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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
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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> 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.’

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:° Moreover, LA end-diastolic volume
index is strongly associated with CVD.1011 |_A 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,3 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 LV/15:16 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.1%-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.2! 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)

Outcomes

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

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

RESULTS

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 x 2 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 (ID1),26 and compared to the
CHARGE-AF score,?’ Framingham score,28 Agatston score,2? and LA or LV parameters.
NRI and I1DI 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).

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

Association

Association

Association

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).

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 15t quartile (<11.4%)
(log-rank p<0.0001) (Figure 3).

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 4t quartile (>22.4%) was also associated with the HF incidence in comparison to the 15t
quartile (<11.4%) (log-rank p<0.0001) (Figure 3).

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 4t
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quartile (>22.4%) had a significantly higher risk of CHD death compared to the 15t 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 4t quartile (>22.4%) had a significantly higher risk of CHD death compared to the
15t 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; NRI1=0.637; 1D1=0.082),
incident HF (C-statistic: 0.82 vs. 0.80; NRI1=0.528; ID1=0.024), CHD death (C-statistic: 0.84
vs. 0.83; NRI=0.350; ID1=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%
Cl [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 enroliment. 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.2% 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.3! 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.1®

LA size has been conceived as a barometer of LV filling pressure and diastolic function®.
Recent investigation has suggested that measuring LA end-diastolic volume911 or changes
in LA end-diastolic volume32 may be more robust than maximal LA volume (at LV end-
systole) to predict CVVD. Moreover, a rise in LA end-diastolic volume has been reported as
the best LA parameter to correlate with elevation of LV filling pressures.19 Such findings
reflect the important interaction that exists between LA and LV performance, particularly
during LV diastole, in the absence of mitral valve disease.1>: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.1” 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.

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
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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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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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?

Summary

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.

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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6,814 participants
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v

Baseline CMR available
4,285 participants

== 2,529 participants did not have CMR imaging

_ | Participants excluded

Y

Population analyzed
4,124 participants

Figure 1. Flowchart of the study.

" | No adjudication of outcomes
Covariates no available
Poor image quality

=21
=63
=77
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B Patient 1 Patient 2 Patient 3 Patient 4
LA EDVi = 10 ml/m? LA EDVi = 10 ml/m? LA EDVi = 10 ml/m? LA EDVi = 10 ml/m?
LV EDVi = 88 ml/m?2 LV EDVi = 72 ml/m? LV EDVi = 54 ml/m? LV EDVi =39 ml/m?

11.2% 13.9% 18.5% 25.6%
(1t quartile LACI) (2" quartile LACI) ( ) (4t quartile LACI)

LACI = LA EDVi/LV EDVi

10.0% 13.3% 20.0% 26.7%
(15 quartile LACI) (2n quartile LACI) ( ) (4t quartile LACI)

Patient 5 Patient 6 Patient 7 Patient 8
LA EDVi = 6 ml/m? LA EDVi = 8 ml/m? LA EDVi = 12 ml/m2 LA EDVi = 16 ml/m?
LV EDVi = 60 ml/m? LV EDVi = 60 ml/m? LV EDVi = 60 ml/m? LV EDVi = 60 ml/m?

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/m?) but different normal LV EDVi values (top panel), and four other patients with the
same normal value of LV EDVi (60 ml/m?) 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 41 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%.

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



Page 20

Pezel et al.

(¥2T'v=u) sari0ba1ed JUBAS JUBPIdUI AQ SIUBAS JO 32UBJINIJ0 310)3q auljaseq Je siuedidiued Jo sansLalorIeyd uoneindod

Author Manuscript

99FGLE  VLFTLE 99F V6 TLFYE  TIFEOV % ‘1491
6T0F20T TZ0¥20T 0Z0¥660 TCOFCOT LTOFE60 1w/B “HANAT
L'ST¥€89 9BIFE69 9ST¥¢89  9LTFTEL PTIFTEY 2W/6 “xapur ssew A7
TL¥GT9  6LF809 L'9F2€9 T8¥665  6GF929 % ‘43N
GOTFE89 €6TFG69 LLTFS0L V6IFLEL YEITFO89 2W/W INQ3 A
SO11S1IB19RIRYD AT
TT¥G2T  OTF0¢€T 0TFOET 0T¥67CT ZTIF6TT 81008 4Y-3DHVHO
767902 6LFTEC 7'6 7002 L'8F.TZ  T6¥87T % st AAD weybuiwesy
(cec-0)vL  (€5€-0) 6L (22€-0) 88 (99¢-0) 18 (82-0)0 (4O1) uelpaw ‘2100 uoisiedy
S FG6C  9T9F IvE 9LL F12¥ 6TL¥06E  €8CFCT6 s ¥ uesw ‘210s uolsieby
(862-¥9) 66  (222-02) 81T  (952-69) 22T  (2v€-68) 6T  (L9-2T) 6€ Jw/Bd ‘dNgoid-LN
(s02) 16 (c12) ey (e'81) 6€ (981) % (T'ST) LTS (%) u ‘uoreaipaw Butiamol-pidin
(s'9v) 902 (T°58) 60T (Teg) €11 (009)zeT  (G2e) 2TTT (%) u ‘uonedIpaW uoIsUSHadAH
9618  (829)%9  (er2)es (€209 (0pese (%) U’ aseesip Asuppyowoid
08TF9v. 6LTF62. TLTFLOL T6IFS2L 9STFv6L JWELTUIW/|W | HH4D
YT T8y YTFT8Y ATFIS €T ¥ 6F ST ¥2S Ip/Bw ‘jose1se|oyd TaH
GE T €67 6€ ¥ 06T TE¥88T €€ ¥ 06T 9 ¥ G6T p/B ‘JoeIsa|0yD [eloL
0T F+9 0T #19 0T 29 0T ¥59 6F€9 wdg ‘sres LeaH
(s9m) €2 (L21) 58 (6'8) 6T (L2T) 82 (921) 0LV (%) u ‘snyels Buryows
(0°g2) ot (8'52) 1§ (0sT) 2 (6'52) LS (6'01) G2€ (%) u ‘'smitjjsw sajaqel
9Y¥I8  09FI8C 0G¥€82 0G¥2762  06FLLT 2Ww/B> “xapur ssew Apog
] TT7€L TT702L TFVL (VS BHWwW ‘ainssaid pooq a1joiseIq
2T FSET 2T FLET vZ FVET 2T F 8T T2 ¥ %21 BHWwW ‘ainssaid poojq 21j0IsAS
(L09)69¢  (¢'59) 62T (9°69) L2t (g0s)6sT  (8'8¢) 82ET (%) u ‘uoisuauiadAH
92/v2/0T/Oy  0T/TE/CT/9E  BT/6T/8ISS  BT/TE/TT/SY  22/9Z/ETI6E % ‘(IH/VV/40/eD) Awoluyi3
(979) €22 (T°09) 6TT (229) gzt (983) 62T (6'%¥) 6EST (%) u ‘areN
86F99  GBFTOL 0'8 ¥9'69 88F789  667F€E09 s1eak ‘aby
=) BT (erzmyav (ozzmwan  ESY) s1a1UeIEd
AdAD pleH  yresp dHO 1UsAg ON

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 21

Pezel et al.

Author Manuscript

‘apndad onainLIeU Urelq 40 suowloyold feulwial-N :dNgoAd-1N ‘BWnjoA ATT/ssew AT HAINAT :Xapul uonouny [2qo|B ajo1auaA ¥aj (|49 ‘Uondely
u01233 B9LIUBA W3] :HIAT ‘BIO1IUSA 13| (AT PaXapUl SWNJOA O1|0ISAS-pUS (IAST ‘Paxapul SWNJOA J1|0ISBIP-PUa JIAQT ‘Xapul Bulidnod JendLauaAoLTe Ya| :1DV ] ‘Winule Ya| 1\ ‘oluedsiH :1H ‘ainjre}
weay :4H ‘utsrosdodi) Aususp-ybiy :QH ‘sessIp Jejnasenolpaed (gAD ‘UBdLIBWIY 8S8UIYD YD ‘asessip Leay AJeuoiod :gHD ‘UBISLINeD :BD ‘UoNe| LGl LI 4V ‘UBdLISWY URdLYY WY :SUONRIAGIGOY

WIg/ T/UIW/|W 09 > 81eJ UOIRII|I Je[niawol9 Aq paulyap sem aseasip Asupiy a1uoIyD

g

‘poyaw (1d3-adD) uoneloge]joa ABojoiwapida aseasip Asupiy 91uoJyd Aq palejnajed sem (¥-49) a1el uoneliji Jejniawojo
¥

*adA1 pjog u1 umoys ale G0'0>d yum Jueanyiubis Ajjeansiels aiem ey uolrejndod JusAs ou ayy yim suostredwod ay |

90TF¥0z LTIFTZ LETF6.Z 6TIFEEC  €8F691 % 19V
VITFOGE 6OTFQEE  66FT2€  TITFYEE Q0T F99E % ‘UIENs v fead
STTFOTE O€IF9ZE €ST788  VEIFTIE  96F06L AW/IW IAST VT
9L¥8ET  T6FYST  vITFL6]  86FSLT  TIFOTI AW/|w IAG3 VT
SO11S11810RIRYD W]
(evy=Y) 861=U)  (crzou)gy  (zzeu) gy er'e=d) sIg1Weley
AdAD pieH yresp dHO JUBAT ON

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 22

Pezel et al.

(58'0-08°0) €80
(98°0-180) €80
(58'0-08°0) €80
(58'0-08°0) €80
(98'0-18°0) 80
(58'0-08°0) €80

(98°0-18°0) ¥8°0

(€8°0-2£'0) 08'0
(¥8'0-62°0) ¢80
(¥8'0-62°0) 180
(¥8'0-62°0) 180
(58'0-08'0) 28'0
(€8'0-2£°0) 080

(58'0-08°0) 28°0

(z8°0-22'0) 08'0
(z8'0-92°0) 62°0
(28'0-92°0) 62°0
(z8'0-92°0) 62°0
(58'0-18'0) €£8'0
(€8'0-82°0) 18'0

(98°0-18°0) ¥8°0

0¢L¢0
10000
T000°0>
€070°0
T000°0>
¥¥00°0

T000°0>

€0€0°0
T000°0>
T000°0>
1000°0>
1000°0>
1000°0>

1000°0>

1000°0>
¢1000
0v9€'0
¥800°0
1000°0>
1000°0>

1000°0>

(20'1-620) 260
(esT-STT) €ET
(98'0-29'0) 920
(LET¥OT) 6T'T
(ev'1-9TT) 62T
(erz81T) 69T

(S7'1-STT) 62T

(86'0-22'0) ¥8°0
(e8'T-9v'T) €9'T
(72'0-09'0) 990
(€9T-vET) 8Y'T
(€9'T-€€T) LV'T
(TL'e-86T) 12T

(297-8€T) 05T

(18'0-25'0) 89°0
(S¥'1-60'T) 92'T
(€2'1-€6'0) L0'T
(8€'1-50'T) 02'T
(¥6'T-99'T) 6L°T
(¢6'5-62°€) 2y

(#0'2-69°T) 98'T

(£9'0-55'0) 650
(29°0-25°0) 2150
(09'0-15°0) 550
(25°0-27°0) L¥0
(99'0-25°0) 190
(29'0-55°0) 650
(89'0-09°0) ¥9°0

(59°0-25'0) T9°0
(0£'0-29°0) 990
(59'0-95°0) 190
(19'0-25°0) 950
(22'0-59'0) 89°'0
(€9'0-25°0) 090

(€2°0-99°0) 69°0

(£9°0-65°0) £9'0
(z9°0-%5'0) 850
(85°0-6%°0) £5°0
(55°0-9%°0) TS0
(8L°0-T2°0) ¥2'0
(69°0-€9'0) 99°'0

(08°0-€2°0)92°0

T000°0>
T000°0>
1000°0>

.60
1000°0>
T000°0>

1000°0>

1000°0>
1000°0>
1000°0>
1000°0>
1000°0>
1000°0>

1000°0>

1000°0>
1000°0>
8v0T'0
§8¢¢0
1000°0>
1000°0>

1000°0>

(28'0-29°0) €20
(65°T-22T) 2r'T
(98'0-29'0) 92°0
(9T'7-280) 00°T
(esT-82T) OV'T
(¥0'v-2072) 98°C

(0£T-8€T) ST

(08'0-85'0) 89°0
(62'T-25T) S9°T
(52'0-09'0) L9°0
(L5'T-T2T) 8E'T
(L9'T-L¥'T) IST
(16'5-92°¢) 6€'¥

(98'7-95T) 02T

(89'0-8%°0) L5°0
(0S'T-6TT) EE'T
(0£'1-86'0) €T'T
(52'1-66'0) 60°T
(S6'T-2L'T) €8°T
(99'6-65'5) 2€'L

(cez-16T)VTC

AAD pleH
(@s T 43d) 9 ‘urens v ead -
(@s T 48d) ;w6 ‘ssew A7 -
(as T 4d) % ‘43NT -
(@s T 4ad) Jw/w INQ3 AT -
(@s T J8d) Jw/w N VT -
2%SZ<H0-IND 10V -
(@sted)% ', 10v1-

Uresp AHO
(@s 1 48d) 9 ‘urens v xead -
(as T 48d) w/B ‘ssew AT -
(as 1 4ad) % 43N -
(@s T 48d) Jw/w INQI AT -
(as 1 4od) pw/jw ING3 V1 -
FYSZ<H0-IND 10V -
(astied) % 'y 10v1 -

4H 1uspiou|
(@s 1 48d) 9% ‘urens v xead -
(as T 48d) Hw/B ‘ssew AT -
(as 1 4ad) 9% 43N -
(@s 1 Jad) Jw/jw INGT AT -
(@s 1 4ad) Jwyw IAQ3 VT -
#%SGZ<0-IN 1OV -
(astied) % ', 10V -

4V Juspiou]

(109656)
Xapu1-0

anfea-d

(109%56) 4H

(109656)
Xapu1-0

anfea-d

(109%56) dH

paisnipy

paisnipeun

sJaaweted YD

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

's1ajawesed AT 40 W Jay10 pue [Dv] 01 Buiplodde 89ualINd20 SIUBAS AD JO SISAJeUR 3|qRLIBAINW PUR S|qRLIBAIUN

Author Manuscript

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



Page 23

Pezel et al.

"uonoely UoNd3IE BJOLIUBA Ya| 4JAT B1O1IUSA UI| (AT {PaXapUl SWINJOA I1|0ISAS-PUS (IAST ‘PaxXapul SWNjOA 1j0ISeIp-pua JIAQT ‘xapul Bujdnod

JeINOLIUBAOLIE 3] 1DV ‘WINLIE Ya] /T ‘0les pIezey ‘yH ‘8inj1e) 1eay 4H ‘8seasip JejnaseAolpied :aAD [eAIsIUl 30USPIILIOD 1| ‘8seasIp Leay A1euoiod :gHo ‘UoHe||1qgL [eLe (4 :SUONEIASIqTY

Author Manuscript

"a1el uolfe.|i4 Jejniawolf ‘josslsajoyd ewseld [el01 ‘joR1sajoyd-TaH ‘Adelayy
Buriamol-pidi| ‘Adesay anisusuiadAynue ‘xapur ssew Apog ‘Buiyows Juaiind ‘ajel Leay ‘ainssaid poojq d1joiselp ‘ainssaid poojq 2110IsAS ‘sniijjaw salaqelp ‘ANdtuyle ‘xas ‘abe papnjoul [apow paisnipy -

"uolieINSp paepuels/(anfen uesw—lalawered) :ejnwioy Buimoljo syl 01 Buiplodde pazijewiou alam sanfeA |Jy ] pue sislawelred v ‘sis1aweled AT IV -

"05GZ<40-1N2 & Ag paulyap a|geLiea Areuiq se pasn |0V

'+

8]geLIBA SNONUINUOD SB pasn _u<._,N

(LL'0-€L'0)GL'0
(LL'0-€2'0) G20
(LL'0-€L'0) G20
(LL'0-€L'0) G20
(LL'0-€L'0)SL'0
(82'0-€2'0) G20

(82°0-720)92°0

91660
71000
6€00°0
§G/€9°0
§000°0
T000°0>

1000°0>

(0T'1-16'0) 00'T
(T€'T-20T) 8T'T
(96'0-08'0) 88'0
(80'1-88'0) 86°0
(92'1-90T) 9T'T
(8z'2-9eT)9L'T

(veT-€11) €2T

(85'0-€5'0) G50
(09'0-65'0) 850
(£6'0-15°0) ¥5'0
(£6'0-15°0) ¥5'0
(09'0-75'0) 250
(65'0-65'0) 250

(29°0-25°0) 650

¢000°0
1000°0>
10000
€6¢00
1000°0>
T000°0>

1000°0>

(¥6'0-22'0) 580
(ov'1-52'T) GE'T
(26'0-22'0) ¥8°0
(66'0-18'0) 680
(€€ T-STT) ¥C'T
(0T°€-06'T) €V'C

(97'1T-62'T) SE'T

(@s 1 48d) 9% ‘urens v xead -
(as T 4ad) Wb ‘ssew A7 -
(as 1 4ad) 9% 43N -

(@s T 4od) Jw/jw INGI AT -
(@s T Jed) Jw/w INQ3 VT -
#%SZ<H0-IN 1OV -

(astiad) % 10V -

(10%656)
xapul-0

anjen-d

(109656) dH

(10%56)
xaput-0

anjen-d

(109656) dH

persnipy

paisnipeun

sJa1aweled YND

Author Manuscript

Author Manuscript

Author Manuscript

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



	Abstract
	INTRODUCTION
	METHODS
	Study population
	CMR protocol and image analysis
	Left Atrioventricular Coupling Index (LACI)
	Outcomes
	Statistical analyses

	RESULTS
	Study Population and Cardiovascular Events
	LACI Distribution and Relationship to each LA and LV parameter
	Association of LACI with incident AF
	Association of LACI with incident HF
	Association of LACI with CHD death
	Association of LACI with hard CVD
	Improvement in risk prediction with addition of LACI
	Prognostic value of binary LACI

	DISCUSSION
	Limitations

	CONCLUSION
	PERSPECTIVES
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.

