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Abstract

Heart failure (HF) is the most common cardiovascrgason for hospital admission over the age

of 60. There are few areas in medicine where pesghas been as remarkable as that observed
with HF therapy over the last three decades. Howewegress has been consistent only for
chronic HF with reduced ejection fraction (HFrEmR)acutely decompensated HF and HF with
preserved ejection fraction (HFpEF), none of trexdpies tested to date have been definitively
proven to improve survival. Delaying or preventidg has become increasingly important in
HF-prone patients. It is also of paramount imparéato prevent worsening chronic HF and
hospitalisations for acute decompensation. Thectibgeof this review article is to provide
concise and practical summary of the current sthiéF drug therapy. We support the
implementation of the international guidelines. \\hgaps in evidence are present, we offer
views based on personal experience. The best po@ssildence based drug therapy is useful
only when optimally implemented. However, implenaitn may be challenging. We believe
that disease management programmes may be helgfubviding a multidisciplinary, holistic

approach to the delivery of optimal medical care.

Abstract Word Count: 199

Key Words:

Heart failure — medical therapeutics- disease mamagt programmes- reduced ejection

fraction- preserved ejection fraction - narratiegiew
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Introduction

Heart failure (HF) is the most common cardiovascréason for hospital admission among
individuals over the age of 60The prevalence of HF is increasing worldwide beeanf an
increasing incidence related to population agirsiing prevalence of poorly controlled risk
factors (i.e., hypertension, diabetes mellitus, alpelsity), and prolonged survival of patients
with HF due to implementation of evidence-basedapies’ It is a clinical syndrome
characterised by fatigue and dyspneoa, inducedfbydr global) ventricular dysfunction, often
with signs of congestion. The New York Heart Asation (NYHA) classification is used to
describe symptom severity (Figure 1 and Short paHelart failure carries a poor prognosis.
Thirty day all-cause readmission rates of 19% Hzaen reported in the United State@ne-year
all-cause mortality rates for acute HF and stabiblalatory HF patients were 17% and 7%,
respectively, and the 12-month hospitalisationsratere 44% for hospitalised patients and 32%
for ambulatory patients, respectively, in recergaviational data from Eurof&Similar data
have been reported in the ASIAN-HF (Asian Sudderdi@a Death in Heart Failure) registry;
19.2% of patients died or were hospitalized forwithin 1 year’ The THESUS-HF (Sub-
Saharan Africa Survey of Heart Failure) reporte@gstimated 6-month mortality of 17.8%.
The International Congestive Heart Failure (INTERK} study, representing Africa, China,
India, the Middle East, southeast Asia, and SoutteAca, reported an overall 1-year mortality
of 16.5%, with substantial variation by region (& 34%, India 23%, southeast Asia 15%,
South America 9%, Middle East 9%, and China 7%).

In most patients, abnormalities of systolic andsthhc function coexist, irrespective of the
ejection fraction (EF), which in clinical trials wahe most used classifier to define either heart

failure with reduced EF (HFrEF) if EF<40%, or hefaiture with preserved EF (HFpEF).
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In a recent European survey, mortality gear was 8.8% and 6.3% in HFrEF and HFpEF,
respectively’ The HFrEF subtype has been the most well stugliettling a robust body of
evidence to support clinical practice guidelifé$.

The objective of this review article is to providencise and practical summary of the current
state of HF drug therapy. We support the implentamtaf the available international
guidelines. These may differ in some occasiongleets, and there are persistent gaps in
evidence, in which cases we offer views based ompersonal expertise.

Priorities for future research in terms of unmetageand evidence gaps are also identified.

Sear ch strategy and selection criteria

Data for this narrative review were identified asches of MEDLINE and PubMed, and
references from relevant articles, in additionh® most recent European Society of Cardiology
(ESC) and American College of Cardiology/Americagakt Association (ACC/AHA)

guidelines’™!

Diuretic and sodium management

Regardless of EF, heart failure symptoms are mosked to congestiori,and congestion is
one of the main predictors of poor patient outcdiriBespite the lack of large randomised
outcome trials, loop diuretics are strongly (Grad&) recommended for decongestion, albeit
with a lower level of evidence lBr C*°) by the ESC and ACC/AHA guidelines to improve
symptoms in chronic and acutely decompensated lfefic dosing is largely empiric. Diuretic

doses should be titrated according to the decoiogesirget. The use of inappropriately low
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doses of diuretics may result in persistent comges€Conversely, the use of inappropriately high
doses of loop diuretics may trigger hypokalaemia laypovolaemia with a related risk of
hypotension and worsening renal functi8myhich may lead to down titration of life- saving
drugs (ACEI, MRA). Furthermore, this may furthemnailate the RAAS, which may worsen HF.
Once optimal decongestion has been achieved, Westalose that maintains euvolaemia should
be prescribed, and some heart failure centers &glaparopriately selected patients to manage
symptoms with “as needed” diuretics. Candidategpési might be those not requiring daily
diuretic who can be educated to follow the stratagy will contact clinical staff quickly if
symptoms worsen, although it is acknowledged thatdtrategy has not been well studied.
However, determination of optimal decongestion eady detection of a re-congestion is
challenging. Indeed, although numerous clinicategoimaging and hemodynamic tools, and
biological tests are available to assist physiciarascertaining and quantifying congestion, not
all are appropriate for use along the course oflthease and across all settings of patient
presentations (pre-admission, admission to the genely department, in-hospital management,
and lastly, discharge and continued monitorindh@m¢ommunity):®> For instance, weight loss
lacks sensitivity. Imaging (i.e., chest x-ray, B-tedung ultrasound, inferior vena cava and other
echocardiography measures) may be heff§fGlinical trials of chronic optimisation of therapy
guided by natriuretic peptide levels, have leddpflicting results->°

Diuretic resistance may occur in the most sevetiemqia. In this setting, specific
pharmacological algorithms encompassing loop didgise adjustments, inotropes, and the
addition of thiazide-like diuretics may be propossdan alternative to extracorporeal
ultrafiltration in hospitalized patients, while tb#icacy of either approaches in outcome trials

are lacking'” Neurohormonal imbalances created by HF lead ioatility to excrete sodium
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and water. Therefore, conventional wisdom has advisniting sodium and fluid intaké.

Major HF guidelines lack consensus on recommenasifior dietary sodium (and fluid)
restriction. Currently, 4 trials are ongoing (NCR82296, NCT02148679, NCT01733017,
NCT02012179) targeting sodium restriction in HFlirding one large trial evaluating clinical
outcome endpoints.

Altogether, we believe it is possible that detattidynamic monitoring, and management of
congestion/decongestion could help improve HF mamagt. However, we acknowledge that
evidence from robust randomized outcome trialdaaleng. One possible exception is a single
trial using a remote monitoring of pulmonary artdrgstolic pressures with an implanted
device® In a randomised clinical trial that enrolled 0860 patients with HFrEF and HFpEF,
monitoring and managing patients demonstrated ingat@linical outcomes including
hospitalisation for HF. Of note, one limitationtbg trial is that the control group did not have a
systematic form of disease management practicetthas@ne might question whether the trial
truly showed benefit of the invasive technologyroaed above non-invasive disease
management. In addition, the reduction in HF hasipation with the implanted device
appeared to be associated with increased use reftidaiand vasodilators; to what extent this

increase in doses may have contributed to therlmiteomes remains an open question.

Chronic heart failurewith reduced g ection fraction medical treatment

The primary pathophysiological cardiac abnormaditreHFrEF are cardiac chamber
enlargement due to cardiac remodelling, weak cotitra (deficient inotropism), elevated filling
pressures (preload), and increased peripherataeses (afterload), leading to an inability to

provide adequate cardiac output at rest or witliaese. These elevated intracardiac pressures
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may also cause lung and peripheral congestion. Wtgaumber and function decline and are
replaced by myocardial interstitial fibrosis, whistiffens the heart and creates the anatomical
substrate basis for lethal arrhythmias. The dissasereasingly viewed as a syndrome with
multiple systemic mechanisms potentially involvinfammation and disorders of
neurohormonal systems, involving the renin angisitealdosterone (RAAS), the autonomic
nervous, the endothelium, the natriuretic pepthdie)( and the vasopressin systems. Other
potential pathophysiologic mechanisms include gbxVaeart rate, atrial fibrillation, and
abnormalities of ventricular-vascular coupling, aoetplex cardiorenal interactions (i.e.
“cardiorenal syndrome’§*

Better management of acute coronary syndromeselsaied in less frequent progression to
post-MI HFrEF?? Non-ischaemic aetiologies account for up to 30%IBfEF and include
valvular heart diseasé? familial cardiomyopathy, and secondary cardiomybies (e.g.,
inflammatory, cardiotoxic [alcohol, chemotherapgueed], infectious).

Current treatment guidelines are based on robudérese stemming from well-designed
randomised outcome trials? Inhibitors of the RAAS (i.e. ACE-inhibitors or aiagensin
receptor blockers), mineralocorticoid receptor gatasts (MRA), and beta-blockers are strongly
recommended (Class IA) for improving survival, aesing sudden death, and preventing HF
hospitalisationg.Based on the results of the PARADIGM HF trial (§pective Comparison of
ARNI [Angiotensin Receptor—Neprilysin Inhibitor] thi ACEI [Angiotensin-Converting—
Enzyme Inhibitor] to Determine Impact on Global Nédity and Morbidity in Heart Failure),
sacubutril-valsartan is recommended to replace AQibitors to further reduce the risk of HF
hospitalisation and death in ambulatory patients WiFrEF who remain symptomatic despite

optimal treatment. Unless contraindicated, all sgpmmatic HFrEF patients should receive the
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above-mentioned medications in combination, prélgrat target maximally tolerated doses.
The combined optimal use of these class IA thegipi€linical trials has led to a decline in
mortality among patients with severe as well asifmibderate HFrEF (Figure 3 Furthermore,

a recent network meta-analysis of 58 trials doneiddty 15 large-scale trials with 1984 to 18898
patient-years of follow-up showed that combiningdence-based drugs , may produce
cumulative reduction in all-cause mortality up @6 and in all-cause hospitalizations with
reductions up to 40%, on average.. Concomitamlpaitients enrolled in clinical trials, the
annual rate of sudden cardiac death has declined/5862’

International registry data showed that physicia@ukerence to guideline recommended
medications in HFrEF was associated with bettecames?® Unfortunately, current guidelines
are not being optimally implemented, both in teofisverall use as well as under-dosfig,

most often because of excessive concern aboutselegent$.Hypotension, hyperkalemia and
worsening renal function are the most frequentlgccreasons for under-dosing, underuse, and
discontinuation of RAAS inhibitors and MRA4n a large US database including more than
20,000 HF patients, nearly 60% who discontinued BA&fter an hyperkalaemic episode
experienced an adverse outcome or mortality condpaitlh 52% of patients on RAASI
submaximal doses and 44% of patients on maximurasi@dl comparisons P <.05). Patients on
submaximal dose or who discontinued RAASI died énas frequently as patients on maximum
dose® Beta blocker use may be hampered by concerns apotension, fatigue, and
bradycardia. However, most of these adverse ewaatpredictable, reversible, and manageable.
Most importantly, occurrence of these events de¢sliminish survival benefitd: Thus, in our
opinion, concerns about adverse events may be @ixeds some cases, and it should be

recognized that this has the potential to deprateepts of life-saving therapies. Hypotension if



183 symptomatic can often be managed by discontinunrgeoessary vasodilators (e.g., calcium
184 channel antagonists, alpha-blockers, nitrate)yoreducing diuretic doses to the lowest dose
185 that maintains euvolaemia, and ultimately by staggedoses of RAAS inhibitors and beta-

186 Dblockers. Frequent monitoring (within 3 days ofiation or dose adjustments and every 4

187 months once stable) of eGFR, serum potassium adl lpgressure, slow up-titration, and

188 avoidance of other concomitant, non-essentialrasteng drugs (e.g., non-steroidal anti-

189 inflammatory drugs, potassium supplements, digtatgssium, other blood pressure-lowering
190 drugs, excessive diuretic doses) are strategiashi@ve optimal use of these therapies. Down-
191 titration of doses or discontinuation of RAAS inibilss may be warranted temporarily for

192 persistent or severe hyperkalemia, hypotensiomossening renal function. However, this

193 should not prevent attempts at re-initiation ortiy@tion of therapy as soon as safely possible.
194 The use of potassium binders may facilitate uiiin in patients prone to in hyperkalerffia,
195 although whether this may prevent cardiovasculézmue occurrence needs to be demonstrated
196 in a dedicated outcome trial. It should be acknogéasl that patients with HFrEF are

197 increasingly older and have multiple comorbiditi€dinical trials have generally excluded these
198 types of patients, and as a result, their resptmbi- therapy and the best approaches for

199 managing comorbid conditions and concomitant dhegapies that may have pharmacodynamic
200 or pharmacokinetic interactions with the HF reginseless certain. However, there is no

201 evidence that such patients would not benefit fstamdard HF therap¥,and guidelines should
202 also be followed in these patients, with individadjustments in dose or monitoring as clinically
203 indicated according to comorbidity or interactingdications.

204 Ivabradine or digoxin may prevent HF hospitalisatio patients with sinus rhythm, after

205 attempts to optimise beta-blocker therapy if hestet remains above 75 beats per mifitBeta-



206 blockers and digoxin may help control ventricukesponse in patients with atrial fibrillation
207 (AF), although with no demonstrated outcome ben€éfiere is no consensus about an optimal
208 target heart rate in patients with AF and HF, webommended targets varying between 60 bpm
209 to 110 bpn?** Because of safety concerns, amiodarone is no¢eef as first line for rate

210 control. Rhythm control using electrical or pharwlagical conversion may be considered to
211 improve symptoms in patients with persisting symmand/or signs of HF, despite optimal
212 medical therapy and adequate control of ventricwte. Anticoagulation, preferably with direct
213 oral anticoagulants, should be offered to patientis HF and AF, recognizing that bleeding
214 rates may be higher than in non-HF patients, ditfeés a component of the CHADS2VASC?2
215  score®

216 Furthermore, even in the absence of AF, basedennbterlying pathophysiologic hypothesis
217 that thrombin could play a key role in worseningactic HF, the ongoing COMMANDER HF
218 trial is exploring the efficacy and safety of rigaaban 2.%5ng bid compared with placebo (with
219 standard care) after an exacerbation of HF in petielFrEF and documented coronary artery
220 disease and sinus rhythth.

221 Intravenous iron may be used for improving funciiictapacity and quality of life in patients
222 with iron deficiency (serum ferritin <100 mg/L arfitin between 100 and 299 mg/L and

223 transferrin saturation <209%)}'® However long-term data on the cardiovasculacaéfy and
224  on safety are lacking so far.

225

226 Heart failurewith preserved gection fraction medical treatment

227 First recognised in the 1980s and initially term@idstolic HF,” HFpEF accounts for

228 approximately half of all hospital admissions fd¥,Hs associated with substantial morbidity and

10
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mortality, and is increasing in prevaleri¢&he definition, pathophysiology. and aetiology of
HFpEF have been subject to controversy and debategonsensus among experts is still rare.
Nevertheless, most current guidelines agree tleatinimum requirements for the diagnosis of
HFpEF are signs and symptoms of HF and a relatimedgerved ER What constitutes
“preserved” has evolved, and initially encompagbedentire EF range above the reduced range,
generally considered an LVEF €40%.

Patients with HFpEF tend to be older than thosk WirEF, and the prevalence of this disorder
is increasing as the population ag&sloreover, HFpEF is associated with more comortgislit
than those with HFrE® including hypertension, diabetes, atrial fibritat, anaemia and

chronic obstructive pulmonary disease, and théattable risk associated with these
comorbidities increases as EF ri§&$he high prevalence of comorbidities in HFpEF has
contributed to the notion that HFpEF may not eagsan independent entity, but may simply be a
collection of comorbidities. The concept is couateby the substantially higher event rates in
patients with HFpEF than in patients with these editlities but without HE? While

ambulatory patients with HFpEF have substantialydr morbidity and mortality than patients
with HFrEF the subsequent hospitalisation and mortality rexé®spitalised patients with
HFpEF is comparable to that in patients with HFfEF.

The primary pathophysiologic abnormality in HFpEFenerally considered to be an inability to
provide adequate cardiac output at rest or witlia@se or to do so only in the setting of elevated
filling pressured? as is the case with HFrEF. Indeed, elevationfirsided filling pressure is
thought to be the sine qua non of HFpEF and hdgitraally been thought secondary to
abnormalities of diastolic function. However, itshaecome increasingly recognised that

abnormalities of diastolic function are commonhe elderly and present in many individuals

11
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without HF#” Moreover, abnormalities of systolic function areyalent in and related to
outcomes in patients with HFpEE?° Some patients with HFpEF have either rest or éserc
induced elevation in pulmonary pressut®®ther pathophysiologic mechanisms that have been
implicated include chronotropic incompetentapnormalities of ventricular-vascular
coupling®® and abnormalities of renal functioh.

Several aetiologic molecular mechanisms have bestulated in HFpEE? Diseases like
hypertension and diabetes, known precursors of IHFpEe associated with myocardial
intracellular fibrosis and increased collagen défmsand turnover® Abnormal

phosphorylation of the spring-like titin proteiesponsible for restoring the sarcomere to its
resting state, has been implicatédt has recently been shown that patients with iopeslated
HFpEF display unique pathophysiological featuresluding greater biventricular remodeling,
volume overload, more right ventricular dysfunctigreater ventricular interaction and
pericardial restraint, worse exercise capacity,enpofound hemodynamic derangements, and
impaired pulmonary vasodilation. These distinctisnggest that obesity may be considered as a
specific HFpEF phenotyp€. Interestingly, a randomized trial comparing eisronly, diet

only, combined exercise and diet, to a control grfmw 20 weeks, in 100 older obese HFpEF
patients showed that caloric restriction diet aphg& exercise training increased peak oxygen
consumption®Increased adiposity also contributed to worse NYirctional class in
HFpEF>*%|nitially healthy subjects with elevated waistetimference have a higher long-term
diastolic dysfunction risk! Several laboratories have suggested obesity @amdorbidities such
as chronic kidney disease) lead to a systemiciftarnmatory state, and generation of reactive
oxygen species limits nitric oxide availabilitynoyocytes, resulting in reduced cGMP

production and ultimately decreasing protein kingsactivity which may result in hypertrophy

12
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and myocyte stiffnes¥.More specifically, obesity may lead to the accuatioh and

inflammation of epicardial adipose tissue, whichyrmapair the electrophysiological properties
and distensibility of the myocardium. It has ratgebeen hypothesized that epicardial adipose
tissue is a transducer which could be targetedhérsapeutic interventions aimed at decreasing its
accumulation and inflammation (e.g. statins, nretfa, SGLT-2 inhibitors, mineralocorticoid
receptor antagonist8j.Despite strong support for several hypothesesa¢hielogic factors
responsible for HFpEF are likely to be multifacébiand more precise etiologic phenotyping is
essential for the identification of novel therapieslieed, because of phenotypic diversity in
HFpEF, personalized therapeutic strategies areogeap) which may be adapted to combinations
of clinical presentations and risk predispositihs

Both treatment of HFpEF and the ability to test iberapies in HFpEF requires accurate
diagnosis of the disorder. In addition to signs ayishiptoms of HF and documentation of a
preserved EF, most guidelines and consensus dot¢sime@ommend that other diagnostic
criteria be incorporated when considering this iieg including echocardiographic evidence of
diastolic abnormalities or elevation in KPBoth of these increase the likelihood that pasient
truly have HF, yet neither are sufficient for thaghosis and can be abnormal in patients without
HF.

Several clinical outcomes trials have been performepatients with HFpEF yet none have met
their primary endpoint (Table £§.° All of these trials have thus far assessed intibiof the
RAAS, either ACE Inhibitor§! angiotensin receptor blockéfs® or MRAs®® In CHARM
(Candesartan in Heart failure: Assessment of Réntuat Mortality and morbidity)-Preservéd,
candesartan was associated with a 11% non-signifreduction in cardiovascular death or HF

hospitalisation, although post-hoc analyses sugdessignificant reduction in total

13
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hospitalisationd! The TOPCAT trial (Treatment of Preserved Cardiaodfion Heart Failure
with an Aldosterone Antagonist) comparing spirontidae to placebo, based on the success of
MRAs in HFrEF and the likelihood that myocardiddrfysis plays a role in the pathophysiology
of HFpEF, failed to meet its primary endpoint, wéth 11% non-significant reduction in
cardiovascular death or HF hospitalisation. Newsetss, after unblinding it was noted that
patients enrolled in one specific region (Russid Republic of Georgia) had substantially lower
event rates than those enrolled in United Statasa@a, Argentina and Brazil, suggesting that
many patients in that region may not have had HFhe 18% nominally significant risk
reduction of the primary outcome in the remainiagions has encouraged some to believe that
if properly tested, spironolactone would improvecomes in HFpEF. For instance, the latest
US guidelines state that “In appropriately selegiatients with HFpEF (with EF45%, elevated
BNP levels or HF admission within 1 year, estimajimmerular filtration rate >30 mL/min,
creatinine <2.5 mg/dL, potassium <5.0 mEqg/L), aldame receptor antagonists might be
considered to decrease hospitalizatfon”

Therapeutic approaches other than RAAS inhibitianehbeen tested in HFpEF, including
several that have targeted the nitric oxide pathiuydid not show any benefit.”> Despite

data suggesting the importance of cGMP in HFpEFaaredative reduction in intracellular
cGMP, the soluble guanylate cyclase stimulatorciguiat was ineffective in lowering NT-
proBNP or improving left atrial size in HFpEEalthough there were significant improvements
in quality of life measures. However, data fromdiavascular outcome trials data are lacking. In
the only positive phase 2 trial in HFpEF, sacubdaisartan was superior to valsartan in
reducing NT-proBNP, improving left atrial size aN¥YHA class’’ These findings provided the

rationale for the ongoing PARAGON-HF (Efficacy afdfety of LCZ696 Compared to

14



321 Valsartan, on Morbidity and Mortality in Heart Raié Patients With Preserved Ejection

322  Fraction, NCT01920711) outcomes trial comparingibédl/valsartan to valsartan in 4822
323 patients with HFpEF, defined as LVEB5%, elevation in NP and evidence of structuratthea
324 disease, which is expected to report in 2iore recently, the results of EMPA-REG and
325 CANVAS (Canagliflozin Cardiovascular Assessmentd$juyrovided the rationale for an

326 outcomes trial in HFpEF with the SGLT-2 inhibitanpagliflozin (Table 1Y2"°Finally,

327 spironolactone for HFpEF is being retested in tepasate trials (NCT02901184 and SPIRIT-
328 DHF [Spironolactone in the treatment for diastblegart failure]).

329 Itis obviously of paramount importance to rule othter causes of symptoms, including

330 ischaemic heart disease, overt lung disease, gpait cardiomyopathy, or infiltrative

331 cardiomyopathies that could mimic signs and symgtofrtHFpEF but which may have specific
332 alternative therapies. In the absence of evidemasedbtherapy, treatment of HFpEF remains
333 empiric and based on management of symptoms andrbadities®® Although the benefits of
334 diuretic use in HFpEF has not been rigorously pnaweclinical trials, treatment of congestion
335 with diuretics remains the mainstay of therapydescribed above) and appears to improve
336 symptoms. It also appears prudent to control veultar rates in patients with AF, particularly
337 because elevated heart rates are associated witbe@ ventricular filling time, but whether
338 rhythm control is beneficial in HFpEF remains umeld=inally, as mentioned above, current US
339 guidelines recommend consideration of spironolaetbRecognizing the challenges and

340 uncertainty in establishing a definitive diagndsisnany cases, probability score-based

341 diagnostic algorithms have most recently been meg@owhere patients are assessed for the
342 probability of having HFpEF based on routine clatiand echocardiographic featufés.

343
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Acutely decompensated heart failuretreatment

Acute HF is a common cause of hospitalisation anindiyiduals >65 years of age globaff/®°
These acute events are associated with poor shbibag-term prognosis in terms of survival
and rehospitalisatioff;®° The pathophysiology of AHF is multifactorial, withany potential
precipitating factors (e.g., acute coronary syndrpamrhythmia, hypertension, renal impairment,
infection, non-adherence), some of them (acutenagosyndrome or infection) being associated
with an increased mortalify).

Treatment approaches are aimed at treating thelymdpcause (which is often not known) and
relieving symptoms. Despite intensive investigaiioprospective, randomised trials, no
therapies for acute HF have been shown to imprbriea outcomes” In the absence of
therapies that prolong survival or reduce morbiditg goal of initial therapy is to stabilise the
patient and decrease congestion to produce symptorakef and to decrease the potential for
organ impairment secondary to congestfoSpecific therapies depend on the individual
patient’s clinical presentation. Most patients presvith evidence of congestion and normal or
elevated systolic blood pressure (“wet and warm@ are treated with intravenous diuretics and
vasodilators:®***3A smaller proportion present with hypoperfusionenhinotropes or
vasopressors may be considered in patients witblgyblood pressure <90 mmHddnce the
patient is stable, the most important long-terrenvéntion for patients with AHF may be to
optimise medical management prior to disch&rgad plan for early post-discharge follow-up,
ideally in a HF disease management programme ifadla.®®

Many factors have been proposed to explain thedéekficacy of acutely administered
therapies on clinical outcome in patients with Aktt€luding patient heterogeneity, multiple

pathophysiologic mechanisms, generally rapid respan standard care (i.e., diuretics) in most
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patients, and the low likelihood that short-terrmadstration of a therapy can impact long-term
outcomes ™ Future trials should apply the lessons learnehfpast trials to design study

protocols, select candidate therapies, and idetatifyet patient populationd.

New drugsin research and development
Promising agents are now in phase 3 outcome {fialsle 2), and many new compounds, most

targeting new molecular mechanisms, are currentgarly clinical development (Table 3).

Enabling life saving phar macological therapy with multidisciplinary management.

It is recommended that optimisation of availablempyom-alleviating and life- saving HFrEF
pharmacological treatments should be pursued whieens are discharged. Observational
studies show however that this is simply not theeand that prescriptions filled upon discharge
have the highest chance of being unchanged, maifttrsdischarge. Therefore, unfortunately,
evidence-based therapies are not being optimaliyemented within the current health care
systems resulting in life-saving drugs under-prigsion and under-dosing in HFrEF. The
monitoring of creatinine and potassium after an Mit@scription is also poor both in the S
and in EU?®

More broadly, the recognition of HF as a complesodiler with multiple co-morbidities and
different strategies for improving health, mult@inary management has become a foundation
of care (Figure 3). Systems of care that includétidisciplinary management have been shown
to reduce HF hospitalisation and improve survingbatients discharged from the hospitaf:™*

In France, a regional HF-disease management progeafdMP) (ICALOR programme) was

established in 2006 in Lorrairt®&*applying all major components of recommended DE$s

17



390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

per European Society of Cardiology guidelines. TMWLOR programme was proven to
decrease cost-effectively both HF hospitalizatiang all-cause mortality stabilizing HF
hospitalization rate progression in Lorraifié;>*whereas those observed overall in France
progressed continually. This benefit stopped rajtdr the unfortunate programme
interruption'®*

To deliver successful programs, it is importanthi&ve close collaboration and a team-oriented
approach to HF care across the different domaimshafalth care system. Cardiologists and HF
nurses need to coordinate with general practit®aed primary care physicians. The HF team
should include clinical pharmacists who review &xlis on complex pharmacological
treatments that may have important drug-drug og-dlisease interactions to consider. Dieticians
and exercise physiologists counsel patients orbksiteng everyday habits that support a healthy
lifestyle for HF and other preventive care stragegiSocial workers are also critical team
members and ensure patients have appropriate gocesources. Psychologists can guide
patients through anxiety or depression, which areron in patients with HF. This integrated
care team approach shifts clinical management wsvaproactive system as opposed to a
reactive system.

A key focus of multidisciplinary teams is to preve@admission after a HF hospitalisation.
Patients enter a vulnerable period early post-digih Throughout the hospitalisation, a
multidisciplinary team should address potentiaichegies of the worsening HF event, develop
preventive strategies for future events, and coateéi post-discharge care. Systems with early
physician follow-up after discharge are associatid lower 30-day readmission rat&8.

Heart failure is a life-long condition, monitorisgrategies for patients with HF continue to shift

towards a more proactive care model. By continyoomsdnitoring a patient’s condition, early
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413 identification of worsening HF may be possible &witbwed by targeted interventions. In

414  addition, monitoring strategies can identify poianproblems that need to be addressed such as
415 potassium management (hyper or hypokaleffia)major hurdle toward RAASi implementation
416 in HFrEF, as described above.

417 Telemedicine programs that remotely monitor symstamd other parameters such as weight
418 have had variable resuff® While meta-analysis suggests clinical benéfitsarge clinical trials
419 have not shown consistently demonstrated ben&ie of the neutral trials failed to couple the
420 monitoring effort with a structured disease managgnpractice which could systematically
421 review and respond to the monitored data. Others painted out that there is limited value to
422 monitoring alone, without a well-conceptualizedsteynatic process of integrating and acting
423 upon the informatiorAs new technology evolves integrating multiple sgaspatient self-

424  reported health status, and seamless home to olimnstoring systems, it is possible that more
425 consistent benefits may be achiev&implantable devices with integrated physiologgighals
426 and sensors designed to alert when patients aneritgk for hospitalisation for HF may

427 provide actionable data for future telemedicinegpams:®® Ongoing trials are testing whether
428 alert management with specific treatment protootdy achieve improved outcomes. Priorities
429 for research to continue advancement of lifestyterventions such as exercise and application
430 of monitoring technologies for patients with HF arelined in Box 1.

431

432 Heart failure prevention

433 Prevention is likely the best mechanism to comldatHd its associated clinical and societal

434  burdens Heart failure is often a preventable cardiovastsymdrome. Reducing blood pressure
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lowers the risk of 'new onset' HF by as much as &#dilar to the effect of lowering blood
pressure on stroke and greater than the effecwadring blood pressure on the risk of f:**
Diabetes mellitus may contribute to HF developmahibough glycaemic control or choice of
glucose lowering therapy in patients with type &odites mellitus has not until recently been
associated with HF prevention, and may have agtigdl to worsening heart failure (e.g. with
glitazones). However, beyond glycaemic control, sanhmibitors of sodium-glucose co-
transporter 2 (SGLT-2) improve clinical outcomewluding hospitalisation for HF, in patients
with type 2 diabetes and pre-existing cardiovasaliease or cardiovascular risk facttrst*

In primary and secondary cardiovascular preverttiais, statins may reduce the rate of HF
hospitalisatiort*>. Smoking, excessive alcohol consumption, sedetfifastyle, and obesity are
all associated with the development of cardiovamadisease. Moreover, adherence to healthy
lifestyle factors, no smoking, regular exercisenmal weight, moderate alcohol intake, and
consumption of breakfast cereal and fruits and tadges was found associated with a lower risk
of developing HF in a database from 20,900 memfthe Physicians’ Health Study who were
apparently healthy at baselit& Furthermore, recent observational data in 11B8ficipants

in the ARIC (Atherosclerosis in the Community) stusthowed that maintaining recommended
activity levels was associated with the lowest ik, rwhile initiating and increasing physical
activity, even in late middle age, were also linkedower HF risk. The authors concluded that
“augmenting physical activity may be an importaminponent of strategies to prevent HE®.
However, HF prevention in these observational dzg be the result of better control of risk
factors and prevention of ischemic heart diseaspatients with ischaemic heart disease,
angiotensin converting enzyme (ACE) inhibitors gelze onset of HF and reduce

cardiovascular mortality*®
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Identification of mechanistic therapeutic targetg)(, cardiac remodelling, inflammation,

fibrosis, diastolic dysfunction, vascular dysfuona) may be a more effective approach for HF
prevention in the future. Mechanistic bioprofilin§patients (i.e., selecting subgroups of patients
based on biomarker profiles indicative of underdymechanisms associated with HF risk) and
subsequently matching prevention strategies to arestic biotargets may be a promising

approach to the development of specific HF preversirategie$™®

Conclusion

There are few areas in medicine where progresbdwas as remarkable as that observed with
drug therapy of chronic HFrEF over the last threeadles. Unfortunately, no such evidence basis
exists for HFpEF or acute heart failure, beyond aggment of cardiovascular risk factors.
Therefore, notwithstanding improving outcome invalent HF, delaying or preventing HF has
become increasingly important in patients at-rakHF and should be prioritised in future
research programmes. It is also of paramount irapod to prevent chronic HF from worsening
and necessitating hospital admission for acuteliplementation of disease management
programmes possibly including modern monitorinditexdogy may in our opinion help achieve

this objective.
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Figure Legends

Figure 1. Heart Failure Presentation at a Glanepicting the spectrum of HF patient population
presentation

Figure 2. Decrement of mortality associated withdrto moderate and severe HFrEF in major
outcome trials

Results of random effect network meta-analysisafbcause mortality: hazard ratios for
intervention versus placebo for all-cause mortaitg 95% credible intervals. ACEI indicates
angiotensin-converting enzyme inhibitor; ARB, angiwsin-1l receptor blocker; ARNI,
angiotensin receptor-neprilysin inhibitor; BB, bétacker; and MRA, mineralocorticoid
receptor antagonist.

Reprinted with permission from: Burnett H, Earley\Moors AA, Senni M, McMurray JJV,
Deschaseaux C, Cope S. Thirty years of evidendbeefficacy of drug treatments for chronic
heart failure with reduced ejection fraction. Awerk meta-analysis. Circulation Heart Failure

2017;10:e003528 (https://doi.org/10.1161/CIRCHEARTFAILURE.116.02%)

Figure 3. Heart failure multidisciplinary and mttiéichnology enabled care

Heart failure care is evolving into a more patieaettered, multidisciplinary and multi-
technology management program. Patients will haweerpersonalised health recommendations
based on their underlying condition, comorbiditésl social environment. Continuous
monitoring will be enabled by remote, wireless teabgy at the home to detect early signals of
worsening of heart failure as well as to reinfasef-management of heart failure. When early

signals detect a potential worsening, remote managecan alter care and/or have rapid in-
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clinic treatment. As a last step, patients can comnwethe hospital for more intensive

management with the plans to have early follow-itgr @ischarge to ensure stability.
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894 Short Panel:

895 Heart failure presentation

896 » Patients at high risk for HF (i.e., those with hgtpasion, diabetes mellitus,

897 atherosclerotic disease, obesity) but without stmat heart disease or HF symptoms are
898 considered Stage A in the development of FfF.

899 » Stage B describes the development of asymptontatictsral heart disease (i.e. previous
900 myocardial infarction [MI], left ventricular remotileg, left ventricular hypertrophy,

901 reduced EF, asymptomatic valvular diseds®).

902 = Stage C HF reflects symptomatic patients who shmddive optimal medical therapy
903 unless contraindicated®*?°Symptoms are non-specific and dominated by shestoé
904 breath and fatigue, leading to reduced functionpbcity assessed by clinical scores
905 (NYHA classification | to 1V) and 6-minute walk dance or other ergometric tests. The
906 most common signs of HF are related to congesiuether vascular or interstitial,

907 pulmonary (e.g., rales, pleural effusion) or peerl (e.g. leg oedema, jugular vein

908 dilatation, and, in more severe cases, liver eplaent and ascites)-Stage-C-patients may
909 ed by
910 lar
911

912 » Acute decompensation is accompanied by distressimptoms of congestion and the
913 potential for end-organ (i.e., cardiac, liver, kegih damagé® Hospitalisations for HF

914 carry a poor prognosis. Among patients hospitalisgtie United States for HF from

915 2008 to 2010, 67-4% experienced a readmission a+&¥3died within one year of the
916 index hospitalisation”* Data from Europe show consistent restfls.
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917 » Patients with refractory symptoms despite optimgllementation of best medical care

918 are considered Stage'®). These patients should be considered for additional
919 interventions (e.g., mechanical circulatory supptansplant evaluation), but these
920 therapies are beyond the scope of this review.

921

922

923
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924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

BOX: Research priorities

Randomized evidence that lifestyle modificationkgeer se the onset of HF and reduce
cardiovascular mortality

Identification of mechanistic therapeutic targetptevent and treat HFrEF and HFpEF
Defining the best monitoring strategies to mondecongestion/re-congestion
Identification of the most effective componentsifease management programs

The incorporation of digital self-management taisl patient facing applications for heart
failure management

The use of external (wearables) and internal serteadentify early signals of worsening
heart failure including remote imaging and the pcots for managing heart failure with
worsening signals

Understanding whether virtualisation of clinicalmagement of heart failure may be
automated and the benefits or risks for medicditoation or alteration based on multiple,
integrated electronic data streams from home andcl

Understanding whether population management systambe used for managing and
monitoring patients with heart failure using newadscience methods such as machine

learning
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Table 1. Completed and ongoing outcomes trialeartfailure with preserved ejection fraction

Trial N Treatment arms Key Inclusion criteria Primary Endpoint Findings
CHARM -Preserved® 3023 | Candesartan vs. placebo  NYHA class II-IV, prior| Time to first Primary outcome HR
CV hospitalisation cardiovascular death or | 0-89 (0-77, 1-03), p
heart failure =0-12
hospitalisation
PEP-CHF® 850 | Perindopril vs. placebo Clinical diagnosis of DHFTime to first all-cause Primary outcome HR
with >signs/symptoms of | death or heart failure 0-92 (0-70,1-21), p
HF, >2 of the following: hospitalisation =0-55
Left atrial
enlargement/LVH/Impaired
LV filling/Atrial
fibrillation
|-PRESERVE®™ 4128| Irbesartan vs. placebo NYHA class II-IV + any| Time to first all-cause Primary outcome HR

corroborating evidence

(e.g., HF sign), LVH or

death or cardiovascular

hospitalisation

0-95 (0-86, 1-05), p

=0-35
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Table 1. Completed and ongoing outcomes trialeartfailure with preserved ejection fraction (¢ounéed)

Trial N Treatment arms Key Inclusion criteria Primary Endpoint Findings
LAE considered optional
corroborating evidence,
HFH required unless in
NYHA class llI-IV
TOPCAT® 3445| Spironolactone vs. Signs and symptoms of | Time to first Primary outcome HR
placebo HF, elevated NP, or HFH | cardiovascular death, 0-89(0-77,1-04), p
heart failure =0-14
hospitalisation or
resuscitated sudden death
PARAGON-HF™ ~4800| Sacubitril/valsartan vs. | NYHA class II-1V, Cardiovascular death or| Ongoing, fully

valsartan

elevated NT-proBNP
(depending on timing of
prior heart failure
hospitalisation and atrial

fibrillation status),

total heart failure
hospitalisation (first and

recurrent)

recruited
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Table 1. Completed and ongoing outcomes trialeartfailure with preserved ejection fraction (¢ounéed)

Trial N Treatment arms Key Inclusion criteria Primary Endpoint Findings
structural heart disease (left
atrial enlargement or left
ventricular hypertrophy)

EMPEROR-Preserved ~4126| Empaglifozin vs. placebo NYHA class II-IV heart | Time to first Ongoing

(NCT03057951)

failure, EF > 40%, elevate
NT-proBNP (depending or
atrial fibrillation status),
structural heart disease (le
atrial enlargement or

LVH)or documented HF

hospitalisation

dcardiovascular death or
1 heart failure
hospitalisation

ft

CHARM, Candesartan in Heart failure: Assessmeieaxfuction in Mortality and morbidity; CV, cardiowasar; DHF, diastolic

heart failure; EF, ejection fraction; EMPEROR, Emifozin outcome trial in patients with chronicdre failure with reduced
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Table 1. Completed and ongoing outcomes trialeartfailure with preserved ejection fraction (¢ounéed)

ejection fraction; HF, heart failure; HFH, heaitdee hospitalisation; HR, hazard ratio; I-PRESERWhBesartan in Heart Failure
with Preserved Ejection Fraction Study; LV, lefotrgcular; LVH, left ventricular hypertrophy; NPatriuretic peptides; NT-proBNP,
N-terminal B-type natriuretic peptide; NYHA, New MoHeart Association; PARAGON-HF, Efficacy and Sgfef LCZ696
Compared to Valsartan, on Morbidity and MortalityHeart Failure Patients With Preserved Ejectiacton; PEP-CHF, Perindopril
for Elderly People with Heart Failure; TOPCAT, Timant of Preserved Cardiac Function Heart Failutk an Aldosterone

Antagonist
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Table 2. Ongoing Heart Failure with Reduced Ejeckoaction Outcome Trials

Trial Number of | Treatments Key inclusion criteria Primary endpoint
patients
COMMANDER HF | 5070 Rivaroxaban vs.| Symptomatic HF, episode of | Major acute cardiovascular events (all
(NCT01877915) placebo (in decompensated HF within 30 | cause mortality, MI, stroke)
addition to days, LVEK40%, evidence of
standard of care| significant CAD, BNP>200
for HF and pg/mL or NT-proBNP>800
CAD) pg/mL
GALACTIC HF 8000 Omecamtiv History of chronic HF, LVEF | Time to CV death or first HF event
(NCT02929329) mecarbil vs. <35%, NYHA class II-1V,
placebo current hospitalisation for HF ar
within previous year, elevated
BNP or NT-proBNP
FAIR-HF2 1200 Intravenous iron| Chronic HF, confirmed Combined rate of recurrent
NCT03036462 (ferric presence of iron deficiency, hospitalisations for HF and CV death
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Table 2. Ongoing Heart Failure with Reduced Ejeckoaction Outcome Trials (continued)

Trial Number of | Treatments Key inclusion criteria Primary endpoint
patients
carboxymaltose)| serum haemoglobin 9-5 to 14-0
vs. placebo g/dL
HEART-FID 3014 Ferric Stable HF on maximal toleratedAll-cause mortality or HF
NCT03037931 carboxymaltose | background therapy, LVEF hospitalisation at 1 year; change in 6-
vs. placebo <35%, haemoglobin >9-0 g/dL| minute walk distance

and <13-5 g/dL (females) or
<15-0 (males), serum ferritin
<100 ng/mL or 100-300 ng/mL|
with TSAT <20%,
hospitalisation for HF within 12
months or screening NT-
proBNP >600 pg/mL or BNP
>200 pg/mL (sinus rhythm) or

NT-proBNP >1000 pg/mL or
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Table 2. Ongoing Heart Failure with Reduced Ejeckoaction Outcome Trials (continued)

Trial Number of | Treatments Key inclusion criteria Primary endpoint
patients
BNP >400 pg/mL (atrial
fibrillation)
EMPEROR 2850 Empagliflozin | Chronic HFrEF, NYHA class | Time to first adjudicated CV death or
Reduced vs. placebo lI-1V, elevated NT-proBNP or | HF hospitalisation
(NCT03057977) BNP (at various levels
depending on LVEF and cardiac
rhythm)
DAPA-HF 4500 Dapagliflozin vs{ HFrEF, LVEF<40%, elevated | Time to first CV death, hospitalisation
(NCT03036124) placebo NT-proBNP, eGFR-30 for HF, or urgent HF visit
ml/min/1-73 M
VICTORIA 4872 Vericiguat vs. | Chronic HFrEF, NYHA class | Time to first CV death or HF
(NCT02861534) placebo [I-1V, HF hospitalisation within | hospitalisation

6 months or intravenous

diuretics within 3 montths;
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Table 2. Ongoing Heart Failure with Reduced Ejeckoaction Outcome Trials (continued)

Trial

Number of

patients

Treatments

Key inclusion criteria

Primary endpoint

elevated BNP or NT-proBNP
(specific levels dependent on
cardiac rhythm)

LVEF <45%

For all trials, all patients on standard backgrothetapy for HF

BNP, B-type natriuretic peptide; CAD, coronary aytdisease; CV, cardiovascular; eGFR, estimateohgtalar filtration rate; HF,

heart failure; HFrEF, heart failure with reducedation fraction; LVEF, left ventricular ejectiorafttion; MI, myocardial infarction;

NT-proBNP, N-terminal pro-B-type natriuretic pedNYHA, New York Heart Association

45



Table 3. Candidate drugs under early clinical dewelent in chronic heart failure

Mechanism of action

Drugs

Adenosine Al partial agonists

Neladenoson dalanate

Aminopeptidase A (APA) inhibitor. QCGO001
Antidiabetics GLP-1 agonists, SGLT2 inhbitors
Apelin Apelin, CLR325

Atrial natriuretic peptides

Cendiritide (CD-NP), AND42, PL-3994 (NPR-A

agonist)
AT1R biased ligands TVR120027
[33-agonists Mirabegron

Cardiac ion channels modulator

Ranolazing.)] GSK2193874, (TRPVA4)

IL-13 recept antagonists

Anakinra

Mitochondrial targeting peptide

MTP-131 (elamipte), Perhexilene

Mineralocorticoid receptor antagonists

FinerenoB&-4628109, CS-3150, LY-262309

MT-3995

Neuregulin-1

GGF (thNR-1)

Phospodiesterase inhibitors

ITI-214, CRD-733

Probiotics (GUT microbiome)

Rifaxamin
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Table 1. Completed and ongoing outcomes trialeartfailure with preserved ejection

fraction(continued)

Mechanism of action Drugs
sGC stimulator Riociguat
Selective androgen receptor modulators GSK2849466

Vasodilators

Urocortins 2 and 3

Vasopressin receptor antagonists

Tolvaptan, Riliavap

Xanthine-oxidase inhibitors

Febuxostat

Uricosurics

Probenecid

Drugs targeting Epigenetics

DNA methyltransferadehitors.

HDAC inhibitors

a7




Figure 1.

I: Slight limitation of physical activity:
Comfortable at rest,

but ordinary physical activity

results in symptoms of HF

1ll: Marked limitation of physical activity.
Comfortable at rest,

but less than ordinary activity
causes symptoms of HF

IV: Unable to carry on

any physical activity
without symptoms of HF,
or symptoms of HF at rest

I: No limitation of physical
activity.

Ordinary physical activity

does not cause symptoms of HF

Acutely

<40 %
Decompensated (sa02

or Preserved
jection Fraction

ACC/AHA stage A ACC/AHA stage B

At high risk for HF
but without structural hea
disease or symptoms of HF

but without signs
or symptoms of HF
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