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INTRODUCTION 
 

The brain–heart connection was described early in the 20th 
century when Levy showed that changes in central nervous 
system (CNS) metabolism influenced cardiac function [1]. 
Later, several reports have been published regarding the role of 
the hypothalamus in controlling cardiac rhythm, especially the 
function of the sinus node [2, 3].  
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Background: The mechanisms explaining morphological electrocardiogram (ECG) 
changes and increased troponin T (TnT) in acute stroke are unclear. The aims of the 
present study were to assessthe prevalence of ECG and TnT changes in acuteischemic 
stroke, to investigate whether ischemiclike ECG changes correlate to a rise in TnT and to 
examine whether ECG changes and elevated TnT predict a poor short
Methods: From 2015 to 2017 over a period of two years a Prospective observational study 
on total of 200 patients suffering from acute ischemic stroke we
the present study. ECG and TnT was carried out and analyzed at admission in all patients. 
MRS was compared on admission day and 90th day with NIHS and Tnt.
values was correlated to prognosis after the evaluation 
scale.Regression Statistics and Annova was performed and data was statistically analyzed 
at end of the study using SPSS ver. 21 
Results: In total of 200 patients 0.5% subjects were from 0
yrs., majority 52.5% from 61-90 yr. and 2% above 90 yrs. 61% were male and 39% were 
female. Systemic illness included 78% hypertensive subjects, 89.5% diabetes mellitus, 
27% had lacunar and 73/5 had large vessel stroke. NIHS had a significant value of 0.024 as 
43.5 & had bad prognosis and 56.5 had good prognosis. According to Troponin T level 
43.5% had bad prognosis and 56.5% had a good prognosis. 2% had Left ACA+Right ACA, 
majority of 74.5 % had Left MCA+Right MCA, 1.5% had Left MCA+ACA & Right 
MCA+ACA 20.5% had Left PCA+Right PCA and 1.5% had Right MCA+PCA watershed. 
43.5% had Normal Troponin, 38% had Borderline Troponin, and 18.5% had High 
Troponin. Aspect was 54.50% for 6-7, 44% for 8
Electrocardiogram 1% had AF, left ventricular hypertrophy
inferior, 1% had Hyperacute waves, 5% had Left ventricular hypertrophy, 0.5% had LBBB, 
majority of 58.5% were normal, 2% had prolonged QT, 6% had RBBB, 22% had ST 
depression, T wave inversion, 0.5% had ST elevation, 0.5% had ST up
2.5 % had T wave inversion, 0.5% had U wave. MRS day 1 v/s NIHS and MRS day 90 v/s 
NIHS were significant in ANOVA and also MRS day 1 v/s Trop T and MRS day 90 v/s 
Trop T had significant value. 
Conclusion: ECG changes are prevalent in acute ischemic stroke. ST depression and Q 
waves are related to an increase in TnT, suggesting that these ECG changes may indicate 
coexisting ischemic heart disease. A rise in TnT predicts a poor outcome. Patients with 
acute ischemic stroke should be offered adequate treatment with secondary prevention and 
preferably a follow-up with focus on cardiologic as well as neurological aspects.
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century when Levy showed that changes in central nervous 
system (CNS) metabolism influenced cardiac function [1]. 
Later, several reports have been published regarding the role of 

n controlling cardiac rhythm, especially the 

Morphological ECG changes of repolarization type occur 
when the hypothalamus and other parts of the brain are 
stimulated experimentally [4, 5]. In clinical practice, 
physicians regularly encounter patients with ECG changes 
related to CNS lesions. In 1947, 
changes in encephalopathy was published [6]. During the 
1950s and 60s, several reports regarding ECG changes in 
subarachnoid hemorrhage, intracerebral hemorrhage and 
ischemic stroke followed up these early findings [7, 8]. 
Repolarization disturbances and dysrhythmias occurring in 
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The mechanisms explaining morphological electrocardiogram (ECG) 
(TnT) in acute stroke are unclear. The aims of the 

present study were to assessthe prevalence of ECG and TnT changes in acuteischemic 
stroke, to investigate whether ischemiclike ECG changes correlate to a rise in TnT and to 

elevated TnT predict a poor short-time outcome. 
From 2015 to 2017 over a period of two years a Prospective observational study 

on total of 200 patients suffering from acute ischemic stroke were included prospectively in 
the present study. ECG and TnT was carried out and analyzed at admission in all patients. 

day with NIHS and Tnt. The troponin T 
values was correlated to prognosis after the evaluation of modified Rankin 
scale.Regression Statistics and Annova was performed and data was statistically analyzed 

In total of 200 patients 0.5% subjects were from 0-30 yrs. of age. 45% from 31-60 
90 yr. and 2% above 90 yrs. 61% were male and 39% were 

female. Systemic illness included 78% hypertensive subjects, 89.5% diabetes mellitus, 
27% had lacunar and 73/5 had large vessel stroke. NIHS had a significant value of 0.024 as 

bad prognosis and 56.5 had good prognosis. According to Troponin T level 
43.5% had bad prognosis and 56.5% had a good prognosis. 2% had Left ACA+Right ACA, 
majority of 74.5 % had Left MCA+Right MCA, 1.5% had Left MCA+ACA & Right 

+Right PCA and 1.5% had Right MCA+PCA watershed. 
43.5% had Normal Troponin, 38% had Borderline Troponin, and 18.5% had High 

7, 44% for 8-9, 1.5% for more than 9. In 
Electrocardiogram 1% had AF, left ventricular hypertrophy, 0.5% had Deep Q wave in 
inferior, 1% had Hyperacute waves, 5% had Left ventricular hypertrophy, 0.5% had LBBB, 
majority of 58.5% were normal, 2% had prolonged QT, 6% had RBBB, 22% had ST 
depression, T wave inversion, 0.5% had ST elevation, 0.5% had ST upsloping septal leads, 
2.5 % had T wave inversion, 0.5% had U wave. MRS day 1 v/s NIHS and MRS day 90 v/s 
NIHS were significant in ANOVA and also MRS day 1 v/s Trop T and MRS day 90 v/s 

acute ischemic stroke. ST depression and Q 
waves are related to an increase in TnT, suggesting that these ECG changes may indicate 
coexisting ischemic heart disease. A rise in TnT predicts a poor outcome. Patients with 

ed adequate treatment with secondary prevention and 
up with focus on cardiologic as well as neurological aspects. 

Morphological ECG changes of repolarization type occur 
when the hypothalamus and other parts of the brain are 
stimulated experimentally [4, 5]. In clinical practice, 
physicians regularly encounter patients with ECG changes 
related to CNS lesions. In 1947, the first clinical study of ECG 
changes in encephalopathy was published [6]. During the 
1950s and 60s, several reports regarding ECG changes in 
subarachnoid hemorrhage, intracerebral hemorrhage and 
ischemic stroke followed up these early findings [7, 8]. 

epolarization disturbances and dysrhythmias occurring in 
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acute stroke may be due to release of catecholamine’s into the 
patients’ general circulation [9–11], direct neuronal effects 
mediated from the CNS via neurons ending on the heart [11] 
or coexisting ischemic heart disease [12]. Whereas hormonal 
and neuronal effects on cardiac function at present are of 
uncertain clinical relevance, coexisting ischemic heart disease 
represents a major issue. During the last decade, it has become 
evident that acute stroke in many cases is accompanied by a 
rise in the concentration of troponins in serum, indicating 
concomitant coronary disease [13, 14]. For the clinician, it is 
important to know whether ECG abnormalities encountered in 
stroke patients are caused by a coexisting acute coronary 
syndrome, as this would call for cardiologic intervention. Thus 
far, little is known about the clinical consequences of ECG and 
troponin changes in acute cerebrovascular disease.  
 

Aims and Objectives 
 

The aims of the present study were (i) To assess the prevalence 
of electrocardiogram and troponin T changes in acute stroke, 
and (ii) To assess the prognosis of troponin T changes with 
outcome in stroke. The objectives were to assess the MRS on 
admission day and 90th day with comparison of NIHS and 
Tent. 
 

MATERIALS AND METHODS 
 

Prospective observational study was carried out on two 
hundred patients of acute stroke in Jubilee Mission Medical 
College and Research, Thrissur from 2015 to 2017 after taking 
consent from patient and after approval from hospital ethical 
committee.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All the patients coming to Jubilee Mission Hospital within 48 
hours of acute stroke were included in the study. Patients with 
previous history of coronary artery disease, patients on drugs 
which can cause electrocardiogram changes, all the cases of 
head injury, all the patients with conditions like renal failure, 
acute pulmonary embolism rhabdomyolysis and post 
defibrillation causing increase in troponin levels were 
excluded. The diagnosis of stroke was made mainly on history 
of patient, clinical examination and radiological evaluation by 
computerized axial tomography/ magnetic resonance imaging. 
Troponin T levels will be estimated in all the patients of acute 
stroke coming to hospital within forty eight hours of attack and 
on day 90th via telephonic conversation. Electrocardiogram 
was done in all above mentioned patients using a twelve lead 
Electrocardiogram machine. Patients will be classified as with 
elevated troponin T and without troponin elevation. National 
Institute of Health Stroke Scale (NIHS), Alberta Stroke 
Programme Early Computerized Tomography Scale 
(ASPECTS) was done in all patients mentioned in above 
study. Modified Rankin scale was done on all patients of 
stroke at ninetieth day. The patients with score of less than 
three were classified as having favorable outcome and with 
more than three as unfavorable outcome. The troponin T 
values was correlated to prognosis after the evaluation of 
modified Rankin scale. Regression Statistics and Annova was 
performed and data was statistically analyzed at end of the 
study using SPSS ver. 21 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table No 1 MRS DAY 1 V/S NIHS 
 

SUMMARY 
OUTPUT 

MRS DAY 1 V/S 
NIHS        

Regression Statistics 
       

Multiple R 0.418 
       

R Square 0.175 
       

Adjusted R Square 0.171 
       

Standard Error 4.923 
       

Observations 201 
       

ANOVA 
        

 
df SS MS F Significance F 

   
Regression 1 1023.14 1023.14 42.21 0.00 

   
Residual 199 4823.05 24.24 

     
Total 200 5846.19 

      

 
Coefficients 

Standard 
Error 

t Stat 
P-

value 
Lower 95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 3.21 1.93 1.67 0.10 -0.58 7.01 -0.58 7.01 
MRS DAY 1 2.89 0.44 6.50 0.00 2.01 3.77 2.01 3.77 

 

Table No 2 MRS DAY 90 V/S NIHS 
 

SUMMARY 
OUTPUT 

MRS DAY 90 V/S 
NIHS        

Regression Statistics 
       

Multiple R 0.28 
       

R Square 0.08 
       

Adjusted R Square 0.07 
       

Standard Error 5.21 
       

Observations 201 
       

ANOVA 
        

 
df SS MS F Significance F 

   
Regression 1 452.26 452.26 16.69 0.00 

   
Residual 199 5393.93 27.11 

     
Total 200 5846.189 

      

 
Coefficients 

Standard 
Error 

t Stat 
P-

value 
Lower 95% Upper 95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 9.90 1.42 6.96 0.00 7.10 12.71 7.10 12.71 
MRS at day 90 1.71 0.42 4.08 0.00 0.88 2.53 0.88 2.53 
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RESULTS 
 

Data from the patients records regarding blood pressure, 
hyperlipidemia, diabetes mellitus, cigarette smoking, previous 
stroke and coronary heart disease were recorded. Neurological 
outcome was assessed by the modified Rankin scale (MRS) 
[16] at 90th day via telephonic conversation. The MRS is a 
global stroke scale comprising the following subgroups: 0 ¼ 
no symptoms, 1 ¼ no significant disability despite symptoms 
(able to carry out all usual activities), 2 ¼ slight disability 
(unable to carry out all previous activities but able to look after 
own affairs without assistance), 3 ¼ moderate disability 
(requiring some help but able to walk without assistance), 4 ¼ 
moderately severe disability (unable to walk without assistance 
and unable to attend to bodily needs without assistance), 5¼ 
severe disability (bedridden, incontinent, requiring constant 
nursing care), 6 ¼ death. In statistical analyses, the MRS 
scores were dichotomized into favorable outcome (0–3) versus 
unfavorable outcome (4–6). In total of 200 patients 0.5% 
subjects were from 0-30 yrs. of age. 45% from 31-60 yrs., 
majority 52.5% from 61-90 yr. and 2% above 90 yrs. 61% 
were male and 39% were female. Systemic illness included 
78% hypertensive subjects, 89.5% diabetes mellitus, 27% had 
lacunar and 73/5 had large vessel stroke. NIHS had a 
significant value of 0.024 as 43.5 & had bad prognosis and 
56.5 had good prognosis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

According to Troponin T level 43.5% had bad prognosis and 
56.5% had a good prognosis. 2% had Left ACA+Right ACA, 
majority of 74.5 % had Left MCA+Right MCA, 1.5% had Left 
MCA+ACA & Right MCA+ACA 20.5% had Left PCA+Right 
PCA and 1.5% had Right MCA+PCA watershed. 43.5% had 
Normal Troponin, 38% had Borderline Troponin, and 18.5% 
had High Troponin. Aspect was 54.50% for 6-7, 44% for 8-9, 
1.5% for more than 9. In Electrocardiogram 1% had AF, left 
ventricular hypertrophy, 0.5% had Deep Q wave in inferior, 
1% had Hyperacute waves, 5% had Left ventricular 
hypertrophy, 0.5% had LBBB, majority of 58.5% were 
normal, 2% had prolonged QT, 6% had RBBB, 22% had ST 
depression, T wave inversion, 0.5% had ST elevation, 0.5% 
had ST upsloping septal leads, 2.5 % had T wave inversion, 
0.5% had U wave. MRS day 1 v/s NIHS and MRS day 90 v/s 
NIHS were significant in ANOVA(Table 1 & 2) also MRS day 
1 v/s Trop T and MRS day 90 v/s Trop T had significant value. 
(Table 3 & 4) 
 

DISCUSSION 
 

We found a high prevalence of ECG abnormalities in the acute 
stage of ischemic stroke. The most frequent changes were 
prolonged QTc, atrial fibrillation and ECG changes consistent 
with ischemic heart disease, i.e. Q waves, ST depression and 
Twave inversion.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table No 3 MRS DAY 1 V/S TROP T 
 

SUMMARY 
OUTPUT 

MRS DAY 1 V/S TROP T 
       

         Regression Statistics 
       

Multiple R 0.40 
       

R Square 0.16 
       

Adjusted R Square 0.16 
       

Standard Error 0.72 
       

Observations 201 
       

         ANOVA 
        

 
df SS MS F 

Significance 
F    

Regression 1 19.57 19.57 37.82 0.00 
   

Residual 199 102.97 0.52 
     

Total 200 122.55 
      

         

 
Coefficients 

Standard 
Error 

t Stat 
P-

value 
Lower 95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 3.87 0.08 47.89 0.00 3.71 4.03 3.71 4.03 
TROP T 12.29 2.00 6.15 0.00 8.35 16.23 8.35 16.23 

 

Table No 4 MRS DAY 90 V/S TROP T 
 

SUMMARY 
OUTPUT 

MRS DAY 90 V/S TROP T 
       

         Regression Statistics 
       

Multiple R 0.49 
       

R Square 0.24 
       

Adjusted R Square 0.24 
       

Standard Error 0.77 
       

Observations 201 
       

         ANOVA 
        

 
df SS MS F 

Significance 
F    

Regression 1 37.82 37.82 64.08 0.00 
   

Residual 199 117.45 0.59 
     

Total 200 155.2637 
      

         

 
Coefficients 

Standard 
Error 

t Stat 
P-

value 
Lower 95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 2.75 0.09 31.86 0.00 2.58 2.92 2.58 2.92 
TROP T 17.09 2.13 8.00 0.00 12.88 21.29 12.88 21.29 
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However, ischemicECG changes are known to be prevalent in 
elderly patients [17, 18], and, accordingly, as prestroke ECG 
records were not evaluated, pre-existing ECG changes cannot 
be differentiated from changes that occurred after onset of 
stroke symptoms. Needless to say, a study based on ECG 
registrations recorded within a few days before onset of stroke 
symptoms, would be impossible to carry out. The present 
study concentrates on the acute phase of ischemic stroke, and 
data regarding the long-term outcome of the included patients, 
are not at hand. Consequently, the results must be interpreted 
with caution. Yet, the study is based on a strictly nonselected 
stroke sample, in the sense that all included patients were 
admitted directly to the stroke without regard to his or her 
clinical condition. A follow-up study clearly would be useful 
in order to assess the prognostic value of TnT and ECG 
changes in the longer term, not only regarding neurological 
sequels but also regarding cardiologic complications such as 
recurrent ischemia, myocardial infarction and congestive heart 
failure amongst these patients. The prevalence of elevated TnT 
is lower in the present sample than in previous studies [13, 14]. 
We have no obvious explanation for this. TnT concentrations 
were measured both at admission and on day 1, and, 
consequently, we have no reason to suspect that the blood 
samples were drawn too early to detect a rise in troponins. TnT 
was chosen as the gold standard for myocardial injury. TnT is 
found to be highly specific for myocardial necrosis [19] 
although the exact mechanism explaining a rise in TnT in 
stroke patients is not fully understood. It can be debated 
whether myocardial necrosis, expressed as a rise in TnT, is due 
to ischemic or non-ischemic heart disease [19]. Nevertheless, 
TnT plays a major role in diagnosing ischemic heart disease in 
cardiac care units worldwide. Q waves and ST depressions are 
ECG changes typically associated with ischemic heart disease. 
Q waves indicate a previous or recent myocardial infarction 
[20] whereas ST depressions may represent a current acute 
coronary syndrome [21]. In patients presenting with symptoms 
of an acute coronary syndrome, e.g. chest pain or dyspnoea, 
the significance of such ECG changes are obvious. However, 
in stroke patients without clinical symptoms consistent with 
coronary disease, less is known about the implications of 
ischemic-like ECG changes. The relationship between these 
ECG changes and elevated TnT found in the present study may 
indicate that such ECG abnormalities are caused by 
concomitant ischemic heart disease rather than by hormonal or 
neuronal effects of the cerebrovascular lesion. In these 
patients, medical or interventional cardiologic therapies may 
have beneficial effects. Every cerebrovascular accident is 
likely to exert a considerable stress on the patient’s heart [22]. 
Patients with acknowledged coronary disease, probably have a 
reduced prestroke cardiac function. Elevated TnT, therefore, 
may represent a lower cardiac tolerance to stress caused by the 
cerebrovascular event. This may be one explanation for the 
relationship between elevated TnT and a poor short-term 
prognosis found in the present study. The clinical relevance of 
a prolonged QTc is under debate [23]. It has been suggested 
that prolonged QTc is associated with sudden death in some 
medical conditions, e.g. myocardial infarction [23], epilepsy 
[24] and subarachnoid hemorrhage [25]. In the present study, 
prolonged QTc was related to an unfavorable short-term 
neurological outcome but not to death. One reason may be that 
prolonged QTc occurs in patients with large cerebral lesions, 
and thus reflects a critical medical condition caused by a 
severe ischemic stroke. Validation of a prolonged QTc and a 

rise in TnT concentration as predictors for an unfavorable 
outcome showed that these variables had low sensitivities. One 
reason may be that other factors, such as the size of the 
cerebral lesion, have a considerable effect on the patients’ 
outcome. However, in clinical practice, the predictive value of 
a positive test may be just as relevant as the sensitivity. In the 
present study. We conclude that prolonged QTc and ECG 
changes of coronary disease type are prevalent in the acute 
stage of ischemic stroke. Regardless of whether these ECG 
changes arose before or after the onset of stroke symptoms, the 
relationship between elevated TnT and ischemic-like ECG 
changes suggests that Q waves and ST depressions in many 
cases are caused by co-existing ischemic heart disease. MRS 
day 1 v/s NIHS and MRS day 90 v/s NIHS were significant in 
ANOVA(Table 1 & 2) also MRS day 1 v/s Trop T and MRS 
day 90 v/s Trop T had significant value. (Table 3 & 4). Stroke 
patients with elevated TnT have a less favorable short-term 
outcome than other stroke patients. Doctors in charge of the 
stroke unit should be extra observant when dealing with these 
patients, and take care to offer an adequate secondary 
prevention. Patients should be ensured anti-platelet therapy or, 
when cardio-embolic disease is present, anti-coagulation 
therapy. In addition, a proper intervention regarding risk 
factors, especially hypertension, hyperlipidemia, diabetes and 
smoking should be offered. A clinical follow-up of these 
patients a few weeks after onset of stroke would help doctors 
assure that appropriate treatment has been given. 
 

Clinical Importance 
 

Stroke is one of the most disabling diseases of nervous system. 
The relationship between acute stroke and coronary artery 
disease is complex and they are related to each other in 
multiple ways (26). Acute stroke confers significant increase 
in adverse cardiac outcomes during short term and longtime 
follow up. A subset of patients with stroke might be at higher 
risk for long term adverse cardiovascular outcomes. 
Identifying these patients, ideally with a simple test or 
biomarker can help to reduce their long term risk of adverse 
events. Troponin is a highly sensitive and specific marker for 
myocardial necrosis and prognosis that is used in diagnosis 
and prognosis of patients with acute coronary syndrome (26). 
However troponin elevation has been documented in multiple 
clinical settings in absence of acute coronary syndrome (27, 
28).Increase in troponin has been documented in all types of 
stroke including ischemic and hemorrhagic stroke (29). 
Several studies have confirmed the elevation of troponin T in 
high catecholamine states such as ischemic stroke. The high 
concentration ofcatecholamine’s in the myocardium can lead 
to impairment of cardiac function due to perfusion 
disturbances at level of capillaries caused by enhanced platelet 
aggregation (30). The prognostic value of elevated troponin in 
acute cerebrovascular accident remains a controversial topic. 
Increased mortality has been predicted by elevated troponin 
studies (31). In most of situations it remains unclear if a patient 
had acute myocardial infarction that leads to stroke or other 
way around. In absence of evidence for an acute coronary 
syndrome one should consider the long term significance of 
elevated troponin. Electrocardiogram changes were observed 
in patients with acute ischemic stroke and may cause diagnosis 
and management dilemmas. The most frequent abnormalities 
noted in various studies were prolonged QT interval, q waves, 
ST –T changes, bundle branch block, premature complexes 
and atrial fibrillation with ischemic stroke and intracerebral 
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hemorrhage (32). The changes like atrial fibrillation were more 
common in ischemic stroke than hemorrhagic stroke. 
Electrocardiogram changes noted in various studies in 
ischemic stroke patients include pathological q waves, 
atrioventricular block, and atrial fibrillation, left ventricular 
hypertrophy, ST segment elevation / depression and bundle 
branch block. It has been found in literature that augmentation 
of intracardiac sympathetic nerve activity occurs producing 
cardiac myocyte damage and depolarizing ionic shifts, 
resulting in electrocardiogram repolarization changes and 
arrhythmogenesis (32).In Kerala large scale studies are not yet 
conducted to assess the prevalence of electrocardiogram and 
troponin T changes in acute stroke 
 

CONCLUSION 
 

ECG changes are prevalent in acute ischemic stroke. ST 
depression and Q waves are related to an increase in TnT, 
suggesting that these ECG changes may indicate coexisting 
ischemic heart disease. A rise in TnT predicts a poor outcome. 
Patients with acute ischemic stroke should be offered adequate 
treatment with secondary prevention and preferably a follow-
up with focus on cardiologic as well as neurological aspects. 
 

References 
 

1. Levy A. The exiting causes of ventricular fibrillation in 
animals under chloroform anesthesia. Heart 1913; 4: 
319-78. 

2. Boeles J, Korteweig G, Ten Cate J. Influence of 
stimulation ofsubcordal areas on elctrocardiogram. J 
Neurophysiol 1957;20: 100-7. 

3. Weinberg S, Fuster J. Electrocardiographic changes 
produced by localized hypothalamic stimulations. Ann 
Intern Med 1960;53: 332-41. 

4. Porter R, Kamikawa K, Grreenhoot J. Persistent 
electrocardiographic abnormalities experimentally 
induced by stimulationof the brain. Am Heart J 1962; 
64: 815-9. 

5. Attar H, Gutierrez M, Bellet S, Ravens J. Effects of 
stimulation of hypothalamic and reticular activating 
systems on productionof arrhythmias. Circ Res 1963; 
12: 14-21. 

6. Byer E. Electrocardiogram with large, upright and long 
Q-T intervals. Am Heart J 1947; 33: 796–806. 

7. Dimant J, Grob D. Electrocardiographic changes and 
myocardial damage in patients with acute 
cerebrovascular accidents. Stroke 1977; 8: 448–55. 

8. Kreus KE, Kemila SJ, Takala JK. Electrocardiographic 
changes in cerebrovascular accidents. Acta Med Scand 
1969; 185:327–34. 

9. Meyer J, Stoica E, Pascu I, Shimazu K, Hartmann A. 
Catecholamine concentrations in CSF and plasma with 
cerebralinfarction and hemorrhage. Brain 1973; 96: 
277-88. 

10. Grad A, Kiauta T, Osredkar J. Effect of elevated plasma 
norepinephrine on electrocardiographic changes in 
subarachnoidhemorrhage (see comment). Stroke 1991; 
22: 746 9. 

11. Davis TP, Alexander J, Lesch M. Electrocardiographic 
changes associated with acute cerebrovascular disease: 
a clinicalreview. Prog Cardiovasc Dis 1993; 36: 245-
60. 

12. Hasdai D, Haim M, Behar S, Boyko V, Battler A. Acute 
coronarysyndromes in patients with prior 

cerebrovascularevents: lessons from the Euro-Heart 
Survey of Acute Coronary Syndromes. Am Heart J 
2003; 146: 832-8. 

13. Trooyen M, Indredavik B, Rossvoll O, Slordahl SA. 
Myokardskadeved akutte hjerneslag bedomt med 
troponin I. TidsskrNor Laegeforen 2001; 121: 421-5. 

14. James P, Ellis CJ, Whitlock RM, McNeil AR, Henley J, 
Anderson NE. Relation between troponin T 
concentration andmortality in patients presenting with 
an acute stroke: observationalstudy. BMJ 2000; 320: 
1502-4. 

15. Blackburn H, Keys A, Simonson E, Rautaharju P, 
Punsar S. The electrocardiogram in population studies. 
A classificationsystem. Circulation 1960; 21: 1160–75. 

16. Sulter G, Steen C, De Keyser J. Use of the Barthel 
index andmodified Rankin scale in acute stroke trials. 
Stroke 1999; 30:1538-41. 

17. Molaschi M, Ponzetto M, Romin R, Berrino E, Fabris 
F.Changes in the electrocardiogram in the elderly 
patient. Thelimits between normality and pathology. 
Recenti Prog Med1995; 86: 32-6. 

18. Ahto M, Isoaho R, Puolijoki H, Laippala P, Romo M, 
KivelaSL. Prevalence of coronary heart disease, 
associated manifestations and electrocardiographic 
findings in elderly Finns. Age Ageing 1998; 27: 729-37. 

19. Scirica BM, Morrow DA. Troponins in acute coronary 
syndromes. Prog Cardiovasc Dis 2004; 47: 177-88. 

20. Moon JC, De Arenaza DP, Elkington AG et al. The 
pathologic basis of Q-wave and non-Q wave myocardial 
infarction: acardiovascular magnetic resonance study. J 
Am Coll Cardiol 2004; 44: 554-60. 

21. Nikus KC, Eskola MJ, Virtanen VK et al. ST-
depression with negative T waves in leads V4 V5 – a 
marker of severe coronaryartery disease in non-ST 
elevation acute coronarysyndrome: a prospective study 
of Angina at rest, with troponin, clinical, 
electrocardiographic, and angiographic correlation. Ann 
Noninvasive Electrocardiol 2004; 9: 207-14. 

22. Cheung RT, Hachinski V. Cardiac effects of stroke. 
Curr Treat Options Cardiovasc Med 2004; 6: 199-207. 

23. Elming H, Holm E, Jun L et al. The prognostic value of 
the QT interval and QT interval dispersion in all-cause 
and cardiacmortality and morbidity in a population of 
Danish citizens. Eur Heart J 1998; 19: 1391-400. 

24. Tavernor SJ, Brown SW, Tavernor RM, Gifford C. 
Electrocardiograph QT lengthening associated with 
epileptiform EEGdischarges - a role in sudden 
unexplained death in epilepsy? Seizure 1996; 5: 79–83. 

25. Macmillan CS, Andrews PJ, Struthers AD. QTc 
dispersion as amarker for medical complications after 
severe subarachnoidhemorrhage. Eur J Anaesthesiol 
2003; 20: 537-42. 

26. Raza F, Alkhouli M, Sandhu P. Elevated cardiac 
troponin in acute stroke without acute coronary 
syndrome predicts long term adverse cardiovascular 
outcomes. Stroke research and treatment J. 2014; 2014; 
621650. 

27. Agewell S, Giannitists E, Troponin elevation in 
coronary vs non coronary disease. Eur heart J. 
2011;32(4):404-11. 

28. Agzew Y. Elevated serum cardiac troponin in non acute 
coronary syndrome.  Clinical cardiology. 2009;32(1) 
:15-20. 



International Journal of Current Advanced Research Vol 7, Issue 1(K), pp 9451-9456, January 2018 
 

 9456

29. Banki N, Kopelink A, Dae MW, Tung P, Miss J, 
Lawton MT et al. Acute neurocardiogenic injury after 
subarachnoid hemorrhage. American heart J. 
2005;112(21):3314-19. 

30. Douglas J, Mann MD, Robert L, Parsons B, Cooper G, 
Adrenergic effects on the biology of adult mammalian 
cardiocyte. American heart J. 1992;85(2):790-803. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

31. Koroshetzi WJ, Benner T, Vangel MG, Melinosky C, 
Arsava EM, Ayata C et al. Neuroanatomic correlates of 
stroke related myocardial injury. Neurology J. 2006; 
66(9):1325-9. 

32. Fure B, Wyller B, Thommessen B. Electrocardiographic 
and troponin T changes in acute ischemic stroke. 
Journal of Internal Med. 2006; 259:592-97. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

How to cite this article:  
 

Dinesh Kumar et al (2018) 'A Prospective Observational Study on Electrocardiogram And Troponin T Changes In Stroke', 
International Journal of Current Advanced Research, 07(1), pp. 9451-9456. 
DOI: http://dx.doi.org/10.24327/ijcar.2018.9456.1563 
 

******* 


