 67.0% of 
patients the overall Skindex-29 rating showed a severe impact on their quality 
of life. Interestingly, severe hyperhidrosis has a different impact on the three 

Table 5. Preoperative Skindex-29 Top-7 scores (n=97) 
Question Value (a) 
  
1. ‘I am annoyed by my skin condition’. 84.8 
2. ‘I am embarrassed by my skin condition’. 84.5 
3. ‘I am ashamed of my skin condition’. 84.5 
4. ‘My skin condition affects my social life’. 83.3 
5. ‘My skin condition makes it hard to work or do hobbies’. 78.9 
6. ‘My skin condition affects my interaction with others’. 76.6 
7. ‘I am frustrated by my skin condition’. 72.9 
(a) Average scores, expressed on a 100-point scale. Higher scores indicate lower level of 
quality of life. 
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different HR-QoL domains measured. The severe impact on the emotions- 
and functioning -domains in well over three quarters of patients (79.4% re- 
spectively 84.5%) demonstrates the great emotional stress and seriously 
impaired social and professional functioning induced by severe PHH. In the 
symptoms-domain however, only 3.1% of patients rated a severe impact. This 
can be explained by the fact that hyperhidrosis produces little physical 
symptoms included in Skindex-29 like itching, bleeding and pain, and because 
of the fact that patients try to hide PHH reducing the impact of symptoms on 
HR-QoL. This strengthens the notion that PHH is a highly underestimated 
medical and social problem. In fact, several studies have shown the impact of 
hyperhidrosis on quality of life to be comparable to severe psoriasis, multiple 
sclerosis, vitiligo, rheumatoid arthritis and even end-stage renal failure.7,15-17 The 
HDSS proofs a valuable asset for patient selection and quantification of the 
perceived severity of PHH both pre- and postoperatively. Although not 
specifically designed for CHH impact detection, the post-operative HDSS 
seems to capture the true social impact of the sympathicotomy. Since CHH, 
when present, will influence the postoperative HDSS score, it provides a very 
easy to obtain, yet comprehensive outcome assessment.  
 
This study reports the data of the further development of the previously 
described single-port operative technique,14 with the patient now positioned 
in beach chair position. Although not yet standard practice in most research 
groups we propose it should be since this position avoids possible 
complications associated with repositioning intubated and anaesthetized 
patients. Moreover it provides an easy access for one-stage bilateral 
sympathicotomy and reduces procedure time. Despite proposed uniform 
terminology and nomenclature in describing sympathetic chain surgery, exact 
definitions regarding surgical access and level and type of sympathetic 
transection still vary greatly,18-22 while also different approaches for the 
different levels of intervention have been described.20 Nomenclature of 
interventions like clipping, true sympathectomy (resection or ablation of a 
portion of the sympathetic chain including the ganglia) and sympathicotomy 
on different levels are variably used, leading to confusing results and hindering 
interpretation and comparison of results reported by different authors. In this 
study, we used the set of common definitions and standardized nomenclature 
as recently proposed by the Society of Thoracic Surgeons through Cerfolio et 
al. 23 We wholeheartedly support these uniform terms, and their international 
future use. We believe they should be used by all groups who are working in 
the field of ‘surgical treatment of hyperhidrosis’.  
 
It is known that a single-port thoracoscopic approach causes less 
postoperative pain and a shorter operation and recovery time.18 Better 
functional and cosmetic results of a truly minimally invasive single-port access 
compared with more conventional, but still frequently used bi- or tri-portal 
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approaches render these multi-port strategies obsolete. In our study 45 
patients (45%) were treated on outpatient basis. This percentage does not 
reflect medical implications since all patients were offered the possibility to 
stay the night following the procedure. This was done to reduce travelling risks 
because of the large referral area and to increase patient comfort. Three 
patients had to stay overnight for medical reasons (pleural drainage).  
 
In recent literature high satisfaction rates (96.6% vs. 89.6%) combined with a 
significant lower incidence of severe CHH (3% vs. 10%) are obtained by 
performing only a R3 sympathicotomy for the treatment of PHH, and a R3- R5 
sympathicotomy for combined palmar and axillary PHH.19 According to this 
evidence, we performed a R3 sympathicotomy for isolated palmar PHH and a 
R3-R5 sympathicotomy for axillary or combined palmar/axillary PHH. By 
cauterizing the sympathetic chain at the top of R3, or top of R3-R5 while 
leaving the R2 level and all sympathetic ganglia intact, we performed a true 
sympathicotomy in this study. Very high rates of satisfaction (99%) and success 
(97% of patients had an 80% reduction in sweat production) were observed. 
Twenty-seven percent of patients reported CHH with an acceptable incidence 
of mild CHH (21%) and moderate CHH (6%) CHH. Severe CHH did not occur. 
Opposite effects of sympathicolysis level on CHH have also been reported, 
with a low incidence of CHH after isolated R2 sympathectomy (13%) compared 
to R2-R4 sympathectomy (34%).20 However, patients who had division of the 
sympathetic chain at multiple levels, showed a significantly higher incidence of 
CHH. The high success-rates obtained in our study, with a relative low 
incidence of CHH, strengthens the theory that including the R2 level is not 
required for adequate PHH relief in any form of isolated palmar or combined 
palmar/axillary PHH, and is thus better avoided since it heightens the risk for 
Horner’s Syndrome.21 It’s also known that a more extensive sympathetic 
denervation is correlated to a significant higher disturbance in bronchomotor 
tone and cardiac function, albeit on a sub-clinical level.24 Perhaps the 
overlapping conclusion should be that less is more, meaning that lower CHH 
levels can be achieved by less damage to the sympathetic chain with a more 
selective sympathicolysis. While in axillary hyperhidrosis a R3-R5 
sympathicotomy is adequate, we feel that an isolated R3 sympathicotomy 
suffices in the treatment of palmar hyperhidrosis, possibly offering the best 
compromise between success in treating PHH and the risk of CHH, by averting 
intervention at multiple levels.  
 
CONCLUSION 
 
Careful patient selection using uniform, evidence based diagnostic criteria 
including disease-severity, a standardized operative procedure, unambiguous 
anatomical nomenclature, and adequate outcome assessment are key issues.  
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Performing a highly selective sympathicotomy at well-defined levels using a 
single-port one-stage bilateral trans-axillary thoracoscopic approach, we 
combined a safe and minimally invasive surgical technique with excellent and 
reproducible immediate results in the treatment of primary palmar and/or 
axillary hyperhidrosis, rendering the practice of multi-port interventions in 
these patients superfluous. The HDSS was found an excellent measure with 
regard to patient selection, satisfaction and improvement in quality of life. 
Regardless of the excellent short-term results achieved, long-term follow-up 
studies including repeated HDSS and Skindex-29 questionnaires are needed 
to determine the life-long effects of thoracic sympathicotomy and its impact 
on everyday life for patients suffering from invalidating PHH.  
 
  



hyperhidrosis in adults    | 37 

  



|   Chapter 2 38 

REFERENCES 
  
1. Strutton DR, Kowalski JW, Glaser DA, Stang PE: US prevalence of 

hyperhidrosis and impact on individuals with axillary hyperhidrosis: results 
from a national survey. J Am Acad Dermatol 2004, 51:241–8.  
 

2. Stolman LP: Treatment of hyperhidrosis. Dermatol Clin 1998, 16:863–9.  
 

3. Amir M, Arish A, Weinstein Y, Pfeffer M, Levy Y: Impairment in quality of life 
among patients seeking surgery for hyperhidrosis (excessive sweating): 
preliminary results. Isr J Psychiatry Relat Sci 2000, 37(1):25–31. 
  

4. Solish N: Assesing hyperhidrosis disease severity and impact on quality of life. 
Cutis 2006, 77(Suppl 5):17–27.  
 

5. Adar R, Kurchin A, Zweig A, Mozes M: Palmar hyperhidrosis and its surgical 
treatment. Surgical therapy for palmar hyperhidrosis. Ann Surg 1977, 186:37–
41.  
 

6. Tu YR, Li X, Lin M, Lai FC, Li YP, Chen JF, Ye JG: Epidemiological survey of 
primary palmar hyperhidrosis in adolescent in Fuzhou of People’s Republic of 
China. Eur J Cardiothorac Surg 2007, 31:737–9. 
  

7. Cina CS, Clase CM: The illness intrusiveness rating scale: a measure of 
severity in individuals with hyperhidrosis. Qual Life Res 1999, 8:693–8.  
 

8. Ahn SS, Wieslander CK, Ro KM: Current developments in thoracoscopic 
sympathectomy. Ann Vasc Surg 2000, 14:415–20.  
 

9. Kauffman P, Werebe Ede C, Andrade Filho LO, Kusniek S, Wolosker N, 
Jatene FB, De Campos JR: Quality of life, before and after thoracic 
sympathectomy: report on 378 operated patients. Ann Thorac Surg 2003, 
76:886–91. 
  

10. Multi-Specialty Working Group on the Recognition, Diagnosis, and 
Treatment of Primary Focal Hyperhidrosis, Hornberger J, Grimes K, 
Naumann M, Glaser DA, Lowe NJ, Naver H, Ahn S, Stolman LP: Recognition, 
diagnosis, and treatment of primary focal hyperhidrosis. J Am Acad Dermatol 
2004, 51:274–86. 
  

11. Canadian Hyperhidrosis Advisory Committee, Solish N, Bertucci V, 
Dansereau A, Hong HC, Lynde C, Lupin M, Smith KC, Storwicj G: A 
Comprehensive Approach to the Recognition, Diagnosis, and Severity Based 
Treatment of Focal Hyperhidrosis: Recommendations of the Canadian 
Hyperhidrosis Advisory Committee. Dermatol Surg 2007, 33:908-23. 
 



hyperhidrosis in adults    | 39 

12. Chren MM, Lasek RJ, Flocke SA, Zyzanski SJ: Improved Discriminative and 
Evaluative Capability of a Refined Version of Skindex, a Quality-of-Life 
Instruments for Patients With Skin Diseases. Arch Dermatol 1997, 133:1433–
40.  
 

13. Prinsen AC, Lindeboom R, Korte De J: Interpretation of Skindex-29 Scores: 
Cutoffs for Mild, Moderate, and Severe Impairment of Health-Related 
Quality of Life. J Invest Dermatol 2011, 131:1945–7.  
 

14. Bouma W, Klinkenberg TJ, Mariani MA: Bilateral single-port thoracoscopic 
sympathectomy with the VasoView® device in the treatment of palmar and 
axillary hyperhidrosis. Interact CardioVasc Thorac Surg 2011, 12:106–9.  
 

15. Swartling C, Naver H, Lindberg M: Botulinum A toxin improves life quality in 
severe primary focal hyperhidrosis. Eur J Neurol 2001, 8:247–52.  
 

16. Solish N, Benohanian A, Kowalski JW: Canadian Dermatology Study group on 
Health-Related Quality of Life in Primary Axillary Hyperhidrosis: Prospective 
open-label study of toxin A in patients with axillary hyperhidrosis: effects on 
functional impairment and quality of life. Dermatol Surg 2005, 31:405–413.  
 

17. Finlay AY, Salek MS, Haney J: Alefacept Clinical Study Group: Intramuscular 
alefacept improves health-related quality of life in patients with chronic 
plaque psoriasis. Dermatology 2003, 206:307–315. 
  

18. Murphy MO, Ghosh J, Khwaja N, Murray D, Halka AT, Carter A, Turner NJ, 
Walker MG: Upper dorsal endoscopic thoracic sympathectomy: a 
comparison of one- and two-port ablation techniques. Eur J Cardiothorac 
Surg 2006, 30:223–227.  
 

19. Li X, Tu XR, Lin M, Lai FC, Chen JF, Dai ZJ: Endoscopic thoracic 
sympathectomy for palmar hyperhidrosis: a randomized control trial 
comparing T3 and T2-4 ablation. Ann Thorac Surg 2008, 85:1747–1751.  
 

20. Miller DL, Bryant AS, Force SD, Miller JI Jr: Effect of sympathectomy level on 
the incidence of compensatory hyperhidrosis after sympathectomy for 
palmar hyperhidrosis. J Thorac Cardiovasc Surg 2009, 138:581–5.  
 

21. Kwong KF, Hobbs JL, Cooper LB, Burrows W, Gamliel Z, Krasna MJ: Stratified 
Analysis of Clinical Outcomes in Thoracoscopic Sympathicotomy for 
Hyperhidrosis. Ann Thorac Surg 2008, 85:390–4.  
 

22. Apiliogullari B, Esme H, Yoldas B, Duran M, Duzgun N, Calik M: Early and 
Midterm results of Single-Port Video-Assisted Thoracoscopic 
Sympathectomy. Thorac Cardiovasc Surg 2012, 60:285–9.  
 



|   Chapter 2 40 

23. Cerfolio RJ, de Campos JR, Bryant AS, Connery CP, Miller DL, DeCamp MM, 
McKenna RJ, Krasna MJ: The Society of Thoracic Surgeons Expert 
Consensus for the surgical treatment of Hyperhidrosis. Ann Thorac Surg 2011, 
91:1642–8. 
 

24. Fiorelli A, D’Aponte A, Canonico R, Palladino A, Vicidomini G, Limongelli F, 
Santini M: T2-T3 sympathectomy versus sympathicotomy for essential 
palmar hyperhidrosis: comparison of effects on cardio-respiratory function. 
Eur J Cardiothorac Surg 2012, 42:454–61.  

 
  



hyperhidrosis in adults    | 41 

  



|   Chapter 2 42 

 

3 
 

 

 

 

 

 

 

 

 

| 

 

C 

H 

A 

P 

T 

E 

R 

 

| 



hyperhidrosis in adults    | 43 

Bilateral one-stage single-port 
sympathicotomy in primary focal 

hyperhidrosis, a prospective cohort 
study: treat earlier?  

 
 
 

Michiel Kuijpers a,b 

Gwen Peeters a 
Petra W. Harms b 

Wobbe Bouma a,b 
Mike J.L. de Jongste c 

Massimo A. Mariani a 

Theo J. Klinkenberg a,b 
 
 
 
 

Journal of Cardiothoracic Surgery 2021;16:50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a Department of Cardiothoracic Surgery, University Medical Center Groningen 
b Hyperhidrosis Expert Center, Dermatology, Martini Hospital, Groningen 

c University Medical Center Groningen 



|   Chapter 3 44 

ABSTRACT 
 
Background: Primary Focal Hyperhidrosis (PFH) has a detrimental effect on 
Quality of Life. Repetitive, non-curative symptomatic strategies dominate 
current treatment of PFH, in spite of the availability of an effective and 
permanent curative treatment like Endoscopic Thoracic Sympathectomy 
(ETS). Current surgical optimization may allow for a re-established position of 
sympathetic modulation in this treatment algorithm. We sought to evaluate 
the safety, effectiveness, and long-term results of a Bilateral One-stage Single-
port Sympathicotomy (BOSS) procedure in PFH patients and to identify 
subgroups benefitting most.  
 
Methods: Prospective analysis of 163 patients, 35 (21.5%) underwent Rib-3 (R3) 
BOSS for palmar PFH, 58 (35.6%) R3-R5 BOSS for axillary PFH and 70 (42.9%) 
R3-R5 BOSS for combined palmar/axillary PFH. Effectiveness was measured 
using Skindex-29 and the Hyperhidrosis Disease Severity Scale (HDSS).  
 
Results: Overall Skindex-29-rating (46.5 ± 14.8 preoperatively vs 20.1 ± 20.6 
postoperatively, p<0.001), and HDSS score (3.71 ± 0.45 preoperatively vs 1.82 ± 
0.86 postoperatively, p<0.001) indicated a significant improvement in health-
related quality of life after BOSS. R3 BOSS was superior to R3-R5 BOSS in 
terms of HDSS score (1.49 vs 1.91 respectively, p=0.004) and in terms of severe 
compensatory hyperhidrosis, a frequently reported side-effect (17.1% vs 32.8% 
respectively, p<0.001). No major complications occurred.  
 
Conclusions: BOSS is safe, effective, and offers a long-term curative solution 
in the treatment of PFH. Especially in the palmar PFH subgroup, R3 BOSS 
treatment results compare favorably to the treatment results of non-curative 
alternatives published in the current literature. Therefore, R3 BOSS should be 
offered to all patients with severe PFH, reporting insufficient benefit of 
treatment options such as oral and/or local agents.  
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BACKGROUND 
  
Hyperhidrosis is a pathologic condition in which sweat production exceeds the 
need for physiological thermoregulation. It may develop secondary to 
psychological causes or a variety of medical disorders, but is mostly crypto-
genic / primary, thus without an identifiable underlying medical disorder. 
Primary Focal Hyperhidrosis (PFH) is usually severe and symmetrical with a 
focus on the palms, axillae, and feet. PFH, and its associated symptoms have a 
major impact on Health-Related Quality of Life (HRQL).1 An increasing 
prevalence is seen over time, ranging from 0.6% in the past to almost 5% in 
recent literature. 2 Current treatment options consist of 1) topical solutions like 
aluminum chloride, 2) intradermal application of sweat gland blockers like 
botulinum toxin, 3) oral anticholinergics including oxybutynin and glyco-
pyrrolate, 4) iontophoresis and 5) Endoscopic Thoracic Sympathectomy (ETS). 
The first four options offer temporary result; discontinuation of these 
treatments is followed by certain relapse, since they are fundamentally non-
curative in nature.3,4 Repeating these non-curative symptomatic strategies 
seems futile, as ETS, a permanent curative treatment without systemic side-
effects, exists. ETS is currently only offered to patients at the end of the 
treatment algorithm or even not at all due to three arguments: 1) unfamiliarity 
of medical professionals with the ‘modern-day’ ETS procedure, 2) prejudice 
and unjust perceived surgical invasiveness, and 3) fear to induce Com-
pensatory Hyperhidrosis (CH) i.e. new postoperative hyperhidrosis in a non-
targeted area.5,6 
 
Thoracic sympathetic surgery is not a novel treatment. In 1934 Leriche was the 
first to perform a sympathectomy for PFH,7 although surgical access has 
dramatically improved since the introduction of Video-Assisted Thoracic 
Surgery (VATS). While the first thoracoscopic technique was described in the 
earlier 1950’s by Kux, a series of 55 patients who had excellent results after 
thoracoscopic sympathectomy (TS) for hyperhidrosis,8 large series of con-
ventional multiportal endoscopic thoracic sympathectomy were performed in 
the late nineties of the twentieth century reporting improved quality of life and 
treatment satisfaction of 93–95% with success rates of 71–100%.9, 10 Recent 
further optimization of technique led to standardized and reproducible single-
port techniques, allowing for bilateral treatment in a single session while 
minimizing post-operative discomfort.11, 12  
 
Historically ETS consisted of a true sympathectomy by removing a segment of 
the sympathetic nerve including multiple ganglia. More recently the switch to 
a sympathicotomy was made, with transection of the sympathetic nerve while 
striving to save the ganglia.13 It is hypothesized that reducing damage to the 
ganglia may reduce CH severity by leaving crucial feedback-loops intact.14–16 
Furthermore, surgical optimization resulted in a minimally invasive uniportal 
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one-stage bilateral technique.12 Given these improvements, aforementioned 
arguments 2 and 3 are waived, and argument 1 should be addressed by raising 
awareness. 
 
Study objective 
To evaluate the long-term results, safety and effectiveness of a Bilateral One-
stage Single-port Sympathicotomy (BOSS) in patients suffering from PFH and 
to identify which patient groups benefit most from the procedure.  
 
METHODS 
 
Baseline characteristics 
This study was conducted with the formal and written approval of the Dutch 
Medical Ethics Comity (METc UMCG 2015/104). A prospective cohort of 172 
patients suffering from PFH received BOSS. Follow-up after 18 months (82.5 ± 
8.2 weeks) was complete in 163 patients (94.8%), reflecting 326 procedures, by 
returning a response form and questionnaire. Nine patients were lost to follow-
up. Eighty-six patients were female (52.8%) and 77 were male (47.2%), with a 
mean age of 30.9 ± 9.8 years and a mean Body Mass Index (BMI) of 24.0 ± 3.6 
kg/m2. Thirty-five patients (21.5%) underwent R3 BOSS for palmar PFH, 58 
(35.6%) R3-R5 BOSS for axillary PFH and 70 (42.9%) R3-R5 BOSS for 
combined palmar/ axillary PFH. Pre-operative patient data are presented in 
Table 1.  
 
We defined PFH according to the diagnostic criteria described by Hornberger 
et al.17 The Skindex-29 questionnaire is a validated HRQL measure of skin 
diseases and consists of 30 questions related to the impact of PFH on 
everyday HRQL. Twenty-nine questions (except question 18, that analyses a 
side-effect of treatment) are assigned to three domain scores, separating 
impact on emotions, functioning and symptoms.18 Scores are expressed on a 
100-point scale, with higher scores indicating lower levels of quality of life. The 
clinically important cut-off scores for severely impaired HRQL are !39 on 
emotions, ! 37 on functioning, !52 on symptoms, and ! 44 on the overall     
score.19 
 
Severity of PFH was classified according to the 4-point Hyperhidrosis Disease 
Severity Scale (HDSS), a disease- specific scale for PFH patients providing a 
qualitative measure based on the detrimental effect of hyperhidrosis on daily 
activities (Figure 1). Patients with a HDSS score of !3, classifying hyperhidrosis 
as severe or intolerable, qualified for surgery. A post-operative 1-point 
improvement in HDSS score is associated with a 50% reduction in sweat 
production; a post-operative 2-point improvement constitutes an 80% 
reduction.6 Informed consent was obtained from all patients.  
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Table 1. Preoperative patient data (n=163). 
Variable (a) Value 
 
Age (y) 

 
30.9±9.8 

Gender 
   Male 

 
77 (47.2) 

   Female 86 (52.8) 

BMI (kg/m2) 24.0±3.6  

Form of PFH  
   Isolated Palmar 35 (21.5) 
   Isolated Axillary 58 (35.6) 
   Combined Palmar/Axillary 70 (42.9) 

HDSS Classification  
   Score 1 and 2 (Mild/Moderate) 0 (0) 
   Score 3 (Severe) 46 (28.2) 
   Score 4 (Intolerable) 117 (71.8) 
(a) Data are presented as mean ± standard deviation or number (%). BMI = Body Mass 
Index, PFH = Primary Focal Hyperhidrosis, HDSS = Hyperhidrosis Disease Severity Scale. 

 
 
 

 
 
Figure 1. Hyperhidrosis Disease Severity Scale (HDSS). Patients scoring a 3 or 4 qualified for 
surgery. 
 
Surgical protocol  
Our surgical technique has been previously described.12 In short: patients were 
seated at a 45° angle, which improves the intra-thoracic field of view by forcing 
the collapsed lung dorso-caudally and which allows a one-stage bilateral 
procedure. General anesthesia was administered. Initially single lung 
ventilation was obtained using a double lumen endotracheal tube or single 
lumen endotracheal tube with unilateral blocker (EZ-blocker Inc., Delft, The 
Netherlands). After 54 procedures we switched to a single lumen endotracheal 
tube and performed BOSS under apnea, further simplifying the procedure. 
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The incision area was infiltrated with 5ml of bupivacaine 0,25% from skin to 
costal periosteum to reduce direct postoperative pain. A 7 mm incision was 
made in the anterior axillary line at the level of the third intercostal space. 
Under apnea, a 5mm straight scope (Olympus Medical System, Tokyo, Japan) 
was inserted through a 7 mm trocar (Figure 2).  
 
 

 
 
Figure 2. Single port trans axillary VATS. A single 7 mm incision for single port-insertion in 
the left anterior axillary line at the level of the thirds intercostal space  

 
CO2 insufflation was initiated when collapse of the lung was insufficient. The 
trocar was retrieved allowing the cautery hook to be introduced. The sympa-
thetic chain was identified including the first, second and third rib. The 
sympathetic chain was then divided using electro cautery on the surface of the 
third rib (R3) or third, fourth and fifth rib (R3-R5). This transection was 
extended 2 cm laterally over the rib to transect accessory nerve fibers in all 
cases. A thoracic drain was inserted and under visual control the lung was re-
insufflated followed by 2-min recruitment. After recruitment the thoracic drain 
was removed under positive end-expiratory pressure of 30 cm H2O. The skin 
was closed with an intracutaneous suture. The surgical procedures were 
conducted first on the right side followed by the left side in an identical 
manner. Operation time, level of sympathicotomy and duration of hospital stay 
were recorded.  
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Follow-up 
The primary end point was improvement in palmar, axillary, or axillary/palmar 
PFH as measured by HDSS scores pre-operatively, 2 weeks post-operatively, 
18 months postoperatively and by comparing Skindex-29 questionnaires taken 
pre-operatively and at 18 months follow-up. Secondary end points were overall 
procedural satis-faction, peri-operative complications, post-operative pain 
requiring analgesics and presence of CH. Using a 5-point satisfaction scale, 
participants had to indicate their satisfaction with the achieved result by 
choosing one of the following: very satisfied (=5), satisfied (=4), not satisfied nor 
dissatisfied (=3), reasonably satisfied (=2) or dissatisfied (=1). Potential peri-
operative complications, such as bleeding, pneumo-thorax, Horner syndrome 
and wound infections were recorded during follow-up. Location and extent of 
CH was evaluated by asking the patient specifically about the occurrence of 
increased sweating in body areas that did not exhibit excess sweating, 
preoperatively.  
 
Statistical analysis  
Statistical analysis was performed using SPSS 21.0 software (IBM Corp, 
Armonk, NY). Continuous variables were expressed as mean ± SD or median 
and normal range. Categorical variables were expressed as percentages. The 
paired samples t-test was used for comparing preoperative and postoperative 
HDSS score. Data were displayed in a box-and-whisker plot. A p-value less than 
0.05 was considered significant.  
 
RESULTS 
 
Off 172 patients, nine were lost to follow-up at 18 months. All lost patients 
reported a HDSS score of 1 at two-week follow-up, and there were no 
complications during or after surgery within the first 2 weeks in this group. Off 
the 163 patients (94.8%) included in 18 months follow-up, the mean operative 
time was 40.5 ± 17.2 min. There was no significant difference in operating time 
between R3 or R3-R5 BOSS. The average hospital stay was 1.06 ± 0.36 days, 
meaning that 95.7% of the patients were discharged the day after the 
procedure. No major complications such as bleeding, conversion to thoraco-
tomy and Horner’s syndrome occurred. Residual pneumo-thorax occurred in 
six procedures (1.8%), requiring drainage using a pleural catheter. Of these six 
patients, five were discharged the day after the procedure and one was 
discharged at day five postoperatively. All patients fully recovered. The mean 
duration of post-operative pain, defined as requiring any form of analgesics, 
was 4.8 ± 3.2 days. 
 
Improvement in PFH 
Patients with palmar, axillary, or combined palmar/axillary PFH had the same 
average preoperative HDSS score of 3.71 ± 0.45. With the effect of the 
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operation being immediate, the HDSS score declined significantly to a mean 
of 1.04 ± 0.28 at 2 weeks follow-up. At 18 months follow-up, mean HDSS was 
1.82 ± 0.86, (p<0.0001) revealing a lasting operative result. Almost all patients 
(99.4%) reported a !2-point reduction in HDSS score 2 weeks after the 
procedure. After 18 months of follow-up, 112 patients (68.7%) still reported a !2-
point reduction in HDSS score and 37 (22.7%) patients had still a 1-point 
reduction in HDSS score. In 13 patients (8.0%) the HDSS score was not affected 
by the intervention after 18 months. One patient (0.6%) remained in HDSS 
class 4, due to severe CH in the groins.  
 
Quality of life, compensatory hyperhidrosis and patient satisfaction 
At 18 months follow-up the overall mean Skindex-29-rating decreased from 
46.5 ± 14.8 to 20.1 ± 20.6, indicating a significant improvement in HRQL (p < 
0.01). CH, occurring at any moment after surgery, was rated as none to 
moderate (HDSS 0-2) in 115 patients (70.6%) and severe (HDSS 3-4) in 48 
patients (29.4%). Most affected body areas were the back (41.9%), abdominal 
region (14.5%) and breast region (13.4%). No relationship between severity of 
the CH and the affected body areas could be identified. No other side-effects 
were reported. At 18months follow-up, 87 patients (53.4%) were very satisfied 
and 52 patients (31.9%) were satisfied. Twenty-four patients (14.7%) were not 
satisfied with the obtained result; in 16 patients (9.8%) this was due to the fact 
that the obtained results did not meet their expectations, and the remaining 8 
patients (4.9%) were unsatisfied as a result of severe CH. Overall recommen-
dation rate (‘Would you recommend this procedure, considering the obtained 
effect’) was excellent at 87.7%. At 18 months follow-up the palmar hyper-
hidrosis group receiving isolated R3 BOSS scored significantly higher on all 
measured domains than the combined palmar /axillary or isolated axillary 
group receiving R3-R5 BOSS. Satisfaction scores (4.49 vs 3.95, p=0.028), 
satisfaction rate (94.3% vs 82.8%, p = 0.003), post-operative HDSS score (1.49 
vs 1.91, p=0.004), severe CH-rate (17.1% vs 32.8% p < 0.001), and recommen-
dation rate (94.3% vs 85.2% p=0.002) proved to be superior in the R3 BOSS 
cohort in comparison with the R3-R5 BOSS cohort. Impact on HRQL did not 
significantly differ between those two groups (Table 2). 
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DISCUSSION 
 
PFH is a highly underestimated medical problem with huge social impact and 
detri-mental effect on quality of life. In fact, when the same scale is used to 
measure the intrusive impact on HRQL, it is rated higher by PFH patients than 
by patients suffering from end-stage renal disease, multiple sclerosis or 
rheumatoid arthritis.20 Understandably, an effective, reliable and definitive 
treatment is desired by an increasing number of patients.1-4 The pathogenesis 
of PFH is relatively unclear, hindering causal treatment. In general, 
symptomatic dermal or subcutaneous treatment options are offered to hinder 
or block sweat glands, which lowers sweat production locally. These 
treatments include, but are not limited to, iontophoresis and botulinum toxin 
injections. Most patients have a non-lasting treatment response on the 
aforementioned treatments and satisfaction rates are low due to side-effects, 
adverse events, and/or inadequate response.21 
 
The sudomotor innervation of the sweat glands is provided through the 
cholinergic sympathetic nervous system. In patients suffering from PFH 
choline acetyltransferase and vasoactive intestinal peptide, measured in 
sympathetic ganglia, proved to be significantly increased compared to 
individuals not suffering from PFH, making PFH the result of sympathetic 
overstimulation.22 Addressing this sympathetic overstimulation by systemic 
anticholinergics is a potential successful treatment for PFH but is mainly 
limited by its side effects. Most data are available for oral glycopyrrolate and 
oxybutynin treatment. Improvement rates for oral glycopyrrolate range from 

Table 2. R3 BOSS vs. R3-R5 BOSS at long term follow-up (n=163). 

Variable (a) R3-BOSS n=35 R3-R5 BOSS n=128 p-value 
 
HDSS-score 
    Baseline 
    LTFU 

 
 
3.72±0.45 
1.47±0.70 

 
 
3.71±0.46 
1.91±0.88 

 
 

0.959 
0.004 

Skindex-29 Overall score 
    Baseline 
    LTFU 

 
41.1±15.3 
14.3±20.0 
 

 
48.0±14.4 
21.7±20.5 

 
0.014 

0.060 

Severe CH-rating 17.1 32.8 <0.001 
Recommendation rating 94.3% 85.2% 0.002 
Satisfaction rate (1-5) 4.49 3.95 0.028 
Satisfied with obtained 
result 

94.3% 82.8% 0.003 

    
(a) Data are presented as mean ± standard deviation or number (%) 
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67 to 90% in two retrospective studies, in which 13.3% of patients were listed as 
non-responder and 20% of the patients discontinued treatment due to side 
effects.23,24 A randomized placebo-controlled trial for oxybutynin in general 
hyperhidrosis showed a 60% improvement in HDSS, with 43% of patients 
reporting a dry mouth as a side effect.25 While cost-effectiveness and the non-
invasive nature of oral agents are obviously advantageous, most studies on oral 
medical treatment for PFH are limited in their follow-up and lack of information 
about long-term efficacy and safety. Therefore, thoracic sympathetic surgery, 
which modifies the sympathetic signals halfway down the tract, seems to be an 
appealing alternative. If one is willing to accept general anesthesia, a 24-h 
hospital stay and the possible negative effect postoperative pain can have on 
the days following the procedure, it offers a safe and long-term effective 
treatment alternative.  
 
Instead of true sympathectomy (surgically removing a part of the sympathetic 
chain including one or more ganglia), a sympathicotomy, in which the ganglia 
are left unaffected is now performed. Although the pathogenic mechanism of 
CH is poorly understood, it is hypothesized that severing sympathetic reflex 
arcs that run through the ganglia to the hypothalamus, lead to CH through 
dysfunctional sweat regulation in the affected body parts.13 This finding 
corroborates with earlier studies, showing higher rates of dissatisfaction and 
severe CH in patients treated for axillary PFH when compared to patients 
treated for palmar PFH,26 and so adds to the understanding that the ganglia 
should be left untouched. CH remains the only lasting cause for discontent 
post-operatively. It is of interest to note that CH is however still preferred by 
most patients over the distress experienced from PFH. Only 8 out of the 48 
patients (17%) experiencing severe CH at any moment after surgery were not 
satisfied with the obtained result. It must be stressed that CH is a side-effect of 
surgery on the sympathetic nerve and not a complication of the surgery. The 
key for accepting and living with CH after BOSS lies in thorough and accurate 
pre-operative information about its risk.17 The importance of thorough pre-
operative counseling and consent cannot be overstated.  
 
Subgroups 
The main objective of the study was to identify which subgroup(s) benefitted 
most from the procedure. In the long-term, HDSS score reduction, and 
satisfaction with surgery are better maintained in the R3 than in the R3-5 BOSS 
group. We found that isolated R3 BOSS offers the best compromise between 
treating PFH and the risk of CH (Table 2). In other words: a more extensive 
sympathetic denervation is correlated to a significant higher long-term 
incidence of CH. Although not subject of the present study, the optimal level 
of sympathicotomy, balancing between obtained effect and CH risk reduction, 
is frequently debated in literature. While our choice for a R3 level 
sympathicotomy for isolated palmar PFH is supported by studies reporting 
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sympathicotomy at R3 to be more effective than at R2,27 a more recent 
systematic review suggests R4-sympathicotomy to be superior to isolated R2 
or R3 sympathicotomy.28 For combined palmar/axillary or isolated axillary PFH, 
the CH rate may be beneficial affected by reducing the levels of intervention, 
while efficacy is maintained.29 The common denominator, irrespective of 
indication, seems to be that if R2 is not ‘touched’, less CH is observed.30,31  
While R3 BOSS for isolated palmar PFH proved most effective in our cohort, it 
also compares favorably with the alternatives. Oxybutynin for treatment of 
palmar PFH was effective in 80% of patients and HRQL improved in 74.6% of 
patients.32 Botulinum toxin proved to be a more effective treatment modality 
for palmar hyperhidrosis than iontophoresis with aluminum chloride (80% vs 
47%, p = 0.007).33 The persistence of improvement in HRQL for botulinum 
toxin therapy was on average only 4months with frequent serious side-effects 
such as disturbed neuro-muscular transmission and generalized neurological 
symptoms.34  
 
Botulinum toxin showed to be inferior to ETS in the treatment of palmar hyper-
hidrosis, with a significant reduction in the ETS-group: 94% versus 63% at 6 
months (p=0.036) and 94% versus 30% at 12months (p=0.011). Patient’s 
satisfaction after 6 months (p=0.04) and 1 year (p=0.001) was significantly 
higher in the ETS group.35 Our study adds to a growing body of evidence, which 
shows that a minimally invasive sympathicotomy is superior to non-surgical 
treatment options for palmar hyperhidrosis.  
 
Two limitations of this study merit attention. Firstly, data presented are the 
data as reported by the patient when returning the response form to MK. Data 
therefore is not validated by an independent investigator. Secondly, there 
might be bias in our cohort since arguably the more severe cases of PFH were 
referred for sympathicotomy, overestimating the positive results in our study.  
 
CONCLUSION 
 
In conclusion, Bilateral One-stage Single-port Sympathicotomy is, in 
experienced hands, a safe and effective procedure in the treatment of PFH. It 
offers a definite relief of complaints of PFH and compares favorably to the 
existing literature on alternatives as medication, botulinum toxin and 
iontophoresis in the palmar sub-group. Re-establishing the position of 
modern-day ETS in the treatment algorithm of palmar PFH is called for. We 
suggest that R3 BOSS should be offered to all patients with severe palmar PFH 
reporting insufficient benefit of alternative treatment options. Thorough pre-
operative counseling is key in determining postoperative satisfaction.  
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ABSTRACT 
 
Hyperhidrosis, the medical term for excessive sweating beyond physiological 
need, is a condition with serious emotional and social consequences for 
affected patients. Symptoms usually appear in focal areas such as feet, hands, 
axillae and face. Non-surgical treatment options such as topical anti-
perspirants or systemic medication are usually offered as a first-step of 
treatment, although these therapies are often ineffective, especially in severe 
and intolerable cases of hyperhidrosis.  
 
In the treatment algorithm for patients suffering from hyperhidrosis, surgical 
thoracoscopic sympathicotomy offers a permanent solution, which is 
particularly effective in the treatment of palmar hyperhidrosis and facial 
blushing.  
 
In this review, we describe the current status of thoracoscopic sympathico-
tomy for palmar hyperhidrosis and facial blushing. In addition, we share the 
specific treatment approach, technique and results of our Hyperhidrosis 
Expert Center.  
 
Last, we share recommendations to ensure an effective, reproducible and safe 
application of single-port thoracoscopic sympathicotomy for palmar hyper-
hidrosis and facial blushing, based on our extensive experience.   
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INTRODUCTION 
 
Hyperhidrosis or excessive sweating is a medical condition with disabling 
emotional and social consequences for affected patients.1 The prevalence of 
primary hyperhidrosis has been estimated to up to 5% of the population, and 
symptoms usually appear in focal areas as the palms, axillae, feet or the face.2-4 

The pathophysiology of primary focal hyperhidrosis (PFH) has not yet been 
fully elucidated. A sympathetic hyperactivity of otherwise healthy eccrine 
sweat glands has been described, which may be triggered by stimuli such as 
emotions or heat. PFH should be distinguished from secondary hyperhidrosis, 
in which excessive sweating is usually more generalized and elicited by 
underlying systemic conditions or medication.5-7 
 
The field of treatment options for PFH is constantly evolving, in an attempt to 
relieve patients of both mental and physical consequences of the disease. A 
step-wise approach with topical antiperspirants, botulinum toxin injections, 
iontophoresis and systemic medication is generally recommended.8-10 
Aluminium chloride has been reported as the most effective topical 
antiperspirant as first-line treatment in axillary hyperhidrosis, and armpit 
dryness can be achieved within 48 hours. However, an important disadvantage 
of the treatment is its transient nature of effect, with relapse of symptoms 
within 48 hours after discontinuation of treatment.8 Botulinum toxin injections 
is the most studied non-surgical treatment option for hyperhidrosis, and 
success rates of 76.5 – 81.4% have been described in a large multi-center trial 
on behalf of the hyperhidrosis study group. However, patients require 
repeated injections every 6-8 months to maintain effects.11 Evidence for 
iontophoresis and systemic medication such as anticholinergics is limited and 
of low quality, although short-term benefits on hyperhidrosis symptoms were 
suggested in few studies.12 The transient nature of these non-surgical 
treatment options may have non-satisfactory results due to the need for 
persisting adherence to therapy, especially in severe and intolerable cases of 
PFH.8,13,14 Surgical treatment of PFH (sympathicotomy) offers a permanent 
solution and has proven to be particularly effective in palmar hyperhidrosis and 
facial blushing.14,15 Therefore, in the treatment algorithm for patients suffering 
from severe or intolerable palmar hyperhidrosis or facial blushing, surgical 
treatment should be considered earlier.10,16,17 The aim of this review is to share 
the current status of thoracoscopic sympathicotomy for palmar hyperhidrosis 
and facial blushing, and to share the specific treatment approach and results 
of the Hyperhidrosis Expert Center in Groningen, the Netherlands. 
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THE CURRENT STATUS OF MINIMALLY INVASIVE SYMPATHICOTOMY 
FOR PALMAR HYPERHIDROSIS 
 
Sympathectomy was first described in 1889 by Alexander et al., who applied 
resection of the sympathetic chain and ablation of the ganglia as a treatment 
for epilepsy.18 In 1919, Kotzareff et al. were the first to practice sympathectomy 
as a treatment for unilateral facial hyperhidrosis.19 Adson et al. followed in 1935, 
by applying sympathectomy as treatment for palmar hyperhidrosis.20 Initially, 
sympathectomy was performed via open thoracotomy with relatively high 
morbidity rates.21 The field of surgical treatment for PFH developed from an 
open to a much safer endoscopic approach (endoscopic thoracic 
sympathectomy, ETS), which was first described in 1975.22 Over the years, 
further refinements were made to optimize the endoscopic approach. The use 
of thoracoscopy equipment already enabled the use of small incisions, but the 
recent development of single-port thoracoscopy over more conventional bi- 
or tri-portal approaches decreased the degree of invasiveness even further.23 
 
Currently, endoscopic surgery is considered an effective treatment for 
moderate to severe palmar hyperhidrosis.23 Success rates of over 90% for 
curing or improving symptoms of severe palmar hyperhidrosis have been 
described.24-28 More recent studies by Chen et al. and Feng et al., in which 
respectively 10.275 and 200 patients with palmar hyperhidrosis were treated 
with thoracoscopic sympathicotomy, even report a success rate of 100%.29-30 
Nevertheless, literature comparisons should be interpreted with caution, since 
in most studies different nomenclature and definitions are used.  
 
First, different techniques for targeting the sympathetic chain are practised, 
such as sympathectomy versus sympathicotomy. In case of sympathectomy 
both the sympathetic ganglia and chain are destroyed and partially removed. 
However, in case of sympathicotomy the sympathetic chain is only transected. 
31 A comparative meta-analysis by Du et al. showed that satisfaction of patients 
that underwent sympathectomy versus sympathicotomy were comparable, 
which is in line with earlier studies.32-34 It is hypothesized that severing of the 
sympathetic reflex arcs, which run through the ganglia to the hypothalamus, 
leads to a higher incidence of compensatory hyperhidrosis (CH) through 
dysfunctional sweat regulation in the affected body parts.33,35,36 These findings 
strengthen the belief that the ganglia should be left untouched and that 
sympathicotomy should therefore be preferred over sympathectomy. In 
addition, sympathicotomy is associated with shorter operating times and 
considered a more feasible technique.37 
 
Second, besides differences in nomenclature for techniques of targeting the 
sympathetic chain, the level of interruption is described with various 
definitions. Some studies describe the vertebral level of nerve interruption, 
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while others refer to rib levels. As a consequence, literature comparisons of 
postoperative treatment success rates and complication rates are difficult to 
be made. For that reason, the Society of Thoracic Surgeons suggested in their 
expert consensus to adopt an international nomenclature that refers to rib 
levels (R) as anatomic landmarks, instead of the vertebral level at which the 
nerve is interrupted.38 As for patients with isolated palmar hyperhidrosis, 
interruption of the sympathetic nerve at the level of R3 is recommended.38 

Other studies suggest interruptions at both levels R3 and R4, to achieve 
completely dry hands. Nevertheless, the risk of developing CH, a common side 
effect associated with ETS, is higher in these patients. Besides these side-
effects, major complications may occur, such as intraoperative bleeding, 
pneumothorax and infections. To minimize perioperative risks, adequate 
screening and selection of patients is essential. When complications occur, 
they should be adequately managed by experienced teams and surgery 
should be carried out by surgeons trained in minimal invasive techniques.39 
 
THE HYPERHIDROSIS EXPERT CENTER APPROACH OF MINIMALLY 
INVASIVE SYMPATHICOTOMY FOR PALMAR HYPERHIDROSIS: PATIENT 
SELECTION, TECHNIQUE AND RESULTS.  
 
Selection of patients for minimally invasive sympathicotomy for palmar 
hyperhidrosis 
ETS for palmar hyperhidrosis patients offers a very high percentage of success 
and satisfaction, however as stated earlier, the importance of thorough pre-
operative counseling cannot be stressed enough.16 This counseling should be 
aimed at selecting the right patients for the procedure, managing 
expectations, and includes (but is not limited to) providing information on the 
possibility of attaining a quite variable degree of CH postoperatively. It is of 
interest to note that CH is quite often mistakenly seen as a complication 
instead of a side effect of the procedure. In the Hyperhidrosis Expert Center, 
only hyperhidrosis patients suffering from PFH as defined by Hornberger et al. 
(Table 1), are considered for surgery.40 Various types of secondary 
hyperhidrosis warrant further medical examination.40 To quantify the impact of 
PFH on the daily activities of a potential surgical candidate, the Hyperhidrosis 
Disease Severity Scale (HDSS) is used (Table 2). Only patients rating the 
severity of their PFH as severe (HDSS 3) or intolerable (HDSS 4) qualify for 
surgery. Due to a higher recurrence rate of PFH in children younger than 17 
years of age, a HDSS score of 4 is mandatory before surgery is even considered 
in children.41 
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Table 1. Criteria for establishing PFH as recommended by Hornberger et al.40 

Focal, visible, excessive sweating of at least 6 months duration without 
cause with at least two of the following characteristics: 

 
1 

 
Bilateral and relatively symmetric 

2 Impairs daily activities 
3 Frequency of at least one episode per week 
4 Age of onset less than 25 years 
5 Positive family history 
6 

 
Cessation of focal sweating during sleep 
 

 
 
Table 2. Hyperhidrosis Disease Severity Scale (HDSS). Only patients rating the 
severity of their PFH as severe (HDSS 3) or intolerable (HDSS 4) qualify for surgery. 

HDSS 
score 

‘How would you rate the severity of your sweating’ 
 

PFH severity 

 
1 
 

 
‘My sweating is never noticeable and never 
interferes with my daily activities’ 

 
Mild 

2 
 

‘My sweating is tolerable but sometimes interferes 
with my daily activities’ 

Moderate 

3 
 

‘My sweating is barely tolerable and frequently 
interferes with my daily activities’ 

Severe 

4 
 
 

‘My sweating is intolerable and always interferes 
with my daily activities’ 
 

Intolerable 

 
 
Surgical technique of minimally invasive sympathicotomy for palmar 
hyperhidrosis 
In 2010 a ‘new idea’ was born to use the VasoView® device (Maquet Inc, 
Rastatt, Germany) to further minimize the invasiveness of thoracoscopic 
sympathicotomy in the treatment of palmar hyperhidrosis.42 This novel 
technique initiated a state-of-the-art, reproducible, and safe single-port 
procedure with excellent short- and long-term results.16,23 
 
The operation is performed under general anesthesia. Patients are intubated 
using a standard single lumen tube. No double lumen tube is required since 
the operation itself is performed under apnea. The patient is ventilated with 
100% FiO2, which allows quicker collapse of the lung and prolongs the time 
that the patient can safely be held in apnea. Patients are positioned in the 
'beach-chair' or semi-Fowler position, seated at a 45o angle, with both arms 
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spread out (Figure 1A). This position does not only allow comfortable bilateral 
access during the surgical procedure without the need to move an 
anesthetized patient, but also facilitates full view of the apical intrathoracic 
operative field due to the fact that gravity forces the collapsed lung dorso-
caudally.  
 
After the patient is prepped and draped, the procedure is first conducted on 
the right side. The incision area is infiltrated with 5 ml of bupivacaine 0.25% (+ 
adrenalin, which reduces the chance of bleeding and subcutaneous 
hematoma formation) from skin to costal periosteum. A 7 mm wide incision in 
the skin lines is made, just posterior to the axillary/mammary fold (Figure 1B). 
Next, blunt flush supracostal preparation is performed with a small clamp to 
and through the intercostal muscles, taking care not to perforate the parietal 
pleura at this stage. Apnea is requested with a fully disconnected tube, which 
enables efflux of air from the lungs favoring lung collapse. A blunt 7 mm trocar 
is used for entry through the parietal pleura into the thoracic cavity, while 
making sure that the entry is directly over the rib. For this procedure, we use a 
slender 7 mm ribbed hard-plastic work-port. More advanced ports that include 
a CO2 port with a one-way-valve have the following three disadvantages when 
using single-port access: First, these trocars are designed to be as occlusive as 
possible, not allowing free flow of air in both directions. The blockage of free 
flow prevents quick influx of air and thus hinders lung collapse. Second, the 
thick 'head' of the trocar aggravates competition of surgical instruments that 
one is trying to align through the same incision. Third, a cautery hook with CO2 
insufflation at the tip not only solves the non-CO2-trocar problem, but also 
enables the surgeon to use the stream of CO2 to clear the operative field when 
minor bleeding needs to be controlled. The 5 mm camera is inserted through 
the work-port. This work-port is then pulled back over the camerashaft, and a 
new work-port is inserted directly adjacent to the bare camerashaft (Figure 
1C,D). In this phase we prevent damaging intrathoracic structures by actively 
freezing the camera position, taking care to not inadvertently advance the 
camera while inserting the second port. After removal of the trocar, the 
unobstructed inflow of air through the open work-port will quickly facilitate 
enough collapse of the lung for full view of the intrathoracic apical operative 
field, and correct identification of the rib levels and sympathetic nerve (Figure 
1E). In our experience, CO2 insufflation is only needed when pleural adhesions 
are prominent, or in some patients requiring R3-R5 sympathicotomy for 
axillary or combined palmar/axillary hyperhidrosis in which collapse of the lung 
alone impedes proper access to the fifth rib. Subsequently, a small caliber 
cautery hook is inserted through the work-port (Figure 1C,D). 
Sympathicotomy is performed on the mid-rib level providing a firm 
background for thorough cautery, using low-energy settings to avoid thermal 
spread that may damage neighboring ganglia. This transection is extended 2 
cm laterally over the rib to capture more spread-out variations in anatomy. An 
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active search for nerve of Kuntz is undertaken, and such nerves are divided 
when present (Figure 1F). After removal of the cautery hook, an 8 Fr. silicone 
drain is inserted through the work-port and advanced to the apex of the 
thoracic cavity under direct vision. The camera is removed, and the drain 
ensures adequate drainage of residual air while the lung is recruited and re-
insufflated by manual ventilation for 2 minutes. In the meantime, a 
subcutaneous purse-string suture is placed around the drain. After 2 minutes 
of recruiting, the drain is removed under inspiratory hold of 30 cm H2O. The 
subcutaneous purse string is knotted, sealing the intra-thoracic vacuum, and 
normal ventilation is started. The skin is closed intracutaneously. For 
redundancy a double plastic-coated sticker is placed over the wound, again 
preventing air re-entry (Figure 1G). After skin-closure on the right side, a left-
sided procedure is performed in an identical fashion. 
 
Postoperatively, a chest X-ray is taken to exclude a significant residual 
pneumothorax and other possible complications. As the Hyperhidrosis Expert 
Center takes many referrals from outside the local region, patients are kept in 
the hospital overnight and are discharged the next morning. As for the pain 
regimen, patients are treated with paracetamol 1000 mg 4 times per day, and 
diclofenac 50 mg 3 times per day for the first week. Nevertheless, most 
patients do not require analgesics for longer than 3 days. Follow-up consists of 
a telephone interview 2 weeks after surgery. Inquiries are made regarding 
obtained effect, current HDSS score, postoperative pain, and presence and 
severity of CH. 
 
Results of the Hyperhidrosis Expert Center approach of minimally invasive 
sympathicotomy for palmar hyperhidrosis 
As of 2021, over 1500 procedures with the technique we just described have 
been performed in the Hyperhidrosis Expert Center. Recently, we published 
the results of 326 prospectively analyzed procedures.16 Demographics of the 
operated patient population were as follows: 52.8% of patients were female, 
mean age was 30.9 ± 9.8 years and mean Body Mass Index was 24.0 ± 3.6 kg/m2. 
Patient had no relevant medical history. Improvement scores for hyperhidrosis 
two weeks after the procedure were excellent, since almost all patients 
experienced a !2 point reduction in HDSS score. After 18 months of follow-up 
68.7% of patients still experienced a !2 point reduction in HDSS score, and 
22.7% of the patients still had a reduction of 1 point in HDSS score. Quality of 
life significantly improved after 18 months of follow-up. Development of CH 
was absent or moderate in 70.6% of patients, and severe in 29.4%. No major 
complications, such as bleeding, conversion to thoracotomy or death were 
observed. Residual pneumothorax occurred in 1.8%. Overall recommendation 
rate of the procedure, queried as ‘would you recommend the procedure, 
considering the obtained effect’ was 87.7%.16 
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Figure 1. Surgical technique of single-port R3 sympathicotomy for palmar hyperhidrosis. (A) 
Patient positioned in the ‘beach chair’ or semi-Fowler position, seated at a 45o angle, with 
both arms spread out. (B) Marked incision just posterior to the axillary/mammary fold. (C) 
The camera and cautery hook are inserted through the same incision, over a camera port and 
hook port. (D) Close-up of the camera port (CP) and hook port (HP). (E) Thoracoscopic view 
of the left superior mediastinum. Identification of the subclavian artery (SA), aorta (Ao), 
sympathetic nerve (S) and the second (R2), third (R3) and fourth rib (R4). (F) Thoracoscopic 
view after R3 sympathicotomy. The sympathetic chain is transected on the mid-rib level, in 
an attempt to spare the ganglia. (G) Double plastic-coated sticker placed over the wound, 
preventing air re-entry. 
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THE CURRENT STATUS OF MINIMALLY INVASIVE SYMPATHICOTOMY 
FOR FACIAL BLUSHING 
 
The success of ETS as a treatment for patients suffering from palmar 
hyperhidrosis, led to the idea to extend the application of this technique to 
patients suffering from facial blushing. In these patients excessive facial 
redness occurs, in response to emotional stimuli. As a consequence, patients 
may experience feelings of embarrassment, depression and social anxiety.43 
The exact prevalence of facial blushing is unknown, but is reported as a 
prominent symptom in 50% of patients with social anxiety disorder, with a 
prevalence of around 10% in the general population.44,45 Treatment options for 
facial blushing are limited. Selective serotonin reuptake inhibitors (SSRI’s) are 
suggested to reduce facial blushing and social phobia, however only a few 
studies specifically address the effect on symptoms of facial blushing itself.46,47 
Beta-receptor blockers are prescribed as well, although their effectiveness is 
mostly anecdotal, and evidence for the application in facial blushing is 
lacking.48 In addition to medical treatment, small-scale studies suggest 
successful application of psychological therapy such as cognitive-behavioral 
therapy, to improve coping mechanism for fear of blushing.49,50 Nevertheless, 
psychological treatment is often time-consuming and transient of nature.46 
Therefore, ETS for facial blushing is suggested as an attractive, permanent 
solution. In an early retrospective study of Drott et al. in which 831 patients were 
included, relief of blushing was described in 94% of patients.48 A later 
retrospective study by Licht et al. reported relief of blushing in 74% of patients, 
and an additional 16% of patients experienced partial relief of blushing.51 In 
2017, Girish et al. included the aforementioned studies in a systematic review 
of nine studies and analyzed a total of 1369 patients.52 Overall relief of blushing 
was reported in 78,30% of patients, and complete satisfaction was obtained in 
84,02% of patients treated with ETS.52 These studies show that thoracoscopic 
sympathicotomy may offer a high percentage of success and satisfaction, 
though percentages of success may vary between centers.45,52-54 
 
As described earlier for palmar hyperhidrosis, the level of nerve interruption for 
facial blushing differs between studies as well. For facial blushing, nerve 
interruption is nowadays recommended at the level of R2.38,55 Earlier studies 
recommended nerve interruption at a R2-R3 level, but this comes with more 
side effects and higher CH rates.51 Possible complications in patients treated 
with ETS for facial blushing are the same as in palmar hyperhidrosis, such as 
intraoperative bleeding, pneumothorax and infections. In addition, the 
possibility of developing Horner’s syndrome and gustatory sweating should be 
closely observed in patients treated for facial blushing, since nerve interruption 
at level R2 may lead to collateral damage to the stellate  
ganglion.8,45,52,54 The incidence of Horner’s syndrome after ETS for facial 
blushing varies between 0% and 4%, although, this complication is probably 
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often related to the used operative technique and experience of the surgeon. 
8,45,51,52 The reproducible and safe single-port sympathicotomy procedure of 
the Hyperhidrosis Expert Center was considered a perfect approach for the 
treatment of these patients. Our short- and long-term success rates and 
expertise in the treatment of palmar hyperhidrosis with over 1500 
thoracoscopic procedures in the last decade, prompted us to broaden the 
scope to treatment of patients with severe facial blushing. 16,23 

 
THE HYPERHIDROSIS EXPERT CENTER APPROACH OF MINIMALLY 
INVASIVE SYMPATHICOTOMY FOR FACIAL BLUSHING: PATIENT 
SELECTION, TECHNIQUE AND RESULTS.  
 
Selection of patients for minimally invasive sympathicotomy for facial blushing 
Patient selection and thorough pre-operative counseling are of paramount 
importance, especially in patients with severe facial blushing. The type of 
blushing should be carefully questioned. The only kind of blushing that 
responds well to sympathicotomy is the facial rapid onset type that appears in 
seconds and is associated with embarrassment and the urge to flee from a 
situation. 45,54 The facial blushing must have a severe impact on the daily quality 
of life, which is a crucial fact in accepting a patient for sympathicotomy. In 
addition, pharmacological and physiological regimens must have proven 
ineffective. Preoperative counseling is of paramount importance, because of a 
higher risk of side effects. The surgeon should guide the patient through an 
informed and wise selection of treatment options.45,56-60 In addition, the patient 
should receive a thorough disclosure of all advantages and disadvantages of 
sympathicotomy, to ensure a realistic expectation of success, side effects and 
complications. Patients should be made aware that sympathicotomy is 
essentially irreversible.61 The complication rate can be considered marginal 
and as low as in the thoracoscopic treatment for palmar hyperhidrosis, since 
the same technique is used, with the exception of the level of nerve 
interruption.16,23,46 
 
Surgical technique for minimally invasive sympathicotomy for facial blushing 
In addition to patient selection, surgeon selection is also important.54 The 
surgeon should have adequate experience in video-assisted thoracoscopy 
and the capacity to deal with potential intraoperative complications. The 
surgical technique for severe facial blushing is mainly identical to the surgical 
technique for palmar hyperhidrosis, as described above. The only two 
differences are the level of sympathicotomy, which is performed at the R2 level 
instead of R3 level, and a staged single-port thoracoscopic procedure. This 
staged approach means that thoracoscopic surgery is first performed 
unilateral, possibly followed by a contralateral procedure after 4-6 weeks. The 
design of staged surgery is deliberately chosen for several reasons. First, there 
is a higher risk of Horner's syndrome, because we operate at level R2. In case 
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of unilateral Horner’s syndrome, a staged procedure allows cancellation of the 
contralateral procedure to avoid possible bilateral Horner’s syndrome. Second, 
if the procedure is not successful on one side, contralateral sympathicotomy is 
not considered useful. Third, staged surgery may reduce the risk of CH.62,63 
Bilateral sympathicotomy at level R2 indeed increases the risk of CH, as shown 
in the literature.53,54,64 The same as for patients operated for palmar 
hyperhidrosis, patients are kept in the hospital overnight and are discharged 
the next morning, since the Hyperhidrosis Expert Center takes many referrals 
from outside the local region. Likewise, the pain regimen is the same as for 
patient treated for palmar hyperhidrosis, as described above. Follow-up of 
patients consists of a telephone interview 2 weeks after surgery. Inquiries are 
made regarding obtained effect, postoperative pain, and presence and 
severity of CH and gustatory sweating. When the patient is satisfied with the 
obtained effect, a contralateral sympathicotomy is scheduled. 
 
Results of the Hyperhidrosis Expert Center approach for minimally invasive 
sympathicotomy for facial blushing 
As of 2021, we have performed more than 40 single-stage single-port 
thoracoscopic R2 sympathicotomy procedures for severe facial blushing in the 
Hyper-hidrosis Expert Center. Demographics of the operated patient 
population were as follows: 36% of patients were female, mean age was 33 ± 9.2 
years and mean Body Mass Index was 24 ± 4.6 kg/m2. Patient had no relevant 
medical history. A preliminary analysis after a mean follow-up time of 25 
months suggests excellent results, with patient satisfaction scores of 100%. 
One patient experienced a transient Horner’s syndrome, which resolved within 
one week after surgery (un-published data).  
 
RECOMMENDATIONS AND CONCLUSION 
 
To ensure an effective, reproducible and safe application of single-port 
thoracoscopic sympathicotomy for palmar hyperhidrosis or facial blushing, we 
would like to make the following recommendations:  
• First, adequate, and thorough patient selection is crucial for success. 
• Second, a truly experienced surgeon performing high volumes of 

thoracoscopic surgery in a team that is skilled in treating possible 
complications is key to success; quality comes with quantity.  

• Last, we firmly believe that single-port thoracoscopic sympathicotomy 
should be offered to patients suffering from severe palmar hyperhidrosis 
or severe facial blushing at an earlier stage of the treatment algorithm.14 

 
With these recommendations in mind, we would like to conclude that single-
port thoracoscopic sympathicotomy is an effective and safe treatment option 
in carefully selected patients suffering from severe palmar hyperhidrosis and 
severe facial blushing.   
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ABSTRACT 
 
Background: Treatment of palmar and axillary primary focal hyperhidrosis 
(PFH) in children up to 16 years using thoracoscopic sympathicotomy is 
supported by scarce evidence. Therefore, this study aims to summarize the 
results of our standardized Bilateral, One-stage, Single-port Sympathicotomy 
(BOSS) in children up to 16 years of age. 
 
Methods: Consecutive children (n=14) up to 16 years of age undergoing BOSS 
between October 2011 and June 2015 in our institution were included in this 
retrospective study.  
 
Results: Recurrence of primary hyperhidrosis was noted in seven patients 
(50.0%), of whom five patients (35.7%) underwent reoperation. Reoperations 
were associated with placement of additional thoracoscopic ports (n=1; 12.5%), 
intraoperative placement of pleural drains (n=2; 25%) and prolonged air leak 
(n=1; 12.5%). Despite the high recurrence and reoperation rates, overall patient 
satisfaction was high with a median satisfaction score of 7.5 (interquartile range 
of 1.75; range 4-9). 
 
Conclusion: Although the overall patient satisfaction score in our cohort was 
good, BOSS for the treatment of intolerable palmar and axillary PFH in children 
up to 16 years of age is associated with a high recurrence and reoperation rate.  
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INTRODUCTION 
 
Primary hyperhidrosis is a dermatologic condition characterized by excessive 
sweating beyond that needed for physiological thermoregulation, without an 
underlying systemic condition.1 Primary hyperhidrosis usually affects one or 
more distinct body sites and, therefore, is also referred to as primary focal 
hyperhidrosis (PFH).2 PFH has a wide range of reported estimated 
prevalence,3-5 with the most widely cited population prevalence estimate of 
2.8%.4 A recent study estimated population prevalence at 1 to 1.6% for patients 
seeking treatment of hyperhidrosis.6 Men and women are affected equally and, 
in the majority of patients, the condition starts during childhood or 
adolescence.1,2 
  
Although PFH is considered a benign disorder, it is often detrimental to a 
patient’s social, professional, psychological and physical well-being with 
severe impairment of health-related quality of life.7-9 Moreover, constant 
wetness of the skin can lead to physical effects, including skin infections.10 
Non-surgical treatment options, such as topical solutions, iontophoresis, 
anticholinergic medications and botulinum toxin injections, have been proven 
helpful to offer temporary relief of PFH. However, these treatments require a 
high level of adherence due to the necessity for repeated application and 
strain health care resources because of their temporary effect. Therefore, 
thoracoscopic sympathicotomy has become a well-established treatment 
modality in the treatment of palmar and axillary PFH.11-14 
 
However, little is known about the results and prognosis of thoracoscopic 
sympathicotomy in children, especially as PFH often reveals itself during 
childhood.15-17 Recently, a retrospective analysis of bilateral thoracoscopic 
sympathicotomy in ‘children’ aged 11 to 19 years showed good results with no 
recurrence of PFH during follow-up advocating bilateral thoracoscopic 
sympathicotomy as a safe and effective treatment for palmar PFH in children.17 
Because the impact of PFH on the developing life of minors may even be 
greater and neuroregeneration by Schwann cell plasticity is especially seen in 
young children, we used an age limit of 16 years of age.18,19 This study aims to 
summarize the results of our standardized bilateral, one-stage, single-port 
sympathicotomy (BOSS) in children up to 16 years of age in the treatment of 
intolerable palmar and axillary PFH.  
 
MATERIALS AND METHOD 
 
Study sample and data collection 
Between October 2011 and June 2015, all subsequent children up to 16 years 
of age undergoing a BOSS procedure at the University Medical Center 
Groningen were included in this study. A diagnosis of primary focal 
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hyperhidrosis was made according to the diagnostic criteria described by 
Hornberger et al.20 The Hyperhidrosis Disease Severity Scale (HDSS) was used 
for adequate selection of patients pre-operatively (Figure 1). In our practice, 
severe interference of PFH with daily life and a pre-operative HDSS of 4, 
classifying PFH as intolerable, were mandatory to qualify for surgery.  
 

HDSS class 
 
1. 

 
My sweating is never noticeable and never interfered with my daily activities 

2. My sweating is tolerable but sometimes interferes with my daily activities 
3. My sweating is barely tolerable and frequently interferes with my daily 

activities 
4. My sweating is intolerable and always interferes with my daily activities 

 
Figure 1. Hyperhidrosis Disease Severity Scale (HDSS) 
 
All children and parents were extensively informed regarding the potential side 
effects of the procedure such as wound infection (including pleural 
empyema), pneumothorax and prolonged air leak (requiring pleural drainage), 
bleeding/pleural effusion, Horner’s syndrome, pain and compensatory 
hyperhidrosis. The hospital records of all included children undergoing BOSS 
were retrospectively reviewed to compile a comprehensive database 
including preoperative, intraoperative and postoperative data. Moreover, 
telephone follow-up was performed in 2019 to identify any post discharge 
problems and collect both HDSS, compensatory hyperhidrosis (CH) and 
overall satisfaction rates. The medical ethics committee of the hospital waived 
the need for informed consent because these data were collected as part of 
routine medical care in our hospital. 
 
Study objective 
The objective of this study was to assess the intra-/postoperative morbidity 
and efficacy of BOSS in the treatment of intolerable palmar and axillary PFH in 
a group of consecutively treated children up to 16 years old. Intraoperative 
complications, such as bleeding, placement of additional thoracoscopic ports 
or conversion to thoraco-tomy, were assessed. Moreover, postoperative 
morbidity, including pleural effusion, wound-related problems or infections, 
pneumothorax requiring pleural drainage, prolonged air leak (more than 5 days 
after surgery) and Horner’s syndrome, was analyzed. Efficacy was measured 
using postoperative HDSS, CH and recurrence rates of PFH, including 
necessity for reoperation. 
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Surgical technique 
Our surgical technique (Figure 2) has been previously published in detail and 
operations were performed by two surgeons (M.K. and T.J.K.).14 Patients were 
placed in beach-chair or semi-Fowler’s position, in which the patient was 
seated at a 45° angle above the horizontal plane with outstretched arms.  
 

 
 
Figure 2. Intraoperative pictures and schematic overview of bilateral, one-stage, single-
port sympathicotomy (BOSS). (A) Left axillary incision (7 mm) for BOSS. (B) Thoracoscopic 
port (5 mm inner diameter) placement for BOSS. Schematic (C) and thoracoscopic (D) 
overview of the left subclavian artery 'A', the sympathetic chain 'S' running along the neck 
of the ribs 'R' and a collapsed left lung 'L'. (E) Thoracoscopic view after completion of a R3-
R5 sympathicotomy. 
 
General anaesthesia was administered, and a single lumen endotracheal tube 
was placed. Following local anaesthetic infiltration with bupivacaine, a 7 mm 
incision was made in the anterior axillary line and third intercostal space. After 
initiation of apnoea a 5 mm inner diameter trocar was inserted. 
CO2 insufflation was used only when spontaneous collapse of the lung proved 
to be insufficient. A 5 mm scope (Karl Storz, Tuttlingen, Germany) and cautery 
hook were then introduced. The first and second rib as well as the sympathetic 
chain running along the necks of the ribs were identified. The part of the 
sympathetic chain overlying the rib (R-level) was transected by diathermy on a 
high costal level, theoretically sparing the sympathetic ganglia. A R3 
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sympathicotomy was performed for isolated palmar PFH and a R3-R5 
sympathicotomy for isolated axillary or combined palmar/axillary PFH. 
Accessory nerve fibres, including Kuntz’s nerves, reach the brachial plexus 
without passing through the sympathetic trunk and are thought to be 
responsible for poor surgical outcome. So, in all cases the transection was 
extended 2 cm laterally over the costal surface to transect accessory nerve 
fibres, including Kuntz’s nerves, to improve surgical outcome. After 
completion of the surgical procedure, absence of parenchymal damage was 
ascertained by inspection of the collapsed lung and an 8 French thoracic drain 
was inserted through the same access port. Re-insufflation and recruitment of 
the collapsed lung was performed under direct vision. The thoracic drain was 
removed under positive end expiratory pressure (30 cm H2O). A thoroughly 
placed sub-cutaneous purse-string suture ensured airtight incision sealing. 
The skin was closed with an intracutaneous suture. The same procedure was 
repeated on the left side. 
 
Statistical Analysis 
Quantitative results were presented as arithmetic mean and standard 
deviation (SD), while categorical data were expressed as numbers and 
percentages (%). All statistical analyses were performed using IBM SPSS 
Statistics 22 software (IBM Inc., Armonk, NY, USA).  
 
RESULTS 
 
Demographics & baseline characteristics 
Between October 2011 and June 2015, fourteen consecutive children up to 16 
years of age underwent a BOSS procedure at the University Medical Center 
Groningen. Table 1 depicts patient demographics for this patient cohort. 
Female patients (n=11; 78.6%) were overrepresented in this cohort and median 
age at operation was 14.5 years (with an interquartile range of 2.25 years). Most 
children (n=9; 64.3%) suffered from isolated palmar PFH and, therefore, the 
predominant level of sympathicotomy was R3.  
 
Intra- and postoperative outcome measurements 
As shown in Table 2, conversion to a thoracotomy or placement of additional 
thoracoscopic ports was not required in any patient. Severe complications, 
such as bleeding or Horner’s syndrome, were not observed either. In one 
patient (7.1%) a pleural drain was placed intra-operatively due to the need for 
extensive right-sided adhesiolysis (due to prior right-sided thoracotomy for 
esophageal repair) and kept in situ for one day. Postoperative pneumothorax 
requiring pleural drainage did not occur. One patient (7.1%) developed a 
superficial wound infection requiring anti-biotic treatment. The median 
hospital stay was one day (interquartile range of 0.0 days; range 1-2 days) with 
three “day care”-based procedures.  
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Table 1. Overview of pre- and intraoperative baseline characteristics.  
Variable Value 
 
Female  

 
11 (78.6%) 

Age at operation (years) 14.5 (2.25)* 
Prior thoracic surgery 2 (14.3%) 
 
Form of primary focal hyperhidrosis (PFH): 
Isolated palmar 
Isolated axillary 
Combined palmar and axillary 

 
 

9 (64.3%) 
2 (14.3%) 
3 (21.4%) 

 
Preoperative HDSS 
Class 1-3 
Class 4  

 
0 (0.0%) 

14 (100.0%) 

Level of sympathicotomy  
R3 
R3-R5 

 
9 (64.3%) 
5 (35.7%) 

Data are presented as number and interquartile range (IQR)* or number and percentage 
(%). Prior thoracic surgery included a right-sided thoracotomy for esophageal repair (n=1) 
and a left-sided thoracotomy for coarctectomy and pulmonary artery banding (n=1). 

 
 

Table 2. Overview of intra- and postoperative outcome measurements (n=16). 
Variable Value 
 
Placement of additional thoracoscopic ports 

 
0 (0.0%) 

Conversion to thoracotomy 0 (0.0%) 
Intra-operative bleeding 0 (0.0%) 
Postoperative pleural effusion 0 (0.0%) 
Postoperative pleural drainage 1 (7.1%) 
Pneumothorax 0 (0.0%) 
Wound-related problems 1 (7.1%) 
Horner’s syndrome 0 (0.0%) 
Hospital length of stay (days) 1 (0.0)* 
Day-care based procedures 
 

3 (21.4%) 

Data are presented as median and interquartile range (IQR)* or number and percentage 
(%). 
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Long-term follow-up and recurrence 
Recurrence of PFH was noted in seven patients (50.0%), of whom five patients 
(35.7%) were reoperated (Table 3). In total, eight reoperations were performed. 
Three patients were reoperated once, one patient was reoperated twice and 
one patient was reoperated three times. In one reoperation procedure, an 
additional thoracoscopic port had to be placed to perform extensive 
adhesiolysis. In two reoperation procedures, a pleural drain was placed intra-
operatively due to the need for extensive adhesiolysis. One drain was kept in 
situ for one day, whereas the other drain was kept in situ for 25 days due to 
prolonged air leak. Complications, such as bleeding, wound-related problems 
and Horner’s syndrome, were not seen in reoperations. The median hospital 
stay was one day (interquartile range of 0.75 days; range 1-26 days). 
 
Long-term follow-up data (Table 3) were missing in four patients (28.6%). At 
postoperative telephone follow-up, five patients were in HDSS class 1 (one 
patient after reoperation), four patients in HDSS class 2 (three patients after 
one or more reoperation[s]) and one patient in HDSS class 3 (patient declined 
reoperation despite bilateral recurrence). Thus, patients with recurrence of 
hyperhidrosis, regardless of reoperation, report higher postoperative HDSS in 
comparison with patients not experiencing recurrent hyperhidrosis. No 
patients remained in HDSS class 4. Subsequently, nine patients reported a !2-
point reduction in HDSS and one patient a 1-point reduction in HDSS 
associated with a 50% reduction in sweat production. 
 
CH was rated absent in four patients, as mild by five patients and as moderate 
by one patient. No severe or intolerable CH was reported. Affected body areas 
were lower back in three patients, legs/feet in one patient, face in one patient 
and anal cleft in one patient. Despite the high recurrence and reoperation 
rates, overall patient satisfaction was high with a median satisfaction score of 
7.5 (interquartile range of 1.75; range 4-9). 
 
DISCUSSION 
 
Although considered a benign disorder, PFH severely impairs a patient’s well-
being with a negative effect on health-related quality of life.7-9 The impact of 
PFH on the developing life of minors may even be greater. Thoracoscopic 
sympathicotomy plays an indispensable role in the treatment of palmar and 
axillary PFH.11-13 However, evidence concerning results and efficacy of 
thoracoscopic sympathicotomy in children up to 16 years of age is scarce if not 
absent.15-17 
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Table 3. Long-term follow-up data (n=10). 
Variable Value 
 
Postoperative HDSS 
   Class 1 
   Class 2 
   Class 3 
   Class 4 

 
 

5 
4 
1 

0 
 
Compensatory Hyperhidrosis (CH) 
   None 
   Mild 
   Moderate 
   Severe 
   Intolerable 

 
 

4 
5 
1 

0 
0 

 
Satisfaction (0-10) 

 
7.5 (1.75)* 

Recurrence 
   Total 
      R3 (n = 9) 
      R3-R5 (n = 5) 
   Pattern of recurrence 
      Unilateral 
      Bilateral 

 
7 (50.0%) 
5 (55.6%) 
2 (40.0%) 

 
1 (14.3%) 

6 (85.7%) 
 
Reoperation 
   Number of patients with re-operation 
   Number of reoperations 
      Hospital length of stay (days) 
      Postoperative pleural drainage 
      Prolonged airleak 
 

 
 

5 (35.7%) 
8 

1 (0.75) 
2 (25%) 

1 (12.5%) 

Data on postoperative HDSS, compensatory hyperhidrosis (CH) and overall patient 
satisfaction were missing in four patients. In total, eight reoperations were performed in 
five patients (two patients with multiple reoperations). Data are presented as median and 
interquartile range (IQR)* or number and percentage (%). 

 
In this study, we found a high recurrence rate with the need for reoperations in 
children up to 16 years age who underwent BOSS for the treatment of 
intolerable palmar and axillary PFH. Reoperations were associated with 
placement of additional thoracoscopic ports, intraoperative placement of 
pleural drains and prolonged air leak. Despite the high recurrence and re-
operation rates, overall patient satisfaction was high with a median satisfaction 
score of 7.5. The high recurrence and reoperation rates following thoraco-



|   Chapter 5 90 

scopic sympathicotomy in children up to 16 years of age, as found in our study, 
are not consistent with previous research. Three previous studies concerning 
thoracoscopic sympathicotomy in children showed good results with no 
recurrence of PFH and low rates of CH during follow-up advocating early 
surgical treatment in children with PFH.15,17,21 However, these studies included 
‘children’ with ages up to 17, 19 and 21 years, respectively. We hypothesize that 
the high recurrence rate of PFH following thoracoscopic sympathicotomy in 
children, as found in our study, might be attributed to so-called neuroplasticity 
and neuroregeneration by Schwann cell plasticity, which is especially seen in 
(young) children.18,19 This hypothesis might also explain, why recurrence of PFH 
was seen to a lesser extent in previous studies including ‘children’ with ages up 
to 17, 19 and 21 years, respectively, and our adult cohort. The predominantly 
found bilateral recurrence pattern (n=6; 85.7%) supports this neuro-
regeneration hypothesis as well. Technical inadequacy is possible, but 
regarded unlikely, since an exactly similar operative technique (BOSS) 
provided excellent results in our adult cohort.14 
 
Owing to its retrospective nature and nonrandomized design, our study could 
be hampered by information and selection bias. Nevertheless, all data were 
collected in a comprehensive database using established definitions. In 
addition, the study sample size was relatively small, as a logical consequence of 
our reticence to operate on children up to 16 years of age for the treatment of 
palmar and axillary PFH due to high recurrence and reoperation rates. 
Although a larger number of patients would be preferable to guarantee more 
indisputable evidence, our study shows interesting long-term results in the 
absence of large, prospective and randomized-controlled comparisons. 
  
Ideally, surgical treatment of palmar and axillary PFH using BOSS is postponed 
to the age of 17 years or older in our institution, especially in view of the 
excellent results of BOSS for the treatment of palmar and axillary PFH in 
adults.14 Therefore, we advocate great caution when considering sympathetic 
denervation in children up to 16 years of age for the treatment of palmar and 
axillary PFH. 
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ABSTRACT 
 
Background/Purpose: Primary hyperhidrosis affects 1%–3% of the general 
population, with increased incidence in teenagers, having an important impact 
in the quality of life. This study evaluates the efficacy and patients' satisfaction 
after bilateral thoracoscopic sympathotomy.  
 
Methods: Retrospective analysis of pediatric patients with palmar primary 
hyper-hidrosis that underwent bilateral thoracoscopic sympathotomy over 
the last eight years. The procedure was performed with 2 ports and simple 
transection of the sympathetic chain. Pre and postoperative sweating severity 
was evaluated by telephone inter- view, using the Hyperhidrosis Disease 
Severity Scale (HDSS).  
 
Results: 23 patients (19 girls; 15.5 [11–19] years-old) underwent bilateral thoraco-
scopic sympathotomy. All complained of palmar hyperhidrosis, which resolved 
in all cases. Compensatory sweating occurred in 47.8% of patients. 21 patients 
answered the telephone interview: all of them would recommend the surgery 
to others. Sweating severity improved in all patients, with a mean decrease of 
1.95 values of the HDSS from preoperative to postoperative evaluation (p b 
0.05). There was neither morbidity nor mortality.  
 
Conclusions: Bilateral thoracoscopic sympathotomy is a safe and effective 
treatment for primary palmar hyperhidrosis. Being the first report on pediatric 
application of HDSS, we conclude that children are very satisfied with the final 
outcome.  
 
Type of study: Treatment study.  
Level of evidence: Level III.  
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DEAR EDITOR, 
  
We read with great interest the article by Vasconcelos-Castro et al. reporting 
the outcome of 23 patients undergoing thoracoscopic sympathotomy for 
primary palmar hyperhidrosis (PFH).1 They stated that bilateral two-port 
thoracoscopic sympathotomy is a safe and effective treatment for PFH in 
patients aged 11–19 years old. Recurrent hyperhidrosis was not observed after 
a median follow-up of 12 (2–69) months. Therefore, the authors suggested that 
surgical treatment should be offered to children as early as they complain of 
daily life impairment owing to their excessive sweating. 
 
The article deserves some important comments. In this study, the 
Hyperhidrosis Disease Severity Scale (HDSS) was used both pre- and 
postoperatively. Three patients (aged 15, 16 and 17 years old, respectively) 
reported a preoperative HDSS of 2 (‘My sweating is tolerable but sometimes 
interferes with my daily activities’), classifying PFH as mild/moderate, and 
preoperative HDSS was not obtained in two patients. The HDSS is a valuable 
asset for careful patient selection and quantification of perceived severity of 
PFH.2 Therefore, a HDSS should be obtained preoperatively in every patient, 
and, especially in the pediatric population, severe interference of PFH with 
daily life as indicated by a preoperative HDSS of 4 (‘My sweating is intolerable 
and always interferes with my daily activities’) should be mandatory to qualify 
for surgery. 
 
The operative technique used by the authors for thoracoscopic 
sympathotomy / sympathicotomy is a one-stage biportal approach. We and 
others have previously shown that a bilateral, one-stage, single-port 
sympathicotomy (BOSS) is feasible and safe.3,4 Therefore, we advocate a 
single-port approach to optimize postoperative cosmetics and pain control. In 
addition, the level of sympathotomy/sympathicotomy was done according to 
surgeons' preference. As shown in Table 1, different levels were variably used 
hindering interpretation and comparison of the results. Three cases 
underwent bilateral sympathicotomy at R2-level. As rightly mentioned by the 
authors, sympathicotomy at R2-level is abandoned due to increased risk of 
postoperative Horner's syndrome. This insight was not conceived in 2016, but 
as early as 2003.5  
 
Finally, and most importantly, we recently published our results of bilateral, 
one-stage, single-port sympathicotomy (BOSS) for the treatment of 
intolerable palmar and axillary PFH (HDSS of 4) in children up to and including 
16 years of age and, in this study, we found a high recurrence (50%) and 
reoperation rate (35.7%).6 Reoperations were associated with placement of 
additional thoracoscopic ports, intraoperative placement of pleural drains, and 
prolonged air leak.6 
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Our high recurrence and reoperation rates following thoracoscopic 
sympathicotomy in children up to and including 16 years of age are not 
consistent with relatively recently published research, including the above-
mentioned publication by Vasconcelos-Castro et al., which showed good 
results with no recurrence of PFH and low rates of compensatory sweating 
during follow-up advocating early surgical treatment in children with PFH.1,7 
However, these studies included ‘children’ with ages up to 19 and 21 years, 
respectively. We hypothesize that the high recurrence rate of PFH following 
thoracoscopic sympathicotomy in children, as found in our study, might be 
attributed to so-called neuroplasticity and neuroregeneration by Schwann cell 
plasticity, which is especially seen in young children.8,9 This hypothesis might 
also explain, why recurrence of PFH was seen to a lesser extent in previous 
studies including children and adolescents with ages up to 19 and 21 years, 
respectively.1,7 The predominantly found bilateral recurrence pattern (n=6; 
85.7%) supports this neuroregeneration hypothesis as well. Technical 
inadequacy, although possible, is regarded highly unlikely since excellent 
results were obtained in our adult cohort using the same operative technique 
(BOSS).3 
  
Despite the high recurrence and reoperation rates in our study, overall patient 
satisfaction was high with a median satisfaction score of 7.5 (interquartile range 
of 1.75; range 4–9).6 Accordingly, Mol et al. recently showed high postoperative 
satisfaction (average score of 9) despite a high rate of compensatory sweating 
(65%) following thoracoscopic sympathicolysis in children up to and including 
14 years of age.10 
 
To answer the question of the authors (‘How young is too young?’), we think 16 
years of age is too young. We advocate great caution when considering 
sympathetic denervation in children up to and including 16 years of age for the 
treatment of palmar and axillary PFH.6 An exception can only be made when 
PFH strongly interferes with the child's development and preoperative HDSS 
is 4, classifying PFH as intolerable. Ideally, surgical treatment of palmar and 
axillary PFH is postponed to the age of 17 years or older, especially in view of 
the excellent results of BOSS for the treatment of palmar and axillary PFH in 
adults.3,6 
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To the Editor,  
 
We would like to thank Dr. Verhaegh and colleagues for their interesting 
comments on our recent paper regarding the thoracoscopic treatment of 
palmar hyperhidrosis. As previously mentioned by some authors, palmar 
hyperhidrosis negatively affects children's quality of life,1 and these young 
patients tend to actively seek medical care for that condition on a greater scale 
than adults.2 Moreover, more authors have proposed early treatment of palmar 
hyperhidrosis in order to save children from many years of discomfort.3,4 The 
HDSS scale is a useful tool to measure therapeutic results, and treatment 
success is defined as an improvement from a score of 4 or 3 to a 2 or 1 or from 
a score of 2 to 1, meaning that a patient with either severe (HDSS 3 or 4) or 
moderate (HDSS 2) palmar hyperhidrosis is amenable to improvement of their 
complaints with the correct treatment. This way, in our department we used to 
offer both therapeutic options (conservative and surgical) and operated just 
those that choose to undergo surgery after being correctly informed of all the 
benefits and risks of all treatment modalities.  
 
We fully agree that a single-port approach has both cosmetic and pain control 
benefits. That's why we have already applied it in our department 5 and started 
doing this operation using a 5 mm single port single instrument procedure. The 
level of sympathotomy remains debatable among surgeons. Yazbek et al. 
reported in 2005 and in 2009 an immediate success rate after R2-ablation of 
97% and 100% and compensatory hyperhidrosis in 86% and 67% of cases, 
respectively.6,7 We agree that R2-section has an important risk of 
complications such as Horner's syndrome, and we no longer do it, but all 3 
patients submitted to R2-section in our series had no complications. 
 
Finally, we would like to address the authors' quite high recurrence and 
reoperation rates (50% and 35.7%, respectively).8 These are in fact significant, 
but do not come in line with previous publications,9-12 and so we suggest that 
the authors should revise their technique in order to improve these results. 
Although the authors suggested that this discrepancy might be explained by 
the patient's age, their cohort is smaller, and our results show different 
outcomes that should not be underestimated. In our series of 23 patients 
submitted to bilateral thoracoscopic sympathotomy, 17 were up to 16 years old 
(median age 15.1 years), 2 patients were 11 years old, and 3 patients were 13 years 
old. After a median follow up of 12 (2–69) months, there were no reports of 
recurrence. So, in our larger series, we do not corroborate that age up to 16 
years old by itself is a cause of recurrence. 
 
In conclusion, we agree that the authors raise important and pertinent 
questions, but our final results are good, and all patients are satisfied with the 
chosen treatment modality, with no complications or recurrences.   
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ABSTRACT 
 
Background: Facial blushing is considered a benign condition; however severe 
facial blushing can have a major impact on quality of life. When nonsurgical 
options such as medication and psychological treatments offer no or 
insufficient relief, surgical treatment with thoracoscopic sympathicotomy 
should be considered.   
 
Objectives: To investigate the success rate, complication rate and side-effects 
of staged single-port thoracoscopic R2 sympathicotomy in the treatment of 
severe facial blushing.  
 
Methods: Between January 2016 and September 2021 a total of 16 patients 
underwent staged single-port thoracoscopic sympathicotomy at level R2 for 
severe facial blushing. Clinical and surgical data were prospectively collected 
and analyzed. 
 
Results: All patients were low risk (American Society of Anesthesiologists class 
1 (ASA 1)) patients. No major peri-operative complications were encountered. 
One patient experienced a post-operative transient unilateral Horner’s 
syndrome, which completely recovered after one week. Two patients 
experienced compensatory hyperhidrosis (CH). Success rate was 100%. One 
patient experienced slight recurrence of blushing symptoms after three years, 
not interfering with quality of life. All patients were satisfied with the result and 
had no regrets of having undergone the procedure. 
 
Conclusion: Staged single-port thoracoscopic R2 sympathicotomy is a 
reproducible, safe, highly effective and successful surgical treatment option 
with low CH rates in carefully selected patients suffering from severe facial 
blushing.  
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INTRODUCTION  
 
Facial blushing is an expression of emotion caused by the activation of the 
sympathetic nervous system. It has been defined as an uncontrollable 
reddening of the face, neck, and upper chest that is experienced in reaction to 
real or perceived social attention.1 Exact prevalence or incidence rates of facial 
blushing are unknown, however Nicolaou et al. have shown that 75% of all 
enquiries on a generalized hyperhidrosis, blushing and sympathectomy 
information website came from patients suffering from facial blushing and only 
25% came from patients with primary hyperhidrosis.2 Facial blushing in its 
physiological form is often perceived as a symptom of social phobias or anxiety 
disorders. The latter is found in around 10% of the general population, of these 
patients 50% report facial blushing as a prominent symptom.3,4 Severe facial 
blushing may however not be the result, but the cause of social phobias or 
anxiety by creating behavior of avoidance. It can have a profound influence on 
a patient’s social, relational and professional life, resulting in a severe quality of 
life impairment. For strictly selected cases, in which no underlying medical 
condition is evident,5,6 and in which psycho-education, cognitive behavioral 
therapy or medication have offered no or insufficient improvement, there is a 
surgical treatment option in the form of thoracoscopic sympathicotomy.  
  
The literature on thoracoscopic sympathicotomy, for treatment of palmar and 
axillary hyperhidrosis, has proven that it is in general a reproducible, safe and 
effective treatment modality.7,9 However, the literature on thoracoscopic 
sympathicotomy for facial blushing is very limited. The first publications on 
treatment of facial blushing involved patients with craniofacial hyperhidrosis 
(excessive sweating of the entire face or forehead) and showed that these 
patients were also relieved from attacks of facial blushing as a side-effect.10,11 
 
The current study was performed to investigate the success rate, peri-
operative complications and side-effects of staged single-port thoracoscopic 
R2 sympathicotomy in the treatment of severe facial blushing.  
  
METHODS 
 
Patients  
All patients referred to us with complaints of severe facial blushing between 
2016 and 2021 were considered. A total of 29 patients were seen in our 
outpatient clinic. The following criteria were required to qualify for surgery: 1. 
Facial blushing on a daily basis. 2. A strong negative influence on self-image, 
social and professional life. 3. Unsuccessful treatment results of non-surgical 
options, such as medication or cognitive (behavioral) therapies. Patients 
underwent preoperative counselling, were thoroughly informed about the 
procedure and its possible side effects and complications and were given a  
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14-day reflection period. 16 patients qualified for staged single-port 
thoracoscopic R2 sympathicotomy. Half of the patients were male (50%), the 
mean age was 33 years (range 21-52 years). All patients were discharged the 
day after the intervention. Patient received oral pain medication for a week and 
patients were instructed to leave the airtight bandage on for 3 days. After 2 
weeks a telephone consultation was scheduled. If the procedure was 
successful and Horner’s syndrome did not occur, the patient was scheduled 
for a contralateral procedure with a minimal interval of 4-6 weeks. All patients 
were followed-up again in October 2021 by telephone interview to evaluate 
their current status. 
 
Surgical technique 
All procedures were performed by two surgeons with extensive experience in 
thoracoscopic sympathicotomy for a broad spectrum of indications (over 1500 
procedures).9,12-14 Procedures were performed under general anesthesia and 
with single lumen intubation. Patients were positioned in the beach-chair, or 
semi-Fowler position (Fig. 1A) and the axillary thoracic entry side was infiltrated 
locally with bupivacaine with adrenalin. A small (1 cm) skin incision was made 
just posterior to the axillary fold (Fig. 1B) A stump trocar was introduced under 
apnea in order to gain intrathoracic access. A ribbed hard-plastic work-port 
was used to introduce the camera (Fig. 1C). After collapse of the lung and 
introduction of the camera, the ribs and the sympathetic nerve were identified 
(Fig. 1D). The camera work-port was pulled back over de the camera shaft, and 
a new cautery hook work-port was inserted directly adjacent to camera shaft 
(Fig. 1C). The sympathetic nerve was transected at the R2 level. This 
transection was then widened for 2 cm lateral of the nerve itself to include 
accessory fibers (Fig. 1D,E). A drain was introduced and after recruitment of the 
lung the drain was removed under positive end-expiratory pressure of 30cm 
H2O. The skin was closed with Monocryl 3.0 and taped airtight with a double 
plastic-coated sticker (Fig. 1F). In all patients a postoperative chest X-ray was 
performed.  
 
RESULTS 
 
In all patients full relief of symptoms was obtained. Mean time between the first 
and second procedure was 83 days (range 28-168 days). One patient had an 
asymptomatic apical postoperative pneumothorax, which was treated 
conservatively. One transient unilateral Horner’s syndrome was observed, 
which fully recovered within one week. Patients experienced minimal 
postoperative pain, with a mean Visual Analogue Scale (VAS) of 1.4 (range 0-
5). The mean hospital stay was 1.2 days (range 1-2 days).  
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Figure 1. Surgical technique of staged single-port thoracoscopic R2 sympathicotomy for 
facial blushing. A) Patient positioned in the beach-chair position or semi-Fowler position, 
seated at a 45° angle, with both arms spread out. B) Marked incision just posterior to the 
axillary/mammary fold. C) The positioning of the camera port (CP) and the cautery hook 
port (HP) through the same incision. D) Thoracoscopic view of the right superior 
mediastinum with identification of the sympathetic nerve (S) running along the neck of the 
ribs (R2-R4). E) Thoracoscopic view after R2 sympathicotomy. F) Double plastic-coated 
sticker placed over the incision site to prevent air re-entry.  

Mean follow-up time was 23 months (range 2-47 months). During follow-up 
two patients experienced CH. One patient described the CH as severe and 
was successfully started on oral Oxybutynin. One patient reported recurrent 
symptoms of facial blushing after three years, however, symptoms were less 
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severe than before initial surgery. All patients were fully satisfied with the 
obtained result and did not regret having undergone the procedure.  
 
DISCUSSION 
 
Facial blushing, defined as the reflection of vasodilatation of cutaneous blood 
vessels elicited by emotional stimuli, is mostly considered a physiological and 
benign condition. However, severe facial blushing can have a detrimental 
effect on a patient’s quality of life. Nonsurgical treatment options such as 
medication and/or psychological treatment are still considered as a first-line 
treatment option. Selective serotonin reuptake inhibitor (SSRI) or beta 
blockers are used in the treatment of facial blushing. Sparse literature 
describes some reduction of blushing obtained with medication, although 
side-effects are considerable.15 A prospective study comparing SSRI and 
thoracic sympathectomy showed that surgery was associated with a greater 
reduction of blushing and greater patient satisfaction compared to 
medication.16 Cognitive Behavioral Treatment (CBT) and group therapy are 
the most commonly applied psychological treatments for social phobias, a 
psychological disorder often associated with facial blushing. However, therapy 
is very time consuming and focuses mostly on complicated phobias. Only a few 
studies have investigated the treatment effect on the specific fear of blushing. 
17-19 
 
Thoracic sympathicotomy is a well-established treatment modality for severe 
focal palmer, axillary and craniofacial hyperhidrosis.7-9 During the treatment of 
craniofacial hyperhidrosis, it was noted that patients were simultaneously 
relieved from attacks of facial blushing.11 In all patients with severe facial 
blushing, who experience no or insufficient symptom relief with medication or 
CBT, R2 sympathicotomy should be considered. Underlying medical 
conditions causing facial blushing should be ruled out. Successful surgical 
treatment will allow patients to resume their lives unhindered by the social, 
relational and professional impact of the disorder. Results seem most 
promising in patients suffering from rapid onset facial blushing.20 In our cohort 
we have an initial success rate of 100%, with one patient reporting recurrence 
of less severe symptoms after 3 years. Similar success rates have been reported 
in the literature, with rates of 78-90%.21-23 Our success rate of 100% might be 
caused by our strict patient selection and small number of patients treated. No 
peri-operative complications, such as pneumothorax requiring a chest drain, 
were seen in our study. In one patient a transient unilateral Horner’s syndrome 
did occur. In the literature Horner’s syndrome occurs around 0-4% in R2 and 
R2-3 sympathicotomies.21-23  
 
The most commonly reported side effect of this procedure is CH, with a varying 
incidence of 30-70%.21-24 This variation in reported incidence of CH strongly 
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depends on the definition used. While some studies report all findings of CH, 
others only report this when patients experience severe symptoms, requiring a 
change of clothes multiple times a day.22,23 In our cohort two patients (12.5%) 
reported CH. One patient reported mild CH and one patient reported severe 
CH, requiring Oxybutynin treatment.  
 
Even in series in which the CH rate was high, patients did not regret having 
undergone the procedure.22,23 In our cohort two patients experienced CH and 
both did not regret the treatment. However, long-term studies have shown 
that a patient’s satisfaction with surgical results may decrease over time.20 [It is 
believed this fading satisfaction is caused by the persisting symptoms of CH, 
while the memories regarding the suffering from the severe blushing fades 
over time.20 To improve long-term results, the risk of developing CH after 
thoracoscopic sympathicotomy should be minimized.   
 
Three recommendations can be made to minimize the risk of developing CH.  
1. Perform an isolated R2 sympathicotomy. Licht et al. noted a significant 
higher incidence of CH in the group in which the sympathetic nerve was cut at 
the R2 and R3 levels compared to the group in which only the R2 level was cut 
(95% versus 83%, p=0.02)21  
2. Perform a sympathicotomy instead of a historically true sympathectomy, 
removing a segment of the sympathetic chain including one or more ganglia. 
25-27 It is hypothesized that severing sympathetic reflex arcs that run through 
the ganglia to the hypothalamus, leads to CH through dysfunctional sweat 
regulation in the affected body parts.28 This finding is corroborated by earlier 
studies, which show higher rates of dissatisfaction and severe CH in patients 
treated for axillary primary focal hyperhidrosis (PFH) when compared to 
patients treated for palmar PFH,12,29 and adds to the understanding that the 
ganglia should be left untouched.  
3. CH is probably less common in patients treated with a two-staged 
procedure compared to a one-stage procedure, in which both sides are 
treated during the same operation.30 
 
CONCLUSION 
 
This study has shown that staged single-port thoracoscopic R2 sympa-
thicotomy is a reproducible, safe, highly effective surgical treatment option 
with low CH rates in carefully selected low-risk patients suffering from severe 
facial blushing. When non-surgical treatment options have failed, referral to a 
center with extensive experience in thoracoscopic sympathicotomy is 
warranted. General practitioners should be aware that R2 sympathicotomy is a 
realistic treatment option in this group, in which the burden of debilitating 
facial blushing has been overlooked for long enough. 
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ABSTRACT  
 
Objective: To assess the minimally invasive single-port thoracoscopic 
sympathicotomy feasibility and efficacy in patients with treatment-resistant 
Raynaud's Phenomenon (RP). 
 
Methods: Single-port thoracoscopic sympathicotomy was performed 
unilaterally on the left side in eight patients with RP (six males, two females, 
with a median age of 45.2 years). Five patients had primary and three had 
secondary RP. Perfusion effects in the hands were assessed at baseline and 
after 1 month by using a cooling and recovery procedure, and by using laser 
speckle contrast analysis. Number and duration of RP attacks were reported 
over a 2-week period.  
 
Results: Patient satisfaction was 100% after surgery. After surgery, a unilateral 
improvement in perfusion was observed in the left hand compared with the 
right hand, with cooling and recovery (p=0.008) and with laser speckle 
contrast analysis (P=0.023). In addition, the number and duration of the 
attacks in the left hand decreased compared with the right hand (both 
P=0.028). No serious adverse events occurred in a follow-up period of at least 
10 months.  
 
Conclusion: Single-port thoracoscopic sympathicotomy is feasible and can be 
effective in improving hand perfusion in patients with RP. However, long-term 
efficacy needs to be established.  
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INTRODUCTION 
 
RP is a vasospastic disorder, characterized by discoloration of the extremities 
provoked by cold or emotional stress.1 RP may have a tremendous impact on 
quality of life.2 However, treatment options for RP are limited. Conventional 
medical treatment mainly consists of vasodilatory drugs, which are not 
effective in all patients and may induce undesired side effects.  
 
In selected cases, a surgical intervention by means of sympathectomy can be 
considered. During this procedure, the sympathetic nerve traversing the 
thoracic cavity is dissected, which lowers sympathetic tonus and subsequently 
induces vasodilatation. Different approaches and techniques for this pro-
cedure have been studied and applied over the years, and although the 
surgical technique has improved over time, considerable surgical risks 
remain.3,5 In our centre, a novel single-port thoracoscopic sympathicotomy 
(SPTS) has been developed in order to minimize surgical impact6 SPTS, initially 
developed for patients with hyperhidrosis, significantly limits surgical burden 
and further minimalizes risks when compared with conventional multiple-port 
sympathectomy. Furthermore, SPTS involves transection of the nerve, instead 
of a surgical removal of a part of the nerve itself. Therefore, SPTS might be a 
promising novel treatment option in patients with treatment-resistant RP. 
  
In this study, we sought to assess the feasibility of SPTS in patients with RP 
resistant to all other conventional therapies. In addition, we analyzed the 
effects of the SPTS on hand perfusion, with a cooling and recovery procedure 
and LAser Speckle Contrast Analysis (LASCA), and with questionnaires. 
Patients served as their own controls, as they received a unilateral left-sided 
SPTS. 
  
METHODS 
 
Patients  
Patients were recruited at, or especially for this study referred to, the 
outpatient clinic of the vascular medicine department of the University 
Medical Center Groningen. The study was conducted in accordance with the 
ethical standards of the Declaration of Helsinki. The study was approved by the 
local ethics committee (Groningen, The Netherlands, approval no. 2015/044), 
and all patients gave written informed consent. The study was registered at 
https://www.clinicaltrials.gov/ (NCT02680509). RP patients were eligible 
when they were 18-65 years of age, and had unsatisfactory effects of 
prostacyclin-analogue infusion or relative contra-indications for prostacyclin 
treatment. Patients were excluded when they were at a higher risk of 
complication following unilateral lung deflation and re-insufflation (e.g. 
underlying pulmonary disease or a history of smoking of over 20 pack-years), 
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signs/symptoms of peripheral artery disease, severe concomitant diseases, 
previous intra-thoracic pleural drainage, previous thoracic surgery, pregnancy, 
or unsuitable anatomy due to severe physical malformations. Patients were 
classified as primary RP when nailfold capillaries were normal and serology was 
negative. Systemic Sclerosis (SSc) was classified according to the ACR/EULAR 
criteria, and mixed connective tissue disease (MCTD) according to the criteria 
proposed by Kasuwaka et al.7,8 
 
Surgical procedure  
We chose to perform the procedure in every patient left-sided, and so makes 
the procedure independent of the most affected side. For the SPTS we 
adopted a semi-Fowler’s position, as published previously, reducing duration 
of surgery and improving patient safety.6 Patients were seated at a 45o angle 
above the horizontal plane, to help fold the collapsed lung in a dorso-caudal 
direction, which creates a complete view of the surgical field. General 
anaesthesia was administered and patients were intubated with a single lumen 
endotracheal tube. The procedure was performed during apnoea. Following 
local infiltration with bupivacaine, a 7 mm incision was made in the left anterior 
axillary line. After deflation of the lung, a 5 mm trocar was inserted through the 
third intercostal space, just posterior to the major pectoral muscle. A 5 mm 
scope (Karl Storz, Tuttlingen, Germany) and cautery hook were then 
introduced. The first and second rib were identified, as well as the sympathetic 
chain running along the ‘neck’ of the ribs. The part of the sympathetic chain 
overlying the rib was transected with diathermy at high costal level, sparing the 
sympathetic ganglia and thus performing an R3-sympathicotomy (Fig. 1A-C).  
 
The transection was extended 2 cm laterally over the rib to transect any 
accessory nerve fibres. The surgical procedure was completed by insertion of 
an 8mm French thoracic drain through the same access port, re-insufflation 
and recruitment of the collapsed lung under direct vision and removal of the 
drain under positive end expiratory pressure. A thoroughly placed 
subcutaneous string suture ensured airtight incision sealing. The skin was 
sutured intracutaneously.  
 
Vascular measurements  
All vascular measurements were performed 1 or 2 days prior to the surgery 
(baseline) and 1 month after, in a temperature-controlled room by one vascular 
technician. The cooling and recovery procedure was performed on both 
hands, as described previously.9 In short, photoelectric plethysmography 
sensors were placed on all fingertips to assess blood flow. Both hands were 
submerged in water up till the radio carpal joint. Every 4 min, the water was 
cooled by 3o C, from 33o C to 6o C, or until the patient could not tolerate the 
pain any more. After cooling, the blood flow was assessed every minute during 
a 10-min recovery period.  
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Figure 1. Single-port thoracoscopic sympathicotomy of the third rib. (A, B) Intra-operative 
view of the sympathetic chain running down the dorsal thoracic wall, lateral of the costo-
vertebral junction. In the left upper corner, the subclavian artery can be seen. (C) Detail of 
the third rib after R3 sympathicotomy. (D) Left and right difference of the hands of a patient 
during a Raynaud’s attack, 1 month after left-sided R3 sympathicotomy.  
 
LASCA was performed to measure peripheral blood perfusion, at room 
temperature (23o C), on both hands using a PeriCam PSI System (PeriMed, 
Jarfalla, Sweden), and data acquisition and analysis were performed making 
use of PIMSoft (PeriMed). Perfusion was processed as numerical values in 
perfusion units and colour-coded images. A total of 1 min was recorded per 
hand, of which a stable period of 10 s was assessed. Two Regions Of Interest 
(ROI) were selected: ROI1 entailed the index, middle and ring finger distal from 
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the DIP joint, and ROI2 the dorsum of the hand. The perfusion gradient was 
calculated by subtracting ROI2 from ROI1, as described previously.10 
 
Patient-reported outcomes  
The number and duration of RP attacks were assessed for each hand 
separately in a Raynaud diary over a period of 14 days, in the 2 weeks 
immediately prior to the surgery and 2 weeks prior to the visit one month post-
operatively.11 
 
Statistical methods  
Statistical analysis was performed using SPSS version 23 (released 2013; IBM 
Corp., Armonk, NY, USA). Differences in questionnaire scores before and after 
surgery were compared with a Wilcoxon signed-rank test. Differences in 
vascular measurements, and RP attack frequency and duration, between 
baseline and 1 month postoperatively of each separate hand were calculated 
and are referred to as delta. Differences between the deltas of left and right 
were tested with the Wilcoxon signed rank test. Data are shown as median 
(IQR) or number (%). P-values <0.05 were considered statistically significant.  
 
RESULTS 
 
Patients  
Eight patients were included in the study, six males and two females, with a 
median (IQR) age of 45.2 (30.2-55.3) years, body mass index of 23.9 (23.4-26.8) 
kg/m2 and RP duration of 7.0 (2.5-14.3) years. Five patients suffered from 
primary RP, and three patients had RP secondary to CTD [MCTD (n=2) and 
limited cutaneous SSc (n=1)]. Of these patients, all had unsatisfactory effects of 
calcium channel blockers, and three experienced side effects as well. Seven 
patients had unsatisfactory effects and/or severe side effects of iloprost or 
prostacyclin infusions. One patient reported an unsatisfactory effect of alpha- 
blockers. For all patients the right hand was dominant. Only the patient with 
SSc had a history of digital ulceration, with an (almost healed) ulcer at baseline 
visit, which was healed 1 month post-operatively. None of the patients had (a 
history of) critical ischaemia. Patients’ complaints were symmetrical, which was 
confirmed by comparable left and right baseline values of the vascular 
measurements and duration and number of attacks (Table 1).  
 
Surgery, safety and adverse events  
The mean intubation time was �21 min, during which the mean time of the pro-
cedure itself was about 8 min. No complications occurred during surgery. After 
surgery no serious adverse events occurred. The day following the procedure, 
all patients were discharged from hospital. After discharge, one patient 
experienced a subjective swelling of the left hand (hyperaemia), which re-
solved spontaneously within 1 week. One patient reported a dry skin patch at 
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the fingertips of the left hand 3 months after surgery (during the winter 
season), which also resolved spontaneously, within 5 months. Two patients 
reported a mild increase in sweating in the months following surgery [dorsal 
side of the trunk region (n=2), chest (n=1) and axilla (n=1)].  
 
Vascular measurements  
Figure 2 shows the mean number of fingers of one hand, with perfusion during 
the cooling and recovery procedure. The mean ischaemic time of five fingers 
decreased in the left hand compared with the right hand [left delta �-10.4 (-�19.9 
to -�3.85) min vs. right -�0.10 (-�4.0 to 9.4) min, P=0.012; The mean temperature 
at which five fingers lost perfusion decreased in the left hand compared with 
the right hand [left delta -7.7°C (-9.0 to -1.8°C) vs. right 0.7°C (-1.9 to 6.5 °C), 
P=0.018; Table 1]. LASCA showed that the perfusion gradient increased in the 
left hand compared with the right hand [left delta 14.0 (0.9 to 23.7) vs right -
�15.5 (-�30.9 to 11.9), P=0.025; Table 1].  
 
 

 
 
Figure 2. Cooling and recovery procedure. Mean number of fingers per hand with normal 
perfusion during the cooling and recovery procedure pre-operatively (baseline) and 1 
month post-operatively after left-sided single-port thoracoscopic sympathicotomy (SPTS).  
 
 
 
 
 
 
 
 



|   Chapter 8 136 

  



Raynaud's phenomenon   | 137 

Patient-reported outcomes  
Patient satisfaction was 100% after surgery. Figure 1D shows how remarkable 
the results of surgery can be 1 month after SPTS of the left hand. The total 
number and duration of attacks of the left hand over a period of 14 days was 
reduced compared with the right hand [number of attacks: delta left -11 (-�23 to 
�-5) vs right �-3 (-�7 to 6), P=0.028; duration: delta left �-3.0 (-�18 to -�1.4) h vs. right  
-�0.9 (-�5.0 to -�0.1) h, P=0.028; Table 1]. Six patients did not experience any 
attacks in the left hand after surgery, and in the two patients who did, both 
frequency and duration of attacks were reduced compared with attacks in the 
right hand.  
 
DISCUSSION 
 
In this study we have shown that the described novel SPTS procedure is 
feasible and effective in improving hand perfusion in patients with treatment-
resistant RP, although the outcomes are first observations at an early stage, 
and longer follow-up in larger patient cohorts is needed. The most striking 
result of the present study was the significant improvement of left hand 
perfusion in all patients, during a cooling and recovery procedure, 1month after 
SPTS. In addition, perfusion of the left fingertips at room temperature also 
increased, as assessed with LASCA. Finally, patients were very satisfied with 
the result and reported fewer and shorter RP attacks of the left hand. 
  
Current treatment options (i.e. intravenous prostacycline) are expensive, very 
time-consuming, and can be a great burden for patients. Therefore, SPTS, with 
very limited side effects, is an attractive and promising treatment option. With 
regards to conventional surgical intervention, Coveliers et al. found that 89% 
of the primary and secondary RP patients had beneficial short-term effects 
following conventional sympathectomy.12 Moreover, 59% of the primary RP 
patients and 89% of the secondary RP patients reported beneficial long-term 
effects (>18months). Given the minimal invasive character of our SPTS, and 
comparable short-term results to those reported by Coveliers et al., our 
method may offer a favourable and safe therapeutic alternative to sympa-
thectomy.  
 
The main limitation of this study is the short follow-up and relatively small 
sample size. Despite this limitation, we were able to demonstrate clear 
differences between the intervention side and control side. As there is no 
standardized validated method to assess perfusion in RP, we used the cooling 
and recovery procedure and LASCA, which were performed by the same 
technician using the same protocol before and after surgery. This ensured that 
changes over time would not be influenced by interobserver and technical 
differences. Perfusion measurements, especially of extremities, are always 
limited by environmental influences such as the weather and room 
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temperature (although performed in a temperature-controlled room). 
However, because we compared left with right, the influence of this was kept 
to a minimal.  
 
In the current study no patients with advanced CTDs participated. However, 
patients with advanced disease may experience severe RP symptoms with 
even critical digital ischaemia. The results of Coveliers et al. suggest that these 
patients can benefit most from this procedure, as sympathectomy maximizes 
tissue preservation. Furthermore, the characteristics (i.e. age, disease duration 
and gender) of the primary RP patients were not typical for the disease. This is 
due to the fact that we included pa- tients with severe complaints, and this 
might influence the generalizability of our results to the typical patient with 
primary RP. However, at this stage the SPTS is not recommended for typical 
primary RP patients, and the procedure is for now an option for patients whose 
complaints limit daily activity and are resistant to conventional treatment. 
Therefore, future studies should also include patients with more extensive 
CTDs as well as less severe primary RP.  
 
In conclusion, 1 month after unilateral SPTS, the number of RP attacks was 
reduced and perfusion of the treated hand increased. Given the reported 
beneficial ef- fects as well as the limited adverse events, SPTS appears to be a 
promising treatment option for patients who do not respond well to con-
ventional vasodilatory drug treatment. Follow-up studies are on-going to 
investigate the long-term effects of SPTS and to optimize treatment strategies 
for different subgroups of RP patients.  
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ABSTRACT 
 
Objective: Follow-up of patients with treatment-resistant Raynaud’s 
phenomenon (RP) one-year after single-port thoracoscopic sympathicotomy 
(SPTS). 
 
Methods: Eight patients (six males, two females, median age of 45 years) with 
treatment-resistant RP underwent left-sided SPTS at the third rib (R3), 
unilaterally. Perfusion was assessed with a cooling and recovery procedure at 
baseline and one year after SPTS. Furthermore, laser speckle contrast analysis, 
pulse wave velocity, heart rate variability and nailfold capillaroscopy were 
performed. In addition, questionnaires were taken, and number and duration 
of RP attacks were reported over a 2-week period.  
 
Results: One year after SPTS the duration of the attacks of was reduced with 
1.9 hours in the left hand versus 0.9 hours in the right hand. Furthermore, three 
aspects of the questionnaire showed a significant improvement (role 
limitations due to physical health (p=0.017), pain (p=0.027) and physical 
functioning (p=0.025)). The total area under the curve of the total cooling and 
recovery procedure of the left hand was larger one year after surgery (101 (75–
140) at baseline versus 118 (95–190) one year post-operatively, p=0.012), 
implying a better perfusion in the fingers. This was mainly due to the 
improvement during the recovery phase (21 (1–41) at baseline versus 38 (24–
43) one year post-operatively, p=0.028).  
 
Conclusion: One year after unilateral R3 SPTS the benefit with regard to the 
majority of outcome variables persisted, though some effects seem to 
attenuate. Long-term effects and follow-up results will be investigated in an 
on-going study.  
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INTRODUCTION 
 
Raynaud’s phenomenon (RP) usually results in discoloration of the extremities 
when provoked by cold or emotional stress.1 Some patients do not respond to 
conventional therapies, such as lifestyle interventions and vasodilatory 
medication. These patients are confronted with limited options for treatment. 
However, for patients with RP resistant to first line treatment, thoracic 
sympathectomy is reported to be an effective treatment.2-4 Although surgical 
techniques have improved over the years, this procedure has become less 
popular due to the risk of complications and concern for attenuation of long-
term effectiveness.3-5 In a previous study we have shown that minimally 
invasive Single-Port Thoracoscopic Sympathicotomy (SPTS) objectively and 
subjectively improves treatment-resistant RP, after one month.6 This 
procedure for treatment-resistant RP is minimally invasive and potentially 
highly effective, because it specifically targets the sympathetic nerve at the 
third rib (R3), while leaving the ganglia untouched.7 The procedure was only 
performed on the left side in the pilot study, which objectively resulted in 
improvement of left-hand perfusion in all patients after one month, when 
compared to the right hand. Furthermore, patient satisfaction after surgery 
was high and RP attacks of the left hand were less frequent and of shorter 
duration. Previous studies have shown that long-term effects of conventional 
sympathectomy is stable in the long run in the majority of patients (2, 4). We 
have previously published the one-month results of SPTS for treatment-
resistant RP in a concise report.6 In the current study we sought to report the 
one-year follow-up results of SPTS for treatment-resistant RP in the same 
cohort of patients. In addition to patient-reported outcomes and objective 
measures of (cold-induced) hand perfusions loss, we aimed to investigate off-
target systemic sympathetic effects by measuring systemic vascular resistance 
and cardiac sympathetic activity. 
 
METHODS 
 
The study was conducted in accordance with the ethical standards of the 
Declaration of Helsinki, 2013 and was approved by the local hospital ethics 
committee UMCG (Groningen, The Netherlands, approval number 2015.044). 
All patients provided written informed consent. The study was registered at 
http://www/clinicaltrials.gov/ (NCT02680509).  
 
Patients with treatment-resistant RP were included. Patients underwent 
vascular measurements one or two days prior to surgery and one month and 
one year, after surgery. Vascular measurements consisted of a cooling and 
recovery procedure, Laser Speckle Contrast Analysis (LASCA), Nailfold 
Capillary Microscopy (NCM), and Pulse Wave Velocity (PWV). For a more 
detailed description of the in- and exclusion criteria, the surgical procedure, 
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the cooling, and the recovery procedure we refer to van Roon et al.,8 for LASCA 
and patient-reported outcomes we refer to our previously published concise 
report on immediate outcome after SPTS for treatment-resistant RP.6 
 
Surgical procedure 
In brief, eight patients underwent a unilateral left-sided single-port R3 
sympathicotomy using cautery on the third rib level (R3). Patients were 
positioned in a semi-Fowler's position. The procedure was performed under 
general anaesthesia and patients were ventilated using a single-lumen 
endotracheal tube. The procedure was performed during apnoea and a brief 
tube disconnection, which facilitates lung deflation and visualization of, and 
access to the sympathetic nerve. A chest drain was not required after re-
insufflation. Recruitment of the collapsed lung under direct vision enables 
thoracic drainage under positive end-expiratory pressure and placement of an 
airtight subcutaneous suture. 
 
Patient-reported outcomes 
A Raynaud’s diary was provided to the patients to score the number and 
duration of Raynaud’s attacks for each hand separately, over a period of 14 
days.9 Patients were instructed to maintain the diary two weeks prior to surgery 
and two weeks prior to their one-month and one-year follow-up visit. The diary 
also withholds a Raynaud Condition Score, with a 0-10 ordinal Likert scale to 
rate the level of difficulty experienced due to RP each day. Furthermore, 
patients filled out two self-reported questionnaires. First, the Health Survey 
Short Form 36 (SF-36) to assess the health-related quality of life.10 This 
questionnaire consists of 36 items in 8 different domains (emotional well-
being, energy/fatigue, general health, role limitations due to emotional 
problems, role limitations due to physical health, pain, physical functioning, 
social functioning) on a nominal and ordinal scale. Scores were recoded and 
item scores were added to a 100-point scale. A higher score indicates a better 
health status. Second, the Health Assessment Questionnaire (HAQ) was used 
to assess limitations during daily life activities.11 This questionnaire has 20 items 
in 8 different domains (dressing/grooming, arising, eating, walking, hygiene, 
reach, grip and activity) with 4 answer options (A=without any problems and 
D=impossible). The total score was calculated by adding up the highest score 
for each of the 8 items. Then the outcome was divided by 8 to calculate the 
total score (ranging between 0 and 3).  
 
Cooling and recovery procedure 
In brief, photoelectric plethysmography sensors were placed on all fingertips 
to assess blood flow. Both hands were submerged in warm water (>33°C), up 
till the radio-carpal joint. First, a baseline measurement was performed when 
all fingers showed a good and steady blood flow. Subsequently, the water was 
cooled by steps of 3°C every 4 minutes, beginning at 33°C and continuing to 
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6°C, or until the patient could no longer tolerate the temperature of the water. 
After cooling, a 10-minutes recovery period followed, during which blood flow 
was measured in all fingers, every minute. The number of fingers with normal 
perfusion for each time point was calculated and used as outcome measure. In 
addition, ischaemic time (in minutes) was calculated as the time between loss 
and recovery of perfusion of one finger. The average ischaemic time of all five 
fingers was calculated and reported as mean ischaemic time. The area under 
the curve (AUC) was calculated for the mean number of fingers per hand with 
perfusion. AUC was calculated by using the trapezoid approximation of the 
area during the period of cooling and during the period of recovery separately. 
Maximum AUC was 180 for the cooling period and 45 for the recovery period.  
The ECG-signal was recorded simultaneously to assess heart rate variability 
(HRV), during cooling and recovery procedure. ECG signal (sampling 
frequency 200 Hz, approximately lead II to obtain a distinct R-peak) was 
recorded simultaneously to assess heart rate variability, during the cooling and 
recovery procedure. The last two minutes of each temperature period and 
recovery were used for analysis. PreCar 3.8 software was used for R-peak 
detection and artefact correction. 12 Time domain parameters inter-beat 
interval (IBI, ms), standard deviation of inter-beat interval (SDNN, ms) and the 
root mean square of the successive differences of inter-beat interval (rMSSD, 
ms) were calculated using CARSPAN software.13,14 Log transformed values of 
SDNN and rMSSD were used for analysis. 
 
Laser Speckle Contrast Analysis (LASCA) 
In brief, LASCA was used to assess peripheral blood flow in two different 
regions of interest (ROI) of the hand. ROI-1 for index, middle and ring finger 
distal from the distal interphalangeal joint. ROI-2 for the dorsum of the hand. 
The perfusion gradient was calculated by subtracting ROI-2 from ROI-1.  
 
Nailfold Capillary Microscopy (NCM) 
NCM was performed using an Olympus BXFM set-up (Olympus, Tokyo, 
Japan), with Olympus CellSens software (Olympus, Tokyo, Japan). After at 
least 15 minutes in a temperature-controlled room of 23-24 degrees Celsius, a 
drop of immersion oil was placed on the nailfold to increase transparency. All 
digits except the thumbs were assessed. All images were analysed by a vascular 
technician (SZ) after study completion. In a 3mm grid the capillary density per 
3mm, giant capillaries (>50"m), dilated capillaries (>20"m and <50"m), 
neovascularisation and haemorrhages were counted. Microangiopathy 
Evolution Score (MES), Capillaroscopic Skin Ulcer Risk Index (CSURI) and 
Prognostic Index for Digital Lesions (PIDL) were assessed as described 
previously.15-18 For the CSURI a cut-off value of 2.96 was used.19 
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Pulse Wave Velocity (PWV) 
Aortic PWV was determined, making use of the Sphygmocor (AtCor medical, 
West Ryde, Australia) at carotid-femoral measurement trajectories. A more 
detailed protocol was described previously.20 

 
Statistical analysis 
Statistical analysis was performed using SPSS version 23 (IBM, Armonk, NY, 
USA). A Wilcoxon signed-rank test was performed to compare differences in 
questionnaires and diary scores, at baseline and one year after surgery. For 
vascular measurements, AUC, and RP attack frequency and duration, the 
difference (delta) was calculated between baseline and follow-up. A Wilcoxon 
signed-rank test was performed to test differences between the delta of the 
left and right hand. A one-way ANOVA was used to assess differences in heart 
rate variability during the cooling and recovery procedure. As factor, blocks of 
120 seconds were used, dependent variables were mean inter beat interval 
(IBI), lnSDNN (standard deviation of the normal-to-normal) and lnrMSSD (root 
mean square of successive differences). Furthermore, a one-way ANOVA with 
visit as factor was used to compare different visits. This was performed for each 
block separately; each block comprises data from one temperature (i.e., 33 
degrees Celsius to 15 degrees Celsius and recovery). Data of 12 and 6 degrees 
Celsius were left out because of missing data due to premature ending the 
cooling procedure. Bonferroni correction was used as a post-hoc test to 
analyse differences between visits. Data are shown as median (IQR), number 
(%) or mean (SD). P-values <0.05 were considered statistically significant.  
 
RESULTS 
 
Patients, surgery, safety, and adverse events 
Data for patients and surgery, safety and adverse events have been reported 
in our previous paper (6). In brief, eight patients were included in the study, six 
males and two females, with a median (IQR) age of 45.2 (range 30.2 to 55.3) 
years, body mass index (BMI) of 23.9 (23.4 to 26.8) kg/m2 and RP duration of 
7.0 (2.5 to 14.3) years. No new adverse events occurred after one year follow-
up. 
 
Patient-reported outcomes 
The Raynaud’s diary and questionnaires outcomes are shown in Table 1. The 
duration of Raynaud’s attacks of the left hand over a period of 14 days was 
reduced when compared with the right hand, one year after surgery [left delta 
-1.9 (-15.3 to -1.4)h versus right delta -0.3 (-1.6 to 13.7)h, p=0.028]. Moreover, a 
reduction trend was observed in the total number of attacks of the left hand, 
when compared with the right hand, over a period of 14 days [left delta -3.0 (-
23.0 to 1.0) versus right delta 1.0 (-1.0 to 13.0, p=0.058].  
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The SF-36 questionnaire showed an improvement in three categories one year 
after surgery; role limitations due to physical health [baseline 50 (0 – 75) versus 
one year 100 (81.3 – 100), p=0.017], pain [baseline 67.5 (38.1 – 75) versus one 
year 67.5 (60 – 90), p=0.027] and physical functioning [baseline 81.3 (57.5 – 90) 
versus one year 90 (80 – 100), p=0.025]. The Raynaud Condition Index (RCI) 
of both hands showed no significant difference between baseline [3.5 (2.1 – 
5.9)] and one year after surgery [3.2 (1.6 – 4.7), p=0.674]. After study completion 
(one year after surgery) all patients voluntarily opted to undergo R3 SPTS on 
the right side. 
 
Vascular measurements 
Figures 1 and 2 show the results of the cooling and recovery measurements for 
the left and right hand, respectively. The total AUC for the left hand was larger 
one year after surgery (p=0.012), with no effect during the cooling phase 
(p=0.123), and an improvement during the recovery phase (p=0.028). There 
were no significant changes in the right hand for the AUC. No significant 
changes were seen between the delta of the left hand versus the delta of the 
right hand (Table 2).  
 
One year after surgery, the perfusion gradient in the left hand was still 
improved when compared with the right hand [left delta -0.1 (-32.0 to 20.6) 
versus right delta -14.8 (-47.5 to 4.2), p=0.025], although the variation between 
patients was high. Heart rate variability showed no differences during the 
cooling and recovery procedure. Nailfold capillary microscopy also showed no 
differences between visits for MES, CSURI and PIDL. Furthermore, no 
differences in PWV were found between visits. Data are presented in Table 2, 
3 and 4. 
 
DISCUSSION 
 
We report in the present study, with a limited number of patients with 
treatment-resistant RP, the one-year follow-up results of unilateral R3 SPTS. 
Irrespective of the number of patients there is benefit from the procedure on 
the majority of outcome variables, though some effects seem to attenuate. 
First, patient-reported outcomes improved significantly, with a remarkable 
reduction of the duration of the Raynaud’s attacks as documented in the 
Raynaud’s diaries. In addition, patients reported less limitations due to 
improved physical health in conjunction with less pain and enhanced physical 
functioning, one year after surgery. Consistent with these findings were the 
effects for the AUC, during the recovery period. The AUC was larger one year 
after surgery, when compared with baseline, implying a faster return of 
perfusion following the cooling period. In addition, the perfusion of the left 
hand is better than before surgery, as indicated by a lower total mean  
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ischaemic time and recovery mean ischaemic time one year after surgery, 
when compared with baseline. We confirmed that the SPTS procedure did not  
have any measurable effects on systemic vascular resistance and cardiac 
sympathetic activity as shown by unchanged pulse wave velocity and heart 
rate variability, respectively. These findings support the absence of patient-
reported systemic adverse events.  
 
Our results are in line with the review of Coveliers et al., reporting beneficial 
long-term effects (>18 months) in 59% of primary RP patients and in 89% of 
secondary RP patients, after conventional surgical intervention 
(sympathectomy).2 However, all studies included in this review reported a 
decrease in effect over time, and symptoms reoccurred in almost all patients. 
Our study corroborates these previous findings, as indicated by a decline in the 
initial remarkable improvement of left-hand perfusion after one-year follow-
up.6 Although a decline in some outcomes was observed, the overall beneficial 
effect on left-hand perfusion remained. 
 
Medical interventions for Raynaud’s phenomenon are currently limited. Based 
on a large amount of evidence Calcium channel blockers are usually 
prescribed. In severe cases, after failure of first line oral treatment, iloprost 
infusions and phosphodiesterase-5 (PDE-5) inhibitors may be considered.21-23 
It is important to compare effect size of the SPTS procedure with these 
conventional treatment strategies. In the reported studies, the baseline 
number of RP attacks was 14-28 per week (i.e., 2-4 per day). The number of RP 
attacks was reduced by 2.93 (CI: -3.44 – -2.43) through calcium channel 
blockers,21 by 10.3 (±13.7) and by 12.6 (±12.5), 6 and 9 weeks following iloprost 
infusion.23 The daily frequency of attacks was reduced by 0.49 (CI: -0.71 – 0.28) 
with PDE-5 inhibitors.22 To put things into perspective, R3 SPTS reduces the 
median number of attacks per two weeks by 11 (i.e., from 13 at baseline to 2 one 
year after the procedure).  
 
As mentioned before, the long-term response to SPTS varies among patients. 
At this point we can only speculate about the cause of these differences. A 
possible explanation may be the anatomical variation in the sympathetic 
innervation of the hand. Encouraged by the success at the R3 level for the 
treatment of patients with severe palmar hyperhidrosis we decided to use the 
same level to approach the sympathetic nerves. Though there are rare cases in 
which R3 SPTS does not suffice, and a more thorough treatment effect is 
obtained with (redo-surgery and) expansion to the R2 and R4 level. This 
suggests that for some patients an R3 SPTS alone does not provide a full 
sympathetic denervation of the hand. Another possible explanation may be 
the difference in the pathogenesis of an attack for primary and secondary 
Raynaud’s. Perhaps unequal results were to be expected following 
sympathetic denervation of the hand, because sympathetic activity has a  
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Figure 1. Cooling and recovery procedure of the left hand before and after left-sided R3 
SPTS. Mean number of fingers of the left hand with normal perfusion during the cooling 
and recovery procedure pre-operatively (baseline), one month post-operatively and one 
year post-operatively after left-sided R3 SPTS. ●p<0.05 for cooling period, *p<0.05 for 
recovery period, □p<0.05 for total procedure, all compared to baseline.  
 

 
 
Figure 2. Cooling and recovery procedure for the right hand before and after left-sided R3 
SPTS. Mean number of fingers of the right hand with normal perfusion during the cooling 
and recovery procedure pre-operatively (baseline), one month post-operatively and one 
year post-operatively after left-sided R3 SPTS. 
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larger impact on a primary RP attack ,when compared to a secondary RP attack 
(24).  
 
Limitations 
An obvious limitation of the present study is the small sample size. Only eight 
patients were included with a large interindividual variation in observed 
effects. Medical history and underlying aetiology of RP varied considerably. 
Five patients suffered from primary RP, and three patients suffered from RP 
secondary to connective tissue disease (CTD), i.e., limited cutaneous systemic 
sclerosis (SSc) (n=1) and mixed connective tissue disease (MCTD) (n=2). 
Therefore, we were unable to determine the difference in effect of the 
procedure on primary and secondary RP in this pilot study. Furthermore, there 
was a large variation in age, RP duration and gender (6 out of 8 were males). 
Therefore, future studies with a larger sample size should focus on 
identification of patient characteristics to predict the long-term effects of 
SPTS more accurate, allowing a better upfront patient selection. Furthermore, 
objective measurement of treatment effects in RP is challenging, however a 
prerequisite, due to large interindividual variations, seasonal effects, and 
patients’ perception.  
 
We attempted to overcome these limitations by including several Patient 
Reported Outcome Measures (PROM's) and objective vascular function 
measurements. In retrospect, Raynaud Condition Score (RP VAS) was not a 
useful endpoint in this study, because this score focuses on the effect of RP on 
both hands. The cooling and recovery procedure is a more accurate method 
to provoke an attack, however the cold challenge is only limited to the hands 
and not to the whole body. Given the above-mentioned interindividual 
variation with patients as their own controls, this set-up may bias results since 
ipsilateral SPTS is capable to influence the contralateral side via central 
nervous system feedback mechanisms. So, a left-sided SPTS procedure may 
have an additional beneficial effect on the right side. In contrast, it is also 
conceivable that the body may adapt to the new situation, enabling the left 
hand to warm up, while the right hand still remains cold. The latter seems 
unlikely since no alterations were found in measurements representing 
systemic sympathetic activity (HRV) or systemic vascular resistance (PWV). A 
randomized, sham-controlled trial may overcome this potential bias, but due 
to the invasive nature of the SPTS procedure, such a design is deemed 
unethical.  
 
In conclusion, one year after unilateral R3 SPTS, the duration of the RP attacks 
was still significantly reduced and patients reported less limitations due to 
physical health, less pain and physical functioning improved. Furthermore, 
perfusion of the treated hand remained increased compared to baseline. 
Though this effect is less obvious one year after surgery as compared to the 
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immediate postoperative period, the treatment effect is relatively stable and 
durable after one year follow-up. Despite the relatively small study, the high 
success rate, patient satisfaction and effect stability, R3 SPTS holds promise to 
be a superior treatment modality, compared to non-surgical treatment options 
in patients with treatment-resistant RP. A currently on-going study will 
investigate the five-year follow-up results of bilateral R3 SPTS in a variety of RP 
patients (NCT04015193).  
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ABSTRACT 
 
Objectives: Interrupting the afferent signals that travel through the splanchnic 
nerves by multiportal thoracoscopic splanchnotomy can offer effective 
palliation in chronic pancreatitis. However, obtained results weaken after time, 
possibly necessitating repeat procedures. Given the palliative nature of this 
procedure, potential for iatrogenic damage should be kept at a minimum. So, 
in order to minimize invasiveness while optimizing repeatability, we sought to 
create an easily reproducible single-access port operative strategy.  
 
Methods: Four patients suffering from intractable pain due to chronic 
pancreatitis for >10 years (12.8 ± 5.9) underwent a single-port unilateral R5–R11 
splanchnotomy.  
 
Results: Postoperative recovery was uneventful. No operative complications 
were observed. All 4 patients experienced excellent pain relief with a significant 
improvement of Visual Analogue Scale pain scores (8.8 ± 1.0 preoperatively to 
3.0 ± 1.2 postoperatively, P=0.003).  
 
Conclusions: We report the first series of single-port video-assisted 
thoracoscopic surgical (VATS) splanchnotomy for palliation of intractable pain 
due to chronic pancreatitis. From this small study, single-port VATS 
splanchnotomy seems to be a safe and effective alternative to multiportal or 
open procedures.  
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INTRODUCTION  
 
Inflammatory-induced structural changes in the pancreas during chronic 
pancreatitis (CP) often cause loss of pancreatic function and chronic severe 
visceral pain and are reported in up to 90% of cases. While symptoms may 
eventually subside spontaneously reflecting a ‘burning-out’ of the pancreas, 
severe visceral pain remains continuously present in up to 50% of patients. This 
pain often proves refractory to various treatment modalities and is known to 
have a profound impact on quality of life (QoL). 1 CP classically affects men in 
the fourth or fifth decade of life and is associated with (prior) excessive alcohol 
use in 75% of cases. Active alcoholism, and other underlying potential causes 
of CP (e.g. pancreatic duct obstruction), should be considered and be treated 
accordingly.  
 
Treatment modalities for chronic pain due to CP range from abstinence from 
alcohol, non-steroidal anti-inflammatory drugs, acetaminophen and opioids to 
heterogeneous forms of endoscopic procedures and abdominal surgery.2 If no 
other cause for the pain is identified or if symptoms prove refractory to 
treatment of the underlying mechanism, interventions aimed at impeding 
afferent signals travelling from the celiac plexus to the central nervous system, 
at the level of the splanchnic nerves, offer a potential solution for palliative 
treatment. For this purpose, several techniques are available. Endoscopic 
ultrasound-guided celiac plexus blocks can provide pain relief in 50% of 
patients for a period of 4–5 months but are not recommended as routine 
therapy.3 Percutaneous radiofrequency ablation of the splanchnic nerves 
(RFSN) is a percutaneous technique that uses a high-frequency current to 
generate a nerve lesion. This relatively new technique is promising, offering a 
median response time of 45 weeks, but suffers several drawbacks including the 
lack of visual control in a region with great anatomical variability where nerve 
lesions have to be made close to blood vessels.4,5 The sensory stimulation used 
in RFSN is not always helpful to guide the creation of multiple lesions. 
Thoracoscopic splanchnotomy (TS) may be more suited to account for 
possible anatomical variations and allow precise treatment under continuous 
visualization of the anatomy. TS can reduce complications by facilitating 
immediate cauterization of small bleeding vessels next to the nerve. Successful 
pain relief is reported in 50–75% of patients 1 year after TS and in 25% of 
patients 4 years after treatment.6 
 
Conventionally, video-assisted thoracoscopic surgical (VATS) procedures are 
performed using multiple access ports; one camera-port, and one, or more 
frequently two, instrumental work-ports. Recently, however, excellent results 
have been obtained with single-port access techniques in the field of 
endoscopic thoracic sympathectomy (ETS) in the treatment of primary palmar 
and axillary hyperhidrosis.7 Advantages of single-port ETS include less 



|   Chapter 10 168 

postoperative pain, shorter operation and recovery time, better cosmetic 
results and a lower incidence of residual paraesthesia and neuralgia when 
compared with the more conventional bi- or triportal thoracoscopic 
approach.8 Another advantage of less entry-points consists of reducing the 
likelihood of postoperative pleural adhesions. So, with the temporary nature of 
relief after treatment combined with excellent results of repeat splanchnic 
denervation in mind,4,5 we devised a single-port access technique. This single-
port access technique reduces the prevalence of intercostal neuralgia,8 as well 
as the risk of complications due to adhesions in possible future redo 
procedures. To our knowledge, this is the first reported series of 
splanchnotomy using a minimally invasive single-port VATS approach.  
 
MATERIALS AND METHODS  
 
Four patients (2 males and 2 females), with a median age of 46 years (range 31–
65 years), suffering from CP were referred to the pain centre of our university 
hospital after conservative strategies, including change of lifestyle, diet, and 
medication (including daily weak and strong opioids) failed to alleviate the pain 
sufficiently, thus necessitating invasive treatment options. Visual Analogue 
Scale (VAS) pain scores were obtained. All patients consented to undergo a 
diagnostic splanchnic nerve block after thorough discussion of the potential 
risks. A unilateral procedure was performed under fluoroscopic guidance at 
the level of Th11–Th12 as described by Raj et al.4 on the side where the 
abdominal pain predominantly originated (three left-sided and one right-
sided procedure). For the diagnostic block, 3 ml of bupivacaine 0.5% was used 
as local anaesthetic. The results of this block were evaluated within a week. In 
case of a noticeable pain reduction as defined by a >30% decrease in the 
previously assessed VAS, patients qualified for a unilateral VATS procedure 
that is performed on the side of the diagnostic block. The patients were 
referred to the department of cardiothoracic surgery where informed consent 
was obtained. Patient characteristics are listed in Table 1. Patients were 
instructed not to change their medication scheme post-operatively, enabling 
a potential decrease in VAS to be attributed to the procedure.  
 
SURGICAL TECHNIQUE 
 
Patients were operated in lateral decubitus position, combined with a 20° 
anterior tilt (Figure 1). We found this position to facilitate anterior displacement 
of the collapsed lung during the operation, enabling the surgeon a full 
intrathoracic view of the operative field. General anaesthesia was 
administered, and single-lung ventilation was obtained using a single lumen 
endotracheal tube with a unilateral bronchus blocker (EZ-blocker, Inc., Delft, 
Netherlands). Following local infiltration with bupivacaine, a 15-mm incision 
was made in the mid-axillary line. 
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Table 1. Patient characteristics (n=4) 
Variable Value (a) 
  
Age (y) 46.5±14.6 
Gender  
   Male 2 (50) 
   Female 
 

2 (50) 

Chronic pain due to CP  
   Duration (y) 12.8±5.9 
   Daily morphine usage 
 

4 (100) 

VAS preoperative  
8 2 (50) 
9 1 (25) 
10 1 (25) 

(a) Data are presented as mean ± standard deviation or number (%). VAS = Visual 
Analogue Scale pain measurement. 

 

 
Figure 1. Patients are positioned in a 20°, anteriorly tilted lateral decubitus position.  
 
After deflation of the lung, a 12-mm inner diameter disposable trocar was 
inserted through the eighth intercostal space, followed by CO2 insufflation and 
introduction of a 10-mm Endocameleon® scope. This scope has an adjustable 
direction (0–120°) of view (Karl Storz, Tuttlingen, Germany). This adjustable 
view, however, proved superfluous, and in the last two procedures a 30° 5 mm 
scope was used (Karl Storz), allowing for a reduced incision length of only 8 
mm. Following initial CO2 insufflation to collapse the lung, the 8-mm camera 
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trocar is retracted out of the incision towards the camera, reducing instrument 
competition. CO2 inflow is then stopped, and a cautery hook is introduced 
through the same incision using a flexible 5-mm trocar, which can also be 
retracted after introduction of the hook (Figure 2). 
 

 
Figure 2. Camera and cautery hook in situ. The flexible 5-mm port used for introduction of 
the cautery hook in a retracted position (see arrow). CO2 is inflated through the disposable 
trocar.  
 
Subsequently, dorsal branches deriving from the sympathetic chain at levels 
R5–R11, caudally converging into the greater and lesser splanchnic nerve, are 
identified and cauterized. The sympathetic chain and its ganglia are left 
untouched and no segments of splanchnic nerves are excised, thus technically 
performing a splanchnotomy instead of the frequently used misnomer 
‘splanchnicectomy’.  
 
The procedure was completed by inspection of the collapsed lung for 
potential parenchymal damage created on entry and insertion of an 8-Fr 
thoracic drain through the incision. Under camera guidance, the temporary 
thoracic drain is placed apically and after camera removal connected to a 
suction device. The procedure is then followed by reinsufflation of the lung and 
3 full minutes of active lung recruitment, after which the drain is removed 
under positive end-expiratory pressure of 30 cm water pressure. A thoroughly 
placed subcutaneous purse-string suture ensured airtight incision sealing 
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after removal of the drain. To prevent re-entry of air into the thorax through the 
port-site before healing, two separate airtight sealing (3MTM TegadermTM 
Pad) bandages were applied on top of each other, increasing in size to overlap. 
 
RESULTS  
 
Postoperative X-ray revealed no pneumothorax or subcutaneous emphysema. 
All 4 patients had an uneventful recovery and were discharged within 48 h (2 
patients on postoperative day 1 and 2 on postoperative day 2). VAS pain scores 
(average over last 7 days) were obtained preoperatively and 2 weeks 
postoperatively. Mean VAS scores showed a significant reduction in pain 
(preoperative 8.8 ± 1.0, postoperative 3.0 ± 1.2, paired-samples T-test P=0.003; 
Figure 3).  
  
 

 
     
 Figure 3. Pre- and postoperative pain scores, P ! 0.003. 
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DISCUSSION  
 
Intractable pain due to CP has severe detrimental effects on QoL. Many 
patients suffer from chronic, refractory pain after analgesics and endoscopic 
or open surgical procedures have proved unsuccessful.1-5 In such patients, 
ablation of the afferents of the celiac plexus by splanchnic denervation is 
generally considered a last treatment resort. Obtained effects are significant, 
but generally temporary, decreasing over years independent of the technique 
used. However, repeated interventions have been shown to offer improved 
pain relief.4,5  
 
Here, we report the first successful single-port VATS splanchnotomy case 
series. Seeking to minimize the incidence of complicating factors associated 
with the conventional bi- or triportal VATS approach (i.e., pleural adhesions 
and intercostal neuralgia following trocar placement), we devised a truly 
minimally invasive operative strategy, providing potentially less postoperative 
pain and better cosmetic results while safety and full visual control of the 
anatomy are uncompromised, facilitated by the described gently tilted patient 
positioning. We have not observed complications in our small number of 
patients treated, while excellent short-term pain control was established. 
Long-term results are not yet available but are expected to be identical, like 
the splanchnotomy itself, to multiportal or open procedures. In case of 
recurrence of pain, a contralateral procedure might be of benefit and can be 
considered. Successful and consistent pain relief has, however, been reported 
after unilateral treatment,4,9 with only 13.5% of patients needing to undergo 
previously unplanned contralateral TS, as reported in a systematic review by 
Bagdadi et al.10 
 
In conclusion, single-port VATS splanchnotomy seems to be a safe and 
effective alternative to multiportal or open procedures and may, over time, 
render these interventions obsolete.  
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GENERAL DISCUSSION 
 
The studies in this thesis explore the short- and long-term results of the single-
port sympathicotomy used as a treatment for PFH in adults and children, 
severe facial blushing, refractory RP, and in a slightly modified manner, 
splanchnic denervation for persisting pain resulting from chronic pancreatitis. 
 
Parts I (adults) and II (children) focus on palmar or axillary PFH, an often-
underestimated medical condition. Patients with PFH rated the detrimental 
effects on their quality of life higher than patients with end-stage renal disease, 
multiple sclerosis, or rheumatoid arthritis.1 Understandably, an increasing 
number of patients seek a safe, effective, and permanent solution.2-5 The 
sympathetic nervous system innervates the sweat glands, and in patients with 
PFH, choline acetyltransferase and vasoactive intestinal peptide, measured in 
sympathetic ganglia, proved to be significantly increased compared to 
individuals without PFH. This suggests that PFH is the result of sympathetic 
overstimulation.6 
 
Treatment options for PFH are often offered through a stepwise approach with 
topical antiperspirants to hinder or block sweat glands, lowering sweat 
production locally as a first step. If this first step is insufficient, iontophoresis 
and systemic medication, including oxybutynin and glycopyrrolate, are 
offered, followed by palmar and axillary botulinum toxin injections to attempt 
to withhold sympathetic signals.7-9 These treatment options only offer 
temporary results, which are fundamentally noncurative.4,5 ETS is currently 
only offered at the end of the treatment algorithm, or even not at all due to the 
unfamiliarity of medical professionals with the modern-day ETS procedure. 
This unfamiliarity leads to an unjust overestimation of surgical invasiveness and 
its complications or fear of inducing compensatory hyperhidrosis (CH) (i.e., 
new postoperative hyperhidrosis in nontargeted areas).10,11 
 
Despite the proposed uniform terminology and nomenclature in describing 
sympathetic chain surgery by the Society of Thoracic Surgeons,12 exact 
definitions regarding surgical access and the level and type of sympathetic 
transection still vary greatly.13-17 The nomenclature of interventions, such as 
clipping, true sympathectomy, and sympathicotomy at different levels, uses a 
wide variety of terms. This variety leads to confusing results and hinders the 
interpretation and comparison of the results reported by different authors.  
 
In the recent literature, high satisfaction rates combined with low severe CH 
rates have been obtained by performing only an R3 sympathicotomy for the 
treatment of palmar PFH (satisfaction rate 96.6%, CH rate 3%) and an R3-R5 
sympathicotomy for combined palmar and axillary PFH (satisfaction rate 
89.6%, CH rate 10%).14 In line with this evidence, we performed an R3 
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sympathicotomy for isolated palmar PFH and an R3-R5 sympathicotomy for 
axillary or combined palmar/axillary PFH. The high success rates in this study, 
with a low incidence of CH, strengthens the theory that including the R2 level 
is not required for adequate PFH relief in any form of isolated palmar or 
combined palmar/axillary PFH and thus is better avoided because it heightens 
the risk of Horner’s syndrome and CH.16 While not being the immediate focus 
of studies in this thesis, this observation is consistent with the notion that more 
apical interventions should be avoided when possible. In addition, CH must be 
considered a side effect of sympathetic surgery, not a complication. The key to 
accepting CH after sympathicotomy lies in thorough and accurate 
preoperative information about its risk.18 
 
In Chapter 2, we describe the results of a single-port sympathicotomy in 100 
patients treated for palmar or axillary PFH and its immediate influence on the 
perceived quality of life. The 18-month follow-up data for 163 patients are 
presented in Chapter 3 to identify which patients benefit most from the 
procedure. The reduction in the Hyperhidrosis Disease Severity Scale (HDSS) 
score and satisfaction with the intervention are maintained better in the 
isolated R3 group compared to the R3-5 BOSS group. We found that isolated 
R3 sympathicotomy offers the best compromise between effectively treating 
PFH and the risk of developing CH. It offers a definite relief of complaints of 
PFH and compares favorably to the existing literature on the alternatives, such 
as medication, botulinum toxin, and iontophoresis in the palmar subgroup. The 
chapter concludes with the suggestion that R3 sympathicotomy should be 
offered to all patients with severe palmar PFH reporting insufficient benefits 
from alternative treatment options. 
 
A single-port thoracoscopic approach causes less postoperative pain and a 
shorter operation and recovery time.13 However, access to single-port 
sympathetic surgery for patients with PFH or facial blushing is currently very 
limited. Chapter 4 consists of an invited review in which we share the results 
and details of this technique to improve the availability by inspiring confidence 
in other cardiothoracic teams internationally to either start performing this 
procedure or adapt frequently used bi- or tri-portal approaches. 
 
With the onset of symptoms in PFH peaking around early puberty, an age at 
which social awareness and vulnerability are often high, it is no wonder that 
substantial demand for PFH treatment stems from this age group. There are 
only a few publications on the results and prognosis of thoracoscopic 
sympathicotomy in children.19-21 A recent retrospective analysis of 
sympathicotomy in patients ages 11 to 19 demonstrates good results and 
advocates the procedure as a safe and effective treatment for palmar PFH in 
children.21 However, our experience treating minors is less encouraging. In 
Chapter 5, we summarize the results of bilateral, one-stage, single-port 
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sympathicotomy in children up to 16 years of age to treat intolerable palmar 
and axillary PFH. A high recurrence rate with the need for reoperations in 
children up to 16 was found, possibly due to neuroregeneration, a hypothesis 
supported by a predominant bilateral recurrence pattern. These results force 
us to advocate caution in treating children under 16 years of age with 
sympathetic surgery, postponing the procedure until patients are 17 years or 
older.22,23 Correspondence with the authors of the mentioned study is 
provided in Chapter 6. 
 
In PART III, the potential role of the single-port sympathicotomy in the 
treatment of facial blushing is discussed. Much like PFH, severe facial blushing 
can have a detrimental effect on a patient’s quality of life. Unfortunately, 
nonsurgical treatment options have only limited effects on reducing 
symptoms in the majority of these patients.24 While thoracic sympathicotomy 
is a well-established treatment modality for severe PFH, its use in the 
treatment of facial blushing is less widespread. Performing an isolated R2 
sympathicotomy and separating the stages of the procedure is recommended 
to minimize the risk of developing CH.25,26 A staged approach to treat carefully 
selected patients with severe facial blushing is described in Chapter 7, proving 
single-port R2 sympathicotomy is a reproducible, safe, and effective surgical 
treatment option for these patients. Given the favorable outcomes, we 
suggest referring all patients with severe facial blushing, refractory to 
nonsurgical treatment options, to a center with extensive experience in 
thoracoscopic sympathicotomy. 
 
In PART IV, we discuss the single-port R3 sympathicotomy to treat patients 
with RP of the upper extremities, refractory to the limited medical 
interventions for RP currently available. Most often, as a first therapy, calcium 
channel blockers are prescribed. In severe cases, after the failure of the first-
line oral treatment, iloprost infusions and phosphodiesterase-5 (PDE-5) 
inhibitors may be considered.27-29 These are expensive and time-consuming 
therapies, which are often a great burden for patients. 
 
In Chapter 8, we demonstrate that a single-port sympathicotomy with very 
limited side effects is an attractive and promising treatment option in patients 
with refractory RP. Patients were treated unilaterally, with the contralateral 
hand serving as the control during the cooling and recovery procedure and 
LASCA quantifying the peripheral perfusion. Simultaneous, subjective 
patient-reported data consisting of diary data were collected. Unilateral 
sympathicotomy proves feasible and effective in improving hand perfusion in 
all patients. In addition, the perfusion of the left fingertips at room temperature 
also increased, as assessed with LASCA. One month after the intervention, 
patients reported a significantly reduced number of RP attacks.  
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Despite the beneficial long-term effects observed after sympathetic 
denervation in 59% of patients with primary RP and 89% of patients with 
secondary RP,30,31 a decrease in the effect over time and the reoccurrence of 
symptoms are described in most patients.30 Our study corroborates these 
findings. In Chapter 9, the one-year follow-up results of the patients included 
in Chapter 8 reveal a clear long-term benefit from the procedure for most 
outcome variables still present, although some favorable effects seem to 
attenuate over time. One year after the procedure, the duration of the RP 
attacks, as documented in the RP diaries, reduced significantly, and fewer 
limitations due to physical health or pain were reported. The R3 
sympathicotomy reduced the median number of reported attacks per 
fortnight from 13 to 2, comparing favorably with the available alternatives, such 
as calcium channel blockers, iloprost infusion, and PDE-5 inhibitors.27-29 A 
faster return of perfusion following the cooling period was observed, and 
perfusion of the left hand was better when compared to perfusion before 
surgery, as indicated by both a lower total mean ischemic time and recovery 
mean ischemic time. In conclusion, R3 sympathicotomy has promise as a 
relatively simple yet effective surgical treatment modality compared to the 
currently available treatment options in patients with refractory RP. 
 
In PART V, a revision of our standard technique is described, blocking visceral 
afferent signals traveling from the celiac plexus to the central nervous system 
at the splanchnic level. Modifications of the standard approach allow for the 
first reported series of single-port access splanchnotomy, the denervation of 
the major and minor splanchnic nerves, presented in Chapter 10. Four patients 
with chronic refractory pain after analgesics and in whom endoscopic or open 
surgical procedures proved unsuccessful were treated with this technique, 
and all experienced significant pain relief. For these patients, the ablation of 
the afferents of the celiac plexus through splanchnic denervation is generally 
considered the last treatment resort.32-36 The effects are significant but 
generally decrease over the years, independent of the technique. However, 
repeated interventions offer improved long-term pain relief.35,36 In the case of 
pain recurrence, the reduced likelihood of postoperative pleural adhesions 
following primary single-port entry favors the feasibility of re-interventions.37  
 
Successful and consistent pain relief has been reported after unilateral 
treatment,35,38 with only 13.5% of patients needing to undergo a previously 
unplanned contralateral splanchnotomy.39 We conclude that the single-port 
VATS splanchnotomy seems to be a safe and effective alternative to 
multiportal VATS or open procedures. 
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FUTURE PERSPECTIVES 
 
The optimal nervous level of sympathicotomy, forcing a balance between the 
effects and risks of CH, is subject to an ongoing debate. While R3 
sympathicotomy for isolated palmar PFH is widely reported to provide optimal 
results, a recent systematic review suggests that R4 sympathicotomy has the 
highest curative effect compared to R2 or R3 sympathicotomy in treating 
palmar PFH.40 At this point, no large, high-quality study has randomized R3 vs. 
R4 sympathicotomy, which presents a promising research opportunity for the 
future. 
 
Although scarcely performed in this manner, the retrospectively investigated 
CH rates of the two-stage unilateral sympathectomy vs. one-stage bilateral 
sympathectomy suggest a positive effect on CH when staging the procedure.41 
A prospective, randomized study performing a staged vs. one-stage bilateral 
sympathicotomy could adequately address this topic. The partially 
contradictory results in children lead to the desire for larger populated studies 
on sympathicotomy for PFH at a young age. However, due to the high 
recurrence and reoperation rates, our reticence to operate on children deems 
such a study ethically questionable. 
 
While the immediate and one-year follow-up data on the treatment of patients 
with RP are promising, the potential life-long effects on a more heterogenous 
RP population are uncertain. An ongoing study is investigating the five-year 
follow-up results of the one-stage bilateral R3 sympathicotomy in patients with 
both more extensive connective tissue disease, and less severe primary RP 
(NCT04015193). 
 
A recent development of interest is using a high dose of intravenous 
indocyanine green infusion, a relatively safe dye with a low incidence of 
adverse reactions, more frequently used in thoracic oncology.42,43 The infused 
dye allows for the visualization of the sympathetic ganglia using near-infrared 
fluorescence imaging and enable the surgeon to accurately identify the 
ganglia instead of relying on experience and anatomical knowledge to avoid 
damaging them. While currently not FDA approved, controversial, and not free 
of adverse events, further optimization of this technique is promissing.44,45 
Advanced optical techniques, which do not require intravenous dye, are 
currently being investigated in collaboration with the University of Twente.  
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Although outside the scope of this thesis, surgical sympathetic denervation 
has demonstrated beneficial effects in various other disabling medical 
conditions, including long-QT syndrome, refractory angina, tachycardia-
induced heart failure, complex regional pain syndrome, and many, many 
more.46-49 Undoubtedly, the future will bring new and unforeseeable 
applications of the single-port access technique for sympathetic modulation. 
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NEDERLANDSE SAMENVATTING 
 
Het autonome zenuwstelsel is deel van het perifere zenuwstelsel en bestaat uit 
sympathische, parasympatische en enterische takken. Hoewel ook beïnvloed 
door het humorale systeem, staan inwendige organen als het hart, de longen, 
het pancreas en het gastro-intestinale stelsel onder controle van het 
autonome zenuwstelsel. Ook worden verschillende eindorganen en klieren, 
mictie, seksuele opwinding, pupil respons, zweetklieractivatie en dilatatie en 
constrictie van bloedvaten, grotendeels onbewust, door het sympathische 
systeem gereguleerd. Deze laatste twee taken zijn onderliggend aan het feit 
dat verstoring van efferente sympathische signalen kan leiden tot overmatig 
zweten, blozen, en perifere vasculaire spasmes. Verstoring van afferente 
activatie van het autonome zenuwstelsel door eindorganen, bijvoorbeeld ten 
gevolge van pijn, kan via complexe neurale interacties in het centrale 
zenuwstelsel, leiden tot een inadequate efferente respons, en daarmee 
ongewenste effecten op het eindorgaan.  
 
Hoewel in het midden van de 19e eeuw de functie en fysiologie van het 
sympathisch zenuwstelsel grotendeels waren doorgrond, bleven 
mogelijkheden tot interventie uiterst beperkt. De introductie van 
endoscopische en later videoscopische technieken in de jaren 90 van de 
vorige eeuw, maakten ingrepen aan het sympathisch zenuwstelsel mogelijk 
zonder majeure open chirurgie. Waar deze endoscopische thoracale 
sympathicotomie (ETS) aanvankelijke drie toegangspoorten vereiste, hebben 
verdere ontwikkelingen en miniaturisatie van instrumentarium meer recent 
geleid tot de hier gebruikte één-poorts techniek. Een bilaterale interventie 
wordt hiermee uitgevoerd in één enkele setting, onder single-lumen 
beademing. Ook werd de conventionele sympathectomie, waarbij een deel 
van de sympathische zenuw inclusief multipele ganglia werd verwijderd, 
aangepast naar een sympathicotomie, waarbij de sympathische zenuw 
selectief wordt doorgenomen, maar de ganglia intact worden gelaten. 
Hiermee blijven cruciale feedbackloops intact, wat bijwerkingen beperkt. 
 
Dit proefschrift onderzoekt de effecten op de korte en lange termijn van 
chirurgische interventie in zowel het efferente als het afferente sympathische 
deel van het autonome zenuwstelsel, in de vorm van een single-port 
sympathicotomie, als behandeling van hyperhidrose bij volwassenen en 
kinderen, ernstig blozen, refractaire vormen van het fenomeen van Raynaud 
en, in licht aangepaste vorm, persisterende pijn ten gevolge van chronische 
pancreatitis. 
 
DEEL I - HYPERHIDROSE BIJ VOLWASSENEN 

Hyperhidrose kenmerkt zich door een ernstige overschrijding van de 
hoeveelheid zweten die benodigd is voor fysiologische thermoregulatie. 
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Hoewel soms secundair aan een onderliggende aandoening, is de primaire 
variant veel frequenter en meestal focaal, waarbij specifieke lichaamsdelen zijn 
aangedaan. Deze primaire focale hyperhidrose is vaak ernstig, komt het meest 
voor aan de handen, oksels en voeten, en is symmetrisch van aard. De 
aandoening komt meer voor dan men zou vermoeden met een geschatte 
prevalentie tot 5%, en is vaak ernstig onderschat. De nadelige invloed op hun 
kwaliteit van leven wordt door PFH-patiënten als hoger aangemerkt dan de 
negatieve invloed die mensen lijdend aan eindstadium nierfalen, multiple 
sclerose of reumatoïde artritis ervaren. Een groeiend aantal patiënten is dan 
ook op zoek naar een veilige, effectieve en vooral definitieve behandeling voor 
PFH. Deze behandelopties voor PFH worden doorgaans trapsgewijs ingezet, 
met topische middelen gericht op het lokaal blokkeren van de zweetklieren als 
eerste stap. Wanneer dit onvoldoende werkzaam blijkt, worden vaak 
iontoforese, en systemische medicatie waaronder oxybutynine en 
glycopyrronium aangeboden, gevolgd door palmaire en/of axillaire 
botulinetoxine injecties, gericht tegen lokale doorgifte van het sympathische 
signaal. Al deze behandelopties zijn echter niet curatief van aard en daarmee 
hooguit tijdelijk werkzaam.  ETS, die wel een definitieve behandeling kan 
bieden, wordt momenteel vaak pas aangeboden als 'laatste redmiddel' aan 
patiënten waarbij alle eerdere stappen onsuccesvol zijn doorlopen, of zelfs dan 
nog actief ontraden. Deze terughoudendheid lijkt ingegeven door relatieve 
onbekendheid met de hedendaagse minimaal invasieve ETS leidend tot 
onterechte overschatting van de zwaarte van de operatie en mogelijke 
complicaties, of de angst voor het ontstaan van compensatoire hyperhidrose 
(CH): postoperatieve hyperhidrose op nieuwe, niet behandelde locaties. 
 
Hoofdstuk 2 introduceert de door ervaring gevormde chirurgische minimaal 
invasieve één-poorts techniek, en beschrijft de direct aanwezige significante 
verbetering van klachten en kwaliteit van leven op de korte termijn bij 100 
volwassen palmaire en/of axillaire PFH-patiënten die zo'n ingreep 
ondergingen. In Hoofdstuk 3 worden de 18 maanden follow-up data van 163 
patiënten gepresenteerd, waarbij wordt getracht te identificeren welke 
deelpopulatie het meeste baat bij de ingreep heeft. Hier blijkt dat de groep die 
een R3 sympathicotomie, dus op niveau van de derde rib, ondergaat, een 
significant grotere tevredenheid met de ingreep laat zien, gepaard met meer 
zweetreductie, en dat tegen een significant lager percentage ernstige CH in 
vergelijking met de R3-R5 sympathicotomie als behandeling tegen axillair of 
gecombineerde palmaire/axillaire hyperhidrose. De palmaire groep wordt een 
definitieve oplossing geboden. Het hoofdstuk sluit af met de conclusie dat een 
single-port R3 sympathicotomie onvertraagd moet worden aangeboden aan 
alle patiënten met ernstige palmaire PFH, die onvoldoende baat hebben bij de 
alternatieven. Echter, de toegang tot deze ingreep is voor veel patiënten op dit 
moment suboptimaal. Een review op uitnodiging, waarin onze werkwijze, 
patiëntselectie en operatietechniek gedetailleerd aan bod komt, is 
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opgenomen in Hoofdstuk 4 en poogt een startpunt te zijn voor cardio-
thoracale teams die voornemens zijn deze ingreep aan hun arsenaal toe te 
voegen. 
 
DEEL II – HYPERHIDROSE BIJ KINDEREN 

Er is veel minder bekend over de resultaten en prognose van ETS ter 
behandeling van PFH bij kinderen. Aangezien PFH meestal tegen het begin 
van de puberteit openbaart, een leeftijd waarop sociale ontwikkeling en 
kwetsbaarheid maximaal zijn, is het niet onverwacht dat juist deze jonge groep 
patiënten zoekt naar een blijvende behandeling. De schaarse literatuur die 
bestaat is tegenstrijdig, maar ETS bij kinderen op jonge leeftijd wordt voor PFH 
doorgaans ontraden. Een recente retrospectieve studie in kinderen en 
jongvolwassenen van 11 tot 19 jaar liet goede resultaten zien, en raadt 
thoracoscopische sympathicotomy dan ook aan als behandeling voor 
patiënten met palmaire PFH in deze leeftijdscategorie. Onze resultaten in de 
behandeling van minderjarigen zijn minder ongeremd positief. In Hoofdstuk 5 
worden de resultaten van onze single-port sympathicotomie beschreven in de 
behandeling van kinderen tot 16 jaar, lijdend aan palmaire en axillaire PFH. Hier 
wordt een vrij hoge noodzaak tot re-interventies gezien, als gevolg van 
terugkeer van klachten na aanvankelijk resultaat. Dit zou het gevolg van 
reïnnervatie kunnen zijn, een hypothese die steun vindt in frequent bilateraal 
terugkeren van klachten, wat pleit tegen chirurgisch falen. Dit heeft ertoe 
geleid dat chirurgische sympathische interventie onder de 16 jaar door ons 
ontraden wordt. Correspondentie met de auteurs van bovengenoemde 
retrospectieve studie is opgenomen in Hoofdstuk 6. 
 
DEEL III - BLOZEN 

Blozen, een oncontroleerbaar verhoogde doorbloeding van het gelaat, hals en 
borst in reactie op reële of vermeende sociale aandacht, is in deze vorm 
fysiologisch. Vijftig procent van patiënten lijdend aan sociale angststoornissen 
vermeld blozen als prominent symptoom van aanvallen. Echter, ernstig 
overmatig blozen kan, naast de oorzaak ook het gevolg zijn van sociale angst 
en leiden tot vermijdingsgedrag en isolatie. Voor iemand die overmatig bloost 
is de aandoening van grote invloed op de kwaliteit van zijn of haar sociaal, 
relationeel en professioneel leven. Conventionele behandelingen, in de vorm 
van psychologische ondersteuning, gedragstherapie en medicatie bieden 
helaas zeer beperkt effect.  
 
De sympathische aansturing van blozen maakt chirurgische sympathische 
interventie mogelijk als behandeling. In Hoofdstuk 7 wordt de rol van een 
single-port sympathicotomie in de behandeling van ernstig overmatig blozen 
onderzocht.  Een gefaseerde single-port geïsoleerde R2 sympathicotomie 
blijkt een veilige en effectieve behandeling, waarmee de risico's op het 
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ontstaan van complicaties, als ook het minimaliseren van het risico op CH 
wordt bereikt. Deze ingreep dient te worden overwogen bij alle patiënten 
lijdend aan ernstig overmatig blozen waarbij met niet-chirurgische 
behandeling onvoldoende resultaat wordt bereikt. 
 
DEEL IV - HET FENOMEEN VAN RAYNAUD 

Deze vasospastische aandoening is gekarakteriseerd door ontkleurde en 
pijnlijke extremiteiten, uitgelokt door emotionele spanning of koude. 
Vaatverwijdende medicatie, waaronder calciumantagonisten, fosfo-
diësteraseremmers en iloprost infusie, is bij de meer ernstige vormen van het 
fenomeen van Raynaud vaak onvoldoende werkzaam, en kent frequent 
onacceptabele bijwerkingen. Voor deze groep is geen verdere behandeling 
mogelijk, behoudens het wegnemen van de sympathische vasoconstrictieve 
component via chirurgische interventie, wat centraal staat in dit deel. 
Hoofdstuk 8 beschrijft een unilaterale single-port R3 sympathicotomie bij 
refractaire Raynaud patiënten. Doorbloedingsonderzoek, met de contra-
laterale hand als controle, toont een sterk significant positief effect op de 
doorbloeding van de hand. Ook patiënt gerapporteerde uitkomsten, in de 
vorm van een dagboek dat duur, frequentie en ernst van aanvallen bijhield, 
toont duidelijke verbetering in de eerste maand na de interventie. Om het 
effect van de ingreep op de langere termijn te objectiveren, worden in 
Hoofdstuk 9 de één-jaars resultaten van deze patiënten beschreven. Hoewel 
afgenomen met de tijd, wordt na deze periode nog een duidelijk positief effect 
van de ingreep gezien: de gemeten perfusie van de hand blijft verbeterd, en 
het aantal vasospastische aanvallen is gereduceerd van 13 naar 2 per twee 
weken. Dit maakt de single-port R3 sympathicotomie een effectieve en 
langdurige behandeling voor patiënten met een ernstige vorm van het 
fenomeen van Raynaud, die refractair blijkt voor meer conservatieve therapie. 
 
DEEL V - SPLANCHNICUS DENERVATIE 

De door chronische pancreatitis geïnduceerde structurele afwijkingen in het 
pancreas veroorzaken naast verlies van functie een aanhoudende, ernstige 
viscerale pijn in de grote meerderheid van patiënten. Ook nadat de infectie 
voorbij is, houdt deze pijn vaak aan. Abstinentie, behandeling met niet-
steroïde anti-inflammatoire medicatie, opioïden, en verscheidene abdominale 
ingrepen zijn niet bij machte deze patiënten pijnvrij te krijgen. In deze 
categorie valt het te overwegen de signalen die vanuit de plexus coelicacus 
het centrale zenuwstelsel bereiken te blokkeren op het niveau van de nervus 
splanchnicus major en minor, in het intrathoracaal lopende deel van hun 
traject. De goede resultaten behaald met deze techniek bij vier patiënten met 
ernstige, refractaire pijn na chronische pancreatitis worden beschreven in 
Hoofdstuk 10. Dit betreft de eerst beschreven serie van een single-port VATS 
splanchnotomie in de behandeling van chronische pancreatitis. 
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DEEL VI - EEN BLIK OP DE TOEKOMST 

Tot slot wordt, aan het eind van Hoofdstuk 11 de blik op de toekomst gericht. 
Een steeds terugkerend punt van debat is het optimale anatomische niveau 
van sympathicotomie, waarbij een balans moet worden gevonden tussen 
bereikt effect en bijwerkingen. Waar bij palmaire PFH de R3 sympathicotomie 
tot op heden wordt gezien als het meest optimale evenwicht, suggereert een 
recente systematisch review een R4 sympathicotomie. Tot op heden bestaat 
geen grote kwaliteitsstudie die randomiseert tussen R3 en R4 
sympathicotomie voor deze groep patiënten. Dit biedt een interessante 
onderzoeksmogelijkheid. Ook zou een gerandomiseerde studie op zijn plek 
zijn die het beperkt retrospectief aangetoonde voordeel van een gefaseerde 
ingreep onderzoekt, dus bilateraal in één setting versus gefaseerd unilateraal 
in twee tempi.  
 
De beschreven deels tegenstrijdige uitkomsten van sympathicotomie bij 
kinderen zouden kunnen verleiden tot een studie met een adequaat, en dus 
veel groter, aantal proefpersonen om meer definitieve antwoorden te geven. 
Echter, de door ons gevonden resultaten in deze populatie zouden zo'n studie 
eigenlijk moeten ontraden. Voor de behandeling van het fenomeen van 
Raynaud zijn de beschreven data veelbelovend, maar de potentieel 
levenslange effecten op een meer heterogene groep dan nu onderzocht, zijn 
nog onzeker. Momenteel loopt een studie bij een grotere groep patiënten met 
een meer uiteenlopende etiologie als basis van Raynaud klachten. Hierin 
zullen de effecten van een bilaterale R3 sympathicotomie voor een termijn van 
5 jaar worden vervolgd. 
 
Hoewel niet onderzocht in dit proefschrift, heeft chirurgische sympathische 
denervatie belangrijke positieve effecten laten zien in de behandeling van 
verschillende ernstige aandoeningen waaronder, maar niet beperkt tot, het 
lange QT-syndroom, refractaire angina pectoris, tachycardie geïnduceerd 
hartfalen, complex regionaal pijn syndroom. De toekomst zal zonder twijfel 
nieuwe, vooralsnog onvoorziene toepassingen bieden voor single-port 
sympathische modulatie. 
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