1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
JACC Cardiovasc Imaging. Author manuscript; available in PMC 2018 September 01.

-, HHS Public Access
«

Published in final edited form as:
JACC Cardiovasc Imaging. 2017 September ; 10(9): 976-985. doi:10.1016/j.jcmg.2016.07.015.

Left Atrial Phasic Volumes and Reservoir Function in the Elderly
by Real-Time Three-dimensional Echocardiography: Normal
Values, Prognostic Significance, and Clinical Correlates

Cesare Russo, MD?, Zhezhen Jin, PhD2, Shunichi Homma, MD1, Tatjana Rundek, MD, PhD#,
Mitchell S.V. Elkind, MD, MS3, Ralph L. Sacco, MD, MS#5, and Marco R. Di Tullio, MD?

1Department of Medicine, Columbia University, New York, NY

2Department of Biostatistics, Columbia University, New York, NY

3Departments of Neurology and Epidemiology, Columbia University, New York, NY

4Department of Neurology, Department of Public Health Sciences, University of Miami, Miami, FL.

SHuman Genetics, Miller School of Medicine, University of Miami, Miami, FL.

Abstract

Objectives—To assess the prevalence and prognostic value of abnormalities in left atrial (LA)
phasic volumes and reservoir function in a community cohort.

Background—LA enlargement is associated with adverse cardiovascular outcomes. Real-time
three-dimensional (RT3D) echocardiography allows the assessment of LA phasic volumes and
reservoir function. However, there is paucity of data regarding normal values, clinical correlates,
and prognostic value of RT3D echocardiography-derived LA phasic volumes and reservoir
function, especially in the elderly, a subgroup at high risk for cardiovascular events.

Methods—LA maximum volume (LAVimax), minimum volume (LAVimin), and reservoir
function assessed as emptying volume (LAEV), emptying fraction (LAEF), and expansion index
(LAELI), were measured by RT3D echocardiography in participants from a community-based
cohort study. Cut-off values for LA phasic volumes were derived from a healthy subgroup of
participants free of cardiovascular disease and risk factors (n=142, mean age 66+9 years, 55%
women). Annual follow-up was performed for cardiovascular outcomes (myocardial infarction,
ischemic stroke, and vascular death).
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Results—The cohort included 706 participants (mean age 719 years, 59% women). LAVinax
and LAVinin were not associated with age in the healthy subgroup, but progressively increased
with age in the entire cohort (both p<0.001). During a median follow-up of 7 years (min 0.06, max
9.5) 78 cardiovascular events occurred. In univariate analysis, LAVimax, LAVinin, and reservoir
function parameters were significantly associated with outcome. In multivariate analysis, LAVinin
> 20.5 ml/m? [adjusted hazard ratio (aHR)=1.79, 95% confidence intervals (Cl)=1.02-3.16) and
LAEV < 5.7 ml/m2 (aHR=1.98, 95% Cl=1.02-3.85) remained significantly associated with events.
LAVinin and LA reservoir function showed incremental prognostic value over LAVinax-

Conclusions—LA phasic volumes and reservoir function assessed by RT3D echocardiography

were strong independent predictors of cardiovascular events in a community-based elderly cohort.
LAVinin and reservoir function assessment may improve cardiovascular outcome prediction over

LAVimax.

Keywords
Left atrial volume; Reservoir function; Three-dimensional echocardiography; Outcome

INTRODUCTION

Left atrial (LA) enlargement is a strong risk factor for cardiovascular events (1-3). Among
different measures of LA size, LA volume showed the strongest association with adverse
outcomes (4). Echocardiography is the most frequently used imaging technique to assess LA
volume because of its widespread availability and reliable volume assessment. Traditionally,
LA volume is measured in end-systole, when the left atrium reaches maximum expansion
(LAVimax)- The adoption of new technologies, such as real-time three-dimensional (RT3D)
echocardiography, has made it possible to measure the change in LA volume throughout the
cardiac cycle, and to assess the LA reservoir function. Growing evidence suggests that the
analysis of LA volume in different phases of the cardiac cycle (LA phasic volumes) may
provide additional, clinically relevant information regarding LA remodeling and
dysfunction. In fact, the LA volume measured at end-diastole (LA minimum volume,
LAVinin) and the LA reservoir function have been demonstrated to be better correlates of LV
diastolic dysfunction and better predictors of incident atrial arrhythmias than LAVipyax (5-7).
However, it is not clear whether the assessment of LA phasic volumes and reservoir function
can provide relevant prognostic information towards cardiovascular outcome, and, if so,
whether such information is incremental over the established LAViy,,x measurement.
Furthermore, there is scarce information in the literature regarding normal values of LA
phasic volumes and function derived from RT3D echocardiography, especially in the elderly
population. Accordingly, the aim of this study was to investigate the prognostic value of LA
phasic volumes and reservoir function measured by RT3D echocardiography in a
community-based cohort of predominantly elderly composition. Additionally, we assessed
the incremental prognostic value of RT3D LA phasic volumes and reservoir function over
traditional 2D parameters and risk factors.
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Study population

Risk factors

The Cardiac Abnormalities and Brain Lesion (CABL) study based its recruitment on the
Northern Manhattan Study (NOMAS), a population-based prospective study that enrolled
3,298 participants from the community living in northern Manhattan between 1993 and
2001. The study design and recruitment details of NOMAS have been described previously
(8). Beginning in 2003, participants over 50 years of age without contraindications to MRI
and without prior stroke were invited to participate in a brain MRI substudy. From
September 2005 to July 2010, NOMAS MRI participants that voluntarily agreed to undergo
an extensive cardiovascular evaluation including RT3D echocardiography were
prospectively enrolled in CABL. Of 836 CABL participants with RT3D echocardiographic
data available, 130 were excluded for technical reasons (suboptimal image quality for LA
volume analysis) leading to the final study sample of 706. Subjects excluded for suboptimal
image quality had significantly higher body mass index (29.5+5.5 vs. 28.0+4.6 kg/m?,
p<0.001) and had more frequently diabetes (40% vs. 28%, p=0.004) than the rest of the
cohort, but no significant differences were present in terms of age (71.3£9.3 vs. 72.5+9.3
years), sex (60% vs 65% women), hypertension (82% vs. 79%), hypercholesterolemia (72%
Vvs. 66%), and coronary artery disease (6.8% vs. 6.3%; all p>0.05). Written informed consent
was obtained from all study participants. The study protocol was approved by the
Institutional Review Boards of Columbia University Medical Center and of the University of
Miami.

and body size assessment

Cardiovascular risk factors were ascertained through direct examination and interview by
trained research assistants. Hypertension was defined as systolic blood pressure (SBP) = 140
mmHg or diastolic blood pressure (DBP) = 90 mmHg, or self-reported history of
hypertension or use of anti-hypertensive medication. Diabetes mellitus was defined as
fasting blood glucose =126 mg/dL or self-reported history of diabetes or use of diabetes
medications. Hypercholesterolemia was defined as total serum cholesterol >240 mg/dL, self-
report of hypercholesterolemia, or use of lipid-lowering treatment. Atrial fibrillation was
ascertained by ECG tracing at study enrollment or by history from medical records.
Coronary artery disease (CAD) was defined as history of myocardial infarction, coronary
artery bypass grafting, or percutaneous coronary intervention. The body mass index (BMI)
was calculated as weight (kilograms) divided by height (meters) squared. The race-ethnicity
classification was based on self-identification, and modeled after the U.S. Census.

Echocardiographic assessment

Two-dimensional echocardiography—Transthoracic echocardiography was performed
using a commercially available system (iE 33, Philips, Andover, MA) by a trained,
registered cardiac sonographer according to a standardized protocol. LV end-diastolic wall
thickness and dimension were measured from a parasternal long-axis view according to the
recommendations of the American Society of Echocardiography (9), and LV mass was
calculated with a validated method (10) and indexed by height?-7 (LV mass index). LA
antero-posterior diameter was measured from the parasternal long-axis view and indexed by

JACC Cardjovasc Imaging. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Russo et al.

Page 4

body surface area. Two-dimensional LA volume was measured using the biplane area-length
method and indexed by the body surface area. LV volumes and LVEF were calculated using
the biplane modified Simpson's rule. Significant valve disease was defined as mitral or aortic
regurgitation or stenosis that were at least moderate in severity. The ratio of the trans-mitral
early diastolic flow velocity assessed by pulsed-wave Doppler (E) over the mitral annulus
early diastolic velocity assessed by tissue-Doppler (e’) was used as an indicator of LV filling
pressure and diastolic function as previously described (7,11).

RT3D echocardiography—RT3D imaging was performed using a commercially
available ultrasound machine (iE33, Philips, Andover, MA) equipped with an X3-1 matrix
array transducer. A detailed description of LA phasic volumes assessment by RT3D
echocardiography has been published previously (7,12). Briefly, a pyramidal full volume
was obtained from 4 sub-volumes over four consecutive cardiac cycles. Sector dimensions
and depth were set to include the whole left ventricle and the left atrium, allowing volume
rates between 15 and 25 per second. Measurement of LA volumes was prospectively
performed offline using commercially available software (QLAB Advanced Quantification
software, version 8.1, Philips) by a single reader (CR) blinded to the study participants’
baseline clinical characteristics. Five anatomical landmarks (septal, lateral, anterior and
inferior mitral annulus, and posterior wall of the LA) were manually identified by the
operator, semi-automated border detection was performed by the software, and LA borders
were tracked throughout the entire cardiac cycle. Manual correction on all 3D planes was
performed in case of inaccurate endocardial detection. LA volume measurements were
indexed by the body surface area. LAVipax Was measured at end-systole and LAVipn, was
measured at end-diastole. LA reservoir function was measured as LA emptying volume
(LAEV=LAVinax — LAVinin), LA emptying fraction (LAEF=100 x (LAVimax — LAVinin)/
LAVimax), and LA expansion index (LAEI=100 x (LAVimax — LAVimin)/LAVimin)-

Follow-up and outcome assessment

All subjects were followed-up annually by telephone interviews. Any vascular event or
acknowledgment of neurological or cardiac symptoms during the standardized interview
triggered an in-person assessment. In addition, active hospital surveillance of admission and
discharge ICD-9 codes was performed. Outcomes for this analysis were ischemic stroke,
myocardial infarction, and vascular death. Stroke was defined by the first symptomatic
occurrence of any type of stroke as defined by TOAST criteria (13). Diagnosis of ischemic
stroke was determined by two neurologists independently, and disagreements were
adjudicated by the NOMAS principal investigators (RLS/MSVE). Myocardial infarction was
defined by criteria adapted from the Cardiac Arrhythmia Suppression Trial (14) and the
Lipid Research Clinics Coronary Primary Prevention trial (15) and adjudicated by a study
team cardiologist (MDT). Death was classified as either vascular or nonvascular based on
information from family, medical records, death certificate, and primary care physicians.
Vascular causes of death were stroke, myocardial infarction, heart failure, pulmonary
embolus, cardiac arrhythmia, and other vascular causes (8).
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Statistical analysis

Data are presented as means + standard deviation for continuous variables and as
percentages for categorical variables. Linear regressions were used to assess relationships
between atrial parameters and clinical and demographic variables. Cox proportional hazards
models were used to test the association of LA phasic volumes with incident cardiovascular
events, and hazard ratios (HR) and 95% confidence intervals (CI) were reported.
Multivariate models were built selecting covariates from their univariate association with
outcome. The likelihood ratio test was used with a series of nested Cox proportional hazards
models to examine the incremental prognostic value of LA volumes and reservoir function,
and models’ chi-square was presented. Kaplan-Meier plots were used to assess event-free
probability associated with LA volumes and reservoir function abnormalities, and the log-
rank test was used to compare the curves. The percentiles used as cut-offs in the survival
analysis were selected based on their significant association with cardiovascular events while
identifying the largest population at risk. For all statistical analyses, a two-tailed p<0.05 was
considered significant. Statistical analyses were performed using SAS software version 9.3
(SAS Institute Inc., Cary, NC).

Reproducibility of LA volumes assessment—Reproducibility of LA volume
measurements was assessed in 15 randomly selected subjects. LAVimpin and LAVimax Were
re-measured by the original reader (CR) and by a second reader experienced in 3D
echocardiography (AT) in a blinded fashion. Intra-observer ICC were 0.96 for LAVipin [95%
confidence intervals (Cl): 0.88-0.99] and 0.94 for LAVimax (95% CI: 0.85-0.98). The mean
difference between two measurements was 0.13+1.79 ml/m? for LAVipin (p=0.78) and
0.42+2.29 ml/m?2 for LAVinay (p=0.49). Inter-observer ICC were 0.94 for LAVinin (95% Cl:
0.85-0.98) and 0.95 for LAVinax (95% CI: 0.86-0.98). The mean difference between two
measurements was 0.44+2.27 ml/m?2 for LAVipin (p=0.46) and 0.52+2.56 ml/m? for
LAVimax (p=0.45).

RESULTS

The study cohort included 706 participants (mean age 71.2+9.3 years, 59.5% women) with
assessment of LA phasic volumes and function by RT3D echocardiography available. The
reference subgroup consisted of participants without hypertension, cardiovascular disease,
cardiac arrhythmias, significant valve disease, and in sinus rhythm at the time of enroliment
(n=142, mean age: 669 years, 55% women). Clinical and echocardiographic characteristics
of the study cohort are shown in Table 1.

Correlates of LA phasic volumes in the healthy subgroup and in the overall cohort

In the healthy subgroup, age did not show significant associations with LA volumes and
reservoir function parameters (all p>0.10). Both LAViax ($=0.22) and LAViyi, (B=0.13)
were significantly greater in men than women with a mean difference of 2.2 ml/m2 and 1.3
ml/m? respectively (both p<0.05), whereas LAEV, LAEF, and LAEI were not significantly
associated with sex. LAVimax and LAVipin were not correlated with BMI, whereas LAEV,
LAEF, and LAEI showed inverse correlation with BMI (all p<0.05). Diabetes and
hypercholesterolemia did not show any correlation with LA volumes and function.
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Table 2 shows the clinical correlates of LA phasic volumes and reservoir function in the
entire study cohort. LA volumes increased with age whereas LA function worsened with age
(all p<0.01). LAVimax, LAVimin, LAEF, and LAEI were significantly associated with SBP,
hypertension, atrial fibrillation, valve disease, and E/e’ (all p<0.05). LA volumes were larger
in presence of CAD (both p<0.05). LAEV was inversely associated with BMI (p=0.02) and
atrial fibrillation (p<0.001). LAEI was inversely correlated with DBP (p=0.04). None of the
LA parameters were significantly associated with sex.

Prevalence and prognostic value of LA phasic volume abnormalities

During a mean follow-up of 6.5 years (median=7, min=0.06, max=9.5), 78 cardiovascular
events occurred, including 28 ischemic strokes, 13 myocardial infarctions, and 37 vascular
deaths. Causes of death were: 1 fatal stroke, 1 fatal myocardial infarction, 2 acute heart
failure, 1 pulmonary embolus, 25 sudden death/cardiac arrhythmia, and 7 were scored as
other vascular causes. In Table 3 are shown the univariate and multivariate associations of
demographics, risk factors, and echocardiography parameters with cardiovascular events. To
assess the prognostic value of LA phasic volume parameters, we identified in the healthy
reference group cut-offs corresponding to the 97.51 and 99" percentiles of LAViyay and
LAVinin and the 2.51 and 15t percentile of LAEV, LAEF, and LAEI distributions. Kaplan-
Meier event-free survival plots for LA abnormalities are shown in Figure 1. All RT3D LA
volumes and reservoir function abnormalities were significantly associated with outcome
(all log-rank test p values <0.001). The prevalence of LA abnormalities in the overall cohort
by using the different cut-offs and their ability to predict cardiovascular events in
multivariate analyses is shown in Table 4. Abnormal LA parameters derived from two-
dimensional echocardiography (LA diameter and 2D LAVin3x) Were not associated with
events after adjusting for covariates, whereas RT3D-derived LAV 1y = 20.5 ml/m? (adjusted
HR=1.79, 95% CI 1.02-3.16) and LAEV <5.7 ml/m? (adjusted HR=1.98, 95% CI 1.02-3.85)
remained significantly associated with outcome.

Incremental prognostic value of 3D LA phasic volumes

The incremental prognostic value of LA parameters was assessed in progressive nested Cox
proportional hazards regressions, and chi-square values are shown for each step in Figure 2.
Two-dimensional LAViyax Was not significantly incremental to LA diameter in predicting
events (p=0.08, Figure 2A), whereas 3D LAVimyax Was incremental when added to the model
(p=0.01). Figure 2B shows that 3D LAV I, was incremental to LAViex in predicting
outcome (p<0.001), and that LA reservoir function added further incremental prognostic
value over LAV I in (p=0.034 for LAEV, p=0.009 for LAEF, and p=0.007 for LAEI
respectively). Figure 2C shows the incremental prognostic value of 3D LA parameters over
risk factors. When added to a model including demographics and risk factors, LAVimin
showed incremental prognostic value (p=0.048), whereas LAVin,y did not (p=0.07). Among
LA reservoir function parameters, LAEV showed a borderline trend in incrementing
prognostic information over LAVipi, (p=0.055).
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DISCUSSION

In this study, we assessed the correlates and the prognostic value of LA phasic volumes and
reservoir function assessed by RT3D echocardiography in an elderly community-based
cohort. We found that increased LA phasic volumes and reduced reservoir function were
strong predictors of cardiovascular events in univariate analysis. In multivariate analyses
adjusted for confounders and risk factors associated with outcome, RT3D-derived LAVinin
and LAEV remained associated with events. In multivariate analysis, 2-dimensional
echocardiographic parameters (LA antero-posterior diameter and 2D LAVinax) lost their
significant association with events. We also demonstrated that LAV I1hi, and LA reservoir
function provided incremental prognostic value over LAVIy,x. Furthermore, our study is the
first to provide, and validate prognostically, reference values for abnormal RT3D
echocardiography-derived LA volumes and reservoir function parameters in the elderly.

LA enlargement is an established predictor of cardiovascular events, and its powerful
predictive value reflects the effect on LA pressure of several diseases or conditions that in
turn carry poor prognosis (16). Some of these conditions, such as hypertension, diabetes, and
arterial stiffening, result in LV hypertrophy and LV remodeling, leading to the development
of LV diastolic dysfunction, LV wall stiffening, and increased LV filling pressure, which in
turn are the cause of the LA enlargement over time (7,17-21). Higher BMI was also
associated with lower LA reservoir function, likely due to the established effects of obesity
on LV structure and function such as increased LV mass, and subclinical systolic and
diastolic dysfunction (11,22). Although most data on the prognostic value of LA
enlargement derive from end-systolic LA assessment, considerable evidence is accumulating
in favor of LAVinin as a better correlate of LV diastolic dysfunction and outcome (6,7).
LAVinin is measured at end-diastole, when the LA is directly exposed to the LV pressure,
and when the LV is in a relaxed state. In a previous study, we demonstrated the LAVipip, is a
better correlate of LV diastolic dysfunction than LAVinax, and that the latter is strongly
impacted by the longitudinal LV systolic function (7). While the prognostic value of LA
enlargement has been investigated in previous studies, we are reporting for the first time on
the prognostic value of LA reservoir function. A reduced LA reservoir function is associated
with hypertension, LV hypertrophy, LV diastolic dysfunction, and other cardiovascular risk
factors, and therefore could be a surrogate marker of cardiovascular risk (6,7,23). Because
the LV longitudinal systolic function is a major determinant of the LA reservoir function (7),
it can be hypothesized that a reduction in reservoir function might indicate LV longitudinal
systolic dysfunction, a known predictor of cardiovascular events (24-26). Besides being
possibly explained by the same underlying disease, such as small vessel disease and
atherosclerotic changes in various arterial territories, the link between LA reservoir function
and cardiovascular events could also involve cardioembolism as another possible cause in
some cases. In fact, in a previous study we demonstrated that a reduced LA reservoir
function is associated with silent brain infarctions and cerebral white matter disease detected
by magnetic resonance imaging (27). Furthermore, LA reservoir function has been also
associated with future incidence of atrial arrhythmias, which might in part mediate the
association with cardiovascular events (5).
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The prognostic value of LA enlargement has been investigated in several previous studies.
Increased M-mode antero-posterior linear dimension has been linked to adverse
cardiovascular outcome (1-3), although LA volume has generally shown better correlation
with outcome than linear dimensions (4). Very few studies, however, assessed the prognostic
value of LA phasic volumes so far, and no study so far investigated the prognostic value of
LA reservoir function. Recently, Wu et al. found that, in Japanese patients referred to clinical
echocardiography for assessment of underlying cardiac disease, LAVimax and LAVipin were
not associated with cardiac death in multivariate analysis, but were associated with a
composite of cardiovascular events including heart failure admissions during a 2.5 years
follow-up (28). In another study in 178 patients referred for clinical echocardiography,
Caselli et al. showed that LAViyay and LAVipin Were associated with cardiovascular events
with similar HRs (1.06 and 1.05 respectively) over a 45 months follow-up (29).

Measurement of LA phasic volumes is not currently part of a routine echocardiographic
exam. However, the present and previous studies show that measuring LA phasic volumes
can significantly improve cardiovascular risk stratification. RT3D echocardiography is
gaining popularity in clinical setting, and modern software is becoming faster and more
user-friendly. The feasibility of measuring LAV I by RT3D echocardiography, together
with the large body of evidence showing its superiority compared to LAVImax as an indicator
of LA remodeling and its strong prognostic value, support the case for LAVini, to replace
LAVimax for cardiovascular risk prognostication in routine echocardiographic exams.

Strengths and limitations

The main strengths of our study are the prospective design, the long follow-up, the large
number of subjects studied with RT3D echocardiography, the wide range of cardiovascular
risk profiles present in our population, the multi-ethnic composition of our study sample,
and the confirmation of our findings after adjustment for multiple covariates. However, our
study also has limitations. Our study population included subjects over 50 years of age and
with high mean BMI and high prevalence of risk factors, therefore the results might not
apply to younger, healthier populations. Furthermore, because of the imbalance in race-
ethnic distribution in our cohort, an analysis in different race-ethnic groups was not
performed. In 15% of the population, suboptimal image quality prevented 3D assessment of
LA parameters. Although similar rates have been described in other studies, this is a
common limitation of ultrasound assessment, especially in population-based studies. Finally,
outcome analysis for separate type of events was not performed due low number of events in
each category.

Conclusions

LA phasic volumes and reservoir function were strong predictors of future cardiovascular
events in a predominantly elderly community-based cohort. The prognostic value of LA
volumes and reservoir function was independent of confounders and cardiovascular risk
factors. Among LA volume parameters, LAVinin Was a stronger predictor of events than
LAVimax, and was incremental to it. LA reservoir function was also incremental to LA
volumes in the prediction of cardiovascular events. The assessment of LA phasic volumes by
RT3D echocardiography may improve cardiovascular risk stratification in the elderly.
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PERSPECTIVES
Clinical competencies in medical knowledge

Assessment of the left atrial (LA) cavity volume is traditionally performed at the end-
systolic phase of the cardiac cycle (LAVinax). Recent evidence suggest that LA end-
diastolic volume (LAVin,in) provides a better correlate of LA remodeling and is more
closely correlated with LV diastolic dysfunction. In this study, we provided normal
reference values for RT3D-derived LA volumes and reservoir function in subjects over 50
years of age. Furthermore, we provided prognostic validation of those reference values in
a community setting, and demonstrated that LAV i and LA reservoir function were
stronger predictors of cardiovascular outcome and showed incremental prognostic value
over LAV max-

Clinical competencies in patient care and procedural skills

RT3D echocardiography is a feasible method that allows fast and precise measurement of
LAV max: LAV min, and LA reservoir function without geometric assumptions. A
widespread use of this technique will make 3D assessment of cardiac chambers a
standard procedure with the advantage over 2D assessment of improving cardiovascular
risk stratification.

Translational Outlook

The assessment of LA phasic volumes has the potential of improving cardiovascular risk
stratification. LAVipin and LA reservoir function have shown superior ability than
LAVinax to predict cardiovascular events and incidence of atrial fibrillation. We provide,
for the first time, normal reference values for LA phasic volumes by RT3D
echocardiography in subjects from a community cohort study. These reference values
will contribute to an improved cardiovascular risk stratification in subjects from the
general population.
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Figure 1. Prognostic value of abnormal LA volumes and reservoir function in the entire cohort
Kaplan-Meier plots showing event-free survival associated with abnormal LAVipay (A),

LAVimin (B), LAEV (C), LEAF (D), and LAEI (E). The log-rank test was significant for all

parameters.
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Figure 2. Incremental prognostic value analysis
In Figure 2A, 2D LAVinax Was not incremental over the LA antero-posterior diameter,

however 3D LAVinax Was significantly incremental over 2D measurements in predicting
outcome. Figure 2B shows the incremental prognostic value of 3D LAV Inin and reservoir
function over 3D LAV Inax. 3D LAVInin showed significant incremental prognostic value
over 3D LAVimax. LA reservoir function showed incremental prognostic value over LAVinin.
In Figure 2C, 3D LAVip;n, but not 3D LAVinax, Showed incremental prognostic value over
risk factors (age, sex, hypertension, atrial fibrillation, significant valve disease, LV mass
index, LVEF, E/e’), while LAEV showed a borderline trend in its incremental prognostic
value over risk factors + LAVinin.
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Clinical and echocardiographic characteristics of the study cohort.

Table 1

n=706

Clinical characteristics
Age, years

Women, n (%)

BMI, kg/m?

SBP, mmHg

DBP, mmHg

Hypertension, n (%)
Anti-hypertensive medications, n (%)
Diabetes, n (%)
Hypercholesterolemia, n (%)
CAD, n (%)

Atrial fibrillation, n (%)

71.2+9.3
420 (59.5)
27.8+4.6
135.8+17.4
78.3+9.6
556 (78.8)
507 (71.8)
200 (28.3)
462 (65.4)
45 (6.4)

40 (5.7)

2D Echocardiography

LV end-diastolic volume, ml/m?

LV end-systolic volume, ml/m?

LV mass index, g/m27

LVEF, %

LA antero-posterior diameter, mm/m?

LA volume (2D biplane), ml/m?

*
Significant valve disease, n (%)
Ele’

54.4+157
20.5+10.4
50.7+13.8
63.2+7.3
22.6£3.1
27.248.8
79 (11.2)

10.3+3.31

RT3D Echocardiography
LAVimay, ml/m?2

LAVipin, ml/m?2

LAEV, ml/m2

LAEF, %

LAEI, %

24.9+7.5
14.2+6.7
10.7+3.8

44.1+12.5
88.1+43.3

Page 20

*
Moderate or more valve regurgitation/stenosis. BMI: Body mass index. SBP: Systolic blood pressure. DBP: Diastolic blood pressure. CAD:

Coronary artery disease. LV: Left ventricular. LVEF: LV ejection fraction. LA: Left atrial. LAVimax: LA maximum volume. LAVimin: LA
minimum volume. LAEV: LA emptying volume. LAEF: LA emptying fraction. LAEI: LA expansion index.
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Univariate predictors of outcome.

HR (95% CI)

P value

Risk factors
Age
Male
BMI
SBP
DBP
Hypertension

Diabetes

Hypercholesterolemia

CAD
AF

1.09 (1.06-1.12)
1.59 (1.02-2.47)
0.97 (0.92-1.02)
1.01 (0.99-1.02)
0.99 (0.97-1.01)
2.01 (1.03-3.89)
1.52 (0.96-2.42)
1.22 (0.76-1.98)
1.38 (0.60-3.19)
4.95 (2.82-8.71)

<0.001
0.042
0.184
0.136
0.318
0.040
0.075
0.411
0.445
<0.001

RT3D Echocardiography

LAVimax
LAVimin
LAEV
LAEF
LAEI

1.52 (1.28-1.81)
1.59 (1.40-1.81)
1.49 (1.16-1.91)
1.89 (1.54-2.31)
2.14 (1.61-2.84)

<0.001
<0.001
<0.001
<0.001
<0.001

2D Echocardiography
LV mass index
LVEF
LA diameter
LAV I imax
Valvular disease
Ele’

1.03 (1.02-1.05)
0.97 (0.95-0.99)
1.46 (1.19-1.79)
1.49 (1.20-1.85)
2.60 (1.52-4.46)
1.12 (1.06-1.19)

<0.001
0.008

<0.001
<0.001
<0.001
<0.001

JACC Cardjovasc Imaging. Author manuscript; available in PMC 2018 September 01.

Table 3

*
HR for continuous variables are for 1 standard deviation. LAVimax: LA maximum volume. LAVimin: LA minimum volume. LAEV: LA
emptying volume. LAEF: LA emptying fraction. LAEI: LA expansion index.
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