
J A C C : A D V A N C E S V O L . 2 , N O . 9 , 2 0 2 3

ª 2 0 2 3 T H E A U T H O R S . P U B L I S H E D B Y E L S E V I E R O N B E H A L F 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 F OU N D A T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
EDITORIAL COMMENT
LV Strain Superiority Over
LVEF in HFmrEF
Is the Job Done After David’s Victory Over Goliath?*
Giuseppe Galati, MD, MMSC,a,b Olga Germanova, MD, PHD,b Roberto Franco Enrico Pedretti, MDa
H eart failure (HF) affects 64 million people
worldwide and represents the first cardio-
vascular (CV) cause of hospitalization and

one of the most common causes of death carrying a
prognosis worse than many cancers. Since 1991,
when the SOLVD trial was published, a threshold of
left ventricular ejection fraction (LVEF) #35% has
been used to define HF with reduced ejection fraction
(HFrEF). Therefore, from that time, LVEF has been
used as a referral point for characterizing HF, and
based on this parameter, many classifications of HF
have succeeded over the decades. In 2016, the
Heart Failure Association of the European Society of
Cardiology introduced the new entity of HF with a
“mid-range” ejection fraction (LVEF 41%-49%) hav-
ing as a major aim a better understanding and charac-
terization of this HF population. This novelty had the
major merit of stimulating research in the field, so
that in the universal definition of HF, the HFmrEF
group has been renamed as “mildly reduced ejection
fraction” underlining the concept that this popula-
tion was slightly more similar to HFrEF than to the
Heart failure with preserved ejection fraction
(HFpEF) population. Furthermore, in the universal
definition has been created a new group HF with
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improved ejection fraction (HFimpEF) for describing
one of the trajectories of the HFmrEF population,
that is, that with HFrEF that improves and amelio-
rates after the start of drugs and devices recommen-
ded from HF guidelines.

After 7 years of research, 2 main principles about
HFmrEF have been identified, the first is that HFmrEF
is a transition phenotype, indeed the majority of new-
onset HF start as HFrEF and HFpEF and after they fall
in the HFmrEF label accordingly to an improvement
or to a deterioration of the LVEF, the second is that
mortality after HF onset is very similar among the
3 groups and independent of LVEF.1,2 Indeed, the HF
population carries a very high risk of mortality that is
related to the fact of having or not having HF
across the full spectrum of LVEF. Therefore, the
“time-honored” parameter, that is, LVEF, in HF
showed to be a poor predictor of mortality. Despite
this fact, the debate on new classifications of HF is
still ongoing and every year we have a new proposal
for reclassification.3

In this issue of JACC: Advances, Chung et al4 pre-
sented their retrospective study where it has been
compared the discriminative role of LV strain vs LVEF
in 1,075 HFmrEF patients hospitalized for the first
time in 2 centers in Asia. The authors demonstrated
that a compromised LV strain was significantly asso-
ciated with a higher risk of all-cause death, CV death,
and hospitalization for HF (HHF), whereas LVEF
failed in predicting this risk over a mean 1.8-year
follow-up. Furthermore, the authors stratified LV
strain ($12.4% vs <12.4%) combined with the Meta-
analysis Global Group in Chronic Heart Failure
(MAGGIC) category and they found incremental
prognostic values when compared to MAGGIC-LVEF
strata. This study also showed some clinical features
and comorbidities more frequent in the group with
https://doi.org/10.1016/j.jacadv.2023.100653
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FIGURE 1 HFmrEF Multiple Etiologies

ACM ¼ arrhythmogenic cardiomyopathy; CT ¼ computed tomography; DCM ¼ dilated cardiomyopathy; HCM ¼ hypertrophic cardiomyopathy;

HFmrEF ¼ heart failure with mildly reduced ejection fraction; LV ¼ left ventricular.
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compromised LV strain and that the HFimpEF group
presents lower LV strain vs HFmrEF (non-HFimpEF)
that comes from HFpEF deterioration or directly
starts with a mildly reduced LVEF. Finally, the au-
thors tried to use left ventricular strain as a tool to
identify the HF patients who likely receive the most
benefit from ARNI vs angiotensin converting enzyme
inhibitor/ARB, and they speculated that the more
compromised the left ventricular strain, the higher
the benefit under ARNI.

Despite the manuscript having several limits—the
major is the retrospective design that makes all the
results about hard outcomes merely hypothesis
generators—it confirms previous studies that
demonstrated the superiority of LV strain across the
full spectrum of HF phenotypes beyond the LVEF.5

This finding has also previously been demonstrated
in acute HF across the full spectrum of LVEF where
global longitudinal strain showed to have greater
prognostic value than LVEF.6

Therefore, when David defeats Goliath or in other
words, when the LV strain proves its superiority over
LVEF, will the job be done?

In reality, all these findings should be put in the
correct perspective otherwise the unperceived risk is
to substitute an older less performative parameter
with a more recent one created by a new technology.
Therefore, the risk is to repeat the mistake made with
the LVEF in the science’s attempt to follow technol-
ogy when it should be the opposite.
Indeed, HF is just a diagnostic label for a very
complex syndrome which is the final result of hun-
dreds of diseases. Current phenotyping of HF should
be multiparametric including advanced imaging such
as cardiac magnetic resonance, cardiac CT, scintig-
raphy, and positron emission tomography, bio-
markers, and new technologies for assessing and
identifying subclinical congestion.

In the current scenario, there is a strong need for
etiological phenotyping and characterization going
beyond the superficial etiquette of HFrEF, HFmrEF,
and HFpEF. The classification of HF based on LVEF is
just a very initial starting point of a longer diagnostic
work-up that lets physicians achieve that final spe-
cific diagnosis.7

Focusing only on HFmrEF, inside this diagnostic
box there are several diseases, encompassing
ischemic heart diseases, hypertensive heart disease,
familiar/genetic dilated (or mildly dilated) cardio-
myopathy, end-stage hypertrophic cardiomyopathy,
valvular heart diseases, myocarditis, sarcoidosis,
amyloidosis, Takotsubo syndrome, and many other
etiologies (Figure 1).

Each etiology portrays different outcomes and
different risks of death. For example, within HFmrEF
with hypertrophic phenotype, cardiac amyloidosis
portrays a higher mortality when compared to
Anderson-Fabry disease or sarcomeric hypertrophic
cardiomyopathy.8 Dilated cardiomyopathy due to
laminopathies carries a high risk of sudden cardiac
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death even when LVEF is only mildly reduced.7

Specific patterns of late gadolinium enhancement in
myocarditis correlate with major cardiac events, as
well sarcoidosis even in HFmrEF can have a high risk
of malignant arrhythmias.9 HFmrEF caused by an
end-stage HCM portrays an 11.1% per year risk of
death that is significantly higher when compared to
HFmrEF caused by hypertensive heart disease and
that underlies a significant amount and extent of
myocardial fibrosis.10

This concept is important for developing specific
therapies for specific etiologies beyond the 4 pillars
(angiotensin receptor neprilysin inhibitor, sodium-
glucose co-transporter type 2 inhibitor, beta-blocker,
mineralocorticoid receptor antagonist) that demon-
strated to reduce morbidity and mortality in HF. For
example, making a diagnosis of cardiac transthyretin-
related amyloidosis will prioritize the start of tafa-
midis. Moreover, the phenotyping should include
also the vessels’ function, and in particular that of
arteries that currently are considered as mere by-
standers (or “passive tubes”), whereas they cover an
important and poorly studied role.11

A substudy of PARAGON-HF dedicated to LV strain
showed that global longitudinal strain predicted CV
death and HHF irrespective of LVEF but not inde-
pendently from NT-proBNP, underlying the need for a
multiparametric approach.12

Finally, sex differences are of paramount impor-
tance in the characterization and management of HF.
This has been demonstrated by the PARAGON-HF
trial, in which prespecified analyses showed a sig-
nificant benefit of ARNI over ARB in HF patients with
LVEF <57% and in women.13 These results can be
explained by the activation of different pathways in
women such as the decrease of estrogen-dependent
stimulation of natriuretic peptides after menopause
that cause a further reduction of the NO/cGMP
pathway. ARNI demonstrated to activate this
pathway that can be more beneficial in women than
in men. A pooled analysis of PARADIGM-HF and
PARAGON-HF confirmed this finding, and consid-
ering this, the FDA on February 2021 approved the
indication of sacubitril/valsartan also for HFmrEF,
while the response of EMA is still lacking. Beyond all
these considerations, ARNI would have been already
approved as a Class I indication both in HFmrEF and
in HFpEF if PARAGON-HF14 had used the same end-
point of DAPA-HF, that is, CV death/HHF and an ur-
gent visit for HF.

In conclusion, using a single parameter to classify
HF and select treatments for specific HF pop-
ulations is an oversimplification already done with
LVEF that in the long run showed all its many
limits. Using new tools separately for repeating this
mistake is not the way, while integrating them in a
multiparametric approach to identify specific phe-
notypes is the key to developing new dedicated and
patient-tailored therapies. Only SGLT2i represented
the exception in HFmrEF and HFpEF achieving a
Class I indication, likely for their multiple mecha-
nisms of benefits.
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