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Abstract

Aims There is limited information on the association between left ventricular (LV) dimensions and cardiovascular (CV) out-
comes in patients with heart failure (HF) with reduced LV ejection fraction (HFrEF) receiving recommended HF treatment.
We investigated the association between LV dimensions and CV outcomes in HFrEF patients receiving recommended HF
treatment.
Methods and results We investigated the association between LV echocardiographic dimensions and CV outcomes using
conventional Cox models in 1138 HFrEF patients in sinus rhythm randomized to warfarin or aspirin treatment in the Warfarin
vs. Aspirin in Reduced Cardiac Ejection Fraction (WARCEF) trial. LV enlargement, whether by diameter [LV end-diastolic diam-
eter index (LVEDDI) and LV end-systolic diameter index (LVESDI)] or volume [LV end-diastolic volume index (LVEDVI) and LV
end-systolic volume index (LVESVI)], was independently associated with all-cause death [LVEDDI: hazard ratio (HR) per
cm/m2 1.53, LVESDI: HR per cm/m2 1.65, LVEDVI: HR per 10 mL/m2 1.07, and LVESVI: HR per 10 mL/m2 1.10; all P
values < 0.001], CV death (HR 1.68, 1.79, 1.09, and 1.12, respectively; all P values < 0.001), and HF hospitalization (HR
1.59, 1.79, 1.06, and 1.08, respectively; all P values < 0.001). No association was observed with myocardial infarction or
stroke. The associations were independent of LV ejection fraction values, and incremental to them. LV volumes conferred
additional predictive value over LV diameters.
Conclusions Left ventricular enlargement is an independent predictor of CV events in patients with HFrEF and recom-
mended HF treatment. LV dimensions should be considered in the risk assessment.
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Introduction

Left ventricular (LV) enlargement is a powerful predictor of
adverse outcomes such as all-cause death, cardiovascular
(CV) death, heart failure (HF) hospitalization, myocardial in-
farction (MI) in patients with HF with reduced LV ejection frac-
tion (HFrEF).1–8 In most studies on the topic, however, the
frequencies of recommended HF medications, such as
beta-blocker and angiotensin-converting enzyme (ACE)
inhibitor or angiotensin receptor blocker (ARB), were
low.1–10 As a result, no recent large studies have investigated

the association between LV dimensions and CV outcomes in
patients with HFrEF and recommended HF treatment; also,
the possible interaction of LV enlargement and systemic
anticoagulation on outcome has not been investigated.

The primary aim of this study was to investigate the
association between LV dimensions and CV outcomes (all-
cause death, CV death, MI, stroke, and HF hospitalization) in
patients with HFrEF receiving recommended HF treatment.
Additional aims were to investigate (i) the interaction be-
tween LV dimensions and left ventricular ejection fraction
(LVEF) on CV outcomes, (ii) whether LV volumes were superior
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to LV diameters for risk prediction, and (iii) whether anti-
thrombotic treatment (warfarin or aspirin) modified the asso-
ciation between LV dimensions and CV outcomes.

Methods

Study patients

Details of the Warfarin vs. Aspirin in Reduced Cardiac Ejection
Fraction (WARCEF) trial have been published previously.11 In
this randomized, double-blind trial, 2305 patients with
LVEF ≤ 35% in sinus rhythm were randomly assigned to war-
farin (target international normalized ratio 2.75, with accept-
able target range of 2.0 to 3.5) or aspirin (325 mg/day).
Patients were enrolled at 168 centres in 11 countries from
October 2002 to January 2010. The mean follow-up time
was 3.5 ± 1.8 years. Patients who had a clear indication for
warfarin or aspirin were not eligible. Additional eligibility
criteria were a modified Rankin score of 4 or less (on a scale
of 0 to 6, with higher scores indicating more severe disabil-
ity), and planned treatment with a beta-blocker, an ACE in-
hibitor (or, if the side-effect profile with an ACE inhibitor
was unacceptable, with an ARB), or hydralazine and nitrates.
Patients were ineligible if they had a condition that conferred
a high risk of cardiac embolism, such as presence of atrial fi-
brillation, a mechanical cardiac valve, endocarditis, or an in-
tracardiac mobile or pedunculated thrombus. The study
conforms with the principles outlined in the Declaration of
Helsinki. Patients provided informed consent, and the study
was approved by the international review boards and ethics
boards of participating centres.

Echocardiography

Left ventricular ejection fraction assessment was performed
by echocardiography using the method of discs at the individ-
ual sites. Mean time from echocardiogram performance to
enrolment was 6.5 days. All echocardiographic studies were
reinterpreted, blinded to treatment assignment, at a core
echocardiography laboratory to confirm LVEF assessment
and measure other pertinent echocardiographic variables.
LV diameters were measured from the parasternal long-axis
view and divided by body surface area (LV end-diastolic diam-
eter index and LV end-systolic diameter index). LV volumes
were measured from an apical view using the method of discs
and divided by body surface area [LV end-diastolic volume in-
dex (LVEDVI) and LV end-systolic volume index (LVESVI)].12

Overall, 1138 patients in whom all echocardiographic and
clinical parameters were available were included in the pres-
ent analysis.

Follow-up and assessment of cardiovascular
outcomes

Follow-up was performed monthly by telephone or in person.
A follow-up assessment in person was also conducted
quarterly for a clinical evaluation and annually for a detailed
examination. In WARCEF, an independent endpoint adjudica-
tion committee, whose members were unaware of the treat-
ment assignments, adjudicated the primary and other
outcomes. The primary outcome was the time to the first
event in a composite endpoint of ischaemic stroke, intracere-
bral haemorrhage, or all-cause death. The secondary out-
come was the first event in a composite of the primary
outcome, MI, or HF hospitalization. The present study fo-
cused on individual CV outcomes. Sudden death was defined
as (i) death witnessed or occurring within 15 min of observed
collapse or new cardiac symptoms, without preceding other
modes of death, or (ii) death unwitnessed but known to have
occurred in the prior 72 h in the absence of other modes of
death or (iii) patient resuscitated from cardiac arrest and dy-
ing within 24 h or prior to discharge, in case neurologic func-
tion was not restored. CV death included sudden death,
documented ventricular tachycardia or fibrillation, docu-
mented bradyarrhythmia, MI, and circulatory failure. The di-
agnosis of MI was based on two of the following: (i) typical
cardiac pain or its equivalent, (ii) electrocardiogram evidence
of acute MI, or (iii) positive cardiac biomarkers. Stroke was
defined as a clinically relevant new lesion detected on com-
puted tomography or magnetic resonance imaging or, in its
absence, clinical findings consistent with clinical stroke and
lasting over 24 h. HF hospitalization during the follow-up
were defined as admissions with typical symptoms; intrave-
nous diuretics, vasodilator, or inotropic therapy; and at least
24 h of hospital stay. We also investigated major haemor-
rhage as a clinical event. Major haemorrhage was defined
as intracerebral, epidural, subdural, subarachnoid, spinal
intramedullary, or retinal haemorrhage; any other bleeding
causing a decrease in the haemoglobin level of >2 g/dL in
48 h; or bleeding requiring transfusion of two units of whole
blood, hospitalization, or surgical intervention.

Statistical analysis

The analysis is restricted to patients who have all four LV
dimension parameters (n = 1138). Mean values ± standard
deviation for continuous variables and frequencies for cate-
gorical variables are presented. Univariable Cox models were
used to evaluate the association between clinical outcomes
and different LV dimension parameters. The models were
then adjusted for baseline covariates that are associated with
each outcome in univariable Cox models. A threshold of
P value ≤ 0.10 in the univariable model was used instead of
0.05 to allow the inclusion of more variables that might be
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clinically relevant to the outcomes. The proportional hazard
assumption was tested using a Kolmogorov-type supremum
test.13 The likelihood ratio test and the concordance statistic
(C-index) were used to evaluate the additional benefit of LV
volume parameter in addition to the corresponding LV
diameter parameter in predicting the risk of each clinical
outcome.

To investigate whether the risk associated with LV enlarge-
ment was independent of LVEF, we assessed the relationship
between LV dimensions and outcomes using Cox models
stratified by LVEF categories with a cut-off at 25%. Similarly,
Cox models were used to assess whether there is any interac-
tion between antithrombic treatment (aspirin or warfarin)
and LV dimension parameters.

Missing values of baseline covariates with less than 10%
missingness were imputed using mean for continuous vari-
ables and mode for categorical variables. Baseline variables
with more than 10% missingness were excluded from the
analysis. All analyses were conducted using SAS 9.4 (SAS
Institute, Cary, NC).

Results

Among 2305 WARCEF patients, 1138 had measures of all four
LV dimension parameters and were included in the analysis.
Baseline characteristics of the study cohort are shown in
Table 1. Mean age was 61 years; 980 patients (79.8%) were
men. ACE inhibitor or ARB use and beta-blocker use were
present in 1123 (98.9%) and 1021 (89.9), respectively. Over-
all, 269 patients (23.6%) experienced all-cause death, 187 pa-
tients (16.4%) CV death, 33 patients (2.9%) MI, 41 patients
(3.6%) stroke, and 229 patients (20.1%) HF hospitalization.
Forty-nine patients (6.6%) experienced major haemorrhage.
There was no significant difference regarding CV outcomes
or major haemorrhage between patients included and
excluded in the analysis (shown in Supporting Information,
Table S1).

Left ventricular dimensions and cardiovascular
outcomes

The associations between each LV dimension and CV out-
comes using unadjusted and adjusted Cox proportional haz-
ards regression analysis are shown in Table 2. After
adjustment for pertinent covariates, LV dimensions were in-
dependently associated with risk of all-cause death, CV
death, and HF hospitalization, but not MI or stroke. Both sys-
tolic and diastolic dimensions predicted CV outcomes to a
similar extent.

Interaction between left ventricular dimensions
and left ventricular ejection fraction on
cardiovascular outcomes

To investigate whether the risk associated with LV enlarge-
ment was independent of LVEF, we assessed the relationship
between LV dimensions and outcomes stratified by LVEF
value. LV dimensions, whether by diameter or volume, were
independently associated with risk of all-cause death both
in patients with LVEF ≥ 25% and in those with LVEF < 25% af-
ter adjustment for pertinent covariates (Table 3). In both
groups, each LV dimension parameter was also indepen-
dently associated with risk of CV death and HF hospitaliza-
tion. No association with MI or stroke was observed,
regardless of LVEF level. There was no significant interaction
between LV dimensions and LVEF category on the risk of any
of the CV outcomes (also Table 3).

For the CV outcomes that were significantly associated
with LV enlargement, Figure 1 shows the CV event rate strat-
ified by LVEF and LV volume tertiles. Larger LV volume
tended to be associated with CV events in each LVEF cate-
gory, and a progressive rate increase was observed for both
parameters; the effect of decreasing LVEF and increasing LV
volumes was incremental to that of each condition alone,
with the combination of lowest LVEF tertile and highest LV
volume tertile being associated with the highest rates of all
events.

Left ventricular diameters vs. left ventricular
volumes for the prediction of cardiovascular
outcomes

The results of the likelihood ratio test for nested models com-
paring LV diameters only vs. LV diameters plus corresponding
LV volumes for the prediction of CV outcomes are shown in
Table 4. The addition of LV volume measurement significantly
improved the risk prediction compared with LV diameter
alone in both diastole and systole in adjusted models for
all-cause death (P = 0.005 and P = 0.005, respectively) and
CV death (P = 0.003 and P = 0.004, respectively). For HF hos-
pitalization, the addition of LV volumes significantly improved
risk prediction compared with LV diameters alone at both di-
astole and systole in unadjusted analysis (P = 0.009 and
P = 0.024, respectively), but not after adjustment for covari-
ates. Similar results were obtained by concordance statistic;
in adjusted analyses, the addition of LV volumes to LV diam-
eters improved the prediction at both diastole and systole for
all-cause death (C-index 0.7107 vs. 0.7143 and 0.7131 vs.
0.7169, respectively), CV death (C-index 0.7317 vs. 0.7390
and 0.7328 vs. 0.7388, respectively), and HF hospitalization
(C-index 0.7242 vs. 0.7260 and 0.7282 vs. 0.7292, respec-
tively) (shown in Table S3).
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Table 1 Baseline patient characteristics

Baseline characteristics n = 1138

Treatment group, no. (%)
Warfarin 555 (48.8)
Aspirin 583 (51.2)

Age (year) 61 ± 11.5
Location, no. (%)

North America 455 (40.0)
Europe 657 (57.7)
Argentina 26 (2.3)

Sex, no. (%)
Male 908 (79.8)
Female 230 (20.2)

Race or ethnic group, no. (%)
Non-Hispanic white 900 (79.1)
Non-Hispanic black 148 (13.0)
Hispanic 54 (4.8)
Other 36 (3.2)

Hypertension, no./total no. (%) 661/1106 (59.8)
Diabetes mellitus, no./total no. (%) 341/1136 (30.0)
History of atrial fibrillation, no./total no. (%) 38/1136 (3.4)
Prior myocardial infarction, no./total no. (%) 555/1136 (48.9)
Ischaemic cardiomyopathy, no./total no. (%) 501/1136 (44.1)
Peripheral vascular disease, no. (%) 126 (11.1)
Prior stroke or TIA, no./total no. (%) 146/1136 (12.9)
Smoking status, no./total no. (%)

Current smoker 196/1136 (17.3)
Former smoker 604/1136 (53.2)
Never smoked 336/1136 (29.6)

Alcohol consumption, no. (%)
Current consumption, >2 oz/day 270 (23.7)
Previous consumption, >2 oz/day 220 (19.3)
Never consumed alcohol 648 (56.9)

NYHA classification, no. (%)
I 150 (13.2)
II 617 (54.2)
III 352 (30.9)
V 19 (1.7)

Distance covered on 6-min walk (m) 353 ± 145.6 (n = 1037)
History of aspirin or other antiplatelet agent, no./total no. (%) 639/850 (75.2)
History of warfarin or other oral anticoagulant, no. (%) 96 (8.4)
ACE inhibitor or ARB, no./total no. (%) 1123/1135 (98.9)
Beta-blocker, no./total no. (%) 1021/1136 (89.9)
Aldosterone blocker, no./total no. (%) 409/672 (60.9)
Nitrate, no./total no. (%) 289/1136 (25.4)
Calcium-channel blocker, no./total no. (%) 90/1135 (7.9)
Diuretic, no./total no. (%) 931/1136 (82.0)
Statin, no./total no. (%) 669/812 (82.4)
Pacemaker or defibrillator, no./total no. (%) 263/1136 (23.2)
BUN (mg/dL) 24 ± 12.7 (n = 1093)
Creatinine (mg/dL) 1 ± 0.3 (n = 1130)
eGFR (mL/min/1.73 m2) 69 ± 20.4 (n = 1130)
Haemoglobin (g/dL) 14 ± 1.5 (n = 1057)
Haematocrit (%) 42 ± 4.4 (n = 1068)
Sodium (mEq/L) 140 ± 3.3 (n = 1131)
White blood cell count (× 109/L) 7 ± 2.0 (n = 1131)
LVEF (%) 24.5 ± 7.4
LVEDDI (cm/m2) 3.3 ± 0.6
LVESDI (cm/m2) 2.8 ± 0.6
LVEDVI (mL/m2) 103.0 ± 36.7
LVESVI (mL/m2) 78.1 ± 31.5

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; EDDI, end-diastolic diameter index;
EDVI, end-diastolic volume index; EF, ejection fraction; eGFR, estimated glomerular filtration rate; ESDI, end-systolic diameter index; ESVI,
end-systolic volume index; LV, left ventricular; NYHA, New York Heart Association; TIA, transient ischemic attack.
Mean ± SD were calculated for continuous variables, and number/total number (%) for categorical variables.
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Figure 1 CV outcomes events rates by category of LV volume and LVEF. CV, cardiovascular; EDVI, end-diastolic volume index; EF, ejection fraction;
ESVI, end-systolic volume index; HF, heart failure.

Table 4 Likelihood ratio test for nested models comparing diameter alone vs. diameter plus volume

Outcomes Model type

Diastolic LV parameters Systolic LV parameters

–2logL of
diameter

–2logL of
diameter
& volume

LRT
statistic P value

–2logL of
diameter

–2logL of
diameter
& volume

LRT
statistic P value

All-cause death
(n = 269)

Unadjusted 3502.922 3491.177 11.745 <0.001 3496.028 3484.626 11.402 <0.001
Adjusteda 3374.042 3366.108 7.934 0.005 3368.935 3360.988 7.947 0.005

CV death (n = 187) Unadjusted 2450.259 2436.814 13.445 <0.001 2444.274 2431.051 13.223 <0.001
Adjusteda 2357.655 2348.818 8.837 0.003 2353.991 2345.549 8.442 0.004

MI (n = 33) Unadjusted 441.129 440.426 0.703 0.402 440.691 439.694 0.997 0.318
Adjusteda 432.234 431.663 0.571 0.450 432.073 431.312 0.761 0.383

Stroke (n = 41) Unadjusted 551.540 551.449 0.091 0.763 550.340 549.939 0.401 0.527
Adjusteda 529.048 528.955 0.093 0.760 527.852 527.477 0.375 0.540

HF hospitalization
(n = 229)

Unadjusted 2998.886 2991.994 6.892 0.009 2987.349 2982.231 5.118 0.024
Adjusteda 2889.416 2886.666 2.750 0.097 2881.325 2880.126 1.199 0.274

CV, cardiovascular; HF, heart failure; LRT, likelihood ratio test; LV, left ventricular; MI, myocardial infarction.
aAdjusted for covariates as in Table 2.
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Effect of antithrombotic treatment

Table 5 shows the association between LV dimensions and
outcomes stratified by warfarin or aspirin treatment. All LV di-
mensions were associated with all-cause death, CV death, and
HF hospitalization, but not MI or stroke, in both treatment
arms, as already observed in the overall study cohort. The del-
eterious effect of LV enlargement tended to be stronger in
warfarin-treated than in aspirin-treated patients for all-cause
death, CV death, stroke, and HF hospitalization. A significant
interaction between LV volumes, but not LV diameters, and
treatment type was observed (on all-cause death and CV
death for LVEDVI; on all-cause death, CV death, and stroke
for LVESVI; also Table 5). LV enlargement, especially when de-
fined by LV volumes, was significantly associated with out-
comes in warfarin-treated patients in both patients with
adequate (>60%) time in therapeutic range (TTR) and those
with inadequate TTR in adjusted models for all-cause death
(LVEDVI: P = 0.003 and P = 0.007; LVESVI: P = 0.007 and
P = 0.002, respectively) and CV death (LVEDVI: P < 0.001
and P = 0.006; LVESVI: P = 0.001 and P = 0.002, respectively).
For HF hospitalization, LV volumes were significantly associ-
ated with outcomes in both warfarin-treated patients with ad-
equate TTR and those with inadequate TTR in unadjusted
models (LVEDVI: P = 0.018 and P = 0.003; LVESVI: P = 0.011
and P < 0.001, respectively). No significant interaction of LV
dimensions and TTR on the risk of outcomes was observed.

Discussion

Left ventricular dimensions and outcomes

In the present study, we describe how LV enlargement was
significantly associated with all-cause death, CV death and
HF hospitalization in a cohort of patients with HFrEF and si-
nus rhythm who were treated with recommended HF medi-
cations and randomized to different antithrombotic
treatments. No significant association was observed between
LV enlargement and stroke or MI.

The observation of a relationship between LV dimensions
and CV outcomes is consistent with previous studies. Yeboah
et al. reported that LV diastolic dysfunction by cardiac mag-
netic resonance imaging was a predictor of incident HF in
4974 patients with subclinical CV disease and without known
CV disease in a MESA study subanalysis.5 LV diastolic dysfunc-
tion was a significant predictor even in the subgroup with low
LVEF (n = 85). McManus et al. also reported on LVESVI as a
predictor of incident HF in patients with stable coronary ar-
tery disease.4 In patients with low LVEF, Solomon et al. also
reported that LVEDV and LVESV were independent predictors
for the combined end points of death or HF or the combined
end point of death, HF, MI, cardiac arrest, or stroke in 603

patients after MI enrolled in the VALIANT Echo Study.6 The
present study provides similar results in a more recently en-
rolled large cohort, but notable differences do exist. The pres-
ent study includes a far larger number of patients with low
LVEF (1138 vs. 603) and patients on beta-blockers even com-
pared with VALIANT Echo Study (89.9% of patients vs. 73.4%).
Several other studies also reported on the association be-
tween LV dimensions and CV outcomes in patients with
HFrEF.1,2 However, their use of recommended HF medica-
tions, including beta-blockers and ACE inhibitors or ARB,
was infrequent.

The most widely accepted explanation of LV enlargement
as a predictor of CV outcomes is that LV enlargement is a
compensatory mechanism for LV systolic dysfunction. The
myocardium has been shown to remodel after an injury14; af-
ter MI, outward remodelling of the LV myocardium and con-
sequent LV enlargement is often observed.15 Enlarged LV
may not be able to compensate for increasing afterload as
preload reserve may already be exceeded even at baseline.
This can result in afterload mismatch.16 LV enlargement
was, hence, an independent predictor of CV outcomes not
only in patients with MI, but also in those with dilated cardio-
myopathy, and valvular disease.3,5,7 LV enlargement precedes
clinical symptoms of HF and has been the target for
disease-modifying therapies such as beta-blockers, ACE inhib-
itors, ARB, and aldosterone antagonists.17–25 Our study dem-
onstrates that the independent effect of LV enlargement on
death and HF hospitalization persists even in the presence
of these treatments, which were highly prevalent in our co-
hort, except for aldosterone antagonists.

No significant association was observed between LV en-
largement and the risk of MI or stroke. This may have been
driven in part by the low number of such events, which con-
firms that these adverse outcomes are infrequent in systolic
HF patients in sinus rhythm treated with optimal HF therapy.
In addition, the presence of warfarin or aspirin treatment in
all patients may have contributed to the lower number of
MI and stroke outcomes, which may more often recognize
an embolic aetiology and be less affected by LV dimension
than other CV outcomes.

Interaction between left ventricular dimensions
and left ventricular ejection fraction on
cardiovascular outcomes

Left ventricular ejection fraction was inversely associated with
all-cause death, CV death, and HF hospitalization [hazard ratio
(HR) 0.97; 95% confidence interval (CI) 0.96 to 0.99;
P < 0.001, HR 0.96; 95% CI 0.94 to 0.98; P < 0.001 and HR
0.96; 95% CI 0.94 to 0.98; P < 0.001, respectively], but not
with MI and stroke, confirming a previous analysis on the
same cohort.26 LVEF is the most widely accepted indicator
of LV systolic function and is associated with CV
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outcomes.6,8,26–29 Because LV enlargement and lower LVEF
tend to be associated, the risk of outcome associated with
LV enlargement may reflect the coexistence of severely re-
duced LVEF. In the present study, LV enlargement was a signif-
icant predictor of all-cause death, CV death and HF
hospitalization in both patients with less (≥ 25%) or more
(< 25%) severe LVEF reduction (Table 3). Moreover, there
was no significant interaction between any LV dimension pa-
rameter and LVEF on all CV outcomes, although the highest
frequencies of outcome events were observed in patients in
the lowest tertile of LVEF and highest tertile of LV volumes
(Figure 1). These results suggest that the association between
LV dimensions and CV outcomes is not merely a reflection of
concomitant differences in LVEF and that LV enlargement
should be regarded as an additional risk factor over lower
LVEF, possibly signalling the need for more intensive HF treat-
ment for any given LVEF value when LV dilation is also present.

Prognostic value of left ventricular diameters vs.
left ventricular volumes

Although the first studies on the prognostic role of LV dimen-
sion in HF were based on LV diameters,3,7 the use of LV vol-
umes has become the gold standard for the assessment of
LV dimensions.30,31 The measurement of LV volumes is how-
ever more time consuming and may not be as feasible as a
linear measurement in some patients. In the present study,
LV enlargement, both by diameters or volumes, was an inde-
pendent predictor of CV outcomes; however, the addition of
LV volumes to LV diameters increased the predictive value for
CV outcomes. LV volumes more accurately represent actual
LV dimensions than LV diameters parameters because they
correct for LV shape distortions that may not be accounted
for when using a linear dimension, especially in patients with
regional LV dysfunction and/or LV remodelling.30,31 This cir-
cumstance may have driven the observed difference in pre-
diction ability between LV diameter parameters and LV
volume parameters. The modern three-dimensional echocar-
diographic assessment of LV volumes may further refine the
predictive power for outcomes. LV volume addition also
unmasked possible differences in the effect of LV enlarge-
ment in patients treated with warfarin or aspirin (refer to
the next section). Therefore, our results suggest that, while
the measurements of LV diameters may be sufficient for a
screening for CV risk, the addition of LV volumes may result
in a refinement of the prediction that is desirable whenever
their measurement is technically feasible.

Effect of antithrombotic treatment

Because some CV events in HFrEF may recognize an embolic
aetiology, systemic anticoagulation might be expected to

decrease the risk; in the WARCEF trial, warfarin treatment ap-
peared to decrease the stroke risk, although this effect was
counteracted by an increase in risk of major haemorrhagic
events.11 There was no significant difference in major
haemorrhagic events between patients included or excluded
from the analysis (shown in Table S1), and there was no signif-
icant association between LV dimension parameters and ma-
jor haemorrhage (shown in Table S4). Because LV chamber
enlargement may predispose to blood stasis and thrombus
formation, warfarin treatment might be expected to reduce
the risk of CV events related to LV enlargement to a greater
extent than aspirin. Our results showed that LV enlargement
was associated with death and HF hospitalization in both
treatment arms, but its effect seemed to be stronger in the
warfarin than in the aspirin arm; a significant interaction
between LV volumes and antithrombotic treatment was
observed all-cause death, CV death, stroke, and HF hospitali-
zation. This finding might be secondary to the fact that an ad-
equate TTR was not uniformly achieved in warfarin-treated
patients, thus conceivably reducing the treatment effect on
embolic events; an adequate TTR (>60%) was achieved in
only 38.8% of patients, which may have diluted the effect of
warfarin treatment on the results. This observation
raises the question of whether achieving a better TTR
might have affected the observed treatment differences;
also, it suggests the need to assess the effect on the
association between LV dimensions and CV outcomes of
direct oral anticoagulants (DOAC). The efficacy of DOAC in
reducing the risk of thromboembolic events in patients
with atrial fibrillation is well documented; DOAC might
achieve a more consistent anticoagulation level than warfarin,
and their use might provide new insights on preventing CV
outcomes in HFrEF patients with sinus rhythm and LV
enlargement.

Limitations

Our study has some limitations. First, approximately half of
the original WARCEF cohort had adequate information on
LV dimensions both by diameters and volumes, as the pres-
ent investigation is ad hoc analysis. This smaller sample size
may have decreased the ability to detect significant associa-
tions between LV enlargement and low-frequency events
such as MI and stroke. Additionally, information on other pos-
sible contributors to outcome, such as degree of functional
mitral regurgitation and LV diastolic dysfunction, was not uni-
formly available in the study. On the other hand, the central
interpretation of the echocardiographic studies assured a
standardized assessment of LV dimensions.

Second, as per WARCEF protocol, only patients with
HFrEF (LVEF ≤ 35%) were included in the study; therefore,
the relationship between LV dimensions and CV outcomes
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in patient with HF with preserved LVEF could not be
investigated.

The patients in this study may be at a more advanced stage
of HF than normally encountered in clinical practice, as mean
LV volumes seem to be larger than those commonly observed
in HF patients. Also, the LVEF inclusion criterion of the study
(≤35%) is lower than that included in HF guidelines
(LVEF ≤ 40%). The mean values of LV volumes, however, are
similar to those of previous studies in HFrEF patients.32–34

Although guidelines-recommended treatment of HFrEF was
present in the vast majority of patients, more modern
drugs, such as angiotensin receptor–neprilysin inhibitor or
sodium-glucose cotransporter-2 inhibitors, were not available
at the time the trial took place. Finally, this is a retrospective
analysis from a prospectively designed clinical trial that was
not originally designed to evaluate the association between
LV dimensions and CV outcomes. Nevertheless, the present
study is one of the largest investigations on this topic in pa-
tients with HFrEF and recommended HF therapy.

Conclusions

In conclusion, (i) LV enlargement remains associated with
all-cause death, CV death, and HF hospitalization, but not MI
or stroke, in patients with HFrEF and sinus rhythm treated
with recommended HF medications and antithrombotic med-
ications; (ii) the association between LV dimensions and CV
outcomes is not merely a reflection of differences in LVEF,
but is additional to it; (iii) LV volumes determination confers
incremental predictive value over LV diameters alone; (iv)
the effect of LV volumes on CV outcomes persists despite
the presence of antithrombotic treatment, but may be af-
fected by its type.

In summary, LV enlargement was independently associated
with CV outcomes in patients with HFrEF even when treated
with recommended HF therapy. LV dimensions may repre-
sent an additional indication over LVEF for more intensive
HF treatment.
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