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ABSTRACT　
 
BACKGROUND　  Sacubitril-valsartan has  been shown to  reduce hospitalizations  and mortality  in  patients  with heart  failure
(HF) and depressed ejection fraction. The PIONEER-HF trial demonstrated that initiation of the drug during acute HF hospitaliz-
ation reduced NT-proBNP levels and a post-hoc analysis of the trial found a reduction in HF hospitalizations and deaths. Real-life
studies  in  the  elderly  population are  scarce.  The aim of  our  study was to  assess  the  effectiveness  of  sacubitril-valsartan versus
ACE inhibitors (ACEI) in elderly patients who initiate this treatment during hospitalization for acute HF.
 
METHODS　 We conducted a retrospective cohort study using the Spanish acute heart failure registry (RICA) comparing rehos-
pitalizations and deaths at 3 months and 1 year among patients aged 70 years or older who had initiated treatment with sacubitril-
valsartan during hospitalization for acute HF versus those treated with ACEI.
 
RESULTS　 One hundred and ninety-nine patients hospitalized between October 2016 and November 2020 were included, with
a median age of 82 years and high rate of comorbidity. Of these, 107 were treated with sacubitril-valsartan and 92 with ACEI. The
adjusted OR for readmission for HF at 3 months was 0.906 (95% CI: 0.241–3.404) and for the combined variable readmission for
HF or death at  3 months was 0.696 (95% CI:  0.224–2.167).  The adjusted OR for HF readmission at  one year was 0.696 (95% CI:
0.224 –2.167). and for the combined variable HF readmission or death at one year 0.724 (95% CI: 0.325–1.612).
 
CONCLUSION　  Treatment with sacubitril-valsartan initiated early in hospitalization for HF in elderly patients with high co-
morbidity  was associated with a  trend towards a  reduction in  readmissions  and death due to  HF compared to  treatment  with
ACEI, which did not reach statistical significance either at 3 months or 1 year of follow-up.

 

 

H eart failure (HF) is a very prevalent dis-
ease, affecting more than 10% of people
over 70 years of age and is the main cause

of admission to internal medicine wards.[1] Of these,

20% to 50% have depressed left ventricular ejection
fraction (LVEF).[2] After admission for acute heart fa-
ilure (AHF) in this group of patients in Spain, the rate
of readmissions per year for new episodes of HF is
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30%-50% and the rate of mortality due to HF is 10%-
20%.[3−5]

Sacubitril-valsartan is the first drug available with
a compound mechanism of angiotensin receptor and
neprilysin inhibition (ARNI) and has demonstrated
superiority to enalapril in a composite endpoint of
cardiovascular mortality and HF hospitalization.[6]

According to HF treatment guidelines,[7−9] angio-
tensin-converting enzyme inhibitors (ACE inhibit-
ors, ACEI) or angiotensin receptor blockers 2 (ARBs)
should be replaced by sacubitril-valsartan in all pa-
tients who remain symptomatic in stable conditions
despite the maximum tolerated doses of these drugs.

The beneficial effect of sacubitril-valsartan is ob-
served from the first weeks of treatment and the
medication is safe to start in hospitalization once the
patient is stabilized, also in those without previous
treatment with ACEI or ARBs, according to the res-
ults of the PIONEER-HF clinical trial.[10] For this
reason, it is currently recommended that patients
admitted to the hospital for acute HF with depre-
ssed LVEF previously treated with ACEI or ARBs
should be switched to sacubitril-valsartan once sta-
ble and before hospital discharge, and that those hos-
pitalized with a new diagnosis of HF with reduced
LVEF should be treated with ARNI as first-line the-
rapy.[7,11]

However, there is concern about whether the be-
nefit and safety profile demonstrated in these trials
will be similar in patients admitted to Internal Med-
icine wards, as they are older, with greater comorbi-
dity, higher prevalence of renal failure and hypo-
tension, and consume more drugs than patients in-
cluded in PARADIGM or PIONEER-HF.[12]

Therefore, we conducted a retrospective observa-
tional study with the hypothesis that initiation of tre-
atment with sacubitril-valsartan during hospitaliza-
tion for acute HF reduces rehospitalizations and mor-
tality compared to treatment with ACE inhibitors in
elderly patients admitted to internal medicine. The
primary endpoint of our study was the reduction in
HF hospitalizations and death at 3-month follow-up.
As a secondary objective, we analyzed the reduction
in HF hospitalizations and mortality at 1 year in a
subgroup of patients who completed this follow-up
period.

 METHODS

 Patients

We conducted a retrospective cohort study using
the Acute Heart Failure Registry (RICA), which is a
Spanish multicenter registry that includes patients
discharged from hospitalization for acute HF and is
followed up in a protocolized manner, including an
in-person visit at 3 months and 1 year. The data are
completed anonymously, through a web page (ht-
tps://www.registrorica.org), and is coordinated by
the working group on heart failure and atrial fibril-
lation of the Spanish Society of Internal Medicine
(SEMI). The study protocol was approved by the Cl-
inical Research Ethics Committee of the Hospital
Universitario Reina Sofía de Córdoba and informed
consent was obtained from all patients prior to in-
clusion. The investigators of this study adhered to
the recommendations of the Declaration of Helsinki,
and its subsequent modifications, for the protection
of the participants.

The current study included all patients registe-
red in the RICA as of October 1, 2016, who met the
following inclusion criteria: age equal to or older than
70 years, diagnosis of HF with LVEF equal to or less
than 40%, included in the RICA from an admission
for acute HF, and who had started treatment with sa-
cubitril-valsartan or ACEI upon hospitalization. Pa-
tients on treatment with sacubitril-valsartan prior to
hospital admission were excluded, but not those re-
ceiving ACE inhibitors prior to hospital admission.
Recruitment was completed on November 22, 2020
and the study was closed on February 22, 2021, three
months after the inclusion of the last patient.

 Variables

The primary outcome variables were defined as
readmission for HF and the combined variable of
readmission for HF and mortality at 3 months. Sec-
ondary outcome variables were HF readmission
and the combined variable of HF readmission and
mortality at 1 year. In addition, the following desc-
riptive variables were collected: age, sex, medical
history (hypertension, dyslipidemia, diabetes mel-
litus, atrial fibrillation, chronic kidney disease), HF
etiology, New York Heart Association (NYHA) fun-
ctional class, LVEF, blood pressure, laboratory para-
meters (hemoglobin, creatinine, glomerular filtra-
tion rate, potassium and NT-proBNP) and concom-
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itant treatment for HF at discharge [diuretics, beta-
blockers, mineralocorticoid receptor antagonists
(MRAs), sodium-glucose cotransporter type 2 inhib-
itors (iSGLT2)]. Potential confounding variables
were considered to be baseline glomerular filtra-
tion rate and blood pressure and descriptive vari-
ables associated with sacubitril-valsartan and mor-
tality.

 Statistical Analysis

Quantitative variables are expressed as mean and
standard deviation or median and interquartile ra-
nge and were compared by Student's t test or Mann-
Whitney U test according to whether the sample
distribution was normal or not. Qualitative vari-
ables are expressed as frequency and percentage.
The rates of readmission for HF and death were com-
pared between the two groups of patients using the
Chi-square test. The strength of association was ex-
pressed as odds ratio (OR) with 95% confidence in-
terval (95% CI). For this purpose, a bivariate analys-
is of the outcome variables between patients receiv-

ing treatment with sacubitril-valsartan or ACE in-
hibitors was performed, followed by a multivariate
analysis including the confounding variables indic-
ated. Possible multicollinearity effects between con-
tinuous variables that could be related were ruled
out. The internal validity of this model was calib-
rated using the Hosmer-Lemeshow test. Statistical
significance was applied with a p less than 0.05 and
the SPSS 26.0 program was used.

The sample size calculation, accepting an alpha risk
of 0.05 and a beta risk of 0.2 in a bilateral contrast, and
estimating a loss-to-follow-up rate of 10%, indic-
ated analyzing 122 patients treated with sacubitril-
valsartan and 240 treated with ACE inhibitors.

 RESULTS

 Patients

Figure 1 shows the flow diagram for patient in-
clusion. A total of 199 patients were included in the
study, 107 in the sacubitril-valsartan arm and 92 in

 

Figure 1    Flow chart. Patients included and analyzed in the study.
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the ACEI arm. There were 6 and 10 missing pati-
ents, respectively, who were not included in the ana-
lysis at 3 months.

In the analysis at 1 year, 71 patients could be in-
cluded in the sacubitril-valsartan arm and 73 in the
ACEI arm who had completed 1 year of follow-up
at the time of study closure. The median follow-up
was 355 days (interquartile range 150 - 393).

The baseline characteristics of the patients are
shown in Table 1. We observed that in both groups
the median age was 82 years and HF was associ-
ated with high comorbidity, although in the group
treated with sacubitril-valsartan there was a higher
prevalence of dyslipidemia, diabetes mellitus, chr-
onic renal failure, COPD, and ischemic etiology of
heart failure, as well as a higher score on the Cha-
rlson comorbidity index, and this group more fre-
quently received treatment at discharge with beta-
blockers, MRA, and i-SGLT2.

 Readmissions and Mortality

Table 2 shows the rate of readmissions due to HF
and the combined event of readmission due to HF
or death, both at 90 days (primary endpoint) and at
1 year (secondary endpoint). Table 3 shows the ORs
between sacubitril-valsartan and ACE inhibitors for
the four outcome variables, as well as the results of
the multivariate regression analysis, in which con-
founding variables were included. Only diabetes me-
llitus, ischemic etiology of HF, treatment at disc-
harge with beta-blockers and treatment at dis-
charge with iSGLT2 substantially modified the ORs
and are included in the final models.

The adjusted OR for readmission due to HF at 3
months was 0.906 (95% CI: 0.241–3.404) and for the
combined variable readmission due to HF or death
at 3 months was 0.696 (95% CI: 0.224–2.167). The ad-
justed OR for readmission due to HF at one year was
0.718 (95% CI: 0.256–2.011) and for the combined va-
riable readmission due to HF or death at one year
was 0,724 (95% CI: 0.325–1.612).

 DISCUSSION

The results of our study show that the introduc-
tion of sacubitril-valsartan during hospitalization
for acute HF in an elderly population with high co-
morbidity is associated with a discrete reduction in

clinical events, which did not reach statistical signi-
ficance at either 3-month or 1-year follow-up.

An important limitation is that we did not reach
the sample size calculated in the study design. Al-
though it was initially planned to include twice as
many patients with ACE inhibitors as with sacu-
bitril-valsartan, we observed that the distribution
between the two drugs during the study period was
close to 1: 1, probably due to the progressive intro-
duction of sacubitril-valsartan in routine clinical pr-
actice, following the recommendations of the guid-
elines. In addition, the outbreak of the COVID-19
pandemic made face-to-face visits difficult and even
made it difficult in some cases to determine the vi-
tal status of the patients, and also slowed the rate of
inclusion of new patients in the RICA.

For this reason, we decided to close the study in Feb-
ruary 2021, having completed the predefined three-
month follow-up period of the patients included
until November 2020, and we did not achieve the
expected sample size, which may have detracted
from the statistical power of the study.

However, we believe that our study also has str-
engths. To our knowledge, it is the largest study
that compares both treatments in real life, both in
number of patients and follow-up time, and also
analyzes clinical effectiveness in readmissions and
mortality. The study population consists of elderly
patients with a high comorbidity burden, who are
not represented in clinical trials, but who neverthe-
less reflect the real population admitted to internal
medicine departments for HF. Furthermore, this is a
multicenter study supported by the RICA, a re-
gistry that has given rise to several publications in-
vestigating various aspects of HF in Spain.[4,13−15]

Therefore, we believe that our results can be gener-
alized to the clinical practice of most hospitals in
our country.

Real-life studies on the use of sacubitril-valsartan
in the HF hospitalized patient are scarce. A system-
atic review published in 2021 by Chilbert, et al.[16]

found four retrospective cohort studies, three per-
formed in a single center, with 59, 21, and 143 pa-
tients, respectively, and one prospective and multi-
center, with 100 patients.[17−20] These studies analyze
achieved drug doses, discontinuation rates, and
some side effects such as hypotension, and together
they support the safety of the medication. However,
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Table 1    Baseline patient characteristics.

Variable Total n = 199 Sacubitril-valsartan n = 107 Enalapril n = 92 P
Age, years (median, C1-C3) 82 (76–86) 82 (77–81) 82 (75–86) 0.900

Sex

　Men 130 (65%) 74 (69%) 56 (61%) 0.221

　Women 69 (35%) 33 (31%) 36 (39%) 0.221

Medical antecedents

　Hypertension 162 (81%) 92 (86%) 70 (76%) 0.195

　Dyslipemia1 115 (58%) 71 (66%) 44 (48%) 0.008

　Atrial fibrillation 97 (49%) 57 (53%) 40 (44%) 0.108

　Diabetes mellitus 92 (46%) 60 (56%) 32 (35%) 0.003

　Chronic renal disease2 81 (41%) 54 (51%) 27 (29%) 0.004

　COPD 43 (22%) 32 (30%) 11 (12%) 0.002

Charlson index 3.1 ± 2.3 3.5 ± 2.4 2.5 ± 2.1 0.002

Barthel index 89 ± 18 92 ± 12 85 ± 23 0.087

Heart failure etiology 3

　Isquemic heart disease 79 (43%) 52 (55%) 27 (30%) 0.006

　Hipertensive heart disease 26 (14%) 9 (9%) 17 (19%) 0.015

　Miocardiopatía dilatada no isquémica 24 (13%) 16 (17%) 8 (9%) 0.177

　Valvulopathy 17 (9%) 6 (6%) 11 (12%) 0.110

　Others 39 (21%) 12 (13%) 27 (30%) 0.001

NYHA]

　I 13 (7%) 9 (8%) 4 (4%) 0.247

　II 98 (51%) 48 (47%) 50 (56%) 0.182

　III 74 (38%) 40 (39%) 34 (38%) 0.951

　IV 8 (4%) 6 (6%) 2 (2%) 0.219

FEVI 32 ± 6 32 ± 6 31 ± 6 0.383

Blood preassure

　Systolic, mmHg 130 ± 22 130 ± 22 130 ±23 0.984

　Dyastolic, mmHg 74 ± 13 72 ± 13 75 ± 14 0.144

Laboratory parameters

　Hemoglobin, g/dL 13 ± 2 13 ± 2 13 ± 2 0.237

　Creatinine, g/dL 1.31 ± 0.52 1.37 ± 0.55 1.25 ± 0.47 0.066

　Glomerular filtration rate MDRD, mL/min per 1,73 m² 58 ± 22 56 ± 22 60 ± 22 0.170

　Potassium, mEq/dL 4.4 ± 0.6 4.3 ± 0.5 4.5 ± 0.6 0.162

　NT-proBNP, UI/mL 8171 (7483) 7670 (7036) 9097 (8280) 0.447

Treatment

　Diurétics 182 (92%) 101 (94%) 81 (88%) 0.901

　Betablockers 169 (85%) 98 (92%) 71 (77%) 0.005

　Antialdosteronics 89 (45%) 55 (52%) 34 (37%) 0.041

　SGLT2 Inhibitor 18 (9%) 14 (13%) 4 (4%) 0.032

Data are presented as media ± SD or n (%) unless other indicated. COPD: chronic obstructive pulmonary disease; MDRD: modification
of diet in renal disease.
1Dyslipemia: cholesterol > 190 mg/dL o LDL > 115 mg/dL
2Renal dysfunction < 60 mL/min/1.73m2

3185 pacientes (95 on sacubitril-valsartan, 90 on enalapril)
4193 patients (103 on sacubitril-valsartan, 90 on enalapril)
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none of them analyze clinical events or make a com-
parison with ACE inhibitors, as in our case.

The pivotal trial of sacubitril-valsartan, PARADIGM,
was done in stable, non-hospitalized patients. The
PIONEER-HF trial studied acutely ill patients, al-
though the drug was introduced once the patient
had stabilized.[10] Its primary objective was the re-
duction of NT-proBNP, although a post-hoc analys-
is found a decrease in mortality and early hospital-
izations in the group treated with sacubitril-valsar-
tan.[21] In this study, the patients had a mean age of
62 years, that is, 20 years younger than those in our
study, and less comorbidity (lower frequency of at-
rial fibrillation, chronic renal failure, dyslipidemia,
or diabetes mellitus).

A substudy of the PARADIGM trial analyzed the
effect of sacubitril-valsartan in different age groups,
finding that in those older than 75 years, the reduc-
tion of events associated with sacubitril-valsartan is
lower and does not reach statistical significance.[22]

In the LIFE clinical trial, in a population with advan-
ced HF in functional class IV, treatment with sacu-

bitril-valsartan compared with valsartan did not
improve the combined clinical variable of survival
days, days out of hospital, and freedom from HF
decompensation. There were no serious side effects,
but treatment had to be withdrawn due to intoler-
ance in 20% of patients.[23] It could be that the drug
does not retain its effect in the older and more frail
population, or more probably that lower doses are
used in this population, which may not be as effect-
ive.

In this regard, another important limitation of our
study is that we do not know what doses of the drug
the patients were given. However, it is likely that,
as several studies have shown, many of them rea-
ched suboptimal doses. López-Azor, et al.,[20] stud-
ied a cohort of 100 patients who were started on sac-
ubitril-valsartan in hospitalization and concluded
that they reached lower doses than those patients
who started treatment on an outpatient basis and
also had a higher rate of treatment withdrawal.

Other studies also point out that the doses of sac-
ubitril-valsartan used in real life are much lower than

 

Table 2    Readmissions for heart failure and mortality at three months and at one year.

Patients Total Sacubitril-valsartán ACE inhibitor P
At 3 months 183 101 82

n % n % N %

　Readmission for HF 12 6.6% 6 5.9% 6 7.3% NS

　Readmission for HF or death 17 9.3% 7 6.9% 10 12.2% NS

At one year 144 71 73

n % n % n %

　Readmission for HF 21 14.6% 9 12.7% 12 16.4% NS

　Readmission for HF or death 36 25% 16 22.5% 20 27.4% NS

HF: heart failure.

 

Table 3    Heart failure readmissions and mortality at three months and one year: multivariate regression analysis.[i]

OR (95% CI) P Adjusted OR (95 CI) P Hosmer – Lemeshow test
At three months

　Readmission for HF 0.800 (0.248–2.580) 0.709 0.906 (0.241–3.404) 0.883 0,948

　Reingreso por IC or death 0.536 (0.195–1.477) 0.228 0.696 (0.244–2.167) 0.532 0,558

At one year

　Readmission for HF 0.738 (0.290–1.877) 0.523 0.718 (0.256–2.011) 0.528 0,625

　Readmission for HF or death 0.771 (0.361–1.645) 0.501 0. 724 (0.325–1.612) 0.429 0,576

i HF heart failure; OR: odds ratio; 95% CI: 95% confidence interval; NS: not significant. Variables analyzed and included in the adjusted
model: diabetes mellitus, treatment at discharge with beta-blockers, treatment at discharge with iSGLT2, ischemic etiology of HF.
Variables analyzed and excluded from the adjusted model: dyslipidemia, chronic kidney disease, chronic obstructive pulmonary
disease, Charlson index, baseline systolic blood pressure, glomerular filtration rate, treatment at discharge with mineralocorticoid
receptor antagonists.
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those that have shown benefit in PARADIGM.[24−26]

Even in the TRANSITION trial, designed to meas-
ure drug tolerability in the setting of acute HF, only
half of patients reached target doses in the first 10
weeks.[27] The study by Molina, et al.[28] highlights
the high use in routine clinical practice of the sacu-
bitril-valsartan presentation containing the lowest
doses despite the fact that, according to the drug la-
bel, it is only indicated as a starting dose in specific
situations, as well as the low percentage of patients
treated with the target dose. The tendency to use
lower doses than those in trials is common with other
drugs that act on the renin-angiotensin system and
can probably be explained by the fear of hypoten-
sion in an older and more complex population. It is
questionable whether the efficacy described at hig-
her doses will be maintained under these condi-
tions.

In our study, patients treated with sacubitril-val-
sartan more frequently had comorbidity, specific-
ally diabetes mellitus and chronic renal failure, two
pathologies that worsen the prognosis of HF, so that
from a theoretical point of view a higher readmis-
sion and mortality rate would have been expected
in them than in the group treated with ACE inhibit-
ors. However, we found a favorable trend in the group
treated with sacubitril-valsartan. Several studies
have shown that renal function deterioration is lo-
wer in patients treated with ANRI, and that the
clinical benefits obtained with this treatment are
maintained in diabetic patients.[29,30]

In our study, chronic renal failure did not modify
the effect of sacubitril-valsartan, but diabetes mel-
litus did. Also in the sacubitril-valsartan group,
ischemic etiology of HF was more frequent, and this
variable modified the influence of the drug on ev-
ents, so it is included in the final models. A post-hoc
analysis of the PARADIGM-HF trial showed that
the reduction in events in the sacubitril-valsartan
arm was consistent regardless of ischemic or nonis-
chemic etiology of HF.[31] It is also worth consider-
ing that these patients were more frequently treated
with beta-blockers, MRA, and i-SGLT2. This may
mean that the physicians more likely to use sacu-
bitril-valsartan are more experienced or more in-
volved in the management of HF, since sacubitril-
valsartan was chosen precisely in more severe pa-
tients or those who a priori could tolerate the drug

less well, and treatment was better optimized. How-
ever, it could also be that, as some studies suggest,
treatment with sacubitril-valsartan facilitates the in-
troduction and tolerance of other HF-modifying
drugs.[31] When we included treatment with these
drugs in a multivariate regression model, treatment
with beta-blockers and iSGLT2 modified the read-
mission or mortality outcomes associated with
sacubitril-valsartan.

Therefore, we believe that the recommendation to
initiate treatment with sacubitril-valsartan on ad-
mission for acute HF should also be followed in eld-
erly patients with high comorbidity, preferably un-
der closer surveillance. In our opinion, and as the
guidelines also recommend, these patients benefit
from being included in specific HF units in which,
by closely monitoring possible side effects and act-
ively titrating, it is ensured that most of them reach
the treatment doses that have been shown to be ef-
fective. Our results are consistent with what has
been observed in older population with HF and co-
morbidities such as renal dysfunction, where phar-
macological neurohormonal blockade with renin
angiotensin ACE inhibitors and beta-blockers is also
beneficial.[32,33,34,35]

In conclusion, treatment with sacubitril-valsartan
since hospitalization for HF in elderly patients with
high comorbidity was associated with a trend to-
ward a reduction in readmissions and death due to
HF compared to treatment with ACE inhibitors,
which did not reach statistical significance either at
3 months or 1 year of follow-up. 
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