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Abstract 

Introduction: Studies show that p-wave dispersion and left atrial ejection fraction are predictors of cardiovascular 

events. Purpose: To verify the association of p-wave dispersion and left atrial ejection fraction with cardioembolic 

ischemic stroke. Methods: This is an observational, cross-sectional, case-control study with 61 patients, mean age of 

65.6, with sinus rhythm ischemic stroke who underwent clinical evaluation with CHA2DS2-VASc score, 

electrocardiogram, echocardiogram and ultrasonography with Doppler of both carotid and vertebral arteries. The 

groups were divided into cardioembolic (cases) and non-cardioembolic (controls). The p-wave dispersion was 

obtained with a 12-lead electrocardiographic tracing at 50 mm/s by subtracting the largest p-wave by the smallest one. 

Left atrial ejection fraction was obtained using the modified biplane Simpson method. This study was approved by the 

UERN Research Ethics Committee (# 2,536,483). Results: Mean values for p-wave dispersion were 62.5 ms for cases 

and 49 ms for controls (p = 0.025). For left atrial ejection fraction, the cases presented a mean of 42.9% and the 

controls a mean of 55.8% (p = 0.003). For the CHA2DS2-VASc score, the mean values were 3.6 and 3.1 for cases and 

controls, respectively (p = 0.35). Cardiovascular risk factors showed similar distribution in both groups. Conclusion: 

p-wave dispersion and left atrial ejection fraction were associated with the cardioembolic patients with sinus rhythm 

that have gone through ischemic stroke. 

Keywords: Stroke; p-wave; Atrial function. 

 

Resumo 

Introdução: Estudos demonstram que a dispersão da onda p e a fração de ejeção do átrio esquerdo são preditores de 

eventos cardiovasculares. Objetivos: Verificar a associação da dispersão da onda p e da fração de ejeção do átrio 
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esquerdo com o acidente vascular isquêmico cardioembólico. Métodos: Trata-se de um estudo observacional, 

transversal e caso-controle, com 61 pacientes, idade média de 65,6 anos, com acidente vascular encefálico isquêmico 

em ritmo sinusal, submetidos à avaliação clínica, com determinação do escore de CHA2DS2-VASc, 

eletrocardiograma, ecocardiograma e ultrasonografia com Doppler de artérias carótidas e vertebrais. Os grupos foram 

alocados como cardioembólicos (casos) e não cardioembólicos (controles). A dispersão da onda p foi obtida com 

velocidade do traçado eletrocardiográfico de 12 derivações em 50 mm/s, através da subtração entre a maior e a menor 

onda p. A fração de ejeção do átrio esquerdo foi obtida através do método de Simpson biplanar modificado. Aprovado 

no comitê de ética e pesquisa da UERN com o número 2.536.483. Resultados: Os valores médios da dispersão da 

onda p foram de 62,5 ms para os casos e 49 ms para os controles (p=0,025). Para fração de ejeção do átrio esquerdo os 

casos apresentaram média de 42,9% e os controles de 55,8% (p=0,003). Para o escore de CHA2DS2-VASc os valores 

médios foram de 3,6 e 3,1 para os casos e controles, respectivamente (p=0,35). Os fatores de risco cardiovascular 

mostraram distribuição semelhante nos 2 grupos. Conclusão: Nos pacientes em ritmo sinusal acometidos de acidente 

vascular encefálico isquêmico, a dispersão da onda p e a fração de ejeção do átrio esquerdo mostraram associação 

com o subtipo cardioembólico.  

Palavras-chave: Acidente vascular encefálico; onda p; Função atrial. 

 

Resumen 

Introducción: Los estudios demuestran que la dispersión de la onda p y la fracción de eyección de la aurícula 

izquierda son predictores de eventos cardiovasculares. Objetivos: Verificar la asociación entre la dispersión de la onda 

p y la fracción de eyección de la aurícula izquierda con el Accidente cerebrovascular isquémico cardioembólico. 

Métodos: Se trata de un estudio observacional, transversal y de casos y controles, con 61 pacientes, edad media 65,6 

años, con ictus isquémico en ritmo sinusal, sometidos a evaluación clínica, con determinación del score CHA2DS2-

VASc, electrocardiograma, ecocardiograma y Ecografía Doppler de arterias carótidas y vertebrales. Los grupos se 

asignaron como cardioembólicos (casos) y no cardioembólicos (controles). La dispersión de la onda p se obtuvo con 

la velocidad del trazado electrocardiográfico de 12 derivaciones a 50 mm/s, restando entre la onda p más grande y la 

más pequeña. La fracción de eyección de la aurícula izquierda se obtuvo mediante el método biplano de Simpson 

modificado. Aprobado por el comité de ética e investigación de la UERN con el número 2.536.483. Resultados: Los 

valores medios de la dispersión de la onda p fueron 62,5 ms para los casos y 49 ms para los controles (p = 0,025). Para 

la fracción de eyección de la aurícula izquierda, los casos presentaron una media del 42,9% y los controles, el 55,8% 

(p = 0,003). Para la puntuación CHA2DS2-VASc, los valores medios fueron 3,6 y 3,1 para los casos y controles, 

respectivamente (p = 0,35). Los factores de riesgo cardiovascular mostraron una distribución similar en los 2 grupos. 

Conclusión: en pacientes con ritmo sinusal afectado por ictus isquémico, la dispersión de la onda p y la fracción de 

eyección auricular izquierda mostraron asociación con el subtipo cardioembólico. 

Palabras clave: Accidente cerebrovascular isquémico; onda p; Función auricular. 

 

1. Introduction 

Since 1990 with the publication of the Global Burden of Disease study that cardiovascular disease has been 

recognized as the leading cause of death worldwide in both developed and underdeveloped countries (Murray, Lopez & 

Jamison, 1994; Naghavi et al., 2015). At that time, it was estimated that coronary artery disease (CAD) and cerebrovascular 

disease (CVD) accounted for 5.7 and 4.6 million deaths worldwide, respectively. Epidemiological studies have shown that 

from 1990 to 2013 the incidence of CAD and CVD increased by 42 and 41%, respectively. In fact, CAD and CVD account for 

70% of deaths from cardiovascular diseases in low and middle-income countries (Naghavi et al., 2015).  

Stroke, which is the leading cause of disability in the world, is characterized by a neurological deficit due to an acute 

focal injury of the central nervous system caused by a vascular event that includes cerebral infarction, cerebral hemorrhage and 

subarachnoid hemorrhage. Ischemic stroke is defined as an episode of neurological dysfunction caused by focal cerebral, 

medullary or retinal infarction. Infarction, in turn, should be diagnosed based on: 1) pathological, imaging or other objective 

evidence of cerebral, medullary or retinal ischemic injury with defined vascular distribution, or 2) clinical evidences of 

cerebral, medullary or retinal ischemic injury, based on symptoms lasting more than 24 hours or death, excluding other 

etiologies (Sacco et al., 2013).  

Cardioembolic stroke corresponds to 14 to 30% of the cases, with the highest incidence observed in those over 85 

years old. The heart embolus that leads to this subtype of stroke can be originated from 3 mechanisms: 1- thrombus formation 

by blood stasis in a dilated left heart chamber, 2- calcium detachment from a valve surface, and 3- thrombus formation by 
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venous-arterial shunt. The emboli may be of varying sizes, but those originated from dilated cardiac chambers are often larger, 

leading to more severe and lethal ischemic stroke (Arboix & Alió, 2010). 

Cardioembolic stroke comprises events in more than one arterial territory. In general, cardiac emboli are large and 

usually leads to a single and extensive cerebral infarction around the basal nuclei or to multiple infarctions in the middle 

cerebral artery territory. With the aid of a computed tomography, images of bihemispheric cerebral infarction involving 

anterior and posterior circulation or multiple posterior infarcts can be used as strong indicators of cardioembolism (Hart, 1992; 

Caplan, 1995; Biller, Love, & Schneck, 2008). However, magnetic resonance is more accurate than tomography for identifying 

ischemic stroke (Chalela et al., 2007).   

In patients with atrial fibrillation, most protocols recommend assessing the risks for thromboembolic events, which is 

usually performed through CHA2DS2-VASc score. Such score is a sum of points attributed to cardiovascular pathologies and 

therefore, it considers the risk factors evaluated over time. Anticoagulation therapy is indicated for male patients with score ≥ 2 

and female patients with score ≥ 3 (Magalhães et al., 2016; Wann et al., 2019). Thus, the aim of this study was to investigate 

whether there is any relationship between the p-wave dispersion and left atrial ejection fraction with the occurrence of 

ischemic stroke. 

The primary objective is to assess the dispersion of the p wave and the left atrial ejection fraction in patients with 

ischemic stroke. Secondary objectives are defined cardiovascular risk factors, analysis of eletrocardiographic and 

ecocardiographic parameters and determine CHA2DS2-VASc score. 

 

2. Methodology 

This is an observational, cross-sectional and case-control study, previously approved by the Research Ethics 

Committee of UERN under No. 2,536,483, which followed the recommendations described in the resolutions 466/12 and 

510/16 of the National Health Council. Data collection was performed from April/2018 to June/2019 and included patients 

older than 18 years old who were admitted to the Tarcísio Maia Regional Hospital of the city of Mossoró, state of Rio Grande 

do Norte – Brazil, with persistent neurological deficit for more than 24 hours, which underwent evaluation by a neurologist or 

neurosurgeon who recommended an exam of neuroimaging compatible with ischemic stroke (Hart, 1992; Caplan, 1995). 

Patients who presented atrial flutter or atrial fibrillation on the admission electrocardiogram or who refused to participate in the 

study were excluded. In addition, critically ill patients that required invasive mechanical ventilatory assistance were excluded 

as well. 

Prior of being included in this study, patients or family members had to carefully read and sign an Informed Consent 

Form. The principal investigator would further explain to each participant about the research by adapting the technical 

language in a way that was easily understood, respecting the patient’s cultural context, socioeconomic condition and 

autonomy.  

For the initial evaluation, a questionnaire was used to obtain demographic information, educational level, race, 

comorbidities such as heart failure, acute myocardial infarction, systemic arterial hypertension, diabetes mellitus and transient 

ischemic vascular accident as well as lifestyle habits like smoking and physical inactivity. 

The cases consisted of patients with cardioembolic stroke, whereas the controls comprised patients with non-

cardioembolic stroke. The neuroimaging exam was performed at the hospital using a SOMATON SCOPE 16 (SIEMENS®) CT 

scanner and some patients required brain magnetic resonance imaging for supplementing the diagnostic. In addition, the 

CHA2DS2-VASc score was applied to each participant. 

Twelve-lead electrocardiograms were performed within 3 days after admission with a standard amplitude of 1 cm/mV 

and an increase in standard speed from 25 mm/s to 50 mm/s for better p-wave analysis. 
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P-wave dispersion analysis was performed by a cardiologist by the analysis of all p waves of eletrocardiogram (Figure 

1). The cardiologist was unaware of the other parameters evaluated in this study. 

 

Figure 1: P-wave dispersion determination. P - longer p-wave; P' - shorter p-wave; d - p-wave dispersion. 

 

Source: Authors (2019). 
 

 P-wave dispersion (d) was obtained after the identification of difference between the largest and the smallest p-wave 

obtained in the electrocardiographic tracing. The beginning of the p-wave was defined at the junction between the isoelectric 

line at the beginning of the upward deflection and the end of the deflection. In other words, the beginning of the p-wave was 

considered as the junction point between the downward deflection and the isoelectric line (Dogan et al., 2012).  

 Examination was performed at the hospital using a 12-lead DIXTAL® electrocardiograph, where transthoracic 

echocardiograms were performed with standardized echocardiographic evaluations for the investigation of cardiopathies. Atrial 

ejection fraction (AEF) was obtained by the modified biplane Simpson method through orthogonal projections of apical 2- and 

4-chambers, thus obtaining the diastolic and systolic volumes of the left atrium (Figure 2) (Lang et al., 2015). 

 

Figure 2: Atrial ejection fraction (AEF), V2 - left atrial volume during systole and V1 - left atrial volume during diastole. 

 

Source: Authors (2019). 
 

 Through the difference in volumes of the left atrium obtained by echocardiogram on the end of systole and diastole 

ventricular was determinate the AEF. 
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 For the investigation of carotid atheromatosis, Doppler ultrasonography of the carotid and vertebral arteries was 

performed at the same time as the echocardiogram with the patients being classified according to TOAST criteria (Adams Jr. et 

al., 1993). Ultrasound and echocardiography were performed if the patient were on sinus rhythm, at the hospital site within 5 

days after the patient's admission using a Vivid e (GE®) device, which was operated by a qualified echocardiographist without 

knowing the other parameters evaluated in this study. Once the data was obtained, a neurologist evaluated the results and 

classified the ischemic stroke into one of the 5 subtypes following the TOAST criteria (Adams Jr. et al., 1993). These subtypes 

were grouped into cardioembolic and non-cardioembolic for comparison purposes. 

 Categorical variables were expressed as number and percentage, whereas continuous variables were expressed as 

means. Because they are non-uniformly distributed samples, the Mann-Whitney U-test was used for statistical analysis 

between the cardioembolic and non-cardioembolic groups. The independent variables p-wave dispersion, AEF and CHA2DS2-

VASc were compared with each other using Pearson and Spearman nonparametric tests. For evaluation of intra-examiner 

agreement for the variables p-wave dispersion and AEF, the simple Kappa coefficient with 10 random samples was performed. 

ROC curves were generated for the variables p-wave dispersion and AEF. Data were analyzed using IBM® SPSS software 

version 22.0. The level of rejection of the null hypothesis was set at 0.05 (Field, 2009). 

  

3. Results 

73 patients were initially included in this study, of whom 12 were excluded (7 by neuroimaging examination 

incompatible with ischemic stroke, 2 by non-interpretable electrocardiograms, 2 by evasion and 1 by inadequate 

echocardiographic window). The remaining 61 patients (54% male) had a mean age of 65.6 years. Regarding the subtypes, 26 

(43%) were classified as undetermined etiology, 15 (24%) as atherosclerosis of the large arteries, 12 (20%) as lacunar stroke 

and 8 (13%) as cardioembolic (Figure 3). 

 

Figure 3: Stroke subtypes with their respective percentages of prevalence. 

 

Source: Authors (2019). 

 

 For comparison purposes, 53 (87%) were non-cardioembolic and 8 (13%) were cardioembolic (Figure 4). 
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Figure 4: Prevalence of cardioembolic and non-cardioembolic strokes among the patients in this study. 

 

Source: Authors (2019). 

 

In the cardioembolic group, 4 patients had chronic coronary artery disease with segmental akinesia as evidenced by 

echocardiography, 2 had heart failure due to cardiomyopathy, 1 had significant rheumatic mitral stenosis and 1 had aortic 

mechanical prosthesis. Table 1 shows the distribution by age, sex, lifestyle and cardiovascular risk factors of both groups.  

 

Table 1: Distribution by age, sex, lifestyle and cardiovascular risk factors. 

Absolute values and percentages (%) 

Variables Cardioembolic 

(n = 8) 

Non-cardioembolic  

(n = 53) 

P value 

Age 

Female 

Sedentary lifestyle 

68,8 

4 (50) 

5 (62.5) 

65.1 

24 (45) 

49 (92.4) 

0.387 

0.882 

 0.014* 

Tabagism 2 (25) 26 (49) 0.207 

Hipertension 5 (62.5) 35 (66) 0.846 

Diabetes mellitus 3 (37.5) 24 (45.3) 0.682 

Dyslipidemia 2 (25) 11 (20.7) 0.786 

Nephropathy 0 2 (3.7) 0.580 

Cardiac insufficiency 2 (25) 2 (3.7)  0.025* 

Coronary artery disease 5 (62.5) 12 (22.6)  0.020* 

Transient ischemic 

accident 

0 2 (3.7) 0.580 

Stroke 0 9 (17) 0.211 

*(p < 0,05). Source: Authors (2019). 

 

On Table 1 it is observed significant estatistical difference on subtype Non-cardioembolic with more sedentary 

individuals and on subtype Cardiembolic there was more cases of Cardiac insufficiency and Coronary artery disease. 

The CHA2DS2-VASc score showed similar values for both groups with no statistical difference, whereas p-wave 

dispersion was higher and AEF was lower in cardioembolic patients compared with the non-cardioembolic ones, with p = 

0.025 and 0.003, respectively (Table 2). 

 

Table 2: CHA2DS2-VASc, p-wave dispersion and AEF. 

Medium values 

Variables Cardioembolic 

(n=8) 

Non-cardioembolic 

(n=53)  

P value 

CHA2DS2-VASc 3.6 3.1 0.350 

P-wave dispersion (ms) 62.5  49  0.025* 

AEF (%) 42.9 55.8  0.003* 

AEF = Atrial Ejection Fraction. *(p <0,05). Source: Authors (2019). 
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ROC curves showed that the accuracy was 0.733 for p-wave dispersion and 0,849 for AEF. According to Pearson 

and Spearman correlation coefficients there is no relationship between the independent variables analyzed in this study. The 

simple Kappa coefficient showed intra-examiner agreement of 1.0 for the variables p-wave dispersion and AEF. 

 

4. Discussion 

Despite the advances in the diagnosis of heart diseases, the incidence of stroke is still high. Although cardioembolic 

sources have been associated with patients with sinus rhythm, no study has demonstrated the benefits of anticoagulant or 

platelet anti-aggregating therapy (Beggs, Rorth, Gardner, & McMurray, 2019). In some scenarios, the use of such therapy 

decreases the incidence of stroke, but increases the bleeding events. In cardiac patients without atrial fibrillation, the 

arrhythmia is detected in about 20% of the patients with 30-day monitoring after a stroke (Hohnloser et al., 2006) and 34.7% 

with 2.5-year invasive monitoring (Healey et al., 2012). Expensive strategies with low availability are useful only for 

secondary prevention. Studies have recommend that patients with ischemic stroke in sinus rhythm have to be evaluated by 24h 

Holter monitoring for detection of paroxysmal atrial fibrillation. This strategy has low sensitivity that ranges from 2.4 to 9.4% 

(Dogan et al., 2012). 

In a meta-analysis of the main randomized controlled trials of patients with heart failure in sinus rhythm, a 37% 

relative risk reduction in stroke was observed in those using anticoagulation therapy compared with those using anti-

aggregation and placebo. In these studies, the incidence of stroke was low, therefore, it seems reasonable to assume that a large 

number of patients were on anticoagulation to have the chances of stroke reduced. Consequently, the potential benefit of stroke 

prevention was similar to the risk of bleeding events, even with the use of new oral anticoagulants (Beggs et al., 2019). In the 

COMMANDER HF clinical trial, the use of the new oral anticoagulant rivaroxaban reduced the risk of stroke from 1.6 to 1.1 

events per 100 people/year, with an increase in the risk of bleeding events from 1.2 to 2.0 events per 100 people/year (Zannad 

et al., 2018). Thus, such reports show the importance of identifying risk markers and the use of severity scores to guide a more 

effective strategy for stroke prevention. 

Knowing the cardiac substrate for thrombus formation suggests a better stratification of patients with higher risks of 

cardioembolic stroke. Cardiovascular risk factors, especially systemic arterial hypertension, diabetes mellitus and smoking, are 

known to be associated with cerebrovascular events. In the present study, the prevalence of risk factors as well as the 

CHA2DS2-VASc score were similar between the cardioembolic and non-cardioembolic groups. This score defines the 

indication for anticoagulation therapy in patients with atrial fibrillation, but to the best of our knowledge, there is no study 

involving patients with sinus rhythm. In this current study, a mean CHA2DS2-VASc score of 3.6 was found for patients with 

cardioembolic stroke, which would indicate anticoagulation therapy if atrial fibrillation was identified (Wann, 2019). 

Even after excluding the patients with atrial fibrillation, 13% of the ischemic strokes had a cardioembolic etiology. 

Previous reports show a prevalence of 14 to 30%, but these studies included patients with atrial fibrillation. In addition, emboli 

originated from dilated heart chambers are often larger, leading to more severe and sometimes more lethal stroke (Arboix et 

al., 2010). Considering the prevalence of stroke as 15 million cases/year, with about 70% being classified as ischemic and that 

atrial fibrillation is present in approximately 8.4% of the patients aged between 50 and 89, there is an estimation of 1,250,340 

cases/year of cardioembolic stroke in patients with sinus rhythm around the world (Krishnamurthi et al., 2013; Wolf, Abbott, 

& Kannel, 1991). Therefore, some questions can be raised regarding (1) whether there is any marker that can identify the 

highest risk patients, and (2) whether these patients, even at sinus rhythm, would benefit from a primary prevention strategy. 

High levels of p-wave dispersion reflect a prolongation of the intra and interatrial conduction time, as well as a 

heterogeneous conduction of the atrial stimulus. In fact, some studies show that p-wave dispersion is a risk factor for the 

development of atrial fibrillation, regardless of the presence of cardiovascular disease (Dilaveris & Gialafos, 2001). In our 
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study, a mean p-wave dispersion of 62.5 ms was obtained for patients with cardioembolic ischemic stroke. Dogan et al. (2012) 

suggest that a p-wave value greater than 57.5 ms is a predictor of paroxysmal atrial fibrillation with a sensitivity of 80%, 

specificity of 73%, positive predictive value of 74% and negative predictive value of 78%. In another study, 74 patients with 

cardioembolic ischemic stroke showed a mean p-wave of 50.9 ms against 40.9 ms from 35 healthy patients (control group) 

(Acampa et al., 2015). The manual measurements showed greater intra and interobserver variability than digitized 

measurements (Dilaveris & Gialafos, 2001). In our study, p-wave measurements were performed manually at twice the speed 

of electrocardiographic tracing to facilitate interpretation. 

Atrial fibrillation is an independent cardioembolic risk factor for stroke, even though about 80% of the patients have 

sinus rhythm. In most cases, the emboligenic source is not so clear, even with transesophageal echocardiography, which leads 

to the search for an atrial anatomical substrate. The association of indexed volume of left atrium with ischemic stroke is 

controversial (Baturova et al., 2016; Yoon et al., 2013). On the other hand, the analysis of AEF, especially with longitudinal 

strain, shows a direct relationship with paroxysmal atrial fibrillation (Rasmussen et al., 2019). In fact, we found a reduction in 

AEF values in the cardioembolic group, which portrays a slowing in atrial emptying. In hypertensive patients, a higher 

probability of occurrence of paroxysmal atrial fibrillation with AEF ≤ 45% has been previously established (Tenekecioglu et 

al., 2014). The mean AEF obtained in our study for patients with cardioembolic stroke was 42.9%. It is not a technique 

routinely used in echocardiographic examinations, but it is easy and straightforward as once the diastolic and systolic atrial 

volumes in the 2- and 4-chamber apical sections are determined, the software calculates AEF by the Simpson biplanar method 

(Lang et al., 2015). 

Electrocardiographic and echocardiographic parameters show an association with cardioembolic stroke. At the 

analysis of the ROC curves, a greater correlation between AEF and ischemic stroke is observed in relation to p-wave 

dispersion. Due to the prevalence of risk factors in both groups, these are patients at high risk of cardiovascular events. The 

applicability and easy implementation of these methods brings us a future perspective for primary prevention studies. 

 

5. Conclusion 

Some heart diseases may be the etiology of stroke, even in patients with sinus rhythm. To date, studies have not 

shown any benefit from anticoagulant and platelet anti-aggregating therapy. The association of p-wave dispersion and AEF 

with cardioembolic ischemic stroke gives us a perspective for identifying patients with higher risks of cerebrovascular events. 

The results of our study encourage others researches with bigger number of patients and multicentric analysis. 
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