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BACKGROUND: Maximal left atrial (LA) volume is reported by most echocardiography laboratories and is associated with clinical
outcomes in patients with heart failure (HF). Recent studies suggest that minimal LA volume may better reflect left ventricular
filling pressure and may be more prognostic than maximal LA volume. This study assessed the prognostic value of indexed
minimal LA volume (LAVImin) in patients with HF with preserved ejection fraction.

METHODS AND RESULTS: We assessed the relationship of LAVImin with a primary composite end point of cardiovascular
death, aborted cardiac death, or HF hospitalization in 347 patients with HF with preserved ejection fraction enrolled from the
Americas region in TOPCAT (Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist Trial). We
compared LAVImMIin with indexed maximal LA volume with respect to their prognostic values. In addition, we assessed if LA
functional parameters provide additional prognostic information over LAVImin. During a median follow-up of 2.5 years, 107 pa-
tients (31%) experienced a primary composite end point. LAVImin was associated with increased risk of a primary composite
outcome (hazard ratio [HR], 1.35; 95% ClI, 1.12-1.61) and HF hospitalization alone (HR, 1.42; 95% ClI, 1.17-1.71) after adjusting
for clinical confounders and ejection fraction. In contrast, indexed maximal LA volume was not related to the primary compos-
ite outcome, but related to HF alone (HR, 1.25; 95% ClI, 1.02-1.54). In comparison with indexed maximal LA volume, LAVImin
was significantly more prognostic for primary composite outcome (P for comparison=0.032). Both LA emptying fraction and
LA strain were prognostic of primary outcome independent of LAVImin (all P<0.05).

CONCLUSIONS: In patients with HF with preserved ejection fraction, LAVImin was more predictive of cardiovascular outcome
than indexed maximal LA volume, suggesting this measure may be more physiologically relevant and might better identify pa-
tients at high risk for cardiovascular events. LA functional parameters provide prognostic information independent of LAVImin.

REGISTRATION: URL: https:/www.clinicaltrials.gov; Unique identifier: NCTO0094302.
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outcome.’8Loss of atrial function has been related to

in patients with heart failure (HF) with preserved
ejection fraction (HFpEF) because it has been
considered an indicator of left ventricular (LV) dia-
stolic dysfunction and the chronicity of elevated LV fill-
ing pressure, and has been associated with adverse

Left atrial (LA) remodeling is of particular interest

greater adverse effects in patients with HFpEF than
those with HF with reduced ejection fraction.*

LA size has been used as an indicator of the
chronicity and burden of elevated LV filling pressure
and as a predictor of cardiovascular events.>® For
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CLINICAL PERSPECTIVE

What Is New?

e In patients with heart failure (HF) with preserved
ejection fraction, minimal left atrial (LA) vol-
ume index was independently associated with
worse clinical outcomes, even after adjusting
for clinical predictors and left ventricular ejec-
tion fraction.

e Minimal LA volume index was significantly more
predictive of HF hospitalization, cardiovascular
death, or resuscitated sudden death than maxi-
mal LA volume index among patients with HF
with preserved ejection fraction.

e Both LA emptying fraction and LA strain were
prognostic of primary outcome and hospitaliza-
tion for HF, independent of minimal LA volume
index.

What Are the Clinical Implications?

e Minimal LA volume may be more physiologically
relevant than maximal LA volume and might
better identify at high risk for cardiovascular
events in patients with HF with preserved ejec-
tion fraction.

e | Afunctional parameters provide prognostic in-
formation independent of minimal LA volume.

Nonstandard Abbreviations and Acronyms

GLS global longitudinal strain

HFpEF heart failure with preserved ejection
fraction

LAEF left atrial emptying fraction

LAVImax indexed maximal left atrial volume

LAVImin indexed minimal left atrial volume

LAVmax maximal left atrial volume

LAVmin minimal left atrial volume

TOPCAT  Treatment of Preserved Cardiac

Function Heart Failure With an
Aldosterone Antagonist Trial

this purpose, maximal LA volume (LAVmax) is cur-
rently reported by most clinical echocardiographic
laboratories as a key cardiac structural assessment
and is recommended as a component of the param-
eters for LV diastolic dysfunction in published guide-
lines.”® However, the prognostic value of LAVmax in
patients with HFpEF is controversial. Although sev-
eral studies have reported the association between
maximal LA size and clinical outcome,®'" others
have shown that LAVmax is not strongly associated
with outcome.'>"“LLAVmax can be influenced by LV
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systolic function through systolic descent of the mi-
tral plane. Recent studies have shown that minimal
LA volume (LAVmiIn) is measured at LV end diastole
when the LA is directly exposed to LV end-diastolic
pressure and thus may be more closely related to LV
filling pressure and clinical outcome than LAVmax,
suggesting that LAVmin might be a better marker
for LA structural remodeling.’®?° However, data
on the prognostic value of LAVmiIn in patients with
HFpEF are limited. We used data from the TOPCAT
(Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist Trial) to test
the hypothesis that LAVmin would be better than the
commonly used LAVmax in predicting outcome in
patients with HFpEF.2" We also assessed if LA func-
tional parameters provide additional prognostic in-
formation over LAVmin.

METHODS

TOPCAT data are available to qualified research-
ers through the National Institutes of Health website
(https://biolincc.nhlbi.nih.gov/studies/topcat/). The
study was approved by an institutional review com-
mittee at each study center, and all subjects gave in-
formed consent.

Study Population

The TOPCAT randomized 3445 patients, aged
>50 years, with symptomatic HF and an LV ejection
fraction of >45% per local site reading to double-
blinded treatment with spironolactone or placebo.
Eligible patients had a history of hospitalization within
the previous 12 months for which HF was a major
component (per site determination; not adjudicated
by the clinical events adjudication committee), or el-
evated brain natriuretic peptide level >100 pg/mL or an
NT-proBNP (N-terminal pro-B-type natriuretic peptide)
level >360 pg/mL within 60 days before randomization.
Randomization was stratified according to the type of
the inclusion criteria. Details of trial design, inclusion
and exclusion criteria, and the main results have been
previously reported.?’?? The design and overall find-
ings of the TOPCAT echocardiographic substudy have
previously been described in detail.?3

Echocardiographic Measurements

Standard echocardiographic and Doppler param-
eters were measured by dedicated analysts at the
core laboratory, blinded to clinical information, as de-
scribed previously, according to American Society
of Echocardiography recommendations.?® Speckle-
tracking analysis for the LA and LV was performed
using vendor-independent software with algorithms
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designed for the LV (TomTec Imaging Systems,
Unterschleissheim, Germany), as previously described
in detail.?#?> The LA and LV endocardial borders were
traced at the end-diastolic frame of the apical 2- and
4-chamber views and manually adjusted as needed.
Patients were excluded if they had inadequate image
quality for deformational analysis, which was de-
fined as a missing view, lack of a full cardiac cycle,
non-digital imaging and communications in medicine
(DICOM) images, >2-segment dropout, or signifi-
cantly foreshortened images. Using speckle-tracking
echocardiography with electrocardiographic gating
set from R wave to R wave, phasic LAV and LA strain
were measured using apical 4- and 2-chamber views.
Maximal and minimal LA volumes were obtained from
LA time-volume curves (generated as part of the LA
speckle-tracking analysis) by calculating LA volume
at each phase of the cardiac cycle using the Simpson
method and were indexed to body surface area (LAVI).
Analyses were performed on 1 cardiac cycle for pa-
tients in sinus rhythm and over 3 cardiac cycles for pa-
tients with atrial fibrillation (AF). LA emptying fraction
(LAEF) was calculated as follows: [(LAVmMax—LAVmin)/
LAVmMax]x100. LA passive (conduit function) and ac-
tive (pump function) emptying fractions were addition-
ally estimated.?® LA strain was assessed as a peak
reservoir strain value during LV systole to estimate LA
reservoir function. All LA strain analysis was performed
by a single investigator. Intracbserver variability for LA
volumes was assessed in a sample of 20 randomly
selected TOPCAT echocardiographic studies. The
coefficients of variation for LAVmin and LAVmax were
10% and 8%, respectively. Reproducibility measures
for other key echocardiographic measures have been
previously published.?3-25

Of 935 patients in the TOPCAT echocardiography
study, 278 (30%) had echocardiograms that were not
in DICOM format, 191 (20%) did not have adequate
image quality for LA speckle-tracking analysis, and 1
had missing data for body surface area. Among the re-
maining 465 patients, we included the 347 (75%) who
were enrolled in the Americas region because of the
marked regional differences in patient characteristics
and outcomes previously noted in TOPCAT.?®

Outcomes

All events for cardiovascular death, aborted cardiac ar-
rest, and hospitalization for HF were adjudicated by a
centralized and independent adjudication committee,
according to prespecified definitions.?> The primary
outcome for the TOPCAT and for the present analysis
was the composite of cardiovascular death, aborted
cardiac arrest, or hospitalization for HF. Secondary
outcomes assessed included cardiovascular death
and HF hospitalization individually.
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Statistical Analysis

Continuous variables were presented as mean and
SD, and categorial variables were presented as
count and proportion. Comparison of baseline char-
acteristics between patients included in the TOPCAT
and those included in this analysis was performed
using x? test for categorial variables and a t test or
Wilcoxon rank-sum test for continuous variables,
as specified. Clinical characteristics and echocar-
diographic measures were presented by terciles of
indexed minimal LA volume (LAVImin), with P val-
ues for trend across the ordered groups calculated
using linear regression or Wilcoxon rank-sum test.
We assessed the association of maximal and mini-
mal LAVs with LA function, measured by LAEF and
LA strain, using Spearman rank order correlation
coefficient (p).

The association of each measure of LA structure
and function with clinical outcome variables was as-
sessed using a time-to-event analysis with Cox pro-
portional hazard regression models. The multivariable
models adjusted for demographic and clinical prog-
nostic covariates, including age, sex, race, random-
ization strata, randomization treatment assignment,
history of AF, heart rate, New York Heart Association
class, history of stroke, creatinine, hematocrit, and
core laboratory LV ejection fraction, as previously de-
scribed.?” The proportional hazards assumption was
tested for all analyses. Additional adjustment was
made for LV mass, LV global longitudinal strain (GLS),
or peak early mitral inflow velocity/peak early diastolic
mitral annular velocity (E/e’), which are prognostically
relevant in the TOPCAT echocardiography study, in
the multivariate analysis.?*?” To compare the prog-
nostic value of LA measures in the adjusted models,
we used Weibull survival models to estimate the haz-
ard ratios (HRs) per SD of each predictor and tested
the equality of the standardized values’ coefficients.
Continuous net reclassification improvement asso-
ciated with LAVImIin was assessed for the primary
composite outcome and HF hospitalization at 5 years
using time-to-event data.

To assess whether the relationship between LA
structure and function and risk of clinical outcomes
was significantly modified by AF status, Cox propor-
tional hazards models were built, including LA pa-
rameter, AF status, and an interaction term between
the 2 in unadjusted models. As a sensitivity analy-
sis, we checked the association of indexed maxi-
mal LA volume (LAVImax), which was assessed by
conventional volumetric measurement with clinical
outcomes. Two-sided P<0.05 was considered statis-
tically significant. Statistical analyses were performed
using STATA 14.0 (Stata Corp, College Station, TX)
and R software.
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RESULTS

Baseline Characteristics

Compared with TOPCAT participants fromthe Americas
not included in our analysis, the 347 patients included
had similar baseline characteristics, except they were
less often White race (Table S1). Patients with larger
LAVImin were older and had a history of AF more fre-
quently (Table 1). Larger LAVImin was associated with
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greater LAVImax and worse LA function, assessed
by both LAEF and LA strain. LAVImin was closely as-
sociated with LAVImax (p=0.80; P<0.001). LAVImIn
was more strongly related to LAEF and LA strain than
LAVImax (both P for comparison <0.001; Figure 1).
Greater LAVImin was also associated with greater LV
mass, worse LV systolic function, higher E/e’, worse
right ventricular systolic function, and more significant
mitral regurgitation.

Table 1. Baseline Characteristics According to Tercile of LAVImin
Tercile 1, <20.7 mL/m? Tercile 2, 20.7-31.5 mL/m? Tercile 3, >31.5 mL/m? P for
Characteristics (n=116) (n=116) (n=115) Trend
Age, y 67.3+9.6 70.4+10.2 74.8+8.7 <0.001
Female sex, n (%) 63 (54) 62 (53) 61 (53) 0.85
White race, n (%) 76 (66) 83 (72) 92 (80) 0.014
Body mass index, kg/m? 35.0+6.8 34.4+8.4 31.4+6.9 <0.001
Medical history, n (%)
Hypertension 110 (95) 105 (91) 1083 (90) 0.14
Diabetes mellitus 59 (51) 56 (49) 43 (37) 0.040
AF 20 (17) 41 (36) 83 (72) <0.001
Paroxysmal 14 (12) 26 (22) 19 (17)
Persistent/permanent 6 (5) 15 (13) 64 (56)
Ml 19 (16) 28 (24) 21 (18) 0.72
NYHA functional class, n (%) 0.49
/1l 81 (71) 70 (60) 76 (67)
nAv 33 (29) 46 (40) 38 (33)
Heart rate, bpm 70«11 69+11 69+12 0.41
eGFR, mL/min per 1.73 m? 66+23 64+23 62+19 0.15
eGFR <60 mL/min per 1.73 m?, n (%) 57 (49) 58 (50) 55 (48) 0.84
Echocardiographic measurement
LVEDV, mL 93+28 104+40 95+31 0.63
LVESV, mL 35+14 44424 4117 0.031
LVMI, mg/m? 100+29 11131 117+34 <0.001
LAVImax, mL/m? 41+10 5110 69+19 <0.001
LVEF, % 637 59+8 58+9 <0.001
LV GLS, % —17.2+2.9 —16.7+3.6 -14.0+3.2 <0.001
E wave, cm/s 81+29 95+29 102+27 <0.001
A wave, cm/s 81+22 74+25 66+29 <0.001
E/A ratio 1.0£0.4 1.4£0.7 1.8+£0.8 <0.001
DT, ms 208+55 207+61 184+51 0.001
¢ (average), cm/s 7.4x3.0 6.8+2.2 7.9£2.9 0.24
E/e’ (average) 12.5+5.4 15.8+6.6 15.6+7.4 0.001
TR jet velocity, m/s 2.8+0.4 2.9+0.5 2.9+0.5 014
RVFAC, % 0.51+0.07 0.50+0.08 0.46+0.08 <0.001
LAEF, % 61+9 48+10 359 <0.001
LA reservoir strain, % 30+8 23+7 15+6 <0.001
>Moderate MR, n (%) 2(3) 15 (15) 18 (18) 0.002

Data are given as mean+SD, unless otherwise indicated. A, peak late diastolic mitral inflow velocity; AF indicates atrial fibrillation; bpm, beats per minute;
DT, deceleration time; E, peak early mitral inflow velocity; €, peak early diastolic mitral annular velocity; eGFR, estimated glomerular filtration rate; GLS,
global longitudinal strain; LA, left atrial; LAEF, LA emptying fraction; LAVImax, indexed maximal LA volume; LAVImin, indexed minimal LA volume; LV, left
ventricular; LVEDV, LV end-diastolic volume; LVEF, LV ejection fraction; LVESV, LV end-systolic volume; LVMI, LV mass index; MI, myocardial infarction; MR,
mitral regurgitation; NYHA, New York Heart Association; RV FAC, right ventricular fractional area change; and TR, tricuspid regurgitation.
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Figure 1. Relationship between left atrial (LA) volume and function.

(A-B) Relations of LAVmin with LAEF or LA strain. (C-D) Relations of LAVmax with LAEF or LA strain. LAEF indicates LA emptying
fraction; LAVmax, maximal LA volume; and LAVmin, minimal LA volume.

Prognostic Value of LA Volumes and LA
Function

During a median follow-up of 2.5 years (interquartile
range, 1.4-3.8 years), 107 participants (31%) experi-
enced a primary composite end point of cardiovascu-
lar death, aborted cardiac death, or HF hospitalization.
Among them, 46 patients (13%) died as a result of car-
diovascular cause and 81 patients (23%) were hospi-
talized for HF. Minimal LAVI was associated with higher
risk of the primary composite outcome (HR, 1.23 [95%
Cl, 1.05-1.44] per 1-SD increase; P=0.011) and of HF
hospitalization alone (HR, 1.30 [95% CI, 1.10-1.52] per
1-SD increase; P=0.002), but not of cardiovascular
death alone (HR, 1.16 [95% CI, 0.87-1.56] per 1-SD
increase; P=0.31; Table 2). These associations per-
sisted without appreciable attenuation after adjusting
for age, sex, race, randomization strata, randomized
treatment assignment, history of AF, heart rate, New
York Heart Association class, history of stroke, creati-
nine, hematocrit, and LV ejection fraction (adjusted HR,

J Am Heart Assoc. 2021;10:e019545. DOI: 10.1161/JAHA.120.019545

1.35 [95% ClI, 1.12-1.61] per 1-SD increase; P=0.001
for primary composite outcome; adjusted HR, 1.42
[95% ClI, 1.17-1.71] per 1-SD increase; P<0.001 for HF
hospitalization; Table 2). In contrast, LAVImax was not
related to the primary composite end point of cardio-
vascular death, aborted cardiac death, or HF hospi-
talization and cardiovascular death (adjusted HR, 1.18
[95% Cl, 0.97-1.44] per 1-SD increase; P=0.09 for
primary composite outcome; adjusted HR, 1.04 [95%
Cl, 0.73-1.47] per 1-SD increase; P=0.84 for cardio-
vascular death), but was related to hospitalization for
HF alone (adjusted HR, 1.25 [95% CI, 1.02-1.54] per
1-SD increase; P=0.034) in both unadjusted and ad-
justed models. LAVImin was more prognostic for the
primary composite outcome than LAVImax (P=0.032),
but not for individual components of primary outcome
(P=0.06 for HF hospitalization; P=0.12 for cardiovascu-
lar death). To avoid the effect of obesity, the relation-
ship of LAVmin with clinical outcomes was additionally
assessed and LAVmiIn showed comparable predictive
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value with LAVImin (adjusted HR, 1.37 [95% CI, 1.16—
1.62] per 1-SD increase; P<0.001 for primary compos-
ite outcome; adjusted HR, 1.16 [95% ClI, 0.81-1.66] per
1-SD increase; P=0.41 for cardiovascular death; ad-
justed HR, 1.43 [95% Cl, 1.20-1.69] per 1-SD increase;
P<0.001 for HF hospitalization). The association of
LAEF and LA strain with primary composite end point
and HF hospitalization was of marginal significance in
unadjusted analysis, and was significant after adjust-
ment for baseline characteristics, randomization strata,
and treatment assignment. LAEF had a comparable
HR of a composite outcome (P for comparison=0.58)
and HF hospitalization (P for comparison=0.39) with
LA strain.

Table 3 showed the association of LA structure and
function after additional adjusting for LV mass index, LV
GLS, or E/&’, which are prognostically relevant in the
TOPCAT, in the multivariable models. The association of
LAVImin with the primary composite outcome remained
significant after additional adjustment for LV mass or LV
GLS, but not after further adjustment for E/e’. LAVImMIin
was significantly related to HF hospitalization when ad-
ditionally adjusted for LV mass, LV GLS, or E/g’. Similar
findings were observed for LAEF. LA strain remained
significantly associated with the primary composite end
point and HF hospitalization alone in multivariable anal-
ysis only after additional adjustment for LV mass index,
but not independent of LV GLS or E/e’. Both LAEF and
LA strain were prognostic of primary outcome and hos-
pitalization for HF, independent of LAVImax or LAVImin.
However, LAVImin was not associated with clinical out-
comes independent of LAEF or LA strain. When ad-
ditionally adjusted for mitral regurgitation, which can
affect LA volume and function, LAVImin, LAEF, and
LA strain were significantly related to the primary out-
come and HF hospitalization. We performed sensitivity
analyses using LAVImax based on volumetric assess-
ment and did not find any significant association with
primary composite outcome, cardiovascular death, and
HF hospitalization. The continuous net reclassification
improvement improved around 0.2 but not of statistical
significance with the addition of LAVImiIn to clinical pre-
dictors alone and in combination with LVMI or LV GLS
for primary composite outcome and HF hospitalization
alone (Table S2).

Prognostic Value of LA Structure and
Function in Patients With AF

In unadjusted model, history of AF significantly modi-
fied the relationship between LAVImMin and HF hos-
pitalization (P for interaction=0.034; Figure 2). The
association between LAVImin and HF hospitalization
was greater in magnitude in patients without history
of AF (HR, 1.95 [95% CI, 1.40-2.72]; P<0.001) than
those with history of AF (HR, 1.26 [95% ClI, 1.01-1.57];
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Figure 2. Prognostic impact of indexed minimal left atrial volume (LAVImin) on heart failure hospitalization (A) and
cardiovascular death (B), according to history of atrial fibrillation (AF).

P=0.038). History of AF did not modify the relationship
of LAVImin with the primary composite outcome or
with cardiovascular death alone (P for interaction=0.42
for primary outcome; P for interaction=0.95 for cardio-
vascular death). The relationships between LAEF or LA
strain and clinical outcomes were not modified by his-
tory of AF. In contrast, the presence of AF rhythm at the
time of echocardiographic examination did not modify
the relationship between any LA measures and out-
comes. The type of AF did not significantly modify the
relationship between LAVImMin and clinical outcomes
(Table S3).

DISCUSSION

In this study, larger LAVImMin was associated with
higher rates of the primary end point and HF hospitali-
zation alone, even after adjustment for clinical and con-
ventional echocardiographic measures in patients with
HFpEF. LAVImMin was better than LAVImax in predict-
ing clinical outcomes in this population. Although both
LAEF and LA strain related to LAVImin more closely
than LAVImax, they provide prognostic information in-
dependent of LAVIMiIn.

Maximum LA size has been used as one of the
principal components in assessing diastolic function
and can be prognostic because it reflects persistent
elevation of LV filing pressure. Among several mea-
sures of LA size, LAVmax has been suggested as an
important surrogate for the severity and chronicity of
LV diastolic dysfunction and is prognostic in a variety of
cardiovascular diseases.”® Despite numerous studies
demonstrating the prognostic utility of LA size using
LAVmax, recent studies have reported that LAVmIn is

J Am Heart Assoc. 2021;10:e019545. DOI: 10.1161/JAHA.120.019545

better in reflecting LV filling pressure and prognosti-
cating clinical outcomes than LAVmMax.'®928 The LA
can be stretched by LV longitudinal systolic function
through systolic descent of the mitral annular plane to-
ward LV apex, which can influence LAVmax. LAVmiIn
is measured when the LA is more directly exposed to
LV pressure at end diastole. It has been demonstrated
to be a better correlate of LV diastolic dysfunction and
to have a stronger association with NT-proBNP than
LAVmax.'>'® _LAVmin predicted AF development bet-
ter,2%30 and in a prospective study of 547 participants,
LAVmIn was superior to LAVmax for predicting newly
developed AF or atrial flutter.?® Prior data have demon-
strated that LAVmin was more prognostic for predict-
ing cardiovascular events than LAVmax in a community
cohort or in patients with cardiovascular disease.'” 851
However, data on its utility in HFpEF are limited. In pa-
tients with HFpEF, LA remodeling is important in both
making the diagnosis and assessing prognosis.'=33?
In a small cohort of 40 patients with HFpEF, LAVmMIn
was shown to have the strongest association with HF
hospitalization.3® Our study included larger number
of patients with prospective follow-up and found that
LAVImin was more prognostic than LAVImax in this
population. However, LAVImIn did not remain a signifi-
cant predictor for the primary composite outcome after
adjusting for E/e’, suggesting that LAVImin and E/e’
might both be indirect measures of filling pressure and
thus not independent. In our data, LAVImin provided
statistically insignificant improvement in predicting clin-
ical outcomes beyond clinical predictors alone and in
combination with other echocardiographic parameters
for primary composite outcome and HF hospitaliza-
tion alone. Given that the magnitude of continuous net
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reclassification improvement was around 0.2, statisti-
cal power might be limited by a relatively small number
of events.

In our study, both LAEF and LA strain, reflecting
LA reservoir function, provided prognostic informa-
tion, but the prognostic values of LA strain were at-
tenuated by LV GLS more prominently than LAEF.
LA reservoir strain is known to be dependent on
LV systolic function, partly because it is influenced
by movement of atrioventricular junction.®* LA res-
ervoir strain can be reduced in the case of normal
LA pressure if LV systolic function is reduced. This
is similar to the results from the prior study, which
investigated the prognostic values of LA function in
the TOPCAT cohort, who were in sinus rhythm at
the time of echocardiography,?® whereas our cur-
rent study included the patients who enrolled in the
Americas region, irrespective of rhythm at the time
of echocardiography. Another study suggested that
LAEF, based on volumetric measurement, might
have low sensitivity to detect subtle LA dysfunction
compared with LA strain in patients with LV diastolic
dysfunction.3® However, our current study demon-
strated that LA strain had similar prognostic value to
LAEF. In HFpEF, both parameters might have similar
magnitude of predictive values for adverse clinical
outcome. Although LA reservoir function assessed
by LAEF and LA strain had stronger association with
LAVImin than LAVImax, both LA strain and LAEF
were predictive of clinical outcome independent of
LAVImin. However, LAVImin was not associated with
clinical outcomes independent of LA functional pa-
rameters. In HFpEF, LA dilatation with sustained LA
pressure will lead to LA dysfunction. Applying Frank-
Starling mechanism to LA mechanics, LA contrac-
tility would be expected to increase with increases
of LA size in response to LA myocardial stretch,
but it will start to decrease after a certain point in
the setting of severe LA enlargement. Thus, the as-
sessment of LA function can be expected to provide
additional prognostic information in addition to LA
volume. Until LA functional assessment becomes
more widely available, LAVImin may provide more
information without additional analysis or dedicated
software compared with LAVImax, which is most
commonly used in clinical practice.

In our study, LAVImin was shown to have stronger
prognostic value in predicting HF hospitalization for
patients without history of AF than in those with his-
tory of AF. Measurement robustness of LAV because
of beat-to-beat variation in AF rhythm may not explain
all the reasons why LAVImin showed less robustness
for prediction of clinical outcomes in those with his-
tory of AF, because the presence of AF rhythm at
the time of echocardiographic study did not have
any interaction with LA parameters with respect to
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clinical outcomes in our study. The relationship be-
tween AF and LA structural remodeling can be more
complex, and LA size may be a less reliable param-
eter for LV diastolic function and LV filling pressure in
patients with AF.” Although causal relationships be-
tween AF and LA size cannot be clarified from the
cross-sectional design of this study, LA enlargement
can be related to multiple factors in AF and LA can
enlarge with replacement fibrosis because of atrial
cardiomyopathy regardless of LA filling pressure.3®
In this circumstances, LA function might be a more
robust prognosticator than LA size. Impairment of LA
function can be present even when the LA is not en-
larged in patients with AF.8” Given that AF can come
directly from cardiomyocyte abnormalities, LA func-
tional change can occur irrespective of LA structural
remodeling, and importance of LA volume might be
less pronounced in patients with AF compared with
those without AF.36:38

Several limitations of this study should be noted.
First, LA volume can often be underestimated by
2-dimensinal echocardiography, even in the dedi-
cated views for LA, because it is easy to have fore-
shortened views of LA cavity, and the geometric
assumptions involved in LA volume measurements
may not always be appropriate for remodeled LAs.
Three-dimensional echocardiography is more ac-
curate and reproducible than 2-dimensional echo-
cardiographic measurements.'®3° Second, we used
LA volumes from speckle-tracking methods in our
study. Although it cannot be directly transferred to
the LA volumes based on volumetric measurements,
previous studies have shown a good correlation
between speckle-tracking—derived LA volume and
manually traced LA volume.*® Third, we assessed
only a subset of the patients who enrolled in the
overall TOPCAT, whereas the 347 patients included
had similar baseline characteristics, except radial
difference, compared with TOPCAT participants
from America. Our findings may not extrapolate to
the overall TOPCAT population, and to patients with
HFpEF in the community, given the inclusion and ex-
clusion criteria of the TOPCAT; however, the TOPCAT
inclusion/exclusion criteria were broad and are sim-
ilar to patients with HFpEF in community-based
studies.?® Finally, we did not assess the association
of change of LA remodeling with clinical outcomes
or impact of treatment with spironolactone versus
placebo on changes of LA measures in this current
analysis. Our findings should be validated in larger
cohorts, and further research would be necessary
to investigate the effect of changing LV filling pres-
sure on LAVmIin and the relationship of changes in
LA structural and function remodeling to clinical out-
comes. Adequate age- and sex-specific normal ref-
erence values (from large population-based studies)
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need to be defined for this measure to have utility in
clinical practice.

CONCLUSIONS

In patients with HFpEF, LAVImin was more predictive
of cardiovascular death, aborted cardiac arrest, or
HF hospitalization than LAVImax, suggesting it might
be more useful in identifying patients at higher risk
for cardiovascular events and might play a role as
a potential therapeutic target and an end point for
evaluation of HFpEF therapies. LA functional param-
eters provide prognostic information independent of
LAVImiIn.
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SUPPLEMENTAL MATERIAL



Table S1. Baseline clinical characteristics of TOPCAT Americas participants included

compared with those not included in our analysis.

Included in LA analysis

Not included in LA analysis

(n=347) (n=1420) P

Age, yr 70.8+10.1 71.7£9.7 0.12
Female, no. (%) 186 (54%) 696 (49%) 0.13
White, no. (%) 251 (72%) 1133 (80%) 0.003
Body mass index 33.61£7.5 34.0+8.7 0.47
Medical history, no. (%)

Hypertension 318 (92%) 1270 (90%) 0.18

Diabetes 158 (46%) 627 (44%) 0.62

AF 144 (42%) 597 (42%) 0.88

MI 68 (20%) 291 (21%) 0.72
NYHA functional class, no. (%) 0.59

I/ 227 (66%) 914 (65%)

mnv 117 (34%) 504 (36%)
Heart rate, bpm 68+12 68+13 0.18
eGFR, mL/min/1.73m? 64122 66123 0.18
eGFR<60mL/min/1.73m2, no. (%) 170 (49%) 94 (53%) 0.48

AF, atrial fibrillation; eGFR indicates estimated glomerular filtration rate; MI, myocardial

infarction; NYHA, New York Heart Association.



Table S2. Net reclassification improvement of adding minimal LAVI.

Event/no NRI (95% CI) P

Primary

Model 1 103/331 +0.215 (-0.126 to +0.456) 0.15

Model 1 + LVMI 103/329 +0.198 (-0.155 to +0.458) 0.21

Model 1 + LV GLS 87/285 +0.182 (-0.203 to +0.713) 0.23

Model 1 + E/e’ 87/270 +0.007 (-0.395 to +0.445) 0.75
HF hospitalization

Model 1 78/331 +0.295 (-0.004 to +0.566) 0.053

Model 1 + LVMI 78/329 +0.243 (-0.105 to +0.524) 0.13

Model 1 + LV GLS 66/285 +0.276 (-0.047 to +0.649) 0.12

Model 1 + E/e’ 67/270 +0.121 (-0.380 to +0.554) 0.55

Model 1 included age, sex, race, randomization strata, randomized treatment assignment, history
of atrial fibrillation, heart rate, New York Heart Association class, history of stroke, creatinine,
hematocrit, and left ventricular ejection fraction. E indicates peak early mitral inflow velocity; e’,
peak early diastolic tissue velocity; LVMI, left ventricular mass index; LV GLS, left ventricular

global longitudinal strain.



Table S3. Association of AF type with clinical outcomes.

No AF Paroxysmal AF | Persistent/Permanent P for
(n=203) (n=59) AF (n=85) interaction
Primary endpoint 151 1.07 1.28 0.54
(1.08-2.11) (0.51-2.24) (1.02-1.62)
HF hospitalization 2.00 1.21 1.24 0.08
(1.41-2.83) (0.54-2.68) (0.95-1.62)
CV death 1.17 1.17 1.19 0.99
(0.65-2.12) (0.43-3.13) (0.71-2.00)




