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Abstract. — OBJECTIVE: This study aimed
to determine the evolution of sacubitril-val-
sartan research and analyze the publications
quantitatively and qualitatively.

MATERIALS AND METHODS: We used
the bibliometric method and a combination of
CiteSpace_6.1.6 and VOSviewer 1.6.18 to iden-
tify top authors, countries, institutions, co-cited
articles, co-cited journals, keywords, and trends.
This study prioritized key aspects in the existing
global research on Entresto (Sacubitril/Valsartan)
to assess our depth of knowledge in this field and
identify potential insights. The objective was to
generate a reference for the utilization of the “an-
giotensin receptor-neprilysin inhibitor” (ARNI).

RESULTS: From 2008 to 2022, citations of
sacubitril-valsartan showed an upward trend.
VOSviewer keyword analysis of 3,408 publica-
tions identified 624 keywords and divided them
into seven different clusters. The clustered net-
work was constructed based on 1,191 referenc-
es cited by 3,408 publications that met the terms,
where the clustered network of sacubitril-valsar-
tan was presented. These publications can be re-
garded as fundamental to Entresto’s research.
Analysis of co-cited reference clusters showed
that other than Entresto’s novel application in
other diseases, the new combination with other
medication or mechanical assistance therapies
against heart failure was Entresto’s latest focus.
Analysis of citation bursts showed that the rank
of the top 25 keywords, according to the chrono-
logical sequence, marked Entresto’s research
entering a new era of exploring the extended ap-
plication in other diseases and novel combina-
tions with other diverse therapies.

CONCLUSIONS: We found that emerging new
mechanisms in sacubitril-valsartan therapy intend-
ed for more targets in the pathogenesis of specif-
ic diseases will be the focus of further studies.

Key Words:
Sacubitril/Valsartan, Entresto, Heart failure, Myo-
cardial infarction, Hypertension, Kidney protection.

Introduction

Sacubitril-Valsartan (LCZ696), also named “En-
tresto” (brand), is a fixed-dose medication mainly
used for chronic heart failure with reduced ejection
fraction (HFtEF), sometimes acute heart failure and
myocardial infarction (MI), along with other standard
medicine therapies [e.g.beta-blockers, mineralocor-
ticoid receptor antagonist (MRA), Sodium-glucose
cotransporter 2 (SGLT2)]"%. Instead of being sepa-
rated, this new medicine combines sacubitril (ne-
prilysin inhibitor) with valsartan (angiotensin receptor
blocker), which is recommended as a replacement
for the single use of an angiotensin receptor blocker
(ARB) or an ACE inhibitor (ACEI) in patients with
the HFrEF?. This combination is currently described
as an “angiotensin receptor-neprilysin inhibitor”” (AR-
NI), which is increasingly important in HF therapies®.

Materials and Methods

Data Source and Search Strategy

In this study, literature was searched using the
Web of Science™ Core Collection (WoSCC). The se-
arched topics include: Entresto, sacubitril-valsartan,
sacubitril/valsartan, LCZ696 (the structural formula
of sacubitril-valsartan), ARNI or neprilysin inhibitor;
document type: not limited; time span: 2008-2023
(retrieved date: 31%, August 2023). The language was
restricted to English only. “Full records and top cited
references” were retrieved, and raw data were con-
verted into DOC and XLS formats, which enabled
further analysis of the bibliometric tools we used.

Statistical Analysis

In this study, CiteSpace and VOSviewer we-
re applied for comprehensive science mapping
analysis of extensive bibliographic metadata.
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CiteSpace v6.1.6 was employed to analyze
the time trends of keywords, capture keywords
with strong citation bursts (CBs), develop visua-
lization maps, and recognize co-cited authors/
references. In addition, VOSviewer v1.6.17 was
applied to recognize associations between jour-
nals and construct a collaboration network, which
included the term clustering, authors/institutions/
countries, and journals/authors citation systems.

In total, 3,408 publications on “Sacubitril-Val-
sartan” were obtained. CiteSpace defines links
and nodes in the visualization knowledge maps.
Different nodes in the maps indicate authors or
countries, while the link among nodes represents
each association between collaboration or co-cita-
tion. Scientific articles were analyzed to establish
the clusters, time zone or timeline view, dual-map
overlays, and co-citation networks. The process
of “clustering” in CiteSpace was conducted to
determine various subtopics among these pu-
blications. VOSviewer was used to perform the
keyword co-occurrence density analysis.

Results

Distribution of Articles by Year of
Publication

WoSCC is commonly employed to extract
scientific data. Based on WoSCC, 3,408 manu-
scripts have been published. The first literature
on sacubitril-valsartan that met the search criteria

was published in 2008; therefore, we selected
articles from 2008 to 2023 because of the limited
number of articles published before 2008. After
2014, the articles published on sacubitril-valsar-
tan reached approximately a double-digit number
each year. The number of published articles was
an ever-increasing output per year before 2020.
During the period of 2008-2022, citations of
sacubitril-valsartan showed an upward trend (Fi-
gure 1). In the preliminary analysis, these papers
were cited 58,759 times during this period, and
every article was cited 17.24 times on average.

Keyword Co-Occurrence Cluster and
Article Co-Citation Cluster Analyses of
Research Hotspots

VOSviewer keyword analysis of 3,408 pu-
blications identified 624 keywords and divided
them into seven different clusters (Figure 2) with
different colors, which are linked with all other
keywords. CiteSpace article analysis divided all
co-cited articles into seven clusters (0# Alzhei-
mer’s disease, 1# heart failure, 2# hypertension,
3# beta blockers, 4# oxidative stress, 5# exercise
capacity, 6# type 2 diabetes), of which main
sub-networks were shown in Figure 3. Their
landmark articles were also labeled.

Analysis of Top Co-Cited Articles

The clustered network was constructed based
on 1,191 references cited by 3,408 publications
that met the terms, where the clustered network
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Figure 1. Trends in the number of scientific articles on sacubitril-valsartan research between 2008 and 2023.
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Figure 2. The clustering map of keywords shows 624 keywords with at least one occurrence divided into 7 clusters.

of sacubitril-valsartan was presented. The know-
ledge maps contained references with high cita-
tion count and centrality. The top 10 co-cited ar-
ticles, their cited frequency, titles, and main ideas
are shown in Table I. These publications can be
regarded as fundamental to Entresto’s research.
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Analysis of Co-Cited Reference Clusters
To determine co-cited reference clusters, the
1,191 top co-cited papers in 3,408 original publi-
cations were mapped in a hierarchical order using
the clustered network (Figure 4a-b and Figure 5)
applied two different algorithms to present the

)

Figure 3. Co-citation and cluster analysis on sacubitril-valsartan and the corresponding sub-networks.
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Table I. The top 10 co-cited articles with their authors, journals, titles and core ideas.

Cited
Authors Frequency Journal Title Year Core ideas Type
McMurray 600 NEW ENGL  Angiotensin-neprilysin inhibition versus 2014  LCZ696 was more effective than enalapril in decreasing the rates of Double-blind
et al’ JMED Enalapril in heart failure hospitalization and mortality for HF. Trial
Ponikowski 413 EUR 2016 ESC Guidelines for the diagnosisand ~ 2016  Sacubitril-Valsartan can replace ACE-I to further decrease the rates of Guideline
etal* HEARTJ treatment of acute and chronic heart failure hospitalization and mortality in HF patients with HFrEF who remain
symptomatic despite optimal treatment with MRA, beta-blocker or ACE-T*.
Velazquez 330 NEW ENGL  Angiotensin—Neprilysin Inhibition in 2019  The initiation of sacubitril-valsartan reduced NT-proBNP concentrations ~ Randomized
et al® JMED Acute Decompensated Heart Failure than enalapril in patients with HF with PEF who were hospitalized for  trial
acute decompensated HF (ADHF). The rates of angioedema, symptomatic
hypotension, hyperkalemia and worsening renal function were not
obviously different between the two groups®.
Solomon 306 NEW ENGL  Angiotensin—Neprilysin Inhibition in Heart 2019  Sacubitril-Valsartan did not reduce the rates of hospitalization and Clinical Trial
etal’ JMED Failure with Preserved Ejection Fraction cardiovascular mortality in HF patients, with a preserved ejection
fraction of 45% or greater compared with valsartan®.
McMurray 260 NEW ENGL  Dapagliflozin in Patients with Heart Failure =~ 2019  Patients with heart failure and a reduced ejection fraction who received  Clinical Trial
etal’ JMED and Reduced Ejection Fraction dapagliflozin had a lower risk of worsening heart failure or death from
cardiovascular causes than those who received a placebo, regardless
of the presence or absence of diabetes’.
Packer 208 CIRCU- Angiotensin receptor neprilysin inhibition =~ 2015  Angiotensin/neprilysin inhibitor was more superior to angiotensin- Double-blind
et al" LATION compared with Enalapril on the risk of converting enzyme inhibitor (ACEI) for preventing clinical Trial
clinical progression in surviving patients progression in surviving HF patients®.
with heart failure
Yancy 198 CIRCU- 2017 ACC/AHA/HFSA Focused Update of 2017  The combined treatment of ACE inhibitors (Level-of-Evidence: A), OR  Guideline
et al? LATION the 2013 ACCF/AHA Guideline for the ARNI (Level-of-Evidence: B-R), OR ARBs (Level-of-Evidence: A),
Management of Heart Failure together with aldosterone antagonists and blockers is recommended for
reducing morbidity and mortality in chronic HFrEF patients (COR I). In
patients with symptomatic chronic HFtEF NYHA class II/III who tolerate
ARB or ACE inhibitor, replacement with ARNI is recommended to further
decrease mortality and morbidity (COR I; Level-of-Evidence: B-R)".
Januzzi 195 JAMA Association of Change in N-Terminal 2019 In this exploratory study of patients with HFrEF treated with Clinical
et al'® Pro-B-Type Natriuretic Peptide Following sacubitril-valsartan, a reduction in NT-proBNP concentration was Trial
Initiation of Sacubitril-Valsartan Treatment marginally significant with improvements in cardiac volume and
With Cardiac Structure and Function in function markers at 12 months. The observed reversal of cardiac
Patients With Heart Failure With Reduced remodeling may provide a mechanistic explanation for the effects
Ejection Fraction of sacubitril-valsartan in HFrEF patients'”.
Packer 185 NEW ENGL  Cardiovascular and Renal Outcomes with 2020 Regardless of the presence or absence of diabetes, among patients Randomized
etal’ JMED Empagliflozin in Heart Failure receiving recommended therapy for heart failure, those in the controlled
empagliflozin group had a lower incidence of cardiovascular death trial
or hospitalization for heart failure than those in the placebo group''.
Solomon 148 LANCET The angiotensin receptor neprilysin inhibitor 2012 LCZ696 markedly decreased NT-proBNP level compared with Randomized,
etal® LCZ696 in heart failure with preserved valsartan in HF patients with preserved ejection fraction at 12 parallel-group,
ejection fraction: a phase 2 double-blind weeks, with no significant side effects. However, these effects double-blind
randomized controlled trial need to be tested prospectively’. multicenter
trial
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Figure 4. Analysis of co-cited reference clusters that 1,191 top co-cited papers in 3,408 original publications were mapped in
hierarchical order using the clustered network. A, The timelinel of co-citation clusters. Top seven clusters are labeled on the
right and landmark articles are labeled. B, The timeline2 of co-citation clusters.
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Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2008 - 2023

alzheimers disease 2008 18.47 2008 2014 .

neutral endopeptidase 2008 16.91 2008 2016

neprilysin 2008 1291 2008 2014 p—

abeta 2008 1136 2008 2014 p—

angiotensin converting enzyme 2008 1135 2008 2017 p—

peptide 2008 10.34 2008 2016 p—

amyloid precursor protein 2008 793 2008 2015 p—

metabolism 2008 747 2008 2017 p————

expression 2008 6.79 2008 2014 p—

receptor 2008 6.47 2008 2015 p—

precursor protein 2008 594 2008 2015 p———————

inhibitor 2009 9.15 2009 2015  —

rat 2009 6.35 2009 2015  —

gene expression 2009 6.24 2009 2017  m——

neutral endopeptidase mnhibition 2011 8.05 2011 2019 S ——

converting enzyme 2011 7.84 2011 2015 e

vasopeptidase inhibition 2011 6.96 2011 2017 e ———

neutral endopeptidase inhibitor 2013 11.65 2013 2017 ——

double blind 2011 9.57 2013 2016 . e

omapatrilat 2013 841 2013 2018 s

randomized controlled trial 2014 7.92 2014 2016 —

randomized trial 2013 10.55 2015 2017 s—

neprilysin inhibitor 1cz696 2015 6.58 2015 2018 e

insight 2019 6.76 2019 2021 —

sglt2 inhibitor 2020 9.63 2021 2023 —

Figure 6. Top 25 Keywords with the strongest CBs in articles on sacubitril-

valsartan published during 2008-2023.

citation bursts (CBs) of cited references. Each
node represents a cited reference, and each
cluster represents a thematic concentration or
a distinct specialty. The references with high
citation count and centrality can be found in
the citation reference knowledge map. The total
co-citation number of the associated references
is proportional to the area of each node. In
Figure 4a/b, the co-cited references are clear-
ly clustered into seven major sub-clusters, as
mentioned above, from which we can see the
emerging trends of Entresto’s novel application
in other diseases, including endocrinology and
neurology etc. In Figure 5, the co-cited referen-
ces were arranged based on the timeline within
each year from 2008 to 2023, from which we
could discover that other than Entresto’s novel
application in other diseases, the new combi-
nation with other medication or mechanical

508

assistance therapies against the heart failure
was the latest focus of Entresto.

Analysis of Citation Bursts

CB analysis identifies articles that attract
the attention of research scholars. We detected
CBs between 2008 through 2023 according
to an analysis of 3,408 publications. The blue
line depicts the timeline and a red segment
on the blue timeline denotes the time interval
for CBs, revealing the starting time, ending
time, and duration of CBs. Among the top 25
keywords with the highest CB strength, those
with research importance showing the evolu-
tionary trend of sacubitril-valsartan were of
particular interest (Figure 6). The rank of the
top 25 keywords according to the chronological
sequence marked Entresto’s research entering a
new era of exploring the extended application
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Figure 7. Top 25 references with the strongest CBs quoted in 3,408 articles.

in other diseases and novel combinations with
other diverse therapies.

Discussion

In this research, information visualization was
used to analyze the publications on sacubitril-val-
sartan from 2008 to 2023. According to the know-
ledge domain and emerging trends, an increasing
number of scientific articles was identified over
the past fifteen years, which indicates that sacubi-
tril-valsartan has become an increasingly impor-
tant area of study and a subject of growing interest.
The burst of research activity after the year 2016
may be attributed to the fact that some scientific
articles related to Entresto have had a significant
impact on understanding the function and the
mechanism of sacubitril-valsartan, which aroused
the attention of many researchers in this field, thus
increasing the number of critical publications.

Among the top 10 co-cited articles, Solomon
et al* first illustrated that LCZ696 markedly de-
creased the NT-proBNP level compared with
valsartan in HF patients with preserved ejection
fraction (PEF) at 12 weeks, with no significant si-
de effects. However, they added that these effects
need to be tested prospectively. However, later,

Solomon et al® reported that sacubitril-valsartan
did not reduce the rates of hospitalization and
cardiovascular mortality in HF patients, with a
PEF of 45% or greater compared with valsartan,
which posed a challenge for subsequent resear-
chers. McMurray et al® elucidated that LCZ696
was more beneficial than enalapril in treating
patients with systolic HF, and PARADIGM-HF
may change our approach to neurohormonal mo-
dulation in HF. McMurray et al* suggested that
LCZ696 was more effective than enalapril in
decreasing the rates of hospitalization and morta-
lity for HF, which was still within the range of an
ejection fraction of less than 40% (HFrEF). In re-
cent years, these authors put forward that patients
with heart failure and a reduced ejection fraction
who received dapaglifiozin had a lower risk of
worsening heart failure or death from cardiova-
scular causes than those who received a placebo,
regardless of the presence or absence of diabetes®.
Within the same year, Januzzi et al’ raised that
in the exploratory study of patients with HFrEF
treated with sacubitril-valsartan, a reduction in
NT-proBNP concentration was marginally signi-
ficant with improvements in cardiac volume and
function markers at 12 months. The observed
reversal of cardiac remodeling may provide a
mechanistic explanation for the effects of sacu-
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bitril-valsartan in HFTEF patients. Subsequently,
Packer et al® also pointed out in the next year that
regardless of the presence or absence of diabetes,
among patients receiving recommended therapy
for heart failure, those in the empagliflozin group
had a lower incidence of cardiovascular death or
hospitalization for heart failure than those in the
placebo group. Besides, they’ demonstrated that
angiotensin/neprilysin inhibitor was superior to
angiotensin-converting enzyme inhibitor (ACEI)
for preventing clinical progression in surviving
HF patients. Senni et al'’ reported that the process
of starting or increasing the dosage of sacubi-
tril-valsartan from 50 to 200 mg twice daily over
a period of 3 or 6 weeks showed a tolerability
profile similar to that of other therapies for heart
failure. More gradual uptitration can increase the
chance of attaining the target dose of sacubitril/
valsartan in patients transitioning from lower
doses of ACEI/ARBs. Ponikowski et al'' ulterior-
ly proved that sacubitril-valsartan could replace
ACE-I to further decrease the rates of hospitali-
zation and mortality in HF patients with HFrEF
who remain symptomatic despite optimal treat-
ment with MRA, beta-blocker, or ACE-I. Next,
in a new guideline in 2017, Yancy et al'? updated
the consensus that the combined treatment of
ACE inhibitors (Level-of-Evidence: A), OR ARNI
(Level-of-Evidence: B-R), OR ARBs (Level-of-E-
vidence: A), together with aldosterone antagonists
and blockers is recommended for reducing morbi-
dity and mortality in chronic HFrEF patients (COR
I). In patients with symptomatic chronic HFrEF
NYHA class II/I1I who tolerate ARB or ACE inhi-
bitor, replacement with ARNI is recommended to
further decrease mortality and morbidity (COR
I; Level-of-Evidence: B-R). Velazquez et al'® fur-
ther proposed that the initiation of sacubitril-val-
sartan reduced NT-proBNP concentrations more
than enalapril in patients with HF with PEF who
were hospitalized for acute decompensated HF
(ADHF). The rates of angioedema, symptomatic
hypotension, hyperkalemia, and worsening renal
function were not obviously different between the
two groups, which paved the way for the applica-
tion of sacubitril-valsartan in ADHF patients.

By integrating the most influential twenty-five
references together with the most significant citation
bursts (Figure 7) and other relevant publications
associated with crucial research on Entresto, we pri-
marily deduce the progress of sacubitril-valsartan
during the previous fifteen years as outlined below.

We discovered that earlier in 2010, it has already
been preliminarily proven'*!* that compared with
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valsartan, a novel, orally bioavailable, dual-acting
LCZ696 is effective against high blood pressure,
suggesting that the drug can be used to treat hyper-
tension and cardiovascular diseases, especially he-
art failure. This opened the era of new medical
therapy for these two types of diseases with a
large group of patients on this planet. In 2012, a
breakthrough in the comparison between ARNI
and ACE was made, which further demonstrated
the positive function of sacubitril-valsartan in HF
patients with PEF4. In 2013, a branch trial'® in PA-
RADIGM-HF research demonstrated the superiori-
ty of sacubitril-valsartan over ACEI in systolic HF.
Within the same year, a review about the effects of
neprilysin inhibitor (NEPinh) and/or other thera-
peutic agents brought us to a new age of neurohor-
monal modulation in HF and hypertension, which
also showed fewer side effects like angioedema
from ARNI than VPIs (Human vasoactive pepti-
dase inhibitor) such as omapatrilat, etc. In 2014, the
results from sacubitril-valsartan research began to
increase significantly. The priority of sacubitril-val-
sartan over ACEIl and ARB in HFrEF has been
further suggested'”. In addition, one study'® showed
that LCZ696 is effective against hypertension in
Asian populations and is well-tolerated and safe.
In 2015, LCZ696 was found' to be able to attenua-
te cardiac dysfunction and remodeling after MI,
especially the effective inhibition of cardiac hyper-
trophy/fibrosis, compared to angiotensin receptor
blockers or neprilysin inhibitors in all age groups.
In 2016, relevant achievements made explosi-
ve progress. Two authoritative guidelines'-* were
published that year. One from the ESC11 affirmed
that sacubitril-valsartan could be an alternative
option to ACE-I for reducing the rates of hospi-
talization and mortality in patients with HFrEF
who remain symptomatic despite optimal treat-
ment with MRA, beta-blocker, or ACE-I. Another
guideline® from ACC/AHA/HFSA also supported
this point, so did another two branches of research
in PARADIGM-HF?"22 from which it was disco-
vered that PAR ADIGM-HF was an essential study
to push sacubitril-valsartan research. Besides, fun-
damental research® on the pharmacokinetic and
pharmacodynamic profiles of LCZ696, which re-
viewed the pivotal phase I1I study of this medicine,
showed that LCZ696 treatment was well tolerated
and inhibited neprilysin/renin-angiotensin-aldo-
sterone system (RAAS) in HFrEF patients, as
indicated by the changes in plasma biomarkers.
Beyond that, within the same year, there was an
interesting ARNI study®* that summarized the re-
asons for the non-implementation of heart failure.
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In 2017, Entresto formally entered the global
market, bringing more important research in-
to this medicine. The representative ones were
mainly from 2017 to 2020. Two studies*** con-
firmed the atherothrombotic and electrophysiolo-
gical benefits of sacubitril-valsartan, respectively.
A branch study?”” in PARADIGM-HF supported
full-dose Entresto therapy for systolic hyper-
tension. Notably, in 2017, a review? opened the
age of better defining the mechanisms that are
intrinsic to the cardiac muscle at the levels of
myocytes, interstitium, capillaries mitochondria,
etc. The review also unveiled neurohormonal
pathways associated with vasoconstriction and
vasodilation in peripheral circulation. This disco-
very prompted a commitment to extended patient
follow-ups after ARNI treatment to enhance our
understanding of its expected “real-world” safety
and efficacy”. Nevertheless, the evidence grade
of the clinical application for Entresto in the new
2017 ESC guideline' still did not change compa-
red to the previous guideline (Class I; Level B-R).

In 2018, more studies® of Entresto in chronic
kidney disease (CKD) were reported as sacubi-
tril-valsartan was found to be more beneficial to
CKD-related cardiovascular abnormality (mainly
including cardiac hypertrophy/fibrosis, oxidative
stress, inflammation, and mitochondrial dysfun-
ction/depletion) than valsatan. The benefits of En-
tresto on these cellular mechanisms were also men-
tioned and proven in MI research, from which it
was discovered that the mechanisms in heart and
kidney protection share a common way in some
aspects. This encourages further investigation into
the collaborative research of sacubitril-valsartan wi-
thin the realm of the intersection between chronic
heart disease (CHD) and chronic kidney disease
(CKD). Compared to enalapril, sacubitril-valsartan
gradually reduced the rate of epidermal growth fac-
tor receptor (€GFR) and enhanced cardiovascular
outcomes in CKD patients, although leading to a
modest increase in urinary albumin-to-creatinine
ratio (UACR)". In an observational study** with
a l-year follow-up, sacubitril-valsartan exhibited
beneficial effects on albuminuria and kidney fun-
ction similar to irbesartan and additional effects of
regulating cardiac biomarkers and blood pressure in
CKD patients. In more perspectives, another ARB,
instead of valsartan, provided more convincing evi-
dence. In addition, sacubitril-valsartan can reverse
the ventricular remodeling of both cardiac diastolic
and systolic functions®.

In 2019, some findings** from PAR ADIGM-HF
indicated that sacubitril-valsartan might notably

decrease several biomarkers associated with pro-
fibrotic signaling in HFTEF, reiterating the signi-
ficance of the “fibrosis” aspect. Except for this
point, sacubitril-valsartan did not show increased
risks of symptomatic hypotension, hyperkalemia,
and worsening renal function than ACEIS. Al-
though one study® showed the effectiveness of
sacubitril-valsartan in HFEF patients with renal
failure in real-world practice, which has further
expanded its use in HFTrEF, the clinical appli-
cation of Entresto in HF patients with a PEF of
45% or greater is still not idea®.

In 2020, the PIONEER-HF research further
indicated the function of sacubitril-valsartan in
acute decompensated HF**¥. PARAGON-HF
trial®* brought positive proof of sacubitril-valsar-
tan use in heart failure with preserved ejection
fraction (HFpEF). Biomarkers reflecting extra-
cellular matrix homeostasis show an elevation
in heart failure with preserved ejection fraction
(HFpEF), potentially altered by Entresto, thereby
contributing valuable prognostic information’®.
This research, as part of the PARADIGM-HF
study, completed the application of sacubitril-val-
sartan in HFpEF patients to some extent. The
absolute and relative benefits of sacubitril-val-
sartan compared to valsartan in HFpEF may be
amplified when initiated in the high-risk window
after hospitalization, although further confirma-
tion is necessary*®. The baseline and mean achie-
ved systolic blood pressure (SBP) of 120-129
mmHg indicated the lowest-risk HFpEF patien-
ts. Baseline SBP did not affect the therapeu-
tic effect of sacubitril-valsartan, and the blood
pressure-lowering effect of sacubitril-valsartan
might not account for its effects on outcomes,
regardless of gender®’. In patients with HFpEF,
sacubitril-valsartan decreased the risk for renal
events, and gradually declined the rate of eGFR,
compared with valsartan alone*. Another stu-
dy* clarified that after acute decompensated
heart failure (ADHF), the first-line therapy with
sacubitril-valsartan in newly diagnosed HFrEF,
together with the initiation of other guideli-
ne-directed therapies, exhibits a better risk-be-
nefit profile than in patients with prior HFrEF.
Therefore, early treatment with sacubitril-val-
sartan can delay disease progression in newly
diagnosed HFTEF. Additionally, it has been repor-
ted® that sacubitril-valsartan reduces the risk of
sudden cardiac death (SCD), showing efficacy ir-
respective of the presence of an implantable car-
dioverter defibrillator (ICD) or just the eligibility
to implant an ICD, particularly among both ICD
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users and those with non-ischemic cardiomyopa-
thy. Significantly, in both 2019 and 2020, there
was a growing emphasis on the utilization of
SGLT?2 inhibitors, whether in the context of heart
failure with reduced EF or preserved EF.

From 2021 to 2023, the PROVE-HF study
continued to provide evidence for sacubitril-val-
sartan, which is related to NT-proBNP*. On the
other hand, in patients with HF, sacubitril-val-
sartan decreased the risk of severe adverse renal
outcomes and gradually declined the rate of
eGFR, compared with enalapril or valsartan,
regardless of baseline renal functions®. Howe-
ver, some studies have questioned these positive
outcomes. For example, the status of sacubi-
tril-valsartan therapy among patients with acute
myocardial infarction was challenged by a stu-
dy*® with a large number of patients published at
the end of the year 2022, in which better clinical
benefits of ramipril were unveiled. Beyond that,
especially in the recent two years (2022-2023),
as mentioned above, the relevant studies seemed
to pay more attention to the fresh application
intended for other diseases and the innovative
combination with other various therapies.

Compared with conventional reviews, CiteSpa-
ce- and VOSviewer-based analyses provide better
insights into the research trends, but there are some
limitations. It is required to merge similar words
during the analyses; otherwise, many repetitive
consequences will be covered. Although only origi-
nal articles were included in most of the analyses, all
article types were included during the co-cited refe-
rence analysis. At times, the rank of the top co-cited
articles is, to some extent, dependent on the publi-
shed years. In addition, these references can only
represent the most prevailing ones with the highest
bursts, which implies some breakthrough accompli-
shments; they cannot represent all the mainstream
ideas and achievements. In this article, we have
cited quite a few other tightly related articles in di-
scussion with significant results in the past decade
to further support and explain the top 25 references
above (Figure 7), including the latest breakthroughs
in 2023. However, they were ranked and highly
selected based on the number of citations. Thus, we
still need more citations to comprehensively clarify
the Entresto in a systematic review.

Conclusions

Our understanding of Entresto has advan-
ced remarkably over the past 15 years due to
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bursts of high-quality research. Through in-
formation visualization, we identified research
trends and current status in the field and offered
the collected information for future research
directions. It is believed that Entresto is related
to the pathogenesis of more diseases than pre-
sently known. Comparing Entresto with other
medicines, we believe that more comprehensive
mechanisms of Entresto in more disorders can
be the foci of future associated studies.

Conflict of Interest
The authors have no relevant financial or non-financial in-
terests to disclose.

Authors’ Contributions

All the authors were involved in the conception and design
of the study. Material preparation, data collection, and analy-
sis were conducted by Jia-Cheng Rong, Xue-Chen Zhao, Bo-
Han Lu, and Lei Huang. The first draft of this final manu-
script was prepared by Xue-Chen Zhao and revised by other
authors, especially Jia-Cheng Rong (Corresponding Author).
All authors have read and approved the final manuscript.

Data Availability

All datasets were generated from the sincere analysis cre-
ated by CiteSpace and VOSviewer, which were completely
based on references obtained from the Web of Science Core
Collection. These datasets supporting the reported results
can be found in this article and are available in the supple-
mentary materials.

Ethics Approval
Not applicable.

Informed Consent
Not applicable.

ORCID ID
Jiacheng Rong: 0000-0002-7989-0362.

Funding

The research leading to these results received funding and
support from the Ningbo Public Welfare Science and Tech-
nology Project (N0.2021S126), which was launched by the
Ningbo Science and Technology Municipal Bureau.



A scientometric analysis of sacubitril/valsartan (2008-2023)

1)

5)

6)

7)

References

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey
DE Jr, Colvin MM, Drazner MH, Filippatos G, Fon-
arow GC, Givertz MM, Hollenberg SM, Lindenfeld J,
Masoudi FA, McBride PE, Peterson PN, Stevenson
LW, Westlake C. 2016 ACC/AHA/HFSA Focused
Update on New Pharmacological Therapy for Heart
Failure: An Update of the 2013 ACCF/AHA Guide-
line for the Management of Heart Failure: A Report
of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice
Guidelines and the Heart Failure Society of Ameri-
ca. J Am Coll Cardiol 2016; 68: 1476-1488. Erratum
in: J Am Coll Cardiol 2016; 68: 1495.

McMurray JJ, Packer M, Desai AS, Gong J, Lef-
kowitz MP, Rizkala AR, Rouleau JL, Shi VC, Sol-
omon SD, Swedberg K, Zile MR; PARADIGM-HF
Investigators and Committees. Angiotensin-nepri-
lysin inhibition versus Enalapril in heart failure. N
Engl J Med 2014; 371: 993-1004.

Hubers SA, Brown NJ. Combined Angiotensin
Receptor Antagonism and Neprilysin Inhibition.
Circulation 2016; 133: 1115-1124.

Solomon SD, Zile M, Pieske B, Voors A, Shah A,
Kraigher-Krainer E, Shi V, Bransford T, Takeu-
chi M, Gong J, Lefkowitz M, Packer M, McMur-
ray JJ; Prospective comparison of ARNI with
ARB on Management Of heart failUre with pre-
served ejectioN fracTion (PARAMOUNT) Investi-
gators. The angiotensin receptor neprilysin inhib-
itor LCZ696 in heart failure with preserved ejec-
tion fraction: a phase 2 double-blind randomised
controlled trial. Lancet 2012; 380: 1387-1395.

Solomon SD, McMurray JJV, Anand IS, Ge J,
Lam CSP, Maggioni AP, Martinez F, Packer M,
Pfeffer MA, Pieske B, Redfield MM, Rouleau JL,
van Veldhuisen DJ, Zannad F, Zile MR, Desai AS,
Claggett B, Jhund PS, Boytsov SA, Comin-Colet
J, Cleland J, Dingen HD, Goncalvesova E, Kato-
va T, Kerr Saraiva JF, Lelonek M, Merkely B, Sen-
ni M, Shah SJ, Zhou J, Rizkala AR, Gong J, Shi
VC, Lefkowitz MP; PARAGON-HF Investigators
and Committees. Angiotensin-Neprilysin Inhibi-
tion in Heart Failure with Preserved Ejection Frac-
tion. N Engl J Med 2019; 381: 1609-1620.

McMurray JJV, Solomon SD, Inzucchi SE, Kgber
L, Kosiborod MN, Martinez FA, Ponikowski P, Sa-
batine MS, Anand IS, Bélohlavek J, B6hm M, Chi-
ang CE, Chopra VK, de Boer RA, Desai AS, Diez
M, Drozdz J, Dukat A, Ge J, Howlett JG, Katova
T, Kitakaze M, Ljungman CEA, Merkely B, Nico-
lau JC, O’'Meara E, Petrie MC, Vinh PN, Schou M,
Tereshchenko S, Verma S, Held C, DeMets DL,
Docherty KF, Jhund PS, Bengtsson O, Sjéstrand
M, Langkilde AM; DAPA-HF Trial Committees and
Investigators. Dapagliflozin in Patients with Heart
Failure and Reduced Ejection Fraction. N Engl J
Med 2019; 381: 1995-2008.

Januzzi JL Jr, Prescott MF, Butler J, Felker GM,
Maisel AS, McCague K, Camacho A, Pifa IL, Ro-
cha RA, Shah AM, Williamson KM, Solomon SD;
PROVE-HF Investigators. Association of Change

10)

11)

12)

in N-Terminal Pro-B-Type Natriuretic Peptide Fol-
lowing Initiation of Sacubitril-Valsartan Treatment
With Cardiac Structure and Function in Patients
With Heart Failure With Reduced Ejection Frac-
tion. JAMA 2019; 322: 1085-1095.

Packer M, Anker SD, Butler J, Filippatos G, Poco-
ck SJ, Carson P, Januzzi J, Verma S, Tsutsui H,
Brueckmann M, Jamal W, Kimura K, Schnee J,
Zeller C, Cotton D, Bocchi E, B6hm M, Choi DJ,
Chopra V, Chuquiure E, Giannetti N, Janssens S,
Zhang J, Gonzalez Juanatey JR, Kaul S, Brun-
ner-La Rocca HP, Merkely B, Nicholls SJ, Per-
rone S, Pina |, Ponikowski P, Sattar N, Senni M,
Seronde MF, Spinar J, Squire |, Taddei S, Wan-
ner C, Zannad F; EMPEROR-Reduced Trial In-
vestigators. Cardiovascular and Renal Outcomes
with Empagliflozin in Heart Failure. N Engl J Med
2020; 383: 1413-1424.

Packer M, McMurray JJ, Desai AS, Gong J, Lef-
kowitz MP, Rizkala AR, Rouleau JL, Shi VC, Solo-
mon SD, Swedberg K, Zile M, Andersen K, Aran-
go JL, Arnold JM, Bélohlavek J, Béhm M, Boytsov
S, Burgess LJ, Cabrera W, Calvo C, Chen CH,
Dukat A, Duarte YC, Erglis A, Fu M, Gomez E,
Gonzalez-Medina A, Hagége AA, Huang J, Ka-
tova T, Kiatchoosakun S, Kim KS, Kozan O, Lla-
mas EB, Martinez F, Merkely B, Mendoza |, Mo-
sterd A, Negrusz-Kawecka M, Peuhkurinen K,
Ramires FJ, Refsgaard J, Rosenthal A, Senni M,
Sibulo AS Jr, Silva-Cardoso J, Squire IB, Star-
ling RC, Teerlink JR, Vanhaecke J, Vinereanu D,
Wong RC; PARADIGM-HF Investigators and Co-
ordinators. Angiotensin receptor neprilysin inhibi-
tion compared with Enalapril on the risk of clinical
progression in surviving patients with heart fail-
ure. Circulation 2015; 131: 54-61.

Senni M, McMurray JJ, Wachter R, Mcintyre HF,
Reyes A, Majercak |, Andreka P, Shehova-Yan-
kova N, Anand I, Yilmaz MB, Gogia H, Marti-
nez-Selles M, Fischer S, Zilahi Z, Cosmi F, Ge-
lev V, Galve E, Gobmez-Doblas JJ, Nociar J, Ra-
domska M, Sokolova B, Volterrani M, Sarkar A,
Reimund B, Chen F, Charney A. Initiating sacu-
bitril/valsartan (LCZ696) in heart failure: results
of TITRATION, a double-blind, randomized com-
parison of two uptitration regimens. Eur J Heart
Fail 2016; 18: 1193-1202.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cle-
land JGF, Coats AJS, Falk V, Gonzalez-Juanatey
JR, Harjola VP, Jankowska EA, Jessup M, Linde
C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley
JP, Rosano GMC, Ruilope LM, Ruschitzka F, Rut-
ten FH, van der Meer P; ESC Scientific Document
Group. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: The
Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of
Cardiology (ESC). Developed with the special con-
tribution of the Heart Failure Association (HFA) of
the ESC. Eur J Heart Fail 2016; 18: 891-975.

Yancy CW, Jessup M, Bozkurt B, Butler J, Ca-
sey DE Jr, Colvin MM, Drazner MH, Filippatos GS,
Fonarow GC, Givertz MM, Hollenberg SM, Lin-
denfeld J, Masoudi FA, McBride PE, Peterson PN,

513



X.-C. Zhao, L. Huang, J.-C

. Rong, B.-H. Lu

13)

14)

15)

16)

17)

18)

19)

20)

Stevenson LW, Westlake C. 2017 ACC/AHA/HFSA
Focused Update of the 2013 ACCF/AHA Guide-
line for the Management of Heart Failure: A Report
of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice
Guidelines and the Heart Failure Society of Amer-
ica. Circulation 2017; 136: e137-e161.

Velazquez EJ, Morrow DA, DeVore AD, Duffy
Cl, Ambrosy AP, McCague K, Rocha R, Braun-
wald E; PIONEER-HF Investigators. Angioten-
sin-Neprilysin Inhibition in Acute Decompensated
Heart Failure N Engl J Med 2019; 380: 539-548.

Ruilope LM, Dukat A, Bbhm M, Lacourciere Y,
Gong J, Lefkowitz MP. Blood-pressure reduc-
tion with LCZ696, a novel dual-acting inhibitor of
the angiotensin Il receptor and neprilysin: a ran-
domised, double-blind, placebo-controlled, ac-
tive comparator study. Lancet 2010; 375: 1255-
1266.

Gu J, Noe A, Chandra P, Al-Fayoumi S, Ligue-
ros-Saylan M, Sarangapani R, Maahs S, Ksand-
er G, Rigel DF, Jeng AY, Lin TH, Zheng W, Dole
WP. Pharmacokinetics and pharmacodynamics of
LCZ696, a novel dual-acting angiotensin recep-
tor-neprilysin inhibitor (ARNI). J Clin Pharmacol
2010; 50: 401-414.

McMurray JJ, Packer M, Desai AS, Gong J,
Lefkowitz MP, Rizkala AR, Rouleau J, Shi VC,
Solomon SD, Swedberg K, Zile MR; PARA-
DIGM-HF Committees and Investigators. Du-
al angiotensin receptor and neprilysin inhibition
as an alternative to angiotensin-converting en-
zyme inhibition in patients with chronic systol-
ic heart failure: rationale for and design of the
Prospective comparison of ARNI with ACEI to
Determine Impact on Global Mortality and mor-
bidity in Heart Failure trial (PARADIGM-HF).
Eur J Heart Fail 2013; 15: 1062-1073.

Vardeny O, Miller R, Solomon SD. Combined
neprilysin and renin-angiotensin system inhi-
bition for the treatment of heart failure. JACC
Heart Fail 2014; 2: 663-670.

Kario K, Sun N, Chiang FT, Supasyndh O, Baek
SH, Inubushi-Molessa A, Zhang Y, Gotou H, Lef-
kowitz M, Zhang J. Efficacy and safety of LCZ696,
a first-in-class angiotensin receptor neprilysin in-
hibitor, in Asian patients with hypertension: a ran-
domized, double-blind, placebo-controlled study.
Hypertension 2014; 63: 698-705.

von Lueder TG, Wang BH, Kompa AR, Huang L,
Webb R, Jordaan P, Atar D, Krum H. Angiotensin
receptor neprilysin inhibitor LCZ696 attenuates
cardiac remodeling and dysfunction after myocar-
dial infarction by reducing cardiac fibrosis and hy-
pertrophy. Circ Heart Fail 2015; 8: 71-78.

WRITING COMMITTEE MEMBERS; ACC/AHA
TASK FORCE MEMBERS. 2016 ACC/AHA/HFSA
Focused Update on New Pharmacological Thera-
py for Heart Failure: An Update of the 2013 ACCF/
AHA Guideline for the Management of Heart Fail-
ure: A Report of the American College of Cardi-
ology/American Heart Association Task Force on

514

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

Clinical Practice Guidelines and the Heart Failure
Society of America. J Card Fail 2016; 22: 659-669.

Zile MR, Claggett BL, Prescott MF, McMurray JJ,
Packer M, Rouleau JL, Swedberg K, Desai AS,
Gong J, Shi VC, Solomon SD. Prognostic Impli-
cations of Changes in N-Terminal Pro-B-Type Na-
triuretic Peptide in Patients With Heart Failure. J
Am Coll Cardiol 2016; 68: 2425-2436.

Solomon SD, Claggett B, Packer M, Desai A,
Zile MR, Swedberg K, Rouleau J, Shi V, Lef-
kowitz M, McMurray JJV. Efficacy of Sacubi-
tril/Valsartan Relative to a Prior Decompensa-
tion: The PARADIGM-HF Trial. JACC Heart Fail
2016; 4: 816-822.

Kobalava Z, Kotovskaya Y, Averkov O, Pavlikova
E, Moiseev V, Albrecht D, Chandra P, Ayalaso-
mayajula S, Prescott MF, Pal P, Langenickel TH,
Jordaan P, Rajman |. Pharmacodynamic and
Pharmacokinetic Profiles of Sacubitril/Valsartan
(LCZ696) in Patients with Heart Failure and Re-
duced Ejection Fraction. Cardiovasc Ther 2016;
34: 191-198.

Lainscak M, Coats AJ. The PARADIGM of AR-
NI's: Assessing reasons for non-implementation
in heart failure. Int J Cardiol 2016; 212: 187-189.

de Diego C, Gonzalez-Torres L, Nufiez JM, Cen-
turion Inda R, Martin-Langerwerf DA, Sangio AD,
Chochowski P, Casasnovas P, Blazquéz JC, Al-
mendral J. Effects of angiotensin-neprilysin inhi-
bition compared to angiotensin inhibition on ven-
tricular arrhythmias in reduced ejection fraction
patients under continuous remote monitoring of
implantable defibrillator devices. Heart Rhythm
2018; 15: 395-402.

Mogensen UM, Kgber L, Kristensen SL, Jhund
PS, Gong J, Lefkowitz MP, Rizkala AR, Rouleau
JL, Shi VC, Swedberg K, Zile MR, Solomon SD,
Packer M, McMurray JJV; PARADIGM-HF Inves-
tigators and Committees. The effects of sacu-
bitril/valsartan on coronary outcomes in PARA-
DIGM-HF. Am Heart J 2017; 188: 35-41.

Williams B, Cockcroft JR, Kario K, Zappe DH,
Brunel PC, Wang Q, Guo W. Effects of Sacu-
bitril/Valsartan Versus Olmesartan on Central
Hemodynamics in the Elderly With Systolic Hy-
pertension: The PARAMETER Study. Hyperten-
sion 2017; 69: 411-420.

Diez J. Chronic heart failure as a state of reduced ef-
fectiveness of the natriuretic peptide system: implica-
tions for therapy. Eur J Heart Fail 2017; 19: 167-176.

D’Elia E, lacovoni A, Vaduganathan M, Lori-
ni FL, Perlini S, Senni M. Neprilysin inhibition
in heart failure: mechanisms and substrates
beyond modulating natriuretic peptides. Eur J
Heart Fail 2017; 19: 710-717.

Suematsu Y, Jing W, Nunes A, Kashyap ML,
Khazaeli M, Vaziri ND, Moradi H. LCZ696 (Sacu-
bitril/Valsartan), an Angiotensin-Receptor Nepri-
lysin Inhibitor, Attenuates Cardiac Hypertrophy,
Fibrosis, and Vasculopathy in a Rat Model of
Chronic Kidney Disease. J Card Fail 2018; 24:
266-275.



A scientometric analysis of sacubitril/valsartan (2008-2023)

31)

32)

33)

34)

35)

36)

37)

38)

39)

Damman K, Gori M, Claggett B, Jhund PS, Sen-
ni M, Lefkowitz MP, Prescott MF, Shi VC, Rou-
leau JL, Swedberg K, Zile MR, Packer M, De-
sai AS, Solomon SD, McMurray JJV. Renal
Effects and Associated Outcomes During An-
giotensin-Neprilysin Inhibition in Heart Failure.
JACC Heart Fail 2018; 6: 489-498.

Mc Causland FR, Lefkowitz MP, Claggett B, Anav-
ekar NS, Senni M, Gori M, Jhund PS, McGrath
MM, Packer M, Shi V, Van Veldhuisen DJ, Zannad
F, Comin-Colet J, Pfeffer MA, McMurray JJV, Solo-
mon SD. Angiotensin-Neprilysin Inhibition and Re-
nal Outcomes in Heart Failure With Preserved Ejec-
tion Fraction. Circulation 2020; 142: 1236-1245.

Wang RX, Liao BQ, Chen W, Zhang YM, Tang
XH, Xie FH. A meta-analysis of effects and safety
of Tripterygium wilfordii polyglycoside in the treat-
ment of IgA nephropathy. Eur Rev Med Pharma-
col Sci 2022; 26: 8756-8770.

Zile MR, O’Meara E, Claggett B, Prescott MF,
Solomon SD, Swedberg K, Packer M, McMur-
ray JJV, Shi V, Lefkowitz M, Rouleau J. Effects of
Sacubitril/Valsartan on Biomarkers of Extracel-
lular Matrix Regulation in Patients With HFrEF. J
Am Coll Cardiol 2019; 73: 795-806.

Chang HY, Feng AN, Fong MC, Hsueh CW, Lai
WT, Huang KC, Chong E, Chen CN, Chang HC,
Yin WH. Sacubitril/valsartan in heart failure with
reduced ejection fraction patients: Real world
experience on advanced chronic kidney dis-
ease, hypotension, and dose escalation. J Car-
diol 2019; 74: 372-380.

Ambrosy AP, Braunwald E, Morrow DA, DeVore
AD, McCague K, Meng X, Duffy Cl, Rocha R,
Velazquez EJ; PIONEER-HF Investigators. An-
giotensin Receptor-Neprilysin Inhibition Based on
History of Heart Failure and Use of Renin-Angio-
tensin System Antagonists. J Am Coll Cardiol
2020; 76: 1034-1048.

Costanzo MR. Similar Yet Different: Examining the
Effects of Sacubitril/Valsartan by Race in the PIO-
NEER-HF Trial. JACC Heart Fail 2020; 8: 867-869.

Cunningham JW, Claggett BL, O’Meara E, Prescott
MF, Pfeffer MA, Shah SJ, Redfield MM, Zannad F,
Chiang LM, Rizkala AR, Shi VC, Lefkowitz MP,
Rouleau J, McMurray JJV, Solomon SD, Zile MR.
Effect of Sacubitril/Valsartan on Biomarkers of Ex-
tracellular Matrix Regulation in Patients With HF-
pEF. J Am Coll Cardiol 2020; 76: 503-514.

Vaduganathan M, Claggett BL, Desai AS, Ank-
er SD, Perrone SV, Janssens S, Milicic D, Aran-
go JL, Packer M, Shi VC, Lefkowitz MP, McMur-
ray JJV, Solomon SD. Prior Heart Failure Hospi-
talization, Clinical Outcomes, and Response to
Sacubitril/Valsartan Compared With Valsartan in
HFpEF. J Am Coll Cardiol 2020; 75: 245-254.

40)

41)

42)

43)

44)

45)

46)

Selvaraj S, Claggett BL, BOhm M, Anker SD, Vadu-
ganathan M, Zannad F, Pieske B, Lam CSP, Anand
IS, Shi VC, Lefkowitz MP, McMurray JJV, Solomon
SD. Systolic Blood Pressure in Heart Failure With
Preserved Ejection Fraction Treated With Sacubitril/
Valsartan. J Am Coll Cardiol 2020; 75: 1644-1656.

Mc Causland FR, Lefkowitz MP, Claggett B,
Packer M, Senni M, Gori M, Jhund PS, McGrath
MM, Rouleau JL, Shi V, Swedberg K, Vadugana-
than M, Zannad F, Pfeffer MA, Zile M, McMurray
JJV, Solomon SD. Angiotensin-neprilysin inhibi-
tion and renal outcomes across the spectrum of
ejection fraction in heart failure. Eur J Heart Fail
2022; 24: 1591-1598.

Senni M, Wachter R, Witte KK, Straburzynska-Mi-
gaj E, Belohlavek J, Fonseca C, Mueller C, Lonn
E, Chakrabarti A, Bao W, Noe A, Schwende H, Bu-
tylin D, Pascual-Figal D; TRANSITION Investiga-
tors. Initiation of sacubitril/valsartan shortly after
hospitalisation for acutely decompensated heart
failure in patients with newly diagnosed (de novo)
heart failure: a subgroup analysis of the TRANSI-
TION study. Eur J Heart Fail 2020; 22: 303-312.

Rohde LE, Chatterjee NA, Vaduganathan M,
Claggett B, Packer M, Desai AS, Zile M, Rou-
leau J, Swedberg K, Lefkowitz M, Shi V, McMur-
ray JJV, Solomon SD. Sacubitril/Valsartan and
Sudden Cardiac Death According to Implantable
Cardioverter-Defibrillator Use and Heart Failure
Cause: A PARADIGM-HF Analysis. JACC Heart
Fail 2020; 8: 844-855.

Pifa IL, Camacho A, Ibrahim NE, Felker GM, But-
ler J, Maisel AS, Prescott MF, Williamson KM,
Claggett BL, Desai AS, Solomon SD, Januzzi JL;
PROVE-HF Investigators. Improvement of Health
Status Following Initiation of Sacubitril/Valsartan
in Heart Failure and Reduced Ejection Fraction.
JACC Heart Fail 2021; 9: 42-51.

Pfeffer MA, Claggett B, Lewis EF, Granger CB,
Kaber L, Maggioni AP, Mann DL, McMurray JJV,
Rouleau JL, Solomon SD, Steg PG, Berwanger O,
Cik[es M, De Pasquale CG, East C, Fernandez A,
Jering K, Landmesser U, Mehran R, Merkely B,
Vaghaiwalla Mody F, Petrie MC, Petrov |, Schou
M, Senni M, Sim D, van der Meer P, Lefkowitz M,
Zhou Y, Gong J, Braunwald E; PARADISE-MI In-
vestigators and Committees. Angiotensin Recep-
tor-Neprilysin Inhibition in Acute Myocardial Infarc-
tion. N Engl J Med 2021; 385: 1845-1855.

Mc Causland FR, Lefkowitz MP, Claggett B,
Anavekar NS, Senni M, Gori M, Jhund PS, Mc-
Grath MM, Packer M, Shi V, Van Veldhuisen DJ,
Zannad F, Comin-Colet J, Pfeffer MA, McMur-
ray JJV, Solomon SD. Angiotensin-Neprilysin
Inhibition and Renal Outcomes in Heart Failure
With Preserved Ejection Fraction. Circulation
2020; 142: 1236-1245.

515



