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Abstract

Both left atrial and left ventricular functional parameters influence the prognosis of patients 

with cardiovascular diseases. This study aimed to investigate the prognostic value of a novel left 

atrioventricular coupling index (LACI) in a population without history of cardiovascular diseases 

at baseline.

Participants of the Multi-Ethnic Study of Atherosclerosis who underwent a baseline cardiovascular 

magnetic resonance study were analysed. LACI was defined by the ratio of the Left atrial end­

diastolic volume divided by the left ventricular end-diastolic volume. Cox proportional hazard 

models were used to evaluate the association between LACI and atrial fibrillation, heart failure, 

coronary heart disease death, and hard cardiovascular disease defined by myocardial infarction, 

resuscitated cardiac arrest, fatal and non-fatal stroke, or coronary heart disease death.

Among the 4,124 participants (61.5±10.1 years, 47.4% men), 1,074 cardiovascular events were 

observed (mean follow-up 13.0±3.2 years). Greater LACI was independently associated with atrial 

fibrillation (HR 1.86; 95% CI [1.69-2.04]), heart failure (HR 1.50; 95% CI [1.38-1.62]), hard 

Corresponding Author: Pr. Joao LIMA, Cardiology Division, Department of Medicine, Johns Hopkins Hospital, 600 North Wolfe 
Street, Maryland, 21287, jlima@jhmi.edu, Phone: 410-614-1284 ∣ Fax: 410-614-8222. 

DECLARATION OF INTEREST: Disclosure: The authors have nothing to disclose.
All authors declare that the submitted work is original and has not been published before (neither in English nor in any other language) 
and that the work is not under consideration for publication elsewhere.

HHS Public Access
Author manuscript
Hypertension. Author manuscript; available in PMC 2022 September 01.

Published in final edited form as:
Hypertension. 2021 September ; 78(3): 661–671. doi:10.1161/HYPERTENSIONAHA.121.17339.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cardiovascular disease (1.23; 95% CI [1.13-1.34]), and coronary heart disease death (HR 1.29; 

95% CI [1.15-1.45]; all p<0.0001). After adjustment for traditional cardiovascular risk factors, 

LACI showed significant improvement in model discrimination and reclassification compared to 

currently used standard models to predict outcomes.

LACI is a strong predictor for the incidence of heart failure, atrial fibrillation, hard cardiovascular 

disease, and coronary heart disease death. LACI has incremental prognostic value to predict 

cardiovascular events over traditional risk factors, and better discrimination and reclassification 

power compared to individual left atrial or left ventricular parameters.

Keywords

Left atrium; left ventricle; coupling; cardiovascular events; atrial fibrillation; heart failure; cardiac 
magnetic resonance

INTRODUCTION

Cardiovascular diseases (CVD) remain a major public health problem affecting 24.3 million 

people in the United States, with estimated direct and indirect costs of 351.2 billion 

dollars in 2015.1 Several left ventricular (LV) structural and functional parameters, such 

as left ventricular ejection fraction (LVEF), LV myocardial strain, LV mass to volume ratio 

(LVMVR), or LV global function index (LVGFI) have shown prognostic value in predicting 

the occurrence of CVD.2-5 However, many studies emphasize the fact that CVD does not 

occur exclusively because of impaired LV structure and function.6 Even with preserved 

LV systolic function, left atrial (LA) dysfunction may impair global heart performance and 

uncoupling between functional performance of the two chambers can also contribute to 

cardiac dysfunction and clinical heart disease.7

Atrioventricular coupling is complex because chamber filling, emptying and active 

contraction are not synchronous. The atria fill as the ventricles contract and eject 

blood into the pulmonary and systemic circulations. They empty as the ventricles 

relax, but, in sinus rhythm, contract at the end of ventricular diastole. Here we time 

simultaneous atrioventricular function in reference to ventricular systole and diastole. 

Indeed, deterioration in LA structure, described as a higher end-systolic LA volume index, 

is an independent marker of heart failure (HF).8,9 Moreover, LA end-diastolic volume 

index is strongly associated with CVD.10,11 LA end-diastolic volume has been reported 

as a better predictor of survival compared to LA end-systolic volume, given a better 

sensitivity for elevated LV filling pressure.10,11 Consequently, the concept of "atrial failure" 

has been proposed, based on the principle that even in the absence of LV disease, atrial 

fibrotic changes and dysfunction may trigger HF or atrial fibrillation (AF).12 Recently, LA 

maximum longitudinal end-systolic strain was suggested as superior to LA end-systolic 

volume as an index cardiac diastolic dysfunction,13 and in association with HF, AF, and 

death.14

Although LA and LV parameters have independent prognostic value, the close physiological 

relationship between LA and LV15,16 suggest that the assessment of LA/LV coupling could 
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better reflect left atrioventricular dysfunction and be a better predictor of CVD. A single 

left atrioventricular parameter measuring simultaneously LA and LV could be very useful 

in clinical routine to improve the early prediction of CV outcomes. Indeed, LA and LV 

are directly connected during diastole and, in the absence of valvular heart disease, their 

function and filling pressures are tightly coupled.17,18 However, very few studies have 

ever investigated a LA/LV coupling index with very limited sample sizes.19,20 Based on 

such rationale, we designed an analysis to examine the association of atrioventricular 

coupling parameters with incident CVD in a prospective population study of individuals 

without history of previous heart disease. In this study, therefore, we aim to investigate 

the prognostic value of a new left atrioventricular coupling index (LACI), defined by the 

ratio between the LA end-diastolic volume and the LV end-diastolic volume assessed by 

cardiovascular MRI (CMR), to predict the occurrence of cardiovascular events in the Multi­

Ethnic Study of Atherosclerosis (MESA).

METHODS

The data that support the findings of this study are available from the corresponding author 

upon reasonable request.

Study population

The MESA study is a prospective, population-based multi-ethnic (White, African American, 

Chinese, and Hispanic) cohort study of subclinical cardiovascular disease. The study design 

of MESA has been described in detail previously.21 In summary, between 2000 and 2002 

(Exam 1), 6,814 men and women aged from 45 to 84 years, free of clinical CVD at 

enrollment, were recruited from six US field centers (Baltimore, MD; Chicago, IL; Forsyth 

County, NC; Los Angeles County, CA; Northern Manhattan, NY; and St Paul, MN). The 

methodology of baseline characteristics collection is detailed in Supplemental text 1. Blood 

pressure was measured 3 times using a Dinamap model Pro 100 automated oscillometric 

sphygmomanometer (Critikon; Tampa, FL) while the participants were resting in a seated 

position. The average of the last two measurements were used in the analysis. Participants 

with significant valvular disease at baseline were excluded. All participants provided written 

informed consent. All study protocols were approved by the institutional review boards of 

each participating field center.

A flowchart of the MESA population investigated in this study is depicted in Figure 

1. Of the 4,285 participants with baseline cardiovascular magnetic resonance (CMR) 

study including LA volume assessment (Exam 1), 21 individuals had no follow-up for 

cardiovascular events, 77 participants had missing images or a not sufficient image quality 

to measure LA and LV volumes, and another 63 had missing covariates, resulting in a final 

cohort of 4,124 subjects available for the analysis of this proposed study (Figure 1).

CMR protocol and image analysis

At baseline, CMR was performed with 1.5 T MR scanners: Signa LX or CVi (GE 

Medical Systems, Waukesha, WI, USA) or Symphony or Sonata (Siemens Medical Systems, 

Erlangen, Germany). Long-axis cine images were obtained from 2-chamber and 4-chamber 
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views, using electrocardiogram-gated fast gradient-echo pulse sequences. A stack of short­

axis cine images was acquired to encompass both ventricles and LV end-diastolic volume 

was measured using cardiac image modeler software (CIM version 6.0, University of 

Auckland, New Zealand). All cine images were acquired with a temporal resolution of 

~50 ms. The complete CMR protocol, as well as details on image analysis, data quality 

control, calculations for LVEF, LV mass and volumes, LA volumes, and reproducibility of 

these measurements have been published previously.22

Multimodality tissue tracking software (MTT version 6.0, Toshiba Medical Systems 

Corporation, Tokyo, Japan) was used to quantify LA volume and strain from 2- and 

4-chamber cine CMR images (Supplemental text 2). This method has been validated 

previously with good to excellent intra- and inter-reader reproducibility with intraclass 

correlation (ICC) of 0.88 to 0.98 (p<0.001), and pretty good inter-study reproducibility with 

ICC of 0.44 to 0.82 (p<0.05 to 0.001).23-25 A single experienced operator blinded to the case 

status of the participant defined endocardial and epicardial borders of the LA at end-systole. 

Using the marked points, the software creates endocardial and epicardial borders, then tracks 

LA tissue in subsequent frames. The endocardial and epicardial contours generated by the 

software are then followed by the operator during the cardiac cycle for quality control.

Left Atrioventricular Coupling Index (LACI)

LACI was defined for each participant by the ratio between the LA end-diastolic volume 

and the LV end-diastolic volume assessed by CMR. The LV volume was measured from the 

stack of short-axis cine images, while the LA volume was measured from the 2-chamber 

and 4-chamber views, as previously described. The LA and LV volumes were measured with 

a match in the same end-diastolic phase defined by the mitral valve closure (Figure 2). In 

addition, LACI measured in end-diastole was more accurate to predict outcomes than the 

assessment of a left atrioventricular coupling index performed in end-systole (Table S1). The 

intra- and inter-reader reproducibility of the LACI were good with ICC of 0.93 (95% CI 

[0.90–0.96]) and ICC of 0.81 (95% CI [0.71–0.88]), respectively.

The LACI value is expressed as a percentage, and a higher LACI expresses greater 

disproportion between the left atrial and left ventricular volumes at ventricular end diastole 

reflecting greater impairment of left atrioventricular coupling. The theoretical framework 

underlying LACI in various subclinical pathophysiological settings is illustrated in Figure 2

Outcomes

The MESA study outcome ascertainment protocols have been described in detail and 

are available online (www.mesa-nhlbi.org). Cardiovascular endpoints of interest were HF, 

AF, coronary heart disease (CHD) death, and hard CVD. In addition to MESA follow­

up examinations every two years, a telephone interviewer contacted each participant 

(or representative) every 9-12 months to inquire about interim hospital admissions, CV 

outpatient diagnoses, and deaths. Two physicians reviewed all records for independent 

endpoint classification and assignment of event dates. Criteria for hard CVD outcomes 

included hard coronary events (including myocardial infarction, resuscitated cardiac arrest, 

and death from coronary disease), in addition to fatal and nonfatal stroke. CHD death 
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included myocardial infarction, chest pain within the 72 hours before death, or a history 

of CHD and the absence of a non-cardiac cause of death. Criteria for HF as an endpoint 

included symptomatic HF diagnosed by a physician for a patient receiving medical treatment 

for HF and (1) pulmonary edema/congestion by chest X-ray and/or (2) dilated ventricle 

or poor LV function by echocardiography or ventriculography, or evidence of LV diastolic 

dysfunction. Criteria for AF as an endpoint required an AF diagnosis according to ICD-9 

codes. A detailed description of the criteria used for each endpoint is provided in the 

Supplemental text 3. If the first cardiovascular event claim occurred before the baseline 

study, the participant was excluded from the analyses.

Statistical analyses

Baseline characteristics of study participants are presented as mean ± standard deviation 

(SD) or median (interquartile range [IQR]) for continuous variables and as counts and 

percentages for categorical variables in Table 1. Comparisons employed the χ2 or Fisher’s 

exact test for categorical variables and the Student’s t-test or Mann–Whitney–Wilcoxon 

test, as appropriate, for continuous variables. We used Cox regression models to study the 

associations between LACI and the outcomes. The proportional hazard assumption was 

visually tested using Schoenfeld residuals (Figure S1). The cumulative risk of cardiovascular 

outcomes over the follow-up years for the cohort, stratified by LACI quartiles, was 

determined using Kaplan–Meier curves, censored at most recent follow-up. Differences 

across quartiles were compared using the log-rank test. Following, the associations between 

LACI or all other LA and LV parameters and time-to-event were analyzed with multivariable 

Cox survival analyses, adjusting for traditional risk factors at baseline: age, sex, ethnicity, 

diabetes mellitus, systolic blood pressure, diastolic blood pressure, heart rate, current 

smoking, body mass index, anti-hypertensive therapy, lipid-lowering therapy, high-density 

lipoprotein cholesterol, total plasma cholesterol, and glomerular filtration rate.

We compared model discrimination using the C-statistic. The additional predictive value 

of LACI was calculated by the C-statistic increment, the categorical net reclassification 

improvement (NRI), and the integrative discrimination index (IDI),26 and compared to the 

CHARGE-AF score,27 Framingham score,28 Agatston score,29 and LA or LV parameters. 

NRI and IDI were computed at 10 years using the R package “survIDINRI”.30 The survival 

tree method was used to determine the cut-off to transform LACI into a binary variable with 

the best predictive value for cardiovascular event occurrences. A two-tailed p-value <0.05 

was considered statistically significant. All data were analysed using R software, version 

3.6.1 (R Project for Statistical Computing).

RESULTS

Study Population and Cardiovascular Events

Among the 6,814 participants of the MESA cohort, 4,124 (60.5%) underwent a baseline 

CMR examination with LA, LV, and outcome data available (mean age 61.5 ± 10.1 years 

and 47.4% male participants). Among those, 42.5% of participants had hypertension, 12.6% 

had diabetes mellitus, 13.0% were current smokers, and the mean body mass index was 27.8 

± 5.0 kg/m2. At baseline, 35.4% of participants were on antihypertensive therapy and 15.9% 
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on lipid lowering medication. Population characteristics of all participants stratified by LACI 

quartiles are presented in Table S2. Population characteristics of all eligible participants at 

baseline are described in Table S3. Of note, eligible participants at baseline (n=6,814) had 

a higher rate of both hypertension and hypertension medication than participants of this 

current study (n=4,124). The baseline characteristics of the study population, divided into 

those who developed hard CVD (n=443, 10.7%), HF (n=220, 5.3%), AF (n=213, 5.2%), and 

CHD death (n=198, 4.8%) over a mean follow-up period of 13.0 ± 3.2 years are presented in 

Table 1. Participants were followed during a mean follow-up of 11.2 ± 3.7 years for AF and 

16.2 ± 1.1 years for other outcomes. Combining all pre-specified clinical events together and 

reporting only the first event for each patient, 698 (16.9%) participants had a cardiovascular 

event. All LA and LV functional parameters were lower in participants with cardiovascular 

events compared to those without cardiovascular events.

LACI Distribution and Relationship to each LA and LV parameter

In the entire population, mean LACI was 17.7 ± 9.1% and the 1st–4th quartiles of 

LACI were ≤11.4%; 11.4–16.3%; 16.3–22.4%; >22.4%, respectively (Figure S2), without 

differences between females and males (17.9 ± 8.8% and 17.6 ± 9.4%, respectively). Mean 

LACI was 16.9 ± 8.3% in participants with no events. Regarding the definition of LACI, 

the LA end-diastolic volume was poorly correlated to LV end-diastolic volume (R2=0.15) 

(Figure S3). All LA and LV parameters are reported in Table 1 for participants with and 

without selected cardiovascular events. The relationship between LACI and values of other 

functional LV and LA parameters, and biomarkers are reported in the Figure S4. Notably, 

there was no relationship between LACI and systolic blood pressure at baseline (p=0.828, 

Figure S5).

Association of LACI with incident AF

The results of unadjusted and adjusted Cox proportional hazard models for LACI and 

the main LA and LV parameters are indicated in Table 2 (other LA/LV parameters and 

biomarkers are presented in Table S4). LACI was positively associated with incident AF 

before and after adjustment for risk factors (adjusted hazard ratio [HR] 1.86; 95% CI [1.69–

2.04] per 1 SD increment; p<0.0001). When LACI was categorized in quartiles, a LACI 

value >22.4% was associated with AF incidence in comparison to the 1st quartile (<11.4%) 

(log-rank p<0.0001) (Figure 3).

Association of LACI with incident HF

LACI was also positively associated with incident HF before and after adjustment for risk 

factors (adjusted HR 1.50; 95% CI [1.38–1.62] per 1 SD increment; p<0.0001) (Table 2). 

The 4th quartile (>22.4%) was also associated with the HF incidence in comparison to the 1st 

quartile (<11.4%) (log-rank p<0.0001) (Figure 3).

Association of LACI with CHD death

LACI was positively associated with CHD death before and after adjustment for risk factors 

(adjusted HR 1.29; 95% CI [1.15–1.45] per 1 SD increment; p<0.0001) (Table 2). The 4th 
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quartile (>22.4%) had a significantly higher risk of CHD death compared to the 1st quartile 

of LACI (<11.4%) (log rank p=0.0012) (Figure 3).

Association of LACI with hard CVD

After adjustment for risk factors, LACI was significantly associated with the hard CVD 

occurrence (adjusted HR 1.23; 95% CI [1.13–1.34] per 1 SD increment; p<0.0001) (Table 

2). The 4th quartile (>22.4%) had a significantly higher risk of CHD death compared to the 

1st quartile of LACI (<11.4%) (log rank p=0.0004) (Figure 3).

The global prognostic value of LACI was homogeneous regardless of the gender (Table S5) 

and of the systolic blood pressure level (Table S6).

Improvement in risk prediction with addition of LACI

The multivariable model with LACI showed significant improvement to model 

discrimination and reclassification compared to the multivariable model with traditional 

risk factors to predict incident AF (C-statistic: 0.84 vs. 0.79; NRI=0.637; IDI=0.082), 

incident HF (C-statistic: 0.82 vs. 0.80; NRI=0.528; IDI=0.024), CHD death (C-statistic: 0.84 

vs. 0.83; NRI=0.350; IDI=0.005), and hard CVD (C-statistic: 0.77 vs. 0.76; NRI=0.227; 

IDI=0.009). LACI also had better a discrimination and reclassification for AF and hard CVD 

compared to the multivariable model with each LA or LV parameter (Table S7). Regarding 

the prediction of AF, LACI had better discrimination and reclassification compared to the 

CHARGE-AF score (C-statistic: 0.84 vs. 0.79; NRI: 0.637 vs. 0.255; IDI: 0.082 vs. 0.005). 

Discrimination and reclassification associated with LACI to other biomarkers and scores are 

presented in Table S8.

Prognostic value of binary LACI

The best LACI cut-off was >29% to predict incident AF, >27%, to predict incident HF, 

>26% to predict CHD death, and >27% to predict hard CVD (Table S9). Using the 

composite outcome cut-off including incident HF, incident AF, CHD death and hard CVD, 

an increased LACI of >25% was independently associated with an increased occurrence of 

AF (adjusted HR 4.42; 95% CI [3.29–5.92]), HF (adjusted HR 2.71; 95% CI [1.98–3.71]), 

CHD death (adjusted HR 1.69; 95% CI [1.18–2.42]), and hard CVD (adjusted HR 1.76; 95% 

CI [1.36–2.28]) (p<0.0001 for all; Table 2 and Figure 4).

DISCUSSION

In this study, we demonstrate the predictive value of a novel left atrioventricular coupling 

index, LACI, for incident AF, HF, CHD death, and hard CVD in a multiethnic population, 

aged 45–84 years, free of clinical CVD at enrollment. Indeed, LACI showed the greatest 

association with those CV outcomes, improving model discrimination and reclassification of 

CV event risk. To our knowledge, the prognostic value of this left atrioventricular coupling 

index, and the incremental model discrimination of LACI over and above traditional clinical 

risk factors have not been previously reported.
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LACI identifies an earlier stage of LA remodeling when compared to individual LA 

parameters, having a higher prognostic value for predicting CV events after adjustment 

for traditional risk factors. Therefore, relating LA to LV volume, LACI improves model 

discrimination and reclassification in predicting the risk of outcomes relative to such 

individual parameters measured separately, and saves time in clinical routine with a fast 

and simple measurement. Notably, the prognostic value of LACI was independent of 

participants' ethnicity. These results are consistent with a prior CMR study performed in 

40 healthy individuals that investigated the effects of aging on left atrioventricular coupling 

and LV filling.20 The oldest individuals had larger LA and smaller LV volumes with 

larger LA/LV end-diastolic volume ratio (27 ± 6% vs. 19 ± 3%; p<0.001) and preserved 

LVEF. Moreover, in a canine model of early-stage hypertensive HF with preserved LVEF, 

left atrioventricular coupling assessed by CMR was impaired and the curvilinear LA end­

reservoir pressure-volume relationship was shifted upward and leftward, indicating reduced 

LA compliance.31 More recently, Backhaus et al. suggested a potential prognostic value 

for atrioventricular mechanical coupling in predicting CV events in a clinical study of 795 

patients with acute coronary syndrome.19

LA size has been conceived as a barometer of LV filling pressure and diastolic function16. 

Recent investigation has suggested that measuring LA end-diastolic volume10,11 or changes 

in LA end-diastolic volume32 may be more robust than maximal LA volume (at LV end­

systole) to predict CVD. Moreover, a rise in LA end-diastolic volume has been reported as 

the best LA parameter to correlate with elevation of LV filling pressures.10 Such findings 

reflect the important interaction that exists between LA and LV performance, particularly 

during LV diastole, in the absence of mitral valve disease.15,16

Therefore, our study highlights the prognostic importance of atrioventricular coupling 

reflected by intricate hemodynamic interactions between LA and LV during LV diastole.18 

At the beginning of LV diastole, passive filling begins, characterized by a rotating blood 

flow pattern in the LA, that gradually decreases and then stops when pressures between the 

two chambers are equalized. This passive filling pattern results in an early diastolic blood 

flow vortex formation inside the LV cavity, even stronger than the original flow rotational 

pattern in the LA. The resultant buildup of kinetic energy expands the LV to greater diastolic 

volume.17 During the diastasis period, the transmitral flow velocity is transiently reduced 

before the onset of active filling, which further energizes vortex formation pattern up to 

the end of LV diastole. Such blood flow vortex contributes to redirecting the incoming 

LA inflow towards the LV outflow tract, priming the LV by stretching cardiomyocytes 

and maximizing pre-load before the onset of LV systolic contraction.33 Such mechanisms 

underlie the important hemodynamic interaction of the LA and LV at end-diastole, possibly 

explaining the particular prognostic value of LACI, i.e. left AV coupling measured at that 

moment. All these reasons explain the genesis of combining these two measurements of 

atrial and ventricular end-diastolic volume, obtained simultaneously, in the conception 

of LACI, allowing through a simple measurement, to capture the combined LA and LV 

performance.

The prevalence of AF is estimated to be up to 2% in the U.S., with projected doubling 

by 2030. In this study, LACI was a stronger independent predictor of incident AF than 
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the CHARGE-AF score and the individual LA or LV parameters, resulting in improved 

reclassification and discrimination. The increase in LA volume relative to that of the LV at 

end-diastole reflects impaired LV compliance, leading to a reduction of LA pump function, 

which has been proposed as an independent predictor of incident AF.18 Regarding other 

CV outcomes, LACI showed greater ability to predict CHD death than the Framingham and 

Agatston scores. We also investigated the best LACI cut-off points to predict different CV 

outcomes, and found slightly different best cut-off points with > 29% for incident AF, > 27% 

for incident HF, > 26% for CHD death and > 27% for hard CVD. This suggests different 

pathophysiological mechanisms involving atrioventricular coupling for different outcomes. 

LACI > 25% was the best cut-off for the composite of all four CV outcomes. Further studies 

will need to assess the clinical value of adding LACI to cardiovascular event prediction 

models in general population.

Limitations

Among our study limitations, the general applicability of these findings may be limited 

by selection and survivor biases. Indeed, participants had no known CVD at baseline and 

therefore, older participants undergoing CMR in this cohort represent a healthier sample 

than the older general population. In addition, LACI was investigated to be a primary 

prevention tool in the early detection of the CVD risk in asymptomatic patients without 

known CVD. Indeed, in a patient with CVD and who presents with both LA and LV 

enlargements, LACI would not be the best assessment tool. For all these reasons, the 

extension of these results to populations with prevalent disease would require additional 

investigation. Moreover, incident AF was identified based on diagnosis discharge codes, 

which may underestimate incident AF, as many AF cases can be asymptomatic. However, 

a validation sub-study on 45 MESA participants with the classification of AF based upon 

hospital discharge codes confirmed the diagnosis of AF in 93% of hospitalizations, implying 

high specificity for the adjudicated outcome.34

HF was not differentiated into HF with preserved or reduced LVEF due to the relatively low 

number of events. In addition, the exclusion of participants with no adjudicated outcome, 

with unavailable CMR data, or poor quality of images, could have introduced bias in the 

study. However, these excluded participants tended to be older and had more risk factors. 

Therefore, we hypothesize that their inclusion would more likely increase the strength 

of our associations. We used two instead of three dimensional methods to measure LA 

volumes, which may have underestimated true volumes by 11.5–20%.35 However, this 

method has been widely used and validated in clinical studies.23,24 Knowing that CMR 

is not a widely accessible test in routine, the use of LACI as a screening tool in the 

general population should be investigated in echocardiography, particularly with the advent 

of three-dimensional echocardiography. In addition, further studies should also evaluate the 

incremental prognostic value of LACI compared with other biomarkers such as troponin, 

NT-proBNP or interleukin 6, and diastolic dysfunction parameters using echocardiography. 

Residual confounding cannot be completely eliminated from this cross-sectional study, 

because only the traditional risk factors assessed at baseline were analyzed in the final 

models without any utilization of time-varying covariates, with incomplete accounting for 

traditional risk factor covariate status. Beyond left atrioventricular coupling, this study 

Pezel et al. Page 9

Hypertension. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



did not include analysis of left ventriculoarterial coupling. Further studies may investigate 

the relationship between these two couplings. Finally, while the mechanisms by which 

cardiovascular events are associated with left atrioventricular coupling derangements are not 

entirely elucidated by these observational data, the study provides important clues to the 

pathophysiology of cardiovascular events.

CONCLUSION

In a large multi-ethnic study population free of clinical CVD at baseline, greater LACI 

measured by CMR imaging was associated with high risk of incident AF, HF, CHD 

death, and hard CVD during a 13-year average follow-up. The addition of LACI to risk 

prediction models for these outcomes showed improvement to model discrimination and 

reclassification of cardiovascular event risks. Future studies should validate these findings 

to better understand the role of left atrioventricular coupling in the pathophysiology of 

cardiovascular events.

PERSPECTIVES

Using cardiovascular magnetic resonance data, a new left atrioventricular coupling index 

was identified in a large cohort of patients without cardiovascular disease at enrolment: the 

Multi-Ethnic Study of Atherosclerosis (MESA). This index was independently associated 

with the occurrence of cardiovascular events, showing an incremental long-term prognostic 

value over and above traditional clinical risk factors. The concept of left atrioventricular 

coupling is support by this coupling index which has a better prognostic value than 

individual LA or LV parameters measured separately.
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CHD coronary heart disease

CMR cardiovascular magnetic resonance

CVD cardiovascular disease

LV left ventricle

LVEF left ventricular ejection fraction

LVMVR LV mass to volume ratio

LVGFI LV global function index

LA left atrium

LACI left atrioventricular coupling index

HF heart failure

MESA Multi-Ethnic Study of Atherosclerosis

NRI net reclassification improvement

IDI integrative discrimination index
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Novelty and Significance

What is new?

• Using cardiovascular magnetic resonance data, a new left atrioventricular 

coupling index was identified in a large cohort of patients without 

cardiovascular disease at enrollment: the Multi-Ethnic Study of 

Atherosclerosis (MESA).

• This index was independently associated with the occurrence of 

cardiovascular events, showing an incremental long-term prognostic value 

over and above traditional clinical risk factors.

What is relevant?

• The concept of left atrioventricular coupling is support by this coupling index 

which has a better prognostic value than individual LA or LV parameters 

measured separately.

• This left atrioventricular index could be also assessed using echocardiography 

allowing its worldwide spread even more easily.

Summary

• The simple method to measure this new left atrioventricular index allows 

rapid and immediate clinical routine use as a cardiovascular risk stratification 

tool.

• Given that the assessment of the left atrioventricular coupling has shown a 

more powerful and earlier stratification of cardiovascular risk than individual 

LA or LV parameters measured separately, further work should study this 

coupling more precisely.
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Figure 1. Flowchart of the study.
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Figure 2. Schematic comparison of LACI variations in different subclinical pathophysiological 
settings.
Figure 2A illustrates the method to assess LACI by CMR defined by the ratio between the 

LA end-diastolic volume and the LV end-diastolic volume. A stack of short-axis cine images 

was acquired to encompass both ventricles and LV end-diastolic volume was measured 

using cardiac image modeler (CIM) software (green volume, top panel). LA end-diastolic 

volume was measured using multimodality tissue-tracking (MTT) software to track LA 

wall motion during the end-diastole (pink borders) in the 4-chamber and 2-chamber views 

(bottom panel).

In the Figure 2B, four patients from this cohort have the same normal value of LA EDVi 

(10 ml/m2) but different normal LV EDVi values (top panel), and four other patients with the 

same normal value of LV EDVi (60 ml/m2) but different normal LA EDVi values (bottom 

panel).

Although these values of LA EDVi or LV EDVi were identical, LACI increased significantly 

in all cases. These eight patients belonged to one of the LACI quartiles with significantly 

different risk levels of cardiovascular events which were not detected by the value of 

LA EDVi or LV EDVi alone. A higher LACI reflects a higher dysfunction of the left 

atrioventricular coupling defined by a subclinical dilation of LA compared to LV.
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Abbreviations:

CMR: cardiovascular magnetic resonance; LA: left atrium; LACI: left atrioventricular 

coupling index; EDVi: end-diastolic volume indexed; LV: left ventricle.
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Figure 3. Kaplan-Meier survival curves for incident AF (A), incident HF (B), CHD death (C) and 
hard CVD (D) by LACI quartiles.
The cumulative hazard was systematically significantly greater in the 4th quartile compared 

with the other quartiles for each outcome (log-rank for difference; p<0.0001).
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Figure 4. Kaplan-Meier survival curves for incident AF (A), incident HF (B), CHD death (C) and 
hard CVD (D) stratified by LACI >25%.
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