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Abstract

The short-term mortality and rehospitalization rates after admission for acute heart failure (AHF) remain high, despite
the high level of adherence to contemporary practice guidelines. Observational data from non-randomized studies in AHF
strongly support the in-hospital administration of oral evidence-based modifying chronic heart failure (HF) medications
(i.e., b-blockers, ACE inhibitors, mineralocorticoid receptor antagonists) to reduce morbidity and mortality. Interestingly, a
well-designed prospective randomized multicenter study (PIONEER-HF) showed an improved clinical outcome and stress/
injury biomarker profile after in-hospital administration of sacubitril/valsartan (sac/val) as compared to enalapril, in hemody-
namically stable patients with AHF. However, sac/val implementation during hospitalization remains suboptimal due to the
lack of an integrated individualized plan or well-defined appropriateness criteria for transition to oral therapies, an absence
of specific guidelines regarding dose selection and the up-titration process, and uncertainty regarding patient eligibility.

In the present expert consensus position paper, clinical practical recommendations are proposed, together with an action
plan algorithm, to encourage and facilitate sac/val administration during hospitalization after an AHF episode with the aim

of improving efficiencies of care and resource utilization.
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Introduction

Heart failure (HF) is a complex clinical syndrome char-
acterized by abnormalities in cardiac structure and func-
tion, dynamic remodeling, and perturbations of the
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neurohormonal axis [1]; it remains one of the leading causes
of hospitalization. Nearly 44% of HF patients are readmit-
ted for cardiac and non-cardiac related conditions within
1 year of discharge and the duration of readmission ranges
between 4 and 6 days. It is worth noting that almost half of
rehospitalizations are expected to occur in the first 12 weeks
post-discharge during the so-called ‘vulnerable’ phase [2].
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Retrospective cohorts and registries show a decline in
chronic HF mortality rates from 100 deaths per 100,000
population in 1987 to 50 deaths per 100,000 population in
2008, but with a parallel increase in HF-related hospitaliza-
tions [3]. Hospitalized patients with a diagnosis of acute HF
(AHF) have a higher risk of mortality as compared with sta-
ble patients with chronic HF, probably because of an overac-
tivation of the neurohormonal axis; this further emphasizes
the need for early institution and optimization of neurohor-
monal inhibition therapies in these patients [4, 5]. In fact, the
continuation of the HF-modifying medications even in lower
doses during hospitalization in chronic HF patients and the
early in-hospital initiation of these agents for de novo HF
patients are associated with symptom improvement and a
lower rate of short- and long-term cardiovascular events.
[6-9].

Unmet needs in AHF therapy
(i) Therapeutic options are limited

The generally accepted therapeutic options for AHF recom-
mended by both the European [10] and American Society of
Cardiology [11] are limited to three targets:

(a) afterload reduction with intravenous vasodilators;

(b) preload reduction and decongestion with intravenous
loop diuretics; and

(c) contractility modulation with inotropes for hypoperfu-
sion/hypotension.

Interestingly, these recommendations mostly come from
consensus of experts and/or small, retrospective studies
and registries; thus, their level of evidence is very weak.
Very recently, the GALACTIC Study—a randomized, open
label, multicenter study—did not show any clinical benefits
in all-cause mortality and AHF rehospitalization at 180 days
with an early intensive and sustained vasodilatation strategy
compared with usual care [12]. A number of other double-
blinded prospective randomized studies failed to reveal any
significant efficacy for several novel intravenous and oral
agents targeting different pathophysiological pathways in
patients with AHF [13], with the exception of the relatively
recent PIONEER-HF study which showed positive results
for sacubitril/valsartan (sac/val) [14]. Perhaps, the heteroge-
neity of presenting phenotypes and complex pathophysiol-
ogy of AHF could explain to some extent the disappointing
results of those studies. In contrast, evidence from open-
label randomized and observational studies and registries
support the use of the ‘classic’ HF-modifying treatment
with b-blockers, angiotensin-converting enzyme inhibi-
tors (ACE-I), angiotensin II receptor blockers (ARBs), and
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mineralocorticoid receptor antagonists (MRAs) during hos-
pitalization for AHF [15].

Based on these findings, current guidelines strongly rec-
ommend (class I C) HF-modifying therapy in patients with
reduced ejection fraction (EF) hospitalized with a diagnosis
of AHF as soon as hemodynamic stability is achieved, with
the goal of attaining a stable clinical course [11]. Accord-
ingly, hospitalization for AHF provides an opportunity to
introduce or optimize guideline-directed medical treatment
[16,17].

(ii) Transition from intravenous to oral medications
is challenging

A daily clinical trajectory check is required to identify the
ideal timing for the transition from intravenous to oral medi-
cations. This process is extremely challenging since much
ambiguity exists in defining strict criteria for clinical stabil-
ity. Drug priority, dosage, and up-titration may also repre-
sent additional barriers during the transition phase.

Clinical stability is synonymous with hemodynamic sta-
bility, which entails effective decongestion and euvolemia
[18]. Clinical and laboratory criteria exist to characterize the
fluid volume status and the response to intravenous diuretics.
Although it is possible to distinguish between hypervolemia
and euvolemia in most cases, the distinction between euvolemia
and hypovolemia sometimes remains speculative. Undoubtedly,
it is extremely clinically important to identify hypovolemia
since hypovolemic patients may respond with severe hypoten-
sion after the administration of ACE-I or ARBs [15].

Sac/val in chronic HF

The PARADIGM-HF trial was the first prospective dou-
ble-blinded multicenter randomized trial in symptomatic
patients with chronic HF and reduced EF (HFrEF) (<40%)
to demonstrate a 20% relative risk reduction in the composite
endpoint of cardiovascular death or hospitalization for HF, a
20% reduction in sudden death, and a 16% reduction in all-
cause mortality with sac/val as compared to enalapril [19].
These clinically relevant beneficial effects are attributed to
a significant improvement of the left ventricular diastolic
function and arterio-ventricular coupling [20], a significant
decrease of NT pro-BNP, and notably an antiapoptotic, anti-
fibrotic [21, 22], and anti-remodeling effect [23]. Sac/val
also exerts renoprotective actions [24] and unique metabolic
effects as it improves glucose tolerance in patients with HF
and diabetes [25]. Interestingly, data from PARADIGM-
HF showed not only better efficacy with sac/val but also an
acceptable safety profile. Although hypotension was more
common with sac/val as compared with enalapril, this did
not lead to a higher incidence of permanent discontinuation
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[26]. The salient results of PARADIGM-HF [19] which were
further substantiated by the findings of PROVE-HF [23] and
EVALUATE-HF [20] have been recently highlighted in an
American College of Cardiology expert consensus update on
HF treatment optimization. It was concluded that sac/val is
the ‘preferred’ renin-angiotensin antagonist in patients with
HFrEF stage C and ACE-I/ARBs should only be considered
in cases with contraindications, intolerance, or inaccessibil-
ity to sac/val. [27]

Lastly, the role of sac/val continues to be explored in
patients with advanced HF (NYHA IV) in the context of
a prospective, multicenter, double-blinded, double-dummy
trial. Unfortunately, the LIFE trial was halted prematurely
because of the COVID-19 pandemic and the data analysis
plan has changed. [28]

Sac/val in AHF
a. TRANSITION study

The TRANSITION study [29], an international prospective
multicenter randomized open-label clinical trial, enrolled
1002 adult patients with HFrEF (EF <40%), hospitalized
with a primary diagnosis of AHF, New York Heart Asso-
ciation functional class II-IV, and systolic blood pressure
(SBP) > 100 mmHg. Eligible candidates were randomized to
oral sac/val either during hospitalization or early (2 weeks)
post-discharge. Interestingly, in the majority of the cases
(~85%), the lowest sac/val dose (24/26 mg twice daily) was
selected by the enrolling physicians as the starting drug
dose. The target dose pre-specified by protocol (103/97 mg
twice daily) was achieved in ~50% of the patients. There was
no significant difference between pre- and post-discharge
sac/val administration in terms of the likelihood in achieving
the target dose. A higher probability of sac/val up-titration
to target dose was found among patients with normal SBP
(=120 mmHg), preserved renal function (eGFR > 60 mL/
min/1.73 m), and de novo HF [29, 30]. In a post hoc efficacy
analysis, pre-discharge initiation of sac/val as compared to
post-discharge was associated with a higher reduction of NT-
proBNP levels and higher NT-ProBNP favorable reduction
response [31].

Despite the inherent limitations of the study [32], TRAN-
SITION showed emphatically that soon after hospitalization
for AHF, it is feasible to achieve effective doses of sac/val in
clinically stable patients within a short timeframe.

b. PIONEER-HF study

PIONEER-HF [14], a prospective double-blinded multi-
center randomized study, showed very promising outcome

results with sac/val in the setting of AHF. In short, 881
patients with HFrEF admitted for AHF were randomly
assigned to either sac/val or enalapril during hospitalization.
Along with clinical criteria, elevated BNP (>400 pg/dL)
or NT-proBNP (> 1600 pg/dL) values before randomization
had to be met in order for a patient to be considered eligible
for the study (Table 1). The median duration of hospitaliza-
tion was ~5 days. It is worth noting that more than 30% of
the patients were diagnosed with de novo HFrEF and only
~50% reported previous use of ACE-I or ARBs [14, 33].
Serious adverse events were comparable between the study
groups.

The main finding of the study was a significantly greater
reduction of NT-proBNP values in the group of sac/val at
8 weeks post-discharge. Notably, these lower NT-proBNP
levels were evident from the first week of treatment with
sac/val [33].

Furthermore, in an exploratory analysis of the clinical
outcomes, sac/val further reduced the risk of the compos-
ite of cardiovascular death and rehospitalization for HF (by
42%); this risk reduction was principally driven by a 36%
decrease of rehospitalizations for HF [34]. Notably, an early
separation of the event curves was observed from the first
week of the study in favor of sac/val. The benefit from sac/
val was evident across all dose levels tested [35]. Further-
more, the positive effect of sac/val on NT-proBNP and clini-
cal outcomes was independent of a previous HF diagnosis or
prior ACE-I/ARB treatment [36].

Several pathophysiological mechanisms have been impli-
cated in this favorable prognosis, including the reduction
of myocardial injury and hemodynamic stress reflected by
a greater decline in high sensitivity troponin T and soluble
ST2 [33].

Even late post-discharge switch from enalapril to sac/val
had a significant impact on NT-proBNP reduction in the
open-label extension of PIONEER-HF, but unfortunately,
this effect did not translate into a significantly better out-
come [37]. This implies that sac/val initiation early during
hospitalization is a key factor in improving clinical out-
come since most of the clinical benefit is gained in the first
2 months after discharge.

In-hospital sac/val and cost-effectiveness

From a healthcare system perspective, initiation of sac/val
during hospitalization saves $452 per year as compared with
continuing enalapril and $811 per year as compared with
a strategy of late post-discharge initiation [38]. Moreover,
initiation of sac/val as an inpatient was associated with an
incremental cost-effectiveness ratio of $21,532 per quality-
adjusted life-year as compared with continued enalapril
treatment over a lifetime [38].

@ Springer



Heart Failure Reviews (2022) 27:1-13

Table 1 PIONEER HF’s modified criteria for sac/val initiation

PIONEER-HF criteria

Modified criteria

Currently hospitalized for a primary diagnosis of HF, including symp-
toms and signs of fluid overload

Randomized no earlier than 24 h and up to 10 days after initial pres-
entation while still hospitalized, as long as they meet the following
definition of hemodynamically stable status

Hemodynamically stable status defined by:
(a) maintenance of SBP > 100 mm Hg for the preceding 6 h in the
absence of symptomatic hypotension
(b) no increase (i.e., intensification) in the dose of IV diuretics or use
of IV vasodilators within the last 6 h and
(c) no use of IV inotropes for 24 h prior to randomization

Left ventricular EF <40% within the past 6 months by echocardiogra-
phy, MUGA, CT scanning, MRI or ventricular angiography provided
no subsequent study documented an EF >40%

Elevated NT-proBNP > 1600 pg/mL or BNP >400 pg/mL during the
current hospitalization

Starting dose of sac/val:

(a) 49/51 mg BID for patients with SBP > 120 mmHg
(b) 24/26 mg BID for patients with SBP 100-120 mmHg

Currently hospitalized for a primary diagnosis of HF, including symp-

toms and signs of fluid overload and/or hypoperfusion

Consider sac/val initiation when the patient is clinically stable

Clinical stability criteria (all 4 criteria below have to be applied):

(a) SBP> 100 mmHg for the last 6-12 h and for at least 3 BP measure-
ments

(b) Euvolemic status

(c) Unchanged dose of intravenous (and preferably oral) diuretics for
the last 6-12 h

(d) Withdrawal of intravenous vasodilators, inotropes or vasopressors
for the last 6— 12 h*

Left ventricular EF <40% assessed by echocardiography during the cur-

rent hospitalization for AHF

Natriuretic peptides are optional before the initiation of sac/val

Starting dose of sac/val:

(b) 24/26 mg BID for all patients with SBP > 100 mmHg

AHF acute heart failure, BID twice a day, BNP brain natriuretic peptide, BP blood pressure, EF ejection fraction, Sac/Val sacubitril/valsartan,

SBP systolic blood pressure

*For milrinone longer cessation time is required (~24-30 h), and for levosimendan, closer supervision is needed normally beyond 6-12 h

because of its long-acting metabolites

ESC and ACC expert reports
for sacubitril-valsartan in AHF

The findings of PIONEER-HF [14] and TRANSITION
[29] have recently been implemented by a panel of experts
from the Heart Failure Association of the European Soci-
ety of Cardiology, concluding that initiation of sac/val
rather than ACE-I or ARBs may be considered for patients
hospitalized with new-onset HF or decompensated HF
to reduce the short-term risk of adverse events and to
simplify management by avoiding the need to titrate
ACE-I first and then switch to sac/val [2]. Accordingly,
an American College of Cardiology expert consensus
clearly outlines the extensive experience with initiation
of ACE-I and ARBs in hospitalized patients with AHF
but also gives emphasis on PIONEER-HF results and the
benefit gained from the initiation of sac/val during hospi-
talization [5]. Lastly, in a very recent American College
of Cardiology consensus, it is stated that improvement in
early clinical outcomes with in-hospital sac/val initiation
would be lost in a scenario of ACE-I/ARBs pretreatment
and thus a strategy of ‘de novo’ sac/val initiation is advo-
cated [27].
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Scope of the current consensus document

Sac/val is prescribed in a small minority of cases (1-2%)
of AHF despite its attractive safety and efficacy profile
[39]. The reluctance surrounding routine sac/val imple-
mentation during hospitalization may be attributed to the
lack of detailed practical recommendations and the com-
plexity of dose selection and up-titration algorithms pro-
posed by some previously published papers [40].

The present expert consensus position paper gives practi-
cal insights on sac/val implementation during hospitalization
for AHF. Recommendations and criteria for sac/val initia-
tion, dosage, up-titration process, recognition of side effects,
and monitoring are proposed and thoroughly discussed.

Consensus recommendations

All patients with HFrEF admitted with AHF should
be considered candidates for sac/val (Fig. 1)

From the first day of admission, every patient with HFrEF who
is hospitalized with AHF should be routinely screened and
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considered as a potential candidate for sac/val. The Get With
The Guidelines-HF registry came to a similar conclusion since
the majority of AHF patients enrolled in the registry and nor-
mally encountered in routine practice had characteristics and
clinical outcomes that were comparable with those of patients
eligible for PIONEER-HF [41]. To facilitate screening and the
selection process for sac/val candidates, it is imperative for all
the physicians to set up AHF hospitalization protocols, data-
bases, and guideline-directed HF therapies check-lists. Hence,
better adherence to current guidelines regarding treatment rec-
ommendations is anticipated. [2, 11, 16]

Criteria for in-hospital sac/val initiation

The panel of experts discussed PIONEER-HF’s inclusion
and exclusion criteria in detail and modified them accord-
ingly, to simplify procedures and ease decision making for
in-hospital sac/val administration (Table 1).

Admission
for AHF Emp Clinical Stabilization [ Sac/valinitiation B Discharge B Sac/val Up-titration
(reqularly after discharge)

(all comers, =2-3 days after admission)

: Treataccording : 1. Stabilization Criteria:

Low cardiac output syndrome

According to PIONEER-HF inclusion criteria, patients hos-
pitalized with AHF who showed symptoms and signs of fluid
overload but not hypoperfusion were eligible for sac/val. Inter-
estingly, only a small minority of the study patients (7.7%)
required inotropes during hospitalization, possibly because
of hypoperfusion or hypotension. Need for inotropes during
hospitalization reflects a high-risk patient profile with an unfa-
vorable prognosis [42—45], which may, however, benefit from
neurohormonal axis inhibition [9, 46]. As mentioned above,
current guidelines strongly support the concept of continua-
tion or initiation of the oral evidence-based HF-modifying
therapies after hemodynamic stabilization for all the patients
with AHF without any exception [10]. Thus, it was unani-
mously decided by the experts to expand the recommendation
for in-hospital sac/val to patients with hypoperfusion, on the
condition that strict criteria for clinical stability are fulfilled.

3. Start with the lowest sac/val

dose

2. Reqular Arterial Blood Pressure
measurements at home

- 1. Check EF and initiate sac/val : SAC/VAL Up-titration chart
- focurentAHF - .sp.100 mmHgforthe last 6-12 - onlyif EF<40% :
. Guidelines hours (at least 3 BP measurements) ° > check background RAAS
: eUnchanged dose of IVdiuretics, : harapy
"(‘DL 3 no IV vasodilators/inotropes/  : can
E g g 00D P 2 vasopressors for the last 6-12 h : a. Pt on ACE inh? b}
“ - : = Euvolemic status 0 - Stop ACE for 36 hrs,
[n (exclude hypovolemia/ significant : then initiate sac/val
L — congestion)* " b.Pton ARBs? - SBP<|00 gl SBP<| 00 il
2. Check eGFR & potassium levels - Initiate sac/val Mo dose increase Mo dose increase
3. Reduce dose of diuretics if needed c. Pton neither ACEinhnor -
ARBs? 3y - 1. Follow up visits at: week 1 after discharge
- Initiate sac/val : and bi-weekly thereafter

* Estimate congestion with: jugular venous pressure, -
hepatomeqaly. presence of periphernl edema. high -
NT-proBNP values, chest x-roy, 6 minute walk test, -
vena cava imaging and lung ultrasound :

* Exclude: History of angioedema, eGFR<15 mi/
min/1.73 m2, =30% creatinine increase during
haspitalization, serum potassium >5.2 mEg/L,
severe hepatic impairment

KEY NOTES | CONSIDERATIONS & ACTION PLAN | PHASE

Fig. 1 Proposed algorithm for sac/val initiation during hospitaliza-
tion for AHF and post discharge up-titration protocol. ACEinh: angi-
otensin-converting enzyme inhibitor, AHF: acute heart failure, ARB:

© 3. Check eGFR & potassium levels before
: dose up-titration

- »Close monitoring & drug/diet modification if a =30%

©  olFR decrease is cbserved.

- = Consider SAC/VAL discontinuation in severe renal
dysfunction (eGFR<15 ml/min/1.73 m*) & severe
hyperkalemin (serum potassium »5.2 mEg/L).

angiotensin II receptor blocker, eGFR: estimated glomerular filtration
rate, SBP: systolic blood pressure, Sac/val: sacubitril/valsartan
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Clinical stability criteria

PIONEER-HF’s clinical stability criteria have been recon-
sidered on the basis of safety, practicality, and applicability.
The resolution of congestion requires intravenous agents
(diuretics, vasodilators, and inotropes), which may result in
a significant blood volume redistribution as well as cardiac
output and blood pressure variations. For this reason, ample
time is required for hemodynamic stabilization. The optimal
timing for the transition to oral medications is variable, dif-
fering from patient to patient, and is mostly determined by
the clinical phenotype and patient profile at admission (con-
gestion, hypoperfusion, hypotension), presence of comorbid-
ities (i.e., renal dysfunction, anemia), and response to treat-
ment [5]. Empirically, clinical stability is achieved within
2-3 days after admission for the less severe cases with AHF.
In PIONEER-HF, the median duration of index hospitaliza-
tion was 5.2 days (interquartile range, 4.09 to 7.24), which
means that clinical stability and transition to oral therapies
were accomplished earlier during hospitalization. Taking
into account the low rate of admission to intensive care
unit (11% of cases) and the small number of patients who
required inotropic support, it can be assumed that the popu-
lation enrolled in PIONEER-HF represents moderate forms
of AHF. However, in everyday clinical practice, several and
even extreme AHF phenotypes are encountered; individu-
alization and appropriate tailoring of the treatment options
are therefore required.

According to the panelists, all the following criteria need
to be met to consider a patient with AHF eligible for sac/val:

(i) Systolic blood pressure higher or equal to 100 mmHg
in at least 3 measurements during the last 6-12 h,
provided that no signs of low-cardiac output syn-
drome and peripheral hypoperfusion exist;

(i1) Euvolemic status;

(iii) Unchanged dose of intravenous (and preferably oral)
diuretics for the last 6-12 h; and

(iv) Withdrawal of intravenous vasodilators, inotropes, or
vasopressors during the last 6-12 h.

Sac/val and volume status

Clearly, the most critical and challenging step before con-
sidering sac/val administration is to ensure that the patient
is euvolemic. Patients with hypervolemia and residual con-
gestion can easily deteriorate and thus sac/val is considered
a relative contraindication. Theoretically, sac/val could be
reserved with caution for selected cases with hypervolemia,
refractory edema, and normal or high blood pressure, with
the aim of relieving congestion via natriuresis and improving
cardiac output via afterload reduction. Clinical, biochemi-
cal, radiographic, and echocardiographic parameters, as
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well as exercise capacity, are surrogates for the estimation
of fluid volume status and for the identification of residual
congestion. Hypervolemia and residual congestion are char-
acterized by hepatomegaly, presence of peripheral edema,
distention of jugular veins, high values of BNP (> 100 pg/
dL) or NT-proBNP (>400 pg/dL), inspiratory diameter
of inferior vena cava > 12 mm and/or lateral E/e’> 12 in
heart ultrasound, and diffuse B-lines in chest x-ray and lung
ultrasound [47]. Unquestionably, ventricular filling pressures
are considered the most accurate indices to diagnose fluid
overload. It should be noted that the diagnostic accuracy of
heart ultrasound to assess right and left ventricular filling
pressures is acceptable [48] but not optimal, especially for
cases with mild/moderate congestion due to intraobserver
variability and other technical issues. [47]

Although hypervolemia is considered a relative contrain-
dication, hypovolemia is an absolute contraindication for in-
hospital sac/val administration because of a higher risk for
hypotension. Distinguishing euvolemia from hypovolemia is
sometimes challenging. Borderline blood pressure, reduced
skin turgor, orthostatism, hypernatremia, significant increase
of hematocrit and total protein, oliguria, and a creatinine
increase of more than 30% from the baseline creatinine val-
ues at admission are proposed as surrogate markers of a
clinically significant reduction of the effective blood volume
[49]. Absolute and relative contraindications for in-hospital
sac/val administration are shown in Table 2. Remarkably,
moderate renal and hepatic dysfunction and hyperkalemia
should prompt close monitoring of patients considered for
sac/val.

Transition from intravenous agents to sac/val

For most of the intravenous agents commonly used in AHF
(vasodilators, diuretics, inotropes, vasopressors) with the
exception of milrinone and torsemide, the pharmacological
half-life is short (from 2 min for dobutamine to 1.3 h for
levosimendan) [50, 51]. It is estimated that 97% of a drug is
eliminated when five half-lives have passed, in the absence
of severe renal or hepatic dysfunction. Consequently, only
negligible concentrations of these agents are expected
after 612 h of cessation. Practically, the elimination time
for 97% of dobutamine is only 10 min, for levosimendan,
it is 6.5 h [50], and for milrinone and torsemide, it can
range from 10 to 30 h [51, 52]. For these reasons, we rec-
ommend a minimum of 6-12 h withdrawal of vasodila-
tors, inotropes, or vasopressors before sac/val initiation.
Undoubtedly, longer cessation time (~24-30 h) is required
for milrinone. From our experience, closer supervision is
sometimes needed for patients treated with levosimendan,
beyond the first 6-12 h of discontinuation, because of its
long-acting circulating metabolites with expected half-life
of 80 h [50].
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Table 2 Contraindications and special warnings and precautions for sac/val use

Sac/val contraindications (use is not indicated)

Sac/val special warnings and precautions for use (use with caution)

1. Hypersensitivity to the active substances or to any of the excipients

2. Concomitant use with ACE-I. Sac/val must not be administered until
36 h after discontinuing ACE-I therapy

3. Known history of angioedema related to previous ACE-I or ARB
therapy

4. Hereditary or idiopathic angioedema

5. Concomitant use with aliskiren-containing medicinal products in
patients with diabetes mellitus or in patients with renal impairment
(eGFR < 60 mL/mi/1.73 m?)

6. Severe hepatic impairment, biliary cirrhosis and cholestasis (Child-
Pugh C classification)

7. Second and third trimester of pregnancy

8. Serum potassium > 5.5 mmol/L

9. Significant hypovolemia

1. eGFR <30 mL/min/1.73 m2. There is no experience in patients with
end-stage renal disease and use of sac/val is not recommended

2. Incidence of worsening renal function, defined as an increase in
serum creatinine of >0.5 mg/dL and a decrease of eGFR by at least
30%

3. Moderate hepatic impairment (Child-Pugh B classification, or AST/
ALT levels more than twice above the upper normal range)

4. Hypervolemia

ACE-I angiotensin-converting enzyme inhibitor, ALT alanine transferase, ARB angiotensin II receptor Blocker, AST aspartate transferase, eGFR

estimated glomerular filtration rate, Sac/val sacubitril/valsartan

Left ventricular ejection fraction

Only patients with an EF <40% documented in the last
6 months before index hospitalization were considered can-
didates for PIONEER-HF (Table 1). However, it remains
speculative that during that 6-month period and especially
at admission, EF was still below 40%. We consider that a
diagnosis of HFrEF should be established just before sac/val
initiation. For this reason, a heart ultrasound during hospi-
talization and preferably shortly before sac/val introduction
is advisable.

Natriuretic peptides

Natriuretic peptides have been enthusiastically integrated
in everyday clinical practice for risk stratification and guid-
ance of HF management [53]. Recent data from the TRAN-
SITION study show that a favorable NT-proBNP response
4 weeks after sac/val in-hospital initiation is associated with
a lower risk for first HF rehospitalization or cardiovascular
death [31]. Nevertheless, hospitalized patients with AHF
are already at high risk for events, and thus, there is no need
to check natriuretic peptides before sac/val initiation [2].
Intriguingly, in a subgroup analysis of PIONEER-HF, it
was clearly demonstrated that the clinical efficacy of sac/
val was evident irrespective of baseline natriuretic peptide
levels [14]. Taking also into account the non-negligible
cost and lack of availability of natriuretic peptide assays in
several community and district hospitals, the criterion of
PIONEER-HF for elevated natriuretic peptide values before
sac/val initiation was not included in our modified criteria
(Table 1). Implementing natriuretic peptides before or after
in-hospital sac/val initiation is optional and it should remain
at the discretion of each physician.

Starting dose and up-titration of Sac/Val

In PIONEER-HF, the starting dose of sac/val was selected
on the basis of systolic blood pressure measurements accord-
ing to a pre-specified dosing algorithm. If the systolic blood
pressure was > 120 mmHg, an intermediate sac/val dose
(49/51 mg) was given, whereas for lower systolic blood pres-
sures (100—120 mmHg), patients were started with the lower
drug dose (24/26 mg). After discharge, a dose up-titration
scheme was followed every week for the first 2 weeks and
every second week thereafter with a view to achieving the
maximum tolerated dose. From a safety point of view, this
strategy resulted in low rates of adverse events with sac/val.
However, in a subgroup analysis of PIONEER-HF, sac/val
was associated with a higher drop in systolic blood pressure
the first week after randomization and a trend towards higher
incidence of symptomatic hypotension at week 8 among
elderly patients (age > 65 years) [14].

To minimize the risk of first-dose hypotension, especially
in the elderly and in patients with borderline blood pressure
and to prevent other serious side effects (i.e., hyperkalemia,
renal function worsening) related to sac/val, a revised and
more convenient algorithm is shown in Fig. 1.

According to the proposed algorithm, for all hospital-
ized patients with a systolic blood pressure > 100 mmHg,
the first dose of sac/val should not exceed 24/26 mg (‘low
dose approach’). It is advisable to measure the arterial blood
pressure 2 h after the first dose when the maximum effect of
the drug is anticipated, and 12 h after, just before the second
dose. Only when systolic blood pressure is higher or equal
to 90 mmHg can the second dose be given; otherwise, the
drug should be temporarily withheld. Notably, the same cut-
off value for systolic blood pressure was selected as a crite-
rion by the investigators of LIFE trial to administer sac/val
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in patients with advanced chronic HF.?® After discharge, a
50-100% increase in the dose is advisable every 1 or 2 weeks
until the maximum tolerated dose is reached. Kidney func-
tion and potassium levels should always be monitored 1 week
after every sac/val dose increase. Close monitoring and both
drug and diet modification are usually required when a >30%
decrease of eGFR is observed. Based on FDA and EMA labe-
ling, sac/val should be used with caution in patients with
severe renal dysfunction (eGFR 15-30 mL/min/1.73 m?)
because of a twofold higher exposure to its active metabo-
lite LBQ657. Finally, we recommend careful evaluation and
consideration for discontinuation of the drug in cases with
significant hyperkalemia (serum potassium > 5.5 mEq/L).

Specific concerns and considerations
Patients on ACE-I before switching to Sac/Val

For patients receiving ACE-I, a 36-h washout period is manda-
tory before the initiation of sac/val to reduce the risk of angi-
oedema. Interestingly, both TRANSITION and PIONEER-HF
did not report a higher risk for adverse events during washout
period. On the contrary, switching to sac/val reduces rapidly
NT-proBNP [31] and significantly improves short-term out-
comes. [14] In the case of a clinically significant rise in arterial
blood pressure during the washout period, low doses of vaso-
dilators and/or calcium channel blockers are recommended.
An alternative approach for all sac/val candidates is the direct
switch from ACE-I to ARB early in hospitalization. This strat-
egy facilitates sac/val introduction since changing ARB to sac/
val does not require additional waiting times for ARB washout
and does not unduly increase length of stay. [5]

Renin-angiotensin-aldosterone system inhibition in naive
patients

Half of the patients recruited in PIONEER-HF and 24%
included in TRANSITION were not exposed to either
ACE-I or ARBs prior to hospital admission [14, 29]. Both
the safety profile and clinical efficacy of sac/val were compa-
rable among the ACE-I/ARBs naive and non-naive patients
[14]. It is worth noting that sac/val resulted in a significantly
greater reduction of NT-proBNP in naive patients, which
was evidenced within the first week of treatment [36].

These data highlight the significant benefit anticipated
from sac/val use in the subset of ACE-I/ARB naive patients
and they also mitigate safety concerns that may arise during
hospitalization for this subgroup.

B-blockers

The discontinuation of b-blockers during hospitalization is
associated with a higher risk-adjusted mortality [15]. Moreover,
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short-term mortality rates are lower in AHF patients receiv-
ing b-blockers at hospital discharge [15]. For this reason, in-
hospital initiation and up-titration of b-blockers are mandatory.
Evidence-based b-blockers (bisoprolol, metoprolol, carvedilol)
are rather more familiar to use in patients with AHF. Theoreti-
cally, carvedilol may exert a more potent antihypertensive effect
as compared with the selective b1 receptor blockers, because of
its alpha adrenergic receptor blocker properties [54] and caution
is warranted with concomitant sac/val use. Clinical experience
suggests that co-administration of small doses of b-blockers and
sac/val in hemodynamically stable and euvolemic patients is
safe. In addition, co-administration may also confer the poten-
tial advantage of a more effective neurohormonal axis blockade,
which translates into a remarkably higher clinical efficacy at
least on a theoretical basis. However, a validated algorithm for
evidence-based modifying HF medical therapy in AHF with
dosing recommendations, priority order, co-administration, and
up-titration is still lacking [5].

MRAs

In PIONEER-HF, only a minority (~ 10%) of patients were
on MRAs before randomization and the frequency of pre-
scription of MRAs post-discharge is still unknown. Conse-
quently, conclusions regarding the safety and efficacy of sac/
val and MRA combination during hospitalization for AHF
remain speculative. Theoretically, an MRA may confer an
additional benefit in patients hospitalized for AHF. Thus,
MRASs should be considered for all patients receiving sac/val
[15]. However, regular monitoring of potassium and kidney
function is compulsory in that case.

Diuretics

After sac/val administration, the dose of diuretics may need
to be readjusted especially for hypovolemic patients. As
mentioned above, sac/val potentiates diuresis and this may
result in a significant reduction of the effective intravascular
volume. This additive diuretic effect can be beneficial for
patients with hypervolemia since it may alleviate residual
and sometimes latent congestion. However, for hypovolemic
patients and especially for those who experience hypoten-
sion after sac/val, a reduction of more than 50% or even
withdrawal of the diuretic in a stepwise approach may be
required before considering sac/val discontinuation (Fig. 2).
After discharge and at follow-up visits, the diuretic dose
should be reconsidered on the basis of clinical and labora-
tory parameters [55].

Management of adverse events during hospitalization

Arterial hypotension, worsening renal function, and hyper-
kalemia are the most common adverse events associated with
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Fig.2 Proposed algorithm for sac/val-induced hypotension during hospitalization for AHF. AHF: acute heart failure, BP: blood pressure, SBP:

systolic blood pressure, Sac/val: sacubitril/valsartan

sac/val. Surveillance and prompt diagnosis can prevent even
more serious complications. It should be noted that a greater
reduction of cardiovascular events was observed in patients
with chronic HF and low systolic blood pressure treated with
sac/val at the expense of a higher incidence of hypotension [56].

In case of hypovolemia and symptomatic hypotension
after sac/val, the following general measures should be
taken: (a) discontinuation of medications with hypotensive
action (i.e., calcium channel blockers, nitrates, etc.), (b) at
least 50% reduction of the dose of diuretics, and (c) adminis-
tration of oral or intravenous fluid. The next step is to down-
titrate (usually by 50%) or to withhold sac/val. Conversely,
sac/val-induced hypotension in patients with hypervolemia
often implies borderline advanced heart failure which may
require sac/val discontinuation, inotropic support, and/or
mechanical assistance. An algorithm for the management
of sac/val-induced hypotension during hospitalization is
shown in Fig. 2.

For worsening renal function, withdrawal of nephrotoxic
agents and correction of hypovolemia if any should precede
any sac/val dose reduction or discontinuation.

Finally, in case of hyperkalemia, suspension of potas-
sium supplements and MRAs and administration of a
potassium binder should first be implemented.

SAC/VAL initiation early after discharge

For patients not considered eligible for sac/val during
hospitalization and for those successfully managed in the
emergency room or short stay unit, early post-discharge
assessment and sac/val initiation in an outpatient care
service may confer some benefits. Safety outcome data
from the TRANSITION study showed similar rates of side
effects between early post-discharge and pre-discharge
initiation of sac/val. In addition, efficacy outcome data
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showed that early post-discharge sac/val initiation was not
inferior to pre-discharge in terms of attaining the maxi-
mum sac/val dose within a 10-week follow-up time period.
[29] These data, together with the positive findings of the
open-label extension of PIONEER-HF which showed a
dramatic NT-proBNP reduction after switch from enalapril
to sac/val 8 weeks post-discharge [36], support the use of
sac/val early post-discharge in an outpatient setting.

It is worth emphasizing that patients with AHF should
be instructed to visit their attending physician within
1 week after discharge and the hospital cardiology team
within 2 weeks [10]. Frequent follow-up appointments
should be especially reserved for patients on suboptimal
dose or for those not receiving the recommended guide-
line-directed medical therapies. Early follow-up after dis-
charge may prevent rehospitalizations during the vulner-
able phase and improve prognosis. [57]

Conclusions

In-hospital sac/val initiation in hemodynamically stable
patients with HFrEF admitted with an episode of AHF
is safe and well-tolerated and results in a greater reduc-
tion of NT-proBNP and a significant risk reduction for HF
rehospitalizations. However, the lack of sufficient clinical
experience, ambiguities and pitfalls in defining clinically
stable patients, and concerns regarding imminent adverse
events are significant obstacles for sac/val in-hospital use.
Implementation of the comprehensive and easily applica-
ble algorithm proposed for in-hospital sac/val initiation
can improve patient access to sac/val therapy during hos-
pitalization. Prospective studies are warranted to explore
further the validity, applicability, and clinical impact of
our consensus eligibility criteria and algorithm.
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