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Abstract

Aims—The present study aimed to assess the association between left atrial (LA) structure and 

function and the risk for cardiovascular (CV) death or heart failure (HF) hospitalization in a 

population with atrial fibrillation (AF).

Methods and results—In a prospective echocardiographic substudy of the Effective 

Anticoagulation with Factor Xa Next Generation in AF-Thrombolysis in Myocardial Infarction 48 

(ENGAGE AF-TIMI 48) study, 971 patients underwent transthoracic echocardiography. The 

associations between LA structure (LA volume index [LAVi]) and function (LA emptying fraction 

[LAEF] and LA expansion index [LAEi]) and risk for the composite endpoint of CV death or HF 

hospitalization, and its components, were assessed. Over a median follow-up of 2.5 years, 142 

patients (14.6%) experienced CV death or HF hospitalization. Higher LAVi and lower LAEF and 

LAEi were each associated with a higher unadjusted risk for the composite outcome and its 

components. After adjustment for clinical and echocardiographic confounders, only measures of 

impaired LA function were predictive of the composite outcome (hazard ratio [HR] per 1 standard 

deviation [SD] decrease in LAEF: 1.35; 95% confidence interval [CI] 1.09–1.67 [P = 0.005]; HR 

per 1 SD decrease in LAEi: 1.34; 95% CI 1.06–1.69 [P = 0.012]). These findings were similar 
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regardless of left ventricular ejection fraction, history of HF or whether patients were in AF or 

sinus rhythm at the time of the echocardiographic examination.

Conclusions—In patients with AF, LA dysfunction was significantly associated with an 

increased risk for CV death or HF hospitalization and was more predictive of these outcomes than 

LA size. These parameters may help to identify AF patients at greatest risk for the development of 

HF.

Clinical Trial Registration: ClinicalTrials.gov, NCT00781391.
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Introduction

Atrial fibrillation (AF) is the most common chronic arrhythmia among adults, affecting more 

than 33 million patients worldwide.1 It represents a significant public health burden as a 

result of the increased levels of risk for stroke and other thromboembolic (TE) events, heart 

failure (HF) and death.2 Despite current guidelines, the therapeutic management of patients 

affected by AF remains challenging3 and cardiovascular (CV) event rates in patients with 

AF have not improved substantially, especially those for CV death or hospitalization for HF.
4

Left atrial (LA) enlargement is associated with greater risk for TE events in patients with 

AF,5 and assessment of LA structure and function has been used to predict both risk for 

these events and the success of restoring sinus rhythm after AF ablation.6,7 Yet although 

many studies have focused on the risk for stroke, AF has also been shown to be associated 

with higher incidences of HF and mortality, regardless of left ventricular ejection fraction 

(LVEF).8 However, the underlying mechanisms by which AF contributes to the increased 

risk for HF are less clear, despite the fact that AF and HF together increase CV mortality to a 

greater degree than either alone. Although LA assessment provides powerful prognostic 

information in the general population and in subjects with CV disease,5,9,10 its role in a 

selected AF cohort has not been explored. Hence, LA analysis may potentially add 

information that is useful for stratifying AF subjects at higher risk for CV events, beyond TE 

events.

To understand the impact of LA structure and function on the levels of risk for CV death or 

hospitalization for HF in a general AF population, patients enrolled in the prespecified 

echocardiographic substudy of Effective Anticoagulation with Factor Xa Next Generation in 

AF-Thrombolysis in Myocardial Infarction 48 (ENGAGE AF-TIMI 48)11 were studied.

Methods

ENGAGE AF-TIMI 48 was, as described previously,11,12 a multinational, randomized 

(1:1:1), double-blind, double-dummy non-inferiority design trial comparing the efficacy and 

safety of two dosing regimens of once-daily edoxaban vs. warfarin, respectively, titrated to 

an international normalized ratio of 2.0–3.0 in patients with a history of AF. The study 
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included patients with AF at moderate to high risk for TE events defined by a CHADS2 

score of ≥2. Patients with a history of LA appendage closure, intracardiac mass, moderate to 

severe mitral stenosis and mechanical heart valve were excluded, as were patients with a life 

expectancy of <12 months.11 There were no exclusions based on LVEF or HF functional 

class.13 The prospectively designed echocardiographic substudy of ENGAGE AF-TIMI 48 

was performed at 133 sites worldwide between 2009 and 2011.14

The baseline cross-sectional analysis and protocol of the ENGAGE AF-TIMI 48 

echocardiographic substudy have been reported previously.14 In the present study, the 

longitudinal association between baseline LA structure and function and the outcomes of 

CV death or HF hospitalization was examined. Patients were invited before randomization to 

participate and echocardiographic images were obtained within the first week after 

randomization. Standard two-dimensional (2D) and Doppler transthoracic echocardiography 

was performed, and the images were sent to the echocardiography core laboratory at 

Brigham and Women’s Hospital (Boston, MA, USA). Echocardiographic analyses were 

performed by technicians blinded to clinical information and treatment assignment, and all 

study measurements were confirmed by a board-certified cardiologist and 

echocardiographer.14 The reproducibility of echocardiographic measurements was high, 

with an intra-observer intra-class correlation coefficient (ICC) of 0.95 (range: 0.91–0.99) 

and an inter-observer ICC of 0.84 (range: 0.75–0.93).14

Echocardiography

Echocardiography was performed according to the American Society of Echocardiography 

(ASE) guidelines.15 Left ventricular (LV) volumes were calculated using the modified 

Simpson method as well as LVEF. LA diameter was assessed in the parasternal long-axis 

view as the 2D anterior–posterior length. LA maximal volume was measured using the 

modified Simpson method in the apical four- and two-chamber views at the end-systolic 

frame preceding mitral valve opening and was indexed to body surface area (BSA) to derive 

LA volume index (LAVi). Similarly, LA minimal volume was measured at the end-diastolic 

frame preceding mitral valve closure. LA dilatation was defined as an LAVi of ≥35 mL/m2. 

LA emptying fraction (LAEF) was calculated as 100 * (maximal volume–minimal volume)/

maximal volume and LA expansion index (LAEi) as (maximal volume–minimal volume)/

minimal volume.16 Reduced LAEF was defined as <45% and reduced LAEi as <90%.14 

Early transmitral velocity (E) was measured with pulsed-wave Doppler and peak lateral and 

septal mitral annular early relaxation velocities (e′) were derived using tissue Doppler 

imaging. LV filling pressures were estimated by E wave divided by average e′ velocities 

(E/e′). All other measures were assessed according to ASE guidelines. Rhythm at the time 

of echocardiography was determined from the electrocardiographic lead recorded during the 

examination and by analysing the transmitral flow with pulsed-wave Doppler. Final values 

for all parameters, in both patients with AF and those with sinus rhythm at the time of 

echocardiography, were taken as the means of measurements from three cardiac cycles.14

Outcomes

The endpoints for this analysis were the composite of time to first CV death or 

hospitalization for HF and its components (HF hospitalization alone and CV death alone). 

Inciardi et al. Page 3

Eur J Heart Fail. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



An additional sensitivity analysis for the composite of time to first death resulting from HF 

or hospitalization for HF was also performed. All events were adjudicated by an independent 

HF clinical endpoint committee, the members of which were blinded to study assignment. 

The median follow-up period was 2.5 years (interquartile range [IQR] 2.3–2.8 years).

Statistical methods

Summary statistics for clinical and echocardiographic characteristics are presented as the 

mean ± standard deviation (SD) and count (percentage) for continuous and categorical data, 

respectively. Statistical comparisons were made according to LA dilatation (LAVi ≥35 

mL/m2) and function impairment (LAEF ≤45%) using t-tests for continuous variables and 

chi-squared tests for categorical variables. Univariate and multivariable Cox proportional 

hazards models were used to assess the associations between covariates (LAVi, LAEF, 

LAEi) and risk for the analysed endpoints. The unadjusted association of each measure of 

cardiac structure and function and clinical variables with the composite outcome of CV 

death or hospitalization for HF was assessed (online supplementary Table S1). A 

multivariable Cox model was developed using the significant variables at the unadjusted 

analysis and with selection of the high-risk demographic and clinical confounders. The study 

was not powered to assess the effect modification of the allocated therapy (warfarin vs. high-

dose or low-dose edoxaban regimens) by features of LA structure and function on the 

outcomes. However, to control for treatment assignment in analysing the association 

between LA measurements and outcomes, allocated therapy was included as a covariate in 

the multivariate models and the potential interaction with outcomes was analysed. The final 

model included age, sex, diabetes, heart rate, history of HF, history of myocardial 

revascularization, pattern of AF (paroxysmal, persistent or permanent),17 allocated therapy, 

LVEF, BSA indexed LV end-diastolic volume, BSA indexed LV mass and E/e′. As LAEF 

and LAEi were highly collinear (r = 0.98), these two variables were not included in the same 

multivariable model (online supplementary Figure S1). The proportional hazards assumption 

was tested for the final model using Schoenfeld residuals and there was no evidence of 

violation of the proportional hazards assumption.

Effect modification of history of HF, LVEF and rhythm at the time of echocardiography on 

the relationship between LA structure and function, and the composite endpoint was tested. 

Outcomes according to rhythm at the time of echocardiography (i.e. sinus rhythm vs. AF) 

and the association of LA function in both groups were examined. Time-to-event data for the 

composite endpoint were also evaluated with the use of Kaplan–Meier estimates. The 

primary analysis was performed using available data, including missing values. An 

additional sensitivity analysis was performed using multiple imputation for missing data. 

Multiple imputation by chained equations, an iterative imputation procedure, was used. 

Imputation was performed for each echocardiographic and clinical measure with any 

missing data, and was based on linear and logistic regression and derived for 20 imputations.

All analyses were performed using Stata Version 14 (StataCorp LP, College Station, TX, 

USA) and P-values of <0.05 were considered to indicate differences of statistical 

significance.
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Results

Clinical and echocardiographic characteristics

Among the 971 patients enrolled in the ENGAGE AF-TIMI 48 echocardiographic substudy, 

the mean age was 71 ± 9.4 years (Table 1) and the majority were male (65.6%). A total of 

530 (54.6%) patients had a history of HF at baseline. Paroxysmal, persistent and permanent 

AF were reported by investigators in 32.8%, 20.8% and 46.3% of cases, respectively. 

Overall, a CHADS2 score of ≥4 was observed in 21.9% and a CHA2DS2-VASc score of ≥5 

in 42.0% patients. At the time of echocardiography, 321 patients (33.1%) were in sinus 

rhythm. Of these, the majority (74.0%) had a history of paroxysmal AF.

On average, LVEF was preserved (mean ± SD 54.3 ± 10.5%) and 22.0% of patients had 

LVEF of <50%. Mean ± SD LAVi was 34.2 ± 11 mL/m2 and LA enlargement was present in 

39.0% of subjects. Patients with LA enlargement were older and had higher prevalences of 

history of HF and permanent AF at the time of echocardiography. Higher LA volume was 

also related to worse LV cardiac structure and function (Table 1).

On average, LAEF was reduced (37.7 ± 10%) with 74.0% of patients showing impaired 

function (LAEF <45%); among patients with normal LA structure, more than half (62.0%) 

showed reduced LAEF. Mean ± SD LAEi was 64.8 ± 27.7% and was abnormal in 82.0% of 

patients and reduced in 71.0% of those with normal LAVi. Patients with reduced LAEF had 

higher prevalences of history of HF and permanent AF. No significant differences in LA 

function were observed in relation to the allocated therapy. Lower LA function was also 

associated with lower LVEF and higher LV volume (Table 1).

Risk for heart failure hospitalization and cardiovascular mortality

During the follow-up, 142 (14.6%) patients experienced the composite endpoint of CV death 

or HF hospitalization at the rate of 6.0 per 100 person-years (95% confidence interval [CI] 

5.1–7.1; online supplementary Table S2). Hospitalization for HF occurred in 93 (9.6%) 

patients and 64 (6.6%) deaths were attributable to CV events. Hospitalization for HF was 

more common than TE events (9.6% vs. 4.9%) (online supplementary Table S3) and CV 

death was the most common cause of death (71.9%) in the total population.

Higher LAVi and lower LAEF and LAEi were significantly associated with greater levels of 

risk for the composite endpoints and for HF hospitalization and CV death alone in the 

unadjusted analysis (Table 2 and online supplementary Figure S2). The relationship between 

parameters of LA structure and function and the outcomes was linear and higher values of 

LAVi and lower values of LAEF and LAEi were associated with increased risk.

When analysed by subgroup according to the degree of functional impairment, LAEF and 

LAEi improved risk stratification for the composite outcome (online supplementary Figure 

S3), with event rates among patients with severely impaired LA function (LAEF of ≤25% 

and LAEi of ≤60%) rising significantly over time (P-values for trend: 0.003 and 0.004, 

respectively). After adjustment for demographic, clinical and echocardiographic 

confounders, LAVi was no longer significantly associated with all the analysed outcomes. 

However, each 1-SD decrease in LAEF was associated with a 35% higher risk for the 
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composite endpoint of CV death or HF hospitalization (hazard ratio [HR] per 1-SD decrease 

1.35; 95% CI 1.09–1.67; P = 0.005) and each 1-SD decrease in LAEi was associated with a 

34% higher risk (HR per 1-SD decrease 1.34; 95% CI 1.06–1.69; P = 0.012) (Table 2; 

Figures 1 and 2). Similar results were observed for HF hospitalization alone and for the 

composite of death attributable to HF or HF hospitalization (online supplementary Table 

S4). Although point estimates were similar for CV death alone, this endpoint was 

underpowered (Table 2 and Figure 2).

No differences were observed in the relationship between LA dysfunction and outcomes 

based on baseline LVEF, history of HF and allocated therapy (warfarin vs. high-dose or low-

dose edoxaban regimens) (all P-values for interaction >0.05). Moreover, the prognostic value 

of both LAEF and LAEi was similar regardless of whether the patients were in sinus rhythm 

or AF at the time of echocardiography (Figure 3 and online supplementary Table S5), 

although patients in sinus rhythm had lower event rates (4.9 vs. 6.6 per 100 patient-years). 

Similar results were obtained, including for mitral regurgitation, LA dilatation, New York 

Heart Association class, history of AF ablation, systolic blood pressure and medical 

treatment, in the multivariable model (online supplementary Table S5). The overall findings 

with respect to LAEF and LAEi were not substantially altered in a sensitivity analysis using 

multiple imputation for missing data (online supplementary Table S6).

Discussion

In a contemporary cohort of AF patients enrolled in the ENGAGE AF-TIMI 48 

echocardiographic substudy, abnormalities of LA function were found to be associated with 

increased risk for CV death and HF hospitalization. In particular, both LAEF, a measure of 

global LA function, and LAEi, a measure of LA compliance affecting reservoir function, 

were related to outcomes, especially HF hospitalization, after multivariable adjustment for 

multiple confounders, including LA dilatation. LA size was related to outcomes only in 

unadjusted analyses. LA functional impairment was identified in approximately half of 

patients with normal LA structure, which suggests that LA dysfunction may precede LA 

enlargement, and that LA dysfunction may increase the risk for CV death and HF 

hospitalization despite normal LA size.

The present results corroborate those of previous studies that showed the incremental value 

of LA function over LA dimension for risk assessment in patients with and without heart 

disease.5 In particular, LAEF has been shown to be more strongly associated with mortality 

than LA volume in the general population.9

Left atrial dysfunction is also a strong predictor of CV outcomes in patients with HF and 

reduced or preserved ejection fraction, and in patients with stable coronary heart disease.
9,10,18–20 However, little is known about its prognostic value in predicting CV outcomes 

beyond TE events in patients with AF.

In the current study, HF hospitalization occurred at a rate more than 1.5-fold higher than that 

of TE events. This is of particular interest, given that LA analysis has often been used for TE 

risk stratification even if the rate of strokes in AF is decreasing over time, and event rates 
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related to progressive symptomatic HF and CV death have not improved substantially.1,21 

AF is associated with the onset of HF with both reduced and preserved ejection fraction, and 

both conditions together portend a poorer prognosis in terms of CV mortality than either 

condition alone.8

Although it is not clear how AF contributes directly to the risk for HF, abnormalities of LA 

function may play a key role in this process.22 From this perspective the present findings 

may add significant information for use in stratifying AF subjects at high risk of events 

beyond thromboembolism. The left atrium is commonly considered a buffer chamber 

between the pulmonary circulation and the left ventricle and its changes are thought to be 

indirectly related to LV function.5 Chronic exposure to high LV filling pressure initiates an 

adaptative process leading to LA enlargement and dysfunction. However, as the current data 

showed that LA functional impairment was predictive of HF outcomes regardless of LA size 

and was independent of the common measures of LV structure and function (i.e. LV mass, 

LVEF and E/e′), it is possible that underlying LA functional impairment may indeed 

contribute to the risk for symptomatic HF and that it does not represent an innocent 

bystander.

The present data suggest that LA function is an important determinant of outcome regardless 

of rhythm, as it was predictive of outcome even in patients in sinus rhythm at the time of 

echocardiography. The loss of global atrial function may directly affect LV output, 

especially during exercise.5 In addition, reduced LA wall compliance, which influences 

atrial reservoir function, results in elevated LA pressure which consequently can lead to 

increased pulmonary venous and arterial pressure and thus HF symptoms. From this 

perspective, LA dysfunction may contribute to the increased incidence of outcomes in high-

risk patients.

The pathological changes related to these mechanisms may reflect a spectrum of atrial tissue 

structural alterations leading to atrial impairment, including myocyte hypertrophy, necrosis, 

apoptosis and changes in the composition of the extracellular matrix.5,20,23 Atrial fibrosis 

and the related electrical alterations (such as ion channel dysfunction and alterations in 

cellular calcium handling) may represent the main trigger for episodes of AF.24 Once AF 

develops, it may lead to increased severity of fibrosis which, in turn, results in increased 

substrate for atrial arrhythmias. Because AF begets HF, this vicious circle is likely to lead to 

worse outcomes than those in patients without AF.25 Interestingly, the changes affecting LA 

function can occur before LA enlargement and may represent early processes affecting the 

LA wall even if the chamber is not dilated. Importantly, LA dilatation has been shown to be 

reversible after medical therapy,26,27 and LA reverse remodelling is associated with 

improved CV outcomes.28 Ablation therapy for AF has been shown to improve outcomes in 

patients with HF and reduced ejection fraction.29 Whether ablation therapy or the initiation 

of medical therapies that have been beneficial in HF at a point when LA dysfunction is 

detected will result in improved outcomes is unknown, and further studies will need to 

assess whether therapeutic interventions that improve LA function would improve HF 

outcomes in a broad range of patients.
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By design, the ENGAGE AF-TIMI 48 enrolled a moderate- to high-risk AF population 

(CHADS2 score ≥2) and hence the current analysis does not include the entire spectrum of 

patients with AF. Although the irregular rhythm of AF leads to beat-to-beat variability in 

echocardiographic assessment, the present study averaged measures of cardiac structure and 

function over three cardiac cycles. In addition, some echocardiographic views or measures, 

particularly Doppler measures, were missing. However, a sensitivity analysis using multiple 

imputations to account for missing data showed similar findings to the primary analysis 

(online supplementary Table S5). The current analysis did not include novel measures of 

cardiac mechanics, such as strain from speckle-tracking echocardiography, which may 

provide measures of LA function that are less dependent on LV function and loading 

conditions and may add additional prognostic information.30 Data on natriuretic peptides 

were available in fewer than half of the study population. For this reason, biomarkers were 

not incorporated in the present analysis. The analysis was based on baseline LA cardiac 

structure and function and does not account for changes over time that may contribute to CV 

events. Finally, the study was not powered to assess the relationship between LA function 

and outcome within the individual subgroups (i.e. by history of HF or LVEF).

In conclusion, in a contemporary population of patients with AF enrolled in the 

echocardiographic substudy of the ENGAGE AF-TIMI 48 trial, the outcome of CV death or 

HF hospitalization was found to occur at a higher rate than TE events and worse LA 

function was associated with greater risk for events, especially HF hospitalization, even in 

patients with normal LA size. These parameters may be useful in clinical practice to stratify 

patients with AF at increased risk for death caused by CV events or hospitalization for HF, 

and may provide a therapeutic target for medical treatment to improve LA function and 

consequently survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Adjusted association of left atrial emptying fraction (LAEF) and left atrial expansion index 

(LAEi) for the composite endpoint of cardiovascular (CV) death or hospitalization for heart 

failure (HF). The gold bars represent the distribution of LAEF and LAEi measures reported 

as percentages. The solid black lines represent an estimation by Poisson regression of the 

association between LAEF and LAEi and the outcome after adjusting for age, sex, diabetes, 

heart rate, history of HF, history of myocardial revascularization, atrial fibrillation pattern, 

allocated therapy, left ventricular (LV) end-diastolic volume index, LV mass index, LV 

ejection fraction and E/e′. Dashed lines represent 95% confidence intervals. Incidence rates 

are displayed on the y-axis. py, person-years.
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Figure 2. 
Adjusted association of measures of left atrial (LA) structure and function and the composite 

endpoint of cardiovascular (CV) death or hospitalization for heart failure (HF) and its 

components. Each 1-standard deviation (SD) decrease in LA emptying fraction (LAEF) and 

LA expansion index (LAEi), but not LA volume index (LAVi), was associated with an 

increased risk for the composite endpoint of CV death or HF hospitalization and for HF 

hospitalization alone. Point estimates were similar for CV death alone. The reported 

adjusted hazard ratio (HR) and 95% confidence interval (CI) are adjusted for age, sex, 

diabetes, heart rate, history of HF, history of myocardial revascularization, atrial fibrillation 

pattern, allocated therapy, left ventricular (LV) end-diastolic volume index, LV mass index, 

LV ejection fraction and E/e′.
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Figure 3. 
Adjusted association between left atrial emptying fraction (LAEF) and left atrial expansion 

index (LAEi) and the composite endpoint stratified by rhythm at the time of 

echocardiography (atrial fibrillation [AF] vs. normal sinus rhythm [NSR]). The red and blue 

lines represent an estimation by Poisson regression of the association between LAEF and 

LAEi and the outcome stratified by cardiac rhythm at the time of echocardiography after 

adjusting for age, sex, diabetes, heart rate, history of heart failure (HF), history of 

myocardial revascularization, AF pattern, allocated therapy, left ventricular (LV) end-

diastolic volume index, LV mass index, LV ejection fraction and E/e′. Dashed lines 

represent 95% confidence intervals. Incidence rates are displayed on the y-axis. P-values 

refer to interactions between the two groups. CV, cardiovascular; py, person-years.
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