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Definition

Sweat is produced by eccrine glands present in the whole 
skin. Its physiological production is determined by 
emotional and thermic stimuli and mental activity. 

Hyperhidrosis is a pathological condition consisting in 
extreme perspiration exceeding organism thermoregulation 
within a physiological range. It is not an eccrine glands 
disease. Hyperhidrosis is distinguished in primary and 
secondary. Primary hyperhidrosis (PH) usually affects palms, 
axillae, face and soles, singularly (focal hyperhidrosis) or 
together (generalized hyperhidrosis). Palmar hyperhidrosis 
is probably the most common and disturbing pattern, usually 
determining severe functional and social disadvantages with 

a negative impact on quality of life (QoL). HP presents 
in young people, affecting equally man and women, and 
interests a percentage ranging from 0.6% to 5% of entire 
population (1,2).

Etiology

Hyperhidrosis is divided into primary and secondary. 
Secondary hyperhidrosis is caused by many different 
underlying health conditions, such as obesity, gout, 
menopause, tumor, mercury poisoning, diabetes mellitus, 
or hyperthyroidism. Patients affected by secondary 
hyperhidrosis are not surgical candidates since hyperhidrosis 
disappears by treating the specific underlying disease with 
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clinical therapies. Contrary, PH is idiopathic, that is to say 
“of unknown cause”, and may need surgical management. 
PH etiology is determined by any changes of the sweating 
pathway that comprises many neurological structures 
originating from hypothalamic sympathetic centers and 
descending through the sudomotor chain to the sweat glands. 
These changes should determine a huge disproportion 
between normal triggers and sweating response. Sometimes 
sweating is not even supported by any stimulus.

Some authors have identified anatomical and physiological 
characteristics particular to people with PH. A recent 
interesting review by Hashmonai et al. (3) have investigated 
and summarized these common characteristics. We briefly 
resume their findings in the different fields:

(I)	 Epidemiology: familial history of HP ranging from 
34% to 50% of cases has been observed in many 
studies;

(II)	 Genetics: a disease allele has been identified 
in 5% of population and it seems to results in 
hyperhidrosis in 25% of times when present;

(III)	 Anatomy: patients affected by HP seem to be 
characterized by a higher number of ganglion cells 
and apoptotic cells in the ganglia that result larger 
in size. Moreover, thicker myelin sheath of HP 
axons has also been described;

(IV)	 Pathophysiology and metabolic dysfunctions: neural 
tissue in HP patients is exposed to an enlarged 
functional stimulation. Some studies showed a 
higher expression of acetylcholine receptors and an 
oxidative damage in the sympathetic ganglia that 
could be involved in HP development;

(V)	 Neurology: PH should not be considered as an 
over function but rather as a regulatory complex 
disorder involving the entire autonomic pathway;

(VI)	 Psychology:  personality disorders or even 
personality traits such as temperament could 
influence biological mechanisms and be an 
etiological factor for HP.

Most of these data must be still confirmed by evidence, 
therefore, HP etiology is still considered unclear.

Clinical signs and diagnostic pathway

HP is characterized by specific findings. First, it is usually 
localized and bilateral. The areas usually affected by 
excessive sweating are hands (palms), axillae and foot (plants). 
Craniofacial hyperhidrosis is also described and sometimes is 
associated with facial blushing, but is infrequent.

Second, HP onset is in the first decade of life (childhood), 
especially for palmar hyperhidrosis. Then, during 
adolescence, symptoms become very annoying and badly 
impacting QoL. Family history is often positive.

Remarkably, symptoms are not related to atmospheric 
conditions or, at least, are excessively influenced. On the 
contrary, physical or emotional inputs significantly boost 
the sweating. Lastly, sweating never occurs during sleeping.

Therefore, diagnosis can be easily obtained by careful 
recording of patient clinical history and by routine clinical 
evaluation (assessment of the sweat stains of clothes or 
palmar sweating extension). However, despite rarely used; 
there are some tests to quantitatively asses the rate of 
excessive sweating. These are the gravimetric measurement, 
the vaporimetry, the Minor test and the use of a QoL and 
impairment of daily activities measurement (4).

Once excessive sweating has been found and diagnosis of 
HP is suspected, secondary hyperhidrosis must be excluded 
discarding clinical manifestations of possible underlying 
diseases. Apart of clinical and pharmacological history, 
the following tests should be always performed: thyroid 
function test, metabolic panel, 24-hour urine collection 
for catecholamines, metanephrines and normetanephrines, 
serum free metanephrines and normetanephrines, urine 
5-hydroxyndolacetic acid.

Treatments

Several treatments for HP have been proposed and many 
of them are available in the most of countries. The main 
distinction is between surgical and non-surgical options. Non-
surgical treatments are topical antiperspirants, iontophoresis 
and systemic medication, whereas surgical treatments are 
endoscopic thoracic sympathectomy (ETS) and excision of 
axillary tissue. Lastly, botulinum toxin injection it’s a “bridge” 
option between medical and surgical approach. 

These options diverge by satisfaction rate, efficacy 
duration and collateral effects onset for each of the different 
anatomic affected areas. 

Medical treatments

Medical treatments are several, ranging from topic to 
systemic approach with different characteristics. However, 
all medical treatments are unfortunately characterized by a 
common undesired feature: the expiration of their effects. 
Therefore, they have a palliative action on excessive sweating 
and every relief disappears as soon as therapy is stopped. 
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We just list current medical treatments with a summary 
of their results and side effects:

(I)	 Antiperspirants are the most diffuse topical 
treatments. Among these, aluminium salt solutions 
are the most successful. Aluminium chloride 
hexahydrate is cheap and non-toxic. It acts causing 
an obstruction of the distal sweat gland ducts. 
However, glands return with epidermal renewal. 
Antiperspirants are mostly effective for axillary 
hyperhidrosis, whereas in palmar hyperhidrosis 
efficacy is lower and higher concentrations are 
required. Side effects of aluminium chloride 
treatment are itching and stinging immediately after 
application and skin irritation, moreover sweating 
symptoms relief is rarely long-lasting (5);

(II)	 Systemic treatments are useful for diffuse or 
multifocal hyperhidrosis. Unfortunately, many of 
these drugs have not been controlled by clinical 
trials or have not been approved in many countries. 
Moreover, side effects are very annoying therefore 
their use is often limited to brief periods or specific 
events (wedding, speech, exams, etc.);

(III)	 Botulinum Toxic A: botulinum injection is a 
successful non-medical, minimal invasive treatment 
adopted for hyperhidrosis in all of the body areas 
affected. It is usually recommended in patients 
non responsive to medical treatments that prefer 
not to undergo straightly to surgery. It consists 
of Botulinum toxin A injections (Botox) and 
guarantees good control of excessive sweating. 
Botox has been shown to result in an 82–87% 
decrease in palmar or axillary sweating. Results 
are noticed about 2 to 4 days after treatment with 
the full results within 2 weeks. Unfortunately, it is 
afflicted by some disadvantages such as the need of 
many painful injections, high cost and above all the 
short lasting effect requiring new treatments every 
about 6 months (6);

(IV)	 Iontophoresis is performed using a medical device 
to pass a mild electrical current through water 
(usually using shallow pans for hands or feet or 
specific pads for other body areas) and through the 
skin’s surface. It is particularly successful in hands 
and foot hyperhidrosis, with success rate ranging 
between 81% and 91% of cases. However, effects 
end in about 7 days; therefore the procedure should 
be repeated every week. No significant collateral 
effects are reported (7).

Surgical treatments

Surgery for hyperhidrosis is represented by ETS and 
underarms surgery. 

Underarms surgery consists of sweat glands excision or 
curettage or liposuction with the aim to remove or reduce 
the number of glands so that they can no longer produce 
perspiration. It is specific for axillary hyperhidrosis. Its 
advantages are the absence of compensatory sweating and 
that is an awake office procedure. That should be always 
underlined that completed excision of underarm tissue 
containing sweating glands is not recommended because 
associated with serious complication of shoulder movements 
due to scary tissue. Curettage and liposuction usually obtain 
satisfying sweating reduction in 40–60% of cases. These 
techniques are barely widespread. On the contrary, ETS is 
the most diffuse and effective surgical approach for PH. 

ETS

ETS consists of single or multiple surgical interruptions 
of sympathetic chain. This operation is usually called 
sympathectomy. Sympathectomy means, word for word, the 
interruption of the trunk by removal of a segment with a 
ganglia. This technique was diffuse at the time of thoracotomy 
surgery but it was time-consuming and, above all, invasive and 
dangerous. Nowadays, during video-assisted thoracic surgery 
(VATS) era, the removal of part of the trunk is rare but the 
name sympathectomy has remained worldwide. Today, trunk 
interruption is often obtained just with its simple transection. 
It is called sympathicotomy or sympathotomy.

Both sympathectomy and sympathicotomy are 
irreversible since the nerve trunk has been transected. If 
nerve interruption has been done without transection but 
by clipping, its integrity is preserved and therefore nerve 
impotence could be theoretically reversible. This could be 
an advantage in case of patients’ regrets from surgery, for 
example in case of excessive compensatory sweating. This 
kind of surgery is called endoscopic sympathetic block.

Patients selection

Good patients selection is the key for successful surgery 
also in ETS. Therefore, once diagnosis of HP has been 
done, surgery should be proposed based on some simple but 
essential mental and physical traits criteria.

First of all, since HP is a benign disorder not threatening 
to the lives of patients, we think that surgery should be 
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referred only to adult people. The main reason is that 
patients must be able to seriously asses their discomfort 
and the impairment on QoL. Therefore, child should be 
excluded from ETS.

At the same way, patients should be well conscious of 
possible side effects associated with ETS, in particular 
compensatory sweating or compensatory hyperhidrosis 
(CH). It is recommended that patient decide for surgery 
only if highly motivated to defeat palmar, axillae or facial 
HP despite the risk of undesired effects.

Physical traits are important as well. Partial contraindications 
are past pneumonia, tuberculosis, pneumothorax (PNX), pleural 
effusion, thoracic surgery and all conditions predisposing 
adhesions. Pleurodesis could make thoracoscopy difficult, 
indeed. Lastly, absolute contraindications are obesity [desired 
body mass index (BMI) is <28], bradycardia (resting heart rate 
55 beats per minute), neurologic and psychiatric diseases.

Preparation to surgery

Since these patients are usually in good general conditions, 
preparations are simple. It consists of basic blood exams, 
electrocardiography (ECG) and chest X-ray.

Surgical anatomy

Sympathetic chain appears like a white cord running 
beneath parietal pleura along the column. It crosses the ribs 
at the level of their neck before the vertebrae articulation. 
Usually it is easily recognizable, even in fatty people.

To distinguish a specific zone of the chain, the landmark 
established by Society of Thoracic Surgeons (STS) is the 
underlying rib; ribs are very easily recognizable. Therefore, 
each given chain level is named using the capitol letter “R” 
and the corresponding rib number (example: R2). Instead, 

ganglia as represented by the capitol letter G and usually are 
located at the intercostal space of every corresponding rib. For 
example, G3 is at the lower edge of the third rib, in front of 
the third intercostal space. However, it is useful to remind that 
descending the column; ganglia are a little bit more distant 
from the superior rib edge.

The best way to identify a specific rib and its corresponding 
trunk level is to count the ribs descending from the first 
one. First rib is recognizable since it is C-shaped, cranially 
positioned and very close to the pulsating subclavian artery. 
Remarkably, first rib is strictly closed to G1, a very crucial 
ganglion, difficult to identify and absolutely to be preserved.

Once a target level of the nerve trunk has been recognized, 
it is mandatory to find and preserve the neurovascular bundle 
under the lower rib edge and the other next vascular structure 
such as the superior vena cave or the aorta.

Lastly, Kuntz nerves are small fibers arising from the 
main trunk at every level and going to the sweating glands. 
Their anatomical route is variable however they usually pass 
2 cm laterally from the sympathetic chain on the inner face 
of the rib leaning against the periosteum. These fibres are 
important since represent an alternative pathway that could 
determine persisting HP after ETS.

Peri-operative management 

As concerns patient position during surgery, the main 
point to be addressed is the best way to perform surgery 
bilaterally. Therefore, patients are positioned in a semi-
fowler position: dorsal decubitus and arms abducted at 90° 
(Figure 1). Patients should be secured on the bed avoiding 
slipping down. Then, the bed can be rotated during surgery 
to improve the mediastinum exposition.

Usually patients are intubated in general anaesthesia. 
Normal or double-lumen endotracheal tubes are available. 
Double-lumen tube guarantees an alternate selected 
ventilation of the contralateral lung. We usually prefer 
this technique. Otherwise, if normal tube is used, CO2 
induced PNX or brief period of apnea are needed (8). CO2 
insufflation, 10 mmHg maximum, it’s usually preferred in 
case of micro-surgery, when 2–3 mm instruments are used.

Surgical technique

Thoracic sympathetic trunk interruption is usually performed 
bilaterally for focal or generalized HP interesting palms, axillae 
or face. If no contraindications are present, the dominant side 
is treated first, in order to guarantee a significant result also in 

Figure 1 Patient positioned in a semi-fowler position: dorsal 
decubitus and arms abducted at 90°.
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case of unexpected complication determining surgery abortion. 
Therefore, the right side is usually the first to be approached, 
except for left-handed cases.

Minimally invasive surgery is the routine gold-standard, 
but many different thoracoscopic approaches have been 
described. 

The most common is the two-port VATS (9). Two 5-mm 
ports are placed at the anterior and middle axillary line at 
V and III intercostal space. Cosmetic motivations suggest 
using the mammary sulcus or areola to better cover scares. 
Anyway, port position can slightly change according to 
patient chest conformation or surgeon’s custom.

Uniportal VATS advent has been welcomed also for 
ETS. A 2 cm single port in the axillary fossa allows to enter 
the chest cavity with the camera (5 or 10 mm) and one or 
two endoscopic instruments (10) (Figures 2,3).

Once entered the pleural cavity, surgeon move and push 
down the lung to expose superior mediastinum, posterior 
chest wall and the spine. This step, except in case of 
adhesions, is simple and allows identifying the sympathetic 
trunk in front at the camera.

Once the chain has been recognized, the second step 
provides for the ribs count starting from the first one and 
descending along the columns. The first rib is recognizable 
due to its C-shape and proximity to subclavian artery (Figure 4).  
We usually mark each ribs at the periosteum with a thin 
cauterization descending from the second to the target rib. 
This simple trick allows saving time avoiding ribs re-count.

Once the target rib and the corresponding sympathetic 
chain level have been marked, nerve trunk interruption 
can be performed. It is obtained by nerve transection using 
electro cautery or harmonic scalpel.

Harmonic scalpel offers some advantages such as cut and 
coagulation with lower spread of heat. This is useful and 
safe since reduces smoke in the pleural cavity and thermal 
damage of intercostal vessels and next ganglia risk (especially 
for high transection close to the first ganglion).

Anyway, we are comfortable with hook electro cautery 
because its particular shape allows isolating, picking up and 
cutting the chain without introduction of any other device 
(Figure 5). In case of sympathectomy, a double nerve transection 
is performed, including the corresponding ganglia. Then, the 
isolated specimen is removed with an endoscopic forceps.

To complete nerve interruption, Kuntz branches should 
be also cut off. Since these fibres are hardly identifiable, 
their resection is “blindly” obtained by parietal pleura 
cauterization, till periosteum, of the corresponding rib at 
1–2 cm from the sympathetic chain.

Nerve trunk interruption is performed at a given level 
according to surgical strategy preoperatively established. 
Nerve interruptions can be multiple.

After review of the haemostasis and air leaks, a chest tube 
connected to water-seal level is introduced in each pleural 
cavity thorough the camera port in order to remove PNX. 
Chest tube could be removed just at the end of surgery, as 
soon as air leaks stop.

Figure 2 Uniportal sympathectomy by 2 cm single port in the 
axillary fossa.

Figure 3 Sympathectomy is performed using a 5 mm camera and 
one or two endoscopic devices entering the chest cavity through a 
2 cm single port.

Figure 4 Endoscopic aspirator pointing out the first rib that is 
recognizable due to its C-shape and proximity to subclavian artery.

Uniportal 2 cm incision

Wound retractor 
on single port

Suclavian artery

First ribs, showed by the device, 
crossed by the suclavian artery
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Figure 5 Hook electrocautery allows to isolate, pick up and cut the 
nerve chain.

Complications

ETS is associated with minimal trauma and very low 
mortality; main series in literature report absence of 
mortality and an incidence of surgical complications ranging 
between 1–2% (11). Therefore, it is without fail a safe 
procedure. Concerning morbidity, bradycardia and Horner’s 
syndrome are the only two complications characteristics for 
ETS. Bradycardia is due to nerve interruption itself and is 
usually clinically irrelevant except for some categories such 
as professional athletes. It emerges as soon as the nerve is 
interrupted. Therefore, we suggest paying specific attention 
to cardiac rhythm as soon as the nerve has been resected 
and eventually interrupt surgery of the opposite side.

Horner’s syndrome is due to G1 damage. This complication 
is often due to a mistaken high nerve interruption. However, 
advent of harmonic scalpel and surgeon’s desertion of G2 
resection make this complication rare.

Except for these two specific complications, other events 
are rare and obvious for every kind of thoracic surgery. 
They are lung injury, PNX, bleeding, chylothorax and 
phrenic nerve injury. These are often registered in case of 
stuck lung for pleural adhesion and consists of prolonged 
air-leak or bleeding. They are usually easily managed by 
chest tube delayed removal. 

Postoperative pain is compliant with every VATS 
procedure lasting about 20/30 minutes. Despite bilateral 
approach, pain is well dominated.

Persistence of symptoms is not a true complication and 
should be ascribed to incorrect nerve interruption.

CH and complete dryness

CH is excessive sweating emerging in a new body area 
after ETS and usually affecting thorax, back or thighs. 
CH is an undesirable effect of sympathectomy rather than 

a complication. However, CH sometimes greatly affects 
patient’s QoL.

CH has a wide range of severity and its discomfort 
is subjective, therefore a clear diagnosis is hardly to be 
obtained. This could be one of the reasons why CH 
incidence varies from 3% to 98% in literature. Usually 
CH is classified in mild, moderate and severe (12). 
Unfortunately, severe CH can be embarrassing and QoL 
compromising such as former HP that required surgery.

Despite CH onset is unpredictable, some factors seems 
to be more likely responsible. These are obesity, cephalic 
nerve trunk interruption and numbers of interruptions. 
CH should be determined by sort of disturbance in the 
sympathetic system after surgical denervation. It has been 
suggested (13) that the interruption of the nerve reflex 
arch between the sympathetic trunk and hypothalamus was 
the main CH cause. From theory to practice, the more 
interruption level is high, the more CH risk is increased 
since that should preserve the negative afferent tone to 
hypothalamus itself (14). 

Therefore, the best CH prevention is based on correct 
patients selection and meticulous nerve interruption level 
choice (see next paragraph). 

Unfortunately, both surgical (clip removal or nerve 
reconstruction) and medical approach (diet, breathable 
clothes, antiperspirants, anticholinergic) to CH are 
unsuccessful. Therefore, patients must be warned with great 
care before ETS and made conscious of this risk. In our 
experience CH is better tolerated in patients who are suffered 
of severe palmar and axillary HP, since they experienced 
thorax or back excessive sweating less invalidating.

On the other side, complete dryness of the target body 
area is another side effect of ETS, considered and felt as 
an overdone result. CH and dryness degrees are inversely 
conditioned by denervation level.

Lastly, gustatory sweating is a rare side effect reported in 
some papers (15). If presents, it is usually experienced after 
eating spicy or acid foods. It is linked to denervation level 
too, with higher risk associated to R2 interruption.

Results

ETS main goal is excessive sweating of the target body area 
remission. This result, once reached, is noticed just at patient’s 
awakening and stabilizes in the first 30 postoperative days. 

Many tests have been suggested to intra-operatively 
determine sympathectomy efficacy. In our experience, 
according with Jeng and co-workers (4), the pulse oximetry-

Nerve trunk interruption 
by endoscopic hook
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derived perfusion index (PI) increasing was a good predictor of 
successful sympathectomy during ETS. Early and long terms 
outcomes measurements confirm that QoL improvement is 
immediate and last unchanged at 10 years as well. 

ETS success rate is influenced by PH localization of 
symptoms and surgical technique adopted. For example, 
palmar PH management is more successful than cranium-
facial indeed. As concerning surgery, nerve interruption 
level (or levels) is probably the main factor determining 
outcomes, in terms of both sweating remission and 
CH onset. Therefore, surgical strategy is based on the 
statements that high level and multiple nerve trunk 
interruption more likely determine dry skin whereas low 
interruption avoid CH onset (16).

Some series have been published in the last decade 
reporting ETS success rate for different location of 
symptoms based on nerve interruption level. At the same 
time CH onset rate was reported for each group.

These studies are hardly comparable since data are not 
uniform. Different Authors adopted different denervation 
level and technique (transection or clipping) obtaining 
different results. However, in 2011 the STS edited an expert 
consensus for surgical management of HP reporting some 
recommendations, based on patient’s distribution of sweating, 
about the level where to interrupt the sympathetic chain 
to obtain the best outcomes in terms of excessive sweating 
decrease and CH onset and intensity management (17).

In our experience, the best way to determine optimal 
denervation level is to comprehensively inform patients 
about ETS benefits and risks at preoperative time and 
let them follow their personal wish, balancing complete 
sweating reduction advantage and possible CH disadvantage. 
Then denervation will be performed at a higher or lower 
level based on who are willing to accept a higher risk of CH 
because they want complete dryness, or not. Once again, 
patients should be counselled about techniques and results 
differences and participate in the decision-making process.

Palmar hyperhidrosis. The most curative approach 
consists of two chain interruptions at R3 and R4. This 
approach guarantees dry hands inmate than 95% of cases 
but high risk of CH are present. As an alternative, R4 alone 
interruption may be acceptable for moderate PH because 
it limits CH risk and severity, although it may lead to 
moister hands. At the same time, R3 sympathectomy alone 
is recommended for patients with severe isolated palmar 
hyperhidrosis (18,19).

Patients with palmar and plantar hyperhidrosis 
represent a different challenge. Again, two operations can 

be performed. An R4 interruption alone may reduce the 
incidence of CH; alternatively, an R4 and R5 intervention is 
a reasonable option, but leads to drier feet.

Axillary hyperhidrosis. ETS for axillary hyperhidrosis 
is often less successful and has higher “regret rates” than 
for palmar hyperhidrosis. Therefore, before to suggest 
surgery, others approaches should be suggested or should 
have been already considered. Based on literature and our 
experience, for patients who have palmar-axillary, palmar-
axillary-plantar, or pure axillary hyperhidrosis, an R4 and 
R5 transection is suggested. Success is reached in 70–90% 
of cases (19). R5 interruption alone avoids CH but do not 
guarantees excessive sweating successful management (20).

Craniofacial hyperhidrosis. Patients with cranial and 
facial sweating present a more complicated problem 
compared with patients affected by palmar or axillary 
hyperhidrosis. Successful rate is lower (60–80%) on 
complications rate higher (19). Patients should be always 
warned about CH high risk. Based on results of many series, 
R3 alone interruption is the best option, because it reduces 
the risk of CH and the risk of Horner’s when compared 
with R2 or an R2 and R3 transection. Surgical failure is rare 
and due to incorrect nerve trunk identification (21).

Conclusions

Excessive sweating is a serious medical condition that can be 
embarrassing, uncomfortable, anxiety-inducing, dangerous, 
and disabling. PH is idiopathic, whereas secondary 
hyperhidrosis is symptom of different underlying diseases.

There are many and different treatments for HP. Each 
therapy is characterized by benefits and undesired effects. 
Therapy efficacy is conditioned by PH severity and, over 
all, by sweating localization.

Usually, non-invasive treatments should be the first 
modalities of treatment. Correct medical treatment is 
decided case by case based on PH severity, localization and 
patient’s requirements.

In case of failure, surgery should be proposed. ETS is the 
most diffuse and effective surgical treatment. It is safe and 
successful but characterized by an undesired effect called 
CH. ETS efficacy and CH risk depend on sympathetic 
chain interruption level. Therefore, target level and 
numbers of interruption should be always decided weighting 
benefits and side effects in accordance with patient will.

To summarize, lower level and single interruption limit 
CH risk in every PH localization. However, in case of 
severe patient discomfort, cephalic or multiple interruptions 
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should be considered if patient ask for satisfying dryness.
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