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Abstract—Cerebrovascular disease (CVD) such as stroke is 
the leading cause of long-term disability and the third most 
common reason of death in the world. In this work, an indication 
for the assessment of neuronal activity and the degree of severity 
of stroke patient has been studied using electroencephalogram 
(EEG). A parallel study has also been carried out on healthy 
volunteers of under fifteen years to find the comparison of neural 
activity between different age groups. In order to assess the brain 
pathophysiology in supratentorial brain lesion patients the 
quantitative EEG parameters such as delta/alpha ratio (DAR) 
and delta-plus-theta to alpha-plus-beta ratio (DTABR) have been 
used. It is observed that the DAR and DTABR values of the left 
cerebral hemisphere of the patient are much higher than the 
right cerebral hemisphere. It is also higher in both cerebral 
hemispheres than the control. A threshold value of ~3.7 for DAR 
and~3.5 for DTABR has been obtained. It is found that delta and 
DAR indices of the old age are twice than the child, indicating the 
diminishing of neuronal activity of old age is half of the child. 
These results could be important for stroke diagnosis, prognosis, 
re-habitation strategies, and proper neurological treatment.  

Keywords—Cerebrovascular disease; EEG; neural activity; 
stroke diagnosis;   

I.  INTRODUCTION  
Cerebrovascular disease (CVD) is the leading cause of 

long-term disability and third most common cause of death in 
the world [1, 2]. There are a number of different types of 
cerebrovascular disease including stroke, transient ischemic 
attack (TIA), subarachnoid hemorrhage, and vascular 
dementia. World Health Organization data has revealed that 
world-wide 4.5 million people die each year due to CVD such 
as stroke [3]. Nearly 30% of patients die within one year after 
a stroke, and percentage increases among the older person. 
About 40% of stroke related deaths occur in males, and 60% 
in females. In the recent days, due to the gradual increase of 
hypertensive and diabetic patient, the risk of developing stroke 
is growing tremendously. In Stroke patient, the cerebral blood 
flow (CBF) to the brain is reduced significantly. The delivery 
of oxygen and glucose to the brain is also reduced. As a 
consequence, cerebral infarction is developed and establishes 
a hypo-metabolic state in the infarcted region. The evaluation 
of the actual neuronal status of stroke patient is very important 
to determine the indication of neurosurgical treatment. 

To diagnosis the type, source and location of stroke in the 
brain, generally, cerebral blood flow (CBF) test, 
neuroimaging, and electrical activity test are being used. To 
measure the brain activity as well as abnormal functionality 
within the brain structure, electrical activity test such as 
electroencephalogram (EEG) has been used over the past few 
years. EEG offers a continuous, real-time, non-invasive 
measure of brain function. When cerebral blood flow (CBF) 
becomes compromised, changes occur in both the metabolic 
and electrical activity of cortical neurons, with associated EEG 
changes. The gradual deterioration from stroke develops an 
infarct over a range of CBF. If diffusion weighted magnetic 
resonance imaging (DWI MRI) is able to distinguish the 
changes within 30 minutes [4], EEG can sense that changes 
within a second. Evaluation of cortical electrical activity using 
EEG is also a relatively cheap and completely hazardless for 
quantitative and statistical analysis. Thus, EEG can be used as 
the most appropriate tools of early, fast and accurate diagnosis 
of stroke [5, 6].  

A large number of studies have been performed on the 
ischemic stroke using EEG [7, 8]. Most of those studies focus 
on the changes of the different EEG wave patterns (i.e. beta, 
alpha, theta, and delta) due to the various types of strokes [9, 
10]. Their works [11, 12] have shown that ischemic stroke (IS) 
produces abnormal, slow EEG activity – particularly in the 
delta frequency range (1–4 Hz) – and attenuation of 
normative, faster activity, particularly in the alpha frequency 
range (8–12 Hz) [13]. Some of those studies have shown the 
aging effects on EEG activity [14, 15]. These studies 
consistently show that alpha power decreases with age in 
healthy people, especially during later parts of life span  
Gender differences in EEG activity as well as in memory 
functions are also presented in several works [16, 17]. 
However, no investigation has been carried out on the 
interplay between the infarcted cerebral hemisphere with the 
other healthy part. Moreover, prior studies found that age-
related changes in EEG activity or memory performance 
compared to young people between the age of about 20 to 30 
years with older participants between the age of about 60 to 80 
years [18, 19]. There is no study at all for the child below the 
age of 20 years to show the change and compare the neuronal 
deterioration of the infarcted part of the brain.  
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This work focusses on the correlation between the extent 
of infarction and the clinical effect to monitor the degree of 
hypo-activity of the affected part through the EEG analysis. A 
detailed investigation of the changes of neuronal activity 
between an old person and a boy under fifteen years is also 
performed. The neuronal activity and the degree of severity of 
a stroke patient has been detected using quantitative EEG  
analysis. The neuronal signal difference between the affected 
and unaffected cerebral hemisphere of the patient is also 
determined. A comparison of neural signal between different 
age group specifically between child and old person has been 
presented. Outcome prognostication and decision about 
rehabilitation strategies is also informed. 

This paper is organized as follows: Section II describes the 
details of EEG experiments performed in this study. Section 
III discusses the results of this research with elaborate 
discussions analyzing various EEG signals and their 
corresponding parameters. Finally, Section IV deals with 
concluding talks. 

II. METHODOLOGY 
A 60 years old patient suffering from right sided 

hemiplegia with motor aphasia due to cerebrovascular diseases 
and a healthy young child were enrolled in this study. The 
Subjects had not taken any medication during the week prior 
to the study. None of the Subjects were smokers and they 
refrained from alcohol and caffeine containing drinks. Each 
participant had an initial visit to the experimental laboratory 
for a physical examination and a medical history assessment. 
The normal EEG signal has been collected using Biopac 
student lab (BSL 3.7.3 and BSL PRO 3.7.3) software and 
AcqKnowledge software (AcqKnowledge 4.0 or 
AcqKnowledge 4.1) in the Biomedical Engineering 
Laboratory of KUET. For EEG signal recording, the Subjects 
were relaxed in the sitting position throughout the whole 
experimental period. The recording was suspended before the 
Subject prepares for the next recording segment. It was also 
made sure that the electrodes do not “peel up”. EEG data were 
recorded for several test conditions, including ischemic stroke 
patient and a healthier child. Neuronal activities were 
determined using the acknowledge software. These data were 
then filtered through a band pass filter of frequency 0.5–40 
from the recorded EEG. As a result, the EEG data were re-
referenced to the common average reference. Digital EEG can 
be transformed into power spectra by fast Fourier 
transformation (FFT), compressing long periods of raw EEG 
into quantitative EEG (QEEG) parameters. These can be 
displayed as graphs and may reveal subtle changes in the EEG 
earlier than any other monitoring technique. These graphs can 
be used to monitor depth of sedation, intraoperative brain 
function (effects of sedation or brain injury), and detect 
seizures.  

In the video EEG signal collection, electrodes were placed 
according to 10/20 system. The system is based on the 
relationship between the location of an electrode and the 
underlying area of cerebral cortex. The numbers ‘10’ and ‘20’ 
refer to the fact that the distances between adjacent electrodes 
are either 10% or 20% of the total front-back or right-left 
distance of the skull. Each site has a letter to identify the lobe 

and a number to identify the hemisphere location. Four 
anatomical landmarks are used for the essential positioning of 
the electrodes: first, the nasion which is the point between the 
forehead and the nose; second, the inion which is the lowest 
point of the skull from the back of the head and is normally 
indicated by a prominent bump; the pre auricular points 
anterior to the ear. No central lobe exists, the ‘C’ letter is used 
for identification purposes only. The ‘z’ (zero) refers to an 
electrode placed on the mid line. Even numbers (2, 4, 6, 8) 
refer to electrode positions on the right hemisphere. Odd 
numbers (1, 3, 5, 7) refer to electrode positions. 

III. RESULTS AND DISCUSSION 
Fig. 1 shows the raw EEG spectra taken from the stroke 

patient and the healthier young. The brain function is 
represented on EEG by oscillations of certain frequencies. 
Slower frequencies (typically delta [0.5-3 Hz] or theta (4-7 
Hz) are generated by the thalamus and by cells in layers II-VI 
of the cortex. Faster frequencies (or alpha, typically 8-12 Hz) 
derive from cells in layers IV and V of the cortex. From the 
FFT analysis the value of such bands are defined in this work 
as delta (.56-3.90 Hz), theta (3.51-7.51Hz), alpha (7.08-
12.89Hz), and beta (12.20-29.79 Hz). 

 

 

 
Fig. 1. EEG with its different waves. (a) Right Hemisphere of patient (b) 
Left Hemisphere of patient and (c) Control    

(a)

(b)

(c) 
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TABLE 1.  The delta value of the right and left cerebral hemisphere 
 of the patient 

 
Delta Wave 

Right Hemisphere(μV) Left Hemisphere(μV) 

0.10309 0.18462 

0.10408 0.2478 
0.10697 0.40445 

 

A. Analysis of Delta Wave 
Generally, delta activity demonstrates the degree of IS 

monitoring and prognostication [20, 21]. The relative delta 
percentage appears to provide the most robust correlation with 
CBF and metabolism during focal ischemia.  Fig. 2a, 2b, and 
2c show the delta frequencies of the left cerebral hemisphere, 
right cerebral hemisphere of the stroke patient and the 
healthier child. Delta waves were analyzed between the 
frequency ranges of 0.56-3.90Hz. The values of delta activity 
for left and right cerebral hemisphere are summarized in Table 
1.  A relative comparison of delta activities between the left 
and right cerebral hemisphere is also shown in Fig. 3. From 
the Fig. 3, it is seen that the delta activity of the left cerebral 
hemisphere is much higher than the right cerebral hemisphere. 
The delta activity of both cerebral hemispheres is also higher 
than the control. It is also clear from the Fig. 3 that delta 
activity in the left side show the much higher value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Fig. 2.  (a) Right sided delta activity of the patient (b) Left sided delta 
activity of the patient (c) Delta activity of the control 
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Fig. 3. Comparison of delta activity between the right and left cerebral 
hemisphere of the patient. 

 

B. Analysis of Alpha Wave 
EEG changes are closely tied to CBF. When normal CBF 

declines to approximately 25-35 ml/100 g/min, the EEG first 
loses faster frequencies, then as the CBF decreases to 
approximately 17-18 ml/100 g/min, slower frequencies 
gradually increase. This represents a crucial ischemic 
threshold at which neurons begin to lose their trans membrane 
gradients, leading to cell death (infarction). Fig. 4a, 4b, and 4c 
show the faster frequency, i.e., alpha activities for the same 
subjects.  These waves were analyzed between the frequency 
ranges of 7.08-12.89Hz. The alpha activity of EEG signal 
shows the highly significant correlations with functional 
outcome measures [24, 26]. In IS studies wherein EEG was 
recorded at 48 h or later post-stroke, relative alpha power has 
demonstrated highly significant correlations with functional 
outcome measures [24, 26]. As shown in Fig. 4, the frequency 
of the left cerebral hemisphere diminishes compared to 
healthier child. 

C. Analysis of Beta and Theta Waves 
Figs. 5 and 6 show the beta and theta activity, respectively, 

on the right and left side of the patient and the control. Beta 
waves were analyzed between the frequency range of 12.20-
29.83 Hz and the theta waves were analyzed between the 
frequency ranges of 3.51-7.51 Hz. The mean values of theta 
relative power were higher on the injured hemisphere than in 
the non-injured hemisphere. The opposite pattern was 
observed for beta relative power. The difference was highly 
significant. Poor outcomes were predicted by delta activity 
and depression of faster alpha or beta activity in the ischemic 
hemisphere, whereas good outcomes were predicted by the 
absence of these phenomena. 

 

(a) 

(b) 

(c) 
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Fig. 4. Alpha activity in the (a) right hemisphere and (b) left hemisphere 
of the patient (c) Alpha activity of the control.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

    
Fig. 5. Beta activity in the (a) right hemisphere and (b) left hemisphere of 
the patient (c) Beta activity of the control. 

 

              

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Theta activity in the (a) right hemisphere and (b) left hemisphere 
of the patient (c) Theta activity of the control.  
 

D. Analysis of Delta/Alpha Ratio (DAR) 
It was reported in earlier studies that delta/alpha ratio 

(DAR) to be the most effective QEEG parameters to detect the 
delayed cerebral ischemia in subarachnoid hemorrhage 
patients [22]. This is consistent with the large increases in 
delta activity and decreases in alpha activity in sub-acute 
stroke patients, reported by Nuwer et al.  [23], and with other 
reports [24, 25]. Hence, the DAR warrants further 
investigation as a potential QEEG measure to aid monitoring 
and prediction of the evolution of cerebral ischemia. 

A relative comparison of DAR between patient right 
hemisphere and left hemisphere with the control are shown in 
Fig. 7. The DAR value of the left cerebral hemisphere is 
higher than the right cerebral hemisphere. It is also higher in 
both cerebral hemispheres than the control. We find that DAR 
of the left hemisphere of the patient is greater than 3.7 for all 
the measurements, whereas for control this value is ~1. This 
result is well consistent with the recent literature. The current 
outcomes update the scenario by indicating that DAR is a 
more accurate classifier index; DAR <3.7 is 100% specific for 
the absence, and >3.7 is 100% sensitive for the presence, of a 
recent, radio logically-confirmed ischemic stroke (IS) lesion. 
It is thus concluded that DAR = 3.7 can be assumed as the 
marginal level of infarction. As shown in Figs. 7a and 7b, 
DAR values of the left and right hemispheres of the patient are 
greater than 3.7 and 2.5, respectively, for all the measurements 
indicating severe IS in the fronto-temporal region of the left 
hemisphere. 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 
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(b) 

(c) 
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Fig. 7. Comparison of DAR between patient right hemisphere and left 
hemisphere with the control. 

 

0

1

2

3

4

5

1 2 3

D
TA

BR

DTABR of the Right hemisphere

DTABR of the Left hemisphere

No of Experiment

 
Fig. 8. Comparison of DTABR between the right and left cerebral 
hemisphere of the patient 

E. Analysis of delta-plus-theta to alpha-plus beta power ratio 
(DTABR) 

     The delta-plus-theta to alpha-plus beta power ratio 
(DTABR) index [26] is another QEEG measure, which has  

 

 

 

 

 

 

 

 

 
Fig. 9. Comparison of DTABR between patient right hemisphere and left 
hemisphere with the control 

 
been used to assess brain pathophysiology in supratentorial 
brain lesion [27], brain tumor [26], and Alzheimer’s disease 
[28] patients. In comparison to the DAR, the DTABR is 
additionally sensitive to theta and beta activity, both of which 
may be significant in monitoring post-stroke brain 
pathophysiology [23, 25]. Figs. 8 and 9 show the comparison 
of DTABR between the left and right cerebral hemisphere and 
between the healthy part of the patient and the control. Here, 
also the left sided value is higher than the right side and the 
value of the control. A value of greater than 3.5 is observed in 
the left hemisphere of the patient. However, this value is ~1 
for the control and ~2.5 in the right side of the patient. Similar 
to DAR it can be approximated the value 3.5 as the threshold 
for DTABR. If it is greater than this value indicating the 
severe infarction and less than this value is the absence of 
infarction.   
 

IV. CONCLUSION 
This work investigated the neuronal status between the 

healthy people and the patient suffering from cerebrovascular 
disease using EEG. This study revealed a significant 
correlation of neural activity between older and a younger 
group below fifteen years. A comparative scenario of the 
injured and uninjured part of cerebral hemisphere has also 
been presented. It is found that delta activities of EEG are 
highly unique of brain pathophysiology, and preservation of 
alpha and beta frequencies following stroke is evidently 
indicative of neuronal survival and a good prognosis. In order 
to assess brain pathophysiology in supratentorial brain lesion 
patients the DAR and DTABR have also been used. It is 
observed that the DAR and DTABR values of the left cerebral 
hemisphere of the patient are much higher than the right 
cerebral hemisphere. It is also higher in both cerebral 
hemispheres than the control. A threshold value of ~3.7 for 
DAR and ~3.5 for DTABR have been obtained. It is observed 
that DAR and DTABR of the left hemisphere of the patient are 
greater than 3.7 and 3.5, respectively, for all the measurements 
indicating a severe ischemic stroke in the fronto-temporal 
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region of the left hemisphere. This study also shows that DAR 
and DTABR of the healthy child is~1. It is also found that 
delta and DAR indices of the old age are double compared to 
the child, indicating the diminishing of neuronal activity of old 
age is half of the child. These results could be important for 
detection the degree of neuronal impairment between old 
people and young age group, especially under fifteen years 
and also it will reflect the actual scenario of neural activity in 
an old brain ischemia due to cerebrovascular disease as well as 
in stroke diagnosis, prognosis, re-habitation strategies, and 
proper neurological treatment.  
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