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Sympathetic Skin Response and
Cardiovascular Autonomic Function
Tests in Parkinson’s Disease

Byung Ock Choi, Oh Young Bang, Young Ho Sohn,
and I1 Nam Sunwoo

Autonomic dysfunction commonly occurs in Parkinson’s disease, but the pathogenesis of auto-
nomic dysregulation remains uncertain. Autonomic functions regulating the cardiovascular system
have been investigated in Parkinson’s disease, but those involving the extremities has not been
well demonstrated. To compare autonomic dysfunctions of the cardiovascular system with those
of the extremities, we performed sympathetic skin response (SSR) and cardiovascular autonomic
function tests (CAFT) - 30 : 15 ratio, E : I ratio, Valsalva ratio, isometric exercise test (IET)
- in 37 patients with Parkinson’s disease and 33 age- and sex-matched healthy controls. The
patients were asked to stop antiparkinsonian medications for at least 12 hours prior to the tests.
SSR was measured at the right hand and foot after electrical stimulation of the right median
and posterior tibial nerves. Absent SSR at either one or both extremities and CAFT beyond
normal ranges were regarded as abnormal. Abnormal SSR was observed in 59% of patients,
while abnormal CAFT were found in the range of 32% ~81%. Patients with abnormal SSR
showed more frequent and severe CAFT abnormalities than did patients with normal SSR. Among
the CAFT, IET was well correlated with the SSR. The results suggest that parkinsonian sympa-
thetic dysfunction involving either the cardiovascular system or the extremities may have the
same pathophysiology.
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Disturbances of autonomic nervous system func-
tion are common in Parkinson’s disease (PD), but
the pathological lesions responsible for autonomic
dysfunction have not been clearly found (Aminoff
and- Wilcox, 1971; Appenzeller and Gross, 1971;
Goetz et al. 1986). Lewy bodies, the characteristic
pathologic findings associated with neuronal loss in
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Parkinson’s disease, are found in preganglionic struc-
tures of the sympathetic as well as the parasym-
pathetic nervous system, such as the spinal inter-
mediolateral horn, the sympathetic ganglia, the locus
ceruleus, the raphe nuclei, the parabrachial area, the
vagal dorsal motor nucleus, and the hypothalamus
(Rajput and Rozdilsky, 1976; Sandyk et al 1987;
Gray, 1988). There is strong evidence that cardio-
vascular autonomic function may be impaired in PD
(Appenzeller and Gross, 1971; Goetz et al. 1986;
Ludin et al, 1987). However, the autonomic dys-
function involving the extremities has not been well
documented because the methods of testing are more
difficult and less objective.

Sympathetic skin response (SSR) is an easy meth-
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od for obtaining objective information on sympa-
thetic autonomic function of the extremities. A va-
riety of stimuli reflexively evoke a transient change
in the electrical potential of the skin (Shahani et al.
1984; Montagna et al. 1985; Day et al. 1986; Uncini
et al. 1988). The efferent arm of the reflex consists
of sympathetic nerve fibers which innervate eccrine
sweat glands in the skin. The response is abnormal
in various diseases affecting sympathetic efferent
nerve fibers, such as diabetic polyneuropathy (Soli-
ven et al. 1987; Niakan and Harati, 1988), multiple
sclerosis (Gutrecht et al. 1993; Elie and Louboutin,
1995), carpal tunnel syndrome (Caccia et al. 1993),
amyotrophic lateral sclerosis (Dettmers et al. 1993),
and cerebellar degeneration (Yokota et al. 1993).
In this study, we examined a group of 37 PD pa-
tients and compared them with age- and sex- mat-
ched controls to investigate the correlation between
SSR and cardiovascular autonomic function tests.

MATERIALS AND METHODS
Subjects

Autonomic function was studied in 44 patients
diagnosed as PD in Severance Hospital. Patients
with cardiac arrhythmia (n=2), hypertension (systolic
pressure over 180 mmHg or diastolic pressure over
90 mmHg, n=3) and patients taking medication
(such as propranolol, n=2) known to influence auto-
nomic nervous function were excluded. Owing to
combinations of these factors, 7 patients were ex-
cluded; thus 37 PD patients were studied (14 men,
23 women). Mean age of PD was 65.3 (£1.3) years
(men: 64.9 years, women: 65.6 years; range, 43 ~81
years). Mean duration of PD was 5 years 6 months,
and mean height of patients was 162 (£1.3) cm.
Clinical severity was scored according to the Hoehn
and Yahr scale: 19 patients were at stage 1, 12 at
stage II, and 6 at stage III (Table 1). Patients an-
swered a questionnaire and were asked to stop anti-
parkinsonian medications for at least 12 hours prior
to tests.

Thirty three age- and sex-matched controls (13
men, 20 women) were selected from a database of
healthy subjects and given the same battery of tests.
Mean age of controls was 64.5 (£1.5) years (men:
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64.7 years, women: 64.4 years; range, 46—81
years), and the age of controls did not differ from
that of patients. Mean height of controls was 158
(£1.4) cm. PD patients were studied before, during,
and after the period in which the controls were
tested. All the subjects gave informed consent.

Sympathetic skin response

The patients and controls were asked to relax and
breath regularly for a short time in a quiet room
with a temperature between 22 and 24°C. The skin
temperature was measured in the palm of the hand
with a thermal probe. The skin underlying the re-
cording sites was cleaned carefully with a dry cloth
immediately prior to placing the surface electrodes,
which were attached using sticking plaster. In the
upper limbs, two active recording electrodes were
placed at the palm of the hand. The reference elec-
trodes were placed at the dorsum of the hand. In the
lower limbs, the active recording electrode was
placed at the sole of the foot and the reference
electrode was placed at the dorsum of the foot. A
conventional 4-channel EMG system served as re-
cording unit. Electrical stimuli were delivered at the
ankle in the lower limbs and at the wrist in the
upper limbs. The technical characteristics for the
recording were a band pass filter between 1 and
1000 Hz, a timed analysis of 5 sec and the appro-
priate gain to adequately measure the voltage of the
response between 100 and 500 4V per division.
Latencies were measured manually by setting cur-
sors from the stimulus artifact of onset of potential,
and amplitudes were measured from peak to peak.
In order to avoid false results due to habituation, the

Table 1. Clinical characteristics in 37 patients with
Parkinson’s disease

Stage*
Sex No. (%)
I I I
Male 14 (38%) 8 5 1
Female 23 (62%) 11 7 5
Total 37 (100%) 19 12 6
*. Hoehn and Yahr classification (1967)
Values are number of patients (% of values).
Volume 39
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largest response evoked by any of the first 5 stimuli
was analyzed.

Cardiovascular autonomic function test

Autonomic nervous function was investigated as
previously described (Aminoff and Wilcox, 1971;
Rabits, 1997).

30 : 15 ratio: The responses of the heart rate to
changing from supine to standing position were
checked during recording of ECG monitoring. The
ratio of the R-R intervals corresponded to the thir-
tieth and fifteenth heart beats. A ratio of less than
1.04 was abnormal.

E : I ratio: It was determined by dividing the
longest R-R interval during expiration by the shor-
test R-R interval during inspiration. A mean ratio
was calculated from 10 consecutive respiratory cy-
cles as previously described. Although an E : I ratio
of <1.15 is often used as the cut-off point for nor-
mality, the ratio declines normally with age. There-
fore for the purposes of this study, since the age
range of patients was wide, an age-adjusted normal
scale was used.

Valsalva ratio: The Valsalva ratio was defined as
the ratio between the longest R-R interval in the 30s
period at the end of the Valsalva maneuver and the
shortest R-R interval in the 15s period at the begin-
ning of the valsalva maneuver. During this maneu-
ver, each subject maintained an air pressure of 40
mmHg by blowing into a mouthpiece connected to

a sphygmomanometor. Each subject performed three
tests, separated by a rest period of 2 minutes and
the mean of the three ratios was calculated. Since
the Valsalva ratio decreased with age, we used the
normal values determined by Rabits (1997).

Isometric exercise test: There was an increase in
arterial blood pressure during sustained isometric
contraction of a group of muscles. An increase in
diastolic pressure of less than 15 mmHg after 5
minutes of sustained handgrip at 30% of the maxi-
mum- voluntary effort was abnormal.

Statistical analysis

Statistical analysis was done using the statistical
package SPSS-PC. Bivariate comparisons were done
by using Chi-square test, Independent-samples t-test,
and ANOVA. The results were expressed as mean
value and SD. The level of significance was set at
P<0.05.

RESULTS

The autonomic symptoms of controls and PD pa-
tients with present and absent SSR are described in
Table 2. Sweat dysfunction and salivation were more
severe in patients with a loss of SSR.

Among the cardiovascular autonomic function
tests (CAFT), the E : I ratio was abnormal in more

Table 2. Autonomic symptoms in 37 patients with Parkinson’s disease and 33 controls

Autonomic symptom

Controls (n=33)

Sympathetic skin response

Absent (n=22) Present (n=15)

Dizziness 6 (18%)
Urinary dysfunction 8 (24%)
Indigestion 2 (6%)
Constipation 4 (12%)
Sweat dysfunction 0 (0%)
Salivation 0 (0%)
Impotence* 0 (0%)
3 or more complaints 0 (0%)
No complaint 18 (55%)

19 (86%) 12 (80%)
18 (82%) 12 (80%)
5 (23%) 1 (7%)
15 (68%) 9 (60%)
11 (50%) 2 (13%)
12 (55%) 1 (7%)
5 (71%) 2 (29%)
20 (91%) 9 (60%)
0 (0%) 1 (7%)

*: Impotence only in male.
Values are number of subjects (% of values).
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than 81% of patients. The abnormal values detected
in the other autonomic function tests were that SSR
was 59%, Valsalva ratio 58%, IET 51%, and 30 : 15
ratio 32%. In the controls, the abnormal values
showed that the Valsalva ratio was 24%, E : I ratio
21%, IET 9%, and 30 : 15 ratio 3%. The E : I ratio
showed that the abnormality was 21% even in the
control group, but none of the 33 normal subjects
recorded a loss of SSR (Table 3).

A loss of SSR of the hand was found in 22 per-
sons (59%) and of the foot was found in 10 persons

Table 3. Abnormal values of the autonomic function
tests of the controls and patients

Controls Patients
30:15 1/33 (3%) 11/34 (32%)
E:1 7133 21%) 29/36 (81%)
Valsalva 8/33 (24%) 21/36 (58%)
1IET 3/33 (9%) 19/37 (51%)
SSR 0 (0%) 22/37 (59%)

Values are number of subjects (% of abnormal).

(27%). When we tested the right median nerve, the
mean amplitude of the SSR recorded both from the
hand and foot were 0.78 +£0.08 mV, and 0.34 £0.04
mV respectively; in addition we tested the posterior
tibial nerve, and they were 0.63+0.07 mV, and 0.33
+0.04 mV respectively. Mean latencies of the SSR
recorded in the hand and foot were 1.32+0.03 sec,
and 1.810.03 sec respectively by stimulating right
median nerve; 1.43+0.03 sec, and 1.96+0.04 sec
respectively by stimulating posterior tibial nerve.:
Statistically significant difference of SSR amplitude
and latency values between controls and PD pa-
tients, was not found (Table 4).

Patients with absent SSR. showed more frequent
and severe cardiovascular autonomic function test
abnormalities than did patients who presented with
SSR (Fig. 1). In patients with a loss of SSR, the
abnormal ratio of the cardiovascular autonomic func-
tion revealed that the E : I ratio was 86%, IET 77%,
Valsalva ratio 62%, and 30 : 15 ratio 45%. How-
ever, in patients with normal SSR, the abnormal
ratio was 73% of the E : I ratio, 53% of Valsalva
ratio, 14% of 30 : 15 ratio, and 13% of IET. In the

Table 4. Sympathetic skin response in controls and patients with Parkinson’s disease

Controls Patients P
Result of sympathetic skin response
SSR (—) in hand 0 (0%) 22 (59%)
SSR (—) in foot 0 (0%) 10 27%)
SSR (+) in hand & foot 33 (100%) 15 (41%)
Sympathetic skin response latency (sec)
Median nerve stim.
hand 1.32+0.03 1.37+0.04 ns
foot 1.81+0.03 1.83+0.04 ns
Post. tibial nerve stim.
hand 1.431+0.03 1.4610.04 ns
foot 1.96£0.04 1.91+0.04 ns
Sympathetic skin response amplitude (mV)
Median nerve stim.
hand 0.78 £0.08 0.65+0.07 ns
foot 0.34+0.04 0.36+0.06 ns
Post. tibial nerve stim.
hand 0.63£0.07 0.52+0.13 ns
foot 0.33+£0.04 0.31+0.05 ns
Values are mean*standard error of mean.
ns: not significant
Analyzed by Independent-samples t test
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Fig. 1. Comparison of cardiovascular autonomic function tests and sympathetic skin response.
Patients with absent SSR showed more severe cardiovascular autonomic function test abnor-
malities. Values are mean +standard error of mean, and analyzed by ANOVA. *: p <0.05, **:

p <0.005, ***: p<0.0005

CAFT, IET was correlated best with SSR (Table 5).

DISCUSSION

The loss of SSR was detected in 59% of 37 PD
patients. This figure is higher than the previous
ones, which ranges from 7.7% to 37.9% (Taly and
Muthane, 1992; Wang et al. 1993; Bordet et al.
1996; Hirashima et al. 1996). Even though the age
and symptom duration were similar, the autonomic
nervous dysfunction was more severe than in pre-
vious studies. This possibility is supported by the
fact that our patient group showed that the abnor-
mality of the E : I ratio, and 30 : 15 ratio was 81%,
and 32% respectively, whereas each was 27%, and
0%, in Bordet’s study group (Bordet et al. 1996).
In this study, the E : I ratio showed the highest

Number 5

Table 5. Cardiovascular autonomic function tests
between patients with absent vs present SSR

SSR
p
Absent Present
30: 15 9/20 (45%) 2/14 (14%) ns
E:l 18/21 (86%) 11/15 (73%) ns
Valsalva 13/21 (62%)  8/15 (53%) ns
IET 17/22 (717%)  2/15 (13%) p<0.05

Values are number of patient (% of values).
ns: not significant
Analyzed by Chi-Square test

abnormal rate of all the cardiovascular autonomic
function tests (CAFT). This result was in accord with
previous reports in which the rate was the highest
in the tests on PD patients (Ludin et al. 1987,
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Turkka et al. 1987; Wang et al. 1993). However,
there was a low specificity, showing that the abnor-
mality was 21% even in the control group. Com-
pared with the E : I ratio, SSR had a very high
specificity, such that SSR was normal in all cases
of controls, like many previous reports in which
none of the control group recorded a loss of SSR
(Soliven et al. 1987; Shahani et al. 1990; Wang et
al. 1993; Kim and Chun, 1994; Bordet et al. 1996;
Hirashima et al. 1996).

Mean latencies and amplitudes of SSR showed no
significant difference between the control group and
the PD patient group. As SSR had a lot of vari-
ability due to many influencing factors, the loss of
SSR had the only meaning as an abnormal finding.
The amplitude and latency of SSR is not clinically
well defined yet. It has often been asserted that
amplitude is not a reliable factor because it is af-
fected by many factors inside and outside the body,
such as emotion and external environment (Day et
al. 1986; Uncini et al. 1988). The latencies have not
been clearly demonstrated to be a criteria because
the periods of latencies tend to be constant, regard-
less of stimulated parts of the body and different
stimulations (Tzeng et al 1993). Therefore, as
shown in this study, the presence of SSR is more
meaningful and significant than the amplitudes and
latencies themselves.

SSR in diabetic polyneuropathy showed the fre-
quency of abnormality two times more than CAFT.
These results show that SSR is a more sensitive test
because diabetes is mainly developed in the peri-
pheral nervous system (Soliven et al. 1987; Niakan
and Harati, 1988; Shahani et al. 1990). Our study
showed that a loss of SSR in PD was 59%, which
was between 32 ~81%, the abnormal range of CAFT.
This may suggest that the autonomic nervous system
dysfunction in PD is the result of central and peri-
pheral nervous system impairment.

SSR was a valuable and objective test of the auto-
nomic nervous function in PD patients, like CAFT.
Patients with abnormal SSR showed more frequent
and severe CAFT abnormalities than did patients
with normal SSR. This finding demonstrated that the
autonomic dysfunction of extremities was closely
related to the cardiovascular autonomic dysfunction.
Among the CAFT, IET was well correlated with
SSR since both tests examined the sympathetic
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efferent nerve function. Lewy bodies have been
found in sympathetic ganglia as well as vagal dorsal
motor nucleus, substancia nigra, and hypothalamus
(Rajput and Rozdilsky, 1976; Sandyk et al. 1987,
Gray, 1988). That the pathological lesions are re-
sponsible for autonomic dysfunction in PD patients
remains uncertain. In this study, the results suggest
that parkinsonian sympathetic dysfunction involving
either the cardiovascular system or the extremities
may have the same pathophysiology. In addition, we
suggest that the autonomic dysfunction in PD may
be caused not only by the central lesion such as the
vagal dorsal motor nucleus, but also by the peri-
pheral lesion such as the sympathetic ganglia.

REFERENCES

Aminoff MJ, Wilcox CS: Assessment of autonomic
function in patients with parkinsonian syndrome. Br
Med J 4: 80-84, 1971

Appenzeller O, Gross JE: Autonomic deficits in Parkin-
son’s syndrome. Arch Neurol 24: 50-57, 1971

Bordet R, Benhadjali J, Destee A, Hurtevent FJ, Bourriez
JL, Guieu JD: Sympathetic skin response and R-R
interval variability in multiple system atrophy and
idiopathic Parkinson's disease. Mov Disord 3: 268-
272, 1996

Caccia MR, Galimberti V, Valla PL, Salvaggio A, De-
zuanni E, Mangoni A: Peripheral autonomic involve-
ment in the carpal tunnel syndrome. Acta Neurol
Scand 88: 47-50, 1993

Day TJ, Offerman D, Bajada S: Peripheral sympathetic
conduction velocity calculated from surface poten-
tials. Clin Exp Neurol 22: 41-46, 1986

Dettmers C, Fatepour D, Faust H, Jerusalem F: Sym-
pathetic skin response abnormalities in amyotrophic
lateral sclerosis. Muscle Nerve 16: 930-934, 1993

Elie B, Louboutin JP: Sympathetic skin response is
abnormal in multiple sclerosis. Muscle Nerve 18:
185-189, 1995

Goetz CG, Lutge W, Tanner CM: Autonomic dysfunc-
tion in Parkinson’s disease. Neurology 36: 73-75,
1986

Gray F: The neurophysiology of Parkinson syndrome.
Rev Neurol 144: 229-248, 1988

Gutrecht JA, Suarez GA, Denny BE: Sympathetic skin
response in multiple sclerosis. J Neurol Sci 118:
88-91, 1993

Hirashima F, Yokota T, Hayashi M: Sympathetic skin
response in Parkinson’s disease. Acta Neurol Scand
93: 127-132, 1996

Hoehn MM, Yahr MD: Parkinsonism: onset, progression,

Volume 39



SSR and CAFT in Parkinson’s Disease

and mortality. Neurology 17: 427-441, 1967 -

Kim CT, Chun SI: Sympathetic skin response recorded
by 4 channel recording system. Yonsei Med J 35:
149-154, 1994

Ludin SM, Steiger UH, Ludin HP: Autonomic distur-
bances and cardiovascular reflexes in idiopathic Par-
kinson’s disease. J Neurol 235: 10-15, 1987

Montagna P, Liguori R, Zappia M: Sympathetic skin re-
sponse. J Neurol Neurosurg Psychiatry 48: 489-490,
1985

Niakan E, Harati Y: Sympathetic skin response in dia-
betic polyneuropathy. Muscle Nerve 11: 261-264,
1988

Rajput AH, Rozdilsky B: Dysautonomia in parkinson-
ism. J Neurol Neurosurg Psychiatry 39: 1092-1100,
1976

Ravits JM: AAEM minimonograch #48: Autonomic ner-
vous system testing. Muscle Nerve 20: 919-937,
1997

Sandyk R, Iacono RP, Bamford CR: The hypothalamus
in Parkinson’s disease. Ital J Neurol Sci 8: 227-234,
1987

Shahani BT, Day TJ, Cros D, Khalil N, Kneebone CS:
R-R interval variation and the sympathetic skin re-
sponse in the assessment of autonomic function in
peripheral neuropathy. Arch Neurol 47: 659-664,
1990

Shahani BT, Halperin JJ, Boulu P, Cohen J: Sympathetic
skin response - a method of assessing unmyelinated
axon dysfunction in peripheral neuropathies. J Neu-
rol Neurosurg Psychiatry 47: 536-542, 1984

Soliven B, Maselli R, Jaspan J, Green A, Graziano H,
Petersen M, Spire JP: Sympathetic skin response in
diabetic neuropathy. Muscle Nerve 10: 711-716, 1987

Taly AB, Muthane UB: Involvement of peripheral ner-
vous system in juvenile parkinson’s disease. Acta
Neurol Scand 85: 272-275, 1992

Turkka JT, Tolonen U, Myllyla VV: Cardiovascular re-
flexes in Parkinson’s disease. Eur Neurol 26: 104-
112, 1987

Tzeng SS, Wu ZA, Chu FL: The latencies of sympa-
thetic skin response. Eur Neurol 33: 65-68, 1993

Uncini A, Pullman SL, Lovelace RE, Gambi D: The
sympathetic skin response: normal values, elucida-
tion of afferent components and application limits.
J Neurol Sci 87: 299-306, 1988

Wang SJ, Fuh JL, Shan DE, Liao KK, Lin KP, Tsai CP,
Wn ZA: Sympathetic skin response and R-R interval
variation in Parkinson’s disease. Mov Disord 8: 151-
157, 1993

Yokota T, Hayashi M, Tanabe H, Tsukagoshi H: Sym-
pathetic skin response in patients with cerebellar
degeneration. Ann Neurol 50: 422-427, 1993

Number 5

445



