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Purpose: The study aims to identify the characteristics of SSR in patients with AICVD and their correlation with clinical
presentations.

Methods: SSR of the upper limbs, the National Institute of Health stroke scale (NIHSS), the Barthel index (BI), the Essen stroke risk
score (ESRS), and imaging examinations, was evaluated in 30 healthy subjects and 66 patients with AICVD. All results were recorded
and analyzed via Statistical Package for the Social Sciences (SPSS 22.0) software. #-test and Spearman rank correlation were used.
Results: Compared to the control group, SSR of upper limbs in patients with AICVD showed prolonged latency, reduced amplitude,
and disappeared waveform (p=0.000, p=0.015, p=0.004), No statistically significant difference was observed between the affected
side and the healthy side (p=0.068, p=0.661). In the case group, the higher the abnormal rate of SSR, the more severe the neurological
impairment (NIHSS and ADL scores) and the worse the long-term prognosis. Specific results are as follows: Firstly, the total
abnormality rate of SSR, prolonged SSR latency were positively related to the NIHSS, also the ESRS (r=0.347, p=0.004; r=0.437,
p<0.001), (r=0.371, p=0.005; r=0.433, p=0.001), the reduced amplitude was positively related to the NIHSS (r=0.341, p=0.012)
while the disappeared waveform was positively related to the ESRS (=0.299, p=0.015); Secondly, the total abnormality rate of SSR,
prolonged SSR latency and reduced amplitude were negatively related to the BI (r=—0.346, p=0.004) (r=—0.426, p=0.001) (r=
—0.316, p=0.020).

Conclusion: There may be inhibition of sympathetic reflex activity in patients with AICVD, SSR abnormality rate in patients with
AICVD may be correlated with the degree of neurological impairment and long-term prognosis.
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Acute ischemic cerebrovascular disease (AICVD) is one of the most common cerebrovascular diseases with relatively
high morbidity and disability rates. Although the development of modern medical imaging has made a great break-
through in the diagnosis and treatment of AICVD, it remains difficult to evaluate the cerebral function and prognosis of
patients in a comprehensive and objective manner. Neuroelectrophysiological technologies, such as sympathetic skin
Response (SSR), are expected to fill this gap.

SSR is a multisynaptic sudomotor reaction involving the participation of brain and spinal cord. It is a transient
potential response recorded on the skin surface by exciting the sympathetic nerves to change the permeability of sweat
gland cell membrane to the K* in the body. SSR is an electrophysiological method to objectively measure sympathetic
sudomotor pathway reflex activities, and is currently considered as a method that can comprehensively reflect the
functional status of the entire sympathetic sudomotor pathways (both peripheral and central parts).' > The clinical
parameters of SSR test are mainly latency, amplitude, and waveform. An SSR waveform usually starts with a positive
phase component, followed by a negative phase or a negative-positive phase.* The first waveform is usually taken as the
observation index. The amplitude is mostly considered to represent the number of neurons activated by the stimulation or
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the density of sweat glands with local secretory activities.” It is highly variable and adaptive, so the change in amplitude
alone has little significance. Latency refers to the time course of the whole conductive pathways from stimulation to
sweating of sweat glands, including afferent, central, and efferent parts. Latency is mainly correlated to the form of
stimulation®® and is relatively stable under the same stimulation, mainly reflecting the abnormalities in efferent and
central parts.” We all know that the autonomic nervous system (ANS), mainly the sympathetic and parasympathetic
nervous systems, regulates the functions of smooth muscles, myocardia, and glands under the action of central nervous
system, and widely participates in the physiological activities of multiple tissues and organs such as circulatory,
respiratory, urinary, and reproductive activities, as well as in the systemic metabolism. Numerous studies over the past
several years have shown that many diseases are accompanied by ANS dysfunction. Among them, the sympathetic
nervous system (SNS) dysfunction is involved in a series of pathophysiological processes such as vascular remodeling,
endothelial dysfunction, arteriosclerosis, and insulin resistance, and is one of the factors for the onset and progression of
acute cardio-cerebrovascular events,® which is the largest contributor to premature death in the world.” ANS function
tests include invasive (direct) examination and non-invasive (indirect) examination.'™'" The invasive examination was
mainly based on radiotracer techniques or microelectrode recording of superficial nerves.!' Because of its invasiveness
and limited clinical application, it was gradually replaced by non-invasive examination. By contrast, there are many non-
invasive examination methods, and one of the commonly used methods is to test the sympathetic nerve potential, such as
potential test of muscle sympathetic nerves,'? and potential test of kidney sympathetic nerves,'* and SSR. Under normal
physiological conditions, the sympathetic and parasympathetic nervous systems play their roles in stabilizing the milieu
interne under the regulation of the cortex, thalamus, and brain stem'* pathways. Under stress conditions, the regulation of
the ANS is imbalanced,'® resulting in multiple organ dysfunction syndrome and even sudden death.

We measured SSR in patients with AICVD in this study, to identify the characteristics of SSR in patients with AICVD
and its correlation with clinical presentation of patients, as well as to assess the value of SSR in evaluating the condition
and long-term prognosis in patients with AICVD.

Materials and Methods

Clinical Data

We retrospectively analyzed the patients admitted to the Department of Neurology of Wuhan Union Hospital and
Maternal and Child Health Hospital of Hubei Province from March 2015 to December 2015, among which 66 patients
with AICVD and 30 patients without AICVD were selected.

AICVD group: 66 patients with AICVD, including 46 cases of acute ischemic stroke (AIS) with a male-to-female
ratio of approximately 2.00 and an average age of 60.70 years old, and 20 cases of transient ischemic attack (TIA) with
a male-to-female ratio of approximately 1.80 and an average age of 58.65 years old. All diagnoses were confirmed by
Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) of the brain, which met the diagnostic criteria for
various cerebrovascular diseases first established in 1996. Patients excluded from this study included those who had
diseases (thyroid dysfunction, Parkinson’s disease, diabetes and peripheral neuropathy, etc.) that clearly affected the
function of autonomic nervous system (ANS), those who took drugs that affect ANS activities, such as epinephrine,
before the test, and those who did not cooperate with the tests.

Control group: 30 non-AICVD patients visited in the same time period with a male-to-female ratio of 2.20 and an
average age of 58.23 years old. All patients voluntarily participated in the study and had no specific history of AICVD,
no specific symptoms of autonomic nervous dysfunction, and no other serious diseases or stress events. All other
exclusion criteria were the same as those for the case group.

SSR Test and Scale Evaluation

The Keypoint 4 EMG/EP apparatus manufactured by Medtronic, Inc. was used. Electrical stimulation was applied and
both hands were recorded. The experiments were conducted in a quiet and bright environment: the room temperature was
maintained at 20 to 25°C, and the skin temperature was maintained at >32°C. The subjects were sufficiently relaxed and
were instructed to rest comfortably in a supine or sitting position. The intensity of current stimulation was controlled
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within the range from 10 mA to 30 mA, and the duration of each stimulus was 0.1 ms to 0.2 ms. To avoid habituation,
stimuli were administered at irregular intervals of more than 60 seconds. The duration of the whole experiment was
approximately 15 min. All subjects selected have their SSR test performed by the designated neuroelectrophysiological
technicians within 72 h of admission; the National Institute of Health stroke scale (NIHSS), the Barthel index (BI), and

the Essen stroke risk score (ESRS) were recorded and analyzed by the designated neurologists within 24 h of admission.

Evaluation Criteria and Statistical Processing
The statistical analysis of this study was performed using SPSS 22.0, with the level of significance set at 0.05. The
analysis of variance was used for inter-group comparisons of quantitative data, and the Chi-Square (X?) test was used for
inter-group comparisons of qualitative data. The 7-test was used for comparisons of two groups of independent sample
data. The Spearman’s rank correlation was used to analyze the relationship between indexes.

The statistical results of the control group were taken as the reference standard. Criteria for SSR abnormality: (1) the
onset latency was >X £ 2s; (2) the amplitude was below the lowest value of the control group; (3) no complete SSR

waveform was obtained.

Results
SSR Test Results of Control Group

No statistically significant difference was observed in the SSR latency and amplitude of the upper limbs of the 30 patients
in the control group, and the latency was found to be more stable than the amplitude (see Table 1). For upper limbs, the
latency was 1.37+0.07 s and the minimum amplitude was 0.25mV.

SSR Test Results of AICVD Group and Comparison with the Control Group

There were 20 cases (11 males and 9 females) in the TIA group with an average age of 58.65 years. Among them, 14
cases (70%) were found with SSR abnormalities: 9 cases (45%) with prolonged latency, and 5 cases (25%) with reduced
amplitude; and 3 cases (15%) were found without complete waveform (or with disappeared waveform). No statistically
significant difference was observed in the latency and amplitude of TIA patients’ upper limbs. No significant difference
was found in regard to the gender and age compositions between the TIA group and the control group. The latency of
both the affected and the healthy upper limbs were longer than those of the control group, and the amplitude of both the
affected and the healthy upper limbs were lower than those of the control group (see Table 2).

There were 46 cases (32 males and 14 females) in the AIS group with an average age of 60.70 years old. Among
them, 32 patients (69.57%) were found with SSR abnormalities: 24 patients (52.17%) with prolonged latency, and 16
cases (34.78%) with reduced amplitude; and 11 cases (23.91%, including 2 cases with bilateral lesions) were found with
waveform disappeared. No statistically significant difference was observed between the affected and the healthy limbs in
the latency and amplitude. No significant difference was found in regard to the gender and age compositions between the
AIS group and the control group. The latency of both the affected and the healthy limbs were longer than those of the
control group, and the amplitude of both the affected and the healthy limbs were lower than those of the control group.
No statistically significant difference was observed in gender and age compositions, or in bilateral SSR latency and
amplitude between the AIS group and the TTIA group (See Table 2).

Table | SSR Test Results of Upper Limbs in Control Group

Side n Latency (s) Amplitude (mV)
Left 30 1.37£0.07 1.14£0.94
Right 30 1.37£0.07% I.11£0.80%

Notes: “Indicates that the value was obtained by comparing with the left side, p>0.05.
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Table 2 Comparison of SSR Test Results of Upper Limbs in AICVD Group

Group Side n Latency (s) Amplitude (mV)
TIA

Healthy 20 1.52+0.15* 0.71+0.60*
Affected 20 1.53£0.13* 0.63+0.65*

AlS

Healthy 46 1.67£0.36* 0.62+1.13*
Affected 46 1.61+0.26* 0.60+0.93*

Notes: *Indicates that the value was obtained by comparing with the control group, P<0.05.
The AIS group in the above table included two cases with bilateral lesions; the cases with
disappeared waveform were excluded from the calculations of latency and amplitude.

Table 3 Analysis of Correlation Between SSR Results and NIHSS, Bl and
ESRS Scores

Rating Scale n SSR Results Spearman Analysis
x? P r P
NIHSS 66 10.348 0.006* 0.347 0.004*
Bl 66 11.160 0.004* —0.346 0.004*
ESRS 66 13.897 0.001* 0.437 0.000%*

Notes: *Indicates that the value was obtained through statistical analysis, P<0.05.

SSR Test Results and Clinical Correlation Analysis

SSR Test Results and Scale Correlation Analysis

A correlation analysis was performed on the NIHSS, BI, and ESRS of patients in the groups with normal and abnormal
results of SSR test (see Table 3). The analysis results showed that among patients with AICVD, the higher the
abnormality rate of SSR was, the higher the NIHSS and ESRS scores were, and the lower the BI score was.
Specifically, the abnormality rate of SSR was positively correlated with the degree of neurologic impairment and the
risk of stroke recurrence (r=0.347, p=0.004,; r=0.437, p=0.000), and was negatively correlated with the activities of
daily living (ADL) (r=—0.346, p=0.004).

SSR Abnormal Parameters and Clinical Correlation Analysis

The results of correlation analysis between SSR abnormal parameters and NIHSS, BI, or ESRS scores (see Table 4)
showed that: Firstly, Compared with the normal group, patients in the group with prolonged SSR latency had higher
NIHSS and ESRS scores and a lower BI score. The comparison between the two groups was statistically significant
(p<0.05). The correlation parameters were r=0.371, p=0.005; r=—0.426, p=0.001; r=0.433, p=0.001, respectively;
Secondly, Compared with the normal group, patients in the group with reduced SSR amplitude had a higher NIHSS score

Table 4 Analysis of Correlation Between SSR Abnormal Parameters and NIHSS, Bl
and ESRS Scores

Abnormal Form of Scale | Latency Amplitude Waveform

r P r P r P
NIHSS 0.371 0.005% | 0.341 0.012% | 0.103 0.402
BI —0.426 | 0.001* | —0.316 | 0.020% | —0.162 | 0.193
ESRS 0.433 0.001* | 0.266 0.052 0.299 0.015%

Notes: *Indicates that the value was obtained through statistical analysis, P<0.05.
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and a lower BI score, and there was a positive correlation (r=0.341, p=0.012) and a negative correlation (r=—0.316,
p=0.020) between the two groups, respectively; Lastly, Compared with the group with waveform, patients in the group
with disappeared waveform had a higher ESRS score, and there was a positive correlation between the two groups
(r=0.299, p=0.015).

Discussion

Cerebrovascular diseases are common in neurology and are global public health issues.'® According to the latest
statistics, cerebrovascular diseases have ranked first in the death cause spectrum of urban and rural residents in
China'” and second around the world."® In recent years, the widely used neuroelectrophysiological techniques, such as
SSR, Somatosensory evoked potential (SEP), and Motor evoked potential (MEP), can sensitively display brain dysfunc-
tions as well as small or subclinical lesions that cannot be found by imaging examinations. They have a great significance
in the comprehensive evaluation of the condition and prognosis of patients with cerebrovascular diseases. In our study,
SSR test and analysis were performed on the upper limbs of 66 patients with AICVD, aiming to know the characteristics
of SSR in patients with AICVD and their correlations with clinical presentations of patients, and to assess the practical
value of SSR in evaluating the condition and predicting long-term prognosis in patients with AICVD. Our study makes
a point of SSR changes in the upper limbs of patients with AICVD, and the correlation between SSR changes and NIHSS
score, ADL score, ESRS score etc. SSR tests of 30 non-AICVD patients in the control group all had complete waveform,
which were mainly negative-positive-negative (NPN) and negative-positive (N-P) types. No significant difference was
observed between left and right upper limbs in terms of SSR latency and amplitude in the control group; and the
amplitude was found to be more variable than the latency. Among the patients with AICVD, 46 cases (69.70%) had SSR
abnormalities, including 33 cases (50%) with prolonged latency, 21 cases (31.82%) with reduced amplitude, and 14 cases
(21.21%) with disappeared waveform. It indicated that the function of sympathetic nervous system was inhibited in the
acute phase of cerebral ischemia. This result is in line with previous studies such as Ping Liu'® and Tuncay.?’ The overall
abnormality rate and the abnormality rate of latency, however, were slightly higher than those reported in the other
Chinese patients, which might be related to subtypes of ischemic strokes, sample sizes, criteria for patient recruitment,
and detailed SSR procedures. Studies such as Ellaway et al* and Muslumanoglu et al*' found that ANS is functionally
plastic, and the results of SSR test may vary at different stages of disease or with different lifestyles of the patients.
Among the 46 patients with SSR abnormalities, 41 cases (89.13%) had bilateral lesions, ie, 11 cases (55.00%) in the TIA
group and 30 cases (65.22%) in the AIS group. It indicated that the SSR abnormalities of patients with AICVD were
mostly bilateral, which is in line with the study by Linden et al* and it’s also consistent with the clinical manifestation of
lacunar stroke is milder than that of large vessel stroke.”” Some scholars®* proposed that the ascending reticular
activating system (ARAS) pathways or the descending cortical reticular pathways may be impaired after cortical lesions,
and these pathways are projected onto the bilateral reticular formations through the cortex on one side. The cortex
damage on one side can therefore lead to functional changes in the bilateral reticular formations and functional decreases
of the bilateral sympathetic nervous systems, which is manifested as inhibitory changes in bilateral SSRs. At present,
there is no definitive conclusion about the relationship of the functional state of sympathetic nerves in AICVD patients
with the NIHSS and BI scores, and there are also few reports on its relationship with the ESRS score. This study showed
that among patients with AICVD, the higher the abnormality rate of SSR was, the higher the NIHSS and ESRS scores
were, and the lower the BI score was. Specifically, the abnormality rate of SSR was positively correlated with the degree
of neurologic impairment and the risk of stroke recurrence (r=0.347, p=0.004; r=0.437, p=0.000), and was negatively
correlated with the ADL (r=—0.346, p=0.004). This result is in line with previous research findings.'*?! Among the 46
AICVD patients with SSR abnormalities, 33 cases (71.74.0%) had prolonged latency, 21 cases (45.65%) had reduced
amplitude, and 14 cases (30.43%) had disappeared waveform. Further statistical analysis showed that the prolonged
latency and reduced amplitude of SSR were positively correlated with the NIHSS score (r=0.371, p=0.005; r=0.341,
p=0.012) and negatively correlated with the BI score (r=—0.426, p=0.001; r=—0.316, p=0.02). This result is not in line

with the study by Ping Liu et al,'” but it was probably due to the selection of study subjects and the size of samples. Both
the prolonged latency and disappeared waveform of SSR were positively correlated with the ESRS score (p=0.001,

r=0.433; p=0.015, r=0.299), but the specific mechanism is not yet clear and needs further study in the future.
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With the wide application of SSR, SEP, MEP and other neuroelectrophysiological technologies, brain dysfunction
caused by ischemic injury and small or subclinical lesions that cannot be found by imaging examination have gradually
attracted people’s attention. In fact, due to the limitations of neuroimaging techniques, sparse pathological studies and the
lack of effective experimental models, there has been a lack of effective experimental indicators for the assessment of
cerebral function status and short-term and long-term prognosis of patients with ischemic cerebrovascular disease. Our
study found that the sympathetic reflex activity was inhibited in patients with AICVD, and the abnormal rate of SSR was
correlated with the clinical manifestations of patients with AICVD, suggesting that SSR is expected to be used in the
study on clinical characteristics and prognosis of different subtypes of acute ischemic stroke, especially in the aspects of
small vascular diseases®> such as lacunar infarction with no lesions detected by imaging.

Conclusions
There may be inhibition of sympathetic reflex activity in patients with AICVD, SSR abnormality rate in patients with
AICVD may be correlated with the degree of neurological impairment and long-term prognosis.

Limitations of This Study

Due to the small sample size, the case group failed to strictly distinguish stroke subtypes, and the exclusion criteria, in
both the healthy control group and the case group, were mainly based on relatively subjective clinical data inquiry, which
may lead to bias in the results.
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