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Foundational therapy for heart failure and a reduced ejection fraction consists of a combination of an angiotensin receptor–neprilysin
inhibitor, a beta-blocker, a mineralocorticoid receptor antagonist and a sodium–glucose co-transporter 2 (SGLT2) inhibitor. However, the
conventional approach to the implementation is based on a historically-driven sequence that is not strongly evidence-based, typically requires
≥6 months, and frequently leads to major gaps in treatment. We propose a rapid sequencing strategy that is based on four principles. First,
since drugs act rapidly to reduce morbidity and mortality, patients should be started on all four foundational treatments within 2–4 weeks.
Second, since the efficacy of each foundational therapy is independent of treatment with the other drugs, priority can be determined by
considerations of relative efficacy, safety and ease-of-use. Third, low starting doses of foundational drugs have substantial therapeutic benefits,
and achievement of low doses of all four classes of drugs should take precedence over up-titration to target doses. Fourth, since drugs can
influence the tolerability of other foundational agents, sequencing can be based on whether agents started earlier can enhance the safety of
agents started simultaneously or later in the sequence. We propose an accelerated three-step approach, which consists of the simultaneous
initiation of a beta-blocker and an SGLT2 inhibitor, followed 1–2 weeks later by the initiation of sacubitril/valsartan, and 1–2 weeks later by
a mineralocorticoid receptor antagonist. The latter two steps can be re-ordered or compressed depending on patient circumstances. Rapid
sequencing is a novel evidence-based strategy that has the potential to dramatically improve the implementation of treatments that reduce
the morbidity and mortality of patients with heart failure and a reduced ejection fraction.
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Comparison of conventional and rapid sequencing approaches to the implementation of foundational drug treatments for heart failure and a reduced
ejection fraction. Rapid sequencing involves simultaneous initiation of a beta-blocker and sodium–glucose co-transporter 2 (SGLT2) inhibitor,
followed 1–2 weeks later by an angiotensin receptor–neprilysin inhibitor, and 1–2 weeks later, by a mineralocorticoid receptor antagonist. The
ordering of Step 2 and 3 may be reversed in a patient with a borderline systolic blood pressure. Patients already receiving a conventional inhibitor
of the renin–angiotensin system may be switched to sacubitril/valsartan and started on a mineralocorticoid receptor antagonist at the same time.
Reproduced and adapted with permission from McMurray and Packer.3
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Four classes of drugs have been shown to have a meaningful
effect to reduce morbidity and mortality in patients with chronic
heart failure and a reduced ejection fraction, and there is grow-
ing consensus that all four therapies should be given in combi-
nation to all patients who can tolerate treatment. These drugs
include angiotensin receptor–neprilysin inhibitors, beta-adrenergic
receptor blockers, mineralocorticoid receptor antagonists, and
sodium–glucose co-transporter 2 (SGLT2) inhibitors. Combina-
tion treatment has a profound effect to change the natural history
of heart failure.1

However, there is uncertainty as to how treatment with these
foundational drugs should be implemented. The urgency of this
question has been underscored by the realization that the vast
majority of patients who would benefit from comprehensive ther-
apy are receiving only one or two of the four classes of drugs,
and that—even when four are prescribed—the implementation of
combination treatments is often delayed for long periods of time.2

During this delay, incomplete or suboptimal therapeutic regimens
result in unnecessary deaths, hospitalizations and progression of
the underlying disease process.

We have recently proposed a novel rapid-sequencing strategy
that strives to achieve treatment with all foundational drugs within
4 weeks of initiation of treatment (Graphical Abstract).3 In this paper,
we review and critically analyse the compelling body of clinical trial
evidence that supports our strategy.

Clinical trial evidence relevant to
the sequencing of treatments for
heart failure

What drugs represent foundational
therapy for heart failure?

We consider a drug to represent a foundational therapy for
patients with heart failure and a reduced ejection fraction if
the treatment has been shown in large-scale clinical trials to
(i) reduce cardiovascular death and/or all-cause mortality; and
(ii) has a major effect to reduce the risk of hospitalizations for
heart failure. To meet these prerequisites, these benefits should
have been demonstrated in a statistically persuasive manner, i.e.
that the reduction in risk for these endpoints should have been
shown in more than one large-scale trial and/or that the statistical ..
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. strength of evidence in a single trial be equivalent to that of
two or more trials. Typically, this would require a P-value for
the treatment effect in a single trial to be less than 0.00125.3

Replication of a treatment effect on morbidity and mortality is
commonly achieved with different members of a drug class and
may be achieved in different (and complementary) therapeutic
settings.

Based on these criteria, the following drug classes are consid-
ered to represent foundational treatments for heart failure and a
reduced ejection fraction.

Angiotensin receptor–neprilysin inhibition

Two large-scale trials with enalapril showed that interference with
the renin–angiotensin system reduces mortality in patients with
heart failure and a reduced ejection fraction.4,5 This approach
has been supported by trials with angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers in patients with heart
failure and/or left ventricular systolic dysfunction following an acute
myocardial infarction.6–8 Subsequently, the PARADIGM-HF trial
established the superiority of sacubitril/valsartan over enalapril,
thus establishing the importance of simultaneous inhibition of
neprilysin when interfering the renin–angiotensin system.9 When
compared with a conventional inhibitor of the renin–angiotensin
system, the magnitude of the incremental risk reduction with sacu-
bitril/valsartan was 20% for cardiovascular mortality and 20% for
hospitalizations for heart failure, with both effects being demon-
strated at statistically persuasive level of evidence (P < 0.00001).10

When compared with placebo, the estimated benefits of sacubi-
tril/valsartan are a 30–35% reduction in cardiovascular death and
a 45–50% reduction in hospitalizations for heart failure.11

Beta-adrenergic receptor blockers

Three trials (CIBIS II, MERIT-HF and COPERNICUS) demon-
strated that certain beta-blockers reduce the risk of all-cause
mortality and cardiovascular death by 30–35%, with a particu-
larly marked (nearly 50%) decrease in the risk of sudden cardiac
death; this benefit is accompanied by a 30% decrease in the risk of
hospitalization for heart failure.12–16 These favourable effects have
been demonstrated in patients with mild, moderate and severe
heart failure and have been statistically persuasive within each trial.
The evidence supports the use of bisoprolol, carvedilol and meto-
prolol succinate, in contrast to other members of the drug class.
These findings are supported by other large-scale trials in patients
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with heart failure and a reduced ejection fraction and in trials of
survivors of a myocardial infarction with left ventricular systolic
dysfunction or heart failure.17–20

Mineralocorticoid receptor antagonists

Two trials (RALES and EMPHASIS-HF) demonstrated a 25–30%
reduction in the risk of all-cause mortality and cardiovascular
death, which was accompanied by a 35–40% decrease in the risk
of hospitalization for heart failure.21,22 These benefits have been
demonstrated with both eplerenone and spironolactone and in
patients with mild as well as moderate-to-severe symptoms. These
findings are supported by the findings of favourable effects of
mineralocorticoid receptor antagonists in other large-scale trials
in patients with post-infarction left ventricular dysfunction and in
diabetes-related chronic kidney disease.23,24

Sodium–glucose co-transporter 2 inhibitors

Two trials (DAPA-HF and EMPEROR-Reduced) demonstrated a
30% reduction in the risk of hospitalizations for heart failure
when patients were treated with dapagliflozin or empagliflozin.25,26

A benefit of similar magnitude has been seen with different
inhibitors of SGLT2 in large-scale trials of patients with type
2 diabetes, including those who have heart failure or are at
increased risk of serious heart failure events.27–30 In addition,
SGLT2 inhibitors have been shown to reduce the risk of car-
diovascular death or all-cause mortality in trials of patients
with chronic heart failure, type 2 diabetes and chronic kid-
ney disease25,31,32; this benefit on survival has been supported
by a meta-analysis of trials in patients with heart failure and a
reduced ejection fraction and a meta-analysis of trials in patients
with diabetes.33,34

For purposes of this paper, the following interventions are not
considered foundational therapy, even though they may be valuable
options for selected patients with heart failure and a reduced
ejection fraction.

1. Certain cardiac devices or cardiovascular procedures (e.g.
implantable cardioverter-defibrillators, cardiac resynchroniza-
tion therapy and transcatheter mitral valve repair) have been
shown to reduce both morbidity and mortality in selected
patients with heart failure and a reduced ejection fraction.35–39

However, with the advent of comprehensive neurohormonal
blockade (particularly with the use of beta-blockers), the
risk of sudden death in patients with heart failure and left
ventricular systolic dysfunction has declined considerably,40

and neurohormonal antagonists can ameliorate the severity
of functional mitral regurgitation without the need for struc-
tural repair.41,42 Consequently, device therapies are typically
recommended after all appropriate drug therapies have been
prescribed and optimized.43 When these prerequisites have
been fulfilled, cardiac devices are appropriate for selected
patients (e.g. those with left bundle branch block or with
residual severe mitral regurgitation), but these typically repre-
sent a relatively small proportion of patients with heart failure
and a reduced ejection fraction. In addition, the expense of ..
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.. these devices may limit their availability to many patients and
in many geographical regions with constrained healthcare
resources.

Prevention of sudden death in patients with left ventric-
ular systolic dysfunction is of paramount importance, but the
available evidence indicates that its pathogenesis may involve
mechanisms that often do not involve a sustained ventricular
tachyarrhythmia, and thus, may not be amenable to treatment
with an implantable cardioverter-defibrillator.44–47 Impor-
tantly, a reduction in the risk of sudden death underlies many
of the survival benefits of angiotensin receptor–neprilysin
inhibitors, beta-blockers, mineralocorticoid receptor
antagonists and SGLT2 inhibitors13,14,27,46–49; in contrast,
conventional inhibitors of the renin–angiotensin system may
not prevent sudden death.50 Foundational drugs can inhibit
neurohormonally mediated ventricular tachyarrhythmias,
and they may also mitigate the development of adverse
remodelling that can cause sudden deaths that are related
to the rapid cascading failure of myocardial microadapta-
tions, which becomes manifest as asystole, electromechanical
dissociation, or a terminal bradyarrythmia.45,46,51 The dual-
ity of the mechanisms leading to sudden cardiac death
likely explain why implantable cardioverter-defibrillators
do not prevent many sudden deaths44,52 and why neuro-
hormonal antagonists can prevent sudden death even in
patients who have an implantable cardioverter-defibrillator in
place.48,51

2. Certain pharmacological interventions have been shown to
be effective in the management of patients with heart fail-
ure and a reduced ejection fraction, but the magnitude of
the overall treatment effects has been modest; the strength
of evidence (as reflected by the level of statistical signifi-
cance) has not been persuasive; and reported benefits may
be confined to specific subgroups. In large-scale trials, veri-
ciguat, omecamtiv mecarbil, ivabradine and digoxin have been
shown to reduce the combined risk of cardiovascular death
and hospitalization for heart failure, but the relative risk reduc-
tion for many of these agents has been less than 10–20%,
with no overall benefit on cardiovascular death.53–56 Further-
more, the strength of evidence—even for the combined risk
of morbidity and mortality—has often not been compelling
(i.e. a P-value of 0.01 to 0.05 in a single trial), and occa-
sionally, other trials in patients with left ventricular systolic
dysfunction have yielded non-confirmatory results.57 Because
any favourable effect may be confined to subgroups,53–55 these
agents—along with the combination of hydralazine and isosor-
bide dinitrate58 —may be appropriate for use in selected
patients.

Do the benefits of foundational drugs
depend on background therapy?
Assuming that there are four foundational pharmacological treat-
ments for patients with heart failure and a reduced ejection
fraction, it is important to ask if the efficacy of each treatment is
influenced (favourably or unfavourably) by co-administration of the

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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other therapies. Are angiotensin receptor–neprilysin inhibitors
effective only in patients receiving beta-blockers? Are the benefits
of SGLT2 inhibitors evident only if patients are receiving miner-
alocorticoid receptor antagonists? It is understood that each drug
class was tested in patients already receiving certain background
therapy; however, the fact that background therapy was present
does not imply that the background therapy was needed for the
study medication to have demonstrated efficacy in a large-scale
trial.

It is therefore noteworthy that the totality of evidence from
randomized controlled trials strongly indicates that background
therapy does not influence the response to each of the foun-
dational drug classes (Table 1).59 In general, for patients with
heart failure and a reduced ejection fraction, beta-blockers were
tested in patients already receiving conventional inhibitors of the
renin–angiotensin system.12–14 However, in the post-infarction
setting, the converse was true, i.e. angiotensin-converting enzyme
inhibitors were typically tested in patients already receiving
beta-blockers.6,7 In patients with left ventricular dysfunction or
heart failure following a myocardial infarction, beta-blockers were
shown to reduce mortality in trials with and without background
therapy with an angiotensin-converting enzyme inhibitor.18,20

Furthermore, the first trial with a mineralocorticoid receptor
antagonist (RALES) tested spironolactone in patients who were
largely not receiving a beta-blocker,21 but the second trial of
the drug class (EMPHASIS-HF) tested eplerenone in a setting
where most patients were receiving a beta-blocker as background
therapy22; the benefits reported in the two trials were similar.
Enalapril was effective in reducing mortality in a trial in which
>50% of the patients received spironolactone and in a trial
where potassium-sparing diuretics were prescribed to <10%.4,5

In the large-scale trials with sacubitril/valsartan and with SGLT2
inhibitors, the favourable effects of both drug treatments were
similar whether patients were or were not receiving a mineralo-
corticoid receptor antagonist.11,25,26 Moreover, SGLT2 inhibitors
were effective in reducing hospitalizations for heart failure in
patients with type 2 diabetes (with a magnitude similar to that
seen in patients with heart failure and a reduced ejection frac-
tion), but most of the patients in these trials were not receiving
spironolactone or eplerenone.27–29 Finally, in the two trials of
SGLT2 inhibitors in heart failure with a reduced ejection fraction,
background therapy with a neprilysin inhibitor did not minimize
the benefits of treatment with dapagliflozin and empagliflozin.33,60

Background therapy has influenced the effects of the study med-
ication only when the treatments unequivocally interfered with
the same pathophysiological pathway (i.e. angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers and renin
inhibitors).61,62

The lack of a meaningful interaction with respect to the efficacy
of the four foundational treatments for heart failure and a reduced
ejection fraction has two important implications for the rational
use of these drugs in the clinical setting. First, the lack of an
interaction with respect to efficacy strongly supports the common
belief that each drug class acts to mitigate the progression of
the cardiomyopathic process by a distinct pathophysiological
mechanism.59 Angiotensin receptor blockade, beta-adrenergic ..
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.. receptor blockers and mineralocorticoid receptor antagonists
interfere with the deleterious actions of angiotensin II, nore-
pinephrine and aldosterone, respectively. Neprilysin inhibition
potentiates the actions of endogenous peptides that mitigate
adverse ventricular remodelling,63 and the favourable effects of
SGLT2 inhibitors on cardiac remodelling may be related to their
actions to augment nutrient deprivation signalling, resulting in
favourable effects on cardiomyocyte function and survival.64,65

Second, the lack of an interaction with respect to efficacy implies
that decisions regarding the optimal sequencing of drugs need not
depend on the precise order in which these drugs were tested
in clinical trials. Drugs with therapeutic advantages and improved
tolerability and ease-of-use should be prioritized even if they
were introduced into clinical practice only recently. This princi-
ple is already widely practiced; e.g. even though most patients
who participated in trials of angiotensin-converting enzyme
inhibitors and beta-blockers were receiving digoxin as background
therapy,4,5,12–14 physicians do not currently consider the use of
cardiac glycosides to be a prerequisite for the use of drugs that
interfere with the renin–angiotensin or sympathetic nervous
systems.

One trial (CIBIS III) was specifically designed to determine
if initiation of treatment with a beta-blocker differed meaning-
fully from initiation of treatment with an angiotensin-converting
enzyme inhibitor.66,67 A total of 1010 patients with heart failure
and a reduced ejection fraction were randomized to bisoprolol
10 mg daily or enalapril 20 mg daily for 6 months, followed by
combined therapy thereafter; the primary endpoint was all-cause
mortality and all-cause hospitalization. There were 65 deaths and
151 hospitalizations for any reason in the bisoprolol-first group,
and 73 deaths and 159 hospitalizations for any reason in the
enalapril-first group. Patients treated with a beta-blocker were less
likely to die suddenly, but were more likely to experience early
non-fatal worsening of heart failure early following initiation of
treatment. At 1 year, mortality was approximately 30% lower in
the patients who had been first started on bisoprolol (P = 0.065).
The results of the trial provide direct support for the premise that
a beta-blocker can be used successfully as the first neurohormonal
antagonist for the treatment of heart failure and a reduced ejec-
tion fraction, a situation akin to the use of beta-blockers before
angiotensin-converting enzyme inhibitors in the post-infarction
setting.6,7

Does the safety of each drug depend
on background therapy?
In contrast to the lack of an interaction with respect to measures
of efficacy, there is considerable evidence that background therapy
can influence the safety and tolerability of foundational drugs for
heart failure and a reduced ejection fraction.

The use of diuretics exerts a significant effect on the safety
of neurohormonal antagonists. Treatment with angiotensin-
converting enzyme inhibitors and angiotensin receptor block-
ers is frequently accompanied by early hypotension as well
as meaningful worsening of renal function.68 These effects are
related to inhibition of the systemic and intrarenal effects of

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Influence of background therapy on effects of foundational drugs on major outcomes

Drug Class Trial Distinguishing 
feature 

Endpoint
reported 

Hazard Ratio 
(95% CI) 

Beta-blockade following 
acute myocardial 

infarction 

(with or without 
ACE inhibitors) 

BHAT None receiving 
ACE inhibitors 

All-cause
mortality

≈0.73 

CAPRICORN
(carvedilol) 

Most receiving 
ACE inhibitors 

0.77 
(0.60-0.98) 

ACE inhibitors 

(with or without 
beta-blockade) 

SAVE 
(captopril) 

Post-infarction patients 
with LV systolic 

dysfunction, 35-40% on 
beta-blockers All-cause

mortality

0.81 
(0.68-0.97) 

SOLVD
Treatment 
(enalapril) 

Heart failure with LV 
systolic dysfunction, no 

use of beta-blockers 

0.84 
(0.74-0.95) 

ACE inhibitors 

(with or without 
mineralocorticoid receptor 

antagonists) 

CONSENSUS
(enalapril) 

>50% receiving 
mineralocorticoid 

receptor antagonist 
All-cause
mortality

≈0.73 

SOLVD
Treatment 
(enalapril) 

No recorded use of 
mineralocorticoid 

receptor antagonist 

0.84 
(0.74-0.95)

Mineralocorticoid 
receptor antagonists 

(with or without 
beta-blockade) 

RALES
(spironolactone) 

≈10% on a
beta-blocker 

All-cause
mortality

0.70 
(0.60-0.82) 

EMPHASIS-HF
(eplerenone) 

>85% on a 
beta-blocker 

0.76 
(0.62-0.93)

Sacubitril/valsartan 

(with or without 
mineralocorticoid receptor 

antagonists) 

PARADIGM-HF

Receiving
mineralocorticoid 

receptor antagonist Cardiovascular 
death 

0.84 
(0.73-0.98) 

Not receiving 
mineralocorticoid 

receptor antagonist 

0.75 
(0.63-0.89) 

SGLT2 inhibitors 

(with or without 
neprilysin inhibitors) 

DAPA-HF and 
EMPEROR-

Reduced 

Receiving neprilysin 
inhibitor Cardiovascular 

death or 
hospitalization for 

heart failure 

0.68 
(0.53-0.89) 

Not receiving 
neprilysin inhibitor 

0.75 
(0.68-0.84) 

ACE, angiotensin-converting enzyme; CI, confidence interval; LV, left ventricular; SGLT2, sodium–glucose co-transporter 2.

angiotensin II, and are particularly notable in patients receiving
high doses or longer-acting agents.69,70 Yet, the severity of both
reactions can be ameliorated by a decrease in the dose of con-
comitantly administered diuretics.68,71 A reduction in the dose
of diuretics may also ameliorate the hypotensive response to
angiotensin receptor–neprilysin inhibition.72 Conversely, initiation
of treatment with a beta-blocker is often accompanied by fluid
retention, which can lead to worsening heart failure during
1–2 weeks, particularly in patients with advanced symptoms.66,73

Intensification of concomitantly administered diuretics—either
prior to initiation of treatment or expeditiously in response to ..
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. increases in body weight—can mitigate the early increase in

heart failure events. Accordingly, even though the COPERNICUS
trial enrolled patients with severe heart failure, a protocol
directive to intensify diuretics to ensure clinical euvolaemia
prevented the early increased risk of worsening heart failure,
an adverse event that was seen in the large-scale beta-blocker
trials that did not mandate a pre-emptive diuretic intensification
strategy.12–14,66

Initiation of treatment with an angiotensin receptor blocker,
a neprilysin inhibitor and carvedilol can produce meaningful
decreases in systolic blood pressure, which can be symptomatic

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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in some patients. This reaction typically dissipates with repeated
exposure to the same dose, even in the absence of changes
in concomitant therapy, presumably as a result of circulatory
adaptions.73 For these reasons, treatment with these drugs
is typically initiated in low doses, and doses are increased
when the tolerability of prescribed doses has been established
in individual patients. Although it can be hypothesized that
sacubitril/valsartan might produce greater decreases in blood
pressure in patients treated with carvedilol, there is little clinical
experience to support this concern in patients whose blood
pressure has been stable while receiving long-term treatment with
carvedilol.

Patients with heart failure receiving neurohormonal antagonists
are monitored to ensure that serum electrolytes and renal function
are not adversely affected to a clinically meaningful degree. Wors-
ening renal function is commonly seen with the use of conventional
inhibitors of the renin–angiotensin system and the use of min-
eralocorticoid receptor antagonists71,74; the decline in glomerular
filtration rate with an angiotensin-converting enzyme inhibitor can
be lessened if neprilysin inhibition is added to angiotensin recep-
tor blockade.75 Long-term treatment with a SGLT2 inhibitor has
favourable effects to slow the progressive decline in glomerular
filtration rate in patients with heart failure26,33,76,77; accordingly,
this class of drugs may facilitate the utilization of angiotensin
receptor blockers or mineralocorticoid receptor antagonists,
whose appropriate use might be discouraged by the advent of
worsening renal function. Similarly, hyperkalaemia can compli-
cate the use of mineralocorticoid receptor antagonists, but this
risk appears to be reduced by concomitant treatment with a
neprilysin inhibitor or SGLT2 inhibitor.78,79 As a result of these
favourable interactions, the effects of sacubitril/valsartan and an
SGLT2 inhibitor to mitigate the development of renal insufficiency
and hyperkalaemia argues for their pre-emptive use in patients
who are destined to be treated with a mineralocorticoid receptor
antagonist.

What are the early effects of starting
doses of foundational therapy?
In most large-scale clinical trials of drugs for heart failure,
double-blind treatment was typically initiated at low doses, and
if tolerated, the dose of double-blind therapy was increased at
specified intervals until a target dose was achieved. This design
feature has allowed investigators to estimate the magnitude
of the early treatment effects of low doses and to compare
these estimates to the effect seen with target doses admin-
istered during the total duration of double-blind treatment
(Table 2).

The findings of the analyses of the early effects of low doses
are highly instructive. In the SOLVD Treatment trial, low starting
doses of enalapril yielded favourable effects on the combined
risk of death and hospitalization for heart failure during the first
2–4 weeks of treatment which were comparable to those seen
with target doses of enalapril during the duration of the trial.80

In the COPERNICUS trial, low starting and sub-target doses
of carvedilol produced favourable effects to reduce the risk of ..
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.. death or hospitalization for any reason, and these benefits became
apparent at 30 days of randomization.81 In the EPHESUS trial with
eplerenone, low starting doses of the mineralocorticoid receptor
antagonists reduced the risk of death within the first 4 weeks of
treatment.82 In all three trials, the magnitude of the benefit seen
very early following initiation of therapy was comparable to or
greater than that seen in the trial overall, even though the dose
of the study medication had not yet been increased to the target
dose specified in the protocol.

These observations suggest that low starting doses of neuro-
hormonal antagonists achieve most of the benefit expected from
the use of target doses. Large-scale trials that were specifically
designed to compare the long-term efficacy of low starting doses
and high target doses have largely confirmed this hypothesis. In the
ATLAS trial with lisinopril and in the HEAAL trial with losartan,69,83

patients were randomized to very high doses or very low doses
of a conventional inhibitor of the renin–angiotensin system. In
both trials, high target doses did not provide a survival benefit,
and the incremental benefit of high doses on the primary end-
point of both studies was modest. However, as compared with
low starting doses, the use of high doses was accompanied by
more hypotension, renal insufficiency and hyperkalaemia. In the
EMPHASIS-HF trial, the use of low doses of eplerenone in patients
with impaired renal function yielded effects on morbidity and mor-
tality similar to those seen with higher doses of the drug in patients
with preserved renal function.84 Limited data with carvedilol in
a small parallel-group trial also support the premise that much
of the benefit with high target doses can be achieved with low
starting doses.85 Observational data from the PARADIGM-HF trial
indicate that patients down-titrated to low starting doses of sacu-
bitril/valsartan achieved benefits comparable to those maintained
at target doses of the drug.86

These findings, taken collectively, strongly suggest that the ini-
tiation of treatment with a low dose of a new drug class is likely
to yield benefits on serious adverse heart failure outcomes that
are greater than those that can be achieved by up-titrating the
dose of an existing therapy. Importantly, this conclusion is highly
consistent with the design of all of the landmark heart failure
trials, which enrolled and randomized patients to placebo or a
new treatment, even though most participants were not receiving
the highest tolerated doses of previously established foundational
treatments.10

The analyses of the early effects of treatment in the large-scale
randomized trials with angiotensin-converting enzyme inhibitors,
beta-blockers and mineralocorticoid receptor antagonists not only
support the efficacy of low starting doses, but these findings also
support the general conclusion that the benefits of foundational
drugs are seen very rapidly following initiation of treatment.
In addition to the early benefits seen in the SOLVD Treatment,
COPERNICUS and EPHESUS trials (noted above), it is noteworthy
that, in the PARADIGM-HF trial with sacubitril/valsartan, the ben-
efit of neprilysin inhibition to reduce the risk of hospitalization for
heart failure was large and was statistically significant within 30 days
following randomization.87 Similarly, the benefit of SGLT2 inhibitors
to reduce the risk of hospitalization for heart failure was clinically
meaningful and statistically significant within the first 2–4 weeks
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Table 2 Early effects of foundational treatments on major outcomes in large-scale trials

Trial
Study drug; 
starting and 
target doses 

Endpoint 
reported 

Time of 
assessment 

Dose at time of 
assessment 

Hazard ratio 
(95% CI) 

Comments 

SOLVD
Treatment 

Enalapril 

Starting dose: 
2.5-5 mg BID 

Target dose 
10 mg BID 

All-cause 
mortality or 

hospitalization 
for heart failure 

Effect at 
14 days 

Enalapril 
2.5-5 mg BID 

0.65 
(0.39-1.06) 

Effect size with 
starting dose at 

14 days 
comparable 

to overall trial 

Effect at 
30 days 

Mixture of starting 
and target doses

0.49 
(0.33-0.73)

Effect in overall trial 
(mean follow-up, 

41 months) 

Mean: 16.6 mg 
daily overall 

0.74 
(0.66–0.82) 

COPERNICUS 

Carvedilol 

Starting dose: 
3.125 mg BID 

Target dose: 
25 mg BID 

All-cause 
mortality in 
high-risk
patients 

Effect at 
8 weeks 

Mean: 6.5 mg BID 
at 4 weeks and 

11.6 mg BID at 6 
weeks 

0.20 
(0.06-0.70) 

Major
separation of 
Kaplan-Meier 
curves at 4 

weeks 
Effect in overall trial 

(mean follow-up,
10.5 months) 

Mean: 18.5 mg BID 
at 4 months 

0.61 
(0.41-0.89) 

All-cause 
mortality or all-

cause
hospitalization 

in high-risk 
patients 

Effect at 
8 weeks 

Mean: 6.5 mg BID 
at 4 weeks and 

11.6 mg BID at 6 
weeks 

0.71 
(0.48-1.04) Major

separation of 
Kaplan-Meier 
curves at 4 

weeks 
Effect in overall trial 

(mean follow-up, 
10.5 months) 

Mean: 18.5 mg BID 
at 4 months 

0.71 
(0.56-0.89) 

EPHESUS 

Eplerenone 

Starting dose: 
25 mg QD 

Target dose: 
50 mg QD 

All-cause 
mortality 

Effect at 
30 days 

25 mg QD by 
study design 

0.69 
(0.54, 0.89) 

Significant 
effect with 

starting dose 
at 30 days 

Overall effect 
(mean follow-up, 

16 months) 

42.6 mg QD 
overall 

0.85 
(0.75, 0.96) 

Sudden cardiac 
death 

Effect at 
30 days 

25 mg QD by 
study design 

0.63 
(0.40, 1.00) 

Significant 
effect with 

starting dose 
at 30 days 

Overall effect 
(mean follow-up, 

16 months) 

42.6 mg QD 
overall 

0.79 
(0.64, 0.97) 

PARADIGM-HF

Sacubitril/valsartan

97/103 mg BID 
(randomized at 

target dose) 

Cardiovascular 
death or 

hospitalization 
for heart failure 

Effect at 30 days 

Most patients 
maintained at 
target dose 

0.65 
(0.45-0.93) 

Significant 
effect at 30 

days 
Effect in overall trial 
(median follow-up,  

27 months) 

0.80 
(0.73, 0.87) 

EMPEROR-
Reduced 

Empagliflozin 

Starting dose: 
10 mg QD

Target dose: 
10 mg QD

Cardiovascular 
death and 

hospitalization 
or urgent visit 
for worsening 
heart failure 

Effect at 12 days 10 mg QD 
0.42 

(0.19-0.92) 
Significant 
effect with 

starting dose 
within 28 days 

Effect at 28 days 10 mg QD 
0.67 

(0.44-1.00) 

Effect in overall trial 
(median follow-up, 

16 months) 
10 mg QD 

0.76 
(0.67-0.87) 

DAPA-HF

Dapagliflozin 

Starting dose: 
10 mg QD

Target dose: 
10 mg QD

Cardiovascular 
death and 

hospitalization 
or urgent visit 
for worsening 
heart failure 

Effect at 28 days 10 mg QD 
0.51 

(0.28-0.94) Significant 
effect with 

starting dose 
within 28 days 

Effect in overall trial
(median follow-up,

18 months) 
10 mg QD 

0.74 
(0.65-0.85) 

BID, twice daily; CI, confidence interval; QD, once daily.

following randomization88; crucially, the starting doses and the tar-
get doses of SGLT2 inhibitors are identical. Trials using higher doses
of SGLT2 inhibitors in patients with type 2 diabetes have not shown
incremental benefits beyond those achieved with lower doses.31

These observations—derived from large-scale randomized
controlled trials with all four foundational drug classes for heart
failure and a reduced ejection fraction—indicate that meaningful ..

..
..

..
..

..
..

..
..

..
.. benefits accrue rapidly within a few weeks of initiating treatment,

supporting the conclusion that delays in initiating treatment are

inevitably accompanied by unnecessary death and hospitalization

for heart failure. Importantly, a large proportion of these serious

adverse outcomes can be prevented by the use of low or starting

doses of angiotensin receptor–neprilysin inhibitors, beta-blockers,

mineralocorticoid receptor antagonists and SGLT2 inhibitors.
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Conventional and novel
sequencing strategies
Limitations of a conventional sequencing
strategy
The conventional approach to the implementation of foundational
therapy for heart failure and a reduced ejection fraction is based
on two principles. First, physicians should initiate treatment with
classes of drugs in the historical order in which the drugs were
tested in clinical trials. Accordingly, patients should be started on
a conventional inhibitor of the renin–angiotensin system, then ini-
tiated on treatment with a beta-blocker and then a mineralocorti-
coid receptor antagonist, then switched to sacubitril/valsartan, and
then started on an SGLT2 inhibitor. Second, practitioners should
up-titrate treatment with each drug to the highest tolerated dose
and ensure tolerability with each drug class before moving onto
the next drug class.3

Physicians may be surprised to learn that this conventional
approach is not strongly evidence-based, since (as noted earlier)
large-scale randomized controlled trials that demonstrated the
efficacy of each new treatment typically enrolled patients who
were not receiving the highest tolerated doses of previously
established therapies. Furthermore, the conventional sequencing
of drug treatment gives priority to drugs that were developed
decades ago, even if drugs developed more recently proved to have
meaningful advantages (in terms of efficacy, safety or ease-of-use)
over earlier treatments. Physicians who believe that clinical practice
should recapitulate the conditions of clinical trials should take note
of the fact that the use of digoxin as background therapy has
declined meaningfully over the years, even though most patients
enrolled in the landmark trials with angiotensin-converting enzyme
inhibitors and beta-blockers were treated with cardiac glycosides.

Most importantly, the conventional sequencing and up-titration
of drug treatments based on historical development requires a
dedicated practitioner coupled with a strong patient–physician
relationship that is capable of supporting numerous patient visits
spaced over a period of 6 months or more. These prerequisites
are distinctly uncommon in clinical practice, explaining why only a
small fraction of patients with heart failure and a reduced ejection
fraction are receiving all four foundational treatments in doses that
are considered to be therapeutically effective.2

Development of a new rapid sequencing
strategy
We propose a new sequencing strategy that is based on four
key findings from large-scale randomized controlled trials. First,
since treatments act to reduce morbidity and mortality within
4 weeks of initiating therapy, patients should be started on all
four foundational drug classes as rapidly as possibly, e.g. within
4 weeks. Second, since the efficacy of each foundational drug class is
independent of treatment with the other drug classes, the historical
sequence of drug development can be discarded, and the priority
of drugs can be determined by considerations of relative efficacy,
safety and ease-of-use. Third, low starting doses of foundational ..
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.. drugs have meaningful therapeutic benefits, and achievement of
low starting doses of all four foundational drugs should take
precedence over up-titration of any individual drug class to target
doses. Fourth, since drugs used for the treatment of heart failure
can influence the tolerability of other foundational agents, proper
sequencing can be based on whether agents started earlier can
enhance the safety of agents started simultaneously or later in the
sequence.

For all of the reasons enumerated above, we propose an accel-
erated three-step approach, based on the assumptions that (i)
patients have been stabilized with the use of diuretics to achieve
clinical euvolaemia; and (ii) patients are not already receiving one
or more of the foundational drugs for heart failure or for conditions
that preceded the development of heart failure (e.g. hypertension,
myocardial ischaemic disease, or type 2 diabetes).

Step 1. Simultaneous initiation of a beta-blocker and an
SGLT2 inhibitor

Based on the evidence from randomized controlled trials, which
of the foundational agents should be initiated as the first step? In
our view, the most serious and unexpected complication of heart
failure and a reduced ejection fraction is sudden cardiac death,
and the most effective and rapidly-acting means of preventing
such death is beta-adrenergic blockade, presumably because
beta-blockers interfere with catecholamine-related ventricular
tachyarrhythmias.12,13 Additionally, among the four foundational
drug classes, beta-blockers are most likely to exert favourable
effects on left ventricular remodelling during long-term treatment,
yielding important recovery of a depressed ejection fraction.89,90

However, for beta-blockers to be initiated safely (regardless of their
position in the sequence), physicians should ensure that patients
are clinically euvolaemic before the start of treatment and that
concurrently administered diuretics are promptly intensified if fluid
retention (as evidenced by weight gain) occurs. Failure to do so may
explain why initiation of beta-blockade can result in early worsening
of heart failure, which can be avoided (even in patients with severe
symptoms) if clinical euvolaemia is achieved and maintained.14,66

Because of the predilection of beta-blockers to cause fluid
retention, we favour a strategy where beta-blockers are combined
with an SGLT2 inhibitor as the first step in drug sequencing. As
a result of their actions on sodium and glucose transport in the
proximal renal tubule, SGLT2 inhibitors promote a short-term
osmotic diuresis,91,92 which may contribute to the established
ability of this drug class to reduce worsening heart failure events, a
benefit that is seen rapidly following initiation of treatment.88 This
early effect may help to minimize the risks of fluid retention that
can be seen following initiation of treatment with a beta-blocker.
SGLT2 inhibitors also exert a striking nephroprotective effect,
as evidenced by a slowing of the decline in glomerular filtration
rate during long-term therapy.76,77 This favourable effect on kidney
function is especially important since several other foundational
drugs (e.g. angiotensin receptor blockers and mineralocorticoid
receptor antagonists) often act to worsen renal function in patients
with heart failure and a reduced ejection fraction.71,74 Importantly,
treatment with a beta-blocker and an SGLT2 inhibitor does not
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require specialized safety monitoring or laboratory testing. As
a result, the ability of patients to tolerate a combination of
a beta-blocker and an SGLT2 inhibitor can generally be fully
established within 2 weeks of starting outpatient treatment with
both classes of drugs.

Step 2. Initiation of an angiotensin receptor–neprilysin
inhibitor

Sacubitril/valsartan has a rapid and profound effect to lower natri-
uretic peptides, a biomarker of cardiac wall stress, which may
portend a beneficial effect on cardiac remodelling.93 When com-
pared with placebo, the magnitude of the survival effect of sacu-
bitril/valsartan is comparable with that seen with beta-blockers
(including a reduction in sudden death), but it is additive to
the benefits of beta-blockers.11 Adding a neprilysin inhibitor to
an angiotensin receptor blocker greatly enhances the therapeu-
tic effects of a conventional inhibitor of the renin–angiotensin
system, while minimizing the possibility that inhibition of the
renin–angiotensin system can worsen renal function.75 Further-
more, neprilysin inhibition can prevent the excess hyperkalaemia
that can be seen with a mineralocorticoid receptor antagonist.78

The major concern of initiating treatment with sacubitril/valsartan
is symptomatic hypotension, which can be minimized by the use
of low doses followed by gradual up-titration and/or by a reduc-
tion in the dose of concomitantly administered diuretics.72,94 If
hypotension is troublesome (i.e. when the pre-treatment systolic
blood pressure is <100 mmHg), it may be preferable to initi-
ate treatment and establish the tolerability of valsartan alone,
before switching patients to an angiotensin receptor–neprilysin
inhibitor.94,95

Step 3. Initiation of a mineralocorticoid receptor
antagonist

Spironolactone and eplerenone reduce morbidity and mortality
(including a benefit on sudden cardiac death), and major advan-
tages of these drugs include once-daily dosing, minimal up-titration
and a modest effect on blood pressure96; however, treatment
with mineralocorticoid receptor antagonists can worsen renal
function and produce hyperkalaemia.74,97 Therefore, when starting
a mineralocorticoid receptor antagonist, it seems advisable to
have patients treated with a neprilysin inhibitor and an SGLT2
inhibitor, since these two drugs may mitigate the effect of spirono-
lactone and eplerenone to worsen azotaemia and increase serum
potassium, and thereby, increase the likelihood that patients can
be maintained on long-term treatment with a mineralocorticoid
receptor antagonist.98

It is important to note that the sequencing of Step 2 and
Step 3 can be appropriately modified under certain circumstances.
For example, treatment with spironolactone or eplerenone may
be considered as Step 2 and initiated before sacubitril/valsartan
if the patient seems unlikely to tolerate the hypotensive effects
of angiotensin receptor–neprilysin inhibition, e.g. patients with a
systolic blood pressure <100 mmHg. Additionally, if a patient is
already receiving treatment with a conventional inhibitor of the
renin–angiotensin system, it is appealing to consider switching to ..
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.. sacubitril/valsartan and initiating treatment with a mineralocorti-
coid receptor antagonist at the same time. Simultaneous inhibi-
tion of the actions of neprilysin and aldosterone is not expected
to produce any meaningful adverse interaction. By contrast, we
would be reluctant to start sacubitril/valsartan and a mineralo-
corticoid receptor antagonist simultaneously in a patient who is
not already receiving an angiotensin-converting enzyme inhibitor
or angiotensin receptor blocker, since the combination can result
in worsening renal function or hyperkalaemia unless the tolerabil-
ity of a conventional inhibitor of the renin–angiotensin system has
been firmly established in an individual patient.

Once all four foundational drugs have been initiated within
4 weeks, physicians can then increase the dose of each drug
towards the target doses used in clinical trials, as tolerated
by the patient. Such up-titration may be particularly important
with respect to the use of beta-blockers. In the COMET trial,
up-titration of carvedilol to target doses provided incremental
benefits with respect to all-cause mortality when compared with
medium doses of metoprolol tartrate; interestingly, this benefit
could not be predicted by the achievement of a target heart rate,
since the difference in resting heart rate between the carvedilol
and metoprolol groups in that trial was only 1 bpm.19,99

Alternative rapid sequencing strategies
Our proposal is one of many possible approaches to the rapid
sequencing of foundational therapy for heart failure and a reduced
ejection fraction. In many circumstances, it may be possible to
maintain the order of our steps, but to achieve them more quickly;
conceivably, in some patients, it may be possible to initiate all four
classes of drugs within 4 days rather than 4 weeks. This possibility
is particularly achievable if patients were already receiving one or
more of the foundational drug classes, which were prescribed for
heart failure or for a concurrent disorder. It is also reasonable to
propose different sequences, e.g. to consider sacubitril/valsartan
to represent a first step, either alone or in combination with an
SGLT2 inhibitor, to be followed by simultaneous treatment with a
beta-blocker and a mineralocorticoid receptor antagonist as Step
2.100 However, we believe that it may not be very useful to debate
the advantages and disadvantages of subtle differences in various
rapid sequencing strategies. In the final analysis, if physicians achieve
the goal of implementing four foundational drug classes within a few
days or weeks, then the specific ordering of drug treatments should
not matter very much.

Conclusions
The findings of large-scale randomized controlled trials indicate
that (i) the efficacy of each foundational drug is independent of
treatment with other drugs; (ii) low starting doses of foundational
drugs have substantial therapeutic benefits, and achievement of
low starting doses of all four drug classes should take precedence
over up-titration of any individual drug class to target doses; (iii)
treatments act to reduce morbidity and mortality very rapidly,
i.e. within 4 weeks of initiating therapy; and (iv) certain drugs can
influence the tolerability of other foundational agents, and thus,
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proper sequencing can enhance the safety of agents started later in
the sequence. These observations have led us to propose a novel
evidence-based rapid sequencing strategy, which achieves initiation
of all four foundational drug classes within 4 weeks. Alternative
rapid sequencing strategies can be proposed, and even simulta-
neous initiation (as is recommended for patients with an acute
myocardial infarction) may also be reasonable in selected patients.
Regardless of the specific approach, rapid sequencing has the
potential to dramatically improve the adoption and effective imple-
mentation of treatments that reduce the morbidity and mortality
of patients with heart failure and a reduced ejection fraction.
Conflict of interest: M.P. and J.J.V.McM. have been the principal
investigators of many of the trials described in this manuscript and
have received financial support from the companies that sponsored
these trials.
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