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Abstract

Over the last 15–20 years, remarkable developments of heart failure (HF) pharmacotherapies have been achieved. However,
HF remains a global healthcare challenge with more than 64 million patients worldwide. Optimization of guideline-directed
chronic HF medical therapy is highly recommended with every patient visit to improve outcomes in patients with HF with re-
duced ejection fraction. However, the majority of patients in real-world settings are treated with doses that are lower than
those with proven efficacy in clinical trials, which might be due to concerns of adverse effects and inertia of physicians. Like-
wise, a significant proportion of patients still do not receive all drug classes that could improve their prognosis. The recent
European Society of Cardiology guidelines do not provide detailed recommendations on how these drug classes should be im-
plemented in the treatment of inpatients to allow for both safety and a high likelihood of efficacy. We therefore propose a
practical approach algorithm to support physicians to treat HF patients in their daily practice.
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Introduction

Over the last 15–20 years, a remarkable progress of heart fail-
ure (HF) pharmacotherapies has been witnessed.1,2 Despite
improvements in HF care, HF is still a challenging condition
for healthcare systems with more than 64 million affected pa-
tients worldwide.1–4 For illustration, between 2000 and 2017
in Germany, the number of HF hospitalizations has almost
doubled, and HF continues to be the most common cause
of in-hospital death and hospitalization.5,6

However, the majority of patients in real-world settings are
treated with doses that are lower than those with proven effi-
cacy in clinical trials, which might be due to concerns of ad-
verse effects and inertia of physicians. Likewise, a significant
proportion of patients still do not receive all drug classes that
could improve their prognosis.1,7,8 These include the four
foundational HFrEF drug classes that were effective in reduc-
ing morbidity and mortality.7 Indirect, however, strong evi-

dence from post hoc analyses of prospective randomized trials
suggests that efficacy occurs rapidly and even at low submax-
imal doses.1,2 This was shown for angiotensin-converting en-
zyme inhibitor (ACEi)/angiotensin receptor neprilysin inhibitor
(ARNi), beta-blockers (BBs), mineralocorticoid receptor antag-
onists (MRAs), and sodium–glucose co-transporter-2 inhibi-
tors (SGLT-2is)7 (Figure 1). Notably, much of the benefit of
these foundational treatments was apparent within the first
30 days after randomization1 (Figure 1). These findings dem-
onstrate that postponing treatment initiation might cause un-
necessary clinical events, and subsequently, therapy with all
four drug classes should, therefore, be achieved as early as
possible.1,8–10

However, the recent European Society of Cardiology (ESC)
guidelines do not provide any detailed recommendations on
how these four drug classes should be implemented.8 In real
world, HF patients are not on all recommended drugs, re-
ceive them too late, or receive doses that are lower than
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those tested and achieved in clinical trials.7,8 To attain the
highest likelihood for maximal efficacy and lowest risk for ad-
verse events, individual patient profiling could be helpful
when selecting and starting HFrEF drugs.8 Due to the variety
of individual patient characteristics, phenotyping to select the
therapy can be complex.7–10 Patient phenotyping may guide
personalized tailoring of drug therapies, while using all drug
classes to improve outcomes.8 Thus, there is a need for a
practical guidance in order to support the implementation
of all recommended drugs at highest possible doses in clinical
practice.

Three-stage decision therapy algorithm
for stable heart failure with reduced
ejection fraction patients

Time plays a significant role throughout the entire HF pa-
tient’s journey.1 We propose a practical approach in stable
patents irrespective of whether the patient presents with
acute decompensation or de novo or acute decompensation
of chronic HF (inpatient setting) or whether the patient is
seen at a regular checkup visit (outpatient setting). This ap-
proach can be helpful at every patient visit. Reviewing each

step at every patient visit can support physicians in routine
care. This decision algorithm only considers pharmacological
therapy options that can be prescribed by cardiologists, gen-
eral internists, and family doctors. Irrespective of medical
specialty, complex comorbidities in vulnerable patients need
to be discussed with specialists in a stepped care approach.
Recommendations for the initiation of device therapies or
heart transplantations are not covered by this treatment al-
gorithm and should be performed by specialists.7–10

Step 1: initiation

The time factor of HF treatment initiation from acute decom-
pensation to the treatment of the stable HF outpatients is
mandatory to improve prognosis.1 According to the clinical
presentation, the HF syndrome can be classified into acute
or chronic.8 Worsening of chronic HF accounts for 80–90%
of those patients hospitalized, whereas only 10–20% have
new-onset or advanced HF.1,11 The importance of rapid ther-
apy initiation to prevent cardiovascular (CV) events has al-
ready been proven in different studies.1–3 Initiation and opti-
mization of guideline-directed chronic HF therapy might be
important for patients already at or before discharge after

Figure 1 Time to significant treatment effects in the most major heart failure drug clinical trials. Notably, much of the benefit of these foundational
treatments was apparent within the first 30 days after randomization. CI, confidence interval.
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hospitalization for HF, to reduce early death and re-
hospitalization.1,2

In stable chronic HF patients, the randomized
PARADIGM-HF (Angiotensin–Neprilysin Inhibition versus
Enalapril in Heart Failure) trial showed that ARNI was supe-
rior to the standard of care enalapril in reducing HF hospital-
ization by 21%, CV mortality by 20%, and all-cause mortality
by 16%.12 The superiority of ARNI over enalapril in the
PARADIGM-HF was not accompanied by major safety issues
with an overall safety and tolerability comparable with
ACEi.12 The superiority of ARNI over ACEi in PARADIGM-HF
trial was independent of the aetiology and HF duration, back-
ground medications, blood pressure, and geography.13–18

The first important step is to establish treatment with the
four available prognosis-improving drug classes.1,2 Irrespec-
tive of the clinical situation, this should be done as early as
possible in all HFrEF patients; there is corresponding evi-
dence for each drug class of the ‘fantastic four’.

Furthermore, the clinical course of patients with HF is var-
iable, and the prognosis depends on comorbidities and the
severity of HF.7,8 Therefore, to attain the highest likelihood
for maximal efficacy and lowest risk for adverse events, indi-
vidual patient profiling could be helpful when selecting and
starting HFrEF drugs.8

The initiation of ARNI in patients hospitalized for acute de-
compensated HF (ADHF) shortly after haemodynamic stabili-
zation is feasible and safe.19 The PIONEER-HF trial included
patients during hospitalization for ADHF.19 ARNI led to a
greater unloading of the heart suggested by a stronger
reduction of N-terminal pro-brain natriuretic peptide
concentration and a reduction of exploratory outcomes
(HF re-hospitalizations, death, and heart transplantation)
compared with enalapril therapy without safety concerns.19

Prior to implementation of an ARNI into HFrEF therapy,
various risk factors, such as a history of angioedema or a sys-
tolic blood pressure <90 mmHg, should be excluded. In
ACEi-pretreated patients, a washout period of at least 36 h
must be considered.7 Systolic blood pressure levels
<100 mmHg after therapy initiation should not lead to ARNI
treatment discontinuation. Real-world data show that the
systolic blood pressure increases 4 months after ARNI initia-
tion due to improvements in the cardiac output.17,19 To limit
the blood pressure lowering effect when initiating the
MRA therapy, eplerenone may be used instead of
spironolactone.20

BBs have been shown to reduce mortality and morbidity in
patients with HFrEF. CV death or hospitalizations for worsen-
ing HF increased by 3% with every beat per minute (b.p.m.)
increase from baseline heart rate and 16% for every 5 b.p.
m. increase with a direct association between lower heart
rate achieved after treatment initiation at 28 days and subse-
quently reduced cardiac outcomes.21 In agreement with this,
initiation of BB during AHF hospitalization leads to improved
haemodynamics by a sufficient decrease in HR21–23 and sub-

sequently improves clinical parameters of HF patients at
short term.22,23

Prior to implementation of a BB, patient characteristics,
such as second- or third-degree atrioventricular block, critical
limb ischaemia, or asthma (as relative contraindication),
should be considered.7

MRAs (spironolactone or eplerenone) are recommended,
in addition to an ACEi and a BB, in all patients with HFrEF
to reduce mortality and the risk of HF hospitalization.7 Prior
to implementation of an MRA, patient characteristics, such
as risk for hyperkalaemia (K+ > 5.0 mmol/L) or for severe re-
nal dysfunction [creatinine 221 μmol/L (2.5 mg/dL) or esti-
mated glomerular filtration rate (eGFR) <30 mL/min/
1.73 m2], should be considered.24 Clinical trial evidence for
timely therapy initiation of an MRA in different patient
groups is already available.25,26

Implementation of an SGLT-2i in HFrEF therapy is generally
straightforward due to its favourable tolerability profile and
its ease of administration (one dose, without titration).8,27,28

A meta-analysis of data from the DAPA-HF and
EMPEROR-Reduced studies consistently demonstrated
favourable outcomes and safety across a broad range of
HFrEF degrees of severity.29 The pooled results of these two
studies showed a significant reduction in CV death or first
hospitalization for HF and a composite renal endpoint.29 It
is important to note that these cardiorenal benefits were
present in a context of high utilization rates of standard HF
therapy (~92% treated with ACEi/ARNI, ~95% with a BB,
and ~71% with MRA) and were maintained regardless of
background HFrEF therapy (including ARNI use) or achieved
HF therapy target doses (≥50% or <50%).29,30 Finally, reduc-
tions in clinical outcomes were evident already within a few
weeks after SGLT-2i initiation, which is very relevant for clin-
ical care given that patients with HFrEF have a high risk of
re-hospitalization and a short survival at 30 days.27–30

According to data from the EMPULSE study, SGLT-2i can al-
ready be initiated while intravenous therapy is ongoing after
patient admission to the hospital.31 The efficacy and safety of
dapagliflozin in acute HF is currently being investigated in the
DICTATE-AHF trial.32

As an initial decline in eGFR following SGLT-2i initiation is
transient, treatment should not be discontinued.33–36 Of
note, risk reductions in mortality and morbidity for SGLT-2i
are independent of the eGFR dip.34–36 The severity of the ini-
tial eGFR dip varies according to factors including systolic
blood pressure and baseline eGFR and depends as well on
the diabetes status of the patient.35 Furthermore, empagliflo-
zin was effective and safe, with no significant interaction be-
tween systolic blood pressure and its effects.37

There is a need to assist physicians in the patient’s educa-
tion and clarification of the benefits of each drug class.38,39

However, it is important to emphasize that the aggregate
treatment effect of comprehensive pharmacological therapy
is substantial (risk reduction for hospitalization and all-cause
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mortality).40 Moreover, simultaneous initiation and continua-
tion of each medication may improve tolerance, adherence,
and persistence to the quadruple therapy regimen.7,9,10

Patients who are treated with all four drug classes and
who had initially been diagnosed with HFrEF but currently
present with improved ejection fraction (EF) (HF with mildly
reduced EF or even normal EF) should not discontinue their
treatment.41 However, due to lack of study data for this pa-
tient group, no specific treatment recommendations can be
provided at present.7 As treatment options improve and
broaden, the number of such patients will likely increase in
the future. These data form the basis for the recommenda-
tions of early treatment initiation with all drugs in the pro-
posed algorithm (Figure 2, initiation).

Step 2: titration

In a contemporary US registry with 2588 HFrEF patients,
around 70% of eligible HFrEF patients did not receive target
doses of medical therapy at any point during follow-up, and
few patients had doses increased over time.38

After initiation, ARNI (ACEi), MRA, and BB should be ti-
trated up to the maximum tolerated dose during subsequent
patient visits.1,7–9 For SGLT-2i, no dose titration is required.7,8

The expected efficacy and tolerance are the most important
factors to be considered in the titration process. Although

up-titration to maximal doses should be envisioned, initiation
of all four drug classes is of higher importance.8

MRA up-titration to the maximum might be advisable.7

However, a clear dose–response relationship is not directly
shown, but higher doses are associated with an increased risk
for hyperkalaemia.9,42 Titration should be started within 1–
2 weeks after hospital discharge and according to the infor-
mation given in the prescribing information.8,9,42 Blood pres-
sure and serum potassium levels should be monitored in the
course of further up-titration to assess the patient’s risk for
hypotension and hyperkalaemia (K+ > 5.0 mmol/L) as well
as for other adverse events.7,8 Treatment should not be dis-
continued in patients with chronic or recurrent
hyperkalaemia on renin–angiotensin–aldosterone system in-
hibitor (RAASi) therapy. Instead, RAASi therapy should be
maintained and reduced as long as K+ ≤ 6 mmol/L, and the
aetiology of hyperkalaemia should be investigated. A
potassium-lowering agent may be initiated, and potassium
values should be further monitored.7 It is noteworthy that
concomitant application of SGLT-2i43 and sacubitril/
valsartan44 might facilitate initiation and escalation of MRA
as they attenuate the tendency to develop hyperkalaemia.
A practical approach is given in the algorithm (Figure 2).

One of the important strategies to improve HF medication
titration is enforced medication up-titration protocols, point-
of-care decision support, and an expanded scope of clinical
practice for nurses and pharmacists.45,46 Furthermore, giving
a central role to general practitioners in the monitoring and

Figure 2 Three-step treatment algorithm to implement pharmacological treatment recommendations in the heart failure with reduced ejection frac-
tion (HFrEF) therapy. ACEi, angiotensin-converting enzyme inhibitor; AE, adverse events; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ARNI,
angiotensin receptor neprilysin inhibitor; BB, beta-blocker; CAD, coronary artery disease; CKD, chronic kidney disease; ISDN, isosorbide dinitrate; MRA,
mineralocorticoid receptor antagonist; SGLT-2i, sodium–glucose co-transporter-2 inhibitor; T2DM, type 2 diabetes mellitus.
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care coordination of HF patients may be an important strat-
egy to increase adherence and avoid side effects of the
medication.45

Step 3: escalation and individualization
(additional pharmacological therapies)

As a third step, other therapies should be individualized to
subgroups based on patient phenotypes.

A heart rate >70/min is associated with increased mortal-
ity and hospitalization rates.21–23 Currently, ivabradine is rec-
ommended for use in clinical practice in patients with symp-
tomatic HFrEF in sinus rhythm with a heart rate >70 b.p.m.
despite maximally tolerated BB and HF therapy, particularly
to reduce the risk of HF hospitalization or CV death.2,7 There
is also a role for ivabradine in the management of patients
with HFrEF who are intolerant to BB therapy, in combination
with other prognostic HF drugs.7,21–23

Approximately 50% of patients with HF have iron defi-
ciency, which may occur with or without anaemia and is asso-
ciated with decreased physical performance and quality of
life.2,7 Current guidelines suggest that intravenous iron ther-
apy should be considered in symptomatic patients with HFrEF
with established iron deficiency.7

Among patients with chronic HF with recent decompensa-
tion, a novel strategy of increasing soluble guanylate cyclase
activity with vericiguat was effective.2,7,47 The VICTORIA trial
included patients with severe HF, some of whom were
randomized immediately after acute decompensation.47 The
VICTORIA trial showed a significant 10% reduction in the
combined endpoint of CV death and HF hospitalizations. In
light of these encouraging results, vericiguat may be consid-
ered in patients in New York Heart Association Classes II–IV
who have had worsening HF despite treatment with HF ther-
apy to reduce the risk of CV mortality or HF hospitalization.7

Hydralazine/hydralazine–isosorbide dinitrate and digitalis
should also be implemented according to patient characteris-
tics or comorbidities.7–10

Implementation of medical therapy in patients with HFrEF
is often challenging because patient characteristics, including
their physiological parameters and comorbidities, limit
up-titration of lifesaving medications.8 Patient phenotyping
may guide personalized tailoring of drug therapies, while
using all drug classes to improve outcomes.8 Comorbidities,
such as coronary artery disease, atrial fibrillation, valvular
heart disease, chronic kidney disease, diabetes mellitus, and
iron deficiency, should be treated irrespective of the
three-step treatment algorithm.1,7,10 Diuretics may be re-
duced depending on the patient’s volume status after initia-
tion of SGLT-2i therapy and after ARNI up-titration.48 Further,
patient visits should take place at recommended/standard
control intervals.7

The patients’ adherence to the therapy should be moni-
tored. In addition, physicians should motivate their patient
to cooperate and self-care, as this can effectively prevent dis-
ease progression and thus avoid invasive therapies.49,50 Spe-
cial interdisciplinary care approaches are recommended to
facilitate care of vulnerable patients.8

Interestingly, it is unclear whether HF treatment can be
stopped once treatment has resulted in substantial or com-
plete improvement in left ventricular EF. The TRED study
showed that stopping therapy can lead to recurrence of the
HF events in 48% of cases.41 However, this study was con-
ducted in patients with non-ischaemic cardiomyopathy and
all drugs were discontinued. Accordingly, it remains to be
seen whether fewer drugs in lower doses will suffice and
whether these data may be different for ischaemic cardiomy-
opathy. Accordingly, the principle should apply to continue
the therapy of HF if possible.

Conclusions and outlook

This practical treatment approach can be applied to ensure
guideline-based drug therapy for HFrEF patients according
to the recent ESC recommendations. This decision support al-
gorithm is tailored for physicians in the inpatient and outpa-
tient setting but as well for medical or nursing staff in certi-
fied HF networks.
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