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Background: Compensatory hyperhidrosis (CH) is a potential complication following endoscopic thoracic 

sympathectomy (ETS) in the management of primary hyperhidrosis. CH is considered a permanent condition 

with significant psychosocial impacts but with few treatment options. Various reversal surgical techniques, aimed at 

reconstituting sympathetic pathways, have been developed but results have been inconsistent. 

Objective: We present two case reports of a novel technique of reversal surgery, the Melbourne technique, which 

was employed to treat severe CH that developed within 3-5 months following ETS. Both patients were followed-up 

to 8 years. 

Methods: The Melbourne technique employs an endoscopic approach to expose previously sympathectomized 

or sympathotomized thoracic sympathetic chains. In these two cases it was performed on the right side only. 

Instead of an interpositional nerve graft, an autogenous vein graft was simultaneously harvested and used as a nerve 

conduit to bridge the secondary nerve defect after neuroma excision. Long-term outcomes were assessed using 

the dermatology life quality index (DLQI) and the quality of life (QoL) questionnaires, which are validated for 

hyperhidrosis.

Results: In both cases, patients reported postoperative improvements in QoL scores. However, the improvement 

was more marked in one case compared with the other. There were no significant immediate and long-term 

postoperative complications.

Conclusions: The Melbourne technique shows promise as an alternative to interpositional nerve grafts or nerve 

transfers employed in other endoscopic reversal surgeries for CH.
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Introduction

Hyperhidrosis is a condition characterized by increased 
production of sweat disproportionate to the amount 
required to adapt to change in environmental conditions 
or thermoregulatory needs (1). It has equal prevalence 
among both men and women affecting 2.9% of the 
general population (2). Although hyperhidrosis is a benign 
condition, it often causes embarrassment resulting in 
significant psychosocial morbidity to the patient (2).

Hyperhidrosis can be generalized or focal. Generalized 
hyperhidrosis affects the entire body and is usually secondary 

in nature. Focal hyperhidrosis (i.e., primary hyperhidrosis) 
is usually idiopathic and involves specific body sites, most 
commonly the axillae, palms, soles and face (3,4). It is 
postulated that over-activity of the sympathetic nervous 
system in response to environmental or emotional stimuli 
is the main cause of primary hyperhidrosis (1), hence the 
rationale for the sympathectomy in severe cases that are 
refractory to non-surgical treatments. 

Endoscopic thoracic sympathectomy (ETS) is a definitive 
surgical treatment for primary hyperhidrosis which evolved 
since the 1950s (5). ETS involves electrocautery or clipping 
of the thoracic sympathetic chain intended to interrupt 
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the nerve tracks and nodes that transmit signals to the 
sweat glands. The efficacy and the benefit of ETS are well 
documented (1). Despite the high success rate and low 
morbidity, it is often associated with a significant long-term 
complication, namely compensatory hyperhidrosis (CH), 
which occurs as late as 6 months postoperatively (6), in 
other areas of the body, notably the trunk, and lower limbs. 

The true incidence of CH following ETS is difficult 
to attain due to lack of standardization in definitions and 
anatomical variations (7). Lai et al. introduced the severity 
scale of CH (8), however, its applicability is questionable 
since assessment is broadly subjective without a standardized 
objective measuring tool (7). Nevertheless, the incidence of 
postoperative CH ranges from 30% to 100% (9-13), and 
that of severe CH is as high as 43% (8). 

The exact mechanism of CH is unknown but several  
theories include: a relative reduction of effective body surface 
area for evaporative heat loss resulting in higher sweat 
production in areas with intact sudomotor function (14) or 
increased thermosensitivity and altered reflex response of the 
hypothalamic thermal controller post-ETS (9).

It is difficult to treat CH. As a matter of fact various surgical 
techniques and protocols of ETS are continually reformed to 
minimize occurrence of CH but no curative treatment exists 
to date. Consequently, reversal surgeries for CH have been 
attempted with variable yet promising results (15,16).

To date, there have been no reports of reversal surgery 
for CH using autogenous vein graft as a nerve conduit 
to reconstruct thoracic sympathetic nerves. Therefore 
we present this novel technique, which was performed in 

two patients, and their long-term outcome. 

The Melbourne technique

A novel surgical technique, which was developed by 
Australian surgeons in Melbourne, was employed in these 
two cases. This technique requires positioning the patient 
in a semi-seated position with arms in abduction (modified 
Fowler position). The procedure was undertaken with 
general anaesthesia using double-lumen endotracheal tube. 
In both cases, the procedure was performed on the right side 
only. Three ports (1 mm × 5 mm, 2 mm × 3.5 mm) were 
accessed over previous scars, along anterior axillary line 
and mid-clavicular line at the level of the fifth intercostal 
space, and mid-axillary line at level of third intercostal 
space. A controlled pneumothorax was achieved with CO2 
and pleural space was inspected with 3.3 mm 30° telescope 
(KARL STORZ, GmbH&Co. KG, Tuttlingen, Germany). 
Careful pleural adhesiolysis and pleural windows were made 
using hook diathermy and scissors. The T2 sympathetic 
trunk was identified at the neck of 2nd rib and its distal 
segment over 3rd rib. Neither case had titanium clips in 
situ from previous surgery; however, if present they would 
have been removed. In case 1, neuromas formed at the 
proximal and distal ends of T2 sympathetic trunk were 
excised leaving a defect of approximately 1 cm (Figure 1). 
In case 2, T2-3 sympathetic trunk neuromas were carefully 
neurolysed and excised, resulting in a 1 cm defect. 

In both cases, a segment of superficial vein (5 cm in 
length) was harvested from the left forearm. The vein 

Figure 1 (A) Operative field; (B) illustration of distal and proximal ends of right 2nd thoracic sympathetic chain after excision of neuroma. a, 
right 2nd rib; b, proximal stump; c, distal stump; d, endoscopic sucker.
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was flushed with heparinized saline and its orientation 
reversed. The harvested veins were resized to the 
length of the defect, and both ends were splayed open 
to accommodate the nerve trunk stumps. End-to-end 
coaptation was secured in position with a fine layer of 
fibrin sealant (TISSEEL™, Baxter International Inc., 
USA) (Figures 2-4).

Finally, the lung was re-expanded and an intercostal 
catheter placed to remain in situ for 24 hours until 
complete resolution of the pneumothorax was confirmed 
on a postoperative chest X-ray. The average length of the 

operation was 120 minutes. 

Case 1

Patient A, a right-hand-dominant 58-year-old Caucasian 
male, underwent ETS in December 2002 by clipping T2 
and T3 sympathetic trunks bilaterally for severe primary 
facial hyperhidrosis and rubor facialis affecting his quality 
of life (QoL). He noticed significant reductions in facial 
sweating and blushing, attaining a hyperhidrosis disease 
severity scale (HDSS) (17) score of 1 from the initial 4. 

Figure 2 (A) Operative field; (B) illustration of AVNC coaptation to right 2nd thoracic sympathetic nerve proximal stump. a, right 2nd rib; b, 
splayed end of AVNC; c, right 2nd thoracic sympathetic ganglion; d, fibrin sealant. AVNC, autogenous venous nerve conduit.

Figure 3 (A) Operative field; (B) illustration of AVNC coaptation to right 2nd thoracic sympathetic nerve distal stump with fibrin sealant. 
a, right 2nd rib; b, splayed end of AVNC; c, right 3rd thoracic sympathetic ganglion; d, fibrin sealant. AVNC, autogenous venous nerve 
conduit.
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However, at 5 months post-ETS, he developed symptoms 
of CH of his trunk and axillae. At 6 months and 24 months 
post-ETS, he underwent removal of the right T2 clip, 
and the right T3 clip respectively. Despite the removal of 
the titanium clips and a trial of Ditropan® (Oxybutynin 
chloride), he continued to experience excessive sweating on 
his back and axillae. 

At approximately 5 years post-ETS, he underwent reversal 
surgery using the Melbourne Technique. A 1 cm segment of 
scarred right thoracic sympathetic chain was excised which 
was later reported as nerve with surrounding fibrous stroma. 

Within 6 months post-reversal surgery, he noticed a 
return of perioral sweating, which was reportedly bearable. 
Simultaneously, he observed mild to moderate reduction in 
sweating on his back and axillae to a tolerable level. 

At 5 years post-reversal surgery, he continued to 
experience mild to moderate sweating on his back, however, 
to a lesser degree following reversal surgery. The patient’s 
dermatology life quality index (DLQI) score improved 
from 12 (pre-reversal surgery) to 6 (i.e., moderate effect on 
patient’s life), and QoL questionnaire (18) at 5 years post-
reversal surgery was slightly better.

Case 2

Patient B, a right-hand-dominant 49-year-old Caucasian 
male, underwent bilateral ETS in 2001 for severe primary 
facial hyperhidrosis affecting his QoL. Bilateral T2 
sympathetic trunks were excised with electrocautery. He 
noticed significant reduction in facial sweating thereafter, 

reflected by improvement of HDSS score from 4 to 1. 
However, after 3 months following ETS, he developed 
compensatory sweating involving trunk and axillae. Several 
non-surgical interventions were trialed without a definitive 
benefit which included: CT-guided lumbar sympathetic 
plexus block; Pro-Banthine® (Propantheline bromide); 
Ditropan® (oxybutynin chloride); and drysol (aluminium 
chloride hexahydrate) spray. 

At approximately 8 years after ETS, the patient 
underwent reversal  surgery using the Melbourne 
technique. Axillary hyperhidrosis improved within three 
months following the reversal surgery. At four years post-
reversal surgery, trunk hyperhidrosis remained moderately 
persistent, however, patient noticed a gradual return of 
noticeable but tolerable perioral sweating. The patient’s 
DLQI score improved from 18 (pre-reversal surgery) 
to 15 (i.e., very large effect on patient’s life), and QoL 
questionnaire (18) at four years after the reversal surgery 
was about the same.

Discussion

The reversal surgery following ETS is usually reserved for 
those with severe CH, refractory to medical treatment. In 
those who underwent thoracic sympathotomy with clipping 
method, subsequent removal of clips is also considered a 
form of reversal. In our first case, removal of the clips from 
both T2 and T3 (although from right side only) did not 
alleviate symptoms. 

The basic aim of the reversal surgery is to reduce the 

Figure 4 (A) Operative field; (B) illustration of close-up view of AVNC and thoracic sympathetic nerve coaptation. a, right 2nd rib; b, 
splayed end of AVNC; c, right 2nd thoracic sympathetic ganglion; d, fibrin sealant. AVNC, autogenous venous nerve conduit.
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severity of CH by reconstructing the sympathetic trunk that 
was once divided, which also includes excising iatrogenic 
neuromas. The primary approach is endoscopic through 
previous thoracoscopic incisions, unless severe pleural 
adhesion is encountered.

Telaranta endoscopically reconstructed bilateral thoracic 
sympathetic nerves with interpositional sural nerve grafts 
on one patient suffering from CH following ETS. Patient’s 
symptoms and QoL improved by 2.5 years postop, 
substantiated by normalized sweating pattern measured 
with vapometer (15). Hamm et al. performed reversal 
surgery on 19 patients by transposing distally-based 
intercostal nerve to thoracic sympathetic nerve defects, 
bilaterally. In all cases, the fibrin sealant was applied onto 
nerve coaptation anteriorly via endoscopic technique except 
in one patient who required minithoracotomy owing to 
dense pleural adhesion. Of the 19 patients, nine reported 
mild to definite resolution of CH symptoms by an average 
of 1.83 years (16).

Miura, whilst resecting a mediastinal tumor via 
posterolateral thoracotomy, successfully reconstructed a 3 cm 
defect in the thoracic sympathetic chain by transferring the 
intercostal nerve and performing neurorrhaphy with 6/0 nylon 
and fibrin glue reinforcement (19). 

Other s tudies  have a lso  shown reparabi l i ty  of 
sympathetic chains using nerve grafts. Kim et al. primarily 
reconstructed resected cavernous nerves bilaterally with 
interpositional sural nerve grafts during radical retropubic 
prostatectomy (20). Postoperative results observed at 
18 months were promising. Animal experimental study 
performed by Hyochi et al. (21) demonstrated comparable 
restoration of sympathetic pathways via the hypogastric 
nerve by using both autonomic nerve graft (colonic nerve) 
and somatic nerve graft (genitofemoral). 

The idea of using vascular conduits for nerve repair dates 
back to 1891 (22). The use of autogenous venous nerve 
conduit (AVNC) was not recognized as an alternative to 
nerve grafting until 1982 when Chiu et al. (23) attested that 
it facilitated regeneration of the proximal nerve fascicles 
in an orderly fashion within the lumen of the vein which 
ultimately reached the distal stumps within two months after 
repair. Subsequently, nerve conduction studies confirmed 
restoration of conduction through vein-grafted nerves 
although somewhat slower than baseline. However, this 
was comparable to nerve-grafted defects (24). Although 
initial experiments were carried out on animals, numerous 
human studies followed, illustrating recovery of sensation 
after bridging digital nerve defects with AVNC, in both 

immediate and delayed repairs (25-29). 
Harvesting of superficial vein grafts is technically 

uncomplicated with unlimited supply, leaving behind 
only a small linear scar. Furthermore, the lumen of a 
vein allows diffusion of the neurotropic factors within, 
creating an ideal environment for nerve regeneration and 
prevent scar tissue from invading the lumen (30,31). As 
a result, veins may be preferred over synthetic conduits 
such as silicone and Maxon tubes which can cause foreign 
body reactions and axonal compression, leading to scar 
formation (32). 

There are few limiting factors to successful nerve 
reconstruction using AVNC. Both animal and human 
studies demonstrated poor clinical and histological 
nerve regeneration when AVNC was used to bridge 
large-diameter, mixed nerves, and those with gaps 
of more than 3 cm (25-27,33). This is theoretically 
attributed to dilutional effect of neurotropic factors 
within longer AVNC, which result in stunted axonal 
growth (34). When nerve defects are longer than 3 cm, 
interpositional nerve grafts were shown to be superior 
to AVNCs (31). 

The assessment tools used for long-term outcomes 
following reversal surgery in our patients were DLQI 
and the QoL questionnaires. The DLQI, the first 
dermatology-specific health-related QoL questionnaire, 
was developed by Finlay and Khan in 1994 (35). It 
is a well-validated outcome measure for numerous 
dermatological conditions including primary hyperhidrosis 
(36,37) and CH (38). 

QoL questionnaire, which was introduced by Amir et al. (18) 
and adapted by de Campos et al., has been frequently employed 
in evaluating post-ETS cohorts (39-41). 

In our two cases, the overall improvement in DLQI and 
QoL scores were evident, although in varying degrees. 

Conclusions

The limited experience in the use of the Melbourne technique 
demonstrates its promise as a safe treatment and effective 
option for CH with minimal donor site morbidity. Although 
it is an uncommon condition, more patients who underwent 
this technique of reconstruction will need to be recruited and 
reviewed in order to shed more light on its success. 
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