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Aims We investigated long-term mortality associated with changes in left ventricular ejection fraction (LVEF) in a large,
real-world patient cohort.

Methods A total of 117275 adults (63 & 16 years, 46% women) had LVEF quantified by the same method >6 months apart.

and results This included 17 343 cases (66 + 15 years, 48% women) being initially investigated for heart failure (HF). During 3.3
[interquartile range (IQR) 1.7—6.0] years from first to last echocardiogram, median change in LVEF was —1 (IQR
—8 to +5) units from a baseline of 62% (IQR 54—69%). During subsequent 7.6 (IQR 4.3—10.1) years of follow-up,
11397 (9.7%) and 34101 (29.1%) cases died from cardiovascular disease and all causes, respectively. Actual 5-year,
all-cause mortality increased from 12% to 29% among those with the smallest to the largest decrease in LVEF (from
<5 units to >30 units); the adjusted risk of cardiovascular-related mortality increased two- to eightfold beyond a
>10-unit decline in LVEF (vs. minimal change; P <0.001 for all comparisons). Among those initially investigated for
HF (32% with initial LVEF <50%), the adjusted hazard ratio for cardiovascular-related mortality ranged from 0.35
[95% confidence interval (Cl) 0.28—0.49] to 4.21 (95% CI 3.30—-5.22) for a >30-unit increase to >30-unit decline
in LVEF (vs. minimal change; P <0.001 for both comparisons). A distinctive, bi-directional plateau of improved vs.
worsening mortality was evident around a final LVEF of 50% to 55%.

Conclusions These data, derived from a large, heterogeneous cohort of adults being followed up with echocardiography, suggest
that modest LVEF changes (particularly around an LVEF of 50—55%) may be of clinical significance.
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Introduction

Quantification of left ventricular ejection fraction (LVEF) by
transthoracic echocardiography'=3 is integral to the initial evalua-
tion and then ongoing management of heart disease. In the context
of heart failure (HF), baseline LVEF is particularly important in
determining what cost-effective treatments might be initially
applied. This includes neurohormonal modulating therapies to
prolong life." Beyond this initial point, however, there is a paucity
of real-world data to guide clinical practice based on the interpre-
tation of routinely observed, bi-directional changes in LVEF levels.*
As highlighted by a recent review of the relevant literature,> much
of our understanding in this respect is based on male-dominated
clinical trial cohorts recruited with HF and a reduced ejection
fraction (HFrEF) <40%.> This leaves a significant gap when inform-
ing the routine clinical management of many cardiac patients,
including those presenting with HF and a preserved ejection
fraction (HFpEF).> Many such cases are women.®

We recently analysed the pattern of mortality associated with
the first recorded LVEF in close to 500000 women and men
referred for routine echocardiography.” In addition to identifying
potentially important sex-based differences,” we confirmed previ-
ous reports that mortality rates remain elevated in those present-
ing with a LVEF as high as 60—65%.% Within this same cohort, we
have now identified those cases in whom a repeat echocardiogram
was performed a minimum of 6 months later at which time a repeat
LVEF was quantified using the same method.

Echocardiography e

Mortality e Cardiac function

Whilst acknowledging the inherent variability in LVEF
quantification,? the primary aim of this study was twofold. Firstly,
we aimed to characterize the direction and extent of change in
LVEF levels observed in routine clinical practice. Secondly, we
aimed to examine the overall association of observed changes
in LVEF with the risk of long-term cardiovascular-related and
all-cause mortality. Beyond our initial focus on all cases with
repeat echocardiograms, prospectively, we specifically focused
on undertaking more granular analyses on those referred for the

investigation of HF.

Methods
Study design

The National Echo Database Australia (NEDA) is a large observa-
tional registry that captures routinely acquired echocardiographic data
with individual linkage to mortality outcomes in Australia.’ With a
heterogeneous population of ~25 million, nearly all Australians have
equitable (either free or subsidized) access to specialized cardiac man-
agement, including echocardiography. At the time of this report, 23
centres Australia-wide who provide such services participated. The
study cohort was typically referred by a primary care physician or car-
diologist to investigate or follow-up/manage pre-existing heart disease.
NEDA is registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12617001387314). Ethical approval was obtained
from all relevant Human Research Ethics Committees and the study
adheres to the Declaration of Helsinki.

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Echocardiographic profiling

Study data comprise all echocardiographic measurement and report
data, including basic demographic profiling (biological sex and date of
birth) of individuals and date of investigation presenting to participating
centres during the period 1 January 2000 to 21 May 2019. Applying
stringent security protocols, these data were then transferred into
a central NEDA database via an automated data extraction process.
Those aged <18years at their first echocardiogram and/or with
incomplete demographic profiling were removed. All data were then
cleaned and transformed into standard NEDA format to generate
uniform echocardiographic profiling data and to remove duplicate
and/or impossible measurements/investigations.

Left ventricular hypertrophy (LVH) and any form of valvular heart
disease (VHD) was determined by the American Society of Echocar-
diography and the European Association of Cardiovascular Imaging
criteria.? Left heart disease (LHD) was defined as one or more of LVEF
<55%, septal E/e’ > 12.0, indexed left atrial volume (LAVi) >34 mL/m?,
mitral valve mean gradient >5 mmHg, moderate-to-greater mitral or
aortic regurgitation/stenosis, and aortic valve area < 1.0 cm?. Addi-
tionally, an advanced text analysis programme identified those cases
specifically referred for echocardiography due to suspected (including
typical HF symptoms’) or pre-diagnosed HF — these cases being the
specific focus of this report.

Observed changes in ejection fraction

Of 493 155 individuals with a definitive LVEF numerical value recorded
during their first documented echocardiogram, 117275 [53597
(46%) women and mean overall age of 63 + 16years) had a repeat
echocardiogram >6 months later at which a repeat numerical
LVEF was quantified using the same method (online supplementary
Figure S 1), comprising 45.7%, 34.9% and 19.4% derived from the Teich-
holz, Simpson’s biplane and M-mode-derived fractional shortening,
respectively.

Overall, the adjusted probability (P <0.001 for all comparisons)
of being one of the 117275/493 155 cases with a repeated echocar-
diogram and LVEF level at least 6 months apart was associated with
increasing age [odds ratio (OR) 1.01, 95% confidence interval (Cl)
1.01-1.01 per year), male gender (OR 1.10, 95% Cl 1.07—-1.18) and
more potential follow-up time from first echocardiogram to census
(OR 1.01, 95% CI 1.01-1.01 per month). Not unexpectedly, those
who died within 12 months of their first echocardiogram were far less
likely to be included in the study cohort (OR 0.18, 95% CI 0.18-0.19).
From an echocardiographic-specific perspective, eligible cases were
more likely to have presented with LHD (OR 1.20, 95% CI 1.16—1.25),
VHD (OR 1.57, 95% Cl 1.51-1.64), whilst concurrently presenting
with a lower LVEF (OR 0.99, 95% CI 0.99-0.99 per unit) and both
greater right heart (OR 2.01, 95% Cl 1.99-2.02 per m? tricuspid regur-
gitation peak velocity) and diastolic (OR 1.03, 95% Cl 1.03—1.03 per
E to €’ velocity unit) dysfunction.

Of the study cohort, 17 343 (14.8%) were being investigated for HF
at the first echocardiogram. The absolute percentage/unit change in
LVEF from baseline to last recorded value was calculated separately.
LVEF change data are presented in ‘units’ to avoid confusion. As with
previously reported analyses of change in LVEF> 5-unit groups above
and below the first recorded LVEF were initially generated. Consistent
with the ‘big data’ approach of NEDA,’ the decile distribution of
absolute change in LVEF (noting not all groups were equally divided

into 10 due to rounding-up of levels) from baseline, were also then
analysed.

Study outcomes

All individuals contributing to NEDA receive a unique identifier
linked to their echocardiograms. These permit data linkage to the
well-validated Australia’s National Death Index'? to derive reliable sur-
vival data (cardiovascular-related and all-cause mortality). Specifically,
data on the survival status of all individuals up to the study census
date of 21 May 2019 were generated. Subsequently, there was no
(known) loss to follow-up. If an individual had died, the listed causes
of death were categorised according to ICD-10 coding. Consistent
with previous analyses,’"'? based on the primary cause of death, all
ICD-10 AM chapter codes in the range of 100-199 were categorized as
a cardiovascular-related death. These same codes were used to iden-
tify the six most common contributory causes of death (primary and
secondary).

Statistical methods

NEDA data analyses and reports conform to the relevant STROBE
guidelines.” All numerators/denominators and variables used in the
analyses are provided, with no missing data imputed. Standard methods
for describing and comparing continuous and grouped data, including
means (+ standard deviation) and medians (interquartile range, IQR)
for normally and non-Gaussian distributed continuous variables and
proportions for categorical data according to baseline profiling (at
first echocardiogram) were applied. Time zero for follow-up was set
at the last recorded echocardiogram at which the change in LVEF from
baseline was calculated. For the main analyses, data were grouped into
5-unit groups [positive (+) and negative (—)]. The decile distribution
of change overall (based on whole unit LVEF levels) and then for
each discrete LVEF group (Table 7) was calculated. Within the entire
cohort, the highest to lowest decile change in LVEF was a >14-unit
increase to a >16-unit decrease from the first to last echocardiogram.
For all adjusted analyses, those with the least divergent LVEF (closest
to zero LVEF change) were set as the reference group. Actual 5-year
cardiovascular-related and all-cause mortality was calculable in 99610
adults (including 14555 cases being investigated for HF). Multiple
logistic regression (entry models) was then used to derive adjusted
OR and 95% CI for each 5-unit change in LVEF for these events.
The Kaplan—Meier method followed by Cox-proportional hazard
models (entry method with proportional hazards confirmed by visual
inspection) were used to derive adjusted hazard ratios (HR) and
95% CI for the risk of mortality during the entirety of follow-up.
For all adjusted analyses, in addition to baseline LVEF, change in LVEF
from first to last echocardiogram and then time between the first
and last echocardiogram, data were available in all cases for age,
sex and year of echocardiogram (3-year epochs). These covariates
were used for all sub-group analyses. The following covariates were
added to each model involving the entire cohort: body mass index,
right heart function, parameters of diastolic function, and evidence
of LVH and/or VHD (Table 17), the size of models being determined
by those with complete profiling data. All statistical analyses were
performed using SPSS version 26.0 software (SPSS Inc., Chicago,
IL, USA). While significance was accepted at the standard level of
P <0.05 (two-sided), given the number of events being analysed, the
clinical significance and congruence of each outcome was also carefully
evaluated.

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 profile of heart failure cases according to baseline left ventricular ejection fraction

All
(n=17343)

Demographic profile

Age, years

Women
Anthropometrics

Body mass index, m/kg?
Follow-up

First to last echo, days

Event follow-up, days
LVEF profile

Baseline LVEF, units 60 (44-68)

Final LVEF, units 60 (47-67)
Other cardiac dimensions and function

69.0 (58.0-77.0)
8258 (47.6)

28.6 (24.8-33.2)

965 (434—1782)
1365 (706-2425)

eRVSP, mmHg 34.2 (28.0-41.2)
TR peak velocity, m/s 2.70 (2.40-3.01)
LAVi, mL/m? 40.0 (28.0-61.0)

Mitral e’ velocity, cm/s
Mitral E/e’ ratio 11.4 (8.58-15.0)
SVi, mL/m? 36.8 (28.9-45.1)
Left ventricular hypertrophy 5472 (31.6)
3726 (21.5)
9731 (56.1)

6.80 (5.00-9.00)

Valvular heart disease
Provisional HF diagnosis

<30%
(n =1990)

63.0 (51.8-73.0)
479 24.1)

28.0 (24.6-32.5)

1041 (538-1960)
777 (308-1388)

22 (18-26)
38.6 (26-52)

432 (36.0-51.0)
2.84 (2.53-3.16)
52.0 (40.0-68.5)
8.77 (7.02-10.5)
17.0 (12.9-23.0)
24.9 (18.6-32.1)
799 (40.2)

781 (39.2)

1584 (79.6)

30-39%
(n =1584)

67.0 (56.0-77.0)
456 (28.8)

28.2 (24.6-32.5)

1042 (525-1998)

819 (334-1539)

35 (32-37)
41 (31-52)

40.0 (33.0-50.9)
2.75 (2.42-3.16)
47.5 (36.9-66.4)
8.45 (6.32-10.7)
14.3 (10.7-20.0)
33.9 (27.2-41.2)
624 (39.4)

517 (32.6)

1250 (78.9)

40-49%
(n=1893)

69.0 (57.0-77.0)
650 (45.5)

28.4 (24.8-33.2)

832 (363-1595)

45 (42-47)
48 (39-57)

39.0 (32.0-46.0)
2.70 (2.40-3.00)
43.0 (31.0-61.0)
7.91 (6.00-10.2)
12,6 (9.3-17.5)
35.9 (29.7-43.1)
622 (32.9)

493 (26.0)

1361 (71.9)

1127 (576-2059)

50-59%
(n=3122)

69.0 (58.0-78.0)
1421 (45.5)

28.7 (24.9-32.5)

1163 (607-2087)
863 (353-1558)

55 (53-58)
58 (50-65)

37.0 (31.2-46.0)
2.66 (2.40—3.00)
35.0 (27.0-50.0)
7.80 (6.19-9.97)
11.1 (8.1-15.0)
38.6 (31.6-46.0)
808 (25.9)

590 (18.9)

1736 (55.6)

60-69%
(n =5039)

69.0 (59.0-77.0)
2850 (56.6)

282 (24.9-3322)

1287 (673-2224)
925 (399-1651)

64.1 (62.0-66.5)
63 (57-68)

37.0 (31.2-43.9)
2.60 (2.35-2.92)
32.0 (25.0-44.0)
8.00 (6.50-9.84)
10.5 (8.0-14.0)
412 (34.0-48.9)
1195 (23.7)

767 (15.2)

2200 (43.7)

>70%
(n=3715)

71.0 (62.0-78.0)
2402 (64.7)

28.8 (24.8-33.6)

1365 (706—2425)
965 (434-1782)

75 (72-80)
70 (62-80)

39.1 (34.0-46.0)
2.74 (2.50-3.00)
51.0 (30.8-81.0)
8.00 (6.63-10.1)
11.0 (8.0-13.3)
43.0 (35.0-52.3)
1424 (38.3)

578 (15.6)

1600 (43.1)

Values are expressed as n (%), or median (interquartile range).

eRVSP, estimated right ventricular systolic pressure; HF, heart failure; LAVi, left atrial volume index; LVEF, left ventricular ejection fraction; SVi, stroke volume index; TR, tricuspid regurgitation.
Data available in all cases excepting, body mass index — 12277 cases; TR peak velocity — 10 184 cases; eRVSP — 9903 cases, mitral e velocity — 7156 cases; LAVi — 5792 cases; mitral E/e’ ratio — 5607

cases; and SVi — 4456 cases.

Results

Overall pattern of change in left
ventricular ejection fraction

During a median of 3.3 years (IQR 1.7—6.0) from the first to last
recorded LVEF, mean LVEF within the primary cohort of 117275
cases (online supplementary Table S7) changed from 60 + 13% to
59 +14%. In 44 052 cases (37.5%) there was a minimal change (less
than 5 units) in LVEFE. Among the rest, 37 804 (32.2%) and 35491
cases (30.2%) recorded a more substantive (greater than 5-unit
change) decrease vs. increase in their LVEF, respectively.

Cardiovascular-related and all-cause
mortality

During a median of 7.6 (IQR 4.3—10.1) years of follow-up from
their last echocardiogram, 11397 (9.7%) and 34101 (29.1%),
respectively, died from cardiovascular disease or any cause. The six
most common listed causes of death were coronary artery disease
(CAD, 29.9%), pulmonary disease (28.2%), cancer/malignancies
(20.9%), renal disease/dysfunction (17.0%), diabetes (15.7%) and
stroke (9.2%). Among those being investigated for HF, mortality
rates were higher, with 2353 (13.6%) and 6710 (38.7%) of 17 343
cases dying from cardiovascular disease and all causes, respectively.

Change in left ventricular ejection
fraction levels and mortality (all adults)

As supplementary Figure S2, 5-year
cardiovascular-related and all-cause mortality increased steadily

shown in online

from 4% and 12% to 13% and 29%, respectively, in those with
the smallest (less than 5 units) to largest decreases in LVEF. On
an adjusted basis, any decrease in LVEF was associated with an
increased risk of 5-year mortality relative to those with minimal
change. Beyond a greater than 10-unit decrease in LVEF the
adjusted risk of mortality was more than twofold higher than
the reference group. Among those with the greatest reduction
in LVEF, the adjusted risk of cardiovascular-related and all-cause
mortality increased to more than eight-fold more compared to
those with minimal LVEF change (online supplementary Figure S3).
This pattern of increasing mortality contrasted markedly with
those in whom stable or increasing levels of LVEF were observed.
In these cases, actual 5-year cardiovascular-related mortality
varied between 5% and 7%.

Profile and outcomes in heart failure
cases

As shown in Table 7, the 17 343 cases referred for investigation
of HF had a median age of 69years and 48% were women. A
combined total of 3574 (20.6%) and 1893 (10.9%) of these cases
had HFrEF (LVEF <40%) and HF with mid-range ejection fraction
(HFmrEF, LVEF 40—49%) confirmed by their first echocardiogram,
respectively. Overall, those with an initial LVEF <50% comprised
more men and were younger than those with better preserved
systolic function. Concurrent evidence of diastolic dysfunction was
also highly prevalent. Overall, among those with an initial LVEF
>50%, 4657/11876 (39.3%) had concurrent evidence of LHD
with clear gradients according to LVEF levels. Specifically, when
measured, 41.6%, 35.5% and 36.8% of those within the LVEF groups

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Adjusted cardiovascular-related mortality according to baseline left ventricular ejection fraction (LVEF) (heart failure cases). The
adjusted hazard ratios (HR) [95% confidence interval (Cl)] are shown for cardiovascular (CV)-related mortality associated with decreasing
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covariates. The significance for each increased or decreased risk of mortality above and below the group-specific, least change reference point

is denoted by *P < 0.05, **P < 0.01 and ***P < 0.001.

of 50—-59%, 60—69% and >70%, respectively, had a mitral E/e’ ratio
>12.0, whilst 51.7%, 43.2% and 68.7%, respectively, had a LAVi
>34 mL/m? among the corresponding LVEF groups. Compared to
the primary cohort, this group had lower and more labile LVEF
levels quantified in a shorter space of time (P <0.001 for all
comparisons). Reflective of these key differences, mortality rates
were higher overall within this group, with 2353 (13.6%) and
6710 (38.7%) dying from a cardiovascular-related condition and all
causes, respectively.

Among the 17343 cases of HF, there was a clear gradient
in cardiovascular-related mortality overall (from a low of 8.3%
to a high of 28.9%) across the full spectrum of change in LVEF
levels. At either end of the spectrum, a greater than 30-unit
increase vs. 30-unit decrease in LVEF was associated with a HR
of 0.32 (95% ClI 0.24-0.43) and 4.12 (95% Cl 3.29-5.17) for
cardiovascular-related mortality compared to those with minimal
change (P <0.001 for both comparisons). An equivalent asso-
ciation (mortality range 27.4—61.7%) was observed in relation
to all-cause mortality. In both analyses, compared to those with
minimal change, each 5-unit decrease in LVEF was associated
with a stepwise increase in mortality risk. In the other direc-
tion, mortality rates broadly plateaued in the range of a 0 to

15-unit change in LVEF and improvements in survival were more
modest.

Figures 1 and 2 show the specific pattern of cardiovascular-
related and all-cause mortality, respectively, according to the decile
distribution of unit change in LVEF relative to that quantified at the
first echocardiogram (Table 7 groups). Overall, observed changes
were consistent with the physiological constraints in the possible
direction and extent of LVEF change based on baseline levels. The
decile distribution of those with positive changes in LVEF shifted as
the baseline LVEF level increased. For those with an initial LVEF
<50%, even modest falls in LVEF (within a range of 5—6 units)
were associated with an increasing risk of cardiovascular-related
mortality. By contrast, among those with more preserved LVEF
levels, an increased risk of mortality was largely confined to those
who had a more dramatic fall in LVEF levels below a threshold
of 50-55%. In the other direction, an increasing threshold of
increased LVEF (6—12-unit increase) associated with a reduced risk
of mortality was evident among those with a baseline LVEF <50%.
Regardless of baseline LVEF, a broad plateau in improved survival vs.
greater mortality was evident for any change (in either direction)
that resulted in a final LVEF crossing the 50—55% range. The same
analysis performed on all 117275 cases with change in LVEF data

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 2 Adjusted all-cause mortality according to baseline left ventricular ejection fraction (LVEF) (heart failure cases). The adjusted hazard
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and **P < 0.001.

showed the same broad pattern of cardiovascular-related mortality
according to decile change in LVEF However, a slightly higher
equivalent plateau of changing survival trajectories was evident
around an LVEF of 55-60%.

Discussion

To our knowledge, this represents the single largest study report-
ing on the prognostic importance of observed changes (up or
down) in LVEF quantified by the same method over the longer
term. Specifically, we analysed the pattern of ~34000 deaths dur-
ing >500 000 person-years surveillance of close to 120 000 adults
initially referred for, and then followed up, with echocardiography.
We found that among the approximate one third of cases with a
decreasing LVEF (first to last echocardiogram at least 6 months
apart), each 5-unit decline in LVEF was associated with steadily
increasing higher adjusted mortality. Conversely, both stable and
increasing LVEF levels were associated with relatively preserved
survival. Among the 17343 cases (14.8%) specifically referred
for the investigation of HF, around one third had definitive evi-
dence of HFrEF/HFmrEF as defined by current guidelines.! Over-
all, this group had more labile LVEF levels associated with higher

cardiovascular-related and all-cause mortality. Two findings within
this group were of clinical relevance. Firstly, compared to those
with minimum change, there was a gradient of risk (from increas-
ingly poor to increasingly improved survival) across the full spec-
trum of negative to positive change in LVEF. Secondly, it was clear
that regardless of the extent of change in LVEF, reaching a final
LVEF threshold of around 50—55% appeared to be clinically impor-
tant. This phenomenon persisted even with modest changes in
LVEF. Specifically, regardless of the directional and extent of change
in LVEF, there was a ‘floor/ceiling effect’ in observed patterns of
increasing vs. declining mortality around this LVEF range (Graph-
ical Abstract). This same ‘plateau’ in mortality was also evident
within the entire cohort but at a slightly higher LVEF range of
55-60%.

Consistent with our previous analyses of routinely acquired LVEF
measurements,’ other large studies®'* have begun to challenge
the conventional wisdom that a LVEF >50% is relatively benign.*
However, as not all cardiac patients are routinely re-investigated,'®
even among patients with HF, the prognostic impact of routinely
observed changes in LVEF is largely unknown.* Moreover, many
studies have relied upon qualitative estimation of LVEF levels and/or
have not reported if the same methods of LVEF quantification
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were applied. The likelihood of an individual experiencing an
improving vs. worsening LVEF in our cohort was largely depen-
dent on their original level. Similarly, the size and consequence
of changes in LVEF on bi-directional basis varied. When exam-
ined at the individual level, some caution needs to be applied
when considering that even modest LVEF changes appeared to be
of prognostic importance for the cohort considered as a whole.
These levels are within the range of re-test and inter-rater vari-
ability of LVEF quantification. Moreover, regression to the mean
was also a likely contributing factor to observed changes. How-
ever, our specific findings among the nested cohort of patients
referred for the investigation of HF are consistent with recent
observational and clinical trial reports suggesting that many car-
diac patients with an LVEF >50% are still at increased risk of pre-
mature mortality. For example, Wehner and colleagues reported
a nadir of all-cause mortality risk associated with LVEF in the
range of 60—65% among a cohort of 203 135 patients being man-
aged within a US regional healthcare system.® These real-world
data are also consistent with a recent trial analysis of the puta-
tive effects of sacubitril/valsartan across the full range of LVEFR®
They are also consistent with a patient-level meta-analysis of a
broader range of HF trials."” In pragmatic terms, our findings sup-
port emerging evidence that the overall nadir of mortality risk
associated with LVEF is higher than many clinicians would prob-
ably consider. This includes a large proportion of women, in whom
there appears to be a different mortality risk within a LVEF range
of 50-60%.

Previous studies'®2" have compared change in LVEF within the
conventional HF groups of HFrEF, HFmrEF and HFpEF Each study
concluded that movement from HFpEF toward HFrEF was delete-
rious, but were unable to elucidate the risk of more subtle changes
in LVEF, as we have done here. The MAGGIC meta-analysis of 31
studies found no mortality difference in HF patients with falling
LVEF levels until it reached <40%.22 Alternatively, broadly consis-
tent with our findings, a meta-analysis of 118 studies reported a
5-unit increase in mean LVEF was associated with a 14% decrease
in all-cause mortality.’ Also concordant with our findings, in a study
of 4942 patients with HF, Savarese and colleagues identified that
LVEF recovery from HFrEF is associated with the greatest reduc-
tion in mortality risk.2® Importantly, given we have confirmed that
key indices of diastolic dysfunction such as E/e’ ratio and LAVi
are strongly correlated with mortality in the NEDA cohort,* our
findings on the prognostic importance of LVEF change persisted
in an adjusted basis. In a linked series of patients attending a HF
clinic, Lupon and colleagues examined the long-term trajectories
of LVEF via serial echocardiograms. Consistent with our findings,
among 126 patients with HFpEF, falling LVEF levels was common,
but with only one in ten reaching a LVEF <50% (and therefore
at significantly increased risk of mortality).?> In contrast, among
1160 patients with a LVEF <50% at baseline, LVEF trajectories (as
in the NEDA cohort) varied, and this reflected disease modifiers
that we are unable to fully account for.2¢ From a clinical perspec-
tive, those demonstrating more dynamic changes in LVEF (espe-
cially when starting from a low baseline level) would be more likely
to be followed-up more closely. However, whether this influenced
observed survival trajectories is unclear.

There are many conditions, including non-cardiovascular dis-
orders/factors that can impair left ventricular systolic function.
LVEF declines only when resting ventricular contractile reserve has
been exhausted, with well-described systolic and diastolic function
abnormalities preceding its fall.?’ For example, in non-ischaemic
cardiomyopathies, it may be the first clue to abnormal myocar-
dial function. Secondly, CAD commonly causes left ventricular
systolic dysfunction through ischaemia and fibrosis, and earlier
detection may prompt coronary artery imaging, guideline-based
medical therapy, and revascularization. Impaired left ventricular sys-
tolic function in chronic volume-loading states such as mitral or
aortic regurgitation is associated with increased mortality, prompt-
ing early consideration for valve intervention. A higher index of
suspicion for a modest change in LVEF may also have implications
for cancer chemotherapy as cardiotoxicity is well recognized as a
potential complication of treatment and echocardiography is rec-
ommended as the primary tool for early recognition.?® Similarly,
there are multiple pathways involved in myocardial recovery, and
the kind of plateau in survival gains up to a LVEF of 60% may reflect
incomplete recovery of the myocardium overall.*

In echocardiographic follow-up of patients with left ventricu-
lar dysfunction, the major challenges include: (i) the frequency of
repeat echocardiography, (ii) the threshold of LVEF below which
treatment should be instituted, and (iii) when to withdraw therapy
if the LVEF ‘normalizes’. Unfortunately, our data do not illuminate
why a repeat echocardiogram was conducted and/or what therapy
was implemented or withdrawn. Nevertheless, a lack of progress
toward the ideal reference range of LVEF (noting the probable need
to increase this range closer to 55—65% on a sex-specific basis’)
should prompt early re-evaluation in appropriate patients. Indeed,
given our recent findings of sex-specific thresholds of mortality
risk associated with an LVEF in the range of 50—60%,” we ran a
sensitivity analysis of cardiovascular-related mortality among men
and women separately (all available cases). As shown in online sup-
plementary Figure $4, potentially important differences (specifically
a lower threshold of increased risk) in women emerged. These
will require more definitive study in a larger and better clinically
phenotyped cohort of women and men.

Limitations

The inherent limitations of applying and interpreting big data
have been described in previous NEDA reports.'"'? For example,
NEDA does not (yet) capture important clinical details on common
comorbid conditions such as CAD in all cases. In practical terms,
this means we were unable to differentiate outcomes according to
the underlying aetiology of HFE. Nor does NEDA (yet) capture hos-
pital episodes. As indicated above, therefore, whether the repeat
echocardiogram was triggered by a discrete clinical event or con-
ducted as part of routine surveillance is unknown. As suggested
previously,?® different clinical events may vary the trajectory of
LVEF change, frequency surveillance, management, and subsequent
outcomes. For example, with the data currently available to us, we
cannot account for events such as chemotherapy?® with potential
to trigger worsening systolic function. Similarly, the role of chronic
conditions such as type 2 diabetes and hypertension can only be
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inferred. However, as shown in online supplementary Figure S5, we
compared the survival trajectories according to decile LVEF change
in those who died from CAD vs. cancer. Consistent with the main
analyses and recent studies of LVEF trajectories,>2¢ the spectrum
of observed change in LVEF was associated with differential survival
trajectories in all groups, but most evident in those with CAD and
those with a baseline LVEF <50%. A similar pattern was evident
among those in whom renal disease and diabetes were listed as a
contributory cause of death (data not shown). In generating our
adjusted HRs for cardiovascular-related mortality we did consider
confounding due to competing risk, but the association between
LVEF and this outcome remained stable. The role of management
with evidence-based therapies such as neurohormonal modulating
pharmacological agents'” and devices play a critical role in improv-
ing systolic function and survival.! However, we were unable to
account for these in our multivariate analyses as this information is
not currently captured by the NEDA database. Such interventions
would be critical in modulating the extent of observed changes
in LVEF and subsequent risk of mortality (both directly and indi-
rectly). We did apply the surrogate of 3-year historical epochs to
account for evolving treatment patterns. Consistent with ready
access to expert cardiological management in Australia, this adjust-
ment independently confirmed survival gains over the study period.
As a function of its design, the study cohort was biased toward
those patients in whom repeat echocardiograms were performed.
Moreover, the intervals between echocardiograms varied. It is also
likely that not all patients returned to the same NEDA centre
for an echocardiogram. Different methods were used to quantify
and then report LVEF levels across participating centres. How-
ever, a sensitivity analysis revealed the same distribution in change
in LVEF (median 0.0, IQR —9 to +7 units) and a similar correla-
tion between a 5-unit change in LVEF and cardiovascular-related
and all-cause mortality according to the method of LVEF quan-
tification. In all studies with potentially different follow-up points,
immortal bias is a possibility,”’ we therefore adjusted for the time
between first and last echocardiograms. Finally, several specific
findings require further investigation (including sex-based differ-
ences and a potential increase in mortality when a hyper-dynamic
ventricle develops), but this is beyond the scope of the current
report.

Conclusions

In conclusion, we examined the prognostic impact of routinely
observed changes in LVEF in a large cohort referred for investiga-
tion with echocardiography and then subject to routine follow-up.
Overall, we found that even modest changes in LVEF may be clini-
cally important in determining the risk of future mortality. Among
those being investigated for HF, mortality rates steadily increased
as LVEF levels declined. Conversely, mortality rates decreased as
LVEF levels improved. Modulating these broad trends was a plateau
in potentially improved vs. worsening survival around a LVEF range
of 50-55% (at last echocardiogram). This specific phenomenon
is potentially important when assessing a HF patient’s clinical tra-
jectory and subsequent need for more proactive management to
either preserve or improve their survival prospects.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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