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Abstract
Background: Heart failure is associated with aging. It is one
of the leading causes of morbidity and mortality in Western
countries and constitutes the main cause of hospitalization
among elderly patients. The pharmacological therapy of
patients with heart failure with reduced ejection fraction
(HFrEF) has greatly improved during the last years. However,
elderly patients less frequently receive recommended med-
ical treatment. Summary: The quadruple therapy (sacubitril/
valsartan, beta-blockers, mineralocorticoid receptor antag-
onists, and sodium-glucose cotransporter 2 inhibitors) is
nowadays the cornerstone of medical treatment since it

associates lower risk of heart failure hospitalizations and
mortality (also of arrhythmic origin). Cardiac arrhythmias,
including sudden cardiac death, are common in patients
with HFrEF, entailing worse prognosis. Previous studies
addressing the role of blocking the renin-angiotensin-aldos-
terone system and beta-adrenergic receptors in HFrEF have
suggested different beneficial effects on arrhythmia mech-
anisms. Therefore, the lower mortality associated with the
use of the four pillars of HFrEF therapy depends, in part, on
lower sudden (mostly arrhythmic) cardiac death. Key
Messages: In this review, we highlight and assess the role
of the four pharmacological groups that constitute the
central axis of the medical treatment of patients with HFrEF
in clinical prognosis and prevention of arrhythmic events,
with special focus on the elderly patient, since evidence
supports that most benefits provided are irrespective of
age, but elderly patients receive less often guideline-
recommended medical treatment. © 2023 S. Karger AG, Basel
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Introduction

Heart failure (HF) is one of the main causes of morbid-
ity and mortality in developed countries. Its incidence
increases with age, also constituting the leading cause of
hospitalization in patients older than 65 years [1, 2].
During the last decades, the pharmacological therapy
of patients with HF, especially those with HF and reduced
ejection fraction (HFrEF), has greatly evolved. As a
matter of a fact, the quadruple therapy, which includes
sacubitril valsartan (SV), beta-blockers (β-blockers), min-
eralocorticoid receptor antagonists (MRAs), and sodium-
glucose cotransporter 2 inhibitors (SGLT2is), is the
cornerstone of the treatment recommended in current
clinical guidelines, since their use is associated with lower
risk of mortality and HF hospitalizations (HFH), together
with left ventricular reverse remodeling [1, 3].

On the other hand, cardiac arrhythmias, including atrial
and ventricular arrhythmias (VA), are common in patients
with HFrEF, entailing adverse outcomes and mortality, and
sudden cardiac death (SCD) is not uncommon in these
patients [4, 5]. Beneficial effects on arrhythmia mechanisms
have been suggested in previous studies addressing the role
of blocking the renin-angiotensin-aldosterone system and
beta-adrenergic receptors in HFrEF [6]. In fact, the lower
mortality associated with the use of the four pillars of HFrEF
therapy relies, in part, on lower sudden (mostly arrhythmic)
cardiac death [1]. In this text, we highlight and review the
role of the four pharmacological groups that constitute the
central axis of the medical treatment of patients with HFrEF
in both clinical prognosis and prevention of arrhythmic
events, with special focus on the elderly patient (Fig. 1,
central). Although recommendations do not specifically
differ by age-groups, elderly HF patients receive less fre-
quently guideline-recommendedmedical treatment [1]. Fur-
thermore, conditions like comorbidities, frailty, and other
geriatric conditions do also associate worse prognosis and
should be carefully considered when approaching best med-
ical options and prognosis in elderly patients with HF [7].

Sacubitril/Valsartan

SV is a safe drug that has shown to decrease cardiovas-
cular mortality and hospitalization in patients with HFrEF
in randomized clinical trials and in real-life studies [8–11].
Recent evidence suggests that SV may also play a role in
reducing ventricular remodeling and arrhythmogenesis and
thereby SCD [12, 13]. Some authors have even suggested
considering SV an antiarrhythmic drug (AAD) [14]. Re-
garding VA, SV may reduce their occurrence by affecting

three pathways (B-type natriuretic peptide, angiotensin II,
and bradykinin) and reductions in the number of implant-
able cardioverter-defibrillator (ICD) shocks and VA have
been described [15, 16].

Regarding atrial fibrillation (AF), SV attenuates atrial
electrical and structural remodeling and inhibits atrial
fibrosis. In patients with AF treated with ablation, it is
superior to valsartan in attenuating atrial structural re-
modeling [17]. Also, it might reduce AF recurrence [18].

However, meta-analyses of randomized controlled
trials have found conflicting results regarding the benefit
of SV in the risk of arrhythmias. The most recent found
no association between SV and the occurrence of atrial
and VA, although SV reduced the risk of SCD [19]. This
was an unexpected finding since most nonarrhythmic
causes of SCD are related to ischemic heart disease [20].

On the other hand, some authors have found an increase
in VA in patients with chronic HFrEF and sustained VA
after recent SV initiation has been described [21, 22]. Using
the US Food and Drug Administration adverse event
reporting system (worldwide pharmacovigilance database),
Gatti et al. [23] found that SCD occurred early after SV
administration (average onset 124 days), with concomitant
drugs known for pro-arrhythmic potential (e.g., amiodar-
one, escitalopram, mirtazapine) in 26% of records. These
authors concluded that the unexpected reporting of SCD
occurred well before the complete development of positive
electrical remodeling induced by SV. Figure 2 summarizes
the potential antiarrhythmic/pro-arrhythmic effects of SV
that might be seen in specific HF patients. Further studies
are needed to clarify this issue.

SV in Elderly Patients
Although SV is frequently used at a lower dose in

advanced age patients than in young adults, pharmaco-
kinetic studies suggest that dose adjustment based on age
may not be necessary [24, 25]. However, further studies
addressing dosage, rate of titration, and safety in the
elderly are needed. Also, caution is prudent when com-
mencing and uptitrating, particularly in the presence of
hypotension, renal dysfunction, or hyperkalemia [26].
Compared with younger patients, patients with advanced
age treated with SV present side effects more frequently
[21]. However, SV is a safe drug in the elderly that is not
associated with higher rates of acute kidney injury than
other renin-angiotensin system inhibitors [24, 27].

SV improves cardiac function and structure of elderly
patients with HFrEF and was more beneficial than ena-
lapril across the spectrum of age in PARADIGM-HF [11,
28]. Even after accounting for “real-world” rates of drug
discontinuation, discharge on SV is associated with a
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Fig. 2. Potential antiarrhythmic and pro-arrhythmic effects of
sacubitril/valsartan (S/V). S/V has been related with a decreased
incidence of SCD, VAs or appropriate defibrillator shocks, im-
provement in cardiac remodeling (both ventricular and atrial), and
decreased incidence of atrial arrhythmias. However, some pro-
arrhythmic effects have been described, especially in chronic HF

patients. S/V has been related with a potential increase of VAs early
after initiation of this drug. S/V may potentially interact with pro-
arrhythmic drugs such as amiodarone. Finally, inappropriate
defibrillator shocks have been described due to T-wave oversens-
ing in chronic HF patients receiving S/V. ICD, implantable
cardioverter defibrillator; ↑, increase; ↓, decrease.

Fig. 1. (Central) Medical therapy for reducing arrhythmic burden in
patients with HF and reduced ejection fraction. Central figure
summaries current pharmacological therapies recommended in
heart failure with reduced ejection fraction (HFrEF) patients in
order to reduce mortality and HF hospitalizations. SV, β-blockers,
mineralocorticoid antagonists, and sodium-glucose cotransporter 2

inhibitors (SGLT2is) constitute the standard HFrEF therapy nowa-
days. Amiodarone reduces the burden of VAs in HFrEF patients
with no survival benefits. Other AADs have neutral or negative
effects, while the role of other new pharmacological therapies has
not been stablished yet. HFrEF, heart failure with reduced ejection
fraction; SGLT2i, sodium-glucose cotransporter 2 inhibitor.
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survival advantage that does not appear to wane with
increasing age [29]. However, the benefit of SV in the
most common type of HF at advanced age, HF with
preserved ejection fraction (HFpEF) is unclear. In PARA-
GON-HF, SV failed to improve cardiovascular outcomes
or reduce new-onset AF in patients with HFpEF [30].
Moreover, real-life HFpEF patients have a higher risk
profile when compared with those included in PARA-
GON-HF trial, with poorer functional class, higher levels
of natriuretic peptides, and worse renal function [31].
Notably, in a sub-analysis of PARAGON-HF trial, SV
seemed to show a greater reduction in the primary
endpoint in frail patients [32].

We can conclude that SV should be used in older
adults in a similar way as it is used in younger patients.
Also, elderly patients with acute HF also benefit from SV
initiation during hospitalization as shown in real-life
studies [33], although lower doses and longer uptitration

might be needed in octogenarians with hypotension,
renal dysfunction, and hyperkalemia.

β-Blockers

β-Blockers reduce mortality and morbidity and im-
prove symptoms in patients with HFrEF [1]. Table 1
summarizes the main results of the trials addressing their
beneficial effect in terms of all-cause mortality and SCD.

The antiarrhythmic effect of β-blockers therapy is prob-
ably multifactorial. They have been associated with left
ventricular reverse remodeling and a reduction of ischemia.
Furthermore, β-blockers have direct effects on electrical
conduction, with increased conduction times and refractory
periods, decreasing the risk of malignant arrhythmias, as
well as increasing the chance of early termination of an
arrhythmic episode [41]. In a study including patients with

Table 1. Summary of the main randomized clinical trials with β-blockers in HFrEF

Trial Year of
publication

Type of
β-blocker

Sample
size (N)

Inclusion
criteria

Effects on all-cause
mortality

Effects on SCD

CIBIS [34] CIBIS
investigators
1994

Bisoprolol 641 LVEF <40%
NYHA class
III-IV

No significant
differences between
the two groups

No significant differences

CIBIS II [35] CIBIS II
investigators
1999

Bisoprolol 2,647 LVEF ≤35%
NYHA class
III-IV

34% relative risk
reduction

44% relative risk
reduction in SCD

MERIT HF [36] MERIT-HF Study
Group 1999

Metoprolol
CR/XL

3,991 LVEF ≤40%
NYHA class
II–IV

34% relative risk
reduction

41% relative risk
reduction in SCD

CAPRICORN
[37]

Dargie HJ, 2001 Carvedilol 1,959 Previous AMI
and
LVEF <40%

23% relative risk
reduction

Nonsignificant trend to
reduction in SCD

COPERNICUS
[38]

Eichhorn EJ,
2001

Carvedilol 2,289 LVEF <25%
NYHA class
III-IV

35% relative risk
reduction

Significant reduction of
SCD (3.9% vs. 6.1%)

COMET [39] Poole-Wilson PA,
2003

Metoprolol CR/
XL and
Carvedilol

2,309 LVEF <35%
NYHA class
II–IV

17% relative risk
reduction in
carvedilol group

3% absolute risk
reduction in sudden
death with carvedilol

SENIORS [40] Flather MD, 2005 Nebivolol 2,128 LVEF ≤35%
NYHA class
II–IV, age
>70 years

No significant
differences between
groups

No significant differences

AMI, acute myocardial infarction; CAPRICORN, Carvedilol Post-Infarct Survival Controlled evaluation; COPERNICUS, Carvedilol
Prospective Randomized Cumulative Survival; CIBIS/CIBIS-II, Cardiac Insufficiency Bisoprolol Study; COMET, Carvedilol Or Meto-
prolol European Trial; LVEF, left ventricular ejection fraction; MERIT-HF, Metoprolol CR/XL Randomized Intervention Trial in
Congestive Heart Failure; NYHA, New York Heart Association.
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ICD and left ventricle dysfunction due to ischemic or dilated
cardiomyopathy, a significant reduction in the rate of
appropriate ICD therapies was observed with increasing
doses of β-blockers [42]. Moreover, in a nationwide cohort
of primary prevention ICD patients, increasing doses of
carvedilol or metoprolol were associated with decreased risk
of ventricular tachyarrhythmia supporting the notion of a
dose-dependent effect of β-blockers therapy [43].

AF is the most frequent arrhythmia in patients with HF
[44]. However, a meta-analysis performed some years ago
did not report any benefit in mortality or HFH in patients
with HFrEF and AF [45]. On the other hand, recent
research has described a beneficial prognostic effect of β-
blockers in patients with HFrEF regardless of the presence
of AF [46]. Thus, the use of β-blockers is recommended in
all the patients with HFrEF, irrespective of AF [1].

β-Blockers in Elderly Patients
Age is considered an independent predictor of lower

tolerability and side effects of β-blockers. Remarkably,
when health education is provided, these agents remain
tolerated in >75% of patients aged ≥80 years [2]. Never-
theless, sub-optimal doses of β-blockers are often used in
elderly patients with chronic HF [47]. Apart from SE-
NIORS trial, few studies have addressed the effect and
tolerability of β-blockers in old patients with HFrEF.

Current guidelines recommend their use irrespective of
age, supported by the absence of interaction with age in
the main pivotal studies (although elderly patients were
underrepresented) [1]. In this regard, a meta-analysis
analyzed data from 11 trials including nearly 4,000
patients aged 40–85 (median age 64 years old) in sinus
rhythm and left ventricular ejection fraction (LVEF)
<45%; compared with placebo, β-blockers reduced mor-
tality across all ages, including those older (HR 0.77
[0.64–0.92] for the fourth quarter of age distribution,
with a median age of 75 years old) [48].

There is limited evidence about the beneficial effect of
β-blockers in elderly patients with frailty and comorbid-
ities. One of the few studies in this field included a
retrospective cohort over 10,000 elderly patients (median
age 79 years old) with HF and chronic kidney disease. β-
Blocker use was associated with lower all-cause mortality
in the whole sample, including those with estimated
glomerular filtration rate <30 mL/min/1.73 m2 [49].

Mineralocorticoid Receptor Antagonists

MRAhas been shown to reducemortality, the risk ofHFH,
and symptom burden in all patients with HFrEF [1]. Table 2
depicts main findings of principal trials in this scenario.

Table 2. Summary of the main randomized clinical trials with MRAs in HF with reduced and preserved ejection fraction

Study Year Event HR 95% confidence
interval

p value

Reduced ejection fraction
Spironolactone

RALES trial [50] Pitt B, 1999 Cardiac death 0.70 0.60–0.82 <0.001
Death due to progression of HF 0.64 0.51–0.80 <0.001
SCD 0.71 0.54–0.95 0.02

Eplerenone
EPHESUS trial [51] Pitt B, 2003 Death from any cause 0.85 0.75–0.96 0.008

Death from cardiovascular causes or hospitalization for
cardiovascular events 0.87 0.79–0.95 0.002
SCD 0.79 0.64–0.97 0.03

EMPHASIS-HF trial [52] Zannad F, 2011 Death from cardiovascular causes or hospitalization for HF 0.63 0.54–0.74 <0.001
Death from any cause 0.76 0.62–0.93 0.008
Cardiac death 0.76 0.61–0.64 0.01
SCD 0.76 0.54–1.07 0.12

Preserved ejection fraction
Spironolactone

TOPCAT trial [53] Lewis EF, 2016 Death from cardiovascular causes, aborted cardiac arrest, or
hospitalization for the management of HF 0.89 0.77–1.04 0.14
Death from cardiovascular causes 0.90 0.73–1.12 0.35
Hospitalization for HF 0.83 0.69–0.99 0.04
Aborted cardiac arrest 0.60 0.14–2.50 0.48

RALES, Randomized Aldactone Evaluation Study; EPHESUS, Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study; EMPHASIS-HF,
Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms; TOPCAT, Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist.
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In the RALES trial (Randomized Aldactone Evaluation
Study) 1663 patients (mean age 65 ± 12 years, 21% ≥
75 years; 27% women) with LVEF ≤35% were randomized
to receive 25 mg–50 mg spironolactone daily or placebo.
Due to early benefits of spironolactone, the study was
prematurely stopped after a follow-up of 24 months.
Spironolactone use was associated with a significant 30%
reduction in the risk of death. SCD was also significantly
reduced [50].

Eplerenone, a more selective aldosterone blocker, was
first studied in the EPHESUS trial (Eplerenone Post-
Acute Myocardial Infarction Heart Failure Efficacy and
Survival Study). In this study, patients with acute my-
ocardial infarction complicated with left ventricular
dysfunction (LVEF ≤40%) or diabetes were randomized
to receive eplerenone (25–50 mg daily) or placebo
during the first 14 days after an ACS. The mean age
of the population enrolled was 64 ± 11 years. Eplerenone
was significantly associated with fewer death from any
cause and time to death from cardiovascular causes or
HFH, acute myocardial infarction, stroke, or VA. Those
patients taking eplerenone also had significantly fewer
SCD [51].

After those positive results, eplerenone was studied in the
EMPHASIS-HF trial (Eplerenone in Patients with Systolic
Heart Failure and Mild Symptoms), which enrolled mild
symptomatic (New York Heart Association NYHA func-
tional class II) HF patients (mean age 68.7 years old, 22%
women, 24% ≥ 75 years) with LVEF ≤35% to receive
eplerenone (25–50 mg daily) or placebo. Patients treated
with eplerenone had with fewer rates of the primary
endpoint a combination of death from cardiovascular cause
or HFH (HR 0.63; 95% CI, 0.62–0.93; p 0.008). Although
eplerenone significantly reduced the risk of cardiac death,
there was no benefit in reducing the incidence of SCD in this
trial (HR 0.76; 95% CI, 0.54–1.07; p 0.12) [52].

A meta-analysis including more than 11,000 patients
with HF and LVEF ≤45% published afterward demon-
strated patients treated with MRA had a 23% relative risk
reduction in SCD rates (OR 0.77; 95% CI, 0.66–0.89; p =
0.001) when compared with patients receiving placebo, as
well as lower cardiovascular mortality (OR 0.75; 95% CI,
0.68–0.84; p < 0.001) and total mortality rates (OR 0.74;
95% CI, 0.63–0.86; p < 0.001) [54]. These results highlight
the benefit of MRA therapy in prevention of SCD in
patients with HFrEF.

Regarding the therapeutic role of MRA treatment in
patients with VA, it has been explored in a retrospective
registry recently published. In HF survivors after ven-
tricular tachyarrhythmia (LVEF≤45%,mean age 66 years,
20% women), treatment with MRA was not associated

with improved all-cause mortality at 3 years follow-up
[55]. However, only 20% of patients with HF who sur-
vived ventricular tachyarrhythmia were discharged with
MRA. Thus, further studies are needed to explore the
effect of MRA treatment in this population.

In the HFpEF setting, spironolactone was studied in
the TOPCAT trial (Treatment of Preserved Cardiac Func-
tion Heart Failure With an Aldosterone Antagonist).
More than 3,000 patients (mean age 68.7 years, 51%
women, and 27% ≥ 75 years) with HF and LVEF
≥45% were randomized to receive either spironolactone
(15–45 mg daily) or placebo. After a follow-up of 3 years,
there was no statistical difference in the primary endpoint
(a composite of death from cardiovascular causes, aborted
cardiac arrest, or hospitalization for the management of
HF) (Table 2) [53]. However, significant differences in the
primary composite were found between those patients
randomized from eastern Europe (Russia and Georgia)
compared to those enrolled from the Americas (USA,
Canada, Brazil, and Argentina). Post hoc analysis showed
significantly lower rates of the primary outcome in those
patients treated with spironolactone from the Americas
subgroup (HR 0.82; 95% CI, 0.69–0.98; p 0.026) [56].
Symptomatic benefits (improvement in Kansas City Car-
diomyopathy Questionnaire scores) and potential bene-
fits in cardiac structure and function, such as a decrease in
left ventricular filling pressure and reverse cardiac re-
modeling, were also described in post hoc analysis of the
TOPCAT trial [57].

Then again, MRA has been shown to reduce atrial
fibrosis and prevent AF development. In the EMPHA-
SIS trial, new-onset AF was described in 2.7% patients
in the eplerenone group versus 4.5% patients in the
placebo group (HR 0.58; 95% CI, 0.35–0.96; p 0.034)
[52]. A meta-analysis showed a 31% lower risk of AF in
patients treated with spironolactone, but this effect was
shown with no eplerenone [58]. The potential under-
lying mechanism may be the inhibition of aldosterone
activity, reducing myocardial fibrosis, reducing acti-
vated channels, or just from overall better control of
comorbidities such as hypertension or chronic kidney
disease.

MRA in Elderly Patients
Particularly, MRA is largely under prescribed in this

subgroup [59]. A recent meta-analysis has been published
highlighting the effects of MRA therapy in the elderly HF
population. This study included 1,756 patients ≥75 years
old (352 from RALES trial, 657 from EMPHASIS-trial,
and 747 from the TOPCAT-Americans trial). MRA was
associated with lower rates of death from cardiovascular
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causes or HFH (HR 0.74; 95% CI, 0.63–0.86; p < 0.001).
The beneficial effect of MRA was higher in elderly
patients with reduced LVEF. Older patients taking
MRA experienced more frequently worsening renal func-
tion, defined as a drop of >30% in glomerular filtration
rate during follow-up. There was no difference in the
prevalence of hyperkalemia [60]. In light on these results,
the benefit of MRA treatment is consistent also in elderly
patients, but closer monitoring of renal function may be
considered.

Sodium-Glucose Cotransporter 2 Inhibitors

Different studies have shown the benefit of iSGLT2
across all the spectrum of HF. In DAPA-HF (Dapagli-
flozin and Prevention of Adverse Outcomes in Heart
Failure), dapagliflozin 10 mg once a day added to
guideline-recommended therapy reduced the risk of
mortality and HFH and improved symptoms in patients
with HFrEF [61]. The primary outcome, a composite of
worsening HF or cardiovascular death, was significantly
less often in patients receiving dapagliflozin. Other
secondary endpoints were also significantly reduced

(Table 3). Symptoms assessed by the Kansas City Car-
diomyopathy Questionnaire (KCCQ) were also im-
proved. These benefits were consistent in patients
with and without AF [62]. Dapagliflozin also reduced
the risk of any serious VA, cardiac arrest, or SCD when
added to conventional therapy in patients with HFrEF
(Table 3), irrespective of age [63].

The EMPEROR-reduced (Empagliflozin Outcome Tri-
al in Patients with Chronic Heart Failure and a Reduced
Ejection Fraction) trial assigned 3,730 HFrEF patients
with NYHA class II–IV and ejection fraction of 40% or
less to receive either empagliflozin or placebo [64]. The
primary outcome was a composite of cardiovascular
death or hospitalization for worsening HF and was sig-
nificantly reduced in the empagliflozin group. Empagli-
flozin also reduced the total number of HFH, the mean
slope change in eGFR (HR 1.73; 95% CI, 1.10–2.37; p <
0.001), the number of hospitalizations for any cause, and
the composite renal outcome (HR 0.5; 95% CI, 0.32–0.77)
but not death from any cause (Table 3).

The benefits of SGLT2i in patients with HF and mildly
reduced or preserved ejection fraction have also been
addressed. In EMPEROR-preserved, 5,988 patients with
HF, NYHA class II–IV, and EF ≥40% were assigned to

Table 3. Summary of the main randomized clinical trials with SGLT2 inhibitors in HFrEF

DAPA-HF [61]
(McMurray JJV, 2019)

EMPEROR-reduced [64]
(Packer M, 2020)

HR 95% CI p value HR 95% CI p value

Primary endpoint (cardiovascular death and worsening HF) 074 0.65–0.85 <0.001 0.75 0.65–0.86 <0.001
65–75 years 0.76 0.61–0.95 0.015 0.72 0.57–0.93 0.015
≥75 years 0.68 0.53–0.88 0.003 0.86 0.67–1.10 NS
Most frail 0.71 0.54–0.93 NA

Cardiovascular death 0.82 0.69–0.98 NA 0.92 0.75–1.12 NS
65–75 years 0.78 0.58–1.04 0.089 0.94 0.67–1.31 NS
≥75 years 0.83 0.58–1.19 NS 0.90 0.63–1.28 NS
Most frail 0.97 0.67–1.40 NA

HF hospitalization/urgent HF visit 0.70 0.59–0.83 NA
65–75 years 0.76 0.58–1.01 NS
≥75 years 0.64 0.47–0.88 0.006
Most frail 0.68 0.49–0.94 NA

Total number of hospitalizations for HF 0.70 0.58–0.85 <0.001
All-cause death 0.83 0.71–0.97 NA 0.92 0.77–1.10 NS

≤75 years 0.80 0.62–1.05 NS 0.87 0.64–1.16 NS
>75 years 0.79 0.58–1.08 NS 0.94 0.70–1.25 NS
Most frail 0.91 0.66–1.26 NA

Serious ventricular arrhythmia, resuscitated cardiac arrest, or sudden death 0.79 0.63–0.99 0.037

Results of the main clinical outcomes are summarized according to age. DAPA-HF, Dapagliflozin and Prevention of Adverse
Outcomes in Heart Failure; EMPEROR-reduced, Empagliflozin Outcome Trial in Patients with Chronic Heart Failure and a Reduced
Ejection Fraction; HF, heart failure; NA, nonapplicable; NS, nonsignificant.
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receive empagliflozin or placebo. The primary outcome,
a composite of cardiovascular death or HFH, occurred in
13.8% of patients in the empagliflozin group and in
17.1% in the placebo group (HR 0.79; 95% CI, 0.69–0.90;
p < 0.001) [65]. In the DELIVER Trial, 6,263 patients
with HF and a LVEF> 40% were assigned to receive
dapagliflozin or placebo. The primary outcome, a com-
posite of worsening HF or cardiovascular death, oc-
curred in 16.4% of patients in the dapagliflozin group
and in 19.5% in the placebo group (HR 0.82; 95% CI,
0.73–0.92; p < 0.001) [66]. In this study, benefits were
consistent irrespective of AF at baseline [67].

SGLT2i in the Elderly
Elderly patients were widely represented in SGLT2i

clinical trials and post hoc analysis focused on age has
confirmed the benefit of these drugs in this specific
population. Notably, 36.2% of patients included in
DAPA-HF trial were 65–74 years old and 24.2% were
≥75 years old. The HR for the effect of dapagliflozin
compared with placebo on the primary outcome was
consistent across the spectrum of age (p value for inter-
action = 0.76). This outcome in the placebo group was
higher in patients 75 years or older and lower in those
<55 years of age meaning that the oldest group was the
one with the greatest benefit. This finding was mostly due

to a higher benefit of dapagliflozin in this population for
reducing HF events. The benefit of dapagliflozin in
improving symptoms and preventing deterioration was
also consistent across age-groups (p for each interaction =
0.96) [68]. Interestingly, another sub-analysis of DAPA-
HF investigated the efficacy of dapagliflozin according to
frailty status. Remarkably, the benefit of reducing the
primary endpoint was independent of frailty status and
serious adverse events were not more frequent, regardless
of frailty. Larger improvements in KCCQ scores were
achieved in the most frail patients who received dapagli-
fozin. Other endpoints like HFH, cardiovascular death,
all-cause death, and recurrent HFH or cardiovascular
death had larger absolute reductions in the most frail
patients [69].

Half of the patients recruited in the EMPEROR-
reduced trial were older than 65 years (35% of patients
were 65–74 and 27% were ≥75 years). A substudy accord-
ing to age showed that empagliflozin reduced the primary
endpoint in all the age-groups (p value for trend = 0.24)
[70]. The effects of empagliflozin were also consistent
across age-groups for secondary endpoints of first and
recurrent HFH (p for interaction = 0.30), the rate of
decline in eGFR (p for interaction = 0.78), and the renal
composite endpoint (p = 0.94). Empagliflozin also signifi-
cantly improved quality of life according to KCCQ-CSS,

Table 4. Specific AADs, contraindications and specific dose reductions in the elderly

Drug Class and mechanism Contraindications Dose reduction in the elderly (%)

Amiodarone Multichannel Long QT ≈50%

Flecainide Class I, Na channels IHD/cardiomyopathy QRS >130 ms
CrCl <50 mL/min
Liver disease

≈30%

Propafenone Class I, Na channels IHD/cardiomyopathy QRS >130 ms ≈50%

Dronedarone Multichannel NYHA III-IV, HFrEF
Unstable HF
Long QT

No reduction

Sotalol Class III, K channels Long QT ≈30%

Metoprolol Class II, β-blocker Liver disease ≈40%

Diltiazem Class IV, Ca channels HFrEF
Unstable HF
Liver disease

≈20%

Verapamil Class IV, Ca channels HFrEF
Unstable HF
Liver disease

≈25%

Ca, calcium; CrCL, creatinine clearance; HFrEF, heart failure with reduced ejection fraction; IHD, ischemic heart disease; K,
potassium; Na, sodium; NYHA, New York Heart Association.
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even in those patients in the higher tertile, finding that was
consistent across the spectrum of age (p value for trend
= 1) [64].

Benefits of SGLT2i in mildly or preserved ejection
fraction are consistent in elderly patients. A sub-
analysis of the EMPEROR-preserved showed similar
benefits in elderly patients including patients 80 years
or older [71]. In the DELIVER trial, 41% of patients were
75 years or older and the benefit of dapagliflozin on
reducing the primary outcome was again consistent in all
age categories (p interaction = 0.95) [72].

New Pharmacological Therapies in HF

Current guidelines include new therapies that have
recently reported significant benefits in HF patients.

Vericiguat
Vericiguat showed a 10% reduction in the combined

event (cardiovascular death or admission for HF) in
patients with HFrEF after an episode of decompensation.
The rate of AF, ventricular tachycardia, and syncope was
similar to the placebo group. The incidence of cardio-
vascular death, which included SCD, was similar in both
groups (16.4 vs. 17.5%) [73]. Both the patients with
baseline AF and those who developed AF during
follow-up had higher cardiovascular mortality, without
differences in benefit from treatment with vericiguat [74].
However, in those aged 75 or more vericiguat did not
provide any statistically significant benefit although safety
was similar to younger patients [75].

Omecamtiv Mecarbil
Omecamtiv mecarbil reduced the combined event

(cardiovascular death or HF admission) by 8% in symp-
tomatic patients with LVEF <35%. There were no differ-
ences in the incidence of cardiovascular death or death
from any cause, without differences in the rate of ar-
rhythmias QT prolongation, although a lower benefit was
observed in patients with underlying AF [76].

Potassium Binders
Hyperkalemia has been associated with increased mor-

tality and arrhythmias, often also leading to HF treatment
discontinuation, thus entailing worse prognosis [77]. In
this setting, potassium binders such as sodium zirconium
cyclosilicate and patiromer allow to normalize and con-
trol potassium levels and, in consequence, to maintain
renin-angiotensin-aldosterone system inhibitors without
arrhythmic-related events [78].

Antiarrhythmic Drugs

Antiarrhythmic Drugs for VA
In ICD carriers with systolic dysfunction, amiodarone

(in combination with β-blockers) is the most effective
AAD reducing VAs (with no survival impact). Ablation
techniques would be a more efficient strategy since they
show similar efficacy with fewer adverse effects [79].

AAD for Atrial Fibrillation
AADs continue to be highly relevant in the rhythm

control strategy of patients with AF (used in ≈50% of AF
for rhythm-control therapy). However, clinical benefit of
AADs is controversial since the publication of the AFFIRM
study, in which there was no survival benefit of rhythm-
control strategy with AAD (mean age ≈70 years); the
reduction in AF recurrences was overshadowed by the
appearance of adverse effects [80]. Later, dronedarone
showed a reduction in the incidence of cardiovascular events,
but an increased mortality when used in patients with HF
[81]. Recently, in EAST-AFNET 4 Trial, rhythm control
strategy (80% with AAD) was associated with a lower rate of
cardiovascular events [82]. Overall, we can say that the
strategy of rhythm control with AADs (combined with
pulmonary veins ablation) can reduce cardiovascular events
if started early, being less effective in cases of long-termAF. In
patients with AF andHF, AADs did not show clinical benefit
(neutral effect of amiodarone and β-blockers and deleterious
with other AADs); only rhythm control with pulmonary
veins ablation reduces mortality in these patients [83].

Special Aspects in Elderly Patients
Age-related physiologic changes (different myocardial

sensitivity, changes in pharmacokinetics and pharmacody-
namics, polypharmacy) may increase adverse reactions to
AADs. Except for dronedarone, AADs typically require a
50% reduction in starting dose in the elderly (Table 4 depicts
AADs contraindications and specific dose reductions) [84].
In any case, a closer follow-up of these patients is necessary.

Conclusion

In conclusion, HF associates high morbidity and mor-
tality burden, in part due to cardiac arrhythmias. Evi-
dence supports the use of the four pillars that constitute
the cornerstone of medical therapy in patients with
HFrEF since they all reduce HFH and mortality (also
from arrhythmic cause). Some important benefits are
irrespective of age, although initiation and titration of
drug therapy should be done cautiously in the elderly.
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