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Abstract Öz 
Purpose: The aim of this study was to investigate the 
relationship between repolarization parameters and 
National Institutes of Health Stroke Scale (NIHSS) score 
in patients with acute ischemic stroke.  
Materials and Methods: The study comprised 97 
patients (males, 42; females, 55; 65 ± 16 years) with acute 
ischemic stroke. 17 patients were excluded. Patients were 
divided into two groups based on the calculated NIHSS 
score (Group 1, NIHSS score < 16; Group 2, NIHSS score 
≥ 16). Demographic, clinical, and laboratory data for all 
patients were collected. A 12-lead resting ECG was 
recorded at admission to the neurology care unit in 
patients with acute ischemic stroke and were manually 
measured with a ruler. QTc, QTd, QTcd, Tpe, Tpe/QT 
parameters were measured.  
Results: There were no significant differences among 
demographic parameters of patients. We found that QTc, 
QTd, QTcd, Tpe, Tpe/QT parameters were significantly 
higher in Group 2 than Group 1 patients.  
Conclusion: In this study, we found that acute ischemic 
stroke has been shown to cause changes in repolarization 
parameters. Repolarization parameters are associated with 
stroke severity on admission in patients with acute 
ischemic stroke. Increased dispersion of repolarization 
parameters make independent contributions to the risk of 
arrhythmic cardiac death in patients with acute ischemic 
stroke. We suggested that especially severe ischemic stroke 
patients closely using cardiac monitoring during the first 
24 h.  

Amaç:  Bu çalışmanın amacı, akut iskemik inmeli 
hastalarda NIHSS ile repolarizasyon parametreleri 
arasındaki ilişkiyi araştırmak. 
Gereç ve Yöntem: Çalışmaya akut iskemik inme geçiren 
97 hasta (erkek,42; kadın,55; yaş, 65 ± 16) alındı. 17 hasta 
çalışmadan çıkarıldı. NIHSS skoruna göre hastalar iki 
gruba ayrıldı (Grup 1, NIHSS skor <16; Grup 2, NIHSS 
skoru ≥ 16).  Bütün hastalardan demografik, klinik ve 
laboratuvar verileri toplandı. Hastaların 12 derivasyonlu 
EKG’leri nöroloji yoğun bakım ünitesine yatırıldıktan 
hemen sonra çekildi. Ölçümler cetvelle yapıldı. QTc, QTd, 
QTcd, Tpe, Tpe/QT parametreleri ölçüldü. 
Bulgular: Hastaların demografik özellikleri açısından 
gruplar arasında anlamlı farklılık saptanmadı. Hastaların 
QTc, QTd, QTcd, Tpe, Tpe/QT parametreleri, Grup 2 
hastalarında, Grup 1 hastalarına göre anlamlı derecede 
daha yüksek bulundu. 
Sonuç: Yapmış olduğumuz bu çalışmada, akut iskemik 
inmeli hastalarda repolarziasyon parametrelerinin inme 
şiddeti ile ilişkili olduğu sonucuna varılabilir. Bu çalışmada, 
akut iskemik inmenin repolarizasyon parametrelerinde 
değişikliğe neden olduğunu bulduk. Repolarizasyon 
parametreleri, akut iskemik inmeli hastaların yatış 
esnasındaki inme şiddeti ile ilişkilidir. Repolarizasyon 
parametrelerinin dispersiyonundaki artış, akut iskemik 
inmeli hastalarda aritmik kardiyak ölüm riskine bağımsız 
bir şekilde katkıda bulunmaktadır. Bu nedenle, özellikle 
ciddi iskemik inmeli hastaların, ilk 24 saatte yakın kardiyak 
monitorizasyonunu önermekteyiz. 

Key words:. Repolarization parameters, stroke severity, 
stroke. 

Anahtar kelimeler: Repolarizasyon parametreleri, inme 
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INTRODUCTION 

Acute stroke is an important cause of morbidity and 
mortality1, and cardiovascular complications are 
common after an acute stroke2. Myocardial injury is 
an important complication of acute cerebrovascular 
events. Autonomic nervous system dysregulation 
after acute cerebrovascular events possibly cause 
sympathetic activation resulting in hypercontraction 
of cardiac myocytes and subsequent myocardial 
injury. Neurogenic stress cardiomyopathy (NSC) is a 
condition of acute myocardial systolic dysfunction 
that can be observed after acute cerebrovascular 
events, such as acute ischemic or hemorrhagic stroke, 
cranial trauma, subarachnoid hemorrhage, and 
seizures3. Often, NSC can be very similar to 
myocardial infarction, presenting with ischemic ECG 
changes, including ST segment and T wave 
deviations, reduced ejection fraction, elevated 
troponin levels, and ventricular wall motion 
abnormalities. However, there is no significant 
obstruction of the coronary arteries in patients with 
NSC. Acute heart failure due to NSC is an important 
cause of lethal ventricular arrhythmias and mortality4. 
Ventricular repolarization abnormalities play an 
important role in the occurrence of arrhythmia5. QT 
dispersion, a marker of repolarization homogeneity, 
is considered a predictor of sudden cardiac death and 
mortality in patients with acute ischemic stroke. 
Despite some controversial data about the positive 
predictive value of increased QT dispersion, this 
ECG marker appears to be a powerful tool for risk 
stratification in patients with impaired left ventricular 
function after acute ischemic stroke. 

The T wave is generated by myocardial voltage 
gradients during the repolarization phase of 
cardiomyocyte action potentials. QT interval is a 
measure of repolarization duration, but may not 
reveal other changes during the repolarization 
process. T-wave peak to T-wave end (TPE) interval 
measures terminal repolarization, and has 
experimentally been linked to arrhythmogenic 
repolarization dispersion in the myocardium6. In this 
study, we aimed to investigate the relationship 
between repolarization parameters and National 
Institutes of Health Stroke Scale (NIHSS) score in 
patients with acute ischemic stroke. 

MATERIALS AND METHODS 

We prospectively studied consecutive 97 adult 
patients (males, 42; females, 55; mean age, 65±16 

years; range 41–80 years) with acute ischemic stroke 
(≤24 hours of symptom onset) admitted to the 
neurology care unit, between October 2016 and 
December 2017. 17 patients were excluded. 
Demographic and baseline clinical data, including 
neurological deficit severity assesment with NIHSS 
on admission to the neurology care unit were 
recorded. Patient clinical data, history of 
cardiovascular risk factors, and stroke onset were 
determined, and neurologic examination was 
conducted at the time of admission.  

The diagnosis was made on the basis of neurologic 
examination and cranial imaging within 24 hours of 
symptom onset. Patients with a well-defined time of 
ischemic stroke symptom onset were included in the 
study and those with any previous history of 
cerebrovascular disease or transient ischemic attack, 
cerebral hemorrhage, documented atrial fibrillation, 
coronary heart disease, congestive heart failure, 
serious valvular heart disease, congenital heart 
disease, chronic obstructive pulmonary disease, 
chronic renal failure were excluded. In addition, 
patients in whom a proper position could not be 
obtained during echocardiography and those with 
poor echocardiographic image quality, were 
excluded. Seventeen patients were excluded because 
of previous history of cerebrovascular disease (n=2), 
documented atrial fibrillation (n=4), congestive heart 
failure (n=3), coronary heart disease (n=5), serious 
valvular heart disease (n= 2), a poor 
echocardiographic image quality (n=1). Baseline 
stroke severity was assessed using the NIHSS score7. 

All patients underwent immediate computed 
tomography after being admitted to emergency care 
unit. Troponin levels were measured and 
electrocardiogram (ECG) was recorded after 
admission to the neurology care unit. 
Echocardiography was performed within the first 48 
hours of admission to the neurology care unit. The 
NIHSS evaluation and echocardiographic 
examination were conducted by blinded investigators 
(U.O and O.O, respectively). The study was 
approved by the Ethics Committee of Diyarbakir 
Gazi Yasargil Education and Research Hospital 
(Date:09 September 2016, Ethics committee 
number:57), and informed consent was obtained. 
The study was conducted in accordance with the the 
principles of the Declaration of Helsinki. 

Two-dimensional echocardiography 
All patients underwent comprehensive transthoracic 
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echocardiography examinations, which were 
conducted according to the guidelines of the 
American Society of Echocardiography. An 
ultrasound system (Philips EPIQ 7C, Philips 
Healthcare, Andover, MA, USA) equipped with a 
multifrequency transducer (3–8 MHz) and tissue 
harmonic imaging capability was used. Single-lead 
electrocardiogram was continuously recorded. 
Patients were kept in the left lateral decubitus 
position. Images were obtained from the parasternal 
long- and short-axes, apical two- and four-chamber, 
and long-axis views. All echocardiograms included at 
least three cardiac cycles and were digitally stored for 
offline analysis. In addition to LVEF, end-systolic 
and end-diastolic volumes were measured from the 
apical two- and four-chamber views, using the 
standard biplane Simpson’s technique. 
Interventricular septum, posterior wall thickness, LV 
end-diastolic diameter, and left atrial antero-posterior 
diameter were measured from a parasternal long-axis 
view8. Echocardiographic parameters were calculated 
by qualified physician (O.O.), and echocardiographic 
examination was conducted by an investigator who 
was blinded to the patients’ clinical information. 

Analysis of QT, TPE interval  

All standard 12-lead ECGs were recorded at 25 
mm/s speed and 10 mm/mv gain with Nihon 
Kohden ECG-9132K electrocardiograph (Nihon 
Kohden Corporation, Tokyo, Japan). A 12-lead 
resting ECG was recorded at admission in the 
coronary care unit for patients with an anterior AMI 
at the first six hours prior to the thrombolysis and 
then were manually measured with a ruler. All ECGs, 
were manually analyzed by 1 experienced cardiologist 
(Onder Ozturk) who was unaware of the clinical data. 
The QT interval was measured from the beginning of 
the QRS to the end of the T-wave. The end of the T-
wave was defined as the point of return to the 
isoelectric line9. In cases where the T-wave was 
interrupted by a U-wave, the end of the T-wave was 
defined as the nadir between the T- and U-waves. In 
instances where the T-wave could not be reliably 
determined due to extremely low voltage (<0.1 mV), 
measurement of QT interval was not established and 
consequently these leads were excluded from 
analysis. In order to exclude the effects of the heart 
rate (HR) on the QT interval, the QT interval was 
corrected according to the Bazett formula 
(QTc=QT/square root of RR interval). QTd was 
defined as the difference between the maximum and 
minimum QT intervals. TPE was measured with a 

ruler from the peak of the T-wave to its end; TPE 
was corrected for heart rate9. The criteria to 
determine the endpoint of the T-wave were similar to 
the aforementioned criteria considered for the QT 
measurement.  

Assesment of stroke severity  

According to the updated definition of stroke in the 
American Heart Association/American Stroke 
Association guidelines, ischemic stroke is diagnosed 
based on the combination of symptoms and/or signs 
of typical neurological dysfunction and imaging 
evidence of central nervous system infarction. 
Therefore, ischemic stroke is defined as a 
neurological dysfunction episode caused by focal 
cerebral, spinal, or retinal infarction on imaging10. 

NIHSS is a simple, valid, and realiable systematic 
assessment tool that measures acute stroke-related 
neurologic deficit7. The NIHSS score is very 
important scale for clinical assessment as it enables 
determination of appropriate treatment, prediction of 
lesion size, measurement of stroke severity, and 
prediction of patient outcome in patients with acute 
ischemic stroke. The NIHSS comprises 11 different 
elements evaluating specific ability. Each ability is 
scored between 0 and 4, where 0 corresponds to 
normal functioning and 4 corresponds to complete 
impairment. A patient’s NIHSS score is calculated by 
adding the score for each element of the scale; 42 is 
the highest score possible. A higher NIHSS score 
corresponds to greater impairment of cerebral 
function in a stroke patient. 

The higher the NIHSS score, the higher the 
impairment of a stroke patient. According to NIHSS 
score, there are five stroke severity groups: NIHSS 
=0 (no stroke),   NIHSS=1-4 (minor stroke), 
NIHSS=5-15 (moderate stroke), NIHSS=16-20 
(moderate to severe stroke), NIHSS=21-42 (severe 
stroke). A baseline NIHSS score greater than 16 
indicates a strong probability of  patient disability and 
death7.Stroke severity at admission to the neurology 
care unit was assessed by the NIHSS score by a 
neurologist (U.O). Patients were categorized into two 
groups; Group 1 comprised of patients with non-
severe stroke (NIHSS<16; n=58), whereas Group 2 
comprised of patients with severe stroke 
(NIHSS≥16; n=22). 

Statistical analysis 

Statistical analysis was conducted with the SPSS 
statistical package (Version 12.0; SPSS Inc., Chicago, 
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IL,USA). All baseline parameters were analyzed. 
Continuous variables are expressed as mean±SD, and 
categorical variables are expressed as percentages. 
Intra-observer variability was calculated as the 
absolute difference between the two measurements 
as a percentage of their mean. Mann–Whitney U test 
and Chi-square test were used for comparison of data 

as appropriate. p values <0.05 were considered 
statistically significant. Pearson’s correlation was used 
to determine the relationship between LV MPI and 
other echocardiographic parameters. The Pearson’s 
or Spearman’s correlation was used for assessing 
correlations between variables. 

Table 1. Clinical characteristics of patients. 
Variables Group 1  

(NIHSS score<16) n=58 
Group 2  

(NIHSS score≥l6) n=22 
p Value 

Age (years) 65.4±12.7 69.8±17.7 0.619 
Gender (F/M), n 32 / 26 13 / 9 0.718 
Hypertension, n % 28 (48%) 13 (59%) 0.062 
SBP (mmHg) 143.5±15.2 159.8±18.5 0.043 
DBP (mmHg) 76.4±8.6 84.3±12.7 0.048 
Heart Rate (bpm)  92.3±14.7 115±16.5 0.027 
Diabetes Mellitus, n % 14 (24%) 6 (29%) 0.091 
Smoking, n % 7 (12%) 4 (16%) 0.076 
Dyslipidemia, n % 9 (15%) 8 (36%) 0.043 
Troponin (ng/L) 6.143 14.705 0.037 
HbA1c (%) 6.24±1.43 9.56±1.53 0.009 
Glucose (mg/dl) 143.5±37.4 192.7±48.5 0.026 
Creatinine (mg/dL) 1.3±0.4 1.8±0.6 0.023 
LDL cholesterol (mg/dL) 103.3±27.1 128.4±39.5 0.008 
HDL cholesterol (mg/dL) 42.1±12.3 39.4±10 0.384 

*F:Female, † M:Male, ‡ SBP: Systolic Blood Pressure, § DBP: Diastolic Blood Pressure, || LDL: Low Density Lipoprotein, ¶ HDL: High 
Density Lipoprotein. 

Table 2. Echocardiographic parameters of patients. 
Variables Group 1  

(NIHSS score<16) n=58 
Group 2  

(NIHSS score≥l6) n=22 
p Value 

LV septal thickness, mm 11.2±1.8 12.7±1.7 0.027 
LVDd (mm)  51.2±6.3 54.6±6.8 0.348 
LV posterior Wall thickness, mm 10.8±1.5 11.9±1.6 0.034 
LVDs (mm) 40.5±4.2 43.2±5.8 0.241 
LVEDV (mL) 86.0±17.7 95.4±24.3 0.192 
LVESV (mL) 41.1±12.4 44.7±14.2 0.246 
LAD (mm) 39.5±4.3 42.4±4.6 0.624 
RAD (mm) 32.6±3.4 34.7±3.7 0.590 
RVDd (mm) 28.1±2.5 30.7 ± 2.8 0.369 
LVEF (%) 59.2±5.6 51.4±6.3 0.024 
E/e’ 8.7±2.9 10.4 ±3.6 0.017 

* NIHSS: National Institutes of Health Stroke Scale, † LV: Left Ventricle, ‡ LVDd: Left ventricular diastolic diameter, § LVDs: Left 
ventricular systolic diameter, || LVEDV: Left ventricular end-diastolic volume, ¶ LVESV: Left ventricular end-systolic volume, ** LAD: 
Left atrial diameter, †† RAD: Right atrial diameter, ‡‡ RVDd: Right ventricular diastolic diameter, *** LVEF: Left ventricular ejection 
fraction. 
 

RESULTS 

Baseline characteristics of patients are summarized in 
Table 1. Clinical characteristics of groups were similar 
with respect to age, gender, hypertension, diabetes, 
smoking (p>0.05). Systolic blood pressure (BP), 
diastolic BP, heart rate, dyslipidemia, and troponin 

levels in Group 2 patients were signficantly higher 
than Group 1 patients (p<0.05). Serum hemoglobin 
HbA1c and low density lipoprotein cholesterol levels 
were significantly higher in Group 2 patients than 
Group 1 patients (p<0.05). 

Echocardiographic findings are summarized in Table 
2. LV wall thickness and E/e’ values were 
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significantly higher in Group 2 patients than in 
Group 1 patients (p < 0.05). LVEF were significantly 
higher in Group 1 patients having lower NIHSS 
scores than in Group 2 patients having higher 
NIHSS.  Electrocardiographic findings are 
summarized in Table 3. Repolarization parameters  
were significantly higher in Group 2 patients than in 
Group 1 patients (p < 0.05). 

Correlation analysis performed to investigate the 
relationship between NIHSS score and 
echocardiographic parameters, showed a negative 
correlation between the NIHSS score and LVEF . In 
addition, there was a positive correlation between 
absolute value of the NIHSS score and replarization 
parameters, age, heart rate and E/e’. (Table 4). 

Table 3. Electrocardiographic parameters of patients. 
Variables Group 1  

(NIHSS score<16) n=58 
Group 2  

(NIHSS score≥l6) n=22 
p Value 

QTc (ms)  486±54.3 538±74.1 <0.05 
QTd (ms)  63.8±3.6 89.3±2.5 <0.05 
QTcd (ms)  66.5±3.7 92.5±2.8 <0.05 
Tpe (ms)  66±328 95±34 <0.05 
Tpe / QT  0.13±0.023 0.17±0.029 <0.05 

*Tpe: T-wave peak to T-wave end 

Table 4. Correlation between NIHSS score and clinical parameters in patients with acute ischemic stroke. 
Parameters  Pearson’s correlation coefficient  

(r value) 
p Value 

LVEF -0.314 0.038 
E/e’ 0.217 0.026 
Age 0.320 0.042 
Heart rate 0.419 0.023 
QTc (ms)  0.294 0.045 
QTd (ms)  0.257 0.042 
QTcd (ms) 0.261 0.039 

Tpe (ms)  0.389 0.037 
Tpe / QT  0.327 0.029 

* NIHSS: National Institutes of Health Stroke Scale, † Tpe: T-wave peak to T-wave end, ‡ LVEF: Left ventricular ejection fraction. 

 
DISCUSSION 

Ischemic stroke and heart failure are important 
causes of morbidity and mortality. It has been 
previously reported that heart failure is associated 
with an increased risk of ischemic stroke. Heart 
failure is also reportedly associated with a poor 
prognosis in patients with stroke10,11. In addition, LV 
dysfunction occurs frequently after cerebrovascular 
events12-14. LV systolic and diastolic dysfunctions 
result from complex and interrelated alterations in 
cardiac function and structure, peripheral 
vasculature, and neurohumoral regulation. 
Neurogenic stunned myocardium (NSM) is defined 
as myocardial injury and dysfunction of the 
autonomic nervous system, that occurs after 
cerebrovascular events. Previous studies have 
suggested that severe neurologic injury, female 
gender, and elevated plasma troponin and brain 

natriuretic peptide levels are independent predictors 
of NSM15,16. The effect of ischemic stroke severity on 
LV repolarization parameters is not very well known, 
and there are only a few studies investigating this 
relationship17,18  

QTd and QTcd reflect the variation between the 
durations of QT and QTc. Increased QTd and QTcd, 
which are thought to indicate local heterogeneity in 
myocardial repolarization, have been shown to cause 
severe ventricular arrhythmias and sudden heart 
death19. There is evidence of an interaction between 
the central nervous system and the cardiovascular 
system during acute cerebrovascular disease20,21. 
Previous studies have reported a significant 
association between acute ischemic stroke and 
baseline QTd and QTcd18,22. The effect of acute 
ischemic stroke on QTd are thought to be due to 
neural myocardial stunning, changes in autonomic 
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nervous system, catecholamine mediated injuries and 
decreased heart rate variability, reduced 
parasympathetic control23. Lazar et al found that a 
positive relationship between baseline QTd and 
NIHSS and modified ranking scores24. In this study, 
we found that, QTc, QTd, QTcd parameters are 
positively correlated with stroke severity. Emektar et 
al found that Tpe and Tpe/QTc parameters were 
significantly higher in acute ischemic stroke patients 
than control groups25. In our study, we found that 
Tpe and Tpe/QT parameters are positively 
correlated with stroke severity. Hypertension, 
hyperlipidemia and Diabetes Mellitus are important 
risk factors for atherosclerotic cerebrovascular 
disease. We found that, blood pressure at admission 
is significantly higher in severe ischemic stroke 
patients. However, Bonardo P et al found that, young 
patients with acute ischemic stroke, large infarct 
volume was not associated with high blood pressure 
at admission26. In our study, we found that LDL 
cholesterol and HbA1c were signficantly higher in 
patients with higher NIHSS scores than in those with 
lower NIHSS scores. Hendrix P et al. found that 
diabetes mellitus history is an important predictor of 
stroke severity27.  

Acute stroke is characterized by profound autonomic 
dysregulation, including alterations in the autonomic 
reflex pathways, central autonomic neuroanatomical 
sites, and hormonal factors. Stroke-related 
sympathetic activation is high in patients with higher 
NIHSS score. Irrespective of prior cardiovascular 
status, an acute phase of stroke markedly influences 
systemic BP, heart rate, LV function, and 
biochemical parameters (Glucose, troponin, 
creatinin)14. In this study, we found that troponin 
levels were significantly higher in severe ischemic 
stroke patients. Chang et al observed that cardiac 
biomarkers, particularly serum troponin levels, are 
associated with acute large vessel occlusion in 
patients with ischemic stroke28. Lindsberg et al 
observed elevated blood glucose is common in the 
early phase of stroke. In our study blood glucose 
levels were significantly higher in severe stroke 
patients on admission. Although up to one-third of 
severe acute ischemic stroke patients have diagnosed 
diabetes, probably a major proportion of patients 
have stress hyperglycemia mediated partly by the 
release of cortisol and norepinephrine29. In our study 
we found that E/é value was significantly higher in 
severe stroke patients. Ryu WS et al. suggested that 
E/e' ratios were associated with arterial occlusion in 
AF-related stroke and may play a role in identifying 

patients at high risk of severe stroke30. In this study 
we found that creatinine levels were significantly 
higher in severe stroke patients. Mostofsky E et al 
suggesting that, shared risk factors underlying 
vascular diseases including age, diabetes mellitus, 
hypertension, left ventricular hypertrophy may 
represent a unique vascular pathogenesis resulting 
from reduced renal clearence. Renal function predicts 
survival in patients with acute ischemic stroke31.   

Our study has several limitations. Although we 
excluded patients with major cardiac history, it is 
possible that chronic heart failure was missed. 
However, we excluded patients with 
echocardiographic parameters that are compatible 
with chronic heart failure, such as segmental 
dyskinesis, dilated or hypertrophic cardiomyopathy, 
or severe valvular disease. Moreover, elevation of 
cardiac troponin levels over time is in accordance 
with the current definition of stress cardiomyopathy. 
Therefore, we suggest that stress cardiomyopathy 
features should be studied in patients with acute 
ischemic stroke and without chronic asymptomatic 
heart failure. 

In this study, we found that acute ischemic stroke has 
been shown to cause changes in repolarization 
parameters, including prolonged QTc, QTd, QTcd, 
Tpe, Tpe/QT. Repolarization parameters are 
associated with stroke severity on admission in 
patients with acute ischemic stroke. Increasing 
dispersion of repolarization parameters are associated 
with an elevated likelihood of arrhythmic cardiac 
death. Increased dispersion of repolarization 
parameters make independent contributions to the 
risk of arrhythmic cardiac death in patients with acute 
ischemic stroke. Therefore, we suggested that 
especially severe ischemic stroke patients closely 
using cardiac monitoring during the first 24 h.     

Yazar Katkıları: Çalışma konsepti/Tasarımı: ÜÖ, ÖÖ; Veri toplama: 
ÜÖ, ÖÖ; Veri analizi ve yorumlama: ÜÖ, ÖÖ, YT; Yazı taslağı: ÜÖ, 
ÖÖ; İçeriğin eleştirel incelenmesi: ÜÖ, ÖÖ, YT; Son onay ve 
sorumluluk: ÜÖ, ÖÖ, YT; Teknik ve malzeme desteği: ÜÖ; 
Süpervizyon: ÖÖ; Fon sağlama (mevcut ise): yok. 
Bilgilendirilmiş Onam: Katılımcılardan yazılı onam alınmıştır. 
Hakem Değerlendirmesi: Dış bağımsız. 
Çıkar Çatışması: Yazarlar çıkar çatışması beyan etmemişlerdir. 
Finansal Destek: Yazarlar finansal destek beyan etmemişlerdir.  
Author Contributions: Concept/Design : ÜÖ, ÖÖ; Data acquisition: 
ÜÖ, ÖÖ; Data analysis and interpretation: ÜÖ, ÖÖ, YT; Drafting 
manuscript: ÜÖ, ÖÖ; Critical revision of manuscript: : ÜÖ, ÖÖ, YT; 
Final approval and accountability: : ÜÖ, ÖÖ, YT; Technical or material 
support: ÜÖE; Supervision: ÖÖ; Securing funding (if available): n/a. 
Informed Consent: Written consent was obtained from the 
participants. 
Peer-review: Externally peer-reviewed. 
Conflict of Interest: Authors declared no conflict of interest. 
Financial Disclosure: Authors declared no financial support 

https://www.ncbi.nlm.nih.gov/pubmed/19468220
https://www.ncbi.nlm.nih.gov/pubmed/19468220


Cilt/Volume 44 Yıl/Year 2019       Stroke severity and repolarization parameters 
 

 545 

REFERENCES 

1. Rojek A, Gąsecki D, Fijalkowski M, Kowalczyk K, 
Kwarciany M, Wolf J et al. Left ventricular ejection 
fraction and aortic stiffness are independent 
predictors of neurologicaloutcome in acute ischemic 
stroke. J Hypertens. 2016;34:2441-8. 

2. Malik AN, Gross BA, Rosalind Lai PM, Moses ZB, 
Du R et al. neurogenic stress cardiomyopathy after 
aneurysmal subarachnoid hemorrhage. World 
Neurosurg.  2015;83:880-5. 

3. Kerro A, Woods T, Chang JJ. Neurogenic stunned 
myocardium in subarachnoid hemorrhage. J Crit Care.  
2017:38:27-34. 

4. Ermis E, Demirelli S, Ceylan M et al: The evaluation 
of myocardial function of patients in the early stage of 
acute ischemic stroke by two-dimensional speckle 
tracking echocardiography. J Clin Ultrasound. 
2016:44:305-11. 

5. Kim H, Yoon HJ, Park HS, Cho YK, Nam CW, Hur 
SH, et al. Usefulness of tissue Doppler 
imagingmyocardial performance index in the 
evaluation of diastolicdysfunction and heart failure 
with preserved ejection fraction. Clin Cardiol. 
2011;34:494-9. 

6. Ozturk O, Ulgen MS, Tekes S, Ozturk U, Toprak N. 
Influence of the angiotensin converting enzyme i/d 
gene polymorphisms on right ventricular myocardial 
performance index in patients with a first acute 
anterior myocardial infarction.  Circ J.  2005;69:211-5. 

7. Öztürk Ö, Toprak N. Akut Anteriyor miyokard 
infarktüslü hastalarda geliş miyokardiyal performans 
indeksi ile lökositoz arasındaki ilişki. Dicle Med J.  
2004;2:36-41. 

8. Lyden P. Using the National Institutes of Health 
Stroke Scale: a cautionary tale. Stroke. 2017:48:513-9. 

9. Lang RM, Badano LP, Mor-Avi V,  Afilalo J, 
Armstrong A, Ernande L et al. Recommendations for 
cardiac chamber quantification by echocardiography 
in adults: an update from the American Society of 
Echocardiography and the European Association of 
Cardiovascular Imaging. J Am Soc Echocardiogr. 
2015;28:1-39. 

10.  Zawadka-Kunikowska M, Slominski K, Slomko J, 
Tafil-Klawe M, Klawe JJ, Sokołowski L et al. 
Comprehensive non-nvasive cardiac and autonomic 
assessment in acute ischaemic strokepatients: pilot 
study. Minerva Cardioangiol. 2018;66:376-85. 

11. Vemmos K, Ntaios G, Savvari P, Vemmou AM, 
Koroboki E, Manios E et al: Stroke etiology and 
predictors of outcome in patients with heart failure 
and acute stroke: a 10-year follow-up study. Eur J 
Heart Fail. 2012;14:211-8. 

12. Holmström A, Fu ML, Hjalmarsson C, Bokemark L, 
Andersson B. Heart dysfunction in patients with acute 
ischemic stroke or TIA does not predict all-cause 
mortality at long-term follow-up. BMC Neurol. 
2013;13:122. 

13. Ripoll JG, Blackshear JL, Díaz-Gómez JL. Acute 
cardiac complications in critical brain disease. 
Neurosurg Clin N Am. 2018;29:281-97. 

14. Constantinescu V, Matei D, Cuciureanu D,  Corciova 
C, Ignat B, Popescu CD et al. Cortical modulation of 
cardiac autonomic activity in ischemic stroke patients. 
Acta Neurol Belg.  2016;116:473-80. 

15. Biso S, Wongrakpanich S, Agrawal A, Yadlapati S, 
Kishlyansky M, Figueredo V et al. a review of 
neurogenic stunned myocardium. Cardiovasc 
Psychiatry Neurol. 2017;2017:5842182. 

16. Mierzewska-Schmidt M, Gawecka A. Neurogenic 
stunned myocardium - do we consider this diagnosis 
in patients with acute central nervous system injury 
and acute heart failure? Anaesthesiol Intensive Ther. 
2015:47:175-80. 

17. Chao CC, Wang TL, Chong CF, Lin YM, Chen CC, 
Tang GJ et al. Prognostic value of QT parameters in 
patients with acute hemorrhagic stroke: a prospective 
evaluation with respect to mortality and post-
hospitalization bed confinement. J Chin Med Assoc. 
2009;72:124–32. 

18. Familoni OB, Odusan O, Ogun SA. The pattern and 
prognostic features of QT intervals and dispersion in 
patients with acute ischemic stroke. J Natl Med Assoc.  
2006;98:1758–62. 

19. Castro Hevia J, Antzelevitch C, Torne´s Ba´rzaga F, 
Dorantes Sa´nchez M, Dortico´s Balea F, Zayas 
Molina R et al. Tpeak-Tend and Tpeak-Tend 
dispersion as risk factors for ventricular 
tachycardia/ventricular fibrillation in patients with the 
Brugada syndrome. J Am Coll Cardiol. 2006;47:1828–
34. 

20. Oppenheimer SM, Cechetto DF, Hachinski VC. 
Cerebrogenic cardiac arrhythmias. Cerebral 
electrocardiographic influences and their role in 
sudden death. Arch Neurol. 1990;47:513–9. 

21. Afsar NA, Fak AS, Metzger J, Van Melle G, 
Kappenberger L, Bogousslavsky J. Acute stroke 
increases QT dispersion in patients without known 
cardiac disease. Arch Neurol. 2003;60:346–50. 

22. Sommargren CE. Electrocardiographic abnormalities 
in patients with subarachnoid hemorrhage. Am J Crit 
Care. 2002;11:48–56. 

23. Purushothaman S, Salmani D, Prarthana KG, 
Bandelkar SM, Varghese S. Study of ECG changes 
and its relation to mortality in cases of cerebrovascular 
accidents. J Nat Sci Biol Med. 2014;5:434–36. 

24. Lazar J, Manzella S, Moonjelly J, Wirkowski E, Cohen 
TJ. The prognostic value of QT dispersion in patients 
presenting with acute neurological events. J Invasive 
Cardiol. 2003;15:31–5. 

25. Emektar E, Çorbacıoğlu ŞK, Korucu O, Ramadan S, 
Uzunosmanoğlu H, Kan E et al. The evaluation of a 
new marker of transmyocardial repolarization 
parameters in ischemic strokepatients; T peak-T end 
(T p-e), T p-e/QTc. Acta Neurol Belg. 2017;117:461-
7. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rojek%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27607455
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C4%85secki%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27607455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fija%C5%82kowski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27607455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kowalczyk%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27607455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kwarciany%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27607455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolf%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27607455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Left+ventricular+ejection+fraction+and+aortic+stiffness+are+independent+predictors+of+neurological+outcome+in+acute+ischemic+stroke
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moses%20ZB%5BAuthor%5D&cauthor=true&cauthor_uid=25655685
https://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25655685
https://www.ncbi.nlm.nih.gov/pubmed/25655685
https://www.ncbi.nlm.nih.gov/pubmed/25655685
https://www.ncbi.nlm.nih.gov/pubmed/27837689
https://www.ncbi.nlm.nih.gov/pubmed/27837689
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ermis%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26888734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demirelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26888734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ceylan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26888734
https://www.ncbi.nlm.nih.gov/pubmed/26888734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21780137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoon%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=21780137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=21780137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Usefulness+of+Tissue+Doppler+Imaging-Myocardial+Performance+Index+in+the+Evaluation+of+Diastolic+Dysfunction+and+Heart+Failure+With+Preserved+Ejection+Fraction
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyden%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28077454
https://www.ncbi.nlm.nih.gov/pubmed/?term=Using+the+National+Institutes+of+Health+Stroke+Scale+A+Cautionary+Tale
https://www.ncbi.nlm.nih.gov/pubmed/?term=Afilalo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25559473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25559473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ernande%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25559473
https://www.ncbi.nlm.nih.gov/pubmed/25559473
https://www.ncbi.nlm.nih.gov/pubmed/25559473
https://www.ncbi.nlm.nih.gov/pubmed/25559473
https://www.ncbi.nlm.nih.gov/pubmed/25559473
https://www.ncbi.nlm.nih.gov/pubmed/25559473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zawadka-Kunikowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29393601
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C5%82omi%C5%84ski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29393601
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C5%82omko%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29393601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tafil-Klawe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29393601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klawe%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=29393601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soko%C5%82owski%20%C5%81%5BAuthor%5D&cauthor=true&cauthor_uid=29393601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comprehensive+non-invasive+cardiac+and+autonomic+assessment+in+acute+ischaemic+stroke+patients%3A+pilot+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vemmou%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22200911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koroboki%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22200911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manios%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22200911
https://www.ncbi.nlm.nih.gov/pubmed/24053888
https://www.ncbi.nlm.nih.gov/pubmed/24053888
https://www.ncbi.nlm.nih.gov/pubmed/24053888
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ripoll%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=29502718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blackshear%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=29502718
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%ADaz-G%C3%B3mez%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=29502718
https://www.ncbi.nlm.nih.gov/pubmed/29502718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corciova%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27097606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corciova%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27097606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ignat%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27097606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popescu%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=27097606
https://www.ncbi.nlm.nih.gov/pubmed/27097606
https://www.ncbi.nlm.nih.gov/pubmed/27097606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yadlapati%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28875040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kishlyansky%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28875040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Figueredo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28875040
https://www.ncbi.nlm.nih.gov/pubmed/28875040
https://www.ncbi.nlm.nih.gov/pubmed/28875040
https://www.ncbi.nlm.nih.gov/pubmed/25940334
https://www.ncbi.nlm.nih.gov/pubmed/25940334
https://www.ncbi.nlm.nih.gov/pubmed/25940334
https://www.ncbi.nlm.nih.gov/pubmed/25940334
https://www.ncbi.nlm.nih.gov/pubmed/?term=Emektar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28110482
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%87orbac%C4%B1o%C4%9Flu%20%C5%9EK%5BAuthor%5D&cauthor=true&cauthor_uid=28110482
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korucu%20O%5BAuthor%5D&cauthor=true&cauthor_uid=28110482
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramadan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28110482
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uzunosmano%C4%9Flu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28110482
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28110482
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+evaluation+of+a+new+marker+of+transmyocardial+repolarization+parameters+in+ischemic+stroke+patients


Öztürk et al.  Cukurova Medical Journal 
 

 546 

26. Bonardo P, Pantiú F, Ferraro M, Chertcoff A, Bandeo 
L, Cejas LL et al. Impact of infarct size on blood 
pressure in young patients with acute stroke. J Vasc 
Interv Neurol. 2018;10:14-6.   

27. Hendrix P, Sofoluke N, Adams MD, Kunaprayoon S, 
Zand R, Kolinovsky AN et al. Risk factors for acute 
ischemic stroke caused by anterior large vessel 
occlusion.  Stroke. 2019;50:1074-80. 

28. Chang A, Ricci B, Grory BM, Cutting S, Burton T, 
Dakay K et al. Cardiac biomarkers predict large vessel 
occlusion in patients with ischemic stroke. J Stroke 
Cerebrovasc Dis. 2019;28:1726-31. 

29. Lindsberg JP, Roine RO. Hyperglycaemia in acute 
stroke. Stroke. 2004;35:363-4. 

30. Ryu WS, Bae EK, Park SH, Jeong SW, 
Schellingerhout D, Nahrendorf M et al. Increased left 
ventricular filling pressure and arterial occlusion in 
stroke related to atrial fibrillation. J Stroke 
Cerebrovasc Dis. 2018;27:1275-82.  

31. Mostofsky E, Wellenius GA, Noheria A, Levitan EB, 
Burger MR, Schlaug G et al. Renal function predicts 
survival in patients with acute ischemic 
stroke.Cerebrovasc Dis. 2009;28:88-94. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonardo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panti%C3%BA%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferraro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chertcoff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandeo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandeo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cejas%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=29922398
https://www.ncbi.nlm.nih.gov/pubmed/29922398
https://www.ncbi.nlm.nih.gov/pubmed/29922398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hendrix%20P%5BAuthor%5D&cauthor=true&cauthor_uid=31009355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sofoluke%20N%5BAuthor%5D&cauthor=true&cauthor_uid=31009355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=31009355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kunaprayoon%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31009355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zand%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31009355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kolinovsky%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=31009355
https://www.ncbi.nlm.nih.gov/pubmed/31009355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30898447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ricci%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30898447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grory%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=30898447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cutting%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30898447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burton%20T%5BAuthor%5D&cauthor=true&cauthor_uid=30898447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dakay%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30898447
https://www.ncbi.nlm.nih.gov/pubmed/30898447
https://www.ncbi.nlm.nih.gov/pubmed/30898447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ryu%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=29310958
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bae%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=29310958
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=29310958
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=29310958
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schellingerhout%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29310958
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nahrendorf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29310958
https://www.ncbi.nlm.nih.gov/pubmed/29310958
https://www.ncbi.nlm.nih.gov/pubmed/29310958
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mostofsky%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19468220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wellenius%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=19468220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noheria%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19468220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levitan%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=19468220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19468220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schlaug%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19468220

	ARAŞTIRMA / RESEARCH
	INTRODUCTION
	MATERIALS AND METHODS
	Two-dimensional echocardiography

	RESULTS
	DISCUSSION
	REFERENCES

