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‘ Abstract
Cardiac autonomic function in patients (n = 63) with pri-

mary focal hyperhidrosis and healthy controls (n = 28)
was investigated by short-term frequency domain power
rate variability.{The power o
the very-low-frequency band (0.01-0.05 Hz) was signifi-
cantly lower in patients wi illary hyperhidrosis than
i o differences between groups could be
observed at investigation of the low-frequency band
0.05-0.15 Hz), which was a surprising finding because
this band represents also sympathetic cardiac innerva-
_t_i?_rl.JAt the migh-frequency band (0.15-0.5 Hz), which
represents parasympathetic cardiac innervation, an in-
teraction of type ition | i

_was_detected. |Our highly interesting findings indicate

that primary focal hyperhidrosis is based on a much
more complex autonomic dysfunction than generalised

sympathetic nervous system as well.
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sympathetic overactivity and seems to inyolye the para-.l

introduction

Primary focal hyperhidrosis is a dysfunction of the
autonomic nervous system that usually manifests early in
adolescence and has to be distinguished from hyperhidro-
sis because of endocrinological abnormalities, inflamma-
tory conditions and cerebrovascular diseases [1]. Typical
locations of excessive sweating are the axillary, palmo-
plantar and axillopalmoplantar regions [2]. Hyperhidrosis
is a socially and emotionally disturbing condition [3]
which severely reduces quality of life [4]. Therapeutic
approaches include sympathectomy, local application of
aluminum chloride, iontophoresis and local injections of
botulinum A toxin [4-7]. The aetiology of this distur-
bance is unknown [8, 9], but the definition of autonomic
abnormalities in primary focal hyperhidrosis is of para-
mount importance due to the clinical and social relevance
of this disease. To our knowledge, very few data are avail-
able on autonomic function in primary focal hyperhidro-
sis [1, 9-11]. Previous studies showed that cardiac auto-
nomic function is altered in patients suffering from pri-
mary hyperhidrosis compared to healthy subjects [9, 11].
These findings suggest that primary focal hyperhidrosis is
not only a local disturbance, but results from general dys-
function of the autonomic nervous system, also involving
cardiac autonomic control.
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The aim of our study was to investigate the cardiac
. autonomic function of patients suffering from different

.__ypes of primary focal hyperhidrosis with short-term pow-

er spectral analysis of heart rate variability (HRV) com-
pared to healthy controls.

Short-term power spectral analysis of HRV is a non-
invasive method for quantitative assessment of cardio-
vascular autonomic regulatory responses [12, 13]. This
method is based on RR interval fluctuations in the heart
rate record, and by the means of fast Fourier transforma-
tion, three main spectral components may be distin-
guished: very low, low, and high-frequency bands [13].

Mechanisms and origins of very low frequencies (0.01-
0.05 Hz) are not sufficiently delineated yet [ 14]. The pow-
er of low frequencies (0.05-0.15 Hz) is said to represent a
complex combination of sympathetic and parasympathet-
ic effects on cardiac autonomic function [14]. High fre-
quencies (0.15-0.5 Hz) are mediated primarily by vagal
innervation of the heart [14]. In the past years, power
spectral analysis of HRV has been mainly used in cardiol-
ogy [15] and to investigate diabetic neuropathy [13, 16],
but it is also used increasingly in psychiatric [17-20] and
neurological research [21-24].

Subjects and Methods
Suhiects
W nvostigated 63 paticnis sublicrig trom prisnacy tocal hy perli-

drosis: 23 patients with isolated axillary hyperhidrosis (12 male, 13
female; mean age 33.5 + 9 years), 12 with palmoplantar hyperhidro-
sis (6 male, 6 female; mean age 32.6 = 12.2 years), and 26 patients
with axillopalmoplantar hyperhidrosis (12 male, 14 female; mean age
30.1 £ 8.3 vears). As control group. we investigated 28 normal sub-
jJects (14 male, 14 female; mean age 30.7 £ 6.2 vears).

All patients were recruited from our outpatient department where
they were referred to because of socially handicapping focal hyperhi-
drosis, resistant to conventional treatment (astringents and local
antiperspirants containing aluminum salts). Patients were investi-
gated anamnestically as well as ncurologically, and X-ray investiga-
tion of the chest and blood analysis were performed. Primary focal
hyperhidrosis was diagnosed when patients suffered from hyperhi-
drosis restricted to axillary, palmoplantar or axillopalmoplantar re-
gions for longer than 6 months. neurological status was normal, and
no evidence of systemic discases that may cause hyperhidrosis (e.g.
diabetes or thyroidal dysfunction) was tound. Diagnosis ot focal
hyperhidrosis was confirmed by ninhydrin sweat test [25] on the
hyperhidrotic regions. We excluded subjects vounger than 19 years of
age. patients with drug-induced focal hyperhidrosis [26]. subjects
with regular medicamentation which could possibly influence heart
rate. and patients with any history of cardiac discases or arrhythmia.
Informed consent to power spectral analysis was obtained from all
patients after a full oral explanation.

C
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Procedure :

Investigations always took place in the same room at a constant
temperature of 22°C and minimisation of arousal stimuli between
11 a.m. and 4 p.m. After a resting period of at least 15 min, three
consecutive examination positions were used in a modified ortho-
static test: supine 1, standing, and supine 2 [27]. This twofold chang-
ing of posture is considered an important provocation of both
branches of the autonomic nervous system [28].

Subjects were instructed to breathe regularly with a frequency of
15 breaths/min. Frequency domain short-term power spectral analy-
sis of HRV was performed, using a VariaPulse TF 3 system (Sima
Media, Czech Republic) with a resolution time of | ms [27, 29]. The
computational method was based on the fast Fourier transformation
modified by algorithm of coarse-graining spectral analysis [30]. In
this method, non-harmonic elements are removed from the lower fre-
quency bands (1/f), emphasising only the harmonic components [30].
Artefacts were filtered automatically and manually, calculations
being made for a 256-seconds artefact-free window for each posi-
tion.

We measured absolute values of power in ms2 [13] of the very-low
(0.01-0.05 Hz)-, the low (0.05-0.15)- and the high (0.15-0.5 Hz)-
frequency bands. Standard deviations were calculated for each
parameter and findings bearing more than 35% relative standard
deviation within any of the positions, suggesting nonstationarity of
the recorded data, resulted in immediate repetition of investigation
in this position.

Study Design and Statistical Methods

The study was designed as an open trial with a so-called split-plot
design with the between-patients factor ‘patient group’ and the with-
in-patients factor ‘position’. Data analysis was performed by an inde-
pendent statistician.

Variahles of interest were doseribed by means and srandard de.
siations (SDy. The variable power (ims=) was logarithmicaliy trans-
formed (base 10) to obtain an approximate normal distribution. For
cach of the three different frequency bands, the effects of patient
group and position on log;o power were assessed by usingan ANOVA
model. Multiple pairwise comparisons were adjusted according to
the mcthod of Tukey-Kramer. Mcasurements which correspond to
outliers in ANOVA model residuals were identified and the analyses
were repeated without them to assess their influence on results.

All reported p values are results of two-sided tests. A p value equal
to or less than 3% was considered statistically significant. The SAS
procedure GLM (SAS Institute, Cary, N.C., USA) was used to per-
torm the ANOVA models. The SPSS statistical software package
(SPSS, Chicago, Ill., USA) was used for all other calculations.

Resuits

In the very low frequencics, a significant influence of
patient group (p = 0.035) and position (p = 0.032) on log;,
power was visible (fig. I). Subsequent pairwise compari-
sons between different types showed that logyy power was
significantly lower insolated axillary hyperhidrosis than
in healthy controls (mean ditterence: -0.24, p = 0.020,
95% CIL: -0.45. -0.03) (table 1). Comparing positions
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Fig. 1. Boxplots of log;( power for each patient group at cach exami-
nation position in the verv-low-freguency band (0.01-0.08 Hz). Out-
hers are marked by a dot.

Table t-10x,, poves ol alb Dogueiney Baeds 1o cach 1vp and posi-

Frequency Patient group Mean of log;o power

band . . :

supine | standing supine 2

Verylow  axillary 2.18 2.24 2.35
palmoplantar 2.4 2.27 2.49
axillopalmoplantar 2.37 2.46 2.42
healthy controls 243 2.54 2.51

Low axillary 2.3 2.55 2.3
palmoplantar 2.37 2.38 2.59
axillopalmoplantar 2.29 2.5 2.31
healthy controls 2.48 2.69 2.56

High axillary 2.57 2.05 2.61
palmoplantar 2.6 2.06 2.85
axillopalmoplantar 2.67 2.37 2.8
healthy controls 291 2.14 3.03

pairwise revealed that log;o power was higher in supine 2
than in supine 1 (mean difference: 0.10, p = 0.026, 95%
CI: 0.01, 0.19).

In the low frequencies, no influence of patient group
(p =0.25) on log;o power could be detected, but the effect
of position was significant again (p = 0.0014) (fig. 2). Pair-
wise comparisons between different positions revealed
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Fig. 2. Boxplots of log;o power for each patient group at each exami-
nation position in the low-frequency band (0.03-0.15 Hz). Outlicrs
arc marked by a dot.

that log)o power was sieniticantly higher in the standine
POSILOLN LI 11 DOt supine positions (table 1) mean dit-
ference to supine 1: 0.20, p=0.0012, 95% CI: 0.07, 0.32;
mean difference to supine 2: 0.14, p = 0.036, 95% CI:
0.01,0.26.

In the high frequencies, the situation was more compli-

cated, since a significant interaction between patient
group and position was detected (p = 0.0077). As shown in
table 1 and figure 3, in healthy subjects, the power in high-
frequency band decreases more at standing up than in
patients with hyperhidrosis. Particularly in axillopalmo-
plantar hyperhidrosis, the relative decrease of power at
standing position compared to supine positions was less

pronounced
' AIl analyses were repeated after exclusion of outliers

detected by inspection of residuals. No remarkable differ-
ences compared to the results stated above were ob-
served.

Discussion

Only few data exist on autonomic function in essential
focal hyperhidrosis [1, 9-11]. Shih et al. [9] showed that
patients with denervation of T2-3 ganglia because of pal-
mar hyperhidrosis showed altered sweating response on
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Fig. 3. Boxplots of log,o power for each patient group at cach exami-
nation position in the high-frequency band (0.15-0.5 Hz). Outlicrs
are marked by a dot.

the whole body during physical exercise compared to nor-
#mal subjects and patients suffering from palmar hyperhi-
rosis. Hyperhidrotic subjects with intact ganglia also
showed fess retlex bradyeardia in response to the Valsalva
manocuvre, and a higher degreec of cutancous vasocon-
striction in response to finger or cold immersion. The
authors suggested an over-functioning of sympathetic
fibres running through T2-3 as the causc of palmar hyper-
hidrosis. which leads to generalised autonomic dystunc-
tion [9].

Other authors suggested that palmoplantar hyperhi-
drosis 1s only secondary to the hyperresponse to the men-
tal or emotional stimulation of the sympathetic nervous
system, and instead originates in the cerebral cortex [1].

Noppen et al. [11] reported a higher peak heart rate in
subjects with focal hyperhidrosis at physical exercise,
which normaliscs after sympathicolysis. The authors con-
cluded that sympathetic overactivity relevant to cardiac
function in hyperhidrosis is only evident during syimpa-
thetic stimulation [11]. Nevertheless, most studies per-
formed investigated primary palmar or palmoplantar hy-
perhidrosis, and no data arc available on cardiac auto-
nomic function in isolated axillary hvperhidrosis.

In our study. logys power in the verv-low-frequency
band was significantly decreased in patients suffering

Cw;1x solated axillary hvperhidrosis campared 1o healthy

Autonomic Function in Focal
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controls. Mechanisms and origins of very low frequencies
are not sufficiently delineated yet [14]. However, short-
term measurements of very low frequencies must be con-
sidered with great caution [13]. We used coarse-graining
spectral analysis where non-harmonic elements are re-
moved from the lower frequency bands, emphasising only
the harmonic components [30].

Fleisher et al. [31] showed that power at very low fre-
quencies increases when reducing the core temperature of
normal subjects, but remains unchanged when skin tem-
perature is increased or decreased, thus suggesting a spe-
cific thermoregulatory influence on this component relat-
ed to core hypothermia. To our knowledge, no data on the
change of very-low-frequency power at increase of core
temperature exist. We speculate that the power of the
very-low-frequency band might decrease under this con-
dition, so an influence of central thermoregulation in axil-
lary hyperhidrosis might be hypothesised. Nevertheless,
our finding that power in very-low-frequency band hyper-
hidrosis is decreased in the axillary region when com-
pared to normal subjects cannot be interpreted correctly
as long as the mechanisms of very low frequencies are
unclear.

The power of low frequencies is said to represent a
complex combination of sympathetic and parasympathet-
ic effects on cardiac autonomic function [14]. Although
other authors have shown increased svmpathetie activity
i hiyperhidrosis. feading to general autonomic fadure {9}
that is only evident at stimulation [11], no difference
between hyperhidrotic and normal groups even at ortho-
static stimulation was detected in our study. Although it
has been suggested that sympathetic influence on low fre-
quencies is rather indirect and they primarily reflect a
parasympathetic mechanism [32], the lack of differences
between groups in this frequency band was highly surpris-
ing.

High frequencies are mediated primarily by vagal
innervation of the heart [14]. In our study, in hyperhidrot-
ic subjects, the power of this frequency band decreased
less at autonomic stimulation than in normal subjects. It
was surprising to find a difference in this parasympatheti-
cally dominated frequency band. It has been reported that
svmpathetic dysfunction in primary focal hyperhidrosis is
only visible during stimulation [11]. but our data show
that this might be true not only for the sympathetic, but
also for the parasympathetic nervous system. This is a
novel aspect. because dvstunction of the parasympathetic
nervous system in focal hyperhidrosis has not been con-
sidered previously.

Lar Neurol 20000440 12-116 1S




In summary. o findings are highly interesting: we  drotic subjects compared to normal controls. Our results
' , [ FTT Seyoen Aneal leasehides ol oy

crvmathetie et o S T S PUTT S ST voer ]
mnathetio dvetunction o

COMmHON destunichions of e SUiononie nor-

ceions who used difforent mvestipo- ol more
vous system than generalised sympathetic overactivity.
Further studies should investigate this matter in detatl,

Uoseriigg i

tion techniques |9. 11]. Instcad we observed parasympa-
thetic dysfunction at autonomic stimulation in hvperhi-
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