
 

 

 University of Groningen

Classification of Heart Failure According to Ejection Fraction JACC Review Topic of the Week
Lam, Carolyn S. P.; Solomon, Scott D.

Published in:
Journal of the American College of Cardiology

DOI:
10.1016/j.jacc.2021.04.070

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Lam, C. S. P., & Solomon, S. D. (2021). Classification of Heart Failure According to Ejection Fraction JACC
Review Topic of the Week. Journal of the American College of Cardiology, 77(25), 3217-3225.
https://doi.org/10.1016/j.jacc.2021.04.070

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 12-10-2022

https://doi.org/10.1016/j.jacc.2021.04.070
https://research.rug.nl/en/publications/429d8d26-4307-4f0c-ab8e-c5656676976c
https://doi.org/10.1016/j.jacc.2021.04.070


Listen to this manuscript’s

audio summary by

Editor-in-Chief

Dr. Valentin Fuster on

JACC.org.

J O U R N A L O F T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . 7 7 , N O . 2 5 , 2 0 2 1

ª 2 0 2 1 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N

P U B L I S H E D B Y E L S E V I E R
THE PRESENT AND FUTURE
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Classification of Heart Failure According
to Ejection Fraction
JACC Review Topic of the Week
Carolyn S.P. Lam, PHD, MBBS,a,b Scott D. Solomon, MDc
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The recent U.S. Food and Drug Administration expanded indication for sacubitril/valsartan introduces a new potential

taxonomy for heart failure, with no reference to “preserved” ejection fraction but referring to “below normal” ejection

fraction as those most likely to benefit. This review summarizes the evolution of nomenclature in heart failure and ex-

amines evidence showing that patients with ejection fraction in the “mid range” may benefit from neurohormonal

blockade similar to those with more severely reduced (<40%) ejection fraction. Furthermore, prominent sex differences

have been observed wherein the benefit of neurohormonal blockade appears to extend to a higher ejection fraction range

in women compared to men. Based on emerging evidence, revised nomenclature is proposed defining heart failure with

“reduced” (<40%), “mildly reduced,” and “normal” ($55% in men, $60% in women) ejection fraction. Such nomen-

clature signals consideration of potentially beneficial therapies in the largest group of patients with reduced or mildly

reduced ejection fraction. (J Am Coll Cardiol 2021;77:3217–25) © 2021 by the American College of Cardiology

Foundation.
T here have been recent landmark events in
heart failure (HF). For the first time, HF soci-
eties around the world have agreed on a uni-

versal definition of HF as “a clinical syndrome with
symptoms and/or signs caused by a structural and/or
functional cardiac abnormality and corroborated by
elevated natriuretic peptide levels and/or objective
evidence of pulmonary or systemic congestion,”
with a universal classification into HF with reduced
ejection fraction (EF) (HFrEF) (left ventricular [LV]
EF [LVEF]: #40%), HF with mildly reduced EF
(HFmrEF) (LVEF: 41% to 49%), HF with preserved
EF (HFpEF) (LVEF: $50%), and HF with improved
EF (1). Also for the first time, the U.S. Food and
Drug Administration has approved an expanded indi-
cation for sacubitril/valsartan “to reduce the risk of
N 0735-1097/$36.00

m the aNational Heart Centre Singapore and Duke–National University o

oningen, Groningen, the Netherlands; and the cCardiovascular Division,

ool, Boston, Massachusetts, USA.

e authors attest they are in compliance with human studies committe

titutions and Food and Drug Administration guidelines, including patien

it the Author Center.

nuscript received April 12, 2021; accepted April 13, 2021.
cardiovascular death and hospitalization for HF in
adult patients with chronic HF,” with benefits “most
clearly evident in patients with LVEF below normal”
(2)—a decision based on efficacy data across the spec-
trum of LVEF in the PARADIGM-HF (Prospective
Comparison of Angiotensin Receptor–Neprilysin In-
hibitor With Angiotensin-Converting Enzyme Inhibi-
tor to Determine Impact on Global Mortality and
Morbidity in Heart Failure) and PARAGON-HF (Pro-
spective Comparison of Angiotensin Receptor–
Neprilysin Inhibitor With Angiotensin Receptor
Blocker Global Outcomes in Heart Failure With Pre-
served Ejection Fraction) trials (Figure 1)—and a label
that introduces a new potential taxonomy for HF. Of
note, the indication removes all reference to
“reduced” or “preserved” EF, which have become
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HIGHLIGHTS

� Emerging data suggest that patients with
heart failure and ejection fraction in the
mid range between “reduced” and “pre-
served” may benefit from neurohormonal
blockade, like those with lower ejection
fractions.

� There are important differences based on
patient sex, with women with heart fail-
ure benefiting from neurohormonal
blockade at higher ejection fractions than
men.

� Recent data support defining heart fail-

ABBR EV I A T I ON S

AND ACRONYMS

EF = ejection fraction

FDA = U.S. Food and Drug

Administration

HF = heart failure

HFmrEF = heart failure with

mildly reduced ejection fraction

HFpEF = heart failure with

preserved ejection fraction

HFrEF = heart failure with

reduced ejection fraction

LV = left ventricular

LVEF = left ventricular ejection

fraction
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standard components of our HF lexicon over
the past several decades. At the same time,
the indication refers to “below normal” as
the group of patients who will most likely
benefit from angiotensin receptor–neprilysin
inhibition. These changes are bound to cause
confusion among clinicians. To untangle
these issues, it behooves us to examine the
history of the nomenclature for the condition
of HF without overt reduction in LVEF
(<40%) (Table 1).

Both the universal definition of HF (1) and
the traditional pathophysiological definition
as “an inability of the heart to pump blood to
the body at a rate commensurate with its
ure with reduced ejection fraction
as <40%, mildly reduced ejection frac-
tion, and normal ejection fraction ($55%
for men and $60% for women).
needs, or to do so only at the cost of high filling
pressures” (3) are importantly LVEF agnostic and are
based fundamentally on the presence of hemody-
namic congestion that results in the clinical syn-
drome of HF regardless of LVEF. However, in the
1980s and 1990s, the diagnosis of HF became synon-
ymous with the presence of reduced LVEF largely
because of the advent of major randomized clinical
trials in HF, which included an upper LVEF exclusion
or the Composite Endpoint of Time to First Heart Failure Hospi

and PARAGON-HF Trials

25 30 35 40 45
Left Ventricular Ejection Fracti

PARADIGM-HF
TRESTO vs. Enalapril

95% CI Ha

entricular ejection fraction and the composite endpoint of time to

F showed that patients with lower ejection fraction (“below norm

Novartis (2). CI ¼ confidence interval; PARADIGM-HF ¼ Prospect

Inhibitor to Determine Impact on Global Mortality and Morbidity

Inhibitor With Angiotensin Receptor Blocker Global Outcomes in
criterion. The focus on patients with reduced LVEF
was understandable given their higher mortality
rates, providing the power to demonstrate mortality
benefit with neurohormonal antagonists in the early
talization or Cardiovascular Death by Left Ventricular Ejection

on at Screening (%)

PARAGON-HF
ENTRESTO vs. Valsartan
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zard Ratio

first heart failure hospitalization or cardiovascular death in

al”) experienced greater risk reduction with sacubitril/valsartan.

ive Comparison of Angiotensin Receptor–Neprilysin Inhibitor With

in Heart Failure; PARAGON-HF ¼ Prospective Comparison of

Heart Failure With Preserved Ejection Fraction.



TABLE 1 Evolution of Nomenclature for Heart Failure Without Overt Reduction in

Ejection Fraction

Terminology Comment

Hypertensive hypertrophic
cardiomyopathy of the elderly

Described in isolated case series

Diastolic heart failure Diastolic dysfunction is common in asymptomatic
older patients without heart failure and even more
common in “systolic” heart failure

Heart failure with normal systolic
function

Subtle systolic dysfunction (myocardial contractile
dysfunction) exists even in the absence of overt
reduction of ejection fraction

Heart failure with normal ejection
fraction

Normal ejection fraction varies with age, sex, and
ethnicity

Heart failure with preserved ejection
fraction

Originally coined in the CHARM-P trial to refer to
patients with heart failure and ejection fraction of
>40% who qualified as having neither “reduced”
(<40%) nor completely “normal” ejection fraction

CHARM ¼ Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity–Preserved.
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trials, which then translated to physicians character-
izing patients by low LVEF to qualify for life-saving
HF medications. Isolated case reports and small case
series in the 1980s served as reminders that HF could
occur in the absence of overt reduction in LVEF (4–6).
However, this syndrome received little attention un-
til the more widespread use of noninvasive assess-
ments of LVEF provided robust epidemiological
evidence of the magnitude of the problem of HF in
the absence of reduced LVEF. Collectively, these
early epidemiological data from the Helsinki Ageing
Study (7), Olmsted County study (8–10), Framingham
Heart Study (11), Strong Heart Study (12), Cardiovas-
cular Health Study (13,14), and Ontario study (15)
showed that approximately one-half of patients with
HF did not have a markedly reduced LVEF and that
these patients had a significantly increased risk of
death and hospitalization.

With recognition of the importance of the syn-
drome of HF in the absence of reduced LVEF came
efforts to understand the condition, with its nomen-
clature evolving with our deepening understanding
(Table 1). The term “hypertensive hypertrophic car-
diomyopathy of the elderly” was used to describe 21
elderly, predominantly female hypertensive patients
with HF symptoms, LV hypertrophy, high LVEF, and
LV diastolic dysfunction (6). With seminal work
establishing the hallmark of a leftward-shifted LV
pressure/volume relationship, indicating LV diastolic
dysfunction in most, if not all, patients, the term
“diastolic HF” was coined. The systolic/diastolic HF
distinction was popular because it conveniently
divided the HF population into 2 halves, reflecting the
key pathophysiological factor believed to cause each
syndrome. However, consistent with the pathophys-
iological definition of HF, wherein increased LV filling
pressure was present regardless of LVEF in HF,
population-based studies showed that patients with
“systolic HF” were even more likely to have LV dia-
stolic dysfunction compared to those with so-called
“diastolic HF”; furthermore, in the absence of HF,
LV diastolic dysfunction was present in a large pro-
portion of older adults (9,16). Thus emerged the term
“HF with normal systolic function”—a term that did
not make assumptions regarding underlying patho-
physiological mechanisms and could accommodate
the emerging evidence of mechanisms extending
beyond LV diastolic dysfunction to left atrial (17),
vascular (18,19), right-sided (20,21), and noncardiac
(e.g., renal, pulmonary) organ dysfunction (22).
However, reports emerged showing that systolic
function was not necessarily normal in these patients
and that myocardial contractile dysfunction was
present despite normal overall chamber pump func-
tion (18,23,24).

The term “HF with normal EF” was then adopted in
guidelines (25). The emphasis on LVEF was practical
given the ease and convenience of its noninvasive
assessment, as well as clinicians’ familiarity with and
acceptance of LVEF as a standard measurement of LV
function in HF. However, there remained controversy
regarding the cutoff of LVEF to define “normal.” LVEF
is a continuous variable with a normal distribution
within the general population—a distribution that
changes with age and sex, thus challenging a single
precise threshold for “normal.” Indeed, although HF
guidelines used a cutoff of 50%, echocardiography
guidelines used a threshold of 55% to define normal
LVEF. For HF clinical trialists, using an LVEF cutoff of
50% left a gap in the “middle range” of LVEF of 40% to
50% where patients would qualify as having neither
“reduced” (<40%) LVEF based on inclusion criteria of
prior large HF outcomes trials nor completely
“normal” LVEF. The need to address the evidence gap
in such patients led investigators of the CHARM
(Candesartan in HF Assessment of Reduction in Mor-
tality and Morbidity) program (26) to design the
CHARM “preserved” component using an LVEF of
>40%, complementing the other components of the
program including patients with an LVEF of#40% and
thus allowing the most pragmatic approach of
randomizing patients with HF, regardless of LVEF,
into 1 of 3 components of the umbrella program. The
use of the term “HFwith preserved EF” (HFpEF) in this
major outcomes trial, along with continued un-
certainties about what constitutes a truly “normal”
LVEF in HF, led to the widespread adoption of the term
“HFpEF” to this day (Table 1). Although now widely



FIGURE 2 LVEF Cutoffs Used as Inclusion Criteria in Clinical Trials and in the Universal Definition of HF

Universal Classification of HF
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CHARM-P ¼ Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity–Preserved; DELIVER ¼ Dapagliflozin Evaluation

to Improve the Lives of Patients With Preserved Ejection Fraction Heart Failure; EMPEROR-P ¼ Empagliflozin Outcome Trial in Patients With

Chronic Heart Failure With Preserved Ejection Fraction; HF ¼ heart failure; I-PRESERVE ¼ Irbesartan in Heart Failure With Preserved Systolic

Function; LVEF ¼ left ventricular ejection fraction; PARAGON-HF ¼ Prospective Comparison of Angiotensin Receptor–Neprilysin Inhibitor

With Angiotensin Receptor Blocker Global Outcomes in Heart Failure With Preserved Ejection Fraction; TOPCAT ¼ Treatment of Preserved

Cardiac Function Heart Failure With an Aldosterone Antagonist.

Lam and Solomon J A C C V O L . 7 7 , N O . 2 5 , 2 0 2 1

Nomenclature in Heart Failure J U N E 2 9 , 2 0 2 1 : 3 2 1 7 – 2 5

3220
used, the term “HFpEF” has been applied with varying
LVEF cutoffs of 40% or 45% in clinical trials (Figure 2)
and defined using a cutoff of $50% in HF guidelines,
including the universal definition (1,27–29).

The guidelines definition using an LVEF cutoff of
40% for HFrEF and 50% for HFpEF leaves a “gray
zone” of LVEF between 40% and 50%. The 2016 Eu-
ropean Society of Cardiology HF Guidelines adopted
the term “HF with mid-range EF (HFmrEF)” to refer
to patients with an LVEF of 40% to 50%, whereas the
2013 American College of Cardiology/American Heart
Association HF guidelines used “borderline” to
describe this group. Importantly, this new nomen-
clature led to an upsurge of publications related to
this previously neglected subgroup of HF (30) and a
relook at prior HF trials randomizing patients over a
board range of LVEFs (Table 2). In aggregate, these
retrospective analyses suggested that patients with
LVEF in the lower portion of the HFpEF range,
including those in the HFmrEF category, may benefit
from mineralocorticoid antagonists (31), beta-
blockers (32), angiotensin receptor blockers (33),
digoxin (34), and, most recently, angiotensin
receptor–neprilysin inhibitors (35), similar to patients
with an LVEF of <40% and distinct from patients with
higher LVEF values. Based on these observations, it
has been proposed that HFmrEF be renamed from
“HF with mid-range EF” to “HF with mildly reduced
EF” (1,36), thus preserving the acronym “HFmrEF”
yet reminding clinicians that such patients may
benefit from established HF therapies traditionally
reserved for those with more severely reduced LVEF
(Central Illustration).

Importantly, the “normal” distribution of LVEF
increases with age, is higher in women than men, and
varies with ethnicity in the general population (37).
This makes sense when considering that LVEF is a
fraction in which the denominator, LV end-diastolic
volume, becomes smaller with age-related remodel-
ing or in women versus men. Thus, a common LVEF
cutoff for “normal” of 50%, regardless of age or sex,
would end up including elderly women who actually
have relatively reduced EF for their age and sex.
Indeed, in the PARAMOUNT (Prospective Comparison
of Angiotensin Receptor–Neprilysin Inhibitor With
Angiotensin Receptor Blockers on Management of
Heart Failure With Preserved Ejection Fraction) trial,
there was subtle evidence of more LV systolic
dysfunction, despite a higher LVEF, in women
compared to men with HFpEF (38). Furthermore, in
combined analyses of PARAGON-HF and PARADIGM-
HF data, sex-specific treatment effect splines across
the entire LVEF spectrum showed efficacy of sacubi-
tril/valsartan in the 40% to 50% EF range in both
sexes, with the upper 95% confidence interval
boundary of the rate ratio for sacubitril/valsartan
versus comparator renin-angiotensin blockade
remaining below 1.0 (indicating benefit with sacubi-
tril/valsartan) up to higher LVEFs in women
compared to men (39). When such sex-EF interaction
analyses were extended in pooled patient-level data
analyses from trials of angiotensin receptor blockers



TABLE 2 Results of Post Hoc Analyses of Trials Including Patients With Left Ventricular Ejection Fraction Between 40% and 50%

Medication Trial Results

Mineralocorticoid
antagonists

TOPCAT (31) Although overall results showed a nonsignificant 11% risk reduction in the primary
composite endpoint with spironolactone versus placebo, LVEF modified the treatment
effect, particularly in the patients in the Americas, with larger estimated benefits of
spironolactone in those with lower LVEF. For those with LVEF of 45% to 50%,
evidence of benefit was present, with a HR for spironolactone versus placebo of 0.72
(95% CI: 0.50 to 1.05), in contrast to those with LVEF of $60% (HR: 0.97; 95% CI:
0.76 to 1.23).

Beta-blockers Beta-Blockers in Heart Failure
Collaborative Group (32)

Individual patient-level meta-analysis of the effect of beta-blockers across the spectrum
of LVEF in 18,637 patients, who participated in 11 different randomized trials, showed
that beta-blockers improved mortality in sinus rhythm in lower LVEF categories up to
and including LVEF of 40% to 49% but not in LVEF of $50%.

Angiotensin receptor
blockers

CHARM Programme (33) Across the spectrum of LVEF in HF, the benefit of candesartan versus placebo for the
primary outcome was more evident in those with lower LVEF, including those with
LVEF of 40% to 49% (HR for candesartan vs. placebo: 0.76; 95% CI: 0.61 to 0.96) but
not in those with LVEF of $50% (HR: 0.95; 95% CI: 0.79 to 1.14).

Digoxin DIG (34) Digoxin reduced HF hospitalization to a greater extent in those with lower LVEF. The HR
for digoxin versus placebo was 0.71 (95% CI: 0.65 to 0.77) in those with LVEF
of <40%, 0.80 (95% CI: 0.63 to 1.03) in those with LVEF of 40% to 49%, and 0.85
(95% CI: 0.62 to 1.17) in those with LVEF of $50%.

Angiotensin receptor–
neprilysin inhibitors

PARAGON-HF (50) Although PARAGON-HF just missed statistical significance for its primary endpoint of total
HF hospitalizations and cardiovascular death (rate ratio: 0.87; 95% CI: 0.75 to 1.01;
p ¼ 0.059), a pre-specified analysis showed significant therapeutic heterogeneity
based on LVEF, with patients at the lower end of the LVEF spectrum demonstrating
greater benefit from sacubitril/valsartan compared with valsartan. Among patients
with LVEF at or below the median of 57%, benefit was evident in the HR for sacubitril/
valsartan versus valsartan of 0.78 (95% CI: 0.64 to 0.95) but not in those with LVEF
of <57% (HR: 1.00; 95% CI: 0.81 to 1.23).

CI ¼ confidence interval; CHARM ¼ Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity; DIG ¼ Digitalis Investigation Group; HF ¼ heart failure;
HR ¼ hazard ratio; LVEF ¼ left ventricular ejection fraction; PARAGON-HF ¼ Prospective Comparison of Angiotensin Receptor–Neprilysin Inhibitor With Angiotensin Receptor
Blocker Global Outcomes in Heart Failure With Preserved Ejection Fraction; TOPCAT ¼ Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist.
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and mineralocorticoid antagonists across the entire
LVEF spectrum of HF, similar patterns were observed
(Figure 3) (40). Treatment with neurohormonal
blockade was found to be beneficial beyond the upper
limit of LVEF eligibility used in contemporary HFrEF
clinical trials (40%), with benefit extending to the
40% to 50% EF range. Of note, the benefit of each
treatment seemed to extend to a higher LVEF in
women compared to men (Figure 3) (40).

How may these data inform our LVEF classification
or nomenclature in HF? Most straightforward may be
a simple dichotomy of “reduced” versus not reduced
LVEF. However, combining patients with “mildly
reduced” and more severely reduced LVEF into 1
“reduced” group would fail to acknowledge the
important differences in prognosis, magnitude of
treatment effect, risk-benefit ratio, and strength of
trial evidence in HFmrEF versus those with lower
LVEFs. Thus, preserving a distinction between
“mildly reduced” versus more severely reduced LVEF
appears warranted.

This still leaves the questions of which LVEF cutoff
should be used to define the nonreduced group and
which name should be used to refer to this group. The
emerging data from HF trials (31,33,35) and recent
large echocardiographic registries inclusive of HF
(41,42) suggest that the LVEF cutoff of 50% is too low
and that cutoffs of 55% or 60% may be more appro-
priate, based on the LVEF value below which mor-
tality risk increases or at which the protective effect
of neurohormonal blockade becomes evident.
Notably, a higher cutoff of 55% would coincide with
LVEF values used to define “normal” in the general
population, as recommended in echocardiography
guidelines. Indeed, guidelines from the American
Society of Echocardiography and European Society of
Echocardiography define a normal EF as >55% (43).
Importantly, the overwhelming evidence, from both
HF trials and general population studies, indicates
that sex differences exist, supporting the consider-
ation of sex-specific cutoffs in nomenclature (Central
Illustration). Finally, with a new LVEF cutoff of 55%
(men) or 60% (women) approximating the definition
of “normal” in the general population, it may be time
to return full circle to the term “HF with normal
LVEF” (Central Illustration).

There are several important clinical implications of
the proposed LVEF thresholds and nomenclature for
HF with “mildly reduced EF” and “normal EF”
(Central Illustration). First, the extended LVEF range
covered by “mildly reduced” (<55%) means a larger
proportion of patients potentially qualifying for



CENTRAL ILLUSTRATION Proposed Nomenclature in Heart Failure

Current Guidelines Men Women

HFnEFHFrEF HFmrEF
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Lam, C.S.P. et al. J Am Coll Cardiol. 2021;77(25):3217–25.

The proposed nomenclature based on left ventricular ejection fraction defines “heart failure with reduced ejection fraction” (HFrEF) as LVEF

of <40%, “heart failure with mildly reduced ejection fraction” (HFmrEF) as 40% # LVEF < normal, and “heart failure with normal ejection

fraction” (HFnEF) as LVEF of $55% in men and $60% in women. The term “heart failure with preserved ejection fraction” (HFpEF) for LVEF

of >40%, as originally coined in the CHARM (Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity) program,

thus overlaps with HFmrEF and HFnEF.
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proven treatments currently limited to HF with more
severely reduced LVEF. This approach gives the most
patients the benefit of the doubt, reducing the risk
that patients with mildly reduced LVEF, especially
women, may be deprived of potentially beneficial
therapies. Correspondingly, this nomenclature
unambiguously calls out the population of HF with
normal EF ($55% in men and $60% in women) in
whom we still have no proven therapies. It is critical
that, in referring to this group as “HF with normal
EF,” the term “normal” is not misconstrued as refer-
ring to healthy individuals who do not have HF—that
is, individuals not needing therapy. Instead, this is
the group that should be specifically recognized as
being in urgent need of future research and still
requiring the basic HF management of decongestion,
hemodynamic control, and search for underlying
treatable causes (e.g., amyloidosis, hypertrophic car-
diomyopathy, or high-output syndromes).

It is likely that our ability to identify therapies for
HF with LVEF of >40% has been hampered by the
nomenclature we have used to describe this syn-
drome. We propose allowing the nomenclature to be
driven by the science and not the other way around.
Future approaches to HF may consider replacing
LVEF with other measurements of systolic function
(e.g., strain) (44,45) or using completely different
methods to classify HF meaningfully (e.g., by etiology
or biomarker profiling) (46). The limitations of LVEF
as a measure of systolic function are well known
(47)—it is load dependent, insensitive to subtle re-
ductions in contractility, and only moderately
reproducible by echocardiography, with interob-
server and intraobserver variability of up to 21% and
13%, respectively (48). Moreover, the clinical
methods by which LVEF is assessed do not neces-
sarily provide comparable measurements, and LVEF
can change over time in the same patient with HF
(49), leading to confusion in LVEF-based classifica-
tion. Recognizing the prognostic implications of lon-
gitudinal LVEF change in a patient with HF, the
universal definition specifically accounts for LVEF
trajectory in its classification (1). Despite shortcom-
ings, LVEF remains the most widely accepted marker
of systolic function in clinical practice, and clinical
trials that form the basis of evidence-based treatment
recommendations in guidelines are all predicated on
LVEF cutoffs. A shift away from LVEF to an alterna-
tive metric (e.g., strain) would be challenged by the
burden of evidence generation required to override
the existing evidence base, as well as the need to
change clinicians’ perceptions and practice. The
future performance of “umbrella” HF trials covering
the entire LVEF spectrum and the retrospective
analysis of past trials (Table 2)—although fraught with
the perils of post hoc subgroup analyses—may repre-
sent our best current approach because it would be
infeasible to repeat all past trials with new criteria.
The recent U.S. Food and Drug Administration
approval of sacubitril/valsartan for HF in general,
without specifically calling out HFrEF or HFpEF—but
with the caveat that “benefits are most clearly
evident in patients with LVEF below normal” and
“LVEF is a variable measure, so use clinical judgment



FIGURE 3 Interaction Between LVEF, Sex, and Neurohormonal Modulators in HF
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Solid lines show a continuous hazard ratio for the primary composite outcome (HF hospitalization/cardiovascular death) stratified by sex (men in blue and women

in red) and according to treatment group in the range of LVEF included in respective trials, with shaded areas representing the 95% CIs. Dotted curves represent the

normalized distribution of LVEF by sex. In all 3 graphs there is evidence of benefit (hazard ratio: <1.0) with the active treatment—(A) candesartan versus placebo, (B)

mineralocorticoid receptor antagonist versus placebo, and (C) sacubitril/valsartan versus renin-angiotensin-aldosterone system inhibitor—extending to the ejection

fraction range of 40% to 50% and extending to a higher LVEF in women compared to men. Adapted from Dewan et al. (40). MRA ¼ mineralocorticoid receptor

antagonist; other abbreviations as in Figures 1 and 2.
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in deciding whom to treat” (2)—also represents a
welcome step away from rigid LVEF cutoffs and
ambiguous nomenclature. This new approval, and
mounting evidence, of beneficial therapies in this
group of patients behooves the HF clinical commu-
nity to reconsider the existing nomenclature and
embrace potential new approaches that may facilitate
clinical implementation and future research.
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