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Background: Cardiac abnormalities occur in majority of patients after cerebrovascular accidents, accounting for unex-
pected deaths during the first month. The most common disturbances include electrocardiogram (ECG) abnormalities, 
cardiac arrhythmias, and myocardial injury and dysfunction. 
Objectives: The present study aims to determine the electrocardiographic changes observed in different types of stroke, 
their prevalence, and to establish the prognostic significance of the ECG changes.
Material and Methods: This prospective study was carried out in a superspeciality hospital during 2 years which 
comprised of 100 patients. Patients were categorized based on computerized tomography findings into cerebral infarction, 
intracerebral hemorrhage, and subarachnoid hemorrhage. ECG changes are interpreted with rate, rhythm, and abnormal-
ities and conclusions were derived.
Results: Stroke was most common in 5th and 6th decade. Cerebral infarction formed the largest group. Males had higher 
preponderance. Hypertension was the most common risk factor. In total, 74% had electrocardiographic abnormality. ECG 
changes are more common among cerebral hemorrhage and subarachnoid hemorrhage. Most common ECG abnormality 
was prolonged QTc interval. Overall immediate mortality was 23%. It was high in cerebral hemorrhage. Morality was high 
in patients with abnormal ECG, mostly with prolonged QTc and with T-wave inversion. 
Conclusion: Patients with cerebrovascular accidents often have abnormal ECG in the absence of known organic heart 
disease or electrolyte imbalance. These ECG changes are more common in hemorrhagic than ischemic stroke. The 
mortality in these patients did not relate to the ECG changes seen but was dependent on the type of cerebrovascular 
accident and the level of consciousness on admission. 
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of vascular origin”.[1] A typical ischemic stroke presents with 
the abrupt onset of a focal neurological deficit and is charac-
terized clinically by mode of onset and subsequent course in 
it. Three major classes of strokes are now recognized, i.e., 
the ischemic variety with cerebral infarction or ischemia, the 
hemorrhagic variety intracerebral with ruptured aneurysm in 
the young, and the hypertensive cerebral hemorrhage in the 
elderly group and subarachnoid hemorrhage, and rare type 
lacunar strokes are deep, small cerebral infarcts.[2]

The symptoms and signs of an ischemic stroke vary 
depending on the location of the occlusion and the extent of 
spaced collateral flow.[3,4] Virtually any symptom of brain dys-
function may occur. However, the abrupt onset of a hemipa-
resis/hemiplegia in an individual in atherosclerotic age groups 
is hallmark. Either anterior (carotid) or posterior (vertebro- 
basilar) circulation may be involved.[5]

Introduction

Cerebrovascular accidents (CVAs) or stroke is defined 
as “rapidly developing clinical signs of focal (or global) dis-
turbance of cerebral function, with symptoms lasting 24 h, or 
longer or leading to death, with no apparent cause other than 
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Cushing first described hemodynamic changes after acute 
cerebral hemorrhage.[6] Subsequent clinical observations 
began to identify the importance of the brain–heart interac-
tion in patients with cerebral lesions. Cardiac abnormalities 
were described with various central nervous system diseases 
including seizures, trauma, ischemic stroke, and intracerebral 
hemorrhage and less commonly with tumors, electroconvul-
sive therapy, and meningitis.[7] In recent times, an emotion- 
and stress-induced cardiomyopathy has been described.[8,9]

The medulla has been described as the principal site of 
vagal parasympathetic and sympathetic areas involved in 
cardiac control.[10] In addition, both anatomical and physio-
logical evidence exist to implicate the hypothalamus in car-
diac control.[11] Electrical stimulation experiments suggest a 
posteriorly located area of cardiovascular sympathetic control 
and an anterior parasympathetic control region. Beattie and 
colleagues first described cardiac arrhythmias after hypotha-
lamic stimulation.[13]

Cardiac abnormalities occur in 60–70% of patients after 
stroke.[14] The most common disturbances include electro-
cardiogram (ECG) abnormalities, cardiac arrhythmias, and 
myocardial injury and dysfunction. Distinguishing cardiac 
abnormalities directly caused by stroke, however, remains dif-
ficult because the prevalence of preexisting cardiac disease 
is high, particularly among patients with ischemic stroke.[15] 
Cardiac disturbances are the most common cause of death 
after stroke, accounting for up to 6% of unexpected deaths 
during the first month.[16] Clinical observational studies among 
stroke patients also suggest a loss of cardiac parasympathetic 
tone,[17] loss of nocturnal vagal dominance,[18] and increased 
sympathetic tone.[19]

Among acute stroke patients, prolonged QT interval is 
more frequently observed after hemorrhagic strokes, occur-
ring in 45–71% of patients with subarachnoid hemorrhage 
(SAH) or intracerebral hemorrhage (ICH) compared to 38% 
of those with ischemic strokes.[20–22] ST segment changes 
(including ST elevations) occur in 22–35% of patients with 
ischemic stroke, which is complicated by the increased prev-
alence of cardiac disease.[23] Inverted or flat T waves have 
also been reported in up to 55% of patients with SAH, the 
stroke subgroup with the lowest prevalence of coexistent car-
diac disease.[24] New Q waves similar in morphology to those 
observed in acute myocardial infarction are also common 
after acute stroke, reported in approximately 10% of patients 
with acute ischemic or hemorrhagic stroke.[21,23] New U waves 
occur in isolation or with T waves and QT abnormalities in 
approximately 13–15% of patients with acute ischemic stroke 
and SAH.[25] Most arrhythmias occur within the first week after 
stroke, occurring in 25–40% of patients with ischemic stroke 
or ICH, and 98% of patients with SAH.[26–28]

Material and Methods

This is a hospital-based prospective study carried out in 
a superspeciality hospital during a period of 2 years which 

comprised of 100 patients. All patients with acute cerebrovas-
cular accidents admitted in the medical ward within 72 h of 
onset of stroke were considered. After admission a detailed 
history regarding the temporal profile of the stroke including 
history of risk factors like hypertension, diabetes mellitus, 
smoking, history of ischemic heart disease, and rheumatic 
heart disease were obtained. Patients were categorized based 
on Computerized Tomography findings into cerebral infarc-
tion, cerebral hemorrhage and subarachnoid hemorrhage. 
ECG changes are interpreted with rate, rhythm, ST-segment, 
QRS complex, T-wave amplitude and morphology, and QTc 
interval were calculated. Data were tabulated and subjected 
to statistical analysis.

Results

In total, 100 patients with the diagnosis of cerebrovascu-
lar accidents admitted in neurointensive care unit during the 
period of 2 years were studied and analyzed with regard to 
ECG changes. P-value greater than 0.05 was considered as 
not significant. The incidence of stroke was more common in 
5th and 6th decade (57%) and there was slight male (54%) 
preponderance compared to females (46%) making male–
female ratio of 1.1:1 and with the increase in age incidence 
of stroke is more among females when compared to males 
(Table 1). The incidence of cerebral infarction was more com-
mon (64%) compared to cerebral hemorrhage (29%) and 
SAH (7%) and the incidence of stroke was little more com-
mon among males (Table 2) Out of total 54 males, 64.8% had 
ischemic stroke and out of 46 females, 63% had hemorrhagic 
stroke. The difference of 1.8% is found to be not significant 
(Table 3). Hypertension (HTN) was the most common risk 
factor which was present in 35% of the stroke cases, followed 
by diabetes mellitus (DM) (16%), smoking (15%), combina-
tion of HTN and DM (10%), and previous history of stroke is 
seen in 7%, and hyperlipidemia in 9%. Briefly, 26 cases had 
a normal ECG (26%) while 74 cases (74%) had some abnor-
mality in the ECG.

ECG abnormalities were more common in patients of 
stroke. ECG abnormalities were more among cases of hem-
orrhagic stroke, i.e., cerebral hemorrhage (23 of 29 cases, 
i.e., 79.31%) and SAH (5 out of 7 cases, i.e., 71.4 %), and 
in cerebral infarction, it was 71.87% (i.e., 46 of 64 cases), 

Table 1: Age and sex distribution in stroke patients

Age group Male Female Percentage

30–39 3 1 4
40–49 13 5 18
50–59 16 13 29
60–69 13 15 28
70–79 6 8 14
80–90 3 4 7

54 46 100
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was more frequent in cerebral hemorrhage (5 out of 23 
patients, i.e., 21.73%) and subarachnoid hemorrhage (1 out 
of 5 patients, i.e., 20%). Sinus tachycardia is seen in 13% of 
the patients, more frequent in SAH (1 out of 5 cases) cere-
bral hemorrhage (i.e., 2 out of 23 cases). U waves were seen 
in 6% of cases. They occurred more frequently in patients 
with cerebral hemorrhage (2 out of 23 patients, i.e., 8.69%) 
and in cerebral infarction (3 out of 46 cases, i.e., 6.52%). 
Bradycardia is seen in 2% of patients, more frequent in cer-
ebral infarction (4.34%, i.e., 2 out of 46 cases). Among other 
arrhythmias, they are seen in 1% of stroke patients (i.e., 1 out 
of 74 cases) (Table 5).

Overall immediate mortality was 23%. It was high in cer-
ebral hemorrhage (37.93%, i.e., 11 of 29 cases) followed 
by subarachnoid hemorrhage (42.85%, i.e., 3 of 7  cases) 
and cerebral infarction (14.06%, i.e., 9 of 64 cases). Among 
74  patients with abnormal ECG changes, 25.7% died and 
among 26 patients with normal ECG, 15.4% died. The dif-
ference of 10.3% is found to be not significant (Table  6). 

though not much difference was noted. Among 74 patients 
with abnormal ECG changes,62.1% had ischemic stroke 
and among 26 patients with normal ECG, 69.2% had hem-
orrhagic stroke. The difference of 1.8% is found to be not 
significant. (Table 4) The most common ECG abnormality 
associated with stroke was prolonged QTc interval (31.08%, 
i.e., 23 of 74 cases) followed by T wave inversion (24.32% 
i.e., 18 cases), ST segment changes (20.27%, i.e., 15 cases), 
sinus tachycardia (13.51%, i.e., 5 cases), U-waves (6.75%, 
i.e., 10 cases), bradycardia (2.70%, i.e., 2 cases), and other 
arrythmias (1.35%, i.e., 1 case). QTc was prolonged in 
31.08% of patients. It occurred more frequently in patients 
with SAH (34.78%, i.e., 2 out of 5 cases) and cerebral hemor-
rhage (40%, i.e., 8 out of 23 cases) and less frequently in cer-
ebral infarction. In total, 24.32% of patients showed T wave 
changes and in some cases where EGG was repeated after 
a few days T wave reverted to normal. T wave changes were 
more frequent in cerebral hemorrhage. ST segment depres-
sion was seen in 20.27% of patients. ST segment depression 

Table 2: Incidence of infarct and hemorrhage with reference to sex

Type of stroke
Male Female

Total Percent
No % No %

Cerebral infarction 35 64.81 29 63.04 64 64
Cerebral hemorrhage 15 27.77 14 30.43 29 29
Subarachnoid hemorrhage 4 7.40 3 6.52 7 7
Total 54 46 100 100

Table 3: Test for association between sex and type of stroke

Sex Ischemic stroke Hemorrhagic stroke Total

Male 35 (64.8%) 19 (35.2%) 54 (100%)
Female 29 (63%) 17 (37%) 46 (100%)
Total 64 (64%) 36 (36%) 100 (100%)

Chi-square test value = 0.03.

Table 4: Test for association between electrocardiographic abnor-
malities and type of stroke

ECG  
changes

Ischemic 
stroke

Hemorrhagic 
stroke

Total

Abnormal 46 (62.1%) 28 (37.9%) 74 (100%)
Normal 18 (69.2%) 8 (30.8%) 26 (100%)
Total 64 (64%) 36 (36%) 100 (100%)

Chi-square test value = 0.42 (p-value >0.05 not significant).

Table 5: ECG findings: showing specific ECG changes in different types of stroke

ECG changes Ischemic Cerebral hemorrhage SAH Stroke overall

46 23 5 74

Cases % Cases % Cases % Percentage

QT prolongation 13 28.26 8 34.78 2 40 31.08
T wave inversion 11 23.91 6 26.08 1 20 24
ST segment depression 9 19.56 5 21.73 1 20 20
U waves 3 6.52 2 8.69 0 0 6
Tachycardia 7 15.21 2 8.69 1 20 13
Bradycardia 2 4.34 0 0 0 0 2
Other arrythmias 1 2.17 0 0 0 0 1
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Discussion

In 1947, Byer et al[29] described large and upright T waves 
and prolonged QT intervals in a patient with subarachnoid 
hemorrhage. In 1953, Levine reported inverted, deep T waves 
and ST segment elevations in a patient with a ruptured aneu-
rysm of the circle of Willis, while the next year Burch et al[30,31] 
described a new electrocardiographical pattern consisting of 
a prolonged QT interval, large and often inverted T waves 
and large U waves in patients with cerebrovascular acci-
dents. Since then, more reports concerning ECG alterations 
in stroke patients appeared in the literature.

Mortality was higher in patients with prolonged QTc [SAH 
(50%) and cerebral hemorrhage (44.44%)] and with T-wave 
inversion. Mortality was high in cases of infarct (25%) com-
pared to hemorrhage (22.22%) with ST-segment depres-
sion (Table 7). Mortality was higher in patients of stroke with 
QTc prolongation (42.10%), followed by T-wave inversion 
(26.31%), and ST-Segment depression (21.05%), but none 
of them were statistically significant (Table 8). The highest 
mortality was seen in comatose patients (8 of 13 cases, 
i.e., 61.53%), followed by stuporous (9 of 17, i.e., 52.19%), 
lethargic (4 of 22, i.e., 18.18%) and least in alert patients  
(2 out of 48 i.e. 4.16%).

Table 6: Test for association between electrocardiographic abnormalities and mortality in stroke patients

ECG changes Dead Alive Total

Abnormal 19 (25.7%) 55 (74.3%) 74 (100%)
Normal 4 (15.4%) 22 (84.6%) 26 (100%)
Total 23 (23%) 77 (77%) 100 (100%)

Chi-square test value Yates corrected = 0.64 (p-value > 0.05 not significant).

Table 7: Mortality in stroke types and its co-relation with ECG changes

ECG changes Cerebral infarction (N = 46) Cerebral hemorrhage (N = 23) SAH (N = 5)

Alive (38) Dead (8) Alive (14) Dead (9) Alive (3) Dead (2)

N % N % N % N % N % N %

QTc prolongation 10 26.31 3 37.5 4 28.57 4 44.44 1 33.33 1 50
T wave inversion 9 23.68 2 25 4 28.57 2 22.22 0 0 1 50
ST segment depression 7 18.42 2 25 3 21.42 2 22.22 1 33.33 0 0
U Waves 2 5.26 1 12.5 1 7.14 1 11.11 0 0 0 0
Sinus tachycardia 7 18.42 0 0 2 14.28 0 0 1 33.33 0 0
Sinus bradycardia 2 5.26 0 0 0 0 0 0 0 0 0 0
Arrhythmias 1 2.63 0 0 0 0 0 0 0 0 0 0

Chi-square value = 11.48, degrees of freedom = 30, p-value <0.05 not significant.

Table 8: Mortality in stroke patients and its correlation with ECG changes

Type of ECG changes Stroke patients

Alive (55) Dead (19)

No % No %

QTc prolongation 15 27.27 8 42.10
T-wave inversion 13 23.63 5 26.31
ST segment depression 11 20 4 21.05
U waves 03 5.45 2 10.52
Sinus tachycardia 10 18.18 0 0
Sinus bradycardia 2 3.63 0 0
Arrythmias 1 1.81 0 0

Chi-square value = 6.077. Degree of freedom = 6, p-value = <0.05 not significant.
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The present study which dealt primarily with ischemic 
stroke (cerebral infarct), cerebral hemorrhagic stroke, and 
SAH demonstrates that electrocardiographical abnormal-
ities occur very frequently in these conditions. Among the 
100 patients, 54 were males and 46 were females (sex ratio 
was M:F – 1.1:1). The cases of stroke were more common 
in the 5th and 6th decade, making 61%, which is compara-
ble to Bozluoclay et al study in which 47.1% were females 
and 52.9% males.[32] Similar findings were noted by Garg.[33] 
The mean age was 65. Cerebral infarction formed the largest 
group in the present study comprising 64% of cases. The next 
common type of stroke was cerebral hemorrhage comprising 
29% of cases and subarachnoid hemorrhage (7%) which is 
comparable to Daniele et al study where 78% had ischemic 
stroke and 21% hemorrhagic stroke.[34] Stroke is one of the 
leading causes of death in many countries.

Although there was a lack of unanimity, several factors 
have been reported to increase the risk of stroke. Reports 
from different countries have implicated different factors asso-
ciated with high risk of stroke. Shaper et al in 1991 concluded 
that, hypertension; cigarette smoking and pre-existing IHD 
were found to be the major risk factors.[35,36] Both diabetes 
and metabolic syndrome are recognized to increase the risk 
of ischemic stroke in men and women.[37] In the present study, 
hypertension was present in majority of the cases, i.e., 35%, 
which is comparable with that found in the studies of Foulkes 
et al in which hypertension was the most frequently reported 
cardiovascular disease affecting 38–75% of patients in each 
stroke diagnostic subtype, and diabetes mellitus was present 
in 16% of the patients in present study, which is comparable to 
Foulkes et al study where incidence of diabetes is 21%.[38] In 
a study conducted by Whisnant et al Hypertension accounts 
for 35–50% of stroke risk[39] which is comparable to the pres-
ent study, i.e., 35%. In the present study, ECG changes are 
seen in 74% of the patients, which is comparable to Daniele 
et al study in which ECG abnormalities are seen in 75% of the 
patients[34] and Goldstein et al study where ECG changes are 
seen in 92% of the stroke patients.[37] In a study conducted by 
Goldstein et al (92%), the most common ECG abnormalities 
seen are: QT prolongation (45%), followed by T wave inver-
sion (29%), ST-Segment depression (27%), U waves (28%), 
tachycardia (28%), and other arrhythmias (7%). Similar 
observations were noted in the present study with QT pro-
longation (31.08%), followed by T wave inversion (24.32%), 
ST-segment depression (20.27%), U waves (6%), tachycar-
dia (13.51%), and other arrhythmias (1.35%). Similar findings 
were also observed by Golwalkar et al.[40] Overall immediate 
mortality was 23%. It was high in SAH (43%) followed by cer-
ebral hemorrhage (38%), and cerebral infarction (14%) which 
can be compared to Goldstein et al study where overall mor-
tality in ICH, SAH, and infarction are 56%, 54%, and 14%, 
respectively. Overall immediate mortality was 23% which is 
comparable to Goldstein et al study (25%).[36] In the present 
study, it was observed that mortality is high in stuporous and 
comatose patients, i.e., 52.19% and 61.53%, respectively, 
and less in alert patients, i.e., 4.16% which is comparable 

to Goldstein et al[36] study where mortality in stuporous and 
comatose patients was 47% and 75%, respectively, and in 
alert patients it was 4%.

An attempt was made to correlate the mortality in these 
patients with the ECG changes. It was found that the mortal-
ity in these patients did not relate to the ECG changes seen, 
but was dependent on the level of consciousness on admis-
sion, the type of cerebrovascular accident, the extent of the 
lesion and other co-existent disease. The occurrence of car-
diac abnormalities in the acute phase of stroke as evidenced 
by the appearance of new ECG alterations or aggravation of 
pre-existing ones may raise the possibility that the cardiac 
pathology pre-existed or even served as a predisposing 
factor for the appearance of the stroke, as it is known that 
stroke and heart disease share common vascular etiology 
in the older age groups, however in present study patients 
with prior history of heart disease and who are on cardiac 
drugs are not included. Further ECG changes become man-
ifest or aggravated due to extracerebral causes such as 
electrolyte imbalance, loss of fluid, shock and respiratory 
disturbances which may accompany the cerebrovascular 
event. However, in our patients, who were closely watched 
in an ICU, the ECG abnormalities occurred in the absence 
of such disturbances, leaving the impression that in most 
cases the ECG changes were induced by the brain lesion 
itself. The present study demonstrates that by continuous 
ECG monitoring cardiac disturbances, especially the rhythm 
and conduction abnormalities can be detected and treated 
immediately.

Conclusion

In conclusion, patients with cerebrovascular accidents 
often have abnormal ECG in the absence of known organic 
heart disease or electrolyte imbalance. These ECG changes 
are more common in intracerebral hemorrhage and subarach-
noid hemorrhage than in infarcts. The common EGG changes 
are prolonged QTc, T wave inversion, ST segment depression 
and tachycardia. The mortality in these patients did not relate 
to the ECG changes seen but was dependent on the type of 
cerebrovascular accident and the level of consciousness on 
admission. ECG abnormalities in stroke patients do not have 
any prognostic significance.
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