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What was once considered a topic best avoided, managing heart failure with reduced

KEYWORDS ejection fraction (HFrEF) has become the focus of many drug and device therapies.
Heart failure with reduced While the four pillars of guideline-directed medical therapies have successfully re-
ejection fraction; duced heart failure hospitalizations, and some have even impacted cardiovascular
Guideline-directed medical mortality in randomized controlled trials (RCTs), patient-reported outcomes have
therapy; emerged as important endpoints that merit greater emphasis in future studies. The
Cardiogenic shock; prospect of an oral inotrope seems more probable now as targets for drug therapies
Mechanical circulatory sup- have moved from neurohormonal modulation to intracellular mechanisms and direct
P cardiac myosin stimulation. While we have come a long way in safely providing durable

Remote monitoring;

o TR mechanical circulatory support to patients with advanced HFrEF, several percutaneous
Artificial intelligence

device therapies have emerged, and many are under investigation. Biomarkers have
shown promise in not only improving our ability to diagnose incident heart failure
but also our potential to implicate specific pathophysiological pathways. The once-
forgotten concept of discordance between pressure and volume, the forgotten
splanchnic venous and lymphatic compartments, have all emerged as promising tar-
gets for diagnosing and treating heart failure in the not-so-distant future. The increase
in heart failure-related cardiogenic shock (CS) has revived interest in defining optimal
perfusion targets and designing RCTs in CS. Rapid developments in remote monitoring,
telemedicine, and artificial intelligence promise to change the face of heart failure
care. In this state-of-the-art review, we reminisce about the past, highlight the pre-
sent, and predict what might be the future of HFrEF therapies.

*Corresponding author. Tel: +1 (401)4445803, Fax: +1 (401)7937200,
Email: rachkataria@gmail.com

© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License
(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any
medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


mailto:rachkataria@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/eurheartjsupp/suac112

Reflecting on advancements of HFrEF therapies

L3

Graphical Abstract

The past, present and future of therapies for HFrEF
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HFrEF: heart failure with reduced ejection fraction; ICD: implantable cardioverter-defibrillator; CRT: cardiac resynchronization therapy; RAS: renin-angiotensin
system; ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin Il receptor blocker; ARNi: angiotensin receptor neprilysin inhibitor; SGLT2is: sodium-
glucose cotransporter-2 inhibitors; MRAs: mineralocorticoid receptor antagonists; sGC: soluble guanylate cyclase; RCTs: randomized controlled trials; CS:

cardiogenic shock.

The awakening

The truth: In the 1970s and 1980s, the syndrome of heart fail-
ure (HF), as a diagnosis, was not popular among cardiologists
at large, and the topic was avoided, mainly due to the pau-
city of successful therapies, the high mortality, and the frus-
tration of only having digoxin and diuretics to treat the
patients. Causes of mortality included pump failure, and
sudden death, among others. There were false hopes in
drugs, such as prazosin, that after early encouraging data,
was shown to be no better than a placebo. '™ The vasodilator
theory was prominent with an emphasis on reducing preload
and afterload, such as with the hydralazine-nitrate combin-
ation tested vs. placebo and prazosin in the Vasodilator in
Heart Failure (V-HeFT) I trial." With the 1987 publication
of the Cooperative North Scandinavian Enalapril Survival
Study (CONSENSUS) in Class IV patients, the neurohormonal
hypothesis arrived with blazing guns to the field.> The
European CONSENSUS trial was followed by the National
Heart, Lung, and Blood Institute (NHLBI) 1991-92 Studies of
Left Ventricular Dysfunction (SOLVD) trials in the less sick
and in asymptomatic patients.®” Comparing the vasodilator
combination with the angiotensin-converting enzyme inhibi-
tor (ACEI) was the subject of the second vasodilator V-HeFT II
trial and the ACEI beating the vasodilator but with remaining
questions about benefit by race.® With the pursuit of testing
and advancing the neurohormonal theory for HF with re-
duced ejection fraction (HFrEF), patients have benefitted
tremendously from the medical/device therapy that has
consumed Guidelines for over 15 years. The discovery of

the benefits in blocking the renin-angiotensin-aldosterone
system (RAAS) was followed by leading studies that chal-
lenged the old fear of beta-blocker avoidance in low EF
and changed the practice by showing strong similar mortality
benefits from at least three beta-blocking agents.”!" For
those patients who were unable to tolerate an ACEI due to
cough or angioedema, angiotensin receptor blockers came
into focus as an alternative to ACEI, in trials, such as
Candesartan in Heart Failure Assessment of Reduction in
Mortality and morbidity (CHARM) and Valsartan Heart
Failure Trial (Val-HeFT).">'3 Close to that time, aldosterone
and mineralocorticoid antagonists (MRAs) took centre stage
in very sick patients studied in the Randomized Aldactone
Evaluation Study (RALES) trial and less sick in the
Eplerenone in Mild Patients Hospitalization and Survival
Study (EMPHASIS), taking its place in the Guidelines.''
Therefore, the three basic therapies became designated as
‘Guideline Directed Medical Therapy’ (GDMT) consisting of
ACEI/Angiotensin Il receptor blockers (ARB) if intolerant to
ACEI, beta-blocker, and MRA. A return to the question of va-
sodilators by race was the subject of the 2004
African-American Heart Failure Trial (A-HeFT) leading to
the approval of a vasodilator combination specifically for
self-described Black patients.'®

Simultaneous to the pharmacologic trials bringing us con-
secutive successful results, the electrophysiology (EP) field
acknowledged that despite reducing pump failure deaths,
patients were dying of arrhythmic events, including sudden
death and that the drugs were inconsistent in their benefits
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on sudden death. The NHLBI funded the historic Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT) in the
1990s which compared the popular antiarrhythmic, amio-
darone, to a placebo and to a simple ‘shock box’-
implantable cardioverter-defibrillator (ICD)."” The ICD
won over the drug and the placebo regardless of the aeti-
ology of HF with 72% of patients already on beta-blockers
and recommended MRAs. This study led the way for others
and ICDs were added to the Guidelines for HFrEF. By 2003,
another EP intervention recognized that patients with left
bundle branch block and ventricular dyssynchrony would
benefit from resynchronization therapy and hence cardiac
resynchronization therapy, particularly with an ICD was
added to the recommended therapies in HFrEF.'® This was
the status of medical/device therapy by the end of 2005.
But how short-lived is memory... Today, we are trying to
better understand why in spite of powerful data and benefits,
providers are not recommending and/or prescribing these
life-saving therapies, such as RAAS inhibitors, MRAs, and beta-
blockers and on the device side, underuse of ICD therapy, es-
pecially in women.'>2° Sometimes, history is forgotten. And
for at least 10 years, the field wondered if any other therapies
would be discovered, given that some patients remained
symptomatic, and others were truly intolerant.

A hiatus

All this ‘waiting’ for new treatments was embedded in the
recognition that the prevalence and incidence of HF were
rapidly growing for both men and women and although we
impacted mortality with our drugs, hospitalizations be-
came a dominant issue in the healthcare economics
prompting the intrusion of payers, such as Medicare, tore-
duce hospital admissions.

During years of a stalling of novel therapies, the Centers
for Disease Control and Prevention published a critical
study of the high rate of 30-day readmissions for HF
and the fact that less than 50% of the patients were
followed up early post-discharge.?' This publication caused
a frenzy of attempts at a reduction in 30-day readmissions,
particularly when Medicare announced financial penalties
for those hospitals that exceeded the national average. In
a defensive response, hospitals rushed to form post-
discharge groups, and the word ‘quality’ emerged as a
goal in HF care. HF programmes were created and strength-
ened in their resolve to reduce readmissions and deliver
quality care. All these efforts needed to be in a cost-
effective environment.?>?3 Specialty clinics for HF care
were charged with constructing structures, and processes
of care to achieve favourable outcomes. Most of the oral
therapies were generic and thus controlled at the phar-
macy with plans abounding to reduce costs.?*

Hope anew

Nonetheless, armed with faith in science, Investigators
and Industry partners continued to pursue further work
in the field looking at the syndrome from different per-
spectives, such as combining proteins to form one com-
pound, newer pathways in the actin-myosin relationship,
moving diabetic drugs toward HF, a sinus node channel
agent, and returning to vasodilation with cyclic GMP. A so-
bering thought, however, is that newer therapies will be

more expensive but may be cost-effective when compar-
ing them to better outcomes overall.

Not surprisingly, the advent of LCZ696 (sacubitril plus
valsartan) as a new agent for HFrEF was received with
great fanfare in 2014, given how silent the field had
been.?> PARADIGM-HF was novel in that it combined two
drugs (an Angiotensin receptor blocker and a neprilysin in-
hibitor) into one (sacubitril/valsartan) and challenged the
standard of care, enalapril, in a head-to-head comparison
using the doses of the SOLVD trial. A flurry of publications fol-
lowed in a similar fashion to the ACE inhibitor and ARB stories
of past years, e.g. SOLVD, CHARM, VAL-HeFT. %1326 Shortly
after the PARADIGM-HF trial, European Investigators tested
another novel mechanism, that of inhibiting the funny cur-
rent channel in the sinoatrial node cells to lower heart
rate, in addition to a beta-blocker. Ivabradine was approved
in the United States for use in patients whose heart rates
were over 70 in spite of adequate beta-blocker dosing. Its
use in the US has been at best, modest.?’

Becoming the fourth (pillar), and other novel
drug therapies

A remarkable new chapter in the medical therapy for HFrEF
started with an unexpected and dramatic decrease in HF hos-
pitalizations in a trial of diabetics.?® Industry rapidly tested
the hypothesis prospectively in several trials hoping that
sodium-glucose cotransporter-2 (SGLT2) inhibitors would
replicate the findings of the initial trial. The trials con-
firmed the benefits of these drugs, not only in diabetics,
but also in non-diabetics, and not only in the prevention
of incident HF hospitalizations, but also in patients with
known HF. Even more surprising is the renal protection
that appears to be a Class effect with SGLT2 inhibitors.
More rapidly than in any other era, these drugs have be-
come the fourth pillar of GDMT for HFrEF. Interestingly to-
day, a firm mechanism of action is the topic of much
speculation including diuretic effects, changes in metab-
olism, reverse remodelling, among others.2%-3°

The focus of the HF community was once again returned
to the importance of vasodilation with the emergence of
vericiguat, a direct stimulator of soluble cyclic GMP (sGC)
that bypasses the need for nitric oxide-mediated activa-
tion and increases cGMP concentration with resultant
vasodilation. Vericiguat is now approved as an adjunct
to Guideline Directed Medical Therapy (GDMT) following
the positive randomized controlled Study of Vericiguat in
Participants with Heart Failure with Reduced Ejection
Fraction (VICTORIA) trial, which had one of the highest
event rates out of recent trials, but with no significant
change in mortality.3! The population enrolled was sicker
than PARADIGM-HF and affirmed concerns about the im-
pact of hospitalization and high NT-pro-BNP on outcomes.

During these same years, inotropes had become the in-
evitable course of therapy for patients with advanced HF
who were being listed and waiting for heart transplant-
ation or receiving mechanical assistance, or palliative
care alone when other options were not available.
Inotropes have always been used with the caveat that mor-
tality may be negatively impacted.>? The HF field has long
hoped for an oral inotrope agent that would not increase
mortality but would augment cardiac output and could
be easily administered in the ambulatory setting.
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Omecamtiv mecarbil was being quietly developed and
studied in progressively sicker populations leading to a
large, randomized placebo-controlled trial of HFrEF pa-
tients—Global Approach to Lowering Adverse Cardiac
Outcomes Through Improving Contractility in Heart
Failure (GALACTIC) trial. The mechanism of this drug is
truly novel in that systole is delayed, although minimally
so, but without an increase in myocardial O, demands
and without calcium toxicity. The GALACTIC trial met its
endpoint, primarily driven by hospitalizations with no
change in mortality. It is not yet approved for clinical
use.3® Both trials, GALACTIC and VICTORIA, have also
raised questions about subgroups of patients within the
spectrum of HF, lending to new hypotheses and proposing
that perhaps the choice of the next drug for HFrEF should
be from a menu of options depending on the patient char-
acteristics. How to sequence drugs to achieve the optimal
type and dose is quickly becoming the subject of much
speculation and planning.

Beyond drugs and devices

The HF clinical field has come to understand that regard-
less of the GDMT and device therapy, patients with HF
are complex and increasingly sicker when referred to spe-
cialty centres or providers. We have also understood that
we cannot transplant every HF patient or implant them
with LVADs.3* However, the emphasis on health status is
rising to its proper place in care: do we not want to im-
prove patient symptoms, deal with comorbidities and im-
prove their quality of life? Clinical trials in more recent
years have embedded health status and functional cap-
acity into the goals of endpoints.®® In fact, instruments
to test health status are becoming a common-piece lan-
guage, although one size may not fit all the trials. These
instruments are seldom used in clinical care when they
could help clinicians identify the impact of HF syndrome
on the daily life of our patients.3®

This concern for the patient’s well-being beyond the
GDMT agents now includes workup for iron deficiency,
with or without anaemia, sleep disorders, depression/
mental health, and hyperkalaemia with or without renal
dysfunction.3” Very importantly cardiac rehabilitation
which truly belongs in the company of our drug/devices,
but is seldom ordered or followed through must be en-
couraged and followed as a quality measure. As a reinfor-
cer of health status, cardiac rehab in HFrEF has been
studied and found to be safe and improve health status
including quality of life and if adherent, reduced CV
events. Furthermore, CMS covers 36 sessions of cardiac
rehabilitation.3’

Sometimes even GDMT diligence alone does not accom-
plish these other goals. Given the disappointing reporting
of registries which showed that the GDMT recommended
was not being applied to the patient population adequate-
ly, with only a small percentage that was optimally trea-
ted, an important aid to care arose: binders of
potassium to facilitate up-titration of RAAS inhibitors
and MRAs. Using one of two approved agents is now men-
tioned in the Guidelines to facilitate GDMT.?’

Whether the addition of potassium binders will affect
outcomes by allowing optimization of therapy is still to
be proven.

Moving targets of the future

Biomarkers

Biomarker testing in HF is hardly a new concept and for
several years biomarkers have proved to be cost-
effective, efficient tools to diagnose or exclude HF.
Both B-type natriuretic peptide (BNP) and N-terminal
pro-BNP (NT-pro-BNP), despite their inherent limita-
tions, are widely used in conjunction with the clinical
diagnosis of HF as markers of left ventricular wall
stress.>®3% The ADHF national registry and ad-hoc ana-
lyses of the Val-HEFT trial highlighted the importance
of serial measurements of these natriuretic peptides.“
Recognition of the importance of these biomarkers in
the management of HF has led to biomarker testing being
incorporated into various consensus documents focused
on the management of HF and in many ways the natri-
uretic peptides have become the reference standard
against which novel biomarkers are evaluated.3® The de-
velopment and progression of HF are the results of a
complex interplay between several pathophysiological
pathways and novel biomarkers representing these dif-
ferent pathways have been identified. High-sensitivity
troponin (hsTn) is one such marker capable of detecting
more myocardial necrosis than conventional troponin
assays and of allowing reliable risk stratification in HF
patients. In addition to well-established markers of
renal function, newer markers of acute kidney injury
(AKI) have emerged. Among them, elevated levels of
neutrophil-gelatinase-associated lipocalin (NGAL) have
been seen in acute decompensated HF and have been
shown to predict incident AKI with modest accuracy.
In a post hoc analysis of the Val-HEFT trial, baseline
concentrations of growth differentiation factor-15
(GDF-15), a marker of apoptosis, were found to be weak-
ly associated with risk of mortality (HR 1.02, 95% ClI
1.014-1.019; P<0.001).*" Serial measurements of the
soluble suppression of tumorigeneisis-2 (sST2), a protein
member of the interleukin-1 receptor family released
under conditions of myocardial and vascular strain,
were found to better delineate risk of mortality as
well as predict worsening HF, rehospitalization, heart
transplantation, and death, better than the natriuretic
peptides. These are just a few of the many novel biomar-
kers that have emerged. An ideal biomarker panel would
include multiple biomarkers representing different
pathophysiologic pathways and a few multibiomarker
HF risk scores do already exist. However, the low inter-
pretability of existing multibiomarker panels has re-
sulted in a dismal uptake in clinical practice and future
studies examining the application of multibiomarker pa-
nels will be quintessential to improving HF care.3®

Pressure overload is not the same as volume
overload

It is a common perception that most HF exacerbations are
caused by volume overload resulting in cardiopulmonary
congestion. Yet, fluid removal strategies such as diuresis
and ultrafiltration, do not always prove to be the right
approach. Ambulatory weight-based monitoring lacks sen-
sitivity and often fails to detect imminent decompensation
of HF needing hospitalization. Similarly, weight loss is not
consistently seen during hospitalization for ADHF. A recent
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increase in the adoption of ambulatory intracardiac
pressure-based monitoring, has shown us that right and
left-sided pressures often increase in the absence of
weight gain or an increase in total body volume.“? This ob-
servation is further supported by elegantly executed total
body volume analyses showing that several patients with
HF exacerbation are in fact normovolemic or hypovolemic
and patients with low/normal volume status seem to be at
the highest risk for HF hospitalization.** Collectively,
these findings reinforce that pressure does not equal vol-
ume! There is renewed interest in the regulation of
splanchnic blood volume and the mechanisms by which
the splanchnic venous compartment, the major blood res-
ervoir, contributes to inappropriate volume handling in pa-
tients with HF.*% The future holds promise for reliable and
readily available methods to measure blood volume and its
redistribution in HF. Drug and device therapies aimed at in-
creasing and maintaining splanchnic vascular capacitance
are an area of an ongoing investigation and may change the
therapeutic targets for HF as we know them today.

Neuromodulation

In healthy individuals, the autonomic nervous system and
neurohormonal mediators are cardioprotective. However,
the syndrome of HF is associated with increased activation
of the sympathetic nervous system and a simultaneous with-
drawal of the parasympathetic tone, resulting in
an unfavourable imbalance. Well-established guideline-
directed medical therapies target neurohormonal mediators
of HF. Neuromodulating device therapies and interventions
are an area of ongoing research. Cardiac sympathetic de-
nervation is fairly well established for the management of
ventricular arrhythmias and in pilot studies of patients
with HF, it has shown promising initial evidence of symptom-
atic benefit and improvement in left ventricular ejection
fraction (LVEF). Renal denervation, excessively examined
for the treatment of refractory hypertension, has shown
mixed results in the management of HF. The prospective,
randomized, multicentre SIMPLICITY-HF trial failed to show
improvements in cardiac function and HF symptoms at
12 months after renal denervation.* Vagus nerve stimula-
tion is aimed at increasing parasympathetic tone and showed
promising results in several animal studies. However, these
did not translate into benefits when examined in three sep-
arate randomized trials of HF patients. However, the three
trials used slightly different stimulation protocols making a
head-to-head comparison difficult. There is continued inter-
est in targeting afferent fibres of the vagal nervous system as
part of future developments in the technique. Cardiac con-
tractility modulation (CCM) and baroreceptor activation
therapy (BAT) have each garnered significant attention in
recent times. CCM comprises of biphasic impulses to
the RV septum for 5-12 h a day and is recommended for
patients with New York Heart Association (NHYA) Class
I or Il patients with LVEF <35%, who do not meet criteria
for CRT. Animal studies of CCM showed that increasing
septal contractility results in reflex activation of vagal
afferent fibres and thereby a reduction in sympathetic
activation. CCM has been studied in various randomized
trials that collectively show an improvement in func-
tional capacity, exercise tolerance, and quality of life
in patients with LVEF 25-40%, NYHA Class Il symptoms
despite optimal medical therapy, and sinus rhythm

with normal QRS duration. These trials all employed
the Optimizer 3-lead systems, which were recently ap-
proved by the US Food and Drug Administration (US
FDA).** Adverse events, however, seem to relate to the
number of leads. Future research in this arena will focus
on advancements to minimize device-related AEs, on in-
cluding patients with non-sinus rhythms, on examining
its effects on mortality and HF hospitalizations, and on
improving patient selection.“® BAT targets carotid sinus
mechanoreceptors resulting in decreased SNS stimula-
tion and augmentation of the parasympathetic nervous
system. The Barotism® Hope for Heart Failure
(HOPE4HF) Phase Il randomized*® and the Baroreflex
Activation Therapy for Heart Failure (Be-AT HF) Phase
Il randomized,*” unblinded trials showed improvements
in quality of life, functional capacity, and NT-pro-BNP le-
vels resulting in a pre-market FDA approval. While the
post-market phase will focus on HF hospitalizations
and CV mortality, only time will show us the long-term
safety and durability of this treatment modality.**

Lymphatic drainage

Some have argued that the reason we fail at HF is that the
definition of HF is too narrow and does not consider the fail-
ure of peripheral compensatory mechanisms.“*® The lymph-
atic system is an important, yet often overlooked, a
contributor to maintaining total body volume. HF is charac-
terized by venous congestion, which in turn, results in an in-
creased efflux of fluid out of the vasculature and into the
interstitial space at a rate that exceeds the ability of
the lymphatic system to remove this fluid. Congestion also
impedes the drainage of interstitial fluid via the thoracic
duct into the central venous circulation.*’ The systemic
pro-inflammatory state in HF results in increased permeabil -
ity of the lymphatic system and results and further propa-
gates the accumulation of extravascular fluid. Recent
advances in imaging techniques have potential to enhance
our appreciation of the contributions of lymphatic dysregu-
lation to HF, as well as to guide the future development of
therapeutic approaches.>® Pre-clinical and clinical studies
certainly point towards the feasibility of targeting the
lymphatic system in HF and some novel devised-based ther-
apies are currently under investigation.*

Return of the PA catheter

Pulmonary artery catheters (PACs) were developed and
then became commercially available in the 1970s. They
were enthusiastically adopted and swiftly transitioned
from being placed in the catheterization laboratory only
to then be placed at the bedside in intensive care units
and in operating rooms, and from being used as a diagnos-
tic tool only to then begin used to tailor therapies.>! By the
1980s, they were being placed in 20-40% of critically ill
hospitalized patients. This was in the absence of rando-
mized controlled trials or any data, for that matter, look-
ing at safety or efficacy. Data were generated in the late
1990s and early 2000s. A prospective cohort study of crit-
ically ill patients, analysed using propensity matching to
avoid treatment selection bias, was the first to report in-
creased mortality and resource utilization associated
with the use of PACs.>” Enthusiasm around the use of
PACs began dwindling. This was followed by three differ-
ent randomized controlled trials of critically ill or high-risk
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patients in whom the use of PAC failed to show marked
benefit.>' Then came the randomized controlled ESCAPE
trial of clinical management plus PAC vs. clinical manage-
ment alone.”® The trial included patients with severe
symptomatic HF despite recommended therapies but ex-
cluded those that were felt to be ‘too sick’ to need an ur-
gent crossover to the PAC group. They found no additional
benefit of PAC use, an increase in anticipated adverse
events and no effect on mortality or hospitalization.
With these and other reports of increased harm with PAC
use in patients with acute myocardial infarction (AMI),
the PAC steadily fell out of favour; the decline in usage
was most prominent for patients with AMI followed by pa-
tients with HF.>* Given that patients in cardiogenic shock
(CS) were almost always excluded from these analyses
and with the recent widespread increase in the utilization
of temporary mechanical circulatory support (tMCS) in pa-
tients with CS, there has been renewed interest in hemo-
dynamically guided management to improve outcomes in
CS.%° Thus began the era of PAC resuscitation, with studies
showing benefits in both AMI and HF-related CS.%¢%7
However, a randomized clinical trial is yet to be success-
fully designed and conducted.

Despite multiple failed clinical trials, a
resurgence of interest in early diagnosis and
management of CS

Outcomes of patients who progress to CS have remained
dismal despite advances in drug therapy, revasculariza-
tion, tMCS, and intensive care unit care models, to name
a few. The complex pathophysiology of CS, its unique pres-
entation in every single patient, and regional variations in
resource availability and utilization, have all limited the
feasibility of conducting successful randomized controlled
trials or even creating standardized algorithms for care.
Various perfusion targets have been proposed but remain
ill-defined.>® Several societies have come together to
put forth a standardized classification of CS severity,
which has shown impressive prognostic capability.>® The
recent update to the Society for Cardiovascular
Angiography and Interventions (SCAI) shock classification
also considers some additional risk factors that improve
mortality risk stratification such as right atrial pressure,
worsening SCAI shock stage, and a delayed deterioration
of SCAIl stage. The proposed three-axis model emphasizes
the assessment of the global clinical picture of each indi-
vidual patient.®® The CS working group has proposed a
further modification to the SCAI stages such that hypoper-
fusion alone, as evidenced by biochemical markers in the
absence of hypotension, may adequately identify patients
in SCAI Stage B before they worsen.®! The most optimal as-
sessment of incident or underlying renal dysfunction in CS
as well as optimal timing for initiation of renal replace-
ment therapy remains elusive. Similarly, goals for mean
arterial pressure, lactate clearance, and mechanical ven-
tilation all have insufficient supporting evidence.
Randomized clinical trials in CS are a major unmet need
and many issues remain unresolved.®? However, as our un-
derstanding of hemodynamical profiles and CS phenotypes
improves®®®* with simultaneous improvement in drug
therapies and device technology, we are looking at a prom-
ising future in this arena.®® With advances in our under-
standing of CS phenotypes, we can expect an era of

precision medicine in CS. Advanced drug therapies might
lead us to oral inotropes. Finally, improvements in
device technology may result in dischargeable tMCS de-
vices to allow for myocardial recovery without needing
heart replacement therapies (such as durable left
ventricular-assisted device or heart transplant).

Remote monitoring

Remote monitoring devices for HF have evolved in the face of
the ever-increasing burden of HF hospitalizations and read-
missions.®® Classic methods for ambulatory HF monitoring
such as daily weights and symptom monitoring have failed
to mitigate HF hospitalizations.®® Simultaneously, there is
an increased appreciation of the fact that changes in intra-
cardiac pressures precede signs of overt congestion and
can therefore provide early knowledge about incident de-
compensation.** This has led to increased enthusiasm around
the use of remote invasive monitoring tools, namely the
CardioMEMS HF system with multiple clinical studies demon-
strating safety and clinical efficacy. Initial US FDA approval
for the CardioMEMS system was obtained in 2014 for use in
patients with NYHA Class Ill symptoms who had been hospita-
lized for HF in the previous year.%® In 2022, based on results of
the Haemodynamic-guided management of heart failure
(GUIDE-HF) trial, the US FDA approved an expanded indica-
tion for the use of the CardioMEMS system in patients with
NYHA Class Il and Ill symptoms who were either hospitalized
for HF in the previous year and/or have elevated natriuretic
peptide levels.®” While on the one hand, it is important to
have these data, increases in pressure do not always equal in-
creases in total body volume.** The COVID-19 pandemic has
certainly highlighted the importance of remote monitoring
and it is undoubtedly the way of this future.®®> An ideal re-
mote monitoring device would be one that can measure
both pressure and volume and in other words, help pheno-
type each individual patient to tailor therapies to their indi-
vidual needs. Robust yet flexible treatment algorithms and
large-scale platforms that allow for real-time monitoring of
several hundreds of patients will prove to be game-changing.

Telehealth and artificial intelligence

Post-discharge follow-up visits have been shown to reduce
30-day readmissions for HF. Yet, missed outpatient visits
are common.®®¢° A pilot study found that replacing in-person
visits with video visits was feasible and safe, with a reduction
in missed appointments, which did not receive statistical sig-
nificance.®® Soon thereafter, we found ourselves in the
trenches of a pandemic. Telemedicine was at the forefront
of HF care during the initial surges of COVID-19. Both tele-
phone and video visits were employed.” Few different stud-
ies emerged showing contradicting effects of telemedicine
on patient outcomes.”"”2 Studies appraising the accessibility
of telemedicine found that widespread adoption may be lim-
ited by poor internet services and other technological defi-
ciencies as well as lack of patient education.” Artificial
intelligence (Al) will play a pertinent role in managing the
large volumes of data generated by telemedicine. While Al
is already transforming cardiovascular care, its future appli-
cation in HF has immense potential for changing the face of
HF care.”® By synthesizing large data, Al promises to enhance
precision medicine in HF, provide equitable care, and im-
prove patient-related outcomes.”® Multi-stakeholders ad-
dressing regulatory challenges, healthcare policy, and
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reimbursement models will be crucial to the universal adop-
tion of both telemedicine and Al in HF.”?

Concluding remarks

The landscape of HF therapies has undergone a paradigm shift
and the targets for therapies in HF with reduced ejection frac-
tion continue to evolve. Never before have drug therapies,
temporary and durable devices, as well as other health status
interventions received equal recognition and efforts at ad-
vancement. Unique think tank forums, aimed at advancing
our understanding of the cardiovascular, cardiorenal, and car-
diometabolic markers in HFrEF are crucial to advancing the
common goal of improving outcomes in HFrEF. The future of
HF therapies is incredibly promising. Multi-stakeholder par-
ticipation, including clinicians, allied health professionals,
pharmacists, industry partners, regulatory agencies, research
organizations, payers, lawyers, and most importantly, pa-
tients; is the only way forward. It does take a village.
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