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Change in Left Atrioventricular Coupling Index to Predict
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Atherosclerosis (MESA)
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Background:  Left atrial (LA) and left ventricular (LV) structural and functional parameters have independent prognostic values as
predictors of atrial fibrillation (AF).

Purpose:  To investigate the prognostic value of a left atrioventricular coupling index (LACI) and average annualized change in
LACI (hereafter, ALACI) measured by cardiac MRI to predict incident AF in a population-based sample from the Multi-Ethnic
Study of Atherosclerosis (MESA).

Materials and Methods:  In a secondary analysis of the prospective MESA, 1911 study participants without clinically recognized AF
and cardiovascular disease at baseline had LACI assessed with cardiac MRI at baseline (examination 1, 2000-2002) and 10 years
later (examination 5, 2010-2012). LACI was defined as the ratio of LA to LV end-diastolic volumes. Univariable and multivariable
Cox proportional hazard models were used to evaluate the associations of LACI and average ALACI with incident AF.

Results: Among the 1911 participants (mean age, 59 years * 9 [standard deviation]; 907 men), 87 incident AF events occurred
over 3.9 years = 0.9 after the second imaging (examination 5). After adjustment for traditional risk factors, greater LACI and
ALACI were independently associated with AF (hazard ratio, 1.69 [95% CI: 1.46, 1.96] and 1.71 [95% CI: 1.50, 1.94], respec-
tively; both 2 < .001). Adjusted models for LACI and ALACI showed improvement in model discrimination compared with cur-
rently used AF risk score (Cohort for Heart and Aging Research in Genomic Epidemiology—Atrial Fibrillation, or CHARGE-AF,
score) model (area under receiver operating characteristic curve [AUC], 0.78 vs 0.74; and AUC, 0.80 vs 0.74, respectively; both P
< .001); and to the final model including individual LA or LV parameters for predicting AF incidence (AUC, 0.78 vs 0.76; and
AUG, 0.80 vs 0.78, respectively; both 2 < .001).

Conclusion: ~ Atrioventricular coupling (left atrioventricular coupling index [LACI]) and coupling change (annual change in LACI)
were strong predictors for atrial fibrillation (AF) in a multiethnic population. Both had incremental prognostic value for predicting
AF over traditional risk factors, and superior discrimination compared with the Cohort for Heart and Aging Research in Genomic
Epidemiology—Atrial Fibrillation, or CHARGE-AE, score and to individual left atrial or left ventricular parameters.
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Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia; 6-12 million people will be diagnosed with
this condition in the United States by 2050 and 17.9
million in Europe by 2060 (1). AF is therefore a public
health problem with important economic burden caused
by morbidity and mortality associated with increased risks
of stroke and heart failure (1-4).

To address the need for early detection of participants
at risk for AE several studies have assessed left atrial (LA)
structure and function by cardiac MRI (5-7). Indeed, LA
volumes, peak LA strain, and LA ejection fractions have
shown prognostic value in predicting the occurrence of AF
independent of traditional risk factors (5,6). These findings

suggest that adverse LA remodeling facilitates initiation of

AF by promoting ectopic triggers and altering the wave-
length of re-entrant circuits (7). However, many studies
emphasize that AF does not occur exclusively because of
adverse LA remodeling (8-11). Indeed, left ventricular
(LV) diastolic dysfunction has been established as a prog-
nosticator of AF (8-11). Therefore, LV diastolic dysfunc-
tion may impair left heart performance by uncoupling
functional performances of the two chambers leading to
AFE Atrioventricular coupling is complex because LA and
LV chamber filling, emptying, and active contraction are
not synchronous.

Although LA and LV parameters have independent
prognostic values for predicting AE, the inherently con-
nected physiologic relationship between the LA and the
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Abbreviations

AF = atrial fibrillation, CHARGE-AF = Cohort for Heart and Aging
Research in Genomic Epidemiology—Atrial Fibrillation, HR = hazard
ratio, LA = left atrium, LACI = left atrioventricular coupling index,
LACI,, = LACI value measured after 10 years, LV = left ventricle,
MESA = Multi-Ethnic Study of Atherosclerosis

Summary

In individuals without cardiovascular disease, the left atrioventricular
coupling index and its annual change have incremental prognostic
value to predict incident atrial fibrillation over traditional risk factors.

Key Results

In a secondary analysis of the prospective Multi-Ethnic Study of
Atherosclerosis (MESA), a left atrioventricular coupling index
(LACI) was tested at cardiac MRI in 1911 individuals without
cardiovascular disease at enrollment.

LACIT and its annual change were independently associated with
the occurrence of atrial fibrillation (AF) (hazard ratio, 1.69 and
1.71, respectively; both 2 < .001).

LACI showed an incremental long-term prognostic value over and
above traditional clinical risk factors of AF (area under receiver op-
erating characteristic curve, 0.78 vs 0.74, respectively; 2 < .001).

LV (12,13) suggests that the assessment of left atrioventricular
coupling alterations could better reflect left heart dysfunction
and be a better predictor of incident AE

Previous studies have also shown the superiority of longi-
tudinal evaluations of change in LA parameters to predict AF
(6,14-16). Therefore, longitudinal assessment of atrioventricular
coupling could be more effective in risk stratification of incident
AF among healthy individuals. On the basis of this rationale,
we designed an analysis to examine the associations of the left
atrioventricular coupling index (LACI) and change in LACI
with incident AF in a prospec-

(https:/fwww.mesa-nhlbi.org) (17). In summary, between 2000
and 2002 (examination 1), 6814 men and women from age 45
to 84 years and free of clinical cardiovascular disease at enroll-
ment were recruited from six U.S. field centers (Baltimore, Md;
Chicago, IlI; Forsyth County, NC; Los Angeles County, Calif;
Northern Manhattan, NY; and St Paul, Minn). Examination
1 was followed by examinations 2 (years 2002-2004), 3 (years
2004-2005), 4 (years 2005-2007), and 5 (years 2010-2012).
The methods of baseline characteristics and outcome collec-
tion are detailed in Appendix E1 (online). In this secondary
analysis of the prospective MESA, we included all consecutive
participants with at least two cardiovascular MRI examinations
(examinations 1 and 5 after 10 years). Participants provided
written informed consent. Study protocols were approved by
the institutional review boards of each participating field cen-
ter, with Health Insurance Portability and Accountability Act
guidelines compliance.

Participants were excluded if they did not undergo the second
cardiac MRI examination, their images were missing or not of suf-
ficient quality to allow measurement of LA and LV volumes, or
they developed incident AF between examinations 1 and 5 (Fig 1).

Cardiac MRI Protocol

The MESA cardiac MRI protocol has been described in detail
previously (18). Briefly, cardiac MRI was performed at six MESA
field centers by using 1.5-T scanners (Appendix E2 [online]).
Long-axis cine images were obtained at two- and four-chamber
views by using electrocardiography-gated fast gradient-echo
pulse sequences. A stack of short-axis cine images were acquired
to encompass both ventricles, and LV end-diastolic volume was
measured by using cardiac image modeler software (CIM version
6.0; University of Auckland, New Zealand). The cine images

tive population study of indi-
viduals without history of heart
disease at baseline. Specifically,

Participants with baseline cardiac MRI
MESA Exam 1 (2000-2002)
n =4,859

we aimed to investigate the
prognostic value of LACI and
the average annualized change
in LACI (hereafter, ALACI)
measured at cardiac MRI, for
predicting incident AF in the

Participants excluded:

Only one cardiac MRI study performed = 2,367
Covariates not available =373
Developed AF before the second cardiac MRl exam =100
Poor image quality =89
No adjudication of AF after the second cardiac MRl exam =19

A,

Multi-Ethnic Study of Athero-

A

sclerosis (MESA).

Eligible participants
MESA Exam 1 (2000-2002)

n=1.911
Materials and Methods 1 l
Study Sample MESA Exam 5
The MESA (ClinicalTrials.gov (2010-2012)
identifier: NCT00005487) is a N n=1911
prospective, population-based 21 / \
multiethnic (White, African -
American, Chinese American, No AF Incident AF
and Hispanic) cohort study of n=1.824 n=87

subclinical cardiovascular dis- gure 1:
ease, and the study design was

previously described in detail
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Flowchart of the study. Mean fime between baseline and second cardiac MRI examinations, 9.6 years =+
0.4 (1). Mean fime of AF follow-up: 3.
MESA = Mulii-Ethnic Study of Atherosclerosis.

9 years = 0.9 affer the second cardiac MRI examination (2. AF = atrial fibrillation,
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were acquired with a temporal
resolution of approximately 50
msec. Cardiac MRI examina-
tions were performed only in
patients in sinus rhythm. MRI
sequence parameters are de-

tailed in Table E1 (online).

Image Analysis

Images were read at the central
MESA cardiac MRI review cen-
ter at Johns Hopkins University
(Baltimore, Md) (Appendix E2
[online]). Multimodality tissue
tracking software (MTT ver-
sion 6.0; Toshiba Medical Sys-
tems) was used to quantify LA
volume and strain at two- and
four-chamber cine cardiac MRI
(Appendix E3 [online]). This
method has been validated pre-
viously with good to excellent
intra- and interreader reproduc-
ibility (intraclass correlation,
0.88-0.98; P < .001) and good
interstudy reproducibility (in-
traclass correlation, 0.44—0.82;
(P value range, .02 to <.001)
(19,20).

LACI Definition

The LACI was defined for each
participant by the ratio between
the LA end-diastolic volume
and the LV end-diastolic vol-
ume assessed at cardiac MRI
(TR, with 5 years of experi-
ence). The LV volume was mea-
sured from the stack of short-
axis cine images, whereas the LA volume was measured from
the two- and four-chamber views, as described previously (Fig
2). The LA and LV volumes were measured in the same end-
diastolic phase defined by mitral valve closure.

The LACI value is expressed as a percentage, and a higher
LACI indicates greater disproportion between the LA and LV
volumes at ventricular end-diastole, which reflects greater im-
pairment of left atrioventricular coupling. Moreover, the ALACI
is defined by the annual difference in the LACI value measured
at baseline, at examination 1 and the LACI value measured after
10 years at examination 5 (LACI, ), and the ALACI value is

CXpl‘CSSCd as a percentage per year.

Incident AF

Incident AF during the follow-up period was defined on the ba-
sis of study electrocardiograms and hospital discharge diagnosis
International Classification of Diseases—9 codes, supplemented by
Medicare claims (Appendix E4 [online]).
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Figure 2: Method fo assess the left atrioventricular coupling index (LACI) at cardiac MRI. LACI was defined by the ratio be-
tween the left atrial (LA) end-diastolic volume and the left ventricular (LV) end-diastolic volume. A stack of short-axis noncontrast
cine MRI scans were acquired to encompass both ventricles, and LV end-diasfolic volume was measured by using cardiac im-
age modeler software (green volume, left panel). LA end-diastolic volume was measured by using multimodality fissue-fracking
software fo track LA wall motion during the end-diastole in the four-chamber and two-chamber views (pink borders, right panel).

Statistical Analysis

Participant characteristics at baseline and after 10 years are pre-
sented as means for continuous variables and as counts and per-
centages for categorical variables (Table 1). Comparisons used
the x? or Fisher exact test for categorical variables and the Stu-
dent # test or Mann-Whitney Wilcoxon test, as appropriate, for
continuous variables. We used Cox regression models to study
the associations between the LACI, or ALACI, and the incident
AE The cumulative risk of incident AF over the follow-up years
for the cohort, stratified by the LACI terciles, or ALACI terciles,
was determined by using Kaplan-Meier curves.

The AF risk prediction model used was the Cohort for
Heart and Aging Research in Genomic Epidemiology—Atrial
Fibrillation (CHARGE-AF) risk model (21). Two models
were proposed. In model 1, we adjusted for the following
CHARGE-AF risk factors at the second cardiac MRI exami-
nation after 10 years (ie, examination 5): age, sex, ethnicity,
height, weight, systolic and diastolic blood pressure, use of
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Table 1: Characteristics of Participants at Baseline and at Second Examination
Second Study (Examination 5)*
Baseline (Examination 1)

Parameters (m=1911) No AF (n = 1824) AF (n = 87) P Value
Age (y) 59*9 68 9 757 <.001
Men 907 (47.5) 860 (47.1) 47 (54.0) .25
Ethnicity (%) .04

White 43 42 55

Chinese American 11 12 5

African American 25 25 23

Hispanic 21 21 16
Hypertension 689 (36.1) 1011 (54.6) 69 (72.6) .001
Systolic blood pressure (mm Hg) 123 £ 20 122 £ 20 126 = 21 .16
Diastolic blood pressure (mm Hg) 72+ 10 68 £ 10 67 £ 11 .17
Hypertension medication 568 (29.7) 908 (49.8) 62 (71.3) <.001
Body mass index (kg/m?) 27.8 49 28.0 £ 5.1 28.3 + 5.1 .57
Glycemic status 21

Normal 1533 (80.2) 1161 (63.7) 48 (55.2)

Impaired fasting glucose 212 (11.1) 371 (20.3) 22 (25.3)

Diabetes mellitus 166 (8.7) 292 (16.0) 17 (19.5)
Smoking status .003

Never 982 (51.4) 835 (45.8) 24 (27.6)

Former 699 (36.6) 844 (46.3) 55 (63.2)

Current 230 (12.0) 144 (7.9) 8(9.2)
Heart rate (beats/min) 62 * 8.6 63.4 £9.8 64.5 + 11.8 .35
CHARGE-AF score (%) 11.6 = 1.1 126 £ 1.2 13.5 = 0.8 <.001
Cardiovascular events

Myocardial infarction 0 (0) 25 (1.4) 3(3.5) .050

Congestive heart failure 0 (0) 14 (0.8) 3 (3.5) .054
LA parameters

LAVI_(mL/m?) 11.9+58 29.6 + 14.0 4.0+214 <.001

VI (mL/m?) 29.9 9.1 64.5 % 20.9 74.1 + 25.4 <.001

LAVIpreA (mL/m?) 22.0 = 7.4 49.7 £ 17.9 61.4 +23.3 <.001

Peak LA strain (%) 374+ 11.2 31.6 = 13.0 243 £ 11.7 <.001
LV parameters

LV EDVi (mL/m?) 70.2 £11.9 64.9 £ 13.6 65.0 £ 14.6 .96

LVEF (%) 62.6 £5.7 62.1 £7.1 60.6 £ 8.6 11

LV mass index (g/m?) 64.9 = 11.8 66.1 = 13.7 69.2 = 15.7 .06

LV MVR (g/mL) 0.93 £0.16 1.04 £ 0.22 1.11 = 0.26 .02

LACI (%) 16.8 7.9 25.0 £ 11.0 35.8 £ 19.3 <.001
Note.—Unless otherwise indicated, data are number of participants; data in parentheses are percentages. Mean data are = standard
deviation. There were 1911 participants total. AF = atrial fibrillation, CHARGE-AF = Cohorts for Heart and Aging Research in Genomic
Epidemiology Model for Atrial Fibrillation, EDVi = end-diastolic volume index, LA = left atrium, LACI = left atrioventricular coupling
index, LAVI = left atrium volume index, LAVI = maximum LAVI, LAVI = minimum LAVI, LAVI " = preatrial LAVI, LV = left
ventricle, LVEF = left ventricle ejection fractlon, MVR = mass-to-volume ratlo
*The second study took place 9.6 years = 0.4 after baseline.

antihypertensive medication, smoking status, diabetes, and
the development of myocardial infarction and congestive
heart failure (21). Model 2 included model 1 and the baseline
value of the parameter assessed, measured for baseline differ-
ences when measuring change (22). The additional predic-
tive value of the LACI and ALACI was calculated by the area
under receiver operating characteristic curve increment com-
pared with the CHARGE-AF score (21) and each LA or LV
parameter. A two-tailed P value less than .05 was considered
to indicate statistical significance. All data were analyzed (T.P.
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and C.O.W., with 25 years of experience) by using software
(R version 3.6.1; R Project for Statistical Computing).

Results

Characteristics of Participants in MESA

Of the 4859 participants with baseline cardiac MRI records
that included LA volume assessment (examination 1), 1911
participants (39.3%) returned to undergo a second cardiac
MRI examination at examination 5 with LA, LV, and outcome

radiology.rsna.org = Radiology: Volume 303: Number 2—May 2022
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Table 2: Univariable and Multivariable Analyses of Incident Atri

and Other Left Atrial or Left Ventricular Parameters at Examination 5

al Fibrillation according to Left Atrioventricular Coupling Index

Univariable Analysis Multivariable Analysis: Model 1*

Parameter Hazard Ratio P Value Hazard Ratio P Value
LACIIOT 1.82 (1.61, 2.05) <.001 1.69 (1.46, 1.96) <.001
LACI,, cutoff > 30%* 2.62 (1.72, 4.00) <.001 1.91 (1.23, 2.95) .004
LAVI , 1.70 (1.45, 1.99) <.001 152 (1.25, 1.84) <.001
LAVI 156 (1.42, 1.72) <.001 158 (1.39, 1.79) <.001
LAVI 1.46 (1.26, 1.71) <.001 143 (1.20, 1.72) <.001
Total LAEF 0.41 (0.34, 0.50) <.001 0.55 (0.46, 0.67) <.001
Passive LAEF 0.48 (0.38, 0.60) <.001 0.63 (0.49, 0.83) <.001
Active LAEF 0.45 (0.36, 0.57) <.001 0.58 (0.48, 0.71) <.001
Peak LA strain 0.41 (0.30, 0.57) <.001 0.62 (0.47, 0.83) <.001
LV EDVi 1.00 (0.81, 1.24) .99 1.08 (0.88, 1.33) 47
LVEF 0.79 (0.65, 0.97) 02 0.81 (0.66, 1.00) 06
LV MVR 1.28 (1.07, 1.54) .008 1.07 (0.86, 1.32) .56

risk model) included the following: age, sex, ethnicity, height, weight,

addition of the one additional parameter listed.
TLACI, used as continuous variable.
# LACI, | used as binary variable defined by a cutoff greater than 30%.

Note.—All left ventricular (LV) parameters, left atrial (LA) parameters, and left atrioventricular coupling index (LACI) values were
normalized according to the following formula: (parameter—mean value)/standard deviation. EDVi = end-diastolic volume index, LACI, |
= LACI value measured after 10 years, LAEF = left atrial emptying fraction, LAVI = left atrium volume index, LAVI = maximum LAVI,
LAVI = minimum LAVI, LAVIPr “= preatrial LAVI, LVEF = LV e¢jection fraction, MVR = mass-to-volume ratio.

* Multivariable model 1 (Cohorts for Heart and Aging Research in Genomic Epidemiology Model for Atrial Fibrillation, or CHARGE-AFE,

use, smoking status, diabetes, and the development of myocardial infarction and congestive heart failure. Of note, each row corresponds to
a final model including model 1 and we added each of the other parameters one by one, where the P value and hazard ratio reflect only the

systolic and diastolic blood pressure, antihypertensive medication

data available after a mean time of 9.6 years * 0.4 (standard
* 9; 907 men) (Fig 1). Among
the 1911 patients who underwent a second cardiac examina-
tion at examination 5, 689 (36.1%) had hypertension with 568
(29.7%) administered antihypertensive therapy, 166 (8.7%)
had diabetes mellitus, 230 (12.0%) were current smokers, and
mean body mass index was 27.8 kg/m?* = 4.9. The baseline
characteristics of the study population at examination 5 after
a mean time of 9.6 years * 0.4, divided into those who devel-
oped AF or who did not, are presented in Table 1. After a mean
follow-up time of 3.9 years = 0.9 after the second cardiac MRI
examination (examination 5), 87 participants developed inci-

deviation; mean age, 59 years

dent AE LA functional parameters were lower, and LV mass
and LV volume was higher in participants with AF compared
with those without AE

LACI and Annualized Change in LACI

For the entire study sample, mean baseline LACI was 16.8% *
7.9. At follow up, LACI  was 25.5% * 11.2 (mean ALACI,
1.2% = 1.0 per year; Fig E1 [online]). ALACI and individual
LA and LV parameters during 9.6 years = 0.4 are shown in Table
E2 (online). Whereas participants who developed AF had greater
increase in LA volume (minimum ALAVI, 0.90 mL/m? per year
* 1.07 vs 0.45 mL/m? per year = 0.76; P < .001) versus those
who did not, LV end-diastolic volumes decreased similarly with
aging in both groups (—0.59 mL/m? per year * 1.43 vs —0.65
mL/m? per year £ 1.21; P =.70). Correlations between LA and
LV end-diastolic volumes were low at both baseline and follow up
(R*=0.15 and 0.10, respectively; both 2 <.001; Fig E2 [online]).

Radiology: Volume 303: Number 2—May 2022 = radiology.rsna.org

We found no evidence of a difference in mean LACI between
women and men at baseline (LACI at baseline, 16.7% = 8.3 vs
16.9% = 7.5, respectively; P = .46). However, at follow up, mean
LACI was higher in women than in men (LACI, , 26.2% * 12.2
vs 24.8% * 11.4, respectively; = .01). Consistently, ALACI was
higher in women than in men (1.01% per year * 1.20 vs 0.84%
per year * 1.18, respectively; P = .002; Table E3 [online]).

LACI and Incident AF

‘The results of unadjusted and adjusted Cox proportional hazard
models for LACI,  and LA and LV parameters measured after
10 years are in Table 2. LACI, | was positively associated with
incident AF before and after adjustment for risk factors (adjusted
hazard ratio [HR], 1.69; 95% CI: 1.46, 1.96; increment by 1
standard deviation; 2 < .001). LACI  top tercile (LACI,, >
28.6%) was more strongly associated with AF incidence than the
bottom tercile (<19.7%; log-rank P < .001; Fig 3A). By using
an optimal cutoff point to predict incident AF (Fig E3 [online]),
LACI, | greater than 30% was independently associated with in-
cident AF before (HR, 2.62; 95% CI: 1.72, 4.00; P < .001) and
after adjustment (adjusted HR, 1.91; 95% CI: 1.23, 2.95; P =
.004; Fig 3B). LACI value at baseline measured at examination 1
was also independently associated with AF (HR, 1.81; 95% ClI:
1.57, 2.01; P < .001; Table E4 [online]).

Annualized Change in LACI and Incident AF

Table 3 shows the results of bivariate and multivariable analyses
for ALACI and main LA and LV parameters; unadjusted results
are shown in Table E5 (online).
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10.0¢ | — LacI<19.7%
LACI 19.7 - 28.6%
— LACI > 28.6%
7.5 |

Cumulative incidence of AF (%)

5.0 -
p <0.001
25 .
0.0 - = —f

0 1 2 3
Years of follow-up
Number at risk

=637 634 619 597

- 637 614 590 566

A P < .001) (Fig 4B). In participants with LACI, |
greater than 30%, the cumulative hazard was
greater for participants with ALACI greater than
1.5% per year than for those with ALACI less than
or equal to 1.5% per year (P < .001). However,
among participants with LACI | less than or equal
to 30%, we found no evidence of differences be-
tween those with ALACI greater or less than 1.5%
per year (P = .46) (Fig 5).

Atrioventricular Coupling Improvement of AF Risk
Prediction

208 The multivariable model with the LACI  showed
improvement in model discrimination compared
with the multivariable model with CHARGE-AF

risk factors for predicting incident AF (area under

1007 | —LAcis30%
— LACI > 30%

7.5 .

HR = 2.62 (1.72-4.00)

5.0 1 p <0.001

2.5 |

Cumulative incidence of AF (%)

0.0 -
0 i 2 3
Years of follow-up
Number at risk
=| 1356 1346 1317 1274

=|-5655 533 513 492

Figure 3:

Kaplan-Meier survival curves for incident atrial fibrillation (AF) sirafified by (A) left

B receiver operating characteristic curve, 0.78 vs 0.74,
respectively; P < .001). Follow-up examination
LACI, , also showed better discrimination for inci-
dent AF than the multivariable model with indi-
vidual LA or LV parameter and the CHARGE-AF
score risk factors (Table 4).

Improvement in Risk Prediction with Addition of
Average Annualized Change in LACI

After adjustment, ALACI showed improvement
i in model discrimination compared with the mul-
tivariable model with CHARGE-AF risk factors for
620 predicting incident AF (area under receiver operat-
213 ing characteristic curve, 0.80 vs 0.74, respectively;
P < .001). ALACI also showed better discrimi-
nation for incident AF than did the multivariable

atrioventricular coupling index (LACI) ferciles and by (B) a LACI cutoff of 30%. (A) The cumulative
hazard was greater in the third LACI value measured after 10 years (LACI ) tercile compared with
the first tercile for incident AF (hazard ratio [HR], 2.48; 95% Cl: 1.53, 3.87; P< .001). (B) The
cumulative hazard was greater for participants with LACI | greater than 30% compared with par-

ficipants with LACI | of 30% or less for incident AF (HR, 2.62; 95% Cl: 1.72, 4.00; P < .001).

model with average annualized changes in LA or LV

parameters (Table 5).

Discussion

Annual change in LACI was positively associated with AF
before and after adjustment (LACI value at baseline HR, 1.76
[95% CI: 1.55, 2.00] and 1.79 [95% CI: 1.60, 2.01], respec-
tively; both P < .001). After adjusting for CHARGE-AF risk
factors (model 1) and LACI value at baseline (model 2), ALACI
remained independently associated with incident AF (adjusted
model 1 HR, 1.64 [95% CI: 1.42, 1.89] per 1 standard devia-
tion increment; adjusted model 2 HR, 1.71 [95% CI: 1.50,
1.94] per 1 standard deviation increment; both P <.001). The
top tercile (>1.3% per year) of ALACI was more strongly as-
sociated with incident AF than the bottom tercile (<0.4% per
year; log-rank P < .001; Fig 4A).

By using an optimal ALACI cutoff value greater than
1.5% per year to predict incident AF (Fig E4 [online]), an
increase in ALACI greater than 1.5% per year remained in-
dependently associated with greater AF occurrence (ad-
justed model 1 HR, 2.55 [95% CI: 1.75, 3.72] per 1 stan-
dard deviation increment; adjusted model 2 HR, 3.25 [95%
Cl: 2.20, 4.82] per 1 standard deviation increment; both
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In our study, we demonstrated the predictive

value of both a left atrioventricular coupling index
(LACI) and the average annualized change in LACI (ALACI)
for predicting incident atrial fibrillation (AF) in a muldethnic
population free of clinical cardiovascular disease at enrollment.
LACI and ALACI showed strong associations with incident AF
(hazard ratio [HR] for both, 1.7; P < .001). Moreover, LACI
and ALACI were stronger independent predictors of incident
AF than the Cohort for Heart and Aging Research in Genomic
Epidemiology—Atrial Fibrillation (CHARGE-AF) score and in-
dividual left atrial (LA) or left ventricular (LV) parameters, re-
sulting in improved discrimination for incident AF (area under
receiver operating characteristic curve, 0.78 vs 0.74, respectively;
and area under receiver operating characteristic curve, 0.80 vs
0.74, respectively; both P < .001). The increase in LA volume
relative to that of the LV at end-diastole reflects impaired LV
compliance, leading to a reduction of LA reservoir function,
which were independent predictors of incident AF (23). We also
investigated the best LACI and ALACI cutoff points to predict
incident AF and found that LACI greater than 30% and ALACI

greater than 1.5% per year were independently associated with
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Table 3: Bivariate and Multivariable Analyses of Incident Atrial Fibrillation according to Annual Change in Left Atrioventricular
Coupling Index and Annual Change in Other Left Atrial or Left Ventricular Parameters

Bivariate Analysis* Model 17 Model 2*

Parameter Hazard Ratio P Value Hazard Ratio P Value Hazard Ratio P Value
ALACI® 1.79 (1.60, 2.01) <.001 1.64 (1.42, 1.89) <.001 1.71 (1.50, 1.94) <.001
ALACI cutoff > 1.5%/year! 4.01 (2.75, 5.85) <.001 2.55(1.75, 3.72) <.001 3.25 (2.20, 4.82) <.001
ALAVIPreA 1.54 (1.30, 1.82) <.001 1.30 (1.09, 1.56) .003 1.44 (1.21, 1.71) <.001
ALAVImin 1.57 (1.44, 1.73) <.001 1.58 (1.39, 1.79) <.01 1.62 (1.45, 1.82) <.001
ALAVImaX 1.37 (1.15, 1.63) <.001 1.20 (1.00, 1.44) .044 1.34 (1.10, 1.63) .004
ATotal LAEF 0.40 (0.32, 0.49) <.001 0.72 (0.6, 0.86) .003 0.44 (0.33, 0.57) <.001
APassive LAEF 0.40 (0.31, 0.52) <.001 0.91 (0.74, 1.11) .35 0.54 (0.40, 0.72) <.001
AActive LAEF 0.45 (0.35, 0.57) <.001 0.74 (0.61, 0.89) .002 0.47 (0.36, 0.61) <.001
APeak LA strain 0.44 (0.34, 0.56) <.001 0.80 (0.66, 0.97) .02 0.57 (0.42, 0.77) <.001
ALV EDVi 0.95 (0.78, 1.16) .62 1.03 (0.88, 1.22) .68 1.04 (0.87, 1.25) .64
ALVEF 0.92 (0.75, 1.13) 44 1.04 (0.88, 1.24) .65 0.96 (0.79, 1.17) .68
ALV MVR 1.28 (1.08, 1.52) .005 1.05 (0.9, 1.24) .52 1.11 (0.89, 1.37) .36

LAVI, LAVI = minimum LAVI, LAVI

mass- to—volume ratio.

reA

$ Annual change in LACI used as continuous variable.

Note.—All variables were expressed per 1 standard deviation per year and normalized according to the following formula: (variable
measured — mean value)/standard deviation. Data in parentheses are 95% Cls. Each cell corresponds to a final model including model 1
or 2 and we added each of the other annual change in parameters one by one, wherein the P value and hazard ratio reflect only the addition
of the one additional annual change in parameter listed. A = annual change, EDVi = end-diastolic volume indexed, LA = left atrial, LAEF

= left atrial emptying fraction (%), LACI = left atrioventricular coupling index, LAVT = left atrium volume index, LAVI

= maximum

= preatrial LAV, LV = left ventricle, LVEF = left ventricle ejection fraction, MVR =

* Bivariate model included both the annual change in the variable and the value of the variable measured at baseline.

" Multivariable model 1 (Cohorts for Heart and Aging Research in Genomic Epidemiology Model for Atrial Fibrillation, or CHARGE-AF
risk model) included the following: age, sex, ethnicity, height, weight, systolic and diastolic blood pressure, antihypertensive medication
use, smoking status, diabetes, and the development of myocardial infarction and congestive heart failure.

# Multivariable model 2 included the following: model 1 and baseline value measured at examination 1 for each LA or LV parameter.

I' Annual change in LACI used as binary variable defined by a cutoff greater than 1.5% per year.

incident AF (HR 1.91 and HR 3.25, both P < .001). Interest-
ingly, the occurrence of AF was higher for participants with a
ALACI greater than 1.5% per year than for participants with a
ALACI less than or equal to 1.5% per year among participants

with a LACI greater than 30% (8.8% vs 3.8%, respectively; P

< .001). However, among participants with LACI less than or
equal to 30%, we found no evidence of no differences between
those with ALACI greater than 1.5% per year versus those with
ALACI less than or equal to 1.5%% per year (2.5% vs 1.3%; P =
.46). Whereas the Multi-Ethnic Study of Atherosclerosis showed
the excellent prognostic value of CHARGE-AF score (24), our
results suggest that the assessment of LACI and ALACI provides
additional and relevant information to accurately stratify the risk
of incident AF above CHARGE-AF risk factors in a population
without known cardiovascular disease.

A previous report (7) suggested that adverse LA remodeling
facilitates both initiation and maintenance of AF by promoting
ectopic triggers and altering the wavelength of the re-entrant ar-
thythmic circuit. Knowing the crucial role of cardiac MRI data
in predicting AF (25), LACI appears to reflect an earlier stage
of LA remodeling than individual LA parameters, with stron-
ger prognostic value for predicting incident AF before and af-
ter adjustment for traditional risk factors. In line with previous
reports (8,10,11), these results suggest that AF may not occur
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exclusively because of impaired LA or LV structure or function
but may also be susceptible to uncoupling of LA and LV struc-
ture and function as markers of early LV diastolic dysfunction or
early LA myopathy.

Our findings are also consistent with those of previous echo-
cardiography studies that assessed left atrioventricular coupling
(26,27), and those of a previous cardiac MRI study performed
in 40 healthy individuals that investigated the effects of aging on
left atrioventricular coupling and LV filling (28). In that study,
older individuals had larger LA and smaller LV volumes with
larger LA-to-LV end-diastolic volume ratios (27% = 6 vs 19%
* 3, respectively; 2 < .001) and preserved LV ¢jection fraction.
Moreover, in a canine model of early-stage hypertensive heart
failure with preserved LV ejection fraction, left heart atrioven-
tricular coupling assessed at cardiac MRI was impaired, and the
curvilinear LA end-reservoir pressure-volume relationship was
shifted upward and leftward, indicating reduced LA compliance
(29). A recent study (30) described a LACI measured at echo-
cardiography as a prognosticator of death in patients with heart
failure with reduced LV ejection fraction or degenerative mitral
disease and regurgitation.

Regarding the optimal time of the cardiac cycle at which
the LACI should be assessed, some reports have emphasized
the important interaction between LA and LV performance,
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Figure 4: Kaplan-Meier survival curves for incident atrial fibrillation (AF) strafified by terciles
of annual change (A) in left atrioventricular coupling index (LACI) (A) and by annual change in
LACI with a cutoff of 1.5% per year (B). (A) The cumulative hazard was greater in the third tercile
compared with the first tercile for incident AF (hazard ratio [HR], 2.52; 95% Cl: 1.57, 3.96; P <
.001). (B) The cumulative hazard was greater for participants with LACI greater than 1.5% per
year compared with participants with annual change in LACI of 1.5% or less per year for incident

AF (HR, 2.77;95% ClI: 1.82,4.21; P < .001).

particularly during the LV end diastole (12,13).
Furthermore, a recent investigation has suggested
that LA end-diastolic volume (31,32) or change in
LA end-diastolic volume (14,33) is more closely
correlated with diastolic function (13), and there-
fore more robust than maximal LA volume (at LV
end systole) for predicting AE. However, a rise in LA
end-diastolic volume (LA minimum volume) has
been reported as a strong predictor of AF (14,31),
reflecting the hemodynamic interactions between
LA and LV during LV diastole (23). Indeed, at the
beginning of LV diastole, passive filling begins as a
rotating blood flow pattern within the LA, gradu-
ally decreasing to a halt when pressures between the
two chambers equalize. This passive filling pattern
generates an early diastolic blood flow vortex inside
the LV that is stronger than the original flow rota-
tional pattern from the LA. The resultant buildup of
kinetic energy expands the LV to a greater diastolic
volume than it would in the absence of such vortex
phenomenon (34). Such mechanisms underlie the
important hemodynamic interactions between LA
and LV during LV diastole, possibly in part explain-
ing the particular prognostic value of LACI.

Our study had limitations. First, LACI was in-
vestigated as a diagnostic tool for early detection
of AF risk in asymptomatic participants without
known cardiovascular disease. Hence, LACI may
not be as an ideal assessment tool for partici-
pants with pronounced LA and LV enlargement
secondary to advanced structural heart disease.
For these reasons, the extension of our findings
to populations with established cardiovascular
disease requires further investigation, including
probably the assessment of another LACI cutoff
in these patients. Second, incident AF was on the
basis of diagnosis discharge codes, which may
underestimate AF incidence because many AF
cases can be asymptomatic. Third, ALACI was
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simultaneously by left atrioventricular coupling 9 = LACI <30% and ALACI 2 1.5%/year
index (LACI) value measured after 10 years by 75 | LACI > 30% and ALACI < 1.5%/year
[LACI, ) with a cutoff of 30% and an annual -g = LACI > 30% and ALACI 2 1.5%/year
change (A) in LACI with a cutoff of 1.5% per 9 p<0.001
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- 50 -
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>
greater than 1.5% per year than for those with % 2K
annual change LACI of 1.5% or less per year _g ] _.-l_‘_'_'_r‘-‘-’_’_ } p=0.459
(hazard rafio [HR], 2.20; 95% CI: 1.08, 4.15; 3
P <.001). However, among participants with
LACI,  of 30% or less, we found no evidence L I |
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Table 4: Discrimination Associated with Left Atrioventricular
Coupling Index to Different Left Atrial and Left Ventricular
Parameters at Examination 5 to Predict Incident Atrial
Fibrillation

AUC Incident Atrial
Parameter Fibrillation
Model 1 0.74 (0.70, 0.78)

Model 1 and LACI *
Model 1 and LACI, | cutoft > 30%
Model 1 and LAVI
Model 1 and LAVI
Model 1 and LAVI
Model 1 and total LAEF
Model 1 and passive LAEF
Model 1 and active LAEF
Model 1 and peak LA strain
Model 1 and LV EDVi
Model 1 and LVEF

Model 1 and LV MVR

0.78 (0.73, 0.83)
0.77 (0.73, 0.81)
0.76 (0.71, 0.81)
0.76 (0.72, 0.81)
0.74 (0.70, 0.79)
0.76 (0.72, 0.82)
0.75 (0.71, 0.80)
0.76 (0.72, 0.81)
0.75 (0.71, 0.81)
0.75 (0.71, 0.79)
0.75 (0.70, 0.79)
0.74 (0.71, 0.78)

Note.—Data in parentheses are 95% CIs. All left ventricular
(LV) parameter, left atrial (LA) parameter, and left
atrioventricular coupling index (LACI) values were normalized
according to the following formula: (parameter — mean value)/
standard deviation. Multivariable model 1 (Cohorts for Heart
and Aging Research in Genomic Epidemiology Model for
Atrial Fibrillation, or CHARGE-AF, risk model) included the
following: age, sex, ethnicity, body mass index, systolic and
diastolic blood pressure, antihypertensive medication use,
smoking status, diabetes, and the development of myocardial
infarction and congestive heart failure. AUC = area under the
receiver operating characteristic curve, EDVi = end-diastolic
volume index, EF = emptying fractions, LACI, 0= LACI value
measured after 10 years, LAEF = left atrial emptying fraction,
LAVI = left atrium volume index, LAVI__ = maximum LAVI,
LAVI . = minimum LAVI, LAVI preatrlal LAVI, LVEF =

eA
left ventrlcle ejection fraction, M&R mass-to-volume ratio.

* LACI, | used as continuous variable.

TLACI, used as binary variable defined by a cutoff greater than
30%.

averaged across 10 years, thus assuming linearity over time.
This method may not have fully captured the variation in
year-to-year measurements, therefore providing additional
precedence for further investigation. Fourth, we used two-
dimensional methods instead of three-dimensional methods
to measure LA volumes from two-chamber and four-chamber
cine MRI, which may have underestimated true volumes by
11.5%-20% (35). Moreover, these LA volumes were per-
formed with only one software program, which limited the
generalizability of the findings. Fifth, knowing that cardio-
vascular MRI is not a widely accessible test in routine, the use
of LACI should be investigated in echocardiography, particu-
larly with the advent of three-dimensional echocardiography.
Finally, although the mechanisms by which incident AF is
associated with left atrioventricular coupling impairment are
not entirely elucidated by our observational data, our results
may provide valuable clues to AF pathophysiologic structure
in human populations.
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Table 5: Discrimination Associated with Annual Change in
Left Atrioventricular Coupling Index to Change in Different
Left Atrial and Left Ventricular Parameters to Predict
Incident Atrial Fibrillation

AUC Incident Atrial
Parameter Fibrillation
Model 1 0.74 (0.70, 0.78)

Model 2 and ALACIT*
Model 2 and ALACI cutoff > 1.5%

0.80 (0.75, 0.84)
0.79 (0.75, 0.83)

per year'
Model 2 and ALAVIPreA 0.77 (0.73, 0.82)
Model 2 and ALAVI__ 0.78 (0.73, 0.82)
Model 2 and ALAVI 0.76 (0.71, 0.80)
Model 2 and Atotal LAEF 0.78 (0.73, 0.82)
Model 2 and Apassive LAEF 0.77 (0.73, 0.81)
Model 2 and Aactive LAEF 0.78 (0.73, 0.83)

Model 2 and Apeak LA strain
Model 2 and ALV EDVi
Model 2 and ALVEF

Model 2 and ALV MVR

0.77 (0.72, 0.81)
0.74 (0.70, 0.78)
0.74 (0.70, 0.78)
0.75 (0.70, 0.79)

Note.—Data in parentheses are 95% Cls. All variables values
are expressed per 1 standard deviation per year and normalized
according to the following formula: (variable measured — mean
value)/standard deviation. Multivariable model 1 (Cohorts for
Heart and Aging Research in Genomic Epidemiology Model
for Atrial Fibrillation, or CHARGE-AF, risk model) included
the following: age, sex, ethnicity, body mass index, systolic

and diastolic blood pressure, antihypertensive medication use,
smoking status, diabetes, and the development of myocardial
infarction and congestive heart failure. Multivariable model 2
included the following: model 1 and baseline value measured at
examination 1 for each left atrial or left ventricular parameter.

A = annual change, AUC = area under the receiver operating
characteristic curve, EDVi = end-diastolic volume index, LA =
left atrium, LACI = left atrioventricular coupling index, LAEF =
left atrial emptying fraction, LAVI = left atrium volume index,
LAVI = maximum LAVI, LAVI = minimum LAVI, LAVI A
= prcamal LAVI, LV = left ventrlcle, LVEF = left ventricle
ejection fraction, MVR = mass-to-volume ratio.

* ALACI used as continuous variable.

" ALACI used as binary variable defined by a cutoff greater than
1.5% per year.

In conclusion, in a large multiethnic population (ie, the
Multi-Ethnic Study of Artherosclerosis) free of clinical cardiovas-
cular disease at baseline, impaired left atrioventricular coupling
reflected as greater left atrioventricular coupling index (LACI)
and annualized change in LACI, or ALACI, measured at cardiac
MRI were associated with higher risk of incident atrial fibril-
lation (AF) during a 4-year median follow-up. The addition of
LACI and ALACI to risk prediction models for incident AF im-
proved model discrimination for incident AF risk. Future studies
should validate these findings to better understand the role of
left atrioventricular coupling in AF pathophysiologic structure
and risk prediction.
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