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ABSTRACT
The advent of newly available medical therapies for heart failure with
reduced ejection fraction (HFrEF) has resulted in many potential ther-
apeutic combinations, increasing treatment complexity. Publication of
expert consensus guidelines and initiatives aimed to improve imple-
mentation of treatment has emphasized sequential stepwise initiation
and titration of medical therapy, which is labour intensive. Data taken
from heart failure registries show suboptimal use of medications,
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R�ESUM�E
L’avènement de nouveaux traitements m�edicaux de l’insuffisance car-
diaque avec fraction d’�ejection r�eduite (ICFER) a multipli�e les associa-
tions th�erapeutiques possibles, ce qui augmente la complexit�e du
traitement. La publication de lignes directrices reposant sur le
consensus de groupes d’experts et lamise enœuvre d’initiatives visant à
am�eliorer les strat�egies de traitement ont fait ressortir l’importance
d’une amorce et d’un ajustement posologique progressifs et s�equentiels
The last decade has seen substantial increase in the number of
approved medical therapies for patients with heart failure
(HF) caused by reduced ejection fraction (HFrEF). Increased
treatment complexity, coupled with inadequate application of
highly efficacious treatments, mandates a revamp of our
approach to ensuring optimal and timely treatment. We will
briefly review the pathophysiology of HFrEF and highlight
mechanisms to target. We propose a novel framework for
initiation and titration of combination medical therapy
medication characterized by therapeutic class and placed in 2
therapeutic groups: Foundational Therapy and Personalized
Therapy. Foundational Therapies are characterized by their
rapid and additive benefits in both morbidity and mortality in
most patients with HFrEF and include 4 medication classes:
b-adrenergic receptor antagonists (b-blockers), renin-
angiotensin-aldosterone system (RAAS) antagonists
(including neprilysin inhibitors), mineralocorticoid receptor
antagonists (MRAs), and sodium-glucose cotransporter-2
(SGLT2) inhibitors. Personalized Therapies may provide
further benefits in selected patients already receiving Foun-
dational Therapy and include ivabradine, hydralazine-nitrate
combinations, soluble guanylate cyclase (sGC) stimulators,
diuretics, and oral inotropes. We advance new concepts,
including the prioritization of initiating all Foundational
Therapies before dose optimization, categorization of medi-
cation classes into 3 concurrently managed "Clusters,"
emphasis on in-hospital initiation and titration, and use of
medication titration protocols using multidisciplinary teams
and remotely assisted titration. Implantable cardiac devices,
cardiac surgical interventions, and treatment of infiltrative or
congenital cardiomyopathies or advanced heart failure are not
included within the scope of this paper.1-4
Pathophysiology of HFrEF
HF is defined as a clinical syndrome caused by reduced

cardiac output, resulting in insufficient end-organ tissue
perfusion or maintenance of end-organ perfusion at the
expense of elevated ventricular-filling pressure. HF is broadly
categorized by left ventricular (LV) ejection fraction (LVEF)
into HFrEF (EF < 40%), HF with mid-range ejection frac-
tion (EF 40% to 50%), HF with preserved ejection fraction
(EF > 50%), and HF with recovered LVEF (EF previously <
40% but improved to > 40% with medical therapy). Each of
these patient groups deserves a specific approach to manage-
ment; therefore, this paper will focus only on chronic HFrEF.
The pathophysiology of HFrEF includes multiple complex
mechanisms and pathways. These processes can be divided
broadly into neurohormonal and hemodynamic alterations.5

Although initially activated to preserve end-organ perfusion,
these alterations eventually become maladaptive, propagating
the adverse structural changes that characterize HF and cause
the clinical syndrome.6 This process is widely referred to as
adverse remodelling, and its attenuation or reversal is the
primary goal of most HFrEF therapies.
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prolonged titration times, and consequently little change in dose in-
tensity, all of which indicate therapeutic inertia. Recently published
evidence indicates that 4 medication classesdrenin-angiotensin-
neprilysin inhibitors, b-blockers, mineralocorticoid antagonists, and
sodium-glucose cotransporter inhibitorsdwhich we refer to as Foun-
dational Therapy, confer rapid and robust reduction in both morbidity
and mortality in most patients with HFrEF and that they work in ad-
ditive fashion. Additional morbidity and mortality may be observed
following addition of several personalized therapies in specific sub-
groups of patients. In this review, we discuss mechanisms of action of
these therapies and propose a framework for their implementation,
based on several principles. These include the critical importance of
rapid initiation of all 4 Foundational Therapies followed by their titra-
tion to target doses, emphasis on multiple simultaneous drug changes
with each patient encounter, attention to patient-specific factors in
choice of medication class, leveraging inpatient care, use of the entire
health care team, and alternative (ie, virtual visits) modes of care. We
have incorporated these principles into a Cluster Scheme designed to
facilitate timely and optimal medical treatment for patients with
HFrEF.

des traitements m�edicaux, un processus exigeant beaucoup d’inter-
ventions. Les donn�ees tir�ees des registres des cas d’insuffisance car-
diaque r�evèlent une utilisation sous-optimale des m�edicaments et un
allongement des p�eriodes d’ajustement posologique qui entraîne à
son tour une faible intensification des doses, ce qui r�evèle une certaine
inertie th�erapeutique. Selon les donn�ees probantes publi�ees
r�ecemment, quatre classes de m�edicaments e à savoir les inhibiteurs
de la n�eprilysine et du système r�enine-angiotensine, les bêtabloquants,
les antagonistes des r�ecepteurs des min�eralocorticoïdes et les inhib-
iteurs du cotransporteur sodium-glucose de type 2 e sont consid�er�ees
comme �etant les traitements fondamentaux de l’ICFER et procurent
une r�eduction rapide et robuste de la morbidit�e et de la mortalit�e dans
la plupart des cas, en plus d’avoir des effets additifs. Une hausse de la
morbidit�e et de la mortalit�e peut être observ�ee après l’ajout de plu-
sieurs traitements personnalis�es dans certains sous-groupes de pa-
tients. Nous pr�esentons ici les modes d’action de ces traitements et
proposons pour leur instauration un cadre fond�e sur plusieurs principes
: l’importance cruciale d’instaurer rapidement les quatre traitements
fondamentaux et d’y apporter les ajustements posologiques
n�ecessaires pour atteindre les doses cibles, la n�ecessit�e d’apporter
simultan�ement plusieurs ajustements m�edicamenteux à chaque
rencontre du patient, l’importance de prendre en compte les facteurs
propres à chaque patient dans le choix d’une classe de m�edicaments,
la mise à profit des soins en milieu hospitalier et le recours à tous les
membres de l’�equipe de soins de sant�e et à tous les modes de pre-
station de soins (p. ex. consultations virtuelles). Nous avons int�egr�e ces
principes en un modèle de regroupements conçu pour faciliter la mise
en route d’un traitement m�edical optimal et en temps opportun chez
les patients atteints d’ICFER.
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The principal neurohormonal adaptations to HFrEF
include activation of the sympathetic nervous system (SNS)
and the RAAS. SNS activation can occur in the setting of low
systemic pressure sensed by arterial baroreceptors. The result
is increased release and reduced reuptake of catecholamines
such as norepinephrine.7 Early on, such changes preserve
myocardial contractility and increase heart rate to maintain
cardiac output. However, over time, the benefits of long-term
SNS activation are blunted by downregulation and desensi-
tization of cardiac b-adrenergic receptors (particularly b-1
receptors).8,9 Vasoconstriction caused by SNS activation in-
creases ventricular afterload and can also cause renal vaso-
constriction, which initially promotes filtration but ultimately
stimulates proximal tubular sodium resorption, aggravating
volume overload.

Renal renin release stimulates the RAAS in response to
reduced glomerular afferent arteriole stretch, reduced chloride
delivery to the renal macula densa, and SNS activation

(Fig. 1).10 This leads to increased conversion of angio-
tensin I to angiotensin II by angiotensin converting enzyme
(ACE).10 Angiotensin II has similar effects as norepinephrine,
including inducing systemic and renal vasoconstriction and
increasing renal sodium resorption, in part mediated by
increased aldosterone release.11,12 Angiotensin II also pro-
motes myocyte hypertrophy and apoptosis, leading to
myocardial interstitial fibrosis.13

Natriuretic peptides are released from atrial (atrial natri-
uretic peptide [ANP]) and ventricular (B-type natriuretic
peptide [BNP]) tissue in response to elevated intracardiac
pressure. These peptides induce a variety of cardiovascular
changes that, in general, counteract the effects of SNS and
RAAS activation14 including the inhibition of vasoconstric-
tion and myocardial collagen accumulation and fibroblast
activity and promoting natriuresis. Another compound
known to have vasodilatory effects is nitric oxide (NO),
synthesized, in part, by endothelial cells. HFrEF is associated
with endothelial dysfunction and resultant impairment of
both release and sensitivity to NO, aggravating chronic
vasoconstriction and ventricular loading.15 Neurohormonal
blockade achieved by simultaneous inhibition of the SNS and
RAAS is central to the medical management of HFrEF
Mechanisms of Action of Medical Therapies
Used to Treat HFrEF

b-Blockers

b-blockers inhibit SNS activation and are 1 of the earliest
classes to demonstrate improved outcomes for HFrEF. In
addition to their role of reducing myocardial ischemia and
antiarrhythmic effects, long-term SNS inhibition with b-
blockers can augment energy available for myocyte repair and
maintenance by promoting glucose rather than free fatty-acid
myocyte substrate metabolism and even suppress renin
secretion.16 Selective b-1 receptor antagonists, including
bisoprolol, carvedilol and metoprolol succinate (latter not
available in Canada), have demonstrated improved survival
and favourable LV structural changes (ie, reverse remodelling)
in HFrEF.17,18 Furthermore, reduction of heart rate has
demonstrated survival and LV reverse remodelling benefits

Usuario

Usuario

Usuario



Figure 1. Pathologic mechanisms of the renin-angiotensin-aldosterone system involved in heart failure. ACE, angiotensin converting enzyme; Ang I,
angiotensin I; ANG II, angiotensin II; AP-1, activator protein 1; AT1, angiotensin receptor type 1; AT2, angiotensin receptor type 2; CNS/ANS, central
nervous system/autonomic nervous system; MRA, mineralocorticoid receptor antagonist; NAD(P)H, nicotinamide adenine dinucleotide phosphate;
NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; NO, nitric oxide; PAI-1, plasminogen activator inhibitor; RAS, renin angiotensin
system; ROS, reactive oxygen species. Adapted from Zannad et al.10 with permission from Oxford University Press.
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independent of SNS inhibition. These include improved LV
diastolic function and end-diastolic pressure and increased
endothelial cell function and proliferation, resulting in
improved availability of NO.19

RAAS inhibitors (ACE inibitors/angiotensin receptor
blockers/angiotensin-neprilysin blockers)

Multiple medication classes inhibit the RAAS at different
steps of the pathway, including ACE inhibitors (ACEIs) and
angiotensin-II receptor blockers (ARBs) (Fig. 1).10 ACEIs
have been considered the gold standard for RAAS inhibition
in HFrEF for more than 3 decades. In clinical trials, both LV
reverse remodelling and improved survival have been
demonstrated.20 ACEIs prevent the conversion of angiotensin
I to angiotensin II, thus limiting the adverse effects of the
latter. ACEIs also inhibit the breakdown of bradykinin, a
potent vasodilatory inflammatory mediator, thereby promot-
ing its beneficial effects and augmenting its potent afterload-
reducing effects.21 ARBs are regarded as alternative therapy
to ACEIs, often for patients who are intolerant of ACEIs.
ARBs act by selectively blocking the angiotensin II type I
receptor. Although inhibition of the adverse effects of angio-
tensin II is believed to be more complete with ARBs
compared with ACEIs, owing to non-ACE pathway-related
production of angiotensin II (Fig. 1), ARBs do not reduce
bradykinin breakdown as do ACEIs.

Angiotensin receptor-neprilysin inhibitor (ARNI) is a
newer class of therapy for HFrEF treatment, represented by
the addition of neprilysin inhibition to angiotensin receptor
inhibition (valsartan) and valsartan (an ARB).22 Neprilysin is
an endopeptidase responsible for the breakdown of several
endogenous vasoactive peptides, which are beneficial for pa-
tients with HFrEF, including natriuretic peptides, bradykinin,
adrenomedullin, and others (Fig. 2).23 These effects lead to
greater hypotensive effect and additional efficacy compared
with ACEIs or ARBs, but also to greater intolerance, neces-
sitating ACEI or ARB therapy in a minority (10% to 20%) of
patients. Sacubitril-valsartan (ARNI) has replaced ACEI or
ARB therapy as the gold standard RAAS inhibitor because of
its comparatively demonstrated clinical superiority for both
acute and chronic HFrEF syndromes.24

MRAs

MRAs block binding of aldosterone to mineralocorticoid
receptors, located predominantly in the myocardium and
vascular smooth muscle cells, and have a number of other
beneficial effects in HFrEF that are different from those of
ACEIs or ARBs.25,26 MRAs have demonstrated antifibrotic
effects by inhibiting the production of matrix metal-
loproteinases and other enzymes responsible for interstitial
myocardial remodeling.27 MRAs also preserve potassium
depletion while also improving endothelial function.

SGLT2 inhibitors

A category of agents that has more recently demonstrated
efficacy for the treatment of HFrEF is the SGLT2 inhibitors.
SGLT2 inhibitors increase urinary glucose excretion and were
originally designed as oral hypoglycemic agents for the
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Figure 2. Mechanism of action of angiotensin-receptor neprilysin inhibition. ANG II, angiotensin II; AT1, angiotensin I, type 1 receptor; cGMP, cyclic
guanosine monophosphate; GTP, guanylate triphosphate; NP, natriuretic peptide; NPR-A, atrial natriuretic peptide receptor; RAAS, renin-
angiotensin-aldosterone system. Adapted from Langenickel et al.23under Creative Commons Attribution 3.0 Unported (CC BY 3.0).
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treatment of diabetes mellitus. However, they have since
demonstrated beneficial effects for treatment of HFrEF in
both diabetic and nondiabetic patients.28 The mechanism for
this is uncertain; however, their promotion of osmotic diuresis
and natriuresis is speculated to contribute to the observed
benefit. Many other hypotheses have been proposed,
including modification of uric-acid metabolism, alteration of
myocardial metabolism and hematopoiesis, alteration of
pathways involved in programmed cell death,29 and reduction
of cytokine production and attenuation of myocardial
fibrosis.30

Ivabradine

Another agent that takes advantage of heart rate-lowering
benefits for patients with HFrEF treatment is ivabradine, a
selective sinus-node inhibitor that lowers heart rate by
inhibiting the Ikf (inwardly rectifying potassium "funny")
channel, slowing diastolic depolarization with no effect on
blood pressure.31 Ivabradine is more effective at higher heart
rates because a relatively higher proportion of Ikf channels are
open.31 Ivabradine would be expected to exert no effect when
administered during atrial fibrillation.

Hydralazine and nitrates

Many vasodilators have failed to improve outcomes in
patients with HFrEF. However, hydralazine and nitrate
combinations as a medication class are generally considered to
improve control of symptoms for patients with HFrEF and
have been demonstrated to improve outcomes in select
HFrEF subpopulations such as those intolerant to RAAS in-
hibition.32 Nitrates reduce ventricular preload primarily by
inducing venous vasodilation by increasing availability of NO;
they also have anti-ischemic effects and can act as an arterial
vasodilator, whereas hydralazine is more of a direct arterial
vasodilator.
Oral soluble guanylate cyclase stimulators

The oral sGC stimulator vericiguat was recently found to
improve outcomes among symptomatic higher-risk patients
with HFrEF.33 Vericiguat sensitizes sGC to endogenous NO
and enhances the pathway via direct binding to and stimu-
lation of sGC, thereby promoting its vasodilatory effects.33

These agents, unlike nitrates, do not exhibit tachyphylaxis
with sustained therapy and do not appear to be associated
with excessive afterload reduction and hypotension.
Diuretics

For decades, diuretics have represented the mainstay of
decongestive therapy for patients with decompensated HF.
Loop diuretics are the most commonly used class and act by
inhibiting the Na-K-2Cl cotransporter on the luminal mem-
brane of the ascending limb of the loop of Henle to reduce
renal reabsorption of sodium chloride. Furosemide is the most
frequently used drug; however, torsemide, bumetanide, and
ethacrynic acid are alternatives that may be used in select
settings. Another class of agents used is thiazide-type diuretics
such as hydrochlorothiazide and metolazone. These diuretics
inhibit sodium reabsorption in the distal glomerular tubule
and are often used to enhance the effect of loop diuretics,
which increase the delivery of sodium to the distal tubule.
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Table 1. Foundational therapy characteristics and parameter surveillance

Class
Parameters for
assessment Allowable lab for initiation/titration Allowable clinical finding Lab parameter of intolerance

ARNI (first)
or ACEI/ARB

Lightheaded, postural
symptoms sCr, Kþ,
SBP

Both classes

eGFR > 30,
Kþ < 5.2
Both classes

ARNI, SBP > 100 mm Hg,
ACEI/ARB, SBP
> 90 mm Hg, no symptomatic
hypotension

Creatinine > 30% over baseline,
Kþ > 5.5
Both classes

BB Lightheaded, postural
symptoms

HR

Absence of high-grade AV block or
pauses > 3 sec

SBP > 95 mm Hg
HR > 60 bpm,
No symptomatic hypotension or
worsening HF

Heart block

MRA Lightheaded, postural
symptoms sCr, Kþ,
SBP

eGFR > 30,
Kþ < 5.0

SBP > 80 mm Hg,
No symptomatic hypotension

Creatinine > 30% over baseline,
Kþ > 5.5

SGLT2i Lightheaded, postural
symptoms sCr, SBP

eGFR > 25, stable blood glucose
control if diabetes mellitus

SBP > 90 mm Hg,
No symptomatic hypotension or
volume depletion

Elevated lactate or ketones (if DM),
creatinine > 30% from baseline

This table shows the 4 Foundational Therapies that will be part of background treatment for most patients with HFrEF: ARNI/ACEI/ARB; BB; MRA; and
SGLTI.

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; AV, atrioventricular; BB, b-blocker;
DM, diabetes mellitus; eGFR, estimated glomerular filtration rate in mL/min per 1.73 m2; HF, heart failure; HR, heart rate; Kþ, serum potassium in mmol/L;
MRA, mineralocorticoid receptor antagonist; sCr, serum creatinine; SBP, systolic blood pressure; SGLT2I, sodium-glucose cotransport-2 inhibitor.
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Oral inotropes

A final category of agents for HFrEF treatment is the
category of positive oral inotropes such as digoxin and ome-
cativ mecarbil. Digoxin is an older cardiac glycoside that in-
creases contractility by promoting myocyte calcium influx.
Digoxin improves symptoms and reduces hospitalizations for
HF without mortality benefit34 and is now used primarily as
an adjunctive therapy in symptomatic patients already
receiving optimized therapy for HF. Omecamtiv mecarbil is a
new agent that acts as a direct cardiac myosin activator, which
increases the duration and number of actin-myosin links,
effectively increasing the duration of systolic ejection time and
LVEF. However, unlike other inotropic agents, there is no
increase in intracellular calcium, ATP consumption, dP/dT,
or ventricular arrhythmias. The recently completed phase 3
clinical trial demonstrated that this therapy reduced a
Table 2. Characteristics of personalized therapies for patients with HFrEF

Medication
Patient subtype for

consideration Time course of benefit

Ivabradine Sinus rhythm
HR > 70, despite maximal
tolerated b-blockade*

Within weeks Fati

Digoxin Ongoing symptoms despite
maximal foundational
therapy without heart
block or symptomatic
bradycardia

Within weeks Ven
t

Hydralazine nitrates Intolerant of ACE/ARB/
ARNI or self-identified
African American with
symptoms despite
Foundational Therapy

Within weeks Hyp

Vericiguaty Recent hospitalization and
elevated NPs despite
optimal Foundational
Therapy

Within weeks Ane
t

ACE, angiotensin converting enzyme; AF, atrial fibrillation; ARB, angiotensin r
pressure; bpm, beats per minute; eGFR, estimated glomerular filtration rate; HR, h

* Ivabradine is approved and publicly reimbursed in Canada for use in addition to
minute but is recommended by the Canadian Cardiovascular Society for rates > 70

yVericiguat is not yet available clinically.
composite endpoint of heart failure event of cardiovascular
death in patients with HFrEF.35 This medication increases
systolic ejection time and ejection fraction but, unlike other
inotropic agents, does not increase maximal dP/dT, ventric-
ular arrythmias, intracellular calcium concentration, or con-
sumption of ATP.35
Proposed Classification of Medical Therapies
Medical therapies for HFrEF may broadly be classified into

Foundational Therapies and Personalized Therapies. The 3
common properties of these Foundational Therapies include
rapid improvement in both cardiovascular morbidity and
mortality, applicable to most patients with HFrEF, and syn-
ergistic and additive effects irrespective of background ther-
apy. Foundational Therapies include b-blockers, RAAS
inhibitors (ARNI, preferred; alternatively: ACEI/ARB),
Side effects Advantages

gue, bradycardia Mortality benefit if HR > 77 bpm;
very well tolerated, no impact on BP
or renal function

tricular arrhythmias, heart block,
oxicity

No impact on blood pressure, can be
used in AF

otension, up to 30%, rash May be used with severe kidney disease

mia, mild early hypotension, 4
itrations needed

Likely better tolerated than hydralazine
nitrates; may be used with lower BP
and eGFR.

eceptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; BP, blood
eart rate; NP, natriuretic peptide.
b-blockade to reduce cardiovascular mortality with sinus rate > 77 beats per
beats per minute.
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Figure 3. One-year outpatient mortality with combinations of medical therapy; estimated 1-year mortality rates with combinations of medical
therapy for a typical patient with ischemic cardiomyopathy. Risk reduction with therapy extrapolated from previous estimations or landmark tri-
als24,28,36,42 and assuming additive benefits of therapy with assumption of additive benefits, with the understanding that relitigating efficacy of
older therapies with additional outcome trials is unlikely to occur. Triple therapy includes b-blocker, mineralocorticoid receptor antagonist (MRA),
and either angiotensin converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB), or angiotensin receptor neprilysin inhibitor (ARNI), as
indicated. Foundational Therapy includes b-blocker, MRA, ARNI, and sodium-glucose cotransport-2 inhibitor. SNI, sinus node inhibitor.
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MRAs, and SGLT2 inhibitors and should be initiated
routinely and titrated rapidly. Characteristics of Foundational
Therapies and parameters for initiation and titration are
outlined in Table 1.

Personalized Therapies differ from Foundational Therapies
by virtue of their benefit in select patient populations or their
lack of improvement of all-cause mortality. For example, the
reduction of mortality from ivabradine has been shown only
in patients with a resting sinus heart rate > 77 beats per
minute.36 Administration of these agents should generally
follow titration of Foundational Therapy (Table 2).
Cumulative Benefits of Combination Therapy for
HFrEF

The expansion of therapeutic options for patients with
HFrEF has substantially improved patient outcomes. Jhund
et al. found that, between 1986 and 2003, the age-adjusted,
1-year, all-cause mortality rates following first HF hospitali-
zation dropped from 32.9% to 27.6% in men and 30.6% to
25.6% in women.37 Between 2002 and 2013, 1-year car-
diovascular mortality rates decreased from 18% to 13% in a
longitudinal analysis of patients in the United Kingdom.38

Although there are many potential combinations of med-
ical therapy, Foundational Therapies are generally considered
to have an additive benefit. In 2011, Fonarow et al. suggested
that optimizing combination HFrEF therapy could prevent
more than 65,000 deaths per year in the United States,
assuming additive effects of therapies.39 The subsequent
emergence of ARNI and SGLT2 inhibitors has further
improved outcomes. For a typical patient with HFrEF, 1-year
mortality could be reduced from 17% without therapy40 to as
low as 4.2% with combination pharmacotherapy (Fig. 3). A
recent study estimated that using the Foundational Therapies
(ARNI, b-blocker, MRA, and SGLT2 inhibitor) could
potentially prolong survival by 6.3 years in a 55-year-old pa-
tient compared with standard therapy with ACEIs/ARBs and
b-blockers alone.41,42
Initiation of Medical Therapy and Titration is
Suboptimal in Clinical Practice

Given the substantial potential benefits from medical
therapy, it is critical to increase the proportion of patients
receiving optimal therapy. In a contemporary cohort of pa-
tients in the United States with chronic HFrEF, most patients
remained on less than 50% of the trial dose for b-blockers
(56.7%), ACEIs/ARBs (75.5%), MRAs (65.3%), and ARNI
(90.4%) during 12 months of follow-up, with many not even
receiving those therapies.43 Ouwekerk et al. found a similarly
high proportion of patients maintained on less than 50% of
targeted doses but also found that patients maintained on <
50% of target doses had w70% increased risk of mortality.44

Low rates of medical optimization of both established and
newer therapies were noted.43,44 Interestingly, ongoing titra-
tion was reported as a reason for nonoptimal medical therapy
in nearly 30% of patients with > 6 months follow-up.

Two recent studies provide further insights into the phe-
nomenon of treatment inertia. The Guiding Evidence-Based
Therapy Using Biomarker-Intensified Treatment in Heart
Failure (GUIDE-IT) trial enrolled patients with HFrEF to a
strategy of natriuretic peptide-based medication titration or
usual care.45,46 In this trial, no benefit in either lowering of
natriuretic peptides or in clinical outcomes was observed.45

Further analysis indicated that there was little overall (<
10%) increase in dosage of evidence-based therapies and
nearly all changes occurred during the first 3 months.46 For
each study visit, investigators were asked to provide reasons
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why no medication changes were made, and the most com-
mon answer was "patient stability."46 Jarjour et al. reported a
somewhat higher dosage level after 6 months of follow-up.47 A
detailed chart review determined that many patients poten-
tially eligible for dose titration had already demonstrated
intolerance to higher doses, suggesting that physiological
intolerance to high-dose therapy may be more common than
expected.47 The result was an approximate 10% to 15% rate
of unexplained use of any Foundational Therapy, although
this rate was much higher (46%) for prescription of ivabra-
dine. Despite this, the authors noted "ongoing titration" of at
least 1 Foundational Therapy in more than 30% in which
dose was not optimized. This rate was highest (21%) for
titration of b-blocker therapy, similar to previous reports.
Ultimately, there are many potential barriers to optimization
of medical therapy in patients with HFrEF, including patient,
physician, and system factors such as intercurrent illness.46,48
Time Is of the Essence
Slow optimization of HF medications postpones initiation

other life-prolonging medical therapies as well as device
therapies, creating an unnecessary window of excess risk.
Zaman et al. suggested that delayed initiation of optimal
medical therapy may lead to excess absolute mortality of ~1%
per month that therapy is delayed.49 Another potential
concern is the occurrence of sudden death. Of 1117 first
primary endpoints in the Prospective Comparison od ARNi
With ACEi to Determine Impact on Global Mortality and
Morbidity in Heart Failure (PARADIGM-HF) trial, these
459 (41%) were cardiovascular deaths, of which one-half were
sudden cardiac deaths.50 This supports early initiation of
guideline-directed medical therapy (GDMT) in those patients
considered to be clinically stable.

However, it is reasonable to consider whether the
guideline-endorsed iterative approach to initiating medica-
tions is contributory.51 This approach evolved with the HF
evidence base and was designed to mirror clinical trial
enrollment criteria. Indeed, titration protocols of landmark
trials supporting Foundational Therapy have mandated
Table 3. Probable relative benefits of foundational HFrEF therapy: initiation

Outcome affected Initiation of thera

Heart failure hospitalization endpoint Up to two-thirds of ove
ACE/ARB.

Significant benefit with
SGLT2I observed w
weeks following ran

Cardiovascular mortality endpoint Improvement observed
separate within 3 m
randomization

Time course of benefits on combined
cardiovascular death þ heart failure
hospitalization endpoint

Initial 2 to 4 weeks for
Therapies

Side effects Withdrawal in < 10%
Combination with other Foundational

Therapies
Additive benefits in co

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ARNI
ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2I, sodium-glu

* For clarity, titration to target doses is associated with accrual of clinical benefit
y SGLT2I trials have evaluated only 1 dose.
completion of titration within 2 to 3 months.52,53 Never-
theless, as mentioned here, reports from HF registries
repeatedly simultaneously indicate ongoing titration and
minimal net dosage change following 6 to 12 months.43,44

Delaying the implantation of cardiac devices until after
medical therapy is optimized potentially avoids the risks
associated with implantation of devices in selected patients.
However, the rationale for sequential initiation of medical
therapy is related to avoiding potentially unnecessary costs
associated with newer therapies, which is mitigated by an
increased number of clinic visits and testing.54 For example,
Grant et al. demonstrated that de novo initiation of ARNI is
more cost effective compared with delayed initiation.55 In
addition, only w25% of patients with HFrEF managed
with current medical therapy will have an improvement in
LVEF to �40%.56 The effectiveness of HF therapies may
not vary by symptom status.57 As a result, medication-
initiation strategies that rely on patient response, either in
terms of LVEF recovery or symptom status, may unneces-
sarily deprive patients of beneficial therapies and induce
delays in medication titration. New strategies are clearly
needed, but there is a paucity of evidence regarding the
optimal initiation and titration of medications for patients
with HFrEF.58
In-Hospital Initiation and Optimization of
Medical Therapy

One clear path for more rapid medication initiation and
titration is during hospitalizations, which most patients with
HFrEF experience during the course of their diseases. Reports
from several registries demonstrate the benefit of mulitple
drug initiations registries demonstrate the benefit of multiple
drug initiations over a short period of time during hospitali-
zation. For example, of 158,922 patients enrolled during
hospitalization in the Get With the Guidelines HF (GWTG-
HF) registry, more than 20% of patients were eligible for 3
new medications during a median 4-day hospital stay, with
more than 50% of them receiving them by hospital
discharge.59 Recent studies have significant clinical event
vs target dose*

peutic class Titration from initial to target dosey

rall benefit with

ARNI, MRA,
ithin 4 to 6
domization

Further ~one-third benefit in ACE
Uncertain for other Foundational
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No clear further benefit with ACE,
ARB

Further benefit possible with MRA, b-
blockers

all Foundational Event curves begin to separate 6
months following randomization

Dose-related increase in side effects
mbination Additive benefits in combination

, angiotensin receptor neprilysin inhibitor; HFrEF, heart failure with reduced
cose cotransport-2 inhibitor.
s following drug initiation.
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Figure 4. Cluster titration scheme. For specific drug dosages, please refer to the 2021 CCS/CHFS HF Guidelines update.84 At each clinical
interaction, efforts should be made to initiate or titrate a drug within each cluster. For most nonfrail patients, this will result in 3 medication ad-
justments per interaction. Our preferred drug for each cluster includes SGLT2I (excepting the need for diuretic manipulation symptoms of
congestion or evidence of volume depletion) in Cluster A, ARNI (excepting hypotension) for Cluster B, and b-blocker for Cluster C.* For Cluster C,
rapid and progressive b-blocker titration to target dose is preferred before use of ivabradine. Published trials indicate that titration may occur weekly,
with maximum titration time of 2 to 3 months. Thus, prolonged or repeated attempts to titrate b-blockers unsuccessfully before initiation of a sinus
node inhibitor (SNI) should be avoided if the sinus rate remains > 70 beats per minute. ARNI, angiotensin receptor neprilysin inhibitor; BB, b-
blocker; MRA, mineralocorticoid receptor antagonist; SGLT2I, sodium-glucose cotransport-2 inhibitor.
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reductions with in-hospital initiation of ARNI and SGLT2
inhibitors.60,61 Thus, hospitalizations may represent an
attractive opportunity to initiate and titrate medications,
including a transition to ARNI therapy.
Relative Benefits of Dose Escalation vs New
Drug Initiation

Retrospective analyses of clinical trials and HF registries
have reported variable morbidity and mortality advantage in
patients taking higher doses of HF medications.39,44,62,63 This
has, in part, led to a strategy of single-drug initiation and
titration before addition of other drug classes, which may
contribute to less comprehensive treatment and slower times
to medical optimization. Increasingly, calls for a change to
early drug combination, drug initiation followed by dose
escalation has been made. The advantages of this approach are
summarized in Table 3.

The dose-related effects of ACEIs have been best studied.
Packer et al. randomized 3793 patients with HFrEF to lisi-
nopril, either 37.5 mg or 2.5 mg daily, and found no differ-
ence in mortality during a median of 47 months of follow-up
and a 12% reduction in hospitalization that only became
apparent after > 6 months of follow-up.64 However, it is
worth noting that the study may have been underpowered,
owing to greater-than-expected benefit in the low-dose group.
Similar findings were reported for the Heart Failure Endpoint
Evaluation of Angiotensin II Antagonist Losartan (HEAAL)
study, in which high-dose losartan reduced hospitalizations for
HF by 12%, but no significant mortality benefit was
demonstrated during 4.7 years' follow-up.65 In a meta-
analysis, Turgeon et al. demonstrated that high-dose RAAS
inhibition led to modest reduction of HF hospitalization and
no significant reduction of mortality.66 In relative terms,
approximately two-thirds of the benefits in hospitalization
occur at low doses.66 However, dose titration is associated
with significant increases in hypotension, worsening renal
function, and hyperkalemia.

Large randomized studies of high-dose vs low-dose
b-blockade or MRA therapy do not exist. In the case of
b-blockade, meta-analyses of small studies point to a dose-
dependant benefit in recovery of LVEF and occurrence of
side effects.67 Retrospective analyses of the large b-blocker
trials suggest that the most important factors associated with
mortality benefits are relative reduction of heart rate and
lower on-treatment heart rate.68 Wikstrand et al., in
Metoprolol CR/XL Randomized Intervention Trial in
Congestive Heart Failure (MERIT-HF), showed a mortality
reduction from b-blockade of 38% (95% confidence interval
[CI], 16-55) in patients taking > 100 mg per day (P ¼
0.0022) and also 38% (95% CI, 11-57) in those taking
lower doses (P ¼ 0.010).62 In the Cardiac Insufficiency
Bisopropol in the Elderly (CIBIS-ELD) study,69 despite the
forced-titration study design, only 25% of elderly patients
given b-blockers for HFrEF reached target dose within the
12-week time window. Short-term heart rate response to b-
blockade, rather than b-blocker dose, was associated with
improved rates of mortality.69 This finding was reinforced
by conclusions made in a meta-regression by McAlister
et al., in which reduction of heart rate was the primary
mediator of b-blockade benefit.67

b-blockers improve outcomes irrespective of baseline ACEI
dose, with subgroups from the Carvedilol Prospective Ran-
domized Cumulative Survival (COPERNICUS) and
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Table 4. Principles for the cluster scheme approach to Foundational
Therapy for HFrEF

1. Combination therapy: All 4 Foundational Therapy classes should be trialed
before routine addition of Personalized Therapies. Evidence-based
medications as per CCS 2017 Guidelines should be used.

2. Initiate first, then titrate: Initiation of all 4 Foundational Therapies should
be attempted before dose titration. Ultimately, titration of Foundational
Therapies to full target dose represents optimal GDMT.

3. Clustering medications: The goal at every clinical encounter is to initiate or
titrate 1 medication class within each cluster, to a maximum of 3.*

4. Individualization: Patient and laboratory characteristics should dictate
which medication class within each cluster is chosen. In the absence of a
preferred choice, alternating among classes within a cluster is suggested.

5. Time is of the essence: Patient encounters during titration may occur every
1 to 2 weeks, if possible, with a goal of full Foundational Therapies
titration within 12 weeks. Titration within each medication class should be
no more frequent than every 1 to 2 weeks to limit side effects.

6. Managing tolerance: Failure or intolerance of a medication initiation and
titration that is not caused by volume depletion should halt further changes
in that class until other Foundational Therapy titration has completed (ie,
multiple attempts to titrate a particular medication class should not be
attempted before adjusting other classes within the cluster).

7. Diuretic therapy: Loop-diuretic adjustment should be limited to treatment
of volume overload or depletion. In general, volume depletion should be
avoided, as Foundational Therapy titration is well tolerated in euvolemic/
mildly volume-overloaded settings.

8. Opportunity: Hospitalization represents a key opportunity to initiate and
titrate Foundational Therapy.

9. Teams are critical: Titration may be most efficiently completed with
collaborative involvement of nurses, nurse practitioners, and pharmacists
and with the aid of telemedicine or other technologies.

ACEI, angiotensin converting-enzyme inhibitor; ARB, angiotensin II re-
ceptor blocker; ARNI, angiotensin neprilysin inhibitor; CCS, Canadian
Cardiovascular Society; GDMT, guideline-directed medical treatment;
HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid
receptor antagonist; SGLT2, sodium-glucose cotransport-2 inhibitor; SNI,
sinus-node inhibitor.

* Preferred initial medication class. Cluster A: SGLT2 inhibitor is
preferred over loop diuretic in the absence of significant volume overload.
Cluster B: Because of superior efficacy, ARNI is preferred over ACEI or ARB
in absence of special circumstances and over MRA. Cluster C: b- blocker is
preferred over ivabradine, which is included in Cluster C, in deference to its
complementary effect on reduction of heart rate.
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MERIT-HF studies showing equal improvement in outcomes
when b-blockade was added to low- or high- dose ACEI
therapy.70 Retrospective analysis of the Biology Study to
Tailored Treatment in Chronic Heart Failure (BIOSTAT-
CHF) and Asian Sudden Cardiac Death in Heart Failure
(ASIAN-HF) registries, conducted by Ouwerkerk et al.,
sought to determine the relationship between ACEI and b-
blocker doses and subsequent outcomes.71 In their analysis,
increasing ACEI dose was associated with reduction in hos-
pitalizations but not mortality, whereas increasing b-blocker
dose was associated with greater reduction in mortality and
increase in hospitalizations.71 Importantly, low doses of both
drugs (< 50% target dose for both) was associated with
improved outcomes compared with target dose of ACEI or b-
blocker alone.

In the case of sacubitril-valsartan, data show similar trends.
In the PARADIGM-HF trial, 42% of study subjects in both
treatment groups underwent temporary dose reduction of
study medication.24 The treatment benefit of sacubitril-
valsartan over enalapril in this group was similar (hazard ra-
tio [HR], 0.80; 95% CI, 0.70-0.93; P < 0.001) to that
observed in patients who had not experienced any dose
reduction (HR, 0.79; 95% CI, 0.71-0.88; P < 0.001).63

Finally, data from the Comparison of Sacubitril/Valsartan
Versus Enalapril on Effect on Nt-Pro-Bnp in Patients Stabi-
lized From an Acute Heart Failure Episode (PIONEER-HF)
study showed an additional benefit of ARNI over ACEI when
started during the inpatient setting.60 Notably, approximately
80% of the observed additional N-terminal proBNP
(NTproBNP) reduction conferred by ARNI was apparent
within the first 7 days of treatment.60 These effects were
durable and associated with improved early (60-day) and 1-
year outcomes, which were noted in patients with both de
novo and chronic HF.60

In similar fashion, no definitive data regarding
dosage-ranging effects of MRAs on clinical outcomes
exist. One small dose-ranging trial of spironolactone
addition to ACEI was not large enough to determine
clinical benefit, but the occurrence of significant
hyperkalemia rose in linear fashion up to 25%.72 In-
vestigators in the Eplerenone in Mild Patients Hospi-
talization and Survival Study in Heart Failure
(EMPHASIS-HF) trial were instructed to target 25 mg/
day eplerenone for patients with estimated glomerular
filtration rate (eGFR) <50 mL/min and otherwise 50
mg/day. In each group, the benefit of eplerenone over
placebo was similar.73 However, patients with lower
eGFRs experienced a 4-fold higher adverse event rate,
owing to renal and electrolyte abnormalities, despite
receiving lower doses.73

As only a single dose was evaluated for SGLT2 inhibition
for HFrEF, it is not possible to determine the dose-ranging
effects of these medications. However, data from both the

Dapagliflozin and Prevention of Adverse Outcomes in
Heart Failure (DAPA-HF) trial and Empagliflozin Outcome
Trial in Patients With Chronic Heart Failure and Reduced
Ejection Fraction (EMPEROR-Reduced) show that the ben-
efits of SGLT2 inhibitors are not dependent on baseline
medical therapy or dose.28,42,74
It has been suggested that early introduction of newer
therapies may impair the delivery of established medica-
tions. However, data from clinical registries and randomized
trials show that neither dose intensity nor initiation of
Foundational Therapies is adversely affected by introduc-
tion of new therapies.36,43e47,75,76 Rather, the major limi-
tation has been unexplained poor uptake of the newer
therapies themselves.

Alternative Strategies to Improve Medication
Titration

Reliance on face-to-face clinic visits with a physician to
initiate and titrate medications is not a viable strategy to
rapidly achieve GDMT in most patients. Electronic patient-
activation tools can be used to involve patients more
directly in this process and have been shown to increase the
intensification of GDMT significantly during clinic visits.77

Involvement of allied health professionals, including nurse
practitioners78 and pharmacists,79 or remote titration80 are
additional strategies to improve patient adherence and opti-
mize medical therapy more quickly.
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Proposed Medication Optimization Strategies
We propose a new approach to medication imple-

mentation and titration: a cluster-based scheme (Fig. 4). For
cluster-based titration, medications are grouped into 3
general clusters with similar hemodynamic or neurohor-
monal effects. Medications within each cluster should not be
initiated or titrated on the same visit because of potential
compounding side effects, but attempts should be made to
optimize each cluster during each clinic visit (up to 3
changes per visit). Most nonfrail patients with HFrEF could
likely be managed with the cluster scheme. Data taken from
several studies indicate predictors of medication intolerance
include advanced age, lower systolic blood pressure, and
lower eGFR.81-83 In our experience, nonfrail patients with
systolic blood pressure > 110 mm Hg, resting heart rate >
70 beats per minute, eGFR > 40, and serum Kþ < 5.0
mmol/L can generally tolerate 3 medication changes with a
low rate of side effects. An expedited version of the typical
approach, with a single medication class change on a regular
(biweekly or otherwise) basis, may be more appropriate for
frail patients or those at risk for intolerance to medication.
These titration schemes are constructed recognizing the need
for personalized selection of medications, based on patient
factors, including background tolerance, medical history,
vital signs, and other factors. Table 4 outlines the guiding
principles underpinning this novel approach. Further data
relating to feasibility, tolerability, and efficiency of this
approach in our 1200 active HF patient population will be
forthcoming.
Conclusions
Medical therapy for patients with HFrEF has become

increasingly complicated, leading to confusion regarding
initiation and titration of medication. There is a true sense of
urgency to implementing medical therapy, given early and
dramatic improvements in patient outcomes with appropriate
treatment. The dramatic shift in landscape of medical therapy
requires a compensatory paradigm shift in approach to man-
aging these patients. We have proposed 2 medication-
optimization strategies, which we believe can meet the clin-
ical challenge of initiating and titrating medical therapies as
quickly as possible while ensuring patient safety. Prospective
trials are needed to determine the benefits of these pathways
compared with the traditional incremental addition of
treatments.
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