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Abstract

Aim. Cerebrovascular disease is the most commonly encountered condition which causes serious
mortality and morbidity in neurological practice. It has been reported that heart rate variability
declines in a cerebrovasculer disease, which shows that autonomic functions are affected.
Autonomic nervous system has a significant role in monitoring immune status and controlling
inflammation. Similarly, there are studies reporting that immune system is affected during acute
phase of cerebrovascular diseases. In the present study, our aim was to investigate the effect of
autonomic nervous system on immune response and prognosis in acute ischemic cerebrovascular
diseases. Method. 44 patients with middle cerebral artery infarction and 44 healthy controls were
included in this study. Autonomic nervous system was evaluated using a methodology analysing
the heart rate variability based on frequency. In order to evaluate the effects on immun system,
serum levels of interleukin 1B, interleukin 6, tumor necrosis factor alfa and interleukin 10 were
measured on the 1%, 3", 7" and 10" day by ELISA. Prognosis was evaluated by Rankin scale after
3 months. Results. Compared to the controls, low frequency power in normalized units (LFnu)
was found to be high, high frequency power in normalized units (HFnu) was found to be low and
ratio of LFnu/HFnu was found to be high in the patients group. The increase being more marked in
left middle cerebral artery infarctions, interleukin-6 level were increased on the 10" day and
interleukin-10 level was decreased at all days compared to baseline in all patients. Interleukin-1p
and tumor necrosis factor o levels were lower in all patients but the decrease was more pronounced
in patients having left middle cerebral artery infarction. There was no difference between the
Rankin scores of the patients having right and left middle cerebral artery infarction. Conclusions.
Ischemic cerebrovascular disease is associated with an effect on immune system. This impaired
immun response can be correlated both with a decreased parasympathetic activity and an increased
sympathetic activity particularly in patients with middle cerebral artery infarctions.
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Ozet

Amag. Serebrovaskiiler hastalik noroloji pratiginde en sik karsilasilan ve ciddi morbidite ve
mortaliteye sebep olan bir durumdur. Serebrovaskiiler hastalikta otonom fonksiyonlarda
etkilenmeyi gosteren kalp hizi degiskenliginde azalma oldugu bildirilmektedir. Otonom sinir
sistemi immun durumun monitorize edilmesinde ve inflamasyonun kontroliinde 6nemli rol oynar.
Benzer sekilde serebrovaskiiler hastaliklarin akut déneminde immiin sistemin de etkilendigini
gosteren calismalar mevcuttur. Amacimiz akut iskemik serebrovaskiiler hastaliklarda otonom sinir
sistemi fonksiyonunun immun yanit ve prognoza etkisini arastirmaktir. Yéntem. Calismaya orta
serebral arter infarkti olan 44 hasta ve 44 saglikli birey alinmistir. Otonom sinir sistemi frekansa
dayali kalp hiz1 degiskenligi analiz yontemiyle degerlendirilmistir. Immiin sistem etkilenmesini
degerlendirmede 1, 3, 7 ve 10. giinlerde ELISA ydntemiyle serum interlokin-1B, interlkin-6,
timor nekrozis faktor a ve interlokin-10 diizeyleri ¢alisildi. Prognoz 3 ay sonra Rankin skoru ile
degerlendirildi. Bulgular. Hastalarda kontrollerle Kkarsilastirildiginda Diisitk Frekansli Giig
Normalize Unit (LFnii) yiiksek, Yiiksek Frekansli Gii¢ Normalize Unit (HFnii) diisik ve
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LFnii/HFnii oram ise yiiksek bulundu. Sol orta serebral arter infaktlarinda daha belirgin olmak
iizere tiim hastalarda 10. giinde Interlokin-6 seviyesinde artis, Interlokin-10 seviyesinde ise
baslangictan itibaren tiim giinlerde diisiis goriildii. Interlokin-1B ve tiimér nekrozis faktér o
seviyeleri sol orta serebral arter infaktlarinda daha belirgin olmak iizere tiim hastalarda dusiiktii.
Rankin skorlar1 arasinda farklilik bulunmadi. Sonuc. Iskemik serebrovaskiiler hastalik immiin
sistem etkilenmesi ile birliktedir. Ozellikle orta serebral arter infaktlarinda ortaya cikan bu
bozulmus immun yanit, azalmig parasempatik aktivite yaninda artmigs sempatik aktiviteyle
iligkilendirilebilir.

Anahtar sozciikler: inme, kalp hiz1 degiskenligi, interlokin-1p, interlokin-6, interlokin-10, timor
nekrozis faktor a
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Introduction

Autonomic nervous system (ANS) is an important part of the nerve system that regulates
the involuntary operation and functions of effector organs [1, 2]. Cardiac complications
such as arrhythmias, ischemic heart failure or sudden death are observed frequently after
an acute stroke. It has been reported that changes in parasympathetic functions along with
increased sympathetic activity plays a role in the occurence of such complications [3]. As
a two-way communication channel between the brain and the immune system, ANS plays
an important role for the brain to monitor the immune system and control inflammation.
The initial response of the brain to inflammation is regulated by activation of autonomic
nervous system pathways [4]. Classically, the two components of ANS have antagonistic
but complementary functions. In regulating natural immunity, sympathetic and
parasympathetic systems have an effect that supresses proinflammatory cytokine
expression [4, 5]. At the early stage of inflammation, afferent vagus nerve fibers send
signals to the brain to induce immunomodulatory responses. Afferent vagal nerve
regulates inflammation by inhibiting proinflammatory cytokine release. The said function
of afferent vagal nerve is defined as the cholinergic anti-inflammatory role. Sympathetic
induction manages supression of proinflammatory cytokine release through f
adrenoreceptor mechanism and vagal nerve stimulation through nicotinic acetylcholine
receptor containing a7 subunit [4-9]

Heart rate variability (HRV) is defined as the variation of the time intervals between two
heartbeats and it is a useful indicator in evaluating ANS. Heart rate variability has been
reported to descrease after acute ischemic stroke [10, 11]. HRV is measured through beat-
to-beat heart rate analysis. These records are carried out by ECG. Simple measurements
are carried out through trase or by a computer using a special software. Spectral analysis
method was used in our study. In this method, variance and distribution of R-R values are
shown as a function of frequency. Low frequency power in normalized units shows
sympathetic activity, high frequency power in normalized units shows parasympathetic
activity and LFnu/HFnu ratio is an indicative of sympathovagal balance [12, 13]. Clinical
and experimental studies have shown that insular cortex at middle cerebral artery (MCA)
watershed area is the most important cortical area in sympathetic and parasympathetic
cardiovascular regulation [14, 15]. Autonomic functions have been reported to be affected
in patients having MCA infarction [3]. The aim of the present study is to investigate the
relation of affected autonomic functions with hemispheric localization, proinflammatory
and anti-inflammatory cytokine expression and prognosis.
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Materials and Methods

44 patients hospitalized at Cumhuriyet University, Medical Faculty, Neurology Clinic
with a diagnosis of MCA watershead area ischemic infarction and 44 individuals matched
for age and gender as controls were included in this study. Those having a disease
affecting ANS, using medicines, having atrial fibrillation, previous stroke, transient
ischemic attack, infection supported by clinical or laboratory findings, malignancy,
inflammatory disease or a serious renal, hepatic or cardiac failure were excluded from the
study. PC based high resolution electrocardiography system (Kardiosis ars-LP, Tepa A.S.
Ankara, Turkey) was used at KHD Cumhuriyet University, Medical Faculty, Department
of Neurology Autonomous Laboratory. All those in the patient and control groups were
prevented from consuming substances such as tea, coffee and cigarette and performing
exercise that could lead to sympathetic activation. Individuals were allowed to rest at
least 20 minutes before conducting the tests. Recordings were carried out through
imaging studies lasting 5 minutes in average within 3-10 days after the stroke when the
patient was at rest at a room prepared specifically for imaging.

Recording was carried out by using 7 electrodes, one of which was a grounded electrode,
at X,Y and Z planes. X electrode was placed on the intercostal space in the armpit area,
Y+ electrode was placed on the 5th costal area on the midclavicular line, Y- electrode
was placed over the interclavicular area, Z+ electrode was placed at the level of
interventricular septum and Z- electrode was placed on dorsal side at the level of Z+
electrode . Spectrum fluctuations of the individuals were calculated using Kardiosis Ars-
LP Analysis system program. Average reference signals were obtained by HRV analysis.
After assessing the reference signal, R-R intervals were measured. In calculating R-R
intervals, reference signal was moved on the recording to find the maximum point of the
correlation coefficient. Correlation coeffecient was regarded as 0.98. If maximum values
were above the threshold value (0.98), this was regarded as R wave. At the end of the
process, a graphic showing beat rate at horizontal axis and R-R interval between each
beat vertical axis in millisecond was obtained, and power graphic and parameters were
determined using spectrum analysis. Depending on the hemisphere of the infraction,
patients were divided into two groups and serum interleukin-1p (IL-1pB), interleukin-6
(IL-6), interleukin-10 (IL-10) and tumor necrosis factor o (TNFa) levels were measured
during hospitalization and on the 3rd, 7th and 10th days. In the study, Assaypro brand
(AssayMax Human EI2200-1, EI1006-1, EI3010-1,ET2010-1) ELISA Kkits were used.
Kits were used in accordance with the user manuals at the Microbiology Department.
Samples were evaluated using Triturus Grifolds full automatic MIKROELISA
equipment. Locations of lesions were determined through computed brain tomography
during hospitalization and on the 3rd and 5th days. “The National Institutes of Health
Stroke Scale "(NIHSS) was administered during hospitalization while Rankin scale was
administered 3 months after hospitalization to determine functional loss caused by the
disease.

Statistical analaysis

Data were loaded onto the SPSS (Ver: 14.0) program. Mann-Whitney U test was used in
order to evaluate the significance of a difference between two averages. In the tables, data
are stated as average+standard deviation and number of subjects are given as %. The level
of significance was taken as 0.05.

Results

Of 44 patients included in the study, 22 had right MCA infarction and 22 had left MCA
infarction. In terms of age and gender, there was no difference between the groups. The
general average of NIHSS scale scores of the patients was 8.36+2.63. NIHSS scale score
was found to be 8.23+2.91 in those having right MCA infarction and 8.50+2.3 in those
having left MCA infarction. In terms of NIHSS scale scores, there was no difference
between those having right and left MCA infarctions. Compared to those in the control
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group, LFnu value and LFnu/HFnu ratio were increased and HFnu value was decreased in
those having MCA infarction (Table 1).

Table 1. Comparion of LFnu, HFnu and LFnu/HFnu values of the patients.

Groups Patient Control P value
LFnu 67.17+13.73 60.87+£7.69 p=0.010
HFnu 23.1749.29 31.16+6.70 p<0.001
LFnu/HFnu 3.8742.87  2.08+0.68  p<0.001

When LFnu/HFnu ratios of those having right and left MCA infarctions were compared,
LFnu/HFnu ratio was more increased in the group having right MCA (Table 2).In all
patients having MCA infarction, IL-1p and TNFa levels were decreased at all days when
compared to the 1st day. IL-6 levels were decreased on the 3rd and 7th day and increased
on the 10th day when compared to the 1st day. In all patients having MCA infarction, IL-
10 levels were decreased at all days when compared to the 1st day (Table 3).When IL-6
levels were evaluated in those having right MCA infarction, there was a decrease on the
3rd and 7th day (p=0.04) and an increase (even if it was not statistically significant) on
the 10th day when compared to the 1st day.In those having left MSA infarction, IL-6
levels were decreased on the 3rd and 7th day and increased on the 10th day (p=0,04)
(Table 4).When IL-10 levels were evaluated in those having left MSA infarction, there
was a decrease at all days when compared to the 1st day (p=0.04). There was an increase
on the 7th day when compared to the 3rd and 10th days; however, this was below the
level of the 1st day (Table 5).When inflammatory markers of those having right and left
MSA infarctions were compared, IL-6 levels were significantly higher on the 1st day in
those having right MSA infarction and on the 7th day in those having left MSA
infarction. Compared to those having left MSA infarction, IL-6 levels were found to be
higher in those having right MSA infarction on the 10th day.In terms of ranking scores on
the 3rd month, there was no difference between those having right and left MCA
infarctions.

Table 2. Comparison of LFnu, HFnu and LFnu/HFnu values of those having right MCA and
left MCA infarctions.

Grups Right Left P value
LFnu 70.91+£12.53 63.42+14.14 p>0.05
HFnu 20.90+9.49 25.44+48.72 p>0.05
LFnu/HFnu 4.66+3.39 3.08+2.01 p<0.05

Table 2. IL-18 , TNFa, IL-6 and IL-10 levels of the patients on the 1st, 3rd, 7th and 10th
days.

Grups IL-1p TNFa IL-6 IL-10

1M day 2.75+5.14 12.77+12.95 11.19+38.38 253.51+473.66

3%day 1.80+4.29 9.52+9.75  3.63£7.94  207.69+332.19

7" day 1.94+4.33 11.30+10.10 2.94+4.19  219.19+300.55

10" day 1.86+5.01 9.49+10.78 24.83+72.07 173.96+259.66
P=0,005 P=0.001 P=0.018 P=0.022

Table 4. Comparison of IL-6 values measured on the 1st, 3rd, 7th and 10th days in patients
having right and left MCA infarctions.

IL-6(pg/mL) Right MCA Left MCA

1% day 17.65+54.07 4.73+2.52
3" day 4.25+10.84 3.02+3.31
7" day 2.75+5.73 3.14+1.78
10" day 25.56+72.72 24.11+73.12
P=0.040 P=0.044
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Table 5. Comparison of 1L-10 values measured on the 1st, 3rd, 7th and 10th days in patients
having right and left MCA infarctions.

IL-10(pg/mL) Right MCA Left MCA

1% day 218.87+394.93  288.14+548.56
3" day 217.49+327.06  197.89+344.65
7" day 227.80+336.66  210.57+267.34
10" day 218.48+320.15  129.42+177.21
P=0.813 P=0.040

Discussion

Inflammation plays an important role in the development ischemic damage and escalation
of inflammation in the central nervous system [16, 17]. Many studies have reported that
cardiac autonomic function is impaired in patients with ischemic stroke [11, 18]. It has
been suggested that autonomic cardiovascular failure is associated with the impairment of
parasympathetic function in patients with stroke [19]. In some articles it was shown that
there is a cortical asymmetry in regulation of hearth rate and other cardiyovascular
functions. In these studies right insular cortex stimulation was responsible for increase in
sympathetic cardiovascular functions and left insular cortex was responsible for increase
in parasympathetic activity [20-25]. In the present study, it was found that the autonomic
nervous system functions were affected in favor of sympathetic system, which was more
evident in right hemisphere lesions in patients with MCA infarction. Insular cortex lying
below frontoparietal and superior temporal operculum located at the watershed area of
ANS has been shown to be an important cortical area playing a role in sympathetic and
parasympathetic cardiovascular regulation [13, 15]. It is thought that the results obtained
in the present study do not relate to isolated lesions of the insular cortex as the patients
with AND infarction did not only have lesions of the insular cortex. It has been reported
that there is an excessive IL-1 and TNFa release during brain ischemia [26, 27]. While
the possible reason of low IL-1 and TNFa levels could be increased sympathetic activity
in our study, other reasons could be the individual characteristics of the patients,
medicines used for treatment and sensitivity of the kits used. Many cytokines such us
unfractionated heparin TNFo may decrease cytokine production [28]. In a study, IL-10
levels were reported to decrease just after stroke, increase on the 7th day, decrease again
on the 14th day while IL-6 levels were reported to increase significantly between the 1st
and the 10th days when compared to the controls [29]. In an experimental study of rats
having MCA obstructions there was an increase in IL-6 levels 3 hours after the
obstructions and 12 hours later the levels were at the maximal point and it remained high
for nearly 24 hours [30]. In an other study of 113 patients with lacunar infarcts it is shown
that there is an increase in IL-6 and TNF alfa levels and this increase is a marker ofworse
prognosis[31]. In some studies decrease of IL-10 levels after subcortical and lacunar
stroke was related with worse prognosis and in animal models increase of IL-10 levels
after focal stroke was related with neuroprotective activity and reduce in brain damage
[32, 33].

In our study, IL-6 level was found to be high on the 10th day in all patients having MCA
infarction, especially in those having left hemisphere lesions. In our study, we found that
the balance between IL-6 and IL-10 levels, showing an antagonistic correlation in
inflammation control under normal conditions, disappeared [29]. The increase in IL-6
levels on the 10th day in patients with MCA infarction, which was more evident in left
hemisphere lesions, can be associated with supressed parasympathetic activity. Increase
in IL-10 levels at all days in left hemisphere lesions can not be associated with suppressed
parasympathetic activity as parasympathetic system does not have any effect on 1L-10
level [4]. In our study, parasympathetic activity was suppressed in lesions of both
hemisphere with a more evident suppression in right hemisphere lesions. Sympathetic
activity was increased in lesions of both hemisphere while the said increase was more in
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right hemisphere lesions. The results obtained suggest that sympathetic system, along
with parasympathetic system, could play a role in managing immunity and inflammation.
Having suppressed parasympathetic function but increased sympathetic activity in right
hemisphere lesions and having a proinflammatory (IL-6) and antiinflammatory (IL-10)
balance not imparied much in right hemisphere lesions when compared to the one in left
hemisphere lesions can be associated with increased sympathetic activity. The results
obtained can be associated with different action mechanisms such as cholinergic anti-
inflammatory pathway and o7 sununit levels and functions of nicotinic acetylcholine
receptors [6]. Future studies evaluating ANS function, cytokine levels, a7 sununit levels
and functions of nicotinic acetylcholine receptors together may yield important
information in clarifying the issue.
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