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95%CI 95% Confidence interval
AVAs  Arteriovenous anastomoses
HH Hyperhidrosis

OR Odds ratio

LA Left axilla

LF Left foot

LH Left hand

RA Right axilla

RF Right foot

RH Right hand

ROI Region of interest

SD Standard deviation

>4 Fernando Fernandez-Llimos
fllimos @ff.up.pt

Fatima Carvalho
fcarvalho.dia@chporto.min-saude.pt

Carolina Magalhaes
up201607752 @fe.up.pt

Joaquim Mendes
jgabriel@fe.up.pt

Jorge Gongalves
jgoncalves @ff.up.pt

Department of Pediatric Surgery, Centro Hospitalar

Universitario do Porto, Porto, Portugal

Faculdade de Engenharia, Universidade do Porto, Porto,

Portugal

3 LABIOMEP, UISPA-LAETA-INEGI, Porto, Portugal

4 UCIBIO-Applied Molecular Biosciences Unit, i4HB—
Institute for Health and Bioeconomy, Laboratory
of Pharmacology, Faculty of Pharmacy, Universidade
of Porto, Rua de Jorge Viterbo Ferreira, 228, 4050-313 Porto,

Portugal

Introduction

Hyperhidrosis (HH) is associated with excessive sympa-
thetic tone through the T2 and T3 ganglia, in both choliner-
gic and adrenergic components [1]. In HH patients, exces-
sive sweating is caused by increased cholinergic activity on
muscarinic receptors of eccrine sweat glands, and the lower
skin temperature of the hands and feet is caused by increased
adrenergic activity on alphal adrenoceptors in glabrous skin
areas, reducing skin perfusion through arteriovenous anas-
tomoses (AVAs) [2].

Various surgical approaches have been used for years to
interrupt the sympathetic chain, with thoracoscopic sym-
pathectomy becoming a reliable alternative [3]. The level
at which the chain is blocked has been controversial, rang-
ing from a single T3 block to a complete T2-T4 block [4].
However, postoperative complications have been described:
compensatory sweating, dissatisfaction with the procedure
and recurrence of symptoms. Several studies have evaluated
changes in skin temperature, mainly in the palms, during
surgery and immediately after sympathectomy, but a long-
term evaluation of the effects of the surgical procedure on
skin temperature has not yet been performed. Therefore, our
aim was to evaluate the effects of T2-T4 sympathectomy
on skin temperature in patients with hyperhidrosis during a
6-month follow-up period.

Methods

A longitudinal study (ethics approval ref: 2018.140
(121-DEFI/120-CES)) enrolled participants from the
paediatric surgery department of Hospital Santo Anténio
(Porto, Portugal) between Jan-2017 and Jul-2019. Patients
diagnosed with primary HH and scheduled for sympa-
thicotomy were invited to participate as part of the HH
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group. To create a sex- and age-matched control group
(CG), individuals admitted to the department for reasons
unrelated to HH were invited to participate.

Participants in both groups underwent thermography
according to the Glamorgan protocol [5]. One set of ther-
mograms comprised 44 regions of interest (ROIs) distrib-
uted between the hands, feet and armpits (including the
face). For the HH patients, the procedure was repeated
four times: 24 h before the HH patients' surgery, 24 h
after the HH patients’ surgery, and 3 and 6 months after
surgery, during the follow-up visits. At these visits, each
patient's sweating was also assessed by interview as a
patient-reported outcome measure.

All HH patients underwent a single stage bilateral
T2-T4 sympathicotomy. During this procedure, the sym-
pathetic nerve bundle was identified and dissected by
electrocautery over the 2nd, 3rd and 4th costal arches
within a 2 cm extension.

Differences between the two groups were assessed
using independent samples null hypothesis tests (i.e.
t-test) and effect size measures (i.e. Cohen's d). To
assess the influence of temperature variations caused by
the phase of the menstrual cycle in female participants,
similar analyses were performed in a subset of male par-
ticipants. A detailed description of the study methods can
be found in Supplementary Material 1.

Results

A total of 37 HH patients who underwent T2-T4 sympathico-
tomy and 16 CG patients completed follow-up. CG patients
were slightly younger than HH patients (HH 15.1 years,
CG 13.1 years; Cohen’s d=— 0.726; 95%CIl=— 1.326:
— 0.120), but there were no differences in sex at birth
between the two groups (HH 56. 8% female, CG 50.0%;
OR =0.762; 95%CI=0.235: 2.470), body mass (HH 57.6 kg,
CG 48.8 kg; Cohe’s d=— 0.576; 95%CIl=— 1.170:-0.024)
or stature (HH 1.62 m, CG 1.59; Cohen’s d=— 0.238;
95%CI=—- 0.825:+0.351). The most common conditions in
CG patients were acute appendicitis, biliary lithiasis (three
patients each), pectus excavatum, phimosis, varicocele (two
patients each).

Preoperative body and skin temperatures were analysed
in detail in a previous publication [1]. The core body tem-
perature of the HH patients was significantly higher at
20°C (35.3° C and 35.5° C) compared to the control group
(34.8° C both sides) (p-value 0.014 right and < 0.001 left
inner canthus), showing a moderate to high effect size
(Cohen’s d 1.3 95%CI 0.7:2.0; and 0.8 95%CI 0.2:1.4). No
statistical differences were observed in skin temperature
at the palms, soles and axillae of the hands between HH
patients and the control group (Fig. 1A).

Sympathicotomy produced a significant increase in skin
temperature in virtually all ROIs (Fig. 1B). The increase
was more pronounced in all palm ROIs (paired Cohen’s
d between 2.5 and 2.8). The temperature in the palms
increased from about 23°C in the fingertips (ROIs 1-5) to
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34° C and from 28° C in the palms (ROIs 6-8) to 35° C.
This increase in skin temperature produced a strong differ-
ence between the CG and sympathicotomised HH patients in
all ROIs on the hands (Cohen’s d between 3.5 and 6.6) and
less marked in the axillaec (Cohen’s d between 1.4 and 1.6).
The temperature difference in all hand ROIs between sym-
pathicotomised HH and CG decreased at 3 months (Cohen’s
d between 1.3 and 1.9; Fig. 1C) and 6 months (Cohen’s d
between 0.3 and 1.3; Fig. 1D), with some fingertips (ROIs
4 and 5) reaching almost zero difference. A similar situa-
tion was found in the axillae, with a smaller difference at
3 months (Cohen’s d between 0.8 and 0.9) and no difference
at 6 months (p >0.05).

Sympathicotomy produced a moderate increase in skin
temperature of the feet from preoperative to 24 h postop-
erative in all ROIs (paired Cohen’s d between 0.5 and 0.7),
which disappeared at the 3 month and 6 month follow-up
(p>0.05). The initial increase in sole skin temperature was
sufficient to produce a difference between sympathicot-
omised HH patients and CG toes (Cohen’s d between 0.7
and 0.8), but not in the heel ROIs (p > 0.05) (Fig. 1B). This
difference in toe temperature completely disappeared at the
3 month (Fig. 1C) and 6 month follow-up (Fig. 1D).

Core body temperature did not show any differences
between the preoperative and the 24-h postoperative
period (paired #-test p=0.437 and 0.101). However, at
the 3 month follow-up, the core body temperature of HH
patients decreased significantly from the preoperative values
(paired Cohen’s d between 0.5 and 0.6). A similar but less
pronounced effect was observed at the 6-month follow-up
(paired Cohen's d between 0.3 and 0.5). Compared to the
CG, the sympathicotomised HH patients showed a slightly
higher core temperature (Fig. 1B), although less marked than
before surgery, which completely disappeared at the 3-month
(Fig. 1C) and 6-month follow-up (Fig. 1D).

Identical patterns of temperature differences and very
similar effect sizes were obtained in the analysis of the sub-
set of male participants (Supplementary Material 2).

Discusion

Sympathicotomy is expected to cause destruction of post-
ganglionic sympathetic adrenergic and cholinergic neurons,
eliminating both tone and consequently sweating and AVA
vasoconstriction. As commonly reported [6], in the present
study skin temperature in the palms increased after sympa-
thicotomy with a marked effect size, reaching a significantly
higher temperature in sympathicotomised HH patients than
in CG, reflecting a loss of vasoconstrictive noradrenergic
tone. Also in agreement with previous studies [7], plantar
temperature increased to a lesser extent after sympathico-
tomy. At the 3-month and 6-month follow-up visits, the skin

temperatures of the sympathicotomised HH patients tended
to normalise, reaching values similar to those of the CG
patients. At these follow-up visits, the patients reported no
excessive sweating in the palms of their hands. This means
that sympathicotomised HH patients should have recovered
some of the noradrenergic tone that causes vasoconstriction,
but not the cholinergic tone that causes sweating.

The mechanisms involved in the selective restoration
of adrenergic vascular tone remain elusive. Recovery of
adrenergic vasoconstrictor tone may be due to increased
sensitivity to plasma catecholamines in the area of sympa-
thicotomy, by a process similar to that observed in patients
with spinal lesions [8]. Loss of adrenergic nerves can lead
to hypersensitivity of postsynaptic adrenoceptors and loss of
neuronal uptake, the main inactivation system of adrenaline
and noradrenaline [9]. Both factors contribute to the poten-
tiation of responses to plasma adrenaline and noradrenaline
reaching the denervated area. Recovery of the cholinergic
response is not expected because denervation does not cause
hypersensitivity to acetylcholine [10] and because plasma
levels of acetylcholine are insufficient to activate muscarinic
receptors (approximately three orders of magnitude lower
than its ECsp) [11].

In addition, regeneration of transected axons or the use
of alternative neuronal pathways to bypass the nerve tran-
section may also facilitate recovery of vasoconstrictor tone.
Regeneration of transected axons has been demonstrated in
rats [12]. In addition, the upper thoracic sympathetic chain
has a complex anatomy where the presence of rami com-
municantes and interneurons, as well as the nerve of Kuntz
[13] may create alternative pathways to allow recovery of
tonus [14].

Limitations

The study did not take into account the phase of the men-
strual cycle of the female patients, as recommended to take
into account the effects of oestrogens on vascular function
[15]. However, due to the observational nature of the study,
it would not be feasible or ethical to change the time of sur-
gery to coincide with menstruation. The results obtained in
the subset of male patients showed that our overall results
were reliable. Furthermore, sweating was assessed subjec-
tively and the study was limited to 6 months.

Conclusion

Cholinergic and adrenergic tone are lost immediately after
T2-T4 sympathicotomy, resulting in the elimination of palm
sweating and vasoconstriction in HH patients. Vasoconstric-
tion, but not sweating, was progressively recovered during
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a six-month thermographic follow-up, with a skin tempera-
ture pattern similar to that of non-HH subjects, suggesting a
selective recovery of adrenergic tonus.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10286-024-01047-y.
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