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ABSTRACT

Introduction. Despite the relevant advances achieved thanks to the traditional step-by-step
therapeutic approach, heart failure with reduced ejection fraction (HFrEF) remains associated
with considerable morbidity and mortality. The pathogenesis of HFrEF is complex, with the
implication of various neurohormonal systems, including activation of deleterious pathways (i.e.
renin-angiotensin-aldosterone, sympathetic, and sodium-glucose cotransporter-2 [SGLT2]
systems) and the inhibition of protective pathways (i.e. natriuretic peptides and the guanylate
cyclase system). Therefore, the burden of HF can only be reduced through a comprehensive
approach that involves all evidence-based use of available HF drugs targeting the neurohormonal
systems involved.

Areas covered. We performed a critical analysis of evidence from recent clinical trials and
assessed the effects of HF therapies on hemodynamics and renal function.

Expert opinidn. HF therapy must be adapted to the clinical profile (i.e. congestion, blood pressure,
heart rate, renal function, and electrolytes). Consequently, blood pressure is reduced by beta
blockers, renin-angiotensin-aldosterone system inhibitors, sacubitril/valsartan, and, minimally,
by SGLT2 inhibitors and vericiguat; heart rate decreases with beta blockers and ivabradine; and

renal function is impaired and potassium are levels increased with renin-angiotensin-aldosterone



system inhibitors and sacubitril/valsartan. Practical recommendations on how to individualize HF

therapy according to patient profile are provided.
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1. Introduction

Heart failure (HF) is a chronic condition in which the heart muscle is unable to pump
enough blood to meet the body’s requirements for oxygen and blood that reaches
epidemic numbers [1,2]. In Europe, it has been estimated that the incidence of HF is about
3.20 cases per 1000 person-years and the prevalence reaches 2% [1,3,4]. In the United
States, around 6 million adults >20 years have HF [5]. Moreover, due to aging of the
population, as well as the higher prevalence of predisposing factors, such as hypertension
and diabetes, the burden of HF is expected to increase in the coming years [2,3,5]. In fact,
it is projected that the prevalence of HF will increase by 46% in 2030 [5].

HF is associated with considerable morbidity and mortality [5]. Thus, data from Medicare
showed a slight decline in the overall 1-year mortality of HF between 1998 and 2008, but
it still reached nearly 30% [6]. In addition, data from 2000 to 2010 showed a 5-year
mortality rate close to 50% [7]. The reduction in mortality observed in recent decades has
been attributed mainly to the evidence-based use of HF therapies, including renin-
angiotensin-aldosterone system (RAAS) inhibitors (i.e. angiotensin-converting enzyme
inhibitors [ACEi], angiotensin-receptor blockers [ARB], mineralocorticoid receptor
antagonists [MRA]), beta blockers, coronary revascularization, and devices [8].
Nevertheless, mortality rates remain high, with no clear improvements over the last 10
years [2], probably because of the infrequent use of HF drugs in clinical practice [4,9—

11], but also because of the need for new treatment alternatives [12—14].
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With regard to morbidity, HF-related hospitalization rates have been increasing over time
[15]. Of note, a significant and constant increase in hospitalizations for HF has been
reported in recent years [16,17]. Of note, rates of rehospitalization and cardiovascular
death increase dramatically in patients previously hospitalized for HF [18-20]. A study
from 2021 reported that up to 30% of patients were admitted for HF after 1 year of follow-
up and that mortality rates reached 8% during admission [4]. Elsewhere, in-hospital
mortality among patients hospitalized with HF, was around 9% — although this reached
nearly 15% within the first year of follow-up — and the annual readmissions rate was 33%
[21]. As a result, to reduce the burden of HF, it is mandatory to prescribe evidence-based
HF therapies [12—14]. Unfortunately, adherence to HF medication after hospitalization
decreases over time [22], leading to high rehospitalization rates [23]. Finally, total costs
for HF are considerable, mainly due to hospitalization. Only a small proportion are due
to medication. Therefore, the use of drugs that reduce hospitalization for HF will translate
into a significant reduction in healthcare costs [24-27].

In summary, HF with reduced ejection fraction (HFrEF), defined as symptoms and signs
of HF and left ventricular ejection fraction (LVEF) <40%, is associated with high
morbidity and mortality, and this can only be reduced through a comprehensive approach
with the evidence-based use of all currently available HF drugs. In this manuscript,

recommendations we focused on patients with HFrEF.

2. Pathogenesis of HFrEF: a change of paradigm is warranted

Activation of the RAAS and sympathetic nervous system has been traditionally involved
in the pathogenesis of HFrEF [28— 31]. In this context, the main target of HFrEF treatment
was largely limited to inhibition of these systems (using RAAS inhibitors and beta
blockers) [32]. However, the pathogenesis of HFrEF is more complex and challenging,
with the implication of several neurohormonal systems, including activation of
deleterious pathways, such as RAAS, the sympathetic nervous system, and the sodium-
glucose cotransporter-2 (SGLT2) system, and the inhibition of protective pathways, such
as the natriuretic peptide pathway and the guanylate cyclase system (Figure 1) [33-41].
Although these neurohormonal systems are designed to maintain cardiovascular
homeostasis in the short term, chronic activation/inhibition of the pathways induces

deleterious changes in the heart, kidneys, and vasculature, and this translates into



impairment of HF [30]. For example, HFrEF is associated with nitric oxide deficiency,
decreased soluble guanylate cyclase activity, and cGMP production, which can damage
the cardiovascular and renal systems. Stimulation of soluble guanylate cyclase with
vericiguat will improve/reverse these alterations [35-38]. Therefore, the etiopathogenesis
of HFrEF is complex, as many neurohormonal systems are implicated. As a result, HF
burden can be reduced only through a comprehensive approach that targets all these
systems [42,43].

3. Traditional approach to patients with HFrEF

The 2016 ESC guidelines for patients with symptomatic HFrEF recommend the use of
ACEi (or ARB if ACEi are not tolerated/ contraindicated) and beta blockers, at the
maximum tolerated doses. If the patient remains symptomatic, an MRA should be added.
If this proves insufficient, ACEi or ARB can be switched to sacubitril/valsartan or
ivabradine added in patients with a normal sinus rhythm and heart rate >70 bpm [32].

These recommendations were based on clinical trials that had shown the benefits of using
these drugs in this population. Thus, in patients with chronic HF and LVEF <35% (90%
New York Heart Association [NYHA] functional class I1-111), the SOLVD study showed
that the addition of enalapril to standard treatment significantly reduced the risk of all-
cause mortality by 16% and combined all-cause mortality and HF-related hospitalization
by 26% [44]. In patients with severe chronic HFrEF, carvedilol reduced all-cause
mortality by 35% and combined all-cause mortality and any hospitalization rate by 24%
[45]. In the CIBIS II trial, in patients with LVEF <35% and NYHA III-1V, bisoprolol
decreased all-cause mortality by 34% and combined cardiovascular mortality or
cardiovascular hospitalization by 21% [46]. The RALES trial demonstrated that among
HF patients with LVEF <35%, NYHA M-IV, and HF for >6 weeks, spironolactone
reduced all-cause mortality by 30% and cardiac hospitalization by 35% [47]. In the
EMPHASIS-HF trial, eplerenone reduced the risk of combined cardiovascular mortality
or HF-related hospitalization by 37%. In the case of all-cause and cardiovascular
mortality in NYHA Il, LVEF <30% or LVEF 30- 35% and QRS >130 ms, recent
cardiovascular hospitalization, or elevated natriuretic peptides, the risk was reduced by
24% [48]. In symptomatic patients with LVEF <40% and intolerance to ACEi,

candesartan reduced combined cardiovascular mortality and HF-related hospitalization



by 23% [49]. In the SHIFT study (patients with LVEF <35%, NYHA II-1V, prior HF-
related hospitalization, sinus thythm, and heart rate >70 bpm), ivabradine reduced the risk
of combined cardiovascular mortality and HF-related hospitalization by 18%, HF-related
hospitalization by 26% and HF-related mortality by 26% [50].

Unfortunately, despite the benefits shown in these clinical trials, morbidity and mortality
remain very high. For example, the results of the SHIFT trial (data from 2010) showed
that in the ivabradine arm, after a median follow-up of 22.9 months, 16% of patients were
hospitalized for worsening HF, 14% of patients died of a cardiovascular condition, and
24% were hospitalized for worsening of HF or died of cardiovascular causes [50].

These data show that the step-by-step approach proposed by the 2016 ESC guidelines
was insufficient, as HFrEF is a progressive condition. Therefore, new HF treatment

strategies are necessary to provide a more holistic approach [42,43].

4. New evidences for patients with HFrEF

In recent years, results from several clinical trials show the benefits of new HF drugs. The
PARADIGM-HF trial included patients with symptomatic HF and LVEF <40% treated
with sacubitril/valsartan or enalapril, in addition to standard HF therapy. After a median
follow-up of 27 months (the study was stopped prematurely), sacubitril/valsartan
significantly reduced the risk of cardiovascular mortality or first HF- related
hospitalization by 20%, all-cause mortality by 16%, cardiovascular mortality by 20%,
and HF-related hospitalization by 21% [51]. The DAPA-HF trial included patients with
symptomatic HF and LVEF <40% with and without diabetes, revealing a reduction of
26% in the risk of combined cardiovascular mortality or worsening of HF, 18% in the
risk of cardiovascular mortality, 17% in the risk of all-cause mortality, and 30% in the
risk of worsening HF with dapagliflozin compared with placebo [52]. Similarly, the
EMPEROR-Reduced trial included patients with symptomatic HF and LVEF <40% with
and without diabetes and showed a reduction of 25% in the risk of combined
cardiovascular mortality or worsening HF and 30% in the number of HF-related
hospitalizations with empagliflozin compared to placebo [53]. In recently hospitalized
symptomatic HF patients with EF <45%, the VICTORIA trial showed a 10% reduction
in the risk of combined cardiovascular mortality or HF-related hospitalization with

vericiguat, compared with placebo [54]. The baseline clinical characteristics and



outcomes of these trials (PARADIGM HF, DAPA-HF, EMPEROR-Reduced, and
VICTORIA) are summarized in Table 1. Although the trials are not comparable, as the
inclusion/exclusion criteria and baseline clinical characteristics were different, all of them
revealed significant improvements in cardiovascular mortality and HF-related
hospitalizations compared with standard treatment (number needed to treat [NNT]
between 19-37). In fact, a recent study showed that compared with the traditional
approach (ACEi or ARB and beta blockers), the one-step (comprehensive) therapy
consisting of sacubitril/ valsartan, MRA, beta blockers, and SGLT2 inhibitors led to
significant reductions in cardiovascular death or admission to hospital with HF (62%),
cardiovascular death (50%), HF hospitalization (68%), and all-cause mortality (47%),
strongly suggesting the need to target all neurohormonal systems in a first comprehensive

approach (Figure 2) [55].

5. Potential relevance of stimulating soluble guanylate cyclase in the management of
patients with HFrEF

HFrEF patients are characterized by marked impairment of the nitric oxide—soluble
guanylate cyclase-cGMP system, leading to major alterations in various organs and
vascular beds. In the heart, progressive myocardial stiffening, hypertrophy, ventricular
remodeling, inflammation, and fibrosis have been reported. Increased sodium and fluid
retention, fibrosis, and decreased blood flow have been described in the kidney. In
addition, inflammation and arterial constriction are increased in the vasculature, as is
vascular stiffness, thus promoting endothelial dysfunction [35-38,56]. Vericiguat is an
oral direct soluble guanylate cyclase stimulator that could potentially improve/reverse
these alterations, leading to an improvement in HF outcomes, as observed in clinical trials
[56].

In SOCRATES-REDUCED, although no significant differences were observed overall
for the change in NT-proBNP level at 12 weeks among patients with HFrEF, there was a
dose- response relationship between vericiguat and NT-proBNP, such that the higher
dose, the greater the reduction [57]. VICTORIA was a phase 3, randomized clinical trial
in which 5,050 symptomatic patients (chronic HF, EF <45%, elevated natriuretic peptides
and evidence of worsening HF [HF hospitalization within 6 months or need for

intravenous diuretic therapy within the previous 3 months before randomization])



received vericiguat (target dose 10 mg once daily) or placebo, in addition to standard
therapy. After a median follow-up of 10.8 months, vericiguat reduced the risk of
cardiovascular death or first HF hospitalization by 10% (hazard ratio [HR] 0.90; 95%
confidence interval [CI] 0.82-0.98; P = 0.02, NNT = 24), driven mainly by a reduction in
HF-related hospitalization (NNT = 31). Vericiguat also significantly reduced the risk of
death from any cause and HF hospitalization (HR 0.90; 95% CI 0.83-0.98; P = 0.02)
(Table 1) [54]. The benefits of vericiguat were independent of the use of concomitant HF
treatment, including sacubitril/valsartan, and time since HF- related hospitalization or an
HF-related decompensation episode [54,58]. This suggests that vericiguat can be used
regardless of baseline HF treatment, during hospitalization, at early discharge, or during
follow-up and that its use should not be delayed until optimization of the remaining HF
treatment [54,58]. Of note, patients with an estimated glomerular filtration rate >15
mL/min/1.73 m? were included in the VICTORIA trial, and the benefits of vericiguat
were independent of renal function. Since vericiguat has no impact on renal function or
electrolyte levels, it could prove particularly useful in patients with chronic kidney disease
[59]. However, as a subanalysis showed that the benefit of vericiguat seems limited to
patients with NT-proBNP <8000 pg/mL (particularly <4000 pg/mL), some patients with
higher levels of natriuretic peptides would likely require intensification of diuretic
treatment before starting treatment with vericiguat [60].

Regarding side effects in the VICTORIA trial, vericiguat was well tolerated, with no
significant increase in the risk of symptomatic hypotension or syncope [54]. In summary,
vericiguat is a new treatment with an added value in the management of patients with
HFrEF, particularly those with previous decompensated HF, exhibiting further benefits

beyond the standard approach to HF.

6. What do international guidelines recommend?

Albeit with some variations, all 2021 and 2022 international HF guidelines have moved
from a step-by-step approach to a comprehensive approach [12-14]. Thus, the 2021 ESC
guidelines recommend the use of ACEi or sacubitril/valsartan (preferred), beta blockers,
MRA, and SGLT2 inhibitors as baseline therapy among patients with HFrEF to reduce
the risk of HF-related hospitalization and death. If the patient has history of worsening

HF, vericiguat should be considered to reduce the risk of hospitalization and



cardiovascular death. Although the recommendation was Ilb for vericiguat, as the power
of the effect was <20%, this could have been higher (Ila), given the robustness of the
results of the VICTORIA trial [61]. Lastly, if the patient remains symptomatic, in sinus
rhythm, with a heart rate >70 bpm, ivabradine should be considered to reduce the risk of
HF-related hospitalization and cardiovascular death (Figure 3, Table 2) [12].

The 2022 AHA/ACC/HFSA guideline recommends sacubitril/ valsartan (over ACEi or
ARB), beta blockers, MRA and SGLT2 inhibitors as baseline therapy; if the patient
remains symptomatic, other therapies, such as hydralazine and isosorbide dinitrate,
ivabradine or vericiguat can be considered, depending on the patients’ clinical
characteristics (Figure 3) [13]. As first-line therapy, the 2021 Canadian guidelines
recommend sacubitril/valsartan (over ACEi or ARB), beta blockers, MRA, and SGLT2
inhibitors. In the case of persistence of symptoms the addition of ivabradine or vericiguat
should be considered, if suitable (Figure 3) [14].

In summary, all guidelines agree that optimization of HFrEF therapy cannot be delayed,
as HF is a progressive condition [62,63]. While it is important to achieve the maximum
tolerated dose of each drug, targeting the different neurohormonal systems that underline
the pathogenesis of HF should be considered a priority, and treatment should not be
postponed [42,43].

7. Implementation of guided HF therapy in clinical practice

Although the goal of treatment in all cases is to use all therapeutic groups targeting the
different neurohormonal systems, not all drugs can be prescribed, because of intolerance,
side effects, or contraindications. In this context, it is important to know the effects of the
various drugs on different variables of interest, particularly hemodynamics and renal
function. Table 3 and Figure 4 summarize the impact of guided HF therapy on blood
pressure, heart rate, potassium levels, and renal function, as well as the recommendations
about how to manage side effects [12-14].

ACEI and ARB, as well as angiotensin receptor-neprilysin inhibitors (ARNI, albeit to a
lesser extent), can reduce blood pressure, diminish renal function, and increase potassium
levels. They can be started in outpatients and in hospitalized HF patients, particularly in
those who are hemodynamically stable. Before initiation, it is important to check renal

function and electrolyte levels. Uptitration should be at intervals of no less than 2 weeks,



with regular monitoring of blood pressure, renal function, and electrolyte levels. In the
case of switching from ACEi to sacubitril/valsartan, a washout period of at least 36 hours
is required (not necessary in the case of switching from ARB) [12-14,64,65].

Beta blockers can reduce blood pressure and heart rate and cause asthenia. They can be
started in outpatients and in hospitalized HF patients, although stabilization and relief of
congestion are desirable. Caution should be observed in patients with recent
decompensation. Uptitration should be performed at intervals of no less than 2 weeks (in
some patients this interval may be longer), with regular monitoring of blood pressure,
heart rate, and clinical status (i.e. congestion, fatigue) [12—14,64,65].

MRA can decrease renal function and increase potassium levels, although they have little
impact on blood pressure. They can be started in outpatients or in the hospital. Before
starting, it is important to check renal function and electrolytes. Uptitration should be
considered after 4-8 weeks, with regular monitoring of renal function and electrolyte
levels [12— 14,64,65].

SGLT2 inhibitors may have little impact on blood pressure and renal function,
particularly in patients with hypovolemia or taking high-dose diuretics. As a result, when
starting SGLT2 inhibitors (in the community or in hospital), it is important to monitor
fluid balance and blood pressure and adjust the dose of diuretics, if necessary. No dose
adjustment is required. Although the risk of hypoglycemia is low, it must be considered,
mainly in the case of concomitant treatment with insulin and/or sulfonylurea (the dose of
concomitant therapy should be reduced if required) [12—-14,64,65].

Ivabradine decreases heart rate and can cause phosphenes. It is recommended in stable
outpatients. Considering that most patients are also taking beta blockers, heart rate and
clinical status should be monitored during uptitration at intervals of no less than 2 weeks.
In the case of persistent/permanent atrial fibrillation, ivabradine should be stopped until
sinus rhythm is restored [12-14,64,65].

Finally, vericiguat may have a minimum effect on blood pressure. However, if
symptomatic hypotension or systolic blood pressure <90 mmHg is recorded, we should
consider reducing the dose or discontinuing therapy. Vericiguat has not been studied in
patients with systolic blood pressure <100 mmHg or symptomatic hypotension before

starting treatment. Vericiguat can be started in outpatients, during HF- related



hospitalization, or at discharge, as required. Uptitration should be at intervals of no less
than 2 weeks, with regular monitoring of blood pressure and clinical status [66].

Therefore, in order to implement guided HF therapy in clinical practice, it is important to
individualize treatment based on the patient’s clinical profile, with the aim of targeting
the main neurohormonal systems involved in the pathogenesis of HFrEF. Table 4 and
Figure 5 present a series of practical recommendations on the use of different HFrEF
drugs according to blood pressure, heart rate, renal function, potassium levels, and history
of atrial fibrillation. These parameters should be taken into account not only in the initial
approach, which can be in the outpatient setting or during hospitalization for HF, but also
during follow-up. While dosing and uptitration should also be individualized according
to these parameters, priority should be given to targeting neurohormonal systems [12—
14,64-66]. On the other hand, the use of loop diuretics should be limited to relief of
congestive symptoms in order to achieve a euvolemic state [12]. Remarkably, the addition
of oral potassium-binding agents could facilitate the use of RAAS inhibitors in patients
with hyperkalemia [67]. Other factors that should also be taken into account as part of
comprehensive management in patients with HF include drug-drug interactions,

contraindications, and side effects [68].

8.Conclusions

Despite traditional HF treatments, morbidity and mortality remain unacceptably high. The
pathogenesis of HFrEF is complex, with the implication of various neurohormonal
systems, leading to activation of deleterious pathways and inhibition of protective
pathways. As a result, to provide further benefits, it is necessary to implement guided HF
therapy with the aim of targeting the neurohormonal systems implicated in the
pathogenesis of HF. However, as HF therapy must be adapted to the patient’s clinical
profile according to factors such as blood pressure, heart rate, renal function, electrolyte

levels, and congestion, practical recommendations are warranted.



9.Expert opinion

While evidence from clinical trials is necessary to determine the efficacy and safety of a
drug and to obtain regulatory approval, the fact is that these studies are performed under
ideal conditions (i.e. strict inclusion and exclusion criteria, close follow-up), and the
evidence gained cannot always be applied to the whole population in clinical practice
[69]. Treating patients with HFrEF is challenging owing to the fragile balance between
hemodynamics, renal function, congestive symptoms, activation of deleterious
neurohormonal systems, and inhibition of protective pathways [40,41]. In addition,
patients with HFrEF have many comorbidities and may be subject to drug-drug
interactions with concomitant treatments [4,11]. Furthermore, HF therapies may have a
direct impact on these parameters. For example, blood pressure is reduced by beta
blockers, RAAS inhibitors, sacubitril/valsartan and, to a lesser extent, SGLT2 inhibitors
and vericiguat. Heart rate decreases with beta blockers and ivabradine, and RAAS
inhibitors and sacubitril/valsartan, may have a negative impact on renal function and
potassium levels [12-14,64-66]. In addition, some conditions or comorbidities may
contraindicate or limit the use of some drugs (e.g. beta blockers in patients with asthma,
ivabradine in patients with atrial fibrillation) [12-14].

Despite the available evidence and the recommendations of clinical practice guidelines,
many real-world patients are not taking guided HF therapies. Thus, the PATHWAYS
study (nearly 20,000 adults seeking care for HF between 2017 and 2019 in Spain) showed
that around 80% of patients were taking ACEi, ARB, and ARNI, two thirds beta blockers,
28% MRA, and less than 3% ivabradine and SGLT2 inhibitors [11]. These percentages
must be improved if the burden of HF is to be reduced.

Previous educational programs based on only evidences from clinical trials and guidelines
have failed. So, in this manuscript, the use of simple and practical algorithms according
to clinical profile of patients are proposed in order to overcome therapeutic inertia in
clinical practice. Although other authors have proposed a similar approach [66], our
algorithm is easier to apply, as fewer variables have been considered for each
recommendation. Furthermore, in contrast to other proposals that are limited to a first
recommendation [66], we extend the recommendations throughout follow-up. This is
relevant, as not only is it important to prescribe guided HF therapies targeting all

neurohormonal systems, but we must also try to achieve the highest recommended doses



with a good tolerability profile. Thus, the CHAMP-HF Registry of outpatients in the
United States with chronic HFrEF receiving at least 1 oral medication for the management
of HF showed that among patients taking ACEiI/ARB, ARNI, and beta blockers, only
17%, 14%, and 28%, respectively, received the recommended target doses [70]. In this
context, our approach could also facilitate uptitration of guided HF therapies.

In any case, the next step is to implement these recommendations in clinical practice and
perform specific studies to analyze whether they facilitate a more appropriate use of

guided HF therapies and lead to a reduction in the burden of HFrEF in the coming years.

Declaration of Interest

C Escobar has received honoraria for oral presentations and consultancy fees from Bayer, Bristol
Myers Squibb/Pfizer, Boehringer Ingelheim and Daiichi Sankyo. J Luis-Bonilla has received
honoraria for oral presentations and consultancy fees from Bayer, Pfizer, Boehringer Ingelheim,
Daiichi Sankyo, AstraZeneca and Novartis. M G Crespo-Leiro has received support from
Boehringer Ingelheim, AstraZeneca, Novartis, Vifor Pharma, Rovi, Bayer for research projects,
lectures and/or participation in advisory boards. A Esteban- Fernandez has received support from
Boehringer Ingelheim, AstraZeneca, Novartis, Vifor Pharma, Bayer and Bristol Myers Squibb for
research projects, lectures and/or participation in advisory boards. N Farré has received support
from Boehringer Ingelheim, AstraZeneca, Novartis, Vifor Pharma, NovoNordisk, Rovi, Bayer,
Pfizer for research projects, lectures and/or participation in advisory boards. A Garcia has
received support from AstraZeneca, Novartis, Rovi, Esteve, Bayer and BMS for research projects,
lectures and/or participation in advisory boards. J Nufiez has received support from Boehringer
Ingelheim, AstraZeneca, Novartis, Vifor Pharma, NovoNordisk, Rovi, Bayer for research
projects, lectures and/or participation in advisory boards. Writing and editorial assistance,
provided by Content Ed Net (Madrid, Spain), was utilized in the production of this manuscript
and funded by Bayer. The authors have no other relevant affiliations or financial involvement
with any organization or entity with a financial interest in or financial conflict with the subject

matter or materials discussed in the manuscript apart from those disclosed.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.



Funding

This manuscript was funded by Bayer.

References

Papers of special note have been highlighted as either of interest (¢) or of considerable interest

(**) to readers.

1. Seferovi¢ PM, Vardas P, Jankowska EA, et al. The Heart Failure Association Atlas: heart
failure epidemiology and management statistics 2019. Eur J Heart Fail. 2021;23(6):906—
914.

2. Chan DZL, Kerr AJ, Doughty RN. Temporal trends in the burden of heart failure. Intern
Med J. 2021;51(8):1212-1218.

3. Groenewegen A, Rutten FH, Mosterd A, et al. Epidemiology of heart failure. Eur J Heart
Fail. 2020;22:1342-1356.

4, Escobar C, Varela L, Palacios B, et al. Clinical characteristics, management, and one-year
risk of complications among patients with heart failure with and without type 2 diabetes
in Spain. Rev Clin Esp (Barc). 2022;222:195-204.

5. Virani SS, Alonso A, Aparicio HJ, American Heart Association Council on
Epidemiology and Prevention Statistics Committee and Stroke Statistics Subcommittee,
et al. Heart disease and stroke statistics-2021 update: a report from the American Heart
Association. Circulation. 2021;143(8):e254—743.

6. Chen J, Normand SL, Wang Y, et al. National and regional trends in heart failure
hospitalization and mortality rates for Medicare beneficiaries, 1998-2008. JAMA.
2011;306:1669-1678.

7. Gerber Y, Weston SA, Redfield MM, et al. A contemporary appraisal of the heart failure
epidemic in Olmsted County, Minnesota, 2000 to 2010. JAMA Intern Med.
2015;175:996-1004.

8. Merlo M, Pivetta A, Pinamonti B, et al. Long-term prognostic impact of therapeutic
strategies in patients with idiopathic dilated cardiomyopathy: changing mortality over the
last 30 years. Eur J Heart Fail. 2014;16:317-324.

9. Rachamin Y, Meier R, Rosemann T, et al. Heart failure epidemiology and treatment in

primary care: a retrospective cross-sectional study. ESC Heart Fail. 2021;8(1):489-497.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Maggioni AP, Orso F, Calabria S, et al.; ARNO Observatory. The real-world evidence of
heart failure: findings from 41 413 patients of the ARNO database. Eur J Heart Fail.
2016;18:402-410.

Sicras-Mainar A, Sicras-Navarro A, Palacios B, et al. Epidemiology and treatment of
heart failure in Spain: the HF-PATHWAYS study. Rev Esp Cardiol (Engl Ed).
2022;75:31-38.

* In Spain, the prevalence of HF is around 2%, of which half have HFrEF.
McDonagh TA, Metra M, Adamo M, ESC Scientific Document Group, et al. 2021 ESC
guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J.
2021;42(36):3599-3726.

Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA guideline for the
management of heart failure: a report of the American College of Cardiology/American
Heart Association Joint Committee on clinical practice guidelines. Circulation. 2022 May
3;145(18):e895-e1032.

McDonald M, Virani S, Chan M, et al. CCS/CHFS heart failure guidelines update:
defining a new pharmacologic standard of care for heart failure with reduced ejection
fraction. Can J Cardiol. 2021;37:531-546.

Chang PP, Wruck LM, Shahar E, et al. Trends in hospitalizations and survival of acute
decompensated heart failure in four US commu-nities (2005-2014): ARIC study
community surveillance. Circulation. 2018;138:12-24.

Méndez-Baildn M, Jiménez-Garcia R, Hernandez-Barrera V, et al. Significant and
constant increase in hospitalization due to heart failure in Spain over 15 year period. Eur J
Intern Med. 2019;64:48-56.

* In Spain, within the last decade there has been an increase of HF hospitalizations,
particularly in elderly patients.

Dunlay SM, Redfield MM, Weston SA, et al. Hospitalizations after heart failure
diagnosis a community perspective. J Am Coll Cardiol. 2009;54:1695-1702.

Bello NA, Claggett B, Desai AS, et al. Influence of previous heart failure hospitalization
on cardiovascular events in patients with reduced and preserved ejection fraction. Circ
Heart Fail. 2014;7:590-595.

Chang PP, Chambless LE, Shahar E, et al. Incidence and survival of hospitalized acute
decompensated heart failure in four US communities (from the Atherosclerosis risk in
communities study). Am J Cardiol. 2014;113:504-510.

Butler J, Yang M, Manzi MA, et al. Clinical course of patients with worsening heart
failure with reduced ejection fraction. J Am Coll Cardiol. 2019;73:935-944.



21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Martinez Santos P, Bover Freire R, Esteban Fernandez A, et al. In- hospital mortality and
readmissions for heart failure in Spain. A study of index episodes and 30-day and 1-year
cardiac readmissions. Rev Esp Cardiol (Engl Ed). 2019;72(12):998-1004.

Sueta CA, Rodgers JE, Chang PP, et al. Medication adherence based on part D claims for
patients with heart failure after hospitalization (from the Atherosclerosis risk in
communities study). Am J Cardiol. 2015;116:413-419.

Vicent L, Cinca J, Vazquez-Garcia R, et al. Discharge treatment with angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker after a heart failure
hospitalisation is associated with a better prognosis irrespective of left ventricular ejection
fraction. Intern Med J. 2019;49:1505-1513.

Nichols GA, Reynolds K, Kimes TM, et al. Comparison of risk of re-hospitalization, all-
cause mortality, and medical care resource utilization in patients with heart failure and
preserved versus reduced ejection fraction. Am J Cardiol. 2015;116:1088-1092.

Shafie AA, Tan YP, Ng CH. Systematic review of economic burden of heart failure.
Heart Fail Rev. 2018;23:131-145.

Escobar C, Varela L, Palacios B, et al. Costs and healthcare utilisation of patients with
heart failure in Spain. BMC Health Serv Res. 2020;20:964.

* HF hospitalization is the main determinant for the health care cost in patients with
HF.

Farré N, Vela E, Cléeries M, et al. Medical resource use and expenditure in patients with
chronic heart failure: a population-based analysis of 88 195 patients. Eur J Heart Fail.
2016;18(9):1132-1140.

Triposkiadis F, Karayannis G, Giamouzis G, et al. The sympathetic nervous system in
heart failure physiology, pathophysiology, and clinical implications. J Am Coll Cardiol.
2009;54:1747-1762.

Antoine S, Vaidya G, Imam H, et al. Pathophysiologic mechanisms in heart failure: role
of the sympathetic nervous system. Am J Med Sci. 2017;353(1):27-30.

Hartupee J, Mann DL. Neurohormonal activation in heart failure with reduced ejection
fraction. Nat Rev Cardiol. 2017;14(1):30-38.

Sayer G, Bhat G. The renin-angiotensin-aldosterone system and heart failure. Cardiol
Clin. 2014;32(1):21-32.

Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure. Eur Heart J. 2016;37:2129-2200.

Hubers SA, Brown NJ. Combined angiotensin receptor antagonism and neprilysin
inhibition. Circulation. 2016;133:1115-1124.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Jhund PS, McMurray JJ. The neprilysin pathway in heart failure: a review and guide on
the use of sacubitril/valsartan. Heart. 2016;102(17):1342—-1347.

Armstrong PW, Roessig L, Patel MJ, et al. A multicenter, randomized, double-blind,
placebo-controlled trial of the efficacy and safety of the oral soluble guanylate cyclase
stimulator: the Victoria trial. JACC Heart Fail. 2018;6:96-104.

Sandner P, Zimmer DP, Milne GT, et al. Soluble guanylate cyclase stimulators and
activators. Handb Exp Pharmacol. 2021;264:355-394.

Sandner P, Follmann M, Becker-Pelster E, et al. Soluble GC stimulators and activators:
past, present and future. Br J Pharmacol. 2021 Oct 2. Epub ahead of print.
DOI:10.1111/bph.15698.

Kansakar S, Guragain A, Verma D, et al. Soluble guanylate cyclase stimulators in heart
failure. Cureus. 2021;13(9):e17781.

Matsumura K, Sugiura T. Effect of sodium glucose cotransporter 2 inhibitors on cardiac
function and cardiovascular outcome: a systematic review. Cardiovasc Ultrasound.
2019;17:26.

Nightingale B. A review of the proposed mechanistic actions of sodium glucose
cotransporter-2 inhibitors in the treatment of heart failure. Cardiol Res. 2021;12:60—66.
Severino P, D’Amato A, Prosperi S, et al. Sodium-glucose cotransporter 2 inhibitors and
heart failure: the best timing for the right patient. Heart Fail Rev. 2021 Oct 16.
DOI:10.1007/s10741-021- 10170-1. Epub ahead of print.

Das SR, Everett BM, Birtcher KK, et al. 2020 Expert consensus decision pathway on
novel therapies for cardiovascular risk reduction in patients with type 2 diabetes: a report
of the American college of cardiology solution set oversight committee. J Am Coll
Cardiol. 2020;76:1117-1145. 11

McMurray JJV, Packer M. How should we sequence the treatments for heart failure and a
reduced ejection fraction? A redefinition of evidence-based medicine. Circulation.
2021;143:875-877.

Yusuf S, Pitt B, Davis CE, et al. Effect of enalapril on survival in patients with reduced
left ventricular ejection fractions and congestive heart failure. N Engl J Med.
1991;325:293-302.

Packer M, Coats AJ, Fowler MB, Carvedilol Prospective Randomized Cumulative
Survival Study Group, et al. Effect of carvedilol on survival in severe chronic heart
failure. N Engl J Med. 2001;344:1651-1658.

CIBIS-II Investigators and Committees. The Cardiac Insufficiency Bisoprolol Study Il
(CIBIS-11): a randomised trial. Lancet. 1999;353:9-13.



47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone on morbidity and
mortality in patients with severe heart failure. Randomized aldactone evaluation study
investigators. N Engl J Med. 1999;341:709-717.

Zannad F, McMurray JJ, Krum H, EMPHASIS-HF Study Group, et al. Eplerenone in
patients with systolic heart failure and mild symptoms. N Engl J Med. 2011;364:11-21.
Granger CB, McMurray JJ, Yusuf S, CHARM Investigators and Committees, et al.
Effects of candesartan in patients with chronic heart failure and reduced left-ventricular
systolic function intolerant to angiotensin-converting-enzyme inhibitors: CHARM-
Alternative trial. Lancet. 2003;362:772—-776.

Swedberg K, Komajda M, Bohm M, SHIFT Investigators, et al. Ivabradine and outcomes
in chronic heart failure (SHIFT): a randomised placebo-controlled study. Lancet.
2010;376:875-885.

McMurray JJ, Packer M, Desai AS, PARADIGM-HF Investigators Committees, et al.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl J Med.
2014;371:993-1004.

*« Among patients with HFrEF, sacubitril-valsartan was superior to enalapril in
reducing the risk of cardiovascular death and HF hospitalization.

McMurray JJV, Solomon SD, Inzucchi SE, DAPA-HF Trial Committees and
Investigators, et al. Dapagliflozin in patients with heart failure and reduced ejection
fraction. N Engl J Med. 2019;381:1995-2008.

Packer M, Anker SD, Butler J, et al. EMPEROR-Reduced Trial Investigators.
Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl J Med.
2020;383:1413-1424.

Armstrong PW, Pieske B, Anstrom KJ, et al. Vericiguat in patients with heart failure and
reduced ejection fraction. N Engl J Med. 2020;382:1883-1893.

*« Among patients with HFrEF and recent worsening HF, the addition of vericiguat
translated into a reduction of adverse events.

Vaduganathan M, Claggett BL, Jhund PS, et al. Estimating lifetime benefits of
comprehensive disease-modifying pharmacological therapies in patients with heart failure
with reduced ejection fraction: a comparative analysis of three randomised controlled
trials. Lancet. 2020;396:121-128.

e« Compared with traditional treatment, the comprehensive management of patients
with HFrEF significantly reduces HF hospitalizations and mortality.

Lombardi CM, Cimino G, Pagnesi M, et al. Vericiguat for heart failure with reduced
ejection fraction. Curr Cardiol Rep. 2021;23:144.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Gheorghiade M, Greene SJ, Butler J, et al. SOCRATES-REDUCED Investigators and
Coordinators. Effect of vericiguat, a soluble guanylate cyclase stimulator, on natriuretic
peptide levels in patients with worsening chronic heart failure and reduced ejection
fraction: the SOCRATES-REDUCED randomized trial. JAMA. 2015;314:2251-2262.
Lam CSP, Giczewska A, Sliwa K, VICTORIA Study Group, et al. Clinical outcomes and
response to vericiguat according to index heart failure event: insights from the Victoria
trial. JAMA Cardiol. 2021;6:706-712.

Voors AA, Mulder H, Reyes E, et al. Renal function and the effects of vericiguat in
patients with worsening heart failure with reduced ejection fraction: insights from the
Victoria (Vericiguat Global Study in Subjects with HFrEF) trial. Eur J Heart Fail.
2021;23:1313-1321.

Ezekowitz JA, O’Connor CM, Troughton RW, et al. N-Terminal Pro-B-type natriuretic
peptide and clinical outcomes: Vericiguat heart failure with reduced ejection fraction
study. JACC Heart Fail. 2020;8:931-939.

Pascual Figal D, Gonzalez-Juanatey JR. Comments to the 2021 ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure. Rev Esp Cardiol.
2022;75:458-465.

lorio A, Rea F, Barbati G, et al. HF progression among outpatients with HF in a
community setting. Int J Cardiol. 2019;277:140-146.

Gronda E, Vanoli E, Sacchi S, et al. Risk of heart failure progression in patients with
reduced ejection fraction: mechanisms and therapeutic options. Heart Fail Rev.
2020;25(2):295-303.

Rosano GMC, Allen LA, Abdin A, et al. Drug layering in heart failure: phenotype-guided
initiation. JACC Heart Fail. 2021;9 (11):775-783.

Rosano GMC, Moura B, Metra M, et al. Patient profiling in heart failure for tailoring
medical therapy. A consensus document of the Heart Failure Association of the European
Society of Cardiology. Eur J Heart Fail. 2021;23(6):872-881.

Vericiguat. Summary of product characteristics. 2021 Jul 27 [cited 2022 Jan]. Available
from: https://www.ema.europa.eu/en/docu ments/assessment-report/verquvo-epar-public-
assessment- report_en.pdf

Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia. Mayo Clin
Proc. 2021;96(3):744-762.

Correale M, Paolillo S, Mercurio V, et al. Non-cardiovascular comorbidities in heart

failure patients and their impact on prognosis. Kardiol Pol. 2021;79(5):493-502.



69.

70.

Bruno N, Sinagra G, Paolillo S, et al. Mineralocorticoid receptor antagonists for heart
failure: a real-life observational study. ESC Heart Fail. 2018;5(3):267-274.

Greene SJ, Butler J, Albert NM, et al. Medical therapy for heart failure with reduced
ejection fraction: the CHAMP-HF registry. J Am Coll Cardiol. 2018;72(4):351-366.



RAAS inhibitors
SNS {\‘ / | Natriuretic peptides |
Beta-blockers /\\

4mmmm Neprilysin inhibitors

+ ivabradine
Heart failure
SGLT-2 inhibitors \
Guanylate cyclase
// \_ stimulator (vericiguat)
| SGLT-2 system | | Guanylate cyclase |
@ Activation
e s Q@ inhibition

Figure 1. Neurochormonal systems involved in the pathogenesis of heart failure.



Table 1. Baseline clinical characteristics and outcomes of patients included in the PARADIGM HF, DAPA-HF, EMPEROR-Reduced, and Victoria studies.

PARADIGM HF (N = 8,399)

DAPA-HF (N = 4,744)

EMPEROR-Reduced

VICTORIA (N = 5,050)

Sacubitril/valsartan Dapagliflozin (N = 3,730) Empagliflozin Vericiguat
Baseline clinical characteristics
Age, years 64 66 67 68
Sex, male, % 79 76 76 76
NYHA functional class 1111V, % 25 32 25 41
LVEF, % 30 31 28 29
NT-proBNP (median), pg/mL 1,608 1,437 1,906 2,816
HF hospitalization, %
<3 months 19 8 NR 67
<6 months 31 16 NA 84
eGFR, mL/min/1.73 m? 68 66 62 62
Outcomes

Primary endpoint

Follow-up, months (median)

Primary endpoint event rate (control arm),

events per 100 patient-years
Primary endpoint

HR (95% ClI)

ARR, %

First HF hospitalization or CV
death
27
13.2

0.80 (0.73-0.87)
2.7

HF worsening or CV
death
18
15.6

0.74 (0.65-0.85)
4.0

First HF hospitalization or
CV death
16
21.0

0.75 (0.65-0.86)
5.2

First HF hospitalization or
CV death
11
37.8

0.90 (0.82-0.98)
4.2



NNT

CV death

HR (95% ClI)

ARR, %

NNT

First HF-related hospitalization
HR (95% CI)

ARR, %

NNT

37

0.80 (0.71-0.89)
15
67

0.79 (0.71-0.89)
1.6
63

25

0.82 (0.69-0.98)
14
71

0.70 (0.59-0.83)
2.9
35

19

0.92 (0.75-1.12)
0.6
167

0.69 (0.59-0.81)
48
21

24

0.93 (0.81-1.06)
1.0
100

0.90 (0.81-1.00)
3.2
31

ARR: absolute risk reduction; 95% CI: 95% confidence Interval; CV: cardiovascular; eGFR: estimated glomerular filtration rate; HF: heart failure; HR: hazard ratio;
LVEF: left ventricular ejection fraction; NA: not applicable; NNT: number needed to treat; NR: not reported; NYHA: New York Heart Association. Table based on data

from references #51-54.
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Figure 2. Benefits of the one-step approach vs the step-by-step approach on outcomes in patients with heart
failure with reduced ejection fraction. CI: confidence interval; CV: cardiovascular; HFH: heart failure—

related hospitalization; HR: hazard ratio.Figure based on data from reference #55.



2021 ESC 2022 AHA/ACC/HFSA 2021 CCS/CHFS
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Figure 3. Recommendations from international guidelines on medical treatment of patients with heart
failure and reduced ejection fraction.

ACC: American College of Cardiology; ACEi: angiotensin-converting enzyme inhibitor; AHA: American
Heart Association; ARB: angiotensin-receptor blocker; ARNI: angiotensin receptor- neprilysin Inhibitor;
BB: beta blocker; CCS: Canadian Cardiovascular Society; CHFS: Canadian Heart Failure Society; ESC:
European Society of Cardiology; HFSA: Heart Failure Society of America; H-N: Hydralazine/isosorbide
dinitrate; MRA: mineralocorticoid receptor antagonist; SGLT2: sodium-glucose cotransporter-2.Figure

based on data from references #12-14.



Table 2. General recommendations of the 2021 ESC HF guidelines with respect to medical treatment of patients with HF and reduced left ventricular ejection

fraction.
Treatment Indication
Baseline therapy ACEi (IA) or sacubitril/valsartan To reduce the risk of HF hospitalization and death
[preferred] (1B)
Beta blockers (1A)
MRA (1A)
SGLT2 inhibitors (1A)
Second-line therapy Vericiguat (11bB) If the patient remains symptomatic, if worsening of HF, to reduce the risk of HF-related
hospitalization or CV death
Ivabradine (11aB/C) If the patient remains symptomatic, in sinus rhythm, >70 bpm, with (B) or without (C) beta blockers,
to reduce the risk of HF-related hospitalization or CV death
ARB (IB) If ACEi or sacubitril/valsartan cannot be taken, to reduce the risk of HF-related hospitalization or

CV death

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor blocker; CV: cardiovascular; ESC: European Society of Cardiology; HF: heart failure; MRA:
mineralocorticoid receptor antagonist; SGLT2: sodium-glucose cotransporter-2.

Table based on data taken from reference #12.



Table 3. Impact of guided HF therapy on blood pressure, heart rate, potassium levels, and renal function and potential side effects. Recommendations on guided HF

therapy in different clinical situations.

Blood Heart ] Renal o )
Drug Potassium . Recommendations in case of side effects

pressure rate function
ACEi/sacubitril- ! - T l - If symptomatic hypotension, reduce/avoid hypotensive drugs without positive impact
valsartan/ARB on outcomes. Evaluate volemic status/need for diuretics.

- Renal function:
« ACEi/ARB:
- Possible impairment (an increase in creatinine of up to 50% above baseline, or <3
mg/ dL/eGFR <25 mL/min/1.73 m? is acceptable).
- Stop ACEI/ARB, if creatinine increases by >100% or >3.5 mg/dL/eGFR <20
mL/min/ 1.73 m2,
- Stop concomitant nephrotoxic drugs (i.e. NSAIDs)
* ARNI:
- Possible impairment (acceptable up to <eGFR 30 mL/min/1.73 m?).
- If eGFR <30 mL/min/1.73 m?, stop ARNI.
- Stop concomitant nephrotoxic drugs (i.e. NSAIDs)
- Potassium:
- Possible increase (acceptable up to <5.5 mmol/L).
- If potassium rises >5.5 mmol/L, stop ACEiI/ARB/ARNI.



Beta blockers

MRA

SGLT-2 inhibitors

-]

- If potassium rises excessively, stop nephrotoxic drugs, potassium supplements, and
retaining agents (triamterene, amiloride).
- If symptomatic hypotension, reduce/avoid hypotensive drugs without positive impact
on outcomes. Evaluate volemic status/need for diuretics.
- If congestion increases, adjust diuretics or reduce dose of beta blockers
- If marked fatigue, reduce dose of beta blockers
- If heart rate <50 bpm and/or worsening of symptoms, consider the need for other heart
rate— slowing drugs (i.e. ivabradine, digoxin, amiodarone) and/or consider reducing dose
of beta blockers.
- Renal function:

- Possible impairment.

- Reduce the dose if creatinine rises to 2.5 mg/dL/eGFR <30 mL/min/1.73 m2,

- Stop MRA if creatinine increases to >3.5 mg/dL/eGFR <20 mL/min/1.73 m2,

- Stop concomitant nephrotoxic drugs (i.e. NSAIDs)
- Potassium:

- Possible increase

- Reduce the dose if potassium rises >5.5 mmol/L.

- Stop MRA, if potassium rises >6.0 mmol/L.

- If potassium rises excessively, stop nephrotoxic drugs, potassium supplements or
retaining agents (triamterene, amiloride).
- Monitor fluid balance and blood pressure and adjust diuretic dose, if necessary.
- Possible slight and transitory impairment of renal function when starting treatment, but
renal function is preserved during the long-term follow-up

- Monitor for hypoglycemia, particularly in the case of concomitant treatment with



insulin and/ or sulfonylurea (reduce the dose of concomitant therapy if required)
- Monitor symptoms and signs of genitourinary infections.

Ivabradine - l - - - If heart rate <50 bpm and/or bradycardia symptoms, consider the need for other heart
rate— slowing drugs (i.e. digoxin, amiodarone) and/or consider reducing dose of
ivabradine.

- If persistent/permanent atrial fibrillation, stop ivabradine (until sinus rhythm is
restored).
- If symptomatic visual phenomena persist, consider reducing/stopping ivabradine.

Vericiguat -/} - - - - If side effects occur (symptomatic hypotension or systolic blood pressure <90 mmHg),

consider reducing/stopping vericiguat.

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor blocker; ARNI: angiotensin receptor-neprilysin inhibitor; CV: cardiovascular; eGFR:
estimated glomerular filtration rate; HF: heart failure; MRA: mineralocorticoid receptor antagonist; NSAIDs: nonsteroidal anti-inflammatory drugs; SGLT2: sodium-
glucose cotransporter-2.

Table based on data from references #12-14,64—66.



BP, renal function

BF, HR BP, renal function, potassium (slight effect)
| Beta blockers | | ARNI, ACEi, ARB, MRA | SGLT2i |

Guided HF therapy

[ Ivabradine | | Vericiguat |
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Figure 4. Parameters to be considered for HF drugs monitoring.

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor blocker; ARNI: angiotensin
receptor-neprilysin Inhibitor; BP: blood pressure; HR: heart rate; MRA: mineralocorticoid receptor
antagonist; SGLT2i: sodium-glucose cotransporter-2 inhibitors.Figure based on data from references #12-

14,64-66.



Table 4. Use of guided HF therapy according to clinical characteristics.

Clinical condition First approach Following visits
Normal-mild impairment of e ACEIi/ARNI (preferred) e If patient remains symptomatic:
BP/HR/RF/K e BB e Vericiguat (worsening HF/previous HFH)
e MRA e lvabradine (sinus rhythm, HR >70 bpm)
e  SGLT-2 inhibitors e ARB, if ACEi or ARNI cannot be used
Low BP e MRA
e SGLT-2 inhibitors o If BP increases, consider adding ACEi/ARNI (preferred) and BB

e Vericiguat (worsening
HF/previous HFH)*

e lvabradine (sinus rhythm, HR

>70 bpm)
Low HR e ACEI/ARNI (preferred) o If patient remains symptomatic: vericiguat (worsening HF/previous HFH)
e MRA e If HR increases (rule out HF decompensation), consider adding BB
e SGLT-2 inhibitors
Low BP and low HR e MRA e If BP increases, consider adding ACEi/ARNI (preferred) and BB
e SGLT-2 inhibitors e If HR increases (rule out HF decompensation), consider adding BB

e Vericiguat (worsening
HF/previous HFH)*
High K e BB e If patient remains symptomatic, ivabradine (sinus rhythm, HR >70 bpm)
e SGLT-2 inhibitors



CKD (eGFR >30 mL/min/
1.73 m?)

CKD (eGFR <30 mL/min/
1.73m?

Atrial fibrillation

Vericiguat (worsening
HF/previous HFH)
ACEI/ARNI (preferred)
BB

MRA

SGLT-2 inhibitors

BB

SGLT-2 inhibitors
Vericiguat (worsening
HF/previous HFH)
ACEI/ARNI (preferred)
BB

MRA

SGLT-2 inhibitors

Anticoagulation

Use K binders (i.e. patiromer sorbitex calcium, sodium zirconium cyclosilicate) and
consider RAAS inhibitors if K levels normalize

If patient remains symptomatic:

e Vericiguat (worsening HF/previous HFH)

e lvabradine (sinus rhythm, HR >70 bpm)

ARB, if ACEi or ARNI cannot be used

If patient remains symptomatic, ivabradine (sinus rhythm, HR >70 bpm)

If patient remains symptomatic:
Vericiguat (worsening HF/previous HFH)
If HR remains uncontrolled despite BB:

Digoxin

ARB, if ACEi or ARNI cannot be used

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor blocker; ARNI: angiotensin receptor-neprilysin Inhibitor; BB: beta blockers; BP: blood

pressure; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; HF: heart failure; HFH: HF-related hospitalization; HR: heart rate; K: potassium;

MRA: mineralocorticoid receptor antagonist; RF: renal function; SGLT2: sodium-glucose cotransporter-2. Treatment with vericiguat should not be initiated in patients

with systolic BP <100 mmHg.

Table based on data from references #12-14,64-66.
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Figure 5. Initial approach of guided HF therapy according to clinical characteristics.

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor blocker; ARNI: angiotensin
receptor-neprilysin Inhibitor; BB: beta blockers; BP: blood pressure; CKD: chronic kidney disease; eGFR:
estimated glomerular filtration rate; HF: heart failure; HFH: HF-related hospitalization; HR: heart rate; K:
potassium; MRA: mineralocorticoid receptor antagonist; RF: renal function; SGLT2i: sodium-glucose
cotransporter-2 inhibitors. *Treatment with vericiguat should not be initiated in patients with systolic BP

<100 mmHg. Figure based on data from references #12-14,64-66.



