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4. Rationale: 

 

Changes in left atrial (LA) structure and function are well-recognized factors that contribute not 

only to the development of heart failure (HF), 1 but also to other outcomes, including ischemic 

stroke. 2, 3 The latter is a major public health problem that affects 795,000 people every year in 

the United States. The magnitude of the problem is even larger if we consider asymptomatic or 

silent cerebral infarctions (SCIs). 4 Stroke is a subtle disease and is clinically evident only in 0.2-

0.4% of the cases. 4 The presence of SCIs exposes itself to a higher risk of symptomatic strokes 

in the last decades of life 5 and have been yet correlated to cardio-embolisms. 4, 6   

Traditionally the pathophysiology of cardio-embolic stroke implies the occurrence of atrial 

fibrillation (AF), and is ascribed to stasis and thrombus formation in a structurally abnormal or 

dilated atrium, due to the occurrence of components of Virchow’s triad: blood stasis, parietal 

abnormalities (endothelial dysfunction) and blood hypercoagulability.7, 8  
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Some emerging evidence suggests a higher risk of SCIs and cognitive decline can also be 

observed in individuals with LA enlargement or dysfunction, even in the absence of AF. 9-11 

Nevertheless, little is known about differences in the association of LA structure and function 

with clinical stroke and subclinical cerebral infarct.  

LA enlargement is a robust and well-established predictor of cardiovascular outcomes in the 

general population and a marker of poor prognosis in patients with various cardiovascular 

diseases, 12 with connective tissue deposition as an important contributor and precursor.13 LA 

remodeling is also strictly related to the senescence process, in part driven by age-related 

comorbidities, such as elevated hemodynamic load due to a long-standing hypertension and 

vascular stiffness. 1 Among elderly, a subclinical marker of LA dysfunction or LA enlargement, 

if associated with increased odds of SCIs and clinical evident stroke, may suggest that minor 

forms of LA dysfunction may cause LA stasis and predispose to possibly preventable cerebral 

embolization.  

 

5. Main Hypothesis/Study Questions: 

1. To assess the association of alterations in LA structure and function with clinical 

ischemic stroke or subclinical cerebral infarcts in community-dwelling elderly 

individuals without AF and reduced ejection fraction. 

2. To examine age-related changes in LA structure and function, in terms of left atrial 

volume, anterior-posterior diameter, ejection fraction, empting fraction and global 

longitudinal strain, in healthy individuals, individuals with clinical stroke, and 

individuals with subclinical cerebral infarct, in the absence of AF and reduced ejection 

fraction  

3. To assess the association of alterations in LA structure and function with cortical versus 

subcortical infarcts and the number of infarcts in community-dwelling elderly 

individuals without AF and reduced ejection fraction. 
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6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodological limitations or challenges if present). 

 

The Atherosclerosis Risk in Communities (ARIC) is an ongoing prospective observational study, 

which involves a population-based cohort composed from four communities in North Carolina, 

Mississippi, Minnesota and Maryland. A total of 15792 participants were enrolled in this cohort 

between 1987 and 1989, during Visit 1, and 2011 and 2013, during Visit 5. A detailed rationale 

of the study, design, and procedures has been previously published.16 Of the 6538 (n=2693 male, 

41.2% and n=4977 white, 76.1%) participants who attended Visit 5, 1,906 of the surviving 

consented to undergo an extensive cognitive assessment, as part of the ARIC Neurocognitive 

Study (ARIC-NCS), which included a brain MRI examination.17  

 

Inclusion and exclusion criteria 

 

All participants who underwent echocardiograms and brain MRI scans at visit 5/ARIC- NCS 

(2011-13) will be included. 

 

Exclusion criteria:  

 

Missing covariates 

Prevalent atrial fibrillation cases at visit 5, defined by: 

1) Hospital discharge records (ICD-9 code 427.31 and 427.32– Atrial fibrillation)  

2) ECGs performed during study visits 

Ejection fraction < 50 % (Visit 5 ech10 variable) 

 

Echocardiographic parameters of LA enlargement/dysfunction: 

 

Left atrial volume index ≥ 28 ml/m2 
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Maximal left atrial anterior-posterior diameter ≥ 2.3 cm/m2 

LA ejection fraction, cut off at 50 %   

LA empting fraction, cut off at 45 % 

LA global longitudinal strain (GLS), cut off at 20 % 

 

Covariates: 

 

Age, sex, race, body mass index, CHA2DS2-VASc, cigarette-smoking status, coronary heart 

disease, heart failure, diabetes mellitus, use of antihypertensive medications, systolic and 

diastolic blood pressure, blood samples and medications, including anticoagulants and 

antiplatelet agent use 

 

Outcomes  

 

Number of lesions and location of lesions based on visit 5/ARIC- NCS (2011-13) MRI cerebral 

definitions. 

 

Sub clinical cerebral infarct: focal, non-mass, non-lacunar lesions ≥3 mm that were bright on T2 

and proton density, and dark on T1 images. 

 

Clinical ischemic stroke: prevalent stroke by the end of Visit-5 

Cases of ischemic stroke were identified by annual phone interviews, hospital discharge records, 

and death certificates. Each case was classified in accordance with criteria from the National 

Survey of Stroke by a computer algorithm and physician reviewer as previously described. 

Discrepancies were reviewed by a second physician. In cases of definite thrombotic stroke, cases 

were classified as lacunar or non-lacunar stroke8. For our study, ischemic stroke was defined as 

definite and probable ischemic stroke.   

 

Echocardiography Protocol  
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All echocardiograms have been performed using dedicated Philips iE33 Ultrasound systems with 

Vision 2011, using a preprogrammed acquisition protocol. All studies have been acquired and 

stored digitally and transferred from field centers to a secure server at the Echocardiography 

Reading Center (ERC; Brigham and Women’s Hospital, Boston, MA), where echocardiographic 

measures have been performed and over-read, using proprietary-validated echocardiographic 

analysis software, blinded to participants’ clinical characteristics.  

Left ventricular (LV) dimensions, wall thickness, and anterior-posterior LA dimension were 

measured from the parasternal long-axis view according to the recommendations of the 

American Society of Echocardiography 18. LV mass was calculated from LV linear dimensions 

and indexed to BSA as recommended by American Society of Echocardiography guidelines. LV 

volumes and LV ejection fraction were calculated by the modified Simpson method using the 

apical 4- and 2-chamber views. Two-dimensional echocardiography LA volume was measured 

by the method of disks using apical 4- and 2-chamber views at an end-systolic frame preceding 

mitral valve opening. LV diastolic function classified according to Olmsted criteria. Right 

ventricular (RV) function was assessed by RV fractional area change, calculated as the percent 

change in cavity area from end-diastolic to end-systolic tracings of the RV cavity in the apical 4-

chamber view. Deformation analysis was performed on 2D images throughout the cardiac cycle, 

acquired at a frame rate of 50 to 80 frames per second, using the TomTec Cardiac Performance 

Analysis package. The TomTec software automatically selects the 2-, 3-, and 4-chamber views, 

from 4 consecutive cardiac cycles, in the 3D real-time data set and than detect the blood–tissue 

interface with an off-line contour-tracking algorithm. Anyway, a manual correction was 

systematically applied. The LA appendage and the orifices of the pulmonary vein were excluded 

from the tracing. LA endocardial surface was reconstructed throughout the cardiac cycle, 

resulting in a dynamic cast of LA cavity; for each consecutive frame, the voxel count inside the 

3D surface was used to measure LA volume (LAV), resulting in a smooth interpolated LAV time 

curve allowing detection of the maximal (LAV max) and minimal (LAV min) LA volumes. LA 

emptying fraction, an estimate of LA reservoir function was calculated as [(LAV max−LAV 

min)/ LAV max*100] (9). In addition, 3DE LA speckle-tracking analysis was automatically 

performed throughout the cardiac cycle, using P wave as the reference point, and LA global 

longitudinal strain (GLS), also a surrogate of LA reservoir function was determined. Image 

quality was judged on the basis of stitch/artifacts ratio and quality resolution of LA segments 
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throughout the whole cardiac cycle. In the presence of stitching artifacts or dropout of more than 

2 LA segments the image was excluded of the analysis.  

 

Statistical analysis  

 

Hypothesis 1 

Participants will be divided into 3 groups: non-cerebral infarct, silent cerebral infarct and stroke. 

We will compute the odds of LA echocardiographic enlargement and impaired function in these 

3 groups. Non-cerebral infarct is the referent group. 

We will adjust the logistic model for the following covariates:  

Model 1: Age, sex, race, study center 

Model 2: Model 1 + smoking, BMI, use of hypertension medications, systolic and diastolic blood 

pressure, diabetes, CHD, anticoagulants, and antiplatelet agents  

 

Hypothesis 2 

Participants will be divided into 3 groups: non-cerebral infarct, silent cerebral infarct and stroke. 

We will use the general linear model to assess association between echocardiographic 

parameters, in terms of left atrial volume, anterior-posterior diameter, ejection fraction, empting 

fraction and global longitudinal strain with each group 

Model 1: Age, sex, race, study center 

Model 2: Model 1 + smoking, BMI, use of hypertension medications, systolic and diastolic blood 

pressure, diabetes, CHD, anticoagulants, and antiplatelet agents  

 

Hypothesis 3 

Participants will be divided into 3 groups based on MRI-defined cerebral infarcts: cortical 

infarcts, subcortical infarcts, and no infarcts. We will compute the odds of LA echocardiographic 

enlargement and impaired function in these 3 groups. Non-cerebral infarct is the referent group. 

We will adjust the logistic model for the following covariates:  

Model 1: Age, sex, race, study center 

Model 2: Model 1 + smoking, BMI, use of hypertension medications, systolic and diastolic blood 

pressure, diabetes, CHD, anticoagulants, and antiplatelet agents  
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We will use the general linear model to assess the association of LA enlargement and impaired 

LA function with number of cerebral infarcts. 

Model 1: Age, sex, race, study center 

Model 2: Model 1 + smoking, BMI, use of hypertension medications, systolic and diastolic blood 

pressure, diabetes, CHD, anticoagulants, and antiplatelet agents  
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