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EVALUATION OF P WAVE DISPERSION IN ECG; QT DISPERSION AND OTHER ECG 

CHANGES IN PATIENTS ADMITTED TO EMERGENCY DUE TO STROKE 
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ABSTRACT 

Aims: In this, a comparison of QT, QTC, QTDIS, P wave and PDIS values from the first ECG 

recordings in stroke patients and healthy individuals in emergency department was realized, 

and it was searched whether these values were predictors of prognosis within gender and age 

or not. 

Materials and Methods: Along with a control group of 90 patients, 76 patients with a 

diagnosis on ischemic stroke presenting neurological symptoms and brain CT and/or MRI 

evaluation in the emergency service were included in the study. All patients were analysed 

with 12-lead electrocardiograms and PMAX, PMIN, PDIS, QT, QTc, QTDIS and QTCDIS intervals 

were measured. 
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Results: During the PDIS comparison in control and stroke groups, interval was detected 

significantly higher in the stroke group [95% CI; 39.55 to 49.40] compared to the control 

group [95% CI; 26.55 to 33.45]. QTDIS [95% CI; Vs 49.16 to 62.28 39.28 to 46.82] and 

QTCDIS values [95% CI; 54.22 to 72.83 vs 43,10-51,1739,28-46,82] were also detected 

statistically meaningful in stroke group compared to control cases. 

Conclusion: PDIS, QTDIS and QTCDIS intervals that were determined to be prolonged in stroke 

groups compared to the control group should be considered as important parameters in 

prognosis and clinical follow-up. 

Key Words: Stroke, Electrocardiogram, P wave dispersion, QT-QTc wave dispersion  

ÖZET: 

Amaç: Bu çalışmada, acil serviste  akut inme hastalarında ve sağlıklı bireylerde ilk EKG 

kayıtlarından QT, QTc, QTDIS, P dalga ve PDIS değerlerinin karşılaştırılması yapıldı ve bu 

değerlerin cinsiyet ve yaş açısından prognoz belirleyicileri olup olmadığı araştırıldı. 

Gereç ve Yöntem: 90 hastadan oluşan bir kontrol grubu ile birlikte, nörolojik semptomları 

olan ve iskemik inme tanısı konan 76 hastanın acil serviste beyin BT ve/veya MRI 

görüntülemesi yapıldı. Tüm hastaların 12 derivasyonlu elektrokardiyografileri analiz edildi ve 

PMAX, PMIN, PDIS, QT, QTc, QTDIS ve QTCDIS aralıkları ölçüldü. 

Bulgular: Kontrol grubu ve inme gruplarındaki PDIS karşılaştırması sırasında, aralık inmeli 

grupta [% 95 CI; 39.55 ila 49.40] kontrol grubuna [% 95 CI; 26.55 ila 33.45]. QTDIS [% 95 

CI; Vs 49.16 ila 62.28 39.28 ila 46.82] ve QTC DIS değerleri [% 95 CI; 54.22 ila 72.83'e 

karşılık 43,10-51,1739,28-46,82] kontrol gruplarına kıyasla inmeli grupta istatistiksel olarak 

anlamlı bulundu. 

Sonuç: Prognoz ve klinik takipte inme grubunda kontrol grubuna göre uzamış olduğu 

saptanan PDIS, QTDIS ve QTC DIS değerleri önemli parametreler olarak düşünülmelidir. 

Anahtar Kelimeler: Ġnme, EKG, P dalga dispersionu, QT-QTc dalga dispersionu.  
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INTRODUCTION 

Stroke means a sudden-located and focal neurological syndrome induced by cerebrovascular 

disease (CVD). Despite advances in medical care, stroke still ranks as the fourth reason of 

death(1). It’s known that cardiac arrhythmias and structural heart diseases have important 

places in the ethiology of stroke. Atrial fibrillation (AF) is also a frequent cause of stroke. 

Such that there’s the possibility of AF even if it was not detected in the first hospital 

admission, and it needs further monitoring for diagnosis(2). 

It is known that many ECG findings can be observed in stroke patients. It’s also known that, 

since brain regions such as frontal lobe, insular cortex and the amygdala play important roles 

in the regulation of the heart, via the sympathetic and parasympathetic system, cerebral 

lesions in these regions are known to cause more cardiac symptoms. Along with AF, QT 

prolongation, ST segment, T wave changes and AV blocks, life-threatening ventricular 

arrhythmias can be seen in stroke patients. Therefore, patient monitoring is advised in acute 

phase(3). With serial ECG monitoring, AF is diagnosed 2.6 times more than as usual. Instead 

of regular monitoring, rhytm holter is defined as a better method for the identification of 

paroxysmal AF(3,5). 

P wave dispersion (PDIS) is defined as the difference between the maximum and minimum P-

wave durations in ECG. It was regarded as the ECG finding that can be used in predicting 

paroxysmal AF(6). It is stated that the detection of PDIS in ECG taken in the first 24 hours of 

stroke can be used for detecting paroxysmal AF and the risk of recurrent stroke(7). 

QT and QTC intervals are indicators of ventricular repolarization in ECG. It was reported that 

QTC prolongation and QT dispersion (QTDIS) could be seen in stroke patients, and that it can 

reflect mortality and morbidity(8). QTDIS can change depending on lesion size, type, location 

and the severity of disease in stroke patients(9). Increased amounts of chatecholamines are 

held responsible for this increase(10). 

Stroke group is vulnerable to the risk of arrhythmias. Monitoring of patients or follow-up with 

holter is recommended for his situation. PDIS and QTDIS intervals are regarded as important 

parameters illustrating the recurrence and prognosis, and may reflect patient's potential of 

arrhythmia easily. Evaluation of these parameters in the early stages will enable earlier 

detection of the group of patients at risk. 
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Therefore, in this study a comparison on QT, OTC, OTDIS, P and PDIS duration in ECG 

recordings among stroke patients and healthy individuals in emergency room is planned with 

the aim of determining the correlation of these parameters as well as their probable change 

with age, gender and prognosis. 

MATERIAL AND METHOD 

The data in this prospective case-control study was collected in 6 months after receiving 

ethical approval (between 01.01.2013-31.05.2013). The study included 76 stroke patients who 

were admitted to Emergency Department of Canakkale State Hospital between the above 

mentioned dates and who were diagnosed with ischemic stroke with a first ECG findings in 

sinus rhythm. These patients formed the stroke group (Group S) of the study. Patients with 

similar age and gender ranges admitted to the emergency were included in the control group 

(Group C). 

 

With the help of the mean ± SDs obtained from the study by Kocer and friends compairing 

Pdis and outcomes of stroke patients, the number of patients was determined 61 for each 

group with 95% confidence interval and 80% power. (11-12) 76 patients and 90 control 

patients were enrolled in the study within the prescribed time 

(http://www.openepi.com/SampleSize/SSMean.htm). 

 

Exclusion criteria from the study; 

1. Patients with known heart disease (cardiomegaly, valve disease, heart failure, or cardiac 

arrhythmia), 

2. Renal insufficiency (creatinine>1.3 mg.dl-1), 

3. Severe anemia (Hb <8 g.dl-1), 

4. Diabetes mellitus, hypo / hyperthyroidism, alcohol addiction 

5. Patients using drugs that prolong the QT interval, 

6. Patients in pregnancy or lactation. 

The demographic data of stroke patients and the control group that were diagnosed, their 

symptoms and signs, laboratory results and ECGs were collected in the emergency 

department for the study. Stroke was diagnosed by brain CT and/or diffusion MRI of patients 
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who admitted to the emergency department with neurological symptoms and were diagnosed 

ischemic stroke.  

ECG and ANALYSES 

Standard 12-lead ECG (Nihon Kohden Cardiofax M®; Tokyo, Japan) at 25 mm / sec paper 

speed and 10 mm / mV calibration was  recorded from all patients enrolled in the study. All 

analyses were evaluated by a single specialized cardiologist using a magnifying glass blind to 

the group for which ECG is included. 

P wave duration was calculated by the measurement of the distance between the intersections 

at the beginning and the end of P wave deflection on the isoelectric line. After determining P 

MAX , and PMIN, PDIS interval was calculated by subtracting the value of PMIN from PMAX. 

QT interval was calculated by the distance between the intersections at the beginning of QRS 

wave and the end of T wave on the isoelectric line. Corrected QT (QTC) was measured with 

QT interval divided by the square root of RR. 

Relations were investigated using Spearman's coefficient and risk factors using binary logistic 

regression. The results were evaluated in a 95% confidence interval and a significance level of 

p <0.05. 

Biochemical Analyses 

Glucose, urea, creatinine, sodium, potassium, chloride, calcium and blood count examinations 

were made for all the patients included in the study. 

Statistical Analysis 

IBM SPSS Statistics 22.0 (IBM Corp., Armonk, New York) was used for all data analyses. 

Arithmetic means, standard deviations, frequency (n) and percentage (%) were used during 

data analysis.   

When the divergencies between groups correlated with normal distribution of data, t test was 

used, while there was no such correlation Mann-Whitney U was used. Chi-square test was 

employed for discrete variables. Relationships were searched by the use of Spearman index 

and the risk factors were searched by the use of dual logistic regression. Results were 

evaluated at 95% confidence interval and significance level at p <0.05. 
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RESULTS 

76 patients in stroke group and 90 patients as control group were included into this study. 

56.7% of stroke patients (n = 51) and 54.4% of patients in the control group (n = 49) were 

male. When patients' age, sex and laboratory analyses were evaluated, no statistically 

significant difference was observed (Table 1).  

Table 1. Distribution of age, gender and laboratuary results between study groups  

Groups Grup S 

(n=76) 

Grup C 

(n=90) 

P value 

Initial datas 

Age 68,64±10.02 67.51±9.75 0.707 

Gender 

 

Male 44 ( %57.9) 49 (%54.4) 0.754 

Female 32 (%42.1) 41 (%45.6) 

Na 137,97±3,56 138,64±3.18 0.202 

Cl 102.63±4.94 103.74±3.53 0.103 

K 4,24±0,45 4.14±0,49 0.182 

Ca 9.30±0,57 9,27±0,50 0.735 

ECG measurements 

Heart rate (per minute) 77,53±16,07 71,53±12,50 0.008 

PMAX (ms) 84,74±19,01 75,11±17,04 0.001 

PMIN (ms) 40,53±13,46 45,11±13,26 0.029 

PDIS (ms) 44,47±21,57 30,00±16,49 <0.001 

QT (ms) 389,72±31,68 374,51±29,67 0.002 

QTC (ms) 425,39±31,47 417,59±29,25 0.100 

QTDIS (ms) 55,72±28,71 43.06±17.99 0.001 

QTCDIS (ms) 63,53±40,73 47.13±19.26 0.002 

(PMAX :P wave maximum duration, PMIN:P wave minimum duration, PDIS:P wave duration 

dispersion, QT: QT distance,  QTC :QT corrected distance, QTDIS :QT distance dispertion, 

QTCDIS: QT corrected distance dispersion). 
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When ECGs of patients in both groups were examined, it was found out that stroke patients 

had significantly higher heart rates than the control group. Mean PMAX value [95% CI; 80.39 

to 89.08] in stroke group (95% CI, 71.54-18.68) was significantly longer statistically 

compared to the control group. Mean PMIN value in stroke group [95% CI; 37.45 to 43.60] 

was significantly lower than control group value [95% CI, 42.33 to 47.89]. Mean PDIS interval 

the stroke group [95% CI, 39.55 to 49.40] was significantly higher compared with the control 

group [95% CI, 26.55 to 33.45].Mean QT interval was significantly longer in stroke group 

[95% CI 382.48 to 396, 96] than in the control group [95% CI, 368.29 to 380.72] Mean QTDIS 

[95% CI; Vs 49.16 to 62.28 39.28 to 46.82] and QTCDIS [95% CI; 54.22 to 72.83 vs 43,10-

51,1739,28-46,82] intervals were higher than the control group and this difference was 

statistically significant (Fig 1). On the other hand, as seen in the same table, QTC comparisons 

showed no significant difference (Table 1). 

 

Figure 1: Comparison of groups PDIS, QTDIS and QTCDIS. 

 

PDIS: P wave duration dispersion, QTDIS :QT distance dispersion, QTCDIS: QT corrected distance dispersion 
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Examination of Stroke Group 

While 12 (15.8%) stroke patients evaluated as stroke patients at the emergency department 

were being discharged, 1 (1.3%) patient was hospitalized in intensive care and 63 patients 

(82.9%) in neurology service. Subsequently, 64 (84.2%) of the hospitalized patients were 

discharged, and 12 (15.8%) patients died in the follow-up period. The median length of 

hospitalization was 3 days (range, 1-69). There found no correlation between the duration of 

hospitalization and heart rate and ECG measurements (for each p> 0.05). 

At least one abnormal ECG was observed in 64 patients (84.2%). T-wave inversion was 

observed in 61 patients (80.3%), and ST abnormalities were observed in 57 patients (75%). 

There observed no significant statistical difference in ECG measurements ofgenders in stroke 

group. Neither there was observed a correlation among ECG measurements and patients’ 

discharge (Table 2). 
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Table 2: Comparison of ECG measurements and emergency department and hospital 

outcomes 

 PMAX PMIN PDIS QT QTC QTDIS QTCDIS 

Gender 

Male 84,55±2

0,17 

39,09±1

2,17 

45,45±2

1,72 

386,52±2

9,01 

421,34±2

7,55 

53,86±2

7,30 

62,79±3

9,85 

Female 85,00±1

7,60 

42,50±1

5,03 

43,13±2

1,62 

394,13±3

5,02 

430,97±3

5,89 

58,28±3

0,79 

64,53±4

2,53 

P value 0.919 0.278 0.645 0.305 0.190 0.511 0.859 

Outcomes in emergency department 

Hospitaliz

ation 

(n=12 

83,43±1

9,37 

39,06±1

3,06 

44,69±2

2,18 

387,28±3

1,82 

422,88±29

,83 

55,08±2

8,82 

62,34±4

2,14 

Discharge 

(n=64) 

91,67±1

5,86 

48,33±1

3,37 

43,33±1

8,75 

402,75±2

8,73 

438,83±37

,71 

59,17±2

9,06 

69,83±3

2,97 

P value 0.170 0.028 0.843 0.111 0.107 0.654 0.562 

Outcomes in neurology service 

Exitus 

(n=12= 

80,00±1

7,06 

40,00±8,

53 

40,00±1

9,07 

379,41±3

2,93 

419,08±25

,45 

52,67±3

1,53 

64,00±5

2,96 

Discharge 

(n=52) 

84,23±1

9,94 

38,85±1

3,95 

45.77±2

2,87 

389,09±3

1.60 

423,75±30

,91 

55.63±2

8.46 

61.96±3

9.85 

P value 0.500 0.785 0.421 0.346 0.629 0.751 0.881 

        

PMAX : P wave maximum duration, PMIN: P wave minimum duration, PDIS:P wave duration dispersion, QT:QT 

distance,  QTC :QT corrected distance, QTDIS:QT distance dispersion, QTCDIS: QT corrected distance dispersion 

 

In this study effects of variables on risk factors for each disease were also examined. The rise 

of PMAX, PDIS, QT, and QTDIS values augment the risk of meaningful illness is about 1-fold 

(95% CI 1.02-1.98). The decline in PMIN value increases the risk of stroke about 0,950 times. 

ECG changes, ST segment and T wave changes cause approximately 2-fold increase for the 

meaningful disease risk. 
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DISCUSSION 

Stroke is the most common cause of death after heart disease and cancer, and 10% of all 

deaths in the world are brought about by stroke. It is the most common cause for long-term 

physical disability in adults(13). Arrhythmias caused by cardiovascular dysfunction, ischemic 

heart damage or complications such as sudden death can frequently occur in the aftermath of 

acute stroke. In the formation of these complications increased sympathetic activity is known 

to be accompanied with parasympathetic function. The most precipitating factor for deaths 

after stroke is of cardiac origin, and it’s stated that this is related with the effects of cerebral 

mechanisms on heart rather than the coronary artery disease(14). Central sympathetic 

hyperactivity, suppression of cardiac parasympathetic activity, and abnormal baroreceptor 

function have been shown as causes for this situation(8,15-19). 75% of patients were observed 

to have ECG changes compared to the past, and cardiac arrhythmias were seen in 28.7% of 

these patients; arrhythmias were observed frequently if right hemisphere of cerebrum was 

more affected(20). 

In this study, while it was seen in the comparison between the stroke and control groups that 

higher heart rates were detected in stroke group compared to the control group, there detected 

no statistically significant difference. In a study conducted by Dogan et al. advent of PDIS of as 

a predictor of paroxsymal AF was searched in patients with ischemic stroke.  In the result of 

the study, it was confirmed that the the level of PDIS has an independent predictor value for 

PAF(21). 

Even there are some studies on ECG changes in stroke in the literature, studies about the P 

wave and PDIS are limited. Kocer et al compared 67 stroke patients and 58 cases in control 

group and didn’t find any differences between P-wave duration and PDIS. Although they 

concluded that these parameters cannot mean that there is a relation between P wave duration 

and PDIS, and that they cannot be employed for a predicting factor, they advised further case-

study on this issue(11). In our task,76 stroke patients were studied with 90 control cases. In 

stroke group, P wave duration and PDIS interval were found significantly higher. 

In the study of Lazar et al. it was shown that mean QTDIS interval was identified to be 

significantly higher in dead cases compared to survivors(22). Eckardt et al. showed that QTDIS 

intervals are prolonged in situations when there is a stroke that includes insular cortex in 
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stroke patients involving insular cortex lesions with unilateral cerebral ischemia and whose 

ECG was taken only once in the first 72 hours for the 19 control cases(23). Afsar et al 

compared 36 acute stroke patients (including intracranial hemorrhagia) with 19 control cases 

without any cardiovascular diseases or diabetes, and compared serial ECGs in 24 and 72 

hours. It was stated that while there was observed a meaningful QTDIS prolongation in first 24 

hours, it was observed that the values gradually declined after 72 hours period and came 

closer to the values of the control group.  

In the same study, they showed that QTDIS was significantly higher in acute stroke patients 

without cardiovascular disease and that this was more dependent on the size of the lesion 

rather than its localisation(9). In another study, high troponin levels and so probability of 

myocardial damage was reported in high QTDIS cases(24). In some studies, it was illustrated 

that QTDIS value was an independent predictor of mortality and functional outcomes in 

neurological events(8). In our study, in parallel to the literature, QTDIS interval was found 

statistically and significantly higher in stroke patients compared to the control group. When 

evaluated with earlier studies, OTDIS prolongation is explicit in stroke patients and influences 

prognosis. 

In this study, ECG assessments were made manually with the help of a magnifying glass. 

PMAX, PMIN, QTDIS, QTMAX and QTMIN were assessed using a magnifying glass by a single 

cardiologist. Intra- or inter observer variations can be seen in this type of evaluation. Visual 

interpretations of the cases may also be different from digital evaluations. 

In this study, ECGs were evaluated only during admission to the emergency service. Relations 

of the complications of the measured evaluation generated in the follow-up period with the 

mortality of the patients or the detected arrhytmias were not evaluated. The analysis on this 

study cannot be advised to be employed for the prognosis of stroke patients with the data 

available. 

Stroke increases with age and continues to be a major cause of morbidity and mortality. 

Though ECG changes in stroke have been studied in recent publications, in this study PDIS 

was specifically evaluated. As a result, significantly prolonged PDIS in stroke patients was 

observed. However, similar to previous studies, in stroke patients QTDIS interval was 

prolonged and cardiac rates increased. ECG evaluations of emergency physcians in stroke 
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patients are advised to include all these parameters for directing the prognosis and follow-up 

of of the patient. 
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