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ABSTRACT

The sympathetic skin response (SSR) is a polysynaptic somatosympathetic multiaxonal reflex with a spinal, 

bulbar and suprabulbar component. From a pathogenetic point of view it is considered that the SSR chang-

es are a result of an interruption of the efferent sympathetic pathways. The study of the correlation between 

the SSR parameters and the severity of the cardiovascular autonomic dysfunction in patients with acute 

ischemic stroke is a matter of interest. The data from our research showed that the patients with severe au-

tonomic dysfunction had a significantly more expressed SSR parameter disorders than the deviations in pa-

tients with milder autonomic dysfunctions.
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INTRODUCTION

The disturbances of the sympathetic flow are 
well-known consequences after a hemispheric or a 
brain stem damage (1). Although the exact pathoge-
netic mechanism is not clear, they are often associat-
ed with an increased activity of the sympathetic ner-
vous system.  

SSR is a polysynaptic somatosympathetic mul-
tiaxonal reflex with a spinal, bulbar and suprabul-
bar component (2). It is generated by various stimu-
li, which illustrates the complexity of the afferent in-
put information of the reflex (3) but it has a common 

efferent pathway in the spinal cord. The final effer-
ent pathway includes pre- and postganglionic sym-
pathetic sudomotor fibers and effector organs – the 
sweat glands (4). 

The sympathetic sudomotor dysfunction dur-
ing the acute stage of an ischemic stroke can be relat-
ed to a weakened or missing excitatory effect of the 
cortical structures on the sympathetic division of the 
autonomic nervous system which has been partial-
ly restored during the chronic stage due to cortical 
compensation and neurological recovery (5). From a 
pathogenetic point of view, it is considered that the 
SSR changes are a result of an interruption of the ef-
ferent sympathetic pathways the severity of which 
depends on the character of the brain damage as well 
as on the cerebral edema (6).

The basic SSR parameters are latency, ampli-
tude, and duration. They are affected by environ-
mental factors, body temperature, position of the 
body, physical activity, various stimulations, emo-
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tional state, sudden stress from stimulation, adjust-
ing to stimulation, and circadian rhythms (2).

Prolonged latency or asynchronous response 
are assumed to be abnormality criteria when they 
correlate with disturbances in other tests of the auto-
nomic function (7).

JT. Koperlainen et al. clarify that the SSR sen-
sitivity is dependent on the degree of reflex activity 

suppression of the sympathetic nervous system.

The study of the correlation between the SSR 
parameters and the severity of the cardiovascular 
autonomic dysfunction in patients with acute isch-
emic stroke is a matter of interest. As far as we know, 
there has been only one clinical research, which has 
studied this correlation and the results are summa-
rized and presented only as an abstract (8). The au-
thors proved the correlation dependence between 
the degree of severity of the autonomic dysfunctions, 
evaluated through the Ewing’s battery, and the SSR 
changes and confirmed the clinical advantage of this 
neurophysiological method for autonomic function 
evaluation. They also reported that the results from 
the autonomic tests were not influenced by age, sex, 
duration of the disease, etiology, and localization of 
the stroke.

AIM 

The aim of this paper is to study the correla-
tion between the SSR parameter changes and the se-
verity of the cardiovascular autonomic dysfunction 
in patients with acute hemispheric ischemic cerebral 
stroke (ICS).

MATERIALS AND METHODS

We studied 50 patients with acute hemispher-
ic ischemic cerebral stroke and 20 clinically healthy 
volunteers. The studied subjects were selected by spe-
cific inclusion and exclusion criteria.

For the purposes of our research the patients 
were divided into groups based on the localization 
of the stroke. The results of the 70 individuals are 

presented in Table 1. Among the patients, the larg-
est groups are the one of the patients with a stroke 
in the territory of the right middle cerebral artery 
(RMCA) without involvement of the insular cortex 
(IC) – 22.9% (n=16) and the one of patients with a 
stroke in the territory of the left middle cerebral ar-
tery (LMCA) without involvement of the IC – 21.4% 
( n =15). The lowest number was in the group of pa-
tients with ischemic stroke in RMCA with IC -15.7% 

(n=11) and the one of patients with stroke in LMCA 
with IC -11.4% (n=8).

The research was performed with a two-chan-
nel electromyograph (Neuron-Spectrum-5) (Fig. 
1 and 2) using the following technical parameters: 
electrical stimulation of a sensory nerve (n. media-
nus, n.tibialis) with a duration of 0.2-0.5 ms and ap-

Fig. 1. Neuron-Spectrum-5 device 

Fig. 2. SSR recording

Distribution by 
groups

Controls RMCA with IC RMCA w/o IC LMCA with IC LMCA w/o IC

28.6 % 
(n = 20)

15.7% 
(n=11)

22.9 % 
(n=16)

11.4 % 
(n=8)

21.4 %
 (n =15)

Table 1. Distribution of the studied groups
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plication of a gradually increasing electrical stimula-
tion of 20-40 mA, at intervals of 60 to 120 ms. The 
length of the recording was 5 to 10 seconds. The 
stimulations were applied at irregular intervals of 
time with an approximate interval of one minute be-
tween stimuli to avoid adjusting.

The lead was done with standard surface elec-
trodes on the hand and the leg using electrolyte gel. 
When leading the hands, the active electrode was po-
sitioned on the palm and the indifferent one on the 
back of the hand. When leading the legs, the active 
electrode was placed on the sole of the foot and the 
indifferent one – on the back of the sole. 

We analyzed the latency time and the ampli-
tude of the highest of the five consecutively recorded 
potentials registered on the hands and the legs, left 
and right, respectively, during ipsilateral stimulation. 

In order to establish the correlation level be-
tween the latency times and the severity of autonom-
ic dysfunctions, correlation and regression analyses 

were performed. 

RESULTS

By the classification of Ewing, the results from 
each test were defined as: normal, border, and ab-
normal and the autonomic dysfunctions were clas-
sified as: normal, mild, marked, severe, and atypical. 
For the purposes of our research, we divided the pa-
tients into two groups: group 1 - with normal or mild 
dysfunctions of the cardiovascular autonomic func-
tion and group 2 - with marked, severe or atypical 
dysfunctions. 

 The results from the correlation and regression 
analysis showed a strong correlation between the la-
tency and the severity of the autonomic dysfunction 
(AD) (r=0.58;  p=0.001). Respectively, the predictive 
latency value related to the severity of the AD was 
32% (R2=0.321; p=0.001). The strong correlation and 
regression connections of the indicators are shown 
on Fig. 3.

As with latency, the amplitude also has a sta-
tistically significant correlation with the AD severity 
(r= 0.615; р= 0.001). The predictive value of the am-
plitude is 35% in regard to the development of car-
diovascular autonomic dysfunctions (R2= 0.357; p= 
0.001). The strong correlation and regression connec-
tions of the indicators are shown on Fig. 4.

The performed analysis showed the differences 
in the median latency values by patient groups, with 
mild and severe dysfunctions. In regard to upper 
limb latency times in patients with mild autonomic 
dysfunctions, the longest latency time was observed 
in patients with ICS in LMCA with IC (1.73 s). In the 
group of severe AD, the longest latency time was in 
patients with ICS in RMCA with IC (2.28 s). As for 
lower limb latency times, in the group of individuals 
with mild autonomic dysfunctions, the longest dis-

Fig. 3. Directly proportional dependence of the correlation 
between the SSR latency and the AD severity

Fig. 4. Directly proportional dependence of the correlation 
between the SSR amplitude and the AD severity
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tal latency time was observed in patients with ICS in 
RMCA with IC ( 2.3 s) and in the group of patients 

with severe AD - in patients with ICS in RMCA with 
IC ( 3.25 s) (Fig. 5).

In regard to the SSR amplitude values, the low-
est one for upper limb was observed in patients with 
ICS in RMCA without IC (1.36mV) with mild au-
tonomic dysfunctions and in patients with ICS in 
LMCA without IC ( 0.56 mV) with severe AD. The 
lowest lower limb values were observed in patients 
with ICS in LMCA without IC (1.18 mV) with mild 
autonomic dysfunctions and in patients with ICS in 

RMCA without IC ( 0.51 mV) with severe autonomic 
dysfunction (Fig. 6).

We have established a statistically significant 
difference between the group of patients with mild 
and severe autonomic dysfunctions for the four vari-
ables: hand latency, leg latency, hand amplitude, and 
leg amplitude (р<0.05) (Table. 2).

From the analysis we have performed on the 
SSR result, we concluded that there were statistically 
significant differences in regard to the latency times 
and the amplitudes between the controls and the pa-
tients with stroke, which is also confirmed by a re-
view of the literature (1,9,10,11). The bilaterally pro-
longed latencies and the decreased SSR amplitudes 
as a consequence of a unilateral ischemic lesion in 
our patients, can be explained with the impact of the 
complex bilateral associations of the medullar reticu-
lar formation with the cerebral cortex. 

When comparing the obtained results from 
patients with left hemispheric and those with right 
hemispheric strokes, we have concluded that there 
are longer latency times and lower amplitudes in pa-
tients with right hemispheric strokes with the most 
marked abnormal values being in patients with ICS 
in RMCA with IC. This data confirms the prevailing 
importance of the right insular cortex in the auto-

nomic sympathetic regulation (10).  

CONCLUSION 

The data from our research shows that the pa-
tients with severe autonomic dysfunction have a sig-
nificantly more marked disturbances in the SSR pa-
rameters compared to the deviations in patients with 
mild autonomic dysfunctions. The established corre-
lation between the SSR parameters and the severity 
of the cardiovascular autonomic dysfunction is most 
likely related to the degree of sympathetic adrenal 
axis disorder in patients with acute ischemic stroke.

Comparisons

Con�dence  
interval 95% p

Hand Leg

Hand latency
(mild with severe  
dysfunction)

-0.11 -0.84 0.004

Leg latency
(mild with severe  
dysfunction)

-0.13 -1.18 0.007

Hand amplitude
(mild with severe  
dysfunction)

0.99 0.36 <0.0001

Leg amplitude 
(mild with severe  
dysfunction)

0.85 0.25 0.001

Table 2. Comparative analysis of the SSR parameters in 
patients with mild and severe autonomic dysfunctions

Fig. 5. Distribution of the median values of SSR latencies 
in patients with mild and severe AD

Fig. 6. Distribution of the median values of SSR 
amplitudes in patients with mild and severe AD
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