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Can we turn heart failure into heart success by

studying myocardial remission?

Daniel Hammersley 1, Brian P. Halliday 1, and Sanjay K. Prasad1,2*

1National Heart Lung Institute, Imperial College, London, UK; and 2Cardiovascular Magnetic Resonance Unit, Royal Brompton Hospital, UK

This editorial refers to ‘Frequency, predictors, and progno-

sis of ejection fraction improvement in heart failure: an

echocardiogram-based registry study’, by A. Ghimire et al.,

doi:10.1093/eurheartj/ehz233.

That some achieve great success, is proof to all that others can
achieve it as well.

Abraham Lincoln

For many years it has been recognized that a proportion of patients
with heart failure with reduced ejection fraction (HFrEF) demon-
strate remarkable capacity for improvement in myocardial contractile
dysfunction. Studies that describe this phenomenon pre-date many
of the landmark trials that have informed the current therapeutic
management of heart failure.1 In the wake of progressive refinement
in treatment comes an appreciation that improvement in cardiac
function, or reverse remodelling, is characterized by reduced symp-
tom burden, a low risk of cardiac hospitalizations, and lower mortal-
ity.2–4 It is clear that reverse remodelling should be considered a
continuous spectrum rather than a binary phenomenon. Some
patients will continue to have abnormal plasma biomarkers, sustained
neurohumoral activation, subsequent risk of deterioration in cardiac
function, and high rates of relapse following therapy withdrawal.4–7

Others will have normalization of biomarkers and resolution of
symptoms, indicating remission of heart failure.

Studying left ventricular reverse remodelling offers important sci-
entific potential. Understanding the process on a mechanistic level
may offer new horizons in heart failure therapy, enhanced risk stratifi-
cation, and individualized patient care. The conditions of left ventricu-
lar reverse remodelling are highly heterogenous, occurring in the
setting of drug therapy, removal of exogenous stimuli, coronary
revascularization, cardiac resynchronization therapy, ventricular as-
sist device implantation, or indeed spontaneously. Accordingly, the
ability to capture common underlying pathways remains elusive. To
ascertain whether studying this process can provide the key to un-
lock sustained myocardial remission, there is a need to intricately

characterize this cohort with long-term follow-up. In addition, it is
equally important to understand why some patients relapse by study-
ing the dynamic changes that occur over the long term.

In the meantime, we face a novel subgroup of heart failure patients
shrouded in uncertainty. The existing evidence to guide management
of patients with improved function is sparse. International guidelines
make recommendations based on a single measurement of left ven-
tricular ejection fraction (LVEF), typically taken at the onset of heart
failure, and do not account for the dynamic nature of the condition
and heterogeneous disease course.8 Further studies are required to
inform the optimal long-term management of these patients.

In this issue of the European Heart Journal, Ghimire et al. add to the
expanding body of evidence supporting the existence of a heart fail-
ure subgroup with improved cardiac function and additionally re-
inforce previous studies demonstrating a favourable clinical course
compared with HFrEF.9 In this retrospective cohort study, the
authors evaluated all patients living in the Canadian province Alberta
with a physician-assigned diagnosis of heart failure, who had under-
gone at least two transthoracic echocardiograms separated by a min-
imum of 6 months. The cohort included a mix of inpatient and
outpatient subjects. The median time between echocardiograms was
17 months, although notably there was considerable variation
amongst patients (interquartile range 11–29 months). The analysis
focused on patients with an initial LVEF <_40%, who were subdivided
into: (i) ‘heart failure with recovered ejection fraction’ (HFrecEF),
where LVEF had improved by >_10% on the interval echocardiogram;
or (ii) persistent HFrEF, where LVEF had not improved to this level.
The majority of patients were treated in line with available guideline
recommendations (90% on an angiotensin-converting enzyme inhibi-
tor/angiotensin II receptor blocker, 92% on a beta-blocker, and 45%
on a mineralocorticoid receptor antagonist); the study pre-dated the
local availability of sacubitril/valsartan. Only a small number of
patients (10.7%) received an implantable defibrillator or cardiac
resynchronization device, which is perhaps lower than would be
expected considering the baseline population. Baseline covariates
were extracted from administrative databases. Clinical outcomes
were evaluated, focusing on both all-cause events (all-cause mortality,
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..all-cause hospitalization, and all-cause emergency room visits) and
heart failure-related events [heart failure hospitalizations, left ven-
tricular assist device (LVAD) implantation, or cardiac transplant]. The
major findings were: (i) a high proportion (37.6%) of patients initially
diagnosed with HFrEF subsequently evolved into HFrecEF; (ii) LVEF
improvement was associated with female sex, younger age, lower
baseline LVEF, and a history of atrial fibrillation, cancer, hypertension,
or hydralazine use; and (iii) HFrecEF patients had consistently favour-
able clinical outcomes compared with persistent HFrEF across both
all-cause and heart failure-related outcome measures, over a mean
2.7-year follow-up period.

The main strength of this study lies in the broad spectrum and
large number of patients sampled (1174 with HFrecEF and 1950 with
persistent HFrEF). Pre-existing studies have largely comprised retro-
spective analyses of randomized controlled trials or registry data
from specialized tertiary centre cohorts, both of which lead to selec-
tion bias.4,10 The population-based strategy adopted in this study un-
doubtedly improves patient coverage and may reduce selection bias,
although by no means eliminate it. The other strength of this study is
the post-hoc analysis demonstrating that females with HFrEF have a
significantly lower risk of death than males, irrespective of subsequent
remodelling status. This supports previous findings of a sex disparity
amongst clinical outcomes across a spectrum of patients with heart
failure.11,12

As acknowledged by the authors, the major limitation of this study
relates to the lack of clinical data. The study design utilized adminis-
trative data sets lacking NYHA class, blood pressure, biomarker data,
revascularization status, QRS duration, and symptom duration, all of
which impact remodelling and clinical outcomes and would have
strengthened the analysis. The lack of an inception cohort may have
resulted in patient misclassification had remodelling occurred either
before or following the two echocardiograms. The inclusion criteria

of two echocardiograms separated by at least 6 months represents a
separate source of both selection and survival bias. The latter is a
point that requires further clarification to ensure that this is not sim-
ply a study of survivors living beyond 6 months. Further analysis of
the subset of patients who had undergone >_3 echocardiograms for
evaluation of the longer term remodelling trajectory would have
been a valuable addition, given the non-linear clinical course associ-
ated with this cohort.5,6

The major commentary from this study relates to the high propor-
tion of HFrEF patients that transitioned to HFrecEF (37.6%). This is
higher than the rate observed by Wilcox et al., who evaluated
patients from the IMPROVE HF registry, in which 28.6% of patients
demonstrated an improvement in LVEF of >10%.13 Other studies
have observed lower rates.3,4,10 Several potential explanations may
underlie this finding. First, the retrospective data collection and selec-
tion criteria used by Ghimire et al. may have enriched this population.
Secondly, the use of evidence-based drug therapy was very high,
which may have been contributory. Thirdly, significantly more
patients with HFrecEF had atrial fibrillation than the sustained HFrEF
subgroup (35.1% vs. 22.9%, P < 0.0001). This raises the possibility of
there existing a higher proportion of tachycardia-related cardiomy-
opathy in this cohort, which is associated with higher rates of reverse
remodelling following treatment of the underlying arrhythmia.14

The authors illustrate that HFrecEF is far from a status that is free
from morbidity, observing two patients in this subgroup who ultim-
ately underwent cardiac transplantation or LVAD implantation. This
emphasizes the previous recognition that HFrecEF is a misnomer.
A move towards the use of the term ‘remission’ rather than ‘recov-
ery’ appears appropriate until the latter can be defined more precise-
ly. Defining remission as a binary phenomenon based on LVEF is also
inadequate. Reverse remodelling and heart failure remission should
be recognized as a spectrum and incorporate patient-centred

Take home figure Patients with heart failure undergo dynamic transition between disease subgroups due to left ventricular remodelling. Heart
failure remission requires normalization of cardiac function, cardiac biomarkers, and patient-centred factors. HFrEF, heart failure with reduced ejec-
tion fraction; HF, heart failure; LVEF, left ventricular ejection fraction.
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..variables, such as symptom status and quality of life, and natriuretic
peptide levels to define the different stages of this process. In patients
with improved LVEF without normalization of these variables, heart
failure with improved ejection fraction may be a more appropriate
term than HFrecEF (see Take home figure).

We take forward two key points from this article: first a high pro-
portion of HFrEF patients have the potential for left ventricular re-
verse remodelling; and, secondly, this is associated with favourable
clinical outcomes. The unmet needs are first to unpick the molecular
pathways that accompany this process; secondly to study the long-
term natural history of heart failure remission and the optimal man-
agement needed to sustain it; and thirdly to define the stages of re-
verse remodelling, incorporating symptom status, quality of life,
measures of cardiac function, and natriuretic peptide concentrations.
Future research should focus on prospective longitudinal
characterization of recent-onset HFrEF patients during the process
of left ventricular reverse remodelling. The integration of advanced
imaging techniques with state-of-the-art ‘omics’ technologies offers
ever-expanding mechanisms to explore the molecular landscape of
the remodelling heart, unveiling novel markers of remission, thera-
nostic targets, and insights into underlying pathways. The ultimate
goal is to transition from ‘heart failure’ to ‘heart success’. Currently
we remain some way from achieving this, but the present study and
future research directions provide us with hope that this is not be-
yond the realms of possibility in the future.
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