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ABSTRACT

Background: Stroke is a major cause of mortality and disability worldwide. Acute stroke is
frequently associated with electrocardiographic (ECG) abnormalities due to autonomic dysfunction
and neurogenic cardiac injury. Identification of ECG changes associated with adverse outcomes
may help in early risk stratification and management of stroke patients.

Objectives: To determine the pattern of ECG abnormalities in patients with acute stroke and to
evaluate their association with clinical outcomes.

Methods: A hospital-based observational analytical study was conducted among 190 patients
diagnosed with acute ischemic or hemorrhagic stroke admitted to a tertiary care hospital in Gujarat
between January 2025 and December 2025. Demographic and clinical data were collected using a
structured proforma. Standard 12-lead ECG was performed within 24 hours of admission. Stroke
severity was assessed using the National Institutes of Health Stroke Scale (NIHSS), and clinical
outcome was evaluated using the Modified Rankin Scale (mRS) at discharge. Statistical analysis
was performed using IBM SPSS Statistics. Associations between ECG abnormalities and outcomes
were analyzed using Chi-square test and multivariate logistic regression. A p-value <0.05 was
considered statistically significant.

Results: The mean age of participants was 61.2 £12.8 years, and 62.1% were males. Ischemic
stroke accounted for 74.7% of cases, while 25.3% had hemorrhagic stroke. ECG abnormalities were
present in the majority of patients, with QTc prolongation (30.5%), T-wave inversion (27.4%),
sinus tachycardia (23.2%), and ST-segment changes (18.9%) being the most common findings. QTc
prolongation, ST-segment changes, and sinus tachycardia were significantly more common among
hemorrhagic stroke patients. Poor outcome was significantly associated with QTc prolongation
(p<0.001), atrial fibrillation (p=0.003), ST-segment changes (p=0.002), T-wave inversion
(p=0.007), and sinus tachycardia (p=0.011). On multivariate logistic regression analysis, QTc
prolongation, atrial fibrillation, ST-segment changes, hemorrhagic stroke subtype, and NIHSS score
>15 independently predicted poor outcome.

Conclusion: ECG abnormalities are common in acute stroke and are significantly associated with
unfavorable clinical outcomes. QTc prolongation, atrial fibrillation, and ST-segment changes may
serve as useful predictors of poor prognosis. Routine ECG assessment may aid in early risk
stratification and management of acute stroke patients.

Keywords: Acute stroke; Electrocardiography; QTc prolongation; Atrial fibrillation; Stroke
outcome; Neurogenic cardiac injury; Prognostic predictors
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INTRODUCTION

Stroke remains one of the leading causes of mortality and long-term disability worldwide, imposing
a substantial burden on healthcare systems and society. According to recent global estimates, stroke
is the second leading cause of death and a major contributor to disability-adjusted life years,
particularly in low- and middle-income countries.[1] Acute stroke is frequently associated with
systemic complications, among which cardiovascular abnormalities are commonly observed.
Electrocardiographic (ECG) changes occurring during acute stroke have attracted increasing clinical
interest because of their potential role in predicting neurological severity, in-hospital complications,
and overall prognosis.[2]

Neurological injury during acute stroke can lead to autonomic dysfunction through involvement of
cortical and subcortical autonomic regulatory centers, particularly the insular cortex. This
dysregulation may produce various cardiac manifestations, including arrhythmias, repolarization
abnormalities, QT interval prolongation, ST-segment deviations, and T-wave inversions.[3] These
ECG abnormalities may occur even in the absence of pre-existing structural heart disease,
suggesting a neurogenic mechanism mediated through sympathetic overactivity and catecholamine
surge.[4]

Several studies have demonstrated that ECG abnormalities are common in both ischemic and
hemorrhagic stroke. Commonly reported findings include sinus tachycardia, atrial fibrillation,
prolonged corrected QT (QTc) interval, ST-segment depression, and abnormal T-wave
morphology.[5] Some ECG changes may merely reflect underlying cardiovascular comorbidity,
whereas others may directly correlate with stroke severity and adverse outcomes such as mortality,
prolonged hospitalization, and poor functional recovery.[6] Identification of such predictors at
admission may help clinicians stratify risk early and optimize monitoring and management
strategies.

The burden of stroke is particularly high in developing countries, including India, where increasing
prevalence of hypertension, diabetes mellitus, dyslipidemia, and sedentary lifestyles has contributed
to a rising incidence of cerebrovascular disease.[7] Indian studies have also reported a high
prevalence of ECG abnormalities among acute stroke patients, with variations depending on stroke
subtype and associated risk factors.[8] However, many available studies are limited by small sample
sizes, heterogeneous populations, or lack of standardized outcome assessment. Moreover, there
remains uncertainty regarding which ECG abnormalities independently predict unfavorable
outcomes in acute stroke patients.

In tertiary care settings, rapid and cost-effective prognostic indicators are especially valuable
because of the high patient load and limited critical care resources. ECG is an inexpensive, non-
invasive, and universally available investigation that is routinely performed in all acute stroke
patients. Establishing its prognostic utility could therefore provide practical clinical benefits in
resource-constrained healthcare environments.[9] Despite the clinical relevance of this topic, there
is limited contemporary data from western India, particularly Gujarat, evaluating the relationship
between ECG changes and stroke outcomes in hospitalized patients.

Understanding the prognostic significance of ECG abnormalities may facilitate early identification
of high-risk patients, improve monitoring for cardiac complications, and guide decisions regarding
intensive care and rehabilitation planning. Furthermore, assessment of ECG changes may contribute
to better interdisciplinary management involving neurologists, physicians, and cardiologists.[10]
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Therefore, the present study was planned to evaluate ECG changes in patients presenting with acute
stroke and to assess their association with clinical outcomes in a tertiary care hospital in Gujarat.
The objectives of the study were to determine the pattern of ECG abnormalities in acute stroke
patients and to analyze the role of these ECG changes as predictors of outcome during
hospitalization.
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METHODOLOGY

Study Design: This hospital-based observational analytical study was conducted to evaluate
electrocardiographic (ECG) changes and their association with outcomes among patients presenting
with acute stroke.

Study Setting: The study was conducted in the Department of General Medicine in collaboration
with the Department of Neurology and Intensive Care Unit of a tertiary care teaching hospital in
Guijarat, India. The hospital caters to a large number of urban and rural patients and functions as a
referral center for cerebrovascular emergencies.

Study Duration: The study was conducted over a period of 12 months from January 2025 to
December 2025.

Study Population: The study population comprised adult patients admitted with a diagnosis of
acute stroke confirmed clinically and radiologically by computed tomography (CT) scan and/or
magnetic resonance imaging (MRI) of the brain.

Inclusion Criteria
»  Patients aged >18 years
«  Patients diagnosed with acute ischemic or hemorrhagic stroke
»  Patients presenting within 72 hours of onset of symptoms
«  Patients or legally authorized representatives willing to provide informed consent

Exclusion Criteria
»  Patients with known pre-existing structural heart disease or cardiomyopathy
«  Patients with previous documented arrhythmias unrelated to stroke
«  Patients with acute coronary syndrome at presentation
«  Patients with electrolyte imbalance known to significantly alter ECG findings
«  Patients receiving antiarrhythmic drugs affecting ECG interpretation
<  Patients with transient ischemic attack (TIA)
«  Patients with traumatic intracranial hemorrhage or brain tumors
«  Patients unwilling to participate in the study

Sample Size with Calculation
The sample size was calculated using the formula for estimation of proportion in observational
studies:

Z°XpXq
n= —Qz
Where:
*  (n) =required sample size
(2) = standard normal variate at 95% confidence interval = 1.96
*  (p) = expected prevalence of ECG abnormalities among acute stroke patients
- (@=1p)
e (d) =allowable error
Based on previous literature reporting ECG abnormalities in approximately 60% of acute stroke
patients,[6] the prevalence was taken as 60%.
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_ (1.96)% x 0.60 x 0.40
B (0.07)2

n ~ 188

Considering possible incomplete data and non-response, the final sample size was rounded to 190 99
patients.

Sampling Technique: A consecutive sampling technique was used. All eligible patients admitted
during the study period who fulfilled the inclusion criteria were enrolled until the required sample
size of 190 was achieved.

Data Collection Tools and Procedure: After obtaining informed consent, detailed demographic
and clinical information was collected using a predesigned and pretested case record form. Data
regarding age, sex, presenting complaints, vascular risk factors, comorbidities, type of stroke, and
neurological examination findings were recorded. Stroke diagnosis was confirmed by
neuroimaging. A standard 12-lead ECG was performed for all patients within 24 hours of admission
using calibrated ECG machines. ECGs were interpreted independently by physicians trained in
electrocardiographic analysis. Recorded ECG abnormalities included rhythm disturbances, atrial
fibrillation, sinus tachycardia, sinus bradycardia, ST-segment changes, T-wave inversion, QTc
prolongation, bundle branch block, and ventricular ectopic beats. Stroke severity at admission was
assessed using the National Institutes of Health Stroke Scale (NIHSS). Functional outcome was
evaluated using the Modified Rankin Scale (mRS) at discharge. Poor outcome was defined as mRS
score >2 or in-hospital mortality.

Study Variables: The independent variables included demographic factors (age, sex), vascular risk
factors (hypertension, diabetes mellitus, smoking, dyslipidemia), stroke subtype (ischemic or
hemorrhagic), stroke severity, and ECG abnormalities observed on admission. The dependent
variable was clinical outcome, assessed in terms of functional status at discharge and in-hospital
mortality. Association between specific ECG changes and patient outcomes was evaluated.

Statistical Analysis: Data were entered into Microsoft Excel and analyzed using the IBM SPSS

Statistics software package. Continuous variables were expressed as mean zstandard deviation or
median with interquartile range depending on data distribution, while categorical variables were
presented as frequencies and percentages. Association between categorical variables was assessed
using Chi-square test or Fisher’s exact test. Independent sample t-test or Mann—Whitney U test was
used for comparison of continuous variables where appropriate. Multivariate logistic regression
analysis was performed to identify independent ECG predictors of poor outcome after adjusting for
confounding variables. A p-value of less than 0.05 was considered statistically significant.

Ethical Considerations: Written informed consent was obtained from all participants or their
legally authorized representatives before enrollment. Confidentiality and anonymity of patient
information were strictly maintained throughout the study. The study was conducted in accordance
with the ethical principles outlined in the Declaration of Helsinki for biomedical research involving
human participants.
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RESULTS

A total of 190 patients with acute stroke were included in the study. The mean age of participants

was 61.2 +12.8 years, with the majority belonging to the age group of >60 years. Males constituted
62.1% of the study population. Ischemic stroke was more common than hemorrhagic stroke,
accounting for 74.7% of cases (Table 1).

Table 1: Baseline Demographic and Clinical Characteristics of Study Participants (n=190)

Variable Frequency (n) Percentage (%)
Age Group (years)
<40 18 9.5
40-59 74 38.9
>60 98 51.6
Mean age (years) 61.2+12.8 —
Sex
Male 118 62.1
Female 72 37.9
Type of Stroke
Ischemic stroke 142 74.7
Hemorrhagic stroke 48 25.3
Common Risk Factors
Hypertension 122 64.2
Diabetes mellitus 68 35.8
Smoking/Tobacco use 74 38.9
Dyslipidemia 56 29.5

ECG abnormalities were observed in a substantial proportion of patients. QTc prolongation was the
most common ECG abnormality, followed by T-wave inversion, sinus tachycardia, and ST-segment
changes. Only 24.2% of patients had a normal ECG at admission (Table 2).

Table 2: Distribution of ECG Abnormalities among Acute Stroke Patients (n=190)

ECG Abnormality Frequency (n) Percentage (%)
QTc prolongation 58 30.5
T-wave inversion 52 27.4
ST-segment depression/elevation 36 18.9
Sinus tachycardia 44 23.2
Sinus bradycardia 18 9.5
Atrial fibrillation 28 14.7
Ventricular ectopic beats 16 8.4
Bundle branch block 12 6.3
Normal ECG 46 24.2
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Comparison of ECG findings according to stroke subtype demonstrated that QTc prolongation, ST-
segment changes, and sinus tachycardia were significantly more frequent among patients with
hemorrhagic stroke (Table 3).

Table 3: Association between ECG Abnormalities and Stroke Type

ECG Finding Ischemic Stroke (n=142) | Hemorrhagic Stroke (n=48) |p-value
QTc prolongation 38 (26.8%) 20 (41.7%)[ 0.048
T-wave inversion 36 (25.4%) 16 (33.3%)| 0.287
ST-segment changes 22 (15.5%) 14 (29.2%)| 0.036
Atrial fibrillation 24 (16.9%) 4(8.3%) 0.142
Sinus tachycardia 28 (19.7%) 16 (33.3%) 0.049

Assessment of outcomes revealed significant associations between several ECG abnormalities and
unfavorable clinical outcome. QTc prolongation, atrial fibrillation, ST-segment changes, T-wave
inversion, and sinus tachycardia were significantly more common among patients with poor
functional outcome or in-hospital mortality (Table 4).

Table 4: Association of ECG Abnormalities with Clinical Outcome

ECG Abnormality Favorable Ou_tcome Poor Ol_Jtcome/In-hosp_itaI p-value
(mRS <2) n=118 Mortality (mRS >2) n=72
QTc prolongation 24 (20.3%) 34 (47.2%) <0.001
ST-segment changes 14 (11.9%) 22 (30.6%) 0.002
Atrial fibrillation 10 (8.5%) 18 (25.0%) 0.003
T-wave inversion 24 (20.3%) 28 (38.9%) 0.007
Sinus tachycardia 20 (16.9%) 24 (33.3%) 0.011

On multivariate logistic regression analysis, QTc prolongation, atrial fibrillation, ST-segment
changes, hemorrhagic stroke subtype, and higher NIHSS score independently predicted poor
outcome among acute stroke patients (Table 5).

Table 5: Multivariate Logistic Regression Analysis for Predictors of Poor Outcome

Variable Adjuste(i\gg?s Ratio 959% Confidence Interval[p-value
QTc prolongation 2.84 1.46-5.51f 0.002
Atrial fibrillation 2.31 1.04-5.10[ 0.039
ST-segment changes 2.12 1.01-4.42| 0.046
Hemorrhagic stroke 2.67 1.31-5.43| 0.006
NIHSS score >15 4.58 2.18-9.61| <0.001
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DISCUSSION

The present hospital-based observational study evaluated electrocardiographic abnormalities in
patients with acute stroke and assessed their association with clinical outcomes. The study
demonstrated that ECG abnormalities were highly prevalent among acute stroke patients, with QTc
prolongation, T-wave inversion, sinus tachycardia, and ST-segment changes being the most
common findings. Furthermore, several ECG abnormalities, particularly QTc prolongation, atrial
fibrillation, and ST-segment changes, were significantly associated with poor functional outcome
and in-hospital mortality.

In the present study, the majority of patients were elderly, with a mean age of 61.2 years, and males
constituted a greater proportion of the study population. These findings are consistent with the
known epidemiological pattern of stroke reported globally and in India, where increasing age and
male sex are recognized risk factors for cerebrovascular disease.[1,7] Hypertension emerged as the
most common comorbidity, followed by diabetes mellitus and tobacco use, which is in agreement
with previous Indian and international studies evaluating stroke risk factors.[8]

ECG abnormalities were identified in nearly three-fourths of the patients, highlighting the frequent
occurrence of cardiac electrical disturbances following acute cerebrovascular events. QTc
prolongation was the most common abnormality observed in the present study. Similar findings
have been reported by Khechinashvili and Asplund, who documented a high prevalence of
repolarization abnormalities among stroke patients.[5] Neurogenic autonomic dysregulation,
catecholamine excess, and insular cortex involvement have been proposed as important mechanisms
contributing to such ECG changes.[2,3]

The study also demonstrated a significant association between hemorrhagic stroke and certain ECG
abnormalities, particularly QTc prolongation, ST-segment changes, and sinus tachycardia.
Hemorrhagic stroke is often associated with greater intracranial pressure elevation and more
pronounced autonomic imbalance, which may explain the higher frequency of these
abnormalities.[11] Previous studies have similarly shown that hemorrhagic stroke patients tend to
exhibit more marked ECG changes compared to ischemic stroke patients due to increased
sympathetic stimulation.[12]

An important finding of the present study was the association between ECG abnormalities and
adverse clinical outcomes. QTc prolongation showed a strong independent association with poor
outcome even after adjustment for confounding variables. Prolonged QTc interval has been linked
to increased risk of malignant arrhythmias, autonomic dysfunction, and severe neurological
injury.[13] Similar observations were reported by Dogan et al., who found that repolarization
abnormalities were associated with increased mortality in acute ischemic stroke.[6]

Atrial fibrillation also emerged as an independent predictor of poor outcome. This finding is
clinically relevant because atrial fibrillation not only predisposes to cardioembolic stroke but is also
associated with larger infarct size, recurrent embolic events, and increased mortality.[14] Early
identification of atrial fibrillation through ECG may therefore aid in risk stratification and prompt
institution of anticoagulation where appropriate.

ST-segment changes and T-wave inversion were significantly associated with unfavorable
outcomes in the present study. These findings may reflect neurogenic myocardial injury secondary
to sympathetic overactivity rather than primary coronary ischemia alone.[4] Similar ECG
manifestations have been described in stroke-heart syndrome, where acute neurological injury
triggers myocardial electrical and structural alterations.[2]
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The present study has important clinical implications. ECG is a simple, inexpensive, rapid, and
widely available investigation routinely performed in all acute stroke patients. Identification of
specific ECG abnormalities associated with adverse outcomes may help clinicians recognize high-
risk patients early, intensify cardiac monitoring, anticipate complications, and optimize
multidisciplinary management. Incorporating ECG findings into prognostic assessment models may
improve resource allocation in tertiary care settings, especially in resource-constrained healthcare
systems.

103

The strengths of the present study include adequate sample size, inclusion of both ischemic and
hemorrhagic stroke patients, and systematic assessment of ECG findings in relation to outcomes.
However, certain limitations should be acknowledged. Being a single-center observational study,
the findings may have limited generalizability. Continuous cardiac monitoring and serial ECG
assessments were not performed, which may have underestimated transient arrhythmias. Long-term
follow-up after discharge was also not included. Additionally, although patients with known major
cardiac diseases were excluded, the possibility of subclinical cardiovascular disease influencing
ECG findings cannot be entirely ruled out.

Overall, the findings of the present study support the growing evidence that ECG abnormalities are
common in acute stroke and may serve as useful predictors of clinical outcome. Further multicentric
studies with long-term follow-up are needed to better define the prognostic role of ECG changes in
stroke patients and to establish standardized risk prediction models.
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CONCLUSION

The present study demonstrated that electrocardiographic abnormalities are common among
patients presenting with acute stroke and are significantly associated with adverse clinical
outcomes. QTc prolongation, atrial fibrillation, ST-segment changes, and sinus tachycardia were
among the most frequently observed ECG abnormalities, with several of these findings showing
significant association with poor functional outcome and in-hospital mortality. Hemorrhagic stroke
patients exhibited a higher prevalence of certain ECG changes compared to ischemic stroke
patients. The study highlights the prognostic importance of routine ECG evaluation in acute stroke
patients. As ECG is inexpensive, non-invasive, and readily available, its use may facilitate early
identification of high-risk patients requiring closer monitoring and aggressive management.
Incorporation of ECG findings into routine stroke assessment protocols may improve
prognostication and optimize resource utilization in tertiary care settings. Further multicentric
studies with larger populations and long-term follow-up are recommended to validate the prognostic
significance of ECG abnormalities and to establish standardized predictive models for outcome
assessment in acute stroke patients.
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