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Left Atrial Dilatation and Reduced Left Ventricular Ejection Fraction Are Associated With Cardioembolic Stroke












	
	ORIGINAL RESEARCH
published: 13 September 2021
doi: 10.3389/fneur.2021.680651






[image: image2]

Left Atrial Dilatation and Reduced Left Ventricular Ejection Fraction Are Associated With Cardioembolic Stroke

Maryam Hosseini Farahabadi1*, Shadi Milani-Nejad1, Shimeng Liu1,2, Wengui Yu1 and Mohammad Shafie1


1Department of Neurology, University of California, Irvine, Irvine, CA, United States

2Department of Neurology, Beijing Tiatan Hospital, Capital Medical University, Beijing, China

Edited by:
Marios Psychogios, University Hospital of Basel, Switzerland

Reviewed by:
Johanna Ospel, University Hospital of Basel, Switzerland
 Alex Brehm, University Hospital of Basel, Switzerland
 David Richard Holmes, Mayo Clinic, United States

*Correspondence: Maryam Hosseini Farahabadi, mhosseini@salud.unm.edu; Maryam.hosseini.f@gmail.com

Specialty section: This article was submitted to Stroke, a section of the journal Frontiers in Neurology

Received: 15 March 2021
 Accepted: 09 July 2021
 Published: 13 September 2021

Citation: Hosseini Farahabadi M, Milani-Nejad S, Liu S, Yu W and Shafie M (2021) Left Atrial Dilatation and Reduced Left Ventricular Ejection Fraction Are Associated With Cardioembolic Stroke. Front. Neurol. 12:680651. doi: 10.3389/fneur.2021.680651



Objective: Left atrial (LA) dilatation and heart failure are independent risk factors for ischemic stroke. The goal of this study is to evaluate the association between LA dilatation and reduced left ventricular ejection fraction (EF) with cardioembolic stroke.

Methods: Four hundred fifty-three patients with ischemic stroke admitted to the University of California, Irvine between 2016 and 2017 were included based on the following criteria: age >18 and availability of echocardiogram. Stroke was categorized into cardioembolic and non-cardioembolic. EF was categorized into normal: 52–72% (male), 54–74% (female), mildly abnormal: 41–51% (male), 41–53% (female), moderately abnormal: 30–40%, and severely abnormal: <30%. LA volume was categorized into normal (≤34 ml/m2) vs. enlarged (≥35 ml/m2). Other variables included gender, hypertension [systolic blood pressure (SBP) ≥ 140 or diastolic blood pressure (DBP) ≥ 90], and known history of atrial fibrillation (Afib).

Results: Two hundred eighteen patients had cardioembolic, and 235 had non-cardioembolic stroke. Among patients with cardioembolic stroke, 49 (22.4%) and 142 (65%) had reduced EF and enlarged LA, respectively, as compared with 19 (8.1%) and 65 (27.7%) patients with non-cardioembolic stroke (p < 0.0001). The odds of cardioembolic stroke were 2.0 (95% CI: 0.1–6.0) and 8.8 times (95% CI: 1.9–42.3) higher in patients with moderately and severely reduced EF, respectively, than in patients with normal EF. The odds of cardioembolic stroke was 2.4 times (95% CI: 1.5–3.9) higher in patients with enlarged LA than in patients with normal LA size. Compared with patients with normal LA and EF, patients with combined enlarged LA and reduced EF had significantly higher rates of Afib (43.4 vs. 9.0%, p < 0.0001) and cardioembolic stroke (78.3 vs. 43.4%, p < 0.0001).

Conclusions: LA dilatation along with reduced EF is a reliable predictor of Afib and cardioembolic stroke. Further studies are warranted to determine the benefit of anticoagulation for secondary stroke prevention in such patient population.
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INTRODUCTION

The etiology of ischemic stroke impacts prognosis and management. Based on the TOAST criteria, ischemic stroke is classified into five categories: cardioembolic, large-artery atherosclerosis, small vessel occlusion, stroke of other determined etiology, and stroke of undetermined etiology. Cardioembolic stroke includes patients with arterial occlusion due to an embolus presumably arising in the heart. Up to 25% of ischemic strokes are cardioembolic in nature with atrial fibrillation (Afib) being the most common underlying etiology (1–4). Detection and diagnosis of Afib often requires long-term monitoring, which is costly with variable detection rates reaching only 30% in 3 years (5, 6). In addition to abnormal atrial rhythm detection, structural assessment of atrial size may prove as a potential diagnostic tool. In particular, left atrial (LA) volume index > 32 ml/m2 in patients without Afib has been demonstrated to be predictive of first-ever ischemic stroke (7). Additionally, LA enlargement has been shown as an echocardiographic indicator of Afib (8, 9). Studies have shown that in the presence of LA dilatation, the likelihood of Afib detection will be higher, and that every 5 mm incremental increase in LA size raises the risk of developing Afib by 39% (10–12). Furthermore, studies have shown that LA dilatation is correlated with cardioembolic compared with atherosclerotic stroke (13).

Heart failure (HF) is another potential independent cardioembolic risk factor accounting for etiology of ~9% of ischemic strokes with a 9–10% risk of recurrent stroke per year in patients with HF (14, 15). Moreover, these patients are at a greater risk of developing Afib, and conversely, patients with Afib are more likely to develop HF (16). Even among patients with cryptogenic stroke, which makes up to 20–30% of all ischemic strokes, low burden occult Afib has been shown to be one of the underlying etiologies with its frequency increasing in patients older than 60 years of age (17). Discovery of the culprit cardioembolic source despite the most thorough diagnostic testing often remains a challenge; however, its identification is imperative as it will ultimately guide the decisions regarding anticoagulation vs. antiplatelet treatment for secondary stroke prevention.

Of note, patients with HF often have other comorbidities, such as hypertension or ischemic heart disease, which also increase the risk of ischemic stroke (14, 18). However, even after adjusting for those risk factors, there remains 2–3 times higher risk of stroke in patients with HF (19). Additionally, ischemic stroke in HF patients is associated with higher mortality rate and longer hospital length of stay (15). Investigations in HF patients with reduced ejection fraction (EF) without Afib have identified moderate and severe HF [New York Heart Association (NYHA) classes III and IV], insulin-dependent diabetes mellitus, high body mass index, and previous history of stroke as independent stroke risk factors (20). Stratification based on these risk factors demonstrated that these patients may have a rate of stroke risk approximating patients with Afib and not treated with anticoagulation. Accordingly, in patients with a combination of HF and Afib, even paroxysmal in nature, the risk of stroke is higher, and therefore consideration of these risk factors will allow for individualization of stroke prevention measures.

The Heart Failure Society of America recommends consideration of anticoagulation for stroke prevention in patients with EF below 35%. However, studies have failed to prove the benefit of anticoagulation over antiplatelet therapy in this patient population (21). It is unclear if patients with LA enlargement and low EF without Afib will benefit from anticoagulation therapy. In this study, we aimed to evaluate the association between LA dilatation and reduced EF with cardioembolic stroke.



MATERIALS AND METHODS


Ethics

Ethics approval for the study including human participants was obtained from the UCI institutional review board.

Six hundred eighty-three consecutive patients diagnosed with ischemic stroke between 2016 and 2017 at the University of California, Irvine were reviewed. Inclusion criteria included: age ≥ 18, diagnosis of ischemic stroke based on magnetic resonance imaging (MRI) findings, and availability of transthoracic echocardiography (TTE) within 3 months of stroke diagnosis. As shown in Figure 1, from 683 records, 230 were excluded due to lack of MRI or echocardiogram.
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FIGURE 1. Flow diagram for inclusion and exclusion criteria.


The diagnostic work-up for all ischemic stroke patients typically involved MRI of the brain if no contraindications, vessel imaging with either computed tomography angiography (CTA) or magnetic resonance angiography (MRA), TTE, transesophageal echocardiography (TEE) in cases indicated after TTE, and continuous cardiac telemetry monitoring for a minimum of 24–48 h. Further work-up for underlying hypercoagulable state, hematological, rheumatological, or other etiologies was pursued per stroke team discretion.

Stroke was dichotomized into cardioembolic (based on MRI findings and identified cardiac source including: evidence of intracardiac thrombi or endocarditis, history of Afib, or if there was high suspicion for cardioembolic stroke) vs. non-cardioembolic (atheroembolic, small-vessel, stroke of other determined etiology, or non-embolic stroke of undetermined source based on the MRI findings and other stroke work-up). LA volume was measured with the biplane area-length method and categorized as 34 ml/m2 or lower (normal) vs. 35 or greater ml/m2 (abnormal). Other variables that were taken into consideration included: gender, blood pressure that was dichotomized into hypertension defined as systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg vs. normal blood pressure defined as SBP < 140 mmHg and DBP < 90 mmHg upon presentation, EF: 52–72% normal (male), 54–74% (female), 41–51% mildly abnormal (male), 41–53% (female), 30–40% moderately abnormal (same in both genders), <30 severely abnormal (same in both genders), and known history of Afib.

Continuous variables including age and National Institute of Health Stroke Scale (NIHSS) score were presented as median + IQR using the Kruskal–Wallis tests as they were not normally distributed. Chi-square test was used to investigate the distribution of the categorical variables among patients with cardioembolic vs. non-cardioembolic stroke, patients with Afib vs. those without Afib, and also those with reduced EF and LA dilatation vs. normal EF and LA size. Logistic regression model was employed to determine the association between variables and stroke types, while non-cardioembolic stroke was considered as the control group. All statistical analyses were performed using SAS version 9.4. Alpha is 0.05, or a p-value < 0.05 is considered statistically significant.




RESULTS

Demographic characteristics of participants are presented in Table 1. From a total of 453 patients, 218 were categorized into cardioembolic and 235 into non-cardioembolic strokes. Patients with cardioembolic stroke were significantly older with a median age of 72.9 years (vs. 65.2 years, p < 0.0001). There was no difference in terms of gender distribution or prevalence of hypertension between the two categories of cardioembolic and non-cardioembolic strokes.


Table 1. Demographic characteristics based on cardioembolic vs. non-cardioembolic stroke.
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While 103 (47.2%) patients with cardioembolic stroke had known history of Afib, this was only 9 (3.8%) among patients with non-cardioembolic stroke (p < 0.0001). Among patients with non-cardioembolic stroke, 91.9% had normal EF compared with 77.5% of patients with cardioembolic stroke. Among patients with non-cardioembolic stroke, 4.3, 3.0, and 0.8% had mildly, moderately, and severely decreased EFs, respectively, vs. corresponding 7.3, 7.3, and 7.8%, respectively, in patients with cardioembolic stroke (p < 0.001). The prevalence of enlarged LA was 27.7% in non-cardioembolic stroke vs. 65.1% in cardioembolic stroke (p < 0.0001). The median NIHSS scores in cardioembolic and non-cardioembolic stroke were 12 and 6, respectively (p < 0.0001).

Table 2 demonstrates the association between cardioembolic stroke and other covariates including age, gender, blood pressure, Afib, EF and enlarged left atrium. Cardioembolic stroke is weakly associated with older age (95% CI: 1.002–1.035). Patients with severely reduced left ventricular function (EF < 30%) are at 8.85 times risk of developing cardioembolic stroke compared with those with normal EF (95% CI: 1.852–42.266). Patients with enlarged left atrium have 2.44 odds of cardioembolic stroke compared with those with normal LA size (95% CI: 1.519–3.929). History of Afib is associated with significantly higher odds of cardioembolic stroke (95% CI: 7.005–31.204). Gender and history of hypertension were not associated with cardioembolic stroke after adjusting for other variables.


Table 2. Multiple logistic regression model.
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Table 3 shows the demographic characteristics of patients with known history of Afib and those without Afib. Patients with Afib are significantly older (78 vs. 67 years; p < 0.001), less likely to be male (47.3 vs. 59.2%; p = 0.03), less likely to have normal EF (75.9 vs. 88.0%; p = 0.01), and more likely to have enlarged left atrium (75.9 vs. 35.8%; p < 0.0001) than patients without Afib.


Table 3. Demographic characteristics of patients with Afib vs. those without Afib.
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To investigate the association of combined LA dilatation and reduced EF with Afib and cardioembolic stroke, we divided patients into two groups: normal LA size and normal EF vs. enlarged LA and reduced EF. In this subgroup analysis as shown in Table 4, patients with combined enlarged LA and reduced EF had significantly higher rates of Afib (43.4 vs. 8.9%, p < 0.0001) and cardioembolic stroke (78.3 vs. 28.1%, p < 0.0001) than patients with normal LA and EF.


Table 4. LA enlargement and reduced EF in patients with Afib and cardioembolic stroke.
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DISCUSSION

In this retrospective cohort study, we investigated the association of enlarged LA and reduced left ventricular EF with cardioembolic stroke. This analysis revealed that patients with enlarged LA and severely reduced EF (<30%) are independently associated with 2.4 and 8.8 times higher, respectively, risks of developing cardioembolic stroke than patients with normal values of these parameters. Also, a greater percentage of patients with enlarged LA and reduced EF had Afib and cardioembolic stroke when compared with those with normal LA size and normal EF.

In this study, we used the biplane area-length method to calculate the LA volume, which has been shown to be a more accurate measurement than LA diameter with excellent inter-rater reliability (interclass correlation 0.94) (22). LA enlargement in patients without prior history of Afib is an independent risk factor for first time and recurrent stroke (8, 9). Additionally, LA diameter > 0.5 mm has been shown to be correlated with a 4-fold increased risk of new-onset Afib (12, 23).

Patients with Afib are more likely to develop HF, and conversely, HF patients are at a greater risk of developing Afib (24). HF is also associated with increased activity of procoagulant factors and increased thromboembolic events, as well as increased risk of stroke even in the absence of Afib (25–27). Among HF patients without Afib, the stroke risk in patients with or without reduced EF is the same; however, in the presence of Afib, the stroke risk is higher in those with reduced EF than in those with preserved EF (20, 27). In other words, HF in the presence of Afib is associated with 5 times higher odds of stroke compared with 3.5 in patients with HF and no evidence of Afib (28).

Studies on the risk of stroke in HF patients have used different criteria to include HF patients (25). Those investigations utilizing different EF categories have shown that patients with severely reduced EF and high CHA2DS2-VASc score have a particularly higher risk of ischemic stroke (29, 30). These previous reports support our findings in that severely reduced left ventricular function is associated with higher risk of stroke. Furthermore, we demonstrated significantly higher rates of combined enlarged LA and severely reduced EF among patients with Afib and cardioembolic stroke. Therefore, we propose that the presence of echocardiographic evidence of combined enlarged LA and severely reduced EF (<30%) obviates the necessity for diagnosis of Afib in consideration of anticoagulation for secondary stroke prevention.

Multiple studies have evaluated the benefit of anticoagulation over antiplatelet for stroke prevention in patients with HF and sinus rhythm. Although findings were suggestive of a small benefit with anticoagulation, warfarin was not superior to aspirin due to higher risk of bleeding (31–33).

The NAVIGATE ESUS [New Approach Rivaroxaban Inhibition of Factor Xa in a Global Trial vs. ASA to Prevent Embolism in Embolic Stroke of Undetermined Source (ESUS)] trial showed that in patients with an ESUS, there was no significant difference in stroke recurrence between the rivaroxaban and aspirin groups (34). However, in the predefined subgroup of patients with a LA diameter of more than 4.6 cm, there was a significant reduction in recurrent stroke among patients who were treated with rivaroxaban (1.7 vs. 6.5% per year; hazard ratio, 0.26; 95% CI, 0.07–0.94; p = 0.02) (35).

Long-term monitoring with loop recorder for Afib can be very costly. Our results suggested that the combination of LA enlargement with decreased EF is an independent predictor of Afib and cardioembolic stroke and may present an indication for anticoagulation for secondary stroke prevention.

Our study has limitations. First, we excluded a significant number of patients due to presumed lacunar infarcts and the unavailability of echocardiogram, which is most of the time requested as part of the work-up when MRI findings are highly suggestive of embolic type of stroke. We did not include a number of variables, such as body mass index and the presence or absence of valvular disease, which may affect the LA size and left ventricular function. Lastly, this is a single center retrospective study. Further studies are warranted to investigate the association between the combination of enlarged LA with reduced EF with cardioembolic stroke and the benefit of anticoagulation for secondary stroke prevention.
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