
 

 
 

 

“QT INTERVAL ABNORMALITIES IN ACUTE                    

ISCHEMIC STROKE AND ITS CORRELATION WITH                               

STROKE SEVERITY AND SUBTYPE” 

 

 

 
Dr. Nandana J 

 
DM NEUROLOGY THESIS 

Year: 2020-2023 

 

 
SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND 

TECHNOLOGY, TRIVANDRUM 

 
An Institution of National Importance established by an Act of the Indian Parliament 

(Act No.52 of 1980) 

 

 

Dept. of Science and Technology, Govt. of India 

www.sctimst.ac.in

http://www.sctimst.ac.in/


 

 
 

 

“QT INTERVAL ABNORMALITIES IN ACUTE 

ISCHEMIC STROKE AND ITS CORRELATION WITH 

STROKE SEVERITY AND SUBTYPE”  

 

 

 
A THESIS SUBMITTED BY 

 

Dr. Nandana J 
 

TO 

 

SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES 

AND TECHNOLOGY, TRIVANDRUM. 

 

 

 
IN PARTIAL FULFILMENT OF THE 

REQUIREMENTS   FOR THE AWARD 

OF 

 

 
DM NEUROLOGY 

 

 
YEAR: 2020-2023 

 

 

 

 

 



 

  i 

DECLARATION BY THE STUDENT 

 

 

 

CERTIFICATE 

 

 

 

 

I Dr. Nandana J, hereby certify that I had personally carried out the work depicted in the thesis 

titled, “QT INTERVAL ABNORMALITIES IN ACUTE ISCHEMIC STROKE AND ITS 

CORRELATION WITH STROKE SEVERITY AND SUBTYPE”. No part of this thesis 

has been submitted for the award of any other degree or diploma prior to this date. 

 

 
 

Date: 25/01/2023              Dr. Nandana J 

  



 

  ii 

  



 

  iii 

 

 



 

  iv 

 

  



 

  v 

 

ACKNOWLEDGEMENT 

 

 

I take this opportunity to express my sincere gratitude to Dr. Sajith S, Professor of Neurology, 

SCTIMST, my guide for the study, for his expert     guidance, constant review, kind help and keen 

interest at each and every step of the study. 

 

I am thankful to Dr. Arun Gopalakrishnan, Assistant Professor, Department of Cardiology 

for his guidance, encouragement, and valuable suggestions during the study. 

 

I am thankful to Dr. Sylaja P.N., Head of department of Neurology and In charge of 

Comprehensive stroke center, SCTIMST for her valuable input and help for the study. 

 

I am thankful to the entire faculty of Department of Neurology, nursing staff in Stroke unit, and 

my colleagues for their valuable input and assistance to the study. I am extremely grateful to 

my family and friends for their overwhelming support and constant encouragement. 

 

I am greatly indebted to all my patients and their primary caregivers who participated in this 

study, without whose cooperation this study would not have been possible. 

 

Above all, I thank The Almighty Lord, for His constant blessings. 

 

 

Dr. Nandana J 

 

 

 

  



 

  vi 

 

 

TABLE OF CONTENTS 

 

i. DECLARATION BY THE STUDENT 

ii. CERTIFICATE BY THE RESEARCH GUIDE 

iii. ACKNOWLEDGEMENTS  

iv. TABLE OF CONTENTS   

v. LIST OF FIGURES  

vi. LIST OF TABLES  

vii. LIST OF ABBREVIATIONS  

viii. SYNOPSIS  

 

1 INTRODUCTION                                                                    1 

2 REVIEW OF LITERATURE                                                   3  

3 AIMS AND OBJECTIVES                                                     15 

4 MATERIALS AND METHODS                                      17 

5 RESULTS                                                                                21 

6 DISCUSSION                                                                          50 

7 CONCLUSIONS                                                              58 

8 REFERENCES                                                              60 

9        ANNEXURES                                                                           70 

a) Proforma 

b) Ethics Committee approval letter  

c) Plagiarism Check Report 

 

 

 

  



 

  vii 

 

 

LIST OF FIGURES 

 

Figure No Figure Caption 
Page 

No 

2.1 QT interval 5 

2.2 Corrected QT interval calculation 5 

2.3 Tpe interval 7 

5.1 Age of patients 22 

5.2 Gender 23 

5.3 Risk factor profile 24 

5.4 Patients with wake up stroke 24 

5.5 Admission NIHSS score and stroke severity 26 

5.6 Admission modified rankin scale 26 

5.7 
Hemisphere involved 

 
27 

5.8 MCA infarct 27 

5.9 Region involved 28 

5.10 Location of infarct 29 

5.11 Treatment received 30 

5.12 Etiology of stroke 30 

5.13 Stroke severity at discharge 31 

5.14 Stroke severity at 3 months follow up 32 

5.15 Modified ranking scale of patients 32 

5.16 Comparison of ECG parameters 34 

5.17 The presence of U wave in ECG 35 

5.18 Comparison of time of ECG from onset of symptoms and 

prolongation of QTc interval at admission 
37 

5.19 Groupwise division of patients with prolonged QTc 

interval 
43 

  

 

  



 

  viii 

 

LIST OF TABLES 

Table No Table Caption Page No 

2.1 Drugs causing QT prolongation 
9 

5.1 Risk factor profile of patients 
23 

5.2 
Clinical and biochemical parameters of patients at 

admission 

25 

5.3 

ECG parameters at admission, 48 hours post admission 

and at 3 months 

 

33 

5.4 

Comparison of demographic profile and risk factors with 

QTc prolongation at admission 

 

36 

5.5 
Comparison of time of ECG taken with QTc 

prolongation at admission 

37 

5.6 
Comparison of imaging characteristics with QTc 

prolongation at admission 

38 

5.7 
Comparison of treatment received with QTc 

prolongation at admission 

39 

5.8 
Comparison of etiology of stroke with QTc prolongation 

at admission 

40 

5.9 
Comparison of stroke severity with QTc prolongation at 

admission 

41 

5.10 
Multivariate analysis for association between various 

variables and prolongation of QTc at admission 

42 

5.11 Comparison of variables with QTc group 1 44 

5.12 
Comparison of variables with QTc group 2 

 
46 

5.13 
Comparison of variables with QTc group 3 

 
48 

 

 

 

  



 

  ix 

LIST OF ABBREVIATIONS 

S No Abbreviation Full Form 

1 AIS Acute ischemic stroke 

2 ECG Electrocardiography 

3 CVD Cardiovascular diseases 

4 NIHSS National Institutes of Health Stroke Scale 

5 mRS Modified Rankin scale 

6 TOAST The Trial of Org 10172 in Acute Stroke Treatment 

7 TIA Transient ischemic attacks 

8 SAH Subarachnoid haemorrhage 

9 ICH Intracerebral haemorrhage 

10 AF Atrial fibrillation 

11 QTd QT interval dispersion 

12 QTc corrected  QT interval 

13 Tpe Tpeak-Tend interval 

14 ANS Autonomic nervous system 

15 CNS Central nervous system 

16 RR R wave to R wave interval 

17 POVD 
Peripheral occlusive vascular disease 

18 RBS 
Random blood sugar 

19 BP 
Blood pressure 

20 HDL 
High-density lipoprotein 

21 LDL 
Low-density lipoprotein 

22 TGL 
Triglyceride 



 

  x 

23 MCA 
Middle cerebral artery 

24 LAA 
Large artery atherosclerosis 

25 IMT 
Intima media thickness 

26 ms 
Milliseconds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

  xi 

 

SYNOPSIS 

 

Background and Purpose 

 

The QT interval in ECG is susceptible to autonomic changes. Autonomic dysfunction, 

especially sympathetic hyperactivity, is well known in acute ischemic stroke (AIS) and the 

level of sympathetic activity may differ based on stroke subtype and severity. Even though 

there are studies highlighting the difference in dysautonomia and QT interval changes between 

ischemic and haemorrhagic strokes, so far to our knowledge, no studies have looked into the 

differential effect of ischemic stroke subtypes on QT interval changes. Our study aims to 

determine the incidence of QT interval abnormalities in acute ischemic stroke patients without 

any known cardiac comorbidities, and its correlation with stroke severity and subtype. 

 

Materials and Methods 

Ours was a single centre prospective observational study. 100 consecutive patients admitted to 

the Stroke unit at SCTIMST with a diagnosis of acute ischemic stroke were included in the 

study after applying inclusion and exclusion criteria, and were followed up for 3 months. The 

demographic details, clinical features (stroke severity by NIHSS and disability scores with 

mRS), stroke subtype (based on TOAST classification) and imaging data were collected. QT 

interval changes were recorded from ECG at admission, at 48 hours post admission and 3 

month follow up. The data was analysed to find out the incidence and nature of QT interval 

abnormalities in acute ischemic stroke and, any potential association based on stroke subtype 

and/or severity. 

 

Results 

Overall, 59 %(n=59) of patients had a prolonged QTc noted on the admission ECG, while 40% 

patients had prolonged QTc after 48 hours and only 15% patients had prolonged QTc at 3 

months. 52.5% patients with QTc prolongation at admission had large artery atherosclerotic 

disease (p value= 0.010). Among our patients, those with moderate (55.5%, n= 30) and severe 



 

  xii 

stroke at admission (95.5%, n= 21) had significant QTc prolongation at admission as compared 

to those with minor stroke (33.3% n =8) (p value <0.001). Patients with more disability ie. 

mRS scale of 3 to 6, at admission (p value <0.001), discharge (p value 0.013) and 3 month 

follow up (p value 0.004) had more QTc prolongation as compared to those with mRS score of 

0 to 2. Admission QTc prolongation was also associated with severe stroke deficits at discharge 

and 3 month follow up (p value <0.05). In multivariate analysis, only functional disability at 

admission by mRS scoring remained to be associated with prolonged QTc at admission (odds 

ratio 4.303, 95% confidence interval 1.356-13.655). However, persistently prolonged QTc after 

48 hours was associated with worse NIHSS (p value 0.002 and <0.001), and mRS score (p 

value <0.001 and 0.001), at discharge and 3 month follow up respectively as compared to those 

with normalisation of QTc after 48 hours, which was independent of stroke severity and 

disability at admission. 80% of patients with normalization of QTc at 48 hours had 

improvement of mRS score at discharge (p value <0.001). The 4 patients who had died had 

QTc prolongation of at admission as well as at 48 hours.  

 

Conclusion 

QTc-prolongation is common after AIS, and is associated with increased long-term morbidity 

and mortality.  Our study explored the correlation of prolonged QTc with large artery 

atherosclerotic disease as well as stroke severity. The prolonged QTc at 48 hours was 

associated with worser neurological outcome at discharge as well as at 3months follow up.  The 

differential incidence of QTc prolongation possibly indicates a variable autonomic 

dysregulation among patients with AIS, with regard to stroke subtype and severity.  
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1. INTRODUCTION 

 

The interconnection between the cardiovascular and nervous system has been described since 

beginning of the twentieth century (1). The existence of a ‘brain-heart axis’ has been postulated 

whereby the structural brain lesions by themselves result in electrocardiographic changes 

(ECG) (2), even without the evidence of primary heart disease(3) . However the ECG 

abnormality and cardiac arrhythmias  which are identified in 50-70% of patients with acute 

stroke (4,5), are often underrecognized after strokes (6).Many people who suffer from stroke 

often have underlying cardiovascular diseases (CVD) such as hypertension, ischaemic heart 

disease, and atrial fibrillation (7). And these underlying CVD are associated with several pre-

existing ECG anomalies. However irrespective of the presence or absence of a  pre-existing 

cardiac disease, observing an abnormal ECG in an acute stroke patients more than doubled 

their mortality rate at 6 months (8). 

 

The common ECG abnormalities are found  following stroke include QT interval prolongation, 

ST segment as well as T wave changes (9).These abnormalities have been attributed to transient 

autonomic dysfunction especially sympathetic hyperactivity, which is well known in acute 

ischemic stroke and the level of sympathetic activity may differ based on stroke severity (10–

12). Stroke severity is assessed based on National Institutes of Health Stroke Scale (NIHSS) 

(13) and Modified Rankin scale (mRS) (14). 

 

               It is well known that QT intervals on ECG are susceptible to autonomic influences 

(15). And the presence of prolonged QT interval has been shown to be associated with higher 

mortality in stroke (16); but there are no studies available on the differential effect of ischemic 

stroke subtypes and stroke severity on QT interval changes. Ischemic stroke is divided into five 

subtypes based on The Trial of Org 10172 in Acute Stroke Treatment (TOAST)  classification 

(17). 

 

 It will be logical to hypothesize that the sympathetic over drive may be related to stroke 

subtype and stroke severity. Hence corresponding QT interval changes will occur in ECG. It 

would be interesting to look for potential correlation of QT interval abnormalities with severity 

and subtype of acute ischemic stroke. This might also have therapeutic implications.  
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2. REVIEW OF LITERATURE 

 

The presence of electrocardiographic changes in the acute phase of stroke have been reported 

since 1947 (18,19). Since then, several researchers have been published on ECG changes, either 

arrhythmia, repolarization or conduction abnormalities in patients with acute stroke, including 

ischemic stroke, transient ischemic attacks (TIA), subarachnoid haemorrhages (SAH) and 

intracerebral haemorrhages (ICH) (20). The ECG abnormalities seen in stroke reflects either 

the cause of stroke (e.g., cerebral embolism in a patient with atrial fibrillation), manifestations 

of a pre-existing cardiac disorder or they are direct consequences of stroke.  

 

PREVALENCE 

The abnormalities in ECG and cardiac arrhythmias are identified in 50-70% of patients with 

acute stroke (4,5).These changes are seen more commonly in patients with ICH  (60–70%) and 

SAH (40–70%) than in patients with ischemic stroke (15–40%) (20). Nearly every type of ECG 

change which includes repolarization abnormalities (QT interval prolongation, increased QT 

interval dispersion (QTd) and ST-segment changes) and cardiac arrhythmias, such as 

ventricular premature beats, ventricular tachycardia and atrial fibrillation (AF) has been 

described in stroke (21). 

 

QT prolongation is the most common stroke related ECG abnormality and it is found in  about 

71% of patients with SAH, 64% with ICH, and 38% of patients with ischemic stroke (4,22,23). 

The other common ECG abnormalities seen in patients with acute stroke include ST segment 

changes which occur in 22% to 35% (24) and new T wave abnormalities appear in 

approximately 15% (23).  

 

QT INTERVAL 

The QT interval is defined as the interval from the onset of QRS complex which is the earliest 

indication of ventricular depolarization, to the end of T wave which denotes the ventricular 

repolarization(25) (Figure 2.1).  
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 FIGURE 2.1: QT INTERVAL   

 

 

QT interval is a reflection of the sum of the ventricular action potential durations, and it is 

considered the ‘outer’ manifestation of the underlying cardiac action potential (26). Using the 

Bazett’s formula, the corrected  QT interval (QTc) for the heart rate can be calculated, where 

QTc = QT interval/√ RR interval in seconds (27) (Figure 2.2). The QTc interval is defined as 

prolonged, if QTc in lead II was > 0.440 seconds in males and > 0.460 seconds in females (28). 

 

FIGURE 2.2: CORRECTED QT INTERVAL CALCULATION   

 

 

 

In the study by Sultan et al.(29) , it was shown that the QTc interval was significantly prolonged 

in acute stroke than control group. It was significantly higher with larger infarct or large 

haemorrhage than smaller lesions and there was no significant difference between right and 

left sided stroke regarding QTc interval values. Tatschl et al (30) studied in 122 patients with 

acute stroke and showed that 31% of patients had QT prolongation. It was associated with 

insular involvement and prior stroke. 
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QTc-prolongation is also common after posterior circulation stroke. In the study by Henninger 

et al (31), 34 % of patients with posterior circulation stroke had a prolonged QTc noted on the 

admission ECG. There was a significant association noted between temporal lobe infarction 

and QTc (p < 0.001) in multivariable linear regression analyses after adjusting for 

demographics, preadmission medication uses and ECG parameters. The Exploratory analyses 

showed that patients with temporal lobe infarction had worse 30-day functional outcomes (p = 

0.022), but no significant association between the QTc and 30-day functional outcome was 

seen. 

 

 

QT DISPERSION (QTd) 

There exist significant differences in the duration of the QT interval when measured in the 

individual leads. Hence QT dispersion is calculated, which is the difference between the 

maximum and minimum QT intervals in a 12-lead ECG (32). It is considered as a marker of 

sudden cardiac death risk and arrhythmia(33), as well as a quantitative non-invasive method to 

determine myocardial repolarization inhomogeneities (34,35). The normal upper limit of Qtd 

is 50ms, which is age and sex independent (36).  

 

In a study by Alabd et al (37), QT dispersion was found to be increased significantly in acute 

ischemic stroke especially in patients with insular involvement. However conflicting results 

have been reported on the prognostic value of QTd in patients following acute myocardial 

infarction (38,39) and stroke (40,41). Therefore, its association as well as predictive value in 

acute stroke still remains controversial. 

 

 

TPEAK-TEND INTERVAL (Tpe) 

The Tpe is the interval from the peak of the T wave to the end of the T wave measured in 

milliseconds, (Figure 2.3). It is an easy and assessable measure of transmural dispersion of 

repolarization, and is related to arrhythmogenesis (42). The normal upper limit of Tpe is 90ms 

(43). 
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FIGURE 2.3: TPe INTERVAL   

 

 

 

 

INFLUENCE OF AUTONOMIC NERVOUS SYSTEM ON QT INTERVAL  

                        

     In stroke several autonomic dysfunctions can occur which can adversely affect the 

prognosis, example, alteration in the arterial blood pressure, arrhythmias, and ischemic cardiac 

damage (44). .Multiple and different anatomical regions of the brain have been suggested to be 

involved in this, but the exact pathogenesis and mechanism leading to these changes are not 

fully understood (45).  

 

 It is well known that QT intervals on ECG are susceptible to autonomic influences (15). Hence 

these autonomic changes which occur during acute ischemic stroke can lead to QT interval 

changes. The alterations in QT interval can be due to the effect of autonomic conditions on 

sinus node(46) that can cause a change in heart rate, which in turn influences the QT 

interval(27). In addition, these autonomic changes also have direct action on the ventricular 

myocardium which in turn affects the duration of cardiac repolarization (47).  

 

The prolonged Qtd seen in stroke is also secondary to sympathetic hyperactivity which may 

mediate the occurrence of cardiac abnormalities. It is found to be associated with stroke patients 

who developed ventricular arrhythmias (48) as well as in those with an increase in serum 

catecholamine concentration (49). 
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FACTORS AFFECTING QT INTERVAL 

 

Though the prolongation of QT interval can be because of either congenital or acquired 

abnormalities, the phenomenon probably involves a gene-environment interaction (50). Even 

though the congenital long QT syndromes are rare, they are characterized by lifelong, ambient 

QT prolongation and does carry a high risk of sudden death. A plethora of drugs and patient-

specific risk factors for QTc-prolongation have been mentioned in the literature, and the risk is 

stated to increase with the number of risk factors (51). 

The risk factors for QT prolongation includes (50–52): 

1. Patient specific factors:  

• Age > 65 years 

• Female gender 

• Smoking 

2. Cardiovascular risk factors: 

• Ischemic cardiomyopathy 

• Arrhythmia 

• Systemic hypertension 

3. ECG parameter: 

• Prolonged QTc at baseline 

4. Comorbidities: 

• Thyroid disorders 

• Septic shock 

• Liver failure 

5. Electrolyte imbalance: 

• Hypokalemia 
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• Hypocalcemia 

• Hyponatremia 

• Hypomagnesemia 

6. QTc-prolonging medication: 

• > 1 QTc-prolonging drug 

 

Several drugs are notorious to cause QTc prolongation (50), and healthcare professionals 

should be aware about this side effects of these drugs. Table 2.1 mentions the important drugs 

that are known to cause QT prolongation.  

Table 2.1: Drugs causing QT prolongation  

Drugs causing QT prolongation 

Antiarrhythmics  

Amiodarone  

Disopyramide  

Dofetilide 

Ibutilide  

Procainamide  

Quinidine  

Sotalol 

Antipsychotics  

Thioridazine  

Pimozide  

Ziprasidone 

Haloperidol  

 

Antidepressants 

Amitriptyline 

Desipramine 

Antibiotics 

Erythromycin 

Clarithromycin  

Sparfloxacin 

Antimalarials 

Chloroquine 

Hydroxychloroquine 

Others 

Bepridil  

Cisapride 

 

MECHANISM FOR CEREBRAL INFLUENCES ON CARDIAC STRUCTURE AND 

FUNCTION 

 

In the last few decades, there were several studies exploring the connection between the brain 

and heart, leading to the concept of “brain heart axis” (2). Neurocardiology refers to the 

pathophysiological interplay of the nervous and cardiovascular systems (53,54). 
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Central nervous system (CNS) mechanisms which are involved in cardiovascular autonomic 

control, maintains the homeostasis by close coordinated with respiratory and other regulatory 

mechanisms. CNS regulates the cardiovascular system by three general means (55): a) 

feedforward regulation, referred to as “central command,” b) feedback or reflex regulation, and 

c) complex integrative mechanisms involving several relaying centers. The anterior cingulate 

cortex, insula amygdala, hypothalamus, parabrachial nucleus, periaqueductal grey matter and 

the medulla have an important role in modulating the cardiac function (2). These structures 

through the parasympathetic and sympathetic nervous system modulate the cardiac activity in 

the responses to stress, emotional events as well as in the homeostatic reflexes (56).  

 

The presence of transient autonomic nervous system (ANS) dysfunction with predominant 

sympathetic activity is described in the hyperacute phase of stroke (57). This was demonstrated 

by Orlandi et al. (57) in his study of 44 patients suffering a stroke in whom the dynamic ECG 

on admission revealed that 31 (70.5%) out of the 44 patients already had arrhythmia. These 

were observed in 9 (75%) out of 12 haemorrhagic patients (P < 0.05) as compared to 22 (68.8%) 

of the 32 ischaemic ones. Arrhythmias were seen in 16 (76.2%) out of 21 cases with right 

hemisphere lesions and in 12 (63.2%) out of 19 cases of left hemisphere lesions (P<0.05). 

Arrhythmia was still present in 19 (43.2%) patients after 3 days and only in 2 (6.5%) patients 

after 7 days.  The spectral analysis of heart rate variability, evaluation of arterial blood pressure 

and the levels of catecholamine in the blood and 24-h urine was also studied. The spectral 

analysis parameters on admission and after 3 days were significantly (P < 0.05) modified in 

patients with stroke plus arrhythmia as compared to patients with stroke alone and to control 

subjects, however no differences were observed on the seventh day. It was also noted that 

arterial hypertension and high levels of catecholamine decreased from the third day onwards.  

 

The “laterality hypothesis” has been postulated in cardiac control also where in the right insular 

cortex damage is considered the origin of sympathetic discharges leading to the cardiac 

alterations, while the parasympathetic activity may increase as a consequence of left insular 

cortex damage(58).  Strittmatter et al. (59) investigated the location-dependent difference in 

cardio-autonomic function in patients with left hemisphere, right hemisphere as well as 

vertebrobasilar ischaemic stroke. It was seen that an initial increase in sympathetic function 

occurred in all 3 groups with a spontaneous decrease in norepinephrine in left hemisphere (p < 

0.01) and vertebrobasilar stroke (p < 0.05) only. The norepinephrine level was significantly 

higher in right hemispheric stroke (p < 0.05). Thus, the alterations in autonomic function were 
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paralleled with a sustained elevation in cardiovascular parameters mainly in right hemispheric 

stroke. 

 

EFFECT OF STROKE SEVERITY AND SUBTYPE ON QT INTERVALS 

 

The severity of stroke is assessed based on two scoring system. 

1. NIHSS score ( National Institutes of Health Stroke Scale) (13): It is a simple, reliable 

and effective tool for measuring acute stroke-related neurologic impairments. The score 

ranges from 0 to 42 and is the sum of 15 individually evaluated elements. Based on 

NIHSS score, stroke severity is categorized as minor stroke, 1–4; moderate stroke, 5–

15; and severe stroke, >15 (60). 

2. mRS score (Modified Rankin scale) (14): The score ranges from 0 to 6 and covers the 

entire range of functional outcome in stroke patients from no symptoms to death. 

 

The ECG measures of ventricular repolarization, such as QTc, Tp-e and Tp-e/QTc, were 

studied in  acute ischemic stroke (AIS) patients to predict the probability of ventricular 

arrhythmia (61). Ahn et al., showed that prolonged QTc interval  (≥501 ms in men and ≥517 

m in women: HR: 1.33, 95% CI: 1.00–1.80) was significantly associated with all-cause 

mortality even after adjusting for all clinically relevant variables, such as stroke severity (62). 

The study by Korkmaz et al.(63) investigated the relationships between corrected cardiac 

electrophysiological balance value, which is measured by dividing the corrected QT interval 

by the QRS duration, and the NIHSS scores at admission and discharge in patients with AIS. 

231 patients with AIS were evaluated and it was found that patients with NIHSS score ≥5 had 

higher heart rate, QT, QTc interval, Tpe interval, and cardiac-electrophysiological balance 

values as compared with those with NIHSS score of 1–4. The cardiac-electrophysiological 

balance value was found to be independently related to NIHSS scores ≥5 (OR 1.102, 95%CI 

1.036–1.172, p<0.001). There was also correlation between cardiac electrophysiological 

balance and NIHSS  scores at admission (r=0.333, p<0.001) and discharge (r=0.329, p<0.001) 

(63). 

In an  observational case control study by Hromádka et al, the prolonged QTc interval in AIS 

patients 48 hours after the index stroke correlated with NIHSS score at admission and  mRS 

scores at discharge (64). But in the study by Stead et al., no relationship between prolonged 
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QTc and discharge mRS was found (16). A prospective cohort study on QT dispersion in AIS 

patients showed that QT dispersion did not predict short-term clinical outcome for mRS score 

(odds ratio [OR] = 1.001, 95% confidence interval [CI] .99-1.01, P = .85), NIHSS at discharge 

(OR = .994, 95% CI .98-1.01, P = .30), or discharge disposition (OR = 1.001, 95% CI .99-1.01, 

P = .81) (65).  However the US Third National Health and Nutrition Examination Survey 

suggested that the prolonged QTc interval predicts all-cause mortality in the general population 

(66). 

The Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification is used for 

categorization of subtypes of ischemic stroke which is based on the aetiology of stroke. This is 

as follows (17) :  

1.Large artery atherosclerosis  

              This can be extracranial or intracranial disease 

2.Small artery occlusion (lacunar) 

3.Cardioembolism 

4.Other demonstrated cause 

                Prothrombotic disorders, nonatherosclerotic vasculopathies 

5.Undetermined cause (cryptogenic) 

               ≥2 conflicting causes found  

               Diagnostic studies were negative 

                                                                                                                                                                                                                                                                                                 Incomplete evaluation for cause 

 

 So far to our knowledge, no study has looked into the correlation between QT interval changes 

and stroke subtypes based on TOAST classification. However, the relationship between QT 

interval and intima media thickness (IMT) of the carotid arteries was studied by Strohmer et al 

(67) in general population undergoing cardiovascular screening. Significant correlations 

between QT/QTc and internal carotid artery IMT (r=0.14-0.16) were found in males. In women 

a statistically significant relationship was found between the QT interval and common carotid 

artery IMT (r=0.15, P=0.006). This demonstrated that  QT and QTc prolongation are in part 

associated with IMT of carotid arteries, which is a risk marker of subclinical atherosclerosis 

(68). Festa et al (69) also demonstrated a significant relation of QTc interval to carotid 
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atherosclerosis in nondiabetic subjects, that was stronger in women.IMT of the common carotid 

artery correlated significantly with QTc interval duration (r=50.15 for QT60 and r=50.14 for 

QTc), whereas no relationship between IMT of the internal carotid artery and QT interval was 

found (r= 520.01). The increased catecholamine levels that prolong the QT interval (70) and 

are also associated with development of atherosclerosis (71) and this may, therefore be the 

mediator for any association between QT interval and incident cardiovascular events.  

 

Among the participants in the Multi-Ethnic Study of Atherosclerosis (MESA), Beinart et al. 

studied the association between baseline QT interval and incident cardiovascular events 

(72).Cardiovascular events occurred in 291 participants over a mean follow-up of 8.0 ± 1.7 

years. Each 10 ms increase in the baseline QTc was associated with incident heart failure 

(HR,95% confidence interval (CI): 1.25 [1.14 to 1.37]), CVD events (HR, 95% CI: 1.12 [1.05 

to 1.20]),and stroke (HR, 95% CI: 1.19 [1.07 to 1.32]) after adjustment for CVD risk factors 

and potential confounders, with  no interaction with sex or ethnicity. 

 

 

IMPLICATION OF ELECTROCARDIOGRAM ABNORMALITIES 

 

Over the last decade, there is increasing evidence about the brain-heart interaction with major 

potential implications in the treatment of cardiovascular diseases (54). Stroke can induce ECG 

abnormalities and a variety of cardiac arrhythmias that can sometimes lead on to sudden death. 

Hence these findings have major clinical as well as therapeutical implications in acute stroke 

patients (54). A prolonged QTc interval at the time of admission has been shown to be 

associated with an increased risk of early death in patients with acute ischemic stroke, with the 

estimated survival at 90 days was 70.5% and 87.1% in patients with a prolonged QTc and in 

those patients without a prolonged interval (16). This association was statistically significant 

even after adjusting for age and NIHSS score (RR 1.7; 95% CI 1.0-2.9; P = .043). The 

hemispheric lateralization in autonomic control should also be taken into account while 

managing patients with stroke because of an increased susceptibility to cardio-autonomic 

dysfunction in patients with right hemispheric stroke(59). 

 

ECG changes has been extensively studied in SAH(73), in which it was shown that ischemic 

ECG abnormalities are associated with poor neurologic outcomes, but not with the all-cause 

mortality(74). Kawasaki et al. (75) reported an ECG scoring system based on the presence of 
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Q waves, ST depression, and inverted T waves, where in an ECG score of 6 or higher was a 

significant predictor of adverse neurologic outcomes  and in-hospital mortality.  

 

The prolonged QTc interval was found to be associated with stroke risk (76).Among the 10 

643 subjects studied by Ishikawa et al (76) who had prolonged QTc on  ECG, there were a total 

of 375 stroke events during the mean follow-up period of 128.7±28.1 months. The persons with 

prolonged QTc (hazard ratio, 2.13; 95% confidence interval, 1.22–3.73) had an increased risk 

of stroke even after adjustment for ECG LVH (hazard ratio, 1.71; 95% confidence interval, 

1.22–2.40). The multivariate-adjusted Cox proportional hazards analysis demonstrated that the 

subjects with prolonged QTc intervals but not ECG-LVH (1.2% of all subjects; incidence, 

10.7%; hazard ratio, 2.70, 95% confidence interval, 1.48–4.94) and those with ECG-LVH 

(incidence, 7.9%; hazard ratio, 1.83; 95% confidence interval, 1.31–2.57) had an increased risk 

of stroke events, compared with those with neither a prolonged QTc interval nor ECG-LVH. 

 

Stroke and TIAs are frequently caused by congestive heart failure and/or cardiac arrhythmias 

(77,78). And among the arrhythmias, it has been shown that AF in particular may result in 

cognitive disorders due to hippocampal atrophy which can precede the occurrence of TIAs or 

stroke (79–81). Hence cognition as well as the measures of structural brain integrity should be 

considered in the evaluation of novel treatments for AF. 

 

The impact of cardiac autonomic derangement on functional outcome after a 60 day 

rehabilitation program  in patients with ischemic stroke was studied by Bassi et al (44).  In this 

study 85 patients underwent 24-hour Holter monitoring  were taken and it was demonstrated 

that age [odds ratio (OR) 1.09, 95% CI 1.04–1.19, P=0.002], stroke severity (OR 1.12, 95% CI 

1.01–1.34, P=0.004), Barthel Index score (OR 0.92, 95% CI 0.87–0.98, P=0.01) and Rankin 

Scale score (OR 3.88, 95% CI 2.13–7.56, P=0.02) on admission, as well as lower values of the 

standard deviation of normal-to-normal R wave to R wave (RR) intervals (OR 9.67, 95% CI 

2.58–18.67, P=0.006) were independent predictors of an unfavorable functional outcome. 

Assessment of heart rate variability before a rehabilitation program may thus provide additional 

information on the functional recovery in stroke. 
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3. AIMS AND OBJECTIVES OF THE STUDY 

 

The aim of this study was to determine the incidence of QT interval abnormalities in acute 

ischemic stroke and, any potential association based on stroke subtype and/or severity. 

 

 

Primary objective: 

• To find the incidence and type of QT interval abnormalities in acute ischemic stroke 

 

 

Secondary objective: 

• To determine whether QT interval abnormality correlates with stroke severity 

• To determine whether QT interval abnormality correlates with stroke subtype 
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4. METHODOLOGY 

 

STUDY DESIGN:  Hospital based prospective observational study. 

SUBJECT/PARTICIPANT SELECTION 

Patients admitted to the Stroke/Neurology services at SCTIMST from 01/01/2021 to 

01/06/2022 with a diagnosis of acute ischemic stroke within 24 hours of onset of symptom was 

taken up for study and were followed up for 3 months. The consecutive patients who fulfilled 

the inclusion and exclusion criteria were recruited for the study. All the patients were recruited 

after obtaining informed consent from patient/care giver. 

 

NUMBER:  

The sample size was 100.Sample size determination was done and the number required for this 

study was calculated (with reference to a study by Tatschl et al (30)) with P =31% , 95% CI  

23.1% - 39.7%.Anticipating lesser prevalence of QT prolongation in our study after applying 

exclusion criteria, keeping  absolute precision of 10% around 31%, the sample size needed is 

83.Applying 20% oversampling (+16.6) and hence sample size needed is 99.6 , which was 

rounded up to 100. 

 

ELIGIBILITY: 

Inclusion Criteria: 

• Patients aged 18 years or more 

• Patients with acute ischemic stroke (within 24 hours of onset of stroke) 

• Patients who give consent for participation in the study  

 

 Exclusion Criteria: 

• Age <18 years  

• Patients with TIA  

• Ischemic stroke with onset > 24hrs 
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• Haemorrhagic strokes or h/o prior intracranial haemorrhage  

• Patients with concomitant acute coronary syndrome (in preceding 7 days) 

• Patients with history of heart disease: Coronary artery disease (h/o Myocardial 

infarction, coronary artery bypass grafting or angioplasty, angina, abnormal stress test, 

abnormal coronary angiogram, ECG changes of previous MI (82)), cardiomyopathy 

(hypertrophic  or dilated cardiomyopathy), valvular heart disease, congenital long QT 

syndrome, heart failure, cardiac pacemaker 

• Patients on drugs affecting QT interval (class Ia and class III antiarrhythmics including 

Amiodarone, Sotalol, antimalarials, digoxin, theophylline, lithium carbonate, 

phenothiazines, tricyclic antidepressant, levodopa, erythromycin stearate, beta 

blockers, calcium channel blocker) 

• Patients with electrolyte imbalance (abnormal serum potassium, calcium and 

magnesium levels) or thyroid dysfunction. 

• Patients with ECG showing acute ischemic changes with elevated cardiac enzymes, and 

patients with pre-existent conduction abnormalities or arrhythmias. 

• Fever or recurrent hypoglycaemia  

 

RECRUITMENT: 

Recruitment of patients was done by the principal investigator and co-principal investigators. 

Hospital records were reviewed for eligibility. All patients who were eligible was recruited for 

the study. 

 

DATA COLLECTION PROCEDURES: 

Patients attending to neurology, stroke services at SCTIMST with diagnosis of acute ischemic 

stroke were taken up in the study, after applying inclusion and exclusion criteria. The 

information regarding clinical, demographic & risk factors was collected.  Baseline 

neurological and disability status at presentation to Neurology services was documented using 

NIHSS and modified Rankin’s scale respectively. The stroke subtype (based on TOAST 

classification) was deciphered out from standard stroke work up (CT/MRI brain, 

CTA/MRA/DSA, Echo, Holter etc). 
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          12 lead ECGs taken at 25 mm/s paper speed and 10 mm/mV amplitude admission and at 

48 hours post admission was evaluated for QT interval abnormalities – QT interval, QTc 

interval, QT dispersion, T wave peak to T wave end (Tpe), U wave. QT interval was calculated 

manually using callipers in milliseconds from the earliest onset of the QRS complex to the end 

of the T wave. The end of the T wave was defined as the return of the descending limb to the 

TP baseline when not followed by a U wave or if distinct from the following U wave. Three 

consecutive QT intervals were measured and mean was taken. QTc interval was ascertained 

using the Bazett’s formula (27). QTc = QT interval (seconds) / √RR interval (seconds). QT 

dispersion was manually assessed difference between the longest (QTmax) and the shortest 

(QTmin) QT intervals within the 12‐lead ECG. T wave peak to T wave end (Tpe) was assessed 

manually by callipers. Tpe was measured in milliseconds from the peak of the T wave to the 

end of the T wave in V5, followed by leads V4 and V6 if lead V5 was not suitable. If the T-

wave amplitude is <1.5 mm in a particular lead, that lead was excluded from analysis. 

                    Imaging CT/MRI brain was done for all patients as part of stroke work up and was 

documented. The patient was followed up after 3 months and the data regarding neurological 

outcome and disability status using the NIHSS and mRS score   along with an ECG of the 

patient to assess the QT intervals was collected at 3 months.  

 

DATA ANALYSIS: 

The data was analysed with the help of computer software MS Excel and SPSS 21 for windows 

(Armonk, NY: IBM Corp). The data is presented as percentages or mean +/- standard deviation 

as defined appropriate for qualitative and quantitative variables respectively. Univariate 

analysis was undertaken to examine relationship of various factors. Crude odds ratio with 95% 

confidence interval was reported. The Chi-square test/ Fisher’s exact test was applied to 

evaluate statistical significance.  Multivariate analysis/ logistic regression was used to evaluate 

the independent and joint effect of the variable of interest on the outcome. A p value of <0.05 

is considered statistically significant.  
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5. RESULTS 

 

 

We had 100 patients with Acute Ischemic Stroke (AIS) presenting within 24 ours of onset of 

symptoms, who were admitted and evaluated in stroke unit and were followed up for 3 months. 

 

 

COHORT CHARACTERISTICS 

 

Mean age of the cohort was 63 ± 11.7 years. The majority of patients (n=56) were in the age 

group 50-70 years while 16 were below 50 years of age and 28 were above 70 years (Figure 

5.1). 

 

FIGURE 5.1: AGE OF PATIENTS 

 

 

 

In our study, there were 75 males and 25 females (Figure 5.2). 
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FIGURE 5.2: GENDER OF PATIENTS 

 

 

 

RISK FACTOR PROFILE 

 

Among the subjects, 65% had diabetes, 71% had hypertension, 23% had dyslipidemia and 

2% had peripheral occlusive vascular disease (POVD). The previous history of stroke and 

TIA was present in 13% and 3% respectively. 

 

TABLE 5.1: RISK FACTOR PROFILE OF PATIENTS 

Risk factor Frequency (n=100) Percentage 

Diabetes mellitus 65 65 

Hypertension 71 71 

Dyslipidaemia 23 23 

Prior stroke 13 13 

Prior TIA 3 3 

POVD 2 2 

Smoking 

Current smoker 

 

10 

 

10 

Stopped smoking >3 months 28 28 

Non smoker 62 62 

Alcohol 12 12 

 

75%

25%

GENDER

Male Female
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Among the subjects, 10% were smokers and 28% were reformed smokers while 62% were 

nonsmokers. 

 

FIGURE 5.3: RISK FACTOR PROFILE OF PATIENTS 

 

 

 

BIOCHEMICAL AND CLINICAL PARAMETERS 

The mean time from symptom onset to admission to the hospital was 350.8 minutes (350.8 ± 

302.6) (range 15-1400 minutes, SD= 302.6). 37 patients (37%) presented as wake up stroke 

with the mean time from last seen normal to admission to the hospital was 582.4 minutes (range 

140-1350 minutes, SD =238.2). 

FIGURE 5.4: PATIENTS WITH WAKE-UP STROKE 
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The mean blood sugar at the time of admission was 182.1 ± 70.1 mg/dl (range 95-400mg/dl). 

Table 5.2 shows the biochemical parameters of the patient at time of admission. 

 

TABLE 5.2: CLINICAL AND BIOCHEMICAL PARAMETERS OF PATIENTS AT 

ADMISSION 

 

PARAMETER N Mean ± SD Range Median IQR 

RBS (mg/dl) 100 182.1 ± 70.1 95 – 400 164.5 127.25 - 219.5 

Systolic BP (mm Hg) 100 162.8 ± 26.3 110 – 240 160 150 - 180 

Diastolic BP (mm Hg) 100 88 ± 17.6 60 – 172 90 70 - 100 

Total cholesterol (mg/dl) 100 198.2 ± 45.6 89 – 339 195 176 - 227.25 

HDL (mg/dl) 100 46.9 ± 13.3 13 – 90 46 38 - 54 

LDL (mg/dl) 100 127.2 ± 39.2 39 – 235 126 109 - 147 

TGL (mg/dl) 100 108.3 ± 41.2 48 – 236 103 72.75 - 129.75 

 

N- number of patients, IQR- interquartile range , RBS- Random blood sugar,  BP : blood 

pressure, HDL - High-density lipoprotein, LDL -Low-density lipoprotein, TGL- 

Triglyceride 

 

 

Admission NIHSS was ranging from 0-23 with a mean of 9.8 ± 6.2. The patients were further 

subdivided based on NIHSS into minor (NIHSS less than 5), moderate (NIHSS 5-15) and 

severe stroke (NIHSS >15). The majority of patients, 54% (n=54), were having moderate 

stroke with NIHSS between 5-15 at the time of admission (Figure 5.5). 

. 
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FIGURE 5.5: ADMISSION NIHSS SCORE AND STROKE SEVERITY  

 

 

The functional disability of patients was scored according to modified ranking score (mRS). 

At admission, majority of patients (63%) had mRS score of 4, followed by 14%, 11%, 8% and 

4% for mRS score of 3, 2, 5 and 1 respectively (Figure 5.6).  

 

FIGURE 5.6: ADMISSION MODIFIED RANKIN SCALE   
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IMAGING FEATURES  

61 patients had MRI Brain and 39 patients had CT head imaging during evaluation. 39 % 

(n=39) had right hemispheric, 45% had left hemispheric, 16% had vertebrobasilar stroke, and 

none had bihemispheric stroke. 

FIGURE 5. 7: HEMISPHERE INVOLVED  

  

 

78 patients had Middle cerebral artery (MCA) infarcts, out of which 36 patients had right MCA 

and 42 patients had left MCA infarct. 

FIGURE 5. 8: MCA INFARCT  
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92 patients had single arterial territory infarct and 8 patients had multiple arterial territory 

infarcts. Among the infarct patterns, 46% had main artery territory infarct while 22% had 

branch occlusion, 18% had lacunar infarct, 6% had superficial watershed infarct and 8% had 

internal border zone infarct. 62 patients had cortical, 59 patients had subcortical, 13 patients 

had brainstem and 4 patients had cerebellar involvement (Figure 5.9). Among them, 31 

patients had both cortical and subcortical involvement and 1 patient had both brainstem and 

cerebellar involvement. 

 

 

 

FIGURE 5. 9: REGION NVOLVED   

 

 

 

 

Most common location of infarct was lobar, as seen in 39% (n= 39 patients), followed by insula 

(34%), basal ganglia(31%) and multiple lacunar infarcts (24%). Among the brainstem infarcts, 

the most common was midbrain infarct seen in 10 % (Figure 5.10). 42% patients had a 

combination of regions with a combination of lobar, insula, subcortical structures, brainstem 

or cerebellum  
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FIGURE 5.10: LOCATION OF INFARCT 

 

 

 

We had also studied the prevalence of chronic infarcts in the imaging. 32 patients had chronic 

infarcts with 20 patients (62.5%) having territorial and 12 patients (37.5%) had lacunar infarcts. 

12% had Fazekas grade 1, 21% had Fazeka grade 2 and 5% had Fazeka grade 3 white matter  

changes while rest of the 62% did not have any white matter ischemic changes. 

 

 

 

TREATMENT 

21 % had received intravenous (IV) thrombolysis, 16% had underwent mechanical 

thrombectomy, and among them 6 patients received both intravenous thrombolysis followed 

by mechanical thrombectomy (bridging thrombectomy). The rest of 62% of patients were 

managed conservatively. 
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FIGURE 5. 11: TREATMENT RECEIVED  

 

 

 

ETIOLOGY OF STROKE 

The aetiology of stroke was classified based on the TOAST classification. Among the various 

stroke subtypes based on the etiology of stroke (Figure 5.12); the large artery atherosclerosis 

(LAA) constituted 42%, lacunar (small vessel occlusion) 20%, other determined causes 2%, 

and undetermined was 36%. 2 patients with other determined etiology had arterial dissection. 

The patients with cardioembolic etiology of stroke were excluded from our study.  

 

FIGURE 5.12: ETIOLOGY OF STROKE 
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STROKE SEVERITY  

 

At discharge, the NIHSS was ranging from 0-24 with a mean of 5.9 ± 5.1. 48% (n=48) had 

NIHSS less than 5, 46 % had NIHSS score 5-15 and 4% had NIHSS >15. 2 patients have died 

during hospital stay.  

 

FIGURE 5.13: STROKE SEVERITY AT DISCHARGE  

 

 

 

 

 

 

At 3 month follow up, the NIHSS was ranging from 0-14 with a mean of 3.6 ± 3.8. 65% 

(n=65) had NIHSS less than 5, 31 % had NIHSS score 5-15 and 0  had NIHSS >15. 2 patients 

have died during hospital stay and 2 patients died on 3 month.  
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FIGURE 5.14: STROKE SEVERITY AT 3 MONTHS FOLLOW UP  

 

 

Among the study population, 47% and 49% of patient showed improvement of mRS score at 

discharge and at 3 month follow up. However, 8% of patients had worsening of neurological 

status during hospital stay. At discharge, 39% of patient had a mRS score of 4, followed by 

20%, 18%, 7% and 3% for mRS score of 3, 2, 1 and 5 respectively. And at 3 month follow up, 

23% of patient had a mRS score of 0 as well as 2, followed by 21%, 20%, 9% and none for 

mRS score of 4, 3, 1 and 5 respectively. A total of 4% of patients (n=4) had died, with 2 patients 

each died during hospital stay and on 3 month follow up.  

 

FIGURE 5.15: MODIFIED RANKING SCALE OF PATIENTS 
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CARDIAC PARAMETERS  

The mean time taken for ECG from the onset of symptoms was 373.1 ± 301.8 minutes (range 

30 - 1420 minutes). The mean time taken for ECG from time of admission was 26.3 ± 22.8 

minutes. The second ECG was taken 48 hours post admission for all the patients, and follow 

up ECG at 3 months. The various ECG parameters along with their mean, range and median is 

shown in Table 5.3. 

 

TABLE 5.3: ECG PARAMETERS AT ADMISSION, 48 HOURS POST ADMISSION AND 

AT 3 MONTHS 

ECG parameter N 

 

Mean ± SD 

(milliseconds) 

Range Median IQR 

QT A 100 434.5 ± 54.1 360 - 640 435 400 - 460 

QT PA 100 432.6 ± 50.6 360 - 680 420 400 - 460 

QT 3m 96 405 ± 91.1 360 - 560 420 400 - 440 

RR A 100 887.2 ± 152.4 400 - 1400 870 800 - 960 

RR PA 100 922.5 ± 154.8 580 - 1400 880 805 - 1000 

RR 3m 96 899.4 ± 229.9 640 - 1240 920 840 - 1020 

QTc A 100 464.6 ± 57.7 365.1 - 682.2 447.8 426.4 - 480 

QTc PA 100 452.8 ± 46.3 346.4 - 625.5 438.2 424.9 - 470.4 

QTc 3m 96 437.7 ± 33.2 376.3 - 571.5 432.3 422.1 - 442.6 

QTmax A 100 471 ± 67.4 380 - 800 460 420 - 500 

QTmax PA 100 457.4 ± 53.8 340 - 700 440 420 - 480 

QTmax 3m 96 442.9 ± 38.8 340 - 580 440 420 - 460 

QTmin A 100 401.2 ± 52.6 320 - 620 380 360 - 435 

QTmin PA 100 408 ± 51.2 320 - 660 400 380 - 440 

QTmin 3m 96 400.9 ± 38.1 300 - 540 400 380 - 420 

QTd A 100 70.2 ± 38.0 20 - 180 60 40 - 80 
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N- number of patients, IQR- interquartile range; ECG parameters with A -at admission, PA- 

at 48 hours post admission, 3m- At 3 months follow up; RR- RR interval, QTc- corrected QT, 

QT max- maximum QT interval, QT min- minimum QT interval, QTd- QT dispersion. 

 

The mean QTc at admission was 464.6 ± 57.7 milliseconds (ms) (range 365.1 - 682.2 ms), and 

the mean QTc at 48hours post admission was 452.8 ± 46.3 ms (range 346.4 - 625.5 ms). The 

QTc was prolonged in 59 % (n =59) of patients at the time of admission, 40% at 48 hours and 

15 % at 3 months follow up (Figure 5.16). QTd was prolonged in 71%, 35% and 7% at 

admission, 48 hours and 3 months follow up. Tpe interval was prolonged in 74%, 51% and 8 

% at admission, 48 hours and 3 months respectively.  

 

 

FIGURE 5.16: COMPARISON OF ECG PARAMETERS  
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QTd PA 100 49.4 ± 19.6 20 - 140 40 40 - 60 

QTd 3m 96 42 ± 9 20 - 80 40 40 - 40 

Tpe A 100 104.6 ± 18.8 60 - 140 100 80 - 120 

Tpe PA 100 92.8 ± 14.1 80 - 120 100 80 - 100 

Tpe 3m 96 81.8 ± 6.9 60 - 120 80 80 - 80 
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The U wave was present in the ECG of 57 patients at time of admission, 20 patients at 48 hours 

and in 1 patient at 3 month follow up. 

 

FIGURE 5.17: The presence of U wave in ECG 

 

 

 

Echocardiogram was done for all patients. The mean LV end systolic dimension was 28.8 ± 

5.7, range from 20 - 49 and the mean LV end diastolic dimension was 46 ± 7.5, range from 19 

- 58. 63% patients had LV end systolic dimension less than 30, while rest had between 30-60. 

The mean ejection fraction was 63 ± 9 %, with range from 37 -80%. Among the patients 51 

had underwent Holter study, which were all normal. And among them the mean duration of 

QRS was 165.2 ± 34.8 milliseconds (range 120 - 240). The mean of average heart rate, 

maximum and minimum heart rate was 73.2 ± 9.9, 113.2 ± 18.5, and 51.6 ± 8.6. 
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Various parameters were compared among those who had QTc prolongation at admission with 

those who did not had QTc prolongation at admission. Among patients with QTc prolongation 
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prolonged 53.8% patients with diabetes mellitus, 57.5% with hypertension, and 60.8% with 

dyslipidaemia, but these were not statistically significant (Table 5.4). 

  

TABLE 5.4:  Comparison of demographic profile and risk factors with QTc prolongation at 

admission  

 QTc at admission prolonged Total  χ2 df p value 

Yes No 

n %  n %  n %  

Age in years             

< 50 7 11.9 9 22 16 16    

51-70 36 61 20 48.8 56 56       

>70 16 27.1 12 29.3 28 28 2.23 2 0.329 

Gender                   

Male 42 71.2 33 80.5 75 75       

Female 17 28.8 8 19.5 25 25 1.12 1 0.291 

Wake up 23 39 14 34.1 37 37 0.24 1 0.622 

Diabetes mellitus 35 59.3 30 73.2 65 65 2.04 1 0.153 

Hypertension 41 69.5 30 73.2 71 71 0.16 1 0.690 

Dyslipidaemia 14 23.7 9 22 23 23 0.04 1 0.835 

Smoking                   

Current smoker 5 8.5 5 12.2 10 10       

Stopped >3 months 14 23.7 14 34.1 28 28       

Non smoker 40 67.8 22 53.7 62 62 2.05 2 0.358 

Alcohol 5 8.5 7 17.1 12 12 1.69 1 0.193 

Prior stroke 9 15.3 4 9.8 13 13 0.65 1 0.421 

Prior TIA 2 3.4 1 2.4 3 3 0.08 1 0.784 

POVD 2 3.4 0 0 2 2 1.42 1 0.234 

 

n- number of patients, CCB-calcium channel blocker, ACE-I -Angiotensin converting enzyme 

inhibitor, ARB – Angiotensin receptor blocker, TIA- Transient ischemic attack, POVD- 

Peripheral occlusive vascular disease 

 

 

Patients who presented as wake up stroke, 62.1% (n=23) had QTc prolongation at admission ( 

p value 0.622).  And in the rest of the patients, with known time of symptom onset, 57.14% 

(n=36) had QTc prolongation at admission. Among them, 5.6% had ECG taken with 90min, 

33.3% had ECG taken between 90-270min, and 61.1% had ECG taken after 270min (Figure 

5.18). As compared to those without QTc prolongation, 48.1% had ECG taken between 90-

270min and 44.4% had ECG taken after 270min from symptom onset (p value 0.451) (Table 

5.5) 
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TABLE 5.5:  Comparison of time of ECG taken with QTc prolongation at admission  

 QTc at admission prolonged Total  χ2 df p value 

Yes No 

n %  n %  N %  

Time of ECG             

within 90min 2 5.6 2 7.4 4 6.3    

90-270min 12 33.3 13 48.1 25 39.7       

>270 min 22 61.1 12 44.4 34 54    

Total  36 100 27 100 63 100 1.73 2 0.451 

 

 

 

FIGURE 5.18: COMPARISON OF TIME OF ECG FROM ONSET OF SYMPTOMS AND 

PROLONGATION OF QTc INTERVAL AT ADMISSION.   

 

 

 

On comparing the imaging features (Table 5.6), patients with MCA territory infarct were found 

to have significant QTc prolongation. Among those with QTc prolongation 40.7% had Right 

sided MCA infarct, 45.8% had left MCA infarct and 13.6% did not have any MCA infarct (p 

= 0.049). 61 % patients with QTc prolongation had a territorial main artery pattern of infarct 

(p value = 0.007).  Based on the region of infarct, 67.7% % of patients with cortical infarcts (p 

value = 0.023) and 80.6% of patients with cortical and subcortical region infarcts had QTc 

prolongation (p value = 0.003). The involvement of Insula was seen in 47.5% (n=28) patients 

5.6

33.3

61.1

Comparison of time of ECG and prolongation of QTc 

within 90min 90-270min >270 min
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with QTc prolongation at admission as compared to 14.6% (n=6) patients without QTc 

prolongation (p value 0.001) and the involvement of basal ganglia was seen in 40.7% (n=24) 

patients with QTc prolongation at admission as compared to 19.5% (n=8) patients without QTc 

prolongation (p value 0.026). The patients with multiple area infarcts were also compared with 

prolongation of QTc interval, however no statistical significance was noted. The presence of 

chronic infarcts and white matter hyperintensities on imaging did not have any relation with 

the QTc prolongation at admission.  

 

TABLE 5.6:  Comparison of imaging characteristics with QTc prolongation at admission  

 

 QTc at admission 

Prolonged 

Total  χ2 df p 

value 

Yes No 

n %  n %  n %  

HEMISPHERE                   

Right 25 42.4 14 34.1 39 39       

Left 27 45.8 18 43.9 45 45       

Vertebrobasilar 7 11.9 9 22 16 16 1.98 2 0.372 

MCA TERRITORY                   

Right 24 40.7 12 29.3 36 36       

Left 27 45.8 15 36.6 42 42       

no MCA infarct 8 13.6 14 34.1 22 22 6.02 2 0.049 

INFARCT PATTERN                   

Single arterial territories 55 93.2 37 90.2 92 92       

Multiple arterial territories 4 6.8 4 9.8 8 8 0.29 1 0.589 

INFARCT SUBTYPE                   

Territorial Main artery 36 61 10 24.4 46 46       

Branch occlusion 10 16.9 12 29.3 22 22       

Superficial watershed 3 5.1 3 7.3 6 6       

Internal border zone 4 6.8 4 9.8 8 8       

Lacunar 6 10.2 12 29.3 18 18 14.09 4 0.007 

REGION INVOLVED          

Cortical 42 71.2 20 48.8 62 62 5.16 1 0.023 

Subcortical 39 66.1 20 48.8 59 59 3.00 1 0.083 

Brainstem 6 10.2 7 17.1 13 13 1.02 1 0.313 

Cerebellum 3 5.1 1 2.4 4 4 0.44 1 0.507 

Cortical + Subcortical 25 42.4 6 14.6 31 31 8.70 1 0.003 

Brainstem + cerebellum 1 1.7 0 0 1 1 0.70 1 0.402 

LOCATION OF 

INFARCT 
         

Lobar 37 62.7 19 46.3 56 56 2.63 1 0.105 
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Insular 28 47.5 6 14.6 34 34 11.61 1 0.001 

Basal ganglia 24 40.7 8 19.5 32 32 4.98 1 0.026 

Periventricular 16 27.1 11 26.8 27 27 0.00 1 0.974 

Cerebellum 3 5.1 1 2.4 4 4 0.44 1 0.507 

Thalamus 1 1.7 3 7.3 4 4 1.99 1 0.158 

Midbrain 2 3.4 0 0 2 2 1.42 1 0.234 

Pons 4 6.8 7 17.1 11 11 2.62 1 0.106 

Medulla 3 5.1 0 0 3 3 2.15 1 0.143 

CHRONIC INFARCT 21 35.6 11 26.8 32 32 0.85 1 0.355 

LOCATION OF 

CHRONIC INFARCT 
                  

No infarct 38 64.4 30 73.2 68 68       

Territorial 14 23.7 6 14.6 20 20       

Lacunar 7 11.9 5 12.2 12 12 1.28 2 0.528 

WMHI                   

Grade 0 37 62.7 25 61 62 62       

Grade I 7 11.9 5 12.2 12 12       

Grade II 10 16.9 11 26.8 21 21       

Grade III 5 8.5 0 0 5 5 4.61 3 0.202 

 

n- number of patients, WMHI- white matter hyperintensities 

 

Most of the patients who underwent mechanical thrombectomy (n= 13, 81.2%) had QTc 

prolongation at admission (p value = 0.048) as compared to 66.5 % of patients treated with 

intravenous thrombolysis and 53.6% patient treated conservatively.  

 

TABLE 5.7:  Comparison of treatment received with QTc prolongation at admission  

 

 QTc at admission Prolonged Total  χ2 df p 

Yes No 

n %  N %  n %  

Intravenous Thrombolysis 14 23.7 7 17.1 21 21 0.65 1 0.422 

Mechanical thrombectomy 13 22 3 7.3 16 16 3.90 1 0.048 

Bridging thrombectomy 5 8.5 1 2.4 6 6 1.56 1 0.211 

Conservative management 37 62.7 32 78 69 69 2.66 1 0.103 

 

Stroke subtype based on TOAST classification was compared with QTc prolongation at 

admission (Table 5.8), it was found that 73.8 % (n= 31) patients with large artery 

atherosclerotic disease had QTc prolonged at admission (p value= 0.010). 40% of patients with 
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lacunar stroke, 52.7% with undetermined cause had QTc prolongation at admission, which was 

not statistically significant. Among the patients with QTc prolongation at admission 52.5% had 

large artery atherosclerotic disease.  

 

TABLE 5.8:  Comparison of etiology of stroke with QTc prolongation at admission  

 QTc at admission 

Prolonged 

Total  χ2 df p value 

Yes No 

n %  n %  n %  

Large artery 

atherosclerosis 

31 52.5 11 26.8 42 42 6.57 1 0.010 

Lacunar 8 13.6 12 29.3 20 20 5.43 1 0.066 

Other determined 

causes  

1 1.7 1 2.5 2 2 0.70 1 0.402 

Undetermined  19 32.2 17 41.5 36 36 0.90 1 0.343 

 

 

Patients with moderate (55.5%, n= 30) and severe stroke at admission (95.5%, n= 21) had 

significant QTc prolongation as compared to those with minor stroke (33.3% n =8); (p value 

<0.001). Even at discharge and on 3 month follow up, those patients with NIHSS score 5 to 15 

(71.7% at discharge and 80.6% at 3 months) had significant QTc prolongation at admission as 

compared to those with NIHSS <5 (41.7% at discharge and 46.2% at 3 months) with p value 

of 0.003 at discharge and 0.001 at 3 months follow up. All the 4 patients with NIHSS >15 at 

discharge had significant QTc prolongation at admission, 2 of them died and 2 of them 

recovered on 3 month follow up.   

 

In the mRS functional scale for stroke, those with more disability ie. mRS scale of 3 to 6, at 

admission (p value <0.001), discharge (p value 0.013) and 3 month follow up (p value 0.004) 

had more QTc prolongation as compared to those with mRS score of 0 to 2.  64.2% (n= 34) 

and 62.7% (n= 32) of patients who did not have improvement in mRS scale at discharge and at 

3 months, had QTc prolongation at admission, even though it was not found to have statistical 

significance (p value = 0.266 and 0.437). 5 out of 8 patients who had worsening of neurological 

deficits during hospital stay had QTc prolongation at admission (p value = 0.834) (Table 5.9).  
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TABLE 5.9:  Comparison of stroke severity with QTc prolongation at admission  

 QTc at admission 

Prolonged 

Total  χ2 df p 

Yes No 

n %  n %  n %  

NIHSS at admission                   

Minor stroke 8 13.6 16 39 24 24       

Moderate stroke 30 50.8 24 58.5 54 54       

Severe stroke 21 35.6 1 2.4 22 22 18.89 2 <0.001 

NIHSS at discharge                   

NIHSS <5 20 35.1 28 68.3 48 49       

NIHSS 5-15 33 57.9 13 31.7 46 46.9       

NIHSS >15 4 7 0 0 4 4.1 11.73 2 0.003 

NIHSS at 3 months                   

NIHSS <5 30 54.5 35 85.4 65 67.7       

NIHSS 5-15 25 45.5 6 14.6 31 32.3    

NIHSS >15 0 0 0 0 0 0 10.21 1 0.001 

mRS at admission                   

1 1 1.7 3 7.3 4 4       

2 2 3.4 9 22 11 11       

3 4 6.8 10 24.4 14 14       

4 47 79.7 16 39 63 63       

5 5 8.5 3 7.3 8 8 21.23 4 <0.001 

mRS at discharge                   

0 4 6.8 7 17.1 11 11       

1 2 3.4 5 12.2 7 7       

2 6 10.2 12 29.3 18 18       

3 14 23.7 6 14.6 20 20       

4 29 49.2 10 24.4 39 39       

5 2 3.4 1 2.4 3 3       

6 2 3.4 0 0 2 2 16.18 6 0.013 

mRS at 3 months                    

0 6 10.2 17 41.5 23 23       

1 5 8.5 4 9.8 9 9       

2 14 23.7 9 22 23 23       

3 16 27.1 4 9.8 20 20       

4 14 23.7 7 17.1 21 21       

6 4 6.8 0 0 4 4 17.31 5 0.004 

mRS  improved at 

discharge 
25 42.4 22 53.7 47 47 1.24 1 0.266 

mRS improved at 3 

months 
27 45.8 22 53.7 49 49 0.60 1 0.437 

In hospital worsening 5 8.5 3 7.3 8 8 0.04 1 0.834 
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MULTIVARIATE ANALYSIS 

In multivariate analysis, only functional disability at admission by mRS scoring remained to 

be associated with prolonged QTc at admission (odds ratio 4.303, 95% confidence interval 

1.356-13.655). 

 

 

TABLE 5.10: Multivariate analysis for association between various variables and prolongation 

of QTc at admission  

 

Variables 
P value 

 

Odds Ratio 

 

95% C.I. for Odds 

Ratio 

Lower Upper 

NIHSS at admission 0.051 9.939 0.992 9.959 

mRS at admission 0.013 4.303 1.356 13.655 

MCA territory infarcts 0.244 2.127 0.598 7.566 

Cortical 0.564 0.691 0.197 2.427 

Cortical + subcortical 

involvement 
0.719 1.367 0.249 7.506 

Insula 0.404 1.933 0.676 8.96 

Basal Ganglia 0.329 0.449 0.090 2.245 

Large artery atherosclerotic 

disease 
0.198 1.999 0.697 5.734 

 

 

GROUPING OF PATIENTS WITH QTC PROLONGATION   

We had also looked into the comparison with patients who had prolonged QTc values with 

stroke subtype and severity. The study subjects were grouped into 3 grouped based on the QTc 

prolongation at admission, 48 hours post admission and at 3 month follow up (Figure 5.19). 
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None of patients had a new QTc prolongation at 48 hours and 3 months as compared to baseline 

ECG. 4 patients who died were excluded from 3 month follow up analysis.  

 

FIGURE 5.19: Groupwise division of patients with prolonged QTc interval 

 

 

 

 

 

 

Among the patients who had persistent QTc prolongation at admission as well as at 48 hours 

post admission (Table 5.11), 46.5% and 38.5% had moderate and severe stroke at admission 

(p value 0.592). While on comparing with the NIHSS score at discharge, 70.3% patients (n 

=26) who had persistent QTc prolongation at 48 hours had with NIHSS score of 5 -15 as 

compared to majority of patients (65%, n= 13) with normal QTc at 48 hours who had minor 
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deficits with NIHSS score less than 5 (p value 0.002). All the 4 patients with NIHSS at 

discharge >15 had persistent QTc prolongation at 48 hours. Similar results were found with 

NIHSS score at 3 months, 68.6% of patients (n = 24) with persistent QTc prolongation at 48 

hours had moderate deficits with NIHSS score of 5 -15 as compared to majority of patients 

(95%, n= 19) with normal QTc at 48 hours, who had minor deficits with NIHSS score less than 

5 (p value <0.001). 

 

 

Table 5.11: Comparison of variables with QTc group 1  

 QTc Group I Total  χ2 df p 

Yes No 

n %  n %  n %  

Age in years                   

< 50 7 17.9 0 0 7 11.9       

51-70 23 59 13 65 36 61       

>70 9 23.1 7 35 16 27.1 4.36 2 0.113 

GENDER                   

Male 26 66.7 16 80 42 71.2       

Female 13 33.3 4 20 17 28.8 1.15 1 0.284 

NIHSS at admission                   

Minor stroke 6 15.4 2 10 8 13.6       

Moderate stroke 18 46.2 12 60 30 50.8       

Severe stroke 15 38.5 6 30 21 35.6 1.05 2 0.592 

NIHSS at discharge                   

NIHSS <5 7 18.9 13 65 20 35.1       

NIHSS 5-15 26 70.3 7 35 33 57.9       

NIHSS >15 4 10.8 0 0 4 7 12.81 2 0.002 

NIHSS at 3 months                   

NIHSS <5 11 31.4 19 95 30 54.5       

NIHSS 5-15 24 68.6 1 5 25 45.5    

NIHSS >15 0 0 0 0 0 0 20.75 1 <0.001 

mRS at admission                   

1 1 2.6 0 0 1 1.7       

2 1 2.6 1 5 2 3.4       

3 3 7.7 1 5 4 6.8       

4 31 79.5 16 80 47 79.7       

5 3 7.7 2 10 5 8.5 0.97 4 0.914 

mRS at discharge                   



 

SCTIMST Trivandrum  45 

0 1 2.6 3 15 4 6.8       

1 1 2.6 1 5 2 3.4       

2 1 2.6 5 25 6 10.2       

3 5 12.8 9 45 14 23.7       

4 27 69.2 2 10 29 49.2       

5 2 5.1 0 0 2 3.4       

6 2 5.1 0 0 2 3.4 27.05 6 <0.001 

mRS at 3 months                   

0 2 5.1 4 20 6 10.2       

1 3 7.7 2 10 5 8.5       

2 4 10.3 10 50 14 23.7       

3 12 30.8 4 20 16 27.1       

4 14 35.9 0 0 14 23.7       

5 0 0 0 0 0 0    

6 4 10.3 0 0 4 6.8 21.56 5 0.001 

mRS improved at discharge 9 23.1 16 80 25 42.4 17.54 1 <0.001 

mRS improved at 3 months 16 41 11 55 27 45.8 1.04 1 0.308 

Stroke subtype                   

Large artery atherosclerosis 17 43.6 14 70 31 52.5       

Lacunar  7 17.9 1 5 8 13.6       

Other determined etiology 1 2.6 0 0 1 1.7       

Undetermined etiology 14 35.9 5 25 19 32.2 4.39 3 0.222 

Large artery atherosclerosis 17 43.6 14 70 31 52.5 3.70 1 0.054 

Lacunar  7 17.9 1 5 8 13.6 1.89 1 0.169 

Undetermined etiology 14 35.9 5 25 19 32.2 0.72 1 0.396 

 

We had also compared group 1 patients with their functional disability due to stroke. The 

majority of patients in this study had mRS score of 4 (79.7%) at admission, among them 31 

patients had persistent QTc prolongation at 48 hours while 16 patients had normalization of 

QTc at 48 hours (p value 0.914). On evaluating the disability at discharge, the majority of 

patients with persistent QTc prolongation at 48 hours (69.2%, n =27) had mRS score of 4 as 

compared to 10% of patients with normalization of QTc at 48 hours who has mRS score of 4 

(p value <0.001). It was also seen that all the patients with mRS score of 5 and 6 had persistent 

QTc prolongation at 48 hours.  On 3 month follow up assessment, only 35.9% of patients with 

persistent QTc prolongation at 48 hours had mRS of 4 however it was found that among 

patients with normalization of QTc at 48 hours, 50% had mRS 2, 20% had mRS 0, 10% had 

mRS 1 and none had mRS of >3 (p value 0.001). On comparing with patients who had 

improvement of mRS score at discharge, it was found that 76.9% of patients who had persistent 
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QTc prolongation did not have any improvement as compared to 80% of patients with 

normalization of QTc at 48 hours who had improvement of mRS score at discharge (p value 

<0.001). 

43.6% of patients with persistent QTc prolongation at 48 hours had large artery atherosclerotic 

disease and 35.9% had undetermined etiology for stroke (p value 0.222). 70% of patients with 

normalization of QTc at 48 hours had LAA as compared to 43.6% with prolonged QTc at 48 

hours, however this was not statistically significant (p value 0.054).  

 

The group 2 analyzed patients with QTC prolongation at admission and persistent QTc 

prolongation at 3 months suggesting possibility that they had a pre-existing QTc abnormality 

with those who had normalization of QTc at 3 months. However, in this population the 

comparison with NIHSS scores at admission, discharge and 3 month follow up as well the 

corresponding mRS score did not have any statistical significance (Table 5.12). 42.9 % patients 

with persistent QTc prolongation at 3 months had undetermined etiology for stroke as 

compared to 26.8% who had normalization of QTc at 3 months (p value 0.120). On comparing 

patients with LAA alone, only 28.6% of patient with persistent QTc at 3 months had LAA as 

the etiology as compared to 61% of patients with normalization of QTc at 3 months (p value 

0.036).    

 

Table 5.12: Comparison of variables with QTc group 2  

 

 QTc Group II Total  χ2 df p 

Yes No 

n %  n %  n %  

Age in years                   

< 50 3 21.4 4 9.8 7 12.7       

51-70 9 64.3 24 58.5 33 60       

>70 2 14.3 13 31.7 15 27.3 2.34 2 0.311 

GENDER                   

Male 11 78.6 28 68.3 39 70.9       

Female 3 21.4 13 31.7 16 29.1 0.54 1 0.465 

NIHSS at admission                   

Minor stroke 3 21.4 4 9.8 7 12.7       

Moderate stroke 6 42.9 23 56.1 29 52.7       

Severe stroke 5 35.7 14 34.1 19 34.5 1.47 2 0.479 
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NIHSS at discharge                   

NIHSS <5 4 28.6 16 39 20 36.4       

NIHSS 5-15 9 64.3 23 56.1 32 58.2       

NIHSS >15 1 7.1 2 4.9 3 5.5 0.53 2 0.766 

NIHSS at 3 months                   

NIHSS <5 6 42.9 24 58.5 30 54.5       

NIHSS 5-15 8 57.1 17 41.5 25 45.5    

NIHSS >15  0  0  0  0  0 0  1.04 1 0.309 

mRS at admission 0 0 1 2.4 1 1.8       

1 0 0 2 4.9 2 3.6       

2 3 21.4 1 2.4 4 7.3       

3 10 71.4 34 82.9 44 80       

4 1 7.1 3 7.3 4 7.3    

5 0 0 0 0 0 0 6.37 4 0.173 

mRS at discharge 0 0 4 9.8 4 7.3       

0 0 0 2 4.9 2 3.6       

1 1 7.1 5 12.2 6 10.9       

2 3 21.4 11 26.8 14 25.5       

3 10 71.4 18 43.9 28 50.9       

4 0 0 1 2.4 1 1.8    

5 0 0 0 0 0 0 4.31 5 0.506 

mRS at 3 months 1 7.1 5 12.2 6 10.9       

0 2 14.3 3 7.3 5 9.1       

1 3 21.4 11 26.8 14 25.5       

2 3 21.4 13 31.7 16 29.1       

3 5 35.7 9 22 14 25.5    

4 0 0 0 0 0 0    

5 0 0 0 0 0 0 2.08 4 0.722 

mRS  improved at discharge 4 28.6 21 51.2 25 45.5 2.16 1 0.142 

mRS improved at 3 months 8 57.1 19 46.3 27 49.1 0.49 1 0.485 

Stroke subtype                   

Large artery atherosclerosis 4 28.6 25 61 29 52.7       

Lacunar  4 28.6 4 9.8 8 14.5       

Other determined etiology 0 0 1 2.4 1 1.8       

Undetermined etiology 6 42.9 11 26.8 17 30.9 5.83 3 0.120 

Large artery atherosclerosis 4 28.6 25 61 29 52.7 4.40 1 0.036 

Lacunar  4 28.6 4 9.8 8 14.5 2.97 1 0.085 

Undetermined etiology 6 42.9 11 26.8 17 30.9 1.26 1 0.263 

 

 

The group 3 analyzed patients with QTc prolongation at 48 hours post admission and persistent 

QTc prolongation at 3 months, with those who had normalization of QTc at 3 months. 

However, in this population also the comparison with NIHSS scores at admission, discharge 
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and 3 month follow up as well the corresponding mRS score did not have any statistical 

significance (Table 5.13). 42.9 % patients with persistent QTc prolongation at 3 months had 

undetermined etiology for stroke as compared to 27.3 % who had normalization of QTc at 3 

months (p value 0.316). 

 

Table 5.13: Comparison of variables with QTc group 3 

 

 QTc Group III Total  χ2 df p 

Yes No 

n %  n %  n %  

Age in years                   

< 50 3 21.4 4 18.2 7 19.4       

51-70 9 64.3 11 50 20 55.6       

>70 2 14.3 7 31.8 9 25 1.41 2 0.493 

GENDER                   

Male 11 78.6 13 59.1 24 66.7       

Female 3 21.4 9 40.9 12 33.3 1.46 1 0.227 

NIHSS at admission                   

Minor stroke 3 21.4 2 9.1 5 13.9       

Moderate stroke 6 42.9 12 54.5 18 50       

Severe stroke 5 35.7 8 36.4 13 36.1 1.17 2 0.556 

NIHSS at discharge                   

NIHSS <5 4 28.6 3 13.6 7 19.4       

NIHSS 5-15 9 64.3 17 77.3 26 72.2       

NIHSS >15 1 7.1 2 9.1 3 8.3 1.22 2 0.543 

NIHSS at 3 months                   

NIHSS <5 6 42.9 6 27.3 12 33.3       

NIHSS 5-15 8 57.1 16 72.7 24 66.7 0.94 1 0.334 

NIHSS >15                   

mRS at admission 0 0 1 4.5 1 2.8       

1 0 0 1 4.5 1 2.8       

2 3 21.4 0 0 3 8.3       

3 10 71.4 19 86.4 29 80.6       

4 1 7.1 1 4.5 2 5.6    

5 0  0  0  0  0  0  6.33 4 0.176 

mRS at discharge 0 0 1 4.5 1 2.8       

0 0 0 1 4.5 1 2.8       

1 1 7.1 0 0 1 2.8       

2 3 21.4 2 9.1 5 13.9       

3 10 71.4 17 77.3 27 75       

4 0 0 1 4.5 1 2.8    
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5 0 0 0 0 0 0 4.46 5 0.486 

mRS at 3 months                   

0 1 7.1 1 4.5 2 5.6       

1 2 14.3 1 4.5 3 8.3       

2 3 21.4 1 4.5 4 11.1       

3 3 21.4 9 40.9 12 33.3       

4 5 35.7 10 45.5 15 41.7    

5 0 0 0 0 0 0 4.44 4 0.350 

mRS  improved at discharge 4 28.6 5 22.7 9 25 0.16 1 0.693 

mRS improved at 3 months 8 57.1 8 36.4 16 44.4 1.50 1 0.221 

Stroke subtype                   

Large artery atherosclerosis 4 28.6 12 54.5 16 44.4       

Lacunar  4 28.6 3 13.6 7 19.4       

Other determined etiology 0 0 1 4.5 1 2.8       

Undetermined etiology 6 42.9 6 27.3 12 33.3 3.54 3 0.316 

Large artery atherosclerosis 4 28.6 12 54.5 16 44.4 2.34 1 0.126 

Lacunar  4 28.6 3 13.6 7 19.4 1.22 1 0.270 

Undetermined etiology 6 42.9 6 27.3 12 33.3 0.94 1 0.334 
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6. DISCUSSION 

 

Our study is the first of its kind to demonstrate the correlation between baseline QTc interval 

in patients with AIS and the stroke subtype as well as the stroke severity and functional 

disability. Our study investigates the QTc interval changes during admission, 48 hours and 3 

months follow up after an ischemic stroke and its relation to stroke subtype, severity and 

clinical outcome. We have excluded patients with prior cardiac disease as well as patients on 

medications that can prolong QT interval. We found that prolongation of QTc interval is 

associated with large artery atherosclerosis and an increase in stroke severity and poor 

functional outcomes in AIS patient, which was independent of age, gender, and cardiovascular 

risk factors. 

 

The last few decades has seen the development of "neurocardiology" (54), which allows us to 

understand how the primary CNS pathology can affect the cardiovascular system. As the heart 

has important as well as florid autonomic innervation, it is expected that acute disturbances of 

the CNS may result in a wide spectrum of cardiac functional disorders. Several studies have 

shown that acute CNS insult such as stroke can this produce changes in the ECG (4,22). The 

QT intervals which are susceptible to autonomic influences (15) can thus be altered in acute 

stroke patients. These alterations in QT interval may be due to the influence of autonomic 

nervous system on the ventricular myocardium (47) which affects the duration of cardiac 

repolarization as well as on the sinus node (46) that affects the heart rate and thus the QT 

interval (27). The QT interval prolongation may also be attributed to a disturbed regional 

myocardial sympathetic activity (83) that can occur as a part of sympathetic hyperactivity 

occurring in acute stroke (84).  

In our study, the mean QT and QTc interval at baseline of the study subjects were 434.5 ± 54.1 

minutes and 464.6 ± 57.7 minutes. The QTc was prolonged in 59 % (n =59) of patients at the 

time of admission. This is similar to previous studies in which prolonged QTc was seen in in 

38–71% of patients with acute stroke, thus constituting QTc prolongation as the most frequent 

single ECG abnormality in acute stroke (73,85). The reflex increase in blood pressure occurring 

in acute ischemic stroke due to dysautonomia and sympathetic overdrive returns to baseline in 
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majority of patients within 24hours(86,87). Therefore, for this study we presumed that the QT 

interval which is also a marker of autonomic dysfunction, might return to premorbid state 

within 48hours in most of the patients with AIS. However, in our study the QTc was prolonged 

in 40% (n= 40) of patients at 48 hours and 15 % at 3 months follow up. In study by Hromádka 

et al., 65.2% (n =45) patients had prolonged QTc at baseline and only 26.1% (n=18) patients 

had prolonged QTc after 48 hours (64).  

The QT dispersion (QTd) which is also a marker of myocardial repolarization, is found to be 

increased significantly in patients with AIS (37). We found that QTd was prolonged in 71%, 

35% and 7%  of our patients at admission, 48 hours and 3 months follow up. Similarly in the 

study by Afzar et al,, on a 3-day follow up ECG, the QTd values of stroke patients decreased 

to non-stroke control values (88). We had also studied the Tpe interval in ECG, which was 

prolonged in 74%, 51% and 8 % at admission, 48 hours and 3 months respectively. Tpe as a 

new repolarization marker in AIS was studied by Emektar et al. (61), who demonstrated that 

Tpe was significantly prolonged in stroke patients as compared to control group and Tpe values 

reduced  in the ECG on third day than ECG on first day (p value <0.05). 

Among the other ECG changes, a prominent U wave was present in the ECG of 57 % of patients 

at time of admission, 20 % at 48 hours and 1 % at 3 month follow up. In an early study of 150 

patients Golstein detected prominent U-waves in 28% of their patients with acute stroke(4). 

However in SAH in which most of the ECG abnormalities have been extensively studied, 

prominent U-waves were seen in 4% to 47% of patients (89).   

 

DEMOGRAPHICS AND RISK FACTORS  

We had 100 patients with AIS who were admitted in our stroke unit, with the mean age of the 

study population was 63 ± 11.7 years and 75% of patients were male.  This is comparable with 

the mean age of stroke onset in India (i.e., 63 years) which is lower than that in Western 

countries (68 years in the USA and 71 in Italy) (90). Among the patients who had QTc 

prolongation at admission, 11.9% were of age < 50years, 61% were of age between 51-70 years 

and 27.1% were of age >70 years. No specific gender-based difference in QT interval 

prolongation was noted in the study subjects. Upper normal limits for QTc vary with age and 

sex, QTc is considered prolonged if > 0.440 seconds in males and > 0.460 seconds in 

females(28). This sex difference in QTc is attributed to the shortened QT interval seen in 

adolescent males (91),which is most likely the result of changes in sex-specific hormones, even 
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though the exact mechanism is unknown (92).  Rautaharju (91) had suggested an age- and sex-

specific criteria for the evaluation of QT prolongation, however validation in large ethnically 

diverse population is needed.  

Several CVD risk factors are associated with prolongation of QTc interval which includes 

smoking, diabetes mellitus, systemic hypertension, etc. (85,93). However, among the various 

CVD risk factors that we had studied including diabetes mellitus, systemic hypertension, 

dyslipidemia, smoking, alcoholism, POVD and prior history of stroke or TIA, none of them 

had significant correlation with QTc prolongation. 

 

INFARCT LOCATION  

Various structural as well as functional lesions of the brain have been associated with 

electrocardiographic changes (94) .And majority of studies have demonstrated that insula 

which plays an integral role in central autonomic control, can lead to various ECG changes 

including QT interval prolongation (30,94).  The involvement of Insula was seen in 47.5% 

patients with QTc prolongation at admission as compared to 14.6% patients without QTc 

prolongation (p value 0.001). We had also observed that the  involvement of basal ganglia was 

seen in 40.7% patients with QTc prolongation at admission as compared to 19.5% patients 

without QTc prolongation (p value 0.026), suggesting a possible role of basal ganglia 

involvement in control of autonomic activity (95). However, on multivariate analysis location 

of infarct was not found to be associated with QTc prolongation. 

Strittmatter et al. (59) suggested that alterations in autonomic function were paralleled with a 

sustained elevation in cardiovascular parameters mainly in right hemispheric stroke. Henninger 

et al (31). showed that left sided temporal infarction was associated with significantly longer 

QTc interval as compared with right-sided infarction (QTc Bazett: 480 ± 26 ms vs. 429 ± 38 

ms, p < 0.01).  However, we did not observe any significant difference between QTc 

prolongation at baseline with right hemispheric, left hemispheric or vertebrobasilar stroke. This 

was similar to study by Sultan (29) in which no significant difference between right and left 

sided stroke were found with regard to QTc interval values. Simula et al. (96) showed that right 

MCA ischemic stroke resulted in prolongation of QT interval. In our patients with QTc 

prolongation at baseline, majority had MCA infarct (86.4%, p value 0.049) but no major 

difference between right and left MCA territory infarct was noted (40.7% and 45.8%). 
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A study on QTc-prolongation in patients with posterior circulation strokes found that 34 % of 

patients had a prolonged QTc on admission, and there was a significant association between 

temporal lobe infarction and QTc (p < 0.001) (31). We did not assess for any correlation of 

lobe wise involvement with QTc. However, we did not find any significant association between 

vertebrobasilar region infarcts and prolongation of QTc. Based on the region of infarct, 67.7% 

% of patients with cortical infarcts (p value = 0.023) and 80.6% of patients with cortical and 

subcortical region infarcts had QTc prolongation (p value = 0.003). Alabd et al.(37) studied 

QTd on first and third day of hospitalisation, and found no significant differences among the 

four territorial subgroups (ie. cortical, subcortical, brain stem and cerebellar infarctions), or 

between right and left hemispheric lesions. However, the 'first-day' QTd were significantly 

higher in patients with insular involvement than in those without such involvement.  

 

STROKE SUBTYPE  

We had explore the correlation between QT interval changes and stroke subtypes based on 

TOAST classification. We  excluded patients with cardioembolic etiology of stroke as well as 

those with prior cardiac disease. Among the various stroke subtypes based on the etiology of 

stroke; the large artery atherosclerosis constituted 42%, lacunar (small vessel occlusion) 20%, 

other determined causes 2%, and undetermined was 36%. This is comparable with the 

prevalence of stroke subtypes in India (97), where 41% of strokes are caused due to LAA,18%  

lacunar, 10% to cardioembolic , 4% to other determined etiology and 27% due to undetermined 

causes.  

 

73.8 % patients with large artery atherosclerotic disease had QTc prolonged at admission (p 

value= 0.010). 40% of patients with lacunar stroke and 52.7% with undetermined cause also 

had QTc prolongation at admission, but it was not statistically significant. Among the 59 

patients with QTc prolongation at admission 52.5% had large artery atherosclerotic disease. 

Henninger et al. (31) in his study on posterior circulation stroke, found that  cardioembolic 

cause was the most common etiology associated with QTc prolongation (36%, p 0.014) and 33 

% had LAA (p value 0.027), however on multivariate analysis none of them had significance 

with QTc prolongation.  
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We had also found that among the patients who had QTc prolongation at admission, 61% of 

patients with normalization of QTc at 3 months had LAA as etiology as compared to 28.6% of 

patient with persistent QTc at 3 months, which was found to be statistically significant. This 

may be due the the acute insult in a LAA which  might have lead to QTc prolongation at time 

of admission in AIS, that later normalised in majority of patients by 3months.  

 

Several studies have demonstrated QTc prolongation as a risk marker of subclinical 

atherosclerosis(67,69) and QTc prolongation subsequently can be predictive of future 

atherosclerotic vascular events such as stroke (85) . Strohmer et al found significant correlation 

between QT interval and intima media thickness (IMT) of the carotid arteries in general 

population undergoing cardiovascular screening (67). Significant correlations between 

QT/QTc and internal carotid artery IMT (r=0.14-0.16) were found in males. In women a 

statistically significant relationship was found between the QT interval and common carotid 

artery IMT (r=0.15, P=0.006).  Festa et al (69) also demonstrated a significant relation of QTc 

interval to carotid atherosclerosis in nondiabetic subjects, that was stronger in women.IMT of 

the common carotid artery correlated significantly with QTc interval duration (r=50.15 for 

QT60 and r=50.14 for QTc), whereas no relationship between IMT of the internal carotid artery 

and QT interval was found (r= 520.01). The probable mediator for this association might be 

the  increased catecholamine levels that prolong the QT interval (70) and which are also 

associated with development of atherosclerosis (71). However acute prolongation of QTc 

interval as a part of AIS due to large artery atherosclerotic disease has not been explored. The 

possibility that the sympathetic hyperactivity and catecholamine surge that occur was part of 

AIS can lead to prolongation of QTc interval (10,84). Paroxysmal sympathetic hyperactivity 

as an initial manifestation of acute large vessel occlusion was demonstrated by Yin et al.(98) 

in his case series of posterior circulation stroke, in whom the symptoms of paroxysmal 

sympathetic hyperactivity did not recur after the recanalization of vessels by endovascular 

treatment. However, further studies are needed in future for understanding the exact 

mechanism involved.  

 

STROKE SEVERITY AND OUTCOME  

Among our patients, those with moderate (55.5%, n= 34) and severe stroke at admission 

(95.5%, n= 21) had significant QTc prolongation as compared to those with minor stroke 
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(33.3% n =8) (p value <0.001). A prior study found correlation between the increase in QTd 

and severity of stroke as measured by the NIHSS. It was shown that the NIHSS score changed 

3.1 units in the same direction (95% CI: 2.0, 4.2) for every 10 ms change in QTd (99). Korkmaz 

et al.(63) demonstrated that both QT and QTc were substantially longer in patients with NIHSS 

≥5. But none of them were found to be independent predictors of high NIHSS scores. 

Even at discharge and on 3 month follow up, those patients with NIHSS score 5 to 15 had 

significant QTc prolongation at admission as compared to those with NIHSS <5. All the 4 of 

our patients with NIHSS >15 at discharge had significant QTc prolongation at admission. This 

was similar to a prior study that demonstrated the increased cardiac-electrophysiological 

balance levels (iCEB), which is determined on ECG by dividing the QT interval by QRS 

duration, as an independent predictor of NIHSS ≥5 and it correlated with both the NIHSS scores 

at admission and discharge (63). 

 

A prolonged QTc was associated with worser functional disability with the mRS score from 3 

to 6, at admission, discharge as well on 3 month follow up. However, Stead et al. showed  no 

relationship between prolonged QTc and discharge mRS (16). And a prospective cohort study 

on QT dispersion in AIS patients showed that QT dispersion did not predict short-term clinical 

outcome for mRS score (p value 0.85), NIHSS at discharge (p value 0 .30), or discharge 

disposition (p value 0.81) (65).  As seen in our study population, a prolonged QT interval in 

patients with acute stroke was associated with a significantly greater risk of all-cause mortality 

within 3 months (16). 

 

Among the patients who had QTc prolongation, those who had persistent QTc prolongation at 

48 hours post admission had significantly worser NIHSS score at discharge as well as at 3 

months follow up. However, there was no association found between persistent QTc 

prolongation at 48 hours and admission NIHSS score. Similarly, significant association was 

seen between prolonged QTc at 48 hours and the functional disability. The majority of patients 

with persistent QTc prolongation at 48 hours had a mRS score of 4 or more at discharge as well 

as at 3 months, however no such association was seen with mRS score at admission. Also those 

with persistent QTc prolongation at 48 hours was found to be associated with a poorer recovery 

as evidenced by lack of improvement in the mRS score at discharge. This was similar to the 

study by Hromádka et al, in which the baseline QTc was not associated with neurological 
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outcome. However, the prolonged QTc after 48 hours was found to be associated with worse 

mRS at discharge. The patients who deceased during hospitalization as compared with 

survivors had more frequently prolonged QTc after 48 hours(64). 

 

 

STRENGTH OF OUR STUDY 

• We had conducted a prospective study and followed up our patients for 3 months as 

well as obtained their ECG at 3-time frames, ie. at admission, 48hours post admission 

and on 3 month follow up 

• We had excluded the patients with concomitant cardiac comorbidities, those taking 

medications known to cause QTc prolongation as well as patients with electrolyte 

imbalance. 

• 50% of the study population had undergone Holter study, which ruled out the presence 

of any cardiac arrhythmias.  

 

 

LIMITATIONS OF OUR STUDY 

• This study is limited by the small number of patients   

• We do not have a pre-stroke ECG for comparison 

• As the consecutive AIS patients from a single institution were enrolled, the results may 

be limited in their relevance to a larger population as well as produce a susceptibility to 

selection bias 

• The disproportionate age and sex distribution observed in our patients may have 

affected the QTc interval as well as the clinical characteristics in patients with stroke 

• Lastly, as in other epidemiologic studies, residual confounding remains a possibility, 

although we adjusted for several factors which may affect the QTc interval.  
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7. CONCLUSION 

 

 

• The QTc interval in an acute ischemic stroke patient is a dynamic parameter. 

• We have found significant high incidence of QTc prolongation in patients being 

admitted with acute ischemic stroke, which was maximum at the time of admission. 

• We observed the predictive role of prolonged QTc on stroke severity as well as the 

functional neurological outcome. 

• The prolonged QTc at 48 hours was associated with worser neurological outcome at 

discharge as well as at 3months follow up as compared to the prolonged QTc at 

admission which found to be associated with stroke severity and worser functional 

disability at the time of admission. 

• Patients who deceased during hospital stay as well as on follow up had persistent QTc 

prolongation at 48 hours.   

• Among the etiology of stroke, a significant association was found between the large 

artery atherosclerotic disease and prolonged QTc interval suggesting an interplay of the 

autonomic fluctuations as well as a common pathogenic mechanism.  

• The sympathetic over drive related to stroke subtype and stroke severity might have 

possibly led to corresponding QT interval changes in the ECG. 

• Our study has explored the correlation of prolonged QTc with stroke severity and 

subtype. Thus, shedding light on the patient population who has to be keenly observed 

for QTc prolongation, which has an implication in selecting medication as well as 

avoiding electrolyte disturbances in them. 

• However, further prospective studies including a larger sample size and longer 

observation period is warranted to assess for potential therapeutic implications of our 

findings. 
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9. ANNEXURES 

 

 

a. PROFORMA 

Baseline data 

1.  Serial no  

2.  Age  

3.  Gender  

4.  Date of admission  

5.  Time between first symptom and admission  

6.  Wake up stroke 

If yes, Time between last seen normal and 

admission 

 

7.  Admission NIHSS  

8.  Admission mRS  

9.  Diabetes Mellitus  

10.  Hypertension 

If yes-medications 

Betablockers 

CCB 

Alpha blockers 

ACE-I 

ARB 

Diuretics 

More than one  

 

11.  Dyslipidemia  

12.  Smoking Current/ex->3 months/never 

13.  Alcohol  

14.  Prior Stroke  

15.  Prior TIA  

16.  POVD  

17.  Admission blood sugar  

18.  Admission systolic BP  

19.  Admission diastolic BP  

20.  Admission body temperature  

21.  Fasting Cholesterol  

22.  HDL  

23.  LDL  

24.  TGL  

   

 

Imaging data 
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1 Type of imaging CT/MRI 

2 Hemisphere involved: Right/left/ bilateral/vertebrobasilar  

3 MCA infarct: Right/left/not MCA infarct  

4 Infarct pattern 

Single versus multiple arterial territories  

Territorial Main artery/Branch occlusion 

Superficial watershed 

Internal borderzone 

Lacunar 

Multiple embolic 

 

Y/N 

5 Area involved 

Cortical 

Subcortical 

Brainstem 

Cerebellum 

Mention the exact location: Lobar /Insular involvement/ basal 

ganglia and thalamus/ Multiple lacunar infarcts / Periventricular 

area/ Brainstem / cerebellum  

 

 

6 chronic infarcts 

territorial 

lacunar  

both  

 

7 WMHI  

Fazekas grade 0/1/2/3 

 

 

 

 

 

ECG 

  Admission 48hours Post 

admission 

1 Time between ECG and stroke onset    

2 QT interval in seconds    

3 RR interval in seconds   

4 longest QT interval (QTmax) in seconds   

5 shortest QT interval (QTmin) in seconds   

6 T wave peak to T wave end (Tpe) in milliseconds   

7 U wave   

8 LVH –voltage criteria   

9 Ischemia like changes 

ST segment changes 

T wave abnormalities  

  

10 Any other changes if present, mention 

 

 

  



 

SCTIMST Trivandrum  73 

 

 

Other Cardiac investigations  

1 Echo, if done mention findings 

LV end systolic dimension 

LV end diastolic dimension 

RWMA  

EF 

Mitral regurgitation (grade 0-1) 

RV systolic pressure 

Any clot 

Vegetation 

Any structural heart disease 

 Y/N 

2 24-hour Holter, if done mention the findings  

Ventricular ectopics % 

Supraventricular ectopics % 

AF% 

Any AV block (yes/no), if yes then type 

QRS duration (mean) 

Average HR (heart rate) 

Maximum HR 

Minimum HR  

Y/ N 

 

 

 

Treatment 

1 Intravenous thrombolysis   

2 Mechanical thrombectomy  

3 Combination (bridging thrombectomy)  

4 Conservative  

5 Any of the following medications given during hospital stay 

Beta blockers 

Calcium channel blockers 

ACEI 

Macrolide antibiotics 

Digoxin 

Ionotropes 

 

 

6 Discharge diagnosis-TOAST 

1.LAA 

2.Cardioembolic 

3.lacunar 

4.other determined causes-specify 

5. undetermined etiology 

 

7 NIHSS at discharge  

8 mRS at discharge  
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At 3 months follow up 

1  NIHSS 

 

 

2 mRS 

 

 

 

 ECG 3 months 

1.  QT interval in seconds   

2.  RR interval in seconds  

3.  longest QT interval (QTmax) in seconds  

4.  shortest QT interval (QTmin) in seconds  

5.  T wave peak to T wave end (Tpe) in milliseconds  

6.  U wave  

7.  LVH –voltage criteria  

8.  Ischemia like changes 

ST segment changes 

T wave abnormalities  

 

9.  Any other changes if present, mention 

 

 

 

 

 

 

 

 

 

  



 

SCTIMST Trivandrum  75 

 

 

 

 



 

SCTIMST Trivandrum  76 

 

 

 

 

 



 

SCTIMST Trivandrum  77 

 

 


