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ABSTRACT 
 
Background 
CVAs (Cerebrovascular Accidents) are a leading cause of morbidity and mortality, often 
complicated by cardiovascular events like arrhythmias and sudden death, even without prior 
heart disease. These complications may stem from shared risk factors and arteriosclerosis. 
However, ECG changes in stroke patients are often overlooked. This study investigates the 
prevalence of ECG changes in acute stroke and their association with prognosis and mortality. 
Methods 
A longitudinal study was conducted over a 12-month period in the Department of Internal 
Medicine, Government TD Medical College, Alappuzha, a tertiary care center in South Kerala. 
The study included 100 patients aged over 18 years who were admitted with acute ischemic or 
hemorrhagic stroke within 48 hours of symptom onset. Stroke diagnosis was confirmed through 
clinical evaluation and neuroimaging (CT/MRI), with severity assessed using the NIHSS (National 
Institutes of Health Stroke Scale). A 12-lead ECG was performed at admission and repeated after 
three days. Patients were followed up for 30 days to evaluate neurological recovery and survival. 
Data were analyzed using SPSS software. 
Results 
Among the 100 patients (53 males and 47 females), ECG abnormalities were observed in 55%. 
The most frequent changes included T wave inversions (36%), QTc prolongation (23%), ST 
segment depression (23%), and atrial fibrillation (15%). ST depression showed a statistically 
significant association with mortality (p = 0.0001). Additionally, T wave inversion and QTc 
prolongation were significantly associated with poorer neurological outcomes at 30 days. 
Conclusion 
ECG changes were observed in 55% of acute stroke patients, with T wave inversion, ST 
depression, QTc prolongation, and atrial fibrillation being most common. ST depression, T wave 
inversion, and QTc prolongation were significantly associated with poor neurological recovery, 
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while ST depression was strongly linked to increased mortality. These findings underscore the 
prognostic importance of routine ECG monitoring in stroke management. 
Keywords: Cerebrovascular Accidents; Electrocardiogram; Mortality; ST Depression; QTc 
Prolongation; T Wave Inversion; Atrial Fibrillation. 
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INTRODUCTION 
Stroke, or CVA (Cerebrovascular Accident), involves sudden disruption of cerebral blood flow-
85% ischemic and 15% hemorrhagic. Risk factors include hypertension, diabetes, smoking, 
obesity, atrial fibrillation, and substance use. Lacunar strokes account for ~20% of ischemic 
strokes and result from small vessel occlusion due to microemboli, vasculitis, or arteriosclerosis. 
Stroke affects 16.9 million people annually, with a global incidence of 258 per 100,000. Incidence 
is higher in men and rising in low- and middle-income countries, particularly among younger 
adults.[1] 

ECG abnormalities are common in stroke, influenced by stroke type, location, and 
coexisting cardiac conditions. These may mimic myocardial infarction, especially in 
subarachnoid hemorrhage. Cardiac sources of emboli (e.g., endocarditis, myxoma) can 
complicate diagnosis.[2] 

Mechanisms behind stroke-related ECG changes include autonomic dysfunction, 
increased intracranial pressure, and insular cortex stimulation, leading to sympathetic 
overactivity and myocardial injury.[3-6] Other factors include underlying heart disease, cardiac 
nerve damage, or autonomic imbalance.[7-8] 

Such ECG changes may occur even without prior heart disease, suggesting neurogenic 
origin. However, no ECG pattern is clearly linked to specific brain lesions, and further research 
is needed to clarify their diagnostic and prognostic role. 
 
 
AIMS AND OBJECTIVES 
The aim of this study is to evaluate the prevalence of ECG (Electro-Cardiographic) changes in 
patients admitted with acute ischemic and hemorrhagic stroke and to assess the association of 
these ECG changes at the time of presentation with neurological recovery and survival over a 
one-month period. Additionally, the study seeks to determine the prognostic value of ECG 
findings in predicting outcomes and mortality in patients with CVA. 
 
 
MATERIALS AND METHODS  
This longitudinal study was conducted in the Department of Internal Medicine, including wards 
and ICU, at Government TD Medical College, Alappuzha, a tertiary care center in South Kerala. 
The study population comprised patients admitted with acute ischemic and hemorrhagic stroke 
to the internal medicine wards. The study was carried out over a period of 12 months from the 
date of IEC (Institutional Ethics Committee) clearance. 
 
Inclusion and Exclusion Criteria 
The study included all patients above 18 years of age who were admitted with acute ischemic 
or hemorrhagic stroke within 48 hours of symptom onset. Patients were excluded if they had 
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pre-existing ischemic heart disease, congenital heart disease, valvular heart disease, 
cardiomyopathy, or cardiac arrhythmias. Additional exclusion criteria included electrolyte 
imbalances such as hyperkalemia, hypokalemia, hypercalcemia, hypocalcemia, 
hypermagnesemia, and hypomagnesemia, as well as patients with severe hypothyroidism or 
hyperthyroidism. 
 
Sample Size Calculation 
Prevalence is taken as 63%, according to a study by Braga et al., outcome in terms of ECG 
changes in acute CVA patients was 63%, confidence interval 95%, sampling error of 5%, with 
absolute precision of 10%. 
Using the formula n = 4PQ/d² 
n = sample size 
p = Hypothesized % frequency of outcome factor in the population d = 10/100 × P 
The sample size required was 93.24. 
We included 100 consecutive patients admitted during the study period for the study. 
 
Data Collection Tools 
Data were collected using a pre-structured proforma. Clinical assessments included detailed 
history-taking, general and neurological examination, and stroke severity evaluation using the 
NIHSS stroke scale. A 12-lead ECG was performed at admission and on the third day using a 
three-channel ECGMAC machine at 25 mm/s speed in manual mode. Blood investigations 
included complete blood count, serum urea, creatinine, electrolytes (sodium, potassium, 
calcium, magnesium), random blood sugar, and TSH. Troponin I levels were measured using the 
Beckman Coulter device, with values <15.6 pg/ml considered normal. Patients with ECG changes 
underwent further cardiac evaluation, including troponin I and 2-D echocardiography. 
 
Data Collection Procedure 
After obtaining approval from the Institutional Review Board and IEC, 100 consecutive patients 
with acute ischemic or hemorrhagic stroke who met the inclusion criteria and provided consent 
were enrolled. For patients unable to provide consent, it was obtained from the nearest relative. 
Diagnosis of CVA was confirmed through clinical examination and CT/MRI brain imaging. Stroke 
severity was assessed at admission using the NIHSS scale. ECG changes such as T wave inversion, 
ST elevation/depression, QRS/PR/RR/QTc interval abnormalities, and arrhythmias were 
recorded and analyzed. QTc was calculated using Bazett’s formula (QTc = QT/√RR), with values 
>440 msec for females and >420 msec for males considered prolonged. Patients were followed 
until discharge and reassessed at 30 days post-admission using the NIHSS scale to evaluate 
neurological recovery or mortality. The NIHSS, a 15-item scale ranging from 0 to 42, was used to 
categorize stroke severity: very severe (>25), severe (15–24), mild to moderately severe (5–14), 
and mild (1–4). 
 
Statistical Analysis  
Data were coded and entered in Microsoft Excel and analyzed using IBM SPSS software. 
Comparisons between two groups for continuous variables were performed using Student's t-
test or the Mann-Whitney test. Comparisons between two groups for categorical variables were 
conducted using the chi-square test or Fisher's exact test. A p-value of <0.05 was considered the 
threshold for statistical significance. 
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RESULTS 

Age Group Male (n) Female (n) Total (n) Percentage (%) 

< 45 years 9 5 14 14% 

≥ 45 years 44 42 86 86% 

Total 53 47 100 100% 

Table 1: Age and Gender Distribution of CVA Cases 

 
Table 1 presents the most CVA cases occurred in patients aged 45 and above (86%). 

Among those under 45, males were more affected. Overall, males represented a slight majority 
(53%) of the stroke population. 
 

Mortality Frequency Percentage 

Alive 77 77% 

Dead 23 23% 

Total 100 100% 

Table 2: Mortality in the Study Group 

 
Table 2 gives the mortality rate among the stroke patients was 23%, emphasizing the 

significant risk of death associated with acute CVA. 
 

Stroke Type Frequency Percentage 

Ischemic 85 85% 

Hemorrhagic 15 15% 

Total 100 100% 

Table 3: Type of CVA in the Study Group 

 
Table 3 shows ischemic stroke was the predominant type (85%) compared to 

hemorrhagic stroke (15%), aligning with global stroke statistics. 
 

ECG Changes Frequency Percentage 

Present 55 55% 

Absent 45 45% 

Total 100 100% 

Table 4: Relationship of CVA with ECG Changes 

Table 4 ECG changes were observed in 55% of the stroke patients, highlighting the 
importance of cardiac monitoring in CVA management. 
 

ECG Finding Yes (N, %) No (N, %) 

Tachycardia 12 (12%) 88 (88%) 

Bradycardia 4 (4%) 96 (96%) 

Atrial Fibrillation 15 (15%) 85 (85%) 

PR Prolongation 5 (5%) 95 (95%) 

QTc Prolongation 23 (23%) 77 (77%) 

ST Depression 23 (23%) 77 (77%) 
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T Wave Inversion 36 (36%) 64 (64%) 

U Wave 2 (2%) 98 (98%) 

Table 5: Types of ECG Changes and Their Proportion 

 
The most common ECG abnormality was T wave inversion (36%), followed by QTc 

prolongation and ST depression (both 23%) in table 5. These abnormalities may reflect 
neurogenic or cardiac stress following stroke. 
 

NIHSS Mean Standard Deviation Median 25th Quartile 75th Quartile 

Score 16.20 7.688 14.00 10.00 21.75 

Table 6: Severity of Stroke in the Study Group (NIHSS Scores) 

 
Table 6 shows the mean NIHSS score was 16.2, indicating moderate to severe stroke 

severity in the study population. This reinforces the need for comprehensive care and 
monitoring. 
 

ECG Finding 
Mild to Moderate (N, 

%) 
Severe/Very Severe/Death (N, 

%) 
Total 
(N) 

P-
Value 

Tachycardia 4 (33.3%) 8 (66.7%) 12 0.247 

Bradycardia 0 (0%) 4 (100%) 4 0.019* 

Atrial Fibrillation 4 (26.7%) 11 (73.3%) 15 0.061 

PR Prolongation 5 (100%) 0 (0%) 5 0.006* 

QTc Prolongation 6 (26.1%) 17 (73.9%) 23 0.012* 

ST Depression 4 (17.4%) 19 (82.6%) 23 0.001* 

T Wave Inversion 10 (27.8%) 26 (72.2%) 36 0.001* 

U Wave 1 (50%) 1 (50%) 2 0.977 

No ECG Changes 28 (62.2%) 17 (37.8%) 45  

With ECG Changes 21 (38.2%) 34 (61.8%) 55 0.017* 

Table 7: Relationship between ECG Changes and Stroke Severity at 30 Days (Based on NIHSS 
Scores) 

*Statistically significant (p < 0.05) 
(NIHSS categorized as: Mild to Moderate vs. Severe/Very Severe/Death) 

In Table 7, significant associations were observed between poor stroke outcomes and 
bradycardia, QTc prolongation, ST depression, and T wave. Patients with ECG abnormalities had 
a higher risk of severe outcomes or death at 30 days, reinforcing the prognostic value of early 
ECG assessment in acute stroke. 
 

ECG Finding Alive (N, %) Dead (N, %) Total (N) P-Value 

Tachycardia 9 (75%) 3 (25%) 12 0.862 

Bradycardia 2 (50%) 2 (50%) 4 0.229 

Atrial Fibrillation 10 (66.7%) 5 (33.3%) 15 0.319 

PR Prolongation 5 (100%) 0 (0%) 5 0.101 

QTc Prolongation 15 (65.2%) 8 (34.8%) 23 0.126 

ST Depression 11 (47.8%) 12 (52.2%) 23 0.0001* 

T Wave Inversion 25 (69.4%) 11 (30.6%) 36 0.178 
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U Wave 2 (100%) 0 (0%) 2 0.304 

No ECG Changes 36 (80%) 9 (20%) 45  

With ECG Changes 41 (74.5%) 14 (25.5%) 55 0.519 

Table 8: Relationship between ECG Changes and Mortality 

 
Table 8 shows that ST depression was the only ECG change significantly associated with 

increased mortality (p = 0.0001). While other ECG abnormalities showed higher mortality rates, 
they did not reach statistical significance. These findings highlight ST depression as a potential 
early predictor of fatal outcomes in stroke patients. 
 
 
DISCUSSION 
A hospital-based study was conducted to evaluate ECG changes in patients with acute CVAs and 
assess their relationship with prognosis. A total of 100 patients admitted to the Department of 
General Medicine at Government TD Medical College, Alappuzha, were included in the study. 

Patients presenting with stroke symptoms and abnormal ECG findings often pose a 
diagnostic challenge. Cardiac conditions such as myxoma, mural thrombus, endocarditis, and 
ASD (Atrial Septal Defect) with DVT (Deep Vein Thrombosis) can result in cerebral embolism. 
Furthermore, arrhythmias, heart blocks, and myocardial infarctions may reduce cardiac output 
and precipitate cerebral ischemia. Many patients also have coexisting coronary and cerebral 
atherosclerosis or hypertension, both of which independently contribute to stroke and ECG 
abnormalities.[9] Additionally, several studies suggest that primary neurological disorders can 
themselves induce ECG changes, regardless of myocardial injury.[10-14] 

In the present study, 53% of participants were male and 47% were female. This aligns 
with the UKPDS study, which identified male gender as a significant stroke risk factor.[15] ECG 
abnormalities were observed in 55% of cases. This is comparable with Braga et al. (63%) and 
Asadi et al. (82.7%).[16,17] The most common ECG abnormality was T wave inversion (36%), 
followed by QTc prolongation (23%), ST segment depression (23%), and atrial fibrillation (15%). 
These findings are consistent with Braga et al., who reported 36% T inversions, 26% QTc 
prolongations, 25% atrial fibrillations, and 23% ST changes. Similarly, Dogan et al. reported 26% 
QTc prolongations, and Asadi et al. observed 21.2% T wave inversions and 11.5% atrial 
fibrillations.[16,18] 

In this study, ST depression (p = 0.001), T wave inversion (p = 0.001), and QTc 
prolongation (p = 0.012) were significantly associated with poor neurological outcomes. Braga 
et al. also found a significant correlation between poor neurological outcomes and ST 
abnormalities (p = 0.015), T wave changes (p = 0.005), and strain patterns (p = 0.025). QTc 
prolongation had a borderline association in their study (p = 0.06). Bradycardia was observed in 
four patients and was associated with poor outcomes, while PR prolongation was seen in five 
patients, all of whom had good outcomes. Although these findings did not reach statistical 
significance in larger studies, their presence in this cohort suggests a potential role that warrants 
further research. 

Out of the 100 patients, 23 (23%) died during the study period. ST depression was the 
only ECG abnormality significantly associated with mortality (p = 0.0001). This finding is in 
agreement with Braga et al., who also reported a significant association between ST changes 
and mortality (p = 0.002). In addition, Braga et al. found associations between mortality and 
atrial fibrillation (p = 0.001), strain pattern (p = 0.002), and QTc prolongation (p = 0.006).[17] A 
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study by Asadi et al. similarly reported significant associations of mortality with ST changes (p = 
0.011), T inversions (p = 0.0001), and atrial fibrillation (p = 0.0001).[16] 
 
 
LIMITATIONS 
This study was limited by its single-center design and small sample size. Additionally, previous 
ECG records were not available for all patients, limiting the ability to assess new versus pre-
existing changes. Despite these limitations, the study provides meaningful insights into the 
prognostic value of ECG changes in patients with acute stroke. 
 
 
CONCLUSION  
The findings of this study conclude that ECG changes are common in patients with CVA, observed 
in 55% of the study population. The most frequent ECG abnormalities identified were T wave 
inversion (36%), ST segment depression (23%), QTc prolongation (23%), and atrial fibrillation 
(15%). Among these, ST depression, T wave inversion, and QTc prolongation showed a significant 
association with poor neurological outcomes. Notably, ST segment depression was found to 
have a strong correlation with increased mortality, highlighting its prognostic significance in 
acute stroke management. 
 
 
REFERENCES 
[1] Béjot Y, Daubail B, Giroud M. Epidemiology of stroke and transient ischemic attacks: Current 

knowledge and perspectives. Rev Neurol (Paris) 2016;172(1):59-68.  
[2] Togha M, Sharifpour A, Ashraf H, et al. Electrocardiographic abnormalities in acute 

cerebrovascular events in patients with/without cardiovascular disease. Annals of Indian 
Academy of Neurology 2013;16(1):66-71. 

[3] Myers MG, Norris JW, Hachniski VC, et al. Plasma norepinephrine in stroke. Stroke. 
1981;12:200–4. 

[4] Shanlin RJ, Sole MJ, Rahimifar M, et al. Increased intracranial pressure elicits hypertension, 
increased sympathetic activity, electrocardiographic abnormalities and myocardial damage 
in rats. J Am Coll Cardiol. 1988;12:726–36.  

[5] Melville KI, Blum B, Shister HE, et al. Cardiac ischemic changes and arrhythmias induced by 
hypothalamic stimulation. Am J Cardiol 1963;12:781–91.  

[6] Hirashima Y, Takashima S, Matsumura N, et al. Right sylvian fissure subarachnoid 
hemorrhage has electrocardiographic consequences. Stroke. 2001;32:2278–81.  

[7] Natelson BH. Neurocardiology: An interdisciplinary area for the 80s. Arch Neurol 
1985;42:178–84. 

[8] Greenhoot JH, Reichenbach DD. Cardiac injury and subarachnoid hemorrhage: A clinical, 
pathological and physiological correlation. J Neurosurg 1969;30:521–31.  

[9] Goldstein DS. The electrocardiogram in stroke: relationship to pathophysiological type and 
comparison with prior tracings. Stroke 1979;10(3):253-9. 

[10] Fentz V, Gormsen J. Electrocardiographic patterns in patients with cerebrovascular 
accidents. Circulation 1962;25:22-8. 

[11] Ramani A, Shetty U, Kundaje GN. Electrocardiographic abnormalities in cerebrovascular 
accidents. Angiology 1990;41(9 Pt 1):681-6. 

[12] Kreus KE, Kemilä SJ, Takala JK. Electrocardiographic changes in cerebrovascular accidents. 

http://www.neuroquanotology.com/


Neuroquantology | March 2025 | Volume 23 | Issue 03 | Page 109-116| Doi: 10.48047/nq.2025.23.3.NQ25014 
Dr. Baiju Kishor B.S, Electrocardiographic Changes as a Predictor of Prognosis and Mortality in Patients with Acute Cerebrovascular Disease 
 

116 

 
eISSN: 1303-5150         www.neuroquanotology.com 

 
 

Acta Med Scand 1969;185(4): 327-34.  
[13] Lavy S, Stern S, Herishianu Y, Carmon A. Electrocardiographic changes in ischaemic stroke. 

J Neurol Sci 1968;7(3):409-15.  
[14] Tomkin G, Coe RP, Marshall J. Electrocardiographic abnormalities in patients presenting 

with strokes. J Neurol Neurosurg Psychiatry 1968;31(3):250-2.  
[15] King P, Peacock I, Donnelly R. The UK prospective diabetes study (UKPDS): clinical and 

therapeutic implications for type 2 diabetes. Br J Clin Pharmacol 1999;48(5):643-8.  
[16] Asadi P, Zia Ziabari SM, Naghshe Jahan D, et al. Electrocardiogram Changes as an 

Independent Predictive Factor of Mortality in Patients with Acute Ischemic Stroke; a Cohort 
Study. Arch Acad Emerg Med 2019;7(1):e27.  

[17] Braga GP, Gonçalves RS, Minicucci MF, et al. Strain pattern and T‐wave alterations are 
predictors of mortality and poor neurologic outcome following stroke. Clinical Cardiology 
2020 ;43(6):568-73. 

[18] Dogan A, Tunc E, Ozturk M, et al. Electrocardiographic changes in patients with ischaemic 
stroke and their prognostic importance. Int J Clin Pract 2004;58:436–40. 

 

http://www.neuroquanotology.com/

